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The traditional categories of fluoroacetate poisoning signs and
symptoms belie substantial underlying similarities
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Abstract

Sodium monofluoroacetate (Compound 1080) has been widely used around the world as a vertebrate pest control agent.
Following ingestion of 1080 there is a latent period, during which the compound is metabolised into a toxic form, before the
onset of symptoms. The timing of this period varies significantly between species as does the median lethal dose. Traditionally
different species have also been classified into groups depending on the primary organ system involved in 1080 toxicosis
(cardiac, nervous, or mixed signs/symptoms). However, general acceptance of this method of classification has obscured the fact
that several signs of fluoroacetate poisoning are common to most vertebrate species. This paper reviews five decades of literature
on the signs/symptoms of fluoroacetate poisoning in vertebrates and concludes that there is little justification for the division of
animals poisoned by fluoroacetate into symptomatic groups.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Sodium monofluoroacetate (Compound 1080) was
initially developed for use as a rodenticide in the
USA in the 1940s (Chenoweth, 1949). It is now
widely used in Australia for the control of a range
of vertebrate species including dingoes (Canis lupus
dingo), dogs (Canis lupus familiaris), foxes (Vulpes
vulpes), pigs (Sus scrofa), cats (Felis catus), rab-
bits (Oryctolagus cuniculus), rats (Rattus norvegicus,
Rattus rattus), Bennet’s (Macropus rufogriseus) and
rufous (Thylogale billardierii) wallabies, and brush-

∗ Tel.: +61-2-6282-8300; fax:+61-2-6282-8311.
E-mail address: msherley@rspca.org.au (M. Sherley).

tail possums (Trichosurus vulpecula) (VPC, 2001).
1080 baiting is carried out in all states and territo-
ries of Australia (VPC, 2001), where it plays a role
in both conservation and agricultural management.
Sodium monofluoroacetate is highly toxic to verte-
brates (and is also insecticidal (Notman, 1989; Booth
and Wickstrom, 1999)), although the sensitivity of
different species varies dramatically, with canids gen-
erally showing the greatest sensitivity and amphibians
the least (Chenoweth, 1949; Peters, 1952; McIlroy,
1986). Because fluoroacetate is produced naturally by
some native Australian plant species (Twigg, 1994;
Twigg et al., 1996a,b, 1999) some native Australian
herbivores living within the natural distribution of
those plant species have evolved an unusually high
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tolerance to fluoroacetate (McIlroy, 1982a; Twigg,
1994). However, this effect is limited to regions of
western and northern Australia.

2. Metabolic action

To become active as a poison fluoroacetate must
first be metabolised within the body to fluorocitrate
(Peters, 1952). Flourocitrate then acts by inhibiting the
enzymes responsible for the conversion of citrate and
succinate in the tricarboxylic acid cycle (Krebs cycle)
(Peters, 1952; Fanshier et al., 1964). The results are
that food cannot be broken down for energy by the
body’s cells, resulting in cell death, and that the con-
centration of citrate in the tissues and blood rises, cre-
ating a general metabolic imbalance (acidosis). Citrate
buildup further inhibits glucose metabolism by inhibit-
ing the enzyme phosphofructokinase (PFK) (Duin and
Bernem, 1968). Because it takes time for the metabolic
conversion of fluoroacetate to fluorocitrate there is a
delay from the time that the poison is ingested to the
initial onset of signs/symptoms.

Despite a common mechanism of action in all ver-
tebrates it has been observed that different species
exhibit markedly different signs of fluoroacetate tox-
icosis. Discrete symptomatic categories into which
poisoned animals may be divided were first described
by Chenoweth and Gilman (1946)and are still widely
cited to today.

