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Abstract 

Larkspur (Delphinium spp.) kills more cattle on mountain 
rangelands in the western U.S. than any other plant, disease or 
predator. The concentration of toxic alkaloids was measured in 4 
larkspur species, at 10 locations, at 2-week intervals during the 
growing season. In addition, multi-year samples from previous 
studies were analyzed to determine year-to-year variation in 
toxic alkaloids. Mountain larkspur (0. g&cum Wats.) had the 
highest concentration of toxic alkaloids averaged over growth 
stages (1.01% of dry weight), tall (0. barbeyi (L.) Huth) and waxy 
larkspur (0. glaucescens Rydb) were intermediate (0.65 and 
0.49% respectively), and duncecap (0. occident& S. Watts) was 
lowest (0.29%). Toxic alkaloid concentration generally declined 
as the plants matured. However, toxic alkaloids in tall larkspur 
at Yampa, Colo. increased slightly in the pod stage, and toxic 
alkaloids in waxy larkspur increased from the vegetative to the 
bud stage. Concentration of toxic alkaloids in tall and duncecap 
larkspur leaves were higher in plants growing in open sunlight 
than those shaded under aspen or conifer canopy. Toxic alkaloid 
concentration varied among individual plants (C.V. 20-60%). 
Knowledge of the toxic alkaloid concentration of larkspur popu- 
lations can be used to predict the risk of larkspur poisoning. 

Key Words: poisonous plant, norditerpenoid alkaloids, methylly- 
caconitine, 14&acetylnudicauline, Delphinium barbeyi, D. occi- 
dent&e, D. gluucescens, D. gloucum, cattle grazing 

Larkspurs (Delphinium spp.) kill more cattle on mountain 
rangelands than any other plant, disease, or predator (Aldous 
1917, Nielsen and Ralphs 1988). The 4 larkspur species listed 
below are native, pristine species that dominate the tall forb plant 
community of the subalpine, aspen, and mountain big sagebrush 
vegetation zones. As a class, they are considered “tall” larkspurs, 
growing from 1 to 2 m in height. Tall larkspur (D. barbeyi (L.) 
Huth) occurs in the southern Rocky Mountains of Colorado and 
New Mexico and from central Utah southward on the Colorado 
Plateau. Duncecap larkspur (D. occidentale S. Watts) occurs in 
the northern Rocky Mountains and Intermountain region. Waxy 
larkspur (D. glaucescens Rydb) occurs in high mountain valleys 
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of southwestern Montana. Mountain larkspur (D. glaucum Wats.) 
occurs in wet meadows and creek bottoms in the Sierra Nevada 
and southern Cascade Mountains (Fig. 1). 

Toxicity of larkspur is known to differ by species, location, 
plant part, and phenological growth stage (Olsen 1977, Ralphs et 
al. 1988). The variation in toxicity between larkspur species, and 
in populations of the same species, is due to differences in con- 
centration of toxic alkaloids. Recent advances in technology have 
enabled us to identify and measure the alkaloids in larkspur, and 

q D. barbeyi n D. glaucescens 

q D. glaucum D.occidentale 
Fig. 1. Distribution of tall (0. barbeyi), mountain (0. glaucum), waxy 

(D. glaucescens), and duncecap larkspur (0. occidentale). 
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to determine their toxicity (Manners et al. 1993, Manners et al. 
1995). There are over 20 norditerpenoid alkaloids in the tall lark- 
spurs, but the major toxic alkaloids are methyllycaconitine 
(MLA) and 14-deacetylnudicauline (DAN). 

The objective of this descriptive study was to quantify toxic 
alkaloid concentration in these 4 “tall” larkspur species through 
their phenological growth stages, and over years. These 4 species 
cause substantial cattle losses in their respective regions. We also 
evaluated the effect of shade on alkaloid concentration in tall and 
duncecap larkspur by collecting plants growing in open sunlight 
and under forest canopy. 

Methods 

Tall larkspur samples were collected on a weekly basis 
throughout the growing season in 1991 near Manti, Ut. The col- 
lection site was in the subalpine zone (3,100-m elevation) where 
larkspur patches occurred on snowdrift sites scattered among sub- 
alpine fir stands. Five plants were harvested each week and alka- 
loids were measured in the leaves to determine the variability 
between individual plants. Toxic alkaloid concentration of indi- 
vidual plants, means, and standard errors were graphed, and the 
coefficient of variation (CV) was calculated. 

