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Abstract
All around the world, there are species of birds that have developed the ability to acquire toxic chemicals in their bodies 
making them less palatable or even lethal when consumed or contacted. Exposure to poisonous bird species is rare among 
humans, yet their poisons can produce serious clinical outcomes. In this study, we conducted a literature search focusing 
on seven avian species: the pitohuis (Pitohui spp.), blue-capped ifrita (Ifrita kowaldi), European quail (Cortunix cortur-
nix coturnix), spur or spoor-winged goose (Plectropterus gambensis), North American ruffed grouse (Bonasa umbellus), 
Brush bronzewings (Phaps elegans), and European hoopoes and woodhoopoes (Upupa epops and Phoeniculus purpureus, 
respectively). We present the geographic distribution of each poisonous bird, toxin physiology and origin, clinical signs 
and symptoms of poisoning, cases of human toxicity if available and discuss the birds’ ability to prevent self-intoxication. 
Our results suggest that most cases of contact with toxic birds produce mild symptoms as most of these birds apart from the 
European quail (C. c. corturnix) and North American ruffed grouse (B. umbellus) are not commonly consumed by humans. 
Furthermore, we discuss several methods of toxin acquisition in these bird species, which are mostly diet acquired apart from 
the hoopoes and woodhoopoes (Upupa and Phoeniculus spp.) who have a symbiotic relationship with chemical-producing 
bacteria in their uropygial glands. In summary, our study provides a comprehensive review of the toxic physiology, clinical 
manifestations, and evolutionary insight to avian toxins.

Keywords  Poisonous birds · Avian · Ornithology · Toxinology · Toxic chemical defense

 “It is not only fine feathers that make fine birds.” 
-Aesop

Introduction

Birds have evolved to acquire a variety of adaptations to 
survive the hostile animal kingdom. While there are those 
who use camouflage to hide in their environment or devel-
oped increased agility to fly or run away from predators, 
others have developed ability to acquire toxic chemicals in 
their bodies making them less palatable or even lethal when 
consumed. Some birds have additionally developed symbi-
otic relationships with other organisms for mutual survival 
and chemical defense against predators. While poisonous 
animals abound in the animal kingdom, human exposures to 
avian species are rare yet their poisons can produce serious 
clinical outcomes.

Bird species that possess chemical defense by contain-
ing or using behaviorally one or more chemical substances 
to deter predators or parasites have often been described 
as poisonous or toxic to humans and animals alike [1, 2]. 
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Common poisonous avian species will be discussed in this 
comprehensive review article which include the Pitohuis 
(Pitohui spp., Melanorectes nigrescens, Ornorectes crista-
tus, and Pseudorectes ferrugineus), blue-capped ifrita (Ifrita 
kowaldi), European quail (Cortunix corturnix coturnix), spur 
or spoor-winged goose (Plectropterus gambensis), North 
American ruffed grouse (Bonasa umbellus), Brush bronzew-
ings (Phaps elegans), European hoopoes and woodhoopoes 
(Upupa epops and Phoeniculus purpureus, respectively). 
In this manuscript, common poisonous bird species will be 
highlighted with emphasis on the toxicologic properties of 
these compounds. Specific treatments beyond supportive 
care for poisonings will also be discussed. Furthermore, 
theories behind the evolutionary ability of these unique spe-
cies to prevent self-intoxication will also be explored.

Methods

We conducted a literature search in MEDLINE / PubMed, 
Hollis, and Google Scholar of the English language, which 
included peer-reviewed investigations as well as case reports 
describing toxicological profiles, pharmacology, and patho-
physiology on the avian species of interest. The search terms 
included each avian species: (Pitohui spp. which include 
hooded pitohui (Pitohui dichrous), variable pitohui (Pito-
hui kirhocephalus), black pitohui (Melanorectes nigres-
cens), crested pitohui (Ornorectes cristatus), rusty pitohui 
(Pseudorectes ferrugineus), and white-bellied pitohui (Pito-
hui icnertus), blue-capped ifrita (Ifrita kowaldi), European 
migratory quail (Coturnix coturnix coturnix), Spur or Spoor-
Winged goose (Plectropterus gambensis), North American 
ruffed grouse (Bonasa umbellus), Bronzewings (Phaps 
elegans, Phaps chalcoptera), European hoopoes (Upupa 
epops), and Green woodhoopoes (Phoeniculus purpureus)); 
the avian species’ toxin of interest: (homobatrachotoxin, 
palasonin, cantharidin, demethylcantharidin, grayanotoxin, 
and monofluoroacetate); and other keywords listed after each 
specific species: (toxin, toxicity, poison, chemical defense). 
We recognize that literature and research on toxic or poison-
ous avian species are limited and thus included both peer-
reviewed and non-peer-reviewed manuscripts and literature. 
Exclusion criteria included gray literature, lay press, letters 
to the editor, and editorials. We excluded articles that had no 
discussion of toxicological poisoning related to the birds of 
interest or discussion of clinical presentations related to poi-
sonings or toxic exposure. There was no time restriction or 
specific date range placed on our search or selection process.

Chemical structures were created with the program ACD/
ChemSketch. High-resolution photographs of each bird spe-
cies were selected from the Macaulay Library at the Cornell 
Lab of Ornithology used with permission.

Results and Data Summary

Table 1 summarizes each poisonous bird’s toxin physiol-
ogy and origin, along with clinical signs and symptoms of 
toxicity. Table 2 provides the chemical structure of each 
avian toxin. Map 1 depicts the geographic distribution of 
these poisonous bird species.

Discussion of Poisonous Bird Species

Pitohuis and Ifrita kowaldi

The Pitohuis and Ifrita kowaldi are colorful birds that are 
endemic to New Guinea. There are six species of Pitohuis 
with varying levels of toxicity with the hooded (Pitohui 
dichrous) and variable pitohui (Pitohui kirhocephalus) 
more toxic than other related species [3]. The hooded 
pitohui can be identified with its distinct jet-black head 
and brick red belly (Photograph 1). Black (Melanorectes 
nigrescens) and crested pitohui (Ornorectes cristatus) have 
traces of toxicity and the rusty (Pseudorectes ferrugineus) 
and white-bellied pitohui (Pitohui icnertus) have no toxic-
ity. The blue-capped ifrita (Ifrita kowaldi) is also a bird 
endemic to New Guinea restricted to high montane rain-
forests (> 1,500 m). Species plumage is yellowish brown 
with a blue and black crown (Photograph 2). Although 
their toxicity profile is similar to the Pitohuis, I. kowaldi 
belongs to a different family [4]. Initial analysis of the 
skin and feathers from the birds revealed a single, toxic 
alkaloid called homobatrachotoxin (Fig. 1) [5]. Subsequent 
studies have shown that the Pitohuis and I. kowaldi contain 
a series of batrachotoxins [3]. These toxins are concen-
trated in the breast and belly feathers with the thought 
that the toxins not only deter predators from consuming 
the bird itself but can be transferred to nests and eggs, 
thereby deterring egg-eating predators [3]. Furthermore, 
the presence of toxins in the feathers has been proposed to 
promote defense against ectoparasites [6].

