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Abstract 
 

Seasonal Variation in Small Mammal Granivory in Restored Tallgrass Prairie 

Stefan C. O. Schneider     Advisor: 

University of Guelph, 2013     Professor A. S. MacDougall 

 

Plant – animal interactions are strongly intertwined, as plant availability can limit 

the size and fecundity of consumer populations while consumers can limit plant 

production and diversity. Rodent-plant interactions in prairie systems are likely 

substantial and highly seasonal however this has not been rigorously tested. I examined 

seasonal variation in the consumption of prairie plants by small mammals by comparing 

monthly differences in: seed removal, seed preference, diet as well as monitoring fenced 

plant communities. My work revealed strong seasonal variation in the removal of prairie 

seed with consumption highest during summer and winter, times of high and low 

population size. The highest proportions of native prairie plants were consumed during 

late summer with a diet of mostly non-prairie plants the remainder of the year. My 

research suggests that small mammals could potentially influence prairie plant diversity, 

with these impacts occurring mostly in a narrow seasonal window of late summer.   
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Introduction 

Plant – animal interactions are strongly intertwined as plants nourish animals, 

while browsing by animals damages plants. These interactions potentially limit the 

abundance and persistence of palatable plant species, where high levels of selective 

consumption can result in plant communities composed of species that consumers avoid 

or ignore (Hingten and Clark, 1984; Maron and Pearson, 2011). This has been 

demonstrated in North American tallgrass prairie, where small mammals can reduce 

prairie plant diversity and overall plant abundance (Howe and Brown, 1999, 2000, 2001, 

2002). By preferentially targeting subsets of prairie plant species, especially forbs and C3 

grasses, rodent predation on plants can alter diversity, structure, and function (e.g., 

biomass production). Given that small mammal impacts can be hard to observe and 

measure (hence the term ‘cryptic consumers’ – Keesing 2000), diversity regulation can be 

incorrectly attributed to other factors such as plant-plant competition or recruitment 

limitation. An unanswered question is whether small mammal consumption of prairie 

species, via granivory or herbivory, could be a contributing factor for the reduced plant 

diversity that is observed in most remnant fragments in Ontario. 

The question of diversity regulation in tallgrass prairie has conservation 

significance, as this system is the most transformed of all major terrestrial ecosystems in 

North America, with habitat loss >99% and high concentrations of at-risk species 

(Samson and Knopf, 1994). There are over 150 prairie plant and animal species are at-

risk species in Ontario including 21 plant species that are nationally listed in Canada 

(Tallgrass Ontario, 2013).  
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A number of studies have examined rodent impacts on plant diversity in North 

American tallgrass prairie (Howe & Brown 1999; Howe et al. 2002, 2006). These studies 

all use similar methods, combining fencing, which excludes rodents, with experimental 

seed additions in relatively small plots. Rodent effects are quantified by comparing plant 

community responses in caged plots versus plots that are either not caged or have cages 

with openings that allow for small mammal entry (e.g., Howe and Brown 1999). These 

papers all describe substantial small mammal effects – usually by voles – on standing 

biomass and the diversity of native tallgrass prairie plants, concluding small mammals 

alter the abundance and diversity of prairie plant communities (i.e. a “rodent plague on 

diversity”) in North American tallgrass prairie (Howe et al. 2001, 2002).  

The majority of rodent-plant community studies have limitations. First, the 

experimental responses focus on which plant species are “left standing” at the end of the 

experiment, with inconsistent testing of which plant life stages may be targeted 

(granivory versus herbivory). Second, there may be substantial ‘cage effects’ on small 

mammal foraging behavior. Cages accessible to small mammals can sometimes elevate 

levels of plant consumption, possibly because the cages restrict access by rodent 

predators (MacDougall et al. 2010). Third, seed additions in small experimental plots can 

create a ‘bonanza effect’ where the high concentrations of seed can serve as an attractant 

to rodents, thereby increasing levels of seed consumption compared to background levels 

of granivory in tallgrass prairie (Germain et al. 2013). This effect may be especially 

pronounced in caged areas accessible to small mammals (MacDougall et al. 2010). 

Fourth, there may be important feedbacks between plant cover and plant predation that 

are typically not tested in ‘rodent plague’ experiments; these experiments are typically 
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initiated by adding seed to plots where vegetation cover has been removed by treatments 

such as plowing. Seeded and open areas that are accessible to rodents may have 

especially high levels of granivory because the absence of an established plant 

community can increase seed detection (Germain et al. 2013). Seeded and open areas that 

are inaccessible to rodents may have especially high levels of recruitment due to the 

absence of the plant canopy, which can suppress recruitment from seed. The end product 

of these two issues may be an over-estimation of rodent impacts on prairie diversity, the 

first by artificially elevating removal, the second by artificially elevating recruitment 

success.  

Finally, the emphasis on the ‘last plants standing’ in rodent plague experiments 

fails to capture the time of year when the effects occur and how these effects correspond 

to the seasonal dynamics of small mammals in the prairies. This is relevant because both 

small mammals and plants are highly seasonal, with population sizes and maximum per 

capita plant biomass at their highest levels in tallgrass prairie in summer. Levels of 

consumption by rodents on prairie plants could be highest in summer because rodent 

populations are large, or relatively low because other sources of food (non-prairie plants, 

insects) are also at their highest abundance. In total, these various experimental 

limitations concerning rodent consumption of native plants in tallgrass prairie affect our 

ability to predict their ultimate influence on plant diversity in remnant areas, including in 

Ontario.  

 I examined the seasonality of plant predation by rodents in a restored 18 ha 

species-rich tallgrass prairie near Cambridge, Ontario (the rare scientific research 
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reserve). I use the term ‘plant predation’ to include the consumption of prairie plants as 

seed predation (granivory), consumption of foliage (herbivory), or both.  

 How seasonal small mammal population sizes interact with plant predation has 

not been examined in tallgrass prairie, with two potential scenarios: highly seasonal 

impacts or impacts that are non-seasonal (e.g., prairie species are preferred over non-

prairie species a similar levels at all times of the year).  

 
Seasonal impacts 

 Seasonality in the consumption of prairie plants could occur in two possible ways, 

with removal rates highest in summer or in winter. During late summer small mammal 

populations are largest (Boonstra and Krebs, 1976; Hingten and Clark, 1984), a trend 

relating to high food availability and the typical end-of-seasonal rodent reproduction 

(Ashby, 1967). As a result, small mammal impacts on prairie plants may be highly 

seasonal and occur mostly in late summer because large rodent numbers mean a greater 

net consumption of plants (Boonstra and Krebs, 1976).  

 Small mammals also tend to be highly selective of food, with forbs being 

preferred over grasses given that forb seeds are often larger and more energy rich 

(Hingten and Clark, 1984; Kerley and Erasmus, 1991; Hoffman et al., 1995). This 

selectivity during periods of high seasonal consumption increases the range of species 

affected - as the availability of their preferred plant species decreases, small mammals 

become forced to widen their dietary choices and include certain grasses (e.g., C3 grasses 

– Germain et al. 2013). As seed of palatable species becomes depleted, there may also be 

shifts from granivory to herbivory with small mammals potentially forced to consume 
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plants or parts that they avoid at other times of the year (Ebersol and Wilson, 1980; 

Ostfeld, 1990).  Coupled with large population sizes of rodents in late summer, selective 

feeding at this time may result in a plant community that can become void of palatable 

species in relatively short periods of time and increase the number of affected species as 

rodents switch to less palatable plants (Hingten and Clark, 1984; Howe and Brown, 

1999).  

 When considering seasonality, during winter small mammals may also consume 

high numbers of prairie species. Population sizes of rodents are relatively small in winter, 

in association with cold temperatures, predation, starvation, and hibernation by some 

species (Ashby, 1967; Andrews and Belknap, 1993; Schorr et al., 2009). Despite fewer 

animals, however, the per capita consumption of native prairie plants could still occur at 

high levels through factors such as reduced diet selectivity for species or plant parts, and 

increased foraging ranges. For example, Ashby (1967), found seed removal was greatest 

during winter in comparison to summer within a mixed woodland habitat.  Levels of 

winter consumption of prairie plants can be high because food availability, especially 

seed, is low (Ashby 1967). As the availability of preferred food sources such as the seed 

of prairie forbs or possibly C3 grasses becomes exhausted, rodents may be forced to 

expand their diet to species or plant parts such as rhizomes that would otherwise be 

considered unpalatable (Ebersole and Wilson, 1980; Ostfeld et al., 1997). Food 

limitations in winter may also force small mammals to expand the distance over which 

they forage, covering areas more widely and extensively than during summer (Anderson, 

1985). Reduced vegetation cover in winter may allow for an easier detection of prairie 

seed by small mammals (Ashby, 1967), while snow may provide protective cover 
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allowing small mammals to forage more safely by tunneling. Some plant species (e.g. 

prairie grass Elymus canadensis) disperse their seeds only in late winter and may be 

heavily targeted as a result. In total, these various factors may result in higher 

consumption of prairie plant species during the winter months.   