Samples were collected in 1992 from tall, duncecap and waxy 
larkspur, at 8 locations throughout the western states (Table 1). 
Samples were collected at 2-week intervals throughout the grow- 
ing season to monitor changes in alkaloid concentration in lark- 
spur plant parts over phenological growth stages. Leaves and 
reproductive racemes (flowering heads) were picked from 30 to 
50 plants at each site on each sampling date and composited by 
plant part. Where the populations occurred both in the open and 
under forest canopy, samples were taken from both areas to deter- 
mine the influence of shade on alkaloid concentration. In addi- 
tion, multi-year samples of tall, duncecap, and waxy larkspur col- 

Table l.Collection sites of larkspur species, location, elevation, and plant co mmmunity. 

lected in conjunction with previous grazing studies, are reported 
to illustrate year-to-year variability in alkaloid concentration. 
Samples of mountain larkspur were collected from 3 sites at each 
of 2 locations in the Sierra Nevada Mountains in 1996 at 2-week 
intervals throughout the growing season. 

Plant samples from all collections were harvested around noon 
to reduce any potential diurnal changes in alkaloid concentration. 
Samples were air-dried in a forced air oven for 48 hours at 60” C, 
and ground to pass through a l-mm screen. There was no differ- 
ence in alkaloid concentration between subsamples frozen imme- 
diately following harvesting and freeze dried, and subsamples 
transported back to the lab and air dried. Norditerpenoid alkaloids 
in tall, duncecap and waxy larkspur were extracted and methylly- 
caconitine (MLA) and 14-deacetylnudicauline (DAN) were quan- 
tified by high pressure liquid chromatography (HPLC)(Manners 
and Pfister 1993). The LD50 for these alkaloids are similar (4.78 
and 4.0 mg/kg i.v. in mice, Manners et al. 1995), thus they were 
added together to obtain concentration of total toxic alkaloids. 
The total toxic alkaloid concentration in mountain larkspur was 
estimated directly by Fourier transformed infrared spectroscopy 
(FAIR) (Gardner et al. 1996). The FTIR method was calibrated 
using HPLC values of the same samples of tall, duncecap and 
waxy larkspur used in the earlier part of the study. The total toxic 
alkaloid concentration of all species was expressed as percentage 
of plant dry weight. 

Differences in toxic alkaloid concentration between species, 
locations, and plant parts were compared by analysis of variance 
in a general linear model. Differences between species were test- 
ed by the location-within-species factor, and plant parts and the 
species X part interaction were tested by the part X location-with- 
in-species interaction. Within each species, differences between 
populations at different locations were tested by the year-within- 
location factor, and growth stage and location X stage factors 
were tested by the residual error. Where F-tests showed signifi- 
cant differences, means were separated by Duncans multiple 

Species Location Elevation 
(ml 

Plant 
Community Canopy 

Tall 
(D. burbeyi) 

Duncecap 
(D. occidenrule) 

Mountain 
(0. ghucum) 

w=Y 
(0. glaucescens) 

Manti, Ut. 24 km SE 3,100 
Salina, Ut. 46 km SE 3,OfJO 
Yampa, Colo. 14 km W 2,700 

Oakley, Ida. 32 km W 
Jackpot, Nev. 28 km E 
Jackson, Wyo. 55 km SE 
Bozeman, Mont. 
Battle Ridge 33 km NE 
Crazy Mount. 60 km E 

2,500 Aspen 
2,300 Aspen 
2.250 Conifer 

2,100 
LW 

Sonora Pass, Cal. 
Bell Meadow 64 km W 
Eagle Meadow 40 km W 
Sardine Meadow 48 km W 

2,@30 Aspen 
2,700 Creek bottom 
2,800 Willows 

Carson Pass, Cal. 
Sherman Creek 35 km W 
Alder Creek 37 km W 
Winnemucca Lake 2 km S 

Sheridan, Mont. 93 km S 

a333 
2,100 
2,700 

2.m 

Subalpine 
Aspen 
Aspen 

Doug. Fir 
Meadow 

Creek bottom 
Creek bottom 
Wet meadow 
Mt Big 
Sagebrush 

Conifer, Open 
Aspen, Open 
Open 

Aspen, Open 
Aspen, Open 
Conifer, Open 

Conifer 
Open 

Aspen 

Open 
open 

True fir 
Red fir 

@en 

open 
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range test (P < 0.05). Influence of shade on toxic alkaloid concen- 
tration was compared in plants from the same populations grow- 
ing in open sun vs shade by paired sample t-tests. Average toxic 
alkaloid concentration in larkspur leaves plus heads at the various 
growth stages are presented in graphs to illustrate the decline in 
toxicity as the growing season progressed. 

