Small Mammals: Pests or Vital Components of the Ecosystem?!
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Careful evaluation of the role of small mammals
and their relationships with their environment is
necessary to fully appreciate the impact of control
programs on the ecosystem. Small mammals regarded
as “pests” should not be viewed separately from
other components in the ecosystem. Rather, small
mammals must be viewed in terms of their interrela-
tionships with other components. Alteration of

small mammal communities through control programs
influence other components and ultimately the whole
system.

Small mammal influences may be grouped as those
effects on (1) vegetation, (2) soils, and (3) other
animals. Vegetative influences may include effects
on primary productivity, plant species composition,
and decomposition rates of plant materials. Small
mammals influence both physical and chemical pro-
perties of soils. Small mammals prey on insects and
occasionally other small mammals, provide a prey
base for carnivores, and modify their environments
in such a way as to provide habitat for other
animals.

INFLUENCES ON VEGETATION

Researchers have proposed various ways in which
small mammals interact with plant communities. The
main interactions can be categorized as those rela-
ting to primary productivity, plant species compo-
sition, plant stature and reproduction, and decompo-
sition rates of plant materials.
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Primary  Production
Small mammal herbivores may consume as much as
60% (Migula et al. 1970) to 80% (Taylor and
Loftfield 1942) of the total annual primary plant

production. They may have localized, large-scale
impacts on primary productivity during population
explosions. However, the effect of direct consump-

tion of plants by herbivores must be evaluated in
terms of what portion of the primary production is
actually available to the animal. Estimates of
herbage consumption by small mammals ranged from
<1%in northern shortgrass and midgrass sites to as
much as 20%in desert grasslands (French et al.
1976). Harris (1971) estimated that 0.17-5.01% of
the net primary production was transferred to the
rodent trophic level. Hayward and Phillipson (1979)
concluded that the impact of small mammal consump-
tion on net or available primary production is
negligible in most systems.

Light grazing by small mammals may stimulate
plant production. For example, moderate grazing by
voles (Microtus oeconumus and M. middendorffit)
increased production of two plant species by stimu-
lating new shoot growth (Smirnov and Tokmakova 1971,
1972). Regrowth of rye grass (Lolium perenne) that
had been grazed by hispid cotton rats (Sigmodon
hispidus) was faster than regrowth of grass that had
been mechanically clipped (Howe et al. 1982). The
author6 speculated that either a biochemical agent
in saliva or the specific manner of tissue removal
by the cotton rats stimulated regrowth of the rye
grass.

Plant Species Composition

Small mammals have been credited with changing
plant community composition and species distribu-
tion. Rodents and rabbits have been cited as major
agents responsible for range destruction (Taylor
1936). Other authors (e.g., Smith 1940) viewed the
presence of these small mammals as a symptom of poor
range condition, rather than a cause. Small mammals
have been credited with assisting in the control of
undesirable plants. Plant communities in Montana,
Utah, and Nevada were altered by extensive damage to



big sagebrush (Artenmisia tridentata) during cyclic
popul ation peaks of voles (Mcrotus spp.) (Mieggler
1967, Frischknecht and Baker 1972). Control of
pocket gophers (Thononys talpoides) in western
Colorado resulted in an increase of perennial forbs
(Turner 1969); grass and sedge densities were higher
in areas where gophers were present In Wah (Elison
and Al dous 1952). However, snall manmal herbivory
my also reduce densities of plants viewed as "bene-
ficial" by land nmanagers. Selective grazing by
meadow mce (Mcrotus californicus) kept the habitat
open and increased plant species diversity; when
mce were excluded grasses increased and becane
dominant (Batzli and Pitelka 1970).

Small manmmals can also alter plant comunity
conposition and species distribution by consumng
and caching seeds. Rodents have been bl aned for
poor establi shnent of seeded plants and large scale
failures of tree crops (Smth and A dous 1947,
Gashweiler 1970). Small rmanmals can further influ-
ence plant community conposition by heavily grazing
or damaging plants, and thus reducing their ability
to produce seeds (Batzli and Pitel ka 1970). Severe
grazing by nontane meadow nice (Mcrotus nontanus)
and deer nice (Peronyscus maniculatus) decreased
biomass and seed production of cheatgrass (Bronus
tectorun) in eastern Wshington (Pyke 1986).

Seed caching activities can alter plant dis-
tribution by either increasing or decreasing sur-
vival of plants. The harvest and storage of grass
seeds by neadow nice was estimated to reduce seed
fall of preferred food plants by 70% in some areas
in California (Batzli and Pitelka 1970).  Yet, dis-
persal of seeds by small mammals can result in in-
creased gernination and survival. Seeds are often
moved to-better germnation sites and seeds that
normal ly have a "clunped" distribution pattern (as
below the parent plant) are often scattered, or
consuned, resulting in less dense stands (Reichnan
1979). West (1968) estimated that 50% of the
bitterbrush (Purshia tridentata) and 15% of the
ponder osa pine (Pinus ponderosa) plants in central
Oegon resulted from rodent seed caches. Consunp-
tion of wild oats (Avena fatua) and wild barley
(Hordeum leporinum seeds by neadow mce and house
mce (Mis nusculus) reduced densities of these two
plants by 62% and 30% respectively, allow ng for
increases in plant size and seed production of wld
barley, Italian ryegrass (Loliummultiflorun, and
bromegrasses (Bronus nollis_ and B. _diandrus)
(Bochert and Jain 1978).

