
Teacher Background Info - Station 2: Species Richness and Diversity 
 
Knowing the population size, distribution, and density are important for predicting how that 
population will change in the future (Ricklefs, 1990). If the population has a low density then 
organisms might have trouble finding mates. If the population is clustered around a resource 
(such as a pond), and the resource disappears, the population will most likely decline or move. 
Putting it into this frame or context helps students understand the importance of taking 
quantitative data. 
 
In this station we continue the theme of sampling populations to estimate population size, and we 
use quadrats to introduce the concept of species richness and species diversity. Species diversity 
is a measure that combines what species are present and how abundant each species is, while 
richness is simply a count of how many species are present. It is generally accepted that 
ecosystems that have higher richness and diversity values have higher ecosystem health and 
stability, and that these ecosystems are more resilient in the face of change (man-made or 
natural). Having a variety of species can help to provide us not only with food but they also 
contribute to clean water, breathable air, fertile soils, climate stability, pollution absorption, 
building materials for our homes, prevention of disease outbreaks, medicinal resources, and 
more. For example, you can have a forest that has three tree species in it, but 90% of the trees 
belong to just one species. Conversely, a forest with three species can be more even, with about 
one third of the trees belonging to each species; this forest looks (and acts) much differently. 
Forests that are primarily pine don’t have as many deer as a forest that contains a good mixture 
of oak (with acorns) with pine and maple. Diversity indices can be used to compare different 
communities, or one community at different points in time, with a higher diversity indicating a 
healthier community (Cleland, 2011; Kormondy, 1996).  
 
How do we measure richness and diversity? Biologists obtain data on plant abundance (or slow-
moving animals, like slugs), richness, and density, by marking off smaller plots, or quadrats, 
within the habitat. Multiple quadrats are used for replication, and quadrats need to be of equal 
size, and selected randomly from within the larger habitat. Your number of quadrats should equal 
at least 10% of your total area. The station set up features a 
large area divided into quadrats by masking tape, with 
different species represented by various craft materials or 
beads. Teachers have done this in a variety of ways, from 
making each desk in the room a quadrat, taping off sections 
on a lab table, (Figure 4), taping off a section of floor in an 
out of way space, or using the schoolgrounds and meter-
square quadrats on the lawn. Within each quadrat, student 
biologists count the number of species, and number of 
individuals of each species (population size), then calculate 
population size, species richness, and species diversity for the 
larger habitat.  
 
 
 
           Figure 4:Quadrats 



With a simple tweak of this station, teachers can designate some areas to be ‘tropical’ and others 
‘temperate’, or ‘polar’, and thus start a discussion on how and why different areas of the world 
have different species richness / diversity patterns. Things that can affect species richness and 
diversity include (Cleland, 2011; Kormundy, 1996; Raven et al., 2014):  

 
1. Latitude (with greater species diversity at the equator versus the poles), 

 
2. Climate stability (the equator has had a stable climate for longer than temperate / polar 

areas and so has greater species diversity),  
 
3. Primary productivity (the tropics have a greater productivity versus temperate areas and 

poles and so has a greater species diversity), 
 
4. Habitat Size (larger habitats support a greater number of species). 

 
Next, students will create a species richness versus area (number of quadrats) graph. 
Why does knowing the effect of habitat size (area) on species richness matter? First, know that 
there is a whole area of research devoted to looking at relationships between habitat size and 
species richness. This field of science is called island biogeography and it attempts to establish 
and explain the factors that affect the species richness of a particular community (Cleland, 2011; 
Kormondy, 1996). The field was started in the 1960s by the ecologists Robert MacArthur and 
E.O. Wilson, who attempted to predict the number of species that would exist on newly created 
islands. The theory of island biogeography says that the number of species found on an island is 
determined by two factors, distance from the mainland and island size. These two factors affect 
the rate of speciation and extinction on the islands. In terms of distance, an island closer to the 
mainland (from which it may receive immigrants) would have a higher equilibrium species 
richness than an island farther away. And, on smaller islands the chance of extinction is greater 
than on larger ones, thus larger islands can hold more species than smaller ones. The play 
between these two factors can be used to estimate how many species an island can hold at 
equilibrium (Wilson and Peter, 1988).  
 