Batrachotoxins are potent neurotoxic steroid alkaloids 
with neuro- and cardiotoxic properties [7, 8]. These toxins 
were originally found in the skin of neotropical frogs from 
the genus Phyllobates commonly known as poison-dart 
frogs (family Dendrobatidae) [9]. These toxins occur at 
high levels in the true poison dart frogs from Columbia 
(Phyllubetes terribilis) and to a lesser degree in other 
Central American species [7]. They target voltage-gated 
sodium channels at receptor site II in nerve and muscle 
membranes and stabilize the open forms of these channels 
[10]. Binding of the receptors causes persistent activa-
tion of the channel subsequently leading to depolarization 
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of cells. While no antidote exists, certain agents can be 
used to reverse membrane depolarization. For example, 
tetrodotoxin can be used through its antagonistic effect on 

sodium channels [11]. In rodent models, batrachotoxins 
are some of the most potent alkaloids known. The intrave-
nous LD50 in mice is 2 µg/kg for batrachotoxin and 3 µg/kg 

Table 2   The names and chemical structures of each toxin of interest are illustrated in the table below

Species Structure 
Pitohui spp. 

Ifrita kowaldi 

     (-) Batrachotoxinin A     (-) Batrachotoxin         Homobatrachotoxin 

European migratory 

quail (Coturnix 
coturnix coturnix) 

eniinoC

Spur or Spoor-

Winged goose 

(Plectropterus 
gambensis)  

Structure of cantharidin and demethylcantharidin (R=H) 

North American 

Ruffed grouse 

(Bonasa umbellus) 

Grayanotoxin 

Bronzewings (Phaps
spp.) 

Monofluoroacetate 

European hoopoes 

(Upupa epops) 

Green woodhoopoes 

(Phoeniculus 
purpureus) 

Mix of volatiles compounds 
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for homobatrachotoxin [10, 12]. Meanwhile, its derivative, 
batrachotoxinin A, has a much lower toxicity with an LD50 
of 1 µg/kg. Symptoms manifested in rodent studies include 
muscle contractions, convulsions, salivation, dyspnea, and 
death following lethal (LD50) doses.

While contact with dendrobatid frogs can cause severe 
symptoms, toxin exposures from the birds are milder. The 
most likely explanation is that birds carry lower levels of 
toxin compared to dendrobatid frogs [5]. Symptoms of expo-
sure include numbness, burning, nausea, and bitter taste if 
consumed [13]. These toxins are nonvolatile, but if released 
into the air from dander or feather bits, they can be inhaled 
or cause upper respiratory irritation [3]. Researchers who 
worked directly with these bird species experienced sneez-
ing, numbness and burning of oral mucosa [5]. Natives of 
New Guinea report that these species have long been avoided 
for consumption unless prepared in a specific manner as they 
are known for having a bitter odor and sour taste [14].

There are various hypotheses as to how the Pitohui and I. 
kowaldi. acquired their toxicity. Dumbacher et al. proposed 
that while both Pitohuis and I. kowaldi demonstrated toxic-
ity, they were found in different geographic regions of New 
Guinea and occupied different niches, and yet, both were 
poisonous [3]. Furthermore, the Pitohuis had varying levels 
of toxicity with the hooded (P. dichrous) being most toxic 
and white-bellied pitohui (P. icnertus) having no toxicity 
further supporting that toxicity was acquired through envi-
ronment and most likely through diet [3]. It is proposed that 
melrid beetles (Choresine spp.) may be a source of batra-
chotoxins as they are observed to be part of the diet of Pito-
hui and I. kowaldi [15]. In addition, melrid beetles are also 
found in Colombian rainforests, which could link the simi-
larities in toxicity with these birds and poisonous dendro-
batid frogs despite being indigenous to different continents. 
An alternative theory is that both birds and beetles acquire 

toxins through a plant source either through ingestion of 
plant seeds or from insects who obtain molecular scaffolds 
for batrachotoxin after eating plants. However, I. kowaldi is 
almost exclusively insectivorous, whereas the Pitohuis are 
omnivorous making this plant theory less likely [15]. Phylo-
genetic comparisons have shown that the clusters of both the 
Pitohuis and I. kowaldi appear at the tips of the phylogeny, 
but overall, there is a higher rate of losing the poisonous 
trait opposed to gaining, suggesting that many lineages have 
subsequently lost that toxic ability [16].

Common Quail (Coturnix coturnix coturnix)

The common quail  (Coturnix coturnix coturnix) is a 
small and compact bird (16–18 cm in length; wingspan 
32–35 cm) with streaks of brown with white eye stripes 
(Photograph 3). As this species of quail is migratory, they 
have long wings compared to the short-winged gamebird 
species [17]. Toxicity is primarily associated with the Euro-
pean subspecies of migratory quails and observed around 
autumn season during quail migratory seasons [18, 19].

Consumption of these birds can cause a toxic myopathy 
associated with acute rhabdomyolysis termed coturnism. 
Symptoms include weakness, myalgias, muscle stiffness, and 
cramps. Laboratory abnormalities include myoglobinuria, 
increased levels of aldolase, aspartate transaminase, creatine 
kinase, and lactate dehydrogenase. Treatment is generally 
supportive with crystalloid fluid replacement, urine alka-
linization, and hemodialysis for severe cases of renal failure. 
Plasmapheresis may be an option for life-threatening cases 
of rhabdomyolysis [20].

There have been several case reports of patients develop-
ing rhabdomyolysis after consumption of quail meat with 
mild-to-moderate symptoms and laboratory abnormalities 
requiring supportive care and urine alkalinization [21–23]. 
In one case report by Gokhan et al., a 58-year-old male pre-
sented to the emergency department in Turkey with com-
plaints of weakness, muscle pain, nausea, vomiting, and 
decreased and dark urine [22]. The patient had consumed 
quail meat approximately four hours prior to symptoms 
onset. Laboratory workup was notable for elevated lactate 
dehydrogenase (LDH) 872 IU/L (reference 120–130), cre-
atine phosphokinase (CPK) 17,480 IU/L (25–190), aspar-
tate aminotransferase (AST) 834  IU/L (10–40), alanine 
aminotransferase (ALT) 376 IU/L (10–40), and urinalysis 
showed myoglobinuria and proteinuria. Patient’s medi-
cal history excluded any other possible cause of rhabdo-
myolysis, and thus, his presentation was consistent with 
acute rhabdomyolysis from quail meat. He was admitted 
to the hospital and received intravenous fluids, mannitol, 
and urine alkalinization with intravenous sodium bicarbo-
nate and orally administered acetazolamide. His muscu-
lar pain and weakness resolved in three days and muscle 

Figure  1.   Batrachotoxin Structures  adapted from Ligabue-Braun, 
Rodrigo, and Carlini, Célia Regina. “Poisonous Birds: A Timely 
Review. ”Toxicon (Oxford), vol. 99, 2015, pp. 102–108
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enzymes normalized over nine days, and he was ultimately 
discharged. While this case report did not comment on time 
of year, three other case reports have reported that patients 
diagnosed with coturnism all consumed quail during the 
autumn migratory season [21].