3. Symptomatic categories

The system of classification proposed byChenoweth
and Gilman (1946)was based on a series of exper-
imental poisonings carried out by these authors. In
general, they found that both the cause of death and
the signs of toxicosis varied by species. The four cat-
egories that they proposed were: Class I, where the
main effects are on the heart. Class II, where both
the heart and the central nervous system are involved.
Class III, where the main effect is on the nervous
system. Class IV, where there is an atypical response
typified by slow shallow breathing and a slow heart
rate. Other authors have commented that in general, it
is herbivores that exhibit cardiac involvement (Class
I), carnivores that show extensive involvement of the

central nervous system, dying as a result of respira-
tory depression (Class III), and omnivores that exhibit
both cardiac and central nervous system involvement
(Class II) (Egekeze and Oehme, 1979).

4. Herbivores

Chenoweth and Gilman (1946)studied the effect
of fluoroacetate on rabbits (Oryctolagus cuniculus),
goats (Capra hircus), and horses (Equus caballus).
Finding that all three species died as a result of ven-
tricular fibrillation they grouped them together as
Class I, animals in which the primary effect of flu-
oroacetate is on the heart. According to this study
rabbits also exhibited motor disturbances “manifested
by a sprawling position of the forelimbs with the head
placed flat on its side between them” with a small pro-
portion also developing tonic-clonic seizures. Other
studies investigating the effect of fluoroacetate on
rabbits have also reported neurological involvement
including; muscular weakness, convulsive fits, ataxia,
and hypersensitivity to noise or disturbance (Foss,
1948; Meldrum and Bignell, 1957; McIlroy, 1982a).
Other signs described include depression, lethargy,
restlessness and respiratory distress (Quin and Clark,
1947; Foss, 1948; Meldrum and Bignell, 1957; Nwude
et al., 1977; McIlroy, 1982a). WhereChenoweth and
Gilman (1946)described few signs of poisoning in the
horse or goat other than ventricular fibrillation,Quin
and Clark (1947)found that these animals exhibited
evidence of circulatory collapse including weakness,
tachypnoea, cold-sweating, a marked fall in tem-
perature, and a rapid pulse, followed by death from
respiratory failure. In contrast,Nwude et al. (1977)
described poisoned goats as exhibiting depression
followed by restlessness then convulsions.

Other authors have carried out experimental poison-
ing involving cattle (Bos taurus), sheep (Ovis aries),
and a wide range of Australian marsupial herbivores.
In Robison’s (1970)report on fluoroacetate poisoning
of cattle, he reported that signs of poisoning were
extremely consistent, with a slight lethargy preced-
ing sudden urination, staggering, collapse, spasms,
“in-place running” and death. The signs observed in
sheep include apprehension, anxiety with grinding of
the teeth, restlessness, hyperactivity, altered socialisa-
tion (sitting apart from the flock), abnormal posturing
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(sitting on the rump), depression of ruminal move-
ment, urinary incontinence, weakness, extremely
rapid heart rate, feeble pulse, severe respiratory dis-
tress with froth emanating from the nose and mouth,
muscular spasms, tetanic convulsions, hypersensitiv-
ity to nervous stimuli, convulsions with kicking or
paddling movements, periods of normalcy between
convulsions, and partial paralysis (Quin and Clark,
1947; Meldrum and Bignell, 1957; McIlroy, 1982a;
Schultz et al., 1982).

Of the Australian herbivores that have been exper-
imentally poisoned, brushtail possums (Trichosurus
vulpecula) have been described as becoming lethar-
gic, having shallow respiration, defecating, displaying
abnormal posturing, as well as unusual vocalisations,
ataxia, hypersensitivity to noise or movements, and
convulsions, seizures, or spasms associated with ejac-
ulation (McIlroy, 1982a). Other marsupial herbivores
exhibited a range of signs including loss of appetite,
abnormal posturing, weakness, lethargy, a lack of
alertness, respiratory distress with foaming at the
nostrils and mouth, ataxia, convulsions with kick-
ing or paddling motions, and ejaculation (McIlroy,
1982a).

