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Significance of Seed Caching by
Rodents for Key Plants in Natural
Resource Management
By William S. Longland, and Lindsay A. Dimitri

On the Ground
� Scatter-hoarding rodents constitute the primary
means of seed dispersal and seedling establishment
for a diversity of plant forms, including grasses,
shrubs, and trees. We review evidence of the
importance of scatter-hoarding rodents for the prop-
agation of some key plant species in the fields of
range, wildlife, and forest management.

� Seed caches of various rodents, including deer mice,
pi~non mice, and pocket mice, facilitate establishment
of juniper and pi~non pine species in shrub-dominated
rangelands. In the southern deserts, mesquite seed-
lings often establish from caches made by kangaroo
rats, which are also the main dispersers of Indian
ricegrass seeds.

� Three examples are discussed in which scatter-hoard-
ing rodents affect seedling production of key shrub
species: antelope bitterbrush, blackbrush, manzanita,
and bearberry, in the field of wildlife management.

� Sugar pine, Jeffrey pine, and ponderosa pine – all
economically important timber trees in the western U.S.
– have winged seeds to facilitate dispersal by wind, but
it is scatter-hoarding of the seeds by chipmunks
following initial wind dispersal that accounts for the
vast majority of seedling production.

� The importance of this plant-animal interaction is not
unique to conifers, as numerous hardwood trees utilized
for timber and/or nut production also owe most of their
seedling emergence to scatter-hoarding rodents.

� Scatter-hoarding rodents are clearly central players in
the productivity of many plant species, including
numerous species that are key to natural resource
management.

Keywords: granivorous rodents, scatter-hoarding,
seedling production, seedling emergence.
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Many animal�s have diets that can be described as either
largely or partially granivorous or consisting of seeds. Unlike
plant foliage, seeds can be stored for long periods of time
without being perishable or losing their nutritional value.
However, seeds are also produced in short pulses and are
generally not available on plants throughout the year. Conse-
quently, many granivores cache seeds for future use during the
periods when they are being produced. Seeds can be cached in
one of two distinctively different fashions – either larder-
hoarded within a dwelling such as a burrow or tree hollow, or
scatter-hoarded in numerous, superficially buried locations
throughout an animal�s home range. Some seed-caching
animal�s specialize in one or the other of these caching
behaviors, while others practice both types of seed caching to
varying degrees.1

These alternate caching behaviors can also have differing
implications for the ultimate fate of seeds, because seeds in
larders are seldom stored in conditions that favor germination
and seedling establishment, whereas scatter-hoarded seeds can
and often do establish seedlings.1 This is readily apparent
when tight clusters of numerous seedlings emerge from a
cache, since animal�s often scatter-hoard tens or hundreds of
seeds per cache. However, caches may also contain only one or
a few seeds, especially for large-seeded plants, so it is not
always obvious that a given seedling is a product of scatter-
hoarding.1,2 Even though the majority of scatter-hoarded
seeds are likely to be recovered and eaten by animal�s at some
point, enough seeds escape this fate that many species of plants
depend on seed-caching granivores as their primary means of
seed dispersal.1 Indeed, scatter-hoarding can account for the
vast majority of seedlings produced by such plant species.2–4

Among vertebrates, seed-caching occurs mainly in a few
groups of birds and mammals, and almost exclusively
among rodents within the mammals.1 Rodent taxa that are
known to scatter-hoard seeds include species within the
squirrel family (F. Sciuridae), New and Old World mice
and rats (F. Cricetidae and Muirdae), and a New World
family that includes species of kangaroo rats, kangaroo
mice, and pocket mice (F. Heteromyidae), most of which
occur in deserts and other arid environments of western
North America.1 Here we focus on how seed caching
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rodents affect several plant species seminal to natural
resource management. We break this down by plant
species important in the fields of range and wildlife
management, and forestry, although the relevance of some
of the plants we discuss overlaps more than one of these
fields.

