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The foraging behavior of Eastern gray squirrels (Sciurus carolinensis) on the University 
of Maryland campus was compared to the Tivoli neighborhood in the Wheaton-Glendale 
area of Maryland.  Three different sizes of banana slices were presented to squirrels to 
determine if individuals exhibited a selection preference.  Results were compared to the 
optimal foraging model.  The peak activity time of squirrels (dawn versus dusk) was 
compared for each study area to analyze whether the campus population was more 
human-habituated and less vigilant than the off campus population, and therefore 
displaying atypical foraging behavior.  Our hypothesis stated that squirrels will 
preferentially choose three inch banana slices because it follows the optimal foraging 
model.  In addition, squirrels will be more active on campus at dusk and off campus at 
dawn due to differences in environment and human presence.  The chi-square goodness 
of fit test calculated selection preference of banana slices (x2=5.7, x2

crit=5.99, df=2, 
p=0.05).  A two-way ANOVA test was used to determine differences in activity for on 
versus off campus and dawn versus dusk (F=3.101, 0.899, df=1, Fcrit=4.494, p=0.05).  
Statistical analysis indicated that there was no significant difference for selection of 
banana slices or for the activity at different locations and times.  
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 Eastern gray squirrels (Sciurus carolinensis) are crepuscular mammals and are most 
active two hours after sunrise and two to five hours before sunset (Lawniczak 2002). Habituation 
to human activity on the University of Maryland, College Park’s campus may lead to a varied 
period of activity for the gray squirrels. The study of this variation is important to determine the 
impact of human presence on the squirrel’s natural foraging behavior. In the wild, squirrels are 
predominantly herbivorous with their protein requirements varying on a seasonal basis. Squirrels 
prefer to reduce their intake of tannins, which is most likely due to the toxic effect of a large 
concentration of tannins (Barthelmess 2001). During their foraging, squirrels rely heavily on 
olfactory cues regarding location of food items and neighboring squirrels or predators 
(Lawniczak 2002).  
 Bananas are low in saturated fats and protein, but high in carbohydrates, with a large 
amount of the calories coming from sugars.  Bananas are low in tannins, which aligns with 
squirrel foraging preferences (Barthelmess 2001).  Previous studies have also shown that 
squirrels exhibit no difference in preference for low or high protein foods (Barthelmess 2001).  
The fruit exhibits a strong scent, catering to squirrels olfactory sense, and can be presented in 
slices of varying sizes.   
 Eastern gray squirrels are highly vigilant mammals and will spend large amount of times 
observing their surroundings while foraging (Makowska and Kramer 2007).  This type of 
behavior is common in small mammals that are likely to be preyed upon by larger, top predators 
(Engelhardt and Weladji 2011). However, squirrels habituated to humans may display different 
foraging behavior than populations in more natural environments with less human presence.  We 
therefore conducted trials in an urban campus environment and a suburban neighborhood to 
compare S. carolinensis behavior in areas of low versus high human presence.   

Optimal foraging theory occurs when animals’ intake certain foods that will increase the 
ratio of net energy gain to time spent handling. This theory has been shown in various animals, 
including oystercatchers and sea otters. Oystercatchers have been seen to follow this theory by 
maximizing their rate of a net energy intake. Other animals follow the same theory; however, 
they use a different currency. Sea otters will maximize profitability of a prey item dependent on 
the search and handling time required for each different type of item (Alcock 2009). Squirrels 
have not been extensively studied in regards to the optimal foraging theory. Our study aims to 
determine whether Maryland gray squirrel populations will follow this theory with a currency of 
maximizing efficiency, or in other words, the energy gained from food versus the energy spent 
handling the food. We believe that squirrels will follow the optimal foraging theory and choose 
mainly the medium sized (three inch) pieces of banana out of the options of small (one inch), 
medium (three inch), or large (five inch) pieces. Due to habituation to human activity, we think 
squirrels on campus will most likely forage in the afternoon before dusk, while squirrels off 
campus will most likely forage in the morning after dawn. There is less human activity in the 
morning compared to the afternoon in an off campus environment, thus squirrels will want to 
forage when there is the least amount of predation risk.  

 



MATERIALS AND METHODS 
 

Study Area -- Study sites were chosen based on squirrel activity and the amount of human 
presence. We conducted the trials in areas where there was low human traffic in order to 
minimize interference from students (i.e., walking through the grass of the study site). Trials took 
place at dawn and at dusk with similar weather conditions: sunny with a slight breeze. Trials at 
dawn on campus took place between the Denton Community and the Ellicott Community. Trials 
at dusk on campus took place at the southeastern region of the McKeldin Mall. Trials at dawn 
and dusk off campus both took place at the edge of a wooded area in the Tivoli Lake Boulevard 
neighborhood in the Wheaten-Glenmont area. One large tree was selected for each trial based on 
the amount of squirrels in the location. Banana slices were placed one meter from the base of the 
tree and recorders remained at least six and a quarter meters away to minimize disturbance of the 
squirrels (Engelhardt and Weladji 2011).   