Results and Discussion 

Alkaloid Composition 
The dominant toxic alkaloid was methyllycaconitine (MLA) in 

the 3 species analyzed by HPLC (Table 2). The minor alkaloid, 
14-deacetylnudicauline (DAN), comprised an average of 15% of 
the toxic alkaloid concentration in all tall larkspur samples, in 
waxy larkspur at Sheridan, Mont., and in duncecap larkspur at 
Bozeman, Mont. and Jackson, Wyo. However, duncecap larkspur 
contained only 2% DAN at Oakley, Ida. and Jackpot, Nev. Data 
on alkaloid composition of mountain larkspur were not available 
since FIIR does not separate MLA and DAN. 

Species 
Mountain larkspur from the Sierras had the highest mean toxic 

alkaloid concentration of the species studied with an average of 
1.01% over all growth stages (Table 2, Fig. 2). Waxy and tall 
larkspur were intermediate, and duncecap larkspur had the lowest 
mean toxic alkaloid concentration. Olsen (1977) compared the 
toxicity of tall, waxy, and duncecap larkspur in a mouse bioassay 
and reported that tall larkspur was most toxic; waxy larkspur was 
4 times less toxic, and duncecap larkspur was 10 times less toxic 
compared to tall larkspur. He collected larkspur samples in the 
bud stage of development. When only the vegetative and early 
bud stages in our study are considered (Fig. 2), the relative order 
of toxic alkaloid concentration among species is comparable to 
the toxicity reported by Olsen (1977) 

Plant Part 
Immature leaves in the early growth stages of mountain, tall, 

and duncecap larkspur contained the highest toxic alkaloid con- 

Larkspur Species 
2.4 I ,  

g 2.0 - 
2 9 1.6 - 
zi 1.2- 0 fj 0.8 - l- gg 0.4 - 

M Mountain 
T Tall 

W Waxy 
D Duncecap 

0.0 1 ’ I I I I I I I I 
LATE EARLY LATE EARLY LATE EARLY LATE SHAT 

IVEGj BUD IFLOWER POD 1 

Fig. 2. Average toxic alkaloid concentration (mean of populations, 
locations and years) of mountain, tall, waxy, and duncecap lark- 
spur during the phenological growth stages. 

centration. However, during the reproductive growth stages, the 
flowering racemes and pods of all species contained higher levels 
of toxic alkaloids than the leaves (mean toxic alkaloid concentra- 
tion 0.55% for heads vs 0.46% for leaves, P = 0.002). Toxic alkar 
loid concentration in waxy larkspur heads remained fairly con- 
stant over the season (0.89%) while the other species declined as 
the plants matured. 

Growth Stage 
Figure 3 illustrates the classical decline in toxic alkaloids as the 

growing season progressed. However, there is a large variation 
among individual plants harvested (CV 20-60%), which illus- 
trates the large variation between individual larkspur plants with- 
in a population. 

Table 2. Average concentration of individual and total toxic alkaloids (mean f SE) in 4 larkspur species expressed as percentage of dry weight of the 
plant. 

Larkspur 
Species Location MLA’ 

Alkaloids 
DAN 

Total 
Toxic 

Alkaloids 

Tall Manti, Ut 
Salina, Ut. 
Yampa, Colo. 
Mean 

Duncecap Oakley, Ida. 
Jackpot, Nev. 
Jackson, Wyo. 
Bozeman, Mont. 
MCXII 

Mountain Sonora, Cal 
Carson, Cal 
Mean 

way Sheridan, Mont.0.57 

__________ ( 
0.37 
0.49 
0.43 

0.32 0.006 
0.44 0.010 
0.16 0.040 
0.19 0.040 

o/o)---------. 

