Population density

Population density is the number of organisms per unit of area, often expressed per kilometre squared.   

Given the estimated world’s population is around seven billion individuals and the earth’s total area is 510,000,000 square kilometres, it could be calculated that human density on earth is: 7,000,000,000 ÷ 510,000,000 = 13.7 per km2.

Since there are lots of areas on earth that are inhabitable (over half of earth’s land mass is uninhabitable), such as mountains, oceans, arctic and Antarctic regions and deserts, this type measurement gives the wrong impression about population density.  

Population size 

Population size is the number of individuals in a population.  For example, a population of wombats might consist of 200 individual wombats.  The size of a population affects the chance of survival of a species.  Generally speaking, smaller populations are at a greater risk of going extinct.  

Having said that, density may be a better predictor of a population’s health.  Suppose 20 wombats occupy a land that has an overall area of 100m2.  Therefore, you have a population density of 0.2 wombat per m2.  Now imagine having 20 wombats in a 20 m2 area;  this give you a density of 1 wombat per m2.  This crowding can affect the health of the population, which in turn can affect its survival. 

Population distribution

So far, density represents the AVERGE number of individual organisms per m2.  In most cases, animals are not evenly spread out throughout the land or water.  They could be clumped in small areas.  This may be due to the way organisms interact or it could be attributed to the characteristics of their environment.  
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Calculating population density 

a)  Using capture-recapture(Lincoln-Petersen) method: 

Mark and recapture is a method commonly used in ecology to estimate an animal population's size. A portion of the population is captured, marked, and released. 

Later, another portion is captured and the number of marked individuals within the sample is counted. Since the number of marked individuals within the second sample should be proportional to the number of marked individuals in the whole population, an estimate of the total population size can be obtained by dividing the number of marked individuals by the proportion of marked individuals in the second sample. 

The method is most useful when it is not practical to count all the individuals in the population; i.e. when there is a huge area and not all animals can be spotted. 
Let

N = Number of animals in the population
K = Number of animals marked on the first visit

n = Number of animals captured on the second visit

k = Number of recaptured animals that were marked

Example:  

A biologist wanted to estimate the size of a population of wallabies in the Pilbara. She captured 12 wallabies on her first visit to the region, and marks them with an ear tag. A month later she returned to the same region and captured 22 wallabies. 

4 of the 22 wallabies have an ear tag, indicating that they are recaptured animals. 

Now the overall number of wallabies in the Pilbara could be estimated as follows:

Assuming that all individuals have the same chance of being recaptured regardless whether they have been captured previously, it is implied that in the second sample, the proportion of marked wallabies that are caught (k/K) should equal the proportion of the total population that is caught (n/N).  For example, if half of the tagged wallabies were recaptured, it would be assumed that half of the total population was present in the second recapture.  This is illustrated by the following formula: 
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Therefore, the number of population is: 

Answer to the above example: 



K = 
12
                              =

= 

n =  
22

k =  
4

N = 
?

b)  Using quadrats method: 

What Is a Quadrat Sample?

Also commonly called a "plot," a quadrat sample is a biological sampling technique used to estimate population density and study species diversity. A set of consistently sized frames are randomly distributed throughout a study area. All of the study plants or animals that fall within the quadrat are then counted, compared with the other quadrats and generalized to describe the nature of the study area. Quadrat samples are used to study plant life and slow-moving animals such as nesting birds, mussels and certain insects. 

Single-Species Quadrat Samples

In a single-species study, quadrat samples are used to gather detailed information about the population density, health, use of resources and distribution within the study area. For example, quadrats are frequently used in long-term monitoring programs to assess the health and well-being of species recovering from polluted ecosystems, such as the Mississippi freshwater mussel. Because monitoring large areas is impractical, representative sample quadrats are designated for long-term observation, and the data gathered is generalized to apply to the whole region.

Multiple-Species Quadrat Samples

Quadrats can also be used to determine the distribution of various species within an area. Plots in which multiple species are counted provide general information on biodiversity; for example, the diversity of insects in a population is often measured via quadrat sampling. Quadrat frames are randomly placed, the insects within each are collected and the number of each species is counted. Researchers then compare the relative distribution of insects within each quadrat and between quadrats in the sample area to determine the general representation of insects in the region being studied. Additional information about health and behavior can be gained by further analysis of the quadrat sample data.

Sedentary Populations: Quadrat Method

1 

Divide the search area into equal sized squares. For example, if your area is 100 square meters you could divide it into 100 sections of 1 square meter each.

2 

Place a square (called a quadrat) around one section of your search area. In this example, the quadrat would be 1 square meter.

3 

Count all of the individuals found within the quadrat.

4 

Move the quadrat and count the number of species again. Repeat this several times. You are not expected to cover the entire sample area, but a greater number of quadrats will give you a more accurate final answer.

5 

Calculate the average number per quadrat by dividing the total number of organisms by the number of quadrats counted.

6 

Calculate the population density using the number of organisms per quadrat and the quadrat size. For example, 10 organisms per 1 square meter quadrat would give a population density of 10 organisms/square meter.

7 

Calculate the total population by multiplying population density by the total sample area size. For example, a population density of 10 organisms/square meter in an sample area of 100 square meters gives a total population size of 1000 organisms.


DATA:
You should have all the observations and measurements requested in the procedure. A convenient way to present some of your data would be as follows:
	SPECIES
	NO. IN QUAD 1
	NO. IN QUAD 2
	NO. IN QUAD 3
	AVERAGE POP. DENSITY
	EST. POP. SIZE IN SITE

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 


 
12 ( 22





     4





 66 wallabies








