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Introdugtion

During 1968, a pilot survey of the“p??sicildprpgeTzzezozgizgz-Zg?gztznifmzi:
in ¥ sbe Bay was undervaken zs part of a study of the pos :
tgntgiiziizi.ofya.barrage across the Bay. Gample cores, from F@th1f£§regz ZOnes,
i.e, 0-5 cns. and O-10 cms,., were teken at L sampl;ng;p01n?s w?t 1nf_ ; DAY «

The naterial from these cores was analysed by the Chem;cal_ﬁerV1ce;g t e_ o
Werlewood Research Station, and the results of the. analyses were Dgie availa Be
to tic research workers concerned with the study of the ecology of Morecambe Bay.

Further statistical an&lysis.of these results was not originally planned.
The results for the many variables were plotted on maps of_%oreqambi B?y, and _
subsequent interpretaticn was lurgel; subjeotive, aided by con?ourl ?;nes drawn'
by hand. The.difficulties inherent in this type of %nterpretat%o? qu1ckly'becama
apparent. First, the inbterprocaticn of general trends from.varlac}e_data is
relatively difficult by pursely subjcctive methods, not og}y because tren@s of
practical significance may »¢ missed by such procedures, but, even nore 1mpo¥tant,
boeouse trends may be aseribed tc situaticns where they are not justified. A trend
of trend-surface fitting,ves, thercfore, currisd out, and is reported in a
separate paper (Jeffers, 1569).

in common with meny pilot studiss, where the relatiosnships bhebween physical
and chemical propertics are not known in advance, a large number of variables
had been determined on the samplos of wud and sand from the 44, saspling points,
19 variables were determined on the samples from cores in the 0-5 cms, zone, and
20 variables determined on the samples frow the cores in the O-10 cms. zone. It
was expected thet weny of those varisbles would be highly correlaied, but it wes
not known in advance which of the veriables would be useful in descridbing the
variability of the physicel and chemicel propertiecs in the sampled area of
licrecambe Bay. Again, statibticel analysis whs not originelly planned, but it
quickly became apperent thet seloction of the impoertent variebles for further
study would be diffioult, if not impossible, by subjective nethods of
interpretation, Principal component analyscs of the two sets of data, i.e, from
the O-5 cms., and 0-10 cms. zones, obiained during the pilot survey were therefore
undertaken, and the results of these enalyses are reported in this paper,

The objects of the principal component analyses were as follows:-

1. The investigation of the correlations between the variables determined
on szpples from the two sets of cores

2.  The determination of the number of essential dimensions of the rhysical
and chemical variability which had becn measured by the survey

3.  Belection of tho variabics which should be lossured in any future
surveys of the physical and chemicel properties of the nuds and sands
of the Bay, assuming that fower varichles could be detéruined in such
surveys without the loss of e¢ssential information

L, The classification of vhe individual senpling points with reference
to the essential dimensions of the physicel and chemicel varicbility,
and the plotting of the rosuliing groups on a map of the Bay

5. Investigation of the trends of the gsgential dimensicns over the
sampled area of the Bay




Methed of Analyais .

" Prineipal component anclysis 15 ‘described in detali by Kendall, 1957, and by
Jeffers, 1965. In essence, it requirss the calculation of tie lztent roots
‘and vectors of the matrix of the cocfficients of the correlaticns between
every pair of the originzl veriablus. [lhe latent rcots define the proportions
of the total varichbility mdasured by the survey which are dccounted for by the
linear combinations of the originel variables described by the’ latent vectors.
These vectors are celeuleted in such & way thet cach vector dccounts for the
maximum amount of the total varichbility while remaining orthcegenal to all the
cther vectors. The values of the prineipal components cen be calculated for
each of the original sampling poinbs nnd rcpresent the plotting of the variebility
in n-dimension2l space with orthogonsl axes. These points may then be used for
further analysis, for example, clu=Uyr anelysis within' the n—dlmun31onal vector
space, or for the ecaleulation of trend surfaces.

Further details of the awthoeds of computaticn will not be given in this
‘paper, which will concentrate on the results frow the analyses. ‘Whe computations
were carried cut on the I,0.L. Sirdius computers at the Blackourn Coliege of
Pechnology, and the PDP-&/I computer at the Merlewood Ressarch Station.

