


Learning 
Objectives 

• Increased 
awareness of the 
diversity of animals 
and plants in rocky 
intertidal habitats.  

• Understand the 
differences between 
random, systematic 
and targeted 
sampling 
approaches 

• Compare estimates, 
counts, and means. 
Discuss outliers. 

• Understand simple 
statistical concepts 
and tools that are 
used to design a 
study and analyze 
environmental data.  

Process Skills 
Used in this 

Lesson 
 
1. Be able to set up a 

random, systematic, 
and targeted 
sampling approach 
for a fixed plot of 
plants or animals.  

2. Be able to determine 
whether a count of 
individuals or a 
percent cover 
measurement is best 
to determine 
abundance for a 
given plot.  

3. Be able to compare 
two or more 
locations and 
determine if the 
living communities 
are statistically 
different from each 
other.   
 





Random 
If the question being asked is whether 
populations (numbers or density of 
animals) differ at different locations, 
the focus of the sampling design is to 
obtain representative samples of the 
populations being compared. The best 
statistical design for this questions is 
random sampling within each 
population (or plot). This reduces the 
bias that the scientist might make in 
assigning sampling locations within a 
plot to denser or sparser areas, 
unintentionally avoiding edges of the 
study area, unintentionally 
aggregating samples etc. A 
disadvantage of random sampling is 
that a large number of samples may 
be required for good statistical power 
in populations that are patchy or 
unevenly distributed.  
 
Random number tables can be used to 
select numbers which can be used, for 
example, as coordinates for transect 
lines.  

Random sampling is not always 
feasible, either due to time or physical 
constraints. Completely random 
sampling may not be appropriate if 
populations are obviously distributed 
in a systematic fashion or if the 
question being asked is about 
particular habitats and not the general 
community. In those latter cases, 
Systematic (Also known as Stratified 
Random) sampling is a better choice. 
Other approaches commonly used 
include systematic sampling and 
targeted sampling.  



Systematic 
A systematic sampling design places 
sampling units uniformly through the study 
site. Transect lines spaced at regular 
intervals is an example of a systematic 
approach. The advantages are that it can 
be much easier in practice to do, and the 
estimate of the mean may be more 
accurate that with random samples. 
 
The main disadvantage is that it is not 
random, and therefore will not meet 
certain statistical test criteria.  

Targeted 
The rocky intertidal sampling chosen for the 
MARINe core monitoring program is a targeted 
design. This design focuses the time spent by 
researchers on sampling targeted populations 
where the abundance of a given species of 
interest is highest. For example, photo plots are 
targeted in low intertidal mussel beds for 
mussels, and the high intertidal for barnacles.  

This design is appropriate when certain species are being targeted for study. It is 
an unacceptable design when the questions asked is “what is the average density 
of a population in a habitat?” 
 
This is a useful design in many biological habitats because species are often 
clustered by physical parameters such as tidal height, distance form shore, water 
depth, distance from a stream, elevation, etc.  
 
To reduce bias in the sampling, it is best if individual sampling units are randomly 
placed within a targeted population. For example, in the MARINe programs, five 
photo quadrats were randomly placed within each defined target population.  



Learning Objectives 
 
Determine the abundance 
of a plot by comparing 
estimates, counts, means, 
and percent cover 

 
 

 
 
 

Process Skills 
 
Determine whether a 
count of individuals or a 
percent cover 
measurement is best used 
when evaluating 
abundance.  
 
  Introduction: 

 
Discuss the term abundance and how 
one might measure abundance.  
Discuss the concept of species 
richness and biodiversity (see 
glossary).  
- Biodiversity is an important 

concept in ecology. It relates to 
species richness and the relative 
distribution of the numbers of 
individuals among all the species 
present in the area. It is a term 
students will hear about and read 
about in contemporary articles 
about the earth’s environment. In 
general, higher biodiversity is 
characteristic of more mature and 
less disturbed habitats.  
 

Note that biodiversity is not 
synonymous with species richness 
although habitats with high 
biodiversity tend to have many more 
species that habitats with low 
biodiversity.  

The easiest way to measure the 
abundance of discrete individuals is to 
count them. However, if the item 
being counted is a colonial animal or 
plant, it is very hard to count them. A 
measure of percent cover, or amount 
of area covered by that species, is 
used to determine abundance.  
 
Look at the photos provided. In the 
photo of mussels, these individuals 
can be counted. In the field, scientists 
both measure and count individual 
animals such as mussels, limpets, sea 
stars and abalone.  
 
In the photo of anemones, this 
colonial form grows so close together 
and has attached so many shell 
particles that it is almost possible to 
identify individual anemones. The 
only appropriate way to measure 
abundance is by looking at percent 
cover. If the anemones covered the 
entire plot, it would be recorded as 
100% cover.  



