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Preface 43 

 44 

The federal, provincial, and territorial government signatories under the Accord for the 45 

Protection of Species at Risk (1996)2 agreed to establish complementary legislation and 46 

programs that provide for effective protection of species at risk throughout Canada. 47 

Under the Species at Risk Act (S.C. 2002, c.29) (SARA), the federal competent 48 

ministers are responsible for the preparation of recovery strategies for listed Extirpated, 49 

Endangered, and Threatened species and are required to report on progress within 50 

five years after the publication of the final document on the Species At Risk Public 51 

Registry.  52 

 53 

The Minister of Environment and Climate Change Canada and Minister responsible for 54 

the Parks Canada Agency is the competent minister under SARA for the Marbled 55 

Murrelet and has prepared this recovery strategy, as per section 37 of SARA. To the 56 

extent possible, it has been prepared in cooperation with the Minister of Fisheries, 57 

Oceans and the Canadian Coast Guard, the Province of British Columbia, Indigenous 58 

Organizations, and affected stakeholders, as per section 39(1) of SARA. 59 

 60 

Success in the recovery of this species depends on the commitment and cooperation of 61 

many different constituencies that will be involved in implementing the directions set out 62 

in this strategy and will not be achieved by Environment and Climate Change Canada 63 

and the Parks Canada Agency, or any other jurisdiction, alone. All Canadians are 64 

invited to join in supporting and implementing this strategy for the benefit of the Marbled 65 

Murrelet and Canadian society as a whole. 66 

 67 

This recovery strategy will be followed by one or more action plans that will provide 68 

information on recovery measures to be taken by Environment and Climate Change 69 

Canada and/or the Parks Canada Agency and other jurisdictions and/or organizations 70 

involved in the conservation of the species. Implementation of this strategy is subject to 71 

appropriations, priorities, and budgetary constraints of the participating jurisdictions and 72 

organizations. 73 

 74 

The recovery strategy sets the strategic direction to arrest or reverse the decline of the 75 

species, including identification of critical habitat to the extent possible. It provides all 76 

Canadians with information to help take action on species conservation. When critical 77 

habitat is identified, either in a recovery strategy or an action plan, SARA requires that 78 

critical habitat then be protected.  79 

 80 

In the case of critical habitat identified for terrestrial species including migratory birds 81 

SARA requires that critical habitat identified in a federally protected area3 be described 82 

in the Canada Gazette within 90 days after the recovery strategy or action plan that 83 

                                            
2 www.canada.ca/en/environment-climate-change/services/species-risk-act-accord-funding.html#2 
3 These federally protected areas are:  a national park of Canada named and described in Schedule 1 to the Canada 
National Parks Act, The Rouge National Park established by the Rouge National Urban Park Act, a marine protected 
area under the Oceans Act, a migratory bird sanctuary under the Migratory Birds Convention Act, 1994 or a national 
wildlife area under the Canada Wildlife Act see ss. 58(2) of SARA. 

https://www.canada.ca/en/environment-climate-change/services/species-risk-act-accord-funding.html#2
https://www.canada.ca/en/environment-climate-change/services/species-risk-act-accord-funding.html#2
http://www.canada.ca/en/environment-climate-change/services/species-risk-act-accord-funding.html#2
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identified the critical habitat is included in the public registry.  A prohibition against 84 

destruction of critical habitat under ss. 58(1) will apply 90 days after the description of 85 

the critical habitat is published in the Canada Gazette.  86 

 87 

For critical habitat located on other federal lands, the competent minister must either 88 

make a statement on existing legal protection or make an order so that the prohibition 89 

against destruction of critical habitat applies.  90 

 91 

If the critical habitat for a migratory bird is not within a federal protected area and is not 92 

on federal land, within the exclusive economic zone or on the continental shelf of 93 

Canada, the prohibition against destruction can only apply to those portions of the 94 

critical habitat that are habitat to which the Migratory Birds Convention Act, 1994 applies 95 

as per SARA ss. 58(5.1) and ss. 58(5.2).  96 

 97 

For any part of critical habitat located on non-federal lands, if the competent minister 98 

forms the opinion that any portion of critical habitat is not protected by provisions in or 99 

measures under SARA or other Acts of Parliament, or the laws of the province or 100 

territory, SARA requires that the Minister recommend that the Governor in Council make 101 

an order to prohibit destruction of critical habitat. The discretion to protect critical habitat 102 

on non-federal lands that is not otherwise protected rests with the Governor in Council.   103 

  104 



Amended Recovery Strategy for the Marbled Murrelet 2021 
 

iii 
 

Acknowledgments 105 

 106 

Current members of the Marbled Murrelet Recovery Team who contributed to this 107 

recovery strategy are: 108 

 109 

Kerry Woo (Chair - Environment and Climate Change Canada, Canadian Wildlife 110 

Service),  111 

Douglas Bertram (Former chair - Environment and Climate Change Canada, Science 112 

and Technology)  113 

Alan Burger (University of Victoria - adjunct professor)  114 

John Deal (Western Forest Products)  115 

David (Dov) Lank (Simon Fraser University) 116 

David Lindsay (TimberWest) 117 

Bernard Schroeder (Friends of Ecological Reserves),  118 

Don Morgan (B.C. Ministry of Environment) 119 

Ross Vennesland (Parks Canada Agency / Environment and Climate Change Canada, 120 

Canadian Wildlife Service) 121 

Louise Waterhouse (B.C. Ministry of Forests, Lands, Natural Resource Operations). 122 

 123 

The following people are thanked for their past participation on the recovery team: 124 

 125 

Steve Baille, Louise Blight, Trudy Chatwin, Carole Eros, Stewart Guy, Jeff Hoyt, 126 

Toby Jones, Irene Manley, Sue McDonald, Brian Nyberg, Kathy Paige, Brian Reader, 127 

Dominique Sigg, Chris Wood, Michael Dunn, Anne Harfenist, Gary Kaiser, and 128 

Ken Morgan. 129 

 130 

The following people are acknowledged for their valuable contributions to the document: 131 

 132 

Peter Arcese, Sharyn Alexander, Jenna Cragg, David Cunnington, Mark Drever, 133 

Trish Hayes, Monica Mather, Leon McCartney, Mark Messmer, Connie Miller-Retzer, 134 

Patrick O’Hara, Lucy Reiss, Cliff Robinson, Dan Shervill, Doug Steventon and 135 

Wayne Wall. 136 

 137 

 138 

 139 

  140 



Amended Recovery Strategy for the Marbled Murrelet 2021 
 

iv 
 

Executive Summary  141 

 142 

The Recovery Strategy for the Marbled Murrelet (Brachyramphus marmoratus) in 143 

Canada (Environment Canada 2014) was originally posted on the Species at Risk 144 

Public registry in June 2014. This recovery strategy was amended in 2021 to: 145 

 Update marine information in the Needs of the Marbled Murrelet (Section 3.3) 146 

 Update the short term Population and Distribution Objective to better address 147 

marine life history (Section 5) and the corresponding Measuring Progress (Section 148 

8) 149 

 Add an identification of marine critical habitat to the extent possible (Section 7; 150 

Table 9; Appendix B) 151 

 Update the Strategic Direction for Recovery (Table 5) and Schedule of Studies to 152 

Identify Critical Habitat (Table 10), with respect to marine critical habitat 153 

 Add Biophysical Attributes – Marine Critical Habitat (Section 7.1.6) and Activities 154 

Likely to Result in the Destruction of Critical Habitat to include marine aspects 155 

(Table 10) 156 

 Adjust table numbers and chapter numbering of Section 7 to reflect changes and 157 

additions 158 

 Add minor corrections and clarification throughout the document, including the 159 

wording in table C-1, Appendix C (note this did not result in any substantive 160 

changes to content) 161 

 162 

Except for the additions described above, no other changes were made to the 2014 163 

posted recovery strategy. Further amendments may be made to update other sections 164 

of the document in the future. 165 

 166 

The Marbled Murrelet is a small seabird that spends most of its time at sea close to 167 

shore.  Marbled Murrelets are secretive and nest as solitary pairs at low densities, 168 

typically in old-growth forests within 50 km of the sea.  In Canada, Marbled Murrelets 169 

are found only on Canada’s Pacific coast.  The current Canadian population (estimated 170 

at 99,100 birds) is about 28% of the estimated global total of 357,900 birds The Marbled 171 

Murrelet was assessed as Threatened in 2012 by the Committee on the Status of 172 

Endangered Wildlife in Canada (COSEWIC). 173 

 174 

The main terrestrial threats to Marbled Murrelets include historic, current and future loss 175 

of old-growth nesting habitat; fragmentation of old-growth nesting habitat resulting in 176 

increased predation rates and adverse changes to microclimate near the ‘hard’ forest 177 

edges; predation at nest sites; and potential threats related to the development of 178 

energy infrastructure, including collision risks and increases in predator concentrations.  179 

Marine threats include: chronic and catastrophic oil spills; entanglement in fishing gear 180 

(mainly gill-nets); predation at sea; and current and future boat traffic and shipping 181 

which disrupts foraging and marine distributions. 182 

 183 

Recovery of the Marbled Murrelet is considered biologically and technically feasible. 184 

 185 
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The short-term population and distribution objective for the recovery of Marbled 186 

Murrelets is that over the period 2002-2032 (three generations) any decline of the 187 

British Columbia (B.C.) population and the area of its nesting habitat will have slowed to 188 

a halt and the total population and area (amount) of nesting habitat coast-wide will have 189 

stabilized above 70% of 2002 levels, with sufficient areas of nesting habitat remaining in 190 

the six primary conservation regions, and corresponding sufficient areas of suitable 191 

marine habitat to support all life stages of nesting and wintering birds.  Short-term 192 

recovery objectives for six primary conservation regions are recommended to achieve 193 

the overall coast-wide objective of 70% retention of 2002 population and nesting habitat 194 

levels. 195 

 196 

The long term population and distribution objective for the recovery of Marbled 197 

Murrelets is to ensure a high probability of persistence after 2032 across its range, with 198 

a stable population level above 70% of 2002 population estimates.  This will be 199 

achieved by maintaining sufficient suitable nesting and marine habitat, and by reducing 200 

other threats. 201 

 202 

The broad strategies to address the threats to the survival and recovery of the species 203 

are presented in the section on Strategic Direction for Recovery. 204 

 205 

An identification of terrestrial critical habitat is included to the extent possible.  Areas 206 

within which terrestrial critical habitat occurs are delineated for the seven conservation 207 

regions (Appendix B). Minimum habitat retention targets (hectares) are included based 208 

on the short-term recovery objectives (Appendix C).  209 

 210 

An identification of marine critical habitat is included to the extent possible, covering an 211 

area where information is currently available (in the Salish Sea and adjacent marine 212 

waters).  213 

 214 

Neither the terrestrial nor marine critical habitat identifications are sufficient to meet the 215 

population and distribution objectives. A schedule of studies outlines the work that is 216 

required to complete the identification of both terrestrial and marine critical habitat. 217 

 218 

One or more action plans will be posted on the Species at Risk Public Registry within 219 

five years of the final posting of the recovery strategy. 220 

 221 

 222 

  223 
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Recovery Feasibility Summary 224 

  225 

Based on the following four criteria that Environment and Climate Change Canada uses 226 

to establish recovery feasibility, recovery of the Marbled Murrelet has been deemed 227 

technically and biologically feasible. 228 

 229 

 230 

1. Individuals of the wildlife species that are capable of reproduction are available 231 

now or in the foreseeable future to sustain the population or improve its 232 

abundance. 233 

 234 

 Yes, the current Canadian population estimate is approximately 99,100 birds, so 235 

reproductively capable individuals are available, and are broadly distributed. 236 

 237 

2. Sufficient suitable habitat is available to support the species or could be made 238 

available through habitat management or restoration. 239 

 240 

Yes, sufficient nesting and marine habitat is available or could be made available 241 

through long term recruitment of younger trees into nesting habitat and 242 

appropriate management of marine areas. 243 

 244 

3. The primary threats to the species or its habitat (including threats outside 245 

Canada) can be avoided or mitigated. 246 

 247 

Yes, the primary threats to the species or its habitat can be avoided or mitigated 248 

through a combination of; habitat management, stewardship, communications 249 

and outreach, and additional research. 250 

 251 

4. Recovery techniques exist to achieve the population and distribution 252 

objectives or can be expected to be developed within a reasonable timeframe. 253 

 254 

Yes, recovery techniques exist to achieve the population and distribution 255 

objectives.  In the short term, habitat management will involve detailed 256 

characterization of suitable nesting and marine habitat, nesting habitat protection, 257 

management of marine waters, and the development of best management 258 

practices (for both habitat management and threat reduction) for affected land 259 

managers.  In the longer term, continued research and monitoring will help better 260 

inform techniques for threat reduction and marine habitat characterization and 261 

management. 262 

 263 

  264 

  265 
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1. COSEWIC* Species Assessment Information 298 

 299 

 300 

  * COSEWIC (Committee on the Status of Endangered Wildlife in Canada) 301 

 302 

2. Species Status Information 303 

 304 

The Marbled Murrelet is assigned a global status rank of G3 (assessed 23 January 305 

2013) - vulnerable (NatureServe Explorer 2013).  The species has been ranked 306 

nationally in Canada by NatureServe as N3 – vulnerable (9 September 2011; 307 

NatureServe Explorer 2013).  Within B.C. the Marbled Murrelet is on the provincial 308 

Blue List and ranked as S3B (special concern, vulnerable to extirpation or extinction – 309 

breeding population), S3N (special concern, vulnerable to extirpation or extinction – 310 

non-breeding population) (B.C. Conservation Data Centre 2013).  The global population 311 

of Marbled Murrelet is estimated to be about 357,900 birds, with an estimated 312 

99,100 birds currently in Canada (28%).  Marbled Murrelets were assessed as 313 

Threatened in Canada by COSEWIC in 1990 and this status was confirmed in 2000 and 314 

2012 (COSEWIC 2012).  The Marbled Murrelet is listed as Threatened on Schedule 1 of 315 

the Species at Risk Act (Species at Risk Public Registry). 316 

 317 

  318 

Date of Assessment: May 2012 
 

Common Name (population): Marbled Murrelet 
  
Scientific Name: Brachyramphus marmoratus 
 
COSEWIC Status: Threatened 
 
Reason for Designation: This small seabird is largely dependent on old growth 
coastal forests in British Columbia for nesting.  Habitat loss has been estimated at 
over 20% for the past three generations.  Future threats including ongoing habitat 
loss, coupled with increased threats from proposed shipping routes in the core of 
the species’ range, increased fragmentation from a variety of proposed and recently 
initiated developments, fisheries bycatch and changing at-sea conditions have 
resulted in projected population losses exceeding 30% over the next three 
generations. 
  
