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Needles from ponderosa pine (Pinus ponderosa) 
trees are known to cause late-term abortions in 
cattle.1 Isocupressic acid (ICA), a labdane resin 
acid in the needles of ponderosa pine, was iden-

tified as the abortifacient (abortion-causing) agent.2 Howev-
er, ICA was found to be quickly metabolized in both the ru-
men and the liver.3 The major metabolites of ICA identified 
thus far include imbricatoloic acid (IMB), agathic acid (AA), 
dihydroagathic acid (DHAA), and tetrahydroagathic acid 
(THAA).3,4 Additional research has demonstrated that other 
species of trees also contain ICA and/or metabolites of ICA.5 
Current management recommendations indicate that any 
plant material with a concentration greater than 0.5% ICA 

(on a dry weight basis), poses a risk for inducing abortions in 
late-term pregnant cattle, and ICA concentrations over 1% 
pose a much higher risk. In addition to ICA, pine trees may 
also contain IMB, AA, and DHAA. Recently it was reported 
that the bark of Utah juniper (Juniperus osteosperma), which 
contains a high concentration of AA (1.5% by dry weight) 
but no ICA, will induce abortions in cattle, demonstrating 
that AA is also an abortifacient in cattle.6 Consequently, to 
date we know ICA and AA are abortifacient compounds; 
however, it remains uncertain as to whether the other me-
tabolites—IMB, DHAA, or THAA—are biologically active 
as abortifacient compounds in late-term pregnant cattle.

Recently, there have been several reports of abortion rates 
of 10–15% within cattle herds in Oregon after cattle were 
pastured in areas with abundant western juniper trees (Ju-
niperus occidentalis; personal communications with Oregon 
ranchers). In each of these instances, there was no ponderosa 
pine, or other trees previously known to contain ICA, found 
in these areas, while there was clear visual evidence that cattle 
had consumed bark and needles from western juniper trees. 
The losses occurred most often after a significant weather 
incident, such as high winds that knocked limbs onto the 
ground or deep snow that covered available grasses, which 
can result in cattle eating large amounts of juniper bark and 
needles in a short period of time. Ranchers also reported 
cattle consuming large amounts of juniper from slash piles or 
riparian restoration projects using western juniper trees.

Consequently we analyzed the bark, needles, and berries 
from western juniper trees and determined that western ju-
niper trees contain labdane acids similar to ponderosa pine 
needles, albeit in lower concentrations.7 A follow-up pilot 
study indicated that the bark from western juniper trees could 
induce abortions in cattle.7 Consequently, western juniper 
trees appear to be a risk for inducing late-term abortions in 
cattle. However, this risk is not well characterized and it is 
unclear how much variation there is in the abortifacient com-
pounds in western juniper trees. A previous report has shown 
that there can be significant variation in the ICA content of 
ponderosa pine needles from location to location and over 
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time.8 The objective of our study was to collect samples of 
bark, needles, and berries from western juniper trees across 
the state of Oregon to determine how much variation there is 
in the abortion-causing compounds to better understand the 
variation in potential abortion risk.

Determining Variation in Labdane Acid 
Concentrations
Samples of needles, bark, and berries from western juniper 
trees were collected in January 2011 from six locations (eight 
or nine trees per location) in Baker County, Oregon, and from 
35 locations (10 trees per location) across the state of Oregon 
in August 2011. Samples were collected from live trees by 
walking around the tree and randomly taking grab samples 
of bark, needles, and berries (when present) from a minimum 
of four sites on the tree from parts of the tree that could be 
accessed by grazing cattle. The samples were placed into pa-
per bags and allowed to dry at ambient temperature and then 
analyzed for labdane acid concentrations. The concentration 
of labdane acids in the plant materials were measured by gas 
chromatography.9 Data are expressed as the mean concentra-
tion plus or minus one standard deviation (SD). Statistical 
comparisons of labdane acid concentrations between multiple 
samples were made by using a one-way analysis of variance 
with a Bonferroni post-hoc test. Comparisons between two 
samples were made using a Student’s t-test.i

Abortion Risk Variability by Location
The concentration of the labdane acids: ICA, IMB, DHAA, 
and AA were determined in bark, needles, and berries from 
eight or nine trees at six different locations in Baker County, 

i Differences were considered significant at P < 0.05.

Oregon (Fig. 1). The sum of these four labdane acids is rep-
resented as the total. Berries had a higher concentration of 
ICA, IMB, DHAA, and total labdane acids than needles or 
bark, but the bark was highest in AA.