The application of this theory to the field of conservation biology is tremendous when you 
consider that the theory doesn’t apply to just islands, but in this context the island can be any 
area of habitat surrounded by areas unsuitable for the species including mountains surrounded by 
deserts, or forest fragments surrounded by urban landscapes (such as a state park in the midst of 
a city). In fact, there is a strong correlation between the size of a protected National Park and the 
number of species of mammals within. This led to the debate known as single large or several 
small (SLOSS) – which is better (maintains a higher biodiversity)?   
 
Students will hypothesize that increasing habitat size (or area) can increase species richness. This 
is generally true, the larger an area is the more species it will contain (up to an equilibrium point 
– the carrying capacity for # species in a given habitat).  



This relationship can be graphed (Figure 5). As you can see at some given habitat size there will 
be no more increase in number of species. Ask students: Can you think why this may be? 

 
Figure 5. A typical species richness versus area curve. 
 
 
Students leave this station after calculating the Simpson’s Diversity Index (modified as seen in 
Paterno, et al., 2017) using their quadrat data. A habitat has a certain number of species, and it 
also has a diversity of species. Diversity takes into account the number of species and the relative 
abundance of each species. Communities with a large number of species that are evenly 
distributed are the most diverse and communities with few species that are dominated by one 
species are the least diverse (Cleland, 2011; Kormondy, 1996; Wilson and Peter, 1988).  
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Student Handout                           Station 2.  Species Richness and Biodiversity 
 
Knowing the population size, distribution, and density are important for predicting how that 
population will change in the future.  If the population has a low density then organisms might 
have trouble finding mates. If the population is clustered around a resource (such as a pond), and 
the resource disappears, the population will most likely decline or move.   
 
Our question at this station is: What happens to species richness (the total number of species 
found in an area (the habitat) as the area, or habitat size, increases?  We will calculate species 
richness first, then we will use the Quadrat method as another way to estimate abundance (or 
population size).  Last, we will calculate species diversity using the Simpson’s diversity index. 
 
The hypothesis is that If you increase habitat size (or area) Then species richness will do this: 
 

_____________________________________________________________________ 
   
We will test this by counting the number of species (and the number of individuals per species) 
in 4 randomly selected quadrats (out of a larger area of 16 quadrats).  We will then graph the 
number of species versus area (or, number of quadrats – one quadrat versus two, three, and all       
4 combined). 

 
How does random selection of quadrats reduce bias in our sample? 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
Independent Variable:______________________________ 
 
Dependent Variable:________________________________ 
 
Controlled Variables:______________________________________________ 

 
Then, with the data we obtain to answer our first question, we can ask several other questions:  
What is the population size of the species found in the habitat?  And – What is the species 
diversity of the habitat?  In station one we looked at one way to estimate population size – the 
mark-recapture method.  This works well for animals, which tend to run from people.  For plants 
we can set up transects (as in station 1) or we can sample a larger habitat by taking several 
randomly chosen, smaller, sub-samples (or quadrats).  Using data obtained from the quadrats we 
can extrapolate and estimate population sizes for the larger area. 
 
Diversity indices can be used to compare one habitat to another of equal size, or to look at one 
habitat at several points in time.  Different areas of the world have different diversity patterns, 
for example, diversity is usually greater closer to the tropics (zero latitude).  With Simpson’s 
diversity index, diversity runs between zero and one - the larger the number, the more diverse the 
community.  How is a high diversity a sign of a healthy ecosystem (or habitat)?   



Procedure:  You have an area that is 120 cm by 120 cm.  The area has been divided up into                           
16 quadrats of 30 cm by 30 cm each.    
 
