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CHAPTER 6
PLANAR INTERACTIONS AMONG SPECIES

6.1 Intreduction

A common approach to the study of the spatial distribution of animals is to attempt to
fit theoretical models to the dispersion data.  Taylor (1984) considers spatial
distribution to be one of the most characteristic ecological properties of species, with each
species having its own distribution pattern determined by interactions with its
environment. The fundamental patterns may be further modified by intra- and
interspecific interactions. Characterisinga species by the parametersof a model has the
advantage of allowing comparisons betwean species and hence the detection of general
patterns common to all species. '

This approach has lead to 8 wealth of models and indices from which to choose (Taylor
1984). VYery few of these indices, however, actuslly exsmine relationships within the
species. Instead, they treat the species as a unit, with the constituent individusls being
subservient to that unit. Methods to examine interactions between individuals have been
developed only comparatively recently (Sokal and Oden 1978 8, b). While these methods
do not generate indices with which to characterise a species, they do allow a biologically
more mesningful interpretation of the dispersion pattern of a species. Such methods of
analysis provide a corollary to the series analysis of Chapter S.

The serial correlstion enalysis reported in the previous chapter examined
relationships within and between species in one dimension only, along the transect. The
distances between sempling quadrats in the distribution transects was 20 m, which can be
considered to be infinity relstive to the body sizes of the snimals. The spatisl
relationships detected by that analysis are effectively relationships expressed at the level
of the species, along the tidal gradient. tn this chapter, the scale of analysis is greatly
reduced ( to en order of several centimetres, rather than 20 metres) while being extended
toa second dimension. The correlations detected here, therefore, can be considered 1o be
reflections of interactions between individuals, independent of the tidal gredient.

The relstionships between each species of the assemblage and the selected physical
parameters were examined in the Chapter 5. Although those physical parsmeters
undoubtedly also ect at smaller scales, correlations between the physical parameters and
animals at the level of the individual are not considered. Such analysis would require a
quite different sampling program.
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The series analysis of Chapter S revealed consistent relationships between species
groups and also between species. The planar correlations examined here provide a test of
those relationships ata much smaller scale. Caging manipulation experiments, described
in Chapter 7, in turn provide a test of the interpretations derived from the correlation

analysis of Chapters S and 6.
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6.2 Methods
6.2.1 Introduction to the analysis of dispersion patterns

Sampling methods are generally of two basic types: point sampling or quadrat
sampling. Point sampling is appropriate when the organisms are resdily identifiable and
of sufficiently low numbers to meke the positioning of each, within some coordinate
system, possible (see Diggle 1979, Kooijman 1979 and Warren and Batcheler 1979).
When the organisms are not easily identifiable in the natural populstion (e.g. interstitial
fauna), or are found in high numbers, quadrat sampling is the mast suitable method.

Quadrats usually take the form of a common geometricsal shape (e.g. rectengle, circle)
but may be of any form that is suited to the habitat being sampled. The sampling process
can either be random or systematic (or a combination); random sampling can be extensive
while systematic sampling is generally intensive. The detection of spatial interaction
between individuals is obviously best facilitated by a systematic sampling program having
a scale of the same order as the size of the individuals being sampled.

A variety of methods exist to investigate the variance of the spatial pattern of a
population. Two main approaches can be identified: those based on identifying the
underlying probability distributions and those concerned with estimating a (usually)
single parameter that charscterises the spatial pattern.

The most frequently used probability model is the negative binomial distribution
(Waters 1959) and this may itself be the basis for more comprehensive population
models (e.g. Nachman 1981). Models can alsc be developed to describe spatial
competition bewteen species (Cormack 1979). The biolegical mesning of such
distribution-based models, however, is questionable. The negative binomial distribution,
for example, is known to arise in at least four different ways ( Thompson 1955). Also,
the models meke more demands on the data than aggregation indices (Taylor 1984).
Nevertheless, fitting theoretical models to spatial data can be useful in many studies (see
Diggle 1979).

Many aggregation indices, such as Fisher's (eg. 1970) variance/mesan ratio, David
and Moore's (1954) index of clumping, Morista's ( 1959) index and Lloyd's (1967)
mesn crowding index ignore the spatial location of the quadrats and so make inefficient use
of the samplingeffort. Also, they are based on randomly distributed quadrsts and are not
appropriate in the case of a systematic sampling program. Taylor ( 1984) presents a
thorough review of these methods.

Greig-Smith (1952, 1964) developed a method suited to data collected in the form of
agrid of contiguous quadrats. This method has a number of serious drawbacks, however,
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which are described by Pielou (1977). Goodall { 1974) proposed a more flexible method
for enalysing grid data, based on rendomly comparing pairs of quadrals from within the
grid.

Still mcre powerful techniques trest the grid esbundance date es stationery point
processes in lwo dimensions. Thompsan ( 1955) discussed precise statistical techniques
{or celecting depariures of a point process from the Poisson, or completely rendom, point
process but further anslysis end interpretation using those approaches is difficult.

Bartlett (1963, 1964) applied the methods of spectral analysis to point process,
both in one (Bartlett 1963) and two (Bartlett 1964) dimensions. Spectral analysis
allows the examination of small-scale periodicities, aggregation and inhibitory effects.

Similar advantages are provided by the methods of spatial autocorrelation and spatial
cross-correlation, and these methods are able to use smaller dala sets then spectral
analysis. Like spectral analysis, these methods are particulerly atlrective because the
exemination of spatial interactions between species (cross-correlation) is an extension of
the within-species (autocorrelation) technique.

The analysis of spatial autocorrelation is & technique that makes use of the location of
quadrats with respect to each other. The concept and trestment of spatial autocorrelation
has been described by Cliff and Ord (1973) and its potential uses in ecological end
biological studies outlined by Jumars ef §/(1977) end Sokal and Oden (1978 8,b). The
techniques do not demand a systemalic placing of quadrats but they do require k nowledge of
the relative positions of the quedrats. In many ecological studies, particularly those
concerned with substrate habitats, the most convenient means of identifying the relative
pasitions of the quadrats is to conduct the ssmpling in a systematic manner. In the present
case, a sel of contiguous quadrats in the form of 8 square grid was selected.

Cliff and Ord ( 1973) describe methads for calculating indices for the autocorrelation
of a veriable in a plane. The methods for detecling autocorrelation can be extended to
allow cross-correlation to be detected ( Kooijman 1979).

6.2.2 Autocorrelstion in the plene (after Cliff and Ord 1973)

Let .x ;= the value of variate A" in cell / of the grid where cells are numbered row by

row, i.e. thegriddata is stored as a vector.

Two coefficients, | (the Moren coefficient) and C (the Geary coefficient) are used to
83sess the degree of spatial aulocorrelation, which measures the correlation between the
value of a variale in a given cell and the value of that variate in neighbouring cells.

The Moran ceefficient is defined a3
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| =2 /Q2AN ;2% e, 10, 2%y Z; 2L, 27 2]

where z;= x;~x", 3 ,-j-=l if cells 7and 7 are joined, 3,-}-= 0 otherwise. Here x° is the
mesnof {x;},ie x'=( ;_{Z%;)/ 7, n=number of cells.
The Geary coefficient is defined a3

C=ln-10,.13% 01, ;2,300 (-2, PIAA | 3722)

In both definitions, 4= (1/2)( ,-=1Z”Z ;) where /£ ;= the number of cells joined to
the 7 M cell.
In both | and C, the numerator term is a8 measure of the covariance among the { x ,—}

and the denominator term is a messure of the variance. Both | and C are asymptotically
normal 8s /7 increases.

{f the two statistics, | is less affected by the distribution of the sample abundance data
and is therefore preferred in the present study.
It is pessible to choose a scheme that defines neighbouring cells as being other then
physically conjoined cells. The neighbourhood linkeges for the grid can be defined in a
weighting matrix, usually maintaining a binary weighting, with weights equal to | for
neighbour linkeges and O otherwise.

| (and C) can then be generalised using a generalised weighting matrix, W = [w,?» 2
instead of the simple binary weights, { a,)- }. Then,
= 7
V= 210427y, jui 28 W, 2, 20U, 27 27 WX

j'=|,j"'
The weighting matrix

Given agridof scells, the weighting metrix, W={w i }. will have dimensions 7 x 2

2% }’)].

7=l

Each element w i of the weighting matrix describes the 'neighbourliness’ of cells 7and
of the sampling grid, where the cells of the sampling grid are labelled row by row. For
ease of computation, W is ususlly a symmetric binary metrix where w i = Qor 1. Three

pessible weighting schemes can be likened to chess moves:
rook’s case - tests for correlation in the vertical and horizontal directions

with w 7= 1 if 7 is a vertical or horizontal neighbour of 7 or w y= 0 otherwise.

bishop’s case - tests for correlation in the disgonal direction with Wjj= Iif
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/ is adisgonal neighbour of 7 or W= 0 otherwise.
guesn's case - tests for correlation in all directions with W= 1if / isa

vertical, horizontal or diagonel neighbour of 7 or w 7= 0 otherwise. |In this case the

diagonal distances are slightly greater, in @ Euclidean sense, than the vertical and
horizonts] distances: this can be accounted for by setting weights inversely proportional
to the E uclidean distances, although this removes the simplifying nature of W.

Ineach case ‘neighbours’ may be defined at any spacings within the constraints of the
sampling grid. This allows a correlogram to be constructed, showing the changes in | with
increasing interneighbour distences.

Testing the sianifi 1

An approximate test of significance is provided by evaluating | as a standard normal
deviate (Cliff and Ord 1973). Problems may arise with sparse weighting metrices (e.g.

with large interneighbour distances W will contain few w kd 0) and more rigid tests
are available (Sokal and Oden 1978 a). For the present purposes, however, the tests ere
used informally as a means of reducing the number of correletions to 8 manageable size;
rather then presenting the correlation indices themselves, only their significance (10,5
or 18) isprovided.
The standard normal deviate can be calculated under one of two assum ptions:

1) Assumption N: {xij} are the results of » independent drawings from a
normal population, giving

EN(I) = ‘()‘?-—I)-I
end EN(I2) = [228 105 o+ 32/ [ w2 2 2-1)]
where S1=0a12% o1 2wy 2 wyy) %2,

- n

52 = =|Z (}' =|Z” W,""'l'}- =izﬂﬁ’j}' ) 2
ool W= 1)t a2y
_ and 2) Assumption R: regerdless of the underlying distribution, consider the
observed value of | relative to the set of all possible values | could take if the { x i } were

repeatedly randomly permuted around the cell system (thereare # ! such values). Then
Eg(D==(n-1)"1 &
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pUn2-3n+3)5 -nS 43 W0, (-1 S5 =215 ;+6 W?)

E(1%) =
(A~1Xn-2Xn-3) w2

where

0 o = the sample k urtosis coefficient 74/ mz? where

mg=1he £ th sample moment of { ;) about the semple mean.

6.2.3 Crass-correlation in the plane (eafter Kooljman 1979)

The methods of autocorrelation can be extended to the two species case, allowing the
detection of cross-correlation between the species. The relationship between auto- and
cross-correlation makes the latter technique preferable to other methods (e.g Kershaw
1960; Meed 1967; Besag 1974; Besag and Moran 1975; Cormack 1979) for examining
spatial interaction between species.

Kooijman ( 1979) describes a general equation for the Moran coefficient, |, covering
both the one and two species cases.

For 2 species #and /and a weighting scheme described by the matrix W, the Moran
statistic is defined by

AW = (myompp) V2 x g Wx (1 W 1)
where

X 4 is the (column) vector of cell contents centred so that E(x ;) =0 i.e the
mean of the raw cell counts is subtracted from each cell count,

1 is a (column) vector of length ~equal to the Jength of the cell contents
vectors; # = the number of cells,

and My = (J— w22 % 2)/ n is the variance of the cell contents of species 4.
As before, an approximate test of the significance of | can be constructed by evaluating
| as a standard normal deviate under one of two assumptions:
1. Assumption 1ID: the cell contents are independently and identically
distributed for each species separately
and 2. Assumption R: every permutation of the cell contents, carried out for each
species separately, has an equal probability of occurring.
The standard normal deviate of !, calculated under either assumption, is given by
(-ECI(E(12)) 172

For cell contents centred such that E(x . } =E(x ;) =0,
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E(1) =0
and - E(IQ)=(m,¢2m;2w++2)“l€(xt'w X})z :
The second moment of X ¢ W x , isgiven by KCR where

1. for assumption R:

m m m m m m m
K= &2 12 £2 12 k2 12 k2 12

- 1Y (7-1) A1)
{=f s 1
40 1 0
c=|-1 + 0o o
i 0 0 0
and

3wt

&

sw?

R= |7 ¥

sw’

I I+

2

i Wit

while 2. for sssumption | ID:

c-[0 0 0 mym, |

with C and R as before.

Kooijmen ( 1979), for reasons of generality, does not present KCR in its most concise
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form and it is useful toderive the simplest form. Under sssumption R,

KOR = ;i Zwyy Amyom ol (n =132+ myom)o/(n-1)+ mgom)o/(n-1)
+ My 2m) 2l
+ w2 myomya/(n-1)2 - myom)ol(n-1)]
+ 50 2A=-myomppl(n-1)2 = myom)o/(n-1)]

+ W++2[m‘t 2/?7/2/(”-1)2]

= mkzmm[,‘-,-ZwD-?[n?/(0-1)2] + ,'£W+ ,'2["/7/(/7-1)2]

e xwp A0 ln-12+ w, 201/ 0-1)2)

= mpam )L /(n=1)2] ;2w 2 -
(2 /-0 2w, 2+ ;2w 2+ [10n-1)2w, 2} .

Hence, under sssumption R,
2y = 2
ECE) = (17w, 2N0A2/(n-1)2) Sy 2 -

[2/n-1)20Zw, ;24 ;Zw; D+ [1/(n-1)2)w, 2} .

Under sssumption 1D,

KCR = ;i Zwy; 2 (mypm o)
and so

EC(2) = Zwy2im, 2

6.2.4 Analysis of Pipe Clay Lagoon data
The 28 dispersion transect grids (7 stalions x 4 seasons) were subjected Lo analysis

by the methods of both aulo- and cross-correlation. As with the series analysis ( Chepter
5), 8 thorough aulocorrelation analysis was feasible bul restrictions had to be placed on
the cross-correlstion analysis due to the large number of 2-species/group pairings

possible, even with the grouped abundance dota.



The autocorrelation analysis was conducted using the FORTRAN computer program
ACORN and the cross-correlation analysis used WALNUT, developed and written for those
purposes (described in Appendix A).

By using both the rook and bishop weighting schemes, 14 Euclidean interneighbour
distances (other then zero) are possible within an 8 x 8 grid. With unitsof ' cell width'
(6.25 cm), these distences are 1.00, 1.41, 2.00, 2.83, 3.00, 4.00, 4.24, 5.00, 5.66,
6.00, 7.00, 7.07, 8.49 and 9.90. The integer distences are from the rook weighting
scheme and the others from the bishop scheme.

As with the series analysis, autocorrelations were calculated for esch size class, esch
grouping of size clesses and the total of each species (over all possible specings; zero
spacing is meaningless with autocorrelations). The groupings are described in Chapter S.
This epproach was impracticable with the cross-correlation analysis.  Instead,
cross-correlations were calculated only for the groupings and totals of the species. Also,
the non-zero spacings were restricted to the first 4 (1.00, 1.41, 2.00, 2.83) which
comprise | end 2 cell unit spacings in both the rook and bishop schemes; with zero, these
give a total of S spacings.

Like the series analysis, only the significance ( 10, S and 18 ) of the calculated values
of | are presented. The ‘correlograms’ derived from the analysis, therefore, are not true
correlograms but they doallow an examination of the changes in the strength and direction
of spatial interactions.
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6.3 Resuits
6.3.1 Introduction

As in Chapter 5, this chapter is concerned with both auto- and cross-correlsation but
here the two-dimensional ( planar) case is cansidered.

Spatial autocorrelation correlograms are presented for each size cless and also for
each size group. As will be seen, much of the detail shown by the size class interactions
may be lost in the size groups. The species having only one group, for example, often show
relatively little interaction overall but there may be considerable interaction within the
constituent size classes. Also, those species having multiple groups frequently show
consistent interations within certain size classes; these cannot be discerned in the group
correlograms.

Consideration of both size class and size group auto-correlograms inevitably leadstoa
multitude of correlograms, given that there are 16 species and a total of 28 sampling
stations. The autocorrelograms, therefore, are included in Appendix B while the
cross-correlograms are limited to the size groups, as they were in the previous chapter.

As with the one-dimensional correlograms, detailed descriptions of each figure are not
warranted and only the general patterns of each are considered.

6.3.2 Autocorrelation analysis of dispersion patterns

Anagells

200381: Small(c. 0 ~ 2 mm) Angpelle are positively sutocorrelated over the shortest
spacings at all stations except 600 m and 700 m. Weaker autocorrelations within these
clesses occur at medium/long spacings at 200 m (-ve), 300 m ( +ve), 400 m ( -ve) and
600 m (+ve).

The 3 mm class appears to differ from the smaller animals, particularly at 400 m
and 600 m where autocorrelations are positive at short spacings and negative at long
spacings.

Among the lerger animals there isa general trend for the significant coefficients to be
restricted to progressively larger classes at successive stations down the beach. Thus
. whilec. 10 mm animals are positively correlated at medium spacingsat 100 m and 300
m, they have non-significant correlations at other distances. Also, animals betweenc. 14
- 20 mm have positive correlations at 100 m (short spacings), 200 m (medium/long)
and 300 m (medium/long). At 100 m and 300 m these relationships are negative at
longer spacings. Larger animals (2 20 mm) are positively associated at 300 m (short),
400 m (medium) and SO0 m (short).

The 600 m statfon shows negligible autocorrelations among animals larger than S mm
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while at 700 m correlations are negligible within all size classes.
270681: Autocorrelations are generally stronger in winter than in the autumn,
particularly those among the small animals.

Strong short-spacing associations are evident within the small size clesses at
distances other than 300 m, 600 m and 700 m. Those ceefficients are typically replaced
by negative terms at medium/long spacings.

Again the 3 mm class differs from the smaller animals; positive autocorrelations
occur at medium/long specings at 200 m, 400 m and 600 m.

Significant correlations involvingc. 10 mm animals are mainly restricted to the first
3 stations. These are generally positive at short/medium spacings and negstive at
medium/long spacings. At 600 m, 8-10 mm animals are negatively correlated at
medium spacings.

Animals in the ¢. 13~15 mm classes are positively associated at medium spacings at
the first 3 stations. The 15-20 mm animals are generally positively autocorrelated at
100 m (short spscings), 200 m (short), 300 m (medium) and 400 m (short).
Autocorrelations among animals larger than 20 mm are found at all distances except
700 m; these occur at short spacings (300 m, 500 m, 600 m) and medium spacings
(otherwise). Again, larger animals are involved at lower stations.

Correlations at 700 m are negligible.

290981: Correlations in spring are approximately the same strength as in winter.

Small animals have strong autocorrelations at short spacings between 100 m
and S00 m; et 600 m and 700 m such correlations are found st medium spacings. The 3
mm class is positively autocorrelated at long spacings at 200 m but generally behaves less
distinctly than in the previous seasons.

Animals in the c. 8- 12 mm classes are positively associated at 100 m ( medium
spacing), 200 m ( medium) and 300 m (short). The 15-20 mm classes generally have
positive associstions at 100 m (medium), 200 m (long), 300 m (long) and 400 m
(short). Significant correlations involving animals 2 20 mm are only found st 400 m
( positive, short) and S00 m ( positive, medium/long).

At 600 m correlations are restricted to medium spacings and involve O mmand 6 -
7 mm animals. At 700 m the only strong coefficient is for 1 mm animals at medium
spacings.

291281: Insummer the overall correlation strength is intermediate between that of the
spring and autumn.

The 0 mm class appears to behave differently to other small classes. Thus, strong
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positive autocorrelations occur aver short spacings at 100 m, 300 m, 400 m and 500 m.
Animals close to 2 mm, in contrast, are generally negalively associated over short
spacings and positively over medium specings at 100 m, 200 m, 300 m and 500 m (long).

Positive correlations occur with ¢. 9-13 mm animals at 100 m (medium), 200 m
(medium) and 300 m (short). Animals in the 15-20 mm clesses are often posilively
correlated at 100 m (short), 200 m (medium), 300 m (medium/long) and 400 m
(short). Between 300 m and SO0 m larger animals have signifiscnt autocorrelations,
usually over medium spacings but over short spacings at 400 m.

Little significant autocorrelation is evident at 600 m and 700 m, although 3 mm
animals are sssociated at medium spacings.
summery: Autocorrelations among the Angpe//a  size classes are usually restricted to
the first 500 m of the besch. Correletions wesken at 600 m and are negligible at 700 m.
Overall, correlations are strongest in winter and spring.

The 0-2 mm classes typically show strong positive autocorrelations over the shorter
spacings between 100 m and 500 m. In autumn and winter negative correlations occur at
medium/long 1ags. In summer the 1-2 mm animals often exhibit negative coefficients at
short/medium spacings but no associations at the shoriest spacings.

The 3 mm size cless often behaves uniquely. Generally, autocorrelations are mast
significant at 200 m, 400 m and 600 m. The positive correlations occur aver short
spacings in aulumn and over longer spacings in subsequent seasons. Inautumn thereare
alsonegative correlations at medium spacings. |n summer the 3 mm class distinction is
less well marked.

The remaining size classes can loosely be formed into 3 distinct superclasses: 7 -
13 mm, 14-20 mm and > 20 mm animals. Among these clesses there is a general trend
for correlations to become restricted 1o larger animals at successive stations down the
beach. The first superclass generally has positive autocorrelations over medium spacings
at the first 3 stations; the second has positive correlations belween 100 m and 300 m
over medium spacings and at 400 m over short spacings; the third has positive
associations over short spacings at 400 m and medium spacings at S00 m and 600 m.

Except for the 0-2 mm classes, the above details are largely lost in the group
correlograms. Group IV correlations are typically positive over short and medium
spacings. In autumn and winter these correlations are restricted to the penultimate
stations at either end of the beasch end a midbeach station. In spring and summer,
however, positive associations are evident at ali but the first and last stations. Group ¥
autocorrelations are found at most stations in all seasons, usually over medium and long

312



spacings. At the 400 m station these correlstions are always negative and in spring and
summer the 300 m coefficients are also negative. Otherwise the associations are positive.
Katelysig

200381: Correlations involving O mm animals are typically weak at all stations. Strong
(positive) corretations only occur at 300 m (medium specings), 500 m (medium) and
600 m (long).