 
Non-seasonal impacts 

 An alternative hypothesis to seasonal rodent impacts is that plant predation on 

prairie species does not vary seasonally, either because plants are targeted at similar 

levels all times of the year or because these species are no more preferred than the large 

numbers of non-prairie plant species that always occur within and around remnant prairie 

areas. Previous ‘rodent plague’ research has always focused on predation within 

experimentally constructed prairies, without considering how food availability changes 

according to time of year (e.g., how quickly does seed availability decline once seeds fall 

to the ground at the end of the summer?), what parts of the plants are being consumed 

(e.g., seeds versus all plant parts, with the latter available over longer periods of the year) 

and whether non-prairie species, including agricultural crop plants that are now 

ubiquitous in former prairie landscapes, are also an important part of the rodent diet. 

These short-comings open the possibility that rodent diets may be similar across seasons 

and even suggest that rodents may not dine as exclusively on prairie plants as has been 

assumed.  

 Much of the uncertainty isolating when seasonally rodents alter prairie plant 

communities derives from the inability to describe how the proportion of prairie versus 

non-prairie species consumed by rodents varies seasonally, a metric that has been largely 
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impossible to measure in the past. A persistent high proportion of prairie species in the 

diet, despite variation in the presence or abundance of seed or seedlings by season, would 

be an obvious signature that rodents are strong preferential feeders on prairie plants, 

switching from granivory to herbivory depending on availability. This scenario is 

especially likely given that many non-prairie plant species associated with tallgrass 

prairie in North America, especially invasive plants, can be relatively unpalatable to 

consumers (Everett et al. 1978; Cappuccino & Arnason 2006; Parker et al. 2006; 

MacDougall and Wilson 2007; Jogesh et al. 2008). Many of the non-native plants in or 

around southern Ontario remnant prairie have obvious defenses against granivory or 

herbivory, by physical defenses such as spines (thistles), chemical ones associated with 

phytochemicals (e.g., several species in the highly toxic Nightshade family), or simply 

very small seed mass (Germain et al. 2013).  

 It is also conceivable that small mammals similarly prefer many prairie and non-

prairie species, such that the proportions of the two plant groups in the rodent diet do not 

change seasonally. ‘Rodent plague’ studies are intentionally biased towards detecting the 

consumption of prairie species, in part because of the potentially strong competitive 

interactions between prairie and non-prairie species during community assembly such 

that the latter plant group is removed experimentally (i.e., the failure of prairie species in 

experimental plots could be either predation or competition, so the latter is accounted for 

[removed] by the experimental design).  

 A lack of preference between the two plant groups would not be surprising given 

that some species of rodents are generalist opportunistic feeders, especially deer mice 

(Hingten and Clark, 1984). Further, it seems inconceivable that any small mammal 
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species would specialize on the consumption of prairie species, given how rare this floral 

assemblage now is within regions of North America, including Ontario, which formerly 

supported tallgrass prairie. This rarity could also offer an alternative mechanism by which 

rodents could limit the diversity of remnant prairie plant species - if prairie and non-

prairie species are consumed at similar levels, the rarer native plants are more likely to 

disappear without the necessity for strong feeding preferences.  

 
My research  

 I examined the seasonal variation of predation by small mammals on prairie 

plants over 12 months to test whether seed removal of selected native prairie species 

shows evidence for seasonal variation or occurs at similar levels throughout the year. Past 

work at my study area has shown reduced prairie plant diversity by small mammals by 

regulating which plant species successfully recruit (Germain et al. 2013). This suggests 

that small mammals have foraging preferences but there has been no measure of which 

rodent species explain the decline in diversity, how seasonal mammal abundances relate 

to the consumption of prairie species, whether consumption occurs as granivory or 

herbivory, and the proportion of non-prairie plants in the diet. I conducted my research in 

3-year old restored tallgrass prairie, testing monthly changes in total seed removal and 

species-specific seed selection in cafeteria trials, and the relative proportion of prairie 

versus non-prairie species in the diet with DNA barcoding. This directly tests seasonality 

by comparing seed removal, species preference and diet by month. I used captive feeding 

trials to examine the relative preferences for granivory versus herbivory especially when 

food reserves become limited by high consumption. I used trapping to quantify monthly 
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variation in small mammal community size. I also used experimental exclosures to test 

the how rodent predation interacts with plant cover to affect the recruitment of prairie 

plant species within my study area.  
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Methods 

Study Location 

 
The study was conducted in 2011-2012, near Cambridge Ontario at the rare 

Charitable Research Reserve, on an 18-hectare field that was converted to tallgrass prairie 

in 2010 after decades of agricultural use (43°22.9'N, 80°21.3'W) (Germain et al. 2013). 

The study site borders on old field, the Grand River, a roadway and a forest across the 

road (Figure 1). In 2011, the year prior to my study, the most commonly observed planted 

native species in the prairie were wild bergamont (Monarda fistulosa), black-eyed susan 

(Rudbeckia hirta), Canada wild rye (E. canadensis), prairie brome (Bromus kalmii), little 

blue stem (Schizachyrium scoparium), big blue stem (Andropogon gerardii) and Indian 

grass (Sorghastrum nutans) (Germain et al. 2013). Less common were tall sunflower 

(Helianthus giganteus), houndstongue (Cynoglossum officinale), green coneflower 

(Rudbeckia laciniata), showy tick-trefoil (Desmodium canadense), and round-headed 

bush clover (Lespedeza capitata). The most common small mammals in the system, 

based on my trapping (see below) were Peromyscus spp. (either deer mice or white-

footed mice [differentiation is difficult without DNA testing]), the meadow jumping 

mouse (Zapus hudsonius), and the meadow vole (Microtus pennsylvanicus). The latter 

was relatively rare in 2012, which is considered unusual for southern Ontario grasslands 

(Rudy Boonstra, personal comment) although it may reflect the early developmental 

stage of the prairie. Voles are known to occur in high abundance in a different grassland 

area at rare (an upland site, 5 km to the south), based on my anecdotal observations. 

Sorex shrews (Sorex cinereus) and short-tailed shrews (Blarina brevicauda) were 
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captured as well during the autumn months. I also unintentionally captured numerous 

short-tailed weasels (Mustela erminea).  

 

Experimental Design 

 
To address seasonal variation in the predation of prairie plants by rodents, my 

project used five complementary methods.  

1) Cafeteria trials tested whether rodents preferentially consumed certain prairie and 

non-prairie plant species over others - the hypothesized main cause of diversity 

reduction in prairies by small mammals (Howe et al. 2002) - and whether these 

preferences changed by season. The cafeteria trials examined seasonal 

relationships by measuring total seed removal by month, the greatest number of 

species consumed by month, and the order of preference by which seeds were 

taken. I also assessed these removal measures in relation to seasonal variation in 

rodent population size. 

2) DNA barcoding was used to test the proportion of prairie versus non-prairie 

species in the diet by month, specially whether prairie species were the highest 

proportion at all times, whether relative proportions varied by season, or whether 

proportions of prairie versus non-prairie species had no connection to season. 

Previous studies attempting to assess rodent diet with scat samples used methods 

based on visually identifying species within the gut content of individuals 

(Boonstra and Krebs, 1967; Veloso and Bozinovic, 1993). By using gel 

electrophoresis to separate plant species within rodent scat by their DNA, this 
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provides a more accurate measure of the seasonal variation in rodent diet. A 

possible limitation includes gut retention time differing by species, however the 

large number of prairie species included in the categories of total prairie and non-

prairie species detected should mitigate this bias.   

3) Trap lines were established to determine if the small mammal population 

fluctuated similarly to the observed seasonal variation reported elsewhere in 

southern Ontario (e.g., peaks in mid- to late-summer - Boonstra, 1985). This was 

an important question to test in my system because the timing and magnitude of 

seasonality in rodent cycling can differ by species, location, and by environmental 

conditions (O’Farrell, 1974; Galea et al. 1994, Tkadlec and Zejda 1998). The trap 

lines complemented the cafeteria trials by allowing a comparison of monthly 

removal of seed by monthly size of the rodent community (numbers of individuals 

of all species per month). 

4) The captive feeding trials involved placing seeds and seedlings in enclosed areas 

with one or two deer mice, allowing me to observe relative preferences of rodents 

for seeds, seedlings, and adult foliage of prairie species, and how dietary choices 

change as food availability decreases. The availability of food type (seed, 

seedling, adult foliage) varies widely by season, which could influence what plant 

species are consumed by rodents at what time of year. Seeds of prairie species are 

mostly produced in late summer, falling to the ground before germinating the 

following spring. Seedlings tend to emerge in late spring and early summer, given 

that prairie seeds typically require the long cold-wet winter to break dormancy. 

The foliage of adult plants is available for most of the growing season and even 



 

13 

 

into the winter. Forliage is assumed to be the least preferred by rodents given that 

content of lignin and other secondary chemical compounds, that reduce 

palatability, tends to be higher than in seeds and seedlings and tends to 

accumulate in adult tissue as the season progresses (e.g., Crawley 1983). This test 

is designed to identify if rodents shift feeding preferences from seeds to seedlings 

to adult foliage as food depletes. This has not been described in tallgrass prairie.    

