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Abstract

Risk of livestock losses to poisonous plants can be reduced on
many ranges through prudent management based on application
of existing knowledge. Poisonous plants can be categorized using
both acceptability to livestock and a plant’s toxic potential.
Acceptability encompasses forage qualities such as taste and
chemistry (i.e., nutrient and toxin concentrations) and postinges-
tive feedback from an animal’s daily and long-term (e.g., body
condition) nutritional and toxicological state. Toxic potential
reflects aspects of plant chemistry, including seasonal or other
changes in concentration or functionality of the toxin(s), and type
of toxicity (i.e., acute or chronic). Persistent livestock losses to
poisonous plants may indicate that ranges are over-grazed or
improperly managed. Aggressive management schemes that
employ high stocking rates and grazing intensities may yield
greater returns, but may also increase risk if poisonous plants
are present. Plants may be ranked according to toxicity and
acceptability. Six interrelated categories of plants are discussed:
1) always toxic and acceptable to livestock; 2) always toxic and
not acceptable; 3) always toxic and acceptable at certain times; 4)
toxic only at certain times and acceptable to livestock; 5) toxic at
certain times and unacceptable; and 6) toxic at certain times and
acceptable at certain times. Each category involves differing risk
and uncertainty. Within this management matrix, strategies for
dealing with specific poisonous plants can be customized depend-
ing on how much and when the plant is eaten by livestock, and
when the plant is most toxic.

Key Words: grazing management, diet selection, poisonous
plants

“Nature has established patterns originating in the return of
events, but only for the most part” (von Leibniz 1703). How
closely humans pay attention to the patterns generated by past
events, and use that information to understand risk and make
rational decisions, often determines success or failure at many of
life’s junctures, including grazing livestock on ranges with toxic
plants. Interestingly, the earliest form of gambling used a type of

Invited paper presented at a symposium “Do most livestock losses to poisonous
plants result from ‘poor’ range management?” held in Boise, Ida., February 16,
2000.

Manuscript accepted 25 May 01.

JOURNAL OF RANGE MANAGEMENT 55(3) May

Resumen

El riego de perdidas de ganado por plantas téxicas puede ser
reducido en muchos pastizales a través de un manejo prudente
basado en la aplicacién del conocimiento existente. Las plantas
toxicas pueden ser categorizadas usando la aceptabilidad por el
ganado y un potencial téxico de la planta. La aceptabilidad
incluye las cualidades del forraje tales como sabor y quimica
(nutrientes y concentraciones de toxinas) y la retroalimentacion
postingestiva del estado nutricional y toxicolégico diario y de
largo plazo (condicién corporal) del animal. El potencial téxico
refleja aspectos de la quimica de la planta, incluyendo cambios
estacionales o de otra naturaleza en la concentracién o funcional-
idad de la toxina(s) y el tipo de toxicidad (aguda o crénica).
Perdidas persistentes de ganado por plantas toxicas pueden
indicar que los pastizales estan sobreutilizados o0 manejados
impropiamente. Los esquemas agresivos de manejo que emplean
cargas animal e intensidades de apacentamiento altas pueden en
rendir grandes retornos, pero pueden también incrementar el
riesgo si las plantas toxicas estin presentes. Las plantas pueden
ser clasificadas de acuerdo a la toxicidad y aceptabilidad. Se dis-
cuten 6 categorias interrealcionadas de plantas: 1) siempre toxi-
ca y aceptable por el ganado; 2) siempre téxica y no aceptable ;
3) siempre téxica y aceptable en ciertas ocasiones; 4) toxica solo
en ciertas ocasiones y aceptada por el ganado; 5) téxica en cier-
tas ocasiones y no aceptable y 6) téxica en ciertas ocasiones y
aceptable en ciertas ocasiones. Cada categoria involucra difer-
ente riesgo e incertidumbre. Dentro de esta matriz de manejo, las
estrategias para tratar con plantas toxicas especificas pueden ser
personalizadas dependiendo de que tanto y cuando la planta es
comida por el ganado y cuando la planta es mas téxica.

dice known as an “astragalus” (Bernstein 1996). Rather than a
genus of toxic plant, this astragalus was the squarish, virtually
indestructible, talus or ankle bone taken from sheep. Games of
chance and grazing ranges infested with toxic plants are activities
rife with elements of risk and need for thoughtful decision-mak-
ing. Risk is derived from the Latin risicare meaning ‘to dare.’
Grazing livestock on ranges with poisonous plants should not
entail excessive risk, providing managers take the best available
information, combine it with personal experience, and make
rational choices.

Can all losses to poisonous plants be avoided? Probably not. In
spite of advancements such as analyses for toxic compounds,
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knowledge of consumption patterns, and
predictive quantitative models lighting the
way, the data for decision-making come
from an imperfect or "only for the most
part" past. Creatures, plants, and the envi-
ronment are dynamic and continually inter-
acting, thus, decision-making will never be
perfect. Nonetheless, knowledge improves
the odds in gambling and grazing.
Therefore, research-based decision-making
can reduce risks and losses. The objective
of this paper is to review management
insights and options that may reduce the
likelihood of livestock consuming lethal or
debilitating amounts of poisonous plants.