Classroom Activity 1: Counting Mussels 
Materials: Enlarged photo of mussel plot 
(2’ by 3’), sheet of laminate, dry erase 
markers 
 
a. Have the students estimate the 

number of mussels in the first plot. 
b. Lay the photo on the floor and cover 

with laminate.  
c. Ask four students to count the 

mussels in each quadrant and add the 
values of the four quadrants to get a 
total for the entire plot.  

d. Compare the total number estimated 
for the plot to the values obtained by 
taking a value for any one quadrant 
and multiplying by 4. Determine the 
mean value of mussels for each 
quadrant. Discuss any outliers.  

Classroom Activity 2: Estimating 
Percent Cover 
Materials: Enlarged photo of anemone 
(2’ by 3’), sheet of laminate, dry erase 
markers 
 
a. Looking at the photo, ask each 

student to estimate the percent 
cover of anemones and green 
algae (Ulva).  

b. Overlay laminate with 100 evenly 
spaced points. Ask several students 
to identify what is under each point 
1) anemone, 2) green algae or 3) 
other (mussel, rock, sand, etc.) 

c. Calculate percentages for “1”,”2”, 
and “3”, or percent cover (for 
example: # of “1’s” / 100). 

d. Compare calculated percentages 
with the original estimates.  

 

Preparation: enlarge mussel plot photo by 2’ by 3’ and 
divide into quarters with masking tape 

Preparation: Enlarge anemone plot to 2’ by 3’ and score 2’ 
by 3’ sheet of laminate with 100 evenly spaced points 



Exercise 2: Methodology: Random, Systematic, and Targeted sampling.   

 
Learning Objectives 

 
Take a sample of a mussel plot 
using random, systematic, and 
targeted sampling approaches. 

 

Process Skills 
 

Compare three sampling 
schemes; random, systematic, 

and targeted. 

Note: In order to demonstrate this concept in the classroom setting, we 
are constructing a hypothetical sampling within the mussel photo, 
assuming that the 2’ by 3’ plot is representative of the entire habitat site. 
Realistically this would be done on a much larger scale. Explain to the 
class that normally this type of sampling would be done with a plot 
encompassing an entire habitat.  

Classroom Activity 3: 
 Materials: Enlarged mussel photo, 

dry erase markers, 5 small laminate 2” 
squares 

 
a. Place enlarged 2’x3’ mussel 

photo on the floor. 
b. Place measuring tapes or yard 

sticks along the x and y axis of 
your photo. 

c. Use a random number table to 
generate 5 numbers between 1 
and 25 and 5 numbers between 1 
and 36. Pair numbers to generate 
5 coordinates which can be 
marked on the laminate.  

d. Make 5 sampling “squares” by 
cutting laminate into 2”squares.  

e. Lay the 5 squares onto the photo 
using the paired coordinates to 
locate the upper left corner of 
each square. Count mussels 
under each square. Add numbers 
and calculate a mean.  

Preparation: cut sheet of laminate into five 6” squares, 
(note: the size of the square will change according to the size 
of enlarged photo) Enlarge mussel plot photo to 2’ by 3’ (if 
not done with previous exercise) 



 
Preparation: cut sheet of laminate into five 6” squares, 
Enlarge mussel plot photo to 2’ by 3’ (if not done with 
previous exercise) Materials: Enlarged mussel 

photo, dry-erase markers, 5 
laminate 6” squares.  
a. Place the five squares at 

regular intervals on the 
plot like a “five” on a 
dice. Measure distance 
between the squares so 
that they are the same 
distances apart.  

b. Record the mussels 
counted under each 
square. Calculate the 
mean.  

Preparation: cut sheet of laminate into five 6” squares, 
Enlarge mussel plot photo to 2’ by 3’ (if not done with 
previous exercise) Materials: Enlarges mussel 

photo, dry-erase marker, 5 small 
laminate squares 
a. Determine where the 

mussels are concentrated 
on the photo. Generate 
random number pairs 
which only fall within this 
area.  

b. Place the squares randomly 
within the targeted area.  

c. Record the mussels 
counted under each 
square. Calculate the mean.  

Compare the three sampling schemes with the original counts of mussels in the 
plot. Determine which sampling method best describes the number of mussels in 
the plot.  



Exercise 3: Species Diversity Index 

Learning Objectives 
 

Compare the species richness 
and species diversity at two 

intertidal site (photoquadrats). 
 

Process Skills 
 

Calculate a species diversity 
index (a mathematical index or 

measure of diversity).  

Introduction: 
The Shannon-Weiner Diversity Index is a simple index that is used frequently in 
ecological analyses to calculate biodiversity. It is calculated by the following 
formula: 
 Where s is species richness and pi is 

the proportion of each organism in 
the photoquadrat.  

Species richness is simply the number of different species counted in all 
samples for each photoquadrat. 
 

