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Introduction _ _ .

. In two .previocus papers (Jeffers, 1969 a, and Jeffefé,_1969_h);the resulis of

. trend-surface and -principal component analyses of chemical and physical variables
deterrined on sand and mud samples caken during & pilot survey of Morecambe Bay
have been described, = At the same time thdt the sand and mud samples were taken,
the numbers of six species of invertebrates in samples of fixed size were
determined, This paper describes an analysis of the recorded numbers of the

six invertebrete species, ' ;

LR

The methods of analysis used in this paper follow closely those empleyed in the
two previous papers, and-no further descriptions of the methods are given.

Ihe numbers of individuals of each of the six species were sub jected to a trend-
surface analysis, and trend-surface maps were plotted for those species for
which significent trends were obtained, The same data were also sub jected to a
prineipal component analysis, the componencs again being plotted as.trendT
surfaces, and as clusters, The species and the componsits were, in addition,
compared witiz the components extracted from the chemical and physical data, in
order to assess the relationship between the invertebrates and the chemical and
physical properties of the sands and muds of the Bay.

Species Included in the Analysis

.fﬁe'f0110wiﬂg'SpQCies weére included in Toth the trend-surface and the pXincipal
component analysis:- -

1. Bacoma balthica

2. Tellina cenuis

3. Hydrohia ulvee

o CorOphiuﬁ volucator

5 MNereis diversicolor

6. Areniccla marina : 0 H;;;g;ﬁ;...

Results: Trend-Surface Analysis e

The proportions of the variability accounted for by the linear, . quadratic, and
cubic terms of the regressions of the numbers of the six species on the grid

co—ordin&tes”éfe given in lable 1, .

Yor three of the species, i.c. Tellina'tenuis, Hydrobia ulvae, .ard Arenicola
marina, there were no signifitcant regressions of the numbers of specimens in the
samples on the grid co-ordinates. uor Nereis diversicelor, enly the linear term
of the regression was signifieant, but the guadratic trend-surface accounted for
just over a quarter of the variability in the numbers of specimens. For Macoma
balthica and Corophiux volutator, the quadravic terms of the regressions were
significant, but the accourtable proportions of.thé ¥ariability in the numbers

of specimens recorded were very different. -Only about one-fifth of the variation
in numbers of Macoma was accounted for, while the quadratic regression o
agcounted for nearly a third of the varigtion in numbers of Corophium. It is
notable thet the trend-surfaces arc goengrally luss useful in predicting the
numbers of invertebrates than in predioting the levels of many of the chemical
and physical variahbles, and this suggests that there are other factors influencing
the distributions of the invertebrates,

The coefficients defining the prifiictive equati-nsg are given in Table 2.
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The trend surfaces detormined by theso coefficients are plotted in Figurcs 1,
2, and 3, the three species all show very different potterns of distribution,
Melcomy balthics having its greatest numbers in the mid-tidal arca, Corophium
volutator its greatest numbers along the shores, and especially close to the
Silverdalc and Morscambe shores, and Nereis diversicolor showing.s. stoady.
increase in numbers towards the mouth of the Bay,

Results: Prinoipel Camnonent inclysis

The data for the six species includod in the analysis are summdrised in Iable 3,
and the coefficients of the correlations botween the numbers of vach speeics
are given in Table . : .

“Table 5, Summary of _specics numbers

- Stondard

© Species 'fMini@%m.;"_ . Mean o 3'-quim§m_ " daovietion
o ) ofﬁ*_' - 14,12 __-f_ o3y . - 10,8,
a 2 0.' < 049 - 5 ' : E 1.16
3 0 5.42 ._ 76 14,02
Lo -0 6.81 f;;.;,;_;gqii..“._.._v;;;;42.05
,5 ' 5 o 1.28'"-;" - J+ i ‘ .‘..1.52
6 o 4,56 10 2,34
Table 4. Coefficients of corrclations botween $pocies
1 -
-0.226 2
0.5,  —0.166 3
0.297  -0.237 Ol - -k
~0,02 0,220 =0.445 | -0.295 5
O, 284, 0.090 | 0047 . | -0.048 C.210 o 6

