
Trace Metal Levels in New Zealand Dredge Oysters

Over a number of years, environmental chemists at the University of Otago have

measured the trace metal content of New Zealand organisms. One such organism

is the dredge (Bluff) oyster, which grows on the seabed and is found at a variety of

sites around the country. Phytoplankton, a food source for the oysters, are able to

absorb small amounts of trace metals, which leads to bioconcentration of the metals

in the oysters.

As the concentration of the trace metals depends on the location of the oyster,

it provides scientists the ability to characterise the area that the oysters were col-

lected, and also allows them to determine the origin of ‘mystery’ oysters (such as

those bought at a supermarket). This lesson will explore the use of such data to

characterise the locations, and will show how to determine the origin of an oyster

based solely on the trace metals it contains.

1. To open the data we click on File>Example Data Sets:

This brings up the Example Datasets dialog shown below. Click on the Filter
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by topic drop-down menu and select the NZ Schools Example Data sets

option. Choose the file Oysters.gsh and click on Open data.

The data in the spreadsheet that opens consists of trace metal levels (in µg

per g of dry weight of oyster) for 111 oysters, sampled from 14 sites around

the South Island. The metals measured were zinc, copper, cadmium and

manganese, and their levels are stored in the Zn, Cu, Cd and Mn variables

respectively. The location the oysters were collected from is stored in the

Site No factor, which takes the values F1 to F6 for the sites in Foveaux

Strait, BH for Bluff Harbour, T1 and T2 for sites in Tasman Bay, OB for

Oyster Bay, SB for Sawyers Bay in Otago Harbour, Ch for Chatham Islands,

Fd for Fiordland, and lastly PU for Port Underwood.

2. Start the analysis by creating a table of summary statistics for the zinc levels at

each site which contains the mean zinc levels and the corresponding standard

deviations. To do this, click on Stats>Summary Tables, enter Zn into

the Variate box, and enter Site No into the Groups box. Click on the

Store button and tick the Means and Standard Deviation boxes, entering

sensible names in the empty boxes next to them. Click the OK button and

then the Run button to obtain the following results:
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What trend can you see from the summary statistics - that is, which sites have

similar levels of zinc?

2. An easier way to determine the trend in zinc levels at the different sites is

to explore the data visually using a boxplot. Click on Graphics>Boxplot,

enter Zn into the Data variate box, and enter Site No into the Grouping

Factor box. Click Run to obtain the plot that follows on the next page.

Using either summary tables or boxplots, discuss trends (or the lack thereof)

in copper, manganese and cadmium levels at the different sites.
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3. Next, explore relationships between the levels of the trace metals at the dif-

ferent sites. Click on Graphics>2D Scatter Plot, and choose Zn and Cd

as the variates. Click Run to obtain the following plot:

Discuss the pattern shown in this graph. How does this pattern reflect the

results obtained from the boxplots?
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Explore the relationship between some of the other pairings of metals, and

report your findings.

4. Suppose we want to model the relationship between the copper and manganese

levels, and believe the relationship is linear. Fit a linear regression to the data

using Stats>Linear Regression, with Cu as the Response Variate and

with Mn as the Explanatory Variate. Click the Options button and tick

the Plot Fitted Model box. Click OK and then Run.

It seems from this fitted model plot that the regression successfully captures

the positive upwards trend in the data. However, does the fit of the regression

seem adequate? If not, why not?

5. Return now to the relationship between the zinc and cadmium levels. The

inverse relationship displayed by the scatterplot does not appear to be linear,

but a non-linear curve may fit the data well. Suppose we want to fit a power
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curve to the data, that is a model of the form (Zn) = a(Cd)b. A bit of algebra

can show that this is equivalent to fitting a linear regression to the logs of both

variables, that is, fitting a model log(Zn) = c+ d[log(Cd)]. (Challenge: show

this relationship, and discuss the relationship between constants a and c, and

between constants b and d).

To fit this power curve model, we thus need to first take the logs of both

Zn and Cd. Click on Data>Calculations, and enter LOG10(Zn) into the

empty box. Save Result in a suitably named variable, and then repeat the

process for Cd.

Now click Stats>Linear Regression, and enter logZn (or whatever you

called the log transformed zinc data) into the Response Variate box. Enter

logCd as the Explanatory Variable, and click Run. Comment on the

fit of this model, then, using the relationship between the constants from the

linear regression on the log-transformed data and the constants from the power

curve, write the equation for the relationship between zinc and cadmium levels

in power curve form.
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6. Clearly there is a relationship between the levels of the trace metals. One way

to proceed is to perform Principal Component Analysis (PCA). This is beyond

the school syllabus, but in essence it involves developing two new variables that

combine the effects of the concentrations of the 4 metals. These two variables

can be then be used to classify new sites.

To perform PCA, switch to the Undergraduate Edition of GenStat by clicking

Tools>Options, and then switching from Schools Edition to Undergrad-

uate Edition. Click OK, and then restart GenStat and open the dataset

once more.

Click Stats>Multivariate Analysis>Principal Components, and enter

all four trace metal variables into the Data to be analysed box. Check the

Correlation Matrix option, and click the Options button. Tick the Scatter

Plot Matrix of Principal Component Scores and Display Labels boxes,

and next to Display Labels, type in Site No. Then, click OK and then

Run.
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The previous graph displays the principal component scores for the 111 oysters

- that is, the values on the two new variables that are created from the original

four readings. We can see little clusters in the graph of oysters from the

same location, which suggests that these two principal components are able to

distinguish between the groups effectively.

The graph is a little cluttered though, so it is preferential to plot the mean

principal component scores for each group to see the picture more clearly:

Based on this graph, oysters from which regions are similar to one another?

Does this agree with your conclusions from the boxplots of the metal levels

you produced earlier?

We can use this graph and the principal components to predict the origin of an

oyster based solely on its trace metal levels. Switching to the Output Window,

we get the output (on the following page) from running the PCA.
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What do the ‘percentage variation’ numbers tell us?

The loadings allow us to interpret the principal components by discussing

which trace metals they are related to. What do you conclude from the load-

ings?

From the output, the principal components are:

Z1 = −0.536(Cd∗) + 0.486(Cu∗) + 0.505(Mn∗) + 0.470(Zn∗)

Z2 = 0.334(Cd∗) + 0.376(Cu∗) − 0.593(Mn∗) + 0.629(Zn∗)

Where Cd∗, Cu∗, Mn∗ and Zn∗ are the standardised trace metal measurements

(standardised by subtracting away the mean and then dividing by the standard

deviation.

Suppose you buy an oyster from the supermarket and want to know where it

is from, so you have the trace metal content of the oyster analysed. It turns
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out the oyster has 45µg/g of cadmium, 7µg/g of copper, 7µg/g of manganese,

and 152µg/g of zinc. Calculate the principal component scores and use the

previous graph to help determine where is the oyster likely to be from.

To help in this calculation, click Stats>Summary>Statistics, and produce

the means and standard deviations of Cd, Cu, Mn and Zn:
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