5) Exclosures are always necessary for rodent plague studies, despite their 

methodological flaws (see Introduction), to directly test how prairie plant species 

recruit with and without small mammals present. This is required because factors 

other than predation can limit recruitment (e.g., competitive suppression by other 

plants) and some of these  factors can indirectly influence small mammal feeding 

activity (e.g., plant cover can make seeds harder to detect but provide protective 

cover for rodents against their predators). Prior to the summer of 2012, I installed 

six 5 m long x 1.5 m wide x 1 m tall steel-mesh exclosures at random locations 

within the prairie, with the cage walls buried ~30 cm into the ground to prevent 

rodent tunnelling. The exclosures were loosely covered with netting to restrict 

bird access.  I used a factorial experiment with three treatments – addition of 

prairie seed, rodents excluded from the exclosures, and removal of the prairie 

canopy with mowing. Plant cover was an important treatment given the potential 

of the established plant canopy to either facilitate recruitment (seeds can be harder 

for rodents to detect in dense prairie versus fully open defoliated areas) or to 

suppress it, which can occur indirectly by providing cover for rodents from 



 

14 

 

predators and increasing rodent foraging activity or directly by reducing light and 

other resources (e.g., soil moisture) (Reed et al., 2005; Kirchner, et al., 2011). 

See Figure 1 for a detailed site map and layout of all experiments and their 

respective location within the experimental site. See Table 1 for an overall summary of 

the experimental methods and their respective predictions for the seasonal and aseasonal 

hypotheses.  

 

Detailed Descriptions of the Five Experiments 

 
1. Cafeteria Trials 

Twenty seed stations were created using 10-litre Tupperware containers placed in 

a grid formation within the 18-hectare tallgrass prairie at four distances: 0 m, 50 m, 100 

m, and 150 m inward from the surrounding old field edge. The location of the sampling 

grid was rotated between two areas 0.5 km apart each month to reduce habituation to the 

seed stations. There were five replicates at each distance, placed 15 m apart in a linear 

transect that ran parallel to the field edge. Rocks were placed atop the containers to 

prevent them from blowing over and scattering the seed.  Five seeds of six species native 

to tallgrass prairie in North America including grasses were placed in each container at 

the beginning of each month (i.e., the seeds were replenished to five seeds per species 

monthly): grasses: big blue stem, Canada wild rye, prairie brome; forbs: black-eyed 

susan, woodland sunflower (Helianthus divaricatus), round-headed bush clover, plus a 

seventh non-prairie species, the tree sugar maple (Acer saccharum), which can invade 

prairie grasslands if undisturbed (e.g., fire suppression) for long periods (Reinhart et al., 
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2005). Access to the seed stations by small mammals was through a 2.5cm diameter PVC 

tracking tube, lined with powdered paper for tracking footprints of animals entering and 

leaving. Within each container were seven petri dishes, each with the five seeds of the 

seven species (6 prairie plants plus sugar maple). Seeds were placed the afternoon prior to 

the start of each monthly sampling period and stations were monitored biweekly for 

twelve months. Removal counts were equal to the number of seeds consumed or 

obviously predated upon (husks of grass seed were often left while the inside consumed) 

were recorded.  

2. DNA Analysis 

 During trapping each month, all available scat from deer mouse and jumping 

mouse were pooled into five silica containers (5 samples x 12 months = 60 total samples). 

The scat from the sixty containers was analysed for DNA plant content, with each plant 

identified to at least the family level, and classified by habitat affinity (prairie or non-

prairie) and by functional group (forb, grass, tree, or bryophyte [moss]). 

 The DNA analysis was developed and performed by Royce Steeves specifically 

for this project, under the supervision of Dr. Steve Newmaster. The process can be 

described in five steps: DNA extraction, amplification, electrophoresis, sequencing and 

analysis. The DNA was extracted using chaotropic salts, which precipitates DNA from 

the sample (Wolfe et al., 2002), and then combined with a lysis buffer and heated to 60°C 

for five minutes on a stir plate to lyse the DNA. Amplification was done using a PCR 

(polymerase chain reaction) process that generates thousands of copies of a particular 

DNA sequence by enzymatically assembling identical DNA strands (Saiki, et al., 1988). 
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PCR amplification was performed on trnH-psbA, a common spacer (non-transcribed 

section of DNA) found within all plant species (Kress and Erickson, 2007).  trnH-psbA 

was amplified using trnH and psbA primers, BSA (bovine serum albumin) to stabilize 

enzyme reactions, and commercial products Phire hotstart which contains DNA 

polymerase, the enzyme required to initiate DNA replication. A Viriti® thermal cycler 

was used to denature (unfold) the nucleic acids at 98°C for 1 min; followed by 35 cycles 

of 98°C for 5 s, 57°C for 5 s, and 72°C for 12 s with a final elongation was performed at 

72°C for 1 min. 

 The denatured nucleic acids were then separated by length on an agarose gel using 

electrophoresis at a voltage of 5 V/cm for 3.5-4 hours. Separation occurs as negatively 

charged DNA is drawn through the gel by an electric current, with shorter strands 

travelling faster, resulting in separation by length (Southern, 1975). Strands of different 

length likely represent unique plant species. The gel was then stained for thirty minutes 

using Gelstar™, a section of gel containing strands of interest was excised manually and 

dissolved in a TBE (a combination of Tris, boric acid and EDTA used to make the DNA 

soluble) buffer solution. The gels were then frozen at -20°C, spun for 2 minutes at 8 000x 

g to elute the TBE-DNA mixture from any remnant agarose gel, and diluted with 10x 

sterile water. PCR re-amplification was then performed on the individual strands using 

the same procedure as the initial PCR amplification. 

To sequence the DNA, a mixture was created using the re-amplified DNA strands 

in combination with commercial product BigDye (repairs DNA ends), a trnH primer and 

a sequencing buffer (improves results). The nucleic acids were again denatured using 

thermal cycling and cleaned by running the solution through Sephadex columns (tubes of 
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microscopic beads). Sequencing was performed using an ABI 3730 sequencer at the 

University of Guelph Genomics Facility. trnH was considered the primer (starting point) 

used most commonly, but a psbA primer was used if no result was found. 

  The DNA analysis was done using Nucleotide BLAST (NCBI) with all sequences 

identified to the family or genus level. Unidentified sequences were mined from 

Genbank.    

Overall, plants were detected in all sixty samples. DNA found within each scat 

sample was classified to at least the family level and separated as prairie and non-prairie 

species.  

 
3. Trap Lines 

Beginning in December 2011, small mammals were trapped monthly using 50 

Sherman Live Traps (5 cm x 7 cm x 27 cm) that were placed over a 0.5 hectare section of 

the study area. The traps were laid out in grid of 5 trap lines placed 10 m x 10 m apart 

with the first trap in the grid beginning within the old field edge and extending out 100 m 

into the prairie. A grid design was chosen as it provides a better spatial resolution, 

estimation of population density and depiction of home range for small mammals 

compared to transects (Pearson and Leonard, 2003). Traps were baited with roasted 

sunflower seed, with no shells, and during winter filled with cotton to reduce exposure to 

the cold. 

The traps were set the evening prior to the first day of each month and monitored 

twice per day at 7 a.m. and 7 p.m. for three consecutive days each month. During winter a 
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midnight check was also performed to prevent mortality due to cold temperatures. 

Population size (number of animals per unit area) was estimated using the Jolly-Seber 

method (Krebs 1999), which provides a better estimate of population size in an open 

environment and accounts for potential influences of immigration, emigration and 

mortality (Stokes 1984, Boonstra 1985, Schwarz 2001). Traps were removed monthly to 

avoid small mammals habituating to the traps. Small mammals were sexed, weighed, and 

tagged using numeric ear tags to identify movement patterns. Only deer mice and 

jumping mice were tagged; all other captured animals were not (i.e., shrews, voles, and 

weasels). Traps were cleaned on-site with tissue after each capture and thoroughly 

cleaned between months to ensure no contamination of scat DNA. Starting in March 

2012, the trap lines were extended an additional 100 m into the prairie (200 m x 50 m = 

1.0 hectare area). This was done to better assess a difference across spatial gradients (e.g., 

potential changes in small mammal densities from edge to interior areas), as capture 

numbers were uniform across distance after the first three months of the experiment. As it 

turned out, this sampling extension was unnecessary as the concentration of small 

mammals towards the field edge as reported at the site in 2010 (Germain et al. 2013) was 

no longer evident even 200 m into the prairie interior. However, the sampling extension 

created two different densities of trapping within the same study location, which I 

accounted for simply by halving the capture numbers within the first three months given 

that the trapping was done in a 50% smaller area compared to subsequent months.  
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4. Captive Feeding Trials 

In September 2012, after the exclosure trials ended (see below), the six small 

mammal cages were sealed with a roof of galvanized steel mesh with 3 mm pores, and 

the edges packed with soil, to enclose small mammals rather than exclude them. Prior to 

the feeding trials with captive animals, four clear plastic 10 L Tupperware containers and 

a 250mL water dish were placed in each cage, two containers filled with pillow stuffing 

and placed in diagonal corners of the cage and the other two placed in the remaining 

corners with five seeds of each of the seven species included in the cafeteria trials, as well 

as the native C4 graminoid Indian grass. Indian grass is found abundantly at my restored 

prairie study area. Previous research suggested that the high abundance of Indian grass 

could be a consequence of low rodent consumption, although this has not been directly 

tested (Germain et al. 2013). Additionally, four seedlings of each of the eight 

aforementioned species, grown in plastic seedling containers (6 x 6 array of 4 cm 

diameter x 10 cm deep soil tubes) at the University of Guelph greenhouse, were added to 

each of the cages at random locations on September 21
st
 2012, with the trays buried flush 

into the ground. Forb seedlings grew to approximately 2 - 7 cm in height in the 

greenhouse prior to placement in the cages, while the grass seedlings grew approximately 

4 - 18 cm tall.  

