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Summary 48 

H5N1 clade 2.3.4.4b viruses have caused significant mortality events in various wild bird 49 

species across Europe, North America, South America, and Africa. In North America, the largest 50 

impacts on wild birds have been in eastern Canada, where over 40,391 wild birds were reported 51 

to have died from highly pathogenic avian influenza (HPAI) between April and September 2022. 52 

In the year following, we applied previously established methods to quantify total reported 53 

mortality in eastern Canada for a full year October 2022, to September 2023. In this study, we 54 

(i) document the spatial, temporal and taxonomic patterns of wild bird mortality in the 12 months 55 

that followed the mass mortality event in the summer of 2022 and (ii) quantify the observed 56 

differences in mortality across the breeding season (April to September) of 2022 and 2023. In 57 

eastern Canada, there was high uncertainty about whether 2023 would bring another year of 58 

devastating HPAI-linked mortalities. Mortalities in the breeding season were 93% lower in 2023 59 

compared to 2022 but encompassed a more taxonomically diverse array of species. We found 60 

that mortalities in the fall and winter (non-breeding season) were dominated by waterfowl, while 61 

mortalities during the spring and summer (breeding season) were dominated by seabirds. Due 62 

to a low prevalence of HPAI among the subset of tested birds, we refrained from broadly 63 

attributing reported mortalities in 2023 to HPAI. However, our analysis did identify three notable 64 

mortality events linked to HPAI, involving at least 1,646 Greater Snow Geese, 232 Canada 65 

Geese, and 212 Northern Gannets.  66 

This study emphasizes the ongoing need for H5NX surveillance and mortality assessments as 67 

the patterns of mortality in wild populations continue to change.  68 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 6, 2024. ; https://doi.org/10.1101/2024.05.03.591923doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.03.591923
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

Introduction 69 

The impact of highly pathogenic avian influenza (HPAI) clade 2.3.4.4b H5N1 viruses and their 70 

derived reassortants (H5Nx) on both wild and domestic birds in recent years has been 71 

unprecedented (Careen et al., 2024; Lane et al., 2023; Ramey et al., 2022). This virus has also been 72 

responsible for disease and mortality events in an unprecedented number of wild bird species 73 

worldwide (Avery-Gomm et al., 2024; Leguia et al., 2023; Molini et al., 2023; Rijks et al., 2022). Another 74 

concerning development with this virus has been the positive detection in a wide variety of 75 

marine mammals and terrestrial mesopredators (Alkie et al., 2023; Plaza et al., 2024). 76 

 77 

In North America, the first confirmed case of HPAI clade 2.3.4.4b H5N1 in a wild bird was 78 

detected in a Great Black-backed Gull (Larus marinus) in late 2021 in Newfoundland, Canada 79 

(Caliendo et al., 2022). Since then, mass mortality events in seabirds (e.g., Pelecaniformes, 80 

Suliformes, and Charadriiformes), sea ducks (e.g., American Common Eider; Somateria 81 

mollissima), and geese (Anseriformes; waterfowl) have been documented (Avery-Gomm et al., 82 

2024; Giacinti et al., 2023). To date, the largest mortalities associated with HPAI in North America 83 

have been in eastern Canada, where at least 40,391 wild birds died during the 2022 HPAI 84 

outbreak between April and September 2022 (Avery-Gomm et al., 2024). The scale of mass 85 

mortality that occurred among seabirds and sea ducks was unanticipated and coincided with 86 

similar mass mortalities in Europe (European Food Safety Authority et al., 2022; Pearce-Higgins et al., 87 

2022). 88 

 89 

The rapidly evolving nature of HPAI viruses has complicated response and monitoring efforts, as 90 

its impacts are challenging to predict, prepare for, and manage (Ramey et al., 2022). In eastern 91 

Canada, there was high uncertainty about whether 2023 would bring another year of devastating 92 

HPAI-linked mortalities. In addition to increasing disease surveillance through Canada’s 93 
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Interagency Surveillance Program for Avian Influenza Viruses in Wild Birds, Environment and 94 

Climate Change Canada (ECCC), the federal wildlife agency responsible for the conservation 95 

and management of migratory birds, opted to prepare for another significant mortality event in 96 

eastern Canada. 97 

 98 

Using methods developed from Avery-Gomm et al. (2024), to document mortality in the 99 

spring/summer of 2022, we collated mortality reports across eastern Canada for 12 months 100 

spanning October 2022 to September 2023. Unlike Avery-Gomm et al. (2024), who sought to 101 

assess HPAI-linked mortality only, this study reports on complete mortality in wild birds 102 

regardless of the cause of death and uses avian influenza virus (AIV) screening data when 103 

available to draw inferences about the cause of death. The objectives of this study are to (i) 104 

document the spatial, temporal and taxonomic patterns of wild bird mortality in the 12 months 105 

that followed the spring/summer mass mortality events of 2022 described by Avery-Gomm et al. 106 

(2024), and (ii) quantify the observed differences in mortality across the breeding seasons (i.e., 107 