Sone organisns nmay be dependent on small nam
mals for seed or spore-dispersal. Truffles and
other hypogeous fungi depend on nammal and inverte-
brate nycophagy for spore dispersal (Fogel and
Trappe 1978). Small manmmals may serve as effective
agents in thedispersal of nycorrhizal fungi and
nitrogen-fixing bacteria. Viable ni trogen-fixing
bacteria, yeast and spores of nycorrihizal fungi
all survived passage through the digestive tracts
of forest rodents captured in western Oegon (Li et
al. 1986). These results suggest that small nanmal s
can innoculate recently disturbed soils, a's after
fires (Li et al. 1986) and in mned areas (Sieg et
al. 1986). In this nmanner, pioneering small manmals

my help initiate plant succession and increase
survival of new plants.

The rate of plant succession nay be affected
by small mammal burrowing and feeding activities.
Prairie dog nounds disrupt grass associations and
provide bare soil for the invasion of [|ower succes-
sional plants. Pocket gopher nounds provide bare
soil on which secondary plant succession may begin
(Larrison 1942). thereby increasing the diversity
of plants (Laycock 1958). Investigations follow ng
the Mount St. Hel ens eruption suggest that northern
pocket gophers (Thononys talpoides) may be an inpor-
tant agent In determning succession in volcanically
disturbed areas. Pocket gophers bring pre-eruption
soils to thetephra surface; plant survival on the
pocket gopher nounds has exceeded survival on adja-
cent areas (Anderson and MicMihon 1985). Selective
herbivory by small mammals can also alter plant
successi onal rates. Rodents may aid in therecovery
of overgrazed grasslands by selectively grazing on
"weedy" plant species (Goss 1969). Gazing by
California ground squirrels (Spernmophilus becheyl)
decreased the abundance of fiTaree (Eroduim botrys)
and lupine (Lupinus bhicolor) on Californian “grass-
lands, while snooth bronegrass, a grass of higher
successional stage than the forbs, increased (Horn
and Fitch 1942).

Deconposition of Plant Materials

Small manmmals can influence the rate of decom
position of organic materials by adding green her-
bage and excrenents to the litter layer and by re-
ducing the particle size of vegetative mterial.
They are nore efficient in effecting the mnerali-
zation of organic matter than either insects or
ungul ates (Colley et al. 1975). As nuch as 58% of
the total harvested by snall manmmal s on a
shortgrass prairie was not consuned (Scott et al.
1979). These "wastage" activities may be inportant
In accelerating deconposition rates of plant nater-
ials. Qeen plant material that becomes litter
deconposes nore rapidly that brown plant material
(Gant and French 1980). Voles affect deconposition
rates by altering mcroclimtic conditions in the
litter layer and by deposition of excrenents and
vegetative cuttings into litter layers, which
increases microorganism growh (Zlotin and Kodashova
1974).  Reduction of particle size of Iliving and
dead vegetative material by small mammals also
increases deconposition rates.

INFLUENCES ON SOLS

Soil structure and chemical conposition are
affected by theactivities of small mammals. Soil
structure is largely influenced by burrowing acti-
vities. Burrowi ng and the addition of feces and
urine to the soil influence soil chemical conposi-
tion through changes in nutrient and mineral cycling
rates and pathways.

Soi | Structure

Soil structure nmay be altered as snmall mammals
burrow, bringing large quantities of mneral soil



to the surface. Pocket gophers are reported to
excavate 18 metric tons of soil material per hectar
per year (Hole 1981). Abaturov (1968) estimated
that mole burrows covered 36% of woodland ground
surface, which resulted in increased soil porosity
and drainage, and altered soil water holding capa-
cities. Pocket gophers tended to increase porosity
and lower bulk density of soils in a subalpine
grassland in Utah (Laycock and Richardson 1975).
However, in seeded mountain ranges in Utah (Julander
et al. 1959), pocket gopher activity packed the soil
surface, lowered infiltration rates, and decreased
available soil moisture.

Mima mound microrelief is another modification
of the physical structure of the environment that
has been attributed to small mammals. These mounds
are characterized by a lower bulk density, less soil
structure, and increased water permeability compared
with neighboring undisturbed soil (Ross et al.1968).
Soil mounds resulting from small mammal burrowing
are strongly heated, and the surface crust that
rapidly forms prevents evaporation. As a result, at
depths of 5-20 cm the water content of the soil
under mounds is 7-82 higher than that at correspond-
ing depths in virgin soil (Zlotin and Kodashova
1974).