Canadian Occurrence: British Columbia 
 
COSEWIC Status History: Designated Threatened in April 1990. Status 
re-examined and confirmed in November 2000 and May 2012. 

https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry.html
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3. Species Information 319 

 320 

 Species Description 321 

 322 

The Marbled Murrelet is a small seabird (length 24–25 cm; mass 190–270 g) (Nelson 323 

1997, Gaston and Jones 1998).  There are no sexual size or colour differences.  Adult 324 

breeding (alternate) plumage is a marbled grey-brown plumage that provides good 325 

camouflage at nest sites.  The non-breeding (basic) and juvenile plumages are black 326 

and white, typical of most diving seabirds.  The Marbled Murrelet, like most seabirds, 327 

spends most of its life on the ocean and comes on land only to breed.  Marbled 328 

Murrelets nest in solitary pairs at very low densities, typically within 30 km of the sea, 329 

but nests have been located up to 50 km or more inland.  Marbled Murrelets do not 330 

begin breeding until they are 2-3 years of age and they have low reproductive output.  331 

No nest is constructed but a single egg is laid on a moss-covered branch.  Nests are 332 

typically found in old-growth coniferous trees, but a few nests are on mossy cliff ledges.  333 

Both males and females incubate the egg, and both adults feed the nestling with fish.  334 

Marbled Murrelets forage by diving, using their wings for underwater propulsion.  The 335 

species flies at a very fast speed (usually >60 km/h) using rapid wing beats.  Most time 336 

is spent on the water within 0.5 km of shore. 337 

 338 

 Species Population and Distribution 339 

 340 

Marbled Murrelets are found in coastal waters and adjacent inland areas from the 341 

Aleutian Islands (low numbers) through southern and southeastern Alaska, B.C., 342 

Washington, Oregon, and central California (Figure 1).  Genetic studies suggest three 343 

distinct populations; one at the northern end of the range (outer Aleutians), one at the 344 

southern end of the range (central California), and the third consisting of individuals in 345 

the central part of the range from the eastern Aleutians through northern California 346 

(Piatt et al. 2007). 347 

 348 

For the purposes of this document, the terms “population” and “sub-population” refer to 349 

geographic regions.  For management purposes the B.C. range has been divided into 350 

seven conservation regions (Figure 2; CMMRT 2003).  The Alaska Border region was 351 

added in 2008 when two nests were found there (COSEWIC 2012).  The number of 352 

Marbled Murrelets nesting in this region is unknown, but thought to be small, with birds 353 

flying in from Alaskan waters. 354 

 355 

No estimates exist of the number of Marbled Murrelets that historically inhabited coastal 356 

B.C., although they likely occupied most inshore marine waters in various seasons.  357 

There are insufficient data to determine the extent or significance of population changes 358 

in B.C. over the past century.  Anecdotal evidence since the early 1900s and some 359 

quantitative data from the last 30 years indicate that some local populations are 360 

declining, whereas others appear stable (Burger 2002, Piatt et al. 2007, COSEWIC 361 

2012).  Declines in Marbled Murrelet populations in B.C. have been inferred primarily 362 

from the reductions in potential nesting habitat throughout much of the B.C. range 363 

(Section 4.2 and COSEWIC 2012).  Limited at-sea surveys covering >10 years (starting 364 
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1974-1995), show declining populations overall, but also evidence of stable populations 365 

since about 1999 (COSEWIC 2012). Repeated radar surveys in six conservation 366 

regions across coastal B.C. between 1996 and 2011 showed no overall trend in 367 

sampled Marbled Murrelet populations over this period, but radar counts in the Eastern 368 

Vancouver Island conservation region showed evidence of decline from 2003 to 2011.  369 

Further investigation is required to understand the cause of the decline (Bertram et al. 370 

in prep.(a)). 371 

 372 

 373 

Figure 1. Global distribution of Marbled Murrelets (from Piatt et al. 2007, with permission). 374 

 375 
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 376 

Figure 2. Map of the seven conservation regions recognized by the Marbled Murrelet Recovery 377 

Team in B.C., as provided by M. Mather and L. Sinclair (BC Ministry of Forests, Lands and 378 

Natural Resource Operations, Nanaimo, BC).  379 
 380 

 381 

The most recent estimate of the Canadian population gives a range of 382 

72,600-125,600 birds, with a median point of 99,100 birds (Table 1; Bertram et al. 383 

2007).  The estimated population within each of the six primary conservation regions is 384 

shown in Table 2.  These B.C. population estimates should be viewed with caution 385 

since they are, in all regions, based on incomplete data (at-sea and radar counts), 386 

numerous assumptions and extrapolations and expert opinion (explained in 387 

Burger 2002 and Appendix D of Piatt et al. 2007). 388 

  389 
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 390 

Table 1. Estimates of Marbled Murrelet populations (rounded numbers). 391 

Region 
Est. no. of 

birds 
Likely range of 

estimatea Source 

Alaska 237,500b Not available Piatt et al. 2007; M. Kissling pers. 
comm. 

B.C. 99,100 72,600-125,600 Bertram et al. 2007 

Washington, Oregon 
and California 

21,300  16,700-25,900  Falxa et al. 2013  

Total 357,900   

a The range for B.C. is an estimate from Bertram et al. (2007; see Table 2 below); the range for the 392 
U.S. states (except for Alaska) is the 95% confidence interval based on modelling using at-sea 393 
densities (Falxa et al. 2013). 394 
b The Alaska Marbled Murrelet population given here is based on the Piatt et al. (2007) estimate of 395 
271,182 birds for both Brachyramphus species (Marbled and Kittlitz’s Murrelets) minus the 396 
estimated population for Kittlitz’s Murrelet (minimum 33,736 birds; SE 5745; M. Kissling, US Fish & 397 
Wildlife Service, unpubl. data) to estimate 237,446 birds. 398 

 399 
 400 
Table 2. Estimates of Marbled Murrelet populations in each conservation region (rounded 401 

numbers).  The numbers given are for birds of all ages; about 75% of these birds could be 402 

considered mature adults (COSEWIC 2012). Data from Bertram et al. (2007) and D. Bertram 403 

(unpubl. data). 404 

Conservation region Estimated range (birds) Mid-point 

Northern Mainland Coast 18,400-26,000 22,200 
Haida Gwaii 8,500-25,000 16,750 
Central Mainland Coast 20,000-42,000 31,000 
Southern Mainland Coast 6,000-7,000 6,500 
West & North Vancouver Island 18,700-23,600 21,150 
East Vancouver Island 1000-2000 1,500 

Total for B.C.   

     All birds 72,600-125,600 99,100 

     Mature adults (rounded) 54,500-94,200 74,300 

 405 

 Needs of the Marbled Murrelet 406 

 407 

Marbled Murrelet require both terrestrial habitat to support nesting and marine habitat 408 

for foraging and moulting.  Both habitat types need to be considered in recovering this 409 

species.  Marbled Murrelets are distributed widely over near-shore marine habitats in 410 

B.C. in both the breeding and non-breeding seasons and mitigating risks to the species 411 

in these habitats is important for long-term population maintenance.  Migratory patterns 412 

are poorly known, but evidence of juvenile dispersal from breeding areas, migration of 413 

adults birds to and from breeding areas and consistent year-to-year use of regional 414 

breeding areas have been reported (Burger 2002; COSEWIC 2012).  Nest sites are 415 

widespread across the landscape and are both cryptic, and high up in trees, making 416 
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them very difficult to locate.  The level of certainty in characterizing Marbled Murrelet 417 

nesting habitat decreases as one moves from the scale of nests, trees and stands to the 418 

broader landscape. 419 

 420 

Biologically limiting factors that will influence recovery include the long time it takes for 421 

forests to develop the biophysical attributes necessary to support nesting.  In addition, 422 

Marbled Murrelets are slow to recover from impacts, because they do not begin 423 

breeding until they are 2-3 years of age, and they have low reproductive output. 424 

 425 

Terrestrial habitat – nest sites and nest trees 426 

 427 

Typically, Marbled Murrelets nest on large, mossy limbs in the canopy of large (30 m 428 

and taller) conifers in old-growth forest within 50 km of the ocean (Nelson 1997; Burger 429 

2002; McShane et al. 2004).  Occasionally, they will nest on the ground or in older 430 

deciduous trees (Bradley and Cooke 2001; Burger 2002; Ryder et al. 2012).  A single 431 

nest discovered in 1955 was found approximately 62 km from the coast (Ryder et al. 432 

2012).  Important characteristics of nest sites and surrounding canopy include sufficient 433 

height for ‘stall’ landings and jump-off departures; canopy openings for unobstructed 434 

flight access; sufficient platform diameter to provide a nest site and landing pad; soft 435 

substrate for the nest cup; and overhead cover to provide protection from predators.  436 

Detailed microhabitat and habitat stand attributes are presented in COSEWIC (2012).  437 

Specific biophysical attributes related to nesting critical habitat are presented in 438 

Tables 7 and 8 in section 7.1.3 of this document. 439 

 440 

Marine habitat  441 

 442 

Marine habitat and prey that are important to Marbled Murrelets were reviewed by 443 

Burger (2002), Piatt et al. (2007) and COSEWIC (2013). In general, marine distributions 444 

are affected by marine features that influence prey availability and by proximity to inland 445 

nesting habitat (typically <50 km from marine habitat), especially during the breeding 446 

season (Meyer et al. 2002; Ronconi 2008; Raphael et al. 2015; Lorenz et al. 2016; 447 

O’Hara et al. 2016). Murrelets tend to forage close to shore (typically <0.5 km from 448 

shore on exposed coastlines and <2 km from shore in more sheltered areas, such as 449 

among islands or in inlets, though sometimes up to 5 km from shore). They generally 450 

forage in waters <30 m deep, but have been observed diving to about 60 m. During the 451 

breeding season, high energy fish species, including but not limited to Pacific Sand 452 

Lance (Ammodytes hexapterus), Pacific Herring (Clupea pallasii), Capelin (Mallotus 453 

villosus) and Northern Anchovy (Engraulis mordax), are key prey species, both for 454 

feeding young on the nest and for adults. Invertebrates, including but not limited to small 455 

crustaceans in the families Mysidae and Euphausiidae (e.g., North Pacific Krill, 456 

Euphausia pacifica) and small squid (e.g., Opalescent Inshore Squid, Loligo 457 

opalescens) are also important prey, especially in winter. Foraging aggregations tend to 458 

occur in predictable areas over multiple years and appear to be related to persistent 459 

aggregations of preferred prey species, such as sand lance and herring. 460 

 461 
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It has proved difficult to quantify the important attributes of marine habitat for Marbled 462 

Murrelets, with few features being consistent across different studies (Yen et al. 2004, 463 

Burger et al. 2008, Ronconi 2008, COSEWIC 2013). However, recent modelling has 464 

identified several important attributes of marine areas in the Salish Sea and surrounding 465 

area (Strait of Georgia and adjacent channels, inlets and sounds) for two primary forage 466 

fish species (Pacific Sand Lance and Pacific Herring) where significant concentrations 467 

of adult Marbled Murrelets are found during the breeding season (Robertson et al. 2013, 468 

O’Hara et al. 2016, Robinson et al. 2018; Table 3). Bathymetry (water depth) is a key 469 

attribute for forage fish populations (many forage fish typically occur <80 m depth; 470 

O’Hara et al. 2016) and also for Marbled Murrelet accessibility (maximum reported 471 

diving depth is about 60 m; Piatt et al. 2007). Pacific Sand Lance are a key prey species 472 

and when they are not foraging in the water column they typically bury themselves in 473 

relatively coarse sediment because they do not have swim bladders (Robertson et al. 474 

2013). These sediments have a specific grain size to allow for efficient burying 475 

(0.25 mm to 4.00 mm diameter) and also must not have an overabundance of silt that 476 

could suffocate the buried fish (<10% silt). Pacific Herring are another key prey species 477 

and their populations have been associated with several types of shorelines in the 478 

Salish Sea, most importantly beaches, flats and fans composed of sand or gravel; and 479 

rock ramps, rock platforms and rock cliffs (O’Hara et al. 2016). Some oceanographic 480 

features have been identified that contribute to the upwelling of nutrients that are 481 

important for forage fish populations, and thus Marbled Murrelets, including areas with 482 

high tidal currents (especially in inlets) and areas with high undersea slopes (especially 483 

in more open waters). And finally, during the breeding season, marine habitats 484 

important to both forage fish and Marbled Murrelet populations are found near to 485 

suitable inland nesting habitat (up to 50 km from the high tide line; O’Hara et al. 2016). 486 

 487 

 488 

  489 
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Table 3. Attributes of key marine habitat features for adult Marbled Murrelets in the Salish Sea 490 

and adjacent waters on the coast of B.C. during the breeding season. 491 

 492 

Function for 
Marbled 

Murrelets 
Feature Attributes 

Marine habitat 
for foraging 
and resting  

Straits, channels, 
inlets, estuaries; 
including 
shorelines and 
the seafloor 

- Water column associated with preferred prey species 
populations (from 0 m, the high tide line, to a depth of 80 m) 

- Shorelines associated with Pacific Herring populations 
(beaches, flats or fans composed of sand and gravel; and rock 
ramps, rock platforms and rock cliffs) 

- Adequate burying habitat to support Pacific Sand Lance 
populations that are a primary prey species for murrelet 
populations: 

- Consisting of medium-to-coarse sand (0.25-2.00 mm), 
with occasional very fine gravel (2-4mm) and low silt 
(<10%) 

- Spawning areas for prey species such as herring and sand 
lance 

- Areas with high tidal currents, especially in inlets (can 
contribute to nutrient upwelling for prey species) 

- Areas with high seabed slope, especially in more open waters 
(can contribute to upwelling of nutrients for prey species) 

- Proximate to suitable nesting habitat during the nesting 
season (typically up to 50 km from the high tide line) 

- Limited human disturbance on water surface (to ensure 
effective foraging and sufficient resting for murrelets) 

- Limited pollution, such as from oil and plastics (to ensure 
healthy murrelet and prey species populations) 

- Limited human impacts (e.g., habitat loss, sedimentation, 
turbidity) to the shoreline, seafloor and water column (to 
ensure healthy prey species populations) 

 Adequate prey 
species for 
Marbled Murrelets 

- Primary prey species populations must be adequate to support 
robust murrelet populations, including the full range of 
preferred prey, including but not limited to: 

- Pacific Sand Lance, Pacific Herring, Capelin, Northern 
Anchovy and similar species 

- Invertebrates (such as krill and squid) and other similar 
species 

 493 

 494 
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4. Threats 495 

 496 

 Threat Assessment 497 

 498 

Table 4. Threat assessment to Marbled Murrelet populations in B.C.  499 

 500 

Threat 
Level of 

Concerna 
Extent Occurrence Frequency Severityb 

Causal 
Certaintyc 

Habitat Loss or Degradation 

Loss of Nesting 
Habitat 

High Widespread Historic and 
Current 

Continuous High High 

Forest 
Fragmentation 

High Widespread Historic and 
Current 

Continuous Medium - 
High 

High 

Aquaculture and 
Foreshore 
Development 

Low Localized Current Continuous Low Low 

Tidal Power 
Generation 

Low Localized Anticipated Unknown Low Low 

Natural Processes or Activities 

Increased 
Predation Risk 

High Widespread Historic and 
Current 

Continuous Medium - 
High 

High 

Disease, Parasites 
and Bio-toxins 

Low Unknown Unknown Unknown Unknown Low 

Accidental Mortality 

Collision with Wind 
Turbines and 
Power  Lines (on 
land or in near-
shore waters) 