April and September) of 2022 and 2023. 108 

 109 

Materials and Methods 110 

To the extent possible, the collation of mortality reports and data processing were aligned with 111 

the methods of Avery-Gomm et al. (2024). Accordingly, we defined eastern Canada as the 112 

provinces of Québec (QC), New Brunswick (NB), Nova Scotia (NS), Prince Edward Island (PE), 113 

and Newfoundland and Labrador (NL). We defined spring/summer as April 1 – September 30, 114 

which spans the breeding season for almost all birds in eastern Canada. To quantify the 115 

differences in mortality across the breeding seasons across two years, we present data for i) the 116 

spring/summer of 2022 (the period reported in Avery-Gomm et al. 2024) and ii) the 117 

spring/summer of 2023. In addition, we report mortalities for the intervening period (October 118 

2022 – March 2023), hereafter referred to as the fall/winter period. Deviations from the methods 119 
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described by Avery-Gomm et al. (2024) included an increased effort to survey beaches in the 120 

spring/summer of 2023, the inclusion of the complete mortality dataset (i.e., not only HPAI-121 

linked mortality), and no effort to characterize the age classes of any species using photos 122 

submitted to iNaturalist. 123 

 124 

In the spring and summer of 2023, preparations involved allocating financial and human 125 

resources to survey breeding colonies (aerial and on foot) for impacted populations of seabirds, 126 

and to conduct beach surveys. The goal of the colony surveys was to assess the impact of the 127 

2022 outbreak on breeding colonial seabirds and sea ducks and the goal of the beach surveys 128 

was to improve the assessment of mortality events if one should occur by providing information 129 

on the onset, duration, and scale of mortality, as well as improving access to fresh carcasses for 130 

testing, necropsy, and early confirmation of HPAI.  131 

 132 

Collation of wild bird mortality data 133 

For the first period (spring/summer 2022) the complete mortality dataset, which includes all 134 

reported mortalities - not only those attributed to HPAI, was obtained from Avery-Gomm et al. 135 

(2024). For the subsequent 12 months (October 2022 to September 2023), we requested and 136 

collated the submission of mortality reports from the same data providers that contributed data 137 

in the summer of 2022. This included provincial, federal, Indigenous, and municipal government 138 

staff and databases, the Canadian Wildlife Health Cooperative (CWHC), NGOs, university 139 

researchers, and two citizen science platforms (eBird and iNaturalist). The details on how data 140 

from iNaturalist were obtained are available in the Supplementary material (Appendix S1). 141 

Observations of wild bird mortalities on seabird and sea duck colonies, that were visited by 142 

government biologists and university researchers, were obtained through direct solicitation. 143 

Among the colonies visited were all six Northern Gannet (Morus bassanus) colonies, previously 144 

impacted Common Eider colonies in the St. Lawrence Estuary and some Common Murre (Uria 145 
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aalge) and Herring Gull (Larus argentatus) colonies which were previously impacted (e.g. Taylor 146 

et al. 2023). Dates and details regarding which colonies were visited in 2023 for Northern 147 

Gannet, Common Eider, and Common Murres can be found in the online data repository (Data 148 

S2, Data S3, and Data S4 respectively). 149 

 150 

Mortalities reported by data providers were supplemented with an increased beach survey effort 151 

during the spring/summer of 2023. From March 10 to November 3, 2023, 42 beaches across NB 152 

(13), NS (13), PE (14), and the island of Newfoundland (NF; 2) were surveyed. Fifteen of the 153 

beaches were selected because they had a high number of reported mortalities in the 154 

spring/summer of 2022. These were surveyed at 7 to 14-day intervals whenever possible. Poor 155 

weather or logistical issues (i.e., travel, staff availability) resulted in a maximum of 1 month 156 

occurring between surveys for some beaches (Appendix S2; Table S1). Twenty-seven of the 157 

beaches were surveyed on an ad hoc basis in response to public reports of mortality or to 158 

increase coverage of the coastline surveyed and these were surveyed following the same 159 

protocol, but at less regular intervals (i.e., 1-5 visits throughout the spring/summer). 160 

 161 

Beach surveys followed standardized protocols (as described in Wilhelm et al. 2009, Lucas et al. 162 

2012); they were conducted by walking along the lowest wrack line (i.e., the line of stranded 163 

seaweed and debris closest to the water) while scanning side to side for the entire length of the 164 

beach and returning along the next wrack line above. For wide beaches with many wrack lines, 165 

surveyors walked in a zig-zag motion to increase the encounter rate of carcasses. Carcasses 166 

that were identified as suitable for necropsy were collected following the HPAI beach survey 167 

protocol (Appendix S2) and carcasses too decomposed for testing were flagged or disposed of 168 

to avoid duplicate counting during the next survey. The site name, date, and start and end point 169 

of each survey were recorded (Appendix S2; Table S1). 170 
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 171 

Data processing  172 

All reports of mortality, including mortalities observed on colonies and during beach surveys, 173 

included the date, observer name and contact information, source, location (coordinates and/or 174 

site name), species identified to the lowest possible taxonomic level, and number of mortalities 175 

per species. When coordinates were unavailable or not provided in reports, georeferencing 176 

based on site name was conducted manually using Google Earth Pro or automatically using the 177 

geocode function in the R package ggmap (Kahle and Wickham, 2013). For observations that 178 

could not be identified to the species level, less precise taxonomic assignments were used (e.g., 179 

unknown gull, unknown tern). All observations were assigned to one of the following species 180 

groups: seabirds (includes American Common Eider), waterfowl, waders (e.g., herons, egrets, 181 

cranes), shorebirds (e.g., sandpipers, plovers, avocets, oystercatchers, phalaropes), loons, 182 

landbirds, raptors, or unknown. 183 

 184 

Attributing causes of mortality  185 

We chose not to make broad assumptions about the cause of death within our study region 186 

during our study period. Therefore, the complete mortality dataset presented in this paper 187 

includes all reports of mortality regardless of cause of death, HPAI test results, or whether 188 

species were presumed HPAI virus-positive by Avery-Gomm et al. (2024) in 2022, with birds of 189 

unknown species also included. As part of Canada’s Interagency Surveillance Program for 190 