Animals greater than 20 mm commonly have strong positive autocorrelations at short
spacings; this is true at 300 m, 400 m, 500 m and 600 m. Execeptions occur at 300 m
and 400 m when c. 25 mm animals are negatively correlated at medium and long spacings.
Significant correlations involving other groups are rare, although the 8 mm cless if
positively autocorrelated over short spacings at 600 m.

270681: At 400 m and 500 m the O mm size class has weak negative autocorrelations at
short spacings while at 700 m the cless is positively correlated at short spacing;
otherwise there are negligible autocorrelations within that class.

The 2 mm class is positively autocorrelated at 600 m (long spacings) and 700 m
(medium). Animals close to 10 mm have similar correlations over medium and short
spacings respectively.

The majority of remaining correlstions occur within classes larger then 20 mm,

usuallyc. 22 mm or > 25 mm. Between 300 m and 600 m the associations are positive
and occur over short or medium (500 m) spacings. At 700 m the relationship is negative
over medium spacings.
290981: The 0 mm class shows positive sutocorrelation over short spacings st 200 m
and 300 m. At 400 m and 500 m the correlations are negative and over longer spacings;
at 600 m (long) and 700 m (medium) they are positive. In this season the 1 mm class
also shows frequent autocorrelation and this is positive at distances other than 200 m
(negligible), 500 m (negative) and 700 m (negligible).

Animals fn the 3-4 mm classes are positively correlated st SO0 m (short and long)
and 600 m (medium) while 10 mm animals are positively asscciated over short and
medium spacings at 600 m.

The larger animsls (c. @ 20 mm) are less strongly autocorrelsted than in the
previuos seasons but positive sssociations occur at 300 m (short), 400 m (medium) and
600 m ( medium); at 700 m the correlations are negative over medium spacings.
310382: Positive autocorrelations within the 0 mm class occur over short spacings at
300 m, 500 m and 700 m. The 1 mm class is correlated aver medium spacings at 300 m
(negative) and 400 m (positive) and short spacings at 700 m.
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Animals in the c. 6-7 mm clesses are positively sutocorrelated over medium spacings

gt S00 m, 600 m and 700 m. Amang the larger clssses, those between ¢. 20 mm and 25
mm have positive correlstions at 200 m (short), 300 m (short) and 400 m
{medium/long). Still large animals are negatively correlsted st 400 m ( medium) and
positively correlated st S00m (medium) and 600 m (short).
Summary: In contrast to Arzspel/e , the autocorrelstions within large X'efelysia size
classes are frequently stronger than those within the small classes. Also, the averall
interaction within Awfe/ysie is markedly weaker than thet within Angpe//s. This is
exsnerrated by the more restricted zonation of Xs/e/ys/e. There are noobvious seasonal
chenges in the averall interaction strengths.

Between 300 m and 700 m the significant autocorrelations within the O mm class are
typically positive over short spacings. In winter and spring, however, the correlstions
are negoative at 400 m and S00 m.

Other consistent correlstions invalve animals close to 10 mm in size and are positive
over short spacings at 600 m and 700 m in all seasons.

The larger animals (> 20 mm) are ususlly positively autocorrelsted over short or
medium spacings between 300 m and 700 m but in winter and spring the sssociations are
negative at 700 m.

As with the group correlograms for Angpe//s |, the above deteils are largely lost when
the classes are formed into groups. Strong group 11 correlations are generally restricted
tothe SO0 mand 600 m stations, where they are positive over short or medium spacings.
At 600 m group 1Y sutocorrelstions are negative aver short spacings in all seasons except
summer, when they are positive. In winter thet group also shows strong positive
ascciationat the 400 m staetion, over short spacings. OGroup Y correlstions are typically
positive aver short and medium specings but there is considerable varitation in the
seasonal transects. In autumn the essociations are restricted to the 600 m station; in
winter they are found between S00 m and 700 m; in spring associstions occur only et
200 m and in summer they oceur at all but the first and last stations.

Wallucing

Wellucine exhibits fundamentslly similer patterns in each season. Correlations are
typically restricted to stations other than 100 m and 200 m and the 600 m eorrelstions
are always wesk. Negligible sutocorrelations also occur at 300 m in sutumn, SO0 m in
spring and at 400 m and 600 m in summer,

The smaller and larger size classes do not exhibit strong sutocorelstions and most
gssociations occur in the 3-& mm classes. There is a8 general trend for small animals to

314



be positively associsled over short spacings and lsrger snimsls to be associsted over
medium or long spacings. In sutumn and winter negative correlstions occur 8t 700 m,
within medium sized classes.
Soletelling

The relstively low numbers of So/ede//ine  undoubtedly contribute to the poorly
structured correlograms. Some trends are evident, however. Small (0-1 mm) animals
often have positive sutocorrelation st medium spacings below the 400 m station. Animals
near 2 mm in size have negative associations over long spacings below c. 500 m except in
sutumn.
Hydrecoecus
200381: Overall correlstions are strongest at 100 m and 300 m. The O mm (and often
I mm) size cless is positively sutocorrelated at the shortest specings except at 300 m
and 400 m. Al 100 m this isalso true for 2 mm and 3 mm animals. At S00 m and 700 m
those small classes show negative correlations over medium or long spacings. The O mm
class has positive sutocorrelstionsat 200 m and 600 m over medium spacings. Larger
animals (3 mm and 4 mm) show positive correlations at medium or long spscings at
100m, 300 mand 400 m. Total Aywrococcys shows positive correlations over short,
and negative over long, spacingsat 100 m, 300 m and 700 m.
270681: Overall correlations are strongest at 200 m. At sl distances except 300 m and
500 m, the 0-2 mm animalsare typically positively autocorrelated over short spacings
and often negatively associated at medium or long specings. The small animsls have
positive autocorrelations st 300 m and S00 m over medium spacings. Larger animals
sre positively associated over medium spacings at 100 m and 200 m. Total
fydrococeys shows positive correlations over short, snd negative over long,
spacings st 100 m, 200 m, 400 m and 700 m. There is 8 general trend for the
interactions toextend over larger spacings with larger animals.
29098 1: Autocorrelations are comparatively wesk at 8 number of sampling stations but
are strongest st 200 m. Only at 600 m and 700 m does the O mm clsss show positive
associations over short spacings. Instead, between 200 m and 400 m the small clesses are
negatively autocorrelated over medium and long spacings. Significant correlstions
involving larger animals are relatively rare but at 600 m the 3 mm class shows positive
sutocorrelation over long spacings. Only at 400 m is the pattern of positive/short and
negative/long correlations among total numbers evident.
291281: Associations are strongest st 600 m but are also strong st 100 m and 200 m.
At those distances (only) the small classes show positive autocorrelations at short
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spacings. At all distances but 100 m and 300 m the small classes are also associated at
longer spacings. These associations are positive at 200 m and 700 m and negative at other
distences. Autocorrelations among lerger animals occur st 200 m, 400 m, S00m
snd 700 m, usually over medium specings. Those coefficients are positive except at
S00 m.

Only at S00 m is the pattern of positive/short and negative/long correlations among
total numbers evident.

Summary
Overall interactions are strongest in winter. Small enimals frequently show positive

ssociations over short specings. In autumn and winter this is true over most of the
transect except at 300 m and 400/500 m. The spring associations are restricted to below
500 m and the summer pattern is intermediate. In spring those animals are negatively
associated ot longer spacings between 200 m and 400 m. In other seasons the animels are
often positively autocorrelated over longer spacings either side of the mid-beach zone.

Larger animals frequently show intersctions at medium specings. In sutumn and
winter this occurs at the top end of the beach while in spring it occurs towards the lower
end; summer is intermediate.

There is often a general trend for tote) Avarococcys numbers to exhibit positive
interactions at short specings end negative interactions at longer spacings. This is
particularly so in winter, less so in autumn and least so in the other seasons. This
reflects the overall interaction strengths of each season.

Zeacumantus

200381: Interactions are mainly restricted to the first 4 sampling stations and are
strongest overall at 300 m. There is a generel trend for positive autocarrelations to
occur over progressively larger spacings with increasing size of animals. Often there is a
similar pattern of negative correlations at larger legs. These trends are reflected in the
total interaction which, at least high on the beach, is positive at short spacings and
negative at medium or long spacings. Significant interactions extendover gresater spacings
in Zescumasntus |, in comparison to the previously described species. Most size classes
show correlations; interactions are not confined to a narrow range of sizes as in previous
species ( although at 400 m correlations are negligible in animals over S mm) .

270681: Overall correlations are strongest in this season, particularly at 100 m and
200 m end extend down to the S00 m station. The correlograms are fundamentally
similar to thuse of the previous season although the trends ere more well defined. Again,
correlations at 400 m are negligible in large animals while at S00 m significant
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associations only occur in the O mm and 1 mm clesses.
290981: The trends described above are less marked in spring. At 100 m and 200 m,
for example, there are minimal sutocorrelations at short spacings although the medium
spacing intersctions persist. Significant associations are largely restricted to stations
between 100 m and 400 m (300 m is strongest overall) but there is littie restriction
among the size classes.
291281: This season shows the least interaction and correlations are found mainly in the
first 300 m and are strongest at 100 m. The general trend common to all seasons is
evident but is only lossely defined below 200 m.
UMMACY

Zescumantys shows a trend thet was hinted et in Avarococcys , and to a lesser
extent Amgpel/s : snimals of increasing size consistently show intersctions over
increasing specings. This is true in all seasons but is strongest in winter and weakest in
summer. There aregenerally 2 levels of interaction, with positive associations at shorter
legs being repleced by negative associations at longer 1ags. Significant autocerrelations
are found in most classes above 400 m but are restricted to the small classes lower on the
beach.

Because of the amalgamation of size classes, this trend is less evident in the group
correlograms.
Salipnator

The size class correlograms are alweys poorly structured and difficult to interpret.
The group correlograms show only slightly more structure.
200381. Group | is positively autocorrelated over short and longer spacings at 300 m
and 400 m. Group Il has negative associations, usually over medium spacings, at 100 m
and 200 m and at 600 m and 700 m.
270681: Between 100 m and 500 m group | is positively correlated at short spacings.
Positive ssseciations within this group alse occur at longer specingsat 200 m, 300 m and
500 m. At 600 m and 700 m the group is sssociated at medium spacings only and the
correlations are negative at 600 m and positive at 700 m. Group Il has negative
coefficients at 100 m (long spacing) and 400 m (short) and positive terms st 300 m
(short) and 600 m (medium).
290981: Autocorrelations within group | occur over short spacings at 100 m (-ve),
200 m (+ve) and 700 m (-ve). At 100 m and 200 m positive correlations also occur at
long spacings. Group Il correlations are positive at 200 m, 400 m and S00 m over
progressively longer spacings.
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291281:; Oroup | autocorrelations occur between 100 m and 600 m and are mainly over
long spacings; the coefficients are negatlive at 200 m and 600 m but positive
elsewhere. At 100 mgroup Il is positively autocorrelated over short spacings while
at 200 mand 300 m similar asscciations occur at longer spacings. ALS00 m and 600 m
the group shows negative associations at long spacings.
UMMALY
There is comparatively little consistency in S&//ngfor associations within either the
size classes or groups. There are trends In the overall Interaction strengths, however.
Correlations are strong at 100 m in all seasons but autumn. From winter to summer
there is an extension of strong interactions down the beach to the 300 m station. In
autumn strong associations occur at 400 m while in winter and spring they are also
evident a1 500 m,
lipind
200381: Small animals are positively associated over long spacings at 400 m and short
spacings at 600 m and 700 m but | mm animals have negative autccorrelation at 700 m.
270681: In winter most correlations involve 2 mm animals which are typically
positively correlated over medium or long spacings. The O mm class, however, is
positively sssocialed over short and long spscings at 700 m. Significant correlations
are found at stations other than 100 m, 300 m and 600 m In this season.
290981: Correlations are relatively weak at all stations except 700 m where all classes
are positively autocorrelated at medium spacings (the 2 mm class also shows positive
association over medium spacings at 400 m as do total numbers at 600 m).
29128 1: Thestrongest associations ococur at 400 m when the 1 mm and 2 mm classes are
positively autocorrelated al medium spacings; similar associstions occur within the
0 mm classat 300 m. At 400 m, 600 m and 700 m, 0 mm animals are correlated over a
range of spacings.
SUMMELY
Cviichnine shows little autocorrelation at stations above 300 m. Correlations in
winter and spring ususlly involve larger animals over medium speacings slthough at
700 m, O mm animals are also autocorrelated. [n summer and autumn, the 0 mm class
frequently shows association and this is usually positive in autumn and negative in
summer.
RIs500515
200381: At 400 m and SO0 m, O mm animals are positively correlated over
medium/long spacings while at 700 m the 1 mm class is similarly associated over short
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spacings. Carrelations are negligible above 400 m.
270681: Autocorrelations occur 8t all stations except 500 m. Usually O mm animals are
positively correlsted over medium or long spacings but at 300 m the relstionship is
negative. Al either end of the besch the 1 mm class is positively correlated over short
spacings.
290981: As in the previous season, correlations are evident at most stations but in
spring strong associations also occur at 500 m. Small animals are pesitively related over
short and long spacings at either end of the transect and over medium and long spacings st
500 m.
291281: Associations are relatively weak in this sesson. Only at 100 m ( total aver long
spacings) and 400 m (1 mm over long spacings) do strong (positive) autocorrelations
oceur. Corelations are negligible below 400 m.
Summary

Overall correlations are strongest in winter and spring and in these sessons they
occur over most of the dispersion transect. In autumn correlations are restricted to the
bottom half of the besch while in summer they are confined to the top half. The most
commaon autocorrelations involve small animals over medium and long specings.
Llicrodiscule

Correlations arestrongest in winter and weakest in autumn and summer. The general
pattern is for positive associations high on the beach but in winter negative associations
pccur in the lower half of the transect. From winter tosummer there isa decrease in the
inleraction spacings.

Nassarius

Most significant autocorrelations occur in the upper half of the beach and involve
large animals (> 10 mm). In sautumn and winter the asscciations are over short spacings
and In spring they occur over longer spacings. !nsummer negative asociatlons are evident
over longer spacings high on the beach.
dgaths

Autocorrelations are negligible.
Bembicium

Autocorrelations are negligible.
Austrocochles

Autocorrelations are negligible.
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Noloacmes
Autocorrelations are negligible.

Anthopleurs
20038 1: Strong autocorrelations are evident among animals larger than 1 mm between

200 m and 500 m. The essociations are typically positive end act over short and
medium distances. The strongest interactions averall occur 8t 200 m. Atthst station the
interactions tend to occur over shorter distances ( from medium to short) with increasing
animal size. At 300 m small and large animals are negatively autocorrelated over medium
specings.
270681: Overall interactions are weaker then in the previous sesson, excepl at
100 m; most involve animals less than S mm in size, over shori spacings.
290981: Autocorrelstions are relatively wesk at stations other than 100 m, 300 m and
500 m. At 100 m small animals show negative associations over long spacings. Sirong
negative essociations also occur among S mm and 8 mm animals at 500 m. At 300 m
autocorrelations are sirongamong 3-10 mm animals end they acl over spacings which
decrease in length with increasing animal size ( this trend moves from long 1o medium
Specings).
291281: Strong autocorrelations are evident among animals larger thaen | mm between
200 m and S00 m. The sssociations are lypically posilive and act over short and long
distences. The strongest interactions overall occur at SO0 m. At thet station the
interactions tend to occur over shorter distences (from medium/long to short/medium)
with increasing animal size.
summary

Significent aulocorrelations usually involve a range of animals between 1 mm
and 10 mm but in winter they are resiricled to groups less than S mm. Autumn and
summer show the sirongest relationships. In each sesson other than winier, the strongest
interections are associated with a trend for shorier spacings wilh larger animals. [n
spring the spacings decrease from long to medium , in autumn from medium to short and in
summer the changes occur over intermediste spacings.
" 6.3.3 Cross-correlation analysis of dispersion patterns (Fig. 6.1)
6.3.2.1 Within species analysis

As with the series analysis (Chapter S), the primary indicator of interaction between
groups/species is the zero spacing correlogram. The correlograms of non-zero spacings
show how interaction varies with distance between animals. Again, correlations between 8
species tolal and its constituent groups leck independence and are therefore unreliable
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Fig. 6.1 Planar cross-correlstion analysis of species groupings. Correlograms are calculsted
over spacings of O to 2.83 cell units (0 to 17.69 cm) for all stations in the dispersion
transects. Species abbreviations as defined in Table S. 1. Shadings indicate sign of correlation
end level of significance as defined in Table 5.2,
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indicators for those associations.

Angpells

200381
100 m: The two largest groups have a strong positive association at zero spacings. At

medium spacings large and small animals are negatively, and small groups positively,
correlated. Correlations are weak at the longest spacings.
200 m: Posilive correlations occur betwen small groups and between small and medium
animals at zero spacing. Correlations at non-zero spacings are usually negative and
involve small and large animals.
300 m: Overall correlations are weak.
400 m: As above.
500 m: As above.
600 m: Small and medium animals have a wesk positive correlation at spacing 0. At
spacing 1,00 most groups are positively correlated but at other spacings correlations are
weak.
700 m: Small groups are positively asscciated at spacing O but interactions are otherwise
negligible.
270681

Overall interactions are markedly stronger in winter than in the previous season.
100 m: Strong positive associations occur between small groups and between large groups
at zerao spacing; groups 111 and Y are similarly related. The small group and 111/Y group
relationships continue at all but the largest spacing.
200 m: Small animals are positively correlated with large animals at spacing O, as are
group Il and Y. The former relationship continues at other spacings .
300 m: At zero spacing a wesk positive correlation and a wesk negative correlation occurs
between small groups andgroups Il and Y respectively. At non-zero spacings, associations
are generally negative and involve group |1l with most other groups. Associations are
negligible at the longest spacings.
400 m: Associations are generally weak at all but the zero spacing where group 1l is
positively associated with group |1 and V.
200 m: Although no significant correlations are evident at spacing O, the larger groups
are negatively associated with the smaller groups al moderate spacings.
600 m: Asabove bul strong correlations occur only at spacing 1.00 and 2.83.
700 m: As for the 500 m station except that correlations are positive.
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290981

100 m: The larger groups are positively, and groups |1 and 111 negatively, associated at
spacing 0. At short spacings the group 117111 relationship continues with increased
strength.
200 m: Small groups have a strong positive correlation at spacing 0. At short spacings
gssociations the smallest and largest groups are negatively correlated.
300 m: Correlations are generally weak.
400 m: As above aithough small and Jarge animals are negatively sssociated at moderate
specings.
500 m: Correlations are weak.
600 m: Asaboveaithough small groups are positively associated at moderate spacing.
700 m: At zerospecing the largest groups have a strong positive correlation while groups
| and |1 are negatively correlated. Group Il is positively sssociated with groups |11 and Y
at spacing 1.00; otherwise correlations are weak.
291281
100 m: The smallest groups have a wesk positive correlation at spacing O and
gssociations at other spacings are also relatively weak.
200 m: The small groups show a positive association with group Y at zero spacing.
Correlations at other spacings are weak and inconsistent.
300 m: At specing O a strong positive relationship between the smallest groups is
evident; otherwise correlations are wesk.
400 m: Atzero and short specings the smallest groups are positively correlated. At zero
and most other specings there are negative correlations between small and large animals.
500 m: At all spacings the smallest groups are positively related. There is also a wesk
negative relationship between groups 111 and ¥ at specing O but otherwise correlations are
weak and inconsistent.
600 m: The smallest, and also the largest (weak), groups are positively correlated at
zero specing. At medium specings the strongest correlations involve group IV with
smaller animals.
700 m: Correlationsare week.
 Summecy

In most sessons significant correlations are minimal towards the middie of the besch
transect.

Inautumn, only the top and bottom two stations show strong correlations. At the top of
the beach positive associations are found among small animals and among large animais; at

407-



the lower end of the beach small animals are positively associated.

Significant correlations in winter are largely confined to the upper half of the
transect, where small animals and also large animals show positive associations amongst
themselves.

Inspring the correlations are strongest at the top two stations and at the lsst station.
In each case positive associations occur among the small and also the large animals while
animals of intermediate size are negatively correlated.

In summer significant positive correlations occur between small animals at most
beach stations.

Katelvsia

200381

100 m; Correlations are weak.

200 m: Atzerospacing small groups havea strongpositive correlation. Associationsare
negligible at non-zerospacings.

300 m: Correlations are negligible apart from a strong positive association between
groups |11 and ¥ at Jong spacings.

400 m: Correlations are weak.

500 m: Asabove.

600 m: No significant correlations exist at zero spacing. At non-zero spacings groups ||
and |11 are positively associated with larger groups.

700 m: At zero and short specings the two smallest groups have strong positive
correlations; otherwise correlations are negligible.

2170681

100 m: Correlations are negligible.

200 m: As above.

300 m: Small animals are positively associated at zero spacings but at other specings
correlations are negligible.

400 m: At spacing O groups |1 and |11 are positively correlated, ss are groups |1 and ¥V at
long specings.

o500 m: No significant correlations occur at spacing 0. At medium spacings group Il is
. negatively correlated with larger animals while those associations are positive at larger
spacings,

600 m: Small and large animals have a weak positive correlation at spacing zero and a
weak negative correlation at larger spacings.

700 m: Positive correlations between group |1 and groups |V (strong) and ¥ (wesk )} occur
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at specing 0. These essociations continue at short spacings.

290981

100 m: Small animals have a strong positive correlation at zero spacings but at other
spacings correlations are negligible.
200 m: Correlations are negligible.
300 m: No significant correlations are evident at spacing 0. At short spacings, however,
small animals show a strong positive association while groups | and Y have a weak negative
correlation.
400 m: No significant correlations occur at spacing 0. At short spacings group 11 shows a
weak positive relationship with group ) and group V.
S00m: There isa weak negative correlation between groups 111 and Y at spacing zero. At
short spacings, small animals are pasitively related.
600 m: Correlations are wesk.
700 m: At spacing O small groups are positively associated. At other spacings larger
animals show weak positive relationships.
291281
100 m: Correlations are negligible.
200 m: Asabove.
300 m: As above.
400 m: Oroups of medium size are positively correlated at zero and short spacings but at
other spacings correlations are negligible.
500 m: Oroups of medium size are pasilively correlated at zero spacing but at other
spacings correlations are weak.
600 m: As for 400 m; in addition, small animals have a weak negative correlation at
spacing 0.
700 m: Small animals show a strong positive correlation at zero and short spacings. At
spacing 1.00, groups 11l and IV have asimilar relationship.
Sunmacy

In autumn, small animals are positively associated at the 200 m and 700 m stations
while at 600 m, similar associations involve larger animals.

. Winter associations are dominated by positive correlations between small and large
animals over most of the beach. These correlations are negligible at the top 2 stations and
are negative at 500 m.

