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Abstract
To determine the minimum effect of strychnine baits placed for wolves in winter during a program targetting Gray Wolf 
(Canis lupus) in west-central Alberta from 2005 to 2020, I present a summary of all recorded species killed (n = 522). Fewer 
wolves (n = 245) were killed compared with non-target animals (n = 277), which included 10 mammal and four bird species. 
These data provide context on the environmental and ethical impacts of using poison as a component of wildlife management.
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Introduction
Strychnine, a highly toxic compound, was first 

registered for use as a vertebrate pesticide in Canada 
in 1928 (PMRA 2005). Its use as a wildlife manage-
ment tool has since been abandoned in all provinces 
and territories except Alberta (Health Canada 2022). 
Alberta maintains two separate use permits for strych-
nine: registration no. 20410 (155 mg/tablet, minimum 
38.6% strychnine), which is authorized for use on 
Gray Wolf (Canis lupus), Coyote (Canis latrans), and 
American Black Bear (Ursus americanus); and regis-
tration no. 24510 (liquid 35 mg/mL), which is autho-
rized for use on Striped Skunk (Mephitis mephitis). 
Both applications involve the use of bait, which is 
ingested, to deliver the toxin (Health Canada 2021a, 
2022, 2023). Strychnine is considered to be a “pre-
dacide” by Health Canada, and I use that term in this 
paper to describe a toxicant registered in Canada as a 
product to kill predators. Strychnine remains highly 
persistent in baits and poisoned carcasses (Eason and 
Wickstrom 2001).

Strychnine affects the central nervous system; 
clinical symptoms include frequent periods of severe 
tetanic seizures, hyperthermia, and extreme agita-
tion and restlessness before death by asphyxiation 
(Eason and Wickstrom 2001; Khan 2010). Death 
typically occurs within 1–2 h of the onset of symp-
toms (Khan 2010), but can take 24 h or more with a 
low dose (Eason and Wickstrom 2001; Proulx et al. 
2016a). Strychnine also causes death from secondary 
poisoning (i.e., relay toxicity) when scavengers ingest 

a poisoned carcass (Cain et al. 1972; USEPA 1980; 
Allan 1989).

Recently, Harris and Armstrong (2021) provided 
an overview of experimental Gray Wolf poison-
ing programs carried out in northern Ontario (1956–
1965), which included the use of strychnine, cyanide, 
and compound 1080. In that synopsis, 10 mammal and 
nine bird species—which the authors emphasize rep-
resents minima—were recorded among the non-target 
organisms killed, with target mammals (wolves, n = 
119) accounting for ~31% of total toxicant kills (n = 
384; Harris and Armstrong 2021). In Ontario, the use 
of poison as a wolf-management tool was disallowed 
by the early 1980s (Kolenosky 1983) and remains pro-
hibited under Ontario’s 1997 Fish and Wildlife Con-
servation Act (Harris and Armstrong 2021).

In March 2020, Health Canada’s Pest Manage-
ment Regulatory Agency (PMRA) announced its de-
cision to cancel and discontinue the use of 2% liquid 
strychnine for purposes of poisoning Richardson’s 
Ground Squirrel (Urocitellus richardsonii; Health 
Canada 2020). In that application, baits coated with 
liquid strychnine were placed below ground in squir-
rel tunnels. Nonetheless, the decision to discontinue 
use was made because of environmental risks to non-
target organisms, including species-at-risk.

I consolidated known kills of non-target species 
during a wolf-strychnine program in west-central 
Alberta. I focussed on a wolf population reduction pro-
gram carried out in Alberta as part of provincial recov-
ery efforts for select herds of federally Endangered 
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Woodland Caribou (Rangifer tarandus caribou; Her-
vieux et al. 2014, but also see Bekoff 2014; Brook 
et al. 2015; and Field et al. 2019). In the winter of 
2005/2006, Alberta’s Ministry of Environment and 
Sustainable Resource Development (AESRD) initi-
ated an annual winter wolf population reduction pro-
gram that entailed using strychnine in two Wood-
land Caribou herd ranges in west-central Alberta, in 
addition to shooting wolves from aircraft (Hervieux 
et al. 2014). The government-delivered toxicant por-
tion of the program was conducted annually in win-
ter until 2019/2020, inclusive, except for 2009/2010 
and 2018/2019.

Data on deaths during the program had not been 
tabulated to compare recorded deaths among tar-
get and non-target species, annually or cumulatively. 
Also, the number of species impacted had not been 
tallied. To make the data more comprehensive, mean-
ingful, and publicly available, I compiled the existing 
records and organized known deaths by species. Lit-
tle peer-reviewed data exist for non-target kills from 
strychnine programs that target predators. Thus, it is 
important to shed light on what is known.