0.09 
0.10 
0.03 

SE 
0.45 + 0.06 
0.59 r 0.06 
0.46*0.04 
0.49 bc* 

0.32 f 0.03 
0.45 f 0.06 
0.20 + 0.03 
0.23 f 0.03 
0.29 c 

0.84 f 0.09 
1.16ItO.11 
1.01 a 

0.65b+ 0.07 

‘MLA = methyllycaconitine; DAN = 14-deacetylnudicauline. 
%Ieans of species not followed by the same letter are different (P < 0.05). 
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1.6 
cn 
cl 

2 1.2 

9 
G! 0.8 
0 
2 
p 0.4 
e 0 

0.0 

TALL LARKSPUR 
Manti Ut. 1991 

WEEK 1 2 3 4 5 6 7 8 9 10 
1 VEG 1 BUD 1 FLOWER 1 POD 1 

Fig. 3. Variability in toxic alkaloid concentration in leaves among 
individual plants of tall larkspur at Manti, Ut. at weekly intervals 
throughout the growing season. Error bars are standard error of 
the mean. Samples were composited in week 1,8,9, and 10 due to 
lack of plant material for analysis. 

Toxic alkaloid concentration (mean of leaves and reproductive 
parts) generally declined in mountain, tall, and duncecap larkspur 
as they matured during the growing season (Fig. 4). However, 
toxic alkaloid levels in tall larkspur at Yampa increased in the 
pod stage in 2 of the 3 years sampled (Fig. 4B, Pfister et al. 
1994). Summer thunder showers occur in late July and August in 
western Colorado about the time tall larkspur is maturing into the 
pod stage. We speculate that the additional precipitation at this 
time may increase plant metabolism, and stimulate toxic alkaloids 
synthesis. 

There was little change in toxic alkaloid concentration in 
duncecap larkspur at Bozeman, Mont., Jackson, Wyo., and 
Jackpot, Nev. as the plants matured over the season (Fig. 4D), but 
alkaloid levels were relatively low. Toxic alkaloid concentration 
in waxy larkspur increased from the vegetative to the early bud 
stage (Fig. 4F), which contrasts with the other species. 

Locations and Years 
Toxic alkaloid concentration in populations of tall larkspur at 

Manti and Salina, Ut. and Yampa, Colo. were similar (P = OX), 
and mountain larkspur populations at Sonora Pass and Carson 
Pass had similar concentrations (P = 0.23). Duncecap larkspur at 
Jackson, Wyo. and Bozeman, Mont. contained lower mean toxic 
alkaloid concentration than at Jackpot, Nev. (Fig. 4D) or Oakley, 
Ida. (Fig.4C) (P < 0.05). 

Toxic alkaloid concentration of larkspur populations differed 
among years. Tall larkspur at Manti declined below 0.4% in 
1992, but remained above 0.6% throughout the season in 1988 
(Fig. 4A). At Yampa, toxic alkaloid concentration remained fairly 
constant throughout the season in 1992, as opposed to decreasing 
in the flower stage, then rising in the pod stage in 1990 and 1991 
(Fig. 4B). Toxic alkaloid concentration of duncecap larkspur at 
Oakley remained high throughout the season in 1989 compared to 
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Table 3. Difference in toxic alkaloid concentration in leaves of larkspur 
plants grown in shade or open sun (means f SE). 

Species open Shade P 

_--------- ~..(%o)~.._~~~~..... 
Tall 0.49Lto.13 0.40*0.10 0.02 
Duncecap 0.31 + 0.07 0.23 f 0.04 0.07 

1988 and 1992 (Fig. 4C). There was no difference in toxic alka- 
loid concentration of waxy larkspur between years (Fig. 4P). 

Shade 
Leaves of tall and duncecap larkspur growing in open sunlight 

were higher in concentration of toxic alkaloids than plants grow- 
ing in the shade of either aspen or conifer (P < 0.07, Table 3). 
There was no difference in toxic alkaloid concentration in lark- 
spur heads between sun and shade. We speculate that reduction in 
light under tree canopy reduced synthesis of toxic alkaloids in the 
leaves. Other environmental differences between the shaded and 
open sites (temperature, soil type, fertility, and moisture) may 
have also contributed to the difference in toxic equivalents. 

Management Implications 
Toxic alkaloid concentration generally declined as mountain, 

tall, duncecap, and waxy larkspur matured. This supports the rec- 
ommendation to defer grazing until after larkspur pods mature to 
reduce the risk of poisoning (Marsh and Clawson 1916). 
However, toxic alkaloid concentration in tall larkspur at Yampa, 
Colo. increased in the pod stage in 2 of the 3 years. Therefore, a 
rancher should be cautious grazing cattle in larkspur areas late in 
the season during stormy periods or conditions that may increase 
plant metabolism and synthesis of toxic alkaloids. 

