





























change in either trend or elevation. The ridges and swales both exhibit a very
highly significant seaward decline. The D-statistic (or W-statistic) gives a sugges-
tion of non-randomness, possibly oscillation, for the ridges but not for the swales.

A highly significant seaward incline is demonstrated by the ridges of Group 4.
An incline, not significant at the 5% level, also appears with the swales. Group 4
is contiguous with Group 3 but has a well-defined inland terminal — the shoreline
of c. A.D. 131, where the Taupo Pumice boulders are seen — and the trend clearly
changes from those of Groups 2 and 3. For both ridges and swales the D-statistic
is less than expectation although it could not be judged significantly so; the same
applies to the W-statistic.

Groups 5 and 6 have also been combined. They are contiguous and, although
their boundary is well defined, there is little, if anything, that would suggest a change
either in trend or elevation. Indeed, the regressions for both ridges and swales
are not significant; the D-statistics (and W-statistics), however, are again substanti-
ally less than their expectation, and oscillation rather than randomness is suggested.

SEVEN MILE BEACH, TASMANIA

Davies’ data for the Seven Mile Beach, Tasmania, has been examined by the
method applied here to the emergent beach at Gisborne and the following statistics
have been obtained:

Ridges: h = 7.1 + 0.007407d
D = 554, E(D) = 66.6,S.D(D) = 94
W= 0%, E(W)= 1.15

Swales: A4 = 5.0 + 0.0063194

S

= 515, E(D) = 63.1, S.D(D) = 9.0
= 092, E(W)= 115

Field measurements as supplied by Davies have their starting point inland,
whereas at Gisborne, the starting point was the present shoreline. Overall linear
regression trend lines of ridges and swales for the Seven Mile Beach, Tasmania,
are shown in Figure 3 (see also Appendix III) and are included for comparison
with trend lines calculated for the emergent beach at Gisborne (shown in Figure 2).

Tv

The D-statistics (and the W-statistics) obtained here scarcely provide, in
themselves, justification for rejecting the assumption of randomness, but it is inter-
esting to observe that these statistics are again less than their expectations and by
more than the estimated standard deviation, so that Davies’ data tend to reinforce,
and certainly would not contradict, a conjecture of oscillation about a trend.

On the basis of the recalculation there appear to be some errors in Davies’
(1958) reported results; however, the differences are relatively small and would
not alter his interpretation.

In the present paper the presentation of correlation coefficients has been
avoided. The correlation coefficient is a measure of the degree of association
between two variables, and valid estimation along conventional lines depends on
random sampling of a bivariate normal universe. These conditions clearly do not
pertain here and, although the square of the correlation coefficient — the so-called
coefficient of determination — provides a measure of how well the fitted line tracks
the data, it is felt that this is better expressed by the usual testing of the regression
coefficient (there is, of course, a correspondence between the F-statistic and the
coefficient of determination) since misleading interpretation of the product-moment
correlation is less likely.
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DISCUSSION

. Rather than representing a continuous trend of falling sea level and elevations,
the emergent beach should be regarded as representing a discontinuous trend;
the natural divisions of the emergent beach, that is, the groups of ridges and
swales that have been separated, should be regarded as representing segments
of this discontinuous trend and can be correlated with geological phenomena
with the aid of marker beds. Within groups, however, there is, in general,
evidence that departures from the trend line (of seaward incline or decline)
are of an oscillatory rather than a random nature. In the field, trend lines
within the groups of ridges and swales are not always evident because the
elevations are partly dependent on the thickness of wind-blown sand.

. Although the regression trend lines, for the most part, show a fall towards the
sea the overall trend does not necessarily imply a corresponding fall in sea
level. Because of tilting of Groups 1 and 3 towards the sea by earth move-
ments, these groups have a component trend due to earth movement but similar
to that caused by a fall in sea level. If the hypothesis of a general sea-level
fall is accepted, then (owing to the earth movement) the overall regression
lines (Figure 2) tend to exaggerate the fall.

. The very highly significant seaward decline in both ridges and swales of
Groups 2 and 3 is consistent with the subdued form of the ridges and swales,
and with the closeness of the shell layer to the surface, suggests that they
were built fairly rapidly in association with falling sea level. Perhaps at this
time there was a real fall in sea level, but the amount of fall has been obscured
by subsequent earth movements after the Taupo Pumice eruptions.

. The highly significant seaward incline shown in ridges of Group 4, following
the very significant decline in Group 3, is suggestive directly of earth move-
ments or of increased amounts of wind-blown sand. The presence of pumice
boulders on the Taupo Pumice shoreline at an elevation of +15ft, however,
lends support to the suggestion of earth movements.

. The regression lines for ridges in Groups 5 and 6, which were formed during
the last 1000 years, show no significant trend. The ridges are more variable
in height than those of the older groups and (according to the estimates
presented) have a greater proportion of wind-blown sand which tends to mask
any change in elevation due to change in sea level.