The operation and delivery of the wolf-strychnine 
program I examined are outlined in Hervieux et al. 
(2014), but see Field et al. (2019). Ungulate popula-
tions in the area included Woodland Caribou, Moose 
(Alces americanus), Elk (Cervus elaphus), White-
tailed Deer (Odocoileus virginianus), and Mule 
Deer (Odocoileus hemionus; Hervieux et al. 2014). 
Large mammalian carnivores in the area included 
Gray Wolf, Grizzly Bear (Ursus arctos), American 
Black Bear, Cougar (Puma concolor), Canada Lynx 
(Lynx canadensis), Wolverine (Gulo gulo), and Coy-
ote (Hervieux et al. 2014). Scientists and policy-
makers consider this area “the most highly disturbed 
woodland caribou range in Canada” (Government of 
Alberta 2019b: 30/78; also see Denhoff 2016; Heb-
blewhite 2017).

My objectives were to determine the number and 
species of non-target birds and mammals recorded as 
killed incidentally in the aforementioned strychnine 
program targetting wolves in west-central Alberta 
from 2005 to 2020. Although this particular strych-
nine program was not carried out during 2021 or 2022, 
the federal authorizing permit (no. 20410), under the 
authority of Health Canada’s PMRA, remains active 
until 31 December 2024. On expiration of the use per-
mit, Alberta may apply for renewal.

Methods
I reviewed and compiled data on all carcass 

retrievals associated with the wolf-strychnine pro-
gram from 2005 to 2020. Data came from a vari-
ety of sources, including an annual report by the 

government of Alberta (AESRD 2012), supplemen-
tary material from a scientific publication (Hervieux 
et al. 2014), AESRD records obtained through Alber-
ta’s freedom of information and protection of pri-
vacy process (Government of Alberta 2018, 2019a,b,  
2020), Health Canada pesticide incident reports 
(Health Canada 2013, 2018), and direct communica-
tion with the program lead (D. Hervieux).

Records were grouped into mammal and bird cate-
gories, and the number of kills was tallied by species. 
I compared the number of intended kills (wolves) 
with the number of unintended, non-target kills by 
strychnine. Where multiple records for the same year 
showed discrepancies in the data, I used the higher 
number of toxicant deaths reported and noted the 
inconsistency. Hervieux et al. (2014) describe an 
average of 15 to 20 strychnine bait stations active dur-
ing mid to late winters from 2005/2006 to 2011/2012, 
excluding 2009/2010, for a total of 5709 bait-site 
days. Although this information was not available 
beyond 2012, records indicate that from 2012 to 2020 
the Woodland Caribou Recovery Program used a 
total of 8433 strychnine tablets (155 mg/tablet), rang-
ing from 40 tablets in 2016 to 1842 tablets in 2013 
(PMRA 2020a).

Results
Overall, strychnine killed fewer wolves (n = 245) 

than non-target animals (n = 277; Table 1). Recorded 
deaths of non-target animals exceeded those of the 
target species (wolves) during nine of the 13 winters 
in which strychnine was used (Figure 1).

Mortalities were documented for 10 mammal and 
four bird species (Table 1) including: Bald Eagle 
(Haliaeetus leucocephalus), Canada Jay (Perisoreus 
canadensis), Canada Lynx, Coyote, Domestic Dog 
(Canis familiaris), Fisher (Pekania pennanti), Red 
Fox (Vulpes vulpes), Golden Eagle (Aquila chrysae-
tos), Grizzly Bear, Mink (Mustela vison), Pine Mar-
ten (Martes martes), Raven (Corvus corax), Striped 
Skunk, and weasel (Mustela sp.).

Discussion
The data presented here should be regarded as the 

minimum number of kills. Additional kills were likely 
undocumented and, thus, underreported. For instance, 
animals wandering away from a bait site with bait in 
their mouth or a poisoned animal that moves into for-
est cover before dying (Figure 2b), can preclude car-
cass detection and retrieval. Scavengers may also con-
sume (Figure 2b) or carry off/translocate a poisoned 
carcass or part(s) of it. In addition to contributing to 
undocumented kills, such circumstances can also fur-
ther distribute strychnine to unknown areas, thereby 
increasing the likelihood of secondary poisoning and 
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further underreporting of strychnine kills. Although 
the search effort for both target and non-target spe-
cies killed during the program discussed here was 
unknown, strychnine-poisoned wolves have been 
found at distances >1 km from poisoned baits (Rettie 
1958; Harris and Armstrong 2021). Furthermore, evi-
dence of mortality may be obscured by snow burial or 
other weather conditions which cannot be mitigated. 
For example, in winter 2008/2009, records indicate 
that although 16 wolves were documented as killed 
by strychnine, “additional wolves [were] not recov-
ered due to poor snow conditions” (AESRD 2012: 5).