A Management Matrix

Poisonous plants can be simultaneously
categorized using both acceptability to
livestock and toxic potential (Merrill and
Schuster 1978, Fig. 1). We use the term
“acceptability” as an expression integrat-
ing palatability and preference to avoid the
misleading connotations associated with
the latter terms (Provenza et al. 1998).
Acceptability in this paper encompasses
forage qualities such as taste and nutrient
or toxin concentrations and postingestive
feedback. Postingestive feedback results
from an animal’s short-term (e.g., within-
day energy status) and long-term (e.g.,
body condition) nutritional (Provenza
1995) and toxicological states (Kingsbury
1978). These forage qualities and feed-
back therefore directly and indirectly

influence forage intake (Provenza et al.
1992, Provenza 1995). Acceptability with-
in the foraging milieu is influenced greatly
by an animal’s past experiences such as
social and environmental interactions
(Provenza et al. 1992, 1993). Toxic poten-
tial reflects primarily aspects of plant
chemistry, including seasonal or other
changes in concentration or functionality
of the toxin(s), and the type of induced
toxicity (e.g., acute or chronic). As we
view it, a plant’s toxic potential does not
involve postingestive feedback or impacts
on diet selection.

Management Factors That
Influence Risk
Acceptability of toxic plants

Various stressors affect the selection of
toxic plants by livestock. When naive ani-
mals are introduced into unfamiliar pas-
tures they often ingest more toxic plants
than experienced animals on the same
ranges (Schuster 1978, Krueger and Sharp
1978). Naive animals first introduced into
large pastures usually display increased
exploratory behavior and reduced ability
to prehend forage (Arnold and Maller
1977) and may simultaneously broaden
diet selection thresholds so that normally
avoided toxic plants are then eaten
(Strydom and Joubert 1983, Kellerman
1987, Fredrickson et al. 2000). Animals
are also more likely to eat familiar, toxic
plants in unfamiliar settings (Burritt and

Provenza 1997). Further, animals under
stress may not only ingest more toxic
plants, but they may be less able to
degrade or tolerate toxins because stress
effects various body systems (Freeland
and Janzen 1974, Foley et al. 1995, Illius
and Jessop 1995). Naive animals initially
exposed to some toxic plants may be more
vulnerable because of reduced detoxifica-
tion abilities either from a lack of adapted
rumen microbes (Duncan et al. 2000) or a
lack of inducible enzyme systems (Galtier
1999). In contrast, experienced animals,
including insects, may consume plants
containing toxins to which they are par-
tially or completely adapted (Harborne
1988). For example, kangaroos (Macropus
spp.) tolerate plants containing the highly
toxic fluoracetate, yet given a choice
between Gastrolobium species with high
and low concentrations of fluoracetate,
kangaroos feed primarily on the plant with
lower amounts (Mead et al. 1985).

The acceptability of toxic plants may
also be affected by daily levels of energy
or nutrient intake. Ruminant livestock
react very quickly to short-term nutrient
stress and alter diet selection to compen-
sate (Villalba and Provenza 1999a,
1999b). Typical short-term nutrient stress
may be triggered by day-to-day excesses
or deficits of protein or energy (Cooper et
al. 1993, Kyriazakis and Oldham 1993,
Villalba and Provenza 2000, Cosgrove and
Niezen 2000). Ruminants select for foods
higher in protein or energy when eating

Generally Generally Unacceptable | Acceptable only at
Acceptable to to Livestock Certain Times
Livestock

Always Toxic Astragalus spp. Hymenoxys odorata Halogeton glomeratus
Oxytropis spp. Senecio spp. Pinus ponderosa

Asclepias spp.

Pteridium aquilinum

Veratrum spp.
Solanum spp.

Nicotiana spp. Zigadenus spp.
Hypericum perforatum
Toxic Only at Quercus spp. Tetradymia spp. Delphinium spp.
Certain Times Lupinus spp. Conium maculatum
Prunus virginianus
Cicuta spp.
Fig. 1. A management matrix or framework to simultaneously categorize toxic plants according to both acceptability to livestock and the toxic
potential of the plant.
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meals low in these nutrients (Villalba and
Provenza 1999a, 1999b) or when parasite
loads cause metabolic protein deficiency
(Cosgrove and Niezen 2000).

Providing supplemental protein or ener-
gy may raise the threshold at which ani-
mals are intoxicated (Illius and Jessop
1995), allowing animals to ingest more of
such toxins as terpenes (Villalba et al.
2000a) and tannins (Villalba et al. 2000b).
Supplements may also aid in detoxifica-
tion once a toxin is ingested. Polyethelene
glycol (PEG) binds irreversibly to tannin
compounds, and has been successfully
added to both feed and water to improve
intake of tannin-containing shrubs in the
U.S. and in Israel (Priolo et al. 2000, Titus
et al. 2000). Activated charcoal adsorbs
some plant toxins and allows livestock to
increase intake of toxic bitterweed (Poage
et al. 2000) and terpene-laden sagebrush
(Villalba et al. 2000a).

Long-term nutrient stress or low body
condition may also impact diet selection
(Tayler 1959). Animals in poor body con-
dition may expand diet selection to
include poorly acceptable poisonous
plants (Noble et al. 1994, Hancock et al.
1996, Pascual et al. 1999). Conversely,
animals in good body condition may
restrict intake of poor quality (Foot 1972)
or toxic plants.

