
Effects of Satellite Transmitters on t̄it̄i

The Mutton bird (t̄it̄i) has one of the longest migration routes in the world, and

breeds in the Southern Islands of New Zealand. The chicks are harvested, so sus-

tainability of the population is an important issue.

This lesson investigates possible adverse effects of attaching transmitters to t̄it̄i.

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

This brings up the Example Data Sets dialog shown below. Click on the Filter

by topic drop-down menu and select the NZ Schools Example Data sets

option. Choose the file Titi.gsh and click on Open data.
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This opens a spreadsheet (displayed below) containing data from a study into

the effects of satellite transmitters on t̄it̄i, which was carried out by David

Fletcher (Department of Mathematics & Statistics, University of Otago):
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In this study, t̄it̄i attendance at burrows was monitored over 30 days. The t̄it̄i

were randomly allocated into two groups - those with satellite transmitters

attached, and those without.

In the spreadsheet the data recorded is Group, Day, Burrows (the number

of burrows monitored on each day), and Attended Number (the number of

burrows for which t̄it̄i attendance was observed).

2. T̄it̄i attendance was measured with bounded counts (i.e. counts out of a pos-

sible total), which tells us that we have binomial data, so we should calculate

the attendance proportions. These are the fraction of burrows that were mon-

itored where we observed attendance, and to calculate these proportions, first

click on Data>Calculations:

Then, we perform the calculation by entering Attended Number/Burrows

into the empty box at the top, and then entering a name for the variable to

store the proportions in into the Save Result In box (e.g. Attended Proportions).

Click Run to perform the calculation of our column of attendance proportions.
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3. To analyse the attendance proportions, we start off looking at the transmitter

group by clicking Spread>Restrict/Filter>To Groups (factor levels).

In the dialog box that opens, highlight Transmitter, and click OK.
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4. A good starting point for the analysis of the transmitter group proportions

is to draw a scatter plot of the data. We do this by clicking Graphics>2D

Scatter Plot:

In the dialog box that opens, enter Attended Proportions into the Y Vari-

ate box, and Day into the X Variate box. We can click Run now and accept

the default graph settings, or we can click the Options tab to format the graph

(add a title, modify axes titles, and so on).
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Click the Options tab, enter a Graph title, and uncheck the Display key

box.

Under the Lines and Symbols tab we can change the plotting symbol from

the defualt cross, and the X Axis and Y Axis tabs can be used to modify

the axes (e.g. to change the axis titles). Lastly, under the Frame tab we can

change the shape of the graph by changing the X, X Upper, Y Lower and

Y Upper settings. For example changing X Upper to 1 gives a rectangular

graph rather than a square one.

Click Run to plot the graph.

What patterns are visible from the graph - is there an overall trend visible for

the transmitter group, and are there any outliers?
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5. Despite the variability in the data exhibited in the scatter plot, there seemed

to be an overall trend in the attendance proportion for the transmitter group

over the six week period of the study. A linear regression allows us to capture

this trend.

Click Stats>Linear Regression:

Enter Attended Proportion as the Response Variate, and Day as the

Explanatory Variate. Click the Options button, and check the Plot

Residuals and Plot Fitted Model boxes. Click OK and then Run:
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The fitted model graph produced is as follows:

We observe from the fitted regression line that there appears to be a downwards

trend in the transmitter data. Return to the main GenStat window, in the

Output section we can see the regression output:
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The fitted equation is thus ŷ = 0.4786 − 0.00832(Day). Use this to predict

the attendance proportion at the 20th and 50th days - are these predictions

reliable?

The F statistic in the ANOVA has a p-value of 0.006 - what does this tell us?

An assumption we make when we perform ANOVA is that the data are nor-

mally distributed. However, the data in this experiment is binomial data,

which means that ANOVA and simple linear regression may not be appro-

priate for this data, and we should be cautious about the use of the F and

t statistics to assess significance. Statistics courses at university cover better

methods for modelling the data that make allowance for the data being bino-

mial. However, in this case, if we compare the fitted line from such a model

with the one from a simple linear regression, then we find that we get virtually

the same line.

To see the residual graphs, we return to the GenStat Graphics Viewer, and

click on the Next button on the toolbar:

The residual graphs can be used to assess the assumptions we make when

fitting a simple linear regression (like having normally distributed residuals

with zero mean). They also can be used to check for outliers, as we expect the

standardised residuals to lie between -2 and +2. From these plots, we can see

that we have evidence of a possible outlier, which was flagged by GenStat in

the previous regression output.
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6. Now analyse the non-transmitter data using a similar process, first chang-

ing the active group by clicking Spread>Restrict/Filter>Reverse Inclu-

sion/Exclusion. Create a scatter-plot and perform a linear regression to see

if we have evidence of a trend for the non-transmitter group. If there is a

trend, is it different from that shown by the transmitter group? Are there any

outliers?

7. Another way to analyse the data is to directly compare the two groups on each

of the 30 nights by looking at the differences in the attendance proportions.

This allows us to see which group had a higher rate of attendance on each day,

and how large this difference was.

11



The provided graph shows these differences, along with 95% confidence inter-

vals for each difference. What can we conclude from this graph - what is the

overall pattern, and what do the 95% confidence intervals tell us?
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