Avian Influenza Viruses in Wild Birds, a subsample of sick and dead wild birds was tested for 191 

the HPAI virus. We only attribute HPAI as a cause of death under two instances: 1) sick and 192 

dead birds that tested positive for HPAI, and 2) notable mortality events, which we define as a 193 

cluster of ≥100 mortalities of a single species within a 4-week period in the same location (i.e., 194 

province), where the prevalence of HPAI among the subsample of tested birds was >50%. For 195 

notable mortality events that meet the 50% threshold, we attribute all of the mortalities in the 196 
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notable mortality event to HPAI. We report the sum of the total reported mortalities across all 197 

notable mortality events that are attributable to HPAI, but this must be viewed as a very 198 

conservative estimate of HPAI-linked mortality. 199 

 200 

Double-count analysis 201 

Avery-Gomm et al. (2024) present a method for identifying instances within a dataset where 202 

records of a particular species reported in close proximity and time might suggest that the 203 

observation was reported more than once (i.e., double counts). This method was used to 204 

conduct a double-count analysis on the complete mortality dataset (April 2022 to September 205 

2023). Following Avery-Gomm et al. (2024), we present results which exclude the smaller of two 206 

records that are identified as potential double counts because they belonged to the same 207 

species and were observed within 1 km and 1 day of each other, unless they were reported by 208 

the same person to the same source (Scenario B). Mortalities with less specific taxonomic 209 

assignments were handled as described in Avery-Gomm et al., (2024). For example, similar-210 

looking gull species groups, that could be misidentified for one another were grouped with all 211 

reports of unknown gulls and included in the double-count analysis as ‘Gulls’ (i.e., Gulls 212 

represents white-headed gulls; Herring, Great Black-backed, Lesser Black-backed (Larus 213 

fuscus), Ring-billed (Larus delawarensis), Iceland (Larus glaucoides), Glaucous (Larus 214 

hyperboreus), and unknown gulls). In the analysis, we also similarly defined Cormorants and 215 

Terns following Avery-Gomm et al. (2024). Other reports of less specific taxonomic 216 

assignments, that could not be grouped or considered interchangeable, were excluded from the 217 

analysis. The excluded reports were added to the double-count corrected dataset post-analysis.  218 

 219 

Species-specific mortality estimates and temporal comparisons 220 

For the 12 months following the mass mortality events of spring/summer 2022 (i.e., October 221 

2022 to September 2023) we present spatial, temporal, and taxonomic patterns of reported wild 222 
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bird mortality using the complete mortality dataset with records identified as double counts 223 

excluded. The summed mortality numbers presented are minimum estimates, as we did not 224 

correct for birds that died that went unrecorded (e.g., areas not surveyed, birds not detected, 225 

birds not reported, birds lost at sea). Observed differences in species-specific mortality between 226 

the breeding seasons (e.g., April and September) of 2022 and 2023 are quantified using the 227 

complete, double-count corrected mortality dataset.  228 

 229 

Results 230 

Wild bird mortalities from October 1, 2022, to September 30, 2023 231 

Through this mortality assessment, mortality reports were collated from four primary sources. 232 

Direct reports made by ECCC staff contributed 30.5% of reported mortalities (28% of these 233 

reports were documented during beach surveys). Provincial government reports contributed 234 

24% of reported mortalities. As part of Canada’s Interagency Surveillance Program for AIV in 235 

Wild Birds, the Canadian Wildlife Health Cooperative contributed reports of sick and dead birds 236 

that accounted for 23% of the total reported mortalities. Data exported from iNaturalist and eBird 237 

contributed 17% of the reported mortalities. University researchers who work closely with wild 238 

bird populations and visit breeding colonies during the spring and summer contributed 4.5% of 239 

the reported mortalities. Parks Canada contributed 0.2% of reported mortalities. NGOs (e.g., 240 

NatureNB, Birds Canada, The Rock Wildlife Rescue) and Indigenous government partners were 241 

contacted in the region but very few had observations of mortality to report and cumulatively 242 

contributed 0.8%. 243 

 244 

In total, 7,314 wild bird mortalities were recorded in eastern Canada in the 12 months that 245 

followed the mass mortality events described by Avery-Gomm et al., (2024). After the double 246 

count analysis, we found that 6.8% of these mortalities were likely birds that were reported by 247 

more than one observer, to more than one source, or both. Consequently, these redundant 248 
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reports were excluded, leading to 6,977 unique wild bird mortalities across the region. These 249 

reports represent 199 species and 17 less precise taxonomic assignments. Among the 250 

provinces, the highest number of mortalities were reported in QC (3,501) and NS (2,156), 251 

followed by NL (569), PE (373), and NB (378). 252 

 253 

The largest proportion of mortality for the entire annual cycle (October 2022 to September 2023) 254 

occurred in waterfowl (2,439; 35.0%) and seabirds (2,208; 31.6%), with smaller numbers of 255 

landbirds (1,351; 19.4%), raptors (775; 11.1%), waders (80; 1.1%), loons (71; 1.0%), shorebirds 256 

