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The Honourable Mike Holland

Minister of Natural Resources and Energy Development
Hugh John Flemming Forestry Centre

P.O. Box 6000

Fredericton, NB E3B 5H1

Mike.Holland@gnb.ca

Dear Minister Holland,

Re: Violations of New Brunswick’s Species at Risk Act, RSNB 2012, ¢ 6

We are counsel for the Maliseet Nation Conservation Council, the Conservation Council of New
Brunswick, the New Brunswick Nature Trust, Nature New Brunswick, and WWF-Canada. We
write further to our clients’ letter to you of November 4, 2020. We reiterate our clients’ concern
over the Minister’s continued failure to implement the New Brunswick Species at Risk Act!
(“SARA” or the “Act”) meaningfully and comprehensively. The many, longstanding violations
of the Act detailed in our clients’ letter and the report by East Coast Environmental Law? have
not been remedied or addressed since their correspondence of six months ago. The East Coast
Environmental Law report demonstrates that for many species at risk listed under the Act, even
simple, preliminary steps towards protection have not been taken. In the context of the current
global biodiversity crisis, outlined below, and the unique and culturally significant species at risk
within this province, there is no time to waste.

Given this urgent situation, we write to demand that you take immediate steps to come into
compliance with the Act. Specifically, we ask that:

! Species at Risk Act, RSNB 2012, ¢ 6 [SARA].

2 East Coast Environmental Law, Protected on Paper Only: An Evaluation of New Brunswick’s Legal Obligations
under the Species at Risk Act (September 15, 2020). Available online at
https://www.ecelaw.ca/media/k2/attachments/NB_SARA_Report_-_Final__Sept 2020.pdf.
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1) The required dates for production of management plans and recovery strategies be posted
to the public registry within 90 days for all listed species for which these documents have
not already been produced,;

2) Management plans be prepared and posted to the public registry for the Eastern Wood-
Pewee, Atlantic Salmon (Gaspé-Southern Gulf of St Lawrence Population) and Horned
Grebe within 180 days;

3) Feasibility of recovery assessments be prepared and posted to the public registry for the
Canada Lynx, Barn Swallow and Atlantic Salmon (Outer Bay of Fundy Population)
within 180 days;

4) Dates for the production of protection assessments for the Roseate Tern, Butternut, and
Van Brunt’s Jacob’s-Ladder be posted on the public registry within 90 days; and

5) Protection assessments for the Roseate Tern, Butternut, and Van Brunt’s Jacob’s-Ladder
be prepared and posted to the public registry within 180 days.

We have chosen to focus the majority of the above demands on species that are representative of
particular violations of the Act. This choice should not be interpreted as acceptance of the many
other failures to comply with the Act’s statutory duties regarding the many other species and
statutory provisions not specifically mentioned. Our clients continue to expect full compliance
with the Act’s requirements.

l. Background
a) The participating organizations

The Maliseet Nation Conservation Council (MNCC) works with and supports the Wolastogey
First Nations of New Brunswick. The MNCC promotes and advances Wolastoqiyik co-
management of the Saint John River (Wolastoq) watershed and ecosystem through conservation,
and stewardship, education and respect for the traditional knowledge of their communities and
ancestors, for present and future generations. MNCC works to improve the fate of those we need
to take care of - the 4 legged, the finned, the winged, the crawlers, the plants, trees and waters.
MNCC seeks to honor their role as caretakers, stewards and helpers to the environment and with
this action, to reaffirm their goal of restoring health and balance.

The Conservation Council of New Brunswick, established in 1969, is among the province’s
leading public advocates for environmental protection, working to find practical solutions to
protect the air we breathe, the water we drink, the precious marine ecosystem and the land,
including the forest, that support us. The Conservation Council’s work on species at risk has
included the Endangered Spaces Campaign of over 25 years ago, publishing critical works on the
state of the Acadian forest and, more recently, pressing for more action to protect the endangered
North Atlantic right whale.

The Nature Trust of New Brunswick (the Nature Trust) conserves land needed by at-risk
species and helps private landowners do their part for the conservation effort. Since 1987, the
Nature Trust has conserved over 9,000 acres (3,600 hectares) of ecologically significant land in
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more than 60 beautiful and diverse nature preserves throughout the province. The Nature Trust
also carries out and supports on-the-ground projects to protect habitat for species at risk outside
our nature preserves, including species at risk recovery planning, working with private
landowners to help them preserve species at risk habitat on their land, and increasing public
awareness of the presence of at-risk species.

Nature NB has been a leader in species at risk conservation and education throughout New
Brunswick since it was founded in 1972. The Piper Project, our Piping Plover conservation
program has actively monitored and protected Piping Plovers and their critical habitat in the
Acadian Peninsula for over 30 years. We also support species at risk conservation through our
many citizen science initiatives and partnerships.

WWEF-Canada works to conserve species at risk, protect threatened habitats and address global
threats like climate change. Since 1967, WWF-Canada has worked to safeguard wild places and
the species that live in them. From protecting southern resident killer whales in the Pacific Ocean
and caribou calving grounds in Nunavut to supporting the establishment of the federal Species at
Risk Act and the Last Ice Area, WWEF-Canada works to help nature.

b) The global biodiversity crisis

As detailed in our clients’ earlier letter, we are in the midst of a biodiversity crisis which is
happening across our planet, our country and within the Province of New Brunswick.

The biodiversity crisis threatens not only species at risk, but implicates the foundations of all
cultures, economies and societies. The ongoing decline and destruction of Canadian biodiversity
is particularly concerning given its impact on Indigenous languages, cultures and traditions.

Although the biodiversity crisis occurs globally, it demands local action. The United Nations’
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services states:

The global environment can be safeguarded through enhanced international
cooperation and linked, locally relevant measures... Such widespread adoption
implies advancing and aligning local, national and international sustainability
efforts and mainstreaming biodiversity and sustainability across all extractive and
productive sectors, including mining, fisheries, forestry and agriculture, so that
together, individual and collective actions result in a reversal of the deterioration
of ecosystem services at the global level [emphasis added].®

1. Ongoing violations of the New Brunswick Species at Risk Act

On behalf of our clients, we demand that you take immediate steps to implement the SARA for
the benefit of New Brunswick’s most vulnerable species. In particular, we ask that you ensure
compliance with the following provisions:

3 IPBES (2019): Summary for policymakers of the global assessment report on biodiversity and ecosystem services
of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. S. Diaz, J. Settele, et. al.
(eds.). IPBES secretariat, Bonn, Germany, at page 17.
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Section 18(3)

Section 18(3) requires the Minister to post in the public registry dates by which they will publish
management plans for species of special concern and recovery strategies for threatened,
endangered and extirpated species.? The public registry is essential to the Act’s transparency, yet
it has not been updated in 8 years. This seriously undermines the public’s ability to stay informed
and engaged on species at risk in New Brunswick.

Currently there are no dates listed in the public registry pursuant to this provision. In other
words, there are no dates posted for any species that does not already have a management plan or
a recovery strategy. By failing to publish dates by which these documents will be prepared, the
Minister has eliminated one of the few metrics by which they might demonstrate that a concrete
plan has been formulated to meet the Act’s requirements.

We respectfully request that the required dates be posted for all listed species that do not already
have management plans or recovery strategies within 90 days from the date of this letter.

Section 20(1)

Section 20(1) requires the preparation of management plans for species of special concern.®
These management plans are the only protection available to species of special concern under the
Act and are essential to ensuring that the populations of these species do not decline further to
the point that they must be classified as threatened, endangered or extirpated. Many species of
special concern have no management plans posted in the public registry, in breach of this
requirement.

The Eastern Wood-Pewee,® Atlantic Salmon (Gaspé-Southern Gulf of St Lawrence Population)’
and the Horned Grebe® have been listed under the SARA since 2013 as a result of earlier
COSEWIC assessments.® The Minister has had eight years to prepare management plans for
these species and has unreasonably delayed doing so.

4 SARA at s 18(3).

5 Ibid at s 20(1).

6 “Eastern Wood-pewee” (April 29, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=14.

7 “Atlantic Salmon Gaspé-Southern Gulf of St Lawrence Population” (April 29, 2013) online: Species at Risk Public
Registry https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=40.

8 “Horned Grebe” (April 29, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=15.

9 COSEWIC, COSEWIC Assessment and Status Report on the Eastern Wood-pewee Contopus virens in Canada
(Ottawa, Committee on the Status of Endangered Wildlife in Canada, 2012) online: https://wildlife-
species.canada.ca/species-risk-reqistry/virtual sara/files/cosewic/sr_Eastern%20Wood-pewee 2013 e.pdf
[Appendix A]; COSEWIC, COSEWIC Assessment and Status Report on the Atlantic Salmon Salmo salar ... Gaspé-
Southern Gulf of St. Lawrence population ... in Canada (Ottawa, Committee on the Status of Endangered Wildlife
in Canada, 2010) online: https://wildlife-species.canada.ca/species-risk-
registry/virtual_sara/files/cosewic/sr_Atlantic_Salmon_2011a_e.pdf [Appendix B]; COSEWIC, COSEWIC
Assessment and Status Report on the Horned Grebe Podiceps auritus Western population Magdalen Islands
population in Canada (Ottawa, Committee on the Status of Endangered Wildlife in Canada, 2009) online:
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_horned_grebe 0809 _e.pdf
[Appendix C].
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We request that the Minister rectify this non-compliance with the Act and that management plans
be prepared and published for the Eastern Wood-Pewee, Atlantic Salmon (Gaspé-Southern Gulf
of St Lawrence Population) and Horned Grebe within 180 days from the date of this letter.

Section 21(1)

The Minister is required by section 21(1) to ensure that an assessment is conducted as to whether
the recovery of a wildlife species that is listed as an extirpated species, an endangered species or
a threatened species is feasible. Feasibility of recovery assessments (“FRASs”) play a vital
threshold role under the Act in determining whether a recovery strategy will be prepared and
later whether a protection assessment will be conducted. FRAs have not yet been prepared for
many listed threatened, endangered, and extirpated species. These species include, but are not
limited to, the Canada Lynx, Barn Swallow and Atlantic Salmon (Outer Bay of Fundy
Population).

The Canada Lynx*? is listed as endangered under the SARA as a result of previous listing under
the former New Brunswick Endangered Species Act.!* The Lynx has been listed under the
current Act for 8 years, yet there is no indication that an FRA has been prepared for this species.

The Barn Swallow!? and the Atlantic Salmon (Outer Bay of Fundy Population)*® have been
listed as threatened and endangered respectively under the SARA since 2013 as a result of earlier
COSEWIC assessments.** There is no mention of an FRA for either species on the public
registry.

We request that FRAS be prepared and posted to the public registry for the Canada Lynx, Barn
Swallow, and Atlantic Salmon (Outer Bay of Fundy Population) within 180 days from the date
of this letter.

Sections 24 and 25(1)

Sections 24 requires the Minister to post a date for the preparation of a protection assessment
within 90 days of posting a recovery strategy.*® Section 25(1) requires the Minister to prepare
protection assessments for these species.'® A protection assessment determines whether
protection measures under section 28 or 29 should be applied in respect of the wildlife species. If

10 “Canada Lynx™ (April 29, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=60 .

11 Endangered Species Act, SNB 1996, ¢ E-9.101.

12 “Barn Swallow” (April 29, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=19.

13 “Atlantic Salmon Outer Bay of Fundy Population” online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=34 .

14 COSEWIC, COSEWIC Assessment and Status Report on the Barn Swallow Hirundo Rustica in Canada (Ottawa:
Committee on the Status of Endangered Wildlife in Canada, 2011) online: https://wildlife-species.canada.ca/species-
risk-reqgistry/virtual_sara/files/cosewic/sr_barn_swallow 0911 eng.pdf [Appendix D]; COSEWIC Assessment and
Status Report on the Atlantic Salmon Salmo salar ... Outer Bay of Fundy population ... in Canada (Ottawa,
Committee on the Status of Endangered Wildlife in Canada, 2010) online: https://wildlife-species.canada.ca/species-
risk-reqgistry/virtual_sara/files/cosewic/sr_Atlantic_Salmon_2011a e.pdf [Appendix B].

15 SARA, supra at s 24.

16 |bid at s 25(1).
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applied, section 28 prohibits killing, harming, harassing, taking, possessing, buying, selling or
trading species. 17 Section 29 allows the Minister to designate survival habitat and recovery
habitat for species. 8 These measures offer the most direct legal protections available to species
under the Act. Protection assessments have not been completed for a number of species with
recovery strategies, including the three species listed below.

The Roseate Tern,° the Butternut,? and the Van Brunt’s Jacob’s-Ladder?! have been listed as
endangered under the New Brunswick SARA since 2013 as a result of previous COSEWIC
assessments.?? Federal recovery strategies were completed for the Roseate Tern and Butternut
species in 2010, and adopted in New Brunswick with New Brunswick addenda.?® A federal
recovery strategy for the Van Brunt’s Jacob’s-Ladder was completed in 2012 and adopted in
New Brunswick with a New Brunswick addendum.?* No date has been posted in the public
registry for the preparation of protection assessments for the above species and no protection
assessments have been completed.

We request that the dates by which protection assessments will be completed for the Roseate
Tern, Butternut and Van Brunt’s Jacob’s-Ladder be posted in the public registry within 90 days.
We also require that these protection assessments be prepared and posted in the public registry
within 180 days from the date of this letter.

1. Conclusion

Given the urgent and catastrophic nature of the ongoing biodiversity crisis and consecutive
Ministers’ chronic and systemic failures to implement and administer the SARA, our clients
demand that you do the following and, where appropriate, direct the Department of Natural
Resources and Energy Development to:

17 1bid at s 28.

18 1bid at s 29.

19 “Roseate Tern” (May 6, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=12.

20 “Butternut” (May 6, 2013) online: Species at Risk Public Registry https://www1.gnb.ca/0078/speciesatrisk/details-
e.asp?ID=80.

21 “Van Brunt's Jacob's-ladder” (May 6, 2013) online: Species at Risk Public Registry
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?1D=88.

22 COSEWIC, COSEWIC Assessment and Update Status Report on the Roseate Tern Sterna dougallii in Canada
(Ottawa: Committee on the Status of Endangered Wildlife in Canada, 2009) online: https://wildlife-
species.canada.ca/species-risk-registry/virtual _sara/files/cosewic/sr_roseate Tern 0809 e.pdf [Appendix EJ;
COSEWIC, COSEWIC Assessment and Status Report on the Butternut Juglans cinerea in Canada (Ottawa:
Committee on the Status of Endangered Wildlife in Canada, 2003) online: https://wildlife-species.canada.ca/species-
risk-registry/virtual sara/files/cosewic/sr_Butternut 2017 e.pdf [Appendix F]; COSEWIC, COSEWIC Assessment
and Update Status Report on the Van Brunt’s Jacob’s-ladder Polemonium vanbruntiae in Canada (Ottawa:
Committee on the Status of Endangered Wildlife in Canada, 2002) online: https://wildlife-species.canada.ca/species-
risk-registry/virtual_sara/files/cosewic/sr_van_brunt_jacob_ladder_e.pdf [Appendix G].

23 “Roseate Tern,” online: Species at Risk Public Registry; “Butternut,” online: Species at Risk Public Registry.

24 “\/an Brunt’s Jacob’s-ladder,” online: Species at Risk Public Registry.

6 of 7



https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?ID=12
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?ID=80
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?ID=80
https://www1.gnb.ca/0078/speciesatrisk/details-e.asp?ID=88
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_roseate_Tern_0809_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_roseate_Tern_0809_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_Butternut_2017_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_Butternut_2017_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_van_brunt_jacob_ladder_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_van_brunt_jacob_ladder_e.pdf

(1) Within 90 days, post dates to the public registry by which management plans and
recovery strategies will be prepared for all listed species that do not yet have a
management plan or recovery strategy, as required by section 18(3);

(2) Prepare and post to the public registry management plans for the Eastern Wood-Pewee,
Atlantic Salmon (Gaspé-Southern Gulf of St Lawrence Population) and Horned Grebe as
required by section 20(1) within 180 days;

(3) Prepare and post to the public registry feasibility of recovery assessments for the Canada
Lynx, Barn Swallow and Atlantic Salmon (Outer Bay of Fundy Population) as required
by section 21(1) within 180 days; and

(4) Within 90 days, post on the public registry the dates by which protection assessments will
be completed for the Roseate Tern, Butternut and VVan Brunt’s Jacob’s-Ladder as required
by section 24.

(5) Prepare protection assessments for the Roseate Tern, Butternut, and VVan Brunt Jacob’s-
Ladder and post the assessments to the public registry as required by section 25(1) within
180 days.

We look forward to hearing from you on this matter. Our clients are prepared to meet with you in
the presence of counsel to further discuss the resolution of their concerns.

If we do not hear from you, or if any of these requirements are not implemented in full by the
stated deadlines, we are prepared to commence proceedings to enforce such obligations in the
New Brunswick Court of Queen’s Bench, without further notice to the Province. We expect and
look forward to the Minister taking timely and appropriate action to protect species at risk in
New Brunswick, as legally mandated by the SARA.

< WU

[
mes Gunvaldsen Klaassen Sarah Mcdonald

Best regards,

cc: Lisa Mitchell and Kostantina Northrup, East Coast Environmental Law
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COSEWIC
Assessment Summary

Assessment Summary — November 2012

Common name
Eastern Wood-pewee

Scientific name
Contopus virens

Status
Special Concern

Reason for designation

This species is one of the most common and widespread songbirds associated with North America’s eastern forests.
While the species is apparently resilient to many kinds of habitat changes, like most other long-distance migrants that
specialize on a diet of flying insects, it has experienced persistent declines over the past 40 years both in Canada
and the United States. The 10-year rate of decline (25%) comes close to satisfying the criteria for Threatened. The
causes of the decline are not understood, but might be linked to habitat loss or degradation on its wintering grounds
in South America or changes in availability of insect prey. If the population declines continue to persist, the species
may become Threatened in the foreseeable future.

Occurrence
Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick, Prince Edward Island, Nova Scotia

Status history
Designated Special Concern in November 2012.




COSEWIC
Executive Summary

Eastern Wood-pewee
Contopus virens

Wildlife Species Description and Significance

The Eastern Wood-pewee is a small forest bird about the same size as a House
Sparrow. Both sexes have similar plumage, being generally greyish-olive on the
upperparts and pale on the underparts. This species is often observed perched in an
upright position typical of flycatchers. It is distinguished from its ‘confusing’ Empidonax
flycatcher cousins by its larger size, lack of an eye-ring, and longer and more pointed
wings. During the breeding season, the most reliable way to detect and identify the
Eastern Wood-pewee is by hearing its distinctive, clear, three-phrased whistled song,
often paraphrased as “pee-ah-wee.”

Distribution

The breeding range of the Eastern Wood-pewee covers much of south-central and
eastern North America. It breeds from southeastern Saskatchewan to the Maritime
provinces, south to southeastern Texas and east to the U.S. Atlantic coast. About 11%
of its global breeding range is in Canada, which accounts for about 8% of the breeding
population.

It winters primarily in northern South America, mainly from northwestern Colombia
and northeastern Venezuela south to southern Peru, northern Bolivia and Amazonian
Brazil.

Habitat

In Canada, the Eastern Wood-pewee is mostly associated with the mid-canopy
layer of forest clearings and edges of deciduous and mixed forests. It is most abundant
in forest stands of intermediate age and in mature stands with little understory
vegetation.

During migration, a variety of habitats are used, including forest edges, early
successional clearings, and primary and secondary lowland (and submontane) tropical
forest, as well as cloud forest. In South America in the winter, the species primarily uses
open forest, shrubby habitats, and edges of primary forest. It also occurs in interior
forests where tree-fall gaps are present.



Biology

The Eastern Wood-pewee is considered monogamous, but polygyny sometimes
occurs. In Canada, adults arrive on the breeding grounds mostly from mid-May to the
end of May. Pair formation and nest building start soon after arrival. Nests are usually
located on top of a horizontal limb in a living tree at heights between 2 and 21 m. Clutch
size averages 3 eggs. Incubation lasts about 12 to 13 days, and nestlings fledge after
about 16 to 18 days. Up to two broods can be produced per year. Generation time is
estimated to be 2-3 years.

Population Sizes and Trends

In Canada, the current Eastern Wood-pewee population is estimated to be about
217,500 breeding pairs or 435,000 mature individuals. Breeding Bird Survey (BBS) data
for Canada indicate a significant population decline of 2.9% per year for the period
1970-2011, which yields an overall decline of 70% over the last 42 years. In the most
recent 10-year period (2001 to 2011), BBS data show a significant decline of about
2.8% per year, which represents a 25% decline over the period. Populations declined
significantly in Manitoba, Ontario, Québec, New Brunswick, and Nova Scotia/Prince
Edward Island for the period of 1970-2011, with pronounced declines in Québec and
New Brunswick. A pattern of widespread decline is also apparent for much of the United
States.

The BBS trend generally conforms to the direction of results from two other
monitoring programs (Study of Québec Bird Populations and Ontario Forest Bird
Monitoring Program), but contrasts with those from other monitoring programs in
Ontario (Ontario Breeding Bird Atlas and Long Point Bird Observatory migration
monitoring), which suggest stable or increasing populations. Despite discrepancies
across monitoring programs, the BBS is judged to represent the most reliable trend
estimate at this time.

Threats and Limiting Factors

Threats and limiting factors affecting Eastern Wood-pewees have not been clearly
identified and are poorly known, largely because of a lack of research. Possible threats
and limiting factors have been suggested as including: 1) loss and degradation of
habitat quality on the breeding grounds due to urban development and/or changes in
forest management; 2) loss and/or degradation of habitat on the wintering grounds; 3)
large-scale changes in the availability of flying-insect prey due to unknown causes; 4)
high rates of mortality during migration and/or on the wintering grounds); 5) high rates of
nest predation from increasing numbers of avian predators; and 6) changes in forest
structure due to White-tailed Deer over-browsing.



Protection, Status, and Ranks

The Eastern Wood-pewee was ranked as ‘globally secure’ (G5) in 1996 by
NatureServe and is considered ‘Least concern’ according to the IUCN Red List. In
Canada, its nests and eggs are protected under the Migratory Birds Convention Act.
Similar protection is afforded under various kinds of provincial legislation. It is
considered ‘secure and common’ nationally; ‘apparently secure’ in Saskatchewan,
Manitoba, Ontario, and Prince Edward Island; ‘secure’ in New Brunswick; and
‘vulnerable’ to ‘apparently secure’ in Québec.
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TECHNICAL SUMMARY

Contopus virens
Eastern Wood-pewee Pioui de I'Est

Range of Occurrence in Canada: Saskatchewan, Manitoba, Ontario, Québec, New Brunswick, Nova

Scotia, Prince Edward Island

Demographic Information

Generation time

2to 3 yrs

Is there an observed, continuing decline in number of mature
individuals?

Yes

Estimated percent of continuing decline in total number of mature
individuals within [5 years or 2 generations]

- Trend estimates for short time frames (2 generations) do not
provide robust information

Not estimated

Estimated percent reduction in total number of mature individuals
over the last 10 years, or 3 generations.

- Based on BBS data for 2001-2011 showing a significant decline
of 2.81.% per year (95% CI: -3.65, -1.93).

25%

[Projected or suspected] percent reduction in total number of
mature individuals over the next 10 years, or 3 generations.

Not estimated, but long-term
decline is expected to continue

[Observed, estimated, inferred, or suspected] percent reduction in
total number of mature individuals over any [10 years, or 3
generations] period, over a time period including both the past and
the future.

Not estimated, but long-term
patterns indicate a log-linear
decline

Are the causes of the decline clearly reversible and understood No
and ceased?
Are there extreme fluctuations in number of mature individuals? No

Extent and Occupancy Information

Estimated extent of occurrence
- Based on a minimum convex polygon of the species’ range map
from NatureServe 2012, version 3, provided by Alain Filion

2,090,000 km?

Index of area of occupancy (IAO)

- IAO based upon the 2x2 km grid cell method cannot be calculated
at this time because precise locations of nesting individuals have
not been mapped. However, the estimated IAO would be far
greater than COSEWIC’s minimum threshold of 2000 km?

Unknown but >2000 km*

Is the total population severely fragmented?

No

Number of “locations”

Unknown; definitely >10

Is there an observed continuing decline in extent of occurrence?

No

Is there an observed continuing decline in index of area of
occupancy?

Unknown (yes in Maritimes, but
apparently not elsewhere)

Is there an observed continuing decline in number of populations?

No

Is there an observed continuing decline in number of locations? Unknown
Is there an observed, inferred or projected continuing decline in Unknown
area and/or quality of habitat?

- Habitat supply (forest cover) trends vary in different regions of

Canada and are unknown on the wintering range; trend in habitat

quality is unknown.

