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Conditioned food aversions: principles and practices, with special
reference to social facilitation
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Conditioned food aversion is a powerful experimental tool to modify animal diets. We have also
investigated it as a potential management tool to prevent livestock from grazing poisonous plants
such as tall larkspuDelphinium barbeyi white locoweed @xytropis sericepand ponderosa

pine Pinus ponderogeon western US rangelands. The following principles pertain to increasing
the strength and longevity of aversions: mature animals retain aversions better than young
animals; novelty of the plant is important, although aversions can be created to familiar plants;
LiCl is the most effective emetic, and the optimum dose for cattle is 200 mg/kg body weight;
averted animals should be grazed separately from non-averted animals to avoid the influence of
social facilitation which can rapidly extinguish aversions. Social facilitation is the most important
factor preventing widespread application of aversive conditioning. When averted animals see
other animals eat the target food they will sample it, and if there is no adverse reaction they will
continue eating and extinguish the aversion. However, if averted animals can be grazed separately,
aversions will persist. Aversive conditioning may provide an effective management tool to
prevent animals from eating palatable poisonous plants that cause major economic loss.

Diet selection: Conditioned food aversion: Social facilitation: Poisonous plants

‘Conditioned food aversion is the strongest experimental Diet selection

tool that we know of to modify diet selection. Yet, social Diet selection is complex. The situation is made even more
facilitation is able to extinguish even strong aversions’ complex for cattle and sheep grazing the rangelands of the
(Galef, 1986). We have developed procedures to avert live-western USA because of the spatial and temporal patterns of
stock to specific poisonous plants on extensive rangelands/egetation on offer. A ranching enterprise in the Intermoun-
of the western USA. Aversions appear to last indefinitely tain region of the western USA is characterized by seasonal
while averted animals graze separately. However, whenmigration of animals from low elevation (2000 m) desert
averted animals are placed with non-averted cohorts that ar¢anges in the winter to high elevation (3000 m) mountain
eating the target plant, aversions gradually extinguish.ranges in the summer. The gestating cow or ewe spends the
Social facilitation is a strong detrimental force to maintain- winter grazing on salt-desert shrub rangelands, where
ing aversions in mixed grazing situations. temperatures range from an average minimuml@f to a

We first review the diet selection process on extensive maximum of 2, with extremes dropping te30°. Total
rangelands and discuss the learning process by whichannual precipitation averages 200 mm, with most coming as
animals select safe and balanced diets. Next we presenwinter snow. Evergreen shrub specigsriplex, Artemisia
principles of creating food aversions and describe theandEurotia) supply protein and minerals, whereas dormant
adverse impacts of social facilitation in maintaining aver- grasses @ryzopsis hymenoidesElymus elymoidesand
sions in mixed grazing settings. Finally we present results ofHilaria jamesi) provide energy. Vegetation is sparse,
our research to develop aversions as a management tool teesulting in low carrying capacities; it requires 4-10 ha to
prevent animals from eating palatable poisonous plants.  provide feed for one cow for 1 month. Water sources are
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erratic and generally animals rely on snow. If sufficient (sheep: Burritt & Provenza, 1992; Villalba & Provenza,
forage is available, animals fare quite well. 1996, 199@b,c; rats: Sclafani, 1996). Conversely,

Before lambing or calving in the spring, animals are palatability decreases, even for foods rich in energy and
brought close to the ranch headquarters, generally locategrotein, when ingestion is paired with intra-gastric infusions
within sagebrush Artemisia spp.) communities in the of toxins (sheep: Provenza, 1995, 1996; rats: Garcia, 1989).
foothill zone, where the young are born. They are often Animals typically limit intake of toxin-containing nutritious
supplemented with lucernéVédicago sativa hay before foods to the amount of a particular toxin they can detoxify
parturition until new-season grass is available in the late (Freeland & Janzen, 1974; McArthuet al 1991;
spring. In May, animals are grazed on monocultures of cool-Launchbaughet al 1993). When macronutrient and toxin
season crested wheatgras8gropyrum cristatum and concentrations vary in foods herbivores (Wang & Provenza,
A. desertorum designed to provide abundant and highly 1996, 1997) and omnivores (Kimball, 1997) prefer foods
nutritious forage during early lactation and the breeding high in macronutrients and low in toxins, regardless of the
season. In early summer, both cattle and sheep are trailed tilavour (Wang & Provenza, 1997) or the physical character-
the mountain summer range (2300—-3300 m elevation). Planistics (Villalba & Provenza, 1999) of the food.
communities are variable and complex, ranging in elevation The neural integration of the senses (taste, smell) and
from mountain brush (gamble oalQyercus gamblejj post-ingestive consequences of food influence palatability.
mountain maple Acer glabrun) and mountain mahogany The senses interact with the body through neuro-
(Cercocarpus ledifoliyd to mountain sagebrush—grass physiological feedback loops (Scott, 1990; Provenza, 1995;
plant communities, to aspePdpulus tremuloidgstrees Provenzeet al 1998). Sensory receptors respond to gusta-
with a tall forb understory, and finally to sub-alpine tory (i.e. sweet, salty, sour and bitter), olfactory (i.e. a
meadows dominated by a variety of forbs and grassesdiversity of odours) and tactile (i.e. astringency and pain)
scattered among spruce—fir forests. stimuli. These receptors then interact with visceral receptors