The numbers of Macome belthica, Hydrobic ulvae, znd Corophium volutator wore
significantly or appreciably. inter-correlatud, and there was some evidence of
correlation of th¢ numbers of Arenicola morina with those of Mezcoma balthica. The
numbers of Corophium volutator and Nereis diversicolor were apprceisbly negatively
correlated, _ : . ' B




The propertions of the variability accountoed for by the principal componcnts ~of
the correlation matrix of the numbers for the individual species arc sunmerised
in Table 5, and the weightings given to the individual speecies by the first
four componcnts are given in Table 6,

Tab:le_-_;‘SI.- -.Pr;dp'or".tions ;of' varié;bili’w_ ac'col.,u'itud for ’by j;i’inﬁipal componcnts |
Compoﬁent ?roporfion ”'giﬁgii:izi
e o 0.242 R o2
3 0,151 B T 0469
4 0-135 | owt
5 o1l o 0,945
6 0.055 '_;_; 1,000 "

Tsble . Weighting given to individual spccics by components

Species Componcnt |
- 1 2 3 L

1 1.00 0.55 0,01 0.06

2 ~0.60 0455 0,01 1.00

3 1.00 0.4,9 0.04 0.12

. Touds. v om0 woas U ous

5 0.2 1,00 . 0.64 i 0.27"
6

-0.15 0.79 ~1..00 | 0.23

Ihe first four compoménts accounted for 85 por cent of tht varisbility in the
numbors of the six spocies, and of these components the first two nccountod for
Sk -per cent of thé wiriebility. The first component, accounting for 33 per cent
of the varicbility, is an index of the numbors of Macoma balthica and Hydircbia
ulvae and Corophium volutator. The scewnd component, aceounting for & further
21,2 per cent, is almost entirely o meesuro of the numbers of Nereis diversicolor,
while the third component, accounting for 15.4 per cunt, is almost ent.roly a
measure of the absence of Areniecole marina. The fourth component, accounting for
13.5 per cent, is a dircct measurc of the numbers of lollins tenuis,
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‘Trend surfaccs were fitted to the four .componcnts, bt only fér the Enso T two
components werc there significant regressions of thie componunt values “on“the
grid eo~ordinates, accounting for 15.& and 29.3 periceht of the V&rlabllltY'of
the first and second componunts rospectively. : The computed trend surficcs "~
are plotted in Figures i and 5.,

A cluster enalysis vas also ¢arried out on the: component Values. &f the individual
semple points, using £hé “same technicucs as deseribed in Jeffers, 1969 b, 'The
main result of the analysis was to scparate sempling points which had relatively
high nugbers of Macome balthica, Hydrobia ulvac, and Corophium volutator from
the _I\,malning points. These points arerplotted as X's in Figure &yriihioantrast
to the O%s for the remaining polints,

Correlations bectween Invertebratos and Chemical and Physical Components

. x

The coefficicnts of the correlations botween the four invertebrate components
and thé Tive components of the chemival and physical variables determined on
cores from O-5 cms. and 0-10 cms. arc given in Tables 7 and 8 rcapectively.,

Sty o

Table % * Coefficionts of COI‘I‘Cl&‘thI’lB between invertebrato ccmpone.m.s and
chemical and physical componcnu.s O~5 cHmsS.

T
R

Chemieal a2nd Invertebrate component
physical component 1 e 2 R "'"—"--';.,.;-5 o _ N
1 ot —0.56 0.038 ~0.099
2 o508 7 o ~0.063 0,015
3 0,155 0,625 04130 ~0,118
__ z,. 0,005 ~0.198 0.037 ~0.139
| 5 ~0.124 -0.5_3.5 0,186 ~0.196

Table &, Coeff‘icgc.vnts: “o.f' the corrcleotions between inveriz,'éb.x."ate component.s .
and chemical and physical componcnts: 0-10 cms,., .- 5

