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Abstract
Granivorous rodents are plentiful in the Northern hardwood forests. They remove their
food source from parent trees and disperse it across their habitat by hoarding it in caches.
Hoarding behavior both costs the animals energy and benefits them when food is scarce. I
hypothesized seed removal rates will be different between forested habitats that are
predominately coniferous and those that are predominately deciduous. I employed an
observational study at eight sites of four different vegetation quantities on the UNDERC
property. I found through my observations in the forest that granivore behavior is different in
dissimilar habitats though the difference did not prove to be significant statistically.
Granivorous rodents removed peanuts faster in deciduous and mixed plots and slower in sites
that were predominately coniferous.

Introduction
Small granivorous (seed eating) mammals have marked affects on plants through their
seed predation. Seed dispersal by small granivorous rodents is a crucial phase of plant
regeneration (Pijl, 1972; Howe & Smallwood, 1982), by enabling movement of seeds to other
habitats and expanding the potential range of the plants. Secondary seed dispersal by scatter
hoarders is important for the survival of some large seeded species (represented by my
peanuts) (Forget, 1988). Tree richness and forest age strongly affect seed removal and seed
burial rates in forest habitats (Forget & Milleron, 1990).
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Adverse effect on plants due to seed predation occurs as well. If the seeds are eaten and
digested they are not viable and cannot grow (Jones, 1997). Rodent preference is indicated by
seed size and nutritional value (Manson et al. 1998).
Granivores are hoarders. Hoarding is an evolved technique of food storage based on
cost-benefit logic, the individual needs to be able to retrieve an adequate amount of food to
pay for the cost of hoarding (Steele et al. 2006). The cost of hoarding is the energy spent hiding
the food (Moore et al. 2007). Seed fate depends on the benefit, or the nutritional value of a
seed. Granivores must weigh the benefits of eating the seed immediately or saving it for a time
when food is scarce. If they choose to save the food, the granivore is not gaining any energy at
that time but must spend energy to hide the food.
The main cost of hoarding is the energy spent to excavate a hole. When hoarding a nut
or seed the animals first excavate a shallow pit with their front paws while holding the food in
their mouth. They place the seed into the hole and cover it by dragging dirt over the nut and
camouflaging the recently disturbed ground with debris (Clarke & Kramer, 1994). Hoarding
animals often excavate several separate places before declaring one proper for their food.
These animals also pretend to be hoarding food when their competition is watching as a decoy
but expending energy in the process (Steele et al. 2006). When granivores scatter hoard, they
are essentially planting individual seeds across their habitat.
Morris (1962) began using the term “scatter hoarding” to describe the behavior of
separating and hiding food into multiple lesser components. Seed dispersal by scatter hoarders
can be important for the survival of some large seeded species of plants because larger seeds
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are less likely to blow great distances in wind (Forget, 1988). Larder hoarding is similar except
more than one piece of food, in this case a peanut, is put in close proximity. However, the
energetic loss from pilfering is greater.
Primary seed dispersal is a consequence of gravity, wind and water. Seeds on the
ground attract some secondary seed dispersers, or animals that influence the seeds location
(Forget, 1993). Scatter hoarding rodents space food caches to maximize cache recovery and
minimize loss to pilferers relative to the energetic cost of carrying food items great distances
(Moore et al. 2007). Larder hoarding rodents do not expend much energy in carrying food, but
larder hoarding requires more energy to defend the large cache from of pilferers because the
granivore would lose all its nutritional seeds if the cache was found (Vander Wall, 1020).
Forgotten caches increase forest health because they are placed where the seeds can
germinate and grow (Hsia & Francl, 2009). Due to burial, seeds are allowed to escape
consumption by larger terrestrial mammal seed-eaters; promoting germination and seedling
establishment (Sork, 1985; Smythe, 1989; Forget 1990).
An abundance of animals that prey on small granivorous rodents promotes the survival
of dispersed seeds, for if rodents are preyed upon after they cache a seed and before they
recover it the plant can grow (Janzen, 1970, 1971, 1978; Symthe, 1970; Howe & Smallwood,
1982; Clarke & Clarke, 1984). It is important to consider hoarding with removal rates because of
its influence on forest structure.
Small granviores found on the University of Notre Dame Environmental Research Center
(UNDERC) property, apply both types of hoarding depending upon the species. For examples,
Northern flying squirrel (Glaucomys sabrinus) uses mostly larder hoarding (Muul, 1968), Eastern
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gray squirrel (Sciurus carolinensis) and the red squirrel (Tamiasciurus hudsonicus) prefer to
scatter hoard (Gurnell et al. 2004; Kemp, 1970), Eastern chipmunk (Tamias striatus) mostly
larder hoards but sometimes scatter hoards (Elliot, 1978), deer mice (peromyscus maniculatus)
and white footed mice (Peromyscus leucopus) also larder and scatter hoard (Gray, 1979;
Elkinton, 1996).
Seed removal by rodents often represents seed predation, but some proportion of
removed seeds reflects seed dispersal (Janzen 1969, 1970, 1971 Morris, 1962). Generally,
greater seed removal rates occur in communities where the parent plant occurs at low
densities (Rankin, 1978). When using removal rates of seeds, it is difficult to determine what
species is visiting the seeds and if they are removing them to be cached. Removal rates,
however, can be used as an indicator of rodent abundance.
The objective of my study was to examine the removal rates and hoarding by granivores
between different habitats. Types include 1) coniferous forests, 2) deciduous forests, 3) mixed
coniferous and deciduous forests, and 4) open fields. Previous studies show there are
differences in the distribution of various rodent species in different plant communities and
forest phases, such as mature forest and reforestations (Hansson, 1978). So, I proposed that
removal rates would be slower in areas with conifers, as opposed to areas with deciduous
trees, because conifers do not depend on granivorous rodents for seed dispersal.
Materials and Methods
Eight sites were selected on the University of Notre Dame Evironmental Research
Center property based on their coniferous and deciduous proportions of trees. For convenience
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the eight sample sites were labeled by location (Figure 1). Two sites of every forest category
were examined: 1) coniferous forests, 2) deciduous forests, 3) mixed coniferous and deciduous
forests, 4) two open field. Each site was equipped with two 60X60 cm foam boards with
flagging separated by a 20m transect. At the start of the study 100 unsalted unshelled peanuts
were placed on each board. The peanuts were marked with painted 1.9cm wire brads in order
to recover them with ease using metal detection. The sites were checked one week after the
initial placement and again after three weeks. The peanuts were found using a Fisher 1225-X
metal detector. When I found caches I recorded and removed them (see Hsia & Francl, 2009).