Banana Selection -- We chose bananas that were ripe as they would have the most 
pungent smell for the squirrels to detect.  We did not use unripened bananas as they are high in 
tannins and it has been shown that squirrels will eat food with lower tannin concentrations 
(Barthelmess 2001).  After we peeled the bananas and cut off the tapered ends, we cut the 
bananas into six pieces of desired length having two of each size category.  We did not use the 
ends in order to maintain the same desired diameter for all of the pieces.  The sizes were one 
inch, three inches, and five inches.  We decided to use these sizes based on the ability of the 
squirrels to handle the food while making them different enough for the squirrel to possibly 
perceive the different sizes. 

Randomization of Banana Slices -- We placed the bananas in a straight, horizontal line 
with each slice five inches apart.  This allowed us to se if they were moved by the squirrels 
(Brown 1988).  We randomized the order of banana slices by putting six pieces of paper in a hat, 
each with a corresponding slice size.  We drew the numbers out of the hat to determine the order 
the slices would be placed.  A quarter was then flipped to decide whether slices were placed from 
left to right or vice versa. Heads corresponded to placing the bananas in a left to right manner; 
tails corresponded to placing the bananas in a right to left manner. 

Recording Trials -- We recorded the date, time, wind direction, temperature, and other 
conditions prior to conducting trials.  Each trial lasted 15 minutes, during which we observed the 
site for squirrel foraging. Observations were recorded for the presence of squirrels and whether 
the piece was carried away or eaten on site. Preference was determined by the first slice the 
squirrel handled (one inch, three inch, or five inch).   

Data Analysis -- In order to analyze food item preference, a chi-square goodness of fit 
test was used.  Then, to determine any significant difference in foraging behavior between the on 
campus and off campus study areas and dawn versus dusk, a two-way ANOVA statistical test 
was used.     
 
 



RESULTS 
 

 Twenty trials were conducted for a total of five hours of data.  Five trials were conducted 
for each category of interest (on campus at dawn, on campus at dusk, off campus at dawn, and 
off campus at dusk).  

Banana Selection -- The chi-square goodness of fit test was used to analyze the selection 
of different banana slices.  The expected value for the selection of each size slice was 6.67.  The 
observed value for one inch slices was 5, for three inch slices was 3, and for five inch slices was 
2 (x2

crit=5.99, df=2, p=0.05).  x2=5.7, which is less than the x2
crit value, so results demonstrated 

no significant preference between slices.  
Foraging Behavior Analysis -- The two-way ANOVA test was used to compare the 

foraging activity between dawn and dusk and on campus versus off campus.  The ANOVA test 
demonstrated no significant differences in foraging activity between variables (F=3.101, 0.899, 
df=1, Fcrit=4.494, p=0.05). See Table 2 for all ANOVA results. 

  
 

DISCUSSION 
 

 The chi-square goodness of fit test did not indicate significant differences between the 
selection of one inch, three inch, and five inch banana slices.  Therefore, the first half of our 
hypothesis was not supported.  The two-way ANOVA test did not provide significant evidence 
for more activity on campus at dusk and off campus at dawn.  Results did not support the second 
half of our hypothesis.  Squirrel selection of slices appeared to be random as opposed to 
following the Optimal Foraging Theory.  It was expected that on campus squirrels would have 
significantly different foraging behavior than off campus because of habitat differences.  
Although they are more active in the morning, we thought that the squirrels on campus would 
forage more in the evening than off campus squirrels due to fewer natural predators being in the 
area.  Our results did not support this expectation, but the repetition of more trials may provide 
further conclusions. 

There were several factors which may have impacted our results.  The weather, 
temperature, and human disturbance were factors that we were unable to control.  Trials could 
not be performed on days when it rained, as many squirrels were not out foraging.  We also 
observed that they were less likely to forage on colder days, especially in the morning when the 
temperature was low.  We were also unable to perform trials when human disturbance was 
particularly high on campus.  During peak human traffic times or on days when there were 
events on campus there were fewer squirrels out foraging.  Although the squirrels on campus are 
more habituated, they can still be disturbed by loud noises or excess human traffic.  Another 
human impact on our results for both on and off campus squirrels was the presence of lawn 
mowers near trial sites.  This greatly impacted our trials as there were almost no squirrels due to 
the high noise levels which prevented us from collecting data on these days.  