Medium Localized Current and 
Increasing 

Continuous Unknown Low 

Entanglement in 
Fishing Gear 

Medium Localized Historic and 
Current 

Recurrent Medium High 

 Pollution 

Oil Mortality – 
Chronic (ongoing 
small oil spills) 

Medium Widespread Current Recurrent Medium High 

Oil Mortality – 
Acute (major oil 
spills) 

Medium Localized Anticipated Recurrent Medium High 

Chemical 
Contaminants 

Low Localized Unknown Continuous Unknown Low 

Climate and Natural Disasters 

Ocean Climate 
Variability  

Medium Widespread Historic and 
Current 

Recurrent Unknown Low 

Disturbance or Harm 

Boat Traffic Low Localized Current and 
increasing 

Continuous Low Medium 



Amended Recovery Strategy for the Marbled Murrelet 2021 
 

10 
 

Threat 
Level of 

Concerna 
Extent Occurrence Frequency Severityb 

Causal 
Certaintyc 

Changes in Ecological Dynamics or Natural Processes 

Fisheries Induced 
Prey Depletion 

Low Localized Historic Unknown Medium Medium 

a Level of Concern: signifies that managing the threat is of (high, medium or low) concern for the 501 
recovery of the species, consistent with the population and distribution objectives.  This criterion 502 
considers the assessment of all the information in the table. 503 
b Severity: reflects the population-level effect (High: very large population-level effect, Moderate, Low, 504 
Unknown). 505 
c Causal certainty: reflects the degree of evidence that is known for the threat (High: available evidence 506 
strongly links the threat to stresses on population viability; Medium: there is a correlation between the 507 
threat and population viability e.g., expert opinion; Low: the threat is assumed or plausible). 508 

 509 

 Description of Threats 510 

 511 

Despite the fact that the Marbled Murrelet spends most of its life on the ocean, the 512 

primary focus of research and recovery efforts to date has been on threats to terrestrial 513 

nesting habitat.  To achieve full recovery of Marbled Murrelet, it will be necessary to 514 

direct additional attention towards addressing marine threats, recognizing that 515 

quantifying and comparing the population level impacts of terrestrial and marine 516 

stresses is a significant challenge. 517 

 518 

Habitat Loss or Degradation - Loss of Nesting Habitat  519 

 520 

Although it remains a relatively common and widespread seabird in B.C., the Marbled 521 

Murrelet is assessed as Threatened primarily because of inferred population declines 522 

due to historical and continued loss of old-growth forest nesting habitat (COSEWIC 523 

2012).  Loss of nesting habitat in old-growth forests is also identified as the principal 524 

threat to the species in Washington, Oregon and California (Ralph et al. 1995, McShane 525 

et al. 2004; Miller et al. 2012) and as a contributing factor to declines in Alaska (Piatt et 526 

al. 2007).  In general, loss of nesting habitat is likely to result in population decline.  527 

Several independent studies show close associations between Marbled Murrelet 528 

numbers and the area of forest habitat considered to be suitable for nesting (Burger and 529 

Waterhouse 2009; Raphael et al. 2011).  Consequently, populations are expected to 530 

decline in proportion to the loss of suitable nesting habitat. 531 

 532 

Risk modelling also indicates that Marbled Murrelet population persistence is sensitive 533 

to the amount and quality of nesting habitat (Steventon et al. 2003, 2006).  Few studies 534 

have empirically tested the population effects of loss of habitat in this species.  Radar 535 

counts show that within watersheds that have lost large areas of nesting habitat, 536 

Marbled Murrelets do not appear to pack into the remaining habitat patches in higher 537 

densities; instead, densities remain relatively constant and populations are reduced 538 

(Burger 2001, Raphael et al. 2002a).  Miller et al. (2012) reported that annual declines 539 

in Marbled Murrelet counts at sea in nine zones from Washington to California were 540 

correlated with loss of inland nesting habitat, but more recent survey data (2011 and 541 
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2012) show that these declines were overestimated and not statistically significant 542 

(Falxa et al. 2013). 543 

 544 

Nesting habitat is lost primarily as a result of forestry operations.  Land clearing for 545 

urbanisation and agricultural development and other resource uses have historically 546 

contributed to habitat loss, and may be a current factor in some regions.  Estimates of 547 

the total loss of coastal old-growth forest in B.C. (much of it likely Marbled Murrelet 548 

nesting habitat) since European settlement, due to logging, agriculture or urbanisation, 549 

range from 35% to 53% by the late 1990’s (COSEWIC 2012).  Proposed energy 550 

developments (e.g., run-of-river hydro and wind farms and their associated power lines) 551 

also have the potential to contribute to loss of nesting habitat and habitat fragmentation, 552 

and associated increases in predation risk.  The area of suitable forest nesting habitat in 553 

coastal B.C. was estimated to have declined by 22% between 1978 and 2008 (i.e., over 554 

three Marbled Murrelet generations; Long et al. 2011; COSEWIC 2012).  Current  555 

estimates of suitable nesting habitat that were developed as part of this recovery 556 

strategy show an approximate 5.4% decline province-wide between 2002 and 2011 557 

(Appendix C). 558 

 559 

Future net loss of habitat is likely to continue but at a reduced rate compared to past 560 

decades due to reduced Allowable Annual Cuts in old forests and a shift to harvesting of 561 

second-growth forests (COSEWIC 2012). 562 

 563 

Habitat Loss or Degradation - Forest Fragmentation 564 

 565 

In addition to the loss of nesting habitat areas, fragmentation of remaining old forest 566 

habitat by forestry operations, land clearing and road-building is known to have negative 567 

effects on breeding Marbled Murrelets (COSEWIC 2012).  The main impact appears to 568 

be increased risk of predation at Marbled Murrelet nests near ‘hard’ forest edges 569 

created by recently-cleared cutblocks or roads (<20 years of re-growth).  Forest 570 

fragmentation also affects canopy micro-climates (exposure to wind and sun) and the 571 

development of mossy limbs that are often used for nesting; these changes are thought 572 

to negatively affect nesting Marbled Murrelets (Van Rooyen et al. 2011), but their 573 

impacts have not been directly confirmed (Burger 2002, COSEWIC 2012). 574 

 575 

Habitat Loss or Degradation - Aquaculture and Foreshore Development 576 

 577 

Sheltered marine areas where Marbled Murrelets often forage are also used for finfish 578 

and shellfish aquaculture. In some important foraging areas for Marbled Murrelets, 579 

aquaculture tenures affect up to 8% of the water surface area (COSEWIC 2012).  Both 580 

types of aquaculture have greatly increased since the 1980s but their impacts on 581 

Marbled Murrelets are poorly known and difficult to assess.  Other foreshore 582 

developments, such as marinas, floating lodges and new port facilities, could similarly 583 

have localized impacts on Marbled Murrelets if they affect foraging areas and increase 584 

boat traffic and the risk of oil contamination. 585 

 586 
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Habitat Loss or Degradation - Tidal Power Generation 587 

 588 

Tidal power generators have been proposed for coastal B.C. but there are no imminent 589 

plans for their construction.  If these occur in areas used by foraging aggregations these 590 

projects might have localized impacts on Marbled Murrelets. 591 

 592 

Natural Processes or Activities - Increased Predation Risk  593 

 594 

Predation is the most frequently documented cause of Marbled Murrelet nesting failures 595 

(McShane et al. 2004).  Known or suspected predators of adults, chicks or eggs in 596 

forest habitat include falcons, accipiter hawks, owls, jays, ravens, crows and arboreal 597 

rodents (COSEWIC 2012).  At sea, Bald Eagles (Haliaeetus leucocephalus) and 598 

Peregrine Falcons (Falco peregrinus) are the greatest threats, with gulls, sea lions and 599 

large fish as possible occasional predators.  Populations of many predators of Marbled 600 

Murrelets, especially members of the crow family (corvids), Bald Eagles and Peregrine 601 

Falcons, have increased appreciably in the Pacific Northwest during the past 30 years 602 

(Marzluff et al. 1994; Raphael et al. 2002a; Piatt et al. 2007; Peery and Henry 2010).  603 

Increases in eagle and falcon populations are considered to be due to population 604 

recoveries from past DDT impacts and persecution.  However increases in populations 605 

of crows, jays and ravens are largely due to human activities which provide food and 606 

habitat for these predators.  Several studies have shown increased densities of avian 607 

predators, especially members of the crow family, to be associated with human 608 

activities (towns, logging camps, garbage dumps etc.) and forest fragmentation 609 

(Burger 2002; Malt and Lank 2007, 2009).  In central California, management efforts to 610 

recover the small resident population of Marbled Murrelets include measures to reduce 611 

corvid numbers near their nesting habitat (Miller et al. 2012). 612 

 613 

Natural Processes or Activities - Disease, Parasites and Bio-toxins 614 

 615 

Populations of Marbled Murrelets are not known to be significantly affected by disease 616 

or parasites.  Near-shore seabirds in the Pacific Northwest have recently suffered 617 

widespread mortality as a result of blooms of dinoflagellates and other algae which 618 

produce toxic by-products or surfactants affecting birds’ waterproofing (U.S. Fish and 619 

Wildlife Service 2009; COSEWIC 2012).  The impacts to Marbled Murrelet populations 620 

of these marine blooms are not known but are likely to be relatively minor to date.  621 

Blooms of some marine phytoplankton species are more likely to occur in warmer water 622 

and risks to Marbled Murrelets might increase should seawater warm as predicted 623 

under climate change scenarios. 624 

 625 

Accidental Mortality - Collision with Wind Turbines and Power Lines  626 

 627 

In addition to habitat loss, habitat fragmentation, and increased predation risk, 628 

small-scale hydroelectric (run-of-the-river) projects, wind farms and their associated 629 

power transmission lines pose a potential threat to nesting Marbled Murrelet by 630 

introducing the risk of collisions with turbines and power lines, both on land and in 631 

near-shore shallows.  Although the current risks to Marbled Murrelets from such 632 
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projects in coastal B.C. are low, both wind and small-scale hydroelectric power projects 633 

are likely to affect increasing areas in the next decade or two (COSEWIC 2012).  Some 634 

hydroelectric and wind turbine proponents are studying the effects of their 635 

developments on Marbled Murrelets but no results have been publically released. 636 

 637 

Accidental Mortality - Entanglement in Fishing Gear 638 

 639 

Entanglement in fishing gear (mostly salmon gill-nets) is known to impact local 640 

populations of Marbled Murrelets in B.C. and elsewhere (COSEWIC 2012).  Because 641 

adult birds are often killed, the population impacts may be disproportionately high 642 

(Carter and Sealy 1984).  Gill-net entanglement seems to have declined since the 643 

1980s due to reduced fishing effort.  However in 2005, based on the fishery at that time, 644 

it was predicted that up to 550 Marbled Murrelets could become entangled each year in 645 

British Columbia (Smith and Morgan 2005).  Research is currently underway to update 646 

this estimate (D. Bertram, pers. comm.). 647 

 648 

Pollution – Oil Mortality, Chronic and Acute 649 

 650 

Oil spills are often divided into chronic (generally small, often unreported spills that 651 

occur regularly wherever there is shipping or recreational boating) and acute or 652 

catastrophic (rare occurrences involving large volumes of oil from tankers, other large 653 

vessels or oil wells).  Marbled Murrelets and other related seabirds (alcids) are among 654 

those species most vulnerable to oil spills, and this threat has always been considered 655 

in the species’ status designation (COSEWIC 2012).  There has been no documented 656 

mortality of Marbled Murrelets from oiling in B.C. in the past 20 years, probably because 657 

mortalities from oil spills go undetected (O’Hara and Morgan 2006), especially as most 658 

of the Marbled Murrelet population lives in areas visited by few people. 659 

 660 

Nonetheless, threats from chronic and acute spills remain.  Levels of chronic oil spills 661 

declined from 1997 to 2006 in the Strait of Georgia and Strait of Juan de Fuca (where 662 

marine aerial reconnaissance occurred frequently to deter oil spills), but oil spill rates 663 

likely remained the same for the rest of the B.C. coast (O’Hara et al. 2013).  Between 664 

1997 and 2006, 271 intentional or accidental spills were reported in detail from 665 

surveillance aircraft (a further 141 possible spills lacked adequate data), and given the 666 

most optimistic rates of detection (1.1% of all spills) this represents a minimum of 667 

2,464 detectable spills per year, most of which are likely in the coastal areas where 668 

Marbled Murrelets are typically found (Serra-Sogas et al. 2008, O’Hara et al. 2013). 669 

 670 

Proposed increases in oil exports via B.C. ports (National Energy Board 2013; National 671 

Energy Board and Canadian Environmental Assessment Agency 2013) and increased 672 

shipping in general (e.g., Prince Rupert expansion; proposed shipments of liquefied 673 

natural gas) have the potential to greatly increase ship traffic and therefore the risk of 674 

both chronic and acute oil spills in near-shore waters used by Marbled Murrelets.  The 675 

proposed increase in shipping in the core of the Marbled Murrelet’s range was 676 

specifically identified as a reason in maintaining the species’ Threatened status 677 

(COSEWIC 2012).  Marbled Murrelets and related seabirds were the birds most 678 
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affected by the Exxon Valdez spill in Alaska and Marbled Murrelets had the highest 679 

number of identified carcasses; Brachyramphus murrelet mortality, mostly Marbled 680 

Murrelets, was estimated to be 12,800-14,800 birds (Piatt et al. 2007).  These birds 681 

represented 7-12% of the murrelet population in the spill zone. 682 

 683 

Pollution - Chemical Contaminants 684 

 685 

The threats to Marbled Murrelets posed by chemical contaminants (other than oil) are 686 

poorly known, but because this species feeds on fish that are fairly high up in the food 687 

chain, it is likely to be susceptible to contaminants that bio-accumulate.  Polychlorinated 688 

biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs; used as a flame 689 

retardant) are currently viewed as the greatest contaminant risks to Marbled Murrelets 690 

in sheltered inland seas (U.S. Fish and Wildlife Service 2009).  Concentrations of PCBs 691 

and organochlorine pesticides (e.g., DDT, dieldrin) in eggs of fish-eating birds (herons, 692 

cormorants, and osprey) have declined significantly in B.C. since the 1970s and remain 693 

at stable low levels (Harris et al. 2005).  In contrast, levels of PBDEs in the eggs of 694 

these birds increased exponentially from 1979 to 2002 (Elliott et al. 2005). 695 

 696 

Toxicity of PBDEs is poorly known, but in some areas close to urban and industrial 697 

areas (Salish Sea) concentrations might be approaching toxic thresholds for fish-eating 698 

birds (Elliott et al. 2005).  Based on the spatial distribution of contaminants in fish-eating 699 

birds (Elliott et al. 2005, Harris et al. 2005, U.S. Fish and Wildlife Service 2009), 700 

contamination in Marbled Murrelet is most likely in the Salish Sea region (East 701 

Vancouver Island and Southern Mainland Coast conservation regions, Figure 2), and 702 

significantly less likely through the rest of the B.C. range which is more distant from 703 

urban, agricultural and industrial sources. 704 

 705 

Climate and Natural Disasters – Ocean Climate Variability 706 

 707 

It is not known how Marbled Murrelets might fare in B.C. under future climate regimes.  708 