Trapping of mammals for the experiment began September 22
th

, with the intention 

of capturing animals from a different part of the 18 ha study area to add to the cages. A 

series of 5 trap lines were created 500 m to the south of the main trapping area, where I 

anticipated similar capture rates to what I had observed at the beginning of September 

from the main trapping area. However, this was not the case. Within the first two days, 
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only one deer mouse was captured, along with two short-tailed weasels. I then established 

a second series of 5 trap lines 300 m north of the main trapping area, but only five adult 

male deer mice were captured in five days of trapping, as well as five short-tailed 

weasels. Three of these weasels were found in traps with mutilated deer mouse carcasses. 

This was the highest capture rate of the short-tail weasels that I observed during my 

study. 

As a result of poor capture success, an alternative design of mouse density was 

chosen where one cage held no animals, four cages contained a single animal, and one 

cage contained two animals. Small mammals were added to the cages by briefly pulling 

the roof back and emptying the Sherman traps inside. Seed removal was monitored twice 

per day for one week by counting remaining seeds within the clear plastic Tupperware 

containers. After the experiment’s completion, determined when I was no longer 

detecting any further granivory, the small mammals were captured using Sherman live 

traps, and released back to the areas where they were captured. Damage to planted 

seedlings and adult plants within the cages was then assessed by observing damage to the 

leaves and stems of all individuals. 

 
5. Exclosures 

The exclosures directly compared recruitment success of added prairie seed with 

and without granivory/herbivory by small mammals during the summer growing season 

of 2012. There were three treatments: the cages, the seed addition of native tallgrass 

prairie species, and mowing to examine the impacts of protective cover on recruitment.  
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Six 10 x 10 m experimental units were placed randomly within the prairie in 

March 2012, with each unit containing one of the 1.5 x 5 x 1 m cages constructed with 

galvanized steel mesh (3 mm pore size - Home Hardware). Prior to cage construction, 

half of the area (10 x 5 m) was mowed to ground level using a whipper-snipper and then 

raked, with the raked material taken off site. Each cage straddled the mowed-unmowed 

boundary within each unit, such that half the cage had no plant cover. The mowing and 

exclosure construction were completed on March 15
th

 and April 2
nd 

2012 respectively, 

after which a 20-species seed mixture of prairie plants was hand broadcast into 1 m
2
 plots 

placed within each of the four treatment combinations (mowed-caged, unmowed-caged, 

mowed-open, unmowed open). There were also unseeded 1 m
2
 plots within each 

treatment combination, to test background recruitment levels by prairie plants. The end 

result was eight 1 m
2
 plots for each of the six experimental units (+- seed, +- cage, and +- 

mow - Figure 2)  

In July, I observed that some recruiting seedlings were dying because of the 

intense drought of 2012. I therefore watered all plots equally with a water backpack to 

increase survival of the remaining individuals. In August, I counted all recruiting prairie 

seedlings, when seedlings were mature enough to be identified to species.  
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Statistical Analyses 

 
1. Cafeteria Trials 

The cafeteria trials examined the seed removal of seven species over 12 months, 

to rank species by preference and determine seasonal differences of removal. For this 

experiment there was a lack of independence among species as all seven species were 

placed within one Tupperware container. This provided simultaneous choice and 

competing risks which may have created biases, as seed of some species may have been 

taken at higher levels than might normally occur through some interaction (e.g., rodents 

may have been attracted to the containers by highly palatable types of seed, and once 

there they consumed other species at higher levels than might normally occur). I 

accounted for this by pooling all species together, rather than trying to test the interaction 

between month*species, given the potentially confounding problems as described above. 

To test total seed removal by month, all species combined, I used an ANOVA and 

post-hoc Tukey HSD test. Twenty replicates per month were considered and treated as 

temporally independent due to the rotation. The data for this analysis were also normally 

distributed. Additionally, I used ANOVA and Tukey’s tests to compare the number of 

species removed by month. A linear regression was performed comparing total removal 

of seed by month versus the total number of captured animals per month, to determine if 

any relationship existed.  
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2. DNA Analysis 

 The analysis of the DNA data tested consumption of prairie and non-prairie plant 

species by month, with most of the non-prairie species also being exotic (exception – 

Canada goldenrod). The number of prairie and non-prairie plant detected by month as 

primary response variables. Two analyses were performed, the first comparing the 

number planted prairie species consumed by month, and the second comparing the 

number of non-prairie species consumed by month. When considering either prairie or 

non-prairie plants in the small mammal diet, if seasonality were prevalent, one would 

predict uneven consumption over the course of the year with spikes in the consumption of 

prairie plants in winter, in summer, or possibly both. If seasonality were irrelevant, one 

would expect the number of prairie plants consumed to be at similar levels all year (no 

difference across months) or that prairie and non-prairie species were consumed with no 

detectable preference among months. 

 The data for the number of native prairie species detected turned out to be highly 

skewed and non-normal. This was due to a highly seasonal consumption of prairie 

species two months of the year during late summer and early autumn, and almost no 

detected consumption during the rest of the year. Transformations were unable to 

normalize these data and, as a result a non-parametric approach using the Kruskal-Wallis 

ANOVA was used, as this test does not require a normal distribution of data (Buthmann, 

2010). The data for the non- prairie species were normally distributed and thus did not 

require transformation. Nonetheless, Kruskal-Wallis ANOVA was also used to test non-

prairie plants X month, to ensure the two data sets were tested equivalently and the 

results were thus comparable.   
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3. Traps Lines 

The trap lines generated a single statistic – the number of animals per unit area 

trapped each month. The Jolly-Seber method was used to estimate population size. The 

trap lines were extended in March and the effect this had on the data (e.g., I sampled an 

area 50% smaller but with the same number of traps [50] in the first three months of my 

study) was accounted for by dividing the captures during December, January and 

February in half, to account for the twofold sampling effort. Although individuals were 

weighed and sexed, no analyses were performed on these data as they did not directly 

relate to my primary research questions (I did test the correlation between the monthly 

density measures [individuals per ha] and removal rates in the cafeteria trials, as 

described above).  

It was assumed that all small mammal species and individuals behaved similarly 

and that trap misfires did not alter population size estimates. It was also assumed that all 

traps were equally accessible by small mammals and that rodent captures were not 

influenced by weather conditions.  

 
4. Captive Feeding Trials 

The captive feeding trials tested differences in seed removal by species, within the 

small mammal exclosures. A square root transformation was performed to improve 

normality. I restricted my analysis to the sixth day of the experiment, when the 

differences in removal among the seven species were most distinct. Only two species 

were removed before this day (sugar maple and woodland sunflower), and by the seventh 

day all species had been consumed. Each of the four one-mouse cages, and two 
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Tupperware containers within each (see below), were considered as replicates. My 

analyses focused only on the four replicate cages with single animals. The control cage 

was used simply to quantify background removal in the absence of an enclosed animal 

(e.g., accounting for the possibility of removal by ants or wind). The cage with two 

animals was used to test whether removal rates increased proportionally with more 

animals present (which it did) – I could not determine whether there were behavioural 

interactions (e.g., did the two animals compete for the available food?).  

Seedling herbivory was assessed on a five level categorical scale based on 

visually noticeable damage at the end of the week (e.g., values of 1 through 5 based on 

damage levels of: 0-19%, 20-39%, 40-59%, 60-79%, 80-100% per individual seedling). 

The data appeared normally distributed. An ANOVA and post-hoc Tukey HSD was 

performed using the damage values of 1 through 5 as response variables, to identify the 

species that were primarily consumed. Adult plant damage was also assessed, but no 

damage was observed. The dependent variable was seed removal and independent 

variable was time.  

 Because half the area of the captive feeding trials was mowed, all enclosure 

analyses were initially considered as blocks, separated into two sides: mowed and not 

mowed with a seed container on each side. Because there was no detectable statistical 

effect of blocking (suggesting that removals were not affected by mowing [F1,3 = 0.223, P 

= 0.637]), I did not include blocking in my final analyses.  
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5. Exclosures 

The total numbers of seedlings for each of the planted species were counted 

within each plot towards the end of August 2012. Total abundance (total seedlings m
-2

) 

and species richness (number of planted species m
-2

) were the primary response variables 

measured, with the six exclosure experimental units considered as replicates. Two 

separate full-factorial ANOVA analyses were run for the August recruitment data for the 

two primary response variables. Seed addition, mowing and small mammal protection 

was considered as fixed treatments. Exclosures straddled the mowed and unmowed area 

such that half the exclosure was mowed, so an additional random blocking effect was 

added to the model to account for the non-random placement of the cage. Post-hoc Tukey 

HSD tests were to determine which treatments or treatment combinations best explained 

recruitment success.  

 The exclosures do not directly test for seasonal consumption of prairie and non-

prairie plants but they were used to directly quantify the reduction of plant recruitment by 

prairie species as a result of small mammal granivory, given that factors other than small 

mammal effects can also affect recruitment. The data for both response variables were 

irregularly distributed. Log+1 transformation were performed to improve normality for 

both abundance and richness full-factorials. 