The toxicity is theorized to be from an alkaloid toxin, 
coniine which is commonly found in poison hemlock 
(Conium maculatum). Coniine is a nicotinic acetylcholine 
receptor (nAChR) agonist (Fig. 2). Studies have proposed 
that the toxin is acquired through the bird’s consumption 
of seeds from poison or spotted hemlock (Conium macu-
latum), hemlock water dropwort (Oenanthe crocata), red 
hemp-nettle (Galeopsis ladanum), as well as the anticho-
linergic alkaloid-containing plants henbane (Hyoscyamus 
niger) and black nightshade (Solanum nigrum) [24, 25]. 
Other alkaloids such as stachydrine (L-proline betaine) 
have been studied but have not been shown to be toxic. A 
focused study on the red-hemp nettle (Galeopsis ladanum) 
and the compound stachydrine demonstrated that feeding 
both the seeds extracts or quail meat to mice did not produce 
signs or symptoms or rhabdomyolysis [26]. An alternative 
hypothesis to coturnism observed in humans is a combined 
effect of the bird toxin and a hereditary enzyme deficiency 
in the affected individual; however, no specific enzyme has 
yet been identified [27].

Spur or Spoor‑winged Goose (Plectropterus 
gambensis)

The Spur (or Spoor)-winged goose (Plectropterus gamben-
sis) is found in wetlands throughout sub-Saharan Africa. 
These birds are mainly black with a white face and white 
wing patches (Photograph 4). The geese acquire the toxin 
from consumption of blister beetles (family Meloidae) [28]. 
The main compounds in the beetles are terpenes, specifically, 
cantharidin and demethylcantharidin, commonly known as 
palasonin [29] (Fig. 3). Cantharidin binds to protein phos-
phatase 2A and inhibits serine-/threonine-specific protein 

phosphatases [30], which are important in reversible protein 
phosphorylation processes. These processes are involved in 
various cellular functions including neurotransmission, mus-
cle contraction, glycogen synthesis, T-cell activation, and 
cell proliferation [31–33].

Two routes of exposure to cantharidin can occur. The 
toxin can be absorbed directly through skin and mucous 
membranes. Common skin manifestations include a der-
matitis rash with blister formation. Specifically, cantharidin 
causes release of serine proteases that cause desmosomal 
plaque disruption leading to acantholysis, intradermal blis-
tering, and nonspecific lysis of the skin [34]. The toxic 
effects on mucosal membranes can lead to blistering in the 
oropharynx, dysphagia, and abdominal cramping [35–37]. 
Furthermore, poisoning after oral ingestion can cause dehy-
dration due to excess free fluid losses. This occurs through 
inhibition of renal cortical collecting ducts, increase con-
tractility, vasoconstriction, endothelial cell leakage, and 
overall pro-inflammatory state from upregulated cytokine 
genes [38–40]. Systemic symptoms include abdominal pain, 
hematuria, cool, mottled extremities, and dehydration. In 
rare cases, priapism has been described, a potential desired 
effect of commercially available cantharidin or “Spanish 
Fly” aphrodisiac [40, 41]. Furthermore, cantharidin can 
cause spontaneous abortions in females and has historically 
been used as an abortifacient [42, 43]. Mortality has been 
commonly observed in farm animals and in some cases 
humans who consume the actual beetle [44–46]. However, 
there is no recent literature or research that has documented 
or reported human toxicity from cantharidin after consump-
tion of this avian species. There are no specific antidotes to 
treat cantharidin poisoning. Supportive care and adminis-
tration of oral activated charcoal for recent ingestions are 
recommended.

North American ruffed grouse (Bonasa umbellus)

The North American ruffed grouse (Bonasa umbellus) is a 
non-migratory bird found in forests of the US Appalachian 
Mountains across Canada to Alaska. They are chunky, 
medium-sized birds that appear in both grey and brown 
morphs with ruffs that appear on the side of their necks 
(Photograph 5). They harbor the toxin, grayanotoxin, 
which is acquired through consumption of the mountain 
laurel (Kalmia latifolia) (Fig. 4). Reports of human poi-
soning from grouse consumption have occurred during 
late winter and early spring as it is thought that the snow-
covered terrain forced the birds to seek food in trees and 
tall shrubs. Specifically, the leaves and buds of the laurel 
would be consumed during that season [47]. Grayanotoxin 
is a diterpene that can bind to group II receptor sites in 
cellular voltage-gated sodium channels leading to preven-
tion of inactivation of these channels, thus keeping the 

Figure 2.   Coniine

Figure 3.   Structure of Cantha-
ridin and demethylcantharidin 
(R = H)
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cell in a depolarized or “open” state [48]. This can lead 
to both neurotoxic and cardiotoxic effects. Symptoms of 
systemic toxicity include dizziness, weakness, diaphoresis, 
hypersalivation, nausea, vomiting, and paresthesia. Severe 
toxicity can lead to life-threatening arrhythmias due to the 
increase in resting sodium permeability and activation of 
voltage-sensitive sodium channels [49]. Management is 
mainly supportive care, and if necessary, atropine can be 
administered for symptomatic bradycardia.

Grayanotoxins have largely been studied in honey 
containing Rhododendron spp. nectar. Human toxicity, 
often referred to as “mad honey disease” [50], occurs 
after ingestion of contaminated honey, more commonly 
observed along the Black Sea coast of Anatolia. Poison-
ings from grouse consumption have been documented 
as early as the late eighteenth to mid-nineteenth century 
when physicians observed side effects in those who had 
consumed grouse meat [47, 51]. While there are no recent 
published case reports of human poisoning in the twenti-
eth and twenty-first century, medical literature from 1821 
to 1882 has shown human poisonings after grouse meat 
consumption in multiple cities from northeastern USA, 
eastern Canada as well as the UK where they receive ship-
ments of grouse from the USA and Canada [51–53]. Dr. 
Jacob Bigelow described ten cases of human poisoning 
from grouse meat consumption observed on the northeast-
ern coast of the USA. In one case, he described a 60-year-
old man who consumed grouse meat one hour prior to 
developing symptoms of gastrointestinal upset, dizziness, 
weakness, nausea, and vomiting. He received ipecac and 
fluids but remained delirious for several hours prior to 
resolution of his symptoms [54]. Per case reports from Dr. 
Bigelow’s reports, no fatalities have been documented as 
symptoms have been mostly mild and required supportive 
care only.

Bronzewings (Phaps elegans, Phaps chalcoptera)

The Bronzewings (Phaps elegans and Phaps chalcoptera) 
are medium-sized pigeons that are native to Australia. While 
each species has slightly distinct plumage, all bronzewing 
pigeons share the characteristic patches of red, blue, and 
green on their wings (Photograph 6). They are known to 
acquire monofluoroacetate from consumption of flowering 
plant species such as wattle or acacia (Acacia spp.), Gas-
trolobium spp., and shaggy pea (Oxylobium spp.) [2, 55]. 
Sodium monofluoroacetate is also the main component of 
the potent rodenticide commercially known as Compound 
1080 [56] (Fig. 5).