(30; 0.4%), and unknown species (23; 0.4%). Over the entire period, six species made up 50% 257 

of mortalities: Greater Snow Goose (Anser caerulescens atlanticus, 1701; 25%), American 258 

Crow (Corvus brachyrhynchos, 508; 7%), Canada Goose (Branta canadensis, 497; 7%), 259 

Northern Gannet, 368; 5%), Great Shearwater (Ardenna gravis, 288; 4%), and Herring Gull 260 

(239; 3%). The majority of mortality reported in the fall/winter (October 2022 to March 2023) was 261 

waterfowl (59% of 3,594), whereas mortality in the spring/summer (April to September 2023) 262 

consisted mostly of seabirds (47% of 3,383). A comprehensive breakdown of each group, 263 

species, and double-count corrected mortality can be found in Appendix S3. 264 

 265 

Notable mortality events 266 

Across the entire study period, there were five notable mortality events, as defined as ≥100 267 

mortalities in a province within a month: three in fall/winter and two in spring/summer. Out of the 268 

6,977 mortalities in our complete double count corrected dataset, we directly attribute 302 269 

mortalities to HPAI based on positive test results. In total, 2,076 mortalities were attributed to 270 

HPAI based on a high prevalence in the subsample of tested birds associated with those 271 

notable mortality events (Figure 1). 272 

 273 
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The three notable mortality events in the fall/winter included Northern Gannet, Greater Snow 274 

Goose, and Canada Goose (Figure 2A). In October 2022, a survey conducted in three study 275 

plots on Bonaventure Island, a breeding colony in QC, reported at least 212 dead Northern 276 

Gannets. These mortalities were associated with HPAI-linked mortality during the summer of 277 

2022 at this location, which started in May 2022 and continued beyond the end of the study 278 

period described by Avery-Gomm et al. (2024). The second notable mortality event occurred in 279 

November 2022, involving 1,643 Greater Snow Geese in southern QC. A subset of Snow 280 

Geese carcasses was collected (68), and HPAI was detected in 92%. The third notable mortality 281 

event occurred on PE between late February and mid-March and involved 221 Canada Geese. 282 

HPAI was also confirmed in a subset of carcasses that were tested from this event (73% of 30 283 

collected). Over half (58%) of the mortalities during the fall/winter were associated with these 284 

three mortality events (2,076 out of 3,594).  285 

 286 

The two notable spring/summer mortality events involved Great Shearwater and Common 287 

Murre (Figure 2B). In June and July 2023, highly emaciated Great Shearwaters washed ashore 288 

along the southern coast of NS. For example, a beach survey conducted on Sable Island, NS in 289 

July reported 132 dead Great Shearwater. Of those collected and sent for testing (7), none 290 

tested positive for the HPAI virus. In August 2023, at least 100 Common Murre washed ashore 291 

in Cape Freels, NL. Of the carcasses sent for testing (10), none tested positive for the HPAI 292 

virus.  293 

 294 

Interestingly, following a positive detection of HPAI in a dead Common Tern (Sterna hirundo) on 295 

North Brother Island, NS in June, elevated levels of mortality were reported among tern chicks 296 

(> 25), including Roseate Tern (Sterna dougallii), an endangered species under the Species at 297 

Risk Act in Canada, that were also observed exhibiting neurological symptoms typical of HPAI. 298 

A subset of tern chicks (11) was collected and sent for testing and necropsy but none tested 299 
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positive for HPAI. None of these mortalities were attributed to HPAI, other than the initial dead 300 

adult Common Tern tested. 301 

 302 

Noteworthy mortality levels were also observed in American Crows (508) and Gulls (557) but 303 

were mostly reported as individual cases or in small numbers throughout the study period rather 304 

than as a single event (Figure 2B). HPAI was detected in both groups, but prevalence was 305 

relatively low (e.g., below the 50% threshold required to assume all mortalities were attributable 306 

to HPAI) and varied between seasons. During the fall/winter, 210 American Crows were 307 

reported (35% of 115 tested were positive) and during the spring/summer, an additional 298 308 

American Crows were reported (11% of 98 tested were positive). During the fall/winter, 206 309 

Gulls were reported (22% of 54 tested were positive). During the spring/summer of 2023, 434 310 

Gulls were reported (19% of 66 tested were positive), including the only two HPAI virus 311 

detections from seabird breeding colonies (1 adult Herring Gull on Country Island, NS and 1 312 

adult Herring Gull on Gull Island, NL). 313 

 314 

Interannual comparison of breeding season mortality 315 

In the spring/summer of 2022, 44,595 unique wild bird mortalities were reported in the complete 316 

double-count corrected dataset. In the spring/summer of 2023, only 3,383 mortalities were 317 

reported, representing a 93% reduction in mortalities from the previous year. We attribute only 318 