At either end of the beach in spring, small animals are positively associated. At
400 m small and large groups are similarly correlated while at SO0 m there is a negative
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correlation between medium and large animals.

Mast correlations in summer are pbstive and are among medium sized animals in the
lower half of the beach. As in all seasons, small animals are positively related at the
700 m station.

Hdrgeoccus

200381
100 m: At zero and short spacings groups 1l and 111 (strong) are positively correlated

with group IY.

200 m: At spacing O all groups show a week positive relationship with group IV and
groups |1 and |11 are also positively correlated. Associations are weak at other spacings.
300 m: The largest groups have a strong positive relationship at 2ero and short spacings.
Also, group | has a weeker relationship of similar sign with large animals at short
spacings.

400 m: Group 11 shows a strong positive correlations with larger groups at spacing O but
at most other spacings, correlations are weak.

S00 m: There are no significant associations at spacing 0; the strongest correlations
occur at spacing 1.00 where groups |l and Il are positively correlated with larger
animals.

600 m: Correlations are weak.

700 m: Correlations among all but group IY are positive at zero spacing while at
non-zero spacings correlations are weak.

270681

100 m: At spacing O all groups show strong positive correlations with other groups.
These weaken after short spacings, particularly among the larger animals.

200 m: Asabove, except thatgroup | isnot involved in any significant asoeiations (other
than weak correlations with large animals at spacing 1.00).

300 m: At spacing O, small and medium sized animals are positively correlated with the
largest group and the small and medium animals have a strong correlation of similar sign.
Correlations are weak at other spacings.

400 m: Group |11 is negatively and positively correlated with group | and |l respectively
-at zero spacing. The relationship between groups |1 and |11 continues at short spacings.
500 m: At zero spacing the largest groups have a weak positive correlation. Al other
spacings group |1 is associated with larger animals.

600 m: Group IV is positively correlated withgroups |1 and |11 al spacing 0. At non-zero
spacings most correlations are positive and are between group |11 and smaller groups.
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700 m: At zeroand short spacings, correlations are positive, involve most groups and are

strongest among the smaller animals.

29098

100 m: Strong positive correlations exist among all groups at specing 0. These

sssociations weaken quickly and become negligible at short spacings.

200 m: Correlations are wesk.

300 m: Group | is positively associated with the largest groups al 2ero specing and also at

longer spacings.

400 m: The largest groups show a strong positive correlation at specing 0. Small animals

are weakly assaciated with larger animalsal non-zero spscings.

S00 m: As sbove although st spscing 1.00, weak negative correlatlions occur between the

smallest, and between the largest, groups.

600 m: Weak positive correlations exist betwen group (Il and smaller animals et zero

specing. Correlations are also wesak 6! other spacings.

700 m: Positive ( mostly strong) correlations exist amongall groups at specing 0. These

sssociations wesken quickly and became negligible at short spacings.

291281

100 m: Strong positive correlations exist among all groups et spscing 0. These

associations weaken quickly and become negligible at short spacings.

200 m: Al zero specing group | has strong positive correlations with the other groups.

For the smallest groups this relationship continues st short and long specings while st

medium spacings group |11 is negatively associated with smaller and larger animals.

300 m: Correlations are generally weak although the largest groups show a positive

relationship et spacing 0.

400 m: Correlations are generslly negligible although the smallest groups show a strong

positive relationship at spacing 0.

S00 m: Correlstions are generally weak although at spacing O small and large animals

have a strong positive relationship.

600 m: Positive correlations exist among all groups 6t spacing 0; these are strong except

for those involving group IV which sre moderste. These relationships slowly diminish
“with increasing specing.

700 m: Strong positive correlations exist among most groups al spscing O end these

decrease rapidly afler spacing 1.00.

Summary

Significant correlations occur 8t most stations in all seasons. Strong correlstions at
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zero spacings are often associated with negligible correlations at other spscings.

In autumn, large animals at the first station, and small animals at the last station,
tend o be positively associated. Large animals are generally involved in the significant
correlations high on the beech; towards the middle of the beach small and large animals
are positively associeted. Correlationsareweak at 500 m and 600 m.

Atboth ends of the winter transect all groups show positive associations (less so for
small animals high on the besch). At the middle station (400 m) the smallest animals are
negatively associated with group {if. Either side of this station small and large groups tend
to be positively associ ated.

In spring the first and last stations show positive correlations among all groups.
Towards the centre of the beach positive correlations betwen large animals occur and
either side of those stations small animals are positively correlated with larger animals.

The summer transect shows positive associations between most groups high and low on
the beach. Correlations at the central station are positive and are between small animals.
Above that station large animals are similarly associated while below the central point
smalland large groups are also positively correlated.

Zeacumantus

200381

100 m: Groups {1 and |11 are positively correlated at zero and short spacings.

200 m: At spacing O groups | and 11 and groups {1 and 111 are positively asociated. These
associations are weak at other spacings.

300 m: Correlations are weak.

400 m: As gbove.

500 m: No significant correlations occur at spacing O but at intermediate spacings groups
{ and |11 show a positive relationship.

600 m: Correlations are weak.

700 m: Al zero specing groups | and {1 have a strong positive association; otherwise
correlations are negligible.

270681

100 m: Carrelations are weak.

200 m: Strong positive correlations exist between all groups at zero and short specings.
300 m: Groups f and {11 show a weak positive gsseciation at zero spacing but correlations
are negligible at other spacings.

400 m: Correlations are negligible.

500 m: At spaecing zero groups 11 and {11 are positively correlated. At other spacings
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group | is positively correlated with other groups.
600 m: Correlations are negligible,
700 m: Correlations are negligible.

290981
100 m: Groups | and |1 have & strong positive correlations at spacing O but otherwise

correlations are negligible. .
200 m: Groups | has strong positive correlations with groups Il and |11 at spacing 0. At
spacing 1.0 all groups are similarly sssociated but longer specings show weak
correlations.
300 m: Correlations are weak.
400 m: The two largest groups show a weak negative correlation at spacing O; otherwise
correlations are negligible.
500 m: Apert from a strong positive correlation between groups | and I} at medium
spacings, correlations are negligible.
600 m: Correlations are negligible.
700 m: Asabove.
291281
100 m: All groups are positively correlated at spacing O but these associations diminish
rapidly al non-zero spacings.
200 m: At zerospacing groups | and |l and groups 1} and |1l are positively associated.
Correlations are negligible at non-zero spacings.
300 m: Asabove,
400 m: Correlations are wesk.
500 m: Apart from a strong positive correlation between groups | and |1 at spacing O,
correlations are negligible.
600 m: Correlations are negligible.
700 m: As above.
2Unmacy

Significant correlations are generally resricted to the top 300 m of the beach. They
are strongest in summer when they involve all groups and are weskest in winter when
strong correlations are restricted to the 200 m station.
salinator

Correlations between small and large Sa/insfor are weak at all distances in all
seasons except for a positive relationship at 200 m in spring.
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6.3.3.2 Between species analysis
Anapelle ond

Katelysia (ie. between Angpells ond Katelysra )
200381
100 m: At zero and short spacings group || Angpella end Katelysig are negatively
correlated. At short spacings small Angpellg are positively sssociated with large
Kalslysia.
200 m: Medium and lerge Angpel/e are positively correlated with small Kgfelysie ot
specing 0. At short spacings medium sized animals and also large animals are negatively
correlated but group |1 and 1! Angpel/s show a strong positive sssociation with large
Katelysis .
300 m: No significant correlstions occur at specing 0. At other spacings small and large
Karelysig are positively correlated with large Angpel/s .
400 m: Small Kafelysia are positively correlated with larger Angpells ot zero and
short spacings. At longer spacings group | Kare/ysza is negatively sssocisted with those
Angpellg qroups.
S00 m: Group IV Angpelis andaroup |11 Kafelysie are positively related at spacing 0.
At other specings the general pattern is for Agre/ysig to be positively correlated with
larger Angpel/s .
600 m: While medium sized animals of each species are positively correlated at zero
spacing, the small groups are negatively correlated. The sign of these sssociations tends to
be reversed at short spacings.
700 m: At zero and short specings, group | Angpe//s and group || Kelelysie are
negatively, and group || Angpelle and smaller Kalelysia , positively correlsted.
270681
100 m: Medium Angpells and small Kafelysia are positively correlated at zero spacing.
At zero and other specings small (and total) Kafe/ysia are negatively correlated with
small and large Anspells .
200 m: At spacing O medium Anspella and lerge Katelysia are positively associated.
Correlations at short spacings are similar to those at 100 m.
360 m: Oroup Il Kgfelysia is positively correlated with Angpe//¢ groups |l and 1Y at
specing 0. At short specings groupV K@fe/ysig s negatively correlated with group | and
IV Angpella but positively sssociated with medium sized Angpe//a. These correlations
are of opposite sign at longer spacings.
400 m: At zero and short spacings group |V Angpe/ls and group || Kérelysie are
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negatively correlated That A@fe/ys7e agroup is also negatively associated with small
Ansgpells 8t short specings, as are medium sized animals of each species. Otherwise,
correlations between the two species are positive.

S00 m: The zero spacing shows a positive correlation between Angpe//e group 111 and
Katelysig group || and 8 negative correlation between group |1 Angpel/e and group ¥
Katelysig. These sssociations continue at short specings where there is an sdditional
negative correlation between group || Asfe/ysie and small and medium Angpells .

600 m: Small animals of each species and also group ¥ Anapella and group V Katelysta are
positively correlated ot specing zero. At short and long spacings, small animals of one
species are negatively correlated with larger animals of the other species.

700 m: Group 1l Angpells end group ¥ Ksfelysie are positively related at specing 0.
At short specings group | of one species are negatively correlated with group Y of the other
species. At long spacings medium sized animals of each species are positively related.
290981

100 m: Medium Ansgpells are positively associated with small Ka/e/ysig ot specing 0.
At short specings small animals of each species are positively correlated while st medium
specings group |11 animals show a negative sssaciation.

200 m: Correlations a relatively wesk at zero and short specings but at long spacings
small Angpells are positively correlated with large Kalelys/s.

300 m: Group | Angpells is positively correlated with small Kefe/ysig snd negatively
correlated with large Asle/ysig 8t zero and short spacings. Negative associations also
occur between small Ka/e/ysie and large Angpells.

400 m: At zero and short specings small animals of esch species are generally negatively
sssociated. At Jonger specings small animals of one species tend to be positively correlated
with Jarger animals of the other species.

500 m: Correlations are relatively weak at most specings and are generally positive and
between similarly sized groups of easch species; however, negative correlations occur
between groups having a large size difference at intermediate spacings.

600 m: Small animals of each species are negatively (wesk) correlsted st zero and short
specings. At long specings group | Kstelysig shows negative correlations with small and
medium Angpel/e 8s do large animals of esch species.

700 m: Correlations are weak apart from a strong negative correlation between small
Katelysig andmedium Angpells at specing 1.00.

291281

100 m: No significant correlations occur at 2ero spacing but at spacing 1.00, small
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Anspells are negatively correlated with large Agfe/ysia. Al medium spacings strong
positive correlations occur between large animals of each species.

200 m: Al spacing O group |l Kefelvsie is negatively (weak) and positively correlated
with group |l and IIl Angpel//e respectively. Most correlations at non-zero spacings
involve small Aalélysie ; at medium spacings those animals are positively correlated
with larger Angpells while the same groups are negatively associated at long spatings.
300 m: Correlations arerelatively weak bul generally small Kafe/vsig are pasitively
correlatedwith most Angpe//e groups.

400 m: Atspscing O group I animals of each species are positively correlated while group
| Anspells shows a weak negalive correlation with group Il Kstelysie. Similar
gssociations eccur at short spacings while at long spacings negative correlations between
each species are comman.

00 m: Al spacing O small Anspe//s are positively correlated with small and medium
Kalelysie ss are medium Angpelle and large Kale/ysie. Most correlations at other
spacings are weak and positive and involve small and medium animals.

600 m: OGroup |l of each species have a sirong positlive correlation at spacing O.
Correlations at other spacings are generally positive and are between large and small
groups of each species.

700 m: Small Asefelysie and group |l Angpéelle, and medium AKsalelysie  and
Anapells , are posilively correlsted at zero spacing. Al medium specings small Angpel/s
groups are negalively correlated with most Kale/ysig groups while al long spacings
small KX'alelysie are positively relaled to small and medium Angpella.

summary

In autumn, negative correlations between the two species are strongest at the first and
Iast stations (between medium and small animals respectively). In the top half of the
beach other correlations are positive and are between small AKsfe/vsie and large
Angpella. Positive correlations also occur in the lower half of the beach but involve
medium sized animals of each species.

Al the top of the winter transect, small K'a/¢/ysig animals are positively sssociated
with large Angpel/s , while at the last station, small Angpe//s are positively related to
large Keafelysig. Slations near the middle of the beach show negstive correlations
between small animals of one species and large animals of the other.

In spring small K'gfe/ysis are positively correlated with medium Angoe//s el the
top of the beach but at the last station those groups are negatively correlated. In the lower
half of the beach small animals of each species are negatively correlated.
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In the top half of the summer transect, small Angpe//a animals tend to be negatively
correlated with K'sle/yvsie while in the bottom half, similarly sized individuals of each
species are positively correlated.

Soletelling

Correlations are generally weak in autumn although in the middle sections of the besch
Soletellina shows weak negative correlations with medium sized Anapel/a.

In winter the correlations are weak at stations other than 400 m. At that distance
Soletellina is positively sssociated with most Anape//e  groups at zero and short
spacings.

Strong correlations in spring are mainly confined to the middle reaches of the beach
and medium spacings, with So/ete//ins being positively associated with large Angpells.
Summer is the season of most interaction between the two species and So/efe//ing is
then positively correlated with medium and large Angpe//é over zero or short spacings
at most stations.

Wellucing

At the 300 m station in autumn, Wa/lucine is negatively correlated with large
Anapei/a but below this station correlations are generally positive with medium sized
animals.

Winter correlations are weak except in the middle sections of the besch. Negative
correlations involve medium and small Angpe//s at 400 m and 500 m respectively.
Inspring Wallucrina shows positive associations with medium sized Angpe//e at all but
the highest sampling stations.

Summer correlations are relatively wesk. They usually involve small Angge//s and
are negative in the top, and positive fn the bottom, section of the beach.

Hydrococecus

200381
100 m: At zero and non-zero spacings small Angpel/a are positively correlated with
mast Aydrococcus (particularly the smallest) groups. Negative associstions occur
between Hyarococcus and large Angpells.

200 m: Group | Angpelle endgroup tl Ayarococcus have 8 wesk positive correlation
at spacing O; those groups are negstively correlated at spscing 1.41 and sgain positively
associated at spacing 2.00. An alternation of sign also occurs at long spacings for
correlations involving medium Angpée//e andlarge Aydrococcys .

300 m: At zero spacing small and lerge Aydrococcys are positively correlated with
small and medium Angpells while small Ayarococcus and large Angpells are
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negatively correlated. Al intermediele spacings group | Aydrococcys  is negatively
related to small and large (similarly for group IV Ayaracoceus ) Anspells .

400 m: Most correlations are weak but generally the two species are negatively
correlated.

500 m: No significant correlations occur at spacing 0. At short spacings small and
medium Ayorococcys are negatively correlated with small and medium Angpe//a. At
other specings Aydrococcys is positively associated with the larger Angpe//s groups.
600 m: Group I} animals of each species are negatively associated at zero spacing while
correlations are wesk otherwise.

700 m: At spacing O small Amspe//s animals are positively correlated with large
Hyarococcus . Small animals of each species are positively related at short spacings but
generally correlations are weak.

270681

100 m: Small Angpell/a have a strong positive correlation with all Avdrococcys at
zero and short spacings. With increasing spacing these associations diminish, lesst so
with those involving group | Angpells.

200 m: AN Angpells  groups are positively correlated with medium and large
Hydrococcys at spacing 0. Non-zerocorrelations are similar to thase at 100 m.

300 m: Correlations are relatively weak but the general pattern is for small Angpel/s
to be positively sssociated with small and medium sized Ayorococcys . An exceplion
occurs at spacing 1.41 where group || Angpe//a and group | Ayorococcus have astrong
negative correlation.

400 m: At spacing O group I animals of each species are negatively correlated as are
group IV Angpel/e and group W Aydrococcys . Al non-zero specings small
Mywrococcys tend tobe negatively correlated with a range of Angpe//s aroups.

500 m: Angpel/s group | and Aydrococcus group || are positively, and Angpe//s and
Hydrococeys group |l animals negatively, correlated at spacing 0. At short and long
specings medium and lerge Awirococcys are negatively correlated with medium
Anspells while small animals of each species are positively associated.

600 m: At zero spacing group | animals of each species, and also group || Anapel/s and
group |l Aydrococcus | are positively related. Aydrococcys is generally negatively
correlated with small and medium Angpe//s at medium spacings and large animals of each
species are pasitively correlated at long spacings.

700 m: Al zerospacing small animals are positively correlated, as are small and medium
Hyarococcys with medium Angpe//e. Carrelations are generally weak at non-zero
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spacings.

290981

100 m: Medium Angpe//s and large Ayarococcys are positively associated at spacing
zero. Most correlstions et other spacings are negative and involve large Aydrococcys
and small and medium Angpel/s.

200 m: No significenl correlations occur at spacing O and other spacings show weak
positive asseciations between the two species.

300 m: Small Angpells are positively correlated with small and medium Aydrococcus
at zero and short spacings while small Aydrococcys and large Angpél/s are negatively
related.

400 m: Correlations at zero, short and medium spacings are mainly positive and between
small Angpells and a range of Aydrococcys groups.

o000 m: 3mall Anmspel/é are positively correlated with small and medium sized
Hydrococcys 8l zero spacing but these groups show a wesk negative relstionship at
medium spacing. Al short spacings larger animals of each species are positively
correlaled while al longer spacings their association is negative.

600 m: At spacing O small Ayrococeys are positively correlated with small and large
Anspella. Long spacings have weak correlations but al intermediste spacings there isa
negative correlation between group 1) fMarococcys and lerge Andpéelle end a positive
relationship between that Awracaccus group and medium Angpells.

700 m: Small and large Ayorococcys are positively correlated with small Angpel/a at
spacing 0. At medium spacings group |1l Aydrococcys hes positive correlations with
small and large Anapslls.

291281

100 m: Atzeroand short spacings group | Azgpe//e have a strong positive correlations
with all Aydrococcus goups. Alse at zero spacing, Angpe//e groups |l and |1l are
similarly essociated with lerge Ayarococcus. Correlstions are wesker at longer
spacings but generally small animals of each species are posilively correlated while
Hydrococecus is negatively related to medium and large Anspel/a.

200 m: Al spacing O small Ayvdrococcus animals are positively correlated with small
and medium Angpel/s. At medium specing small Aydrococcys have & negative
association with small and large Angpel/s .

300 m: At spacing zero small Angpel//e are positively related to small and medium
Hyaroroceus . At non-zero specings correlations are relatively wesk.

400 m: Small Angpells are positively correlated with large Ayarococcus et zero and
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short spacings end alsa with small Ayarococcys 8l long spacings.

500 m: Smell animals of each species are positively correlated at spacing 0. These
associations continue at other spacings with larger animals glso becoming involved.

600 m: Correlations ere week.

700 m; At 2ero specing small Anspelle have 8 weak negative correlstion with leroe
Hydrococecys and medium animels of eech species are positively correlated. At short
specings smell and medium Angpel/s  are positively relsted o smell end lsrge
Hyarococeys .

SUMMELY

Most negative correlations between the two species occur in autumn. In that sesson
smell and medium animels of each species are negatively associated between 300 m end
600 m. High on the beach those groups have positive correlations while at the lest station
small Angpella are positively correlated with large Ayarococeys .

Over most of the winter transect smell snimals of esch species are positively related.
High on the beach ell Avarecoccus groups are involved, Exceptions occur in the middle
of the beach where small end medium animals are negatively sssociated.

High on the beach in spring, correlations { positive) are relatively wesk, particularly
between small enimals. Generelly correlations are positive and involve small animals
although at 300 m small Ayorococcus are negatively correlated with large Angpells .

Correlgtions are mainly positive throughout the beach in summer and generelly
involve small animels. At 700 m, however, small Angpel/s and lerge Aydrocaccys are
negatively related.

Zeacumentus
200381
100 m: At 2ero and short specings Jegcumsnius is positively correlated with small
Angpells and negatively correlated with medium and large Angpel/s , although most
correlations are weak.
200 m: Small end medium Zescumentus are positively associated with small Angpel/s
at specing 0. At short specings those Zescumantus groups have 8 negative sssociation
with medium and large Angpe//s. Thse sssceigtions continue 8l long spacings but are
weak.
300 m: Large Jescumesntus and medium Angpella are negatively correlsted st zero end
long specings. There is also & week negative correlation between group |1 enimels &t short
spacings. Large animels of each species have & positive correlation st long spacings.
400 m: Atspacing 0 (&nd short spacings) group | animels of each species are posilively
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correlated. Also at spacing O, group | and Il Zescumantys are similarly associated with
medium Anape//s. Correlations are weak at other spacings apart from a strong negative
correlation between large Angpel/é and medium Zescumeniys al long specings.

500 m: No significant associations occur at spacing 0. At other spacings most
correlations are negative and involve a range of Zescumantys  groups and small
Anapells.

600 m: Correlations are negligible.

700 m: Correlations are weak.

270681

100 m: At all spacings small and medium Zescumeantus are positively correlated with
small Angpells.

200 m: Similar to above.

300 m: Similar to above but at medium and long spacings large Zeacumantus have a
negative association with larce and small Angpe//s respectively.

400 m: A range of Zescumanius groups are positively correlated with small Angpe//s
at spacing O, &s are medium Zescumantus and large Angpéelifa. Correlations are weak at
other speeings.

oS00 m: At zero spacing medium and large Zescumentys show a strong positive
correlation with large Angpel/a. Those Zescumantus groups are negatively correlated
with smal) Anspel/s at short spacings.

600 m: Correlations are negligible.

700 m: Correlations are negligible apart from a strong positive sssociation between
group | Zescumantys and group |l and IV Azgpe//é at the longest spacing.

290981

100 m: Small and medium Zescuméniys have a positive association with small
Anagpel/e at zero and short spacings.

200 m: Generally as above although at 200 m the correlations are stronger at long
spacings than they are at 100 m.

300m: As for 100 m but with wesk negative correlations between the two species at long
specings.

400 m: At zero specing group Il animals of each species are negatively correlated and
group |l Zescumanius is positively correlated with medium and laroe Angpelie. At
longer spacings a range of Zescumantus groups are negatively correlated with a range of
Anapells groups.