Range Management

Perhaps the first to recognize the potential importance of
scatter-hoarding rodents as seed dispersal agents was a range
scientist who worked in the Sonoran Desert of Arizona.
Reynolds5,6 reported extensively on clustered seedlings of
mesquite (Prosopis spp.) emerging from surface caches made
by Merriam's kangaroo rats (Dipodomys merriami)
(Figure 1a), and partially attributed the ongoing expansion
of mesquite woodlands to these rodents. Emergence of
seedlings from kangaroo rat caches has been noted for various
mesquite species6,7 Increased densities of mesquite result in
reduced densities of perennial grasses important to livestock
grazing.5 However, mesquite has also been reported as an
important browse for wildlife and livestock,8 and it provides
shade, so it may be beneficial at intermediate densities. Some
have found a direct relationship between population size of
Merriam's kangaroo rat and mesquite density and suggested
that emergence of seedlings from kangaroo rat caches drives
this relationship.6 However, this suggestion may confuse
cause and effect, as it is equally possible that greater
production of mesquite seeds resulting from increased
mesquite density may facilitate larger rodent population
sizes. Moreover, experiments by Valone and Thornhill7 at a
Chihuahuan Desert site showed greater establishment of
mesquite on plots where kangaroo rats had been removed
continuously for >20 years than on control plots with
kangaroo rats present, which Valone and Thornhill7 attrib-
uted to herbivory on emerging mesquite seedlings (partly by
the kangaroo rats themselves). Clearly, mesquite seedlings
often establish from surface caches made by kangaroo rats, but

the net effects of these rodents on the spread of mesquite is
unknown, as no studies have followed the long-term fate of
seedlings established from caches.

Another example in which scatter-hoarding rodents may
promote woody plant encroachment on rangelands involves
woodlands dominated by junipers (Juniperus spp.) or by
mixed forests of pi~non pine (Pinus edulis, P. monophyla) and
juniper. Species such as western juniper (J. occidentalis) and
pi~non-juniper woodlands have been encroaching into shrub-
dominated rangelands and increasing in density within
established stands for many decades.9 Juniper seeds develop
within fruit-like berries, which are modified female cones.
Although juniper seeds have long been thought to be
dispersed mainly by fruit-eating birds that consume juniper
berries and defecate the seeds,10 birds are not the only
dispersal agents of western juniper; these seeds are also
dispersed by rodents. Recent studies have demonstrated that
seed-caching rodents, which tend to be uninterested in
western juniper seeds while they are within juniper berries,
harvest many of the seeds that are defecated by birds and
scatter-hoard a proportion of them.11,12 Rodent species from
three different families were found to be involved in this
secondary dispersal of western juniper seeds, although pi~non
mice (Peromyscus truei) were most commonly involved.12 In
the case of at least one juniper species, Utah juniper (J.
osteosperma), birds appear to have no role in dispersing seeds.
Instead, Utah juniper berries, which are hard and nut-like
when they mature, are taken directly by seed-caching rodents
(Figure 2a), and pi~non mice were also the most common
dispersers of this species.12 Like western juniper, pi~non pine
dispersal also involves both rodents13 and birds, specifically
jays and nutcrackers (F. Corvidae) among the latter.14

However, pi~non seeds are not dispersed in a sequential
fashion as with western juniper, but are scatter-hoarded
independently by rodents and corvids. At a western Nevada
field site, Hollander and Vander Wall13 found that pi~non
mice, deer mice (Peromyscus maniculatus), and Great Basin
pocket mice (Perognathus parvus) were responsible for most
of the dispersal of pi~non seeds among a community of six

Figure 1. a) Merriam's kangaroo rat (Dipodomys merriami) b) Clump of Indian ricegrass (Achnatherum hymenoides) seedlings likely emerging from a rodent
cache.
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scatter-hoarding rodent species. The degree to which pi~non
establishes from rodent caches versus caches made by birds is
unknown, although rodents tend to cache these seeds in more
favorable locations for seedling survival.13 Considering the
important role of rodents in dispersing seeds of these conifer
species, and the limited mobility of rodents relative to birds,
suggests that efforts to suppress seedling encroachment by
establishing competitive species should be focused along edges
of woodland-shrubland transitions.

