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Differences in Ponderosa Pine 
Isocupressic Acid Concentra-
tions Across Space and Time
By Daniel Cook, Dale R. Gardner, James A. Pfi ster, Kip 
E. Panter, Bryan L. Stegelmeier, Stephen T. Lee, Kevin D. 
Welch, Benedict T. Green, and T. Zane Davis

Historical Perspective

As early as 1927, ranchers in the northwestern 
United States and British Columbia, Canada, 
widely believed that consumption of pine needles 
by cattle predisposed animals to abortion and 

other reproductive problems.1 The abortive effects of pine 
needles were demonstrated by MacDonald,2 who showed 
that cattle would eat the needles of ponderosa pine (Pinus 
ponderosa) even though other feed was available, and that 
2.3–2.9 kg/day of fresh buds and needles produced abor-
tions in cattle. Since then, pine needle–induced abortion 
has been demonstrated in numerous other feeding trials3,4 
(Fig. 1). This induced abortion is species-specifi c because it 
occurs only in cattle and bison;4,5 attempts to reproduce the 
abortions in other species such as goats, sheep, and elk have 
failed.4–6

Ponderosa pines are large coniferous trees characterized 
by yellowish-green needles that are 18–28 cm in length, 
with 2–3 needles per fascicle.7 Ponderosa pine is distributed 
throughout the western half of North America, where it is 
the most widely adapted and ubiquitous conifer.7 The 
species, P. ponderosa, is subdivided into three varieties: 1) 
var. ponderosa extends along the Pacifi c Coast from southern 
California northward to British Columbia and eastward to 
the continental divide in west-central Montana; 2) var. 
scopulorum extends eastward across Montana and southward 
throughout the Rocky Mountains, Great Basin, and Plains 
states, including South Dakota, Wyoming, Colorado, Utah, 
New Mexico, and the Kaibab Plateau in Arizona; and 3) 
var. arizonica is found in southern Arizona and northern 
Mexico.7 It is notable that ponderosa pine is not found in a 
large area that includes southwestern Montana, western 
Wyoming, southern Idaho, and parts of the Great Basin. 
The distribution of rainfall during the summer months 
might prevent seedling establishment in these areas.8

In the early 1960s, researchers tried to identify the abor-
tifacient (or abortion-causing) compound in ponderosa pine, 
but most of these efforts met with limited success due to 
the lack of a small animal model. Using cattle, James 
and coworkers9 demonstrated that the abortion-causing 
compound(s) could be extracted effectively from needles 
using methylene chloride. Using bioassay-guided fraction-
ation, wherein different extracted fractions were given to 
pregnant cattle, Gardner et al.10 identifi ed isocupressic acid 
(ICA), a diterpene acid, as the abortion-causing compound. 
A number of ICA derivatives and/or metabolites also are 
abortifacient.11–13 The chemical composition of pine needles 
is quite complex, and ICA is only one of several diterpene 
acids found in ponderosa pine.

Further research has demonstrated that other gymno-
sperms contain ICA.14 Interestingly, the incidence of 
reported abortions in suspected abortion-causing plants, 
such as Monterey cypress and lodgepole pine, increases 
with increasing concentrations of ICA and/or its metabolic 
derivatives in those plants. Furthermore, the incidence, 
progression, and subsequent pathological conditions related 
to Monterey cypress-induced abortions are similar to that of 
ponderosa pine.15 Lodgepole pine and common juniper are 
also abortifacient in cattle.13

Currently, the mechanism of how ICA causes abortion 
in cattle fed pine needles is not known. Ford et al.16 demon-
strated that the blood fl ow to the placental/fetal unit is 
decreased (vasoconstriction) in cattle fed pine needles. The 
subsequent stress to the fetus likely initiates parturition. 
However, ICA has not been shown to have direct vasocon-
strictive properties.17 ICA is metabolized readily12 and it 
might be that one of its metabolites is the compound 
responsible for reducing blood fl ow to the fetus. Further 
research is needed to identify the mechanism of toxicity, 
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the abortifacient ICA metabolite, the biological target, 
and potential methods to reduce or counteract these toxic 
effects.

Management Recommendations
Results from pen and fi eld studies have shown that cattle 
will eat 20–40% of their diet as pine needles.2,18,19 Cattle eat 
fresh needles from the trees as well as dry needles from the 
ground litter (Fig. 2). Grazing cattle stressed by greater 
snow depth and lower minimum daily temperatures  eat 
more pine needles,18,20 and during these conditions, thin 
cattle in low body condition will eat more pine needles 
than fat cattle in high body condition.20 Therefore, we 
recommend that pregnant cows be maintained in at least 
moderate to good body condition when grazing on pine 
needle-infested rangelands to reduce consumption and risk 
of abortions.

Although there are no known methods to prevent pine 
needle-induced abortions, some basic recommendations 
can minimize the potential impact. First, deny pregnant 
cows access to pine needles during the later periods of preg-
nancy (third trimester) because this is when they are most 
susceptible. Second, provide adequate food and shelter to 
minimize pine needle consumption and losses due to pine 
needle abortion. Third, maintain pregnant cows in at least 
moderate to good body condition when grazing on pine 
needle–infested rangelands to reduce consumption and risk 
of abortions. Fourth, change the calving schedules to late 
spring or fall, thus minimizing the chance of experiencing 
weather conditions that drive cattle into the pine trees and 
lead to increased pine needle consumption. Lastly, if pine 
needle–induced abortion does occur, it is advisable to seek 
veterinary care for associated postpartum complications such 
as retained placenta and endometritis. Also, late-term calves 
might be alive at birth, but typically need extra care because 
they can be weak and might not suckle normally.