In any of these plant communities, there are at least thirtythat respond to nutrients and toxins (chemoreceptors),
to forty plant species. The shrubs, although succulent andsmolality (osmoreceptors) and distension (mechano-
high in N, often have high levels of tannins, terpenes andreceptors). Preference increases when foods contain macro-
cyanogenic glycosides. Forbs are highly digestible, yet havenutrients required by the animal (Villalba & Provenza,
varying levels of alkaloids and glycosides. Grasses vary in1996, 199@,b,c, 1999). Toxins and excesses or deficits of
abundance, but are generally the staple of diets. In eachutrients reduce preferences (Provenza, 1995). Responses to
community there are three to five plant species considered tautrients and toxins operate along a continuum from
be poisonous, and one or two cause significant economicpreference to aversion, depending on the type and intensity
loss. On top of the complexity of the vegetation, each plantof stimulation (Provenza, 1995, 1996). Aversions may be
changes in its nutrient (Fishest al 1997) and toxin pronounced when foods contain toxins or excessive levels
concentration within the day and as it matures seasonally. of rapidly-digestible nutrients that cause malaise (e.g. some

In spite of the complexity of land forms, plant forms of N and energy). These mechanisms can be used to
communities and phenological changes, grazing animals arénduce aversions to specific plants or foods to steer selection
generally successful in selecting balanced diets to optimizeaway from these foods.
production (according to the Optimization Theory; Emmans
& Kyriazakis, 1995), most of the time.

Our research efforts have sought to understand how
animals select the right amount and combinations of plantsConditioned taste aversion is a prominent field of research
to supply the right amount and specific mix of nutrients, yet in the behavioural sciences (Braveman & Bronstein, 1985).
avoid toxins that are prevalent. Provenza (1995) suggestdt has also been used to prevent coy@ten(s latran3 and
that animals learn which plants or foods to eat and which towolf (Canis lupu¥ predation on livestock and rodent
avoid through interactions between a food’s flavour (odour, depredation on crops (Gustavson & Gustavson, 1985), and
taste and texture) and the post-ingestive consequences ah treatment of alcoholism in human subjects (Logue, 1985;
nutrients and toxins. Nathan, 1985). Zahorik & Houpt (1977, 1981) first

Palatability is typically defined as pleasant or acceptable demonstrated that cattle, sheep and horses could be partially
to the taste, and hence fit to be eaten or drunk. Thisaverted to specific foods. Provenza (1995) used aversions
definition highlights the role of flavour, but ignores the role extensively to develop his theories on diet preferences based
of post-ingestive feedback. Palatability is best understood ason post-ingestive consequences. Laycock (1978) suggested
the interrelationship between the senses and post-ingestivéhat aversions may have potential to prevent livestock from
feedback, as influenced by the physiological condition of an eating poisonous plants. Our research programme at the
animal and the chemical characteristics of a food (Provenza USDA/ARS Poisonous Plant Laboratory has been to
1995, 1996). Taste and smell enable animals to discriminatedevelop the procedures to avert livestock to specific poison-
among foods, and provide hedonic sensations associatedus plants as a management tool to prevent poisoning. We
with eating. Post-ingestive feedback calibrates hedonichave successfully developed aversions to tall larkspur
sensations from taste and smell commensurate with thgDelphinium barbeyi Ralphs, 1997), white locoweed
homeostatic utility of a food. (Oxytropis sericeaRalphset al 1997) and ponderosa pine

Palatability increases, even for poorly-nutritious foods (Pinus ponderoganeedles (JA Pfister, unpublished results).
like straw and grape pomace, when ingestion of those foods Other scientists have studied aversion conditioning to
is paired with intra-gastric infusions of energy and protein evaluate selective grazing behaviour. Provera al

Food aversions
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(1990) reported that naive goats initially grazed both old increased the strength and retention of aversions in rats and
growth and current-season growth blackbruSbl¢ogyne sheep. Total aversion was obtained from doses of 130 mg/kg
ramosissimy but quickly formed aversions to current- body weight in rats (Nachman & Ashe, 1973) and
season growth due to the high tannin concentration. Hel50 mg/kg body weight in sheep (du Teital 1991). We
suggested that native animals develop natural aversions tdound the optimum dose for cattle was 200 mg/kg body
many poisonous plants through individual learning of post- weight (Ralphs & Cheney, 1993). Dose rates of 300 mg/kg
ingestive consequences. Kronbet@l (1993) reported that  body weight did not increase the strength of the aversion,
secondary compounds in leafy spurdgaughorbia esuln but greatly increased the intensity and duration of illness.
caused complete aversion to a novel grain—lucerne pelletedhe lethal dose of LiCl to cattle lies between 250 and
feed in cattle. They reasoned that cattle develop natural500 mg/kg body weight (Johnsetal 1980).
aversions to spurge which prevent them from grazing this
noxious weed. Sheep and especially goats tolerate spurge,
and are used as biological control agents to suppress spurge.
Kyriazakis et al (1997, 1998) and Duncaet al (1998) Novelty and intensity of the taste cue are also important in
demonstrated that aversions could be created to flavouredacquiring and retaining an aversion (Rozin & Kalat, 1971;
lucerne hay using oxalic acid, a naturally-occurring toxin in Nachmaret al 1977; Testa & Ternes, 1977; Launchbaugh
many plants. et al 1993). Taste elicits the orienting response to a new
food (Garcia, 1989). Thus, the more novel or unique the
taste, the stronger is its association with the induced illness
(Best & Barker, 1977).
Drugs It is difficult to create aversions to familiar foods (Burritt
& Provenza, 1996). Foods that have not caused harm in the
past fall into a ‘learned safety’ status (Kalat & Rozin, 1973),
based on the nutrients they provide (Villalba & Provenza,
1996, 199@,b,c). As little as one lengthy exposure or
several short exposures to a food before pairing it with an
metic is detrimental to forming an aversion (Best & Barker,
977; Burritt & Provenza, 1996). Several pairings of taste
with illness are required to form aversions to familiar foods,
and aversions extinguish rapidly (Fenwiekal. 1975, JD
Olsen and MH Ralphs, unpublished results). The difficulty
in creating aversions to locoweed was dramatically different
in naive steers compared with experienced steers that had
Yoeen eating it (Ralphst al. 1997). Naive steers required a
single dose of LiCl (200 mg/kg body weight), and totally
abstained for the remainder of the grazing trial. Steers that
were familiar with locoweed required at least two doses in
the conditioning phase in the pen, and continued eating
" locoweed when released in the locoweed-infested pasture.
We were finally able to create aversions in these steers by
reinforcing the aversion each time they grazed locoweed in
the field. They were observed closely and brought back into
the pen and dosed with LiCl whenever they consumed any
locoweed. These steers required three or four doses of LiCl
following consumption of locoweed in the field to create a
complete aversion.