There do not appear to be any obvious negative effects linked with the predicted 709 

changes of the dominant tree species or distributions of the coastal terrestrial 710 

biogeoclimatic zones (COSEWIC 2012).  Possible negative effects in the forest nesting 711 

habitat might include reduced growth of canopy epiphytes providing nest substrates; 712 

mossy mats on canopy limbs tend to be negatively affected by dry, warm summer 713 

conditions (e.g., Burger et al. 2010).  Changes in the marine environment affecting prey 714 

densities and distribution are likely to have a more direct impact. Generally, warmer 715 

seas are associated with: lower marine productivity; increased harmful algal blooms that 716 

can affect seabirds; and negative effects on Pacific Sand Lance, one of the Marbled 717 

Murrelet’s primary prey in B.C.  The net impacts of current and future climate change on 718 

Marbled Murrelets remain speculative although potentially highly important, and most 719 

changes likely to occur in near-shore seas could negatively affect the species prey base 720 

(reviewed by: Piatt et al. 2007; U.S. Fish and Wildlife Service 2009). 721 

 722 
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Disturbance or Harm - Boat traffic  723 

 724 

Marbled Murrelets are easily disturbed by the passage of boats, especially fast 725 

recreational craft.  Negative responses to boats include disruption of feeding, flight away 726 

from foraging areas, and failure to retain fish being held for nestlings (COSEWIC 2012).  727 

Repeated disturbance by boats is likely to cause Marbled Murrelets to avoid otherwise 728 

suitable foraging habitat, which might have long-term population consequences 729 

(Bellefleur et al. 2009).  With increasing recreational boat traffic in many parts of coastal 730 

B.C., this might be a significant problem, especially in the Salish Sea (southern Georgia 731 

Strait and Juan de Fuca Strait), southwest Vancouver Island, Barkley Sound and 732 

Clayoquot Sound, and along commercial shipping routes with high levels of traffic. 733 

 734 

Changes in Ecological Dynamics or Natural Processes - Fisheries Induced Prey 735 

Depletion 736 

 737 

Over-fishing of prey species important to Marbled Murrelets (herring and other 738 

schooling fish) may have contributed to population declines in the Strait of Georgia over 739 

the past century (Norris et al. 2007), but is not considered a major threat in B.C. today 740 

(COSEWIC 2012).  This could change if commercial fisheries for Pacific sand lance or 741 

other key prey species (herring, smelt, and marine invertebrates) were to revive and 742 

become prevalent in the future.  Sand lance is fished in other countries in the world 743 

(COSEWIC 2012). 744 

 745 

5. Population and Distribution Objectives 746 

 747 

The population and distribution objectives were developed in the context of the 748 

COSEWIC (2012) assessment and the guiding principles outlined by the Marbled 749 

Murrelet Recovery Team (CMMRT 2003).  Recovery focuses on halting the decline of 750 

nesting habitat and addressing threats to the species and its habitat (nesting and 751 

foraging), then maintaining a stable or increasing, relatively abundant population across 752 

the species’ present range in B.C.  753 

 754 

Short term population and distribution objective 755 

 756 

The short term population and distribution objective (next 10-20 years) for the recovery 757 

of Marbled Murrelet is to halt the decline of this species in Canada: over the 30 year 758 

period 2002-2032 (three generations) any decline of the B.C. population and the area of 759 

its nesting habitat will have slowed to a halt and the total population and nesting habitat 760 

area will have stabilized above 70% of 2002 levels, with sufficient areas of nesting 761 

habitat remaining in the six primary conservation regions, and corresponding sufficient 762 

area of suitable marine habitat to support all life stages of nesting and wintering birds. 763 

 764 

Short-term recovery objectives within each conservation region are (CMMRT 2003):  765 

 East Vancouver Island region – the retention of 90% of 2002 populations and 766 

proportionate amounts of 2002 nesting habitat, with corresponding sufficient 767 
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areas of suitable marine habitat necessary to support all life stages of nesting 768 

and wintering birds; 769 

 Southern Mainland Coast – the retention of 85% of 2002 populations and 770 

proportionate amounts of 2002 nesting habitat, with corresponding sufficient 771 

areas of suitable marine habitat necessary to support all life stages of nesting 772 

and wintering birds; and, 773 

 Haida Gwaii, Northern Mainland Coast, Central Mainland Coast and West and 774 

North Vancouver Island regions  - the retention of 68% of 2002 populations and 775 

proportionate amounts of 2002 nesting habitat, with corresponding sufficient 776 

areas of suitable marine habitat necessary to support all life stages of nesting 777 

and wintering birds. 778 

 779 

Long term population and distribution objective 780 

 781 

The long term population and distribution objective (25+ years) for the recovery of 782 

Marbled Murrelet in Canada is to ensure that the species will have a high probability of 783 

persistence after 2032 across its range, with a stable or increasing population level 784 

above 70% of 2002 population estimates.  This will be achieved by maintaining or 785 

restoring sufficient suitable nesting and marine habitat, and by reducing other threats. 786 

 787 

Rationale: 788 

 789 

The Marbled Murrelet Recovery Team (CMMRT 2003), by recognizing the link between 790 

population size and area of suitable nesting habitat, set a goal to “limit the decline of the 791 

British Columbia population and its nesting habitat to less than 30% over three 792 

generations (30 years) during the period 2002 to 2032” (a less than 1% decline per 793 

year) and to allow no further reductions in the population and its nesting habitat beyond 794 

2032 (reviewed by Burger and Waterhouse 2009).  Limiting any decline to less than 795 

30% over three generations explicitly addresses a key COSEWIC criterion that led to 796 

the Marbled Murrelet’s threatened designation and subsequent listing under the Species 797 

at Risk Act in 2003.  The purpose of not tolerating a more than 30% decline over 798 

30 years is retention of greater than 70% of the population and its nesting habitat for the 799 

same period of time.  Because the 2002 population (and the current population) can 800 

only be estimated with wide confidence limits (COSEWIC 2012; see Table 2) population 801 

retention targets are expressed as nesting habitat retention targets, set using a 802 

scientifically supported 1:1 relationship between population abundance and amount 803 

(area) of suitable nesting habitat (reviewed in Burger and Waterhouse 2009).  804 

 805 

The short-term population and distribution objective represents an achievable and 806 

conservative minimum population size threshold for Marbled Murrelet from which longer 807 

term population management goals can be achieved.  This objective should not be 808 

interpreted as an intent to manage populations or nesting habitat down to 70% of 2002 809 

levels.  The quantification of suitable nesting habitat and losses over the period between 810 

the baseline year of 2002 and the present is an agreed upon starting point against 811 

which to measure progress to recovery that recognizes past and ongoing 812 

multi-jurisdictional management of Marbled Murrelet. 813 



Amended Recovery Strategy for the Marbled Murrelet 2021 
 

17 
 

 814 

The technical identification, mapping and monitoring of Marbled Murrelet nesting habitat 815 

is a task more readily accomplished than is estimating total population abundance and 816 

distribution.  It also has the advantage of directly addressing the primary threat of 817 

nesting habitat loss.   818 

 819 

Important marine habitats also require conservation to ensure that all life history 820 

requirements of Marbled Murrelets can be provided. Marine habitat use by Marbled 821 

Murrelets is not well understood (Yen et al. 2004, Burger et al. 2008, Ronconi 2008), so 822 

quantification of the amount and type of marine habitat needed to meet life history 823 

requirements is challenging; however, at a minimum marine habitat must be sufficient to 824 

support a stable population. 825 

 826 

Short-term recovery objectives are recommended for each conservation region in 827 

accordance with their degree of habitat loss; with higher objectives being set for regions 828 

that have experienced higher levels of nesting habitat loss (CMMRT 2003). 829 

 830 

6. Broad Strategies and General Approaches to Meet 831 

Objectives 832 

 833 

The broad strategies and general approaches to deal with the major threats to Marbled 834 

Murrelets follow from the COSEWIC Assessment and Status Report (COSEWIC 2012), 835 

the 2001-2003 Marbled Murrelet Conservation Assessment and other actions 836 

completed or underway (Section 6.1). 837 

 838 

 Actions Already Completed or Currently Underway 839 

 840 

There continues to be significant effort invested in Marbled Murrelet recovery.  A brief 841 

summary of key research and management efforts, carried out by multiple partners, 842 

includes:  843 

 A three-part Marbled Murrelet Conservation Assessment undertaken in 2001-2003: 844 

o A review of the general biology, populations, habitat associations, and 845 

conservation of the Marbled Murrelet, relevant to B.C. (Part A; Burger 2002); 846 

o A statement of conservation and management objectives focused on the needs 847 

of the Marbled Murrelet (Part B, by the Canadian Marbled Murrelet Recovery 848 

Team; CMMRT 2003); 849 

o A risk-analysis of management options (Part C; Steventon et al. 2003, 2006).  850 

 Delineation of six primary conservation regions for population monitoring and 851 

management of Marbled Murrelet in B.C. (Figure 2, Table 2).  852 

 Range-wide status reviews and data summaries which include the B.C. population 853 

(Ralph et al. 1995; McShane et al. 2004; Piatt et al. 2007).  854 

 Development and refinement of radar as a census method and for comparing 855 

Marbled Murrelet counts with watershed-level habitat parameters (e.g., Burger 2001, 856 

Burger et al. 2004). 857 
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 Workshops and power analyses to design long term population monitoring using 858 

radar (Arcese et al. 2005). 859 

 Radar surveys conducted repeatedly at 59 sites within the six primary conservation 860 

regions (1996-2010; range 3-15 years per region) to detect population trends in each 861 

region and across the B.C. coast (Bertram et al. 2007; COSEWIC 2012; 862 

Bertram et al. 2015). 863 

 Nesting habitat research, including habitat analysis of nests located with radio 864 

telemetry (e.g., Zharikov et al. 2006, 2007; Silvergieter and Lank 2011a, 2011b, 865 

Waterhouse et al. 2008, 2009). 866 

 Improved understanding of the effects of forest habitat fragmentation in relation to 867 

predation risk at Marbled Murrelet nests (Raphael et al. 2002a; Malt and Lank 2007, 868 

2009). 869 

 Ecological and demographic research (e.g., Cam et al. 2003; Peery et al. 2004; 870 

Becker and Beissinger 2006; Becker et al. 2007; Norris et al. 2007). 871 

 Development of GIS-based algorithms using forest cover data to map likely nesting 872 

habitat (Mather et al. 2010) and application of this habitat mapping for strategic-level 873 

planning (e.g., Horn et al. 2009). 874 

 Development of methods using air photo interpretation and low-level aerial surveys 875 

to identify and map likely suitable nesting habitat in forests (Burger 2004; 876 

Burger et al. 2009a; Burger et al. 2018). 877 

 Application of the air photo and aerial survey protocols to cover large tracts of 878 

forested habitat in all six conservation regions, and their widespread use in land-use 879 

planning (e.g., in the development of the Haida Gwaii and the North and Central 880 

Mainland Coast Land Use Plans) and forestry management. 881 

 Measures for managing Marbled Murrelet nesting habitat as part of the Identified 882 

Wildlife Management Strategy in the B.C. Forest and Range Practices Act (B.C. 883 

Ministry of Environment 2004) and application of these measures in designating 884 

Wildlife Habitat Areas (WHAs) for protecting Marbled Murrelet nesting habitat in 885 

forests under provincial jurisdiction.  886 

 Inclusion of extensive areas of suitable nesting habitat within the conservancies and 887 

other areas designated for protection or ecosystem-based management as a result 888 

of the large-scale land and resources use management planning in Haida Gwaii 889 

(Haida Gwaii Strategic Land Use Agreement) and the North and Central Mainland 890 

Coast regions (e.g., Central Coast Land and Resource Management Plan) 891 

(COSEWIC 2012; B.C. Government 2007, 2008). 892 

 The Gwaii Haanas National Marine Conservation Area Reserve and Haida Heritage 893 

Site and the Scott Islands marine National Wildlife Area conserve vital marine areas 894 

for millions of seabirds on the Pacific coast. 895 

 The Province of British Columbia has protected several marine areas relevant to 896 

Marbled Murrelets, including the Desolation Sound Marine Provincial Park, The 897 

Hakai Lúxvbálís Conservancy and the Checleset Bay Ecological Reserve. 898 

 899 
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 Research on marine habitat associations and the effects of changing marine 900 

conditions in B.C. waters (e.g., Yen et al. 2004; Ronconi 2008; O’Hara et al. 2016). 901 

 Studies to estimate and mitigate Marbled Murrelet bycatch in gill-net fisheries 902 

(Smith and Morgan 2005; Bertram et al. in prep.). 903 

 Ongoing marine surveys in Pacific Rim National Park Reserve (Y. Zharikov, pers. 904 

comm, 2013). 905 

 Compilation of at-sea observations into GIS database (Environment Canada Seabird 906 

Occurrence Databases, D. Bertram, pers. comm., 2013).907 
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 Strategic Direction for Recovery 908 

 909 

Table 5. Recovery Planning Table. 910 

Threat or Limitation Prioritya 
Broad Strategy 

to Recovery 
General Description of Research and Management Approaches 

Loss of Nesting Habitat; 
Forest Fragmentation;  

Increased Predation Risk; 
Collision with Wind 

Turbines and Power Lines; 

 

Knowledge Gaps 

Urgent 

 

 

Terrestrial Habitat 
Management 

 Refine minimum baseline 2002 habitat amount used for estimating 
habitat retention targets for conservation regions (see Appendix C).  

 Continue to identify, map and quantify nesting habitat at a stand or site 
level. 

 Quantify habitat supply and habitat recruitment by conservation region 
(including the Alaska Border conservation region). 

 Develop spatial criteria for functional critical habitat polygons (e.g., 
minimum patch size, patch size distribution at the landscape scale, and 
recommended buffers). 

 Refine the amount and spatial configuration of nesting habitat required to 
meet the population and distribution objectives, and short term recovery 
objectives (relative to habitat retention targets for each region, Appendix 
C), prioritizing conservation regions with high historic habitat loss (East 
Coast Vancouver Island, Southern Mainland Coast).. 

 Identify and protect nesting critical habitat at key sites (e.g. remnant old-
growth coastal Douglas fir forest) within priority conservation regions. 

 Improve information and management options related to nests which 
occur outside of modeled or mapped forest nesting habitat. 

 Identify, prioritize, and address region-specific threats. 
 Identify various land tenures and implement appropriate habitat 

conservation measures (e.g., best management practices, wildlife habitat 
areas, stewardship agreements, protected areas, recruitment strategies, 
etc.). 
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Threat or Limitation Prioritya 
Broad Strategy 

to Recovery 
General Description of Research and Management Approaches 

Knowledge Gaps Urgent Monitoring 
(population and 
habitat trends) 

 Establish methods and protocol for monitoring changes to amount of 
suitable nesting habitat. 

 Review past and future habitat trends. 
 Re-establish and continue annual monitoring of population status and 

trends. 
 Report on population status and trends in each conservation region every 

five years. 
 Attribute the causes of population change.  
 Establish methods and protocols for monitoring movement between 

conservation regions. 
 Continue to improve population and trend estimates. 