Are there extreme fluctuations in number of populations? No

Are there extreme fluctuations in number of locations? No

Are there extreme fluctuations in extent of occurrence? No
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| Are there extreme fluctuations in index of area of occupancy? | No

Number of mature individuals in each population

Population N Mature Individuals

Total (217,500 breeding pairs) 435,000

Quantitative Analysis

Ex.: % chance of extinction in 50 years | Not done

Threats (actual or imminent, to populations or habitats)

Threats are not understood, but are thought to include:

1) degradation of habitat quality on the breeding grounds due to urban development and reduced levels
of forest management;

2) loss and/or degradation of habitat on the wintering grounds;

3) large-scale changes in the availability of flying-insect prey due to unknown causes;

high rates of mortality during migration and/or on the wintering grounds;

high rates of nest predation from increasing numbers of avian predators; and

changes in forest structure due to White-tailed Deer over-browsing.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?
USA: statistically significant decline of 1.2% per year (1966-2010); significant declines are present for
many northeastern states bordering Canada

Is immigration known or possible? Yes (highly likely)

Would immigrants be adapted to survive in Canada? Yes

Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? Possibly; tempered by current

species decline in north-
eastern US, especially in states
bordering Canada

Current Status

[ COSEWIC: not assessed previously

Recommended Status and Reasons for Designation

Recommended Status: Alpha-numeric code:
Special Concern not applicable

Reasons for designation:

This species is one of the most common and widespread songbirds associated with North America’s
eastern forests. While the species is apparently resilient to many kinds of habitat changes, like most other
long-distance migrants that specialize on a diet of flying insects, it has experienced persistent declines
over the past 40 years both in Canada and the United States. The 10-year rate of decline (25%) comes
close to satisfying the criteria for Threatened. The causes of the decline are not understood, but might be
linked to habitat loss or degradation on its wintering grounds in South America or changes in availability
of insect prey. If the population declines continue to persist, the species may become Threatened in the
foreseeable future.
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Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Does not meet criterion; the recent 10-year
decline (25%) does not meet the 30% threshold for Threatened A2b.

Criterion B (Small Distribution Range and Decline or Fluctuation): Does not meet criterion; exceeds
thresholds for extent of occurrence and area of occupancy.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable; exceeds thresholds for
population size

Criterion D (Very Small or Restricted Total Population): Not applicable; exceeds thresholds for population
size, area of occupancy and number of locations.

Criterion E (Quantitative Analysis): Not done
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Data Deficient (DD)*** A category that applies when the available information is insufficient (a) to resolve a
species’ eligibility for assessment or (b) to permit an assessment of the species’ risk of
extinction.

* Formerly described as “Vulnerable” from 1990 to 1999, or “Rare” prior to 1990.
Formerly described as “Not In Any Category”, or “No Designation Required.”

Formerly described as “Indeterminate” from 1994 to 1999 or “ISIBD” (insufficient scientific information on which
to base a designation) prior to 1994. Definition of the (DD) category revised in 2006.

Environment Environnement 18
l * l Canada Canada Canada

Canadian Wildlife Service canadien

Service de la faune

The Canadian Wildlife Service, Environment Canada, provides full administrative and financial support to the
COSEWIC Secretariat.




COSEWIC Status Report

on the

Eastern Wood-pewee
Contopus virens

in Canada

2012



TABLE OF CONTENTS

WILDLIFE SPECIES DESCRIPTION AND SIGNIFICANCE ..., 5
Name and ClasSifiCatiON .............uuueuiiiiii e eeeeeeeeenaennnnne 5
\ViTe] g o] aTe] (oTeTr=1 o ==Y ox o] i e o IS 5
Population Genetic Structure and Variability ..., 5
Designatable UNItS.............. i nnnnne 5
Special SIGNIfICANCE. ......coeeeeeee e 6

3 IS I | =10 8 I PP 6
(€ 10] o 1= 1IN =T o 1= USSP 6
Canadian RangEe........cooooii i 6
Search EffOrt......coo o 8

= 1 N PP 9
Habitat ReqQUIrEMENES ... ... 9
[ F= o1 = L G I =Y T £ RN 10

= 1 ] I 1 PP 11
=T o] oo [1 o 1o o [N 11
SUIVIVAL ... 12
MOVEMENTS/AISPEISAL...... et e e e e e e e e eeeaes 12
Diet and Foraging BEhaviour ..o 13
Interspecific INtEracCtionS ..........ooooiiiie e 13
Home Range and Territory ... 13
Behaviour and Adaptability ................euueeiiiiiii 14

POPULATION SIZES AND TRENDS.......cooiiiiiiiiiieeeeeeeeeeeeeeeee et 14
Sampling Effort and Methods ... 14
Y 01U o F= T o o R 17
Fluctuations and Trends ........coooiiiiiiiiee e e e e e e eeeees 18
Population Trend SUMMArY .........oouiiiiiii e e e e e eaeans 24
RESCUE EffECt ... 25

THREATS and LIMITING FACTORS ... 26
Habitat LoSS/degradation.................uuiuieiiiiiiiiiiiieiii e 26
Large-scale Changes in Availability of Aerial Insects...........ccccooeeiiiiiiiiiciiie e, 26
Mortality During Migration and/or Wintering................uueeueeeeiiiiiiiiiiiiiiiiiiiiiiiiiieiieiieeeees 27
NESE Predation ... ..ot eaeae 27
Degradation of Breeding Habitat from Over-browsing by White-tailed Deer.............. 28

PROTECTION, STATUS, AND RANKS ... 28
Legal Protection and Status................uuueeiiiiiiiiiiiiiiiiiiie e 28
Non-Legal Status and RanKS ............uiiiiiiiiiceeeceee e e e e e eeeaes 29
Habitat protection and OWNErship ........coooo oo 29

ACKNOWLEDGEMENTS AND AUTHORITIES CONTACTED.......ccoovviiiiiiiiiiieiiieeeee 30

INFORMATION SOURCES ... 31

BIOGRAPHICAL SUMMARY OF REPORT WRITER ... 39



List of Figures

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Global range of the Eastern Wood-pewee (based on Gauthier and Aubry
1995; Ridgely et al. 2003; Cadman et al. 2007; Bird Studies Canada [BSC]
120 I = TR o ) TSR 7

Canadian breeding range of the Eastern Wood-pewee (based on Gauthier
and Aubry 1995; Cadman et al. 2007; BSC 2011a, b; Government of
Saskatchewan 2011; BSC 2012). ....uuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeaeeees 8

Relative abundance of Eastern Wood-pewees breeding in North America,
based on BBS data calculated for each latitude and longitude degree block
from 1987-2006, in relation to the proportion of the breeding range surveyed
by the BBS. Grey areas = not surveyed by BBS; white areas = surveyed, but
no Eastern Wood-pewees detected (Environment Canada 2011). ............... 17

Eastern Wood-pewee annual abundance indices for Canada between 1970
and 2011, based on a hierarchical Bayesian model of Breeding Bird Survey
data, plotted on a log-scale (Environment Canada unpubl. data 2012). Dotted
lines correspond to the 95% upper and lower credible intervals. .................. 19

Ontario distribution of the Eastern Wood-pewee during the period 2001-2005,
based upon atlas data (reproduced with permission from Cadman et al.
2007). Squares with black dots are those in which the species was found in
the first atlas period (1980-1985), but not in the second (2001-2005). Squares
with yellow dots correspond to those where the species was found only in the
SECONA AIAS. . .ceeeiie e 20

Distribution of the Eastern Wood-pewee in the Maritimes during the period
2006-2010 (reproduced with permission from BSC 2012). Squares with black
dots are those in which the species was found in the first atlas period (1986-
1990), but not in the second (2006-2010). Squares with yellow dots are those
in which the species was found in the second atlas period but not in the first.21

Annual indices (log scale) of population change for the Eastern Wood-pewee
in Québec between 1970 and 2009, based on EPOQ data (Larivée 2011).
Only checklists produced between May 15 and July 15 were used in the

ANAIY SIS, ittt e e aaan e aae 22

Long-term trends in spring and fall migration indices of Eastern Wood-pewees
recorded at Long Point Bird Observatory, Ontario (1961-2010). Spring indices
and trend are denoted by green circles and the solid green line. Fall indices
and trend are denoted by orange triangles and the orange dashed line
(graphic courtesy of T. Crewe unpubl. data 2011). .......coovvviiiiiieieieee, 24

BBS trend map for Eastern Wood-pewee in the United States and Canada for
the period from 1966 to 2010 (Sauer etal. 2011).......oooviieiiiieeeieee, 25



List of Tables

Table 1. Population size estimates of the numbers of Eastern Wood-pewees breeding
in Canada based primarily on Breeding Bird Survey data (Blancher et al. 2007,
updated by P. Blancher unpubl. data 2011). .....cooovmriiiiie e, 18

Table 2. Average annual population trends (and 95% lower [Icl] and upper [ucl] credible
intervals) for the Eastern Wood-pewee in the long- and short-term based on
BBS surveys (Environment Canada unpubl. data 2012). Results in bold are
statistically significant. ... 19

Table 3. Ranks assigned to the Eastern Wood-pewee in North America, based on
NatureServe (2012) and General Status Ranks (CESCC 2011). ......ccceeee. 30



WILDLIFE SPECIES DESCRIPTION AND SIGNIFICANCE
Name and Classification

Contopus virens (Linnaeus, 1766) is commonly called the Eastern Wood-pewee.
The French name is ‘Pioui de I'Est’. The taxonomy is as follows:

Class: Aves

Order: Passeriformes
Family: Tyrannidae
Genus: Contopus
Species: Contopus virens

Morphological description

The Eastern Wood-pewee is a small forest bird (15 cm, 14 g; McCarty 1996). Both
sexes have similar plumage. Adults have pale wing-bars, and are greyish-olive above
and pale below, with a slightly darker greenish-wash on the breast and sides. This
species is often observed in an upright position typical of flycatchers, and ‘hawks’ flying
insects from perches (McCarty 1996).

In the field, the Eastern Wood-pewee is virtually indistinguishable in appearance
from the Western Wood-pewee (C. sordidulus), which has a darker and browner chest
and sides and has no tinge of green on the chest (McCarty 1996). Apart from notable
differences in their breeding ranges, the Eastern Wood-pewee is best distinguished
from its western counterpart by its clear, three-phrased song, often paraphrased as a
whistled “pee-ah-wee”. It is generally distinguished from similar-looking Empidonax
flycatchers by its larger size, lack of an eye-ring, and longer and more pointed wings.
The Eastern Wood-pewee also resembles the Eastern Phoebe (Sayornis phoebe), but
is slightly smaller, has distinctive wing-bars, has a pale lower mandible, and lacks the
phoebe’s tail-wagging behaviour (McCarty 1996).

Population Genetic Structure and Variability

No research has been conducted on the population genetic structure of the
Eastern Wood-pewee in Canada or the United States (McCarty 1996).

Designatable Units

No subspecies have been recognized or are currently known for the Eastern
Wood-pewee (McCarty 1996; American Ornithologists’ Union 1998) and there are no
other distinctions that warrant assessment below the species level. This report deals
with a single designable unit.



Special Significance

No particular aspect of the Eastern Wood-pewee’s ecology appears to give it
particular significance. No published Aboriginal traditional knowledge is currently
available for this species in Canada.

DISTRIBUTION
Global Range

From west to east, the breeding range of the Eastern Wood-pewee extends from
southeastern Saskatchewan, through southern Manitoba, Ontario and Québec, to the
Canadian Maritimes. From the Canadian border with the U.S., it breeds south to
southern Texas and east to the Atlantic coast (McCarty 1996; Figure 1).

Eastern Wood-pewees winter primarily in northern South America, from
northwestern Colombia and northeastern Venezuela, south to southern Peru, northern
Bolivia and Amazonian Brazil (McCarty 1996; Figure 1).

Canadian Range

About 11% of the Eastern Wood-pewee’s global breeding range is in Canada, which
accounts for about 8% of the global breeding population (Blancher et al. 2007; Table 1).
It breeds in south-central and southeastern Canada, from New Brunswick, Prince
Edward Island and Nova Scotia (BSC 2012), west through southern Québec north to
Haute Cote-Nord, Gaspé peninsula and iles-de-la-Madeleine (Cyr and Larivée 1995;
Gauthier and Aubry 1995), though it has apparently not been recently recorded on lles-
de-la-Madeleine (Gauthier pers. comm. 2012). It occurs across most of southern
Ontario north to Slate Falls to the west and Moose River to the east (Cadman et al.
2007). In the prairies, it breeds in southern Manitoba north to Duck Mountain Provincial
Park (BSC 2011b), and southeastern Saskatchewan (Government of Saskatchewan
2011; Figure 2).
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Figure 1. Global range of the Eastern Wood-pewee (based on Gauthier and Aubry 1995; Ridgely et al. 2003;
Cadman et al. 2007; Bird Studies Canada [BSC] 2011a, b).



Figure 2. Canadian breeding range of the Eastern Wood-pewee (based on Gauthier and Aubry 1995; Cadman et al.
2007; BSC 2011a, b; Government of Saskatchewan 2011; BSC 2012).

The extent of occurrence in Canada is 2,090,000 km?, as measured by a minimum
convex polygon based on the NatureServe range map (Ridgely et al. 2003). The
estimated index of area of occupancy (IAO) based on a 2 km x 2 km grid intersecting
known areas of occupancy for the species cannot be calculated due to a lack of detailed
information on the locations of all breeding sites, but it undoubtedly exceeds
COSEWIC’s minimum threshold of 2000 km?.

Search Effort

Distributional data for the Eastern Wood-pewee in Canada mainly come from
breeding bird atlas work conducted in the 1980s and in the 2000s in Ontario (Cadman
et al. 1987; 2007), Québec (Gauthier and Aubry 1995, BSC 2011a), and the Maritimes
(Erskine 1992; BSC 2012). Recent atlas projects have also been initiated in Manitoba
(BSC 2011b). The Québec checklist program (Cyr et Larivée 1995) and the Breeding
Bird Survey (BBS) in Canada also provide insight into the species’ distribution in
Canada.



HABITAT
Habitat Requirements

Breeding season

In Canada, the Eastern Wood-pewee breeds mostly in mature and intermediate-
age deciduous and mixed forests (less often in coniferous forest) having an open
understory (Ouellet 1974; Godfrey 1986; Peck and James 1987; Gauthier and Aubry
1995; Falconer 2010; Burke et al. 2011). It is often associated with forests dominated by
Sugar Maple (Acer saccharum), elm (Ulmus sp.) and oak (Quercus sp.; Graber et al.
1974). It is usually associated with forest clearings and edges within the vicinity of its
nest (Hespenheide 1971; Peck and James 1987).

A comparison of habitat use by the Eastern Wood-pewee in deciduous forest and
conifer plantations in one study in southern Ontario found that in each habitat, territories
had lower tree basal area, tree species diversity, and fewer pines than non-territory
sites (Falconer 2010). Pewees were apparently selecting for fewer trees and greater
openness in the forest—a structure that would favour bouts of aerial foraging activities.

In the Maritimes, an analysis of breeding bird atlas point count data suggests that
pewees are strongly associated with mature poplar and hardwood forest, with weaker
associations with older pine, hemlock and other forest types (M. Campbell unpubl.
data). At the landscape scale in the Maritimes, pewees are associated with the
presence of marshes, lakes, ponds and rivers, and negatively associated with harvested
forest, human-occupied areas and roads (M. Campbell unpubl. data).

In West Virginia, the Eastern Wood-pewee selects habitat based on forest stand-
level characteristics (elevation, size of stand, age, and ecological land type) and at the
microhabitat level (tree stem density and tree species diversity; McDermott et al. 2010).
The species can become abundant in pure hemlock stands that have experienced
>60% mortality of trees resulting from chronic Hemlock Woolly Adelgid (Adelges tsugae)
infestations (Tingley et al. 2002).

In lowa, habitat suitability for this species increased rapidly with tree density,
before levelling off or declining when densities approached 1600 trees/ha (Best and
Stauffer 1986). In Virginia, the Eastern Wood-pewee was most abundant in forest
stands of intermediate age with little understory vegetation (Crawford et al. 1981).

In some regions at least, the pewee reaches higher breeding densities in dry
upland sites than in lowland forest (Peck and James 1987; Robbins et al. 1989;
McCarty 1996; Newell and Rodewald 2011). Nesting in wet forests probably just reflects
a preference for open space near the nest tree (Peck and James 1987).



Generally, size of forest fragments does not appear to be an important factor in
habitat selection (Stauffer and Best 1980; Blake and Karr 1987, Robbins et al.
1989, Freemark and Collins 1992; Desrochers et al. 2010). However, the species is
known to occur less frequently in woodlots with surrounding residential development
than in those without houses (Friesen et al. 1995; Keller and Yahner 2007).

More than most other eastern flycatcher species, the Eastern Wood-pewee uses
dead branches as hunting perches (Via 1970), which may be an additional habitat need.

Non-breeding season

During migration, various forested habitats are used, including woodland edges,
early successional clearings, and primary and secondary lowland (and submontane)
tropical forest, as well as cloud forest (Ridgely and Gwynne 1989; Stiles and Skutch
1989; Arendt 1992; Vidal-Rodriguez 1992). In Costa Rica, the species is reported from
clearings and young second-growth, but not old second-growth or primary forest (Blake
and Loiselle 1992; Powell et al. 1992). It is found in both dry and moist forest in Panama
(Hespenheide 1980), and is reported from coastal and urban areas, farmland, forest
edge, and dry and wet forests in the Caribbean (Amos 1991; Arendt 1992). It is
reportedly most common from lowlands to elevations of 1500 m (Stiles and Skutch
1989; Howell and Webb 1995), but may be found as high as 2850 m (Fjeldsa and
Krabbe 1990; Vidal-Rodriguez 1992).

There is little information available on the habitat types occupied on the South
American wintering grounds. It reportedly uses open forest (e.g., flooded riparian
stands), shrubby habitats, edges of primary forest, but also occurs in interior forests
where tree-fall gaps are present (Fitzpatrick 1980; Pearson 1980; Fjeldsa and Krappe
1990; Stotz et al. 1992; Ridgely and Tudor 1994).

Habitat Trends

The current amount of suitable breeding habitat in Canada is much less than it was
prior to European colonization. For example, in eastern Ontario, 70-80% of the original
deciduous forest cover had been removed by the 1880s (OMNR 1997; Zhang and
Guindin 2005). Similar historical perspectives are also apparent in southern Québec
(Ouellet 1974; Li and Ducruc 1999; Gratton 2010).

Since European settlement, the overall extent of forest habitat in eastern Canada
has mostly been increasing in recent decades, because of the regrowth of secondary
forest on abandoned farmland, particularly in eastern Ontario (Larson et al. 1999) and
parts of southern Québec outside the St. Lawrence Lowlands (Latendresse et al. 2008).
Within the St. Lawrence Lowlands, however, habitat loss is still occurring (Jobin et al.
2007). In New Brunswick, a preliminary analysis of forest inventory data comparing the
area of mature deciduous forest habitat, which is the type favoured by Eastern Wood-
pewees, indicates a decline of about 18% between the 1980s and the 2000s (New
Brunswick Department of Natural Resources unpubl. data 2012). Declines in mature
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mixed forest habitat were greater, ranging from 34-68%, but such habitat is less
favoured by pewees. The declines noted above reflect changes in the age structure of
the forest community as a result of forest management planning favouring shorter
rotation periods that are increasingly replacing mature forest with young forest (S.
Makepeace fide Sabine pers. comm. 2012).

Large tracts of homogenous deciduous forests with little broken canopy probably
reduce habitat suitability for pewees (Ahlering and Faaborg 2006; Friesen pers. comm.
2012). Hence, as second-growth forests mature to a climax successional stage, it is
possible that the quality of pewee habitat naturally declines somewhat, especially in the
absence of forest management. However, little is known about how much unmanaged
habitat in Canada might be returning to a climax condition, nor the extent to which this
might be affecting pewee populations or demographics.

On the wintering grounds, the Eastern Wood-pewee uses forest patches and
second growth, and may be less affected by loss of contiguous tropical forest than
some other species (McCarty 1996). However, virtually nothing is known about the
species’ wintering habitat requirements. A recent study, which examined change in
forest area in Latin America between 2001 and 2010, found that deforestation rates
were particularly severe in South America, especially within the moist forest biome (Aide
et al. 2012).

BIOLOGY

Few studies have been conducted specifically on the Eastern Wood-pewee.
McCarty (1996) is the general source of information for North America. While limited to
rather specialized situations in Ontario, the most complete source of information on
breeding biology, productivity, and habitat associations in Canada is provided by
Falconer (2010).

Reproduction

Age of first reproduction is unknown but individuals probably breed at 1 year
(McCarty 1996). The Eastern Wood-pewee is generally monogamous (McCarty 1996),
but polygyny also occurs (11% of 53 nests in southern Ontario; Falconer 2010).
Breeding activity extends from late May through August and occasionally September
(McCarty 1996; Falconer 2010). Double broods are not infrequent (Falconer 2010).

In southern Ontario, nests tend to be built in large, mature trees (Falconer 2010).
Nests are well camouflaged and located on top of a horizontal limb (often a dead limb)
in a living tree, well out from the trunk, at heights ranging from 2 to 21 m (Peck and
James 1987), and usually at the higher end of this range.
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In Ontario, clutch size ranges up to 4 eggs but generally averages 3 eggs (62% of
103 nests; Peck and James 1987). In Ontario, egg dates for 94 nests ranged from 3
June to 14 August (Peck and James 1987). In Manitoba, pewees initiate clutches
between 11 June and 6 July, with an average initiation date of 23 June (Underwood et
al. 2004). The incubation period lasts about 12-13 days (Bendire 1895 in McCarty 1996;
Knight 1908 in McCarty 1996; Bent 1942). Nestlings fledge after about 16-18 days
(Bendire 1895 in McCarty 1996; Knight 1908 in McCarty 1996; Bent 1942; Sandusky
1977).

In his study in southern Ontario, Falconer (2010) found that nest success
increased later in the breeding season, and nests in deciduous forest were twice as
likely to be successful as those in pine plantations owing to differences in predation
rates. Data from Minnesota, Wisconsin, and lowa indicate that nesting success in
fragmented landscape is 43% (Daily Survival Rate = 0.974 + 0.006; n=90 nests; n=1605
observation days; Knutson et al. 2004).

Survival

The maximum recorded life-span is about 7 years (Clapp et al. 1983), and the
species’ age at first breeding is 1 year (McCarty 1996). Generation time for the Eastern
Wood-pewee, which corresponds to the average breeding age in the population, is
estimated at 2 to 3 years.

Movements/dispersal

Little research has been carried out on the Eastern Wood-pewee’s fidelity to
breeding sites (McCarty 1996). Of nine adults banded on their breeding sites in lllinois,
two returned the following year (Robinson 1992). No information exists on local
movements on the breeding grounds and/or dispersal after the nesting season.

About 95% of spring migration into southern Canada extends from about 10 May to
about 10 June (Long Point Bird Observatory unpubl. data). Fall migration extends from
about 20 August to 20 October. The species is generally solitary during migration (Stiles
and Skutch 1989; Ridgely and Tudor 1994). Migration probably occurs mostly at night
(McCarty 1996).

The Eastern Wood-pewee migrates primarily through the eastern and central U.S.,
south through the Gulf lowlands of Mexico, on both slopes from Chiapas south through
Central America (Binford 1989; Ridgely and Gwynne 1989; Stiles and Skutch 1989;
Howell and Webb 1995). It is also known to cross the Caribbean, passing through the
West Indies (McCarty 1996).
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Diet and Foraging Behaviour

No studies on feeding behaviour or diet have been conducted in Canada and most
studies come from the United States (McCarty 1996). The pewee’s diet consists
primarily of small, flying insects that are ‘hawked’ in short flights from a perch in the
subcanopy (Via 1979; McCarty 1996).

During the breeding season, the Eastern Wood-pewee feeds on a variety of small
(mostly <15 mm) flying insects, including Diptera, Homoptera, Lepidoptera,
Hymenoptera, Coleoptera, Orthoptera, Plecoptera and Ephemeroptera (Johnston 1971;
Gray 1993; Sample et al. 1993). Foraging habits and diet during migration and in winter
appear to be similar to those on the breeding grounds (Fitzpatrick 1980).

Interspecific Interactions

Few direct observations of predation on adults or nests of the Eastern Wood-
pewee are available (McCarty 1996). In southern Ontario, Falconer (2010) reported an
observation of a Blue Jay (Cyanocitta cristata) taking nestlings from a nest. He also
suggested that Red Squirrels (Tamiasciurus hudsonicus) and flying squirrels
(Glaucomys sp.) were potential predators. In Ohio, Blue Jays, American Crows (Corvus
brachyrhynchos), owls, Eastern Chipmunks (Tamias striatus), Grey Squirrels (Sciurus
carolinensis), and Raccoons (Procyon lotor) were regarded as potential predators
(Newell and Rodewald 2011). During the breeding season, male pewees also show
aggression towards Red-winged Blackbirds (Agelaius phoeniceus) and Common
Grackles (Quiscalus quiscula) within their territories, suggesting that these species
could depredate eggs or nestlings (Bent 1942; Nice 1961 in Graber et al. 1974).

The Eastern Wood-pewee is a rare host for the Brown-headed Cowbird (Molothrus
ater; McCarty 1996), with low parasitism rates in Ontario (5.1%, n=117 nests; Peck and
James 1987) and Manitoba (0%, n = 20 nests; Underwood et al. 2004).