61 mortalities to HPAI (i.e., only those birds that were positive) in the spring/summer of 2023, 319 

compared to Avery-Gomm et al. (2024) who attributed 40,391 mortalities to HPAI during the 320 

same period in 2022. However, it is important to note the different approaches in how mortality 321 

was attributed, so these results should not be interpreted as a 99% reduction in HPAI among 322 

wild birds across the two years. 323 

 324 
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In 2022, 44% of mortalities during that period were associated with seabird breeding colonies, 325 

which was driven in large part by mass mortalities at four large Northern Gannet colonies in QC 326 

and NL. Correspondingly, the majority of mortalities were reported in these two provinces 327 

(19,158 and 16,661, respectively). In 2023, only a small percentage of mortalities were reported 328 

in colonies (148; 4.3% of spring/summer reported mortalities). The largest proportion of 329 

mortalities came from NS (1313; 39% of mortalities reported in 2023) closely followed by QC 330 

(1228; 36%), and relatively few mortalities were reported in NL (409, 12%). 331 

 332 

Compared to 2022, the reported mortalities during the spring/summer of 2023 encompassed a 333 

more taxonomically diverse array of species. For instance, during this period in 2022, the 334 

majority of mortalities were seabirds and sea ducks (92%) and mortality among other species 335 

groups was limited. In stark contrast, although mortalities during the same period in 2023 were 336 

still largely seabirds (47%), more mortalities were reported in landbirds, waders, and raptors 337 

(Table 1). 338 

 339 

In 2022, most mortalities were dominated by only two species: Northern Gannet (26,199) and 340 

Common Murre (8,167), which constitute 77% of the overall reported mortality. In 2023, no 341 

single species represented more than 10% of overall mortality (Appendix S3). The two species 342 

with the highest number of mortalities in 2023 include the American Crow (9%) and Great 343 

Shearwater (8%) followed by Northern Gannet, Herring Gull, unknown gulls, Canada Goose, 344 

and Common Murre each representing between 4-5% of the overall mortality. The remaining 345 

192 species each represent less than 4% of the total mortality.  346 

 347 

Mortality among Northern Gannets and Common Murres in the breeding season of 2023 (156 348 

and 145 respectively) was substantially lower than in 2022 (26,199 and 8,167 respectively). 349 

Although there was no mass mortality of either species in 2023, HPAI was detected in 3 350 
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gannets in June (2 in NB, 1 in QC) and not detected in any Common Murres collected for 351 

testing. In contrast, reported mortality for American Crows and Great Shearwaters was 352 

significantly higher in 2023 (298 and 282 respectively) than it was in 2022 (99 and 34 353 

respectively). 354 

 355 

Discussion  356 

In this study, we documented a substantial decline in reports of sick and dead birds in the 12 357 

months that followed the largest HPAI-linked mortality event in North America (eastern Canada, 358 

spring/summer 2022; Avery-Gomm et al. 2024). A third of these mortalities can be attributed to 359 

HPAI, mostly associated with notable mortality events in late autumn and early spring involving 360 

Greater Snow Goose and Canada Goose - waterfowl species that did not suffer large mortalities 361 

during the 2022 breeding season in eastern Canada (Avery-Gomm et al., 2024). In the summer of 362 

2023, we noted far fewer mortalities reported in Northern Gannet, Common Murre and Common 363 

Eider, the three species most affected in the summer of 2022, a pattern that is consistent with 364 

findings from the UK (Tremlett et al., 2024). Reported mortality was higher among landbirds, 365 

raptors and waterfowl during 2023 than in 2022. Spatially, mortalities concentrated around the 366 

St. Lawrence Estuary, and the coasts of NS and PE, with relatively few reports from elsewhere. 367 

 368 

Assessing mortality based on collated reports from numerous sources, across a large study 369 

area comes with a set of caveats and precautions to consider when interpreting the data. Many 370 

of these are described in detail by Avery-Gomm et al. (2024), and equally apply to this study. 371 

Namely, mortalities should be viewed as a conservative estimate of true mortality because it is 372 

likely that many bird carcasses were not observed or reported, even in areas where survey 373 

effort was intensive. We feel confident that no mass mortality events were overlooked by our 374 

dataset, however, detection and reporting of mortality is likely to be lower in areas with lower 375 
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human population density and at sea. The scope of this study differs from Avery-Gomm et al. 376 

(2024) in two key ways. First, we describe complete mortality rather than HPAI-linked mortality 377 

in 2023 because the prevalence of HPAI among the subset of tested dead birds was low. 378 

Although we attribute mortalities to HPAI if they were associated with a notable mortality event 379 

in which >50% of sampled dead birds tested positive, this likely underestimates HPAI-linked 380 

mortalities.  381 

 382 

Mortality in fall/winter  383 

The largest notable HPAI-linked mortality events involved Greater Snow Goose (1,643) and Canada 384 

Goose (232). Generally, avian influenza viruses are common in waterfowl species, and cases are 385 

typically higher in the fall when large congregations of juveniles lacking immunity, mix with 386 

mature adults before migration (Arsnoe et al., 2011; Groepper et al., 2014). These pre-migration 387 

staging areas, combined with cooling temperatures in the fall (i.e., conditions favourable for the 388 

virus, Webster et al. 1992) likely facilitated the spread of the HPAI virus among Snow Geese in 389 

southern QC. The notable mortality event involving Canada Geese occurred later in the 390 

fall/winter period (March 2023), and this time of year birds can be more susceptible to infection 391 

due to colder winter temperatures, limited food availability, and generally lower body condition 392 