An example in which scatter-hoarding rodents contribute
to establishment of an important forage plant on rangelands
involves Indian ricegrass (Achnatherum hymenoides), which
is grazed by cattle and horses.15 Indian ricegrass seedlings
emerge from caches made by Merriam's kangaroo rats
(Figure 1a, b). In experiments that followed the fate of
radioactively-labeled seeds, Longland et al.2 used fenced
exclosures that were selectively accessible to one or both of two
different types of granivores, heteromyid rodents and seed
harvester ants (Pogonomyrmex spp.), to tease apart effects on
seeds harvested by each of these dispersers. Ants acted purely
as seed predators while rodents were both predators on and
effective dispersers of Indian ricegrass seeds by placing caches
in locations favorable for germination and seedling establish-
ment. On unfenced control plots, seedling emergence from
rodent caches accounted for an average of approximately 95%
of new seedlings, with the remaining 5% originating from
seeds that were not harvested by any granivores. The only seeds
initially cached by ants that established seedlings involved
cases of secondary dispersal in which rodents dug into larders

in ants� underground nests and then scatter-hoarded the
pilfered seeds. Merriam's kangaroo rat, the most common
rodent among a diverse community of heteromyid species at
the site, was identified as the dispersal agent for most of the
labeled seeds that were scatter-hoarded.2 To test the effect of
Indian ricegrass seedlings emerging in dense clusters (as they
often do when emerging from rodent caches) on survival
beyond the seedling stage, Longland and Dimitri16 planted
solitary seedlings and seedlings in clusters of either 25 or 35
individuals, and followed their survival over a year. Although
most plants perished from desiccation during the hot, dry
summer, the only ones that survived to become established
were some in the clusters of 25 or 35 seedlings. This suggests
that Indian ricegrass is adapted to dispersal by seed-caching
rodents and that the relationship between kangaroo rats and
Indian ricegrass constitutes a mutualism that benefits both
parties – Indian ricegrass seeds provide a preferred food source
for rodents, and rodents in turn provide an essential seed
dispersal service to the plant. It is feasible for managers to
capitalize further on this relationship by increasing the
background availability of seeds to reduce the number of
Indian ricegrass caches that rodents recover for consumption,
thereby leaving more caches in place until the seeds have a
chance to germinate. By broadcasting a commercially available
diversionary seed (millet) over field plots where Indian
ricegrass was the most common forage plant, Longland and
Ostoja17 demonstrated an increase in Indian ricegrass
seedlings established from rodent caches compared with
plots that did not receive diversionary seeds. This is due to

Figure 2. a) An uncovered rodent cache of Utah juniper (Juniperus osteosperma) seeds. b) Antelope bitterbrush (Arctostaphylos patula) seedlings emerging
from a rodent cache. Photo courtesy of Daniel Murphy. c) Greenleaf manzanita (Arctostaphylos patula) seedlings emerging from a rodent cache. Photo
courtesy of Chris Moore. d) Pine seedlings emerging from a rodent cache. Photo courtesy of Tim Messick.
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rodent recovery of caches of the diversionary seeds causing a
reduction in numbers of Indian ricegrass caches that they
recovered.