Monofluoroacetate is both neuro and cardiotoxic. It can 
be absorbed in both the respiratory and gastrointestinal tract 
as well as mucous membranes. Fluoroacetate’s mechanism 
of action affects cellular respiration, in the citric acid or 
Krebs cycle [57]. Once absorbed, fluoroacetate is combined 
with acetyl CoA and metabolized to fluorocitrate. While cit-
rate can continue through the citric acid cycle, fluorocitrate 
does not. Fluorocitrate is converted to 4-hydroxy-trans-aco-
nitate (HTn), which leads to inactivation of aconitase, thus 
inhibiting citrate and succinate metabolism within the citric 
acid cycle. High citrate concentrations can lead to inhibition 
of phosphofructokinase, which leads to further disruption of 
cellular energy metabolism [58–60] (Fig. 6). Furthermore, 
fluoride can bind to calcium causing significant hypocal-
cemia. Studies in sheep have shown acute cardiac toxicity 
manifesting as both myocardial ischemia and arrhythmias 
[61]. Toxicity observed in canines include central nervous 
system excitation and gastrointestinal tract hypermotility 
[56]. There is no recent documentation of human poisoning 
from consuming bronzewing meat; most observations are 
made from carnivores and zoo animals that have consumed 
these birds [62, 63]. Signs and symptoms include seizures, 
excessive salivation, vomiting, defecation, and tenesmus 
[64, 65]. From veterinary data, treatment of Compound 
1080 poisoning includes administering acetamide, but if 
not available, initiating a sodium bicarbonate infusion [66]. 
Fomepizole (4-methylpyrazole or 4-MP), the alcohol dehy-
drogenase inhibitor used to treat methanol and ethylene gly-
col poisoning, has been shown in one rodent study to reduce 
toxic effects of a similar compound to Compound 1080 via 
reduction of oxaloacetate production, which then reduces 
erythrofluorocitrate production [67]. While it is possible that 
4-MP may be used to treat human poisoning due to known 

Figure 4.   Grayanotoxin

Figure 5.   Monofluoroacetate
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mechanism of action, there are no known recent studies that 
have investigated its use on sodium monofluoroacetate tox-
icity, and therefore, initial management remains supportive 
with decontamination Figs. 7 8, 9, 10, 11, 12, 13 and 14. 

Hoopoes

The European hoopoes (Upupa epops) and green wood-
hoopoes (Phoeniculus purpureus) are found in Africa, 
Asia, and Europe and have distinct “crowns” of feathers 
(Photograph 7). Uropygial glands are specialized exocrine 
glands in avian species that produce a range of biochemi-
cals. Hoopoes have symbiotic bacteria in their uropygial 
glands, which produce noxious volatile compounds such 
as dimethyl sulfide [68]. Martin-Vivaldi et al. [69] dem-
onstrated that common symbionts in the European hoo-
poes’ uropygial glands are Enterococcus spp. but hypoth-
esize there could be other bacterial species that were not 
cultivable with standard methods. The composition of the 
uropygial secretions in European hoopoes does change 
between breeding and non-breeding seasons. Breeding 

females and nestlings will produce malodorous dark 
secretions that contain anti-microbial properties. During 
the non-breeding season, a white secretion is produced, 

Figure 6.   Fluorocitrate is 
converted to 4-hydroxy-trans-
aconitate (HTn), which leads to 
inactivation of aconitase, thus 
leading to citrate accumulation 
and shortage of aconitase lead-
ing to disruption of citric acid 
(TCA) cycle

Map 1   Geographic distribution 
of poisonous bird species 

Photograph 1   Hooded pitohui (Pitohui dichrous)
Frédéric PELSY / Macaulay Library at the Cornell Lab (ML206167861)
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which does not have volatile chemicals [69]. There are 
no known major human toxicities from Hoopoes as they 
are not known to be consumed by humans. Researchers of 
these birds have reported smelling the noxious fumes for 
several hours when they get the chemicals on their hands 
after handling the birds [68].

Ability to Withhold Toxin

Many theories have been proposed as to how birds have 
acquired such toxins. The intriguing evolutionary ques-
tion is how birds acquire and harbor such toxins in their 
bodies without getting poisoned themselves. Ecologists 
and chemists alike have attempted to study and elucidate 
the idea of sequestered defensive chemicals (SDCs) [70]. 
While species such as the European hoopoes and wood-
hoopoes can avoid self-intoxication given they have a 
dedicated gland that contains the chemicals, species such 
as the Pitohui spp. and Ifrita contain toxin in their tissues 
and feathers.

Photograph 2    Blue-capped ifrita (Ifrita kowaldi) 
Frédéric PELSY / Macaulay Library at the Cornell Lab (ML206205861)

Photograph 3   Common quail (Coturnix coturnix) European subspe-
cies (Coturnix coturnix coturnix)
Rajesh Shah / Macaulay Library at the Cornell Lab (ML379431801)

Photograph 4   Spur (or Spoor)-winged goose (Plectropterus gamben-
sis)
Greg Hudson / Macaulay Library at the Cornell Lab (ML375975451)

Photograph 5   North American ruffed grouse (Bonasa umbellus) 
Rejean Beauchesne / Macaulay Library at the Cornell Lab (ML380801351)
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Like poison dart frogs, these birds do not succumb to 
their own lethal doses of batrachotoxin contained within 
their skin and tissues. In a recent study, a single amino acid 
substitution on the poison dart frog's sodium channel ren-
dered resistance to the effects of batrachotoxin [71]. Studies 
of natricine snakes (Thamnophis spp.) demonstrate that they 
have mutations in their sodium channel proteins allowing 
them to be resistant to the effects of tetrodotoxin after con-
suming poisonous newts [72, 73]. It is plausible that both 
predator and prey have adapted by genetically altering their 
proteins, thus enabling them not only to be resistant to toxins 
sequestered within their body but also to toxins consumed.

Other explanations beyond genetic mutations include her-
bivores having the ability to modify ingested toxic alkaloids 

from plants in the gut into non-toxic bases. It is proposed that 
re-activation of non-toxic alkaloids into their toxic forms is 
conducted through cytochrome P450 enzymes [74]. Another 
example is the chrysomelid beetle avoiding self-intoxication 
by moving toxic bases effectively to specialized exocrine 
glands and away from susceptible tissues [75]. While these 
are all proposed theories for birds as demonstrated by other 
vertebrate and invertebrate species, further investigation 
will need to be performed to identify the exact chemical 
and biological adaptations for each poisonous bird species. 
While there is no clear explanation as to how avian species 
sequester and maintain non-toxic forms in their body, it can 
be speculated based on observations from non-avian species 
that self-intoxication could be prevented through metabolic 
pathways, specialized organs for sequestration, or genetic 
modifications that confers resistance.

Conclusion

The toxicologic risk from exposure to various poisonous 
birds lies on a spectrum. Most often, dermal exposure leads 
to mild symptoms, while ingestion leads to systemic and 
even lethal toxicity. While most reports of human toxicity 
have been observed in both quail (C. c. coturnix) and the 
North American ruffed grouse (B. umbellus), the risk of 
human toxicity from the other avian species is extremely 
low based on the limited to no reports of human exposure 
or toxicity.

Poisonous birds have evolved multiple strategies to use 
chemicals as defense against predators and to protect their 
broods. From dietary sources to symbiotic relationship with 
bacteria, these bird species have developed sophisticated 
methods of using chemical defense. Globally, poisonous 
birds alike have evolved to use their environment as part of 
their defense strategies. Apart from the hoopoes and wood-
hoopoes, most poisonous birds acquire their toxins second-
arily through diet of either plant or invertebrate species.

Most intriguing is the ability of birds to manage seques-
tered defensive chemicals and not succumb to self-intoxi-
cation. While there have been studies on other vertebrate 
and invertebrate species to investigate this protection, the 
direct mechanism of protection, whether it be modification 
of toxins to non-toxic bases during storage or nucleotide 
polymorphisms in targeted receptors in birds has yet to be 
elucidated fully. Further studies defining the intricacies of 
avian chemical defense and their potential clinical applica-
tions are warranted.