Materials: Two large laminated 
photoquadrats (separate locations), small 
6” sample squares, data recording sheets, 
random number table.  
 
1. Sample the mussel plot randomly. 
a. Place enlarged 2’x3’ mussel photo on 

the floor. 
b. Place measuring tapes or yardsticks 

along the x and y axis of your photo. 
c. Use a random number table to 

generate 5 numbers between 1 and 24 
and 5 numbers between 1 and 36. Pair 
numbers to generate 5 coordinates 
which can be marked on the laminate.  

Classroom Activity 6: Calculating 
Biodiversity 

d. Make 5 sampling “squares” by 
cutting laminate into 6” squares and 
covering edges with masking tape. 
e. Lay the five squares onto the photo 
using the paired coordinates to locate 
the upper left corner of the square. 
Count the number or percent cover of 
each separate species under each 
square and record on data sheet.  
 
2. Calculate the Shannon-Weiner 
Species Diversity Index for each 
photoquadrat. 
 
3. Compare a) the species richness 
and; b) Shannon-Weiner Diversity 
Index of the two photoquadrats.  
 



Learning Objectives 
 

Compare mean density of 
mussels (or other abundant 
species) from two locations 

 

Process Skills 
 

Determine if there is a 
statistically significant 

difference in mean density of 
mussels in different locations 

Exercise 4: Statistical Analysis of Photoquadrats 

Introduction: 
This exercise compares the species richness and species diversity at two 
intertidal sites (photoquadrats). The mean densities of populations of mussels 
(students can select other abundant species as options) from two locations 
(photoquadrats) will be compared. Students will determine if there is a 
statistically significant difference in the mean (average) density (numbers) of 
mussels.  
 
Hypothesis: There is no difference between the two locations’ (photoquadrats) 
average number of mussels (or other organism selected).  

Materials: Two large laminated photoquadrats 
(separate locations), small 2” sample squares, 
data recording sheets, random number table, 
Analysis of Variance (ANOVA) worksheet, F 
statistic Table.  
 
1. Sample the mussel plot randomly 
a. Place enlarged 2’x3’ mussel photo on the 

floor. 
b. Place measuring tapes or yardsticks along 

the x and y axis of your photo. 
c. Use a random number table to generate 5 

numbers between 1 and 24 and 5 numbers 
between 1 and 36. Pair numbers to 
generate 5 coordinates which can be 
marked on the laminate.  

d. Make 5 sampling “squares” by cutting 
laminate into 2” squares and covering 
edges with masking tape.  

e. Lay the five squares onto the photo 
using the paired coordinates to locate 
the upper left corner of the square. 
Count mussels under each square and 
record on data sheet. 
 
2. Using the ANOVA worksheet, 
calculate the means and variances 
(total, within, and between), and the 
F statistic. Using the F table, look up 
whether the F statistic is significant. 
 
3. Compare the original null 
hypothesis (there is no statistical 
difference between the two 
populations) with the result from the 
F table.  



Glossary 
Abundance: a measure of the size of the population. Abundance is measured by 

counting individuals (density) per unit area (square meter), or by determining the 
amount of area covered (percent cover). Density is the most common measure of 
abundance for animals such as sea stars and abalone since individuals are widely spaced 
and easily counted. For animals such as colonial anemones and for many plants such as 

sea lettuce, rockweed and coralline algae, percent cover is better measure of abundance.  
 
Species Richness: the total number of different species in a community. Undisturbed 

communities in habitats such as mussel beds will have a large number of different kinds 
of plants and animals species. The way to determine species richness is to take a 
complete inventory of all the different species in an area.  

 
Biodiversity: the total number of different species in a community. Undisturbed 

communities in habitats such as mussel beds will have a large number of different kinds 
of plants and animal species.  

 
Percent Cover: measure of abundance found by determining the amount of area being 

occupied by a given species.  
 

Density: measure of abundance found by counting individuals in a unit area (e.g. square 

meter). 
 

Discrete individuals: individual animals or plants that are widely enough spaced or 

distinctive enough to be counted.  

 
Outliers: a term referring to data which does not appear to group with the majority of 

the data. For example, in a list of numbers—1,2,4,2,6,3,56—”56” is an outlier. What you 
do with that outlier  requires critical thinking. An outlier may be a data point recorded 
incorrectly. (e.g., typographic error) or it may represent a completely valid point. For 
example, if plotting population data locates a gray whale in Oklahoma City, it can be 
assumed to be an erroneous point and should be tossed. However, If you want to 
estimate the size of a population and counts of sample plots are: 0, 113, 114, 117, 124, 128, 
130, 500– neither of the outliers (in this case, “0” and “500”) should be thrown out 
without checking back with the person recording the data because watch number may 
be a valid count and is needed to accurately estimate the total population.  













Material developed by: 
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Illustrations by Kelly Campbell 

Adapted from Methods for Performing, 
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