Home Range and Territory

In a study in southern Ontario, Eastern Wood-pewee territories averaged 1.70 +
0.33 ha (n=26 pairs) in deciduous forests and 1.83 + 0.36 ha (n= 27 pairs) in pine
plantations; there was no significant difference between habitat types (Falconer 2010).
When both habitats were combined, territory size averaged 1.76 + 0.24 ha (Falconer
2010).
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Behaviour and Adaptability

On the breeding grounds, Eastern Wood-pewees can benefit from forest
management practices such as selective harvest, which creates small openings in the
canopy (Clark et al. 1983; Wilson et al. 1995; Artman et al. 2001; Campbell et al. 2007;
Greenberg et al. 2007; Burke et al. 2011). A positive response may be due to higher
levels of flying insect prey and/or their greater visibility in forest gaps. A study conducted
in the southeastern U.S. (Arkansas, South Carolina and West Virginia) suggested that
populations of Eastern Wood-pewees remained relatively stable over a 40-year
scenario in landscapes managed under different forest management treatments (i.e.,
unmanaged, 60,120, and 180-acre cut size, and no-limit cut size; Mitchell et al. 2008).
This suggests that the species shows some flexibility in its response to forest habitat
management.

In southern Ontario, Falconer (2010) found that the presence of mature trees was
important for nest-site selection. He suggested that maintaining large, mature trees (>
40 cm diameter at breast height in deciduous forest and > 32 cm in pine plantation),

along with basal areas of 23 - 24 m? ha™ (in both habitats), should provide adequate
nesting requirements for wood-pewees.

POPULATION SIZES AND TRENDS
Sampling Effort and Methods

North American Breeding Bird Survey (BBS)

The BBS is designed to monitor North American breeding bird populations
(Environment Canada 2010; Sauer et al. 2011). Breeding bird abundance data are
collected by volunteers at 50, 400-m radius stops spaced at 0.8 km intervals along
permanent 39.2 km routes on roadsides (Sauer et al. 2011). In Canada, the surveys are
mostly conducted in June (i.e., during the height of the breeding period of most bird
species). Surveys start one half hour before sunrise.

The main strengths of the BBS are that data from across much of North America
have been collected according to a single standardized method, and surveys employ
random start points and directions, thus enhancing regional representation of the
avifauna (roadside bias notwithstanding; Blancher et al. 2007). Analysis of BBS data are
now based on a hierarchical Bayesian model (see Sauer and Link 2011 and
Environment Canada 2012). In the case of the Eastern Wood-pewee, the BBS covers
most of the species’ breeding range, and short- and long-term trends should correspond
closely to actual population changes. Moreover, due to its highly recognizable song, the
Eastern Wood-pewee should be readily detected wherever it occurs along BBS routes.
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Etude des populations des oiseaux du Québec (EPOQ)/ Study of Québec Bird
Populations (SQBP)

In Québec, the EPOQ (SQBP) database, which has been managing bird checklists
submitted by thousands of volunteers since 1955 (accumulating more than 500,000
checklists), is another reference for determining Eastern Wood-pewee population trends
(Cyr and Larivée 1995; Larivée 2011). The EPOQ database covers all regions south of
the 52nd parallel, especially the St. Lawrence Lowlands, where the species is most
abundant (Cyr and Larivée 1995). The abundance index is one of two abundance
measures produced by EPOQ and is a measure of the number of birds observed based
on the number of checklists submitted.

The strength of this survey lies in the fact that it covers the entire breeding range of
the species in Québec (Cyr and Larivée 1995). However, the current analysis method
does not take observation effort (i.e., the number of observers per checklist) into
account, nor weather conditions, nor spatial variation in observation effort, but simply
the number of hours of observation (Cyr and Larivée 1995). Nonetheless, the trends
produced by the EPOQ database are correlated with those of the BBS and generate
adequate trend assessments (Cyr and Larivée 1995; Dunn et al. 1996).

Ontario Breeding Bird Atlas (OBBA)

The Ontario Breeding Bird Atlas compared the distribution of breeding birds
between 1981-1985 and 2001-2005, and is an important source of information on the
status of the Eastern Wood-pewee in Ontario (Cadman et al. 2007). The data were
gathered by volunteers who visited representative habitats within 10 km x 10 km
squares for at least 20 hours during the breeding period (Cadman et al. 2007). The
percent change in the distribution of the Eastern Wood-pewee in Ontario over a period
of 20 years was calculated by comparing the percentage of the squares occupied in the
first atlas period to the percentage occupied in the second atlas period, adjusting for
observation effort (Blancher et al. 2007; Cadman et al. 2007).

The main limitation of this method is that the analysis comparing occupancy rates
between the two atlas periods underestimates the change in actual population size for
common, widespread species like the Eastern Wood-pewee (Francis et al. 2009).
Differences in effort between the two atlases may also have led to some biases in
estimating change (Blancher et al. 2007), because effort was not standardized between
the two periods, and there can be important differences in efficiency of effort that cannot
be captured by adjusting for quantity of effort. A major limitation of atlases is that they
are typically repeated only at 20-year intervals, which means they cannot detect
changes in population status during intervening periods (Francis et al. 2009).
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Breeding Bird Atlases in other provinces

Using the same methodology as for the OBBA, data collection for a second atlas
has been completed for the Maritimes for the period 2006-2010, which provides
comparison with the first atlas, conducted from 1986-1990 (BSC 2012). In Québec, a
second breeding bird atlas was started in 2010, but comparisons of results with the
previous atlas conducted 20 years earlier (Gauthier and Aubry 1995) will not be
available until 2014 (BSC 2011a). A first atlas project was also initiated in 2010 in
Manitoba, which will provide results in 2014 (BSC 2011b).

A breeding bird atlas for Saskatchewan began in the 1970s and was completed in
1996 (Smith 1996). It employed a different methodology than was adopted by other
provinces. Rather than engage in a massive field effort, it drew mostly upon several
existing databases, including the Breeding Bird Survey, bird banding data from the
Canadian Wildlife Service, and nest records from the Prairie Nest Records Scheme
(Smith 1996).

Ontario Forest Bird Monitoring Program (FBMP)

Coordinated by the Canadian Wildlife Service, the Forest Bird Monitoring Program
(FBMP) began in Ontario in 1987 to provide information on population trends and
habitat associations of birds that breed in the forest interior (Ontario Forest Bird
Monitoring 2006). Each year, between 50 and 150 sites are surveyed by volunteers,
who make two 10-minute visits to five point count stations per site. The program was
designed to investigate spatial and temporal patterns for forest birds, with monitoring
sites selected in off-road sites in core areas of large, mature forests that are typically
protected from active forest management. Because other kinds of forest habitat are not
sampled and because of limited geographical coverage, the program’s results are not
representative of the overall landscape (Francis et al. 2009). Hence, for the Eastern
Wood-pewee, which prefers intermediate-age forests, the FBMP may provide a biased
sample. Trend analysis for Eastern Wood-pewee is currently available for the period
1987-2010 (R. Russell unpubl. data 2011).

Migration Monitoring

Several field stations associated with the Canadian Migration Monitoring Network
provide counts of Eastern Wood-pewees during spring and/or fall migration. The
longest-running station is Long Point Bird Observatory (LPBO), located on the north
shore of Lake Erie, which has been in operation since 1961 and precedes the BBS by a
decade. In addition to banding, volunteers also carry out a standardized daily count of
all migrating birds, and keep track of all other migrants they observe throughout the day.
Spring and fall population indices for the Eastern Wood-pewee for LPBO are calculated
annually (BSC 2011c). Population indices are also available for other stations, but none
span more than two decades. A major weakness of migration monitoring is that
relatively little is currently known about the breeding origins of the birds being sampled.

16



Abundance

Based on BBS data from 1987-2006, the Eastern Wood-pewee reaches its highest
Canadian abundance in southern Ontario (Figure 3). Based on all available information,
there are roughly 435,000 breeding adults (217,500 mated pairs) in Canada (see Table
1). These birds are concentrated in Ontario (69%), Québec (10%) and Manitoba (9%);
the rest are distributed at lower densities in other provinces (Table 1).
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Figure 3. Relative abundance of Eastern Wood-pewees breeding in North America, based on BBS data calculated
for each latitude and longitude degree block from 1987-2006, in relation to the proportion of the breeding
range surveyed by the BBS. Grey areas = not surveyed by BBS; white areas = surveyed, but no Eastern
Wood-pewees detected (Environment Canada 2011).

17



Table 1. Population size estimates of the numbers of Eastern Wood-pewees breeding in
Canada based primarily on Breeding Bird Survey data (Blancher et al. 2007, updated by
P. Blancher unpubl. data 2011).

Province’ Population Size (adults) % of Global Population
ON? 300,000 5.3
QcC 45,000 0.8
MB 40,000 0.7
NS 30,000 0.5
NB 18,000 0.3
PE 2,700 0.05
Total 435,000 7.7

" Too few birds were recorded on BBS routes in Saskatchewan to provide a population estimate.

% Ontario estimate is based on breeding bird atlas point counts (2001-2005). The atlas estimate is based
on a far greater number of point counts (including off-road counts) than the BBS, which increases the
reliability of the atlas estimate.

Fluctuations and Trends
The Eastern Wood-pewee has probably always been fairly common and
widespread within its current range in Canada (Wintle 1896; Dionne 1906; Ouellet 1974;

Godfrey 1986; Gauthier and Aubry 1995; Cadman et al. 2007). Population trends are,
however, only available since the 1970s.

North American Breeding Bird Survey

In Canada, long-term BBS data show a significant decline of about 2.9% per year
(95% CI: -3.4, -2.5) between 1970 and 2011, which corresponds to an overall decline of
70% over the last 40 years (Figure 4, Table 2; Environment Canada unpubl. data). In
the most recent 10-year period (2001 to 2011, or roughly three generations), BBS data
show a significant decline of about 2.8% per year (95% CI: -3.7, -1.9; Table 2), which
represents a 25% decline over the last 10 years in Canada (95% ClI: -31.4%, -17.5%).
Populations declined significantly in Manitoba, Ontario, Québec, New Brunswick and
Nova Scotia/Prince Edward Island for the period 1970-2011, with a more pronounced
decline in Québec and New Brunswick (Table 2). For the more recent period (2001-
2011), short-term declines are also apparent, and again tend to be more pronounced in
the eastern part of the country (Table 2).
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Figure 4. Eastern Wood-pewee annual abundance indices for Canada between 1970 and 2011, based on a
hierarchical Bayesian model of Breeding Bird Survey data, plotted on a log-scale (Environment Canada
unpubl. data 2012). Dotted lines correspond to the 95% upper and lower credible intervals.

Table 2. Average annual population trends (and 95% lower [Icl] and upper [ucl] credible
intervals) for the Eastern Wood-pewee in the long- and short-term based on BBS surveys
(Environment Canada unpubl. data 2012). Results in bold are statistically significant.

1970-2011 2001-2011
Annual Rate Annual Rate
of Change of Change
Region (%lyr) Icl ucl (%lyr) Icl Ucl
Canada -2.93 -3.39 -2.48 -2.81 -3.65 -1.93
Manitoba -1.85 -3.83 -0.03 -1.97 -6.02 1.22
Ontario -2.59 -3.25 -1.97 -2.51 -3.54 -1.43
Québec -4.43 -5.49 -3.40 -4.37 -6.33 -2.32
New Brunswick -3.84 -4.92 -2.63 -4.32 -8.33 -0.40
Nova Scotia & Prince Edward -1.85 299  -0.76 1,96 488 050

Island
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Ontario Breeding Bird Atlas (OBBA)

A comparison of the species’ probability of observation in Ontario from the first
(1981-1985) to the second (2001-2005) atlas period showed no statistically significant
change across the province as a whole (Cadman et al. 2007). Indeed, there was an
overall, non-significant, increase of 9%. This result contrasts with the significant
negative trend obtained from the BBS data. However, by region the probability of
observation decreased significantly in the Lake Simcoe-Rideau area (-6%) and in the
Southern Shield (-15%) and decreased non-significantly in the Carolinian region (-6%)
(Cadman et al. 2007; Figure 5). These declines could have been balanced somewhat
by a shift in the species’ distribution from the Southern Shield region northward into the
adjacent Northern Shield region where the Eastern Wood-pewee showed a 75%
increase in probability of observation (Cadman et al. 2007).
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Figure 5. Ontario distribution of the Eastern Wood-pewee during the period 2001-2005, based upon atlas data
(reproduced with permission from Cadman et al. 2007). Squares with black dots are those in which the
species was found in the first atlas period (1980-1985), but not in the second (2001-2005). Squares with
yellow dots correspond to those where the species was found only in the second atlas.
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Maritimes Breeding Bird Atlas (MBBA)

Preliminary analyses comparing the probability of observation of Eastern Wood-
pewees within their Maritime range after 20 hours of observation in the first and second
Atlas periods indicate significant declines over the last 20 years (Figure 6). The
probability of observation declined from 0.50 to 0.40, which yields a statistically
significant average annual decline of 1.02% over the 20-year period (or roughly a 10%
decline over 10 years). The decline was driven mainly by New Brunswick (-1.6% per
year; M. Campbell unpubl. data; S. Makepeace fide Sabine pers. comm. 2012).
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Figure 6. Distribution of the Eastern Wood-pewee in the Maritimes during the period 2006-2010 (reproduced with
permission from BSC 2012). Squares with black dots are those in which the species was found in the first
atlas period (1986-1990), but not in the second (2006-2010). Squares with yellow dots are those in which
the species was found in the second atlas period but not in the first.
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Etude des populations des oiseaux du Québec (EPOQ)/ Study of Québec Bird
Populations (SQBP)

The EPOQ database shows a significant Iong-term decline in Eastern Wood-
pewee abundance in Québec of 0.5% per year (R°= 0.62; P < 0.001; Figure 7) between
1970 and 2009, representing a 17% decline over 39 years. For the 10-year period from
2000-2009, the short-term trend was stable, with a non-significant decline of 0.06% per
year (R?= 0.006; P = 0.05).

0.50 -~

0.45 A

y=-0.005x+10.292
R?=0.6188

o
S
o

e
o
u-l

e
(i
Q

o
o
u

o
)
Q

o
[y
i

Abundance Index (log scale)

©

=

=]
1

0.05 A

0,00 T T T T T T T 1
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

Figure 7. Annual indices (log scale) of population change for the Eastern Wood-pewee in Québec between 1970
and 2009, based on EPOQ data (Larivée 2011). Only checklists produced between May 15 and July 15
were used in the analysis.

Ontario Forest Bird Monitoring Program (FBMP)

The long-term FBMP annual trend estimate for the Ontario population of the
Eastern Wood-pewee in interior, mature forests shows a near-significant decline of
2.3% per year (n = 201 sites with sufficient sample size; 0.05 < p <0.10; 95% CI=-4.9,
0.3) between 1987 and 2010 (R. Russell unpubl. data 2011). Regionally, the trend was
negative for central Ontario, with a significant decline of -4.7% per year for the same
time period (n= 52 sites; p<0.05; CI: -8.1, -1.1). A non-significant decline was estimated
for southwestern Ontario (-1.7% per year; n= 149 sites; p>0.05; Cl: -4.8, 1.4). A 10-year
trend estimate is currently unavailable.
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Migration Monitoring

Long-term migration data collected at Long Point, Ontario from 1961-2010
detected a statistically significant increase of 1.8% per year in the fall (p<0.001) and
1.5% per year in spring (p<0.001; T. Crewe unpubl. data; see Figure 8). For the
corresponding long-term BBS time period (1970-2010), the LPBO annual average
trends were also strongly positive (2.0%; p<0001 for fall; and 1.6%; p<0.01 for spring).
The most recent 10-year trend estimates for 2000-2010 show an average non-
significant decline of -2.6% (p=0.34) in the fall, but a statistically significant increase of
6.6% per year (p<0.05) in spring. There is large annual variation in population indices at
Long Point, especially in spring (Figure 8). Short-term trend estimates based on
migration monitoring are heavily influenced by the particular window of years that is
selected.

Also available from T. Crewe (unpubl. data) are relatively short-term trend
estimates (based on 9-18 years of data) from the following other migration monitoring
stations in Canada: Delta Marsh Bird Observatory, MB (1993-2010; fall only; -4.1% per
year; p = 0.02); Innis Point Bird Observatory, ON (1997-2010; spring only; -6.0%; p =
0.05); Prince Edward Point Bird Observatory, ON (2001-2010; fall only; -7.0%; p =
0.08); Ruthven Park, ON (1998-2010; spring = -0.5%; p > 0.8; fall =-0.4%; p > 0.8).
While all these recent estimates point to recent declines, care again needs to be taken
when interpreting population changes based on short-term data sets that have high
annual variation.
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Figure 8. Long-term trends in spring and fall migration indices of Eastern Wood-pewees recorded at Long Point Bird
Observatory, Ontario (1961-2010). Spring indices and trend are denoted by green circles and the solid
green line. Fall indices and trend are denoted by orange triangles and the orange dashed line (graphic
courtesy of T. Crewe unpubl. data 2011).

Population Trend Summary

BBS data for Canada and most provinces indicate a significant decline in the
population of Eastern Wood-pewees for the period 1970-2011. For Canada and most
eastern provinces, these trends seem to hold also for the more recent period from 2001-
2011. The negative trend pattern obtained from the BBS also corresponds somewhat
with results from other databases such as EPOQ (Québec) and FBMP (Ontario).

While evidence for a province-wide decline in Ontario is not apparent with the
breeding bird atlas results, results suggest that declines have occurred in the southern
part of the province, whereas increases have occurred at the northern edge of the
species’ breeding range, where the species is uncommon and BBS coverage is
relatively weak. Unlike BBS results, LPBO results from counts of spring and fall
migrants suggest an overall increasing population trend since 1961, with relatively more
stable levels occurring from 2000-2010.

For the Eastern Wood-pewee, the lack of strong concordance of trend results
between the various monitoring programs is difficult to reconcile, and points to the
existence of biases among programs. In 2008, the Ontario Ministry of Natural
Resources led a scientific review panel that assessed the relative strengths of various
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kinds of bird monitoring programs for each species in Ontario, based on trend precision,
survey coverage, survey design, and overall trend reliability (Francis et al. 2009). For
the Eastern Wood-pewee, the panel concluded that the BBS was the most reliable
monitoring program. BBS is highly standardized, covers the majority of the breeding
range of the species, is representative of regional habitat cover, and shows lower
annual statistical variance than estimates from other programs.

Rescue Effect

In the event of the extirpation of the Canadian population, immigration of birds from
the central and northern United States is likely. However, the potential for continued
rescue is decreasing. The population in the United States shows a persistent decline in
the core of the species’ breeding range between 1966-2010 (1.2%/year, -1.4, -1.1 ClI,
n= 2099 routes) as well as in most states bordering the eastern Canadian provinces
(Sauer et al. 2011; Figure 9).
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Figure 9. BBS trend map for Eastern Wood-pewee in the United States and Canada for the period from 1966 to
2010 (Sauer et al. 2011).
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THREATS AND LIMITING FACTORS

Threats and limiting factors for Eastern Wood-pewees on the breeding grounds are
poorly known (McCarty 1996). There is also little documented information on threats
and limiting factors on the wintering grounds or during migration (McCarty 1996).
Because Eastern Wood-pewees spend most of the year in South America and
substantial time in migration, some of the key threats are likely operating outside
Canada.

Habitat Loss/degradation

Outright loss of suitable forested habitat does not appear to be a significant issue
across most of the pewee’s Canadian breeding range, though some regions like New
Brunswick are seeing losses in mature forest cover owing to forest management (see
Habitat trends section).

The species does not appear to be very sensitive to forest fragmentation effects
(Blake and Karr 1987; Robbins et al. 1989; Freemark and Collins 1992; Desrochers et
al. 2010). Generally, size of forest fragments also does not appear to be an important
factor affecting habitat selection by Eastern Wood-pewees (Stauffer and Best 1980;
Blake and Karr 1987; Robbins et al. 1989; Freemark and Collins 1992). However, in
Nebraska, the Eastern Wood-pewee was generally not present in regions with <24%
forest cover (Perkins et al. 2003).

Development for human habitation can negatively affect the species’ abundance in
an area. In Ontario and Pennsylvania, pewees occur less frequently in woodlots with
surrounding development than in those without houses (Friesen et al. 1995; Keller and
Yahner 2007). A preliminary analysis of breeding bird atlas data in the Maritimes also
indicated negative effects were associated with human-occupied areas and roads (M.
Campbell unpubl. data). Likewise, in another study (in Ohio), pewee density in a
forested urban environment was found to be lower than in outlying natural forests
(Beissinger and Osborne 1982).

Changes in forest habitat supply and/or quality could have profound effects on
survivorship of wintering populations of pewees. However, little is known about the
pewee’s habitat requirements outside the breeding period, particularly on its South
American wintering grounds. A recent study that examined change in forest area in
Latin America between 2001 and 2010 found that deforestation rates were particularly
severe in South America, especially within the moist forest biome (Aide et al. 2012).

Large-scale Changes in Availability of Aerial Insects
Since at least the mid-1980s, many North American birds that specialize on a diet
of flying insects have been experiencing widespread population declines (Nebel et al.

2010). As has been suggested for other aerial insectivores, Eastern Wood-pewee
populations could be negatively affected by a possible change in the availability of
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insect prey (Nebel et al. 2010). There are many possible causes of changes in insect
food supply, including an increase in decalcification of forest soils and aquatic
ecosystems brought about by acid precipitation, and climate-change effects that may be
causing asynchrony between the timing of insect emergence and the breeding season
of aerial insectivores (Nebel et al. 2010). At the more local level, Eastern Wood-pewees
can also be adversely impacted by widespread spraying for Gypsy Moths (Lymantria
dispar), because the spray kills other non-target insects that serve as food (Sample et
al. 1993; Whitmore et al. 1993).

While this threat has the potential to be severe and widespread, little is known
about the status or trends of populations of flying insects within the pewee’s breeding or
wintering ranges.

Mortality During Migration and/or Wintering

Sillett and Holmes (2002) suggested that mortality in long-distance migratory birds,
such as the Eastern Wood-pewee, may be occurring mostly via processes acting during
the non-breeding season. For example, severe storms can kill migrants over the Gulf of
Mexico, including Eastern Wood-pewees (Wiedenfeld and Wiedenfeld 1995). Indeed,
long-distance migrants that originate in Canada and winter in South America are
generally declining more strongly than shorter-distance migrants (North American Bird
Conservation Initiative Canada 2012). While the mechanisms that are driving this
pattern are largely unknown, poor annual survivorship stemming from factors on the
wintering grounds (or during migration) has the potential to present a high level of threat
in terms of scope and severity.

Nest Predation

The only study that assessed reproductive success of the Eastern Wood-pewee in
Canada found a high rate of nest predation (Falconer 2010). In this 2-year study in
central Ontario, daily survival rate (DSR) and period survival (PS), assuming a 32-day
nesting period, were greater in deciduous forests (DSR= 0.997 [0.967-0.985 ClI], PS=
47.5%) than in pine plantations (DSR= 0.959 [0.946-0.968 Cl], PS= 26.2%; Falconer
2010). High rates of nest predation by Blue Jays and Red Squirrels, the most common
predators in the study area, were thought to be at least partly responsible for the low
nest survival rate. While Falconer (2010) suggested that the decline of Eastern Wood-
pewees in the Lower Great Lakes Region might be linked to increasing populations of
Blue Jays, population increases of jays have generally been rather modest. It is also
difficult to understand why wood-pewee nests would preferentially be targeted by jays.
On balance, it would seem that this is a low threat in terms of scope and severity.
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Degradation of Breeding Habitat from Over-browsing by White-tailed Deer

McCarty (1996) suggested that over-browsing by White-tailed Deer (Odocoileus
virginianus) could be a potential threat to Eastern Wood-pewees. Over-browsing is
known to dramatically change the structure of deciduous and mixed forests in eastern
North America by decreasing plant and tree diversity and density, and by reducing the
shrub/sapling layer (e.g., Collard et al. 2011; Tanentzap et al. 2011). Although removal
of the shrub layer by deer may fulfill the wood-pewee’s structural habitat needs in the
short term, long-term decreases in understory composition and density could have
negative effects (DeGraaf et al. 1991; deCalesta 1994), perhaps by reducing the density
and diversity of insect prey (e.g., Baines et al. 1994; Allombert et al. 2005).

In Pennsylvania, Eastern Wood-pewees were reported to be locally absent from
sites with deer densities >8 deer/km? due to change in habitat structure of the
intermediate canopy (deCalesta 1994). However, in another local study in Virginia, there
did not appear to be any relationship between deer density and pewee abundance
(McShea and Rappole 2000). Although deer densities can be very high in some parts of
the species’ range in Canada, such as at Rondeau Provincial Park (55 deer km?in the
1980s; Tanentzap et al. 2011), the pewee still persists as one of the park’s most
common forest birds (Gartshore 1994). Similar situations occur elsewhere in Ontario,
notably at Long Point and Point Pelee (McCracken et al. 1981; Lepage et al. 2009).
Given the weakness of the evidence for an effect, over-abundance of deer should be
regarded as posing a low level threat to the Eastern Wood-pewee.