Chemical Composition

The most significant role of small mammals may

be their effect on the chemical composition of

soils, particularly the addition and incorporation
of nitrogen (Taylor 1935). Soil chemical composi-
tion can be altered by the addition of small mammal

excreta and by the upward displacement of nutrients
through the soil profile. Feces and urine add to
the organic matter content in soils, increase
available nitrogen levels, and possibly influence
the growth of Azotobacter (Kucheruk 1963 [cited in
Hayward and Phillipson 19791). Greene and Reynard
(1932) estimated that the average kangaroo rat
(Dipodomys spectabilis) burrow contained 2 kg of
nitrate. Small mammals influenced the nitrogen flux
on shortgrass prairies more than any other verte-
brate, but less than either belowground or above-
ground Invertebrates (Woodmansee et al. 1978).

The concentration of other minerals may also
be influenced by small mammal activities. High
concentrations of soluble calcium, magnesium, and
bicarbonate were reported in kangaroo rat burrows
by Greene and Reynard (1932). Mole (Talpa europea)
burrowing returned large quantities of leached
calcium and magnesium to the zone of intense plant
root activity (Dinesman 1967). Older prairie dog
mound soils had higher pH vaiues, and phosophorous
values equal or greater than adjacent nonmoundsoils
(Carlson and White 1987).

INFLUENCES ON OTHER ANIMALS
Small Mammals as Predators
Small mammals function as secondary consumers

in the ecosystem by preying on Invertebrates and on
other mammals, which may have direct impacts on prey
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populations and indirect influences on primary pro-
duction. Insectivorous species may exert a regula-
tory effect on invertebrate populations; small mam-
mals consumed a high percentage of invertebrate
populations in nearly all grassland sites studied
by French et al. (1976). Carnivory has been shown
to influence prey species densities. Hayward and
Phillipson (1979) estimated that weasels (Mustela
nivalis) consumed as much as 14% of the small mammal
production, resulting in a reduction in the impact
of small mammals on the rest of the ecosystem.

consumption may indirectly influence
primary  production. Plant consumption by inverte-
brate herbivores may be reduced by the insectivorous
feeding habits of small mammals. Destruction of
large numbers of larch sawfly larva by shrews was
reported by Buckner (1964). Small mammal predation
may serve to reduce invertebrate species that are
themselves predators of phytophagous insects. Field
mice (Apodemus sylvaticus) were responsible for a
50% reduction in an overwintering population of
Hymenopteran cocoons (Obtrel et al. 1978). Inter-
actions between insectivorous mammals and their food
sources have received less attention than the inter-
actions of small animals with primary production
food sources, and therefore the extent to which
invertebrate populations are regulated by insecti-
vory is largely speculative.

Secondary

Small Mammals as Prey

Small mammals serve as a food supply for a
large number of predators and can exert significant
influence on predator population cycles. Small
mammals, especially rodents, are characterized by
high productivity rates, and thus, even at relative-
ly low densities, are an important source of food
for predators. Densities of small mammals can have
profound impacts on the reproductive potential of
some predators. For example, the proportion of
tawny owls (Strix aluco) that bred each year in
England varied from O to 8%, according to the num-
ber of mice and voles present (Southern 1970).
Several authors have documented cases where popula-
tion levels of predators can be traced to small
mammal densities. For example, population declines
in black-tailed jackrabbits (Lepus callfornicus)
induced significant decreases in numbers of coyotes
Canis latrans) in northwestern lIdaho and southern
Idaho (Clark 1972) and kit foxes (Vulpes macrotis)
In western Utah (Egoscue 1975). Raptors, such as
the great-horned owl (Bubo _virginianus), may in-
crease as much as five-fold during years of high
densities of snowshoe hares in Alberta Mcinvaille
and Keith 1974). Further, population outbreaks of
small mammals can induce predators to switch from
preferred prey, thus reducing predation on some game
species (Leopold 1933).

Small Mammals as Home Builders

Small mammals also influence other animals and
arthropods by altering the environment in ways that
provide habitat for other species. For example,
bird densities and species richness were higher on
prairie dog towns than on adjacent mixed-grass
communities in South Dakota (Agnew et al. 1986).



Prairie dog burrows provide nest sites and escape

cover for burroning ows (Athene cunicularis),
prairie rattlesnakes (Qotalus -viridis viridis),
and a variety of small mammals and arthropods
(Costello 1969). Munds nade by noles (Scal opus

spp.) becone habitats of such animals as arthopods,
anphi bians, and reptiles (Hole 1981).
SUMVARY
Managenment decisions to control small mammls

usual ly stem from perceived negative values associ-
ated with the offending species. However, as nana-
gers increasingly focus on ecosystem managenent, the
positive role of small manmals on vegetation, soils,
and other animals may be of interest. Further,
public interest in a diversity of habitats and ani-
mal s should induce nanagers to balance aninmal con-
trol efforts with efforts to mintain diversity in
ecosyst ens. Small manmmals can have significant
influences on vegetation and soils, exert predatory
pressure on insects and other mamals, and also
provide food for other predators. It appears that
small manmmals fill inportant and perhaps indispen-
sible roles in ecosystem function. They are inter-
connected in conplex ways with other biotic and
abiotic conponents of the ecosystem and future
managenent efforts should focus on these relation-
ships to a greater extent than in the past.
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