Aversions can be formed with long delays (up to 12h)
'between the taste cue and the induced iliness (Getreib
1966); however, aversions are stronger when the cue and
. . consequence are in close proximity. The strength of the
(Ralphs & Stegelmeier, 1998). Apomorphine may not work aversion declines when the interval goes beyond 4h

because of its short duration. Testa & Ternes (1977) ) .
suggested that the duration of iliness should correspond With(Andrews & Braveman, 1975; Buritt & Provenza, 1991).

the natural gastric stimulation following a meal, and
continue through the digestion process. Hunger

Taste cue and familiarity of food

Principles of aversive conditioning

Any chemical or physiological state which affects the upper
gastrointestinal tract or the emetic centre of the brain can
cause an aversion (Garcia & Holder, 1985). Riley & Tuck
(1985) listed fifty-six drugs (including some toxins) which
have been effective in creating aversions. Cyclophos-
phamide and thiabendazole have been used to creat%
aversions in wild animals. LiCl is currently the most-
widely-used emetic in behavioural studies with animals and
in human clinical applications. It causes nausea without
dangerous side-effects (Provergtaal 1994). The different
methods of administering LiCl (mixed in food, orally, bolus
or subcutaneous or intraperitoneal injections) appear equall
effective in creating an aversion (Nachman & Ash, 1973;
Shumakeet al 1982). As a result of its caustic nature the
relatively large quantities required to create aversions in
livestock (80—-200mg/kg body weight) must be admin-
istered into the rumen either orally in solution or in boluses
allowing dilution in rumen fluid. Li is retained at significant
levels in the body for up to 96h (Johnset al 1980;
Ralphs, 1999). Treated cattle are most severely ill the
second day after dosing, requiring a recovery period of at
least 3d.

Apomorphine is another common emetic used in large
animals, and we tested it as an alternative to LICl.
Apomorphine given intramuscularly at 0-1 or 0-2mg/kg
body weight caused a very intense but short-lived illness
but did not create total aversions to flavoured lucerne
pellets, and the partial aversions extinguished rapidly

Food deprivation before conditioning has little direct
influence on success in forming aversions (Revueskgl.
1980). Hungry animals may eat more during conditioning,
The strength of the aversion and its resistance to extinctionthus enhancing the flavour stimulus (Braveman & Crane,
varies with the intensity of the induced illness (Dragoin, 1977). We have typically fasted animals for 1-3d to force
1971; Testa & Ternes, 1977). Increasing doses of LiCl them to consume the target plant.

Dose
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On the other hand, hunger during testing or extinction found that the aversion was strongest when a novel food was
trials can reduce the strength of the aversion (Grote & presented in a familiar environment. However, no aversion
Brown, 1973; Wellman & Boissard, 1981). Hungry animals was created when a familiar food was presented in a novel
eat even though the food has been associated with illnesgnvironment. Mitchell et al (1975) also found that
and ‘tastes’ bad. A choice of two foods during testing aversions to novel items were not learned in a less-familiar
eliminates the forced consumption of the averted food, andenvironment. In a new environment everything is novel and
thus is a more sensitive measure of the aversion (Dragointhe stimulus is not salient. Burritt & Provenza (1997)
1971; Grote & Brown, 1973). A single food test is a severe recommended that animals be averted to specific plants in
test of the aversion. environments where they will encounter the plant.

Animals are also likely to sample foods that are
constantly available to them (Zajonc, 1968). Offering an
averted food intermittently in test trials is more likely to
preserve the aversion than continually offering the food free Social facilitation has been the greatest impediment in
choice. retaining aversions in our mixed grazing trials with averted
and non-averted cows grazing together (Ralphs & Olsen,
1990, 1992; Ralphs, 1997). Social facilitation has been
defined as an ‘increase in the frequency or intensity of
Learning ability varies with age. Livestock may learn to responses, or the initiation of a particular response, when
forage most efficiently around the time of weaning shown in the presence of others engaged in the same behav-
(Provenza & Balph, 1988). Thereafter, acceptance of newior at the same time’ (Clayton, 1978). Social facilitation is
foods declines as animals mature (Squéibal 1990). an extremely strong force influencing animals to sample
However, the inquisitive character of young animals in plants or foods they see others eating. This situation is illus-
sampling new foods may be a liability in maintaining an trated in two grazing trials showing casual acceptance of
aversion. For example, weanling and preweanling rats formlocoweed as a novel food (Ralpéisal 1994). Naive cattle
weaker aversions and extinguish them faster than adultsate very little woolly locoweedAstragalus mollissimys
(Steinertet al 1980; Springer & Fraley, 1981; Franchina & while grazing separately in New Mexico, but when they
Horowitz, 1982; Guanowsket al 1983). Thorhallsdottir  were placed with experienced cattle that were eating
et al (1990) presented conclusive evidence that lambslocoweed, consumption quickly increased to levels similar
extinguished aversions to calf manna (a very palatableto those of the experienced cows. In the second trial on
concentrated feed) in a two-choice social facilitation trial, mountain rangeland in northwest Utah, naive yearling cattle
while their mothers retained the aversion to a greater degreegrazed very little white locoweed (3 % intake), but when
We found that mature cows required a lower dose of LiCl placed with experienced cattle locoweed consumption
(200 mg/kg body weight) to maintain aversions to sugarbeetincreased to 25 % intake.
pulp compared with yearling heifers (300mg/kg body  Galef and his research group (Galef, 1985, 1986; Galef
weight; Ralphs & Cheney, 1993). Thus, aversions created inet al. 1985) have systematically evaluated the influence of
mature animals may be more resistant to extinction thansocial facilitation on diet selection in rats. Simple exposure
those in younger animals. to a food did not enhance preference. However, the presence
of a demonstrator rat that had eaten a specific food, even if
that food was consumed at another location, enhanced the
observer rats’ preference for that food (Galefal 1985).