Either short- or long-term nutrient stress
may have other implications for diet selec-
tion. First, animals under nutritional stress
may be less able to detoxify plant toxins
(Illius and Jessop 1995, 1996) and may
suffer relatively greater harm from the
metabolic effects of the toxin (Freeland
and Janzen 1974, Foley et al.1999).
Conversely, animals in good body condi-
tion that eat toxic plants may have
enhanced abilities to tolerate or detoxify
some toxins, and may suffer fewer nega-
tive postingestive consequences when they
consume poisonous plants. Much of the
detoxification that occurs in the liver, for
example, is inducible, and depends partial-
ly on nutrients or metabolites to enhance
or facilitate degradation (Illius and Jessop
1995). Detoxification requires additional
nutrients to allow body systems to alter
toxins and maintain acid-base equilibrium
(Illius and Jessop 1995, Jessop and Illius
1997, Foley et al. 1999). For example, low
protein diets decrease the amount and
activity of detoxification activity in the
liver (e.g., cytochrome P450 enzyme sys-
tem, McLean and McLean 1969).

Poorly nourished animals on some
ranges may be stressed by shortages of

energy and protein, and be in poor body
condition. These animals may experience
hunger to such an extent that they increase
intake of toxic plants in spite of potentiat-
ed negative feedback (Provenza 1995). In
this case, one would expect substantial
increases in dead or impaired animals
(Meyer and Karasov 1991). Some of the
catastrophic livestock losses (e.g., Chesnut
and Wilcox 1901) that occurred in the late
1800's and early 1900's may be attributed
to this type of situation. Interestingly, if
animals survive a toxic insult, they may
later eat less of the toxic plant because of
the potentiated gastrointestinal feedback.

Persistent livestock losses to poisonous
plants may indicate that ranges are either
degraded or seasonally over-utilized
(Merrill and Schuster 1978, Holechek
2002, Ralphs 2002). Even temporary
excess utilization may induce livestock
losses as grazing animals consume other-
wise poorly acceptable poisonous plants
(Schuster 1978). Many toxic plants are not
highly preferred when other desirable for-
ages are available (Taylor and Ralphs
1992). Even if animals eat small amounts
of many poisonous plants, they will suffer
few ill effects if other nontoxic forage
makes up the majority of their diet
because of low amounts of a toxin, and the
influence of nutrients as discussed above.
Management-intensive grazing systems
also generally increase the likelihood of
poisonous plant losses when management
errors foster short-term over-utilization
and/or hungry livestock (Merrill and
Schuster 1978). Aggressive management
schemes that employ higher stocking rates
and grazing intensities may yield greater
returns, but also increase risks of poison-
ing if toxic plants are present; toxic plants
may also proliferate under intensive graz-
ing schemes (Holechek 2002).

Why do animals return to eat a plant that
has been aversive in the past? Generalist
herbivores, including range livestock,
have a natural propensity to sample plants
in their environment (Westoby 1974).
When ingestion of a toxic plant in small
amounts causes no or few negative effects,
animals are likely to increase consumption
of the plant. In addition, many toxic plants
contain substantial nutritional value (lark-
spur: Pfister et al. 1989, locoweed: Ralphs
and Molyneux 1989) and provide positive
digestive feedback. Both locoweed
(Astragalus lentiginosus Doug. ex Hook.)
and plains larkspur (Delphinium geyeri
Greene) contain more than 20% crude pro-
tein early in the spring (Pfister unpublished
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observations). Eating some of a toxic plant
provides needed nutrients with little toxici-
ty, but increased consumption results in
heightened adverse effects because of the
dose-response characteristic of many tox-
ins. Partial avoidance or “partial prefer-
ence” (Day et al. 1998) for a toxic forage
would likely result in a grazing animal eat-
ing variable but increasing quantities of the
forage, until negative feedback from tox-
ins, or excess of nutrients (Provenza 1996)
became sufficiently strong to temporarily
drive the animal “off” the feed (e.g., lark-
spur; Pfister et al. 1997a). Each time a
toxic forage is eaten without negative con-
sequences, the aversion is weakened and
will eventually vanish without additional
negative feedback (Lane et al. 1990,
Ralphs and Stegelmeier 1998). Aversions
are generally dose-dependent, and stronger
aversions are formed to compounds that
create intense illness (duToit et al. 1991,
Ralphs and Cheney 1993, Launchbaugh
and Provenza 1994).