A log response-ratio test (e.g., Hedges et al. 1999) compared the average log 

abundance and richness for all treatments, against the average log of the control value. I 

also tested log response-ratios for two treatments specifically, mowing versus caging, to 

more clearly isolate the relative magnitude of their influences on recruitment by the 



 

27 

 

planted species. These comparisons were done using the seeded plots, as effect sizes were 

larger. Log-response ratios depict the magnitude of individual treatments allowing for a 

quantitative interpretation of the result compared to simply using p-value tests (Breaugh, 

2002).  

 Analyses were done using R (v. 3.0.1- R Foundation for Statistical Computing 

Vienna, Austria) or JMP (v 10.0.0 - SAS Institute Inc., Cary, NC).   
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Results 

1. Cafeteria Trials 

Small mammals preferentially selected seeds by species over the twelve months. 

Woodland sunflower was removed the most, followed by sugar maple, then by, round-

headed bush clover, Canada wild rye, big blue stem, prairie brome and black-eyed susan. 

(Figure 3, Table 2). Generally, large seeded plant species were preferentially selected, 

then the C3 grass, followed by the C4 grass, and lastly species considered unpalatable 

(which, as had been previously observed at the site, were never taken). 

Total seed consumption per month was also strongly seasonal (F11, 239 = 16.4, P < 

0.0001; Figure 4), with the greatest removal in June and July (Tukey HSD; Figure 5). 

Numbers of species taken differed by month (F11, 239 = 6.71, P < 0.001), with the greatest 

number of species removed in June as well (Tukey HSD).  

Total removal of the three most preferred species - sugar maple, woodland 

sunflower and round-headed bush clover – differed seasonally (F11, 239 = 9.34, P < 

0.0001), with greatest consumption in the summer (June and July) but also in the early 

winter (November, December) (Tukey HSD). A comparison of the C3 grass, Canada wild 

rye, by month also detected differences (F11, 239 = 7.86, P < 0.0001) with greatest removal 

in June and July. A comparison of the C4 grass, big blue stem, also found a difference 

(F11, 239 = 3.09, P = 0.0007) with the greatest removal in July compared to any other 

month. Lastly, a comparison analyzing the least palatable species - black-eyed susan and 

prairie brome - found no discernible differences by month (F11, 239 = 0.753, P = 0.238). 
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Population size of the small mammal community (all captures combined) was not 

correlated with seasonal variations in removal from my cafeteria trials (R
2
 = 0.210, t = -

1.97, P = 0.137; Table 3). 18 and 28 individuals per hectare during June and July had 

equivalent removal of sugar maple and woodland sunflower to 3 individuals per hectare. 

(Figure 6).   

 
2. DNA Analysis 

121 plants from 38 species were identified from the 60 scat samples (Table 4). 

DNA of a prairie species was found 27 times over the course of the year, mainly during 

August (12 instances of plant DNA by 3 species) and September (5 instances of plant 

DNA by 3 species), in comparison to the remaining months of the year where the average 

number of prairie species consumed per month (represented within the five samples per 

month) was one or zero (Table 4). The DNA of non-prairie taxa were found 94 times over 

the course of the year, with highs during July (18 individuals, 10 species), December (17 

individuals, 6 species), June (12 individuals, 4 species) and October (10 individuals, 4 

species), in comparison to the remaining months of the year (an average of 4.6 

individuals, 3.1 species) (Figure 7). The non-prairie species detected were mostly forbs, 

trees and exotic grasses, with some bryophytes, indicating the general dietary preferences 

of small mammals towards the first two functional groups at all times of the year. Of 

these, the most abundant non-prairie species detected were exotic old field forbs and 

grasses from the following families: Fabacaea, Oxalidaceae, and Poaceae. Non-native 

tree species were also detected in the scat samples seven months of the year, mainly an 

exotic species of Pinus that had been planted onsite as an ornamental.  
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The consumption of prairie species was highly seasonal using a Kruskal-Wallis 

test (x
2 

1,11 = 42.08, P < 0.0001) and a post-hoc Tukey HSD revealed three identifiable 

groups with the greatest number of prairie individuals consumed in August, followed by 

September, and lastly the remaining 10 months. Non-prairie species consumption also 

differed seasonally (x
2
 1,11 = 46.23, P < 0.0001). A post-hoc Tukey HSD revealed five 

distinct periods of greatest consumption of non-prairie individuals, with July and 

December having the greatest consumption, followed by June, October, November and 

February. This trend illustrates high non-prairie plant consumption during two time 

periods: summer (June and July) when population sizes of rodents are large and winter 

(October, November, December, and February) when food availability is presumed to be 

lower.   

Comparing the consumption of prairie and non-prairie individuals (i.e. the number 

of instances a species was detected in the five samples per month), a greater number of 

non-prairie instances were consumed all months of the year except August and 

September, the time when most native prairie species set seed (Figure 8). Considered as a 

ratio (prairie: non-prairie species per month), non-prairie plants composed an average of 

91.9% of the rodent diet most months of the year versus an average of 12.6% during 

August and September. During all months of the year excluding August and September, 

prairie plants composed an average of only 8.08% of the rodent diet per month. During 

August and September specifically, prairie plants composed an average of 87.4% of the 

rodent diet. 

Additionally, no prairie species were detected in the scat samples in October or 

November, suggesting either that seeds released during autumn were completely 
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consumed during August and September, or that the rodents had switched their 

preferences to non-native species.  

 
3. Trap Lines  

There were 228 captures, with eighty-seven individual animals tagged over the 12 

month sampling period. Deer mice, captured every month, and jumping mice, captured 

from May through September, were the two most abundant species that I observed. One 

red back vole was captured in June and one in July, as well as two common and two 

short-tailed shrews in the latter half of the year (July – November). Nine short-tailed 

weasels were captured in the latter months of the year (December 2011 and August-

November 2012). Two deer mice died during cold winter trapping nights, along with the 

two common shrews. 

The number of individual captures fluctuated from 6 (March 2012), to 23 (July), 

to 3 (October and November) per hectare (Figure 9), with the Jolly-Seber technique 

estimating that population sizes fluctuated from 6 individuals per hectare (March), to 28 

(July), to 3 (October and November) individuals per hectare. A complete list of capture 

information and population estimates can be found in Table 5. 

 
4. Captive Feeding Trials 

A comparison of seed removal by species on the sixth day was almost identical to 

the order of removal seen in the field cafeteria trials - sugar maple and woodland 

sunflower were primarily selected, followed by round-headed bush clover and Canada 

wild rye, with big blue stem, indian grass, prairie brome and black-eyed susan considered 
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the least palatable (F7,63 = 44.7, P < 0.0001; Tukey HSD) (Figure 10). The rate of removal 

in the two-animal cage was nearly double the single-animal cages, with all woodland 

sunflower, sugar maple and round-headed bush clover consumed within 24 hrs. At the 

end of the week period, all Canada wild rye and big blue stem seed had been consumed in 

the two-animal cages.  

The level of damage to seedlings differed for the eight species included (F7,63 = 

21.8, P < 0.0001), with post-hoc Tukey HSD tests revealing that woodland sunflower 

damage was greater than any other species, followed secondly by black-eyed susan, and 

lastly by the remaining species. Woodland sunflower (mean 90% damage per plants 

[Standard Error = 16.3%) and black-eyed susan (mean 47% damage [Standard Error = 

39.5%]) were the only two species damaged. All other seedlings were untouched.  

I detected no evidence of consumption of adult plant parts in the cages. Zero 

removal and zero seedling damage occurred within the control cage. 

 
5. Exclosures 

The full-factorial analysis comparing richness between the eight treatments (F1,47 

= 7.915, P < 0.0001), determined a the three way interaction of mowing, seeding, and 

caging altered plant recruitment (t = 2.60, P = 0.0130) (Figures 11 & 12). A post-hoc 

Tukey HSD revealed that seeded, mowed and unprotected plots had lower mean richness 

(1.3 species m
-2

, SE = 1.37) in comparison to the remaining seven treatments (4.0 species 

m
-2

, SE = 1.06]).  
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The full-factorial analysis testing differences in total abundance among treatments 

(F7,47 = 8.818, P < 0.0001) found a two way interaction where seed addition and mowing 

significantly affected the numbers of recruiting seedlings of seeded prairie species (t = -

3.37, P = 0.0017). This indicates that fewer seedlings were present in mowed and seeded 

plots than other treatments but also illustrates that the cage had no effect on total 

abundance; the latter was explained by black-eyed susan, a species that I have already 

shown to be mostly avoided by rodents, which recruited in large numbers regardless of 

the presence of the cage. 

Log-ratio comparisons isolating the mowing versus cage treatments were 

conducted for abundance and richness, to test the relative magnitude of the two 

treatments on recruitment success when holding the other two treatments constant (Table 

6). For each response, the effect of mowing was mostly negative (recruitment in 

treatment less than control), while the effect of the cage was slightly positive (treatment 

greater than control) (Figure 13).  
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Discussion 

 
Plant – animal interactions are strongly intertwined as plants provide food for 

animals, while browsing by animals damages plants. This potentially limits the 

abundance and persistence of palatable plant species, which ultimately could also be 

destabilizing for small mammals if they permanently reduce levels of the most highly 

consumable resources (Hingten and Clark, 1984; Maron and Pearson, 2011). Plant and 

small mammal populations are both seasonal, suggesting that the intensity and impacts 

(reciprocal or not) may vary temporally (Ashby, 1967; Krebs, 1973; Taitt, 1981; 

Boonstra, 1985; Krebs, 1994). I set out to test the potential seasonal variability of small 

mammal plant consumption in a species-rich tallgrass prairie, focusing on two 

alternatives: (i) whether consumption was greatest during summer when animal 

population size and food availability are largest or during winter when animal population 

sizes and food availability are smallest, or, (ii) whether consumption occurred 

independently of season [native plants consumed at similar levels all of the time, or 

native plants not preferentially consumed]. My research demonstrated that prairie plant 

consumption by small mammals was highly seasonal and mostly by granivory, occurring 

almost entirely during a relatively narrow seasonal window of late summer when rodent 

populations are at their peak and the majority of native prairie plants are setting seed.  