All learning occurs within the context of previous Delays of up to 4h between the demonstrator's meal and
experiences, and in an environmental context defined by thenteraction with the observer did not impede the establish-
location, time and specific features of the task at hand. All ment of preference for the food. He also reported that social
basic learning phenomena, including appetitive and aversionfacilitation was strong enough to overcome established food
conditioning, have been shown to change with contextualaversions (Galef, 1985). Rats which had formed mild

manipulations (Beset al 1977; Balsam, 1985). Stimulus aversions to a specific food abandoned their aversion to that
differences between the location where a response is learnefibod following interaction with one demonstrator that had

and where it is expressed have strong and usually detrieaten the food at a distant location. When interacting with
mental effects (Miller & Schachtman, 1985). Thus, food two or more demonstrators even strong aversions were
aversions may be difficult to maintain in new environments extinguished. He concluded that aversion conditioning is the
(Ralphs & Olsen, 1990; Burritt & Provenza, 1997). most potent known experimental determinant of diet

Although taste is the primary sense involved in creating selection, yet social facilitation was able to extinguish even
an aversion, the environmental context can influence thestrong aversions.
strength and retention of the aversion (Arcteal 1985). It Galef (1986) went on to compare social facilitation with
is necessary to utilize this relationship to strengthen, ratherother factors that influence diet preferences. Palatability, Na
than hinder, the aversion. Lub@tal (1976) proposed that deficiency and mechanical impediments were all signifi-
learning is stronger when either the stimulus or the environ-cantly modified by social facilitation. He concluded that a
ment is novel relative to each other; i.e. the aversion israt ‘will abandon, to a greater or lesser extent, reliance
stronger if a novel food is presented in a familiar environ- on information it personally has collected concerning the
ment, or a familiar food is presented in a novel environment.value of a food, in favor of information it acquired from
Kruz & Levitsky (1982) tested this hypothesis in rats and others’.

Social facilitation

Age

Context of learning
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Although social facilitation is a strong force compelling will continue to eat them and the aversion will eventually be
animals to sample a food they see others eating, the utility ofextinguished. Thus, averted cattle must be grazed separately
that food, positive or negative, will dictate its continued to maintain the aversion. If averted animals can be grazed
acceptance. Provened al (1993) designed an experiment separately, conditioned food aversion may be a practical
to test the relative strength of a mother's influence management tool to train animals to avoid eating specific
(social facilitation) compared with adverse post-ingestive plants or foods.
consequences in selection of elm leawd#isyus procera by
lambs. Lambs generally avoided elm if their mothers
avoided it, and consumed it if the mothers did. However, if
the mothers ate it but the lambs were given a mild dose of Tall larkspur
LiCl, the lambs abstained in spite of the mother’s influence.
Provenzaet al (1993) concluded that the post-ingestive
consequence of LiCl was stronger than the mother’s
influence. Social interaction will influence an animal to
sample a plant, but post-ingestive consequences will
ultimately determine its palatability and continued
acceptance.

The practical problem remains as to how to maintain an
induced aversion in field grazing or foraging conditions. If
an averted animal is compelled to sample the target plan
and there is no adverse post-ingestive feedback, the aversio
will quickly extinguish. Gustavson & Gustavson (1985)
reviewed several reports of predators being averted to prey
but the aversion was extinguished through the influence of :

. 2 o . aversions.
social facilitation. Lambs also extinguished aversions to

; i LiCl at 200mg/kg body weight was used to create
mountain mahogany when grazing in the presence of non- . .
averted lambs (%ur)r/itt & Prgvenzg 1989).pBoth ewes and 2versions to larkspur that lasted 3 years while cows grazed

lambs extinguished aversions to calf manna in a grc)up_separately on larkspur-infested mountain rangeland (Ralphs,
feeding situation with non-averted sheep (Thorhallsdottir 1997). Wed also !mpl_t?mented a ra}lrlu;,)h-scale.de;monstlratlon
et al. 1990). prOJlect_I'Eﬁ etermhlne i avggssons will be practl_caYon a arcg:(e)
Social facilitation has been the most important factor B(?,,_\G'an; trr?gclar\livsasura roblg%wvsgée:)?]rlsaeZIBOOahrgpg’orest’
inhibiting the retention of aversions in cattle to larkspur in S : : I bur p hat had a hi f seri I
our mixed grazing trials with averted and non-averted ervice grazing aflotment that had a history of serious losses
animals grazing together. Lame al (1990) created aver- to larkspur. More than 10 % of the herd had died from lark-
sions to larkspur in heifers by feeding fresh larkspur in a SPUr poisoning in two recent years. In 1997 forty-five cows