500 m: At spacing O small Zescumaniys and medium Anspel/la are negalively
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correlated; associations between these groups are positive at non-zero spacings. Medium
Zescumentus and small Angpel/e show negative associations at those spacings.

600 m: Correlations are negligible.

700 m: As sbove.

291281

100 m: At zero and short specings all Zescumesntys qroups have a strong positive
correlation with small Azspells.

200 m: Similar to sbove although group || Zescymantys  and large Anspella show a
strong pesitive relationship at spacing 0. Also, at medium spacings small Zescumanivs
hes wesak negative correlations with small and medium Argpe/ls .

300 m: AWl Zescumesntus groups are posilively correlated with small Angpe//s at zero
and short spacings. Al medium spacings Jescumsntus s negatively correlated with
small and large Angpe//s bul those groups are positively correlated at longer spacings.
400 m: At zero spacing small animals of each species show a weak positive relationship
while group | Zescumesniys and group |Y Anrgpel/s are negatively correlated. Most
correlations at other spacings are positive and involve small and medium animals of esch
species.

500 m: Atspacing 0 small Zescumsnius and Angpelle have a positive correlation but
the sssociation between these animals is negative at short spaecings.

600 m: Carrelationsare negligible.

700 m: As sbove.

Summary

In 8l} seasons the top half of the beach is chareclerised by small and medium
Zescumantys being positively correlated with small Argpe//e.  In autumn those
stations also show negsative correlstions belween Zescumeénfus and medium/large
Angpelle . Negalive correlations also occur at 400 m in spring and summer but involve
smaller Anspells.

At 500 m negative sssociaitons occur in spring and summer, involving small and
medium Angpe//e respectively. In winter large animals of each species are positively
sssocisted at 500 m, 8s are small animals in summer.

Correlations between the two species are always negligibleat 600 m and 700 m.

salinator
200381
100 m: Group Il animals of each species have a8 weak positive association at spacing O;

otherwise correlations are wesk.
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200 m: Correlations are negligible at zero and short spacings. At longer spacings large
Salinglor show positive correlations with group 111 and IY Angpel/s.

300 m: No significant correlations occur at specing O. At other spacings most
correlations are negative and involve small and medium Angpells.

400 m: At zero spacing both Sg//mefor groups are positively correlsted with group 1Y
Angpella. At short spacings S&/inalor is negatively correlated with both small and
large Angpel/s while correlations are negligible at longer spacings.

500 m: Correlations are wesk.

600 m: Correlations are negligible at spacing zero. At short spscings large S¢//inelor

are negatively and positively correlated with small Angpe//s and with medium and large
Angpella respectively.

700 m: Correlations are wesk although at short and long spacings Ss/#efor end group

1l Anspella show a pesitive relationship.

270681

100 m: Caorrelations between the two species are typically negative st all spacings and
involve most groups.

200 m: At spacing O large Sa/insfor are positively correlated with small and large
Angpellg. Correlations are relatively wesk at other speacings.

300 m: Mo significant sssociations are evident at spacing zerobut at short spacings, large
Sslingfor show positive correlations with small and large Angpel/s.

400 m: Large Sa/insfor show weak negaltive correlations with small Angpe//s at zero
and short spacings while at longer spscings Sa/inafor is positively correlated with 8
range of Angpe//e groups.

500 m: Sg/inator is negatively correlated with small Angpe//a at most spscings.

600 m: Correlations are wesk.

700 m: At spscing zero group | snimals of each species show a strong positive
relationship. At specing 1.00 lerge S&/insfor sre negatively correlated with small
Anspells andat other spacings that Se//rgfor group is positively correlated with small
and large Angpel/a.

290981

100 m: Correlstions are relatively week but at specing O small animals of sach species
are positively sssociated.

200 m: Atall spacings S&/inglor is positively correlated with small Anapel/s.

300 m: Similar to above although correlations are weaker.

400 m; Cerrelations are wesak.

423°



S00 m: Both Sa/inalor groups are negatively correlated with small Angpelle st
spacing 0. At long spacings the two species are positively correlated.

600 m: Total Sa//nator numbers are negatively correlated with group |1l Angpe//s at
zero spacing while at short spacings small Ss/fnelor andsmall Angpel/a are positively
correlated.

700 m: At specing O group | Sa&/instor and group |I| Anapells ere negatively
correlated. Correlations at other spacings are relatively wesk.

291281

100 m: Sa/inalor is positively related to small and large Angpe//a at spacing zero. At
short spacings group | $&/inator isnegatively, and group 1) positively, correlated with
those Angpells groups.

200 m: Total Sa/inafor numbers show negative correlations with small and large
Anapelia ot spacing 0. Correlations are weak at non-zero spacings.

300 m: Correlations are weak.

400 m: There is a strong positive relationship between group Il animals from esch
species at spacing zero but total S&//nafor numbers are negatively correlated with large
Angpella st that spacing. Most associations at other spacings are positive and are
between group | Sa//nsator and a renge of Anagpel/s groups.

500 m: Correlations are negative at all spacings and involve large S&//nafor and small
Anapells .

600 m: At spacings O and 1.00 small S&//nafor and small Angpella are positively
correlated. At medium spacings group || Sa/insator is negatively correlated with small
Anagpells and positively correlated with large Anaps//a.

700 m: Group {| Sa/rnator is negatively correlated with small Angpe//a , end positively
correlated with medium Angpe//a , at zero spacing. Correlations are weak at non-zero
spacings.

Summary

Salinator is positively correlated with small Angpe//s at either end of the autumn
transect. Similar associations occur between larger animals at 600 m. Near the middle of
the beach Sa/inator is negatively correlated with a range of Angpe//a groups.

In winter the two species are negatively correlated at the top of the beach, as are large
Salinstor and small Angpelle ot the last station. At 200 m snd 300 m large
Salinator are positively related to small and large Angpe//e while at 400 m and
o00 m Se/inator is negatively correlated with small Anapel/s.

In the top half of the spring transect Sa//nafor is positively correlated with small
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Anapells. Those groups are negatively correlated in the bottom half of the beach.

At the first summer station Sg/inafor is positively correlated with small and large
Angpelfe but at 200 m that relationship is negative. Small animals are positively
related in the middle of the beach but relationships involving large animals of either
species are negative there. At the lower end of the beach large Se//nafor end small
Angpelle are negatively correlated but otherwise the two species have a positive
association there.

cylichning

Autumn correlations are generally week at spacing O but &t short spacings
Cylichnine is often positively correlated with small Angpel/s.

In winter correlations are weak at zero and short spacings except at 100 m, S00 m
and 700 m where small Angpells ond Cy/ichning are positively correlated.

Correlations are weak in the top half of the beach in spring, and are significant at
short spacings only at 700 m where CW//chnins is positively asssociated with small and
medium Angpelis .

In summer Cy/ichning is generally positively correlated with small Angpel/s
although at 200 m and 400 m larger Angpe//s are involved. At 600 m the associations
are negative.

Rissopsis

Inautumn R/ssopsrs tends to be negatively correlated with small Angpe//é in the
middle of the beach but the correlation is positive at the last station.

Negative associations also occur in the middle of the winter transect but elsewhere
Rissopsis andsmall Angpel//sé show a positive relationship.

At the last two spring stations small and medium Angpel//e are negatively
correlated with #/ssgps/s but at other distances those associations are mainly positive.

Correlations are weak below 400 m in summer. In the top half of the besch
Rissgpsis is generally positively correlated with small Angpe//e  except at 200 m
where group |l Anspellé and Rissopsrs are negatively correlated at spacing 0.

Microdiscuia

Significant correlations are restricted to the top half of the besch in autumn, are
mainly positive and involve small Angpel/a. At 300 m, however, Microdiscula is
negatively associated with small Angpe//s at short spacings and large Anspe//s at long
spacings.

In winter correlations are weak at short spacings except at the first and last stations
where Microdisculs is positively correlated with small Anspel/s (and \arae Anapells
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at 700 m).

High on the spring beach //crogiscu/e is negatively correlated with small and large
Angpelle. At the middle and bottom of the transect, AMicrodiscu/s and group 1l
Anspells are positively sssociated.

Correlations are restricted to the top stations in summer and are strongestat 100 m
where /Microdiscu/s and group | Angpel/é have a strong positive sssociation.

Nassarius

Autumn correlations are negligible at short spacings exceptat 200 m and 300 m
where AMassarius is positively correlated with group 11| Angpel/s.

At most stations in winter, Massérius shows strong positive correlations with large
Anape/le. High on the beach Aasserius is also positively correlated with small
Anapélls.

At spring stations other than 600 m and 700 m, Agssarivs and small Angpel/s are
positively correlated at zero or short spacings.

Summer associations are similar to thase of spring.

Agsaths

At 200 m inautumn, smalt Angpel/s arenegatively sssociated with Agseihs while at
300 m, group Il Angpel/a showsa positive correlation with #/ssgpsis. At 100 m and
400 m Agsths and large Angpel/s are positively correlated st short spaecings.

In winter significant positive correlations occur at most stations and generally involve
medium or large Angpel/a.

Spring correlstions are confined to the 100 m and 400 m stations , are positive and
involve medium and large Anspel/a.

Summer sssociations are negligible except at 100 m where there is a weak positive
correlation between Agalhe and the smallest Anspel/a qroup.

Bembicium

Autumn correlgtions are restricted to the top half of the beach, are positive and
involve small Angpel/s.

As in the previous season, winter correlations are negligible below 400 m. In the top
‘half of the beach most asociations are negative and involve small Angpel/s.

High on the spring transect Bembicium is positively associated with group | and I
Anspelle but shows negative correlations with groups Il and IV.

Summer correlations are relatively weak at all stations apart from a strong positive
correlation between Zembicium andgroup |1 Angpells at 100 m.
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Avstrocochles

in autumn, correlations are weak at most stations but generally Ausirocochles is
negatively correlated with small Azgpe//s inthe top half, and positively correlated with
small/medium Angpe//e in the bottom half, of the besch.

Austrocochles and Anspells are positively correlated at most stations in winter.
The sssaciations involve small Angpe//s in the top half of the beach and large Anspells
in the bottom half.

Spring correlations are weak except at 400 m and 600 m where they are positive and
involve large and medium Angpe/ls respectively.

Significant correlations occur at most stations in summer, are positive and typically
involvegroup i or |11 Anspells.

Noloscmes

Autumn correlations are wesk at short spacings although at 200 m and 300 m
Noltoscmes is negatively correlated with small Angpe//s. At 600 m those groups are
positively correlated.

Correlations are wesk in winter apart from positive correlations involving group |1
Angpells a 300 m and 600 m.

Spring correlations are also weak but at 300 m and 400 m they are positive and
involve small Anapells.

Summer correlations are similar to those in spring but they occur at 100 m, 400 m
and 500 m.

Anthopleurs

High on the besch in autumn, correlations between Anthoplevrs and small
Anspells  are negalive. At most stations Anffop/eurs shows a strong positive
relationship with large Angpe/ls.

In winter Anfhopleurs and large Anspells are positively correlated at most
stations. At 300 m small Angpe//s are involved in negative sssociations.

Overall, correlations are weaker in spring than in other sessons. The strongest
(positive) correlations involving large Anspe//e occur at 200 m and 300 m. At 400 m
and 500 m small Angpe//e are negatively correlated with Anthopleurs .

At most summer stations Anthop/eure and large Angpe//a have a strong positive
relationship. Negativecorrelations are minimal in this season.

Kalelysis and
Wallucing
Autumn correlations are weak except &t 500 m and 700 m where Wa//ucins shows
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strong positive correlations with large and small Kg/e/ysig respectively.

Correlations are negligible in the upper hslf of the besch in winter. At 500 m there
is a strong positive sssociation involving medium sized A'gfelysie but st other distances
correlations are negative and involve smaller animals at the lowest stations.

In spring correlations are negligible although at 500 m and 600 m there are wesk
negative sssociations.

Significant positive correlations occur at most stations in summer. The strongest
associations occur in the middle of the besch between Wa//ucing and small Kefelysia .

Soletelling

Significant positive correlations occur at most autumn stations but are strongest in
the top half of the beach. Onlyat300 m, however, are significant correlations evident at
zero spacing ( K'glelysia juveniles).

In winter significant associations again occur at most stations but they are not strong'-

at zeroand short spacings.

Strong positive correlations are evident at 300 m, 400 m and 700 m in spring.
These involve large A'ale/ysig at 300 m and smaller animals at the other stations.

In summer zero specing correlations occur only at 300 m and 600 m. At 300 m,
group ¥ K'alelvsia are positively correlated with Sofelelling while at 600 m there isa
negative assaciation involving Agafe/ysig juveniles.

Hydrococcus
200381
100 m: Large K'gfel/ysig are positively sssociated with small and medium Aydgrococcus
st zero and short spacings.
200 m: Nosignificant correlations occur at zero spacing. At spacing 1.00 small snimals
of each speciesare positively associated but otherwise correlations are wesk.
300 m: No significant correlations occur at zero spacing. At short spacings large
Hydrococcys arenegatively related with group 111 Kafelysia.
400 m: Small animals of each species have a strong positive relationship at spacing 0. At
short specings medium Ayrococcuys and small and large Aafe/ys/g  are negatively
correlated.
500 m: Correlations are wesk.
600 m: Small animals are positively correlated at zero and short spacings while these
asociations are negative at longer spacings.
700 m: Similar to above with the addition of positive correlations between large
Hydrococcys andsmall Kafelysig st long spacings.
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100 m: Correlations sre wesk.

200 m: Asabove.

300 m: No significant correlations occur at zerospacing. At other spacings small animals
have a positive correlation while small Adrococcys and large Kalelysia are negatively
related at spacing 1.00.

400 m: Oroup Il animals of each species have a positive correlation at spacing 0. At
short spacings small animals have a similar relationship but smail Hydrococcus are
negatively correlated with large Ksfelysia.

500 m: Correlations are weak.

600 m: Group Il animals of each species have a positive correlation at spacing 0. At
short spacings small animals have a similar relationship while large Ayorococcus are
negatively correlated with large Kafelysia.

700 m: At spacing 2erogroup || Kafelysia and Hydrococcus are positively sssociated.
Most correlations at other spacings are negative and involve small Aydrococcys and
medium or large Kale/ys/s.

290981

100 m: Correlations are wesk.

200 m: Asabove,

300 m: At 2ero and short spacings small Ag/e/ysig are positively related to a rangs of
Hydrococcus Qroups.

400 m: At spacing O small animals are positively correlated while larger animals are
negetively sssociated. Correlations between these groups are generally positive at
non-2ero spacings.

500 m: At zero and short spacings small Ksfelysig are positively related to a range of
Hyarocaccus groups. The two species are negatively correlated at longer spacings.

600 m: At 2eroandshort spacings medium and large K'afe/ysig are positively related to
arange of Aydrococcys groups. Those sssociations are negative at other spacings.

700 m: Medium sized groups have a positive relationship at spacing 0. Correlations are
weak at short spacings.

291281

100 m: Correlations are weak.

200 m: Asabove.

300 m: As above.

400 m: Large animals are positively correlated at spacing 0. At short spacings smail
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Fudroerersy shuw aslreny posilive essocistion with medivin Kala/ysia.

SUD e AL wpasing O tutal A creccenws numbers hove o wedk posilive correlution with
o sinablet Swed sy group. Hlost carrelations at shorl specings ere positive and
Letwan simsll animals of exch speeics.

600 i Smulllmadivm Ay urececeys end large Autelysiy hove negalive correlslions al
meal spacings,

700 m: The lwo speecies (a renge of groups) are negalively correlaled 8t most spacings,
allhzugh no sicnificent correlations occur ot specing Q.

Cymmany

In all zeazons correlations belween the two species are week ot the top three stations.

Mest eerrelations In aulumn are positive and (nvolve small animals of each species.

Tha winler essecialions ere similar although larger snimals are invalved al 400 m
end 600 m.

In spring most Ayorecoccus groups are positively esssociated with Aale/vs/a in the
lewer halflof the beach. The Kalelysie groups involved in these associations ere larger at
(b2 lowest stations. In the middle of the spring beach, larger animals are negatively
cerrelaled

Lergz animals are positively associated in the middle of the summer beach and small
croups ere similerly associated at SO0 m. In the lower twa stations, however, the two
specics show o general neqative relationship.

Zeacumantys
200381
100 m: Correlations are weak.
200 m: Correlations ere weak except at spacing O where the smallest groups of each
species have a strong negalive correlation.
300 m: At zerospacing small and medium Zescumanius are positively carrelated with
small Kalelysrs ;also al hal spacing, small Zescuméntus show are weak negalive
associalion with medium Kale/ysia .
400 m: Lergs animals are puosilively correlated et specing 0. At olher specings small
enimals are similarly relaled.
500 m: Al 2ero spacing medium and large Jescumantus ere positively sssocialed with
small and medium AXalelysie  respeclively.  Simfiler relstionships are evident at
nan-zero specings.
600 m: Correlations are weak slthough medium Zescumeanius  end small Kglelysig
are positively relaled al specing Q.
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700 m: Small and medium Zescumsaniys show negative correlations with small
Kalelysia ;otherwise correlations are negligible.

2170681

100 m: Medium Zescumsntus andsmall K&lelysie have a week negative correlation at
spacing zero. At short spacings small animals of each species have similar associations.
200 m: Correlations are weak apart from a strong negative correlation between small
animals at short spacings.

300 m: No significant correlations occur at spacing zero. At specing 1.00 lerge
Zesgcumentyus and smell K'alelysig show a strong positive correlation.

400 m: At spacing O positive correlations occur between small Zeacuméntys and small
Katelysia , and between large Zescumantys and medium Kefe/ysig. Correlations are
weak at other spacings.

500 m: No significant correlations occur at spacing zero. At specing 1.00, however,
medium Zeacumesntus s posilively correlated with small end medium Kslelysis.
Lerge Zescumantys eore 8lsa positively sssocisted with medium K'afe/ysig but is
negatively correlated with small Kafe/ysis.

600 m: Correlations are negligible.

700 m: Carrelations are weak.

290981

100 m: At zero spacing small K@fe/ysre show negative and positive correlations with
small and medium Zescumantus respectively. Correlations are negligible at other
specings.

200 m: Small and medium Zescumantuys show positive relationships with large
Katelysig ot most spacings. At short spacings lerae Zescuménius and small Kalelysia
have a strong positive correlation.

300 m: At zero and short spacings Zescumantus is positively correlated with small
Katelysig and negatively correlated with lerge Kafe/ysia.

400 m: Medium and lerge Zescumsniys are positively sssocieted with small and medium
Katelysig at zero and short specings.

500 m: Al most spacings small, and also medium, animals of each species show positive
relationships.

600 m: Correlations are negligible.

700 m: As above.

291281

100 m: Carrelations are weak.

431



200 e Ascebove, although at medium specings small animals show positive correlations.
300 m: Mo sigaificenl correlutions occur al specing zero.

400 m: Correlations are weak.

SO0 m: Al specing zero small &w/lelvsis  are posilively correlated with smell and
muedium sescumantus . Correlalions are weak otherwise,

600 m: Cerrelalions are negligible.

700 m: As ebove.

c.“[nm;:[:i

hzar the lop end, and al the bottom, of the aulumn beach, small animals are negalively
correlaled.  Correlations at olher stalions are positive. The significanl associalions
invalve large animals near Lthe micdle of the beach and smaller animals away from the
cenlre.

In winter small animals are negatively carrelaled at the top of the beach as are large
Zescumantus  and smell Aale/ysia  at 500 m. In the middle sections aof the beach
correlations are positive and involve larger animals. Associations are weak at 600 m and
700 m,

Small animals of each species are negalively correleled at the top of the spring beach,
8s ere lerge Kalelysie  and most Zegcumanivs et 300 m. Correlations at other
statlons are positive and generally (nvolve small and medium animals.

In summer correlations are weak over most of the beach wilh the strongest being
positive and occuring between small animals at SO0 m.

Sglinalor
200381
100 m: Mo significant correlstions occur et spacing 0. Al short specings group |
Salinator is positively correlated wilh medium and large Ksfe/ysie while group |l
Satinalor shows a weak negalive correlation with medium Kalelysio.
200 m: Correlations are weak.
300 m: Oroup il animals of each species are positively associated al zero spacing although
correlalions are generally weak.
400 m: Correlations are negligible.
500 m: Correlations are weak elthaugh both Sa//nafor groups ere positively correlated
with larce Aalelysis st shorl spacings.
600 m: Correlations are weak.
700 m: Atzerospacing group | animals are negatively correlaled while al short specings,
group Il Sa/inator shaws positive correlations with small end medium Kale/vsia.
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270681

100 m: Correlations are weak but st short and medium spacings group | animals are
posilively associated.

200 m: Correlsations are negligible.

300 m: There is a strong positive correlation between group | Asée/ysre and group |
Safinator at specing 0. Correlations are weak otherwise.

400 m: Correlations are wesk st short spacings apart from a positive correlation between
large Sg/rnstor and medium Kalelysis.

500 m: At spacing zerogqroup | S&/7nsfor andgroup ¥ A'alelyia show a strong positive
association. At medium spsacing both S&//asfor qroups are negatively correlated with
small Kafelysrs.

600 m: Group Il Sa/instor shows positive relstionships with medium and small
Katelyssa at zero and short specings respectively.

700 m: At specing O there are strong positive correlations between small S&/fnsfor and
small Kars/ysig. Correlations are weak at non-zero spacings but generslly Se//nalor
is negatively correlated With medium K'afe/ysrg.

290981

100 m: Correlations are wesk.

200 m: Al spacing 0 small and large S&//ngfor heve a strong pasitive correlation with
small and large Kars/ysie respeclively. At short spacings large Sa/fnsfor and small
Katelysig show a weak positive relationship.

300 m: Small Sa/inalor is weskly negatively correlated with large Agle/ysie at zero
spacing. At short spscings Sa/fnefor and small K'gle/ysig are positively correlated.
400 m: Correlations are wesk.

500 m: Group | S&/7nglor shows sirong positive correlations with small and medium
Ketelysra, and negative correlations with large Aafe/ys7e, at specing zero.
Correlations are wesk otherwise.

600 m: At spacing O there is a strong positive relationship between group | animals of
_ each species. At other spacings correlations are weak.

700 m; Correlstions are weak st all spacings but st zero and short spscings, small
animals are positively associated.

291281

100 m: Correlations are wesk.

200 m: Atzeroand short spacings group | Sa/inator is positively associated with large
Katelysra.
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300 m: Both Sa/inafor groups are positively correlated with small K's/e/ysia at zero
and short spacings but correlations are negligible at other spacings.

400 m: Correlations are weak although small animals are negatively correlated at
spacings 0 and 1.41.

500 m: At zero and short spacings small Ss&//26for animals are positively correlated
with small Kefe/ysiz while large Sa/inslor ere negatively associated with those
Katelysia groups.