Concentration of plant toxins
Management of toxic plants is usually
easier and more successful when the toxin
is known, and management schemes can
be devised to take advantage of seasonal
patterns and reduced toxicity (e.g., lark-
spur: Pfister et al. 1994, Gardner and
Pfister 2000). Toxicity of plants is usually
related to a specific compound, and in the
case of reproductive effects, animals are
poisoned at specific physiological stages
when they eat plants such as lupine
(Lupinus spp.) or veratrum (Veratrum
spp.; Panter et al. 1992, Panter et al.
2002). Pfister et al. (1988, 1997b) identi-
fied a toxic window when most deaths
from tall larkspur (Delphinium barbeyi
Huth.) occur, and also determined that an
early grazing period is relatively risk-free
even though larkspur alkaloid concentra-
tions are high. Cattle typically eat little or
no tall larkspur before larkspur elongates
flowering racemes, providing a 4 to 6
week low-risk period for grazing. Many
producers, however, put cattle into lark-
spur-infested pastures when the plant is
flowering and the risk is higher, even
though consumption by cattle usually
increases during the flower stage of
growth (Pfister et al. 1988). Conversely,
late in the grazing season, the risk of graz-
ing tall larkspur-infested ranges is also rel-
atively low; even though cattle eat large
quantities of larkspur during the pod stage,
once the pods dry out, the alkaloid concen-
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tration is low (Gardner and Pfister 2000).
Does the concentration of a particular
toxin alter the likelihood that livestock
will graze the plant? Many plant toxins,
such as alkaloids, are reported to taste bit-
ter (Bate-Smith 1972), whereas tannin-rich
plants are typically astringent (Harborne
1988). There are apparently large differ-
ences in the taste responses of livestock
species to bitter and astringent solutions
(Arnold and Hill 1972). Goats appear to
be less sensitive to bitter than are sheep,
and cattle are least sensitive, whereas cat-
tle are most sensitive and sheep the least
sensitive to astringent solutions (Arnold
and Hill 1972). These conclusions must be
viewed with caution because taste thresh-
olds and postingestive feedback were con-
founded. Garcia and Hankins (1975)
argued that animals inherently avoid most
alkaloids because a bitter taste is often
linked with toxicity. Some forage plants
such as reed canarygrass (Phalaris arundi-
naceae L.) and certain lupines are unpalat-
able because of high alkaloid concentra-
tions (Ralphs and Olsen 1987). Nonethe-
less, Robinson (1979), Glendinning
(1994), and Nolte et al. (1994) concluded
that alkaloids are not universally repellent
to herbivores. Additionally, Molyneux and
Ralphs (1992) suggest that some toxic
alkaloids are not bitter tasting to livestock.
Pfister et al. (1996a) found that high
concentrations of toxic alkaloids in tall
larkspurs have essentially no impact on
how much tall larkspur is eaten by cattle
in the short-term, and that postingestive
feedback, not flavor, regulates larkspur
intake (Pfister et al. 1990). Cattle that con-
sume high concentrations of tall larkspur
alkaloids experience negative postinges-
tive feedback from the nutritious larkspur
plants (Pfister et al. 1990), leading to a
cyclic pattern of intake with 1 to 2 days of
high consumption followed by several
days of low or no larkspur intake (Pfister
et al. 1997a). Sheep are relatively resistant
to poisoning from larkspur alkaloids, and
in contrast to cattle, sheep intake of lark-
spur is negatively affected by higher alka-
loid concentrations (Pfister et al. 1996a).

Toxic plants within a management
matrix
Always toxic and generally acceptable
to livestock

Locoweeds (Astragalus and Oxytropis
spp.) are widespread on rangelands in the
western U.S. They contain the toxic
indolizidine alkaloid swainsonine.
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Abundant winter and spring moisture
causes rapid growth of locoweed before
cool season grasses have initiated growth.
Locoweeds are difficult to manage
because 1) they are readily eaten by live-
stock once consumption begins (Ralphs et
al. 1993), 2) swainsonine is found in both
green and dry material (Ralphs and
Molyneux 1989), 3) very low concentra-
tions of swainsonine are toxic if ingested
continuously over several weeks (Pfister et
al. 1996b), and 4) cattle often select
locoweeds in preference to dry dormant
forages (Ralphs et al. 1997). Two recently
determined characteristics of locoweed
have potential to provide management
options not recognized in the past. First,
swainsonine is quickly excreted from ani-
mals once they stop ingesting locoweeds
(Stegelmeier et al. 1995a); and second,
swainsonine has a “threshold” effect in
that once sufficient toxin is consumed, all
susceptible enzymes within cells are inhib-
ited, so ingesting more swainsonine does
not lead to greater damage or enzyme inhi-
bition (Stegelmeier et al. 1995b). Taken
together, these characteristics of swainso-
nine indicate that it may be possible to for-
mulate “on-off” or cyclic grazing systems
such that livestock are grazed for 10-14
days on locoweed-infested ranges, then
allowed at least 14 days for detoxification
(Stegelmeier, unpublished data).
Ingestion of even a small amount of loco-
weed leads to tissue damage (Van
Kampen and James 1970), particularly in
the central nervous system where rapid
injury may be expected (McFarlane et al.
2000). Lesions may be subtle, however,
and resolve quickly once animals are
removed from locoweed (Huxtable et al.
1982, Pfister et al. 1996b, Stegelmeier
unpublished data). An “on-off” grazing
scheme may allow animals to eat some
locoweed without hitting an irreversible
toxic threshold and thereby avoid perma-
nent tissue damage (Stegelmeier, unpub-
lished observations).