5. Omnivores

Chenoweth and Gilman (1946)found that domestic
pigs (Sus scrofa) and Rhesus macaques (Macaca mu-
latta) poisoned with fluoroacetate displayed both car-
diac and neurological involvement with some animals
dying of respiratory failure and others of ventricular
fibrillation. They therefore grouped these animals into
Class II, animals in which fluoroacetate intoxication
results in combined cardiac and nervous involvement.
In pigs they described tremors, excitability, a dis-
inclination to move, violent myotonic convulsions,
respiratory depression and ventricular fibrillation. It
is worth noting that they state that ventricular fibril-
lation followed or occurred during seizures of central
origin. Rhesus macaques experienced twitching of
facial muscles, nystagmus, excessive blinking, defe-
cation, and excessive salivation followed by tonic
convulsions that were associated with consciousness,
and eventually ventricular fibrillation.

Other authors describing the effect of fluoroacetate
on pigs and Rhesus macaques found that feral pigs dis-

played a range of signs including vomiting, lethargy,
laboured respiration with foaming at the nostrils and
mouth, convulsions, and partial paralysis (McIlroy,
1983a) while Rhesus macaques displayed retching and
vomiting, dilation of the pupils, defecation, rotation
of the head, spasms of facial muscles, coarse tremors
of the head, a lack of alertness, tonic convulsions, and
clonic convulsions (Foss, 1948). Convulsions started
asymmetrically and spread to involve the entire body
(Foss, 1948).

Relatively few omnivorous mammals have been
experimentally poisoned with fluoroacetate. However,
the effect of fluoroacetate poisoning on bandicoots
(members of the family Peramelidae) and striped
skunks (Mephitis mephitis) has been determined, and
humans have also been placed in the Class II symp-
tomatic category (Gajdusek and Luther, 1950). Signs
of fluoroacetate toxicosis that have been described
in poisoned bandicoots include depression, slowed
breath rate, trembling, vomiting, hypersensitivity to
stimuli, and convulsions (McIlroy, 1983b). Skunks
also experienced convulsions, preceded by a loss of
voluntary muscle control and vocalisation (Eastland
and Beasom, 1987). Reports describing human cases
of fluoroacetate poisoning identify anxiety, irritabil-
ity, verbosity, agitation, hyperactivity, rapid heart
rate, confusion, epigastric pain, headache, nausea and
vomiting, faecal incontinence, respiratory distress,
hyperaesthesia, muscular twitches, muscular pain,
tetanic spasms, cardiac irregularity, gradual loss of
alertness leading to coma, epileptiform convulsions,
tonic convulsions, periods of flacidity, periods of
lucidity between convulsions, and partial paralysis
(Gajdusek and Luther, 1950; Peters, 1952; Brockman
et al., 1955; McTaggart, 1970; Reigart et al., 1975;
Trabes et al., 1983; Chung, 1984; Chi et al., 1996,
1999; Robinson et al., 2002).

6. Carnivores

Chenoweth and Gilman (1946)observed that cats
displayed similar signs to pigs and Rhesus macaques
so, like these animals, cats were placed into symp-
tomatic Class II. In contrast, poisoned dogs displayed
extensive neurological involvement and were placed
in Class III, animals in which the main effect of fluo-
roacetate poisoning is on the nervous system.



402 M. Sherley / Toxicology Letters 151 (2004) 399–406

The signs thatChenoweth and Gilman (1946)
described in poisoned cats include vomiting, sali-
vation, rapid breathing, hyperexcitability, dilation
of the pupils, tonic convulsions, and clonic convul-
sions. Death typically resulted from depression of
the respiratory centre but occasionally as a result
of ventricular fibrillation. Foss (1948)also carried
out experimental poisoning of cats with fluoroac-
etate observing many of the same signs (retching and
vomiting, rapid respiration, dilation of the pupils,
and clonic convulsions) as well as incontinence,
ataxia, and partial paralysis. In a veterinary case
of accidental poisoning in a domestic cat,Gammie
(1980) reported vomiting, hyperaesthesia to light
and touch, pulmonary congestion, excessive saliva-
tion and vocalisation, tremors, dilation of the pupils,
exaggerated reflexes, low body temperature, and
bradycardia.