: ; ) . were averted to larkspur, seventy-seven cows were averted
pen, then dosing them with LICI (100 mg/kg body weight) in 1998, and the rempainder of t%e herd will be averted in

through a rumen catheter. The heifers associated the induceEI ;
. . . . 999. The cows were fasted overnight, then twenty head at a
illness with the taste of larkspur, and avoided eating Iarkspurtime were brought into a smaller corral and offered freshly-

;,r\:?eesr;é:j%asuﬂfgaegalgttﬁ?:saﬁgh\{evi?eerg ;eblgs';lsir?gdlrf]r:)e::]ktsag?i;@mked larkspur. They were observed closely, and those that
: onsumed larkspur were restrained in a handling stall and
larkspur for 2 years. However, when the averted helfersOrally administe?ed LiCI at 200 mg/kg body weight by a
were placed with non-averted coho_rts that were freely stomach tube. Those cows that did not eat were held and
grazing Iark_spur_ thhea/ started sampling larkspur and theoffered larkspur later when they were more hungry. About
aversion extinguished. .
. 80 % of the cows ate larkspur and were averted. The cows
i nfl\l/JV:n(éce)ng?Cstg(cjijle}/ae é?liltgt)i(gr? rg]%nﬁ;?niggotﬁ\ée;%%rpj Otrr:ewere allowed to recover for 3d, then they were trailed to the
; : " mountain grazing allotment. A rider observed them each day
under field-grazing conditions when averted and non- ; 0
averted cattle grazed together. We first attempted toto see if they consumed any larkspur. About 10 % of the

reinforce the aversion by dosing heifers with LiCl whenever cows started to consume larkspur. They were removed from

they consumed larkspur in a group with non-averted cohortstN€ allotment to prevent intoxication and social facilitation

that were freely eating larkspur (Ralphs & Olsen, 1990). We Hg%gﬂzﬁgg?ggug?er cows to start eating (MH Ralphs,
next tried using native cattle that were familiar with the P '

plant community, under the assumption that their prefer-
ences were established and they would be less likely to be
influenced by social facilitation (MH Ralphs, unpublished
results). We finally used larkspur alkaloid extract as the Locoweed is the most widespread poisonous plant on west-
emetic, so that if a cow subsequently ate larkspur in the fieldern US rangelands. It is relatively palatable to all classes of
the indigenous alkaloids would create an internal feedbacklivestock, and causes chronic poisoning that affects weight
to reinforce aversions (Ralphs & Olsen, 1992). None of gains, fertility and even causes abortion. A New Mexico
these procedures was successful. We concluded that ifancher adopted the strategy of averting his yearling replace-
animals sample plants without adverse consequences, thegent heifers to white locoweed each year. Thus, over a

Aversion to poisonous plants

Tall larkspur is an important poisonous plant on mountain
rangelands. It is palatable to all livestock, especially in its
later stages of growth, but is acutely toxic to cattle. Its toxic
alkaloids block acetylcholine receptors at the neuro-
muscular junction, resulting in muscular paralysis and rapid
death from respiratory failure. Cattle do not form lasting
natural aversions to larkspur. Pfiseral (1997) showed
that cattle reduced larkspur consumption following
tsublethal doses of the toxic alkaloid. However, after 2-3d
recovery they increased consumption of larkspur,
Bresumably because of positive feedback from its high level
of nutrients. Apparently, more intensive levels of nausea are
required from non-lethal emetics to create total and lasting

Locoweed aversion
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period of years, he would replace his entire herd with Best MR & Barker LM (1977) The nature of learned safety and its
averted cows. In the spring of 1998, forty-three heifers were role in the delay of reinforcement gradient. Lrearning
averted to white locoweed. Another twenty-four heifers ~Mechanisms in Food Selectiopp. 295-325 [LM Barker,
were averted in the autumn of 1998 immediately after wean- MriszeSt and M Domjan, editors]. Waco, TX: Baylor University
IFni?/éTﬁgfgreslfgts;vtei;fep\?vrgr]sdn?:dinqgt;rffi\ﬁfed fgﬁg fgfrfezrig'Best PJ, Best MR & Henggeler S (1977) The contribution of
. . y environmental non-ingestive cues in conditioning with aversive
freshly-picked locoweed in rubber feed troughs. They were jntermal consequences. lhearning Mechanisms in Food
closely observed and those that did not eat were separated selection pp. 371-389 [LM Barker, MR Best and M Domjan,
into another pen. Those heifers that ate substantial amounts editors]. Waco, TX: Baylor University Press.
of locoweed were restrained in a handling stall and dosedBraveman NS & Bronstein P (editors) (1985) Experimental
with LiCl at 200 mg/kg body weight by bolus. Those heifers  assessments and clinical applications of conditioned food
that did not eat locoweed were held in the corral and offered aversionsAnnals of the New York Academy of Scienbt$
locoweed later. The heifers averted in the spring were trans-_ 441.
ported to a locoweed-infested pasture in mid May. Before Braveman NS & Crane J (1977) Amount consumed and the
being released they were again offered locoweed to test the Lo;gn"ﬁ'?(’?n of conditioned taste aversioBshavioral Biology21,
aversio_n, but all refused. The heifers'were watched closelyBurritt EA & Provenza FD (1989) Food aversion learing:
to see if they would graze locoweed in the pasture. Eleven  .ngitioning lambs to avoid a palatable shr@ercocarpus
heifers were observed eating locoweed and were returned t0 montanug Journal of Animal Scienda?, 650—653.
the corral and dosed a second time. All the heifers abstainedurritt EA & Provenza FD (1991) Ability of lambs to learn with a
from eating locoweed for the remainder of the grazing sea- delay between ingestion and consequences given meals
son (MH Ralphs, unpublished results). containing novel and familiar food#pplied Animal Behavior
Science32, 179-189.
. Burritt EA & Provenza FD (1992) Lambs form preferences for
Conclusion nonnutritive flavors paired with glucosdournal of Animal

Conditioned food aversion is a powerful experimental tool Sciencer(, 1133-1136.

