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1. TIntreiuction

Tnis pazer presenta the results of & trend-surfaece analysis of data
cn the chemiczl and ;hysic rropertics of sand and i scmples taken
during the pilot survey -f Korecembe Say. The dats were not originally
coliected witnh this anslysis in =ird, bat it was felt tnzt the metheds of
trend-surface analysis were porticuloriy aporopriate to the cobjsetives of
the survey and the nwechod ¢f investiration. Trenl-gurface anslysis has been
deseribed in Jetail by Merrism anl Hux%augh, 1968, but hzs nct been applied
extensively tc surveys of chemleel, physicai, or blnlo -jeel variables in
ecologieal studies. The ooplicaticn lsscribed ir this paper, therefore,
rerresents a trial of the technigus under practical conliticns in Britain,
Ine paper neverthsless concentrzies on results rocher than tochnigues, and
nore ‘Lt 1led deseripticns of the application of tr nid-surface plotting to
“ecological surveys will oopoar in other papers.

The data for the pilot sample of Moreccambe Bay were derived froem forty-
four sampling points within the 3ay, from which samples of the sanl and mud
were teken., The physical and chemdical properties of these scoples were
deterained by the Cheaxicsnl Service ¢f the Herlewool Rescarch Statian for two
depth zones, napely O-5cms. and O~10cms. Because of the preliminary nature
of the investization, nany of the chemical and physical verishles selected
for analysis were strongly interccrrelatel, anl it is clear that not all of
then are necessary to doscribe the variability of the physical and chemical

changes ccecurring cver the extent of the Bay. The neture of the prisnry
dimensions of the v rlabllla; BersUred by the voriables ig investigoted in
ahother paper, and «ill not be further liscussed herc, cxeept tc thc extent
thet some varisbles show similar trenls when plotted,

2. Variebles included in the snalysis

lhe varisbles determined on the samples of sand ani muwl taken from
twe verticnl cores ot the ferty-four sampling points, 2n® including the O-5ems.
zone, are listed in Table 1,

Sinilerly, the variciles detersined on the sanplus taken from the O-10cms.
zone at forty-onc of the sanpling points are listed in Table 2., Some of the
deterninations on the smmples frow all forty-four sarpling points gove
obvicusly fzlse results in the anclysis, =nd, in order to sinplify the
subsequent hondling of the dzia, the whels of the 2ate for three points have
been discarded =t <this zcns.

-

3. Brief Descripticn of thc Method of fnalysis

r'he ru5r5351om of c¢ach of the voriables of the two sets listed in
fzbles 1 and 2 were c.oleulnted on the linewr, quadrntic, an’ cubic teras of
the grid co-ordineitcs of che sampling positions within Moreeorbe Bey. Three
separave regressicns wore computed for ench variable, nnmely:-

Z = a+ bX + oY
4 = 2+ b+ oY + dX + eY + fZY
Z = &+ Li+ oY+ an + sz + £ARY + €X3 + hY3 + 1K2Y + JXY

where L end Y are the ,rid co-ordinates, Z is the dependent variable, and
a, b, ¢, &, &, £, g, h, i, 3 are fitted ccnstants.




Table 1 List of Veriatless detsrcined ‘on Cores from O-9CESW- -

Vgriable Déseription
Furb er *

1 Hzo por cent

2 Loss on igniticn, per ceat dry

3 Density |

I Nz (ppu) in intersticinl water

5 P (zpm) in intersticiel weter .
6 (50545048 (ppm) in intersticizl woter
7 §H, = § (ppn) in intersticial water P

8 Na-(m@/1) in wet sand

9 P (=g/1) in wet send
10 MOz +NO,+IY (ngTW in wet send

11 MH 4 - h (L@fﬁ) in wet sand

12 Naper cent in ury sand
13 P per cent in dry send

1L E05+NOZ+N per cent in 4dry sznd,
15 NH = I per cent in dry send

16 K .pr cent total
17 Ca per cent teotel
18 £ per cent total ,
19 I 2er cent total




Table 2_

Variable
Numbexr

14
12
13
14
15
16
17
18
19
20

JList of Variables determincd on Corus frow 0-10cms.