Chenoweth and Gilman (1946)found that poisoned
dogs displayed hyperexcitability, excessive vocali-
sation, snapping and biting, salivation, defecation,
twitching of facial muscles, nystagmus, tonic convul-
sions, and convulsions with paddling of the limbs,
with periods of lucidity between convulsions. Death
resulted from depression of the respiratory centre.
Further experiments carried out byChenoweth and
St John (1947)again described vomiting, excessive
vocalisation, snapping, and clonic convulsions with
death resulting from depression of the respiratory
centre. Other authors have reported many of the same
signs of poisoning in dogs, describing apprehension,
agitation, retching and vomiting, hyperactivity, vo-
calisation, excessive salivation, incontinence of urine
and faeces, dilation of the pupils, tonic convulsions,
then clonic convulsions with champing of the jaws
and paddling of the limbs (Foss, 1948; Harris, 1975).
Poisoned foxes behave similarly, displaying retch-
ing, hyperactivity, clonospasm, tail twitching, tetanic
spasms, and clonic convulsions with paddling of the
limbs (Marks et al., 2000).

A study of the effect of fluoroacetate on a wide
range of Australian marsupial carnivores (McIlroy,
1981) describes various signs including vomiting,
depression, rapid shallow breathing, trembling, rest-
lessness, hyperactivity, unusual vocalisations, biting,
incontinence, excessive salivation, rapid blinking,
twitching of facial muscles, nystagmus, ataxia, hyper-
sensitivity to stimuli, tetanic seizures, dilation of the

pupils, clonic convulsions with paddling of the limbs,
and partial paralysis.

7. Rodents

In their experiments,Chenoweth and Gilman (1946)
observed the effects of fluoroacetate on guineapigs
(Cavia porcellus), hamsters and rats. However, they
did not specify which species or breeds of the lat-
ter were used. They found that guineapigs displayed
neurological involvement similar to that described for
the dog, so they placed guineapigs in symptomatic
Class III along with dogs. Hamsters and rats displayed
signs thatChenoweth and Gilman (1946)regarded as
atypical and were given their own category, Class IV,
in which there is an atypical response to fluoroac-
etate poisoning characterised by weakness and ex-
treme bradycardia.

According toChenoweth and Gilman’s (1946)de-
scriptions poisoned guineapigs behaved similarly to
dogs, with “long continued convulsions interspersed
with a tremorous state”. They also reported that
guineapigs were hypersensitive to mechanical stimula-
tion. Death in these animals resulted from respiratory
depression. Other authors described signs in poisoned
guineapigs as including respiratory distress with froth
emanating from the nose and mouth, apprehension,
hyperexcitability, tonic convulsions, and periods of
flaccidity (Quin and Clark, 1947; Foss, 1948).

Chenoweth and Gilman (1946)found that poisoned
hamsters and rats became tremorous, hyperexcitable,
hypersensitive to mechanical stimulation, had tonic
convulsions, displayed abnormal posturing, refused
food and water, and either died quickly of respira-
tory depression or slowly after a period of weakness
and extreme bradycardia. Other authors also describe
hyperexcitability, and tonic convulsions in rats (Foss,
1948; Hayes et al., 1973; Egekeze and Oehme, 1979).
However,Foss (1948)argues that repeated convulsions
are common in rats, whereasChenoweth and Gilman
(1946) described them as rare, and in a further con-
trast toChenoweth and Gilman’s (1946)findings,Foss
(1948)describes rats, mice and guineapigs as having
identical signs of poisoning. Other authors have also
described apprehensive behaviour, depression, abnor-
mal posturing suggestive of abdominal pain, abnormal
vocalisations, severe respiratory distress, spasms of the



M. Sherley / Toxicology Letters 151 (2004) 399–406 403

abdominal muscles, defecation and urination, dilation
of the pupils, clonic convulsions, severe convulsions
resulting in physical harm, and periods of flaccidity in
rats poisoned with fluoroacetate (Foss, 1948; Hayes
et al., 1973; Egekeze and Oehme, 1979).