600 m: Sa/rnstor shows positive correlations with small and large Ke/e/ysie at zero
and short spacings.

700 m: Correlations are weak but generally small animals are negatively associated.
SUMMAry

At the top of the autumn beach medium/large animals are negatively correlated as are
small animals at the last station. At 300 m and 500 m, the two species are positively
correlated, with associations involving small animals of one species and large animals of
the other.

Strong sssociations are primarily restricted to the lower half of the beach in winter.
At either end of this zone the associations are between small animals and are positive. In
the intermediate areas the associations are also positive but generally involve small
animals of one species and large animals of the other.

At the top of the spring beach, and throughout the lower half, small animals have a
positive correlation. Small Sg//nsfor are negatively associated with large A'sfe/vsra
near the middle of the beach.

The two species show a general positive relationship towards the top and bottom of the
summer transect. Near the centre of the besch, however, Sg/rnglor is negatively
correlated with small Kafé/ysia.

Cylichning

Autumn correlations are weak at zero spacings. At either end of the beach
evlichning shows weak positive relationships with small/medium Ksle/ysig. At 300
m there is a strong positive association involving large Kafe/ysia but at 400 m that
gssociation is negative.

In winter the strongest correlations are positive and occur in the top half of the beach
where they involve Cy/ichinine and large Kale/ysis .

Correlations are weak in spring but at 200 m and 600 m Cy/ichning is positively
correlated with large Kalelysia .

Summer correlations are also weak although small and large X'g/¢/ys/é are involved
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in negative asscciations with &y/2icAning at 400 m and 600 m.
RISs00515

Correlations are weak at most stations in autumn. Only at 700 m do significant
associalions occur al specing O; these are positive and involve small K'atelysia.

The winter asscciations are similar to those of autumn.

Overall interactions belween the lwo species are strongesi in spring and significant
zero spacing correlations occur al most stations. These are positive and involve large
Katelysis near the lop, medium A'sre/ysis near the botlom and small Asfe/ysie near
the middle of the beach.

Correlations are wesk in summer although there is a positive relationship between
Rissopsis and small Kale/ysia al the 200 m station.

Microdisculs

Autumn correlations are negligible apart from sirong positive relationships with
large Kafelysig over short spacings at 100 mand 400 m.

In winler the only strong association cccurs at 400 m where /icrodiscul/s has a
strong positive correlation with large Xafe/ysia.

Correlations are weak in spring and summer.

N&ssarius

Inautumn Nassarivs s postively correlated with large Kafe/ysig in the top half,
and with small &sle/ys7g in the bollom half of the beach; al 700 m, however, the latler
relationship is negative.

In the middle of the winler transecl Agssar/us and large A'slelysig show a posilive
correlation. Positive relationships are also evident in the lower half but small animals
are involved.

In gpring correlstions belween the two species are positive, strongest in the lower
half of the beach and usuglly involve small K'&l&/ysia.

The strongest summer associations occur in the middle reaches of the beach. At 300 m
they are between AMasssrivs and large K'atelysrg whileal 400 m small Kale/ysie are
- involved.

Agelhs

Associations belween Kafelysia and Agalsse are weak at most slations in all seasons.
Exceptions occur at 600 m in winter andat 400 m in summer when Agglss shows strong
positive correlations with small and medium Kalg/ysia.

Bembicium
Correlations belween Aale/ysia and Bembicium are week.
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Austrococh/es

In autumn the strongest asscciations occur near the middie of the besch where
Austrococh/ea and large Kgle/ysig are positively correlated.

Correlations are weak inwinter apart from a strong positive relationship between
Austrococir/es and group (11 Kerelysie at 600 m.

Smell Kare/ysie are negatively correlated with Austrocochi/es &t 400 m and 700
m in spring but these groups are positively related at 600 m.

Summer correlations are negligible apart from positive associations involving large
Kaielysiag at 100 m and 600 m.

Nolosecmes

In autumn Aofpacmea is positively correlated with large Kafe/ysie  in the top
section of the besch.

Winter associations between Aoloscmes and Kale/ysia are week.

Correlations are also weak in spring although Aofoscmes and small Kalelysia are
negatively related at 400 m.

In summer Awoloscmes is positively carrelated with small Kale/ysia  nesr the
middie of the besch.

Anthopieurs

Inautumn Anthop/evra shows strong positive relationships with large K'are/ysre at
all but the 700 m station. Inthe middie of the beach ArfAsgp/eure and smell Kedelysie
are negatively correlated.

Associations between the two species are weaker in winter but at 100 m and 400 m,
smell Kgfelysig are involved in positive sssociations. Also at 400 m, lerge Kefelysia
and Anlhopleurs are positively correlated.

In spring Antfiopleura and large Kafelysie are positively carrelated in the middie
sections of the beach. At 300 m smell A&fe/vsiz are negetively sssociated with
Anthopleurs .

Anthopleurs end laroe Kelelysrs are positively correlated with large Asis/ysie
-in the middle sections of the summer besach.

Wallucing  end
Soletellins

Caorrelations between We//vcing and Soletel/ing are wesk. Only in summer, at

300 m, da the two species show strong sssociation ( positive).
Hydrecoccus
Correlations are weak but generally Wa//ucing is negatively correlated with small
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Hyarococcus  at short spacings.
Zescumantys
In autumn, correlations are significant only at 300 m where they are negetive and
involve large Zescumentys . Associations between the two species are weak in other
$€e850NS.
Salinstor
Inautumn and winter Wa//ucrne is positively correlated with large Sa/inator over
medium spacings at a number of stations. Correlations are weak but the two species are
negatively related at the last station. Associations are also wesk in summer although
Wallucine and Salinalor are positively correlated at the top, in the middle and at the
bottom of the beach.
Cylichning
Correlations are wesk.
RissopsIs
Apart from a positive correlation at the lower end of the autumn transect,
correlations between Wa//ucine and Rissgpsis are weak.
Microdisculs
Inautumn Wa/lucine and Microdiscu/e show a positive correlation in the middle
of the beach. Associations between the two species are weak in winter. Positive
correlations occur at the last andfirst stations in spring and summer respectively.
Nassarius
Correlations between We//ucine and ANasssrius are negligible apart from a
negative relationship in the middle of the autumn besch.
Agaths
Correlations are generally weak.
Bembicium
As above.
Austrocochles
As above.
Anthopleurs
In autumn Wellucing and Anthopleurs are positively correlated at 500 m. The
twospecies are also positively correlated in winter at the last station. Inspring pasitive
correlations occur in the lower half of the beach while in summer there are only wesk

gssociations between the two species (at 700 m).
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Saletelling and
Hyarocececus

In sutumn there are significent positive correlations between So/efel/ing and
Ayarocaccus 8l most stations. At 300 m and 700 m these involve small Aarococcys ;
at 100 m and 400 m medium sized, and al 500 m large, Aydrococcys are involved.

Correlations between the 1wo species are weak in winter although at 200 m there is a
positive correlation with small Ayagrococcys . Al 300 m medium sized Aydrococcys
have 8 weak negative association with So/ete//ing .

Correlations are also weak in spring apart from a negative correlation involving large
Hyarococcys st the 300 m station.

In summer 8ll Ayarococcys groups show a sirong positive relationship with
So/efel/ling at 100 m and there is a negative correlation between the iwo species al
600 m.

Zeacumanius

In all seasons but winter So/ete/line end large Zescuméntus show posilive
correlations near the top of the beach. These are particularly strong in summer when
medium sized animals are also involved.

salinatlor

In sutlumn end winter So/efe//ing shows positive essociations with large Se/inator
near the top of the beach. Positive relationships between the iwo species occur near the
middle of the besch in spring and summer bul smaller animals are involved and the
correlations are weaker.

Cylichning

At the 300 m station in sutumn So/etelling and CV/ichning have a weak posilive
correlation; al 500 m in thaet season the two species are negalively correlated. In winter
Solelellineg and CV/ichnine show positive relationships at the lower end of the beach.

Associations are weak in spring and summer.

RIssopsis

Correlations are weak in sutumn and winter. In spring the two species have a weak
positive correlation al 700 m while in summer there are sirong positive associations at
the top two stalions.

fMicrodiscula

Correlations are negligible except for a positive relationship & the 100 m station in

summer,
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Nasserius
In autumn and summer Aassarius and Solete/l/ing  sare positively correlsted neasr
the top of the beach; otherwise assaciations are negligible.
Agalhe
As above.
Bembicium
In autumn Zembicium ond Solefelling show positive correlations st 200 m and
400 m while in summer there is a positive relationship at 400 m. Correlations are
negligible otherwise.
Austrocochles
In autumn the two species are positively associated at 100 m. Correlations are
negligible in winter while in spring and summer there are positive correlstions towards
the bottom of the beach.
Notoacmes
Inautumn So/efelling and Aofoscmes are positively correlated at all but the first
and last stations of the beach. Asscciations are negligible in winter and spring and in
summer there is a positive correlation at S00 m.
Anthopleure
Soletelling ond Anthopleure show a positive assccistion at 300 m in autumn.
In winter there are similar associationsat 200 m and 400 m. Correlationsare negligible
in springand in summer they are positive but confined to the lsst station.
Hydracoceus  end
Zeactimaniys
200381
100 m: At spacing O 8 range of groups of each species show strong positive correlstions.
These continue over most spacings.
200 m: Correlations are weak.
300 m: Correlationsare weak but small animals of one species are positively associated
with large animals of the other.
400 m: At spscing O small Aydrococcys and medium Zegcumentius  are positively
correlated while that Zescumenius qroup is negatively associated with medium
Hydrococeys . Similar associations oceur at short spacings.
500 m: Correlations are wesk.
600 m: At specing zero small Avdrococcus show a weak positive relationship with

medium Zescumentys .
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700 m: There are negative correlations between small/medium Zescumsenius and
medium Avarococcus 8t spacing O,

270681

100 m: At zerospacing large Jescumanitys show strong positive correlations with small
and large Aydhococcus . There are similar associations involving most groups at short
spacings.

200 m: At zero and short spacings all Jescumsenius Qroups are positively correlated
with medium and large Ayarococcus .

300 m: Small Jescumesntus are positively related to medium Ayvarococcus et spacing
0. Alsoat that spacing small Ayorococcys shows positive and negative correlations with
medium and large Zegcuméntus respectively. Correlations are weak otherwise.

400 m: Large Ayorococcys and medium Zescumesntus have a weak positive association
at spacing 0.

500 m: At zero and short spacings medium and large animals from esch species are
positively related.

600 m: Caorrelations are negligible.

700 m: Small Zescumentus are positively correlated with large Ayorococcus et
spacing 0 and with small Ayorococcus at short spacings.

290981

100 m: At 2ero and short spacings medium and large Zescu/msntus are positively
assaciated with small and medium Avagrococcys .

200 m: Group | Ayarococcys is positively, and group |1 Hvdrococcus negatively,
correlated with Zescumeniys 8t zero and short spacings.

300 m: At spacing 0 small Jescumsntys and small and medium Aydgrococcus are
positively correlated as are large animals of each species. Similar associations occur at
other spacings.

400 m: Correlations are weak except at spacing O where small animals of each species
are positively related.

500 m: Correlations are weak.

600 m: Correlations are negligible.

700 m: As above.

291281

100 m: At spacing O all groups of each species have strong positive correlations. Similar
asociations occur at spacing 1.00 but correlations are weak at longer spacings.

200 m: At specing O all groups of esch species have strong positive correlstions.
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Correlations are relatively wesk at non-zero spacings.
300 m: Medium and large animals are positively associated at zero spscing but
correlations are weak at other spacings.
400 m: At specing 0 large Zescumesntys end small Aydrococcys show a positive
correlation.
500 m: Correlations are wesk.
600 m: As above.
700 m: Correlations are negligible.
SUMMAry

Positive correlations occur at most sutumn stations and involve a range of groups.
Negative associations occur in the middle and at the bottom of the transect.

The winter relationships are similar to those of autumn although negative associations
occur only at 300 m.

In spring, significant correlations are restrictedtothe upper half of the besch. Most
associations sre positive but small animals are negatively correlated st 200 m.

Correlations are also confined to the upper beach in summer and are always positive
in that seeson. Associations between Ayarococcys and Zescumesntys ere particularly
strong at the top two stations.

salingtor

200381

Correlations are wesk in autumn apart from negative sssociations between small
Salingtor end small/medium Ayarococcys atthe 700 m station.
270681
100 m: Sa/instor is negatively correlated with small and medium Aydrococcys at
short spacings.
200 m: Carrelations are weak.
300 m: Salinator is positively correlated with medium and large Ayarococcus at
spacing O; otherwise associations are wesk.
400 m: Caorrelstions are wesk although lerge Ss/fngfor wendgroup || Aydrococcys
are positively related at spacing 0.
500 m: Atspacing |.00 small animals of each species show a strong positive relationship.
600 m: Carrelations are wesk.
700 m: Small animals show 8 strong positive relstionship at zero and short spacings
while large animals are negatively correlated.
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290981
100 m: Small animals are positively carrelated at spacing O and at short spacings large

Sa&linafor s also positively related to small Ayarococcus .

200 m: Correlations are weak,

300 m: Large S&//nafor show a positive correlation with small Avarococcys  at zero
and short spacings.

400 m: Small animals of esch species are positively related at spacing O and at short
spacings medium Ayarococcys are also involved.

500 m: Atspacing O small and large Ayarococcus are negatively correlated with large
and small Sa/inator respectively. Correlations are weak at short spacings.

600 m: Correlations are weak although at spacing zero group | animals of each species are
positively related,

700 m: Correlations are weak.

291281

100 m: Correlations are weak apart from negative correlations between a range of groups
at medium spacings.

200 m: Correlations are weak.

300 m: There is a strong positive correlation between small animals at spacing 0.

400 m: At zero andshort spacings large S&//nator are positively correlated with large
and medium Aygrococcus respectively.

500 m: Although correlations are weak there is a general negative relationship between
the two species at most spacings.

600 m: Correlations are negligible.

700 m: Correlations are weak but at spacing 1.00 small animals are negativelly
associated.

UOMACY

Associations in autumn are weak at all but the 700 m station where small animals are
negatively correlated,

In winter negative correlations occur at both the top and bottom stations. Near the
middle of the beach large S&//nsfor are positively associated with medium/large
Avdarococcus ; at 500 m similar relationships occur between small animals,

Selinstor and Aydrococcus show negative correlations at the 500 m station in
spring while sssociations are positive higher on the beach.

In summer the two species show negative correlations at 500 m and 700 m;
gssociations are positive near the middle of the beach,
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oylichnins

Inautumn strong ssociations belween Aydrococcus occur only at 100 m where
Cylichning s positively sssoclated with small Ayarococcys . At 400 m and S00 m
there are similar gssocitaions at short spacings.

Significant zero spacing correlations occur at 200 m, 300 m, 500 m and 600 m in
winter. These involve small Aydrococcus al 600 m and medium Ayarococcus al the
other stations.

Inspring Cy/ichning is positively associated with small and medium Ayvarococcys
at 400 m and 600 m respectively.

At 400 m on the summer beach group |l Avdrococcus is negatively correlated with
Cytichning but at 500 m those groups are positively related. Above 400 m medium
Hyarococeus are positively correlated with C&y/ichnins  at short spacings. Similar
gssuciations involving all Avdrococeus groups occur at 600 m.

Rissgpsis

Autumn correlations are weak excepl for positive associations at 400 m and 500 m
involving medium and large Ayarococeys respectively.

in the upper half of the winter beach A/ssgpsis is positively correlated with medium
and large AHydroceccus while at the bottom two stations small animals are involved in
similar sssociations.

Inspring only the 200 m and 700 m stations show zero specing correlations. At 200
m they are positive and include group |l and Il Avdrococcys and at 700 m, group |1}
Hydrococcus are posilively correlaled with A/7ssgpsis .

In summer all Avdrococcys groups show posilive correlations with 27ssgpsizs  al
100 m. Correlations are weak otherwise apart from a positive correlations belween
Rissgpsis and group ||| Ayarococcys at 700 m.

Microdiscula

Inautumn and winter /7crogdisculs is positively correlated with large and medium
Hydrococcys  respectively, near the middle of the beach. Correlations in those sessons
are otherwise weak.

In spring the only significant zero spacing associations are positive and involve small
Hyvarecoccys at 100 m.

In summer there are similar associations at 300 m.

Nassarius
Inautumn large Aydrococcus are positively correlated with Aesssrius at 200 m.

AL 700 m small Avdrococcus are negatively correlated with Aassarius .
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There are strong positive associations between AMassarius and large Aydrococcys at
the winter 200 m station. Small animals are involved in positive relationships at 700 m.

In the middle sections of the spring beach Asasserius is positively correlated with
large Aydrococcys  over short spacings. At either end of the transect small
Hydrococcys are negatively correlated with Massgr/us |, also over short spacings.

In summer there are negative correlations between Aassar7vzs  and medium
Hydrococeys at 200 m and 700 m but at 100 m all Avdroceccys groups show a
positive association with Massarius .

Agatha

Large Myarococcus are positively associated with Agalfs in the middle of the
autumn beach. There isa similar relationship with medium Aydrococcus at 500 m.

In winter Agathe is positively correlated with large Avdrococcys at 200 m.

At the top of the spring and summer transects Agsffe is positively related to group |l
and ||| Aydrococeys .

Bembicium

No significant 2ero spacing correlations occur in autumn but at 100 m,
Bembicium s positively correlated with large Ayarococcys .

Large Mydrococcus ere positively correlated with 8embicium in the middle of the
winter beach; otherwise correlations are weak.

In spring small Mvdrococcys and Bembicium are positively sssociated at 100 m.

In summer medium and large Aydrococcuys are involved in positive correlations
with Bembicium at 100 m.

Austracachles

Correlations between Awusfrocochl/es end Hydrococcus are weak in autumn and
winter.

In spring, all but the largest Ajdrococcys groups are positively correlated with
Austrocochles at 300 m while group IY Ayorococcys 1s involved in a positive
association at 600 m.

At the summer 300 m station Austrocochi/es is positively correlated with small
Hydrococcus . Similar  associations involving medium/large Avdrococcuys — occur
at 700 m; at 600 m medium Aydrococcys — are negatively associaled with
Austrocochles .

Noloscmea

Small Aydrococcus are positively correlated with Aedescmes in the middle of the

autumn transect.

444



In winter group || Ayarococcus and Mofosemes show a positive relationship in the
middie of the beach.

ANl Ayarococecrs groups shaw positive sssociations with Aofoscmes near the
middle of the spring beach.

In summer Aoloacmes is positively sssociated with group Il Ayrococcus  at
200 m and 400 m,

Anthopleura

In autumn small and medium Ayarococcys are negatively correlated with
Anthopleurs in the upper half of the besch. At 500 m, however, there is a weak
positive association involving small Aydrococcys .

Medium and large Aydrococcys are negatively correlated with Anfhopleura st
winter stations other than 200 m, S00 m and 700 m. At 200 m large Ayadrococcys
show a positive relationship with Anfhopleurs .

Below the 200 m station in spring small Ayvarococcys sre negatively related to
Anthopleurs ; 8t 100 m there is a similar association between large Ayorococcus snd
Anthopleurs .

Correlations in summer are weak in comparison to those of the other seasons.
At 300 m, however, medium/lerge Ayarococcus are negatively correlated with
Anthopleurs while at 600 m small Ayarococcus and Anthopleurs  are 8lso
negatively associated.

Zescumantys  end

salinator

200381

100 m: Correlations are negligible.

200 m: At specing O small Zescumeantus end large Ss//nefor are positively
associated.

300 m: Correlations are wesk.

400 m: At spacing O there is a weak positive relationship between small Zeacumesntus
‘and lerge Sa/insltor .

500 m: Correlations are negligible.

600 m: Medium Zeacumentys and large Ss8/inafor show a strong positive correlation
al zerospsacing; otherwise correlations are wesk.

700 m: Small and medium Zescumantus have a strong positive association with small
Sglinslor at spacing 0 but correlations are negligible at other spacings.
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2170681
100 m: At zero and short spacings Se//nsefor is negalively correlated with small

Zeacumantus .
200 m: Atspacing O large animals of each species are positively correlated.
300 m: Large Zeacumantus are positively correlaled with small Ssa//nafor dt zero
spacing.
400 m: No significant correlations exist at spacing O but at short spacings Sa//nator
shows negative relationships with small and medium Zescumeantus .
500 m: Small and large Zescumesnius are posilively correlated with large Sa/inalor
al zero and short spacings respectively.
600 m: Correlations are negligible.
700 m: Correlations are weak.
290981
100 m: Correlations are weak.
200 m: At spacing O there is a weak positive relationship between medium
Zescumentys and large Sa/instor . Atshort and medium spacings the two species show
strong positive correlations involving a range of groups.
300 m: Correlations are weak.
400 m: Asabove.
500 m: Correlations are negligible.
600 m: Asabove.
700 m: As above.
291281
100 m: Correlations are wesk.
200 m: Correlations are negligible.
300 m: Asabove.
400 m: Small Zescumentus are positively related to Ss//nsfor d 2ero and short
spacings.
500 m: Correlations are weak.
600 m: Correlations are negligible.
700 m: As above.
QUMMDACY
In sutumn small and medium Zescumantus are positively correlated with
Sa/inator 8t stations other than 100 m, 300 m and 500 m.
At 200 m, 300 m and SO0 m on the winter besch, large Zescumeéntus are
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positively correlated with Sg//n8lor. At 100 m and 400 m smaller Zescumantus have
a negative association with Sa/inslor .

In spring correlations are weak apart from strong positive associations between the
two species at 200 m.

Correlations are also weak in summer except for a positive relationship between
small Zescumantus and S&linator inthe middle of the beach.

ovlichning

Inautumn Cy/ichning shows a weak negative correlation with small Zescumantus
gt 300 m. At 500 m medium Zescumeéntus are involved in positive correlations while at
700 m there are strong positive associations between Cy/ic/ining and small and medium
28EcUmEnYS .

Correlations are weak in winter apart from a positive asscciation with large
Zescumantys & the 500 m station.

Spring and summer associations are similar to those of winter except that smalter
Zegcumentys  are involved.

RISSOpSIs

Small Zescumantus are positively correlated with £75s00575 over short spacings
near the middle of the autumn beach.

Inwinter all Zescumantys groups are positively correlated with A7ssopsis over
zero and short spacings at 200 m. At 700 m small Zescumeantys are involved in a
strong positive association.

The two species are positively correlated at the top of the spring transect; at 400 m
there is a weak negative correlation between #2/ssgpsis and medium Zascumsnius .

In summer Zescumantys and Rissopsis have a positive association at the top
station but otherwise correlations are weak.