W~ N W

Deseription

“HZO oer ceqt'

Loss on ignition, per cent

D.msity -

e (vpn) in intersticial water

P (ppm) in intersticisl water

Kﬁ# - ¥ (ppi) in ictersticial water
Na (Ug/%) in wet sand

2 (2¢/1) irn wet sand

NH - N (mg/1) in wet sand

A

Ne per cent in dry sand

P er ocent in dry sand
A I per cent in dry send
K per cunt total

Ca per cent total

P per cent total

¥ por cont totel

Cotirsc sand per cent

Fine sand per cent

Silt per cent

Cley per cent
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The fitted regrossions represent the linear, gqusiratic, end cubic
troends of the denendent varizilses over tho spict sampled by the sampling
veints, and, by epplying the nomal mothods of multiple regression analysis,
it is possible to leterning if any sigaificant srcpertion of the v§r1a0111ty
suendent variable is znecounted for by thL linesr trenl, end whether
any 51gn1;1cﬂnt improvenent in the fit crn be cbininsd by a%iing‘the
quadrstic and cubic teorms, To tois woy, it is nossitle tg Jdeseribe tho
general trends of the veriacion over thy samplel aren, opnd to soparete
randon variation from verdstion indicating genersl trends. It is, of course,
possible that thoe veristion over the ares is fellowing trends that gr@ too
complex to be expressel by the form of the regressicns chosen in tnis
3p“licnticn‘ belllantry exination of the Jata, =n' consi .raticn of the
settern of distributicn of the ssopling scints, however, su,zests that
1ittle would bhe gained by the usc of more complex trend wquations for the
Merecambe Bay lata.

The regréssicn egusticrns wihieh accounted for significant properticns
of the varizbility of tne dopendent Vurlublbs were used to precict the
vilues of the variables over the wholi range of the sauwpled area. r[hese
predieted valuces were chén pletted automatically by coputer oz contour
zaps showing the genersl trends of the vordisbility,

bLa Results: Cores from O0=5cms.

The proportions of the veriability accounted for by the linear, quadratie,
and cubic terms ¢f the rozressicns of the dependent variatles cof Table 1 con
the gril co—cordinstes avs given in Iatle 3.

For six of the variables measurcd on cores fren O-5ems, (i.e. for
acisture content; sod 1u1 cchntent of intersticiel water, Iry sanld, and wet
sani; and for KO;+NO,-if in wei sani aal dry sand) ornly the lineer teras
of the regressichs on grid ce-crdinstes wire statistically significant. TFor
zolsture content, and for NO7+NO2—N in wet and dry sand, the rozression
equations accounted for about oné quarter of the total verishility, but for
the sodiun contents, the resrossions sccountud for 29 to 45 per cont of the
total veriebility, the 49 »ir cent Leing chteinced in the vorieti-n of the
sodiun content in the intorsticisl water.

The tren! surfaces fur those varishbles are plotted in Figures 1-6. In
these, and all subseguont trend surfrice plets, the dotbed arces represent
lans surrcunding the sample’ nree of Morceamse 3ay.  ihe ficurss giving the
contours of the trends =re prooorticnsl to the prodicted vailucs of the
variables, so that O reurcsents o very low value and 9 ronressnts & very high
value, The interval Tetween the contours is shown boncath each figure, and
provides a reference scole to the extent of the veriaticn.