1.  Sketch this:   
- Include measurements / units 
- Include Quadrat Labels –  
      Numbers / Letters 
 
 
 
 
1.  You will sample 4 quadrats.   
But which 4?  It is important that 
you select quadrats randomly – 
that is, without bias.  Maybe you  
are tired and you don’t want to count 
so you purposefully select the quadrats 
with the fewest species.  Or, outside, 
you select quadrats that are in the shade  
on a hot sunny day.  This is bias.   
 
 
To make a random selection, the quadrats are numbered across the top and have letters down the 
sides.  Select one letter / one number from the bags your teacher gives you.  Write that down.  
Return the letter / numbers to the bags, mix, and repeat so that you have 4 combinations (try 
again if you get a duplicate).  These are the quadrats you will sample.  Circle them on the plan 
you sketched above. 
 
2.  In each of your 4 sample quadrats, count the number of different species, and the number of 
individuals of each species.  Record this on your data sheet. 
 
3.  Calculate the number of species, inclusive, for each subsequent quadrat.  For quadrat 1 it is 
just your total number of species in that quadrat.  For quadrat 2, it is the total number of species 
you found in quadrat 1 plus any NEW species that are in quadrat 2 that weren’t in quadrat 1.  For 
quadrat 3, it is the # species inclusive for quadrat 2 plus any NEW species that are in quadrat 3 
that weren’t in 1 or 2 – and so on.  This gives you the species richness - the total number of 
species that you found (in all 4 of your quadrats combined). 
 
4.  Species Richness.  Graph your species richness (the number of species, inclusive versus area 
(or, number of quadrats).  In other words, as we make our area larger, by adding quadrats, does 
the number of species, inclusive, change?  This is a species richness vs. area curve.  Your area is 
the number of quadrats.  More quadrats = bigger area.   
 

Are there the same amount, more, or fewer species as the area gets bigger?  ___________ 
  
 



Random Sampling Data for species richness: 
 

 
 
 
 
 
 
 
 
 
 
 
Species 
Richness 
 
 
 

 
  
 
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              

 
 
 
What is your conclusion -  How does species richness change as habitat size (area) increases?? 
 
 
 

Quadrat 
(number – 

letter) 

Species Description  Area of 
Quadrat 

(cm2) 

Number of Species 
(inclusive)  

1  
 
 

   

2  
 
 

 
 

  

3  
 
 

 
 

  

4  
 
 

   



5.  Population size.  Estimate the population size of each species (the # of individuals per 
species) species in your total area by using the following formula for each species:   
 
 Estimated Population Size T = N*A 
 

Where N = population density of sample = (# individuals counted / # quadrats sampled)  
and A = (Total Area /Area of 1 quadrat) 
 

 
6. Do a count of (or ask your teacher) the actual number of species and number of individuals per 
species, so that you can compare your estimates with the real numbers. 
 
 
Random Sampling Data for population size estimates and species diversity. 
 

Species # of individuals in quadrat: 
• Where Area of  
     1 quadrat = 
• Area of 4 quadrats                

(Total) = 
• A = Tot area/area of 1 quad = 

Total # 
individuals, 
inclusive 
(= all 4 
quadrats 
combined) 

Population 
Density(N)               
(= total / 4) 

Estimated 
Pop Size T          
(# of 
individuals 
in total area, 
T = N*A) 

Actual          
# of 
individuals 
in entire 
area   

1 2 3 4 
       

 
 

  

        
 
 

 

        
 
 

 

        
 
 

 

        
 
 

 

        
 
 

 

        
 
 

 

 
 
7.  Species Diversity.  Calculate species diversity for the total area based on the number of 
individuals per species, inclusive, for the 4 quadrats you sampled.   Use the Simpson’s Diversity 
Index.  

Our Species Diversity is   Ds =  _____________ 



Formula Simpson’s Diversity Index, Ds (modified, Paterno, et al., 2017) 
 
1 – Ds,  where Ds = ∑(n/N)2      
 

and n = total number of organisms of a particular species  
and  N = total number of organisms of all species 
 
1. First step – calculate (n/N)2 for each species, then add (∑) all those 
values together.  2. Subtract that from 1.   D will range between 0 and 1, 
with higher numbers  = greater diversity. 

