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Herbivore Avoidance of a Simple Digitalis Extract 
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Browsing or clipping of seedlings by herbivores hinders reforestation efforts in the Pacific Northwest. 
Plants that are naturally avoided by herbivores may provide a source of aversive agents to serve as 
repellents. This study was conducted to determine whether mountain beaver (Aplodontia rufa) 
would ingest apple cubes treated with a simple water extract of digitalis (Digitalis purpurea). 
Responses were assessed in two-choice and one-choice tests. Under both test regimes, mountain 
beavers reduced (P  0.05) their intake of apple treated with the extract. It was concluded that 
digitalis may be an  effective source of aversive agents to deter herbivore damage in the Pacific 
Northwest. 
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INTRODUCTION 

Browsing or clipping of seedlings by herbivores hin- 
ders reforestation efforts in the Pacific Northwest (Black 
and Lawrence, 1992). Methods available to limit this 
damage are generally lethal and dificult to implement 
on a large scale. Public perception and increasing 
operational expenses further impede the use of tradi- 
tional technologies. As a consequence, alternative 
control strategies to minimize damage are needed, and 
repellents may provide a viable option (Feldhamer and 
Rochelle, 1982). 

Plants naturally avoided by herbivores may be a 
potential source of aversive agents (Cardellina, 1988). 
For example, herbivores rarely ingest digitalis (Digitalis 
purpurea; Corrigall e t  al., 1978). However, it is un- 
known whether herbivores will avoid palatable plants 
when these desirable forages are treated with extracts 
derived from digitalis. 

The objective of this study was to determine whether 
a herbivore would ingest a preferred food treated with 
a simple water extract of digitalis. Mountain beavers 
(Aplodontia rufa), a fossorial rodent endemic to the 
Pacific Northwest, were chosen as subjects to model the 
response. Strictly herbivorous, mountain beavers are 
rather indiscriminate foragers ingesting some plants 
avoided by other herbivores (Voth, 1968). Digitalis, 
however, is generally not ingested by mountain beavers 
(unpublished data). 

MATERIALS AND METHODS 

Stimuli. Digitalis was collected from the Capitol State 
Forest, Grays Harbor County, approximately 30 km from 
Olympia, WA. Samples were frozen and then lyophilized for 
48 h. The lyophilized digitalis and the resultant condensate 
(RC), approximately 80% of the sample weight, were collected 
for use as stimuli. Vapors collected in the condenser (-40 "C) 
during lyophilization primarily result from the sublimation of 

*Author to whom correspondence should be ad- 

' U.S. Department of @culture, Denver. 
5 Chinese Academy of Science. 

dressed. 
U.S. Department of @culture, Olympia. 

water. However, sublimation of volatile compounds whose 
triple point exceeds the conditions of the freeze-dryer will also 
occur. Vapors may also result from the evaporation of volatile 
compounds that are present in the liquid state. The highly 
volatile constituents of digitalis present in RC were thus 
removed from digitalis by sublimation and condensed with the 
water. The lyophilized digitalis (dried material) was ground 
through a No. 20 Wiley mill, then added to water (1 g/2 mL), 
stirred slowly, and heated (85 "C) for 8 h. Subsequently, solids 
were removed by pouring the water extract (WE) through a 
course filter. Therefore, WE consisted of the water-soluble, 
polar constituents extracted from the plant material following 
lyophilization. Prior to treatment, RC was also diluted with 
water (4 g/2 mL). Thus, WE and RC concentrations reflected 
their respective ratio (1:4) in the fresh digitalis. WE and RC 
as well as a plain water control (CON) were maintained at 6 
"C until applied to the test system. Immediately prior to  test, 
apple cubes (1 cm3) were submerged in their respective 
treatments for 1 h. 

Subjects. Experimentally naive male (six) and female (six) 
mountain beavers, trapped in the vicinity where the digitalis 
was collected, were used in the experiment. Animals were 
penned individually in outdoor pens (3 x 3 m) and given free 
access to pelleted feed (X-Cell Feed Co., Tacoma, WA) and 
water throughout trials. Centrally located nest chambers 
consisted of three covered plastic cans (76 L) connected with 
corrugated pipe (30 x 10 cm diameter). Food was available 
in covered dishes outside the nest area. Experimental animals 
were given a minimum of 4 days to  adjust to captivity and 
the test regime prior to the onset of trials. 

Behavioral Assays. Responses of mountain beavers to 
treated apple cubes (1 cm3) were assessed in two-choice and 
one-choice tests. Two-choice tests are sensitive tests of 
discrimination between two foods because the subjects can 
avoid a repellent merely by feeding on the untreated (control) 
food (Mason et al., 1989). Conversely, one-choice tests are 
more stringent tests of repellency because the animals must 
either ingest the treated food or ingest none at all. Apples 
were selected as the common food among treatments because 
they are readily ingested by mountain beavers. 