-

Variables Included in the “nolyses

- The variables included in tuau analysis of the deta frez ths corcs in the
0-5 cms, zone are given in Trblc 1. Dach of these variables was determined at
4, sampling points within the uﬁthxA cren of Morecrube Bay,

fable 1, List of Variables Determined ¢n Ccres from O-5 cms.

Variable Deseription
1 HzO per ceit ) _
L2 Less on i nltlon ner cent dry
3 Density
| 4 ila (prm) in 1nturstlclul weber
5 P (ppm) in intersticizl water
6 B0 +10 it (ppa, in intorsticial water
7 BH ~N (ppm) in intersticial water
8 e {mg/1) in wet sand
3 P (mg/1) in wot sand . 3
10 N’Oj+Ii|‘02—N (ng/1) in wet sand '

11 B, N (mg/1) in wet sand

12 Na per cent in dry sand

13 - “'per cent 1n dry sand

14 o0, +N02—N per cent in dry sand
15 L&E;h pe: cent in dry sand

16 K per cent tobtel

17 Ca Qer cant total

18 P por cont total

.
O

N por cent total
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The variables included in the analysis of the data from the cores in the
O0-10 cis, zone are given in Table 2, For scze of the varisbles, the results
of the determinations were cluarly erroneous, and the date fron t?rge cf the
iy seopling puints were, therefore, eliminated to simpli?y the su??equent )
anslysis., Data ere, therefore, only availabl. for 41 points for these variables,

Table 2, List of Variables dctermined on Cores fron 0-10 cis.

Variable | ‘ | Deseripticn
1 H20 per coent
2 Loss on igniticn
] Density
L iz (pra) in intersticial whter
5 P (pp) in intersticial water
6 NH%-N {prm) in intersticial water
7 e (pg/1) in wet sand
8 P {mg/1) in wet sand
9 E*'iHIi_—-N (ng/1) in wet sand
10 \ Ko per cent in dry sand
11 £ per cent in dry sand
12 o NHLfN per cent in dry sand
13 : K por cent tobal
14 Ca per cent total
15 P per cent total
16 N poer cent teotal
17 Coarse sand ner cent
13 Fine seond per cont
19 - Silf ;zr ¢ent
20 o Clay per cent

Regults: O~5 ons,

The data for the 19 variohbles listed in Table 1 are sammorised in Table 3,
and the coefficients of the correleticns boetween those varishles are. given
in Tatle 4. : o o RS g

Moisture ¢ ntent was significently correlated with loss on ignition, all
deterainations of P {including tctal P per cent), all doterminaticns of NH -N
total percentages of X, P, and I, anl was negatively correlated with Na inthe
intersticial water, " Loss 'on ignition was significantly correlated with moisture
content, all determinations of P except total P, oll detercdnations of NH ~ii, and
with total K, Ca, and N, Density was not signifiaantly -correlated Withlaﬁy
other variabl.s. — o I o : T




Table L. Coefficients of Correlaticns between Physical s=ud Chemical Variables of Corcs at O-5 g8

sy o

1
0.562 2 i
-0.410 0.275 3
~0.49, 0,006 Q.09 L
U.382 Cuhih 0.038 -0,230 5
G175 ~0,042 -0.119 -0,361  0.326 6
0.607 0.591 0,067 -0.122 (,618 ~0.107 7
~0.18 0.243 UG.131 UJ9ht ~0.115 -0.354 0.085 8
0u545 0530 U079 =0.312  wu9iB .32k G.€45 -0.149 O
U0 U000 =0,103 ~0.399 C.348 0.995 =0,083 -0.371 0368 10
0.€72 ©.025 0.08Z -0.133 0.578 -0.125 0.989 0100 0.630 ~0.096 11
~0.C45 2280 0,110 0.84, -0,031 -0.382 0,163 0,940 U, 049 -0.388 ©.190 12
U585 0.541 C.040 =0.524 0,939 0.316 0.670 ~G.1:0 0,998 0,362 €.659 -0.0L7 13
0u258 0,004 =0.129 =0.508 0.348 0.993 =0.077 ~0.377 037 0.999 -0,090 -0,351 0.366 1.
G.677 0.595 C.072 ~0.160 0532 -0.168 C.963 0,057 0,29 =0.140 “0.982 G156 625 —0.132 15
Co79% 0.555 0,024 -0.463 0.289 0169 0u437 ~0.207 049 0.22,  0u493 -0.105 Gebt Vb Oaz3l OuyMy 16
C.200 0,532 0.256 ~0.093 0,20k 0.139 . 175 =G.009 0.2,0 ¢.152 Cal74 000, ClZ32 L1498 L1633 5,516 17
C.504 0.28, 0.189 -0,480 0.182 a3 0348 ~0.330 0.292 G168 0,387 —0.266 Uu305 0,168 0.381 0.693 0.159 18
C.735 0.6G3 0.167 0,242 0.389 0.043 0.655 U.011 O.554 0,088 0,728 0.117 0.580 C.093 0.7u4 0.6%0 0,37% 0.562 19