The use of poison as a wildlife management tool 
is highly controversial because of its reputation for 
causing prolonged suffering and broad damage (i.e., 
non-selectivity; Cluff and Murray 1995; Brook et al. 
2015; Proulx et al. 2016a; Field et al. 2019; Parr and 
Barron 2021). Given the limited datasets used in my 
study, it was not possible to infer population-level 
effects or impacts on community ecology. However, 

it is worth noting that the data include species that 
have been designated by the provincial government 
as “sensitive” (Canada Lynx, Fisher, Golden Eagle) 
and “at-risk” (Grizzly Bear; AEP 2022). Grizzly Bear 
is also listed as a species of Special Concern under the 
Canadian Species at Risk Act, schedule one (SARA 
Registry 2023). At least one Grizzly Bear was killed 
by strychnine during winter 2012/2013 (Government 
of Alberta 2018). Public accounts with photo evi-
dence have also been reported to the PMRA by local 
citizens with registered traplines in the area, suggest-
ing that Grizzly Bear poisoning has occurred more 
frequently (D. Handy and S. Ramstead unpubl. data) 
and that additional animals killed by strychnine have 
gone unrecorded (see Health Canada 2018).

Proulx et al. (2016a) point out that the use of 
strychnine to kill wolves is in contravention of guide-
lines for the Canadian Council on Animal Care 
(CCAC 2003, 2023), the American Veterinary Med-
ical Association (AVMA 2013, 2020), the Canadian 

Table 1. Mammals and birds killed by strychnine during west-central Alberta’s winter wolf reduction program, by year.

Year of strychnine program (2005/2006 to 2019/2020)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total (%)

Mammals

Gray Wolf (Canis lupus) 28 19 28 16 0 34 29 27 23 16 0 10 8 0 7 245 (46.9)
Coyote (Canis latrans) 6 3 7 9 0 6 5 4 1 1 1 3 8 0 2 56 (10.7)
Red Fox (Vulpes vulpes) 0 8 9 6 0 7 1 1 8 3 0 1 0 0 0 44 (8.4)
Domestic Dog (Canis 
familiaris)

0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 4 (0.8)

Canada Lynx (Lynx 
canadensis)

0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 4 (0.8)

Marten (Martes martes) 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 4 (0.8)
Fisher (Pekania pennanti) 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 3 (0.6)
Striped Skunk (Mephitis 
mephitis)

0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 (0.4)

Weasel (Mustela sp.) 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 (0.4)
Grizzly Bear (Ursus arctos) 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 (0.2)
Mink (Mustela vison) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 (0.2)

Birds
Common Raven (Corvus 
corax)

8 7 17* 8 0 29 24† 12 14 12 2 6 4 0 9 152 (29.1)

Golden Eagle (Aquila 
chrysaetos)

0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 (0.4)

Bald Eagle (Haliaeetus 
leucocephalus)

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 (0.2)

Canada Jay (Perisoreus 
canadensis)

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 (0.2)

Sources, by year: 1–7: AESRD (2012), Hervieux et al. (2014: Tables S2, S3), Government of Alberta (2018); 8: AESRD 
(2012), Health Canada (2013), Government of Alberta (2018); 9, 10: Government of Alberta (2018); 11: D. Hervieux pers. 
comm. (2022); 12, 13: Government of Alberta (2018); 14: Government of Alberta (2019a); 15: Government of Alberta (2020).
Note: Shaded columns indicate years in which the strychnine program was not conducted.
*Discrepancy in data, where AESRD (2012) and Hervieux et al. (2014: Table S3) indicate 16 toxicant kills.
†Discrepancy in data, where AESRD (2012) and Hervieux et al. (2014: Table S3) indicate 23 toxicant kills.
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Veterinary Medical Association (CVMA 2014, 2022), 
and the American Society of Mammalogists (Sikes et 
al. 2011). The International Union for Conservation 
of Nature does not condone poisoning wolves (IUCN 
Wolf Specialist Group of the Species Survival Com-
mission 2000).