It is clear that, for tnc six varizbles showing only linear trends, the
veriaticn is meinly 1n the Mom3d exis. For the roisture ceontent and
HO +h0 -, the quantitics dccrcesed as the saupling points moved to the Sy
i é towaris the wouth of the 3a2y. For the sclium content, the guantities
increased as the sanpling poincs moved towards the mouth of the ‘ay. The
coefficients defining tac prodictive cguations used in #lotting thesce trend
surfaces are given in Teble g,




Table 3 Proportions of Variability accounted for by the Linear, Juedratio,
and Cubic Terws of the negressions on Grid Co-ordinstes: O=Sems,

Varishle Proportion of Verdability Cupulative proportions
Linear Suadratic Cubic wuadratic Cubie
’ 0.239% 0.1223 - G, 3614 -
2 0.0859 040290 0.4705 0. 1149 0.285),
3 0,1207 0. 1154 0.1226 Qo234 0.3567
L Cu90t T 0.0338 - 0.5239 -
5 0.0661 0.0285 0.0989 0.0949 0.1938
6 0.22,2 0.0238 0.1656 0.28,0 0.4136
7 C,1065 0.029% 0.0645 0.1356 0., 2001
§ 0.3806  ©0.0206 0.0115 0.4012 04127
9 0.1123 0.0052 0,073 0.1175 0.1916
10 0.2565 0.0197 0.1508 0.2762 0uti1 70
11 C.1156 0.0432 0.0635 0.1588 0.2223
12 0,292 0.0195 0.1308 043121 0utiti28
13 0.1208 0.0025 0.0682 0.1233 0.1915
1, 0.2676 0.0197 0.1220 0.2675 044,093
15 0.1145 0.0546 0.0580 ®.1691 0.2271
16 041202 0.2530 0.0525 0.3732 0.4057
17 0.0268 0.2598 0.1292 6.2966 0.4258
18 021,76 01861 G.0551 .1339 0.4890
19 0.0146 0.2253$ 0.0553 0.2396 0.2949




Table J Coefficients dsfining FPredictive .oustions
Varizble Constant X 4
1 10,805037 1,234,657 0. 849743
I 25883.758 1 707. 914 -1727.019
8 8,18,L520 -473.3568 ~562,4,592
10 ~1 457259 0.059i,72 0.212563
12 534.1207 -27.526261 «32,88919
14 =0(,410950 0,005,728 0.016187
Table 5 Coefficicnts defiming Quadratic FPredipghive Lg
Vari ~ 2 2
ariable Conetont . X Y X f
16 2,174,573 ®,6296°%  ~0,908752  0.0u.6121  0.101193 ~0.134L343
17 53.8325;, ~6,132583 -11.50361 0,782382  0.5609587 0.041382
18 0.102451 0,0,8568 -0,04,6276 0.006018 0,00634,0 -0,012570
19 G.065642 0,008%39 -0,137763  0.010967 0,013105 ~0,012,98




For four of the varisbles moasured on cores from O-5ems. — the percentages
of potassium, caleium, phosphorus, and nitrogen of the total scmple - ?he
quadratic terns of the regressiouns of the varizbles on the grid co=ordinates
were significant in addition to tzose of the linear terms, The percentages
of the total variability =zccounted for by the gquadratic trend surfaces were
37, 30, L3, and 2i per cent rospectively,

The trend surfaces for thesc veriables are plotted in Figures 7-10. For
czleium and nitrogen, the surfrees are fairly similer, the lowest concentrations
of the elements being found in the centre of the Bay, with 2 slizht increase

Potngsium shows highest values close to the shores, with a long trough in the
centre of the Bay extending cut touards its mouth, Fhosphorus shows a rather
similer, but shsllower, trouzh, Ths coefficients defining the nredictive
equations used in plobting thesc surfaces are given in [able b,

It is perhaps wecrth noting here thit, becesuse of the very high degrees of
intercorrelation between the vegressor variebloes, there is no point in
asttempting any interpretation of the coefficients in Tatle 5, or in Table 6
winlch follows, Only for HC,+NO,=N in interstieial water were the cubic terms
of the regression on the zrid co~ordinates significant, the full cuble regression
accountiag for i1 per cent of the totel veriability. The trend surface for this
variable is plotted in figure 11, end reprosents & rothor complex surface with
the lowest values close to the Morecambo and aAldingham cozsts, with a slight
rise towards the Kent and Leven estuaries, and a more rapid increase towards the
mouth of the Bay., The cocfficients for the trend surface of this varisble are
given in Tatle 6.