ICA Concentrations in Pine Trees
Currently, we do not know if the concentration of ICA in 
pine needles changes as a function of the environment or if 
there is location-to-location variation in ICA content. 
Because answers to these questions could infl uence manage-
ment recommendations as they relate to pine needle abor-
tion, the objective of our study was to monitor ICA content 
monthly for one year at six locations (Table 1). First, we 
ascertained if ICA content was uniform in individual trees 
in order to determine how to sample trees over time. We 
did so by making six individual collections from fi ve differ-
ent trees, as well as making a composite sample representing 
six individual points on each tree that were pooled as one 
sample. We sampled needles 2–3 inches from the growing 
tip from branches that could be reached without assistance. 
Table 2 shows the minimum, maximum, and average ICA 
concentration of the six individual collections from fi ve 
trees, as well as the ICA concentration from a composite 
sample from each tree. ICA concentrations can vary up to 
two-fold on the same tree from individual collections, 
whereas the composite sample refl ected more closely the 
mean of the six independent collections; therefore, we 
determined that it is best to make a composite sample to 
represent the ICA content of any individual tree.

Figure 1. Calf aborted in late gestation from a cow fed ponderosa pine 
needles from South Dakota. Photo courtesy of J. Pfi ster.

Figure 2. Cattle eating both fresh and dry pine needles in the Black 
Hills of South Dakota during winter, 2007. Photo courtesy of J. Pfi ster.

Table 1. Pine needle collection sites

State County City

Arizona Coconino Flagstaff

Montana Custer Miles City

Oregon Grant Seneca

South Dakota Custer Rapid City

Utah Dagget Manila

Wyoming Albany Laramie
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Using this sampling method, we identifi ed fi ve trees at 
each location and sampled each tree monthly for a calendar 
year by making a composite sample representing multiple 
points on the tree. We collected samples on approximately 
the same day of each month and at the same time of day. 
Locations were chosen based upon previously documented 
cases of pine needle abortion (Table 1). Table 3 shows the 
minimum, maximum, and average ICA concentration 
throughout the calendar year (5 trees × 12 months = 60 inde-
pendent measurements) at each location. Table 3 shows that 
some locations, such as Coconino County, Arizona, and 
Grant County, Oregon, had higher mean concentrations of 
ICA than places such as Albany County, Wyoming, and 
Dagget County, Utah. Figure 3, like Table 3, shows that 
some locations have greater ICA concentrations during 
some months in the calendar year than others. Figure 3 also 
shows that over the calendar year average, ICA concentra-
tions remain fairly constant at some locations (such as 
Custer County, South Dakota, and Custer County, 
Montana), but at other locations (such as Coconino County, 
Arizona, and Grant County, Oregon) there are signifi cant 
changes in average ICA concentrations during the year.

Table 2. Isocupressic acid (ICA) concentration 
(% of dry weight) in needles collected from vari-
ous points on the same tree at the same time

Tree

ICA Concentration (%)

Min Max Average SE Composite

1 1.02 1.81 1.35 0.14 1.35

2 0.65 0.88 0.75 0.04 0.58

3 1.37 2.43 1.78 0.16 1.54

4 0.76 1.34 1.05 0.11 0.77

5 1.35 2.43 2.00 0.19 1.93

Table 3. Average isocupressic acid (ICA) concen-
tration (% of dry weight) in ponderosa pine trees 
from samples collected throughout the year at the 
various locations

Location

ICA Concentration (%)

Min Max Average SE

Coconino County, Arizona 0.47 2.02 1.09a 0.05

Custer County, Montana 0.14 1.70 0.84ab 0.06

Grant County, Oregon 0.47 2.49 1.20a 0.07

Custer County, South Dakota 0.06 1.69 0.94ab 0.07

Dagget County, Utah 0.24 1.20 0.64b 0.03

Albany County, Wyoming 0.19 1.13 0.58b 0.03

ab Averages with different superscript letters indicate sig-
nifi cance at P < 0.14.

Figure 3. Mean isocupressic acid (ICA) concentrations in needles of the 
fi ve ponderosa pine trees collected at each location: a, Arizona and 
Oregon; b, Montana and South Dakota; c, Utah and Wyoming.
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Our results indicate that the concentration of ICA in 
pine needles is not uniform throughout an individual tree. 
Consequently, collecting a composite sample from a tree is 
most representative of a tree’s ICA content. In addition, 
ICA concentrations can vary between locations and between 
months at some locations, which might or might not be due 
to environmental conditions. This preliminary study provides 
the foundation for further detailed studies with a greater 
number of trees to determine 1) how the risk of abortions 
can vary between locations, 2) if ICA concentrations change 
as a function of the environment, and 3) if models can be 
developed to predict those changes and the subsequent risk 
of abortion.
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