. From an inspection of Figure 2, the amplitude of oscillation is evidently great-
est in Groups 1, 5, and 6 which are the groups with the highest components
of wind-blown sand. Consequently it appears that the oscillation is primarily
related to the amount of wind-blown sand.

. Because a continuous series of observations on the elevations of the shell layer
could not be obtained in the section at Gisborne, it is not possible to make
a comparison of trends of the surface form of the ridges and swales with those
of the surface form of the wave-deposited sediments. If the latter is assumed
to be a measure of sea-level change, then from the limited observations of the
shell layer, it seems that the surface form of the ridges and swales may not be
a reliable guide to sea-level change; departure of this surface form from that
of the wave-deposited sediments is caused by wind-blown sand.
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CONCLUSIONS

1. Although the overall regression trend lines show a continuous fall seaward,
the trend does not necessarily imply a corresponding fall in sea level. On the
part of the emergent beach older than 1000 years, the trend appears to have
been accentuated by earth movements.

2. Trends in elevations of ridges appear to be statistically stronger than those
of swales, and this conclusion confirms that of Davies in connection with
Seven Mile Beach, Tasmania.

3. The product-moment correlation coefficient is not the most appropriate method
for statistical analysis of ridges; beach systems may be better studied by the
fitting of trend lines followed by some form of analysis of the residuals.

4. Ridge and swale elevations appear to be oscillatory about the chosen regres-
sion trend lines although the period of oscillation is not necessarily fixed.
Since this is true of both the emergent beach at Gisborne and the Seven Mile
Beach in Tasmania, it would be of interest ‘to examine other beach systems
from this standpoint. For the present it is suggested that the oscillation is
primarily related to the different amounts of wind-blown sand that have been
incorporated in the ridges and swales and have caused differences in their
elevations.

5. Because of the influence of wind-blown sand on elevation, the surface form
of ridges and swales is not necessarily a reliable guide to sea-level changes.
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APPENDIX 1

Analysis of variance tables for overall regression on emergent beach, Gisborne.

Source D.F. S.S. M.S. F
Ridges: Total 50 28,878.71
Mean 1 24,842.20
. 49 4,036.51
Linear regression 1 3,205.36
Quadratic regression 2 3,630.25
Quadratic term .. .. . . . .. 1 424.89 424.89 48.0%
Residual 47 406.26 8.64
Swales: Total ‘ . X | 24,989.90
Mean 1 20,211.79
52 4,778.11
Linear regression .. .. .. . . . 1 4,149.13
Quadratic regression .. .. .. . .. 2 4,302.56
Quadratic term T 153.43 153.43 16.1%
Residual . . - 475.55 9.51

1 Indicates significant at 0.1% level of probability.

APPENDIX II

Analysis of variance tables for linear regression within groups on emergent beach, Gisborne.
D.F. S.S.

Scource i
Group 1
Ridges: Total 16 19,478.70
Mean 1 19,321.00
15 157.70
‘Regression 1 63.98 63.98 9.56%
Residual 14 93.72 6.69
Swales: Total 17 18,149.18
Mean 1 17,975.76
16 173.42
Regression 1 35.77 35.77 390
Residual 15 137.65 9.18
Groups 2 and 3
Ridges: Total 9 3,184.39
Mean 1 3,117.36
8 67.03
Regression 1 63.32 63.32 94.5%
Residual 7 3.71 0.67
Swales: Total 10 2,906.65
Mean 1 2,873.02
9 33.63
Regression 1 30.21 30.21 70.3%
Residual 8 342 043
Group 4
Ridges: Total 9 2,386.02
Mean 1 2,361.96
8 24.06
Regression 1 16.09 16.09 14.11
Residual 7 797 1.14
Swales: Total 9 1,854.19
' Mean 1 1,846.13
8 8.06
Regression 1 2.90 2.90 3.92
Residual 7 5.16 0.74
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Groups 5 and 6

Ridges: Total . . . . . . . 16 3,829.60
Mean 1 3,757.67
15 71.93
Regression 1 3.34 3.34 0.68
Residual 14 68.59 4.90
Swales: Total e 17 2,079.88
Mean 1 1,987.20
16 92.68
Regression 1 4.20 420 0.71

Residual 15 88.48 5.90
T Indicates significant at 1% level of probability. :
1 Indicates significant at 0.1% level of probability.

APPENDIX III

Analysis of variance table for linear regression on Seven Mile Beach, Tasmania.

Source D.F. S.S. M.S. F
Ridges: Total 42 3,105.50
Mean 1 2,990.46
41 115.04 .
Regression S 1 32.31 - 3231 15.61
Residual 40 82.73 2.07
Swales: Total e e e me e 41 1,649.20
Mean 1 1,551.34
40 97.86
Regression 1 21.57 21.57 11.07
Residual e 39 76.29 1.96

t Indicates significant at 1% level of probability.
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