Many people, including scientists, argue that 

animal welfare should be sufficient grounds for end-
ing the use of strychnine (Paquet and Darimont 2010; 
Dubois et al. 2017; Parr and Barron 2021). Contrary 
to this sentiment, following a consultation period 
on “humane vertebrate pest control”, Health Can-
ada announced in 2021 that the PMRA would “not 
be taking steps towards incorporating humaneness 

Figure 2. Strychnine bait station from Alberta’s wolf-strychnine program, 8 June 2018. a. This station was located near for-
est cover where poisoned animals may move before dying, making kills more difficult to find. b. Close-up image of the scene 
showing poison-use sign and strychnine-killed wolf carcass. Photos: Darcy Handy.

Figure 1. Numbers of wolves and non-target animals killed in each year of Alberta’s annual winter wolf-strychnine program, 
2005–2020. Of 522 recorded kills by strychnine, 46.9% were target animals (wolves, n = 245), while 53.1% were incidental 
kills of non-target organisms (n = 277), comprising ten mammal and four bird species.
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considerations into the pesticide risk assessment 
framework” (PMRA 2021). Although the PMRA may 
have determined that the level of suffering to indi-
vidual animals and the environmental risk of non-
target deaths to terrestrial organisms is acceptable, 
many disagree with this assessment (Cluff and Mur-
ray 1995; Bekoff 2014; Brook et al. 2015; Proulx et 
al. 2016a,b, 2017; Dubois et al. 2017; Wolf Aware-
ness 2018; Mitchell 2020; Health Canada 2021b; 
Weber 2020, 2021; Animal Alliance of Canada 2023). 
According to a national poll, commissioned by non-
governmental organizations and carried out by Envi-
ronics in 2020, 69% of Canadians say that the risks 
posed by predacides used in Canadian wildlife man-
agement programs are unacceptable (Animal Jus-
tice 2022; S.P. unpubl. data). Local Indigenous Peo-
ples, specifically those of the Aseniwuche Winewak 
Nation, have also expressed their disdain for the 
Alberta government’s use of strychnine as part of car-
ibou recovery efforts, despite having a deep connec-
tion with caribou and a strong desire for their recov-
ery (Denhoff 2016). Currently, Alberta is the sole 
province in Canada with authorized permits, which 
are registered through Health Canada’s PMRA, for 
predacide use (strychnine and sodium monofluoro-
acetate). Outside of Alberta, provinces and territories 
with caribou recovery efforts underway, including 
British Columbia, Saskatchewan, Manitoba, Ontario, 
Quebec, Northwest Territories, and Nunavut, do not 
use these toxicants. Of note, in the caribou ranges of 
Alberta where strychnine is used, the level of indus-
trial disturbance has increased since the lethal wolf 
reduction program began in 2005 (Hervieux et al. 
2014; Hebblewhite 2017; Nagy-Reis et al. 2021), 
indicating a lack of willingness by Alberta’s govern-
ment to address the ultimate causes of decline and 
favouring instead other stop-gap measures.

Health Canada’s PMRA is undergoing a re-evalu-
ation of the uses of predacidal strychnine and sodium 
monofluoroacetate and their associated end-use prod-
ucts (Health Canada 2022). Following an initial pro-
cess of re-evaluation which included a review of the 
data presented here, on 31 August 2022, the PMRA 
announced a proposal to continue registration of pre-
dacidal strychnine and sodium monofluoroacetate 
(Health Canada 2022).

In summary, I have shown that from 2005 to 2020, 
west-central Alberta’s wolf-strychnine program killed 
more non-target animals than wolves, including vari-
ous bird and mammal species. A variety of non-target 
animal species were killed in the program, including 
federally listed species-at-risk and domestic animals. 
Management agencies considering the use of poi-
son as part of wildlife management programs should 
carefully consider the ethical and environmental costs 

associated with such programs, which here have 
included the suffering and death of both the target 
species and a significant number (>50%) of non-tar-
get animals.

Note 
As of 7 March 2024 Health Canada’s Pest Manage-

ment Regulator Agency announced that all predacide 
uses of strychnine products in Canada have been can-
celled. Alberta was the only province that allowed 
the use of this predacide. After the six-month phas-
ing out period ends in early September 2024,  strych-
nine will no longer be permitted/legal to use. See 
https://www.canada.ca/en/health-canada/services/
consumer-product-safety/reports-publications/
pesticides-pest-management/decisions-updates/
reevaluation-decision/2024/predacide-uses-strychnine-
sodium-monofluoroacetate.html. Information con-
tained in the current paper contributed to this ruling.
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