*

{Correlaticns of + 0.297 end + 0,38y signivicont 2t 0.05 and G,01 ievels of Probubllity respestively)
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_ Teble 3, Swamary of data froo 0-5 ens.

ff?ariable Sinimun ' Moen . Maximun Standard Deviation

1 18,00 21,57 28,70 1.823

o 0.840 14418 2.570 0.323

3 1.670 C4.732 0 1,800 0,034

4 2370 - 7589.0 10280 1959.9

5 0.140 .0.338 0. 770 Cu134

6 0.110 o 0.T5k 2.270 0.506

7 0,530 2,940 16,25 2,950

8 %60 - 2700.7 3720 654 1; .
9 0049 0.129 0.340 SN IN

10 0.048 04280 0.868 0.196
11 0,200 T3 7.353 10356

12 101.0 . 20044 289.0 L3.49

13 0.0Q4 0,009 . . 0,025 0,005
14 0,003 | 0,021 0.067 0.015
15 0,014 0,083 0.586 0.107
16 0.150 0.279 . 0.570 - 0.060
17 1,600 2.475 5. 700 0.623
18 0,014 0,028 0.046 - 0.006
19 0.001 0.008 0.053 0.009

4ll deterpminations of Na were significantly intercorrelated, and were
correlated with ncisture content, hey were alsc negatively correlated with
all determinaticns of P, exeept fur P in the intersticial water, all
determinations of NO +N02-N, and with total K and P, The determinaticnsof P
were significantly ihtercorrelzted, with the exception of totzl P, and were
also significantly ccrrelated with nicisture centent, loss on igniticn, all
determinaticns of NO +N0~K, all determinaticns of Wi ~N, and with total N.
The deterninzticns cé NO; + WO ~K were significantly &ntercorrelatod, and
were also correlated with ail determinaticns of P, except total P. They were
also negatively ccrrelated with 2ll determinations of Na,

The determinaticns of KH ~N were significantly intércofrelated,'and were
alsc correlated with moistu®e content,loss on ignition, all determinaticns of
P, ineluding total P, and with total K and N.

The total percentage of K was significaently ccrrelated with uoisture content,
l1oss ¢n ignition and all determinaticns of M ~N, It was also negatively
correlated with Na in intersticial’water;hbuthnot with the other determinations
of Na. Tke total, percentagze of Ca was significantly correlated with loss on
ignition and total K. The tctal porcentage of P was signifidantly correlated
with moisture oontent, 211 determinations of NH -N, and with total K, and
négatively correlated with Na in intersticial w%ter and wet sand only,
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The total psroentage of N wes signifiéantly correlate@ wi?h moist%:? ;onteﬁt,
Toss on ignitien, all determinations of P, all.determlnatlgns of 114- s an

with tetal K, Ca, and P,

‘There was, theréfore, a high degree of intercorrelation between.the ;
varisbles determined on corszs from (-5 cms. The correlations ware gencral¢y
consistent, except for Na in intersiicial water, and the'appgrently contradictory
behaviour of total P by comparison with the other detemminaticns of P.

The propo:ticns of the total veriability accounted for by ?he f%rsE five
principal components of the correlation matrix of Table 4 are given in 1ab}e 5
and the weighting of the original veriables in these components are given in

fable 6. ' *
Tabvle 5, Proportions of Tetal Variability of Samples from O-H cms,
accounted for by the first five principal components
Compenent ' Proportion -~ Cumulative Proportion
1 0.389 0.3895
2 " 0.2295 B 0.€190
3 0.1121 0. 7311
5 0.0616 0.8732

The first five components accountéd for #7.3 per cent .of the total
variebility measured by the 45 variables., The first of these components,
accounting for about 39 per cent of the vhriability, is an index of the amounts
of P and WH -N in the int®rsticial water, wet sand, and dry sand, together with
the moisture content, loss on ignition, and total percentages of K and N, The
second component, sccounting for a further 23 per cent of the total varisbility,
is & conbrast between the amounts of Na and NO,+NO,~N, Ihe third component,
accounting for a further 11 per cent cf the vatiabIlity, is & contrast of the
amounts of Na and NO _+NO,-N with the total percentage of P. The fourth and fifth
components, accountihg for B per cent and 6 per cent, are measurvs of the
percentage of caleium and the density, réspectively, '

