
Table 10.3 Height of shells of two putative species of periwinkles from the mid- and lower shore at 

Aberystwyth, 2002

The height of the periwinkle shells (mm) at two locations on the shore

Periwinkles from the lower shore Periwinkles from the mid-shore

5.3 4.3 6.5 11.7 9.3 11.3

8.7 8.0 6.8 4.1 7.7 7.0

5.3 10.2 5.0 8.8 6.6 6.8

5.3 5.3 5.1 9.7 9.4 8.3

5.9 7.8 4.9 5.0 8.8 4.5

2.8 7.0 3.7 6.7 5.8 6.0

8.7 6.1 2.8 6.6 5.6 7.0

2.0 5.0 3.8 7.8 7.5 6.5

5.3 5.4 3.0 7.0 6.3 6.6

6.5 5.7 4.2 7.6 12.5 5.6

n1 = 30 n2 = 30

x1∑  = 166.4
x2∑  = 224.1

x1
2∑( )  = 27688.96 x2

2∑( )  = 50220.81

∑( )x 2
1

2

 = 1027.08 ∑( )x
2

2  = 1792.85

( )x1  = 5.54667 x2( )  = 7.47

s1
2  = 3.59016 s2

2  = 4.09734

One of the common major assumptions underlying many parametric tests of hypotheses 
is that the variances of the different samples are homogeneous (similar). This requirement 
is flagged up in criterion 7. A variance ratio or F-test may be used to examine whether this is 
probably true (Box 10.1). This check needs to be carried out before using the z-test (Box 10.2).

10.1 Two-sample z-test for unmatched data

Example 10.1 The evolution of Littorina littoralis at Aberystwyth, 2002

Several years ago it was suggested that a species of periwinkle, Littorina littoralis, was evolving 
sympatrically into two species, Littorina obtusata and Littorina mariae, through niche partitioning. 
Littorina obtusata apparently grazes on the brown alga Ascophyllum nodosum on the mid-shore, whilst 
putative Littorina mariae feeds on the epiphytes growing on Fucus serratus on the lower shore. In a 
study of the sympatric evolution of Littorina littoralis, a representative sample of the two groups of 
individuals was collected from Aberystwyth in 2002 and their shell height (mm) recorded (Table 10.3). 
The investigators wished to test the hypothesis that there is no difference between shell height of the 
two groups of periwinkles from the mid- and lower shore.
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BOX 10.1 How to carry out an F-test to check for homogeneous 
variances before carrying out a two-sample z-test for unmatched data

1. Hypotheses to be tested

H0: There is no difference between the variances of the shell height of periwinkles from the lower and 
mid-shore.
H1: There is a difference between the variances of the shell height of periwinkles from the lower and 
the mid-shore.

2. Have the criteria for using this test been met?

Yes (10.1.2ii) apart from criterion 7, which is being checked here.

3. How to work out Fcalculated

i Decide which is sample 1 and which is sample 2. Let the periwinkles from the lower shore be 
sample 1 and the periwinkles from the mid-shore be sample 2.

ii For each sample calculate the variance s1
2 and s2

2 using the method described in Box 5.1.

If you are not using statistical software for this a statistical calculator will also work out these terms. 
Otherwise follow these steps:

Add all the x terms together for sample 1.

     
x 5.3 8.7 5.3 . 3.8 3.0 4.2 166.41∑ = + + + … + + + =

x 166.4 27688.961
2 2∑ )( )(= =

The number of observations n 301 = , so

x
n

27688.96 / 30 922.965331
2

1

( )Σ
= =

Square each x value and add together.

x 5.3 8.7 5.3 . 3.8 3.0 4.21
2 2 2 2 2 2 2∑( ) = + + + … + + +

28.09 75.69 28.09 .14.44 9.0 17.64  1027.08= + + + … + + =

Where the sums of squares of x (SS(x)) is

x x
x

n
SS 1027.08 922.96533 104.11467  1 1

2 1
2

1
∑ ∑( ) ( )( ) = − = − =

The variance is

s
x

n
SS

1
104.11467

30 1
3.590162

1

)(
=

−
=

−
=

Repeat these steps using the data for the periwinkles from the mid-shore (sample 2).

x 224.1   2∑ = , n 30 2 =
(Continued)
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x

n
2

2

2

)(Σ  = 1674.027,

x2
2∑ )(  = 1792.85

SS(x2) = 118.823, s2
2  = 4.09734

Fcalculated is the ratio between the two variances.

