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Abstract. A three-year study examined how pocket gophers affect pattemns
of survivorship, growth, and reproduction of large beardiongue (Penstemon
grandiflorus, Scrophulariaceae). With their mound-building and tunneling
behavior, pocket gophers create areas with sparse vegetation. Plants grow-
ing naturally in areas with pocket gopher disturbances exhibited higher rates
of mortality, but surviving plants grew faster and reproduced sooner than
other plants. In an experiment in which beardtongue was transplanted into
wvo gopher-proof pens, one with and one without other vegetation, planis
growing in the pen with bare soil exhibited higher rates of survivorship,
growth. and reproduction. compared to the planis in the natwrally vegetated
pen. A rool-removal experiment designed 1o simulate gopher herbivory
showed that root loss of a kind normally experienced by beardtongue result-
ed in higher rates of monality. However, reproduction in surviving plants
was not affected by root removal. The data show that although pocket
gophers reduce the survivorship of individual plants, their presence actually
helps perpetuate large beardiongue in the landscape.

INTRODUCTION

In the Norlh American prairie and adjacent oak savanna habi-
tats, pocket gophers were important agents of disturbance prior to
European settiement (Mielke 1977). Through their earth moving
activities, pocket gophers and other fossorial animals modify the
prairie and savanna landscape in several ways, including the cre-
ation of soil mounds. feeding tunnels, and underground food
caches. These features have been found to influence the survivor-
ship, recruitment, growth, reproduction, and biomass of the sur-
rounding vegetation (Platt 1975, Tilman 1983, Hobbs and Mooney
1985. Reichman and Smith 1985, Reichman 1988). Feeding princi-
pally on herbaceous plants (Behrend and Tester 1988), pocket
gophers can also affect the vegetation through their herbivory. The
purpose of this study was to determine the extent 10 which pocket
gophers affect survivorship. growth, and reproduction of large
beardtongue (Penstemon grandiflorus Nutt,, Scrophulariaceae)
through their herbivory and mound building.

MATERIALS AND METHODS

The Study Area and Plant

The study area comprises approximately 25 ha of oak woodland
and savanna located at Cedar Creek Natural History Area, East
Bethel, Minnesota. Cedar Creek is situated on a 2,200 sq km sand
plain formed 12,000 to 13,000 years ago by glacial outwash at the
end of the Wisconsin glaciation. Large beardtongue is a perennial
forb which grows in well-drained, usually sandy, habitats, princi-
pally in the eastern portion of the Great Plains (Great Plains Flora
Association 1986). First-year beardtongue plants usually consist of
a single leafy rosette. The size, and sometimes the number, of
rosetles increases with age, and a flowering stem, or stems, can be
produced during the second or subsequent years. After flowering
once. plants may flower again the next year or may revert back to a
rosette growth form for a year or two before flowering again.

Taggeing and Monitoring of Plants

In 1986, 28 flowering stems located in openings in the wood-
land were randomly selected, and each was used as the center of a
circular plot (4 m diam). These 28 stems and all beardtongue in the

plots were tagged, for a total of 941 plants. In order to increase the
number of flowering plants included in the study, additional flower-
ing plants throughout the study area were tagged in 1986 (107) and
1987 (1,098) and marked with stakes to facilitate subsequent relo-
cation. .

In summer 1987 and 1988, previously tagged plants were locat-
ed. If the plant was present, its growth form (stem or rosette) was
recorded. For rosette plants, the number of rosettes for each plant
was also recorded. and the maximum diameter of each rosette was
measured. For stem plants, the number of stems for each plant was
recorded, and the height of each stem was measured. For some of
the comparisons, rosette plants were grouped into one of four size
classes based on the measurment of the total rosette diameter (small
rosettes: less than 9.0 cm; medium rosettes: 9.0-13.9 cm; large
roseries: 14.0-20.9 cm; and extra-large rosettes: 21.0 cm or
greater). Stem plants were similarly divided into three size classes
based on total stem height of all stems (Small Stems: less than 48.0
cm: Medium Stems: 48.0-39.9 cm: Large Stems: 60 cm or greater).
The size intervals used for both rosette and stem plants were select-
ed to produce size categories with approximately equal numbers of
planis in 1986.

Measuring Effects of Surrounding Vegetation on Survivorship,
Growth, and Reproduction

In environments inhabited by pocket gophers, the presence of
bare soil in an area is a good indication of current or recent gopher
activity (Foster and Stubbendieck 1980). In my study, gophers are
the primary cause of bare soil, although thatch ants, which produce
soil rings around their mounds, are minor coniributors. In order to
determine if rates of beardtongue are different for plants growing
where gophers are active, the percent cover of bare soil within 20
em of each plant was measured by using a point frame method
(Bonham 1989). The total number of pins (0-20) touching bare soil
was recorded for each plant.

Based on these measurements, plants were divided into two
groups of approximately equal size for comparison. Plants with
bare-ground cover estimates equaling or exceeding 20% were
defined to be growing in sparsely vegetated areas. Plants with
bare-ground cover estimates less than 20% were defined to be
growing in densely vegetated areas. ‘

To test the effect of surrounding vegetation on survivorship,
growth, and reproduction in the absence of gophers, a separate
experiment was begun in July 1989. One hundred twenty beard-
tongue were transplanted into two previously existing gopher-proof
pens (10 m diam) located in an old field at Cedar Creek (Lampe
1976). These pens were 2 m apart, and both were overgrown with
old field vegetation. Analysis of soil cores from each pen showed
that the soil in the two pens did not differ in percent total nitrogen
or carbon. Two weeks prior to the experiment, all the vegetation in
one of the pens was Killed using an herbicide (Roundup). In each
pen. the transplants consisted of 60 large or extra-large rosettes
excavated from a field at Cedar Creek and 60 smaller rosettes
which had been germinated from seed in spring 1989. In both pens,
the two size classes were planted alternately in a grid pattern. All
plants were Tagged and measured following transplanting in July
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