The analysis, therefore, sugsests that, because of the intercorrelations
between the variables, there is a high degree of redundgney in the infermation
contained by the data, and only five essentially independent dimensions of the
variability in physical and chemical properties have been measurei. Two of these
dimensions are measurcd by single varisbles, i.e. the calcium per cent and the

“density, but the other three represent joint indices or contrasts of the remaining
variables, and the interpretaticn of these components invites clearer definition
of the objectives of the survey, if further survey work is to bo done in
Moreccambe Bay. ' ' ' e

For all essential purposes, almost all of the information containsd by the
19 variables could be obtained by wmeasuring only five of the variables. The
welghting of the variables in Tatle 6 suggest some degree of choice, particularly
as to whether determinations are wade in the intersticial water, wet sand, or
dry sand. Gertainly, there is little velus in determining any variable in all
three, and the choice could be made according to the ease of laboretory tests,
without any loss of information. .11 other things being equal, the choice of
varizbles for future surveys should probably include the amount of F or NH ~N
in dry sand, the amount of Na and NO +N02—N in the intersticial water, andhthe
density and calcium content of the t%tal sample.
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.. The values of the five-components were computed for the. ik .sample points
included in the pilot survcy. Tremd surfaces were fitted ‘to the first three
components, using the method described by Jeffers, 1969, and the resulting
trend surfaces are plotted in Figures 1, 2, and 3. [he fourth =nd fifth
comnonent s are measures of single V“rliblcs, and rio trend -surface was fitted
to these, as the trend surface for the celcium content -of the pilot survey is
glven in the paper alrezay mentioned, and no significant trend was found for the
V“Il&bl& of density. T

a cluster anzlysis, using 2 slightly modified version of the minipum spanning
tree method of Gewer, 1969, was cirried out on the component values of the 44
sample points. ..Twelve primery clusters were obtained, and these were grouped
into five secondary clusters. I[he uwean values of the first five components for
the clusters are given in Leble 7, the clusters being listed sc thet the cluster
with the highest value of the first cwmponent occurs at the top of the classification
ané the cluster Wlth thf 1owest valug of the first component at the bottow. The .
distribution of the : econaer clgsters is plotted in flgurc 4.

“Pable T  Cluster Analysis of uomple Points: O-> oms.

L1

dean Value of Component:-

Groug - 1 L2 3 y 5
A ‘ 8.751 - w8683 -1.268 Y -0.303
B 2,291 0,819 1.674 0. 239 -0.062
B 2 1,691 . .3.386 0.833 - . =0.204 - -0.337
C 1 1 242-: 1814 - Tli.887 0 w1,227 1473
c2 -0.037 - . 0,082 ~2.726  4.463 0,233
c3 - =0.650. ST ~1.570 L G.3G =017
D 1 1,059 - -A.261 o 1.052 0675 0,874
D2 ~-1.305 14505 T 4.ih3 -0.239 -0.662
D3 “4.,09. -1,766 0.Ck 0Bk =0.7H
E 1 2,00, w39 -0.523 ~0,206 . ~0.662
2 C-2.70 1 5&1' 0.2,28 200793 - ~0.938

Cluster A, which consists of only two sampling points, is characterised by
very high values of the first component, i.e. high values of P, NH ~-N, moisture
content, loss on ignition, znd totel percenteges of K and N, and 1 valucs of the
sceond cowmponent. Both of these wempling points were falrlv close to the shore on
the korecambe side of the 3ay,

Cluster B is characterised by relatively hlgh velues cf both the first and the
second component, so that the sempling points within this. group wouid have high
amounts of phosphate, Wi -N, and KO +NO,-N, =nd low amounts of sodium. The two
primary groups within. th&s cluster élffer mainly in their percentages of corleoium.
Ihe sampling points of tihis cluster occur mainly close to the MOLbC ambe shore and
on the shPLlow flats betsicen thu nent and wveven estuarics. : :



Table 6.