Table 6 Goefficients defining Cubic Fredictive Equatién
Regressor Varistle NO5+N02—N in intersticicl water
Conatant | 239.8298,
i -91,..606070
Y ~49.645710
x° 5.912160
Y2 1.78,825
XY 19443900
¥’ 2.341357
e 0575767
s =4 574,609
2

XY ' 1.,10774




Iable 7. Proportions of Varizbility zccoumted for by the Linsar, fHuadrstic
and Cubic Terms of the Regressions on Grid Co-ordinates: G-10 cms,

Varishle Proportion of Varisbility Cumulative Proporiions
Linear Guadratic Cubic Quadratic Cubic
1 0.2385  0,2092 - 0Ll T7 -
> 0.0385 0.1423 0.0137 0.1813 0.1950
3 0.1528" 04728 C.ou5 0.3256 0.3 701
| 04222 0,2207 - 006449 -
5 0.2555 0.0657 0,0340 0.3212 0.2552
6 0.0622 0,003 0.1692 0.0745 0.2407
i 7 0330 . 0.2330 - 0.5670 -
8 0.2263  0.0962  0.0301 0.3225 0.3526
9 0.0371 0.01 71 0.1279 0.1042 0.2521
10 0.3257  0.2587  0,0099 0,584, 045943
11 0.2298  0.1013 - 0.3311 -
12 0.0937 0.0198 0.2250 0.1135 0.3685
13 01845 0.1988°  0.0216 0.3833 0,449
iy 0.0747 0.2189* - 0.2336 -
15 0.3185 0.1771° 0,020 0,495, 0.5154
16 0.0055 0.1552 0.0728 0.1607 0.2335
17 041312 0196, 0.0308 0.3276 0.3584
_ 18 0.1390 0.2019 0.0131 0.3409 0.3540
19 0.1671* 0.2164? - 0.3835 -
20 0.0208 0.1164 0.0929 0.1462 0,231
Table 8, Coefficients Defining Lincar Fredictive Lquations
Variable Constant X Y
5 -0.208553 ~0. 261477 0.226245
8 0,184,808 -0.089267 0.095143

™ ~0.01 7017 ~-0,006209 0.007277




The regressions for the oercenteges of potassiuw, calcium, and phosphorus
accounted for 38, 29 and 49 per cent respectively of the totel varizbility
of the varisbies, and the corresponding trend surfeces are plotted in
figures 20, 21, and 22, The three surfaces ere very differcot in form. That
for potassium suczests & sholliow trough rother similar tc the trends for
poisture content, srd with relatively high veliues in ths tvo Gstusriss and
along the coasts., The surincc. for calcium is 2 bowl-shape, with the lewest
valucs of calecium in the cenbre of tag Bay. The surface of the percentage of
phosphorus shows relatively high velucs along the 8L shores of the Bay, with
low valugs at tho mouth of the Bay, and only mederate valuss to the H.

The quagratic regressions for the percentages of cozrse sand, fine sand,
and gilt on the grid co-ordinates accounted for between 33 and 38 per cent of
the total variability, and the corresponding surfoces are plotted in figures
23, 24, and 25, 'The percentagze of coarse sand is ot its lowest in the northern
part of the Bay, but increnses fairly repidly towards the mouth of the 2ay. In
contrast, the percentage of fine sand is highest in the northern part of the

Bay but decreasses r-pidly towsrds the nouth of the Bay.

shows its lowest valucs in
Hezd, but again increases

The coefficients defining the
quadratic trend surfnoces are given

th: mouth of ths

The percentage of silt
Leven estuary z2nd round Humpnrey
lairly rapidly towards the mouth of the Bay.