Simple changes in grazing management
may provide remarkable benefits with
locoweed. Producers in northern Utah
graze cattle each summer on high eleva-
tion ranges in the Raft River Mountains.
For many years, the producers used a rest
rotation grazing system, wherein 3 pas-
tures were grazed in sequence, and 1 pas-
ture was rested each summer. Range con-
dition improved over a 10-year period
(Ralphs et al. 1984), yet annual losses to
locoweed (Oxytropis sericea Nutt. in T. &
G.) exceeded 20%. Based on observations

that most consumption of locoweed
occurred after flowering during August,
the grazing season was reduced from 71 to
47 days, cattle numbers were increased,
and the grazing method was altered to a
Merrill 3-herd, 4 pasture system (Ralphs et
al. 1984). Changing the grazing system
reduced animal density and resulted in less
locoweed eaten. As a result, yearly losses
declined to about 3%. These simple
changes altered diet selection and dramati-
cally reduced losses, as cattle were no
longer forced to eat locoweed.

Always toxic and generally not
acceptable to livestock

Consumption of toxic plants in this cate-
gory is usually linked to a management-
driven crises such as lack of forage from
drought and overgrazing. Periodic
droughts occur frequently in much of
western North America, and astute live-
stock producers maintain a forage reserve.
The lack of forage contributes significant-
ly to consumption of plants in this catego-
ry, as these plants are not likely to be
eaten to excess unless animals are forced
to consume them (Merrill and Schuster
1978). With proper management, losses
should be few because of the low accept-
ability of species such as senecios
(Senecio spp.), bitterweed (Hymenoxys
odorata DC.), and milkweeds (Asclepias
spp.). Losses from species in this category
may be linked to consumption of dried
toxic material in hay (Baker et al. 1989).

Most of the losses to Senecio spp. occur
from 3 species: S. jacobaea L., S. longilo-
bis Benth., and S. riddellii T. & G.
(Kingsbury 1964). These plants contain
pyrrolizidine alkaloids (PA), sometimes in
large quantities (e.g., 18% of dry weight,
Molyneux and Johnson 1984). Ingestion
of even small quantities of PAs causes
liver damage that is cumulative over many
months (Stegelmeier 1999). Because
Senecio spp. are generally not acceptable
to livestock, cattle and horse losses usually
occur from chronic intoxication when they
eat small quantities over several weeks
when other forage is lacking (Sharrow et
al. 1988). Sheep and goats are relatively
resistant to senecio poisoning (Stegelmeier
1999). Affected animals may show only
mild depression and poor performance
until they show clinical signs; once clini-
cal signs are apparent animals rarely
recover (Johnson et al. 1985). Losses to
Senecio spp. can be minimized through
proper range management and careful
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planning for periodic drought (Sharrow et
al. 1988) and ensuring that hay is free
from senecio.

Milkweeds (Asclepias spp.) are perennial
forbs that generally are not acceptable to
livestock unless other forage is scarce or it
is eaten in hay. The principal toxic species
in the western U.S. are A. subverticillata
(Gray) Valil, A. eriocarpa Benth., A. fascic-
ularis Decne. in DC, and A. labriformis
Jones. The latter plant contains cardiac gly-
cosides (cardenolides), potent toxins that
disrupt heart function. Preventive manage-
ment entails maintaining rangelands in
good condition, and ensuring that hungry
livestock do not have access to the plant.

Always toxic and acceptable only at
certain times to livestock

Halogeton glomeratus (Bieb) C.A. Mey.
is an annual forb that invaded desert
rangelands in the western U.S. Halogeton
is responsible for large losses of sheep,
particularly during the 1940's and 1950's
(Young et al. 1999). Halogeton contains
sodium and potassium oxalates, which if
ingested in high enough amounts cause
acute hypocalcemia and impairment of
cellular enzymes leading to death.
Halogeton is acceptable to cattle and
sheep, particularly when sheep are hungry
and not thirsty. Acceptability of halogeton
also increases when animals are salt
deprived (Young et al. 1999). At times,
halogeton may be an important forage
source for adapted sheep grazing desert
rangelands (James and Cronin 1974).
Sheep gradually introduced to oxalate-
containing plants over several days can be
adapted to high oxalate-containing plants
with low risk (James and Cronin 1974).
Overgrazing of rangelands can lead to
plant community disturbance and
increased populations of halogeton, result-
ing in fewer alternative forages and
greater likelihood of poisoning. Excessive
stocking rates can also increase halogeton
losses, as sheep have fewer alternative for-
age sources (James and Cronin 1974).
Virtually all the large losses of sheep to
halogeton poisoning can be attributed to
poor management (Young et al. 1999).

Ponderosa pine (Pinus ponderosa Law.)
occurs throughout western North America.
Pregnant cattle that ingest pine needles or
bark during mid- to late-gestation are at
risk of aborting their calves (James et al.
1989). The toxic in pine needles and bark
is a diterpene resin acid, isocupressic acid
(Gardner et al. 1999). The toxin presum-