Varisble

[ ST NS T S

hY

11
12
13
"
15
16
17
18

Weightin iven to Originel Variables by Components
M p—

Q.54
0.78
0,10
~0.53
0.86
G.32
0,92
-0.24
0.98
0.38
Ca 9%
~0.11
.00
0.39
0.92
0,85
0,42
0.66

0.09

C.00
=049
-0.28
~0.83

0.07

=0.53
~0.95
0.07
1.00
~0.56
~-0.98
0,06
1.00
~0.57
0.07
~0,03
017

~0,28

Component
3

0,59
0.25
0,04
1,00
Q.73
0.85

~0.07
0.96
0.58
0.81

~0.1y
0.87
0.53
0.80

-0.27

=045
0e2s

-0.85

""0.25

0.12
0.59
0,81
0,15
-0.59
0421
~0u4.2
0.30
-0.40
0.2,
-0.33
0.23
~0.4,2
022
-0.3)
0.58
1.00
0.50

0.4

~0e59
0014
1.00
~G.19
0.45
-0.2;
0.01
~0.37
0.35
-0, 24
~0.07
-0.42
0.27
0,27
~0,08
~0.45
0.9
-0.13

"'O. 22



Tphosphate.

. groups of cluster B, apait from the cha

" component; the other two Pr.BATY groups
The sampling points from this cluster occur ma

and Grange sbore, and ‘&t the mouth of* the Leven estuary.r ,,;;&;_uh,

the density.

Cluster D is- characterised.by relatxvely“low values of beth the first and

-fspéon& sonponent , the three primery. groups within the clusuep! differing only“in the
All:of the sampling'points from

Cluater c haa average ?alues of the
'.values of the second component . but-is alsa ¢

comppnent, the contrast of  the amounts of Na and NO
‘The first primery . group of this cluster

- =

: valucs of . the third, fourth'and fifth components..

this cluster occur in the. nid-Bay.section of’ the sampled area, or: Qﬁt Rampside
Sands and Point of Comfort Secar.

f_éecond componept very slmalar to those of cluster bB.

"the .oluster fall in the centre  of the Bay, but a fow osour 1n the Leven cstuary,
_and of . Point of Comfort Scar,z-

Pable 8.

P a
.\..."':-,:-. LR

1 :

1.630

S 880 -, .
0030

i

0.70
AT ¥

04239
79.00
0.003
0.016
0.170
1.900
0,024
0.001
0.500
53.00
0.500
0,000

R

N .:_G‘Um SRSTI I

Summary of Data from 0-10 cms..

T

bt

I'. Iﬁearl 8 -

: 1.?43"

21,53 Qs'ﬁo

flrst compon@nt, and moderately large
harvacterised by low values of the third
04 +NQ~N with 4he amounts of total
is more similer to the primary
racteristically low velue ofl the third

differ meinly in the amounts of:calcium and
lnly along the Morecsmbe

Most. of the aamphtngvyoints of

-

LY

—Eh 29301

1806“‘ _

7683 oL ound 7

ooz

.353

90,93
0,866
3439




Table 9.

Coefficients of Correlaticns betwsen Physical and Chemical Variables of Cores at C-10 cms,

’
- G572
-0,007 U175
-0.498 -0.24,6
-0,081 -0,007
0.8, D.BH
-0.265 =0.095
0,012 0.046
0,326 Cu1L7
-0.188 =0,078
0,038 0,056
0.354 0.161
0.727 0Q.505
0.451  0.260
G453  C.460
Gobh8  wubih
—0.427 -Cu175
0.29% 0.05¢
~04023  0.250
0.43% 0.340

3
0.369 b
0.264 0.297
0.035 -0.019
0.450 ©.958
G.246 0.231
0.089 -0.091
0.397 0.940
0.224 0.218
0.070 -0,112

~0.116
-0,003
0.046
0.198
0.29%
-0.328
0373
-0.12%

0.09%

0.097 -
C.003 -0,082

5
0.116
0.319
0.587
0.094
0,306
0.982
0.081

~0.525 -0.116

04428

"‘O 01}98 -0; 205

0.096
0.012

0.3%%
0,110

6
(. 007
0.108
0. 983
0.030
0,144
0.978
0.196
0.227
0.215
0.313
-0.011
-0.027
0,109

0,071 ~0.15h4

?
0.278 8
"O . 035 00 098

0.99C 0,273
0.268 0,599
~0.049 0,083
o037 —U.0535
~0.547 0.476
-0.364 ~0.171
0.109 0,133
0.00% ~0,0,.2
G.072 0,043
0.069 0,350
0,118