(Moon et al., 2007; Van Gils et al., 2007; Wight et al., 2024). The third notable mortality event 393 

involved at least 212 Northern Gannets reported on Bonaventure Island in October 2022. This 394 

mortality reflects the continuation of an ongoing HPAI-linked mortality event described by Avery-395 

Gomm et al. (2024), which documented at least 3,611 mortalities between April 1 and 396 

September 30, 2022. Across eastern Canada, an estimated 26,193 gannet mortalities were 397 

reported over that period. 398 

 399 
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HPAI-linked mass mortality impacting wild bird populations is a very real concern that has been 400 

highlighted at the highest levels (CMS FAO Co-convened Scientific Task Force on Avian Influenza and 401 

Wild Birds, 2023). However, the significance of a mortality event depends on the ratio of 402 

mortalities to the size of the impacted population and the trend of the impacted population. 403 

Although Canada Goose populations are large globally (i.e., 7.6 million individuals; Partners in 404 

Flight 2021), populations are highly structured and have different management plans. The North 405 

Atlantic Population (NAP) breeds through Labrador, Québec, insular Newfoundland, and 406 

western Greenland, with wintering areas occurring primarily in coastal areas of southern Atlantic 407 

Canada and New England (Canadian Wildlife Service Waterfowl Committee, 2020; Mowbray et al., 408 

2020). Historically, wintering populations existed farther south along the United States coast into 409 

the Carolinas but have since disappeared (Mowbray et al. 2020). Canada geese in the NAP 410 

have been formally managed as a separate population by the USFWS and CWS since 1996, 411 

with specific population and harvest management objectives (Atlantic Flyway Technical Section, 412 

2008). The NAP of the Canada Goose has remained stable since 1990, estimated at 413 

approximately 52,500 breeding pairs (Canadian Wildlife Service Waterfowl Committee, 2020), but 414 

mixing with other Canada Goose populations during migration and harvest seasons makes it 415 

difficult to manage. We speculate that based on the timing and location of the notable mortality 416 

event (i.e., mid to late March in PE), most of the mortalities were likely NAP Canada geese. 417 

However, the magnitude of this specific mortality event (221 individuals) is not enough to cause 418 

management concerns.  419 

 420 

In contrast to Canada Geese, all Snow Goose populations - which include the Lesser Snow 421 

Goose (Chen caerulescens caerulescens) and the Greater Snow Goose - have increased 422 

dramatically since the 1970s and 1930s, respectively, and are now considered overabundant 423 

(Lefebvre et al., 2017). The large Greater Snow Goose population (estimated at 900,000 in 2015; 424 
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Lefebvre et al. 2017) means that our documented event involving 1,643 mortalities is not 425 

concerning from a conservation perspective. However, it is worth noting that notable mortalities 426 

in the hundreds or thousands have also been reported for Lesser Snow Geese in the Central 427 

Flyway and Pacific Flyway (Giacinti et al., 2023). Given the apparent susceptibility of all 428 

subspecies of Snow Geese to HPAI, efforts to collate mortality reports and disease surveillance 429 

data may be warranted if repeated mortality events from HPAI occur seasonally. 430 

 431 

Mortality in spring/summer 2023 432 

There were only two notable mortality events during the spring and summer of 2023, both 433 

involving seabirds: Great Shearwater and Common Murre. None of the sampled birds of either 434 

species tested positive for the HPAI virus. Mortality events (sometimes called wrecks) for 435 

seabirds are not entirely uncommon. Past mortality events for seabirds, have been associated 436 

with oil spills or chronic oil pollution (Camphuysen, 1998; Wiese & Ryan, 2003; Wilhelm et al., 2007), 437 

bycatch in fishing gear (Davoren, 2007; Tasker et al., 2000) or starvation due to multiple factors 438 

including reduced food availability (Jones et al., 2018), summer heat waves (Piatt et al., 2020) or 439 

winter storms (Clairbaux et al., 2021; Diamond et al., 2020).  440 

 441 

In 2022, Common Murre was the second most reported species and all mortalities were 442 

attributed to HPAI based on positive subsampled test results (Avery-Gomm et al. 2024). 443 

Therefore, it was unexpected when none of the birds tested from the notable mortality event in 444 

August 2023 were positive for HPAI. Carcasses collected from the mortality event indicated that 445 

the birds were in apparently good body condition and did not exhibit any signs of starvation or 446 

oiling and that bycatch in fishing gear was likely the cause of death (Ward, C. pers. comm.). In 447 

summer, inshore areas of eastern Newfoundland historically exhibit high rates of gillnet bycatch 448 

in murres and shearwaters (Hedd et al., 2016). From a conservation perspective, Common Murre 449 
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populations in eastern Canada are large (estimated at 1.75 million breeding birds; Ainley et al. 450 

2021). and the loss of 100 individuals of unknown age is not significant as a single event. 451 

However, this species is clearly under multiple pressures and there are concerns over the 452 

sustainability of these pressures, including a legal harvest (Cox et al., 2024).  453 