Although seasonality of small mammal foraging has long been recognized and 

indeed is almost ubiquitous with these taxa (e.g., Grant & Birney 1979; Jonasson et al. 

1986; Hulme 1994), the potential for seasonal differences in the consumption of tallgrass 

prairie species has not been tested. Based on the cafeteria trials, I observed that small 

mammals removed the largest total amount of seed and consumed the greatest number of 
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species in the late summer and early fall. This was supported by the DNA result which 

indicated high proportions of prairie species (compared to non-prairie species) were 

consumed during late summer. There was no evidence to suggest seed caching, as little 

native plant material was detected in scat samples outside of late summer/early fall. 

During January two of the three native species consumed were those that retain their seed 

until winter, which likely explains why they were detected at this time. The DNA results 

indicate that the small mammal diet is composed primarily of non-prairie exotic species 

during the other months of the year. The prevalence of exotics (i.e., plants not native to 

North America) within the diet suggests that alternative food sources could be important 

for maintaining rodent populations in the winter, either because they are preferred over 

prairie species or simply that prairie species are unavailable. This may alleviate the 

pressures on rodent populations associated with seasonal dietary limitations during winter 

and spring (Ostfeld et al., 1997) and could even support larger population sizes than 

might otherwise be possible, although this is a hypothesis that would require further 

testing. Drawing the evidence together, during summer there was the largest total seed 

removal, largest observed selection of prairie species, and the largest proportion of prairie 

species in the diet of native prairie plants, meaning small mammals influence the prairie 

plant community primarily during August and September, a finding that had not been 

previously demonstrated. 

The high prairie plant consumption in the summer could be the outcome of 

numerous inter-related mechanisms. Initially, small mammal populations in summer were 

larger than any other time of the year, with a nearly five-fold population increase from 

March until July after adjusting population estimates using the Jolly-Seber method. 
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Boonstra and Krebs (1976) demonstrated that, as animal population sizes increase, so 

does the amount of energy required to support the population. This coincides with the 

largest number of seed and the greater range of species removed from the cafeteria trials. 

Ostfeld’s (1985) findings support this, as he found that small mammals expanded their 

dietary range during periods of summer reproductive activity. Although expanding the 

rodent diet could potentially reduce predation pressure on certain prairie species (i.e., if 

rodents start consuming small amounts of more species, rather than just a few highly 

preferred ones), my data show that this potential ‘rescue effect’ does not appear to 

operate. Rodents only ever switched to alternative species when supplies of preferred 

species were completely exhausted.  

The DNA results suggest that the dietary expansion during summer is likely due 

to food limitation. During June and July non-planted exotic species encompassed the 

majority of the small mammal diet, with thirty-three exotic species consumed compared 

to three prairie species. This pattern then shifted during August and September, with 

seventeen prairie species consumed compared to five exotics. Complementing this 

finding are the results from the cafeteria trials. During August and September the 

cafeteria trials showed a reduction in the total amount of seed removed, presumably 

because palatable seeds from native prairie species were readily available throughout my 

study area at this time. Taken together, these results suggest there are strong species-

specific preferences by rodents for certain plant species in my study system, especially 

forb and C3-grass prairie plants. They also suggest that a main factor limiting 

consumption of native prairie species at other times of the year appears to be seed 

availability, with other food types consumed only when prairie seed is absent.  
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While evidence suggests that prairie plant consumption by small mammals is 

greatest in August and September, small mammal activity during winter is also important 

to consider. As is typically the case, rodent populations varied in size by time of year 

(Boonstra 1985), with population sizes decreasing over nine-fold from the estimated 

summer peak (28 animals per ha) to a winter low (3 animals per ha). Despite the small 

population sizes, the total amount of sugar maple and woodland sunflower seed removed 

from the cafeteria trials during November (3 mice per ha) was greater than any other 

point of the year. This possibly demonstrates both food limitation at this time of year and 

more widespread foraging by the few remaining small mammals, and resembles Ashby’s 

(1967) result of greatest total seed removal during winter. That being said, these cafeteria 

results were not supported by the DNA analyses, in the sense that proportions of prairie 

species in the diet were low during this same time. This suggests that under natural 

conditions, palatable seed is no longer widely available or easily detectable during winter. 

The DNA results show the consumption of native grasses that release seed during January 

(e.g., Elymus canadensis) suggesting species-specific cases exist where some prairie 

plants could be targeted during winter. This supports the overall conclusion that a rodent 

community, regardless of its size, will consume large amounts of prairie seed as it 

becomes available.  

It seems apparent based on my trapping and cafeteria data that small mammal 

foraging continues extensively during winter and that the continued preferential 

consumption of prairie forbs would continue if seed were still available. The captive 

feeding trials support this, as small mammals continued to preferentially select prairie 

seed in sequence as the most preferred species were depleted. It was expected during 
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winter that small mammals would expand their dietary range to include prairie species 

otherwise considered unpalatable. The DNA results suggest that this does not happen, 

with the dietary range expanding during this time, but only for non-prairie plants (e.g., 

non-native pine trees that are nearby).  This suggests exotic species could potentially 

bolster small mammal populations during times of food limitation, and possibly increase 

winter survival and subsequent fecundity during the next breeding cycle. This hypothesis 

is impossible to test, as I do not know what winter diets or winter survival levels were 

prior to the introductions of these exotic plants starting in the 1800s in association with 

agricultural expansion. At the least, however, my data are suggestive that exotics could 

play an important role in ‘subsidizing’ small mammal populations on contemporary 

landscapes (Polis et al. 1997). While the diet in winter was composed primarily of exotic 

species, one can conclude that remnant seed banks of prairie species would be targeted if 

available. It should be noted that these results occurred in the absence of snow cover 

during the winter of 2011-2012, which is important to consider given how snow cover 

has been shown to both increase and decrease rodent foraging (Howe and Brown, 2000).  

The exclosure cages were constructed to compare small mammal-induced 

reductions of recruitment of prairie plants against an equivalent open environment. The 

experiment combined fencing with seed addition and mowing, with the latter testing 

whether grass cover reduces recruitment (competitive suppression of seedlings) or 

possibly increases it [by reducing detection by small mammals as has been reported 

elsewhere (Reed et al., 2005)]. The data gathered in August revealed a reduction of 

abundance and richness within the unprotected seeded and mowed plots. In retrospect, 

the effect may have been even larger if not for the drought of 2012, with 234.7 mm less 
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rainfall than average from March to July than the average for the area (Environment 

Canada, 2013). Dehydrated and deceased seedlings were visible and overall plant 

numbers within all plots were reduced as a result, likely alleviating somewhat the effects 

of preferential selection. Despite this, the recorded reduction of diversity in the open and 

seeded plots reinforces previous observations at this site and elsewhere (Howe et al. 

2002, Germain et al. 2013) that small mammals have the capacity to shape grassland 

plant communities, by turning them into collections of species they do not consume. 

Previous studies at my site (Germain et al., 2013) recorded small mammal impacts on 

recruiting prairie species rapidly occurring, as large reductions of diversity and 

abundance were found at the study area even after the first year of planting in 2010. The 

data collected from the DNA results and cafeteria trials provide further insight into the 

specific species that are preferentially targeted, and therefore unlikely to establish. 

Overall, the rodent-induced diversity reduction of the plant communities aligns with 

Howe and Brown’s (2002) claim that rodents can be a plague on prairie diversity.  

My work is too limited in duration to deal with the dynamics of predator-prey 

interactions. Specifically I am unable to test the capacity of seasonal food limitations to 

regulate or influence small mammal dynamics (bottom-up regulation) or the capacity of 

predation (top-down regulation) to not only structure plant diversity but ultimately reduce 

the availability of food resources for future rodent populations given that the prairie 

should quickly become composed of less palatable species such as C4 grasses such as 

Indian grass. However, my results suggest the possible occurrence of bottom-up and top-

down processes in my system, including the influence of the unexpected arrival of the 
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short-tail weasels that was associated with a significant decline in small mammal 

captures.  

In terms of bottom-up influences on rodents, my work suggests (i) a highly non-

random variation by season in the availability of high quality food in the prairie, with the 

maximum availability of prairie seed occurring in late summer, and (ii) a coinciding peak 

in small mammal captures at this time. There has been considerable debate on the main 

mechanisms underlying the nearly ubiquitous annual oscillations of small mammal 

populations in grasslands and elsewhere, with explanations including interactions among 

food availability, predator risk, climatic factors such as temperature, and day length 

which affects both foraging activity and growing-season length for plants (Hanski et al., 

1991; Power, 1992; Hanski et al., 2001). Although all of these factors are probably in 

play in my system, the results of my various experiments, especially regarding 

differences in food preferences by small mammals, suggest that seasonal variation in 

plant production does have the capacity potential to influence changes in rodent 

populations during the growing season. The peaks in mammal abundances corresponded 

with the greatest availability of native prairie seed, with rapid declines afterwards. 