Other studies investigating the effects of fluoroac-
etate on rodents have used white mice (Mus mus-
culus), prairie dogs (Cynomys ludovicianus), and a
range of Australian native rodents. White mice were
described as becoming lethargic, displaying appre-
hensive behaviour, becoming hyperexcitable, experi-
encing tetanic spasms, as well as periods of flaccidity
and respiratory distress (Quin and Clark, 1947; Foss,
1948; Nwude et al., 1977). Black-tailed prairie dogs
developed rapid respiration, hyperactivity, then severe
convulsions (Hugghins et al., 1988). Australian native
rodents were also described as appearing depressed
with abnormal posturing, shivering, ruffled fur, low
temperature, hypersensitivity, ataxia, and respiration
that was initially rapid but became progressively
slower and shallower (McIlroy, 1982b). Some species
exhibited unusual vocalisations, hyperactivity, bit-
ing, clonic convulsions with paddling of the limbs,
ejaculation, and partial paralysis (McIlroy, 1982b).

8. Reptiles and amphibians

Only one amphibian was included inChenoweth
and Gilman’s (1946)study, a frog of unspecified
species. Chenoweth and Gilman observed that frogs
were highly tolerant of fluoroacetate and displayed
only neurological involvement (Class II). The signs
they describe are convulsions, and paralysis. Aus-
tralian native reptiles and amphibians are also rel-
atively tolerant of fluoroacetate but display a wide
range of signs of poisoning including lethargy, retch-
ing, foaming at the mouth, rapid blinking, muscular
spasms, and convulsions with paddling of the legs
(McIlroy, 1985).

9. Birds

WhenChenoweth and Gilman (1946)investigated
the effects of fluoroacetate on fowl (Gallus gallus)
they found that they had persistent convulsions, but
died of ventricular fibrillation. In contrast,Quin and

Clark (1947) failed to note any signs in poisoned
fowl prior to death. The experimental poisoning of
common starlings (Sturnus vulgaris) (Balcomb et al.,
1983) and a range of birds native to Australia and
New Zealand (McIlroy, 1984; McIntosh et al., 1966)
has been described in detail. Signs of poisoning ob-
served include: depression, prostration, vomiting,
abnormal posturing, unusual vocalisations, ruffled
feathers, shivering, trembling, excessive salivation,
respiratory distress, hypersensitivity to stimuli, ataxia,
loss of balance, hyperactivity, grasping and biting,
convulsions with paddling of the limbs, severe tetanic
seizures, opisthotonos, and partial paralysis.

10. Similarities between species

Overall, the division of fluoroacetate toxicosis
into symptomatic categories is problematic. Where
the signs/symptoms of fluoroacetate poisoning have
been recorded in detail, there are obvious similari-
ties between species. In the early stages of poisoning
(following the initial lag-stage during which fluo-
roacetate is metabolised to fluoroacetate) animals are
typically reported as displaying a range of signs in-
cluding; lethargy, retching and vomiting, trembling,
faecal and/or urinary incontinence, unusual vocali-
sations, hyperactivity, excessive salivation, muscular
weakness, uncoordination, hypersensitivity to nervous
stimuli, and respiratory distress. Local neurological
signs including muscular twitches (often affecting the
face e.g. nystagmus, blepharospasm, etc.), and tetanic
spasms of the tail and limbs commonly follow. Neuro-
logical involvement may then progress to generalised
convulsions, initially of a tetanic (tonic) nature, then
of a clonic-tonic form, convulsions usually occurring
cyclically (often with periods of lucidity in between
(Chenoweth and St John, 1947; Foss, 1948; Gajdusek
and Luther, 1950; McIlroy, 1982a; Schultz et al.,
1982)). Partial paralysis (sometimes lasting for pro-
longed periods) is also common, especially in animals
recovering from sublethal amounts of fluoroacetate
(Table 1).

The division of animals into cardiac and neurolog-
ical symptomatic groups is particularly unsatisfactory
as it ignores common neurological signs in the former
group (e.g. tremor, myotonic convulsions, muscu-
lar weakness, hypersensitivity and partial paralysis).