predictive equations used in plotting the

in Table

Table 9, Cosfficionts Deflining Yuadratic Trend Surfoces
Varisble  Constont % Y %2 v pud
g -88., 8,08 16.7678 20,2613 1,48068 ~0,31863 -3,80310
3 3.67132  Q.3782,  ~0,7072,  -0.01726 0.05818  -0.03830
4 =121430.« 8139.87 34,893,5  -2982,9,  -2952,23 1608,20
7 -57191.7 6777433 14156.6 -976.822 ~593.153 -61.3520
10 -4596.46 507.361 113743 -72.1035 =75+ Oy 1 -5.32,30
13 -1.55020 0e45402 Cu3bn17 0,04 78k 0,00656 ~0.11048
1 19.6112 =2,04418 -1, 09845 046608 034915 -0.17731
15 0,01668  0,06090  -0.02815 0.00148 0.00435  =0.00965
17 859.585  =36.,5127 ~215.795 L9771 12,1970 9.72777
18 -872.557  51.2647 239,101 0.9223C  -14.3253  -8.05598
19 117.35h =13.3852 -25.136l 0. 94864 1.50062 0.86325

For only one variable, i.e, NH -N in dry sand, were the oubic terms of the
regression of the variable on the gFid co-ordinates significant, the full
cubic regression accounting for about 37 per cent of the total varisbility,
The trend surfoce for this varieble is plotted in figure 26, and represents
& rather complex ridizge running from Morecambe to Humphrey Eead, with low
values at the mouth of thc Bsy.
given in Table 10,

The coef icients defining this surface are




There were no significant regressions of the other varisbles « Joss
on ignition, density; vhosphorus in intersticial water, dry sand, or
wet sand; NI =N in intersticicl water, dry sand or wet sand - measured in
cores from O-hems, on the grid co-ordinates, and no significant trends
across the sampled area can, cherefors, be aseribed to these variables.
The cbserved variation can either be attributed to rendom fluctuations or
to 1solated groups of high valuss.

The saelysis of the results from these samples suggests, therefore,
that at least some of the observed variation in most of the variables cen be
attributed to general trends across the sampled area, These trends follow
three broad patterns, Tor moisture centent, sodium corntent, and NO,+NO -
in wet and dry sand, the general trend is lirmear, with the main axil of
varietion running NE-5¥, hoisture content and KO,+H0, - decrease in value
towards the nouth of the Bay, while the scdium co%ten% increases. For the
total percentages of potassium, caleiuwns, phosphorus, and nitrogen, the
general trends ere more complex, with low values in the centre of the Bay,
rising to higher values nesr the shores, The most complox surface is given
by NO,+HO,-N in the intersticial weter, where there are low values close to
the Morecambe and Aldinghen coasts, a slight rise towards the Kent and Leven
gstuaries, and a more rapid rise towards the mouth of the B:y. The variablas
of loss on ignition; density; phosphorus in intersticial water, dry and wet
gand; and NHL‘_—E‘-;‘9 showed no siznificant trends in their veriability.

5. Results: Cores from O0=10cms.

The proportions of the variability accounted for by the lincar,
quadratic, and cubic terms of the regression of the dependent variables of
Table 2 on the grid co-ordinztes are given in Tabls 7.

For four of the varicbles measured on cores frow O-10cms. {i.e, for
moisture content, azd for phosphorus in intersticiel water, wet sand, and
dry sand) only the linsar terms of the regressions on the grid co-ordinates
were statistically significant, the proportion of the variebility accounted
for being approximetely one guarter in all four variebles., The trend surfaces
of these variables are plottoed in figurus 12-1L, and show the level of phosphate
tending to decrease along the Nw--8E axis, The coeffieclents defining the
rredictive equations used in plotting these surfaces are given in Table 8,
For eleven of the variszbles measursd on cores from 0-10cms. - the moisturc
eontent , density, sodium in intersticial water, wet sord, and dry send,
percentage povassiug, psrcentage caleium, percentage phosphorus, and the
percentages of coarse send, fine sand, and silt - the quadrstic terms of the
regressions of the varizbles on the grid co-ordinatos were significant.