Samples of needles, bark, and berries were collected from 
35 different locations (10 trees per location) across the state 
of Oregon and analyzed for labdane acid concentrations. Due 
to the fact that not all trees have berries, nor do the trees with 
berries have an equal number of berries, we only used the 
data from the needles and bark for the risk assessment. An 
average of the total labdane acid concentration of the bark 
and needles for each location was used to generate an estima-
tion of the potential abortion risk of the western juniper trees 
at each location (Fig. 2). Any location with an average total 
labdane acid concentration of 0.5% or greater was considered 
a risk to cause abortions, and any location with an average 
labdane acid concentration greater than 1% was considered a 
high risk. Based on our results, there was a moderate aborti-
facient risk for the western juniper trees at 26 of the 35 loca-
tions sampled in this study, with a higher risk at the other 
nine locations (Fig. 2).

The western juniper trees that were evaluated in this study, 
at each location, should be considered a risk to cause abor-
tions in late-term pregnant cattle. A statistical comparison of 
the different locations found very little difference from loca-
tion to location due to the large variation from tree to tree 
at a given location (data not shown). For example, at loca-
tion 8, six of the 10 trees sampled had a total labdane acid 
concentration less than 0.5% (Table 1). Three of the trees 
sampled had a total labdane acid concentration of 0.5–1.0%. 
This suggests that the majority of the trees at this location 
would pose a low to moderate risk. However, one of the trees 
at this location had a total labdane acid concentration greater 
than 8%. This specific tree would pose an extremely high risk 

Figure 1. Labdane acid concentrations in bark, needles, and berries from 
western juniper trees. The labdane acids analyzed were isocupressic acid 
(ICA), imbricatoloic acid (IMB), dihydroagathic acid (DHAA), agathic acid 
(AA), and their sum (TOTAL). Data represent the mean ± SD from eight or 
nine trees per location from six different locations.

Figure 2. Location of areas where western juniper trees were sampled 
and  potential  abortifacient  risks  at  those  locations.  Samples  were  col-
lected from 10 trees per location at 35 different locations. A « denotes 
locations that pose a medium abortifacient risk; ● denotes locations that 
pose a high abortifacient risk.
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to cause abortions in cattle. Perhaps this high variation is one 
of the reasons that western juniper trees do not cause a large 
number of abortions. The likelihood of many cows browsing 
on a single high-risk tree is probably low.

Samples were collected from four of the same locations 
at two different time points, January 2011 and August 2011. 
Labdane acid profiles were compared from the four locations 
at the two collection times to determine if there is seasonal 
variation in the labdane acid content in western juniper trees 
(Figs. 3A and 3B). The results of the comparisons suggest 
that there are no changes in the concentration of the four 
labdane acids or their total over time (Fig. 3A). Similar re-
sults were observed at all four locations (Fig. 3B). These pre-
liminary results suggest that there are no seasonal changes in 
the labdane acid content of western juniper trees. However, a 
more extensive analysis with samples collected multiple times 
throughout the year and over multiple years is needed to ver-
ify this preliminary finding. Additionally, in future studies, 
samples will be collected from the same tree each time in 
order to more accurately determine variability in individual 
trees over time.

Finally, we compared the labdane acid content of western 
juniper trees that have berries vs. trees without berries (Fig. 
4). Berries have a high concentration of labdane acids and 
might affect the production or distribution of labdane acid 
such that the bark from trees with berries might have a lower 
concentration than trees without berries. Out of the 350 trees 
analyzed, 168 trees had berries and 182 trees did not have any 
berries. There was no difference in the concentration of any 
of the labdane acids between trees with and without berries, 
suggesting the presence of berries on the trees does not affect 
the production or distribution of labdane acids. Although 
there is no difference in abortion risk between trees with and 
without berries based solely on the concentrations of lab-
dane acids, there are many other factors that might influence 
browsing on trees by cattle, and thereby alter abortion risk.

Management Recommendations
Controlled grazing studies have not been performed to spe-
cifically determine the factors that influence consumption 
of western juniper trees by cattle. However, after conversa-
tions we had with several ranchers who have experienced 

Table 1. An example of the high intralocation variability in labdane acid concentrations in bark between 
trees at one site in Oregon in August 2011. Concentrations of ICA, AA, or total above 0.5% indicate a me-
dium risk if browsed by pregnant cattle. Especially note tree 1