404 M. Sherley / Toxicology Letters 151 (2004) 399–406

Table 1
Common signs/symptoms of fluoroacetate poisoning and the groups of animals that they have been reported in

Symptoms Animals

Lethargy Eutherian herbivores, marsupial herbivores, omnivores, marsupial carnivores, rodents,
reptiles/amphibians, birds (Quin and Clark, 1947; Foss, 1948; Meldrum and Bignell, 1957; Robison,
1970; Hayes et al., 1973; Nwude et al., 1977; McIlroy, 1981, 1982a,b, 1983a,b, 1984, 1985)

Retching/vomiting Omnivores, humans, eutherian carnivores, marsupial carnivores, reptiles/amphibians, birds
(Chenoweth and Gilman, 1946; Chenoweth and St John, 1947; Foss, 1948; Gajdusek and Luther,
1950; McTaggart, 1970; Harris, 1975; McIlroy, 1981, 1983a,b, 1984, 1985; Trabes et al., 1983;
Chung, 1984; Chi et al., 1996, 1999; Marks et al., 2000; Robinson et al., 2002)

Trembling/shivering Marsupial herbivores, omnivores, marsupial carnivores, rodents, birds (Chenoweth and Gilman,
1946; McIlroy, 1981, 1982a,b; Balcomb et al., 1983; McIlroy, 1983b, 1984)

Ataxia/uncoodination Eutherian herbivores, marsupial herbivores, eutherian carnivores, marsupial carnivores, rodents,
birds (Foss, 1948; Meldrum and Bignell, 1957; McIlroy, 1981, 1982a,b, 1984)

Muscular weakness/collapse Eutherian herbivores, omnivores, marsupial carnivores, rodents (Chenoweth and Gilman, 1946;
Foss, 1948; Robison, 1970; McIlroy, 1981, 1982a; Schultz et al., 1982; Eastland and Beasom, 1987)

Faecal and/or urinary incontinence Eutherian herbivores, marsupial herbivores, omnivores, humans, eutherian carnivores, marsupial
carnivores, rodents, birds (Chenoweth and Gilman, 1946; Foss, 1948; Brockman et al., 1955;
Harris, 1975; Egekeze and Oehme, 1979; McIlroy, 1981, 1982a; McIlroy, 1984; Schultz et al.,
1982; Chi et al., 1996, 1999)

Abnormal vocalizations/verbosity Eutherian herbivores, marsupial herbivores, omnivores, humans, eutherian carnivores, marsupial
carnivores, rodents, birds (Chenoweth and Gilman, 1946; Chenoweth and St John, 1947; Foss,
1948; Meldrum and Bignell, 1957; Harris, 1975; Egekeze and Oehme, 1979; Gammie, 1980;
McIlroy, 1981, 1982a,b, 1984; Eastland and Beasom, 1987; Chi et al., 1996)

Hyperactivity/agitation Eutherian herbivores, omnivores, humans, eutherian carnivores, marsupial carnivores, rodents,
birds (Chenoweth and Gilman, 1946; Chenoweth and St John, 1947; Foss, 1948; Harris, 1975;
Nwude et al., 1977; Egekeze and Oehme, 1979; McIlroy, 1981, 1982b; McIlroy, 1984; Schultz
et al., 1982; Trabes et al., 1983; Hugghins et al., 1988; Chi et al., 1996; Marks et al., 2000;
Robinson et al., 2002)

Excessive salivation Omnivores, humans, eutherian carnivores, marsupial carnivores, birds (Chenoweth and Gilman,
1946; Harris, 1975; Gammie, 1980; McIlroy, 1981, 1984)

Rapid respiratory rate Eutherian herbivores, marsupial herbivores, eutherian carnivores, marsupial carnivores, rodents,
reptiles/amphibians, birds (Chenoweth and Gilman, 1946; Foss, 1948; Egekeze and Oehme,
1979; Gammie, 1980; McIlroy, 1981, 1982a,b, 1984, 1985; Hugghins et al., 1988)

Respiratory distress and/or foaming
at the nostrils and mouth

Eutherian herbivores, marsupial herbivores, omnivores, humans, eutherian carnivores, marsupial
carnivores, rodents, reptiles/amphibians, birds (Quin and Clark, 1947; Foss, 1948; McIlroy, 1981,
1982a; Schultz et al., 1982; McIlroy, 1983a, 1984, 1985; Chi et al., 1996)