. . - .. Burritt EA & Provenza FD (1996) Amount of experience and
to modify animal diets (Galef, 1985). We have shown that it prior iliness affect the acquisition and persistence of conditioned

is a.poten_tlal management tool to prevent livestock from )04 aversions in lambspplied Animal Behavior Scienes
grazing poisonous plants like larkspur (Ralphs, 1997), loco- 73_g0.

weed (Ralph®t al 1997), and ponderosa pine (JA Pfister, Burritt EA & Provenza FD (1997) Effect of an unfamiliar location
unpublished results). The following principles will increase  on the consumption of novel and familiar foods by sheep.
the strength and longevity of aversions: mature animals Applied Animal Behavior Scienéd, 317-325.

retain aversions better than young animals; novelty of theClayton DA (1978) Socially facilitated behaviQuarterly Review
plant is important, although aversions can be created to Of Biology53 373-391. o _
familiar plants; LiCl is the most effective emetic for large DPragoin WB (1971) Conditioning and extinction of taste aversions
animals; the optimum dose for cattle is 200 mg/kg body with variations in intensity of the CS and UCS in two strains of

. . . . rats.Psychonomic Scien@2, 303-304.
weight, and for sheep is 150 mg/kg (du Teial 1991); and Duncan AJ, Frutos P & Kyriazakis | (1998) Conditioned food

averted animals should be grazed separately to avoid the yersions to oxalic acid in the food plants of sheep and goats.
mfluepce of social facilitation which will extinguish the In Toxic Plants and Other Natural Toxicantpp. 169-173
aversion. [T Garland and AC Barr, editors]. Wallingford, Oxon: CAB
Social facilitation is the most important factor preventing  International.
widespread application of aversion conditioning. If averted du Toit JT, Provenza FD & Nastis A (1991) Conditioned taste
animals see others eating the target food, they will sample it. aversions: how sick must a ruminant get before it learns about
If there is no adverse reaction, they will continue eating and _ toxicity in foods?Applied Animal Behavior Scien@@, 35-40.
eventually extinguish the aversion. However, if averted Emmans GC & Kyriazakis | (1995) The idea of optimization in
animals can be grazed separately, aversion conditioning 2nimals: uses and dangetsvestock Production Scienc#,

. . 189-197.
may provide an effective man_agement tool to prevent Fenwick S, Miluka PJ & Klein SB (1975) The effect of different
animals from eating palatable poisonous plants.

levels of preexposure to sucrose on the acquisition and extinction
of a conditioned aversioBehavioral Biologyl4, 231-235.
Fisher DS, Burns JC & Mayland HF (1997) Variation in preference
for morning or afternoon harvested hay in sheep, goats, and
Andrews EA & Braveman NS (1975) The combined effects of cattle.Journal of Animal Sciencgs, Suppl., 201.
dosage level and interstimulus interval in the formation of one Franchina JJ & Horowitz SW (1982) Effects of age and flavor

References

trial poison-based aversions in ratdnimal Learning and preexposures on taste aversion performaBedletin of the
Behavior3, 287—-289. Psychonomic Society9, 41-44.

Archer T, Sjoden PO & Nilsson LG (1985) Contextual control of Freeland WJ & Janzen DH (1974) Strategies in herbivory by
taste-aversion conditioning and extinction. @ontext and mammals; the role of plant secondary compouidserican
Learning pp. 225-271 [PD Balsam and A Tomie, editors]. Naturalist 108 269-289.

Hillsdale, NJ: Lawrence Erlbaum Associates. Galef BG Jr (1986) Social interaction modifies learned aversions,

Balsam PD (1985) The functions of context in learning and  sodium appetite, and both palatability and handling-time induced
performance. II€ontext and Learningp. 1-21 [PD Balsam and dietary preference in ratsRéttus norvegicys Journal of

A Tomie, editors]. Hillsdale, NJ: Lawrence Erlbaum Associates.  Comparative Psychologh00 432-439.

https://doi.org/10.1017/5002966519900110X Published online by Cambridge University Press


https://doi.org/10.1017/S002966519900110X

Influences on diet choice 819

Galef BG Jr (1985) Socially induced diet preference can partially Mitchell D, Kirschbaum EH & Perry RL (1975) Effects of
reverse a LiCl-induced diet aversioAnimal Learning and neophobia and habituation on the poison-induced avoidance of
Behaviorl3, 415-418. exteroceptive stimuli in the ratJournal of Experimental

Galef BG Jr, Kennett DJ & Stein M (1985) Demonstrator influence  Psychologyl04 47-55.
on observer diet preference: effects of simple exposure and theNachman M & Ashe JA (1973) Learned taste aversion in rats as a

presence of a demonstrat@nimal Learning and Behavidk3, function of dosage, concentration, and rate of administration of
25-30. LiCl. Physiological Behaviol 0, 73—77.