Another factor that may have impacted our results is the fact that bananas are not a part 
of the regular diet of these squirrels.  Although they do eat fruit, they do not always have bananas 
readily available (Lawniczak 2002). The fruit may not be a familiar food item, which can impact 
their preference.  The squirrels may have randomly chosen the banana slices based on which they 
came across first, and not based on nutrient content and/or size.  S. carolinensis may not 
correlate size with nutrient content in a food item they are not familiar with or have never 
encountered before.  In future investigations, a more similar food item such as acorns or other 
nuts may be used to conduct the same experiment. 

The presence of other animals in the area also affected the trials.  In some cases there 
were birds that crowded the bananas or chased the squirrels away.  It should also be noted that 
during an afternoon trial off campus the presence of a hawk flying nearby may have impacted the 
squirrels avoiding predation in the area (Lawniczak 2002).  

It is possible that we encountered many more squirrels on campus than off campus 
because the squirrel population is more concentrated in the confined area of campus whereas 
they may be more widely distributed in the wild.  There may be more squirrels on campus 
because they have fewer threats and more resources than the squirrels off campus.  In nature, the 
squirrels tend to be more widely distributed because they must be more spread out to reduce 
competition for resources.  The scent of bananas may be weaker for squirrels that are spread out 
and further away from the test site.  Predation may also decrease the number of squirrels in the 
area.  Since there are more predators off campus, they may cause the squirrels to be reclusive and 
hide.  There is much denser habitat in the area, so squirrels can be less visible than in the open 
areas on campus.  While we could not test this specifically, one may radio collar or tag the gray 
squirrels to determine their actual distribution and compare the two locations of interest.  

Results were not significantly different from our null hypotheses, but it is important that 
in further studies conduct more trials to allow for further conclusions.  Due to reasons outside of 
our control, such as weather and excessive human disturbance, we were unable to collect data on 
some days.  More trials may have allowed us to support the Optimal Foraging Theory in gray 
squirrels and find significant differences in foraging activity based on location and time.  Results 
may better align with the theory if a more recognizable food item is presented.  Future research, 
which takes these considerations into account, will allow for further conclusions on the foraging 
behavior of eastern grey squirrels at the University of Maryland campus and surrounding 
neighborhoods. 
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TABLES AND FIGURES 
 

On vs. Off 
Campus, Dawn 

vs. Dusk 
Trial Date Time Started – 

Time Ended Location Size Handled 
First 

On Campus, 
Dawn 

1 04/26/2013 8:05am – 8:20 am Picnic area 
between the 

Denton 
Community and 

Ellicott 
Community 

1” 
2 04/26/2013 8:25am – 8:40am 0 
3 05/03/2013 7:30am – 7:45am 1” 
4 05/03/2013 7:50am – 8:05am 5” 
5 05/03/2013 8:10am – 8:25am 0 

On Campus, 
Dusk 

1 04/24/2013 4:10pm – 4:25pm 
Southeastern 

Region of 
McKeldin Mall 

0 
2 04/24/2013 4:30pm – 4:45 pm 1” 
3 04/24/2013 4:56pm – 5:11pm 3” 
4 05/02/2013 4:10pm – 4:25pm 3” 
5 05/02/2013 4:34pm – 4:49pm 0 

Off Campus, 
Dawn 

1 04/26/2013 7:40am – 7:55am 
Tivoli Lake 
Boulevard 

Neighborhood 

0 
2 04/26/2013 7:56am – 8:11am 1” 
3 04/26/2013 8:12am – 8:27am 0 
4 05/03/2013 8:32am – 8:47am 3” 
5 05/03/2013 8:48am – 9:13am 1” 

Off Campus, 
Dusk 

1 04/25/2013 5:27pm – 5:42pm 
Tivoli Lake 
Boulevard 

Neighborhood 

0 
2 04/25/2013 5:43pm – 5:58pm 5” 
3 04/25/2013 5:59pm – 6:14pm 0 
4 05/01/2013 5:36pm – 5:51pm 0 
5 05/01/2013 5:52pm – 6:07pm 0 

Table 1: The data collected during each trial at each location and time of day.   
 

 SS df MS F F-crit 
Location 8.45 1 8.45 3.101 4.494 

Time 2.45 1 2.45 0.899 4.494 
Interaction 11.25 1 11.25 4.128 4.494 

Within 43.6 16 2.725   
Total 65.75 19    Table 2: A summary of results from the two-way ANOVA test, comparing on campus and off 

campus locations as well as dawn and dusk times. Location refers to on vs. off campus, time 
refers to dawn vs. dusk, and the interaction refers to the interaction between location and time.  



 
Figure 1: The number of slices of each size chosen at various locations and times of the day.  
We looked at on campus squirrels and off campus squirrels both at dawn and dusk to see if the 
optimal foraging theory was followed at these sites.  
 

 
Figure 2:  We counted the number of squirrels in each area to compare the activity of the 
squirrels on campus and off campus at different times of the day.  The data will indicate whether 
predation risk and habituation have an effect on natural squirrel activity. 

 
 
 
 