9

-0,002 10

0.107 0.267 11

0.939 -0.015 0.098 12

0.519 =0.328 -0.C29 C,34, 13

0273 ~0.325 U476 0.281 0,391 1y

0.299 -0.381 -0.161 0.311 0.653 0.243 15

Oui?3 04157 04145 0.439 ©.564 03,0 0,438 16
=0.055 -0,042 =0,059 =0,072 -0.405 ~0,119 -0.152 -0.146 17
~0.010 C.116 -0.028 0,006 0.269 -0.057 G.084 0.04k ~0.944 18
Catyb 0,041 0.323 0,138 0,023 0.432 -0.039 0.213 0.098 -0,268
0,152 0131  0.427 Cui47 0.36L 0,360 0,27, 0.297 =0.252 0,024

(Cosfficients of + 0,307 and + 0.398 significant at

0.05 and G.01 levels of probability respectively)

19
0.08, 20



LTes
Moisture content was significently correlated with loss on ignition, NH ~N in
wet and dry.sapd,.the persentages: of K, Ga; P, and N, apd the olay per cent, and
negatively correlated:with Na-in:the intersticial watep‘gnd_wlth the coarse sand
per cents Loss om.dgnitionwas .significantly correlated .with-aocisture content, the
percentages :of K;-P, and N, and the elay per cent. . Density-was oorrelated with
all dstereinations- of HNa and with- sxlt ;per cent .and- negatlvely oprrelated With
-the :fine sand per cent.; S B L Cairoep e i .
T CR R 5 ' :
fhe determlnatlons gf Na ware &1gnificant1y 1ntercorrelated,§and qgre also
correlated with density. These determinations were negatively correlated with
moisture:content; and the perocntasea of Ca, P, and K, -The determinations of P
2z were significantly. 1ntarcorrelat§d, gnd ware also correlated with -the determinations
- s -of Na.in wet and dry sand, the pergenfgge of Ca, and the silt per cent, .The -

gterminations. of NH =N were szgq;ﬂicgntly 1ntercorrelated and were. algo L
correlated with the %eroentage of N, T P N R L
3 _of' K was significantly correlated with meoisture content
-.---_t}.nqa an n.gnition, the determinstiens of NH =N, the percentages of Ca, ¥, and N,
énd +he.. .clay per oent,. It was negetlvely %errelated with the—determinationa af
“'N&, and the coarse sand per cent. [he total percentage of Ca was signfijoantly
correlated with molsture content, all determinations of P, the perocentages of K
and N, and the 8ilt and clay per cents, It wes negatively correlated with the
deteruinations of Na, The total geroengagg of P was significantly .corvelated with
molsture content, loss on ignition, NH =N in dry sand, and thé pereéntages of K
. and ‘N, and negatively corrglated with %he ‘Na -determinations. Ihe totel percentage
‘of N was significantly ogrielated with mq;sture oontent, Jloss on.ignition, NH -N,
and the percentages of K, Ca, and P, %

- ..y 1he coarse sand per cent was negatively correlated with m01sture content the

iji“éTldpercentage of K, and the fine sapd per cent. The fine sand per cent was ne€gatively
N correlated with denslty, and with the coarse sand per cent. The silt per cent

was significantly correlated with 'donsity, and the parﬁentages of P and Ca., The

¢lay per cent.was significantly cerrelated with moistire gontent, the loss on

ignition, and the percentoges of Ca, and K. :

Pl N S S

L The proportions of the totael varlebility accounted for by the first five
. principal components of the correlation matrix of Table 9 are given in Table 10,
ERNA and the welghting of the orlglnnl %Friablea in thase components are given 1n Table 14,

T Ieble 10.  Erpme of Totel Veriability of Semples from 0=10 cma.
acgounted for oy t "Tirs'b five pﬂncip&l componenta

 Component " Proportion  Cumdletive Proporj;ion

. y ”,.__ 1 - . o. 2609 S h 0. 2“9 o

. ?' 2 S R 0. 21 ?5 Lo r".] olh-?sll- )
.3 Ea3.. 0.1263 Srii Ce60L 7

L, e 2+ __' . 0.’11’2 h'-':‘ e O& 723, et
A .5 Via.t 0.0898 el Q.8137 «F

i




Table-11.

Variable

1

® ~ O WU P A\

s

10
11
12
13

:14
15
16
7
18
19

20

-9 -

Weighting Given to Originel Variskles bY Components

L COmponentf

N
0.06
0.17
0.59
0,60

1.00

3

.