PROTECTION, STATUS, AND RANKS
Legal Protection and Status

In Canada, the Eastern Wood-pewee and its nests and eggs are protected under
the Migratory Birds Convention Act. It occurs in national parks and historic sites across
eastern Canada, where it is protected by the Canada National Parks Act. In Québec, it
is protected under the Loi sur la conservation et la mise en valeur de la faune (L.R.Q., c.
C-61.1) (Act respecting the conservation and development of wildlife) (R.S.Q., c. C-
61.1). By this law, it is illegal to disturb, destroy, or damage the eggs or nest of an
animal. It is also prohibited to hunt, capture, or keep in captivity without a specific
permit. This species is not listed under the Loi sur les especes menacées ou
vulnérables (L.R.Q., chapitre E-12.01) (Act respecting threatened or vulnerable species)
(R.S.Q., c E-12.01) and it is not on the list of wildlife species which are likely to be
designated vulnerable or threatened. In Ontario, the Fish and Wildlife Conservation Act
(S.0. 1997, c.41, 7. [1]) offers similar protection, as does the New Brunswick Fish &
Wildlife Act (S.N.B. 1980, c. F-14.1).
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Non-Legal Status and Ranks

At the global level, the species is considered secure (G5, last reviewed in 1996;
see Table 3) by NatureServe (2012). The species is considered ‘Least concern’
according to the IUCN Red List (NatureServe 2012).

In Canada, the Eastern Wood-pewee is considered ‘secure’ (N5; last reviewed in
2011; NatureServe 2012). It is considered ‘apparently secure’ (S4) in Saskatchewan,
Manitoba, Ontario, and Prince Edward Island, ‘vulnerable’ to ‘apparently secure’ (S3/S4)
in Québec, and ‘secure’ (S5) in New Brunswick (NatureServe 2012; Table 3). The
General Status Ranking for the Eastern Wood-pewee considers the species secure in
Canada and most provinces except Nova Scotia and Ontario where it is sensitive
(CESCC 2011; Table 3).

In the United States, the species is considered ‘secure’ nationally (N5). At the state
level, it is considered ‘secure’ (S5) or ‘apparently secure’ (S4) in most states, except
South Dakota, where it is considered ‘vulnerable’ (S3; NatureServe 2012).

Habitat protection and ownership

In Canada, Eastern Wood-pewee habitat occurs on a mix of both public and
private lands, but little information is available on their relative proportions. In New
Brunswick, there is about 1 million ha of habitat suitable for pewees (much of it Crown
land), which accounts for about 14% of the province’s land base (Sabine pers. comm.
2012).

Crown forests in Canada receive various kinds and intensities of active
management. For example, on Crown land in Ontario, the supply of all forest habitat
types and development stages, including mature deciduous, mixed and coniferous
stands, is regulated through the Crown Forest Sustainability Act (1994) and the Class
Environmental Assessment for Forestry (2003). These Acts require forest management
to emulate natural disturbances and natural landscape patterns to conserve biological
diversity and likely therefore maintain habitat for the Eastern Wood-pewee in Crown
forests (OMNR 2009). Likewise, in New Brunswick, the maintenance of habitat for
wildlife species is a requirement of Crown forest management under the Crown Lands
and Forest Act, 2011. Area targets and stand/landscape descriptions have been
developed for six types of old forest habitats, including Old Tolerant Hardwood Habitat,
which is favoured by Eastern Wood-pewees. Forest management plans include the
spatial identification of area to meet habitat targets in appropriate stand and landscape
configurations (New Brunswick Department of Natural Resources 2005).

Relatively small portions (likely less than 10%) of the deciduous and mixed forests
in southeastern Canada are protected within national and provincial parks, migratory
bird sanctuaries and national wildlife areas. According to Parks Canada’s Biotics
database, the Eastern Wood-pewee is present in 21 protected areas managed by Parks
Canada (Parks Canada 2011). The species is also reported on 13 Department of
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National Defence establishments, where it is believed to be a fairly common breeder (D.
Nernberg unpubl. data 2011). It also occurs in a large number of provincially protected
natural areas. For example, in New Brunswick, there are about 61 Protected Natural
Areas totalling about 158,000 ha (2.1% of the provincial landbase) that are managed
under the province’s Protected Natural Areas Act. Industrial, commercial, agricultural
uses and development are prohibited in these areas.

Table 3. Ranks assigned to the Eastern Wood-pewee in North America, based on
NatureServe (2012) and General Status Ranks (CESCC 2011).

Region Rank* General Status**
Global G5 -
United States N5B -
Canada N5B Secure
Saskatchewan S4B Secure
Manitoba S4S5B Secure
Ontario S4B Sensitive
Québec S3S4B Secure
New Brunswick S5B Secure
Nova Scotia S4B Sensitive
Prince Edward Island S4B Secure

* The NatureServe global rank was last reviewed in 1996; the Canadian national rank was reviewed in 2011. G =
global status rank; N= national status rank; S = rank assigned to a province or state; S1 indicates that a species is
critically imperiled because of extreme rarity (often 5 or fewer occurrences) or because of some factor(s) such as very
steep declines, making it especially vulnerable to extirpation; S2 indicates that a species is imperiled because of rarity
or other factors making it very vulnerable to extirpation, usually with 6 to 20 occurrences or few individuals remaining
(i.e., 1000 to 3000); S3 indicates that a species is vulnerable at the subnational level because it is rare or uncommon,
or found only in a restricted range, or because of other factors making it vulnerable to extirpation; S4 indicates a
species is apparently secure; S5 indicates that a species is secure because it is common, widespread, and abundant
in the state/province.

** Secure: Species that are not believed to belong in the categories Extirpated, Extinct, At Risk, May Be At Risk,
Sensitive, Accidental or Exotic. This category includes some species that show a trend of decline in numbers in
Canada but remain relatively widespread or abundant. Sensitive: Species that are not believed to be at risk of
immediate extirpation or extinction but may require special attention or protection to prevent them from becoming at
risk.
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COSEWIC
Assessment Summary

Assessment Summary — November 2010

Common name
Atlantic Salmon — Nunavik population

Scientific name
Salmo salar

Status
Data deficient

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and
several years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population, which breeds in rivers flowing into Ungava Bay and eastern Hudson Bay, is the northernmost
population of the species in North America, and the westernmost population of the entire species. It is separated by
approximately 650 km from the nearest population to the south. Little is known about abundance trends in this
population, although limited catch per unit effort data suggest increased abundance in recent years.

Occurrence
Quebec, Newfoundland and Labrador, Atlantic Ocean

Status history
Species considered in November 2010 and placed in the Data Deficient category.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Labrador population

Scientific name
Salmo salar

Status
Not at risk

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and
several years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers along the Atlantic coast of Labrador and southwest along the Quebec coast to
the Napetipi Rivers (inclusive). Freshwater habitats remain largely pristine. Abundance data are not available for most
rivers; however, for rivers for which data are available, the number of mature individuals appears to have increased
by about 380% over the last 3 generations.

Occurrence
Newfoundland and Labrador, Atlantic Ocean

Status history
Designated Not at Risk in November 2010.




Assessment Summary — November 2010

Common name
Atlantic Salmon — Northeast Newfoundland population

Scientific name
Salmo salar

Status
Not at risk

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers along the northeast coast of Newfoundland, from the northern tip of the island
to the southeastern corner of the Avalon Peninsula. Recent abundance data show no clear trends in the number of
mature individuals. Since 1992, the negative effects of poor marine survival have been at least partially offset by a
near cessation of fishing mortality in coastal fisheries. lllegal fishing is a threat in some rivers.

Occurrence
Newfoundland and Labrador, Atlantic Ocean

Status history
Designated Not at Risk in November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — South Newfoundland population

Scientific name
Salmo salar

Status
Threatened

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers from the southeast tip of the Avalon Peninsula, Mistaken Point, westward
along the south coast of Newfoundland to Cape Ray. The numbers of small (one-sea-winter) and large (multi-sea-
winter) salmon have both declined over the last 3 generations, about 37% and 26%, respectively, for a net decline of
all mature individuals of about 36%. This decline has occurred despite the fact that mortality from commercial
fisheries in coastal areas has greatly declined since 1992; this may be due to poor marine survival related to
substantial but incompletely understood changes in marine ecosystems. lllegal fishing is a threat in some rivers. The
presence of salmon aquaculture in a small section of this area brings some risk of negative effects from interbreeding
or adverse ecological interactions with escaped domestic salmon. Genetic heterogeneity among the many small
rivers in this area is unusually pronounced, suggesting that rescue among river breeding populations may be
somewhat less likely than in other areas.

Occurrence
Newfoundland and Labrador, Atlantic Ocean

Status history
Designated Threatened in November 2010.




Assessment Summary — November 2010

Common name
Atlantic Salmon — Southwest Newfoundland population

Scientific name
Salmo salar

Status
Not at risk

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers from Cape Ray northwards along the west coast of Newfoundland to
approximately 49°24’ N, 58°15’ W. Both small (one-sea-winter) and large (multi-sea-winter) salmon have increased in
number over the last 3 generations, about 132% and 144%, respectively, giving an increase in the total number of
mature individuals of about 134%.

Occurrence
Quebec, Newfoundland and Labrador, Atlantic Ocean

Status history
Designated Not at Risk in November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Northwest Newfoundland population

Scientific name
Salmo salar

Status
Not at risk

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers along the west coast of Newfoundland from approximately 49°24’ N, 58°15’ W
to the tip of the Great Northern Peninsula. The total number of mature individuals appears to have remained stable
over the last 3 generations, and the number of large (multi-sea-winter) salmon appears to have increased by about
42%.

Occurrence
Newfoundland and Labrador, Atlantic Ocean

Status history
Designated Not at Risk in November 2010.




Assessment Summary — November 2010

Common name
Atlantic Salmon — Quebec Eastern North Shore population

Scientific name
Salmo salar

Status
Special concern

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers along the north shore of the St. Lawrence River estuary from the Napetipi
River (not inclusive) westward to the Kegaska River (inclusive). This population shows opposing trends in the
abundance of small (1 sea-winter) and large (multi-sea-winter) fish. Small salmon have declined 26% over the last 3
generations, whereas large salmon have increased 51% over the same period; pooling the data for both groups
suggests a decline of about 14% for all mature individuals considered together. The small size of the population,
about 5000 mature fish in 2008, is cause for concern. As is the case for most populations of the species, poor marine
survival related to substantial but incompletely understood changes in marine ecosystems is also a concern.

Occurrence
Quebec, Atlantic Ocean

Status history
Designated Special Concern in November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Quebec Western North Shore population

Scientific name
Salmo salar

Status
Special concern

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers along the north shore of the St. Lawrence River from the Natashquan River
(inclusive) to the Escoumins River in the west (inclusive). Small (one-sea-winter) and large (multi-sea-winter) fish
have both declined over the last 3 generations, approximately 34% and 20%, respectively, for a net decline of all
mature individuals of about 24%. As is the case for most populations of the species, poor marine survival related to
substantial but incompletely understood changes in marine ecosystems is a concern.

Occurrence
Quebec, Atlantic Ocean

Status history
Designated Special Concern in November 2010.
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Assessment Summary — November 2010

Common name
Atlantic Salmon — Anticosti Island population

Scientific name
Salmo salar

Status
Endangered

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers on Anticosti Island. Small (one-sea-winter) and large (multi-sea-winter) fish
have both declined over 3 generations, approximately 32% and 49%, respectively, for a net decline of all mature
individuals of about 40%. The population size is small, about 2,400 individuals in 2008. As is the case for most
populations of the species, poor marine survival related to substantial but incompletely understood changes in marine
ecosystems is a concern.

Occurrence
Quebec, Atlantic Ocean

Status history
Designated Endangered in November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Inner St. Lawrence population

Scientific name
Salmo salar

Status
Special concern

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This highly managed population breeds in rivers tributary to the St. Lawrence River upstream from the
Escoumins River (not included) on the north shore and the Ouelle River (included) on the south shore. Small (one-
sea-winter) and large (multi-sea-winter) fish have both remained approximately stable in abundance over the last 3
generations. The small size of the population, about 5,000 individuals in 2008, is of concern. The rivers in this area
are close to the largest urban areas in Quebec and the population has undergone a large historical decline due to
loss of habitat. As is the case for most populations of the species, poor marine survival related to substantial but
incompletely understood changes in marine ecosystems is a concern.

Occurrence
Quebec, Atlantic Ocean

Status history
Designated Special Concern in November 2010.
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Assessment Summary — November 2010

Common name
Atlantic Salmon — Lake Ontario population

Scientific name
Salmo salar

Status
Extinct

Reason for designation

Once a prolific resident throughout the Lake Ontario watershed, there has been no record of this population since
1898. The Lake Ontario population was extinguished through habitat destruction and through over-exploitation by
food and commercial fisheries. As the original strain is gone, re-introduction is not possible. Recent attempts to
introduce other strains of the species have resulted in some natural reproduction, but no evidence of self-sustaining
populations.

Occurrence
Ontario, Atlantic Ocean

Status history
Last reported in 1898. Designated Extirpated in April 2006. Status re-examined and designated Extinct in November
2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Gaspé-Southern Gulf of St. Lawrence population

Scientific name
Salmo salar

Status
Special concern

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers from the Ouelle River (excluded) in the western Gaspé Peninsula southward
and eastward to the northern tip of Cape Breton. Small (one-sea-winter) and large (multi-sea-winter) fish have both
declined over the last 3 generations, approximately 34% and 19%, respectively, for a net decline of all mature
individuals of about 28%. This recent 3-generation decline represents a continuation of a decline extending back at
least to the 1980s. The number of mature individuals remains over 100,000; however, the majority spawn in a single
major river system, the Miramichi, in New Brunswick. Freshwater habitat quality is a concern in some areas,
particularly in Prince Edward Island where some remaining populations are maintained by hatchery supplementation.
Invasive and illegally introduced species, such as smallmouth bass, are a poorly understood threat in some
freshwater habitats. Poor marine survival is related to substantial but incompletely understood changes in marine
ecosystems.

Occurrence
Quebec, New Brunswick, Nova Scotia, Atlantic Ocean

Status history
Designated Special Concern in November 2010.
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Assessment Summary — November 2010

Common name
Atlantic Salmon — Eastern Cape Breton population

Scientific name
Salmo salar

Status
Endangered

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in Cape Breton Island rivers draining into the Atlantic Ocean and Bras d’Or Lakes. The
numbers of adults returning to spawn has declined by about 29% over the last 3 generations; moreover, these
declines represent continuations of previous declines. The total number of mature individuals in 5 rivers, thought to
harbour the majority of the population, was only about 1150 in 2008. There is no likelihood of rescue, as neighbouring
regions harbour genetically dissimilar populations, and the population to the south is severely depleted. A current
threat is poor marine survival related to substantial but incompletely understood changes in marine ecosystems.

Occurrence
Nova Scotia, Atlantic Ocean

Status history
Designated Endangered in November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Nova Scotia Southern Upland population

Scientific name
Salmo salar

Status
Endangered

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers from northeastern mainland Nova Scotia, along the Atlantic coast and into the
Bay of Fundy as far as Cape Split. Small (one-sea-winter) and large (multi-sea-winter) fish have both declined over
the last 3 generations by approximately 59% and 74%, respectively, for a net decline of all mature individuals of
about 61%. Moreover, these declines represent continuations of greater declines extending far into the past. During
the past century, spawning occurred in 63 rivers, but a recent (2008) survey detected juveniles in only 20 of 51 rivers
examined. There is no likelihood of rescue, as neighbouring regions harbour severely depleted, genetically dissimilar
populations. The population has historically suffered from dams that have impeded spawning migrations and flooded
spawning and rearing habitats, and other human influences, such as pollution and logging, that have reduced or
degraded freshwater habitats. Acidification of freshwater habitats brought about by acidic precipitation is a major,
ongoing threat, as is poor marine survival related to substantial but incompletely understood changes in marine
ecosystems. There are a few salmon farms in this area that could lead to negative effects of interbreeding or
ecological interactions with escaped domestic salmon.

Occurrence
Nova Scotia, Atlantic Ocean

Status history
Designated Endangered in November 2010.




Assessment Summary — November 2010

Common name
Atlantic Salmon — Inner Bay of Fundy population

Scientific name
Salmo salar

Status
Endangered

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes feeding migrations in the North Atlantic Ocean as older juveniles and adults.
This population once bred in 32 rivers tributary to the inner Bay of Fundy, from just east of the Saint John River, to
the Gaspereau River in Nova Scotia; however, spawning no longer occurs in most rivers. The population, which is
thought to have consisted of about 40,000 individuals earlier in the 20" century, is believed to have been fewer than
200 individuals in 2008. Survival through the marine phase of the species’ life history is currently extremely poor, and
the continued existence of this population depends on a captive rearing program. There is no likelihood of rescue, as
neighbouring regions harbour severely depleted, genetically dissimilar populations. The population has historically
suffered from dams that have impeded spawning migrations and flooded spawning and rearing habitats, and other
human influences, such as pollution and logging, that have reduced or degraded freshwater habitats. Current threats
include extremely poor marine survival related to substantial but incompletely understood changes in marine
ecosystems, and negative effects of interbreeding or ecological interactions with escaped domestic salmon from fish
farms. The rivers used by this population are close to the largest concentration of salmon farms in Atlantic Canada.

Occurrence
New Brunswick, Nova Scotia, Atlantic Ocean

Status history
Designated Endangered in May 2001. Status re-examined and confirmed in April 2006 and November 2010.

Assessment Summary — November 2010

Common name
Atlantic Salmon — Outer Bay of Fundy population

Scientific name
Salmo salar

Status
Endangered

Reason for designation

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older juveniles and
adults. This population breeds in rivers tributary to the New Brunswick side of the Bay of Fundy, from the U.S. border
to the Saint John River. Small (one-sea-winter) and large (multi-sea-winter) fish have both declined over the last 3
generations, approximately 57% and 82%, respectively, for a net decline of all mature individuals of about 64%;
moreover, these declines represent continuations of greater declines extending far into the past. There is no
likelihood of rescue, as neighbouring regions harbour severely depleted, genetically dissimilar populations. The
population has historically suffered from dams that have impeded spawning migrations and flooded spawning and
rearing habitats, and other human influences, such as pollution and logging, that have reduced or degraded
freshwater habitats. Current threats include poor marine survival related to substantial but incompletely understood
changes in marine ecosystems, and negative effects of interbreeding or ecological interactions with escaped
domestic salmon from fish farms. The rivers used by this population are close to the largest concentration of salmon
farms in Atlantic Canada.

Occurrence
New Brunswick, Atlantic Ocean

Status history
Designated Endangered in November 2010.
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Executive Summary

Atlantic Salmon
Salmo salar

Nunavik population, Labrador population, Northeast Newfoundland population, South Newfoundland population,
Southwest Newfoundland population, Northwest Newfoundland population, Quebec Eastern North Shore population,
Quebec Western North Shore population, Anticosti Island population, Inner St. Lawrence population,

Lake Ontario population, Gaspé-Southern Gulf of St. Lawrence population, Eastern Cape Breton population,
Nova Scotia Southern Upland population, Inner Bay of Fundy population, Outer Bay of Fundy population

Wildlife species information

The Atlantic Salmon (Salmo salar) is a member of the family Salmonidae. This
species has a fusiform body shape and matures at sizes ranging from 10 to 100+ cm.
Atlantic Salmon exhibit plastic life histories and may have multiple reproductive and
migratory phenotypes within a population, including freshwater resident and oceanic
migrant forms. All phenotypes reproduce in fresh water. The oceanic migrant
(anadromous) form is the best known phenotype, and with the exception of the extinct
Lake Ontario population, is the only form considered in this report. Juveniles spend 1-8
years in fresh water, then migrate to the North Atlantic for 1-4 years, and then return to
fresh water to reproduce. Demographically functional units tend to be at the watershed
scale, but population subdivision may occur within watersheds. The Canadian range of
this species was subdivided into 16 designatable units (DUs) based on genetic data and
broad patterns in life history variation, environmental variables, and geographic
separation.

Distribution

Atlantic Salmon originally occurred in every country whose rivers flow into the
North Atlantic Ocean and Baltic Sea. In Europe, the range of the Atlantic Salmon
extended southward from northern Norway and Russia along the Atlantic coastal
drainage to Northern Portugal, including rivers in both France and Spain. In North
America, the range of the anadromous Atlantic Salmon was northward from the Hudson
River drainage in New York State, to outer Ungava Bay and eastern Hudson Bay in
Quebec. The Canadian range is roughly one-third the area of the total global range, and
extends northward from the St. Croix River (at the border with Maine, U.S.A.) to the
outer Ungava Bay and eastern Hudson Bay in Quebec. Recent estimates suggest
Canada has at least 700 rivers which either currently support Atlantic Salmon
populations, or did so in the past.
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Habitat

Rivers with Atlantic Salmon are generally clear, cool and well oxygenated, with low
to moderate gradient, and possessing bottom substrates of gravel, cobble and boulder.
Freshwater habitat is considered a limiting resource to freshwater production and is
used to set conservation requirements for Canadian rivers. There have been substantial
declines in habitat quantity and quality in the southern portion of the species’ Canadian
range. This loss of freshwater habitat may be an important risk factor for declining
abundance in several southern DUs. Trends in the quality and quantity of marine habitat
are not well understood, but large-scale changes in ocean ecosystems may be
adversely affecting Atlantic Salmon across their range.

Biology

Atlantic Salmon is an iteroparous species that returns to natal rivers to spawn with
a high degree of fidelity, despite completing ocean-scale migrations. Spawners
returning to rivers are comprised of varying proportions of ‘maiden fish’ (those spawning
for the first time) and ‘repeat spawners’. Maiden salmon consist of smaller fish that
return to spawn after one winter at sea (1SW or Grilse) and larger fish that return after
two or more winters at sea (MSW). Some river populations include fish that return to
spawn after only a few months at sea. During any breeding season, there can be
varying proportions of maiden, consecutive and alternate spawners in the spawning
runs. Collectively over the entire range in North America, adult Atlantic Salmon return to
rivers from feeding and staging areas in the sea mainly between May and November,
but some runs can begin as early as March and April. In general, run timing varies by
river, sea age, year, and hydrological conditions. Deposition of eggs in gravel nests, by
oviparous mothers, usually occurs in October and November in gravel-bottomed riffle
areas of streams or groundwater seepage on shoals in lakes. Fertilization of eggs can
involve both adult males and sexually mature precocious males. Mating behaviour
typically entails multiple males of several life history types competing aggressively for
access to multiple females. This frequently leads to multiple paternity for a given
female’s offspring. Spawned-out or spent adult salmon (kelts) either return to sea
immediately after spawning or remain in fresh water until the following spring. Eggs
incubate in the spawning nests over the winter months and hatching usually begins in
April. The hatchlings (alevins) remain in the gravel for several weeks living off large yolk
sacs. Upon emergence from the gravel in late May — early June, the yolk sac is
absorbed and the free-swimming young fish (parr) begin active feeding. Parr rear in
fluvial and lacustrine habitats for one to eight years following which they undergo
behavioural and physiological transformations and migrate to sea as smolt.

Xii



Population sizes and trends

Abundances and trends were highly variable across the 16 DUs, with estimated
abundances ranging from estimates of <1000 to 235,874. Although the total Canadian
population appears to be relatively stable over the last three generations, this apparent
recent stability masks a significant historical decline, regional variability, and a general,
although often statistically non-significant decline in abundance for 14 of 16 DUs during
the last three generations. The stability of the total Canadian population is driven
primarily by estimated increases in abundance in Labrador, although data from this
region are relatively limited and there is considerable uncertainty in the resulting
abundance estimates and trends. Several of the southern DUs (e.g. DU 16: Outer Bay
of Fundy; DU 15: Inner Bay of Fundy; and DU 14: Southern Upland) are at or near their
lowest abundance on record. It is also important to point out that several historical
analyses in the literature that go back more than four generations show a substantial
decline in Canadian abundance. The three-generation analysis completed herein should
be considered within this longer-term context.

Threats and limiting factors

Threats to Atlantic Salmon include, but are not limited to, climate change, changes
to ocean ecosystems, fishing (commercial, subsistence, recreational, and illegal), dams
and obstructions in freshwater, agriculture, urbanization, acidification, aquaculture, and
invasive species. The relative contributions of these factors to declines remain unclear
and vary among populations. Generally, freshwater threats are less significant in the
northern portions of the range. Recent broad-scale declines in marine survival suggest
that the most substantial threat(s) to the species are in the marine environment,
although in some southern areas, freshwater habitat degradation and fish passage
issues are expected to limit population growth if marine survival improves.

Special significance

Atlantic Salmon are contributors to both freshwater and marine ecology, moving
nutrients between ecosystems as migrants, and linking energy flow as prey and as
predators within ecosystems. They are traditionally used by (i) over 49 First Nations and
Aboriginal organizations, (ii) commercial fisheries and (iii) recreational fisheries. They
are also the subjects of local art, science and education, and symbols of heritage and
health to peoples of Canada.
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Existing protection, status, and ranks

The Atlantic Salmon is currently designated or ranked with several international
and national bodies. In the United States of America, populations in Maine have
Endangered status under the U.S. Endangered Species Act. In April 2006, the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC) assessed the
Inner Bay of Fundy population as Endangered and the Lake Ontario population as
Extirpated. The Atlantic Salmon, Inner Bay of Fundy population is currently listed as
Endangered under Canada’s Species at Risk Act (SARA).