Garcia J (1989) Food for Tolman: cognition and cathexis in concert. Nachman M, Rauschenberger J & Ashe JH (1977) Stimulus
In Aversion, Avoidance, and Anxigpp. 45-85 [T Archer and L characteristics in food aversion learning. feod Aversion

Nilsson, editors]. Hillsdale, NJ: Lawrence Erlbaum Associates. Learning pp. 105-131 [NW Milgram, L Krames and TM
Garcia J, Ervin FR & Koelling RA (1966) Learning with prolonged Alloway, editors]. New York: Plenum Press.

delay of reinforcemenBsychonomic Scienég 121-122. Nathan PE (1985) Aversion therapy in the treatment of alcoholism:
Garcia J & Holder MD (1985) Time, space and valdeman success and failur@nnals of the New York Academy of Sciences
Neurobiology4, 81-89. 443 357-364.
Grote FW Jr & Brown RT (1973) Deprivation level affects Pfister JA, Provenza FD, Manners GD, Gardner DR & Ralphs MR
extinction of conditioned taste aversiorLearning and (1997) Tall larkspur ingestion: can cattle regulate intake below
Motivation4, 314-3109. toxic levels?Journal of Chemical Ecolog®3, 759-777.

Guanowsky V, Misanin JR & Riccio DC (1983) Retention of Provenza FD (1995) Postingestive feedback as an elementary
conditioned taste aversion in weanling, adult and old-age rats. determinant of food preference and intake in rumindotstnal
Behavioral and Neural Biolog$7, 173-178. of Range Managemeds, 2-17.

Gustavson CR & Gustavson JC (1985) Predation control usingProvenza FD (1996) Acquired aversions as the basis for varied diets
conditioned food aversion methodology: theory, practice, and of ruminants foraging on rangelandsurnal of Animal Science

implications.Annals of the New York Academy of Sciedds 74, 2010-2020.
348-356. Provenza FD & Balph DF (1988) Development of dietary choice in
Johnson JH, Crookshank HR & Smolley HE (1980) Lithium livestock on rangelands and its implications for management.
toxicity in cattle.Veterinary Human Toxicologd2, 248—251. Journal of Animal Sciend®6, 2356—2368.
Kalat JW & Rozin P (1973) ‘Learned safety’ as a mechanism Provenza FD, Burritt EA, Clausen TP, Bryant JP, Reichardt PB &
in long-delay taste-aversion learning in ratdournal of Distel RA (1990) Conditioned flavor aversion: a mechanism for
Comparative and Physiological Psycholdg 198—207. goats to avoid condensed tannins in blackbrusmerican

Kimball BA (1997) Chemical ecology of vascular tissue foraging  Naturalist136 810-828.
by black bears. PhD Thesis, Colorado State University, USA.  Provenza FD, Lynch JJ & Nolan JV (1993) The relative importance
Kronberg SL, Muntifering RB, Ayers EL & Marlow CB (1993) of mother and toxicosis in the selection of foods by lambs.
Cattle avoidance of leafy spurge: a case of conditioned aversion. Journal of Chemical EcologiQ, 313—-323.

Journal of Range Managemetf, 364—366. Provenza FD, Ortega-Reyes L, Scott CB, Lynch JJ & Burritt EA
Kruz EM & Levitsky DA (1982) Novelty of contextual cues in taste (1994) Antiemetic drugs attenuate food aversions in sheep.
aversion learningAnimal Learning Behaviot0, 229-232. Journal of Animal Sciencg2, 1989-1994.

Kyriazakis 1, Anderson DH & Duncan AJ (1998) Conditioned Provenza FD, Villalba JJ, Cheney CD & Werner SJ (1998) Self-
flavour aversions in sheep: the relationship between the dose rate organization of foraging behaviour: from simplicity to
of a secondary plant compound and the acquisition and complexity without goalsNutrition Research Revievild, 1-24.
persistence of aversiorBritish Journal of Nutrition79, 55—-62. Ralphs MH (1997) Persistence of aversions to larkspur in naive and

Kyriazakis |, Papachristou TG, Duncan AJ & Gordon 1J (1997) native cattleJournal of Range Managemesf}, 367-370.

Mild conditioned food aversions developed by sheep towards Ralphs MH (1999) Lithium residue in milk from doses used to
flavors associated with plant secondary compoudastnal of create food aversions: effect on nursing cal®gmlied Animal
Chemical Ecologp3, 727—-746. Behaviour Sciencél, 285-293.

Lane MA, Ralphs MH, Olsen JD, Provenza FD & Pfister JA (1990) Ralphs MH & Cheney CD (1993) Influence of cattle age, lithium
Conditioned taste aversion: potential for reducing cattle loss to chloride dose level, and food type in the retention of food
larkspur.Journal of Range Managemet3, 127-131. aversionsJournal of Animal Sciencgl, 373-379.

Launchbaugh KL, Provenza FD & Burritt EA (1993) How Ralphs MH, Graham D, Galyean ML & James LF (1997) Creating
herbivores track variable environments: response to variability of  aversions to locoweed in naive and familiar catieurnal of

phytotoxins.Journal of Chemical Ecologi, 1047-1056. Range ManagemeB0, 361-366.

Laycock WA (1978) Coevolution of poisonous plants and large Ralphs MH, Graham D & James LF (1994) Social facilitation
herbivores on rangelandournal of Range Manageme8t, influences cattle to graze locoweddurnal of Range Manage-
335-342. ment47, 123-126.