Oil mortality, both chronic 
and acute; Entanglement in 

fishing gear;  

 

Knowledge Gaps 

Urgent Research  Investigate and apply population risk models to estimate the likely 
impacts to Marbled Murrelets of increased shipping and oil exports from 
B.C. ports. 

 Investigate and better quantify Marbled Murrelet mortality due to fisheries 
bycatch. 

 Research and implement appropriate conservation tools to mitigate 
threats in the marine environment.  

Loss of Nesting Habitat; 
Forest Fragmentation; 

Increased Predation Risk; 
Boat Traffic; Ocean Climate 

Variability;  Aquaculture 
and Foreshore 

Development; Fisheries 
Induced Prey Depletion; 
Chemical Contaminants; 
Diseases Parasites and 
Biotoxins; Collisions with 

Wind Turbines and Power 
Lines 

 

Knowledge Gaps 

Necessary 

 

Research  Identify and quantify nesting habitat required to support regional 
populations. 

 Refine definitions of nesting habitat in each conservation region. 
 Refine estimates of population densities within nesting habitat. 
 Quantify the population impacts of habitat fragmentation (edge-effects) 

and increasing populations of predators. 
 Investigate response of populations to habitat loss within watersheds. 
 Establish the extent and magnitude of all marine threats and other 

causes of mortality (e.g., boat traffic; ocean climate variability; 
aquaculture; fisheries induced prey depletion; contaminants; plastics; 
diseases, parasites and biotoxins). 

 Investigate the general and local (project specific) threats to Marbled 
Murrelets from wind turbines and transmission lines both at sea and on 
shore. 

 Investigate the general and local (project specific) threats to Marbled 
Murrelets from small-scale hydroelectric projects and transmission lines 
within Marbled Murrelet nesting ranges. 
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Threat or Limitation Prioritya 
Broad Strategy 

to Recovery 
General Description of Research and Management Approaches 

All Threats  Necessary Stewardship  Identify directly affected parties and work with them to manage relevant 
threats. 

All Threats Necessary Communications 
and Outreach 

 Incorporate Aboriginal Traditional Knowledge made available, as well as 
local community knowledge, into the development and implementation of 
recovery measures. 

 Develop and communicate best management practices and 
recommendations to affected parties (e.g., First Nations, forest industry, 
fishing, aquaculture, and recreation industries), including methods and 
training for ground-truthing nesting critical habitat. 

 Increase public awareness of threats to seabirds and measures that can 
be taken to mitigate them. 

Knowledge Gaps Necessary Research marine 
habitat attributes 

 Map the abundance and distribution of murrelets at sea at multiple spatial 
scales and across all seasons across the B.C. coast. 

 Study and model marine biophysical parameters that will reliably predict 
and map preferred marine foraging areas in B.C. (including information 
on forage fish populations and age classes important to Marbled 
Murrelets). 

 Address lack of information on physical oceanographic features of 
nearshore habitat in the ‘white strip’ (< 30 m depth) of the B.C. coastline 
by acquiring spatial data and biological information to better characterize 
these shallow marine habitats. 

 Field verification of the biophysical attributes of forage fish habitat and 
Marbled Murrelet occurrences. 

 Refinement of marine critical habitat by investigating associations 
between terrestrial and marine critical habitat. 

 Better understand habitat use by juveniles and after-hatch-year birds 
(Wong et al. 2008). 

 Develop a standardized system of sub tidal habitat classification, 
mapping and modelling (e.g., consider applying Greene et al. 1999 
system from San Juan Islands to entire B.C. coast). 

 Develop a better understanding of the effects of climate change on all 
prey species and age classes. 

 
a “Priority” reflects the degree to which the broad strategy contributes directly to the recovery of the species or is an essential precursor to an 911 
approach that contributes to the recovery of the species.912 
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 Narrative to Support the Recovery Planning Table 913 

 914 

Implementation of the stated broad strategies to recovery for Marbled Murrelet will 915 

require the commitment, collaboration and cooperation among federal and provincial 916 

jurisdictions, Aboriginal people, industry, local communities, landowners, and other 917 

interested parties. 918 

 919 

The broad strategies to recovery include: 920 

 921 

Habitat Management:  In the short term, management of nesting habitat is the central 922 

focus of recovery for Marbled Murrelet.  Quantifying, refining and describing the habitat 923 

within each conservation region will be essential to protecting the habitat required to 924 

meet the population and distribution objectives.  Habitat management and protection will 925 

need to involve a wide range of land owners and managers and consider appropriate 926 

habitat protection approaches.  In the longer term, management of important marine 927 

habitat will be required. 928 

 929 

Monitoring: Monitoring of both population and nesting habitat trends is an important 930 

component of recovery.  A reliable estimate of population status and trend is required to 931 

measure recovery; however, long-term population trends of Marbled Murrelet in B.C. 932 

remain unclear and various methods show inconsistent and sometimes conflicting 933 

trends (COSEWIC 2012).  Monitoring the location and amount of available and suitable 934 

nesting habitat will also be important to measure success of recovery against the 935 

population and distribution objectives. 936 

 937 

Research: Research is required on a range of topics to help better inform management 938 

of Marbled Murrelet.  The focus will be on population densities, habitat requirements 939 

(terrestrial and marine), and improved threat characterization and corresponding 940 

management recommendations.  941 

 942 

Stewardship & Communication and Outreach:  An important component of species 943 

recovery will involve the development of best management practices for threat reduction 944 

and habitat management.  This information will help inform participation in recovery 945 

actions by both directly affected parties and the general public. 946 

 947 

 948 

7. Critical Habitat 949 

 950 

Critical habitat is defined in the SARA as, “…the habitat that is necessary for the 951 

survival or recovery of a listed wildlife species, and that is identified as the species’ 952 

critical habitat in the recovery strategy or in an action plan for the species.” Section 953 

41(1)(c) of the SARA requires that recovery strategies include an identification of the 954 

species’ critical habitat, to the extent possible, as well as examples of activities that are 955 

likely to result in its destruction.  This federal recovery strategy identifies critical habitat 956 

to the extent possible, based on the best available information for Marbled Murrelet.  957 

More precise boundaries may be mapped, and additional critical habitat may be added 958 
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in the future if additional research supports the inclusion of areas beyond those 959 

currently identified. 960 

 961 

It is recognized that the terrestrial critical habitat and the marine critical habitat identified 962 

here is insufficient to meet the population and distribution objectives for the species. A 963 

schedule of studies (Section 7.2) is included to outline the activities required to identify 964 

additional critical habitat necessary to meet the population and distribution objectives of 965 

the species. The identification of critical habitat will be updated when information 966 

becomes available, either in an update to the recovery strategy or in an action plan(s). 967 

 968 

 Identification of the Species’ Critical Habitat 969 

 970 

 Terrestrial Critical Habitat 971 

 972 

Critical Habitat for the Marbled Murrelet is that portion of the suitable habitat required for 973 

the survival and recovery of the species as specified by the population and distribution 974 

objectives (Section 5). 975 

 976 

Currently available information is adequate to spatially identify and map areas of 977 

potentially suitable Marbled Murrelet nesting habitat. Critical habitat is therefore 978 

identified as a state where greater than 70% of the 2002 suitable nesting habitat 979 

coast-wide remains, distributed among conservation regions as follows: 980 

 981 

 East Vancouver Island – 90% retention of 2002 suitable nesting habitat; 982 

 Southern Mainland Coast – 85% retention of 2002 suitable nesting habitat;  983 

 Haida Gwaii, Northern Mainland Coast, Central Mainland Coast, and West and 984 

North Vancouver Island – 68% retention of 2002 suitable nesting habitat; 985 

 986 

Table 6 presents the minimum regional habitat retention targets (the short-term 987 

recovery objectives) estimated using these regional retention percentages. Appendix C 988 

presents details behind the calculation of these minimum targets (in hectares). 989 

 990 

Table 6. Minimum regional habitat retention targets. See Appendix C for details. 991 

Conservation Region Minimum Regional Habitat Target (ha) 

East Vancouver Island 73,830 

Southern Mainland Coast 103,358 

Haida Gwaii 153,099 

Northern Mainland Coast 292,651 

Central Mainland Coast 220,976 

West and North Vancouver Island 195,734 

 992 

For each conservation region, the minimum area of nesting critical habitat for Marbled 993 

Murrelet is the habitat retention target (Table 6) selected from habitat within the 994 

Geographic Location polygons (section 7.1.2, Appendix B, Figures B-1 to B-6) that 995 



Amended Recovery Strategy for the Marbled Murrelet 2021 

25 
 

meets the biophysical attributes (Section 7.1.3).  Detailed methods and decision-making 996 

processes relating to critical habitat identification are archived in a supporting 997 

document. 998 

 999 

 Geographic Location - Terrestrial 1000 

 1001 

The area within which nesting critical habitat is found for Marbled Murrelet is delineated 1002 

by a set of Geographic Location polygons.  These polygons are created by combining 1003 

1) mapped potentially suitable habitat, 2) known nest sites, and 3) known occupied 1004 

detections.  For each conservation region all available information was overlaid with no 1005 

preference given to any particular dataset.  This created a set of polygons that 1006 

represent the largest extent of areas thought to contain suitable nesting habitat, using 1007 

the best available information.  This approach is different from that applied to the 1008 

calculation of 2002 baseline habitat amounts and regional retention targets (Table 6, 1009 

Appendix C).  The data used in this delineation are described as follows:  1010 

 1011 

1) Mapped potentially suitable habitat: 1012 

 1013 

A number of different mapping approaches that characterize Marbled Murrelet suitable 1014 

nesting habitat have been completed for different geographic areas and at different 1015 

scales in B.C. (Burger et al. 2018). Four approaches are used here: 1016 

 1017 

A) The B.C. Model: 1018 

 1019 

The B.C. Model is a strategic level planning tool developed to estimate the amount 1020 

(hectares) and distribution of potentially suitable Marbled Murrelet nesting habitat in 1021 

2002 across the six primary conservation regions (Mather et al 2010, COSEWIC 1022 

2012).  The B.C Model uses a subset of the stand and landscape level biophysical 1023 

attributes (elevation, distance inland, and the key forest cover attributes – tree 1024 

height and stand age; see 7.1.3 Biophysical Attributes) that can be assessed 1025 

against provincial forest cover polygons, other regional habitat models (Clayoquot 1026 

Sound), air photo interpretation data (Haida Gwaii), and Baseline Thematic 1027 

Mapping.  Each polygon is classed as either suitable or not suitable.  All polygons 1028 

classed as suitable in the BC Model version corrected for forest depletions prior to 1029 

2002 were retained for use in this identification of critical habitat. 1030 

 1031 

B) Air Photo Interpretation: 1032 

 1033 

Air photo interpretation (API) is a standardized tool used to map suitable Marbled 1034 

Murrelet nesting habitat, and has been applied across many landscape units in B.C. 1035 

(Burger 2004, Donald et al. 2010).  Most API data were collected between 2006 and 1036 

2008. API uses high resolution air photos and a standardized approach to identify 1037 

key forest structure features based on a subset of the Stand and Landscape level 1038 

biophysical attributes for nesting habitat (vertical complexity, canopy complexity, 1039 

tree height, and stand age) (CMMRT 2003; Burger 2004).  API uses a six-class 1040 

ranking system (1 = Very High, 2 = High, 3 = Moderate, 4 = Low, 5 = Very Low, and 1041 
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6 = Nil) to classify forest stand polygons for their potential as suitable nesting habitat 1042 

for Marbled Murrelet (Burger 2004). API coverage is variable across the six primary 1043 

conservation regions.  Habitat classes 1-3 are considered suitable nesting habitat 1044 

(Burger 2004, Burger and Waterhouse 2009) and were retained for use in this 1045 

identification of critical habitat. 1046 

 1047 

C) Low-level Aerial Surveys: 1048 

 1049 

Low-level aerial surveys (LLAS) are a standardize tool for mapping suitable Marbled 1050 

Murrelet nesting habitat, and have been conducted across many landscape units in 1051 

B.C. (Burger 2004, Waterhouse et al. 2010).  Most LLAS data was collected 1052 

between 2002 and 2013.  Low-level aerial surveys are conducted from helicopters 1053 

flying low over the treetops, allowing direct visual evaluation of site level, or 1054 

microhabitat, biophysical attributes, including the presence of nest platforms, quality 1055 

of nest substrate, and canopy structure, details that other large-scale methods 1056 

overlook (Burger 2004).  Low-level aerial surveys are thus considered generally 1057 

more reliable than API for identifying potential nesting habitat for Marbled Murrelets, 1058 

and is a supported method for identifying or confirming Marbled Murrelet nesting 1059 

habitat (Waterhouse et al. 2009).  LLAS also uses a six class system to rank 1060 

potentially suitable nesting habitat for Marbled Murrelet (1 = Very High, 2 = High, 1061 

3 = Moderate, 4 = Low, 5 = Very Low, and 6 = Nil; Burger 2004).  Low level aerial 1062 

survey coverage is variable across the six primary conservation regions.  As for 1063 

API, LLAS classes 1-3 are considered suitable nesting habitat (Burger 2004, Burger 1064 

and Waterhouse 2009) and were retained for use in this identification of critical 1065 

habitat. 1066 

 1067 

D) Port Alberni Integrated Polygons: 1068 

 1069 

The Port Alberni Integrated Polygons are a geographically restricted regional 1070 

dataset created by provincial biologists in 2001 (C. Miller-Retzer, pers. comm., 1071 

2013).  The polygons integrate several data sources to map potentially suitable 1072 

nesting habitat for Marbled Murrelet, including: provincial forest cover maps, 1073 

pre-standard air photo interpretation, pre-standard aerial surveys, ground transects 1074 

of potential nesting habitat, and audio-visual surveys to confirm occupancy.  The 1075 

Port Alberni Integrated Polygons are based on forest cover conditions in 2001 and  1076 

are ranked as High, Medium and Low suitability.  The High and Medium ranked 1077 

polygons are considered analogous to LLAS Classes 1-3 (C. Miller Retzer, pers. 1078 

comm. 2013); therefore only the High and Medium ranked polygons were retained 1079 

for use in the identification of critical habitat. 1080 

 1081 

2) Known Nest Sites:  1082 

 1083 

A proportion of known nest sites falls outside of suitable habitat (as identified by forest 1084 

cover polygons) and this proportion varies according to the spatial scale of analysis.  1085 

The available evidence shows that although Marbled Murrelets seldom re-use nest 1086 

trees from year to year, the frequency of re-use increases with the degree of habitat 1087 
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loss in a region (Burger et al. 2009b).  Hence the use of a nest tree is an indicator of 1088 

suitable habitat.  All available geo-referenced nest locations are thus retained for use in 1089 

this identification of critical habitat. 1090 

 1091 

Known nest records include 217 sites, collected between 1990 and 2002, compiled by 1092 

the B.C Conservation Data Center (2013), 14 sites for Mussel Inlet identified in 1992 1093 