Aboriginal traditional knowledge

Aboriginal traditional knowledge (ATK) is considered a critical component for status
assessments for endangered wildlife (COSEWIC). Atlantic Salmon, in particular, is a
species for which considerable ATK exists. COSEWIC’s ATK Subcommittee initiated
work with Aboriginal communities in eastern Canada to gather ATK for the COSEWIC
Status Report on Atlantic Salmon in 2008. The Aboriginal communities indicated,
through the ATK Subcommittee members, that ATK was available and expressed a
willingness to share the information. However, challenges arose in developing a
satisfactory approach for the collection of this ATK. As such, ATK is not available at this
time for use in the COSEWIC Status Report for this species. The ATK Subcommittee
and COSEWIC will continue to work on gathering ATK on Atlantic Salmon for inclusion
in a future report.
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TECHNICAL SUMMARY - Nunavik population (DU1)

Salmo salar

Atlantic Salmon Saumon atlantique

Nunavik population Population du Nunavik

Range of Occurrence in Canada:  Northern Quebec and Labrador / Atlantic Ocean and Hudson Bay

Demographic Information

Generation time (average age of parents in the population) 6.1 yrs

Estimated percent decrease in total number of mature individuals in 2007 Data deficient,

versus 1993 (3 generations) increasing trend in
CPUE data

[Projected or suspected] percent [reduction or increase] in total number of unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? N/A

Are the causes of the decline understood? N/A

Have the causes of the decline ceased? N/A
Suspected trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? Data deficient
Are there extreme fluctuations in number of populations? No

Extent and Area Information

Estimated extent of occurrence >20,000 km”
Suspected trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) >5216 km®
Suspected trend in area of occupancy Stable

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 5 known populations
Trend in number of locations Stable

Are there extreme fluctuations in number of locations? No

Trend in area of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals

Total _

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

| Possible threats include recreational and aboriginal fisheries.

Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Labrador populations are increasing.

Is immigration known? No

Would immigrants be adapted to survive in Canada? Unknown
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Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Data Deficient (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Data Deficient Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and several years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as
older juveniles and adults. This population, which breeds in rivers flowing into Ungava Bay and eastern
Hudson Bay, is the northernmost population of the species in North America, and the westernmost
population of the entire species. It is separated by approximately 650 km from the nearest population to
the south. Little is known about abundance trends in this population, although limited catch per unit effort
data suggest increased abundance in recent years.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Labrador population (DU2)

Salmo salar

Atlantic Salmon Saumon atlantique

Labrador population Population du Labrador

Range of Occurrence in Canada: Labrador, Quebec / Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 6.3 yrs
Estimated percent increase in total number of mature individuals in 2008 380
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? N/A
Are the causes of the decline understood? N/A
Have the causes of the decline ceased? N/A
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 91 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
235,874 (151,049 —
307,731)

Total

235,874 (151,049 —
307,731)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

[ Potential threats include recreational and Aboriginal fisheries, mining and hydroelectric development.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Newfoundland populations are stable or increasing.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Not at Risk (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Not at Risk Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and several years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as
older juveniles and adults. This population breeds in rivers along the Atlantic coast of Labrador and
southwest along the Quebec coast to the Napetipi River (inclusive). Freshwater habitats remain largely
pristine. Abundance data are not available for most rivers; however, for rivers for which data are available,
the number of mature individuals appears to have increased by about 380% over the last 3 generations.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Northeast Newfoundland population (DU3)

Salmo salar

Atlantic Salmon Saumon atlantique
Population du nord-est de Terre-Neuve

Northeast Newfoundland population
Range of Occurrence in Canada: Newfoundland/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4.2 yrs
Estimated percent decline in total number of mature individuals in 2007 10
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? N/A
Are the causes of the decline understood? N/A
Have the causes of the decline ceased? N/A
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 127 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
80,505 (63,689 —
129,967 (2007)

Total 80,505 (63,689 —

129,967 (2007)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational and illegal fisheries, poorly understood changes in marine ecosystems resulting in reduced

survival during the marine phase of the life history.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Labrador and Newfoundland populations are stable or increasing, excepting DU 4 (south coast
of Newfoundland)

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Not at Risk (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Not at Risk Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers along the northeast coast of Newfoundland,
from the northern tip of the island to the southeastern corner of the Avalon Peninsula. Recent abundance
data show no clear trends in the number of mature individuals. Since 1992, the negative effects of poor
marine survival have been at least partially offset by a near cessation of fishing mortality in coastal
fisheries. lllegal fishing is a threat in some rivers.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - South Newfoundland population (DU4)

Salmo salar

Atlantic Salmon Saumon atlantique

South Newfoundland population Population du sud de Terre-Neuve

Range of Occurrence in Canada: Newfoundland/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4.1 yrs
Estimated percent decline in total number of mature individuals in 2007 36
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? No
Are the causes of the decline understood? No
Have the causes of the decline ceased? No
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 104 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
21,866 (14,021 -
29,711) (2007)

Total 21,866 (14,021 -

29,711) (2007)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational and illegal fisheries, commercial fishery in St. Pierre and Miquelon, ecological and genetic
interactions with escaped domestic Atlantic Salmon, poorly understood changes in marine ecosystems

resulting in reduced survival during the marine phase of the life history.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Labrador and Newfoundland populations are stable or increasing.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Threatened (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Threatened A2b

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers from the southeast tip of the Avalon
Peninsula, Mistaken Point, westward along the south coast of Newfoundland to Cape Ray. The numbers
of small (one-sea-winter) and large (multi-sea-winter) salmon have both declined over the last 3
generations, about 37% and 26%, respectively, for a net decline of all mature individuals of about 36%.
This decline has occurred despite the fact that mortality from commercial fisheries in coastal areas has
greatly declined since 1992; this may be due to poor marine survival related to substantial but
incompletely understood changes in marine ecosystems. lllegal fishing is a threat in some rivers. The
presence of salmon aquaculture in a small section of this area brings some risk of negative effects from
interbreeding or adverse ecological interactions with escaped domestic salmon. Genetic heterogeneity
among the many small rivers in this area is unusually pronounced, suggesting that rescue among river
breeding populations may be somewhat less likely than in other areas.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Meets Threatened, A2b. The decline over
the last 3 generations has been 36%.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Southwest Newfoundland population (DU5)

Salmo salar

Atlantic Salmon Saumon atlantique

Southwest Newfoundland population Population du sud-ouest de Terre-Neuve
Range of Occurrence in Canada: Newfoundland, Quebec/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 5.3 yrs
Estimated percent increase in total number of mature individuals in 2007 134
versus 1993 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? NA
Are the causes of the decline understood? NA
Have the causes of the decline ceased? NA
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 40 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals

44,566 (2007)

Total 44,566 (2007)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

| Recreational and illegal fisheries, clear cut logging near freshwater habitat.

Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Labrador and Newfoundland populations are stable or increasing, except DU 4 on the south
coast of Newfoundland.

Is immigration known? | No
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Would immigrants be adapted to survive in Canada? Unknown

Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Not at Risk (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Not at Risk Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers from Cape Ray northwards along the west
coast of Newfoundland to approximately 49 24’ N, 58 15’ W. Both small (one-sea-winter) and large
(multi-sea-winter) salmon have increased in number over the last 3 generations, about 132% and 144%,
respectively, giving an increase in the total number of mature individuals of about 134%.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Northwest Newfoundland population (DU6)

Salmo salar

Atlantic Salmon

Northwest Newfoundland population

Range of Occurrence in Canada: Newfoundland/Atlantic Ocean

Demographic Information

Saumon atlantique
Population du nord-ouest de Terre-Neuve

Generation time (average age of parents in the population) 4.5yrs
Estimated percent decline in total number of mature individuals in 2007 0
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? NA
Are the causes of the decline understood? NA
Have the causes of the decline ceased? NA
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 34 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
31,179 (20,061 —
42,296)(2007)

Total 31,179 (20,061 —

42,296)(2007)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational and illegal fisheries.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?
Nearby Labrador and Newfoundland populations are stable or increasing, except DU 4 on the south
coast of Newfoundland.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Not at Risk (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Not at Risk Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers along the west coast of Newfoundland from
approximately 49 24’ N, 58 15’ W to the tip of the Great Northern Peninsula. The total number of mature
individuals appears to have remained stable over the last 3 generations, and the number of large (multi-
sea-winter) salmon appears to have increased by about 42%.

Applicability of Criteria:

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Quebec Eastern North Shore population (DU7)

Salmo salar

Atlantic Salmon

Quebec Eastern North Shore population

Range of Occurrence in Canada: Quebec/Atlantic Ocean

Saumon atlantique
Population de I'est de la Céte-Nord du Québec

Demographic Information

Generation time (average age of parents in the population) 4.7 yrs
Estimated percent decline in total number of mature individuals in 2007 14
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of Unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? N/A
Are the causes of the decline understood? N/A
Have the causes of the decline ceased? N/A
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No

Extent and Area Information
Estimated extent of occurrence >20,000 km®
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) 24428 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 20 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
4,949
Total 4,949

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational, Aboriginal and illegal fisheries, hydroelectric development, poorly understood changes in
marine ecosystems resulting in reduced survival during the marine phase of the life history.

Rescue Effect (immigration from an outside source)

Status of outside population(s)?

Nearby Labrador and Newfoundland populations are stable or increasing, except DU 4 on the south
coast of Newfoundland. DUs to the south and west appear to be stable or decreasing (Nova Scotia,
and southern New Brunswick DUs)
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Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Special Concern (Nov, 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:

Special Concern Met criterion for Threatened, C1, but
designated Special Concern because of
the increase in the number of large fish
that have greater reproductive potential.

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers along the north shore of the St. Lawrence
River estuary from the Napetipi River (not inclusive) westward to the Kegaska River (inclusive). This
population shows opposing trends in the abundance of small (one-sea-winter) and large (multi-sea-winter)
fish. Small salmon have declined 26% over the last 3 generations, whereas large salmon have increased
51% over the same period; pooling the data for both groups suggests a decline of about 14% for all
mature individuals considered together. The small size of the population, about 5000 mature fish in 2008,
is cause for concern. As is the case for most populations of the species, poor marine survival related to
substantial but incompletely understood changes in marine ecosystems is also a concern.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): May meet Threatened C1; population is
approximately 5,000 individuals and a combined analysis of small and large salmon suggests a 14%
decline over the last 3 generations; however, small and large salmon show opposing trends, and large
salmon have increased 51%.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Quebec Western North Shore population (DU8)

Salmo salar
Atlantic Salmon Saumon atlantique

Quebec Western North Shore population Population de I'ouest de la Cote-Nord du Québec

Range of Occurrence in Canada: Quebec/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4.7 yrs
Estimated percent decline in total number of mature individuals in 2007 24
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of Unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? NA
Are the causes of the decline understood? NA
Have the causes of the decline ceased? NA
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No

Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAO) >6980 km*
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 25 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
14,821
Total 14,821

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational, Aboriginal and illegal fisheries, hydroelectric development, poorly understood changes in
marine ecosystems resulting in reduced survival during the marine phase of the life history.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)?

Nearby Labrador and Newfoundland populations are stable or increasing, except DU 4 on the south
coast of Newfoundland. DUs to the south and west appear to be stable or decreasing (Nova Scotia,
and southern New Brunswick DUs)

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Special Concern (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Special Concern Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers along the north shore of the St. Lawrence
River from the Natashquan River (inclusive) to the Escoumins River in the west (inclusive). Small (one-
sea-winter) and large (multi-sea-winter) fish have both declined over the last 3 generations, approximately
34% and 20%, respectively, for a net decline of all mature individuals of about 24%. As is the case for
most populations of the species, poor marine survival related to substantial but incompletely understood
changes in marine ecosystems is a concern.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Anticosti Island population (DU9)

Salmo salar

Atlantic Salmon Saumon atlantique

Anticosti Island population Population de Ille d’Anticosti

Range of Occurrence in Canada: Quebec/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 5yrs

Estimated percent decline in total number of mature individuals in 2007 40

versus 1993 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of Unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? Unknown

Observed trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? Unlikely
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? Unlikely

Index of area of occupancy (IAO) 2584 km”

Observed trend in area of occupancy Unknown

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 25 known rivers

Trend in number of locations Stable

Are there extreme fluctuations in number of locations? No

Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
2,414 (2008)
Total 2,414 (2008)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Poorly understood changes in marine ecosystems resulting in reduced survival during the marine phase

of the life history .

Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Quebec and New Brunswick populations appear to be

declining or marginally stable.

Is immigration known?

| No
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Would immigrants be adapted to survive in Canada? Unknown

Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Endangered (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Endangered Cl

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers on Anticosti Island. Small (one-sea-winter)
and large (multi-sea-winter) fish have both declined over 3 generations, approximately 32% and 49%,
respectively, for a net decline of all mature individuals of about 40%. The population size is small, about
2,400 individuals in 2008. As is the case for most populations of the species, poor marine survival related
to substantial but incompletely understood changes in marine ecosystems is a concern.

Applicability of criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable but the decline in large
salmon (49%) almost meets Endangered A2b, and the overall decline (40%) meets Threatened A2b.

Criterion B (Small Distribution Range and Decline or Fluctuation):Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Meets Endangered, C1; the total
number of mature individuals was approximately 2,400 in 2008, and the population has declined about
27% over the last 2 generations.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Inner St. Lawrence population (DU10)

Salmo salar
Atlantic Salmon Saumon atlantique

Inner St. Lawrence population Population de l'intérieur du Saint-Laurent

Range of Occurrence in Canada: Quebec/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 3.5yrs

Estimated percent increase in total number of mature individuals in 2007 5

versus 1993 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of Unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? NA

Are the causes of the decline understood? NA

Have the causes of the decline ceased? NA

Observed trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? No
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) 1552 km*

Observed trend in area of occupancy Stable

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 9 known rivers

Trend in number of locations Stable

Are there extreme fluctuations in number of locations? No

Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
5,020 (2008)
Total 5,020 (2008)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Poorly understood changes in marine ecosystems resulting in reduced survival during the marine phase

of the life history.

Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Quebec and New Brunswick populations appear to be

declining or marginally stable.

Is immigration known? |

No
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Would immigrants be adapted to survive in Canada? Unknown

Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Special Concern (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Special Concern Not applicable

Reasons for designation:

This species requires rivers or streams that are clear, cool and well-oxygenated for reproduction and the
first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean as older
juveniles and adults. This highly managed population breeds in rivers tributary to the St. Lawrence River
upstream from the Escoumins River (not included) on the north shore and the Ouelle River (included) on
the south shore. Small (one-sea-winter) and large (multi-sea-winter) fish have both remained
approximately stable in abundance over the last 3 generations. The small size of the population, about
5,000 individuals in 2008, is of concern. The rivers in this area are close to the largest urban areas in
Quebec and the population has undergone a large historical decline due to loss of habitat. As is the case
for most populations of the species, poor marine survival related to substantial but incompletely
understood changes in marine ecosystems is a concern.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Lake Ontario population (DU11)

Salmo salar

Atlantic Salmon Saumon atlantique

Lake Ontario population Population du lac Ontario
Range of Occurrence in Canada: Ontario/Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4 yrs
Estimated percent decline in total number of mature individuals in 2007 N/A
versus 1993 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of N/A

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? Yes
Have the causes of the decline ceased? Unknown
Observed trend in number of populations N/A

Are there extreme fluctuations in number of mature individuals? N/A

Are there extreme fluctuations in number of populations? N/A

Extent and Area Information

Estimated extent of occurrence N/A
Observed trend in extent of occurrence Unknown
Are there extreme fluctuations in extent of occurrence? Unknown
Index of area of occupancy (IAQO) N/A
Observed trend in area of occupancy Unknown
Are there extreme fluctuations in area of occupancy? N/A

Is the total population severely fragmented? N/A
Number of current locations 0

Trend in number of locations Stable
Are there extreme fluctuations in number of locations? Unknown
Trend in [area and/or quality] of habitat Unknown

Number of Mature Individuals (in each population)

Population N Mature Individuals
0
Total 0

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Causes of extinction include deterioration in spawning habitat due to timbering, agriculture, and mills and
dams across rivers that prevented access to spawning grounds, in addition to extensive commercial and
food fisheries. Thiamine deficiency, associated with preying on alewife, has also been implicated as a
barrier to restoration of salmon in this area. Invasive species.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Quebec, and New Brunswick populations are either declining,
or small and marginally stable.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? No
Is rescue from outside populations likely? No

Current Status

COSEWIC: Extinct (Nov 2010)
Ontario’s Endangered Species Act: Extirpated

Status and Reasons for Designation

Status: Alpha-numeric code:
Extinct Not applicable

Reasons for designation:

Once a prolific resident throughout the Lake Ontario watershed, there has been no record of this
population since 1898. The Lake Ontario population was extinguished through habitat destruction and
through over-exploitation by food and commercial fisheries. As the original strain is gone, re-introduction
is not possible. Recent attempts to introduce other strains of the species have resulted in some natural
reproduction, but no evidence of self-sustaining populations.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Gaspeé-Southern Gulf of St. Lawrence population (DU12)

Salmo salar

Atlantic Salmon Saumon atlantique

Gaspé-Southern Gulf of St. Lawrence population Population de la Gaspésie-sud du golfe

Saint-Laurent

Range of Occurrence in Canada :Quebec, New Brunswick, Prince-Edward Island, Nova Scotia / Atlantic

Ocean

Demographic Information

Generation time (average age of parents in the population) 4.6 yrs
Estimated percent decline in total number of mature individuals in 2007 28
versus 1993 (3 generations)
[Projected or suspected] percent [reduction or increase] in total number of unknown
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A
in total number of mature individuals over any [10 or 5 years, or 3 or 2
generations] period, over a time period including both the past and the future.
Are the causes of the decline clearly reversible? N/A
Are the causes of the decline understood? N/A
Have the causes of the decline ceased? N/A
Observed trend in number of populations Stable
Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No
Extent and Area Information
Estimated extent of occurrence >20,000 km”
Observed trend in extent of occurrence Stable
Are there extreme fluctuations in extent of occurrence? No
Index of area of occupancy (IAQ) >2 000 km”
Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No
Number of current locations 78 known rivers
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population N Mature Individuals
102,263 (2007)
Total 102,263 (2007)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational and Aboriginal fishing, agriculture, land development, pollution, poorly understood changes
in marine ecosystems resulting in reduced survival during the marine phase of the life history, invasive

species in freshwater habitats.
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Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Quebec and New Brunswick populations appear to be
declining or marginally stable.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Special Concern (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Special Concern Not applicable

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers from the Ouelle River (excluded) in the
western Gaspé Peninsula southward and eastward to the northern tip of Cape Breton. Small (one-sea-
winter) and large (multi-sea-winter) fish have both declined over the last 3 generations, approximately
34% and 19%, respectively, for a net decline of all mature individuals of about 28%. This recent 3
generation decline represents a continuation of a decline extending back at least to the 1980s. The
number of mature individuals remains over 100,000; however, the majority spawn in a single major river
system, the Miramichi, in New Brunswick. Freshwater habitat quality is a concern in some areas,
particularly in Prince Edward Island where some remaining populations are maintained by hatchery
supplementation. Invasive and illegally introduced species, such as smallmouth bass, are a poorly
understood threat in some freshwater habitats. Poor marine survival is related to substantial but
incompletely understood changes in marine ecosystems.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Eastern Cape Breton population (DU13)

Salmo salar
Atlantic Salmon Saumon atlantique

Eastern Cape Breton population Population de I'est du Cap-Breton

Range of Occurrence in Canada: Nova Scotia / Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population)

5yrs

Estimated percent decline in total number of mature individuals in 2007
versus 1993 (3 generations)

29
(based on 5 rivers with
majority of fish)

[Projected or suspected] percent [reduction or increase] in total number of unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? No

Observed trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? No
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) 1684 km”

Observed trend in area of occupancy Stable

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations

30 known rivers

Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Stable

Number of Mature Individuals (in each population)

Population

N Mature Individuals

Only 5 rivers of 30 included in estimate.

1,150 (2008)

Total

1,150 (2008)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational fishing, habitat loss, poorly understood changes in marine ecosystems resulting in reduced

survival during the marine phase of the life history
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Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Quebec and New Brunswick populations appear to be
declining or marginally stable. Newfoundland DU 5 is increasing, while DU 4 is declining.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status

COSEWIC: Endangered (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Endangered Cl

Reasons for designation:
This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in Cape Breton Island rivers draining into the
Atlantic Ocean and Bras d’Or Lakes. The numbers of adults returning to spawn has declined by about
29% over the last 3 generations; moreover, these declines represent continuations of previous declines.
The total number of mature individuals in 5 rivers, thought to harbour the majority of the population, was
only about 1150 in 2008. There is no likelihood of rescue, as neighbouring regions harbour genetically
dissimilar populations, and the population to the south is severely depleted. A current threat is poor
marine survival related to substantial but incompletely understood changes in marine ecosystems.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Not applicable. Estimated decline is just
below the threshold for Threatened A2b, with a decline of ~29% over the last 3 generations.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Meets Endangered C1. The estimated
number of mature individuals in 2008, 1150, is based on only 5 of 30 rivers, but these are thought to
account for the majority of the population and therefore the total is thought to be well below 2500. The
estimated decline of ~29% over 3 generations corresponds to ~20% over 2 generations.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Nova Scotia Southern Upland population (DU14)

Salmo salar
Atlantic Salmon Saumon atlantique

Nova Scotia Southern Upland population Population des hautes terres du sud de la

Nouvelle-Ecosse
Range of Occurrence in Canada: Nova Scotia / Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4 yrs

Estimated percent decline in total number of mature individuals from 1993 to | 61

2007 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of Unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? No

Observed trend in number of populations Declining

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? No
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Declining

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) 4280 km*

Observed trend in area of occupancy Declining

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 31 known rivers

Trend in number of locations Declining

Are there extreme fluctuations in number of locations? No

Trend in [area and/or quality] of habitat Declining

Number of Mature Individuals (in each population)

Population

N Mature Individuals

Only 4 of the 31 rivers included in estimate.

1,427(2008)

Total

1,427(2008)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Acidification, habitat loss, recreational fishing, poorly understood changes in marine ecosystems resulting
in reduced survival during the marine phase of the life history, ecological and genetic interactions with

escaped domestic Atlantic Salmon.

xli




Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Nova Scotia and New Brunswick populations appear to be
declining.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? No
Is rescue from outside populations likely? No

Current Status

COSEWIC: Endangered (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Endangered A2bce; C1

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers from northeastern mainland Nova Scotia,
along the Atlantic coast and into the Bay of Fundy as far as Cape Split. Small (one-sea-winter) and large
(multi-sea-winter) fish have both declined over the last 3 generations by approximately 59% and 74%,
respectively, for a net decline of all mature individuals of about 61%. Moreover, these declines represent
continuations of greater declines extending far into the past. During the past century, spawning occurred
in 63 rivers, but a recent (2008) survey detected juveniles in only 20 of 51 rivers examined. There is no
likelihood of rescue, as neighbouring regions harbour severely depleted, genetically dissimilar
populations. The population has historically suffered from dams that have impeded spawning migrations
and flooded spawning and rearing habitats, and other human influences, such as pollution and logging,
that have reduced or degraded freshwater habitats. Acidification of freshwater habitats brought about by
acidic precipitation is a major, ongoing threat, as is poor marine survival related to substantial but
incompletely understood changes in marine ecosystems. There are a few salmon farms in this area that
could lead to negative effects of interbreeding or ecological interactions with escaped domestic salmon.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Meets Endangered A2b,c,e with a decline of
61% in the number of mature individuals over the last 3 generations (12 years), in part due to a decline in
the quality of the habitat due to acid precipitation. Breeding has ceased in half of the rivers since the
1980s.

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Meets Endangered C1. The number of
mature individuals in 2008 was 1427 in 4 rivers thought to include the majority of the population, and
therefore is thought to be well below 2500. The population is declining, with a 2-generation decline of
~40%.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.

xlii




TECHNICAL SUMMARY - Inner Bay of Fundy population (DU15)

Salmo salar

Atlantic Salmon

Inner Bay of Fundy population
Fundy

Saumon atlantique
Population de I'intérieur de la baie de

Range of Occurrence in Canada: New Brunswick and Nova Scotia / Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population)

4 yrs

Estimated percent decline in total number of mature individuals over the last
3 generations (11 years; to 2002)

NOTE: This value was extracted from the 2006 COSEWIC Status Report on
the Atlantic Salmon - Inner Bay of Fundy populations. The declining trend did
not change in 2003 (Gibson et al. 2004)

> 949% (this is the
lowest 90%
confidence limit for the
healthiest index river)

[Projected or suspected] percent [reduction or increase] in total number of Unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? No

Observed trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? No
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO)

Unknown; actual area
of occupancy
estimated to be no
more than 9 km?2

Observed trend in area of occupancy Stable
Are there extreme fluctuations in area of occupancy? No
Is the total population severely fragmented? No

Number of current locations

19 known rivers, less

populations
Trend in number of locations Stable
Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat Declining

Number of Mature Individuals (in each population)

Population N Mature Individuals
<100 (2006)
Total <100 (2006)

Quantitative Analysis

xliii




Threats (actual or imminent, to populations or habitats)

Leading marine considerations: interactions with farmed and hatchery salmon (competition with
escapees; parasite and disease epidemics), ecological community shifts (increased predation by native
species; lack of forage species), depressed population phenomena (lack of recruits to form effective
shoals), environmental shifts (regime shift depressing ocean productivity; altered migration routes leading
to depressed survival), fisheries (excessive illegal and/or incidental catch), and the possibility of
cumulative interactions among these or more factors. Leading freshwater considerations: interbreeding
and competition with escaped farm fish, depressed population phenomena (abnormal behaviour due to
low abundance; inbreeding depression), changes in environmental conditions (climate changes leading to
premature smolt emigration and decreased freshwater productivity; atmospheric changes increasing
ultraviolet radiation; increased contaminant concentrations), historical reduction in habitat quality.

Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Nova Scotia and New Brunswick populations appear to
declining.

Is immigration known? No
Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? No
Is rescue from outside populations likely? No

Current Status

COSEWIC: Endangered (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Endangered C2a(i,ii); D1

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes feeding migrations in the North Atlantic Ocean as older
juveniles and adults. This population once bred in 32 rivers tributary to the inner Bay of Fundy, from just
east of the Saint John River, to the Gaspereau River in Nova Scotia; however, spawning no longer occurs
in most rivers. The population, which is thought to have consisted of about 40,000 individuals earlier in
the 20" century, is believed to have been fewer than 200 individuals in 2008. Survival through the marine
phase of the species’ life history is currently extremely poor, and the continued existence of this
population depends on a captive rearing program. There is no likelihood of rescue, as neighbouring
regions harbour severely depleted, genetically dissimilar populations. The population has historically
suffered from dams that have impeded spawning migrations and flooded spawning and rearing habitats,
and other human influences, such as pollution and logging, that have reduced or degraded freshwater
habitats. Current threats include extremely poor marine survival related to substantial but incompletely
understood changes in marine ecosystems, and negative effects of interbreeding or ecological
interactions with escaped domestic salmon from fish farms. The rivers used by this population are close
to the largest concentration of salmon farms in Atlantic Canada.

Applicability of Criteria

Criterion A Not applicable, the population declined from about 40,000 earlier in the 20th century to about
250 individuals in 1999.

Criterion B: Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Meets Endangered, C2a(i,ii), based on
an inferred continuing decline in numbers of mature individuals, and population fragmentation that has
resulted in no population estimated to contain more than 250 individuals and for which at least 95% of
mature individuals are contained within a single population (Big Salmon River).

Criterion D (Very Small Population or Restricted Distribution): Meets Endangered, D1 (less than 250
mature individuals). The 2003 fall spawning estimate was less than 100 adults, and the most likely
estimate was 50-75.

Criterion E (Quantitative Analysis): Not applicable.
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TECHNICAL SUMMARY - Outer Bay of Fundy population (DU16)

Salmo salar
Atlantic Salmon Saumon atlantique

Outer Bay of Fundy population Population de I'extérieur de la baie de Fundy

Range of Occurrence in Canada: New Brunswick / Atlantic Ocean

Demographic Information

Generation time (average age of parents in the population) 4 yrs

Estimated percent decline in total number of mature individuals in 2007 64

versus 1993 (3 generations)

[Projected or suspected] percent [reduction or increase] in total number of unknown

mature individuals over the next [10 or 5 years, or 3 or 2 generations].

[Observed, estimated, inferred, or suspected] percent [reduction or increase] | N/A

in total number of mature individuals over any [10 or 5 years, or 3 or 2

generations] period, over a time period including both the past and the future.

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? No

Observed trend in number of populations Stable

Are there extreme fluctuations in number of mature individuals? No

Are there extreme fluctuations in number of populations? No
Extent and Area Information

Estimated extent of occurrence >20,000 km”

Observed trend in extent of occurrence Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) 6928 km”

Observed trend in area of occupancy Stable

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 17 known rivers

Trend in number of locations Declining

Are there extreme fluctuations in number of locations? No

Trend in [area and/or quality] of habitat Declining

Number of Mature Individuals (in each population)

Population

N Mature Individuals

Only 4 rivers included in estimate.

7,584 (2008)

Total

7,584 (2008)

Quantitative Analysis

Threats (actual or imminent, to populations or habitats)

Recreational fishing, habitat loss, genetic and ecological interactions with escaped domestic Atlantic
Salmon, poorly understood changes in marine ecosystems resulting in reduced survival during the marine

phase of the life history.

Rescue Effect (immigration from an outside source)

Status of outside population(s)? Nearby Nova Scotia and New Brunswick populations appear to

declining.
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Is immigration known? No
Would immigrants be adapted to survive in Canada? Likely
Is there sufficient habitat for immigrants in Canada? No
Is rescue from outside populations likely? No

Current Status

COSEWIC: Endangered (Nov 2010)

Status and Reasons for Designation

Status: Alpha-numeric code:
Endangered A2b

Reasons for designation:

This species requires rivers or streams that are generally clear, cool and well-oxygenated for reproduction
and the first few years of rearing, but undertakes lengthy feeding migrations in the North Atlantic Ocean
as older juveniles and adults. This population breeds in rivers tributary to the New Brunswick side of the
Bay of Fundy, from the U.S. border to the Saint John River. Small (one-sea-winter) and large (multi-sea-
winter) fish have both declined over the last 3 generations, approximately 57% and 82%, respectively, for
a net decline of all mature individuals of about 64%; moreover, these declines represent continuations of
greater declines extending far into the past. There is no likelihood of rescue, as neighbouring regions
harbour severely depleted, genetically dissimilar populations. The population has historically suffered
from dams that have impeded spawning migrations and flooded spawning and rearing habitats, and other
human influences, such as pollution and logging, that have reduced or degraded freshwater habitats.
Current threats include poor marine survival related to substantial but incompletely understood changes in
marine ecosystems, and negative effects of interbreeding or ecological interactions with escaped
domestic salmon from fish farms. The rivers used by this population are close to the largest concentration
of salmon farms in Atlantic Canada.

Applicability of Criteria

Criterion A (Decline in Total Number of Mature Individuals): Meets Endangered A2b. The 3-generation
decline in overall numbers of mature salmon is 64% and the decline in large (multi-seawinter) salmon is
82%

Criterion B (Small Distribution Range and Decline or Fluctuation): Not applicable.

Criterion C (Small and Declining Number of Mature Individuals): Not applicable.

Criterion D (Very Small Population or Restricted Distribution): Not applicable.

Criterion E (Quantitative Analysis): Not applicable.
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WILDLIFE SPECIES INFORMATION
Name and classification

Class: Osteichthyes / Actinopterygii

Order: Salmoniformes

Family: Salmonidae

Latin binomial: Salmo salar L.

Designatable Unit: See DU Section

Common species names:

English — Salmon, ouananiche (non-anadromous life history form)

French — Saumon atlantique

Other common names exist for various forms and life history stages of the species (e.g.,
see Froese and Pauly 2004).

Morphological descriptioni

The most complete morphological description of Atlantic Salmon can be found in
Scott and Crossman (1973) where it is described as having a ‘trout-like’ body with an
average length of about 18 inches (457 mm), somewhat compressed laterally, with the
greatest body depth usually at the dorsal fin origin or slightly posterior to it. The
anadromous salmon has a blue-green back, silvery sides and a white belly (Carcao
1986). There are several X-shaped and round spots mostly above the lateral line
(Carcao 1986). When a marine salmon re-enters freshwater it loses the silvery guanine
coat replacing it with hues of greenish or reddish brown and large spots that are edged
with white (Scott and Crossman 1973, Carcao 1986). Juvenile salmon, or parr, display
‘parr marks’ (pigmented vertical bands), with a single red spot between each parr mark
along the lateral line (Scott and Crossman 1973). When parr are ready to migrate to
sea, they are known as smolts. At this stage the parr marks are lost and the fish
become silvery (Scott and Crossman 1973).

Spatial population structure’

A well-known characteristic of Atlantic Salmon is that mature adults generally
return to their natal streams to spawn (recently reviewed in Hendry et al. 2004).
However, some salmon do stray, spawn successfully, and produce offspring that are
capable of surviving to spawn in later years. Analyses of molecular genetic variation can
help determine the extent of reproductive isolation among salmon from different
locations and hence the potential for adaptive differences to accrue (Waples 1991).
Analyses of molecular genetic variation can also help identify highly divergent lineages
that may have accumulated substantial genetic differences over long periods of
reproductive isolation (Utter et al.1993).

A variety of studies of genetic variation within and among Atlantic Salmon
populations have been carried out. Most have involved sample collections from several
rivers from one or two regions, and a few have included collections from one or two



rivers from several or all regions. These studies have all shown some degree of
population structuring and genetic differentiation. They also suggest that individual
rivers and in some cases even tributaries represent relatively independent demographic
units.

The most informative genetic analysis of Atlantic Salmon populations in Quebec,
New Brunswick and Labrador is that carried out by Dionne et al. (2008). Using a
combination of landscape genetics and hierarchical analysis of genetic variance they
identified seven regional groups (1: Ungava; 2: Labrador; 3: Lower North Shore; 4:
Higher North Shore; 5: Quebec City; 6: Southern Quebec; 7: Anticosti; Figure 1) and
showed that genetic variance among rivers within regions (2.02%) was less than
variance among regions (2.54%). The extent of genetic differentiation among rivers from
different regions was on average double that observed among rivers within any given
region, although genetic differences between most pairs of rivers within regions were
still statistically significant. Genetic divergence among populations and regions was
correlated with coastal distance among rivers and degree of difference in temperature
regime. In another study, Dionne et al. (2007) found that salmon appear to show some
local adaptation in the form of genetic variation in MHC genes that is correlated with
latitudinal changes in temperature regimes, which in turn are thought to drive clines in
pathogen diversity.

Recent work in insular Newfoundland revealed genetic differentiation within rivers,
primarily between anadromous and non-anadromous life history forms, but also among
anadromous forms within relatively small watersheds (<1000 km?) (mean Fsr = 0.015-
0.019, P < 0.05) for all pair-wise comparisons) (Adams 2007) (Figure 2). Adams (2007)
did pair-wise comparisons of eight rivers in southern Labrador (Eagle River and south)
and found a mean Fst of 0.017 (P < 0.001). The divergence among rivers seemed to be
influenced by river size. Divergence among several subsets of rivers (e.g., Alexis River
and proximate rivers) was lower than expected, with no significant differences in
multiple pair-wise comparisons. An examination of within-river structure by Dionne et al.
(2009a) suggested significant within-river population structure. However, the degree
was highly variable among rivers.

The influences of temporal variation, effective population size, life history variation,
and local adaptation on gene flow among rivers and regions of Newfoundland and
Labrador have also been examined (Palstra et al. 2007) (Figure 3). These authors
demonstrated temporal stability across multiple generations and also suggested that
metapopulation dynamics might be important in maintaining stability in smaller
populations. Palstra et al. (2007) also suggested that the magnitude and directionality of
gene flow among populations is variable and may even reverse direction when moving
from contemporary to evolutionary time scales. Their work also suggested some level of
correlation in life history and demographic attributes, and genetic population structure.

Verspoor (2005) reported that “variation among loci was highly heterogeneous at

all polymorphic loci” for samples taken across Atlantic Canada, but did not provide
information on specific pair-wise comparisons. King et al. (2001), in a hierarchical gene
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diversity analysis, partitioned variance among provinces or states, among rivers within
provinces or states, and within rivers. The proportion of variance associated with
among-river comparisons was 2.99% (within province or state), as opposed to 5.28%
among countries in Europe. Pair-wise tests for significant differences among
populations (rivers) were not provided. Bootstrap analyses were used by McConnell et
al. (1997) to test for pair-wise differences among sample collections from different rivers
for three different genetic distance measures, Roger’s modified genetic distance, allele
sharing genetic distance, and Goldstein’s (du)2 distance. All pair-wise estimates of
Roger’'s distance and nearly all estimates of allele sharing genetic distance were
significant, but very few estimates of Goldstein’s (5u)? distance were significant; most of
these involved the Gander River, Newfoundland. Again, only a few rivers in each region
were surveyed in this study.

Verspoor (2005) presented the most geographically comprehensive study
published to date, and included multiple river populations from multiple regions
(Newfoundland and Labrador, Quebec, Gulf, and Maritimes). In this study, variation was
surveyed at 23 allozyme loci, of which 15 were informative (genetically variable). Multi-
Dimensional Scaling analyses (Figure 4), and neighbour joining trees (Figure 5), both
based on Nei’s DA distance, suggested the presence of six large-scale groupings of
Atlantic Salmon in Eastern Canada: Labrador and Ungava, Gulf of Saint Lawrence,
Newfoundland (excluding Gulf rivers), Atlantic Shore/Southern Upland of Nova Scotia,
inner Bay of Fundy (iBoF), and outer Bay of Fundy (oBoF). Labrador and Ungava rivers
grouped together, as did salmon from Newfoundland, excluding those from rivers that
drain into the Gulf of Saint Lawrence. Generally speaking, salmon from the Atlantic
coast of Nova Scotia (Southern Upland) clustered together and were distinct from all
other samples analyzed, as were salmon from the inner Bay of Fundy. Many of the
regional groupings identified above have also been reported in other studies, involving
different molecular markers. Verspoor et al. (2002) identified an mtDNA haplotype in
multiple inner Bay of Fundy rivers, at moderate to high frequency, that was completely
absent in outer Bay of Fundy samples. In a recently expanded, though not yet published
analysis of mtDNA in Atlantic salmon from Eastern Canada, Verspoor also noted the
complete absence of the inner Bay mtDNA haplotype in 16 rivers of the Southern
Upland. Verspoor et al. (2002) also identified an mtDNA haplotype in nearly all surveyed
Southern Upland rivers that was absent in samples from all other surveyed salmon
populations in Eastern Canada.

Spidle et al. (2003) and King et al. (2001), in surveys of variation in largely
overlapping suites of microsatellites, found the inner Bay and Southern Upland
populations included in the analysis to be highly distinct from all other populations
analyzed (Figure 6). In a UPGMA tree of microsatellite-based pair-wise estimates of
Roger’s genetic distance (McConnell et al. 1997), the 10 Southern Upland populations
all clustered together, as did Stewiacke and St. Croix, NS populations (two inner Bay
populations). The Gaspereau River again grouped separately from all other rivers, a
likely result of a population bottleneck and rapid recent genetic drift.

11



Substantial evidence also exists for the distinctiveness of Newfoundland
populations relative to other North American salmon populations in microsatellite allele
(Spidle et al. 2003, King et al. 2001) and mtDNA haplotype (King et al. 2000)
frequencies. Particularly notable are the presence of ‘European’ haplotypes in northeast
coast Newfoundland populations, suggesting some post-glacial colonization of this area
from European refugial populations.

Few surveys included samples from Labrador, and even fewer considered samples
from Ungava (but see Fontaine et al. 1997 and Dionne et al. 2008). King et al. (2001)
and Spidle et al. (2003) identified the Labrador populations as highly distinct from other
populations. Adams (2007) compared samples from eight rivers in southern Labrador to
four rivers from northeastern Newfoundland and found evidence of divergence at 10
microsatellite loci (Fst = 0.021). The divergence, however, was similar to comparisons
between insular Newfoundland rivers.

Non-genetic data support much of the broad-scale population structure inferred
from the genetic data. For example, Chaput et al. (2006a) examined variation in life
histories across the Canadian range of the species, including smolt age, small and large
salmon proportions in returns, sea-age at maturity, proportion of small and large
females, and fork length of small and large fish. This study was able to demonstrate
clusters of populations with similar life history variation. For example, one clear
differentiation was the dominance of grilse (one-sea-winter age at maturity) spawners in
insular Newfoundland versus MSW-dominated populations in other areas. Populations
also clustered based on smolt age and at-sea growth. Schaffer and Elson (1975) and
Hutchings and Jones (1998) also demonstrated clear divergence in sea-age at maturity
and size across regions.

Morphology and meristics have also been used to define salmon stocks in the
North Atlantic. Claytor and MacCrimmon (1988) and Claytor et al. (1991) were able to
show regional differentiation based on morphology, but meristic metrics were less
successful. They concluded that insular Newfoundland, Labrador/Quebec, and the
Maritime populations represented three very distinct regions. They also suggested, but
with less certainty, that sub-structuring was likely in the Maritime regions.
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Figure 1.

Longitude (°)
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Latitude (*)

Posterior probabilities for each Atlantic Salmon river-specific population belonging to each of the seven
regional groups in Quebec and Labrador identified by landscape genetics analysis. The white area
denotes a 90-100% probability that populations belong to their respective regional group. (a) Map of the
river-specific populations included in the analysis. (b) Regional group 1: ‘Ungava’ (3 Rivers); (c) Regional
group 2: ‘Labrador’ (7 rivers); (d) Regional group 3: ‘Lower North Shore’ 4 rivers); (e) Regional group 4:
‘Higher North Shore’ (10 rivers); (f) Regional group 5: ‘Quebec City’ (6 rivers); (g) Regional group 6:
‘Southern Quebec’ (18 rivers); (h) Regional group 7: ‘Anticosti’ (3 rivers) (Dionne et al. 2008).
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Figure 2.  Multidimensional scaling plot based in Nei's unbiased distance for multiple samples taken from 4
Newfoundland Rivers and 8 Labrador rivers. (1) Northwest River Salmon, (2) Northwest Pond ouananiche
(non-anadromous form), (3) Endless Lake ouananiche, (4) Rocky River ouananiche Sample 1, (5) Rocky
River salmon, (6) Rocky River smolt, (7) Little Salmonier River salmon, (8) Little Salmonier River
juveniles, (9) Rocky River ouananiche sample 2, (10) Indian Bay Big Pond salmon, (11) Moccasin Pond
ouananiche, (12) Wings Pond ouananiche, (13) Third Pond ouananiche, (14) Indian Bay Big Pond smolt,
(15) Indian Bay Big Pond ouananiche, (16) Hungry Brook juveniles, (17) Eagle River, (18) Sandhill River,
(19) St. Lewis River, (20) Alexis River, (21) Shinney’s Brook, (22) Black Bear River, (23) Paradise River,
(24) Reed Brook (Adams 2007).
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Figure 3. Multidimensional scaling plot for 20 rivers in Newfoundland and Labrador, using the first two dimensions

that capture 68% of the genetic variation. ENR English River, WAB Western Arm Brook, TNR Terra Nova
River, MIB Middle Brook, GAR Gander River, FBB Flat Bay Brook, ROR Robinsons River, HLR Highland
River, CRR Crabbes River, COR Conne River, SWB Southwest Brook, SMB Simmins Brook, BDN Baye
Du Nord River, NWB Northwest Brook, NEB Northeast Brook, BBR Biscay Bay River, NEP Northeast
River Placentia, NET Northeast Brook Trepassey, STR Stoney River (Palstra et al. 2007).
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Region River No.
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Figure 4.  Allozyme variation in Canadian Atlantic Salmon populations. A, map showing locations of 53 rivers that
were included in a multilocus allozyme study (Verspoor 2005). B, list of rivers. C, multidimensional scaling
plot for 48 rivers based on Nei's DA genetic distance. Large-scale groupings of Atlantic Salmon
populations proposed by Verspoor (2005) are indicated. Modified from Verspoor (2005).
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Figure 5. Neighbour-joining dendrogram based on allozyme data using Nei's genetic distance, for 48 Canadian
rivers (Verspoor 2005). See Figure 4 for regional groupings, river numbers are congruent.
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Figure 6. Multidimensional scaling plot based on microsatellite data for 16 rivers in Canada (Newfoundland (NF),
Quebec (QB), Nova Scotia (NS), New Brunswick (NB) and Maine (ME, MEL)). NF1 Conne, NF2 Gander,
ME1,2,3,4 (Maine), NS1 Stewiacke, NS2 Gold, QB1 St. Jean, QB2 Saguenay, NB1 Naswaak, NB2
Miramichi, MEL1,2 (Maine Landlocked), LB1 Sandhill, LB2 Michaels (King et al. 2001).

DESIGNATABLE UNITS

COSEWIC guidelines state that “a population or group of populations may be
recognized as a DU if it has attributes that make it “discrete” and evolutionarily
“significant” relative to other populations”. Evidence of discreteness can include
“inherited traits (e.g. morphology, life history, behaviour) and/or neutral genetic markers
(e.g. allozymes, DNA microsatellites...” as well as large disjunctions between
populations, and occupation of different eco-geographic regions.

The well-known homing behaviour of Atlantic Salmon, as well as the
morphological, life history, behavioural and molecular genetic data cited above, all
indicate that the criterion of ‘discreteness’ is routinely satisfied at the level of rivers (as
representative of discrete breeding populations), and indeed in some cases may be met
at the level of tributaries within river drainages. Since Atlantic Salmon are believed to
have spawned in ~700 rivers in Canada, this could suggest the possibility of a huge
number of DUs; however, the second criterion of ‘evolutionary significance’ needs to be
considered as well. The COSEWIC guidelines suggest four criteria for ‘significance’,
three of which may be applicable to Atlantic Salmon.
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The first ‘significance’ criterion is “evidence that the discrete population or group
of populations differs markedly from others in genetic characteristics thought to reflect
relatively deep intraspecific phylogenetic divergence”. This criterion is met for Atlantic
Salmon at the ocean basin scale: a variety of molecular genetic data indicate that North
American populations of Atlantic Salmon are divergent from European populations (e.g.,
King et al. 2000, 2001, Verspoor 2005). This deep split between eastern and western
Atlantic Salmon populations is, however, of little relevance for assigning DUs of
Canadian populations, except perhaps in one case. Atlantic Salmon populations in
northeastern Newfoundland (DU 3, below) show the presence of ‘European” mtDNA
genotypes that do not naturally occur in any salmon populations to the south,
suggesting that post-glacial colonization of this part of Newfoundland was in part from
Europe (King et al. 2000). Apart from the mtDNA data for DU 3, there is little evidence
of deep genetic distinctions (in neutral markers) among groups of Atlantic Salmon
populations in Canada. The lack of evidence may in part be due to the relative lack of
geographically comprehensive studies of genetic variation among Atlantic Salmon
populations in Canada. Most studies have only sampled a portion of the Canadian
range. The most geographically extensive genetic study to date is that of Verspoor
(2005), which examined allozyme variation in 53 populations spanning most of the
Canadian range. Verspoor (2005) suggested that the allozyme data supported the
presence of six major population groups of salmon; however, the distinctions between
groups were not large, and were not supported by statistical criteria (Figures 4 and 5).

The second ‘significance’ criterion of relevance is “persistence of the discrete
population or group of populations in an ecological setting unusual or unique to the
wildlife species, such that it is likely or known to have given rise to local adaptations”. As
for discreteness, there is abundant evidence of varying local adaptations in Atlantic
Salmon. Since Atlantic Salmon spend the first one to several years of their life in fresh
water, many adaptations reflect local or regional variation in freshwater habitat attributes
including, but not limited to, temperature, length of growing season, and pH. Other
potentially adaptive variation includes variation among populations in the proportions of
populations maturing as precocious male parr, or as one-sea-winter (LSW) or multi-sea-
winter (MSW) salmon. Additional adaptive variation may include varying migration
routes to distant ocean feeding grounds. At the molecular level, Dionne et al. (2007)
found evidence of latitudinal clines in genetic variation at MHC loci, which they
interpreted as evidence of adaptation to latitudinally varying assemblages of parasites.

Past attempts to artificially enhance local salmon populations by stocking them
with hatchery-bred salmon derived from other populations have provided indirect
evidence of local adaptation. For example, Ritter (1975) showed that the performance of
hatchery-bred Atlantic Salmon stocked as smolts in rivers varied dramatically depending
on the geographic distance between the ‘source’ populations (which were in the Gulf of
St. Lawrence) and the ‘destination’ rivers in which they were stocked. Catches of
salmon, both in distant marine fisheries and in local fisheries in or around the stocked
river itself, were much lower when the salmon were stocked in rivers distant from the
source rivers than when they were stocked in nearby rivers (Figure 7). Ritter (1975)
concluded that the salmon did poorly when stocked outside their home region because
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of a mismatch between their adaptations and the locations in which they were stocked.
Similarly, two reports on the status of Atlantic Salmon populations in Maine concluded
that years of stocking of Maine rivers from several Canadian populations had not
significantly eroded the genetic distinctiveness of a number of Atlantic Salmon
populations in Maine, presumably because the stocked salmon were maladapted to
local conditions (National Research Council 2002, 2004).

10.00
9.00 - Y=-0.0039X + 6.6161
5.6 .. R’ = 0.6585
s p=0.000008
7.00 |

6.00 ]

5.00 ]

4.00 -

3.00 -

2.00

1.00 |

0.00

Arcsine-transformed recovery rate (%)

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Distance from native river (km)

Figure 7. Recovery rates for stocked Atlantic Salmon versus distance from the native river. Shown are total
recovery rates (both distant water ocean fisheries and in- or near-river terminal fisheries) for Atlantic
Salmon stocked as smolts in rivers at varying distances from their native river. The results for distant
water ocean fisheries and in- or near-river terminal fisheries are similar when analyzed separately
(results not shown). Analysis of data from Ritter (1975) courtesy of C. Havie and P. O'Reilly.

The various lines of evidence cited above all indicate that Atlantic Salmon
populations are locally adapted, and that they are therefore not ecologically
exchangeable at some spatial scales. The difficulty lies in determining what those
spatial scales are, or where differences among populations become great enough to
merit status as DUs. Although it does not directly address this issue, the third
COSEWIC ‘significance criterion of relevance to Atlantic Salmon may be of some help.
It refers to “evidence that the loss of the discrete population or group of populations
would result in an extensive gap in the range of the wildlife species in Canada”. Many of
the DUs proposed below represent a sizable fraction of the species’ range in Canada,
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as well as showing some attributes of distinctiveness, and those DUs that are relatively
small in area tend to have particularly strong evidence of genetic or ecological
distinctiveness. It can be argued that the loss of any one of these units would represent
a substantial loss of diversity within Atlantic Salmon in Canada.