Yor moisture content nnd density, the gquadratic regressions accounted for
45 ard 33 por cent respectively of the total varisbility. The trend surfaces
for these variables zre ploited in figurcs 15 and 16. The trends for moisturc
content suggests 2 shallow trougn with its highest valucs close to the shores
of the Kent and Leven estusries, [he surface for density shows relatively low
values in the Xent cstuary arnd along the Arnside ceoast.

The quadratic regressions for sodium in intersticial water, wet sand, and
dry sand accounted for from 57 to 64 per cent of the tobtal varisbility, and the
trend surfaces for these veriables are plotted in figures 17, 18 and 19, All
three surfaces suggest a dome-sheped structure with the highest values south
of the Leven estusry, the nighest values in intersticial weter being slightly
further south than in wet card or dry sand.




Tablc 10, ‘ Cocfricients Defining Cubic Fredictive :fcuation

#ezressor Varistle HHL-N in dry sond
Constant ~9.41202)
£ 0.418250
¥ 3.363721
¥ 0.785683
e ~0. 2159141,
Xy ~-0.8,8899
© -0,0731.22
Y’ ~0.,000337
7y 0.000914
e 0.055680

There were no significant variables of the other varieblus measured on
the O-10cks, cores -- logs on ignition, wH -H in intersticial water and wet
sand, percentoge nitrogen, ~nd clay ncruéﬁt - on thoe grid co-ordinates.

The analysis of thest voriables again suggests thet a considerable
propoerticn of the verichility of sost of the varisbles assessed can be
attributed to broad trends 2cross the sampled area of the Bay. Again, the
trends follow o relativel: smell number of basic patitcrns, and only one of
the veriavles shews o ecorDluX pattern of variability not 2oparently related
t0o those of ths other wiricels

.

Sl g

G, Discussion

Tre method of toend suxt nllysis ussd in this ilnvestigation has shown
itself capabls of revualiag broad treds ir the patterns of veriation of
irdividual varizbles ceroic b %oy . CSove of thesc patioeres ime immediately
acceptable, others 2r¢ survrising and suggest the need for verification of

interpretaticn, Theru cre sone obvious objecticons to the m:nlysis, notably in
the extrapolatior of the trunds o4 Lne seoward end of the Bay, and the absence
of any indicaticns of +hs orin hnnn¢]s within the 5oy, but the main purposc of

the ecxercise has beoen to revesl the underlyirg irends upon which other variations

may be superimposed. wirine the wost difficult borrier to overcome is the very
natural tenlency for the siclogist to wunt tc asscein:e v.rticular spots on

the map with netus? voliucs, v fher thon te visunlise tne broad trend of

variability neross tho & ory, ord, din fret, to read more into the trend

curfaces thon is justified by the n-ture of tnu technigue,

T3

L3
I
st

Wevertheless, the investi;~tion hes shown that reasonchly convineing trends
can b re«ctlei 1.& plObueh feem licited cmounts of survey mnterial, oand the
wider usc of the techrivae coull ruduce the numbers of sn mn‘es that arc
customrrily taken by ceclo.ists in surveys of this kind, Jhe method of anslysis
requires very I1i ttlc cdditionel work, beyond access to o suitably programmed
computer, and £ll the nps ~d cguntions nre produced autamntically by the
computer,




It is of some interest th~t the two sets of data, from cores at O-S5cms,
and at O-10cms., produced broadly simil~rr results, but thoat there were
obvious differences between the patterns at the two levels of sampling.
This was certainly to be expected, and the greater number of significant
trends for the variables measured on the 0-10cms. cores suggests that
sampling at this depth gives a more consistent picture of the environmental
facteors of the Bay, r[he similarity between the basic patterns for many of
the variables again suggests that these variables are intercorrelsted, so thet
further economy of e’fort could be obteined by reducing the number of variables
asgessed to a swmaller nupber of basic dimensions. A method of meking this
choice is discussed in another paper,

Ta Reference
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