Acknowledgements  The authors wish to acknowledge the Ivory-
billed woodpecker (Campephilus principalis) and Bachman’s warbler 
(Vermivora bachmanii) as inspirations for this manuscript. Tragically, 
these magnificent species of birds were officially declared extinct in 
September 2021.

Photograph 6   Bronzewings (Phaps elegans) 
Rebekah de brey / Macaulay Library at the Cornell Lab (ML378586341)

Photograph 7   European hoopoes (Upupa epops)
 Nitin Srinivasa Murthy / Macaulay Library at the Cornell Lab (ML380618991)

330 Journal of Medical Toxicology (2022) 18:321–333



1 3

Funding  National Institutes of Health, K23DA044874, Peter R. Chai, 
National Institute on Drug Abuse, NIH R44DA051106, Timothy B 
Erickson, 1 R44 DA051106, Peter R. Chai.

Declarations 

Conflicts of Interest  None

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Dumbacher JP Pruett-Jones S Avian Chemical Defense In: Nolan 
V Ketterson ED editors Current Ornithology Boston: Springer US 
1996.  pp. 137–74 https://​doi.​org/​10.​1007/​978-1-​4615-​5881-1_4

	 2.	 Ligabue-Braun R, Carlini CR. Poisonous birds: A timely review. 
Toxicon. 2015;99:102–8. https://​doi.​org/​10.​1016/j.​toxic​on.​2015.​
03.​020.

	 3.	 Dumbacher JP, Spande TF, Daly JW. Batrachotoxin alkaloids from 
passerine birds: A second toxic bird genus (Ifrita kowaldi) from 
New Guinea. Proc Natl Acad Sci. 2000;97(24):12970–5. https://​
doi.​org/​10.​1073/​pnas.​20034​6897.

	 4.	 Weldon PJ. Avian chemical defense: Toxic birds not of a feather. 
Proc Natl Acad Sci. 2000;97(24):12948–9. https://​doi.​org/​10.​
1073/​pnas.​97.​24.​12948.

	 5.	 Dumbacher JP, Beehler BM, Spande TF, Garraffo HM, Daly JW. 
Homobatrachotoxin in the Genus Pitohui: Chemical Defense in 
Birds? Science. 1992;258(5083):799–801. https://​doi.​org/​10.​
1126/​scien​ce.​14397​86.

	 6.	 Mouritsen KN, Madsen J, Madsen J. Toxic Birds: Defence against 
Parasites? Oikos. 1994;69(2):357. https://​doi.​org/​10.​2307/​35461​
61.

	 7.	 Myers CW Daly JW Malkin B. A dangerously toxic new frog 
(Phyllobates) used by Emberá Indians of western Colombia, with 
discussion of blowgun fabrication and dart poisoning. Bulletin of 
the American Museum of Natural History. 1978;1612:334–40

	 8.	 Brown GB. Batrachotoxin: A Window on The Allosteric Nature 
of The Voltage Sensitive Sodium Channel. Int Rev Neurobiol. 
1988;29:77–116. https://​doi.​org/​10.​1016/​S0074-​7742(08)​
60084-7.

	 9.	 Daly JW. Thirty Years of Discovering Arthropod Alkaloids in 
Amphibian Skin. J Nat Prod. 1998;61(1):162–72. https://​doi.​org/​
10.​1021/​np970​460e.

	10.	 Albuquerque EX, Daly JW, Witkop B. Batrachotoxin: Chemistry 
and Pharmacology: This novel steroidal alkaloid is a valuable tool 
for studying ion transport in electrogenic membranes. Science. 
1971;172(3987):995–1002. https://​doi.​org/​10.​1126/​scien​ce.​172.​
3987.​995.

	11.	 Dodd-Butera T, Broderick M. Animals, Poisonous and Venomous. 
In: Wexler P, editor. Encyclopedia of Toxicology 3rd ed Elsevier 
2014. pp.  246–51. https://​doi.​org/​10.​1016/​B978-0-​12-​386454-​3.​
00984-2

	12.	 Tokuyama T, Daly J, Witkop B. Structure of batrachotoxin, a ste-
roidal alkaloid from the Colombian arrow poison frog, phyllobates 
aurotaenia, and partial synthesis of batrachotoxin and its analogs 
and homologs. J Am Chem Soc. 1969;91(14):3931–8. https://​doi.​
org/​10.​1021/​ja010​42a042.

	13.	 Dumbacher JP, Menon GK, Daly JW. Skin as a Toxin Stor-
age Organ in the Endemic New Guinean Genus Pitohui. Auk. 
2009;126(3):520–30. https://​doi.​org/​10.​1525/​auk.​2009.​08230.

	14.	 Diamond JM. Rubbish birds are poisonous. Nature (London). 
1992;360(6399):19–20. https://​doi.​org/10.​1038/​36001​9a0.

	15.	 Dumbacher JP, Wako A, Derrickson SR, Samuelson A, Spande 
TF, Daly JW. Melyrid beetles (Choresine): A putative source for 
the batrachotoxin alkaloids found in poison-dart frogs and toxic 
passerine birds. Proc Natl Acad Sci USA. 2004;101(45):15857–
60. https://​doi.​org/​10.​1073/​pnas.​04071​97101.

	16.	 Harris R, Arbuckle K. Tempo and Mode of the Evolution of 
Venom and Poison in Tetrapods. Toxins. 2016;8(7):193. https://​
doi.​org/​10.​3390/​toxin​s8070​193.

	17.	 Cramp S Simmons KEL Furguson-Lees IJ Gillmor R Hollom PAD 
Hudson R Wattel J. Birds of Europe the Middle East and North 
Africa. Oford: Oxford University Press; 1977. p. 496–503.

	18.	 Giannopoulos D, Voulioti S, Skarpelos A, Arvanitis A, Chalkio-
poulou C. Quail poisoning in a child. Rural Remote Health. 
2006;6(2):1–6. https://​doi.​org/​10.​22605/​RRH564.

	19.	 Bellomo G, Gentili G, Verdura C, Calabrò G, Miele ML. An unu-
sual case of rhabdomyolysis. NDT Plus. 2011;4(3):173–4. https://​
doi.​org/​10.​1093/​ndtpl​us/​sfr045.

	20.	 Swaroop R, Zabaneh R, Parimoo N. Plasmapheresis in a patient 
with rhabdomyolysis: a case report. Cases J. 2009;2(1):8138. 
https://​doi.​org/​10.​4076/​1757-​1626-2-​8138.

	21.	 Tsironi M. The patient with rhabdomyolysis: Have you considered 
quail poisoning? CMAJ. 2004;171(4):325–6. https://​doi.​org/​10.​
1503/​cmaj.​10312​56.

	22.	 Gokhan S, Cetiner MA, Ozhasenekler A. A rare cause of acute 
renal failure: Coturnism. Afr J Emerg Med. 2014;4(1):31–3. 
https://​doi.​org/​10.​1016/j.​afjem.​2012.​09.​008.

	23.	 Korkmaz İ, Kukul Güven FM, Eren ŞH, Dogan Z. Quail Con-
sumption can be Harmful. J Emerg Med. 2011;41(5):499–502. 
https://​doi.​org/​10.​1016/j.​jemer​med.​2008.​03.​045.