F
larger sample variance

smaller sample variancecalculated =

              

4.09734
3.59016

1.14127= =

4. How to find Fcritical

You will come across three F-tests. Each uses a different table to find Fcritical. You must take great care 
to use the correct table. See Appendix d, Table D4. To look up the value in the F table, you will need 
to know the degrees of freedom (v) for each sample.

Sample 1 ν1 = n1−1

Sample 2 ν2 = n2−1

where n is the number of observations in that category or sample.

For our example, 

ν1 = 30 − 1 = 29 and ν2 = 30 − 1 = 29.

Interpolating (6.4.4) from the F table: 

Fcritical = 2.10 at p = 0.05.

5. The rule

If Fcalculated is less than Fcritical, you do not reject the null hypothesis and may proceed with the 
z-test. In this example, Fcalculated (1.14) is less than Fcritical (2.10). Therefore, you do not reject the null 
hypothesis.

6. What does this mean in real terms?

There is no significant difference (p = 0.05) between the variances of shell height of periwinkles from 
the lower and mid-shores. The variances are homogeneous. You may proceed with the z-test.
If the null hypothesis is not accepted, then you should consider transforming your data (5.10) or 
using a non-parametric test, e.g. Mann–Whitney U-test (11.1).

BOX 10.2 How to carry out a two-sample z-test for unmatched data

1. Hypotheses to be tested

H0: There is no difference between the mean shell height (mm) of the periwinkles from the lower and 
mid-shore at Aberystwyth in 2002.
H1: There is a difference between the mean shell height (mm) of the periwinkles from the lower and 
mid-shore at Aberystwyth in 2002.

(Continued)
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2. Have the criteria for using this test been met?

Yes (10.1.2ii. and Box 10.1).

3. How to work out zcalculated

i. Decide which is sample 1 and which is sample 2. Let the periwinkles from the lower shore be 
sample 1 and the periwinkles from the mid-shore be sample 2.

ii. Use the variances (s2) and n from Box 9.1 calculated for the F-test.

s2
1 = 3.59016, = 4.09734

n1 = 30

iii. Calculate the means x )(  for each sample.

x 166.4 / 30 5.546667
x

n1
1

1
= ∑ = =

x 224.1/ 30 7.47
x

n2
2

2
= ∑ = =

iv. The standard error of the difference of the means (SED) is calculated as

SED = 
s
n

s
n

4.09734
30

3.59016
30

0.13658 0.119671
2

1

2
2

2
+







= +



 = +

               = 0.25625  = 0.50621
v.

z
x x

SE
7.47 5.54666

0.50621
3.79947calculated

1 2

D
= − = − = −

4. How to find zcritical

See Appendix d, Table D5. The z distribution is unusual in that it is independent of sample size. For 
any one p value, there is only one z value.
For a two-tailed test at p = 0.05, zcritical = 1.96.

5. The rule

If the absolute value (i.e. ignore the sign) of zcalculated is more than or equal to zcritical, then you 
may reject the null hypothesis (H0). Samples are not likely to have come from the same statistical 
population. The absolute value of zcalculated (3.8) is more than z critical (1.96). Therefore you may 
reject the null hypothesis. In fact at p = 0.001, zcritical = 3.29. You may therefore reject the null 
hypothesis at this higher level of significance.

6. What does this mean in real terms?

There is a very highly significant difference (z = 3.8, p < 0.001) between the mean shell heights (mm) 
of the periwinkles from the lower and mid shore at Aberystwyth. L. mariae is the smaller of the two 
apparently distinct species.