(n=2) and 1999 (n=12) (Waterhouse et al. 2011), five nest sites collected between 2005 1094 

and 2007 on Southern Vancouver Island by the United States Forest Service (Bloxton 1095 

and Raphael 2009), 3 nest sites located in southwest Vancouver Island by University of 1096 

Victoria researchers between 1990 and 1999 (A. Burger, pers. comm., 2014), and a 1097 

single site discovered near Chilliwack, B.C, in 1955 (Ryder et al 2012).  As many of the 1098 

nest locations were derived from telemetry or before advanced GPS technology, a 1099 

200 m radius is established around each record to account for locational uncertainty. 1100 

A single nest record derived from a verbal description was given a 400 m radius to 1101 

account for a larger location uncertainty.  Additional nest records currently not available 1102 

may be included in the future. 1103 

 1104 

3) Known Occupied Detections 1105 

 1106 

Audio-visual surveys are an established methodology for terrestrial surveys of Marbled 1107 

Murrelets and can be used to establish occupancy of a site by probable breeding birds 1108 

(RISC 2001).  A database of occupied detection records (n= 404) from Vancouver 1109 

Island, collected between 1991 and 2006 has been compiled by provincial biologists 1110 

(Vancouver Island Marbled Murrelet Consolidated Database, C. Miller Retzer, pers. 1111 

comm., 2013). An additional data set of occupied detection records (n=74) prepared by 1112 

provincial biologists used data collected by CWS in 1991 (original data from Savard and 1113 

Lemon 1994, C. Miller Retzer, pers. comm., 2013).  All available occupied detection 1114 

records are retained for use in this identification of critical habitat.  Radii of 200 m were 1115 

established around each occupied detection record to account for location uncertainty of 1116 

the observer relative to the occupied site.  Additional occupied detection records may be 1117 

included in the future. 1118 

 1119 

 Biophysical Attributes - Terrestrial 1120 

 1121 

The biophysical attributes of suitable nesting habitat required by Marbled Murrelet are 1122 

described at different scales.  Table 7 describes the biophysical attributes at the 1123 

microhabitat scale, such as one might see standing on the ground within a stand of 1124 

trees, which characterize the nest trees themselves and the immediately adjacent forest 1125 

canopy structure (Table 6; Burger 2004).  Table 8 describes the biophysical attributes at 1126 

the stand and landscape level, such as one might determine from maps or spatial 1127 

datasets, which characterizes the larger habitat polygons and their placement according 1128 

to known geographic restrictions (modified from CMMRT 2003).  The stand and 1129 

landscape-level attributes are correlated with the microhabitat attributes identified in 1130 

Table 7, and are used as a ‘top down’ filter to identify those areas that require 1131 

confirmation at the site level against the microhabitat attributes.  Alternatively, one can 1132 

use the microhabitat attributes to assess habitat and then use stand and landscape-1133 
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level attributes to assess the likelihood of the site in question being suitable nesting 1134 

habitat (e.g., distance from saltwater). Standardized guidance is available on how these 1135 

attributes are applied to identify suitable nesting habitat, moving from the stand and 1136 

landscape scale to the microhabitat scale (e.g., RISC 2001, CMMRT 2003, Burger 1137 

2004, B.C. Ministry of Environment. 2004).  The microhabitat, stand and landscape level 1138 

attributes underlie the methods used to create several of the spatial map data sets 1139 

(i.e., the BC Model, API and LLAS) used to define the Geographic Location polygons. 1140 

 1141 

Table 7. Key microhabitat biophysical attributes for Marbled Murrelet nest sites in B.C. (for more 1142 

details see Hamer and Nelson 1995; Nelson 1997; Burger 2002). 1143 

Nest site requirements Key habitat attributes 

Sufficient height to allow stall-
landings and jump-off departures 

Nest trees are typically >30 m tall (range 15–80 m), and nest 

heights are typically >25 m (range 11–54 m); nest trees are often 
larger than the stand average. 

Openings in the canopy for 
unobstructed flight access 

Small gaps in the canopy are typically found next to nest trees, 
and vertical complexity of the canopy is higher in stands with 
nests than in other nearby stands. 

Sufficient platform diameter to 
provide a nest site and landing 
pad 

Nests are typically on large branches or branches with 
deformities, usually with added moss cover; nest limbs range from 

15 to 74 cm in diameter; nests are typically located within 1 m of 
the vertical tree trunk. 

Soft substrate to provide a nest 
cup 

Moss and other epiphytes provide thick pads at most nest sites, 
but duff and leaf litter are used in drier areas. 

Overhead cover to provide shelter 
and reduce detection by predators 

Most nests are overhung by branches. 

 1144 

  1145 
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Table 8. Stand and landscape level biophysical attributes of Marbled Murrelet forested nesting 1146 

habitat in B.C. (modified from CMMRT 2003).  The attributes are ranked by the likelihood that 1147 

habitat polygons with these features will contain a large proportion of the microhabitat 1148 

biophysical attributes in Table 7.  A combination of “Most Likely” and “Moderately Likely” 1149 

represent the spatial suitable nesting habitat as modelled by the BC Model, Air Photo 1150 

Interpretation and Low-level Aerial Survey; however, “Least Likely” polygons may contain 1151 

patches of suitable habitat and warrant further investigation. 1152 

Stand or Landscape 
Attribute 

Most Likely Moderately Likely Least Likely 

Distance from saltwater (km) 

All Regions 0.5–30 0–0.5 and 30–50 >50 

Elevation (m) 

Central and Northern 
Mainland Coast 

0–600 600–900 >900 

Haida Gwaii  0–500 500–800 >800 
All other regions 0–900 900–1500 >1500 

Stand Age Class 

All regions 9 (>250 yr) 8 (140–250 yr) <8 (<140 yr) 

Tree Height Classa 

All regions 4–7 (>28.5 m) 3 (19.5–28.4 m) <3 (<19.5 m) 

Canopy Closure Classb 

All regions Classes 4 – 7 Class 3 Classes 2 and 8 

Vertical Canopy Complexityc 

All regions MU NU, U VU, VNU 

Presence of Potential Nest Platformsd 

All regions 

Classes 1-2 

(>25% of trees with 
suitable platforms) 

Class 3 

(6-25% of trees with 
suitable platforms) 

Classes 4-6 

(<6% of trees with 
suitable platforms) 

a Nests have been found in polygons ranked height class 1 or 2 but the nests were in larger trees than 1153 
the polygon average. 1154 
b Canopy Closure and Vertical Canopy Complexity are variables that should be interpreted from air 1155 
photos specifically for Marbled Murrelets, so use this to gauge trust in the spatial products (e.g., air 1156 
photo).  Canopy Closure is the percentage of ground area covered by the vertically projected crowns of 1157 
the tree cover for the tree layer (Burger 2004): Classes 4-7 equal 36-75% coverage, Class 3 is 1158 
26%-35% coverage, Class 2 is 16-25% coverage, and Class 8 is 76-85% coverage, 1159 
c Vertical complexity ranked from least to greatest (see Waterhouse et al. 2002, 2008). VU = very 1160 
uniform (<11% height difference between leading trees and average canopy, no evidence of canopy 1161 
gaps or recent disturbance). U = uniform (11–20% height difference, few canopy gaps visible, little or no 1162 
evidence of disturbance. MU = moderately uniform (21–30% height difference, some canopy gaps 1163 
visible, evidence of past disturbance, stocking may be patchy or irregular. NU = non-uniform (31–40% 1164 
height difference, canopy gaps often visible due to past disturbance, stocking typically patchy or 1165 
irregular). VNU = very non-uniform (>40% difference, very irregular canopy, stocking very patchy or 1166 
irregular). 1167 
d These classifications are based on Low-level aerial survey assessments (Classes 1-6), or ground 1168 
surveys (%’s). 1169 

 1170 
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 Marine Critical Habitat 1171 

 1172 

Information sufficient to identify marine critical habitat is currently limited to the 1173 

requirements for adult birds during the breeding period and only in the Salish Sea and 1174 

nearby waters (the Strait of Georgia and adjacent channels, inlets and sounds). With 1175 

this limited geographic scope, this identification of marine critical habitat covers only a 1176 

small part of the species’ range in B.C. (about 8%). Information about marine habitat 1177 

requirements for additional life history needs (e.g., for juveniles, during the winter, and 1178 

across the species’ range) is not currently available.  1179 

 1180 

To identify marine habitat areas within which critical habitat is found, modelling was 1181 

conducted (O’Hara et al. 2016) that looked at environmental parameters, forage fish 1182 

populations, and Marbled Murrelet densities (using historical Marbled Murrelet at-sea 1183 

survey data from April-September, 1990-2018). The O’Hara et al. (2016) technical 1184 

document with detailed methods and decision-making processes relating to the marine 1185 

critical habitat identification is available on request. 1186 

 1187 

 Geographic Location - Marine 1188 

 1189 

The areas within which marine critical habitat is found for Marbled Murrelet within and 1190 

adjacent to the Salish Sea are delineated by a set of Geographic Location polygons 1191 

(Table 9; Appendix B, Figures B7 to B18). The scope of the marine critical habitat 1192 

identification aligns with currently identified terrestrial critical habitat in the Southern 1193 

Mainland Coast and East Vancouver Island Conservation Regions.   1194 

 1195 

Areas delineated for the identification of critical habitat (O’Hara et. al 2016; Table 9) 1196 

incorporated the best available information on oceanographic features and forage fish 1197 

parameters (including supporting information, such as areas of high by-catch or 1198 

potential Pacific Sand Lance burying habitat), as well as historical survey information 1199 

about marine habitat areas with moderate to high densities of Marbled Murrelet, and 1200 

proximity to potential old growth nesting habitat (Mather et al. 2010). 1201 

 1202 

Description of forage fish parameters in O’Hara et al. (2016) included spatial 1203 

environmental attributes considered to be important determinants of forage fish use in 1204 

coastal zones and available information on known forage fish sampling and habitat 1205 

requirements for fish species important for Marbled Murrelets in the Salish Sea and 1206 

nearby areas; namely Pacific Sand Lance and Pacific Herring.  1207 

 1208 

Eleven marine critical habitat areas were selected based on areas with high or 1209 

moderate Marbled Murrelet at-sea density and important known or suspected forage 1210 

fish habitats or bycatch, as available based on current information (O’Hara et al. 2016; 1211 

Table 9). Marine critical habitat occurs within these areas where suitable biophysical 1212 

features occur. 1213 

 1214 

 1215 

  1216 
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Table 9.  List of marine critical habitat areas identified in the Salish Sea area (PSL = Pacific 1217 

Sand Lance; PH = Pacific Herring). 1218 

Marine critical 
habitat area 

(Figure no.) 

Conservation 
Region 

Surface 
area 
(km2) 

Key marine habitat features present 

Marbled 
Murrelet 
density 

Forage fish 

parameters 

Desolation 
Sound  

(Figure B-8) 

 Southern 
Mainland Coast 

130.14 High   High potential forage fish 
populations and associated 
shorelines (PH)  

 Potential PSL burying habitat 

Cortes  

(Figure B-9) 

Southern 
Mainland Coast & 
East Vancouver 

Island 

168.31 High  Known forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat 

Bute Inlet 

(Figure B-10) 

Southern 
Mainland Coast 

159.89 High  Known forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat 

Redonda 

(Figure B-11) 

Southern 
Mainland Coast 

150.73 High to 
moderate  

 High potential forage fish 
populations and associated 
shorelines (PH)  

 Potential PSL burying 
habitat 

Savary 

(Figure B-12) 

Southern 
Mainland Coast & 
East Vancouver 

Island 

650.49 High  Known forage fish 
populations and associated 
shorelines (PH, PSL) 

 Potential PSL burying 
habitat 

Sidney 

(Figure B-13) 

East Vancouver 
Island 

316.75 High to 
moderate 

 Known forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Known PSL burying habitat 

Malaspina 

(Figure B-14) 

 

Southern 
Mainland Coast 

262.05 High  Known forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat  

Discovery 
Passage 

(Figure B-15) 

Southern 
Mainland Coast & 
East Vancouver 

Island 

93.05 High  Potential forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat 

 Strong tidal mixing  
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Marine critical 
habitat area 

(Figure no.) 

Conservation 
Region 

Surface 
area 
(km2) 

Key marine habitat features present 

Marbled 
Murrelet 
density 

Forage fish 

parameters 

Toba Inlet 

(Figure B-16) 

Southern 
Mainland Coast 

31.80 High  Potential forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat 

Halfmoon 

(Figure B-17) 

Southern 
Mainland Coast 

191.38 Moderate  Known forage fish 
populations (PH, PSL), and 
associated shorelines (PH) 

 Potential PSL burying 
habitat 

Queens Reach 

(Figure B-18) 

 

Southern 
Mainland Coast 

30.56 High  Forage fish data for PH and 
PSL and their habitats are 
deficient for this region. 

 1219 

 Biophysical Attributes - Marine 1220 

 1221 

A description of the known biophysical features and attributes of the marine habitat that 1222 

are required to support Marbled Murrelet life-cycle processes (functions) is provided in 1223 

Section 3.3, Needs of the Marbled Murrelet (Table 3). These biophysical features and 1224 

attributes formed the basis of the geospatial delineation of marine critical habitat (as 1225 

described above; Table 9). As such, within these geospatial polygons, critical habitat 1226 

includes all waters from the high tide line to a maximum depth of 80 m, including straits, 1227 

channels, inlets, estuaries and the specific shorelines and seafloor areas associated 1228 

with forage fish populations (e.g., beaches, flats or fans composed of sand and gravel; 1229 

and rock ramps, rock platforms and rock cliffs; burying habitats and spawning areas). 1230 

The areas containing critical habitat for Marbled Murrelet are presented in Appendix B: 1231 

Figures B7 to B18. Critical habitat for Marbled Murrelet occurs within the shaded 1232 

polygons shown on each map. Within these polygons, only clearly unsuitable areas are 1233 

not identified as critical habitat. Examples of clearly unsuitable areas include habitats 1234 

deeper than 80 m and permanent infrastructure (e.g., docks, boat ramps). The 1235 

10 km x 10 km UTM grid overlay shown on these figures is a standardized national grid 1236 

system that highlights the general geographic area containing critical habitat, for land 1237 

use planning. 1238 

 1239 

 Schedule of Studies to Identify Critical Habitat  1240 

 1241 

The following schedule of studies (Table 10) outlines the activity required to complete 1242 

the identification of critical habitat for Marbled Murrelet in Canada4. 1243 

  1244 

                                            
4 For further research to address knowledge gaps relevant to critical habitat, refer to priority actions 
outlined in the recovery planning table (Table 5). 
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Table 10. Schedule of Studies to Identify Critical Habitat. 1245 

Description of Activity Rationale Timeline 

Terrestrial Critical Habitat 

Assemble additional data to 
identify suitable nesting habitat 
outside of the current geographic 
location (e.g., nest sites for Haida 
Gwaii; nest site records and 
habitat suitability data for the 
Alaska Border region; and fine-
scale suitable habitat outside 
currently mapped areas). 

The current geographic locations likely do not 
include all suitable nesting habitat.  This 
information would be used to identify additional 
nesting critical habitat in the context of the 
population and distribution objectives. 