. -

Chemi.cal and e Invertcbrate compone'nt":":"
physical component 1 2 5 i
4 owss 0388 . -0.29
2 | o .-0'?90_"_ R '0-3_-5.% o --,_-:,'0._2:1;4 |
a o0 oy o2,
5o oo w00 o L
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. Thus, tha fert componunt of tho invertcbretes, i,c. the index of the numbors,
. of Maconia »althick, ‘Hyd¥obia ulvae, and Corophium volutator, Was 81gn1flchnﬁly,
. andt ﬁ031t1vely, ‘dorréleted with thc first and:secpnd’ cOmponunts ‘P the physical
and’ chemicels var1ab1c& ‘detormincd b aorVs;: ‘from!Ga5 cms., i, ey With the amounts
"GPP &nd WH 4N
_gﬂcontent IL@B ‘ot lghitddn, and total purcunﬁagbs of Kiand N aﬁd*W1tﬁ the contrast
“of the amoutbs of Naand NO,-NO N, «he sccond invertcbrate compdhent “the "

i b interstieial watdr, Wwot sand, ‘end’dry'send; moisturd -

number's ; of Nepais diwrsicolor, was Slgﬂlflcﬂntly but negatively-correlsted

LU the: $hivdvehemisal @nd physical ‘componcnt,” the contrast “of -th amounts of
. He-and- Nu« NoﬁrN withithe tobal percentages of P,' The otier s

‘ffGOmponents were not 51gn1flcant1y ‘correlated with the- cdmpononts of the*chcmical
‘and ‘physical varidbles of the cores from 0-5 cns., and the fourth and fifth

“tobrate”

chemical and physical components were not significantly correlated with ony of
the invertebrate conponents,

The joimt;index of the numbems of shcom~ balthica, Hydrobin ulvae, and Corophium
volutator was positively-correlated with the 1ndcx of moisture contenu, Na in
intersticial water, and percentages of K and P, but’ not with any of thc other
components calculated for the 0-10 cns, corus, The numbers of Nereis
diversicolor were ncgotively corrcloted with the index of moisture conient,

Na in instersticial water, and percentages of K and P, but positively correlated
with the emounts of P in the intersticial water, dry send, and wet sand. The
absence of Arenicola marina wns nogatively corrclated with the amounts of N -N

- in the intersticial water, wet sand, and dry sand, and the pesrcentage of caldium.

The fourth invertcbrate componint wos nog gignificontly correlated with any of

the chemical and physical components, and the fourth and fifth chemical end
physical components were not significently correlated with any of tho invertebrate
components.

‘The inter-relrtionships beiwecn the invertcbrate and chcmlcal and phy31cwl
components arg H-1 diagrampatically in Flgurc Te :

Discugsion

Trend-surface analysis of the numbors of the six. individual species of ..
invertebrates rccorded in the pilet survey of Morvcambe Bay accountpd for only
relatlvely-smali proportlons of the variability of the numburs of each species.
The maximum proportion of the veriability zccounted for was 0.32 for Corophium-
volutator, end only two of the reocining species showed any significant
regressions of their numbers on the grid rufercnces of the sampling points,
i.e, Macomz balthica and Nereis divorsicolor, for which the proportions of the
varisbility accounted for were 0,21 and ,24 respectively.

The -principal componant analysis of the¢ numbers of the six specics suggests

that three of the species are associnted; l.c. Macoma balthica, Hydrcobia ulwae,
and Corophium volutator, and thet, for all practical purposes, the distribution
of these species can be indicated by A single index. Only the first two
components hod significant regressions on the grid references of thc sampling
points, the rcsulting trend~surfaces being very similar to those for the '
individual species. Cluster analysis of the. samples oapareates the samples- into
two groups, a small group of semple points for which the numbers Macoma balthica,
Hydrobia ulvae, and Corophium volut“ tor werc high, and a larger group of samples