Micradiscula

In autumn there are weak negative and positive sssociations between the two species at
the top and middle of the beach respectively.

Large Zescumantus are positively correlated with Microdiscul/e at the top and
middle of the winter beach.

In spring large Zescuménius are negatively correlated with AMicrodiscu/s at 300
m while medium Zeacumantys are involved in a positive sssociation at 400 m.

Microdiscule shows weak positive associations with large Zescumantus near the
top of the summer transect.
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Nassarrus

Small and medium Zeacumantus show strong positive correlations with Aassarius
at the 700 m station in autumn.

Small and large Zescumanius are positively related to Aessgrivs in the top section
of the winter beach.

In spring AMgssarius is posilively correlated with medium Zescumantius nesr the
top of the besch.

Al the top summer sltalion medium Zescumanius and Nassarius are positively
correlated. Similar sssociations involving large and small Zgecumentus — oceur
at 400 m and 600 m respectively. Al 200 m there is a weak negalive correlation
between AMgssarius and small Zeacumaentus .

Agalhs

In aulumn and winter Agaflhs shows weak positive correlations with small
Zegcumantys st 300 m and 200 m respectively.

Medium Zescumantus and Agalha are posilively correlated at the top and middle of
the spring besach.

Summer sssocialions belween Agafhe and Zeacumantus are negligible.

Bembicium

In autumn, spring and summer large Zescuamius are positively correlated with

Bembicium near the top of the besch while in winter, medium Zescumentus are

negatively related o Sembic/um in those regions.

Austrocochles
Correlations between Austrocochi/es and Zescumantus are weak in autumn,
In winter Awustrocochies s positively correlated with large and small
Zeacumantys 8l 100 m and 500 m respectively.
Correlations are weak in spring.
Correlations are negligible in summer apari from a positive correlation involving
small Zeacumantys et 300 m.
Noloscmea
Correlations are weak apart from positive correlations with medium and large
Zescumantys near the middle of the beach in autumn and spring.
Anthopleura
I'n autumn medium Zescumeantus are negalively correlated with Anffop/eurs near

the top of the beach while lerge Zescumantus are involved in positive associations near
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the middle of the beach.

Anthopleure s positively associated with smell Zescumesnius near the top of the
winter beach.

Spring associations are similar to those of winter except thet large Zgacumeantus
are involved.

In summer Anthop/eurs is positively related to medium and large Zescumentus
near the top of the beach.

Salinator ond
Cylichning

Correlations belween C)//chnine end Sa/inafor are wesk in autumn, apart from a
strong positive association involving small Sg//nefor al 700 m.

Small Ss/instor end Cylichnine are positively related at the winter 600 m
station,

At 200 m in spring and summer, large Ss//n8for are positively correlated with
Cylichining atzeroand short spacings respectively.

Rissopsis

Rissopsis and Selinstor are positively associated over short distances st either end
of the autumn transect.

In winter there is a weak negative relationship between the two species at the middle
of the beach,

Al the 500 m staetion in spring R/ssgpsis and small S&/inefor show 8 strong
positive association; in that season there is alss a weak positive correlation between the
species at 700 m.

Correlations are negligible in summer.

Microdisculs

At 300 m in sutumn and summer, Microdiscu/a is positively correlated with large

and small Sa//nslor respectively; otherwise correlations are negligible.
Nassarius

Nassarius shows astrong positive relationship with small Sa//inafor at 700 m in
autumn and winter.

In spring there is a weak positive association involving large S&//nator 8t 400 m.

Correlations are negligible in summer.

Agaths
In autumn, zero specing correlations are significant only at 400 m, are positive and

involve large Sa/inslor .
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At the winter 400 m station Agsfhe shows a weak negative relationship with
Salinator while at 600 m large Sg//nsfor ere involved in a positive association.
There is a weak positive correlation between large Sa/7nefor and Agsaihs at 100 m
inspring.
Correlations are negligible in summer.
Bembicium
Bembicium and Salinslor are positively related at the top of the autumn and
summer transects but otherwise correlations are negligible.
Austrocochles
Correlations are wesk in all seasons.
Notoscmea
In autumn Sa/inalor and ANoloscmes are positively related over short spacings at
the 100 m station.
Large Sa/instor and Notoscmes are positively related at 600 m in winter,
In spring there is @ wesk negative correlation between Aofoscmes and small
Salinalor at 600 m.
Correlations are wesk in summer.
Anthopleurs
Large Sg//inalor are positively correlated with Anthgp/éurs in the upper half of
the autumn beach. There is a weak negative association between those groups at 400 m.
Correlations are wesk in winter apart from positive correlations with small and large
Salinstor at 100 mand 700 m respectively.
In spring Anlhopleurs and small Sg/inalor are positively correlated at 100 m
while at 200 m and S00 m, large Sa//nstor are involved in similar associations.
Anthopleurs and large Sa&/inslor are positively related st 100 m, 600 m
and 700 m in summer.
Lylichning and
Riss50psIs
Correlations between Cy/ichning and Rissgpsis areweak in all seasons apart from
a positive association at the top of the winter beach.
Microdrscule
In winter the two species are positively correlated at the middle of the beach. In
summer there are strong correlations over zero and short spacings at 300 m.
Nassarius
Correlations between C)//icining and Nasserivs are weak.
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Agaths
tn autumn and winter Cy/ichning and Agaths are positively associatedat 300 m and
200 m respectively.
Bembicium
Correlations are negligible.
Austrocochles
Correlations are negligible at zero spacings but in sessons other than winter,
Cylichning and Austrocochles are positively asociated over short spacings in the
lower half of the beach.
Notoacmes
Correlations are weak.
Anthopleurs
In autumn Cy/ichning end Anthopleuré are positively assocciated over zero and
short spacings in the middle sections of the beach; otherwise correlations are negligible.
Rissopsis end
Microdiscula
Correlations are negligible.
Nassarius
Correlations are weak.
Agsathe
Correlations are weak apart from a positive asscciation at 400 m in summer.
Bembicium
In spring and summer A/ssgpsis and Sembicivm are positively correlated at the
*top of the beach.
Austrocochles
Rissopsrs and Austrocochles are positively correlated at the top of the summer
beach; otherwise associations are negligible.
Noloscmes
As above.
Anthopleurs
Inwinter Rissopsis and Anthopleurs are positively associated & 200 m end 500
m but correlations are negligible in other sessons.
Llicrodiscyls  end
Nassarius
The two species are positively associated at the top of the summer beach.
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Agaths
Correlations are negligible.
Bembicrum
As above.
Austrocochies
As above.
Noloscmes
As above.
Anthopleura
As above.
Nassarius  end
Agatha
Correlations are negligible.
Bembicium
As above.
Austrocochles
Nessarivs and Austrocochl/es ere positively correlated at the top of the autumn
and winter beaches.
Notoacmea
Correlations between Aassarivs and NMolcacmes are negligible apart from a strong
positive relationship at 400 m in summer.
Anthopleursa
Correlations between Aassar/us and Anthopl/eurs are negligible apart from a
strong positive relationship at 400 m in autumn.
Agsaths end
Bembicium
In autumn Agslhs and Bembicium show a positive relationship &t 300 m but
correlations in other seasons are negligible.
Austrocochlea
In autumn and summer Agsathe and Austirocochl/es show positive relationships near
the middle of the beach but correlations in other sessons are negligible.
Noloacmes
Inautumn Agsths and Motoscmes are positively related in the middle sections of the
beach. Similar sssociations in winter and summer are confined to the central station
while in spring there are negligible correlations.
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Anthaopleurs
In autumn and winter there are wesk positive relationships between the two species
near the top of the beach.
Bembieivm  end
Austrocochlies
Correlations are wesk apart from a strong positive relationship at the top of the
summer transect.
Nolgacmea
Correlations are week apart from positive assaciations at the top of the autumn and
summer beaches.
Anthoplfeurs
Correlations are wesk.
Austrocochles  and
Notoacmes
Inwinter andsummer the two species are positively correlated & 400 mand 100 m
respectively.
Anthapleurs
In winter and spring Austrocochies and Anthopleura are posilively correlated
near the micdle of the beach.
Noloscmes  and
Anthopleure
In avtumn AMoloscmes and Anthopleura are positively associated near the middle of

the beach but otherwise correlations are negligible.
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6.4 Discussion
6.4.1 Planar autocorrelation

Planar autocorrelations within Angpe//e and Kalelysie size classes are strongest
in winter and spring, probably reflecting attractions associated with reproduction. This
contrasts with the relative strengths of the serial autocorrelations shown by the bivalves:
while serial autecorrelations smong Angpe//s ere minimal, Aale/ysie autocorrelations
are strongest in spring and summer. Thus, the serial associations lsg behind the
two-dimensional correlations by one sesson.

Juveniles of both species show positive autocorrelations over short distances but the
associations are markedly stronger within the Angpe//s juvenile classes. In that species,
the attractions are sufficiently strong to produce a ‘hole’ effect where the attractions of
neighbouring animals leaves a deficiency in outlying areas and consequently a negative
correlation at those spacings. Juvenile Angpel/le autocorrelations are typically pasitive;
in contrast, Aafelysie juveniles show negative relationships in the seasons of strongest
interaction. In those seasons large A'sle/vsis alsa show negative autccorrelations st the
700 m station.

The sutocorrelation patterns of Anspe//e  sllow that species to be divided into a
number of functional size groups. The 3 mm size class shows behaviour that is
intermediate between the juveniles and the larger classes. With increasing size of
animals, the autocorrelations tend to cccur over longer spacings, suggesting that the range
of attraction is proportional to the bady size. This pattern is not as clearly defined among
Keatelysm , which shows weaker interactions overall. In that species, animals near
10 mm in size have positive associations in all seasons, pggl:‘féﬁ?ﬁifindicating attractions
among p@mmed animals. It appears that 3 mm and 10 mm represent critical
sizes in the life historiesof Angpe/la and Kele/ysia respectively.

Anégpells and Kalelysig , then, show quite different patterns of spatial interaction.
While Angpel/s interects strongly within its size classes over short distances, there is
little interaction over the transect. A'@/e/ysia , on the other hand, exhibits considerable
 interaction along the beach but relatively little in locslised aress. A'gle/vsie sdulls
interact in both serial and planar dimensions over winter and spring, probably for
reproduction. The resultant juveniles segregate cver short planar distances, and by
summer those interactions become evident over serial distances. Angpe//e juveniles
never show segregation and are typically strongly positive. Unlike A&afe/ysré , however,
these interactions do not extend into the serial dimension. The correlations probably
reflect the contrasting dependencies on the tidal gredient shown by Angpe//e and
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Katelysia.

The anemone, Anthop/leurs |, could be expected to show autocorrelation patterns
similar to those of its principal hosts, Angoe//e and Kalelysieg - this is not the case,
however. The planar autocorrelations within Andfop/eurs are strongest in summer and
autumn, in direct contrast to the bivalves. Also, the intersction ranges tend to be
inversely proportional to body size. These patterns appear to reflect a combination of the
breeding and settlement behaviour of Anthop/eurs . The strongest interactions cccur in
the reproductive sesson and among large animals, suggesting they may be related to
reproduction behaviour.

The apparent inverse relationship between size and interaction range can be
attributed to the discrete distribution of Anthop/eurs hosts.  Anthopleurs can only
cccupy discrete positions within the continuous sempling grid and the attraction between
enimals ( possibly associated with reproduction) lesds to @ number of animals coming to
lie within a single cell of the sampling grid, rather than being continuously distributed
between the cells. Strong attrection between large Antfhopleurs |, therefore, concentrates
animals into a given cell and reduces the apparent range of attraction.

Wallucrns shows little sessonal variation in autccorrelation patterns. There are
only weak relationships among juveniles but the largest animals frequently show
interactions. There are suggestions that the range of interaction is proportional to bady
size. In all sessons, the associations are weak near the high aress of the beach while in
autumn and winter, negative correlations occur at the 700 m station. |t appears that
resources are limiting for Wa//ucing at the bottom of the besch during the reproductive
SEe|sons.

As with the major bivalves, planar autccorrelations within /yarococcus are
strongest in winter, prior to the major recruitment season, and extend over ranges
proportional to body size. The autocorrelations are positive and appear to be weaker near
the beach ridges, close to the 300 m and S00 m stations. The strength of the attractions
within the various size clesses are sufficient to produce a hole effect, similar to that
- exhibited by Anapel/e juveniles. The strong attrections shewn by Myarococcys |, prior
to the main breeding sesson, weaken in autumn. In that season the serial correlations
suggest a serial segregation of animals. Thus it appears that the gastropods come together
for reproduction and then segregate along the transect &s the densities increase the
following season.

The other deposit feeding gsstropod, OSs&/insfor , shows comparatively little
consistency in {ts autocorrelations. |Intersctions are strongest near the top of the
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trensect, however, and exiend down the beach following winler, probably reflecting
recruitment during spring and summer.

Of all species in Pipe Clay Lagoon, Jescumentus shows the clesrest trend for the
range of significen! interactions to be proportional to body size. Like Aydrococcus | the
aulocorrelations are positive and are strong enough 1o produce a hole effect. As with
previous species, Zedcumantys interections are strongest in winter. In contrast to
those species, however, this is not the reproductive season for Zescumsntus . In fact,
the aulocorrelations are weskest in the summer, when reproduction probably occurs.
This may indicale a very long incubation perind.

Other algivores, A/ssqosrs and Microdiscul/s | also exhibil strong autocorrelations
in the cooler months. In winler and spring, A/ssgps/s autocorrelations exiend over
much of the beach but in summer they are confined 1o the top sections of the besch; in
autumn the interactions are restricted to the lower half. The summer interections
probably leed to the autumn recruitment of A#/ssgps/s in the top sections of the besch.
Similarly, the autumn interactions in the lower half of the besch precede the major
recruitment in the following seasons with interactions and recruitment continuing over
winter and spring.

Microgiscule  aulocorrelations also differ between the top and lawer halves of the
beach. YYhile the interactions are positive in the top half, the evidence suggests that
Microdiscyls avoid each other in the lower seclions. The segregation among
Microdiscu/e ococurs away from ils preferred zone and suggests there may be
competition for limited resources in the lower half of the besch. The planar
autocorrelations are strongest in winter and weak in autumn and summer. The aulumn
recruitment of /7/crogisculs | therefore, does nol appear to be essociated with a prior
atirection of enimals. Of course, the extremely small size of Micradiscu/s mekes it
goubtful that all interactions could be delecled at the scale of the sampling.

Negative autocorrelation coefficients occur among Cy//ichin/ng in summer suggesting
an ective avoidance between those animals. Summer is the sesson of recruilment for
- Cylichnine and the negative correlations during the recruitment season contrast with
those of previous species. In autumn, however, the sssociations are positive while in
other seasons the interactions are relatively weak.

Cylichning is an extremely mobile animal compared 1o all other species in the
assemblage and quadrat sampling could not be expected to reflect dispersion patterns
intrinsic to that species. Instead, the patierns detecled are more likely to be artifacts of
interspecific interactions. The negative correlations, for example, could be related to a
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shortage of food, in the form of juveniles of its major prey species during those seasons.
The remaining species do not exhibit significant planar autecorrelation.
6.4.2 Planar intraspecific cross-correlation

In all seasons, positive cross-correlations occur between small and between large
Ansgpelle groups. Summer is the season of greatest overall interaction. The correlations
are weakest in the middle reaches of the beach, where Angpe//s reaches its greatest
densities. This suggests that each end of the transect represents a critical zone for
Anepells. Segregation between Angpe/l/e classes occur only in spring, end involve
medium sized animals. The segregation could be due to intraspecific competition for
hmltecl resour ﬁluwmgthe prevmus season sdenslty increases, atﬂ\ngx,\ R PN

S?n%ﬁ li’;f;&lysza E;SJps raTsﬁ;) show po&ﬁ%&rrelatmns but significant associations
are confined to the bottom of the beach. Incontrest to Angpe//s , Kete/vsis intersctions
are strongest in winter. Small animals are negatively associated with medium or large
animals only at the 500 m beach ridge station in winter and spring. This suggests that
juveniles avoid edults in stressed regions of the besch during the peak densities and
probably reflects competition for limited resources. The general absence of negative
correlations between juvenile and edult snimals at other stations indicates that the
ingestion of larvee by the suspension feeding adults probably does not occur.

There is considerable interaction between most Avdrococcus size groups in all
seasons, particularly at either end of the beach. As with Angpel/e , this indicates that
each end of the beach represents a critical zone. In the middle of the besch small and large
animals tend to be positively related. The exception occurs in winter when those groups
are negatively correlated. Thus, while similarly sized animals are strongly attracted to
each other in winter, animals of quite different sizes appear to avoid each other. - Again,
this may reflect competition for limited resources during a sesson of high densities and
relatively poor nutrient supply.

Significant correlations occur between all Zescumantus groups in the top sections
of the beach. These areweekest in winter, in direct contrast to the relative strengths of
- the planar autocorrelations but in keeping with the summer reproduction patterns shown
by Zescumeantus . The discrepancies between the auto- and cross-correlations suggest
that reproduction may occur within a range of size groupings. Other species have more
clearly defined cohorts than Zescumeantys  and reproduction is likely to be restricted to
single size groupings.
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6.4.3 Planar interspecific cross-correlation

Anspells and Kalelysie show cross-correlations that vary with both the position
on the beach and the season. The two species appear o avoid each other in all seasons. In
autumn this occurs at either end of the transect, while in winter the avoidance is epparent
in the middle of the beach. The negalive correlations in aulumn involve similarly sized
(usually smell} animals of each species. In winter, however, small animals of one species
are segregated from large members of the other in the middle of the beach. In springand
summer, small animals of each species are negalively associated at the bottom and top of
the respective transects.

Thus, it appears that juveniles of both species lend to avoid juveniles and adulls of the
other species near the middle of the winter beach, where the combined recruitment of the
two species is greatest. In other sessons, the juveniles avoid each other at the extremes of
the zones of distribution. In all cases, the avoidance suggests a resource limitation,
dependent on the combined densities of the lwo species. Allernstively, the aduli-juvenile
segregation may reflect larval moriality resulting from ingestion of larvae by feeding
adults. The general absence of negative adult-juvenile correlations within the same
species, however, suggasts that this is unlikely, unless the feeding adulls are able {o
distinguish between conspecific and aspecific larvae.

Away from the areas of segregalion, Anspel//e and Kselelysie are positively
associated, as would be expected for two species having similar resource requirements. In
autumn and winter these associations often involve small animals of one species and large
animals of the other. Insummer similarly sized animals from each species are positively
related.

Wallucing exhibils spalial segregation with Angze//s and, 1o a lesser extent, with
Katelysig. Inautumn and winter there appears o be avoidance between We//ucins and
non-juvenile Angpel//s near the middle of the beach. In spring, however, those groups
are positively related over most of the beach. Negative correlations eccur &gain in
summer and involves small Anspé/ls in the top seclions of the beach. Posilive
associations occur between We//vcine and Kete/ysig in autumn and summer bul in
winler and spring, Wa//ucing andjuvenile K'sle/ys/ia appear to segregate in the lower
half of the beach. W&//ucins has similar resource requiremenis to Angpe//s and
Katelysie  and appears 1o be an inferior compelilor, being excluded by the more
dominant species.

According to the working hypolhesis, the deposil feeding So/efe//ins could be
expected to show segregation with the suspension feeding bivalves. However, Solete//ing
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is positively correlated with medium and large Argpe//e in the middle of all but the
summer transects. In summer, which is the season of strongest inieraction between
Soletelling and Angpélls , those groups are positively related over most of the beach.
Although So/ete/line shows weak correlations with Kale/ysie in autumn and winter,
the relationships are similar to those between So/efel/ine and Angpel/s. An exception
occurs in summer when A&fe/ysig juveniles and Soletelling segregate al the bottom of
the transect.

In most seasons, small Aaracoccys and small or medium Angpéel/é are negatively
correlated in the middle sections of the beach, as expected under the working hypothesis.
In summer the segregation cccurs further down the beach and involves large
Hyarococcys and small Angpelle. Away from the middle of the beach, small members
of each species areoften positively correlated. While the correlations between Aafe/ysia
and Ayarococcus are generally positive, negative sssociations occur between large
animals of each species in the middle of the spring besch; the two species are negatively
correlated near the bottom of the summer beach.

Similerly, large Ss/insfor ere negatively correlated with small Angpe//s in the
lower half of the beach. In winter and summer negalive correlations also occur at the top
of the beach. In autumn and spring, however, the two species are positively related in the
upper half of the transects. Negative correlations belween Se/inslor and Katelysia
occur in aulumn when small animals segregate at the bottom of the besch and large animals
segregate at the top. Also, the twospecies segregale near the middle of the beach in spring
and summer. Inwinter, correlations are generally positive in the lower half.

Interactions between the suspension feeding bivalves and algivorous gastropods could
arise if similar food types occur in their respective diets. For example, subsirate
distrubance may lesd to microalgse being suspended in the water column and thus being
available to the suspension feeders.

In all seasons small or medium Zescumentus are positively related to small
Anspelle. However, in autumn Zeacymaniys and larger Anrgpel/e segregale inthe top
sections of the beach. Segregation also occurs in the middle of the summer beach, between
Zescumentus and small Angpells . |n seasons other than summer, small Zescumantus
and Aw/e/ysrs are negatively correlated near the top of the beach. Zescumsnivs and
large A'afelysie are also segregated near the top of the spring beach. Otherwise the two
species tend to be positively related. Correlations between these two species are weak in
summer.

Rissgpsis and small Anspelleé appear to segregate in the middle of the autumn and
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winter beaches. Inspringand summer the segregation is transferred to the bottom and top
of the transects respectiviely. Otherwise the two species have positive associations. No
segregation occurs between Aele/vsie and Rissgpsis, and small Kafelysia are
generally involved in positive correlations in the lower half of the beach.

In most seasons rcrogiscu/a and small Angpells are positively correlated in the
top half of the beach. Negative correlations occur in the middle of the autumn beach and in
spring, Microdiscule and large Anspelle segregate. Aafelysia and Microdiscula
show little intersction.

While Asie/vsis and Bembicium  show negligible interaction, due to their
disparate zonations, Sembicium and Angpells frequently interact near the top of the
besch. The associations are usually positive and involve small Angpel//a ; in winter,
however, those groups segregate. Also, negative correlations occur between Bembicium
and medium Angpel//e inspring.

Austrococh/es and medium or large Angoella frequently have positive associations
at stetions other than the first; in summer small Anspe//a are involved. Similar
correlations occur between Awsirocochles and Kslelysie in sutumn and winter.
Negative correlations between Ausirococh/es and the bivalves are uncommon. In
autumn they involve small Anage//s in the top half , and in spring they involve small
Katelysia in the bottom helf, of the beach.