 
For Example: A hypothetical community with 3 species. 

 Species   No. of Individuals  
beech 32   (= na) 
maple 18    (= nb) 
oak 12   (= nc) 

Total (N) 62    (= N) 
For this community, N = 32 + 18 + 12 = 62.  

 
Show your work – it is easiest if you transcribe your data from the previous table to this table.  
The No. of Individuals is for all 4 quadrats combined (your largest area): 
 
Species 
Description 

Total # individuals, 
inclusive (all 4 
quadrats combined) 

  

  

  

  

  

  

Total (N)  

 
 
 
 
 

Ds =  1 – ( (32/62)2  +  (18/62)2  +  (12/62)2 ) 
 
Ds =  1 – ( 0.266  +  0.084  +  0.037 )  = 0.387     
 
Ds  =  1 –  0.387   =   0.613 

 



Reflection:  
 
1.  Why do scientists take a representative sample when estimating the population size of a 
species?   
 
2.  What is a representative sample? 
 
3.  Why was it necessary to choose your quadrats randomly (pulling Letter / number 
combinations from the bag)? 
 
4.  What was the dominant “species” within your total area?  Does your quadrat sample reflect 
this?  Were there any ‘species’ that you failed to count in your quadrats (but really did exist in 
the total area?) 

5.  Predict how the removal of the dominant plant species from the site would affect the 
population sizes of the other organisms. Explain. 

6.  You’ve been asked to determine the number of dandelion weeds on the soccer field.  List the 
steps you would take to calculate an accurate answer in an unbiased manner.  Assume the soccer 
field is 2,000 square meters: 
 
7.  The twin pot red snapper is a fish that spawns on coral reef outcrops.  As climate continues to 
change, coral reefs are dying and being reduced to coral rubble, and coral outcrops projections 
are disappearing.  How might knowledge of the number and density of coral outcrops help 
fisheries biologists estimate the future number of spawning snapper? 
 
8.  Population sampling is usually most effective when a species has an even dispersion pattern.  
It is really hard to get an accurate estimate when a population has a clumped dispersal patterns.  
Explain why this would be the case. 
 
9. If you were in charge of creating a new national park in your state, how would you defend 
your choice of a larger area versus a smaller area? 
 
10. A sample was taken to count the number of red maple trees in a forest that measures 5 miles 
by 5 miles.  If you set up quadrats that are 1 x 1 mile, then 
 
  How many quadrats total do you have? 
 

If you randomly select 5 quadrats and count 11, 7, 3, 9, 5 red maples, how many red 
maples  do you estimate are in the entire forest? 
 
Besides red maples, there are also sycamore, silver maple, red oak, hemlock, and 
spruce in the forest.  What is the forest’s species richness?  
 
 

 



11.  What is the Simpsons Diversity index for the following area?___Ds=__________     
 
     What is the species Richness value for the same area?  __S=__________________ 
 

Tree Species # individuals 
American Holly 8 
Live Oak 4 
Cedar 7 
Saw Palmetto 30 
Turkey Oak 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Teacher Notes: 
 
Designate an area – your countertop, or an out of way area on the floor, or the schoolyard lawn – 
and divide it into equal sized quadrats with masking tape (or, on the lawn, string and tent stakes).  
I like a 4 quadrat x 4 quadrat design, with each quadrat about 30 cm (1 foot).   Inside the 
quadrats, scatter 5-6 “animal” and “plant” species (outside, you can look for different types of 
plants within your quadrats, like grass, dandelion, vetch, etc).  This can be as large or as small as 
you have room for – with smaller quadrats, say 15 cm by 15 cm, or 30 cm by 30 cm, use smaller 
“species” – stuff like craft pom poms, rubber erasers, packing peanuts, toy/plastic animals, etc.   
Try to ensure that 2-3 species are common and found in many quadrats, and one species is rare, 
and one species is patchy (found in a couple quadrats but not all).  Here are two examples: 

 
 

photo credit:  Ferguson    photo credit: Jon Guston 
 
Students first need to understand that random sampling is important (I put numbers across the 
quadrats at the top, letters along the side, and have two bags, one with numbers, one with letters, 
and students will remove one number and one letter – and go to that quadrat,  i.e.,  B4).  With a 
total area of 4 quadrats by 4 quadrats (16 total), I would have students randomly select 4-6 
quadrats to sample.  For those quadrats, students will need to count both total number of species 
within the quadrat and the number of individuals of each species. 
 