Two-Choice Test. Two, two-choice tests were conducted 
to determine whether mountain beaver differentiated between 
WE and CON treated apple cubes and between RC and CON 
treated apple cubes. Trials were counterbalanced; therefore, 
half of the subjects (three males and three females) were first 
given a choice between 20 apple cubes treated with WE or 20 
apple cubes treated with CON on 4 consecutive days. Con- 
versely, in similar trials, the other subjects (three males and 
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Figure 1. Number of apple cubes taken during a two-choice 
test when mountain beavers were offered 20 cubes treated with 
a digitalis water extract (solid circles) and 20 cubes treated 
with water (open circles) (a) and during a similar test when 
mountain beavers were offered cubes treated with resultant 
condensate (solid circles) and cubes treated with water (open 
circles) (b). Vertical capped bars depict 1 SE. 

three females) were first given a choice between RC and CON 
and then WE and CON. In all cases, apple cubes were 
provided in the morning at approximately 9:30 a.m. and intake 
was assessed at 24 h. After 24 h, test foods were removed 
and replaced with fresh apple cubes with their respective 
treatments. Location of the CON was randomly selected on 
the first day and alternated on subsequent days. 

One-Choice Test. After a week delay, animals used in the 
two-choice tests were tested for their acceptance of WE in one- 
choice tests. On each of 4 consecutive pretreatment days 
animals were given 20 untreated apple cubes as described 
above. The number of apple cubes removed was assessed after 
24 h, and a fresh set of apple cubes was provided. A 4 day 
treatment period immediately followed pretreatment. Treat- 
ment procedures were similar to  those described for pretreat- 
ment, except the mountain beavers were presented with 20 
WE treated apple cubes on each of the 4 treatment days. 

Data Analysis. A four-way repeated-measures analysis of 
variance (ANOVA) was used to assess differences among 
experimental factors in the two-choice tests. Between-subject 
factors were sex (two levels) and order of test (two levels), while 
within-subject factors were treatment (four levels) and day 
(four levels) (Winer, 1971). Tukey post hoc tests were used to 
isolate difference among means (P 
A three-way ANOVA with repeated measures over periods 

(two levels) and days (four levels) was used to  assess the 

0.05). 
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Figure 2. Number of apple cubes taken during a pretreat- 
ment period (open circles) when mountain beavers were offered 
20 untreated apples cubes and during a subsequent treatment 
period when they were offered 20 apple cubes treated with a 
water extract of digitalis (solid circles). Vertical capped bars 
depict 1 SE. 

results of the one-choice tests. Sex was the between-subject 
factor in the analysis. 

RESULTS 

Intake of apple cubes during the two-choice tests 
varied among treatments (P -= 0.0001; Figure 1). 
Similar numbers of apple cubes were taken irrespective 
of whether the cubes were treated with RC or water 
(controls). However, the mountain beavers ingested 
fewer apple cubes treated with WE (P < 0.05). There 
were no differences between sexes (P  = 0.09221, in the 
amount ingested on consecutive days (P  > 0.351, or in 
the order in which the tests were administered (P  = 
0.3048). Nor were there any significant interactions (P  
> 0.05). 

In the one-choice tests, mountain beavers ingested 
fewer apple cubes during the treatment period than 
during the pretreatment period (P < 0.0001; Figure 2). 
Male and female animals responded similarly (P = 
0.2615), and there were no day effects (P =- 0.35). No 
significant interactions occurred (P > 0.05). 

DISCUSSION 

Mountain beavers avoided water extracts of digitalis; 
however, they readily ingested apple cubes treated with 
the resultant condensate. These results demonstrate 
that  one or more water-soluble compounds are present 
in WE a t  a sufficient concentration to induce food 
avoidance. Highly volatile compounds that may have 
been present in the RC either were not aversive to 
mountain beaver or were not present in sufficient 
quantities to cause an  avoidance. 

Repellents inhibit animal foraging by decreasing a 
plant's palatability. This deterrence may be achieved 
either through a conditioned aversion or through an  
unlearned initial avoidance (Mason and Clark, 1992). 
Conditioned food aversions occur when ingestion of a 
novel food is paired with nausea (Garcia and Koelling, 
1966; Garcia, 1989). Thus, any flavor paired with 
gastrointestinal distress can become an effective repel- 
lent. Repellents that  elicit initial avoidance are gener- 
ally either irritants (e.g., capsaicin) or those that evoke 
a "fear" response (e.g., predator scents). 
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Toxins that  induce nausea are present in digitalis 
(Joubert, 1989); however, it  is unknown whether the 
avoidance of digitalis is a learned aversion or an  innate 
response. Extracts in these trials were avoided by 
mountain beavers on the first day of trials, but these 
animals had probably encountered digitalis prior to 
being captured. Regardless, the digitalis cues avoided 
by animals may be nontoxic. Gustatory or olfactory cues 
of a food, and the specific compounds that cause aversive 
feedback, need not be and probably rarely are synony- 
mous (Provenza and Balph, 1990). 

Digitalis extracts may provide a viable option to  
inhibit herbivore damage in the Pacific Northwest. I t  
is difficult to extrapolate these results to other species; 
however, digitalis is generally avoided by all herbivores. 
Herbivore familiarity with the plant may be beneficial 
in the use of digitalis extracts as  repellents. Its 
abundance in the Pacific Northwest ensures that  if 
avoidance requires learning, most animals will recognize 
i ts  aversive properties through prior encounters. Ex- 
periences with the digitalis plant may also reduce 
habituation to its aversive cues. Animals that  ignore 
cues emitted by the plant risk exposure to digitalis’ toxic 
characteristics. 
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