 454 

None of the Great Shearwater mortalities in 2022 that were tested for HPAI were positive, and 455 

this was the result again in 2023. The occurrence of a notable mortality event for Great 456 

Shearwater is not entirely unexpected. Between 1993 and 2009, monthly beached bird surveys 457 

on Sable Island, NS by the Sable Island Institute consistently reported Great Shearwater 458 

carcasses mainly in June and July (1,304 carcasses total; Lucas et al. 2012) and low oiling rates 459 

reported to eliminate the possibility for oil pollution as a cause of death (Lucas et al., 2012). Over 460 

the same approximate period (1993-2013), at least twelve notable mortality events involving 461 

emaciated Great Shearwater were reported on the US East Coast (4,961 carcasses total; 462 

Haman et al. 2013, Robuck, A., pers comm). 463 

 464 

Great Shearwaters are transequatorial migrants that travel from their breeding colonies in the 465 

southern hemisphere to their non-breeding grounds in the waters off the eastern coast of the 466 

United States and Canada where they forage during the summer months (Haman et al., 2013; 467 

Ronconi et al., 2010). The poor condition of these birds may reflect the cumulative stresses of 468 

evolving foraging conditions in their pre-migration staging areas off the coast of Argentina, a 469 

long migration, and inclement weather events once they arrive at their northern foraging 470 

grounds (Robuck, A., pers comm). In 2023, sea surface temperatures were among the highest 471 

on record (Cheng et al., 2024) and rapid oceanographic changes directly influence the abundance 472 

of forage fish and important prey species for marine top predators, like seabirds (Cairns, 1988; 473 
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Harding et al., 2007). These factors together likely have contributed to the wrecking event of this 474 

long-distance migrant. 475 

 476 

Despite not meeting our criteria for a notable mortality event, American Crow and Gulls (e.g., 477 

known species grouped with unidentified gulls) accounted for a high proportion of mortalities 478 

over the entire period. This mortality is difficult to distinguish from background rates because no 479 

historical mortality data in this manner exists. Crows and gulls are both scavengers, which is an 480 

established route for HPAI infection (Nemeth et al., 2023; van den Brand et al., 2018). While 481 

prevalence rates among crows collected for testing were high in the winter and mortality may 482 

therefore be attributed to HPAI, it was low in the summer. Prevalence rates were also low 483 

among gulls tested in both time periods.  484 

 485 

Although gulls were among the breeding seabirds affected by HPAI in 2022 (Avery-Gomm et al. 486 

2024), systematic daily monitoring on Kent Island, NB revealed order of magnitude lower 487 

mortality in 2023 (8 deaths, this study) compared to 2022 (>66 deaths; Taylor et al. 2023). 488 

Reduced mortality in the subsequent year may partially be a result of some degree of acquired 489 

immunity from previous exposure to HPAIs, or previous exposure to viruses with lower 490 

pathogenicity (e.g., H13 and H16; Huang et al. 2014, Benkaroun et al. 2016). 491 

 492 

Interannual comparison between 2022 and 2023 spring/summer mortalities 493 

Mortalities in 2023 were represented by a more taxonomically diverse array of species than in 494 

2022, which were dominated by seabirds and sea ducks. In 2023, we found that a larger 495 

proportion of mortalities were reported in landbirds, waders, and raptors, although seabirds still 496 

accounted for almost half of the reported mortalities. The most prominent contrast between 497 

breeding seasons is the remarkable decline in reported mortalities, dropping from 40,911 in 498 
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2022 to 1,599 in 2023. Several factors could explain this decline, including acquired immunity 499 

among seabird populations, genetic changes in circulating HPAI viruses, little to no presence of 500 

HPAI on the landscape, or any combination of these factors.  501 

 502 

Before the arrival of HPAI H5N1 clade 2.3.4.4b in late 2021, wild birds in Canada were naïve to 503 

this particular clade of HPAIVs. Although some species (e.g., gulls, murres) may have had 504 

some immunity from past infection with low pathogenic avian influenza viruses (LPAIVs) that 505 

could have provided some protection against severe disease (Huang et al., 2013; Wille et al., 506 

2014), naivety to HPAI was the likely cause of mass mortality experienced in 2022. In 2023, 507 

many wild bird populations across North America were no longer naïve to HPAI viruses. Those 508 

that survived infection in 2022, particularly Northern Gannets, Common Murres and Common 509 

Eiders, likely retained some level of immune protection in the year that followed (J. Provencher 510 

and J. Giacinti, unpublished data) which we posit explains the lower reported mortalities. 511 

Additionally, after more than a year of circulation across the continent, the ancestral virus 512 

responsible for high rates of mortality in 2022 (e.g., wholly Eurasian strain), has given rise to 513 

many reassortant HPAI viruses (Alkie et al. 2023, Giacinti et al. 2023, Signore et al. in prep). The 514 

extensive circulation of these genetically distinct reassortants, along with pre-existing immunity 515 

to HPAI, resulted in vastly different patterns of transmission, disease, and mortality than what 516 

occurred in 2022. Questions about how long immunity acquired from infection with the wholly 517 

Eurasian HPAI virus in 2022 will last and how this will protect seabirds and sea ducks in eastern 518 