	24.	 Mebs D Birds. Venomous and Poisonous Animals: A Handbook 
for Biologists, and Toxicologists and Toxinologists, Physicians 
and Pharmacists. 1st ed, Boca Raton: CRC Press; 2002. p. 319–21.

	25.	 Aparicio R, Oñate JM, Arizcun A, Alvarez T, Alba A, Cuende JI, 
Miró M. Epidemic rhabdomyolysis due to the eating of quail A 
clinical epidemiological and experimental study. Med Clin (Barc). 
1999;112(4):143–6.

	26.	 Uriarte-Pueyo I, Goicoechea M, Gil AG, López de Cerain A, 
López de Munain A, Calvo MI. Negative Evidence for Stach-
ydrine or Galeopsis ladanum L Seeds as the Causal Agents of 
Coturnism after Quail Meat Ingestion. J Agric Food Chem. 
2009;57(22):11055–9. https://​doi.​org/​10.​1021/​jf902​764n.

	27.	 Billis AG, Kastanakis S, Giamarellou H, Daikos GK. Acute renal 
failure after a meal of quail.  The Lancet. 1971;298(7726):702. 
https://​doi.​org/​10.​1016/​S0140-​6736(71)​92264-1.

	28.	 Eisner T, Conner J, Carrel JE, McCormick JP, Slagle AJ, Gans C, 
O’Reilly JC. Systemic retention of ingested cantharidin by frogs. 
Chemoecology. 1990;1(2):57–62. https://​doi.​org/​10.​1007/​BF013​
25229.

	29.	 Mebs D, Pogoda W, Schneider M, Kauert G. Cantharidin and dem-
ethylcantharidin (palasonin) content of blister beetles (Coleoptera: 
Meloidae) from southern Africa. Toxicon. 2009;53(4):466–8. 
https://​doi.​org/​10.​1016/j.​toxic​on.​2009.​01.​005.

	30.	 Eldridge R, Casida JE. Cantharidin effects on protein phos-
phatases and the phosphorylation state of phosphoproteins in 
mice. Toxicol Appl Pharmacol. 1995;130(1):95–100. https://​doi.​
org/​10.​1006/​taap.​1995.​1013.

331Journal of Medical Toxicology (2022) 18:321–333

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-1-4615-5881-1_4
https://doi.org/10.1016/j.toxicon.2015.03.020
https://doi.org/10.1016/j.toxicon.2015.03.020
https://doi.org/10.1073/pnas.200346897
https://doi.org/10.1073/pnas.200346897
https://doi.org/10.1073/pnas.97.24.12948
https://doi.org/10.1073/pnas.97.24.12948
https://doi.org/10.1126/science.1439786
https://doi.org/10.1126/science.1439786
https://doi.org/10.2307/3546161
https://doi.org/10.2307/3546161
https://doi.org/10.1016/S0074-7742(08)60084-7
https://doi.org/10.1016/S0074-7742(08)60084-7
https://doi.org/10.1021/np970460e
https://doi.org/10.1021/np970460e
https://doi.org/10.1126/science.172.3987.995
https://doi.org/10.1126/science.172.3987.995
https://doi.org/10.1016/B978-0-12-386454-3.00984-2
https://doi.org/10.1016/B978-0-12-386454-3.00984-2
https://doi.org/10.1021/ja01042a042
https://doi.org/10.1021/ja01042a042
https://doi.org/10.1525/auk.2009.08230
https://doi.org/1038/360019a0
https://doi.org/10.1073/pnas.0407197101
https://doi.org/10.3390/toxins8070193
https://doi.org/10.3390/toxins8070193
https://doi.org/10.22605/RRH564
https://doi.org/10.1093/ndtplus/sfr045
https://doi.org/10.1093/ndtplus/sfr045
https://doi.org/10.4076/1757-1626-2-8138
https://doi.org/10.1503/cmaj.1031256
https://doi.org/10.1503/cmaj.1031256
https://doi.org/10.1016/j.afjem.2012.09.008
https://doi.org/10.1016/j.jemermed.2008.03.045
https://doi.org/10.1021/jf902764n
https://doi.org/10.1016/S0140-6736(71)92264-1
https://doi.org/10.1007/BF01325229
https://doi.org/10.1007/BF01325229
https://doi.org/10.1016/j.toxicon.2009.01.005
https://doi.org/10.1006/taap.1995.1013
https://doi.org/10.1006/taap.1995.1013


1 3

	31.	 Cohen P. The structure and regulation of protein phosphatases. 
Annu Rev Biochem. 1989;58(1):453–508. https://​doi.​org/​10.​1146/​
annur​ev.​bi.​58.​070189.​002321.

	32.	 Cohen PTW, Brewis ND, Hughes V, Mann DJ. Protein ser-
ine/threonine phosphatases; an expanding family. FEBS Lett. 
1990;268(2):355–9. https://​doi.​org/​10.​1016/​0014-​5793(90)​
81285-V.

	33.	 Shenolikar S, Nairn AC. Protein phosphatases: recent progress. 
Adv Second Messenger Phosphoprotein Res. 1991;23:1–121.

	34.	 Bertaux B, Prost C, Heslan M, Dubertret L. Cantharide acantholy-
sis: endogenous protease activation leading to desmosomal plaque 
dissolution. Br J Dermatol. 1988;118(2):157–65. https://​doi.​org/​
10.​1111/j.​1365-​2133.​1988.​tb017​69.x.

	35.	 Oaks WW, DiTunno JF, Magnani T, Levy HA, Mills LC. Cantha-
ridin Poisoning. J Occup Environ Med. 1960;2(8):418. https://​doi.​
org/​10.​1097/​00043​764-​19600​8000-​00063.

	36.	 Nickolls LC, Teare D. Poisoning by Cantharidin. BMJ. 
1954;2(4901):1384–6. https://​doi.​org/​10.​1136/​bmj.2.​4901.​
1384.

	37.	 Craven JD, Polak A. Canthar idin Poisoning. BMJ. 
1954;2(4901):1386–8. https://​doi.​org/​10.​1136/​bmj.2.​4901.​1386.

	38.	 Blot-Chabaud M, Coutry N, Laplace M, Bonvalet J-P, Farman 
N. Role of Protein Phosphatase in the Regulation of Na + -K + 
-ATPase by Vasopressin in the Cortical Collecting Duct. J Membr 
Biol. 1996;153(3):233–9. https://​doi.​org/​10.​1007/​s0023​29900​126.

	39.	 Honkanen R, Golden T. Regulators of Serine / Threonine Protein 
Phosphatases at the Dawn of a Clinical Era? Curr Med Chem. 
2002;9(22):2055–75. https://​doi.​org/​10.​2174/​09298​67023​368836.

	40.	 Bokník P, Khorchidi S, Bodor GS, Huke S, Knapp J, Linck B, 
Lüss H, Müller FU, Schmitz W, Neumann J. Role of protein phos-
phatases in regulation of cardiac inotropy and relaxation. Am J 
Physiol Heart Circ Physiol. 2001;280(2):H786–94. https://​doi.​org/​
10.​1152/​ajphe​art.​2001.​280.2.​H786.

