
Density and Activity Patterns of Eastern Grey Squirrels in an Urban Park 
 

Overview 

The purpose of this field trip is to show students a few simple ways that wildlife biologists 

measure basic information on animal populations.  It consists of measuring a density (# animals 

per hectare) and of making behavioral observations.  Either component can be done individually 

if there are time or other limitations. 

 

Density Estimation 

You can choose one or both of two ways to measure animal densities in this lab: strip transects 

and distance sampling.  Both involve walking transects (a straight line through the study site) and 

counting animals.  The most simple is the strip transect method. 

 

 
 

In the figure above, the green is our study site and the solid line is the transect we walk.  The 

researchers choose some reasonable distance from the transect line (dotted lines) within which 

animals are counted.  Animals (black dots) within the strip are counted, and those outside the 

strip formed by the border of the sampling distance are not counted.  Since the strip is an area, 

you can calculate a density (#animals/area) based on the number of animals you counted and the 

size of the strip (length x width). 

 

There are a number of assumptions in the strip transect method that are usually not supported in 

the real world.  First, we are assuming that we can keep a decent idea of the sampling distance in 

our heads as we walk.  This is really a matter of being careful and practice.  Second, we are 

assuming our presence does not affect the animals, i.e., they will not move away as we approach.  

Third, we are assuming we can detect animals with 100% efficiency, i.e., we never miss any 

animals that are in the strip. 

 

The transect should be as straight a line through the park as you can manage with a compass 

(pick a bearing and stick to it until you hit the other side).  This allows you to adequately and 

unbiased-ly sample the landscape.  If you stick to a trail or meander around, you might be 

missing important variation in the landscape. 

 



Similarly, you will need to do a number of transects through the park to get a decent sample size.  

An overall density and measures of variability/precision (standard deviation and standard error) 

can be obtained by averaging the densities from all transects.  However more than one transect 

can be done pretty easily with a large class.  

 

If you are counting squirrels in an area of a park that is highly manicured (such as southern 

Central Park or Riverside Park in NYC), then the squirrels will probably not move too much as 

you approach and you will probably not miss any that are on the ground.  However, since 

squirrels may be up in trees while you walk by, the third assumption is probably not entirely true.  

The other methods below are more realistic but are more complicated. 

 

Distance sampling is a type of sampling where the detection probability is taken into account, 

by estimating the distances to each individual you see along the transect.  It is assumed that more 

distant individuals are harder to detect.  The strip boundaries are assumed to be very large (i.e., 

as far as you can see). 

 

L = transect line 

Z = position of observer 

X = position of object 

W = strip width (1/2) 

ri = sighting distance (flushing 

distance) 

0i (theta) = sighting angle 

yi = perpendicular distance 

(note: yi = ri sin 0i ) 

What you are interested in is the perpendicular distance of each animal to the transect (y).  

However, you will usually see an animal from some angular (θ) distance (r).  Thus you will need 

to judge r each time you see an animal, and use trig to estimate y from r and θ. 

Estimation of density therefore relies on an estimate of the detection function, i.e., the shape of 

the line of detection vs. distance from the transect, similar to the figure below: 



 

There are a number of free programs that will run all of these calculations for you, notably 

Program DISTANCE.  See Ecological Methodology by Krebs or Google “distance sampling 

wildlife” to find a number of online tutorials.  See http://www.ruwpa.st-and.ac.uk/distance/ 

This would be a good idea for a student or small team of students to get into for a science fair 

project. 

 

Guidelines for line-transect studies (Anderson et al. 1979): 

Proper estimation of density via line transect sampling schemes involves a mix of basic 

statistical-sampling theory and biological knowledge of the population under study. Ten 

important points to consider in designing a survey were suggested: 

1. The center line of the transect(s) must be straight and well marked. The observer 

must be able to determine the position of the line at all times. In some cases, a series of straight 

line segments will suffice.  

2. Care must be taken to assure that objects on the center line of the transect are seen 

with probability equal to one. In practice, this often can be met if the observer walks carefully 

along the center of the line transect at all times.  

3. Width of the transect should be treated as quite large, or effectively unbounded. 

Outlier data can be deleted, if necessary, during the analysis.  

4. All measurements of distances and angles must be accurate. Use a steel tape or other 

appropriate device to assure a high degree of accuracy. Careless measurements and rounding 

errors lead to poor estimates of density and sampling variances.  