Hypersensitivity Eutherian herbivores, marsupial herbivores, omnivores, eutherian carnivores, marsupial carnivores,
rodents, birds (Chenoweth and Gilman, 1946; Gammie, 1980; McIlroy, 1981, 1982a,b, 1983b,
1984; Schultz et al., 1982)

Muscular twitches Eutherian herbivores, omnivores, humans, eutherian carnivores, marsupial carnivores, rodents,
reptiles/amphibians (Chenoweth and Gilman, 1946; Foss, 1948; Robison, 1970; Egekeze and
Oehme, 1979; McIlroy, 1981, 1985; Schultz et al., 1982; Chung, 1984; Marks et al., 2000)

Paresis/paralysis Eutherian herbivores, omnivores, humans, eutherian carnivores, marsupial carnivores, rodents,
reptiles/amphibians, birds (Chenoweth and Gilman, 1946; Foss, 1948; Gajdusek and Luther, 1950;
Peters, 1952; McTaggart, 1970; McIlroy, 1981, 1982a,b, 1983a, 1984)

Tetanic (myotonic) seizures Omnivores, humans, eutherian carnivores, marsupial carnivores, rodents, birds (Chenoweth and
Gilman, 1946; Quin and Clark, 1947; Foss, 1948; Gajdusek and Luther, 1950; Brockman et al.,
1955; McTaggart, 1970; Hayes et al., 1973; Harris, 1975; McIlroy, 1981, 1984; Schultz et al.,
1982; Marks et al., 2000)

Clonic-tonic convulsions (in-place
running)

Eutherian herbivores, marsupial herbivores, omnivores, humans, eutherian carnivores, marsupial
carnivores, rodents, reptiles/amphibians (Chenoweth and Gilman, 1946; Chenoweth and St John,
1947; Foss, 1948; Gajdusek and Luther, 1950; Brockman et al., 1955; McTaggart, 1970; Robison,
1970; Hayes et al., 1973; Harris, 1975; McIlroy, 1981, 1982a,b, 1985; Trabes et al., 1983;
Chung, 1984; Chi et al., 1996; Marks et al., 2000; Robinson et al., 2002)

Convulsions of an unspecified type Eutherian herbivores, marsupial herbivores, omnivores, rodents, birds (Foss, 1948; Meldrum and
Bignell, 1957; Nwude et al., 1977; Egekeze and Oehme, 1979; McIlroy, 1982a, 1983a; Balcomb
et al., 1983; Eastland and Beasom, 1987; Hugghins et al., 1988)
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It also fails to recognise the neurological basis of
signs/symptoms such as retching and vomiting, ag-
itation, verbosity, epigastric pain, incontinence, and
excessive salivation. All of which are consistent with
over-stimulation of the autonomic nervous system.
Foss (1948)proposed that variations in signs ob-
served in animals poisoned with fluoroacetate could
be explained by the relative buildup of citrate in the
affected tissues (cardiac versus neurological). In fact,
over-stimulation of the autonomic nervous system re-
sulting from the increasing metabolic acidosis caused
by citrate buildup is a probable cause of several of the
more common signs and symptoms of fluoroacetate
toxicosis (see above). Later involvement of the CNS
as well as cardiac involvement may possibly reflect
the differential buildup of citrate in those tissues as
suggested byFoss (1948). However, the cardiac re-
sponse has only been determined for a limited number
of animals (Chenoweth and Gilman, 1946) and CNS
involvement is clearly widespread, as evidenced by
the generality of signs such as ataxia, collapse, hy-
persensitivity, partial paralysis, tetanic seizures and
clonic-tonic convulsions (Table 1).

11. Conclusions

It is misleading to argue that vertebrates can
be placed into four categories on the basis of the
signs/symptoms that they display when poisoned
with fluoroacetate. Animals generally display a high
degree of similarity in the response to fluoroacetate
intoxication, and neurological involvement is far more
common than previously inferred.
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