Habitat measures
Sites were selected with a GIS map of habitat types of the UNDERC property. However,
within the 10x10m plot around each board I determine plant composition for each site (Figure
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2). I only recorded trees with a DBH > 5cm and noted whether a tree was coniferous or
deciduous; also noting snags and fallen trees with at least 50% of their mass in the plot.
Data was not normal so a Kruskal-Wallis test was run to determine the differences in
seed removal between sites. Statistic results were a p-value of 0.0618 assuming chi-squared
distribution with 3 degrees of freedom.
Results
I found that there was no difference in seed removal rates in different habitats. (test
stat= 7.3369, p-value=0.0618, and df=3; Figure 3) However, Habitats that were predominately
coniferous demonstrated a trend of slower removal rates. For statistics I used the number of
peanuts remaining on the board as opposed to ones removed so the higher bar on Figure 2
means a slower removal rate, not faster.
Another thing, though I did not run statistical tests about it is whether or not small
mammals are more effective seed predator or seed dispersers in my varying habitats. Seed
predator being when they immediately eat the bait, dispersers being when they distribute the
bait across my study area. Hoarding, or dispersal, only occurred at two types of habitats, mixed
and deciduous. Small mammals are more effective seed predators with bait of peanuts. I
cannot say the same about any native seed or nut I did not use for my observations.
Discussion
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Removal rates could be slower at conifer sites because conifer trees do not depend on
rodents for seed dispersal. Conifer seeds are either dispersed by the wind or by birds (Knee,
2009).
Future study could look at fate changes between seasons or years. A broader spectrum
of variables (i.e canopy cover, light penetration) should be measured within each habitat type
to determine the role of the environment in relation to granivores (Forget, 1992). In addition,
we still know little about the interaction between post dispersal seed predation and seed
dispersal.
My sites being predated upon by larger mammals was an issue. The board was made of
sturdy foam in which teeth and scratch marks are easy to identify. There were two sites with
boards broken and teeth marks believed to be a bears, another had scratch marks that looked
as if they were raccoons. Around all those boards the peanuts were devoured on and less than
one foot away from them. My rates were skewed because those were not my sought after
granivorous rodents. Mammals masks secondary seed dispersal by rodents so that should be
controlled for (Forget & Milleron, 1991).
Conclusion
Rodents increase chances of less prominent trees being dispersed though an area
because seeds of trees that occur at low densities have greater chances of being hoarded
(Rankin 1978). For example, that could help morph a forest that is predominately aspen into
one with an increased concentration of a maple. Conifer and deciduous plants have their own
anatomies therefore different types of seeds. Deciduous seeds are preferred by rodents
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because they don’t have to break through a stroibus to obtain them. Rodents occur in greater
abundance in deciduous forests because predominately coniferous forests do not sustain the
rodent’s livelihood.
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Appendix

Figure 1: sites studied are indicated by the red diamonds
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Table 1: four types of sites with the average number of peanuts remaining on the board after
one week and the standard error of each mean.
habitat
mean
se
CONIFER
26.25
15.53
DECID
0.00
0.00
MIXED
9.25
5.53
OPEN
0.00
0.00

Mean Peanut Removal Rates

Mean Peanut Removal Rates by
Habitat
50.00
40.00
30.00

20.00
10.00
0.00
CONIFER

DECID

MIXED

OPEN

Habitat Type

Figure 2: illustrates removal rates recorded. Deciduous and open habitats rates were faster
than 14.32857 peanuts per day. Sites including conifer trees had much slower rates therefore,
had more peanuts left on the board after 7 days.
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Figure 3
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Figure 3 illustrates proportions of types of trees both alive and dead at each site
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