Tree % ICA % IMB % DHAA % AA % Total

5 0.01 0.08 0.05 0.11 0.2

9 0.01 0.05 0.05 0.16 0.3

4 0.14 0.05 0.02 0.08 0.3

8 0.01 0.03 0.02 0.29 0.3

3 0.02 0.07 0.04 0.23 0.4

2 0.07 0.12 0.08 0.12 0.4

7 0.02 0.11 0.15 0.26 0.5

10 0.01 0.37 0.08 0.19 0.6

6 0.06 0.27 0.07 0.64 1.0

1 7.91 0.16 0.06 0.24 8.4

Avg. 0.83 0.13 0.06 0.23 1.2

SD 2.49 0.11 0.04 0.16 2.5

Note:	Data	are	presented	as	a	percentage	of	dry	weight	plant	material.
ICA	indicates	isocupressic	acid;	IMB,	imbricatoloic	acid;	DHAA,	dihydroagathic	acid;	AA,	agathic	acid;	Total,	sum	of	the	four	
individual	labdane	acids;	Avg.,	the	average	for	the	location;	SD,	the	standard	deviation	for	the	location.
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problems, it appears that juniper-induced abortions are very 
similar to pine needle-induced abortions (personal commu-
nications with ranchers). Consequently, the following recom-
mendations are based upon both studies with ponderosa pine 
needles and our conversations with ranchers regarding west-
ern juniper-induced abortions.

Cattle appear to eat more juniper bark and needles from 
recently downed trees, either from trees found in slash piles 
or from debris after strong wind storms. Increased snow 
depth and lower daily temperatures can result in increased 
consumption.10,11 Additionally, cattle in low body condition 
may consume more juniper than cows in adequate body con-
dition.10

There are no known methods to prevent juniper-induced 
abortions; however, some basic recommendations may mini-

mize the potential impact. First, deny pregnant cattle access 
to juniper trees during the third trimester of pregnancy, as 
this is when they are most susceptible. Second, provide ad-
equate feed and shelter, as this will help to minimize juniper 
consumption. Third, maintain pregnant cattle in good body 
condition, which will also help to reduce juniper consump-
tion. Fourth, if significant problems continue, change the 
calving schedules to late spring or fall to minimize the chance 
of experiencing extreme weather conditions that drive cattle 
into trees for shelter and can cause increased juniper con-
sumption. Finally, if abortions do occur, it is advisable to seek 
veterinary care for associated postpartum complications such 
as retained placenta and endometritis. Also, late-term calves 
might survive, but they typically need extra care as they are 
usually weak and might not receive adequate colostrum or 
suckle normally.

Conclusions
Previous research has shown that western juniper trees can 
cause late-term abortions in cattle, similar to ponderosa pine 
trees. Initial analyses indicated that western juniper trees 
contain the same abortifacient compounds as ponderosa pine 
trees. Results presented in our study from over 400 trees from 
over 35 locations across the state of Oregon suggest western 
juniper trees in all areas present an abortion risk in pregnant 
cattle. The abortifacient compounds are found in bark, nee-
dles, and berries, with bark posing the most significant risk. 
There is substantial tree-to-tree variation, with some trees 
having extremely high concentrations of the abortifacient 
compounds and posing an extreme risk to cause abortions 
in cattle. Consequently, cattle producers who winter cattle in 
pastures with western juniper trees should take similar pre-
cautions to prevent late-term abortions as they would with 
ponderosa pine trees.

Figure 4. Comparison of  the  labdane acid concentrations  in bark from 
western juniper trees with and without berries. The labdane acids analyzed 
were isocupressic acid (ICA), imbricatoloic acid (IMB), dihydroagathic acid 
(DHAA),  agathic  acid  (AA),  and  their  sum  (TOTAL). Data  represent  the 
mean ± SD from 10 trees per location at 35 different locations, compris-
ing 168 trees with berries and 182 trees without berries.

Figure 3. Comparison of labdane acid concentrations over time. Samples 
of bark from western juniper trees were collected at four different loca-
tions  in Baker County, Oregon,  in  January 2011 and August 2011. A, 
A comparison of the labdane acids isocupressic acid (ICA), imbricatoloic 
acid (IMB), dihydroagathic acid (DHAA), agathic acid (AA), and their sum 
(TOTAL) at location 1. B, A comparison of the total labdane acid concen-
trations at all four locations. Data represent the mean ± SD from 8–10 
trees per location.

Figure 4. Comparison of  the  labdane acid concentrations  in bark from 
western juniper trees with and without berries. The labdane acids analyzed 
were isocupressic acid (ICA), imbricatoloic acid (IMB), dihydroagathic acid 
(DHAA),  agathic  acid  (AA),  and  their  sum  (TOTAL). Data  represent  the 
mean ± SD from 10 trees per location at 35 different locations, compris-
ing 168 trees with berries and 182 trees without berries.
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