	41.	 Binder R. Malpractice–in Dermatology. Cutis. 1979;23(5):663–6.
	42.	 Kok-Choi C, Hee-Ming L, Bobby SSF, David YCP. A Fatality 

Due to the Use of Cantharides from Mylabris Phalerata as an 
Abortifacient. Med Sci Law. 1990;30(4):336–40. https://​doi.​org/​
10.​1177/​10600​28090​03000​410.

	43.	 Wang GS. Medical uses of mylabris in ancient China and recent 
studies. J Ethnopharmacol. 1989;26(2):147–62. https://​doi.​org/​
10.​1016/​0378-​8741(89)​90062-7.

	44.	 Penrith ML, Naudé TW. Mortality in chickens associated with 
blister beetle consumption. J S Afr Vet Assoc. 1996;67(2):97–9. 
https://​doi.​org/​10.​10520/​AJA00​382809_​1645.

	45.	 Harrisberg J, Deseta JHC, Cohen L, Temlett J, Milne FJ. Cantha-
ridin Poisoning with Neurological Complications. S Afr Med J. 
1984;65(15):614–5.

	46.	 Hundt HKL, Steyn JM, Wagner L. Post-mortem Serum Concen-
tration of Cantharidin in a Fatal Case of Cantharides Poisoning. 
Hum Exp Toxicol. 1990;9(1):35–40. https://​doi.​org/​10.​1177/​
09603​27190​00900​108.

	47.	 Bloom KJ, Grivetti L. The mysterious history of partridge poison-
ing. J Hist Med Allied Sci. 2001;56(1):68–76.

	48.	 Maejima H, Kinoshita E, Seyama I, Yamaoka K. Distinct Sites 
Regulating Grayanotoxin Binding and Unbinding to D4S6 of 
Nav1.4 Sodium Channel as Revealed by Improved Estimation of 
Toxin Sensitivity. J Biol Chem. 2003;278(11):9464–71. https://​
doi.​org/​10.​1074/​jbc.​M2121​33200.

	49.	 Akera T, Ku DD, Frank M, Brody TM, Iwasa J. Effects of gray-
anotoxin I on cardiac Na + K + -adenosine triphosphatase activ-
ity, transmembrane potential, and myocardial contractile force. J 
Pharmacol Exp Ther. 1976;199(1):247–54.

	50.	 Koca I, Koca AF. Poisoning by mad honey: A brief review. Food 
Chem Toxicol. 2007;45(8):1315–8. https://​doi.​org/​10.​1016/j.​fct.​
2007.​04.​006.

	51.	 Burt JGM. Case of Poisoning by Eating American Partridge. 
Edinb Med J. 1856;1(11):1014–21.

	52.	 Shoemaker N, Article IX. Two Cases of Poison from eat-
ing of a Pheasant. North American Med Surg J (1826-1831). 
1826;1(2):321.

	53.	 Somers J. On the winter food of the partridge and on partridge 
poisoning. Proceedings Nova Scotian Inst Sci. 1883;6:78–84.

	54.	 Bigelow J. Nature in Disease, Illustrated in Various Discourses 
and Essays: To which areAdded Miscellaneous Writings, Chiefly 
on Medical Subjects.  Boston: Ticknor and Fields; 1854. p. 
272–288.

	55.	 Bartram S, Boland W. Chemistry and Ecology of Toxic Birds. 
ChemBioChem. 2001;2(11):809–11. https://​doi.​org/​10.​1002/​
1439-​7633(20011​105)2:​113.0.​CO;2-C.

	56.	 Eisler R Sodium monofluoroacetate (1080) hazards to fish, wild-
life, and invertebrates: a synoptic review. US Department of the 
Interior, National Biological Service; 1995. p. 3–5

	57.	 Parton K Sodium Monofluoroacetate (1080). In: Small Animal 
Toxicology. Elsevier; 2013. p. 811–6. https://​doi.​org/​10.​1016/​
B978-1-​4557-​0717-1.​00078-8

	58.	 Lauble H, Kennedy MC, Emptage MH, Beinert H, Stout CD. 
The reaction of fluorocitrate with aconitase and the crystal struc-
ture of the enzyme-inhibitor complex. Proc Natl Acad Sci USA. 
1996;93(24):13699–703. https://​doi.​org/​10.​1073/​pnas.​93.​24.​
13699.

	59.	 Eason CT. Sodium monofluoroacetate 1080 risk assessment and 
risk communication. Toxicology. 2002;181–182:523–30. https://​
doi.​org/​10.​1016/​s0300-​483x(02)​00474-2.

	60.	 Atzert SP. A review of sodium monofluoroacetate (compound 
1080): its properties,toxicology, and use in predator and rodent 
control. U.S. Govt 1972. p. 6–7.

	61.	 Gooneratne SR, Eason CT, Milne L, Arthur DG, Cook C, Wick-
strom M. Acute and long-term effects of exposure to sodium 
monofluoroacetate (1080) in sheep. Onderstepoort J Vet Res. 
2008;75(2):127–39. https://​doi.​org/​10.​4102/​ojvr.​v75i2.​11.

	62.	 Peacock D, Christensen P, Williams B. Historical accounts of 
toxicity to introduced carnivores consuming bronzewing pigeons 
(Phapschalcoptera and P. elegans) and other vertebrate fauna in 
south-west Western Australia. Australian Zool. 2011;35(3):826–
42. https://​doi.​org/​10.​7882/​AZ.​2011.​034.

	63.	 Marlow NJ, Thomas ND, Williams AAE, Macmahon B, Lawson 
J, Hitchen Y, Angus J, Berry O. Lethal 1080 baiting continues to 
reduce European Red Fox (Vulpes vulpes) abundance after more 
than 25 years of continuous use in south-west Western Australia. 
Ecol Manag Restor. 2015;16(2):131–41. https://​doi.​org/​10.​1111/​
emr.​12162.

	64.	 O’Hagan B. Fluoroacetate poisoning in seven domestic dogs. Aust 
Vet J. 2004;82(12):756–8. https://​doi.​org/​10.​1111/j.​1751-​0813.​
2004.​tb132​40.x.

	65.	 Bosakowski T, Levin AA. Serum citrate as a peripheral indicator 
of fluoroacetate and fluorocitrate toxicity in rats and dogs. Toxi-
col Appl Pharmacol. 1986;85(3):428–36. https://​doi.​org/​10.​1016/​
0041-​008X(86)​90350-9.

	66.	 Goh C, Hodgson D, Fearnside S, Heller J, Malikides N. Sodium 
monofluoroacetate (Compound 1080) poisoning in dogs. Aust Vet 
J. 2005;83(8):474–9. https://​doi.​org/​10.​1111/j.​1751-​0813.​2005.​
tb132​96.x.

	67.	 Feldwick MG, Noakes PS, Prause U, Mead RJ, Kostyniak PJ. 
The biochemical toxicology of 1,3-difluoro-2-propanol, the major 
ingredient of the pesticide Gliftor: The potential of 4-methylpyra-
zole as an antidote. J Biochem Mol Toxicol. 1998;12(1):41–52. 
https://​doi.​org/​10.​1002/​(SICI)​1099-​0461(1998)​12:1%​3c41::​AID-​
JBT6%​3e3.0.​CO;2-P.