ably restricts blood flow to the fetus, lead-
ing to fetal stress and abortion (or early
birth). Consumption of pine needles by
cattle is greatest during cold winter tem-
peratures coinciding with reduced
amounts of available forage, either from
snow cover or previous grazing (Pfister
and Adams 1993, Pfister et al. 1998).
Although this implies that cattle eat pine
needles from hunger, our observations
indicate that this is not the case. We have
observed cattle leave winter feeding
grounds with hay remaining to forage in
stands of pine trees (Pfister, personal
observations). Field and pen studies at our
laboratory suggest that most cattle acquire
a preference for pine needles, even if they
initially refuse to eat fresh green needles
(Pfister, Villalba, and Provenza, unpub-
lished data). There are several manage-
ment options that reduce the risk of abor-
tions. First, because cattle are more sus-
ceptible to abortions as gestation
advances, a prudent management option is
to limit cattle exposure to pine trees once
cattle have entered the third trimester of
gestation (Short et al. 1992). If that is not
possible, our observations suggest that risk
is reduced by ensuring that the pasture has
adequate forage not covered by snow
(Pfister, personal observations). If snow
cover is too deep, supplementation can
substitute for some forage, and be timed to
disrupt daily grazing patterns (Adams et
al. 1986) to reduce cattle grazing in areas
with pine trees (Pfister, personal observa-
tions). Because cattle learn to like pine
needles, producers with serious losses
should also consider changing calving
dates from spring to fall, thereby moving
late-gestation to summer when cattle are
less likely to eat pine needles (Uresk and
Paintner 1985). Another option is to delay
winter calving into late spring (e.g., May
or June). Cattle eat few pine needles as air
temperatures warm, snow cover disap-
pears, and cool season grasses begin
growth during March and April (Pfister,
unpublished observations).

Steroidal veratrum-type alkaloids are
found in species of Veratrum (false helle-
bore) and Zigadenus (death camas).
Ingestion of false hellebore by pregnant
sheep on gestation day 14 results in “mon-
key-faced” or cyclopian lambs with poten-
tially severe craniofacial defects (Binns et
al. 1962). Sheep are primarily affected
because of their propensity to eat false
hellebore (Keeler 1983). Cattle rarely eat
the plant, and no special management is
needed to reduce consumption. Sheep
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management to avoid losses to false helle-
bore is relatively simple (Panter et al.
2002). First, because the window of feto-
toxicity is relatively narrow between 14 to
33 days gestation, pregnant animals
should not be allowed access to veratrum-
infested pastures for about 1 month after
the rams are removed (Keeler 1983, Panter
et al. 1992). This is not difficult to accom-
plish because false hellebore is limited in
distribution to moist mountain habitats, is
easy to identify, and grows in dense patch-
es.

Death camas (Zygadenus spp.) is one of
the first plants to grow during spring on
foothill rangelands, and animals may
graze the plant if other forage is lacking.
Death camas toxicity is characterized by
excessive salivation, frothing around the
mouth, nausea and sometimes vomition
(Kingsbury 1964, Panter et al. 1987). If
the dose is sufficient, muscular weakness
is followed by ataxia, recumbency, and
death from heart failure. Generally, recog-
nizing the presence of death camas and
understanding the acutely toxic nature of
the plant will aid in avoiding problems.
Losses occur sporadically on foothill
ranges. Panter et al. (1987) identified 3
contributing circumstances that con-
tributed to a loss of over 250 sheep in 1
band. First, hungry ewes with lambs were
driven through death camas-infested pas-
ture. Second, sheep were bedded near
death camas, so the plant was readily
available for grazing. Third, the herder
stressed the sheep by rapidly driving them
from the area, thus increasing the death
loss (Panter et al. 1987).

Toxic only at certain times, and gener-
ally acceptable to livestock

Lupines (Lupinus spp.) are both toxic
and teratogenic (i.e., causing birth defects)
to livestock (Panter and James 1995).
Some lupines contain quinolizidine alka-
loids that cause acute respiratory failure in
sheep (Kingsbury 1964). Lupine toxicity
is seen clinically as a neurologic disease
that progresses from depression and
lethargy to muscular weakness, collapse,
respiratory failure and death (Panter et al.
1999). Birth defects are apparently caused
by the effects of 2 different, but related,
alkaloids, anagyrine and ammodendrine
(Keeler 1978, Panter et al. 1992, Panter et
al. 2002). For unknown reasons, cattle are
uniquely sensitive to the effects of
anagyrine, and ingestion of alkaloid-rich
lupines (Lupinus laxiflorus Douglas ex
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Lindl., L. caudatus Kellogg, and L.
sericea Pursh) causes the condition
“crooked calf disease” in cattle (Shupe et
al. 1967, Keeler 1989, Panter et al. 1994).
Losses of livestock can largely be prevent-
ed by understanding 2 interrelated aspects
of lupine poisoning. First, the highest con-
centrations of toxic alkaloids occur in
immature lupine plants and seed pods.
Anagyrine concentrations are highest (> 5
mg/g) in early growth, and decline to less
than 0.5 mg/g after seed shatter, except
that concentrations increase in seeds as
lupine matures (Keeler 1976). Second,
pregnant cattle are susceptible to the ter-
atogenic effects of alkaloids during a win-
dow from days 40 to 70 of gestation, occa-
sionally extending to 100 days (Shupe et
al. 1967, Panter et al. 1997). Birth defects
in cattle can be prevented by using breed-
ing or grazing programs that avoid placing
pregnant cattle in lupine-dominated pas-
tures in the first trimester of gestation
(Keeler et al. 1977, Panter et al. 1992,
Panter et al. 2002). Alternatively, risk can
be reduced by allowing only short-term
access to lupines by pregnant cattle in
some form of rotational grazing (Panter et
al. 1999).