~0.12
0,22
0.63
~0.75
1.00
0.66
-0.78
0.97
9,69
-0, 77
10,96
-0.03
~0.81
0.13
0.36
0.0t
0.18
~0.39
~0.37
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The first five- components- accowited’ £or 81.37 Per cént of the total
variebility measured Wy the 20 voricbles, Ihe first of these components,
accounting for 26,09 per oent of the variebility, is an index of the moisture
gontent, the determination of &2 in thu intersticial water, and the porcentages
of K ond P. The second component, accounting for n further 21.75 per cent of
the veriability, is an index of the deberminstions of P in the intersticial
water, wet send, and dry sand, :Jhe third component, accounting for s further
12,63 per cent, is A contrast of the amcunts of NH -N in the intersticial water,
wet sand, and dry sand with the pereentage of calc&um. The fourth component,
ascounting for 11.92 per cent, ds » contrast of the coarse sana and fine sand
per cents, The fifth component, nccounting for 8.93 per cent, is an index of the
loss on ignition and density. - fhe sixth and seventh components, which account
for 4.16 and 3.8y per cent respectively, ere direct measurvs of the cley per cent

~.end silt per cent. . ' '

Phe analysis again- sug-ests thet there is a high dégree. of redundangy in o

. the informeticn contained by the data. OCbly three essential dimensicns of the
“chemicel variability heve beon mezsured by the survey.  The re.aining four
dimensions-ere derived from the physicel properties, and it is interesting to -see
that four independent dimensions have. been derived. from’ five physical messurements,
It is 2lso of some interest that the components derived from the 0-10 cms. zone are
different - fron those derived from the O-5 cms. zone, To some extent, this. .will
have bein due to the lack of measurecuents of the N05+N0 ~N in the 0~10 cms. zonae,
but the .negative association &f ‘la with the zzounts”of ﬁH -N is of.interest, as is
the emphasis on the amount of Na in the intersticial wate% rether then in the

wet send or dry sand, There are also suggestions of greater stability in the
relationships between the varisbles wmeasured in the 0-10 oms. zcne than in the

0-5 oxs. zone. o : . :

For all ¢ssential purposes, almost all the information comtained by the
20 varizbles measured in the 0-10 cms. zone could be cbtained by mecsuring only
-~ seven of the varicbles. As for the variables of the O-5% cms, zone, .there is swae -
degree of choicé, but the ochcice of varisbles for future surveys should probebly
include the total psrcentage of K, tho percentage of P ih the intersticial weter,
the pereentage of NH -N in the intersticial water, the_ density, and the coarse
sand, fine sand, cla¥, and silf per cents. '

_ The, values of the first five components were computeéd for the L1 sample- pcints—.
included in the pilot.survey. Trend surfaces were fitted to these ccoponents, and
the resulting surfaces are plotted in Figures 5, &, 7, 8, and 9. The trend-surfaeeces
for the clay per cent and ailt .per cent have azlrcady been given in 2 previcus paper
(Jeffers, 196%). - T : ' o7

Aecluster analysis was cnrried out on the component values of the 41 sample
pcints. Eleven primary clusters were obtained, and these were grouped into three
" - seqondary clusters, The mean velues of the first five eompoments for the clusters
are given in Table 12, and the distribution of the secondery clusters.is plotted -
in Figure 10, ’




R L
A

- i1 =

Table 12 ‘Cluster Analysis of Sample Points: .0—10 CME .

- . : ¥e n value of componenisi- |
A1 3.777 -0.270 0.3 ~0.574 0.76-
A2 ' 3,125 0.979 1,360, -1.021 -1.887
Al 0,909 -t o647 -0.674 0,505 0,608
AB : 0.802 2,079 - 3,446 =1 141 -2.855
A6 . 0.286  -~2,016  =0.330 - ~0.56 ~0.951
31 0,353 0.568 0.568 0.958 0.887:.
B2 -1.690 0140 1,110 0,962 -14427
B3 ~3,257 -0 77k 0.478 -1.,755 0.535
¢ 1 ~1.129 2,040 -1,233 0,341 -0.310
G2 ~1436k 14745 -0.346 0,601 ~0,923 _