 

2021-2023 

Marine Critical Habitat 

Identify marine critical habitat to 
support Marbled Murrelet 
breeding bird life history in the 
Haida Gwaii, Northern Mainland 
Coast, Central Mainland Coast, 
West and North Vancouver Island 
Conservation Regions 

Additional information is needed to identify the 
marine critical habitat necessary to support 
foraging for breeding birds in all conservation 
regions. Current available information is only 
adequate to identify marine critical habitat in the 
East Vancouver Island and Southern Mainland 
Coast Conservation Regions. 

2021-2031 

Identify marine critical habitat 
necessary to support newly 
fledged juveniles and to include 
large wintering concentrations of 
Marbled Murrelets in all 
Conservation Regions   

Understanding of overall marine biophysical 
attributes is not complete due to a lack of data. 
Information to identify the marine critical habitat 
necessary to support all life stages for Marbled 
Murrelet is not available. Best available 
information at this time is adequate only for 
identifying a limited amount of marine foraging 
habitat used only by breeding adults, and only in 
the Salish Sea and nearby areas. Marine critical 
habitat necessary to support newly fledged 
individuals and large wintering concentrations has 
not been identified in any of the Conservation 
Regions. 

2021-2031 

 1246 

 Activities Likely to Result in the Destruction of Critical Habitat   1247 

 1248 

Understanding what constitutes destruction of critical habitat is necessary for the 1249 

protection and management of critical habitat.  Destruction is determined on a case by 1250 

case basis.  Destruction would result if part of the critical habitat were degraded, either 1251 

permanently or temporarily, such that it would not serve its function when needed by the 1252 

species.  Destruction may result from a single or multiple activities at one point in time 1253 

or from the cumulative effects of one or more activities over time (Government of 1254 

Canada 2009).  Activities described in Table 11 include those likely to cause destruction 1255 

of critical habitat for the species; however, destructive activities are not limited to those 1256 

listed. 1257 

 1258 
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Table 11. Activities Likely to Result in the Destruction of Critical Habitat.   1259 

Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Harvesting of suitable 
nesting habitat  

Forest harvesting directly removes 
suitable nesting habitat, and may create 
‘hard’ forest stand edges adjacent to 
remaining suitable habitat.  Hard edges 
may have detrimental microhabitat 
effects (i.e., degradation of required 
crown closure, canopy complexity, 
reduction in epiphyte growth, and tree 
height class) on the adjacent habitat or 
provide increased opportunity for 
predator access into suitable nesting 
sites.  

Forest harvesting can also result in 
destruction of marine critical habitat 
indirectly by increasing the mortality of 
prey species via increased 
sedimentation and turbidity. 

Related threats: Habitat Loss or Degradation –  Loss of Nesting Habitat, 
Forest Fragmentation, Increased Predation Risk, and Aquaculture and 
Foreshore Development.   

In the terrestrial environment, a single event (direct effect) at any time of 
the year is sufficient to result in the loss or degradation of critical habitat.  
While the effect of direct habitat loss would need to occur within the 
boundaries of critical habitat, the effects from the creation of hard edges 
could also occur immediately adjacent to critical habitat boundaries.  Not 
enough information exists about the effects of selective harvesting on 
suitable nesting habitat to set tolerance thresholds within the boundaries of 
critical habitat.  Most of the microclimate effects occur within the first 
50-100m of the forest adjacent to the hard edge, suggesting distance 
thresholds may be important outside of critical habitat boundaries.  It should 
also be noted that the effects of hard edges are diminished over time with 
forest regeneration.  

Impacts to the marine environment resulting from activities occurring within 
terrestrial nesting critical habitat would only occur where the marine 
environment is adjacent to terrestrial nesting critical habitat (via 
sedimentation in streams or through intertidal areas). These effects could 
occur at any time of the year, though would be more likely to result in 
destruction of marine critical habitat when they occur during the bird or fish 
breeding seasons (when birds and fish are more frequently closer to 
shore). 
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Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Road-building The clearing of land for roads may 
directly remove suitable nesting habitat, 
and may create ‘hard’ forest stand 
edges adjacent to remaining suitable 
habitat.  The effects of this activity are 
comparable to those of timber 
harvesting (see above).  

Road building can also result in 
destruction of marine critical habitat 
indirectly by increasing the mortality of 
prey species via increased 
sedimentation and turbidity. 

Related threats: Habitat Loss or Degradation –  Loss of Nesting Habitat, 
Forest Fragmentation, Increased Predation Risk, and Aquaculture and 
Foreshore Development.   

In the terrestrial environment, a single event (direct effect) at any time of 
the year is sufficient to result in the loss or degradation of critical habitat.  
While the effect of direct habitat loss would need to occur within the 
boundaries of critical habitat, the effects from the creation of ‘hard’ edges 
could also occur immediately adjacent to critical habitat boundaries.  
Information available at this time is insufficient to develop a tolerance 
threshold within critical habitat boundaries, but most of the microclimate 
effects occur within the first 50-100m of the forest adjacent to the ‘hard’ 
edge, suggesting distance thresholds may be important directly adjacent to 
critical habitat boundaries.  The effects of hard edges are diminished over 
time with re-vegetation.  

Impacts to the marine environment resulting from activities occurring within 
terrestrial nesting critical habitat would only occur where the marine 
environment is adjacent to terrestrial nesting critical habitat (via 
sedimentation in streams or through intertidal areas). These effects could 
occur at any time of the year, though would be more likely to result in 
destruction of marine critical habitat when they occur during the bird or fish 
breeding seasons (when birds and fish are more frequently closer to 
shore). 
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Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Land clearing for 
urban development, 
agriculture, or power 
developments (wind, 
run of river, and utility 
lines)  

The clearing of land would directly 
remove suitable nesting habitat, and 
may create ‘hard’ forest stand edges 
adjacent to remaining suitable habitat.  
The effects of this activity are 
comparable to those of timber 
harvesting and road building (see 
above).  

Land clearing can also result in the 
destruction of marine critical habitat 
indirectly by increasing the mortality of 
prey species via increased 
sedimentation and turbidity. 

Related threats: Habitat Loss or Degradation – Loss of Nesting Habitat, 
Forest Fragmentation, Increased Predation Risk, and Aquaculture and 
Foreshore Development.   

In the terrestrial environment, a single event (direct effect) at any time of 
the year is sufficient to result in the loss or degradation of critical habitat.  
While the effect of direct habitat loss would need to occur within the 
boundaries of critical habitat, the effects from the creation of ‘hard’ edges 
could also occur immediately adjacent to critical habitat boundaries. 
Information available at this time is insufficient to develop a tolerance 
threshold within critical habitat boundaries, but most of the microclimate 
effects occur within the first 50-100m of the forest adjacent to the ‘hard’ 
edge, suggesting distance thresholds may be important adjacent to critical 
habitat boundaries.  It should also be noted that the effects of ‘hard’ edges 
may diminish over time with re-vegetation.  

Impacts to the marine environment resulting from activities occurring within 
terrestrial nesting critical habitat would only occur where the marine 
environment is adjacent to terrestrial nesting critical habitat (via 
sedimentation in streams or through intertidal areas). These effects could 
occur at any time of the year, though would be more likely to result in 
destruction of marine critical habitat when they occur during the bird or fish 
breeding seasons (when birds and fish are more frequently closer to 
shore). 

Activities that result in 
habitat modifications 
that favour predator 
species over Marbled 
Murrelet (e.g., 
establishment of 
human settlements, 
camps, or dumps).  

Activities that result in increased 
predator concentrations in close 
proximity to nest sites have the potential 
to lower nesting success rates within 
that habitat.  

Crows, ravens and jays, all known nest 
predators, are known to be attracted to 
human settlements and corresponding 
edible garbage.  

Related threat: Habitat Loss or Degradation – Increased Predation Risk.   

A single event (direct effect) at any time of the year is sufficient to result in 
the loss or degradation of critical habitat.  The effect of increased predation 
within the nesting habitat stands could result from activities within the 
critical habitat boundaries or in close proximity.  There is not enough 
information available at this time to develop tolerance thresholds for these 
activities.  The effects of this activity would apply year-round given they 
occur across at least one breeding season.  
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Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Water surface 
transportation activities 
(e.g., from large 
transport ships and 
recreational boats) that 
result in chronic or 
acute pollution from oil 
or other contaminants 
(e.g., chemicals, 
plastics)  

Oil spills and contaminants can result in 
loss of available habitat for murrelet 
foraging and for prey species (e.g., an 
uncontaminated water column), and 
contamination of seabed substrates that 
support spawning and burying areas for 
key prey species (e.g., Pacific Herring, 
Pacific Sand Lance). 

Related threats: Pollution – Oil Mortality Chronic (e.g., ongoing small oil 
spills), Oil Mortality Acute (e.g., major oil spills), Chemical Contaminants 
(e.g., plastic pollution).  

Destruction of critical habitat by these activities can be caused at any time 
of the year, but they are most likely to result in destruction when they occur 
during the bird or fish breeding seasons (when birds and fish are more 
frequently closer to shore where these threats are more common).  

Oil spills and contaminants are most likely to result in destruction when 
occurring inside the bounds of critical habitat; however, effects on forage 
prey abundance may result from activities occurring in proximal areas 
outside the bounds of critical habitat. 

Destruction of critical habitat by ongoing small oil spills is most likely to 
occur near to shorelines; destruction of critical habitat by major oil spills is 
most likely to occur in larger shipping channels; destruction of critical 
habitat by chemical contaminants is most likely to occur near to shorelines. 

Seabed mining, 
dredging or sediment 
disposal activities that 
result in the 
destruction of sea 
bottom habitat. 

Destruction of sea bottom habitat 
reduces the availability of habitat for key 
prey species (e.g., burying habitats for 
Pacific Sand Lance, spawning areas for 
Pacific Herring). 

Related threat:  Changes in Ecological Dynamics or Natural Processes – 
Fisheries Induced Prey Depletion 

Destruction of critical habitat by these activities can be caused at any time 
of the year, but they are most likely to result in destruction when they occur 
during the bird or fish breeding seasons (when birds and fish are more 
frequently in shallow waters where these threats are more common).  

Mining, dredging or sediment disposal are most likely to result in 
destruction when occurring inside the bounds of critical habitat; however, 
effects on forage prey abundance may result from activities occurring in 
proximal areas outside the bounds of critical habitat. 

Destruction of critical habitat by mining, dredging or sediment disposal is 
most likely to occur in major shipping lanes and near to shorelines 
(especially areas with concentrated activity, such as shipping ports, 
harbours and marinas). 
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Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Inappropriate level5 
and concentration of 
marine vessel traffic, 
i.e., that results in 
significant adverse 
effects.6 

Surface disturbance reduces the ability 
for Marbled Murrelet to access prey 
within the subsurface aquatic 
environment. 

Related threat: Disturbance or Harm – Boat Traffic 

Destruction of critical habitat by these activities can be caused at any time 
of the year, but they are most likely to result in destruction when they occur 
during the bird or fish breeding seasons (when birds and fish are more 
frequently closer to shore where these threats are more common).  

Disturbance from boat traffic is most likely to result in destruction when 
occurring inside the bounds of critical habitat. 

Destruction of critical habitat by disturbance from boat traffic is most likely 
to occur near to shorelines and to areas of concentrated human activity 
(e.g., harbours, aquaculture operations). 

Fish harvesting 
activities that result in 
significant loss of 
forage fish and 
reduction of prey 
populations (primarily 
Pacific Herring). 

Significant loss of key forage prey 
degrades the suitability of foraging 
habitat for Marbled Murrelet. 

Related threats:  Changes in Ecological Dynamics or Natural Processes – 
Fisheries Induced Depletion 

Currently, the only known fishery that is expected to affect murrelet foraging 
is that for Pacific Herring. There is currently no Pacific Sand Lance fishery 
and other fisheries (e.g., prawn) would not occur in sand lance or herring 
habitats. 

Destruction of critical habitat by fisheries can be caused at any time of the 
year, but they are most likely to result in destruction when they occur during 
the bird breeding season.  

Disturbance from fish harvesting activities is most likely to result in 
destruction when occurring inside the bounds of critical habitat; however, 
effects on forage prey abundance may result from activities occurring in 
proximal areas outside the bounds of critical habitat. 

Destruction of critical habitat by fish harvesting activities is most likely to 
occur where Pacific Herring fishing occurs. 

                                            
5 Additional research is required to determine the level of marine vessel traffic considered destructive to marine critical habitat, i.e., the level at which the features 
and attributes necessary for habitat functionality are destroyed. However, it is clear that intensive vessel traffic would likely result in destruction of critical habitat. 
6 Significant adverse effects are those that negatively impact the species’ survival and recovery. Success of the species’ survival and recovery will be assessed 
against the adopted population and distribution objective and associated performance measures for Marbled Murrelet as they are set out in this document. 
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Description of 
Activity 

Description of Effect (biophysical 
attribute or other) in relation to 
function loss 

Details of effect 

Activities that result in 
alteration of shoreline 
or nearshore habitats, 
such as aquaculture 
operations and marine 
developments (e.g., 
terminal expansions, 
marinas). 

Destruction of shoreline or nearshore 
habitats results in degradation of forage 
habitat by causing habitat loss, 
sedimentation and increased turbidity in 
the subsurface aquatic environment.  

 

Related threat: Habitat Loss or Degradation – Aquaculture and Foreshore 
Development 

Destruction of critical habitat by these activities can be caused at any time 
of the year, but they are most likely to result in destruction when they occur 
during the bird or fish breeding seasons (when birds and fish are more 
frequently closer to shore where these threats are more common).  

Disturbance from these activities is most likely to result in destruction when 
occurring inside the bounds of critical habitat. 

Destruction of critical habitat by these activities is most likely to occur near 
to shorelines, especially where human activity is concentrated (e.g., urban 
areas, marinas, shipping terminals).   