You can also designate some areas to be ‘tropical’ and others ‘temperate’, or ‘polar’, and start a 
discussion on how/why different areas have different species richness / diversity patterns.   
 
Resource:  Paterno, J., Calvo, L., Jordan, R., Bushek, D.  2017.  ACTIVITY: One fish, Two Fish – assessing 
the Habitat Value of Restored Oyster Reefs:  Using Scientific Research in the Classroom.   Current:  The 
Journal of Marine Education.  Volume 31 (1) Summer. 

1 
 

 
 

2 
 

 
 

3 

A              B           C            D    



Answers to Reflection Questions:  
 
1.  Why do scientists take a representative sample when estimating the population size of a species?   
 It simply isn’t feasible to count all the organisms – usually the habitat is too large, or the animals secretive, or 
you don’t want to hurt them or get them used to humans -  so you take a representative sample, a portion of the 
whole – and your samples need to be unbiased, and your quadrat area should be at least 10% of the whole area. 
 
2.  What is a representative sample?  The smaller part of the population that you do count (the quadrat). 
 
3.  Why was it necessary to choose your quadrats randomly (pulling Letter / Number combinations from the bag)?  
To ensure that your representative sample indicates the “real” situation -  For example, if you were sampling from a 
school field, but for convenience only placed quadrats next to a path, this might not give a sample that was 
representative of the whole field.  You might have fewer organisms because they are avoiding the path, or more if 
they are obtaining food from humans (or trash) on the path. It would be an unrepresentative, or biased, sample. One 
way one can sample randomly is to place the quadrats at coordinates on a numbered grid. 
 
4.  What was the dominant “species” within your total area?  Does your quadrat sample reflect this?  Were there any 
‘species’ that you failed to count in your quadrats (but really did exist in the total area?)  Answers vary.  Often a 
quadrat will miss a rare species.   

5.  Predict how the removal of the dominant plant species from the site would affect the population sizes of the other 
organisms. Explain.   Answers vary.  Often the dominant plant is a food source, and without the food source the 
herbivore populations decrease, leading to a decrease in their predators … a trophic cascade.  Alternately, the 
herbivore could switch prey and find a different plant to eat, perhaps causing that plant population to decrease.  A 
good discussion of top-down / bottom-up control and trophic cascades is found at  
http://acer.disl.org/news/2016/11/09/word-wednesday-top-down-or-bottom-up/ 

6.  You’ve been asked to determine the number of dandelion weeds on the soccer field.  List the steps you would 
take to calculate an accurate answer in an unbiased manner.  Assume the soccer field is 2,000 square meters: 
So, first is to divide the field into quadrats – I’d choose 5m x 5 m quads, and assuming the soccer field is 
rectangular, as they usually are, it could be 100 m x 20 m  so that is 80  5x5 quadrats (area = 25m2).  (there are 20 
quads by 4quads in the rectangular field). Label the quadrats with numbers #1-20 on the long side and letters A-D on 
the short side.  Let’s say we select 10 quadrats of the 80 to sample.  RANDOMLY select 10 by drawing a letter / 
number from a bag.  Go to that quad and count all the animals you can find. If you found 300 dandelion weeds, then 
I would Estimate Population Size with the formula T = N*A   where N = population density of sample = (# 
individuals counted / # quadrats sampled) and A = (Total Area /Area of 1 quadrat). 
So  T = (300/10) * (2,000 m2 / 25 m2) =  30 * 80  = 2400 weeds.  
 