Cluster & is chavecterised by relatively high velues of the first component,
1.e. high vealucs of moisture content, We in.the intersticial water, and ftctal
percentages of K and P, The primary groups differ widely in the velues of the
seccnd and remaining ccmponents, but nearly all of the sample pcints in this
cluster occur 2long the eastern side of the Bay and on the shallow flats between
the Kent and Leven estuaries,

Cluster B has nmoderate tr low values cf the first couponent combined with
generally low values cf the seccnd component, i.e. the amounis of F in the
intersticiel water, wet sand and dry send. The primary groups within this
cluster differ mainly in their values of the fourth and fifth couponents, i.e,
in their physical properties. The sample points of this cluster fall meinly in
the nid~-Bay seecticns,

Cluster C has ucderately low voelues of the first ccmponent and rclatively high
percentages of P in the intersticizl water, dry sand, and wet sand, The sample
points of this cluster are mainly fron the western parts of the Bay.

Discussicn

It is of interest at this pcint to relate the results of the analyses to the
cbjectives stated in the introducticn te this paper. The first of these objectives
was the investizaticn of the correlaticns between the variables deteruined on the
samples from the two sets of cores, and the significant correlations hove been
described in detail. The varicbles of both sets were heavily intercorrelated, and
it mey be of interest to study these correlatiocns, or sometimes the lack of
correlations, in close relatica to whet is already known about the chemical and
physical properties of sands and muds from the same or similar locolities. Such a
study can clearly not be attsupted by the author of this paper; but the importance

of the correlations themselves shuould not be glossed over by the lzter stages of
the analyses.
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The narked reductions in the numbers of essential dimensions. indicsted for

both sets of data emphasises the redundancy  of wuch "of the information cbteined
from the survey, The varizbles mecsured on the O-5 cnms. cores had only five
essentially independent dimensions, while those from the 0-10 cms. corés had
seven independent dimensions, Most of the redundancy of informaticn occurred
in the chemical varisbles, and it was notable that, where the physical variables
were included in the determinaticns con the 0-10 cms, ccres, the components
. based cn physiezl varisbles-dcminated the anclysis., There were also very few
. correlations between the nhysicel 2nd chemical varisbles, and none of the
components gave high weighting to both chemical and physicel varisbles. The
analysis suggests that the relaticnships within the variables determined on the
L=10 cms. cores were more staple than those detercined on the 0-5 cms. cores,
presunably because the surface layers of the sands and muds a2re pore likely to -
. reflect loczl changes. The reduced nurber of essential dinensions provides the

mlnlnum seét of dinmensions thet have to be contsidered in cheracterising the
varldblllty of the chemlcal and physical ChEIﬂCtarlsblcS of liorecanbe Bays -

The components also enable the selection t¢ be made.of the variobles to be
included in any future surveys of the chemical and physieal properties of the Bay,
elthough it should be stressed thut the closé correlaeticns hetween many of the
variables indicate that, within the groups of varisbles defined by the components,
there is a fair degree of choice which night, for instance, be influenced by the
ease with whioh some of the determinoticns cen be made -in the laboretory. Generally,
however, future surveys should probably concentrate on determinations of the totel
percentege of K, the percenteges of P, Na, and NH ~N in the intersticiel water,
the density, and the coarse sand, finc sand, 311t4anngl§y per cents, all measured
cn cores from the 0-10 cms,. zone, . LT

The analyses alsc enabled reasonebly consistent classificaticns of the sample
peints with respect to their chemicel and physiecal properties to be:made, and
these classifications have been plotted in Figures L and 10, Such classifications
mey well ena.le rescarch workers to think more deeply about the couses of variaticn
in the gay, and to interpret the results ¢f the survey in relatiun to cther
observations not included in the analysis. The cluster anazlysis technique has
the advantage of being orienceted towards the actusl sample points included 'in
the survey, and may, for this reascn, be more acceptable, although rot necessarily
nmore informative, than the plobting of the trend surfaces of the componentsy - To
the outside observar, the clusters ssem less infomative, but this moy be because

~of a lack of appreciation or knowledge of other observations.

The trend surfaces of the components have the merit of sumnarising the meximum
information about phe underlying vericticn in chemical and vhysical properties
in the minimum space, without significnnt loss of inforwation. These components
and their trend surface represontetion will also be valusble in relating the
distribution of the invertebratcs in the Bay tc chemical and physical properties.
It must be admitted, however, that the volue of the trend surfaces mzy'be reduced
by the relative complexity of their derivation, so that their role in the
interpretation of the variability of the properties of the Bay ney be diminished.
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