 1260 
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8. Measuring Progress 1261 

 1262 

The performance indicators presented below provide a way to define and measure 1263 

progress toward achieving the population and distribution objectives.  1264 

 1265 

a) Any decline of the entire provincial population is not to exceed 30% over the 1266 

period 2002-2032. 1267 

b) Habitat retention across the provincial range is stable at no less than 70% of the 1268 

estimated 2002 area of suitable nesting habitat and is consistent with the 1269 

recommended short-term recovery objectives for each of the six primary 1270 

conservation regions. 1271 

c) The area of suitable marine habitat is sufficient to support all all life stages of 1272 

nesting and wintering birds. 1273 

d) 30-year (three generations) trend estimates for the B.C. population based on 1274 

radar counts and other reliable census methods are available. 1275 

e) 30-year trend estimates for the areas of suitable nesting habitat across 1276 

British Columbia and six conservation regions are available.  1277 

  1278 

9. Statement on Action Plans 1279 

 1280 

One or more actions plans for Marbled Murrelet will be completed within five years of 1281 

the final posting of the recovery strategy and will be informed by the best available 1282 

science and information. 1283 

 1284 
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Appendix A: Effects on the Environment and Other Species 1628 

 1629 

A strategic environmental assessment (SEA) is conducted on all SARA recovery 1630 

planning documents, in accordance with the Cabinet Directive on the Environmental 1631 

Assessment of Policy, Plan and Program Proposals7. The purpose of a SEA is to 1632 

incorporate environmental considerations into the development of public policies, plans, 1633 

and program proposals to support environmentally sound decision-making and to 1634 

evaluate whether the outcomes of a recovery planning document could affect any 1635 

component of the environment or any of the Federal Sustainable Development 1636 

Strategy’s8 (FSDS) goals and targets. 1637 

 1638 

Recovery planning is intended to benefit species at risk and biodiversity in general. 1639 

However, it is recognized that strategies may also inadvertently lead to environmental 1640 

effects beyond the intended benefits. The planning process based on national 1641 

guidelines directly incorporates consideration of all environmental effects, with a 1642 

particular focus on possible impacts upon non-target species or habitats. The results of 1643 

the SEA are incorporated directly into the strategy itself, but are also summarized below 1644 

in this statement.  1645 

 1646 

Many other species dependent on coastal old-growth forests in B.C. will benefit from the 1647 

maintenance of nesting habitat for Marbled Murrelet.  Examples of species sharing this 1648 

habitat and listed by the Species at Risk Act include Spotted Owl caurina subspecies 1649 

(Strix occidentalis caurina) in a few locations in the southern mainland; Northern 1650 

Goshawk laingii subspecies (Accipiter gentilis laingi); Northern Saw-whet Owl brooksi 1651 

subspecies (Aegolius acadius brooksi); Great Blue Heron (Ardea herodias); Dromedary 1652 

Jumping-slug (Hemphillia dromedarius); and Coast Tailed Frog (Ascaphus truei).  There 1653 

are no species known to be reliant on Marbled Murrelets as prey.  Actions to identify 1654 

and protect important marine habitat will also benefit a wide range of species.  Negative 1655 

effects on any species are not foreseen to occur as a result of recovery activities.  1656 

 1657 

  1658 

                                            
7 www.canada.ca/en/environmental-assessment-agency/programs/strategic-environmental-
assessment/cabinet-directive-environmental-assessment-policy-plan-program-proposals.html 
8 www.fsds-sfdd.ca/index.html#/en/goals/ 

http://www.canada.ca/en/environmental-assessment-agency/programs/strategic-environmental-assessment/cabinet-directive-environmental-assessment-policy-plan-program-proposals.html
http://www.canada.ca/en/environmental-assessment-agency/programs/strategic-environmental-assessment/cabinet-directive-environmental-assessment-policy-plan-program-proposals.html
https://www.fsds-sfdd.ca/index.html#/en/goals/
https://www.fsds-sfdd.ca/index.html#/en/goals/
http://www.canada.ca/en/environmental-assessment-agency/programs/strategic-environmental-assessment/cabinet-directive-environmental-assessment-policy-plan-program-proposals.html
http://www.canada.ca/en/environmental-assessment-agency/programs/strategic-environmental-assessment/cabinet-directive-environmental-assessment-policy-plan-program-proposals.html
http://www.fsds-sfdd.ca/index.html#/en/goals/
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 1659 

 1660 

 1661 

 1662 

 1663 

 1664 

 1665 

 1666 

 1667 

 1668 

 1669 

 1670 

 1671 

 1672 

 1673 

 1674 

Appendix B: Critical Habitat for Marbled Murrelet 1675 

(Brachyramphus marmoratus) 1676 

 1677 
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 1678 
Figure B-1. Terrestrial critical habitat for Marbled Murrelet in the Haida Gwaii Conservation Region is found within the pink polygon 1679 

areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km UTM grid overlay shown 1680 

on this figure is a standardized national grid system that indicates the general geographic area containing critical habitat.  1681 
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 1682 
Figure B-2. Terrestrial critical habitat for Marbled Murrelet in the Northern Mainland Coast Conservation Region is found within the 1683 

pink polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km UTM grid 1684 

overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing critical 1685 

habitat. 1686 
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 1687 
Figure B-3. Terrestrial critical habitat for Marbled Murrelet in the Central Mainland Coast Conservation Region is found within the 1688 

pink polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km UTM grid 1689 

overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing critical 1690 

habitat. Marine critical habitat polygon areas (aligning with content of Figures B-7 to B-18) are included for reference, shown in 1691 

yellow. 1692 
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 1693 
Figure B-4. Terrestrial critical habitat for Marbled Murrelet in the West and North Vancouver Island Conservation Region is found 1694 

within the pink polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km 1695 

UTM grid overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing 1696 

critical habitat. Marine critical habitat polygon areas (aligning with content of Figures B-7 to B-18) are included for reference, shown 1697 

in yellow. 1698 
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 1699 
Figure B-5. Terrestrial critical habitat for Marbled Murrelet in the East Vancouver Island Conservation Region is found within the pink 1700 

polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km UTM grid 1701 

overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing critical 1702 

habitat. Marine critical habitat polygon areas (aligning with content of Figures B-7 to B-18) are included for reference, shown in 1703 

yellow. 1704 
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 1705 
Figure B-6. Terrestrial critical habitat for Marbled Murrelet in the Southern Mainland Coast Conservation Region is found within the 1706 

pink polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 10 km x 10 km UTM grid 1707 

overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing critical 1708 

habitat. Marine critical habitat polygon areas (aligning with content of Figures B-7 to B-18) are included for reference, shown in 1709 

yellow. 1710 
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 1711 
Figure B-7. Overview of the identification of marine critical habitat for Marbled Murrelet. Marine critical habitat is only identified in the 1712 

Salish Sea, as depicted in the figure, and is found within the yellow polygon areas where the criteria and methodology set out in 1713 

Section 7 (Critical Habitat) are met. Figures B-8 to B-18 outline marine critical habitat in greater detail. Terrestrial critical habitat 1714 

polygon areas (aligning with content of Figures B-3 to B-6) are included for reference, shown in pink.   1715 
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 1716 
Figure B-8. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Desolation Sound area is found within the yellow polygon 1717 

areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on 1718 

this figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial 1719 

critical habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1720 
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 1721 
Figure B-9. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Cortes area is found within the yellow polygon areas 1722 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1723 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1724 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1725 
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 1726 
Figure B-10. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Bute Inlet area is found within the yellow polygon areas 1727 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1728 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1729 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1730 
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 1731 
Figure B-11. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Redonda area is found within the yellow polygon areas 1732 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1733 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1734 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1735 
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 1736 
Figure B-12. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Savary area is found within the yellow polygon areas 1737 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1738 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1739 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1740 
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 1741 
Figure B-13. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Sidney area is found within the yellow polygon 1742 

areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid 1743 

overlay shown on this figure is a standardized national grid system that indicates the general geographic area containing 1744 

critical habitat. Terrestrial critical habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for 1745 

reference, shown in pink. 1746 
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 1747 
Figure B-14. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Malaspina area is found within the yellow polygon areas 1748 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1749 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1750 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1751 
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 1752 
Figure B-15. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Discovery Passage area is found within the yellow 1753 

polygon areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay 1754 

shown on this figure is a standardized national grid system that indicates the general geographic area containing critical habitat. 1755 

Terrestrial critical habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1756 
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 1757 
Figure B-16. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Toba Inlet area is found within the yellow polygon areas 1758 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1759 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1760 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1761 
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 1762 
Figure B-17. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Halfmoon area is found within the yellow polygon areas 1763 

where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on this 1764 

figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial critical 1765 

habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink. 1766 
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 1767 
Figure B-18. Marine Critical habitat for Marbled Murrelet in the Salish Sea, Queens Reach area is found within the yellow polygon 1768 

areas where the criteria and methodology set out in Section 7 (Critical Habitat) are met. The 1 km x 1 km UTM grid overlay shown on 1769 

this figure is a standardized national grid system that indicates the general geographic area containing critical habitat. Terrestrial 1770 

critical habitat polygon areas (aligning with content of Figures B-1 to B-6) are included for reference, shown in pink.1771 
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Appendix C: Minimum 2002 Baseline Habitat Amounts and 1772 

Regional Habitat Retention Targets. 1773 

 1774 

The baseline 2002 amount of suitable habitat and regional retention targets presented 1775 

in Table C.1 in this appendix are minimum amounts, and will be updated as the nesting 1776 

critical habitat presented in this recovery strategy (Section 7.1) is refined through the 1777 

actions outlined in Table 4.  The area of habitat captured by the Geographic Location 1778 

approach (7.1.2) and the approach used for baseline target calculation (Hierarchical 1779 

Approach) are different; these important differences are described below. 1780 

 1781 

 1782 

Geographic Location for nesting critical habitat: 1783 

 1784 

The Geographic Location (Section 7.1.2; maps in Appendix B) is the broadest area 1785 

within which critical habitat may be found according to the biophysical attributes (7.1.3).  1786 

It is created by overlapping all of the 7.1.2 data sets available for each landscape unit in 1787 

a conservation region.  Each spatial data set includes areas of suitable habitat not 1788 

necessarily classed as suitable by the other data sets.  This is a precautionary measure 1789 

to account for suitable Marbled Murrelet nesting habitat that cannot currently be 1790 

modeled with the available medium scale spatial habitat information in 7.1.2.  For 1791 

example, medium scale Low-level Aerial Survey Class 4-6 polygons are considered 1792 

unsuitable nesting habitat, however, research shows that at the fine-scale (e.g., 100 m 1793 

diameter patches) suitable habitat occurs within medium scale Class 4 habitat polygons.  1794 

These fine-scale patches of suitable nesting habitat are important for the recovery of 1795 

Marbled Murrelet. 1796 

 1797 

Hierarchical Approach for minimum 2002 baseline: 1798 

 1799 

A different approach must be used to estimate the baseline 2002 suitable habitat 1800 

amount (hectares) and regional retention targets (hectares).  These are calculated using 1801 

a hierarchical approach to assembling the medium scale spatial information from 1802 

Section 7.1.2.  This hierarchical approach is consistent with the accepted management 1803 

interpretation and use of the available data, and reflects the most defensible approach 1804 

for estimating amounts of suitable nesting habitat for each landscape unit. Under the 1805 

hierarchical approach, for each landscape unit, the estimated area (hectares) is less 1806 

than or equal to the corresponding estimate (area) for Geographic Location.  Work to 1807 

develop defensible correction factors for adjusting regional target amounts is underway 1808 

(Table 4); therefore, this hierarchical approach represents the most defensible current 1809 

approach to estimating target amounts. 1810 

 1811 

Calculation of minimum 2002 baseline: 1812 

 1813 

The minimum baseline 2002 suitable nesting habitat amount is estimated as follows:  1814 

 1815 

1) Hierarchical approach: For each landscape unit within a conservation region, 1816 

the preferred order of use of the medium scale spatial data in Section 7.1.2 is to 1817 
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use Low-Level Aerial Survey (LLAS, Classes 1-3)), or if it is not available to use 1818 

Air Photo Interpretation (API, Classes 1-3) data, or if neither are available to use 1819 

the B.C. Model suitable habitat..  Additionally, all suitable nest records, occupied 1820 

detections, and regional habitat polygons are included wherever they are 1821 

available;  1822 

 1823 

2) Adjust to 2011:  Because the data used for each landscape unit cover a range 1824 

of years, provincial harvest depletion records were used to adjust the habitat 1825 

area for each landscape unit to 2011 (January 1, 2012). 2011 was used because 1826 

the provincial depletion database was believed to be most complete for that date, 1827 

and also to be consistent with previous provincial approaches using the BC 1828 

Model (see next).  1829 

 1830 

3) Backcast to 2002: The total aspatial area (hectares) of 2011 suitable nesting 1831 

habitat for each conservation region was then backcast to 2002 using loss 1832 

proportions for the same 2002-2011 period established in provincial analyses 1833 

(M. Mather, pers. comm., 2014).  The estimated loss proportions from the current 1834 

data set were similar to independent provincial estimates. 1835 

 1836 

 1837 

As noted above, the minimum targets do not account for suitable nesting habitat that 1838 

may fall outside the polygons used for the Hierarchical Approach to assembling the 1839 

spatial information for baseline calculations.  Another source of uncertainty is the loss of 1840 

habitat captured in the provincial depletion database, this may be underestimated 1841 

regions containing large proportions of private forest lands, particularly the East 1842 

Vancouver Island conservation region.  While the estimates included in Table C.1 reflect 1843 

the best available information at the time of this recovery strategy, this uncertainty 1844 

should be taken into account when interpreting the “Percent of 2011 Habitat Above 1845 

Habitat Retention Targets” in Table C.1.  Refinement of this information is a key activity 1846 

outlined in Table 5 of the Recovery Strategy. 1847 

  1848 
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Table C-1: Minimum estimated 2002 Baseline Suitable Nesting Habitat amounts (hectares) and 1849 

Regional Habitat Retention thresholds (hectares).  1850 

 1851 

Conservation 
Region 

Area (ha) 
Estimated 
Habitat in 

2002 
(Baseline)a 

Area (ha) 
Habitat in 

2011b 

 
Short 
Term 

Recovery 
Objectives 

(2002 – 
2032)c 

Minimum 
Habitat 

Retention 
Thresholds 

(ha)d 

Area (ha) of 
2011 

Habitat in 
Excess of 
Minimum 
Habitat 

Retention 
Thresholdse 

Percent of 
2011 

Habitat 
Above 
Habitat 

Retention 
Thresholdsf 

Northern 
Mainland 
Coast 

430,369 420,221 
 

≥ 68% 292,651 127,570 43.6% 

Haida Gwaii 225,145 212,628 
 

≥ 68% 153,099 59,530 38.9% 

Central 
Mainland 
Coast 

324,965 310,427 
 

≥ 68% 220,976 89,451 40.5% 

Southern 
Mainland 
Coast 

121,598 115,954 
 

≥ 85% 103,358 12,597 12.2% 

West and 
North 
Vancouver 
Island 

287,844 256,081 

 

≥ 68% 198,420 60,348 30.8% 

 East 
Vancouver 
Island 

82,033 77,038 
 

≥ 90% 73,830 3,208 4.3% 

Total 1,471,954 1,392,349   1,039,648 352,703  

 1852 
a Area (ha) Estimated Habitat in 2002 (Baseline): The amount of suitable habitat available in 2002, 1853 
determined using the backcasting approach. 1854 

b Area (ha) Habitat in 2011: The regional amounts of suitable habitat available in 2011, determined using 1855 
the hierarchical approach and 2011 provincial harvest depletion records. 1856 

c Short Term Recovery Objectives (2002 – 2032): The minimum regional percentages of suitable 1857 
habitat required to meet the population and distribution objectives - See sections 5 and 7.1. 1858 

d Minimum Habitat Retention Thresholds (ha): The minimum suitable habitat amounts required to meet 1859 
the regional short term recovery objectives. 1860 

e Area (ha) of 2011 Habitat in Excess of Minimum Habitat Retention Thresholds: The amount of 1861 
suitable habitat available in 2011 minus the minimum amount of habitat required to meet the population 1862 
and distribution objectives. 1863 

f Percent of 2011 Habitat Above Habitat Retention Thresholds: The percentage of of suitable habitat 1864 
available in 2011 in excess of the minimum amount of habitat required to meet the population and 1865 

distribution objectives. 1866 

 1867 
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