Wildlife Management

Antelope bitterbrush (Purshia tridentata) often constitutes
the most common browse species in winter diets of mule deer
(Odocoileus hemionus), sometimes exceeding 50% of the
overall diet.18,19 The vast majority of antelope bitterbrush
seedlings emerge from caches scatter-hoarded by rodents
(Figure 2b).3,20 At a Sierra Nevada field site, Vander Wall3

followed radiolabeled bitterbrush seeds and showed that >99%
of new seedlings emerged from rodent caches, especially
caches made by yellow pine chipmunks (Tamias amoenus). At
this site, where yellow pine chipmunks typically occurred in
densities of 20 or more individuals per hectare, individual
chipmunks were estimated to scatter-hoard >29,000 bitter-
brush seeds per year.21 The movement and burial of such huge
quantities of seeds can shape entire ecosystems. In a central
Oregon study, West20 found 90% of bitterbrush seedlings
emerging in clusters and attributed this mainly to chipmunks
as well; the actual contribution of rodent caches to seedling
production may have been even greater since single seedlings
may also result from caches. In lower-elevation environments,
species adapted to more xeric conditions, such as heteromyids
are likely to be involved in bitterbrush seed dispersal.22 Deer
mice (Peromyscus maniculatus), a scatter-hoarding species
with very broad habitat affinities, have a strong preference for
bitterbrush seeds22 and may be important seed dispersers in a
variety of environments.

Blackbrush (Coleogyne ramosissima) is the dominant
shrub species on rangelands over much of the Mojave-Great
Basin transition and the Colorado Plateau. Heavy livestock
grazing can reduce blackbrush cover, although it has low
palatability for livestock.23 However, blackbrush can provide
an important source of browse for wintering mule deer –

approximately 25% of the diet at a California Great Basin
site.24 Blackbrush rangelands also provide habitat and browse
for desert bighorn sheep (Ovis canadensis).25 Production of
new blackbrush seedlings occurs primarily from seed
caches scatter-hoarded by heteromyid rodents.26,27 Although
Ord�s kangaroo rats (D. ordii) strongly preferred Indian
ricegrass seeds to those of blackbrush in seed choice trials, they
cached these two seed types similarly in a Utah study.27

Presumably, kangaroo rats would recover the more preferred
Indian ricegrass seeds before the blackbrush seeds, leaving
more of an opportunity for blackbrush seedlings to remain in
caches and emerge as seedlings. Blackbrush seed production is
highly episodic and has been compared to mast seeding in
forest trees,26 in which trees produce few seeds in most years
but produce massive numbers in mast years. Masting is an
evolutionary strategy for overwhelming seed predators, so that
some seeds are certain to persist until they have a chance to
germinate. Ord�s kangaroo rat populations were strongly
influenced by mast seed production of blackbrush, although

numbers of a co-occurring heteromyid species, the plains
pocket mouse (Perognathus flavescens) were less closely tied
to blackbrush masting.27

A diversity of manzanita or bearberry (Arctostaphylos spp.)
species are represented in chaparral environments of western
North America, where they grow in the form of evergreen shrubs
or small trees. Although manzanita has been said to be of little to
no use as a forage plant,28 Hill29 found red bearberry (A. uva-
ursi) foliage to be one of the main sources of winter browse in a
Black Hills study of white-tailed deer (Odocoileus virginianus).
Fruits of manzanita and bearberry are important dietary
constituents for a variety of wildlife, including game birds such
as mountain quail (Oreortyx pictus),30 numerous non-game bird
species,31,32 and mammalian carnivores such as black bears
(Ursus americanus),33 grizzly bears (Ursus arctos),34 coyotes
(Canis latrans),35 and gray foxes (Urocyon cinereoargenteus).36

Manzanita seeds require fire to stimulate germination, and bursts
of seedling production following a fire are largely attributable to
seedling emergence from caches scatter-hoarded by rodents
(Figure 2c).37,38 Burial of manzanita seeds by rodents also helps
prevent seed mortality during fires.38,39 At Sierra field sites in
eastern California and western Nevada, 53–83% of A. patula
seedlings emerged in clumps, diagnostic of emergence from
rodent caches, and the majority of the scatter-hoarding was
attributable to yellow pine chipmunks.37 At three burned sites in
northern California, Parker38 reported that clumped seedlings
emerging from rodent caches constituted 40–60% of seedlings
for four manzanita species (A. andersonii, A. patula, A. sensitiva,
and A. silvicola), but the rodent species responsible for the
caching were not determined. The minimum proportion of
seedlings attributable to caching increased with fire intensity,
because more intense fires killed seeds that were superficially
buried by means other than rodent caching.38