7.  The twin pot red snapper is a fish that spawns on coral reef outcrops.  As climate continues to change, coral reefs 
are dying and being reduced to coral rubble, and coral outcrops projections are disappearing.  How might knowledge 
of the number and density of coral outcrops help fisheries biologists estimate the future number of spawning 
snapper? 
If we know that the coral outcrops are declining in number, and the snapper needs those outcrops for breeding – then 
the snapper reproduction would decline too and there population size would be smaller.  And, areas with a higher 
density of good coral outcrops should have higher populations of snapper.   
 
8.  Population sampling is usually most effective when a species has an even dispersion pattern.  It is really hard to 
get an accurate estimate when a population has a clumped dispersal patterns.  Explain why this would be the case. 
If an animal is clumped around a resource, the chances of it being found in a random quadrat are smaller  - you 
might have one quadrat that contains the resource and the numbers would be artificially high, or a quadrat without 
the resource would show abnormally low numbers.  
 
 
 
 



9. If you were in charge of creating a new national park in your state, how would you defend your choice of a larger 
area versus a smaller area? 
A park that would really attract a lot of paying visitors needs to have high numbers of lots of species – so each 
visitor goes home happy that he/she saw a lot of cool creatures. Because larger habitats/areas support a larger 
number of species and larger numbers of individuals of each species, a larger park would provide that experience 
visitors want. 
 
10. A sample was taken to count the number of red maple trees in a forest that measures 5 miles by 5 miles.  If you 
set up quadrats that are 1 x 1 mile, then 
 
  How many quadrats total do you have?  25 
 

If you randomly select 5 quadrats and count 11, 7, 3, 9, 5 red maples, how many red maples do you 
estimate are in the entire forest? 

I would Estimate Population Size with the formula T = N*A   where N = population density of sample = (# 
individuals counted / # quadrats sampled) and A = (Total Area /Area of 1 quadrat). 
So  T = (35/5) * (25mi2 / 1mi2) =  7 * 25  = 175 maples.  
 

Besides red maples, there are also sycamore, silver maple, red oak, hemlock, and spruce in the forest.  
What is the forest’s species richness?  6 

 
11.  What is the Simpsons Diversity index for the following area?___Ds=___.64_____     
 
     What is the species Richness value for the same area?  __S=________5________ 
 

Tree Species # individuals 
American Holly 8 
Live Oak 4 
Cedar 7 
Saw Palmetto 30 
Turkey Oak 5 

 
So--  54 total individuals and  diversity is  1 – Ds,  where Ds = ∑(n/N)2      

and n = total number of organisms of a particular species  
and  N = total number of organisms of all species 
 

Ds=  (8/54)2  +  (4/54)2  +  (7/54)2  +  (30/54)2  +  (5/54)2  =   
            .02  +       .005    +      .017     +   .309    +    .009     =  0.36 
1-  Ds  =  1 – 0.36   =  0.64 

 
 
 
 
 
 
 
 
 
 
 
 



Assessment Ideas:   
1. Give students data (see reflection question #12) and have them calculate species diversity.  
 
2.  Have students create two data tables – Ask them to make a table, using no more than 10 
species, of organisms and their relative abundance for a tundra ecosystem versus a tropical 
rainforest ecosystem  (they should have more species, and a more even distribution of 
individuals per species, in the tropics.)  You may need to tell them to only choose herbivores (or 
it can get complicated by remembering to have 1/10 the number of individuals on one trophic 
level as compared to the level below it). 
 
3.  Assign students two habitats (perhaps somewhat local) and have them make a claim and 
defend their claim as to which of the 2 habitats should have a higher species diversity.  Perhaps,  
large versus small island the same distance from a mainland,  or  two islands of the same size but 
one is farther from the mainland, or two islands at the same latitude but one off the east coast of 
the US and one off the west coast (west = in a cold water current, with upwelling, east = in 
warmer waters, wide shallow shelf), or a mowed field versus an unmowed field, and so forth. 
 
4.  Research Black Bears.   Find out how much land area a black bear requires (males and 
females differ).  Then, supposing you want at least 3 females and a male, how big of a park do 
you need to designate for the bears in the mountains of North Carolina? 
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