with lower numbers of these Spe01es, and considerable variations in the numbers
of the other species, .
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The first two invertebrate components werc significantly correlated with three
of ‘the- companunts cxtracted ‘from the bhémikal and phys“‘al aéthMLHatlonaf B
-samples ‘from 05" cmsl, 86 thaﬁ’éstlmﬁtes ‘of *the ‘numbers “of Macoma balthica, .
‘Hydrobia 'ulvae, Corophiun volutéator, and foreis diversicoldr dould b6 .4 r1vcd
“from the' dssceiated componehfs, or from ont ‘of moreé of the chemignl add oo
phgﬁlcal vmrlables contrlbuting 31grlﬁlcgnt1v s’ thuSc components._ &1m11»rly,
“'thé first three invertebrate componcnts wure ‘significtntly ' ‘correlated with’
three of " thé gomponents of the chomiczl ~nd - physical deturmlnatlons on’ ”j'
samples from cores at:0=10" cms., and “ppropriaté ESflmutcS coul& be derived
from @ither the components or- thu 1ndiv1dual vnri*blcs 1ndlcated by thuse .
) correlat:u.ons. ' '

rhe numhers of Macoma bzlthlaa, ﬂydrobla ulvae, mnd Corophlum volutator ‘are
positively -associated with the moisturé cont nt 1039 on 1gn1tlon, ‘and’ 1mounts
of P, NH, -N, total K, and total § in samples from O-5 onms,, and also with the’
oontrasthbatween the amounts of Na and NO,-NO~N in the same samplos. Fho same
'ispecles are also a53001ated Wlth thu amo us of Na total K and total P ‘in,
samples from 0-10 cms. o

!

The numbers of Nerels dlver51color nrc ESSOClutLd w1th the contrnst beﬁwygn”the
amounts -of ‘Na nnd NO,-NO =N ‘with the amount of to%al P in samples frcm 0—5 cms., ,
" but negatlvely agsociated with the amounts of Na, total K, and total. P in samples
_ﬂrom O-AQ dms., @ 8 well as be1ng poaltlﬁﬁly ;53001wted.w1th amounts of Plin the
}aame samplus. f _ S

Tha numbets  of Arenlcolr marlnd .fc UOSlthCly %ssoclate& w1th th» conuraat )
between the améunt of cclclum and the amouny 'of NH -N in samplys froo 0-10 cma.
i The numbers of Tellina tenuib were hob 51dn1fic°nt&y related to any of the
chemical and physical components. It is also of some interest thot none of
the purcly physical components werc 31gn1ficantly rclated to any of the .
invertébraté: ccmponents."' o ST e

St
- YL

The examination of the results of this antlysis in relation to what is alrcady
known aboul the invertebrate species included in the analayis should algo.bo. -
of som¢ inturest, Presumably, there ere other known factors which inflbénce
the distribution of the jnvertubrate spepics, such as the position of - tho. 1nterh
tidal zoned, and tho helghts of the tides in the perlod immediately bCerC .
sampling: Informdtion of this klnd could” roadlly'bc included in an oxtensmon
of the dnalysis, but-the flrst prlority is probably tc. examlna the correlations
betwidn the- 1nvertebrate chemicrl and physical componcnts to gee if they are
likely to-bu meanlngful or- useful in future prcdictions, It Wlll also be ..
interesting to-seée if these correlﬂtlons rre confirmed.by the . unn1y31s of the
data from thé main' survey of Norecambe Bay. ' :

Referencea ) _ e n s
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Inter-relationships between Invertebrates and Chemical and Physical

Invertebrates

Figure 7\
Comgonents
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Table 1.,  Proporticns of variability accountud for by the lincar, guadretio
and cubic terms of the rogrossions on grid co-ordinates
Proporticn of Veriebility Cumulative Proportions
Variable Linear Quadratioc Cubic Quadratie Cubic
1 0.0791 0.1357 - 0.2148 -
2 0.04,62 0.0417 - 0.0879 -
3 0.0703 0.0526 - 0.1229 -
5 0.1378 0.1828" 0.07,9 0.3206 0.3955
5 0.2,21 0.0201 - 0.2622 -
6 0.0357 0.0793 0.0111 0.1150 0.1261
Table 2, Coefficients defining predictive equations
bt et ssmerieios
Constant -1927,81 -817.317 2.81870
X 87.7627 7546699 -6.50989
Y 496,902 186,175 L.09338
X ~6.8,827 1644671 -0,165222
Y’ ~33.1,393 -5,97913 ~0.5 75535
Xy -4 6523, -26.5029 0.953827