Forestry

Sugar pine (Pinus lambertiana), Jeffrey pine (P. jeffreyi),
and ponderosa pine (P. ponderosa) occur in the western U.S.
and are utilized by the timber industry.40,41 Although all of
these species have winged seeds, an adaptation for dispersal by
wind, secondary dispersal by scatter-hoarding rodents follow-
ing initial wind dispersal accounts for much of the seedling
production of these conifers (Figure 2d).4,42 Seeds of these
pines require burial for successful germination and seedling
establishment, and scatter-hoarding rodents provide an
effective mechanism for achieving burial. Studies in the
Sierras of western Nevada found that rodents (primarily
yellow pine chipmunks) removed >99% of wind-dispersed
sugar and Jeffrey pine seeds from the ground within 60 days,
but only removed 38% of ponderosa pine seeds, which are
considerably smaller.4,42 Nearly all seedling production of the
large-seeded species was attributable to emergence from
rodent caches, while a smaller proportion of ponderosa
seedlings emerged from caches.4,42 In another study, yellow
pine chipmunks and lodgepole chipmunks (T. speciosus)
removed >90% of 1064 wind-dispersed Jeffrey pine seeds in
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<24 h, and frequently scatter-hoarded seeds harvested from
closed-canopy pine forest locations in open bitterbrush
shrubland sites; these open shrublands are much more
favorable sites for Jeffrey pine seedlings to become estab-
lished.43 Vander Wall21 estimated that an individual yellow
pine chipmunk caches nearly 6000 Jeffrey pine seeds each
year. Although seedling production and the identity of rodent
dispersers were not determined, a southern California study of
seed dispersal in another conifer species that has winged seeds
and is utilized as timber, bigcone Douglas-fir (Pseudotsuga
macrocarpa), found that rodents (probably chipmunks,
kangaroo rats, and mice) rapidly removed wind-dispersed
seeds of this conifer from the ground and often scatter-
hoarded them.44

A number of types of hardwood trees that are economically
valuable for lumber or nut production are dispersed by scatter-
hoarding rodents, including oaks (Quercus spp.),45,46 hickories
and pecans (Carya spp.),47 walnuts (Juglans spp.),48 chestnuts
(Castanea spp.),48,49 and almonds (Prunus spp.).50 In fact, nut-
bearing trees in general are dispersed by scatter-hoarding
rodents.50 In hardwood forests of the eastern U.S., the eastern
gray squirrel (Sciurus carolinensis) is commonly involved in
dispersal of acorns or nuts. Patterns of caching and cache
recovery of seeds of different tree species by eastern gray squirrels
may contribute to maintaining tree species diversity in these
forests.48 The life cycles of oaks are so strongly tied to the
activities of granivorous animal�s that partially eaten acorns can
have germination rates equal to or exceeding those of completely
intact acorns, and various oak species concentrate distasteful or
toxic compounds that discourage consumption at the end of the
acorn where the embryo occurs.51 Kellner et al.52 argue that the
important role of scatter-hoarding rodents should be considered
in management of oak timber harvests.

Seed dispersal in these groups of hardwood trees has been
studied worldwide, although the species of trees and of seed-
caching rodents differ. For example, a Chinese study credited
red squirrels (S. vulgaris) and Siberian chipmunks (Eutamias
sibiricus) with promoting seedling establishment of Mongo-
lian oaks (Q. mongolica) in urban environments as a result of
these two rodent species scatter-hoarding acorns.53 The same
two rodent species, but especially red squirrels, dispersed
Manchurian walnuts (J. mandshurica) into areas where larch
(Larix spp.) was planted following clear-cut logging resulting
in more desirable mixed forests.54 The primary dispersers of
Mediterranean holm oak (Q. ilex) acorns in managed Spanish
woodlands are wood mice (Apodemus sylvaticus).55 In a
Danish study, wood mice were also one of the rodent
species thought to promote the invasion of heathlands by oaks
through scatter-hoarding of acorns.56 The primary dispersers
of the Brazil nut tree are agoutis (Dasyprocta spp.), which are
scatter-hoarding South American rodents.57