Acute toxicity problems from lupine are
less common now, but large sheep losses
occurred frequently 100 years ago
(Chesnut and Wilcox 1901). Deaths occur
when livestock, usually sheep, ingest a
large amount of seed pods in a short time
period (James et al. 1968). This can be
prevented by using lupine-free hay and
avoiding lupine-dominated ranges when
alternative forage is scarce.

Water hemlocks (Cicuta spp.) are the
most acutely toxic plants in North
America; the toxin is a long-chain alcohol
named cicutoxin. The large tuber is most
toxic, and above ground parts are less
toxic. Toxicity of tubers decreases with
maturation, and dry stems and leaves are
relatively non-toxic (Panter et al. 1988).
Green seeds may be toxic (Panter, person-
al observations), although dry seeds are
not toxic to hamsters (Panter, unpublished
data). During the spring, the immature
plant and tubers are generally well accept-
ed by livestock, particularly cattle, as
water hemlock begins growth before other
plants (Panter et al. 1988). Affected ani-
mals show increased respiration, excessive
salivation, nervousness, and tremors pro-
gressing to siezures and death (Panter et
al. 1996). Most losses to water hemlock
can be avoided if livestock producers
identify and destroy water hemlock plants
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along streams, ditches or in swamps.
Because tubers are easily exposed in moist
soil, and are less toxic when mature, keep-
ing livestock away from the plant during
spring when the soil is wet and soft pre-
vents most poisonings.

Oak brush (Quercus spp.) includes
numerous species in western North
America. The primary toxic species are Q.
gambelii Nutt., Q. havardii Rydb., Q.
undulata Torr., and Q. turbinella Greene,
but many other species may cause prob-
lems at specific times (Basden and Dalvi
1987). The toxins are thought to be
polyphenolic tannins (Panciera 1978).
Clinical signs include anorexia, rumen
atony and constipation, followed by gas-
troenteritis and diarrhea. Pathological
lesions usually involve acute kidney fail-
ure (Panciera 1978). Chronic consumption
of excessive oak brush can lead to kidney
and liver disease; producers in west Texas
label such animals “shinneried” because
they have become poisoned on shinnery
oak (Q. havardii). Immature leaves, buds,
and recently fallen acorns are typically
more toxic and more acceptable to live-
stock than are mature leaves and dry
acorns (Panciera 1978). Cattle can con-
sume large amounts (50% of their diet) of
oak brush without serious effects
(Dollahite et al. 1966), thus management
can be directed toward keeping oak con-
sumption below toxic levels. This is
accomplished by ensuring that livestock
have adequate amounts of alternative for-
ages during spring when immature leaves
are available, and during autumn when
acorns fall. When livestock consume large
amounts of oak brush, supplementation
with calcium hydroxide (10%, Dollahite et
al. 1966) or polyethylene glycol (Titus et
al. 2000) can help prevent toxicosis.

Toxic only at certain times and gener-
ally unacceptable to livestock

Plants that are toxic only at certain times
and are generally unacceptable to live-
stock are relatively easy to manage with
proper grazing practices. Snakeweeds
(Gutierrizia spp.) are widespread low-
growing shrubs with a reputation for caus-
ing abortions and unthriftiness in cattle
(James et al. 1999). The toxin is suspected
to be a diterpene acid (Gardner et al.
1999). Snakeweeds are not usually accept-
able to cattle unless lack of forage due to
drought, overgrazing, or snow cover
forces consumption. Management of
snakeweed lies primarily in promoting

abundance of alternative forage, including
residual forage saved for periodic drought.

Horsebrush (Tetradymia spp.) is a shrub
that begins growth early in spring. Sheep
often eat horsebrush when stressed from
storms or hunger during movement from
winter to summer range (Johnson 1978).
Tetradymia canescens DC. is reported to
be less toxic, but more acceptable to sheep
than T. glabrata T. & G. (Johnson 1978).
The toxin is suspected to be the sesquiter-
pene, tetradymol (Jennings et al. 1978).
Horsebrush causes liver damage with or
without secondary photosensitization, and
photosensitized animals may subsequently
develop a swollen head (Johnson 1978).
Toxicity from horsebrush is potentiated by
prior consumption of black sagebrush
(Artemisia nova A. Nels, Johnson 1978),
but the mechanism is not known. It is pos-
sible that other sagebrush species also
potentiate horsebrush toxicity. Losses can
largely be avoided by making certain that
sheep have adequate feed and do not eat
sagebrush before grazing horsebrush-dom-
inated range (Johnson 1978).

Toxic only at certain times and accept-
able only at certain times

Poison hemlock (Conium maculatum L.)
is well accepted by livestock, and may
even be addictive (Kingsbury 1964, Panter
and Keeler 1989). Piperidine alkaloids in
poison hemlock stimulate the central ner-
vous system and cause frequent urination
and defecation, dilated pupils, increased
heart rate, muscular weakness and trem-
bling and ataxia. This initial stage is fol-
lowed by depression with further muscular
weakness, collapse, and death due to res-
piratory paralysis (Panter et al. 1988). The
alkaloids are also potent teratogens that
induce skeletal malformations that are
indistinguishable from those caused by
lupines (Keeler 1978, Panter et al. 1988).