Among the factors considered were genetic divergence, life history and
morphometric variation, and geographic separation. As noted above, neutral genetic
markers alone are not sufficient to define DUs, but they can, however, provide
information on relative levels of gene flow among populations. Life history variation that
was considered included data such as smolt age, sea age at maturity, run timing,
migratory route, proportion female, and mean length at various life stages. Geographic
separation was generally considered significant for major divisions such as insular
Newfoundland versus mainland Canada, or north and south of the Gulf of St. Lawrence.

DU boundaries in Quebec and Labrador were guided in large part by the results of
the extensive study conducted by Dionne et al. (2008). Using data from 13 microsatellite
loci on salmon from 51 rivers, they used a combination of hierarchical and landscape
genetic analyses in an effort to disentangle the relative influences of a range of factors
(temperature, latitude, ‘coastal distance’ [from the southernmost population, the
Miramichi], ‘migration tactic’ [shorter migrating 1SW vs. longer migrating MSW salmon],
an index of the ‘difficulty of upstream migration’, and stocking history) on genetic
structure of Atlantic Salmon populations in the Quebec-Labrador region. They identified
seven regional groupings of Atlantic Salmon, which have been adopted as DUs.
Temperature and distance, both between rivers and from the southern boundary of
the study area, emerged as key determinants of the genetic structure of Atlantic
Salmon populations. The influence of distance from the south was suggested to be
the “historical footprint of the North American colonization process” from a glacial
refugium southward of the contemporary range. In other words, historical effects dating
from early post-glacial colonization remain evident in contemporary population structure.
Importantly, evidence of dispersal was detected, both within and among population
groupings, but genetic differentiation between rivers was lower for dispersal within
population groups than it was for similar levels of dispersal between population groups.
This observation led the authors to hypothesize that gene flow (as opposed to dispersal)
between population groups is constrained by differing thermal regimes which promote
local adaptation within groups.

The Department of Fisheries and Oceans (DFO) has previously defined 28
Conservation Units (CUs) for Atlantic Salmon (DFO and MRNF 2008; Figure 8);
whereas, 16 DUs are recognized (Figure 9). Despite the difference in the numbers of
DUs and CUs, and the fact that the DUs were developed independently, the 16 DUs
share many features with the 28 CUs. The majority of boundaries between DUs
coincide with CU boundaries. Nine DUs (1, 3, 5, 6, 9, 11, 14, 15, 16) correspond to
(differently numbered) CUs. Two DUs (4, 13) each comprise two CUs. One DU (2)
combines two very large and one very small CU in Labrador, and unlike the CUs,
extends into Quebec. Three DUs within Quebec have different boundaries than the CUs
in the same area and together include five CUs and parts of two others. DU 12 (Gaspeé-
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Southern Gulf of St. Lawrence) comprises all of six CUs, and part of another.

The similarities between DUs and CUs reflects the similarity of the definition used

for CUs (“groups of individuals likely exhibiting unique adaptations that are largely
reproductively isolated from other groups, and that may represent an important
component of a species’ biodiversity”; DFO and MRNF 2008) to the criteria used by
COSEWIC to recognize DUs. The differences largely reflect two factors: the availability
of newer data, particularly those in Dionne et al. (2008), which formed the basis for
decisions about DU structure in the Quebec-Labrador region, and an operational
strategy of lumping CUs within DUs when evidence supporting splitting was judged to
be weak. The relatively large DU 2 (Labrador) and DU 12 (Gaspé — Southern Gulf of
St. Lawrence) reflect this strategy of lumping CUs in the absence of strong data for
splitting. The structure for these large DUs may require refinement in the future as more
data become available. In the following descriptions, DUs are cross-referenced with
DFO CUs and Salmon Fishing Areas, and Quebec Fishing Zones. A tabular comparison
of DU characteristics is presented in Table 1.
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Figure 8. Conservation Units (CUs) proposed by the Department of Fisheries and Oceans for Atlantic Salmon (DFO
and MRNF 2008).
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Proposed designatable units (DU) for Atlantic Salmon in eastern Canada.

Figure 9.
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Designatable Unit 1 — Nunavik (Quebec fishing area designation - Q11;: CU 1)

This DU extends from the tip of Labrador (approximately 60°29’ N, 64°40’ W) west
along Ungava Bay to the western extent of the species’ range, and represents the most
northerly known populations of Atlantic Salmon in North America. Atlantic Salmon in this
unit are geographically disjunct from southern populations with a substantial distance
between these populations and those along the Labrador coast (~650 km; limited
survey work and Aboriginal traditional knowledge suggest there are no self-sustaining
populations between DU 1 and DU 2). Some portions of the Ungava populations also
appear to have local migratory patterns (Power 1969, Robitaille et al. 1986), while
others range broadly (Power et al. 1987). Genetic data suggest that these populations
are distinct from their nearest neighbours and there is little genetic evidence of straying
between Ungava and other regions (Fontaine et al. 1997, Dionne et al. 2008). There
have been no known stocking events in this DU.

Designatable Unit 2 — Labrador (Salmon Fishing Areas — 1, 2, 14a, and 5 rivers of
Quebec fishing area — Q9; CUs 2. 3 and part of 26)

This DU extends from the northern tip of Labrador (approximately 60°29’ N, 64°40’
W) south along the coast of Labrador to the Napitipi River in Quebec. Given the large
size of this geographic region there is substantial potential for smaller regional
groupings within the DU, particularly in the Lake Melville area. However, the available
information only supports a clear separation from other regions at the southern portion
of the DU. Within DU 2, genetic data suggest reasonable potential for gene flow and
hence re-colonization throughout much of the southern portion of the unit (King et al.
2001, Verspoor 2005, Adams 2007 (Fst = 0.017), Dionne et al. 2008). There is
evidence from tagging studies, however, that salmon from the southern portion of this
unit do not migrate north of Lake Melville (Anderson 1985, Reddin and Lear 1990).
Within-unit comparisons showed weak differentiation between northern and southern
rivers where pair-wise heterogeneity was calculated (King et al. 2001). Verspoor (2005)
did not detect a pattern of differentiation between northern and southern Labrador
samples. However, the only sample from Lake Melville (Cape Caribou) was significantly
different from the other Labrador samples and suggests the potential for a separate DU
at Lake Melville. Unfortunately the Cape Caribou sample was comprised only of a small
sample of parr and thus other supporting information is required to justify the creation of
a separate DU for Lake Melville. The DU 2 populations did show significant divergence
from other nearby DUs including DU 7 (Eastern North Shore) (Dionne et al. 2008) and
the insular Newfoundland DUs (Fst = 0.021; Adams 2007).

The salmon in DU 2 also appear to have variable life histories with no clear pattern
across the DU (Chaput et al. 2006a). They show significant life history divergence from
the nearby DUs of insular Newfoundland and the eastern North Shore of Quebec
(Chaput et al. 2006a) (MSW versus grilse populations). There have been no known
stocking events in this DU.
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Designatable Unit 3 — Northeast Newfoundland (Salmon Fishing Areas 3-8; CU 4)

This DU extends from the northern tip of Newfoundland (approximately 51°37" N,
55°25’ W) south and east along the northeast coast of the Island to the southeast tip of
the Avalon Peninsula (approximately 46°38' N, 53°10" W). The salmon of the northeast
coast of Newfoundland are unique in North America, in that they appear to have genetic
profiles intermediate to European and North American salmon (King et al. 2000).
Genetic data also suggest that there are distinct differences between salmon
populations in DU 3 and salmon populations in both Labrador, and southern and
western Newfoundland (Verspoor 2005, Adams 2007, Palstra et al. 2007). The salmon
in DU 3 also exhibit life history variation distinct from other nearby DUs (Chaput et al.
2006). Mean age of smoltification was intermediate between Labrador and the rest of
insular Newfoundland (3-5 years versus 5-7 in Labrador and 2-4 in southern
Newfoundland DUs), and a high proportion of grilse were relatively small 1SW females.
This portion of the Canadian range also has the highest incidence of repeat spawners.
Juveniles in this DU make heavy use of lacustrine habitat for rearing (e.g., Hutchings
1986). The Exploits and Terra Nova Rivers were stocked extensively in the 1980s and
90s after new habitat was made accessible with fishways (Mullins et al. 2003).

Designatable Unit 4 — South Newfoundland (Salmon Fishing Areas 9-12;: CUs 5, 6)

This DU extends from the southeast tip of the Avalon Peninsula, Mistaken Point
(approximately 46°38’ N, 53°10’ W) westward along the south coast of Newfoundland to
Cape Ray (approximately 47°37’ N, 59°19’ W). Unlike DU 3, freshwater habitat in DU 4
tends to have relatively low pH values (5.0-6.0). Genetic data suggest that populations
along this coast have reduced gene flow among local rivers and between DU 4 and
other regions of the Island (Palstra et al. 2007). Adams (2007) also demonstrated
significant genetic differences between two rivers from DU 3 and two rivers found on
the southern Avalon (southeastern DU 4) using a suite of 10 microsatellite markers.
Like Palstra et al. (2007), Verspoor (2005) found significant genetic differentiation
among south coast rivers, but there did not appear to be a geographic pattern to the
divergence. The relatively high levels of population structure in DU 4, as evidenced
by the substantially higher interregional Fst values on the south coast of the Island
reported by Palstra et al. (2007), suggest potential subdivision of this DU in the future.

Salmon in DU 4 also experience substantially different ocean conditions than
fish in DUs 2-3, entering an area influenced by the Gulf Stream versus the Labrador
Current. Population trends for south coast rivers also appear to be distinct from the
other DUs in Newfoundland. Much like the genetic data, the life history data for the
south coast are variable and show no clear geographic pattern (Chaput et al. 2006a).
There is a mix of early and late runs, smolt age is variable and both the proportion of
female grilse and migratory routes appear to vary along the coast. Rocky River was
stocked after the construction of a fishway at the river mouth. Anadromous salmon were
absent prior to the fishway construction.
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Designatable Unit 5 — Southwest Newfoundland (Bay St. George region) (Salmon
Fishing Area 13; CU 7)

This DU extends from Cape Ray (approximately 47°37’ N, 59°19" W)
northwards along the west coast of Newfoundland to approximately 49 24’ N, 58 15’
W. This particular DU is the only region of insular Newfoundland with significant
numbers of MSW salmon (Dempson and Clarke 2001) and minimal lacustrine habitat.
Genetic comparisons of populations in this region with those in the rest of the Island
suggest the populations here represent a distinct group, but that within the region gene
flow appears to be higher than in DUs 3 and 4 (lowest Fst values reported by Palstra et
al. (2007) and Verspoor (2005)). DU 5 also has the youngest mean smolt ages (3 years)
on insular Newfoundland and the lowest proportion of female grilse. DU 5 is separated
from mainland DUs by the Gulf of St. Lawrence, and genetic data suggest low levels of
gene flow between insular populations and the mainland (Verspoor 2005). Hughes
Brook and Corner Brook stream have both been stocked in this DU.

Designatable Unit 6 — Northwest Newfoundland (Salmon Fishing Area 14a; CU 8)

This DU extends northward along the west coast of Newfoundland, from
approximately 49 24’ N, 58 15 W to the tip of the Great Northern Peninsula
(approximately 51°37’ N, 55°25’ W). Smolts from populations of DU 6 most likely
migrate northward through the Strait of Belle Isle (B. Dempson, Dept. of Fisheries and
Oceans, Pers. Comm.) and they have life histories that are mixed and intermediate
between DU 2 and DU 5 (Chaput et al. 2006a). Freshwater habitat in DU 6 is
significantly more alkaline than the rest of insular Newfoundland, due to a large amount
of limestone in the region’s geology. Unfortunately, genetic data for this DU are sparse.
Several rivers in this DU such as the Big East, St. Genevieve and River of Ponds have
a MSW component. From 1972-1976, DFO annually transferred 50-300 adult salmon
from Western Arm Brook into a good spawning habitat upstream from the fishway in the
Torrent River.

Designatable Unit 7 — Quebec Eastern North Shore, (Quebec Fishing Area — 9, western
portion; most of CU 26)

This DU extends from the Napitipi River (not inclusive) westward along the north
shore of the St. Lawrence to the Kegaska River (inclusive) in the west. Dionne et al.
(2008) used microsatellite markers, temperature, difficulty of river ascension, and 1SW
percentage to differentiate among regions of the North Shore. DU 7 is characterized by
populations with high proportions of 1SW salmon and rivers with lower temperature
regimes than DU 8. The genetic data also suggest these populations have lower levels
of gene flow within the DU than within other areas of the North Shore (Dionne et al.
2008) (mean Fst = 0.037 versus 0.027 in DU 8). There are no known stocking events
in this DU.

26



Designatable Unit 8 — Quebec Western North Shore (Quebec Fishing Areas — 7 and 8;
CUs 24, 25)

This DU extends eastward from the Natashquan River (inclusive) along the
Quebec North Shore to the Escoumins River in the west (inclusive). Dionne et al. (2008)
provided microsatellite, habitat and life history data that segregate this region of the
North Shore from DUs 7 and 10. The eastern edge of the DU appears to be a
transitional area to DU 7 (Dionne et al. 2008) and does not have a clear geographic
feature as a boundary. The western edge of the DU transitions into DU 10 in a similar
fashion. The salmon of DU 8 have the highest proportion of MSW salmon by a
significant margin relative to the other populations in the North Shore DUs. Stocking
in this DU was substantial and has occurred in multiple rivers (Fontaine et al. 1997,
Dionne et al. 2008).

Designatable Unit 9 — Anticosti Island (Quebec Fishing Area 10; CU 27)

This DU encompasses Anticosti Island. DU 9's freshwater habitat is lower gradient
than DU 7’s. However, in terms of temperature, DU 9's freshwater habitat is similar to
DU 7’s (based on degree days: 945 versus 938) but is cooler than DU 8, 10, 11 or 12.
Genetic data from Dionne et al. (2008) show divergence of DU 9 with neighbouring
DUs. These data also suggest that gene flow within DU 9 is high with no significant
differences among several rivers (Fst = 0.002). Some stocking has occurred in this
DU in the past, mainly in the Jupiter River. For example, one-year and two-year-
old smolts, as well as fall fingerlings, were stocked in this river during 1993 to 1995
(Caron et al. 1996).

Designatable Unit 10 — Inner St. Lawrence (Quebec Fishing Area 4, 5 and 6; CUs 21,
22, 23, part of 20)

This DU extends west along the northern shore of the St. Lawrence from the
Escoumins River (not included) into the lower St. Lawrence River and returns eastward
along the southern shore of the St. Lawrence to the Ouelle River (included). DU 10 is
characterized by a higher proportion of 1SW salmon than DU 8 and a lower mean age
at smoltification. Freshwater habitat is also the warmest along the Quebec North Shore.
The genetic data from Dionne et al. (2008) suggests limited gene flow between this DU
and DUs 8 and 12. Stocking in this DU was substantial and has occurred in multiple
rivers (Fontaine et al. 1997, Dionne et al. 2008).

Designatable Unit 11 — Lake Ontario®

Approximately 67 tributaries of Lake Ontario were known to support runs of Atlantic
Salmon. Scales obtained from two adult museum specimens indicate an exclusively
freshwater growth history, suggesting that at least some salmon populations that
originally inhabited Lake Ontario were potamodromous (freshwater resident) (Blair
1938).
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Some authors have suggested that prior to the construction of the R.H. Saunders
Dam in 1958 in the St. Lawrence River, some Atlantic Salmon would have migrated a
distance of 2,400 km to the Atlantic Ocean (summarized in Parsons 1973). However,
since potamodromous individuals in Lake Ontario experienced improved growth in Lake
Ontario, similar to that acquired in the marine environment for anadromous populations,
it seems there would have been few ecological benefits for Lake Ontario salmon to
undertake an extensive marine migration. Unfortunately, there are few data to support
or oppose the existence of anadromy in at least some Lake Ontario populations.
Nonetheless, Lake Ontario Atlantic Salmon differed notably from other DUs in Canada
in that age of smoltification was the lowest in the Canadian range, there were spring
and fall spawning runs, and if anadromy did occur, it would likely have required
prolonged staging in freshwater. These facts, along with the general concurrence of
biologists that at least many populations were potamodromous, suggest that Lake
Ontario Atlantic Salmon population were likely reproductively isolated from other Atlantic
Salmon populations in North America.

Designatable Unit 12 — Gaspé-Southern Gulf of St. Lawrence (Quebec Fishing Area 1,
2 and 3; Salmon Fishing Areas 15, 16, 17 and 18; CUs 9, 10, 11, 12, 18, 19, part of 20)

This DU extends from the Ouelle River (excluded) in the western Gaspé to the
northern tip of Cape Breton (approximately 47°02’ N, 60°35’ W). Data from Dionne et al.
(2008) suggest that the Gaspé and northeastern New Brunswick represent a regional
grouping. The mean Fst (0.011) between rivers was the second lowest among the
seven regions identified, after DU 9. Dionne et al. (2008) did not include the
southeastern Gulf of St. Lawrence in their analysis, but the authors of this report could
find no evidence that the southeastern Gulf exhibited genetic or life history divergence
from the western Gulf of St. Lawrence. There is some evidence from neutral genetic
markers that rivers of western Cape Breton may be divergent from the western Gulf (P.
O'Reilly, Dept. of Fisheries and Oceans, Pers. Comm.), but more data are needed.
Verspoor (2005) also found relatively little evidence of divergence within this region.
Thus, the southeastern Gulf rivers were included in the unit. Genetic data are not
available for Atlantic salmon on Prince Edward Island. While salmon populations in
small streams probably reflect the province’s original populations, those in larger PEI
streams are heavily influenced by stocking from eastern New Brunswick. Size
distributions and run-timing of adults returning to these streams are also broadly similar
to those found elsewhere in the southeastern Gulf (Cairns et al. 2009). For these
reasons, PEI salmon populations are placed within DU 12. As stated above, this region
has an extensive history of stocking (Fontaine et al. 1997 Breau et al. 2009, Cairns et
al. 2009, Cameron et al. 2009, Chaput et al. 2010). PEI both provided salmon eggs for
other rivers in the Maritimes and received substantial numbers of eggs and juveniles
from mainland rivers. For most of this DU, stocking events have been common for at
least the past 100 years.
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Designatable Unit 13 — Eastern Cape Breton (Salmon Fishing Area 19; CUs 13, 14)

This DU extends from the northern tip of Cape Breton Island (approximately
47°02’ N, 60°35’ W) to northeastern Nova Scotia (approximately 45°39’N, 61°25’ W).
The populations in this DU appear to be genetically distinct from its southern neighbour,
DU 14 (Nova Scotia Southern Upland) (Verspoor 2005). Within this DU there is
substantial life history variation between Atlantic coast rivers and the Bras d’Or Lakes
rivers. The Atlantic rivers, for example have higher proportions of 1SW fish. Substantial
differences in freshwater habitat (e.g., stream gradient) and divergent demographic
trends suggest that there is some structuring within the DU. However, sparse genetic
data do not appear to support any clear geographic pattern (P. O'Reilly, Dept. of
Fisheries and Oceans, Pers. Comm.). Stocking in this DU has occurred in some rivers
since at least 1902 when the federal government opened the Margaree hatchery
(DFO 1997), but for the most part has been discontinued for over a decade.

Designatable Unit 14 — Nova Scotia Southern Upland (Salmon Fishing Area 20-21; CU
15)

This DU extends from northeastern mainland Nova Scotia (approximately 45°39'N,
61°25’ W) southward and into the Bay of Fundy to Cape Split (approximately 45°20" N,
64°30° W). Both mtDNA and microsatellite data suggest that gene flow between DU 14
and the neighbouring DUs (13 and 15) is minimal (DFO and MRNF 2008). Many rivers
in DU 14 have freshwater habitat with relatively low pH. They also have lower
proportions of MSW fish than their northern neighbours. Southerly populations in DU 14
also have some of the youngest smolt ages reported in Canada (Chaput et al. 2006a).
This DU also has an extensive history of stocking, including recent efforts to slow the
decline of a few of the severely depressed populations in the DU (J. Gibson
Pers. Comm.).

Designatable Unit 15 — Inner Bay of Fundy (portions of Salmon Fishing Areas 22 and

23; CU 16)

This DU extends from Cape Split (approximately 45°20’ N, 64°30’ W) around the
Inner Bay of Fundy to a point just east of the Saint John River estuary (approximately
45°12' N, 65°57’). This DU has strong genetic differentiation from nearby DUs and
appears to exhibit unique migratory behaviour (within the Bay of Fundy/Gulf of Maine)
(COSEWIC 2006b). Over 40 million salmon of differing ages have been stocked into
rivers of this region since the turn of the 20™ century. Early sources are unclear, but
recent stocking has been done with inner Bay of Fundy progeny (Gibson et al. 2003).
These recent stocking events, intended to maximize exposure of salmon to wild
environments, are a part of a captive-rearing program thought to have prevented, at
least temporarily, the extinction of salmon in this DU (Gibson et al. 2008).
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Designatable Unit 16 — Outer Bay of Fundy (Portion of Salmon Fishing Area 23; CU 17)

This DU extends westwards from just east of the Saint John River estuary
(approximately 45°12’ N, 65°57’) to the border with the United States of America.
Genetic data suggest minimal gene flow between this DU and nearby DUs 14 and
15 (King et al. 2000, Verspoor et al. 2002 and Verspoor 2005). Within this DU the
Serpentine River has a unique run of salmon that return late in the fall and spawn the
following year (Saunders 1981). DU 16 also has a higher proportion of MSW salmon
migrating to the North Atlantic than DU 15 (Amiro 2003). Termination of this DU at
the border with the United States reflects the scope of this report. From a biological
perspective, the U.S. populations may be included in the DU (relationship not
examined in this case).

Table 1. Summary of DU characteristics.

DU Adjacent Salmon/Quebec Genetic Variation Phenotypic Geographic Ecological/Habitat
DUs Fishing Areas Variation
1 - Nunavik 2 Q11 Limited gene flow with  Evidence of local ~ Disjunct from At the northern
other DUs based on migratory routes.  the rest of the extreme of the
neutral markers species species’ range in
Verspoor (2005), distribution Canada, Arctic-like
Dionne et al. (2008), (~650 km of  conditions.
Fontaine et al. (1997). coastline).
2 - Labrador 1,3,6,7 SFA 1,2, 14b Minimal evidence of Higher incidence of Separated Arctic and subarctic
and 6 rivers from sub-structuring in MSW fish. Smolt  from insular  conditions in much
Q9 southern portion of DU, primarily age 4+ Newfoundland of the DU.
data deficient in (Chaput et al. by the Strait ~Anadromous Arctic
northern portion. Some 2006a). of Belle Isle.  char and brook trout
evidence Lake Melville abundant in many
may be distinct watersheds.
King et al. (2001),
Adams (2007), Dionne
et al. (2008).
3 - Northeast 2,4,6 SFA 3-8 ‘European-type’ mtDNA Primarily grilse All rivers flow Relatively low
Newfoundland genotypes present in populations. Smolt directly into  natural pH 6.1-6.5.
this area, Low levels of predominantly age open Low gradient rivers.
gene flow with other 4 (Chaput et al. Northeast
DUs based on neutral  2006a). Atlantic and
genetic markers. Some Highest incidence the Grand
evidence of within-DU  of repeat spawners Banks.
sub-structure in Canadian range.
King et al. 2000, Substantial non-
Verspoor (2005), anadromous
Adams (2007), Palstra  population
et al. (2007). components.
4 - South 3,5 SFA 9-12 Evidence of within-DU  Some rivers have  Rivers empty Relatively low pH
Newfoundland sub-structuring, but no  early run timing, into a region  water usually < 5.5.
geographic pattern. Low and median smolt influenced by Some areas are
levels of gene flow with age of 3 years the Gulf high gradient
other DUs based on (Chaput et al. Stream systems. Milder
neutral markers 2006a). Substantial versus the climate relative to
Verspoor (2005), non-anadromous  Labrador northern portions of
Adams (2007), Palstra  population Current. insular
et al. (2007). components. Newfoundland.
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DU

Adjacent
DUs

Salmon/Quebec Genetic Variation

Fishing Areas

Phenotypic
Variation

Geographic

Ecological/Habitat

5 - Southwest
Newfoundland

6 - Northwest
Newfoundland

7 - Quebec
Eastern North
Shore

8 - Quebec
Western North
Shore

9 - Anticosti
Island

10 - Inner St.
Lawrence

11- Lake Ontario

12 - Gaspé-

Southern Gulf of

St. Lawrence

4,6

2,57

2,6,8,9

7,9,10

7,8,10,12,
13

8,11,12

9,10,13

SFA 13

SFA 14a

Part of Q8 and
Q9

Part of Q7 and
Q8

Q10

Q4,5,6

FMZ 20

Q1,2,3 and SFA
15,16,17,18

Evidence of higher rates
of gene flow within this

DU than among

adjacent DUs and within

other DUs
Verspoor (2005),
Palstra et al. (2007).

Data deficient.

Neutral markers
suggest higher gene
flow within this region
than among adjacent
DUs. Data suggest

western border with DU

8 may be ambiguous.
Dionne et al. (2008).

Neutral markers

suggest within DU gene

flow is higher than
among adjacent DUs.
Some evidence of
transitional areas on
borders.

Dionne et al. (2008)

Neutral markers
suggest gene flow

within this DU may be
variable. Low levels of
distinction among some

rivers, but clearly

divergent from mainland

Dionne et al. (2008).