Canada against severe outcomes from reassortant HPAI viruses remain. 519 

 520 

Role of Beached Bird Surveys in reporting mortalities 521 

Due to HPAI, mortalities may be elevated compared to background rates, even when no notable 522 

mortality events occur. However, this is challenging to assess without historical baseline 523 
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mortality data across the region. Systematic Beached Bird Surveys (BBS) provide the most 524 

robust way to assess long-term trends in seabird and sea duck mortalities (Lucas et al. 2012) 525 

but require significant time and effort. Beached bird survey programs previously existed across 526 

eastern Canada to diagnose, quantify, and audit the impacts of oil on seabirds, but have been 527 

scaled back since oiling rates declined in the 2000s (Wilhelm et al. 2009). Future studies could 528 

assess whether reported mortalities in the spring/summer of 2023 are above background rates, 529 

using historical data from existing surveys in NL and NS. 530 

 531 

Another advantage of BBS is that they can increase access to fresh carcasses for HPAI testing 532 

and necropsies, and help detect the onset, duration and magnitude of mortality events, should 533 

they occur. BBS were implemented in eastern Canada in 2023, as recommended in Avery-534 

Gomm et al., (2024), however no HPAI-linked mass mortality events occurred during this time. 535 

Although BBS conducted in this study helped document almost a quarter of the mortalities 536 

reported, very few of the birds reported on beaches were fresh enough for collection. Given the 537 

unpredictable nature of mass mortality events, we suggest a balanced program that targets a 538 

smaller number of beaches with high catchment rates for long-term monitoring to establish a 539 

baseline for annual mortality, with the ability for response teams to implement additional surveys 540 

during potential outbreak years.  541 

 542 

Conclusion 543 

Globally, tens of thousands of HPAI outbreak notifications involving wild birds have been 544 

reported since 2021 (Wille & Waldenström, 2023), and many of these have been associated with 545 

mass mortality events. In 2023, Eastern Canada did not experience mass mortality events on 546 

the same scale as occurred in 2022, but experiences from abroad suggest this may have been 547 

the exception rather than the rule. For example, mass mortality in seabirds has been reported in 548 
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the United Kingdom and Scotland in both 2022 and 2023 (Black-headed Gulls Chroicocephalus 549 

ridibundus, Black-legged Kittiwakes Rissa tridactyla and Sandwich Thalasseus sandvicensis, 550 

Common, and Arctic Terns Sterna paradisaea; Tremlett et al. 2024). In North America, the 551 

populations of many bird species are in decline (Rosenberg et al., 2019) and are under multiple 552 

pressures from the cumulative effects of human activities and climate change (Bateman et al., 553 

2020; Phillips et al., 2023). Despite low mortalities in Canada in 2023, the H5Nx virus is a 554 

significant concern at a continental and global scale, and “understanding HPAI impacts requires 555 

research and better data from outbreak situations, improved and standardized recording 556 

systems for wildlife settings, greater virus phylogenetic analyses, good population monitoring 557 

and research efforts” (CMS FAO Co-convened Scientific Task Force on Avian Influenza and Wild Birds, 558 

2023).  559 

  560 
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Table 1: Interannual comparison of reported mortalities for each species group in the 831 
spring/summer period (April 1 to September 30). Our complete mortality dataset, with double 832 
counts removed, includes all reports of mortality regardless of the cause of death, HPAI test 833 
results, or whether species were presumed positive by Avery-Gomm et al., (2024) in 2022. 834 
Number of species included in each group is denoted in parentheses beside the totals. 835 
American Common Eider are included in seabirds. 836 
 837 
Group 2022 2023  

  Total Birds  

(# of 
Species) 

Percent of 
Total 

Total Birds  

(# of 
Species) 

Percent of 
Total 

Total Ratio of  

2023 over 2022 

Seabirds 40,911 (32) 91.74% 1,599 (35) 47.27% 0.04 

Landbirds 441 (69) 0.99% 880 (92) 26.09% 2.0 

Waterfowl 299 (21) 0.67% 324 (18) 9.61% 1.1 

Raptors 108 (17) 0.24% 408 (24) 12.10% 3.8 

Loons 39 (3) 0.09% 56 (3) 1.66% 1.4 

Waders 23 (7) 0.05% 71 (6) 2.10% 3.1 

Shorebirds 12 (8) 0.03% 24 (9) 0.71% 2.0 

Unknown 
Bird 

2,762 6.19% 21 0.62% 0.008 

Total 44,595 - 3,383 - 0.07 
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 839 
Figure 1: The taxonomic and temporal patterns of reported wild bird mortalities in the 12 840 
months that followed the spring/summer mass mortality events of 2022 described by Avery-841 
Gomm et al. (2024) in eastern Canada. Species with noteworthy levels of mortality or notable 842 
mortality events (i.e., ≥150 reports across the entire period) are coloured by species. ‘Other 843 
Species’ represents the remaining 209 species reported throughout the entire study period. 844 
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 845 

Figure 2: Spatial, temporal, and taxonomic pattern of reported mortalities in the 12 months that 846 
followed the spring/summer mass mortality events of 2022 described by Avery-Gomm et al., 847 
(2024) in eastern Canada during the (A) fall/winter period (October 2022 to March 2023) and (B) 848 
spring/summer period (April 2023 to September 2023). Only species with notable mortality 849 
events or noteworthy levels of mortality discussed in the text are shown. 850 
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