Conclusions

These examples from the fields of forestry, range, and
wildlife management illustrate the value of ecosystem services

provided by the seed caching activities of scatter-hoarding
rodents. Some of these examples are clearly relevant across
different fields of natural resource management. For example,
we discussed pi~non pine in the context of its involvement in
woody plant encroachment onto rangelands. However, pi~non
forests also provide important habitat for a diversity of
wildlife, including some species that specialize on these
environments, such as pi~non mice and pi~non jays (Gymnorhi-
nus cyanocephalus), and although pi~non forests are not
logged commercially, ephemeral production of pi~non pine
nuts provides a small niche business for some pine nut
collectors.

A common goal in each of the fields of management we
have discussed is to enhance establishment of desirable plant
species, and this is often accomplished through artificial
seeding. In the case of a plant species that is naturally
dispersed by scatter-hoarding rodents, knowledge of the
details of the dispersal system may help facilitate this goal. For
example, although the authors did not discuss the connection
with rodent caching, studies of artificial seeding of bitterbrush
have found that the best seedling establishment occurs at
combinations of seed-planting depths and densities typical of
bitterbrush seed caches made by rodents.3,58,59 Similar results
have been found with artificial seeding of Indian ricegrass,60

and it is likely that matching the natural seed planting
densities and depths of other rodent-dispersed plants in
artificial seedings could realize improved seedling
establishment.

Some of the examples we have reviewed illustrate complex
seed dispersal mechanisms involving sequential dispersal by
two agents, a phenomenon referred to as diplochory.61

Western juniper seed dispersal often involves primary disper-
sal by fruit-eating birds and secondary dispersal by scatter-
hoarding rodents that collect seeds free of juniper berry pulp
that are defecated by birds.11 Dispersal of several western
pines occurs first by wind and secondarily by rodent seed
caching.4,42 It is not surprising that many literature sources
have attributed juniper seed dispersal just to birds due to the
fruit-like berry enclosing the seeds and dispersal of pines with
winged seeds just to wind, but there is now ample evidence to
recognize the importance of rodents.

Given that mechanisms of seed dispersal have not been
studied for a large proportion of plant species, scatter-
hoarding rodents are very likely to play an even greater role in
seed dispersal than reflected by the available literature. A study
that categorized modes of seed dispersal based on physical
characteristics of seeds, assigned 3.7% of all plants and 16.2%
of woody plants in the United States and Canada to dispersal
by scatter-hoarding animal�s.62 Many of these plants may be
of little consequence in management applications, but the
examples provided here sufficiently demonstrate the impor-
tant role that seed-caching rodents play for many key plants in
resource management, and managers should therefore be
cognizant of these essential plant-animal relationships.

Clearly, management provides powerful tools for shaping
plant communities, such as controlled burning, targeted
grazing, rangeland reseeding, and biological control among
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many examples. Changes in rodent/seed interactions can also
influence how a plant community responds to disturbance or
management.63,64 Changes in plant communities, in turn,
indirectly affect rodent populations through direct effects on
availability of food and cover and other aspects of habitat
suitability. Examples include increased rodent densities in
response to juniper removal and rangeland reseeding,65 reduced
populations of a woodland rodent species in response to
sagebrush restoration in areas impacted by conifer expansion,66

and changes in rodent populations resulting from biological
control of introduced woody plants.67 Thus, the essential roles of
scatter-hoarding rodents that we have highlighted here impact
not only the plant populations involved, but may feedback in a
cyclical fashion to yield habitat effects that impact rodent
populations and communities.
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