Correlations between Abloscmss and the major bivelves are wesk but iend to be
positive in the middle and upper sections of the beach. Negative correlations occur only in
autumn and involve small K&fe/ysia in the bottom section of the transect.

The less common algivorous gastropods ofien show segregation with the suspension
feeding bivalves. This could reflect a resource overlap with the suspension feeders
limiting the avaliability of at lesst part of the gastropod food supplies. Only the
comparatively poor competitors are affected while the dominant gastropods are apparently
buffered against the resource intrusion.

Cylichning tends to be positively correlated with small Angpe//s and medium or
- large Kate/ysie at either end of the transect. Negative correlations occur near the
bottom of the transect in summer. Also, A&le/yvsia and Cy/ichinine show segregation in
the middle of the summer and autumn transects. Typically, non-juvenile Kale/yvsia are
involved in significant correlations while the opposite is true for Angpel//e. These
corrrelations support the observations of the serial analysis, which suggested that
juvenile Angpells were a more likely food source for Cy/ichnrng then juvenile
Kalelysia. At the bottom of the summer transect, the numbers of Angpe//e juveniles
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appear to be sufficiantly low to result in depauration through £y//chnins predation and a
consequent segregation between the species.

Nesserits generally exhibits positive correlations with large Angpel/s and
Kalelysie. The correlations are strongest in aress of the beach where the two bivalves
reach their respective greatest densities. Thus, Amgpe//s and Assserisus tend to be
related at all but the lowest stations while correlations with A'afe/ysie arestrongest in
the middle and lower sections of the beach. Aassarius also exhibits positive correlations
with small bivalves but this is probably an indirect correlation.

These carrelations support the field observations which showed that large Angpel/s
and large A'ale/vsie are common food sources for Agssarius. The correlations also
represent confirmation of the usefulness of the analytical methods.

Agethe is often positively correlated with medium and large Angpe//a in the top
sections of the beech but Agelse and Kelelvsie have little interaction. As was found
with the series analysis, there is insufficient evidence to support the suggestion of a
host-parasite relationship between Agst/4s and either bivalve.

Anthopleurs is positively correlated with large Anagpella and/or Aalelysia over
most of the beach, The correlations involving Afe/ys7ig oceur most often in the middle of
the beach. In the main seasons of repreduction for those bivalves, Anlhopleurs and
juvenile bivalves are negatively correlated in the middle and upper sections of the besch.
The correlations support field observations which indicoted that large Angpe//e and
Kalelysig are the principal substrates for the anemone. The negative correlations with
juvenile bivalves are also in agreement with the findings of those animals in the gut of
Anthopleurs, end suggest that the juveniles bivalves do form part of the food spectrum
of the anemone.

Wallucing and Hydrococcus show evidence of weak segregation over most of the
beach, as would be expected according to the trophic group emensalism hypothesis. in
contrast, the other deposit feeding gastropod - Sa/7nsfor - is often positively associated
with Wa//ucing inaulumn and winter. Clearly, Avdrococcys has the dominant role in
the trophic group amensalism.

Large Zescumantus also appear to segregate with Wa//ucine , but only in autumn,
near the middle of the beach. Both species are al the extremes of their zones in those
aress, and could be particularly sensitive to interspecific interactions there.

Wallucing is usually positively relaled with Agafss in the lower sections of the
beach but it isnot possible to suggest host-parasite relationships between those species.

The remaining bivalve, So/efe//ins , exhibits considerably more interspecific

461



interaction then Wallucing. Although Solefeliine end Hydrococcus interact
positively over most of the autumn beach, in other seasons the two species segregate in the
middle and lower sections. This is probably evidence of competitive exclusion between
two species utilising similar resources. Correlations between So/2fe//ing and the other
deposit feeding gestropod, S#//nalor , are positive, however, and are strongest in the
upper half of the besch in autumn and winter. It appears that, while So/ete//ine and
Selinafor may share similar resources, the competition between the two species is not
sufficient to cause a spatial segregation on the tidal flat.

Interactions between So/efe//ins and the algivorous gestropeds, Zescumeéntus ,
Rissopsis , Bembicium , Noloscmes and Austrococh/es | tend lo be positive near the
top of the beach but are weak in autumn and/or winter. These assaciations are likely to
artifscts of the correlations between Ss/7/rafor and Solete/lins , which oceur in similar
areas of the beach and in similar seasons.

In contrast, Cy/ichning and Soletellins are positively correlated in autumn and
winter in the middle and lower reeches of the besch respectively. Segregation occurs near
the bottom of the autumn transect. Again, however, these correlations could be reflections
of the underlying associations between So/efe//ins and the major bivelves. Those
species tend tobe positively related in the middle and lower s&ctions of the beach, although
segregation occurs at the bottom of the summer beach. Similer patterns of association
occur between Cy/ichnine and the major bivalves, suggesting the correlations involving
Solelellina are indirect.

In summer and autumn, So/ete/line and Anthagpleurs are positively essociated in
the middle and at the bottom of the beach; otherwise the correlations between those two
species are weak. As before, the positive correlations shown between So/efe//iné and
large Angpel/le mey sccount for this.

The two deposit feeding gestropods, Ayaracoccus and Salrnator , appear to segregate
at the bottom of the besch. In winter, segregation also occurs at the top. Elsewhereon the
beach, the two species are usually positively related. Thus, it appears that either end of
the beach represents a critical zone for deposit feeders, including So/efel//ina . The areas
of the beach, particularly the lower end, show the highest densities of deposit feeders.
Competition for limited resources probably leads to competitive exclusion, which is
enhanced in the coldest months and extends to the upper end of the {ransect.

Salinstor and Zescumeéntys intersctions ere wesk, particularly in spring and
summer. |n seasons other than winter, the two species tend to be positively related in the
middle sections of the beach. This contrasts with the serial relationships which show
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spatial segregation along the transect in summer and autumn. Only in winter, and in the
top half of the beach, do Ss/insior and (smell) Zescumesnius eppesr to segregate. The
two species reach their highest abundances in the top sections of the beach and, although
their modes of feeding differ, they may have overlap food resources. The winter conditions
that appear tostress Sa/meafor end Aydrococcus coexistence could also account for the
winter plener segregation between S8/fnéator end Zescumentys .

Planar carrelations between Ayarococcus and Zescumeantus are positive aver most
of the transects. These sssociations are particularly strong near the top of the summer
besch. At occasional stations, negative correlations do occur. Thus, there is evidence of
segregation in the middle and at the bottom of the besch in sutumn end winter, and in
spring, negative associations are evident at the top of the beach. The former segregations
do not appear strong enough to affect the serial correlations between the species, as no
serial segregation was evident. It is possible, however, thet the negative correlations in
the middle of the beach may et least partly account for the abrupt decrease in
Zescumantys densities there. In spring, the two species show both serial and plenar
segregations, suggesting competitive exclusion. The relationships change from segregation
in spring to strong positive associations in summer, indicating that spring is 8
particularly critical season.

Cylichning and small or medium Ayarococcus are positively associated at most
stations in all seasons. The strongest correlations occur in the middle sections of the
beach. In summer, however, the two species appear to segregate in that region, possibly
due to the predatory pressure following the summer Cy/ichning recruitment. The
relationships between Cy//chnins and small Ss/insfor are always positive but are
restricted to either end of the transects. Juveniles of both Avdracoccus end Salinslor
are thus likely candidates for Cy/ichning prey.

Rissgpsis is positively correlated with a renge of Aywracoccys groups et both ends
of the transects. Similar relationships exist between Ai/ssgpsis and Sa/inator ,
although the correlations are weaker. Alsa, R/ssopsis and S&/insior are negatively
- correlated in the middle of the winter beach. The segregation is likely to be due to fectors
similer to those attributed to the winter segregalion between Zescumentus end the
deposit feeders. The correlations could also be indirectly due to the positive assaciations
between Zeacumenius and Rissopsis .

FAvarococcys end Sslrnsfor tend to be positively correlated with the remaining
algivorous gastropods. The associations are strongest in the mejor zones of the letter
species and weaken in winter and/or spring. These patterns suggest that the species tend
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to casually cecur together in their respective zones and that the influx of deposit feeding
recruits temporarily swamps the casual relationships.

In all seasons excepl summer, Agssarius and large Aydrococcys are posilively
correlated at the top of the beach. In summer there are negative correlations in that
region. In seasons other than winter Agssarsues and small or medium Ayarococcys are
negatively correlated st the bottom of the beach; in winter the correlstions are positive
there. Sa//nafor and Nessariys are positively related at the top of the autumn and
winter transects. The existence of significant correlations between A@sssrius and the
deposil feeding gastropods are unexpecled. Indirect correlations could arise through the
gastropods being correlated with the large bivalves, which are Asssarius prey.
However, the sign of the A@ssar7us /aastropod correlations are often opposite to the sign
of the Aasserius / bivalvecorrelations.

In all seasons, Agalsa is positively correlated with medium or large Avorococeus
near the top of the beach. Aparha and laroe Sa/inafor show positive correlations in the
lower sections of the autumn and winter besches; otherwise asociations between those
species are weak.

Aydrococcis end Antlhopleurs typically exhibit negative correlations al most
stations. This could be expected on the basis of the field observations which found
Hvarococeys in the qut cavily of the anemone. Sa/inafor and Anthopl/eura , however,
tend to be positively associated al either end of the besch. Only inautumn, in the middle of
the besch, are (small) Sa/instor end Anthopleure negalively relsted  The
comparatively low densities of Anlhgp/eurs ol the ends of the besch probably allow
Salfnalor o escape predation there.

Large Zeascumantus are positively correlated with other algivorous gastroposs in
various seasons. Thus, Jegcumanius end Austrococh/ed are posilively asocialed at
either end of the winter besch. ZBembicium end large Zescumsanius are positively
correlated at the top of the beach in all seasons bul winter, when the relationship is
negative. Similarly, Microdisculs end Zescumentus show positive associations in
that region in all seasons but autumn. Also, negative correlations between Aicrodiscula
and Zeacumantus exist in the middle sections of the spring beach. Large Zescumantys
and Moloscmes are positively related near the middle of the besch in sautumn and spring.
These associations probably arise due to the species sharing a common resource. There is
apparently nocompetitive exclusion among the algivores.

Cylichning , Nassarius and Agaths are usually positively correlated with small
or medium Zegcumantys in the upper regions of the besch. cytichning and
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Nassarius are likely predators of small and medium Zescuménitus respectively and the
planar correlations could be evidance of predator/prey relationships.

The relationships involving Agel/e, however, are relatively weak. The series
analysis showed that the asscciations between Zescumeéntus and Agsths were strong
enough to affect the zonations of the two species, and suggeted that Zeacumantus wes s
likely host for Agslhs.

The planar correlations do not dispute this suggestions but they do indicate that
attractions are relatively weak in two dimensions. The relatively high densities of
Zescumeantys would make for a high host/parssite ratio and it would not be critically
important for the parssites to search for hosts on a scale of centimetres. It would,
however, be important for the parasites to maintain a similar zonalion to their hasts, to
maximise the contect likelihood. Thus, strong serial, and relatively wesk planar,
correlations between Zescumanius and Agatfia do not necessarily dismiss the suggested
host/paresite relationship.

Zescumantys and Anthopleurs alse tend to be positively associated in the upper
sections of the besch, although medium Zascuméntys are involved in negative
correlations near the top of the autumn transect. Small Zescumentys were observed in
the qut of Anthopleurs butit appears that predation by the anemone is not strong enough
to significantly exclude Zescuméntys from aress of the beach.

Theother algivorous gastropods tend to be positively related in the upper sections of
the beach in summer and spring, with weak associations in the other seasons. Noneof the
remaining species show strong or consistent relationships but when the correlations are
significant, they tend to be positive.

465 -



CHAPTER 7

CAGING MANIPULATION EXPERIMENTS

7.1 Introeduction

Caging experiments in soft substrates have become common in the last decade (Woodin
1974; Reise 1977, 1983, Virnstein 1977, 1978; Dayton and Oliver 1980; Hulberg and
Ofiver 1980; Wiltse 1980) and have provided important insights into the controlling
factors in the marine benthos. Cages have generally been use to allow the sddition or
exclusion of various species, commonly predators. Problems asscciated with habitat
modif ications produced by the cages themselves have been discussed by Yirnstein (1978),
Hulberg and Oliver ( 1980) and Gallagher &f 57 (1983). They caution that many
experimental effects may actually be due to sedimentary modifications, such as
sedimentary buildup against the walls of the cages. This is particularly pronouced in high
wave energy substrates but not in low energy regimes such as thoseat Pipe Clay Lagoon.

Caging manipulation experiments are potentially more powerful tests of species
interactions than correlation analyses. Unfortunately, they demand prior knowledge of the
community (in order to know what to manipulate) and are therefore not suited to poorly
studied communities. The Pipe Clay Lagoon assemblage was poorly known prior to the
present study and the caging experiments described here were based on the survey
sampling of the previous chapters. The constraints impesed by sorting time meant the
caging experiments were designed and set up prior to the completion of the survey work.
They are thus based on incomplete information gained during the early sorting and could
not anticipate many of the species interactions indicaeted by the analysis of the survey data.
Nevertheless, they do provide tests of many of the more obvious intra- and interspecific
correlations.

The caging experiments described here can be divided into three basic types: the first
constitute a series of control experiments, the second a series of translocation
~ experiments and the third a series of species eddition experiments. Alsa, pitfall trap and
substrate disturbance experiments were conducted.

The experiments use survivorship as a measure of the manipulation effects. In
contrast, the correlation analyses detect both survivorship end local migration. The
caging experiments, therefore, examine only the most powerful interactions between
animal groups. Also, the confinement of animals inside cages would prevent competitive
exclusion effects from being manifested through migration, which could occur under
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natural conditions. The experiments are best regarded as a corollary to the correlation
analyses, rather than as an independent examination of species interactions.

Due to the time constraints, the experiments could not be repeated at various times
through the yesr, nor could they be conducted for all species at all stations. The
experiments were therefore conducted at the top, in the middle and at the bottom of the
beach as much as passible. Addition experiments were conducted in regions of high,
medium and low natural densities of the added species. Inthis way, sttempts were made to
examine the role of the mast common species, and to test the validity of the conclusions
drawn from the correlation analyses of Chapters S and 6.
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7.2 Methods
7.2.1 Introduction

The design of the caging experiments was determined by the constraints of sorting
time. As described in Section 2.2, the removal of the molluscan fauna from the substrate
samples was very time consuming. This pleced restrictions on both the number of
experimenls and the number of replicales within each experiment. Also, the time
required for the sorting of the survey transects meant that the caging experiments had lo
be started before those transects were analysed. Thus, although the caging experiments
are used toest conclusions drawn from the survey analysis, no & pr/or7 designs to test
specific conclusions were possible.

Despile these limitations, the c. 80 experimental setups (in eddition to the
backgrounds and controls) cover a wide variety of possible intra- and interspecific
associations; the influence of position within the tidal regime can also be lested.

All caging experiments were conducted using cages constructed from plastic freezer
jars (diameter 11 cm; height 15 em). The bottom was removed from esch jar and the
centre was removed from the lid, leaving only the thread. The removed portion of the lid
was replsced with 500 pm stainless steel mesh (the same mesh size as the sieves used in
the survey work) heat-weldad into theplastic. Seven 3.5 cm diameter holes were cut in
the jar body just below its top and were replaced by similar mesh in the same manner.

The resull was a botlomless cage that could be forced into the substrate down to the
anoxic layer (depth ¢. S cm). The bettom of the side holes were then level with the
substrate surface. This allowed thefree movement of sediment through the cages
and no significant build up (or loss) of sediment ever occurred, either inside or outside
the cages. The 1id of each cage could be removed to allow manipulation or inspection.
Labels were engraved on each cage and 1id and for convenience the 1id wes also labelled
with a marker pen (this label needed pericdic renewal ).

The cages proved o be extremely robust and remained intact for up to 14 weeks on the
tidal flal without significant demsge. No ceges were lost in approximately 15,000
- cage-days.

Almost all experiments were conducted at the 100 m-interval stations, withina 10 m
band either side of the midline of the transect. To avoid the pessibilily of using adullerated
substrate, cages were placed in those areas thal had been undisturbed by transect sampling
for the longest period, generally a minimum of 9 months (see Section 2.2).

The cages were randomly (blindly) pleced in the substrate; each replicate cage was
placed approximately 1 m (arm’s length) from the others. As with the transect quadrats,
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the placing was rejected only if the eages contained a feeding sogregetion of Aassarius .
Each caging experiment was restricled to 3 replicales. All cage and bsckground samples
were returned to frozen storage before being sorted using the methods of the survey
analysis ( Section 2.2). The samples typically required 2 hrs to sort.

In addition lo the caging experiments, pitfall iraps were placed in the substrate for
one tidal period ( 170482-180482) at each 100 m station. The traps were open topped
food cans buried flush with the surfsce of the sediments. After collection, the pitfall
samples were {reated in asimilar manner 1o the caging samples.

A description of the each caging experiment follows.

7.2.2 Description of the caging experiments

The experiments are (dentified wilh the position on the tidal flet and the sterting and
collection dates; for the BACKGROUND samples the date is the sampling date. Also included
is a code label (CX...) for convenience. All labelled ‘experiments’ (CX..) constitule 3
cages or ssmples.

X1 -CXx7
BACKGROUND 151282

Background samples were taken by forcing uncapped ceges into the substrate in the
usual manner (ie. random placing) end removing the conteined substrete down lo the
anoxic layer.

CX1: BACKGROUND 151282 100 m

CX2: BACKGROUND 151282 200 m

CX3: BACKGROUND 151282 300 m

CX4: BACKGROUND 151282 400 m

CX5: BACKGROUND 151282 500 m

CX6: BACKGROUND 151282 600 m

CX7: BACKGROUND 151282 700 m
CX8 - CxX14
BACKGROUND 290183

CX8: BACKGROUND 290183 100 m

CX9: BACKGROUND 290183 200 m

CX10: BACKGROUND 290183 300 m

CX| |: BACKGROUND 290183 400 m

CX 12: BACKGROUND 290183 500 m

CX13: BACKGROUND 290183 600 m

CX14: BACKGROUND 290183 700 m
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CX15-CX21

BACKGROUND 230383
CX15: BACKGROUND 230383 100 m
CX 16: BACKGROUND 230383 200 m
CX17: BACKGROUND 230383 300 m
CX 18: BACKGROUND 230383 400 m
CX19: BACKGROUND 230383 500 m
CX20: BACKGROUND 230383 600 m
CX21: BACKGROUND 230383 700 m

CX22 - CX29

BACKGROUND 190583
CX22: BACKGROUND 190583 50 m
CX23: BACKGROUND 190583 100 m
CX24: BACKGROUND 190583 200 m
CX25: BACKGROUND 190583 300 m
CX26: BACKGROUND 190583 400 m
CX27: BACKGROUND 190583 500 m
CX28: BACKGROUND 190583 600 m
CX29: BACKGROUND 190583 700 m

CX30 - CX36

BACKGROUND 170783
CX30: BACKGROUND 170783 100 m
CX31: BACKGROUND 170783 200 m
CX32: BACKGROUND 170783 300 m
CX33: BACKGROUND 170783 400 m
CX34: BACKGROUND 170783 S00 m
CX35: BACKGROUND 170783 600 m
CX36: BACKGROUND 170783 700 m

CX37 - CX43

CONTROL 141282-280183

Contro) cages were pleced in position without any manipulation of the contained biota.
CX37. CONTROL 141282-280183 100 m
CX38: CONTROL 141282-280183 200 m
CX39: CONTROL 141282-280183 300 m
CX40: CONTROL 141282-280183 400 m
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CX41: CONTROL 141282-280183 500 m
CX42: CONTROL 141282-280183 600 m
CX43: CONTROL 141282-280183 700 m
CX44 - CX20
CONTROL 140283-210383
CX44: CONTROL 140283-210383 100 m
CX45: CONTROL 140283-210383 200 m
CX46: CONTROL 140283-210383 300 m
CX47: CONTROL 140283-210383 400 m
CX48: CONTROL 140283-210383 500 m
CX49: CONTROL 140283-210383 600 m
CX50: CONTROL 140283-210383 700 m
CXS1 - CX33
CONTROL 260283-040483
CX51: CONTROL 260283-040483 50 m
CX52: CONTROL 260283-040483 300 m
CX53: CONTROL 260283-040483 500 m
CX54 - CX56
CONTROL 210383-060583
CX54: CONTROL 210383-060583 100 m
CX55: CONTROL 210383-060583 400 m
CX56: CONTROL 210383-060583 700 m
CX97 - CX63
LONG TERM CONTROL 270383-170783
CX57: LONG TERM CONTROL 270383-170783 100 m
CX58: LONG TERM CONTROL 270383-170783 200 m
CX59: LONG TERM CONTROL 270383-170783 300 m
CX60: LONG TERM CONTROL 270383-170783400 m
CX61: LONG TERM CONTROL 270383-170783 500 m
CX62: LONG TERM CONTROL 270383~170783 600 m
CX63: LONG TERM CONTROL 270383-170783 700 m
CX64 - CX66
CONTROL 280383-060583
CX64: CONTROL 280383-060583100m
CX65: CONTROL 280383-060583 400 m
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CX66: CONTROL 280383-060583 700 m
CcX67 - CX69
CONTROL 190583~-020783
CX67: CONTROL 190583-020783 100 m
CX68: CONTROL 190583~-020783 400 m
CX69: CONTROL 190583-020783 700 m
CX70 - CX72
SUBSTRATE DISTURBANCE 210383-060583
The substrate contained by the cages was manually stirred down to the anoxic layer

every 2 days. The stirring (c. 30 sec) was such that the sediment was completely

loosened. The disturbance was conducted at low tide and therefore no appreciable sediment

loss eccurred during the stirring action.
CX70: SUBSTRATE DISTURBANCE 210383~ 060583 100 m
CX71: SUBSTRATE DISTURBANCE 210383~060583 400 m
CX72: SUBSTRATE DISTURBANCE 210383~060583 700 m
CX73 - CX78
SUBSTRATE TRANSLOCATIONS 140283~-210383
For the substrate translocations the cages were forced into the substrate in the usual

manner. The sediment immediately surrounding each cage was then removed and a metal

plate pushed through the anoxic Iayer beneath the bottom of the cege. This allowed the cage

to be lifted from the substrate without disturbance to the contents. The cage (with its

substrate) was then translocated to a different position on the beach. At the new site a hole

was created in the substrate by removing the sediment ( +biota) from a dummy cege. The

transiocated cage could then be inserted into the hole. The surrounding sediment settled

sgainst the cage within minutes to produce a tight fit.