Logue AW (1985) Conditioned food aversion learning in humans. Ralphs MH & Olsen JD (1990) Adverse influence of social
Annals of the New York Academy of Scied@&s316—329. facilitation and learning context in training cattle to avoid eating

Lubow RE, Bathsheva R & Aick M (1976) The context effect: the  larkspur.Journal of Animal Sciend@8, 1944—1952.
relationship between stimulus preexposure and environmentalRalphs MH & Olsen JD (1992) Comparison of larkspur alkaloid
preexposure determines subsequent learnidgurnal of extract and lithium chloride in maintaining cattle aversion to
Experimental Psychologg; 38—47. larkspur in the fieldJournal of Animal Science0, 1116-1120.
McArthur C, Hagerman AE & Robbins CT (1991) Physiological Ralphs MH & Stegelmeier BE (1998) Comparison of apomorphine
strategies of mammalian herbivores against plant defenses. In and lithium chloride in creating food aversions in catleplied
Plant Defenses Against Mammalian Herbiyqp. 103-114 [RT Animal Behavior Sciendg6, 129-137.
Palo and CT Robins, editors]. Boca Raton, FL: CRC Press. Revusky S, Pohl RW & Coombes S (1980) Flavor aversions and
Miller RR & Schachtman TR (1985) The several roles of contextat  deprivation stateAnimal Learning and Behavi@, 543-549.
time of retrieval. InContext and Learningpp. 167-194 [PD Riley AL & Tuck DL (1985) Conditioned taste aversion: a
Balsam and A Tomie, editors]. Hillsdale, NJ: Lawrence Erlbaum  behavioral index to toxicityAnnals of the New York Academy of
Associates. Sciencesl43 272-292.

https://doi.org/10.1017/5002966519900110X Published online by Cambridge University Press


https://doi.org/10.1017/S002966519900110X

820 M. H. Ralphs and F. D. Provenza

Rozin P & Kalat JW (1971) Specific hungers and poison avoidance Villalba JJ & Provenza FD (199y Preference for wheat straw by

as adaptive specializations of learniRgychological Revie®s, lambs conditioned with intraruminal infusions of starBhtish
459-485. Journal of Nutrition77, 287—297.

Sclafani A (1996) How food preferences are learned: laboratory Villalba JJ & Provenza FD (198Y Preference for flavoured foods
animal modelsProceedings of the Nutrition Sociebyd, 419— by lambs conditioned with intraruminal administration of
427. nitrogen.British Journal of Nutrition78, 545-561.

Scott TR (1990) Gustatory control of food selectionHandbook Villalba JJ & Provenza FD (198Y Preference for flavored wheat
of Behavioral Neurobiologyol. 10, pp. 243—-263 [EM Stricker, straw by lambs conditioned with intraruminal infusions of
editor]. New York: Plenum Press. acetate and propionateJournal of Animal Science75,

Shumake SA, Sterner RT, Gaddis SE & Crane KA (1982) 2905-2914.
Conditioned taste aversion in Philippine rice rdRatus Villalba JJ & Provenza FD (1999) Effects of food structure and
mindanensis) comparisons among drugs, dosages, modes of nutritional quality and animal nutritional state on intake behavior

administration, and sexefnimal Learning and BehaviatO, and food preferences in sheé&pplied Animal Behavior Science
499-504. 61, 145-163.

Springer AD & Fraley SM (1981) Extinction of a conditioned taste Wang J & Provenza FD (1996) Food deprivation affects preference
aversion in young, mid-aged, and aged C57/BL6 nBedavior of sheep for foods varying in nutrients and a todimurnal of
Neural Biology32, 282—294. Chemical Ecologp2, 2011-2021.

Squibb RC, Provenza FD & Balph DF (1990) Effect of age of Wang J & Provenza FD (1997) Dynamics of preference by sheep
exposure on consumption of a shrub by shéeyrnal of Animal offered foods varying in flavors, nutrients, and a todurnal
Scienceb8, 987—-997. of Chemical Ecolog23, 175-288.

Steinert PA, Infurna RN & Spear NE (1980) Long-term retention of Wellman PJ & Boissard CG (1981) Influence of fluid deprivation
a conditioned taste aversion in preweanling and adult rats. level on the extinction of conditioned taste aversion induced by

Animal Learning and Behavi@, 375-381. amphetamine in female rat®hysiological Psychologyd,
Testa TJ & Ternes JW (1977) Specificity of conditioning 281-284.

mechanisms in the modification of food preferencekebrning Zahorik DM & Houpt KA (1977) The concept of nutritional

Mechanisms in Food Selectiopp. 229-253 [LM Barker, MR wisdom: applicability of laboratory learning models to large

Best and M Domjan, editors]. Waco, TX: Baylor University herbivores. InLearning Mechanisms in Food Selectiqup.

Press. 45-67 [LM Barker, MR Best and M Domjan, editors]. Waco,

Thorhallsdottir AG, Provenza FD & Balph DF (1990) Social TX: Baylor University Press.
influences on conditioned food aversions in she&pplied Zahorik DM & Houpt KA (1981) Species differences in feeding
Animal Behavioral Scienc2b, 45-50. strategies, food hazards, and the ability to learn food aversions.
Villalba JJ & Provenza FD (1996) Preference for flavored In Foraging Behavioyrpp. 289—-310 [AC Kamil and JD Sargent,
wheat straw by lambs conditioned with intraruminal admin-  editors]. New York: Garland.
istrations of sodium propionat@ournal of Animal Scienc@é4, Zajonc RB (1968) Attitudinal effects of mere exposurnal of
2362—-2368. Personality and Social Psycholoyjonograph Suppl. 9, 1-27.

© Nutrition Society 1999

https://doi.org/10.1017/5002966519900110X Published online by Cambridge University Press


https://doi.org/10.1017/S002966519900110X