Poison hemlock contains 5 major alka-
loids, of which the most toxic alkaloid is
y-coniceine, (Panter and Keeler 1989).
The concentrations and distribution of dif-
ferent alkaloids in poison hemlock are
affected by many factors, including envi-
ronmental changes and plant maturity
(Cromwell 1956, Leete and Olson 1972).
Drought stress increases total alkaloid
concentrations (Fairbairn and Challen
1959). Immature poison hemlock often
has a high concentration of y-coniceine,
which may then be converted predomi-
nately into coniine during active growth.
During flowering, concentrations of y-con-
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iceine also shift to coniine (Cromwell
1956). Thus, coniine is the major alkaloid
in mature plants and seed, whereas y-coni-
ceine dominates the alkaloid mix in early
spring growth and fall regrowth.

The y-coniceine is about 8 times more
toxic than coniine (Bowman and Sanghvi
1963, Panter et al. 1998), and this differ-
ence has important management implica-
tions. The most critical time of the year to
avoid poison hemlock is spring because
the plant often appears before other forage
has emerged. Green seed pods may be
eaten in mid-to-late summer (Panter and
Keeler 1989). Poison hemlock also may
regrow in fall after seed shatter. Ingestion
during fall may cause fetotoxicity in preg-
nant cattle if they are in the first trimester
(days 30-75, Panter et al. 1988). Even
though toxicity decreases upon drying,
sufficient toxin may be retained to poison
livestock (Galey et al. 1992). Thus, if poi-
son hemlock has invaded hay fields, the
contaminated hay can poison livestock.
Cattle appear to be particularly susceptible
because of their acceptance of the plant
and their sensitivity to the teratogenic
alkaloids (Panter et al. 2002).

Conclusions

There is no question that ‘poor’ range
management contributes to livestock losses
from poisonous plants and greatly increas-
es risk of losses. Overgrazing will surely
increase the risk of losses to some toxic
plants. Notwithstanding, plant-animal
interactions are very complex, and as
Dwyer (1978) pointed out “we are long
past the time when we can pass off poiso-
nous plants as a symptom of an overgrazed
range.” If the mere presence of toxic plants
is not an indication of an overgrazed range,
what can we conclude about livestock loss-
es in general on rangelands? Our intuition,
and Holechek’s (2002) data, suggest that
many livestock losses are a direct result of
‘poor’ management, or management errors.
Differences in management may be subtle
and difficult to verify, particularly if losses
are not catastrophic. Is using an inappropri-
ate grazing system ‘poor’ management? Is
it ‘poor’ management if livestock produc-
ers fail to learn what poisonous plants are
present on a range, and then lose animals
to poisoning? And, is failure to apply exist-
ing knowledge another example of ‘poor’
management? As Pogo said “we have met
the enemy and they are us.” Nonetheless,

some poisonous plants are acceptable to
livestock under many differing circum-
stances (e.g., locoweeds, larkspurs, lupine),
and even very careful managers will have
losses to these types of plants. Prudent and
judicious management can, however,
reduce the risk of such losses, and even
allow some poisonous plants to be used as
nutritious forages at select times.
Research-based recommendations on
poisonous plants have reduced livestock
losses to many poisonous plants. Perhaps
most noticeable of these reduced losses is
in teratology, with marked reductions in
losses from such plants as veratrum,
lupine, and locoweeds (James 1999).
Even so, a new and less experienced gen-
eration of livestock producer occasionally
forgets the lessons of the past with atten-
dant large losses (Chesnut and Wilcox
1901). In 1997 in Adams County,
Washington, more than 4000 calves, or
30% of the population, were born with
lupine-induced birth defects (Panter et al.
1999), in part because some livestock pro-
ducers forgot the harsh lessons learned by
an earlier generation. This scenario might
be replayed with other toxic plants as
experienced range managers and livestock
producers are replaced by less-experi-
enced personnel, and as ranches are subdi-
vided or managed by proxy from afar.
New research into potential preventive
measures may provide livestock producers
with additional tools. Development of vac-
cines with immunogenic activity against
plant toxins in some specific instances
may allow animals to eat more of a toxic
plant with fewer deaths or production
problems (Edgar et al. 1998). Techniques
to screen and cull livestock that are sus-
ceptible to a specific plant toxin may be
practical in the future. Further, genetic
heritability may allow producers to breed
livestock that are less susceptible to vari-
ous toxicoses (Launchbaugh et al. 1999,
Snowder et al. 2001). For example, the
heritability of pulmonary hypertension
(high altitude disease) is 78% in yearling
bulls, and high altitude disease has
decreased substantially because livestock
producers determine pulmonary arterial
pressure (PAP) in bulls (Will et al. 1975,
Schimmel and Brinks 1982). Risk may
also be decreased as livestock producers
modify diet selection through food aver-
sion learning or other means (Ralphs et al.
2001). Diet selection is a complex issue,
but as we understand in greater depth
about when and why animals eat specific
poisonous plants, management alternatives
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will emerge that reduce risk. Further,
dietary selection is influenced to some
extent by inherited characteristics
(Launchbaugh et al. 2000), and it may be
possible to alter selection for some toxic
plants through breeding programs.

The essence of risk management is to
use information from the past to avoid
similar losses in the future. The past, how-
ever, provides only imperfect knowledge.
In our view, the risk of livestock losses to
toxic plants will likely continue to diminish
as knowledge and understanding increase,
but risk will never vanish entirely.
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