Neutral markers
suggest divergence
from adjacent DUs
Dionne et al. (2008).

Data deficient

Data deficient, but some
evidence of divergence
at eastern (Dionne et al.

2008) and western

edges (P. O'Reilly pers.

comm.)

Earliest ages of
smoltification on

Rivers empty
in the Cabot

Many low gradient
streams, limited

the Island. Only DU Strait and Gulf lacustrine habitat.

on insular
Newfoundland with
a substantial MSW

of St.
Lawrence.
Close

component (Chaput proximity to

et al. 2006a).

Small MSW

southern DUs
(e.g., DU 13).

Rivers flow

component (Chaput into the Strait

et al. 2006a).

Characterized by
populations with
high proportions of
1SW salmon
(Chaput et al.
2006a).

Highest proportion
of MSW salmon by
a significant margin
relative to the other
DUs of the North
Shore (Chaput et
al. 2006a).

Higher proportion
of 1SW salmon
than many nearby
DUs (Chaput et al.
2006a).

Lower mean age at
smoltification than
nearby DUs
(Chaput et al.
2006a).

Likely
potamodromous
with the possibility
of some
anadromous
populations. Had
the youngest smolt
ages in Canadian
range.

Variable life
histories across the
DU, but no clear
geographic pattern
(Chaput et al.
2006a).

of Belle Isle.

No clear
geographic
boundary with
DU 8 or DU 2,
but separated
from other
DUs by Gulf
of St.
Lawrence

No clear
geographic
boundary with
DU 7 or DU
10, but
separated
from other
DUs by Gulf
of St.
Lawrence.

Distinct island
system in the
Gulf of St.
Lawrence.

NA

Inland lake
system

Encompasses
entire
southern Gulf
of St.
Lawrence and
PEI.

Lacustrine habitat
abundant.

Rivers with lower
temperature
regimes than DU 8

Higher gradient
rivers than nearby
DUs (Dionne et al.
2008).

Lower gradient
rivers (Dionne et al.
2008).

Freshwater habitat
is also the warmest
along the Quebec
North Shore.

Unknown

Variable across the
DU. PEl is a distinct
island system.
Miramichi River is
the dominant
system.
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DU Adjacent Salmon/Quebec Genetic Variation Phenotypic Geographic Ecological/Habitat
DUs Fishing Areas Variation
13 - Eastern Cape 12,14 SFA 19 Absence of Variable life Island system. Higher gradient
Breton mitochondrial haplotype histories across the Many of the  rivers than nearby
observed in DU 14 DU. Some DU rivers flow DUs.
Verspoor et al. (2005). evidence of into the open
western and Atlantic
eastern geographic Ocean. Large
pattern (Chaput et inland lake
al. 2006a). system.
14 - Nova Scotia 13,15 SFA 20, 21 Allozyme, Lower proportions  Rivers flow Many rivers in DU

Southern Upland

15 - Inner Bay of 14,16
Fundy

16 - Outer Bay of 15
Fundy

Portions of SFA
22 and 23

Portion of SFA
23

mitochondrial, and
microsatellite data
suggest divergence
among DUs 14,15,16.
Verspoor (2005),
Verspoor et al. (2005).
O'Reilly, pers. com.

Allozyme,
mitochondrial, and
microsatellite data
suggest divergence
among DUs 14,15,16.
Verspoor (2005),
Verspoor et al. (2005).
O'Reilly, pers. com.

Allozyme,
mitochondrial, and
microsatellite data
suggest divergence
among DUs 14,15,16
Verspoor (2005),
Verspoor et al. (2005).
O'Reilly, pers. com.

of MSW fish than  into Western 14 have freshwater

their northern North Atlantic habitat with
neighbours. Ocean relatively low pH.
Southerly

populations in DU
14 also have some
of the youngest
smolt ages
reported in Canada
(Chaput et al.
2006a).

Unique migratory  Confinedto  Unique Bay of
behaviour. the inner Bay Fundy tidal system.
of Fundy.

DU 16 has a higher
proportion of MSW
salmon migrating to
the North Atlantic
than DU 15
(Chaput et al.
2006a).

Several systems
with unusual run
timing.

Global range"

DISTRIBUTION

Atlantic Salmon originally occurred in every country whose rivers flow into the
North Atlantic Ocean and Baltic Sea (Mills 1989) (Figure 10). The range of Atlantic
Salmon extended southward from northern Norway and Russia along the Atlantic
coastal drainage to Northern Portugal including rivers in both France and Spain
(MacCrimmon and Gots 1979). In North America, the range of the anadromous
Atlantic Salmon was northward from the Hudson River drainage in New York State, to
outer Ungava Bay in Quebec (MacCrimmon and Gots 1979). Non-migratory or non-
anadromous forms of Atlantic Salmon occur in areas of Europe, and North America.
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The current distribution is reduced compared to the historical range and the
number of rivers supporting spawning runs in each country, as well as the estimated
population sizes, are much lower than those recorded historically.
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Figure 10. Current global distribution of Atlantic Salmon (Salmo salar), excluding Canada. Arrows indicate migration
patterns of wild salmon. The total number of historical salmon-bearing rivers worldwide is indicated at the
right of map. COSEWIC (2006).

Canadian range’

The Canadian range is roughly one-third the area of the total global range, and
extends northward from the St. Croix River (at the border with Maine, U.S.A.) to outer
Ungava Bay of Quebec, plus one population in Eastern Hudson Bay (MacCrimmon and
Gots 1979, Scott and Crossman 1973). Salmon occupy or have occupied at least 700
rivers in the Canadian range", not including many smaller rivers that have been
occupied intermittently.

Extent of occurrence and area of occupancy

With the exception of the extinct Lake Ontario population (DU 11) the extent of
occurrence of each of the Atlantic Salmon DUs includes a large portion of the North
Atlantic Ocean, substantially greater than 20,000 km?. Accurate estimates of area of
occupancy during the most spatially confined life history stages, spawning and early
rearing of juveniles, are not possible for the great majority of rivers occupied by salmon,
based on current knowledge. To determine whether index of area of occupancy (IAO)
might fall below important thresholds (2,000 km? or 500 km?) for status assessments of
individual DUs, estimates of IAO were made for eight DUs with small numbers of rivers.
DU 15 (Inner Bay of Fundy), for which area of occupancy was previously estimated to
be 9 km? (COSEWIC 2006b) was not included in this analysis. IAO was estimated using
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2 x 2 km grids overlaying potential river habitat, beginning with main stems of known
spawning rivers. If these summed to less than 2,000 km? for any DU, tributaries were
also included in the analysis. Where available, information about barriers limiting access
of migratory salmon was taken into account.

Using this approach, estimated IAO exceeded the 2,000 km? threshold for each of
the following six DUs (see Technical Summaries for exact values of estimates): DU 1, 7,
8,9, 14, 16. Two DUs 10 (Inner St. Lawrence) and13 (Eastern Cape Breton), had
estimated IAOs below 2,000 km?, 1552 and 1684 km?, respectively.

HABITAT

Atlantic Salmon have complex and plastic life histories that begin in freshwater and
may involve extensive migrations through freshwater and marine environments before
returning to fresh water to spawn.
Freshwater habitat requirements""

Atlantic Salmon rivers are generally clear, cool and well oxygenated, with low to

moderate gradient, and possessing bottom substrates of gravel, cobble and boulder
(COSEWIC 2006b).

Habitat is considered a limiting resource to freshwater production and is used to
set conservation requirements for Canadian rivers (O’'Connell et al. 1997a). Loss of
freshwater habitat since European colonization has resulted in dramatic declines in the
range and abundance of Atlantic Salmon (Leggett 1975). A relatively small but locally
significant amount of habitat has been created by enhancing passage through the
removal of natural barriers. This has increased salmon population size in several rivers
(e.g. Mullins et al. 2003).

Freshwater habitat use by Atlantic Salmon is diverse, widely documented and the
subject of substantial reviews (Bjornn and Reiser 1991, Gibson 1993, Bardonnet and
Bagliniere 2000, Armstrong et al. 2003a, Rosenfeld 2003, Amiro 2006). Spawning beds
are often gravel areas with moderate current and depth (Fleming 1996), but habitats
used by juvenile and adult salmon range across freshwater fluvial, lacustrine and
estuarine environments. Individual fish may often use several habitat types during
their freshwater residency (Erkinaro and Gibson 1997, Bremset 2000) for demographic
(Saunders and Gee 1964), and ecological reasons (Morantz et al. 1987, Bult et al.
1999).
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Juvenile salmon typically maintain relatively small feeding territories in streams,
which can be relocated when individuals undergo larger-scale movements to seek
improved foraging conditions, refuge (thermal or seasonal) and/or precocious spawning
(McCormick et al. 1998). In some areas (e.g. Newfoundland), juveniles also occupy
lacustrine habitats where growth benefits are accrued (Hutchings 1986). In winter, parr
may occupy interstitial spaces in the substrate (Cunjak 1988) and/or move to lacustrine
habitats (Robertson et al. 2003). Ultimately, home ranges in freshwater are abandoned
when smolt begin to migrate to the marine environment (the Lake Ontario populations,
which likely migrated to lake environments, were an exception to this generalization).
The propensity for migration underscores the importance of habitat connectivity, not
only to allow adults to reach spawning grounds, but also for seasonal movements of
juveniles and ontogenetic shifts in habitat.

In Lake Ontario, adult ‘Lake’ salmon typically remained in the lake until
immediately prior to spawning, at which time they ascended their natal streams and
established spawning sites. The small size of most tributaries of Lake Ontario and their
low flow and volume were, in most cases, unfavourable for the extended residency of
large salmon (Parsons 1973). Adults rarely remained in the streams longer than one
week after spawning (Parsons 1973). Little is known about the preferred lacustrine
habitat of Atlantic Salmon except that lakes with deep, cool, oligotrophic conditions, a
forage base that includes rainbow smelt (Osmerus mordax), and the presence of feeder
streams providing suitable spawning and nursery habitat, appear to be the most
ecologically suitable (MacCrimmon and Gots 1979, Cuerrier 1983). Historically, Lake
Ontario salmon may have depended on cisco and later alewife before smelt entered the
lake in the 1930s. Lake Ontario most likely served the same function for adult and
juvenile lake salmon as the ocean did for anadromous populations.

Chemical conditions also play a role in defining salmon habitat. Atlantic Salmon
populations can experience reduced production or even extirpation in conditions of low
pH (DFO 2000). Tolerance is life-stage dependent with fry and smolt being the most
sensitive. Generally rivers that have pH’s between 4.7 and 5.0 are considered
moderately impacted and those below 4.7 are considered acidified (DFO 2000),
and are unlikey to be able to support salmon populations.

Temperature has been described as the most pervasive abiotic attribute controlling
the production of teleost fishes in streams (Heggenes et al. 1993). Relative to other
salmonids, Atlantic Salmon parr are relatively tolerant of high water temperatures
(Elliot 1991). Temperatures above 22°C are unsuitable for feeding (Elliot 1991) and the
maximum incipient lethal temperature (the temperature at which all salmon would exit a
habitat if the opportunity were available) was estimated to be 27.8°C (Garside 1973).
There is a gradual increase in smolt age associated with increasing latitude which is
considered to depend upon growth opportunities in spring and summer (Metcalfe and
Thorpe 1990). Therefore, it is entirely possible that an optimum temperature regime
exists, affecting Atlantic Salmon abundance via smolt productivity.
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Available habitat is a direct function of discharge (Bovee 1978) and exposure
of juvenile populations to extended low flow periods may limit production in streams.
Low flows have also been widely observed to delay entry of returning spawners to
freshwater environments (Stasko 1975, Brawn 1982). Variation in flow, however, is
normal in the temperate streams that salmonids occupy. Atlantic Salmon have been
noted for their capacity to cope with this variation in flow and associated physical
constraints relative to other sympatric salmonids. Juvenile salmon were noted to
move from pool to riffle habitats at higher discharges (Bult et al. 1999), which is
complementary to the noted preference of pools at low discharge (Morantz et al. 1987).
This adaptability enables juvenile salmon to occupy extensive sections of streams that
experience flow and temperature variation.

The migratory behaviour exhibited by Atlantic Salmon makes them particularly
vulnerable to the negative effects of obstructions. Both natural and man-made barriers
to fish passage severely reduce the production of salmon by restricting mature salmon
from reaching spawning habitat and preventing juveniles from reaching feeding and
refuge habitats. In general, most obstructions in excess of 3.4 m in height will block
the upstream passage of adult salmon (Powers and Orsborn 1985). Ideally, a passable
falls will have a vertical drop into a plunge pool with a depth 1.25 times the height.
Depending on the shape of the falls and plunge pool, the maximum height can be
considerably less. Furthermore, since jumping and swimming capacity is a function of
body length (Reiser and Peacock 1985), the ability of juveniles to surmount barriers is
greatly reduced relative to adults.

Marine habitat requirements™"

Salmon move, as juvenile smolts or post-spawning ‘kelts’, from fresh water to
brackish estuaries and then to the open ocean (Figure 11). O’Connell et al. (2006)
report that it is in the ocean where “growth... is rapid relative to that in fresh water...
mass increases about 75-fold between the smolt stage and 1SW salmon stage, and
over 200-fold from smolts to 2SW salmon”. Overall natural mortality in the sea is high
and variable and there are many factors that can affect the survival of Atlantic Salmon,
some habitat-related (Reddin 2006). However, Reddin (2006) also reports “population-
specific information is lacking concerning the cause of these mortalities and this is partly
because detailed information on migration routes and distribution is generally
unavailable for specific populations, although it is thought that their distributions
generally overlap in the North Atlantic.”
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Survival rates associated with the transition from fresh water to ocean life for
Atlantic Salmon, whether for smolts or kelts, have an important influence on year-class
strength (Reddin 2006). It is generally thought that water temperature is the main
controlling environmental variable for smoltification (although photoperiod is also
important). The smolt transformation process is accompanied by changes in
metabolic rate, with increases in energy demands underpinning the need for the fish
to immediately begin feeding. Of all the variables influencing survival of ‘postsmolt’
(individuals experiencing their first several months at sea) salmon, temperature is
particularly important because temperature regulates metabolic rate. If postsmolts are
to survive, individuals must quickly adapt to their new physical environment and be able
to escape predators and capture prey. Temperatures occupied by salmon range from
below 0 to nearly 20°C, although most were 8-15°C (Reddin 2006). The length of time
spent in or near the home estuary is thought to be as brief as 1-2 tidal cycles and may
limit opportunities for predation. In general, postsmolt movement to oceanic areas is
rapid. Tracking studies confirmed this rapid movement away from estuaries towards the
open sea and showed that migration was influenced by tidal currents and wind (Hedger
et al. 2008; Matrtin et al. 2009). One exception was in the Gulf of St. Lawrence where
salmon postsmolts were caught in a nearshore zone late in the summer; presumably
long after they had left their home river and estuary (Dutil and Coutu 1988). In North
America, movement of postsmolts, once in the open sea, is generally northwards.

Research surveys for postsmolts in the Northwest Atlantic have yielded highest
catches and catch rates between 56° and 58° N in the Labrador Sea; capture dates and
behaviour suggest that some postsmolts probably overwinter there as well (Reddin
2006). Postsmolts in the Labrador Sea originate from rivers over much of the
geographical range of salmon in North America, but the degree of their migration to the
Labrador Sea varies by population. Postsmolts have also been caught as bycatch in
herring gear in the northern Gulf of St. Lawrence in late summer. The winter destination
of these salmon remains unknown. Postsmolts from rivers in the inner Bay of Fundy
have been observed to remain in the Bay of Fundy until late summer. Although the
overwinter location of iBoF salmon is unknown, the lack of tag recoveries from distant
intercept fisheries indicates that iBoF salmon do not go as far north as other salmon
stocks.

In spring, adult salmon are generally concentrated in abundance off the eastern
slope of the Grand Bank and less abundantly in the southern Labrador Sea and over
the Grand Bank. During summer to early fall, adult, non-maturing salmon are
concentrated in the West Greenland area and less abundantly in the northern Labrador
Sea and Irminger Sea. There are notable exceptions to these tendencies. As for
postsmolts from the same area, few adult salmon from the iBoF are caught outside the
Bay itself. Another exception is Ungava Bay, where salmon from local rivers are known
to overwinter. In some cases adults from ‘spring run’ populations may be migrating up-
river while other conspecifics from nearby populations are well out to sea.
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Sea surface temperature (SST) and ice distribution control run timing and
distribution in the Northwest Atlantic (Reddin 2006). Salmon are found at sea in water
with SSTs of 1-12.5°C, with peak abundance at SSTs of 6-8°C. In the Labrador Sea,
80% of the salmon were found in SSTs between 4-10°C (Reddin 2006). Similarly,
tagged Atlantic Salmon kelts were found in temperatures ranging from a low near 0°C to
over 25°C, although most of the time kelts stayed in seawater of 5-15°C (Reddin et al.
2004). Lethal temperatures for adult salmon occur below 0°C (Fletcher et al. 1988). This
may explain the tendency of salmon to avoid ice-covered water as reported by May
(1973). The significant relationship for SSTs and salmon catch rates suggests that
salmon may modify their movements at sea depending on SST.

Lethal seawater temperatures for both wild and farmed salmon smolts adapting
to seawater occurred at both low and high temperatures (Sigholt and Finstad 1990,
Handeland et al. 2003). At the lower end of the temperature range, mortalities of
postsmolts occurred at sea temperatures of 6-7°C while at the higher end, mortalities
occurred at temperatures over 14°C. This suggests that there may also be
environmental windows for successful smolt transition into the sea.

Friedland (1998) reviewed ocean climate influences on salmon life history events
including those related to age at maturity, survival, growth and production of salmon at
sea. He concluded that ocean climate and ocean-linked terrestrial climate events affect
nearly all aspects of salmon life history. For example, higher sea surface temperature
has been implicated in increasing the ratio of grilse to MSW salmon (Saunders et al.
1983, Jonsson and Jonsson 2004), perhaps through growth rates (Scarnecchia 1983).
Also, Scarnecchia (1984), Reddin (1987), Ritter (1989), Reddin and Friedland (1993),
Friedland et al. (1993), Friedland et al. (1998, 2003a, 2003b), and Beaugrand and Reid
(2003) showed significant correlations between salmon catches/production and
environmental cues, including those related to plankton productivity.
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Figure 11. Routes of marine migration of postsmolt (left panel) and returning adults (right panel). Figure modified
from Reddin (2006).

Freshwater habitat trends™

Dams, with and without fish passages, probably account for the majority of salmon
habitat lost in North America. Prior to the development of hydroelectric power there
were extensive small mill dams. From 1815 to 1855 more than 30 mills a year were
being built in the Atlantic provinces (Dunfield 1985). In Nova Scotia alone, there were a
total of 1,798 dams in 1851. In both Nova Scotia and New Brunswick, surveys
documented severe habitat loss and destruction caused by dams and mill waste.
Estimates made at the time indicated that 70-80% of the habitat for salmon was
affected. A similar situation was occurring in ‘Upper Canada’ at this time and by 1866,
salmon in many tributaries of Lake Ontario were severely depleted or extirpated
(Dunfield 1985).

With the development of the Fisheries Act, shortly after confederation in Canada,
some habitat conditions improved. However, a new trend of development began for
hydroelectricity in the late 1920s. This technology required the construction of high-head
concrete dams that flooded vast areas of rivers. Fish passage structures, when
installed, proved to be difficult to operate effectively and in many cases were eventually
abandoned due to the lack of fish. Many of the major rivers were developed for
hydroelectric power over the next 40 years and more salmon populations were lost.
Because hydro developments were often associated with existing falls, not all
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hydroelectric power developments directly caused the loss of salmon populations.

No complete inventory of dams and habitat loss is found in the literature. However, it is
notable that five of the largest rivers in Nova Scotia, all of which had salmon prior to
European colonization, were subsequently developed for hydropower and no longer
have indigenous salmon populations (DFO and MRNF 2008). This observation is clearly
not unique to Nova Scotia. Gains in habitat, though modest compared to losses, were
achieved by providing passage around natural barriers. For example in Newfoundland,
enhancements from the 1940s to the 1990s opened up over 21,600 ha of fluvial habitat
to salmon (Mullins et al. 2003).

Overall, prior to 1870 as much as 50% of the habitat, or the populations that used
those areas, were lost. The majority of these populations and areas were in the Upper
St. Lawrence and Lake Ontario (Leggett 1975). The net loss of productive capacity by
1989 was estimated at 16% since 1870, 8% due to loss in productive capacity, 7% due
to impoundment, and 3% due to acidification (Watt 1989). During the same period, there
was a 2% increase from fish passage development (Watt 1989).

In addition to reductions in habitat availability, freshwater habitat quality has
suffered in some areas due to acidification. North American emissions of SOz increased
during the industrial revolution and peaked in the early 1970s. Approximately 60% of
wet sulfate deposition is from human activities in North America. Reductions in
emissions have since been achieved and are reflected in both wet sulfate depositions
and hydrogen ion concentrations at monitored sites. Anthropogenic sulfate deposition
has decreased about one-third since the mid-1980s (DFO 2000). This has caused a
large decrease in the deposition of acidifying substances. Unfortunately, the reduction in
atmospheric hydrogen (H+) deposition has not resulted in a substantial decrease in lake
acidity at negatively affected sites in Nova Scotia. Furthermore, reduction in acid
deposition has not been reflected in the acid neutralization capacity (ANC). As a result,
22% of the 65 salmon rivers on the Southern Upland are ‘acidified’ and are known to
have lost their salmon populations (DFO 2000).

There have been recent efforts to restore habitat in and around traditional salmon
spawning streams, particularly in riparian areas, in the Lake Ontario drainage. It is
important to note that continued increase in urbanization (and associated increase in
impervious cover) of the Greater Toronto Area is likely to have direct and indirect
impacts on the chemical and biological characteristics of streams in the region
(Stanfield and Kilgour 2006, Stanfield et al. 2006). Within the lake itself, there have also
been many changes that may negatively affect Atlantic Salmon survival including the
introduction of Pacific salmon and other non-native salmonid species (Christie 1973,
Scott et al. 2003), and the invasion of Lake Ontario by species such as Sea Lamprey
(Petromyzon marinus) (Christie 1972) and dreissenid mussels.

Quebec and Atlantic populations are also facing varying degrees of changing land-

use patterns (e.g. urbanization, forestry, agriculture) and threats from invasive species.
These are qualitatively outlined in the Threats and Limiting Factors section.
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Marine habitat trends”

Climate change is a critical issue for Atlantic Salmon, as it can alter productivity
and cause ecological regime shifts (Hare and Francis 1995, Steele 2004, Beamish et al.
1997). In the northwest Atlantic, there is evidence that a basin-scale shift (as a
consequence of changes in the North Atlantic Oscillation Index) has negatively affected
the productivity of Atlantic Salmon (Reddin et al. 2000, Chaput et al. 2005), and may be
linked to downturns in salmon abundance (Dickson and Turrell 2000) and recruitment
(Beaugrand and Reid 2003, Jonsson and Jonsson 2004, Chaput et al. 2005) in the
North Atlantic. Recent research has also suggested that there may be substantial
impacts on early growth in the marine environment as a consequence of climate change
(Friedland et al. 2005, 2006, 2009).

Recent downturns in Atlantic Salmon abundance in the late 1980s and 1990s are
unprecedented in magnitude and have drawn attention to the lack of knowledge of
salmon ecology during the marine phase (Reddin 2006). Because declines in salmon
abundance have been widespread, and because apart from DUs 14-16, there have
been few indications of reduced smolt production in fresh water, it has been concluded
that the main cause lies within the ocean phase (Reddin and Friedland 1993, Friedland
et al. 1993). For many rivers where marine survival has been measured, the lowest
recorded values have occurred in recent years. These low survivals have coincided with
greatly reduced marine exploitation (fishing) achieved through massive reductions in
effort or in some cases complete bans (ICES 2005), leaving the conclusion that
something other than fishing is the main cause. Beaugrand and Reid (2003) have
detected large-scale changes in the biogeography of calanoid copepod crustaceans in
the northeast Atlantic in relation to sea surface temperature. It seems that copepod
assemblages associated with warm water have shifted about 10° latitude northwards.
Declines in a number of biological variables, including salmon abundance, have shown
to be correlated with these changes (DFO and MRNF 2008). This regional temperature
increase therefore appears to be an important factor driving changes in the dynamics of
northeast Atlantic pelagic ecosystems with possible consequences for biogeochemical
processes, all fish stocks, and fisheries. Regime shifts associated with climate change
are predicted to continue, particularly in the Labrador Sea; now considered to be the
“centre of action of climate change in the North Atlantic for the 21 century” (Dickson et
al. 2007 in Green et al. 2008).

Unlike other populations in Canada, inner Bay of Fundy (iBoF) salmon are thought
to overwinter in the Bay of Fundy / Gulf of Maine. Nonetheless, poor marine survival
remains the primary driver of the collapse of iBoF stocks. Significant declines in marine
habitat quality and abundance in this region may be occurring due to at least three
mechanisms. First, over 400 tidal barriers have been constructed in the Bay of Fundy,
and while their placement predates 1970 (Wells 1999), it is possible that cumulative
effects through time have negatively altered the iBoF ecosystem for salmon. Second, a
large aquaculture industry has grown in the w