Although this would need to be tested, my work implies the possibility that greater 

availability of palatable native prairie seed earlier and later during the year could have the 

capacity to at least somewhat stabilize within-season small mammal dynamics.  

In terms of the possibility of top-down influences, this connection appears easier 

to establish given the powerful impact that rodents had on reducing plant diversity based 

on palatability differences among prairie plants. What also seems likely is that these 

effects may be powerful and long-lasting, with strong and rapid preferential removal of 
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palatable plants potentially decreasing food availability for subsequent generations of 

rodents in this system. If true, I predict that population levels of rodents in future years 

would not reach such high levels as I observed, as palatable species become increasingly 

extirpated.  The density of rodent populations that I observed are unusually high 

compared to work from other grasslands in southern Ontario (Rudy Boonstra, personal 

comment), and may relate to the presence of a range of prairie species (e.g., numerous 

sunflower species and big-seeded palatable C3 grasses) present in my site but now absent 

from most of southern Ontario [note: these species are all native to southwestern Ontario, 

and were formerly much more abundant and widely distributed]. Again, this would need 

to be tested, but it seems clear that strong preferential removal of palatable species (and 

even palatable individuals within populations) should rapidly diminish the community-

level availability of high quality food in grasslands such as my study area.  

The weasel intrusion suggests a potential stabilization against strong selection of 

palatable plants – consumption of rodents by weasels or other predators at peak 

production could protect both plant diversity but also, by implication, the resources for 

next year’s rodent population. Weasels appeared first during December 2011 and again 

from August – November 2012. The latter arrival coincided with an estimated nine-fold 

reduction of rodent numbers and mutilated rodent carcasses were found periodically 

within traps throughout the autumn of 2012, mainly during September and October. This 

represents a strong correlation between the presence of the short-tailed weasel and a 

rodent population decline, similar to the results seen with the presence of weasels in other 

grassland environments (Korpimaki et al., 1991; Hanski, 2001). Considering a three-

tiered system (here: weasels, rodents, and plants), previous evidence suggests that the 
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presence of the top predator is beneficial for the bottom level prey as predators consume 

and reduce the abundance of the middle tier organism (Price et al., 1980). The capacity 

for predators to provide such stabilization has been assumed to be reduced in remnant 

native prairie in North America, given the prevalence of trophic collapse especially with 

the loss of predators known to target rodents (e.g., badgers, raptors). My work, however, 

suggests that weasels have the potential to reduce the degree to which palatable plants 

become decimated. I did observe high removals from the cafeteria trials during the 

presence of the weasels, so it is unlikely to fully protect all plants but it may increase the 

survival of plants from at least some areas of the prairie in a given year, which could thus 

slow the rate of long-term displacement. Again, this hypothesis remains to be tested but 

my work suggests its possibility.  

The results of my thesis work raise numerous questions for future research. It 

would be beneficial to maintain the exclosure experiment and annually quantify plant 

diversity inside and outside the exclosures to compare the effect of small mammals over 

longer periods of time. It would be interesting to sporadically trap the area to determine if 

the weasel population actually persists within the area, or if their sudden appearance was 

random [i.e., part of a regional foraging territory, that happened to include my prairie at 

the time of my study, but may not occur in other years] or maybe related solely to the 

time when small mammal population sizes within the prairie were greatest. If a weasel 

population was consistently present, an interesting question arises: how does the 

permanent presence of this carnivore influence the grassland plant community? Further 

research could also involve altering the size of restored prairie plots. If a weasel 

population does reduce small mammal impacts, what size and age of prairie plots are 
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required before the carnivore is most likely to arrive? Pursuing predator-prey research in 

other granivorous-herbaceous systems could also be explored by looking at the 

depression of palatable species in other habitats, as well as if exotic plant species play a 

role in subsidizing other small mammal populations in Ontario (e.g., are rodents 

impacting rare plant communities in Carolinian Forest remnants?). Lastly, it would be 

interesting to further pursue research quantifying the strength and impacts of top-down 

versus bottom-up processes within this system. In our experiment, small mammals 

control the plant community of a prairie, but is this true in different years or in other 

systems? 

In conclusion, my experiment tested seasonal rodent-plant interactions to 

determine when rodents consumed the greatest amount of prairie species. It demonstrated 

a consumption peak during late summer, the time when the majority of prairie plants set 

seed. The exclosure experiment confirmed that rodents reduced the plant community 

abundance and richness, rather than other possible non-trophic factors such as dispersal 

limitation. The capture/recapture study found that the small mammal community was 

primarily comprised of deer mice and meadow jumping mice, and fluctuated with 

seasonal high and low population sizes during summer and winter respectively. The 

cafeteria trials showed highly preferential seed selection by small mammals, which 

suggests how the diversity reduction by rodents on plants may unfold. There were other 

findings that were not initially anticipated. I found that the rodent diet for nine months of 

the year was composed of nearly all non-prairie exotic species, potentially bolstering 

rodent numbers until times when native prairie plants become available. An unexpected 

appearance of the short-tailed weasel also occurred onsite during late summer (the time of 
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the highest small mammal density) that, in turn, was associated with a reduction in small 

mammals captures suggesting that predators of small mammals may mitigate rodent 

impacts on prairie plant communities. 
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Tables 

Table 1 - Summary of experimental methods and their relation to the seasonal or 

aseasonal granivory hypotheses 

Method Response 

Variables 

Seasonal Granivory 

Hypothesis 

Aseasonal Granivory 

Hypothesis 

Trap Lines Population Size Seasonal fluctuation of rodent 

population size (assuming 

granivory related to 

population size) 

Population size does 

not change seasonally 

Cafeteria 

Trials 

Total Monthly 

Removal  

Total removal differs between 

months 

Total removal uniform 

monthly 

 Greater Removal 

of Select Species 

Preferential selection of 

prairie species by season 

Uniform selection of 

prairie species 

 Sequential 

Removal of 

Species / Dietary 

Expansion  

Consumption of unpalatable 

species restricted to specific  

months 

Consumption of 

unpalatable species 

consumed throughout 

the year 

DNA Results Number of Native 

Species Eaten per 

Month 

A occurrence of native prairie 

plants in scat restricted to 

specific months 

A occurrence of native 

prairie plants in scat in 

all  months 

Captive 

Feeding 

Trials 

Sequential 

Removal of 

Species / Dietary 

Expansion 

Dietary range limited to few 

species 

Consumption includes 

unpalatable species 

 Seedling 

Consumption 

Uneven consumption of 

seedlings 

Uniform seedling 

damage 
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Table 2 - Total numbers of seed removed per species from the twenty cafeteria trials after 

two weeks, between December 2011 and November 2012. Preferential selection is 

evident, with forbs taken more frequently than grasses except the smallest seeded forb 

black-eyed susan. The total number of seeds per species was 960 seeds over the twelve 

months of the trials.  

 

Species Total 

Removal 

Forb/Grass/Tree 

Woodland Sunflower 697 Forb 

Sugar Maple 645 Tree 

Round-Headed Bush Clover 306 Forb 

Canada Wild Rye 217 Grass 

Big Blue Stem 97 Grass 

Prairie Brome 14 Grass 

Black-Eyed Susan 1 Forb 
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Table 3 - Total monthly seed removal from the seed cafeteria trials, in comparison to 

small mammal population size, and the prairie: non-prairie consumption ratio derived 

from the DNA scat analysis.   

 

 

 

 

  

Month Total Seed 

Removal 

P. maniculatus and 

Z. hudsonius 

Population Size 

Ratio of Prairie to 

Non-prairie 

Consumption 

December 226 12 0.0 

January 181 11 2 

February 97 7 0.0 

March 109 6 0.025 

April 183 7 0.29 

May 195 9 0.0 

June 279 14 0.0 

July 256 23 0.16 

August 118 12 3.0 

September 75 11 5.0 

October 134 3 0.0 

November 241 3 0.0 
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Table 4 - Monthly occurrences of plants detected by the DNA analyses, including the 

frequency of occurrence within the five samples per month. The analyses were performed 

by Royce Steeves, with support from Steve Newmaster. The maximum number of 

instances found is five for the five individual samples per month. 