The risk of poisoning can be calculated based on the toxic alka- 
loid concentration of a population and the amount of larkspur a 
cow must eat to be poisoned (Pfister et al. 1994). The effective 
dose of MLA is 20 mg kg-’ BW (Pfister et al. 1997). An effective 
dose is defined as that causing muscular fatigue and collapse. In a 
450 kg cow, the effective dose to cause collapse would be about 
9,000 mg MLA. If the toxic alkaloid concentration in a given 
larkspur population in the early growth stages was 0.80% (8,OGO 
mg kg-’ of dry plant material), it would take only 1.13 kg (dry 
weight) of larkspur to cause a cow to collapse. Thus, the risk of 
intoxication is quite high. If the toxic alkaloid concentration fell 
to 0.30%, as it generally does in the late flower and pod stage, the 
cow would have to eat 3 kg larkspur, or more than 25% of her 
diet, to be affected. Daily dry matter intake of a cow is about 12 
kg. The probability of a cow eating 3 kg larkspur in a short period 
of time is quite low, therefore, the risk of poisoning is substantial- 
ly reduced. 

The toxic alkaloid concentration in the 4 larkspur species in 
Figure 4 can be used to estimate the risk of intoxication at the 
various growth stages. However, the difference in toxicity 
between years, locations, growing conditions, and unexpected 
changes within a season, makes it difficult to accurately predict 
the toxicity of a larkspur species. Thus, a larkspur population 
must be tested periodically to determine its toxicity. 

Analytical techniques (PTIR) are available to rapidly extract 
and quantify toxic alkaloids in larkspur species (Gardner et al. 
1996). Larkspur populations could be sampled to determine the 
toxic alkaloid concentration at a point in time and assess the risk 

JOURNAL OF RANGE MANAGEMENT 50(5), September 1997 



TALL 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

Manti Ut. 

R A 8 9 2 1988 1989 1992 

0.0 1’ I I I I I I) 
LATE EARLY LATE EARLY LATE EARLY IATE 

IVEGI BUD 1 FLOWER 1 POD 1 

1.0 
Oakley Ida. 

1 I I I I I I 

DUNCECAP 

1.0 

g 0.8 

5 
-I 
9 

0.6 
-I 
a 0.4 
0 
z 
e 0.2 
s 

0.0 I , 

8 1988 
9 1989 

g 0.8 

B -I 9 0.6 

g 0.4 0 2 e 0.2 

Ll I I I I I I I 0.0 
LATE EARLY LATE EARLY LATE EARLY IATE 

1.4 Yampa Cola. , I I I I I I 

1.2- B 0 1990 - 

1.0 - 1 
1991 

21992 - 

0.8 - 

0.6 - 

0.4 - 

0.2 - 

0.0 I I I I I I I 
LATE EARLY LATE EARLY LATE EARLY LATE 

IVW BUD I FLOWER I POD I 

1992 

Tl-gicJ 

N LI N 

-1 1 
I I I I I I I I 

4TE EARLY LATE EARLY LATE EARLY LATE 

IVEGl BUD I FLOWER I POD 1 IVW BUD 1 FLOWER I POD I 

2.4 

v) 2.0 
n 
2 1.6 

9 
2 

1.2 

0 0.8 

2 0.4 
2s 

0.0 

MOUNTAIN 
I I I I I 1 

S Sonora Pass Cal 
C Carson Pass Cal. 

I I I I I I 
TE EARLY IATE EARLY LATE EARLY LATE S 

1.4 

1.2 
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8 1988 

i 
J I I I I I I I 
4TE EARLY LATE EARLY LATE EARLY LATE 

IVEGl BUD I FLOWER1 POD I IVW BUD I FLOWER I POD I 

Fig. 4. Toxic alkaloid concentration (average of leaves plus heads) in tall (A,B), duncecap (C,D), mountain (E), and waxy (F) larkspur during 
phenological growth stages, at different locations and years. 
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of poisoning. The rancher could then make an informed decision 
whether to graze cattle in a larkspur-infested pasture, or to wait 
until toxicity declines. 
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