	68.	 Burger BV, Reiter B, Borzyk O, du Plessis MA. Avian Exocrine 
Secretions I Chemical Characterization of the Volatile Fraction of 
the Uropygial Secretion of the Green Woodhoopoe Phoeniculus 

332 Journal of Medical Toxicology (2022) 18:321–333

https://doi.org/10.1146/annurev.bi.58.070189.002321
https://doi.org/10.1146/annurev.bi.58.070189.002321
https://doi.org/10.1016/0014-5793(90)81285-V
https://doi.org/10.1016/0014-5793(90)81285-V
https://doi.org/10.1111/j.1365-2133.1988.tb01769.x
https://doi.org/10.1111/j.1365-2133.1988.tb01769.x
https://doi.org/10.1097/00043764-196008000-00063
https://doi.org/10.1097/00043764-196008000-00063
https://doi.org/10.1136/bmj.2.4901.1384
https://doi.org/10.1136/bmj.2.4901.1384
https://doi.org/10.1136/bmj.2.4901.1386
https://doi.org/10.1007/s002329900126
https://doi.org/10.2174/0929867023368836
https://doi.org/10.1152/ajpheart.2001.280.2.H786
https://doi.org/10.1152/ajpheart.2001.280.2.H786
https://doi.org/10.1177/106002809003000410
https://doi.org/10.1177/106002809003000410
https://doi.org/10.1016/0378-8741(89)90062-7
https://doi.org/10.1016/0378-8741(89)90062-7
https://doi.org/10.10520/AJA00382809_1645
https://doi.org/10.1177/096032719000900108
https://doi.org/10.1177/096032719000900108
https://doi.org/10.1074/jbc.M212133200
https://doi.org/10.1074/jbc.M212133200
https://doi.org/10.1016/j.fct.2007.04.006
https://doi.org/10.1016/j.fct.2007.04.006
https://doi.org/10.1002/1439-7633(20011105)2:113.0.CO;2-C
https://doi.org/10.1002/1439-7633(20011105)2:113.0.CO;2-C
https://doi.org/10.1016/B978-1-4557-0717-1.00078-8
https://doi.org/10.1016/B978-1-4557-0717-1.00078-8
https://doi.org/10.1073/pnas.93.24.13699
https://doi.org/10.1073/pnas.93.24.13699
https://doi.org/10.1016/s0300-483x(02)00474-2
https://doi.org/10.1016/s0300-483x(02)00474-2
https://doi.org/10.4102/ojvr.v75i2.11
https://doi.org/10.7882/AZ.2011.034
https://doi.org/10.1111/emr.12162
https://doi.org/10.1111/emr.12162
https://doi.org/10.1111/j.1751-0813.2004.tb13240.x
https://doi.org/10.1111/j.1751-0813.2004.tb13240.x
https://doi.org/10.1016/0041-008X(86)90350-9
https://doi.org/10.1016/0041-008X(86)90350-9
https://doi.org/10.1111/j.1751-0813.2005.tb13296.x
https://doi.org/10.1111/j.1751-0813.2005.tb13296.x
https://doi.org/10.1002/(SICI)1099-0461(1998)12:1%3c41::AID-JBT6%3e3.0.CO;2-P
https://doi.org/10.1002/(SICI)1099-0461(1998)12:1%3c41::AID-JBT6%3e3.0.CO;2-P


1 3

purpureus. J Chem Ecol. 2004;30(8):1603–11. https://​doi.​org/​10.​
1023/B:​JOEC.​00000​42071.​65335.​f3.

	69.	 Martín-Vivaldi M, Peña A, Peralta-Sanchez JM, Sanchez L, Ananou 
S, Ruiz-Rodríguez M, Soler JJ. Antimicrobial chemicals in hoopoe 
preen secretions are produced by symbiotic bacteria. Proc Biol Sci. 
2010;277(1678):123–30. https://​doi.​org/​10.​1098/​rspb.​2009.​1377.

	70.	 Savitzky AH, Mori A, Hutchinson DA, Saporito RA, Burghardt 
GM, Lillywhite HB, Meinwald J. Sequestered defensive toxins in 
tetrapod vertebrates principles patterns and prospects for future 
studies. Chemoecology. 2012;22(3):141–58. https://​doi.​org/​10.​
1007/​s00049-​012-​0112-z.

	71.	 Wang S-Y, Wang GK Single rat muscle Na + channel mutation 
confers batrachotoxin autoresistance found in poison-dart frog 
Phyllobates terribilis. Proj Natl Acad Sci. 2017;114(39):10491–
6. https://​doi.​org/​10.​1073/​pnas.​17078​73114

	72.	 Geffeney S, Brodie ED, Ruben PC, Brodie ED. Mechanisms of 
Adaptation in a Predator-Prey Arms Race: TTX-Resistant Sodium 
Channels. Science. 2002;297(5585):1336–9. https://​doi.​org/​10.​
1126/​scien​ce.​10743​10.

	73.	 Brodie ED III, Feldman CR, Hanifin CT, Motychak JE, Mulcahy 
DG, Williams BL, Brodie ED Jr. Parallel arms races between 
garter snakes and newts involving tetrodotoxin as the phenotypic 
interface of coevolution. J Chem Ecol. 2005;31(2):343–56. 
https://​doi.org/​10.​1007/​s1088​6-005-1345-x.

	74.	 Hartmann T, Theuring C, Beuerle T, Klewer N, Schulz S, Singer 
MS, Bernays EA. Specific recognition, detoxification, and 
metabolism of pyrrolizidine alkaloids by the polyphagous arctiid 
Estigmene acrea. Insect Biochem Mol Biol. 2005;35(5):391–411. 
https://​doi.​org/​10.​1016/j.​ibmb.​2004.​12.​010.

	75.	 Hartmann T, Theuring C, Witte L, Schulz S, Pasteels JM. Bio-
chemical processing of plant acquired pyrrolizidine alkaloids by 
the neotropical leaf-beetle Platyphora boucardi. Insect Biochem 
Mol Biol. 2003;33(5):515–23. https://​doi.​org/​10.​1016/​S0965-​
1748(03)​00026-2.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

333Journal of Medical Toxicology (2022) 18:321–333

https://doi.org/10.1023/B:JOEC.0000042071.65335.f3
https://doi.org/10.1023/B:JOEC.0000042071.65335.f3
https://doi.org/10.1098/rspb.2009.1377
https://doi.org/10.1007/s00049-012-0112-z
https://doi.org/10.1007/s00049-012-0112-z
https://doi.org/10.1073/pnas.1707873114
https://doi.org/10.1126/science.1074310
https://doi.org/10.1126/science.1074310
https://doi.org/10.1007/s10886‐005‐1345‐x
https://doi.org/10.1016/j.ibmb.2004.12.010
https://doi.org/10.1016/S0965-1748(03)00026-2
https://doi.org/10.1016/S0965-1748(03)00026-2

	Avian Toxins and Poisoning Mechanisms
	Abstract
	Introduction
	Methods
	Results and Data Summary
	Discussion of Poisonous Bird Species
	Pitohuis and Ifrita kowaldi
	Common Quail (Coturnix coturnix coturnix)
	Spur or Spoor-winged Goose (Plectropterus gambensis)
	North American ruffed grouse (Bonasa umbellus)
	Bronzewings (Phaps elegans, Phaps chalcoptera)
	Hoopoes

	Ability to Withhold Toxin
	Conclusion
	Acknowledgements 
	References