5. All three basic measurements should be taken: right-angle distance (perpendicular 

distance), sighting distance (flushing distance), and sighting angle (flushing angle). Note: 

sighting distance and sighting angle are the measurements most commonly recorded in wildlife 

studies because the observer does not have to move from the original sighting position to obtain 

Animal’s distance from Transect 
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these data (and thus is less likely to "flush" additional animals during the measurement process). 

However, guideline #4 still applies.  

6. Measurements should be recorded separately for each segment of the total transect 

length.  

7. As a practical minimum, studies should be designed to assure that at least 40 objects 

are seen (n > 40), and it might be preferable if the length (L) were sufficient to allow the 

location of at least 60-80 objects (n > 60-80 best).  
8. A pre-survey is recommended to aid in planning the survey design. Often, a simple 

visit to the area to be surveyed, along with basic biological information about the animal and its 

habits and habitat, will be sufficient to design an adequate survey to estimate density.  

9. Attention should be given in designing the survey to assure that the population to be 

surveyed is not correlated with the sample line transects. For example, avoid transects 

running along roads, ridgetops, and streambottoms.  

10. The survey should be conducted using competent, interested, and trained personnel. 
This point is particularly important concerning points 1,2 and 4 above.  

More info can be found here: 

http://www.cnr.uidaho.edu/wlf448/lab5line.htm  

and  

http://www.ruwpa.st-and.ac.uk/distance/ 

It would be interesting to do a study comparing the two methods or using the strip transect 

method for squirrels on the ground and a distance sampling method for those in the trees.  You 

could then combine the two for an overall density:  

(density of squirrels on the ground) + (estimated density of squirrels in the trees) 

I have not attempted to teach the details of distance sampling to high school students, so good 

luck! 

 

Time-Activity Budgets  

Time-activity budgets are used often in behavioral or ecological physiology studies where the 

time spent performing certain behaviors is of interest.  Observers watch an animal for a certain 

amount of time and record the behaviors and the time each behavior was performed. 

This is trickier than it sounds, because the observer has to decide which behavior they are doing, 

and keep careful track of the time.  Usually, people choose a set of behavior categories and then 

look at the proportion of time spent doing each one.  Typical categories are: 

Feeding – and what food item they are eating 



Resting  

Grooming 

Sleeping 

Moving/Site Change (i.e., commuting) 

Social 

You also may want to record the instances of: 

Intraspecific interaction (Non-aggressive) 

Intraspecific interaction (aggressive) 

Interspecific interaction (Non-aggressive)  

Interspecific interaction (aggressive) 

 

As you can see, what you are looking for depends on your question.  I encourage teachers to 

choose and describe a research question to the class before they set out on any field trip, and this 

is especially important for this activity because time-activity budgets can seem especially 

pointless to students without some goal in mind. 

 

Some examples are: 

Do behaviors change across seasons?  How much time is spent doing X Y Z behavior in the 

winter vs. the spring? 

 

Do food items change over seasons or across sites (or compare your urban site to studies in other 

places)? 

 

What percentage of food comes from anthropogenic sources? 

 

Does behavior change in different habitat (eg, wooded areas vs. park savanna)? 

 

See also the included .pdf study of urban squirrels and 

http://www.learner.org/jnorth/tm/eagle/ActivityBudgets.html 

for ideas and comparisons 

 

Analysis 

One simple question I have used with students is to determine if feeding behavior changes as the 

winter goes on.  We hypothesized that the squirrels would eat more anthropogenic food later in 

the winter as the acorns disappeared.  The students also compared densities they measured with 

those in the Parker and Nilon paper (included).  The Parks Dept may also be interested in 

estimates of density and feeding behavior, so the students can write a report to the Natural 

Resources Group. 

 

It is important to include estimates of variability (SD) and perhaps precision (SE) when 

comparing two measurements across some independent variable.  For densities, you can 

calculate 95% confidence intervals and see if they overlap, or even teach the students how to 

perform a t-test. 



 

Last Note: 

Another time-activity budget project I have thought about but never done is to watch Pale Male’s 

nest in the spring and summer as the pair raises chicks.  This nest is watched nearly 24 hours a 

day by friendly local birdwatchers and would probably assist any interested students.  They alos 

might be convinced to gather data while the student is not there.  Ideas include a diet analysis, 

breeding timing and success, or activity budgets of the parents (how many hours do they spend 

hunting for the young?).  This would be an interesting question as it could be compared to hawks 

that live in rural areas.  It would be more suitable for a science fair project for 1 or a few students 

than a single class day with the entire class. 

 