Month Species/Genus Family Source 

Instances 

Found  

 Avena-Festuca Poaceae Exotic 4 

 Galium Rubiaceae Exotic 2 

December Poa Poaceae Exotic 2 

 Rhamnus Rhamnaceae Exotic 3 

 Saponaria officinalis Caryophyllaceae Exotic 4 

 Acer negundo Sapindaceae Exotic 2 

 Bryum Bryophyte Exotic 1 

 Geum Rosaceae Native 2 

January Trifolium Fabaceae Exotic 1 

 Elymus- Poaceae Native 1 

 Sorghastrum nutans Poaceae Native 1 

 Acer negundo Sapindaceae Exotic 1 

 Syntrichia-Grimmia Bryophyte Exotic 3 

 Cannabis sativa Cannabaceaae Exotic 1 

February Matricaria Asteraceae Exotic 1 

 Solidago Asteraceae Exotic 2 

 Trifolium Fabaceae Exotic 3 

 Acer negundo Sapindaceae Exotic 1 

 Syntrichia-Grimmia Bryophyte Exotic 1 

 Arctium-Caruus 

thistle 

Asteraceae Exotic 1 

March Trifolium Fabaceae Exotic 1 

 Elymus Poaceae Native 1 

 Acer negundo Sapindaceae Exotic 1 

 Juglans Juglandaceae Exotic 1 

 Chenopodium album Chenopodiaceae Exotic 1 

 Medicago lupulina Fabaceae Exotic 1 

April Solidago Asteraceae Exotic 1 

 Vitis Vitaceae Native 1 

 Juglans Juglandaceae Native 4 

 Bryum Bryophyte Exotic 1 

May Grimmia Bryophyte Exotic 1 

 Taraxacum officinale Asteraceae Exotic 2 

 Trifolium Fabaceae Exotic 1     
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 Cerastium-Silene Caryophyllaceae Exotic 2 

June Medicago lupulina Fabaceae Exotic 1 

 Oxalis Oxalidaceae Exotic 4 

 Pinus Pinaceae Exotic 5 

 Bryum Bryophyte Exotic 2 

 Arenaria serpyllifolia Caryophyllaceae Exotic 2 

 Daucus carota Apiaceae Exotic 1 

 Lotus corniculatus Fabaceae Exotic 4 

July Medicago lupulina Fabaceae Exotic 4 

 Oxalis Oxalidaceae Exotic 3 

 Tragopogon Asteraceae Exotic 1 

 Trifolium Fabaceae Exotic 1 

 Elymus Poaceae Native 2 

 Sorghastrum nutans Poaceae Native 1 

 Acer negundo Sapindaceae Exotic 1 

 Pinus Pinaceae Exotic 2 

 Galium Rubiaceae Exotic 1 

 Lactuca Asteraceae Exotic 1 

 Oxalis Oxalidaceae Exotic 1 

August Trifolium Fabaceae Exotic 1 

 Bromus-Poaceae Poaceae Native 1 

 Desmodium 

canadense 

Fabaceae Native 7 

 Elymus Poaceae Native 4 

 Ambrosia-Asteraceae Asteraceae Exotic 1 

September Elymus Poaceae Native 2 

 Pteridium aquilinum Dennstaedtiaceae Native 1 

 Desmodium 

canadense 

Fabaceae Native 3 

 Anacylcus-

Matricaria-Achillea 

Asteraceae Exotic 2 

October Chenopodium-

Atriplex 

Chenopodiaceae Exotic 2 

 Pinus Pinaceae Exotic 3 

 Salix Salicaceae Exotic 1 

 Chenopodium-

Atriplex 

Chenopodiaceae Exotic 1 

 Galium Rubiaceae Exotic 1 

 Matricaria Asteraceae Exotic 1 

November Medicago lupulina Fabaceae Exotic 2 

 Sonchus-Crepis Asteraceae Exotic 2 

 Pinus Pinaceae Exotic 2 

 Ulmus Ulmaceae Exotic 1 
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Table 5 - Total captures of small mammal by live-trapping from December 2011 until 

November 2012 at the rare research site. The majority of captures were deer mice and 

jumping mice. Females largely outnumbered males except for March. Jumping mice 

populations were larger during summer; this species hibernates during winter. Jolly-Seber 

population estimates are also included 

 

 

Month 

P. 

maniculatus / 

Average 

Weight (g) 

Z. 

hudsonius 

/ Average 

Weight (g) 

 

 

Female/ 

Male 

Jolly-Seber 

Rodent 

Population 

Estimate 

 

 

Other 

December 12 / 15.8 0 / 0 11 / 2 13 2 M. erminea 

 

January 11 / 14.2 0 / 0 9 / 2 11 - 

 

February 7 / 16.4 0 / 0 4 / 3 7 - 

 

March 6 / 14.8 0 / 0 0 / 6 6 - 

 

April 7 / 23 0 / 0 5 / 2 7 - 

 

May 8 / 21 1 / 16 5 / 4 9 - 

 

June 10 / 16.7 4 / 19.75 7 / 7 18 1 M. gapperi 

 

July 16 / 17.6 7 / 18.3 14 / 9 29 1 M. gapperi 

1 B.brevicauda 

August 9 / 14.3 3 / 14.3 10 / 2 19 1 M. erminea 

 

 

September 

 

10 / 16.4 

 

1 / 17 

 

7 / 5 

 

10 

5 M. erminea 

1 B. brevicauda 

1 S. cinereus 

 

October 3 / 18.3 0 / 0 2 / 1 3 2 B. brevicauda 

1 S. cinereus 

 

November 3 / 18.3 0 / 0 1 / 2 3 1 M. erminea 
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Table 6 – The log-ratio test performed on abundance and richness based on the exclosure 

data August 2012. A decline in mowed, seeding and unprotected plots is evident. 

Considering the average across all experimental units, unprotected, mowed and seeded 

plots had a much lower abundance (4.8) and richness (1.3) in comparison to the average 

abundance (43) and richness (4.0) of all other treatments.  

 

 

Mowing 

Seed 

Addition 

Protected 

from 

Rodents 

 

Abundance 

 

Richness 

No No No 0 0 

No No Yes -0.120 0.0362 

No Yes No -0.0924 0 

No Yes Yes 1.69 0.0854 

Yes No No -0.0242 -0.0395 

Yes No Yes 0.181 0 

Yes Yes No -0.918 -0.0459 

Yes Yes Yes 0.0837 0.0854 
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Figures  

 
 
Figure 1 - Site map illustrating the experimental layout of the small mammal experiment 

conducted at rare in 2011-2012 (43°22.9'N, 80°21.3'W). 

Red vertical lines:  Trap lines - Each line contained ten traps monitored 

monthly for three days for twelve months from December 

2011 - November 2012. Trap line extends from 0 to 180 m. 

Yellow horizontal lines: Cafeteria trials - Two alternating cafeteria trial locations 

with each yellow dash representing a five container row. 

Containers were moved monthly and monitored biweekly 

from December 2011 until November 2012. Cafeteria trials 

are separated by 50 m intervals inwards into the prairie 

extending from 0 to 150 m.  

Green Squares: Exclosures - The exclosure experimental units randomly 

placed in a block design of less than and greater than 100 

m. Exclosures were constructed in March 2012 and 

seedling counts conducted August 2012. The blue line 

represents 100 m into the prairie from the old field.  
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Figure 2 - The layout of the 10 m x 10 m blocks in the exclosure experiment, constructed 

in March 2011 at the rare research site. Individual plots are 1 x 1 m in size, with the 

block divided into two 5 x 10 m areas of mowed and unmowed prairie.  
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Figure 3 - Box-Whisker plot of mean two-week seed removal across the seven species 

over twelve months between December 2011 and November 2012. Preferential selection 

by small mammals is evident as sugar maple and woodland sunflower were often 

consumed while the other remaining species were taken less often. Error bars represent 

the minimum/maximum mean seed removed per day, and boxes represent the 1
st
 and 3

rd
 

quartile. 

SMaple – Sugar Maple (A. saccarhum) 

WSunflower – Woodland Sunflower (H. divaricatus) 

BClover – Round-Headed Bush Clover (L. capitata) 

CWRye – Canada Wild Rye (E. Canadensis) 

BBStem – Big Blue Stem (A. gerardii) 

PBrome – Prairie Brome (B. kalmii) 

BESusan – Black-Eyed Susan (R. hirta) 
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Figure 4 - Total monthly seed removal of all planted native prairie species at the rare 

research site between December 2011 and November 2012. Total removal was highest 

during June and July, followed closely by November.  
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Figure 5 - Total seed removed of each species by month between December 2011 and 

November 2012. Highest removal of sugar maple and woodland sunflower was found 

during November, closely followed by June, and July. Lower removal during September 

coincides with the largest number of native species found within the small mammal diet 

by the DNA analysis.  
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Figure 6 - A comparison of captures of rodents and weasels with removal of sugar maple 

seed between December 2011 and November 2012.  
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Figure 7 - The total number of prairie and non-prairie species detected by month, from 

the DNA analysis of the scat collected between December 2011 and November 2012. 
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Figure 8 - The ratio of prairie species to non-prairie species consumption between 

December 2011 and November 2012. 
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Figure 9 - Monthly individual captures of deer mice, jumping mice and total short-tailed 

weasel captures at the rare research site between December 2011 and November 2012.  
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Figure 10 - Daily seed removal within the four single-animal captive feeding cages, for 

each of the eight plant species. Error bars represent one standard deviation of the mean. 

Seed of Indian grass, prairie brome and black-eyed susan were untouched. 
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Figure 11 - A visual comparison of the small mammal reduction of plant abundance and 

diversity. The photo on the left shows a mowed, seeded, and uncaged plot and the photo 

on the right shows a mowed, seeded and caged plot (August 2012). 
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Figure 12 - A visual comparison of the small mammal reduction of plant abundance and 

diversity. The photo on the left shows a mowed, seeded, and uncaged plot and the photo 

on the right shows a mowed, seeded and caged plot (August 2012). 
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Figure 13 - A Log-ratio comparison of the number of species counted for the exclosure 

experiment during August 2012, for native prairie species in the mowed and caged plots 

with seed additions. 
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