CX73:
CX74:
CX75:
CX76:
CX77:
CX78:

SUBSTRATE TRANSLOCATIONS 140283-210383 100 m translocated to 400 m
SUBSTRATE TRANSLOCATIONS 140283-210383 100 m translocated to 700 m
SUBSTRATE TRANSLOCATIONS 140283-210383 400 m translocated to 100 m
SUBSTRATE TRANSLCCATIONS 140283-210383 400 m translocated to 700 m
SUBSTRATE TRANSLOCATIONS 140283-210383 700 m translccated to 100 m
SUBSTRATE TRANSLOCATIONS 140283~210383 700 m translocated to 400 m

CX79 - CX84
LONG TERM SUBSTRATE TRANSLOCATION 080483~170783
CX79: LONG TERM SUBSTRATE TRANSLOCATION 080483~170783 100 m

translocated to 400 m
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CX80: LONG TERM SUBSTRATE TRANSLOCATION 080483-170783 100 m
translocated to 700 m
CX81: LONG TERM SUBSTRATE TRANSLOCATION 080483-170783400m
translocated to 100 m
CX82: LONG TERM SUBSTRATE TRANSLOCATION 080483~170783 400 m
translocated to 700 m
CX83: LONG TERM SUBSTRATE TRANSLOCATION 080483-170783 700 m
translocated to 100 m
CX84: LONG TERM SUBSTRATE TRANSLOCATION 080483~170783 700 m
translocated to 400 m
CX85 - CX87
AMAPELLA OGROUP | ADDITION 190283-230383
50 0Group | Angpelle animals were edded to each cage.

As with all the following addition experiments, the additions were made immediately
following the cage insertion. In all cases the added animals were obtained by sorting
through fresh substrate samples in the laboratory. The samples were collected in the
region of the beach where the target animals were most abundant. The sorting process was
similar to that applied to the quadrat and cage samples except that the sieving was
conducted using recirculating 15 OC sea water.

The sorting was conducted on the ssme day as the substrate semples were collected.
The removed animals were retained in fresh, serated sea water al 10 °C overnight and the
additions were made the following day. The animals were transported to the tidal-flat in
serated sea water coniained in capped plastic vials. The transportation time ( laboratory
to cage) was lypically less then 1.5 hrs.

The above treatment appeared to have nodetrimental effect on the animals; they were
able to survive for at least 8 week in the overnight storage conditions and tests showed that
all species could survive at least 3 round trips to the beach.

CX85: ANAPELLA GROUP | ADDITION 190283-230383 100 m

CX86: AMAPELLA OROUP | ADDITION 190283-230383 300 m

CX87: AMAPELLA OROUP | ADDITION 190283-230383 700 m
CX86 - CX90
ANAPELLA GROUP Y ADDITION 211282-280183
5 Oroup Y Anspelle animals were added to each cage.

CX88: ANAPELLA OROUP Y ADDITION 211282-280183 200 m
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CX89: ANAPELLA GROUP YADDITION 211282-280183 500m
CX90: ANMAPELLA GROUP Y ADDITION 211282-280183 700m
CX9] - €X93
KATEL VS/IA GROUP 1 ADDITION 190283-230383
506roup | Kefelysie animals were added to each cage.
CX91: KATEL FS5/A GROUP 1 ADDITION 190283-230383 100 m
CX92: KATELV5/A GROUP 1 ADDITION 190283-230383 300 m
CX93: KATEL ¥5/A4 GROUP 1 ADDITION 190283-230383 700 m
CX94 - CX96
KATEL ¥S5/IA GROUP Y ADDITION 211282-280183
5 Group V Kafelysia animals were edded to each cage,
CX94: XA7£LYS5/A GROUP Y ADDITION 211282-280183 100m
CX95: KATFLVS5/A GROUP Y ADDITION 211282-280183 400 m
CX96: KATELYVS5/A GROUP Y ADDITION 211282-280183 600 m
CX97 - CX99
HYDROCOCCHS GROUP | ADDITION 190283-230383
50 Group | Ayarococcys animals were edded to esch cage.
CX97: HYPROCOCCYS GROUP | ADDITION 190283-230383 100 m
CX98. HYOROCOCCYS GROUP | ADDITION 190283-230383 300 m

CX99. A¥YDRoCECCYS GROUP | ADDITION 190283-230383 700 m

CX100 - CX102

HYOROCOCCYS GROUP 1Y ADDITION 190283-230383

20 Group IY Aydrococcus animals were edded to esch cage.
CX100: ArorRococcs GROUP 1Y ADDITION 190283-230383 100 m
CX10V: A¥YOROCoCCUS GROUP 1Y ADDITION 190283-230383 300 m
CX102: ArorRococcl/S GROUP 1Y ADDITION 190283-230383 700 m

CX103 - CX105

ZEACUMANTUS GROUP T1ADDITION 211282-270183

10 Group I Zescumentys animals were sdded to each cege,
CX103: ZEACUrANTYS GROUP H ADDITION 211282-270183 300 m
CX104: ZEACUMANTY/S GROUP |1 ADDITION 211282-270183 500 m
CX105: ZEACUrANTUS GROUP 1 ADDITION211282-270183 700 m

CX106 - CX108

SAL/NATOR GROUP I ADDITION 190583-020783

o Salinator 10+ mm animals were added to each cage.
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CX106: S4//NA7OR GROUP |1 ADDITION 190583-02078 100 m

CX107: SAL/NATOR GROUP |1 ADDITION 190583-020783 400 m

CX108: S4L/NA7OR GROUP |1 ADDITION 190583-020783 700 m
Cx109 - CX111
NASSARIUS ADDITION 280383-060583
S Nassarivs 14-15+ mm animals were sdded to each cags.

CX109: MASSAR/IUS ADDITION 280383-060583 100 m

CX110: NASSAR/IUS ADDITION 280383-060583 400 m

CX111: AMSSAR/US ADDITION 280383-060583 700 m
CX112 - CX115
BEMNBICIUM ADDITION 211282-270183
S Bembrcrum 8-10+ mm animals were added to each cage.

CX112: 8£r18/C/Ur7 ADDITION 211282-270183 30 m

CX113: 8£/78/C/UM ADDITION 211282-270183 300 m

CX114. 8EMB/CIUN ADDITION 211282-270183500m

CX115: BEME/C/UNT ADDITION 211282-270183700m
CX116-CX118
AUSTRGCOCHLEA ADDITION 190583-020783
S Austrococh/es 12+ mm animals were acded to each cage.

CX116: AUSTROCOCHLEA ADDITION 190583-020783 100 m

CXW 7. AUSTROCOCHLEA ADDITION 190583-020783 400 m

CX118: AUSTROCOCHLEA ADDITION 190583-020783 700 m
CX119 - CX128
ANAPELLA + KATEL YS/IA GROUP V ADDITION 260283-040483

In the combined species addition experiments either one species was added alone or
both species were added together. If either Amgpells or Kale/ysia wes edded alone,
either 5 or 10 Group Y animals were added; the 10 animal experiments are identified by
(x2). If both species were added 5 Group V animals from esch species were added.

CX119: ANAPELLA 300 m

CX120: KATELYSIA 300 m

CX121: AMAPELLA (x2) 300m

CX122: KATFLYSIA (x2) 300m

CX123: AMAPELLA + KATELYSIA 300m

CX124: ANAPELLA 500 m

CX125: KATELVS/IA S500m



CX126: ANMAPELLA (x2) 500 m

CX127:

KATELVS/A (x2) 500 m

CX128: AMAPELLA + KATELYSIA S00m
CX129 - CX138
SALINATOR + BEMBICIUNT ADDITION 260283~040483

If either S&/instor or Bembicium was edded slone either 10 or 20 animals
(8-10+ mm) were added; the 20 animal experiments are identified by (x2). If both
species were added 10 animals from each species were added.

CX129:
CX130:
CX131:
CX132:
CX133:
CX134:
CX135:
CXx136:
CX137:
CX138:

SALIMATOR S0 m

BEMBICIUNM S0 m

SALINATOR (x2) S0m
BEMBICIUM (x2) SO0 m
SALINATOR + BEMBICIUN S0 m
SALINMATOR 300 m

BEMBICIUM 300 m

SALINATOR (x2) 300 m
BEMBICIUM (x2) 300m
SALINATOR + BEMBICIUN 300m
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7.3 Results

The results of the experiments are presented as t-test comparisons of the various
treatments, using the sign and significance coding introduced in previous chapters. The
raw data are held on magnetic tape in the University of Tasmania Archives.

7.3.1 Pitfall traps (Fig.7.1)

The following comperisons are between traps left for ope tidal pericd and the
background at the time of collection.

Juvenile and small Angpa//a show lower numbers in the traps near the top of the
beach, as do group |11 Andpe//e animals in the middle of the beach.

Small/medium Aydrococeys trap numbers are low at the bottom of the transect.

Small Zescumsnius animals have low trap numbers in the iop half of the beach
while all Zescumantus groups show low trap numbers at the top station.

7.3.2 Control ceging experiments (Figs. 7.2 - 7.8)

In the following, references to ‘higher' and ‘lower' abundances, or similar, are applied
to comparisons between the control cages and the background semples at a given station.
7.3.2.1 Control 141282-280183 (Fig. 7.2)

Initial bsckground versus control

Juvenile Angpe/le have higher numbers in the control at 700 m while small ( group
11} Anspells numbers are lower in the control at 100 m and 500 m.

Small Katelysra have a weak excess of numbers in the control at 700 m.

Hydrococcus is the species most strongly affected by the caging process. All
Hydrococcys  groups are higher in the control &t 100 m (also 200 m for group |
snimals). The smallest Aydrococcys group numbers are low in the control near the
bottom of the besch. At the 700 m station group |1l and group IV numbers are
respectively lower and higher in the control.

Medium sized Zescuméntus show high numbers in the 100 m control.

Large S&//nstor numbers are low in the control at the top of the beach.

Near the middle of the beach Gy//chininé numbers are higher in the control.
Control versus final background

Juvenile Anape//s numbers are lower in the control at 500 m. Small Angpe//s
show high control numbers near the bottom of the beach, as do large Angze//a near the
top of the beach. |

Juvenile and large Agfe/ysie numbers &re lower in the controls at the bottom and
middle of the beach respectively.

ANl Aydrecoccus  qroups except group | have higher control numbers at the top of
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T-TEST COMPARISON OF CAGING EXPERIMENTS

BACKGROUND 7 CONTROL 7 BACKGROUND
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the beach and at the bottom of the beach all but group IV have low control numbers; group
IV is more abundant in the latter controls.

Al 200 m Zescumeantus group | animals are more abundant ( slight) in the controls.

Large S&/fnslor numbers are low in the 100 m controls.
7.3.2.2 Control 140283-210383 (Fig.7.3)

Initial background versus coniral

Small Angpelfle numbers are higher and lower in the 200 m and 400 m controls
respeclively. Group |1l Anspelfe show slightly lower numbers in the 100 m and S00 m
controls while large Anape/ls is more abundant in the 200 m controls.

Juvenile K@fe/ysié numbers are reduced in the middle-besch controls bul are
increased al the bottom controls.

Near the bottom of the besch, juvenile Aydrococcys numbers are lower in the
conirols while group || Ayorococcys numbers are greater in the 100 m control. Large
Avarococets is more gbundant in the top- and bottom~besch controls.

Al 100 m juvenile Zescumentys numbersare low in the controls.

Low control numbers also ocour with cy/ichning  in the middle sections of the beach.
Rissopsrs abundances are increased in the controls near the top of the beach.

Control versus final heckecound

Juvenile Angpel//a numbers are lower in the 400 m controls, 85 are the numbers of
small Arapelfe at 100 m and 300 m.

Numbers of juvenile Kafelysre are lower and higher in the controls al the middle
and bottom of the beach respectively.

Inthe 500 m controls Wa//ucine shows reduced numbers.

Juvenile Ayarococtys abundances are reduced in the controls in the middle sections
of the beach.

Al 100 m small S&/inafor numbersare low in the control cages.

Cylichning numbersare low in the 300 m controls.

Al 300 m Anthopleurs sbundances are higher in the controls.
~ 7.3.2.3 Controt 210383-060583 (Fig. 7.4)

(Cages restrictedto 100 m, 400 m and 700 m.)
Initial background versus control

Juvenile Angpel/e numbers are low in the controls at the top and middle of the beach.

Broup Il Angpells showssimilar devistionsat 100 m.

In the middle of the beach juvenile K'afe/ysrs numbers are slightly higher in the
controls.
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T~-TEST COMPARISON OF CAGING EXPERIMENTS
BACKGROUND /7 CONTROL / BACKGRDUND

BACKGROUND 290183 CX8 - CX14
CONTROL 14028370210383 CX44 - CX50
BACKGROUND 230383 CX15 - CX21
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Control Wa/lueine numbersare low (slight) at 400 m.

Juvenile Avdrococcus  abundances are low in the middle-beach controls, as are
group |1 numbers at 700 m. Group Il Avarococcus shows slightly higher numbers in
the mid-besach controls.

At the top of the besch juvenile Zescumantuys numbers are slightly reduced in the
controls.

Control versus final background

Juvenile Anape/le numbers are low in all controls (weskly so at 700 m). Small
Anspells control numbers are also low, at the 100 m and 400 m stations.

Juvenile K'afelysre abundances are higher in the controlsat 400 m and 700 m, a5
are group Il numbersat 700 m.

In the 700 m controls juvenile Ayvarecocus numbers are low. All other
Hyarococcous  groups show reduced numbers in the 100 m controls.
7.3.2.4 Control 280383-060583 (Fig7.5)

(Cages restrictedto 100 m, 400 mand 700 m.)
Initial beckground versus coptrol

The numbers of juvenile Angpe//s are low in the 100 m and 400 m controls. Group
[l Anapeifs alsoshows low control numbers at the top of the beach.

Katelysre groups |, 11 and |11 have high abundances in the controls at the bottom
station.

Juvenile Aygrococcys numbers are reduced in the 400 m and 700 m controls.

In the 100 m controls the numbers of small Se//asfor are low.

Control versus final background

In the mid-beach controls juvenile Angpef/e numbers are low. Small Angpells
show low abundances in the 100 m and 400 m controls.

The numbers of juvenile Aafe/ysie are low in the 400 m and 700 m controls while
group |l Aafelysie has incressed abundance in the 700 m controls.

At 700 m the number of juvenile Ayvaroceccys in thecontrols is low.
7.3.2.5 Control 190583-020783 (Fig.7.6)

(Cages restrictedto 100m, 400 m and 700 m.)
Initial background versus control

At 100 m and 400 m, juvenile Angpel/s numbers are low in the control cages, ss are

group || numbers at 100 m. Large Angpe//s control abundances are high at 700 m.

Group |l and IY Aydrococcus abundances are reduced in the 700 m controls.
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Coptrol versus final background

In the 100 m controls juvenile Angpe//e are less abundant.

Group !l and [l Aygrococcus ere more abundant at 700 m and 100 m respectively
while at 400 m, the control numbers of large Ayarococcus are reduced.

At 100 m small Zescumesniuvs and also small S&/instor abundances are less in the
controls.

Cylichnine 1s more abundant in the 400 m control.
7.3.2.6 Long term control 270383-170783 (Fig. 7.7)

Initial background versus control

Small Anspel/s are in low numbers in the controls of the top half of the beach.
Group I Angpel/e numbers are low in the 200 m and 300 m controls while group IV
Anépelle abundances are high at the 300 m control station.

At 600 m juvenile Xate/ysis ere in low numbers in the control cages; group 111
Katelysia abundances increase in the 700 m controls.

In the middle of the beach the control numbersof #a//ucing arelow.

Group | Ayarococcys abundsnces ere low in the mid- and low-besch controls.
Group Il and 1) Ayaroceccys control numbers are high and low at S00 m and 600 m
respectively.

At 100 m the number of juvenile Zescumantus in the control cages is high.

Small and lerge Ss/inslor are respectively low and high in the 100 m and 300 m
Cages.

In the 300 m control &y/ichninsg shows a reduced abundsnce.

Control versus final heckaround

At 100 m and 500 m group | Angpe/la numbers are low in the control cages. Group
|11 abundances are high and low in the 100 m and 500 m controls respectively. In the
mid-beach controls, large Angpe//s have a high abundance.

Juvenile A'g/elysie numbers are low in the 600 m controls while group Il and |1l
Xalelysia abundances are high in the middle and at the bottom of the beech respectively.
In the 300 m control, group | Aorococcys numbers are low; similar deviations occur
with group |l animals at 600 m. Larger Ayarococcys animals have a high abundance in
the 700 m contraol.

At 100 m there are low numbers of juvenile Zeacumeantus  in the control cages.

Cylichnrins abundances are high in the mid-besch controls,
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Fig. 7.7

487 -

T-TEST COMPARISON OF CAGING EXPERIMENTS

BACKGROUND / LONG TERM CONTROL / BACKGROUND

BACKGROUND 230383 CX15 - CX21
LOWG TERM CORTROL 270383 - 170783 CX57 - CX63
BACKGROURD 170783 CX30 - CX36
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7.3.2.7 Control versus long term control (Fig. 7.8)

At 400 m group Il Angpel//e numbers are higher in the short term control while
large Angpe//a are less sbundant in the short term control.

Group Il end |1 Kafe/ysig short term control numbers are low at 400 mand 700 m
respectively.

AL 700 m juvenile and large Myarococcus are respeclively higher and lower in the
shiort term controls,
7.3.3 Substrate disturbance 210383-060583 (Fig. 7.9)

Substrate disturbance lesds to sn increase in the survivalof group | end 111 Angpel/s
at 100 m when compared to control cages.

All but the largest Avarococcus qroup show diminished numbers in disturbed cages
at 700 m.
7.3.4 Substrate translecation (Figs. 7.10-7.11)

In the following, references to “higher’ and "lower' abundances, or similar, are spplied
to comparisons between the translocated ceges and the control ceges at the relevant station.

7.3.4.1 Substrale transiccation 140283-210383 (Fig 7.10)

The survival of group ! Angpé//s diminishes when the enimals ere moved from
400 m to 700 m. Oroup Il Angpe//e numbers are grealer and lower inthe 100m
to 700 m and 700 m to 100 m translocalions respectively. Argpe//s group il survival
tncreases when the animals sre moved from 400 m to 700 m.

Kate/ysrg qroup | survival is enhanced when moved from 100 m and 400 m o
700 m but is diminished when moved from 700 m to 400 m and 100 m. OGroup Il
Katelysig shows similar responses excepl that thereis negligible change insurvival in
the 100 m to 700 m move.

The survival of Wa//ucing s slightly enhanced in the 700 m to 100 m move.

Group | Hydmcobcus survival decreases in the 400 mto 100m, 700m 0 100 m
and the 700 m 10 400 m moves. In the 700 m to 100 m translocation the survival of

group Il Ayarococeys  8lso decresses.

Total S8//nstor numbers ere greater in the 100 m 1o 400 m translecations.

Cylichning shows a wesk decrease in survivel following the 400 m {o 700 m
translocation.
7.3.4.2 Long term substrate translocation 080483-170783 (Fig. 7.11)

The survival of large Anspe//s decreases following the 100 m to 700 m move.

Oroup | Kelelysig survival is enhanced in the 100m to 400 m andthe 100 m

to 700 m moves but decresses in the 400 m to 100 m trenslocation. Following the
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400m|CX65S vs CX60

100m|CX64 vs CX57
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Fig. 7.8 Camparison of effect of ceging and effect of lang term caging on Jagoon fauna.
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400 m to 100 m, 700 m to 100 m and 700 m to 400 m translocations, group 1l
Katelysie survival is reduced. Group Il Xsefelysie numbers are low in the 700 m to
100 m and 700 m to 400 m translocations.

There is a weak decrease in survival among group | and || Zeacumantys  following
the 100 m to 400 m and 100 m to 700 m translocations respectively.

RIssopsis suryival isenhanced in the 400 m to 100 m translocations.

7.3.5 Species edditions (Figs. 7.12-7.25)

In the following, references to "higher’ and "lower' abundances, or similar, are applied
to comparisons between the addition ceges and the control ceges at the relevant station.
7.3.5.1 Angpelle group | eddition 190283-230383 (Fig. 7.12)

The eddition of Angpe/ls juveniles decreases the survival of similar animals at
700 m. The survival of group Il animals is enhanced at 100 m. Large Anspe/le
numbers are low a 100 m.

Katelysig group | numbers are greater at 700 m,

There is 8 strong decrease in group | and !l Ayarococcys at 700 m and weak
decreases in group {1 and IY Ayarococcys numbersat 100 m.

Group | S&//nstor numbers are greater at 100 m.

There is a weak increase in A/5sgps1s survival at 300 m.
7.3.5.2 Anspells group Y addition 211282-280183 (Fig. 7.13)

Group | and Il Angpel/e numbers are reduced at 700 m but at SO0 m group ||
numbers are high.

AN Avarococcys groups show an enhanced suryival at S00 m and 700 m (group | at
700 m only).
7.3.5.3 Katelysia group | addition 190283-230383 (Fig. 7.14)

Total Angpel/a numbersshow a wesk increase at 300 m.

Oroup | Kafelysie numbersdecreases at 100 m and 300 m but group |l abundances
are greater at the same distances.

There is a weak increase in the survivalof juvenile Ayarococcus at 300 m.

At 700 m the numbersof group || Avorococecys are slightly reduced.

Group | Zescumeantus survyival is enhanced at 100 m and 300 m.

Both Sg/inalor groups have greater abundances at 100 m.

The number of Anthopleurs islow at 300 m.
7.3.5.4 Kalelysig qroup ¥ addition 211282-280183 (Fig. 7.15)

Group |1 Angpells survival is enhanced at 100 m and 600 m but group |11 shows a
strong decrease at 600 m.
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Fig. 7.12 Effect of adding Angpe//¢ group | animals to cages. Added group numbers are
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T-TEST COMPARISONR OF CAGIMG EXPERIMENTS
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T-TEST COMPARISON OF CAGING EXPERIMENTS
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T-TEST COMPARISON OF CAGING EXPERIMEMTS
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Juvenile Ks/e/ysie numbers decreases at 600 m.

AN Hyarococeus and Zescumantus groups show decreased survival at 100 m.

There is a weak increase in the survival of large Sg//ngtor at 100 m.
7.3.5.5 Angpells group V + Kalelysie group V addition

260283-040483 (Fig. 7.16)

The addition of 5 K'@fe/ysia enhances the survival of juvenile Angpe//a at 500 m.

Anspel/e group Il numbers incresse weakly at SO0 m when 10 Angpells are edded.
The survival of group |l Angpel/s at SO0 m is slightly higher when S Anspel/ls are
added than when 5 A@fe/ys/z are edded Enhanced survival of group Ul Angpe/ls
is evident at 300 m following the addition of S or 10 A's/e/ys7 end at 500 m following
the eddition of 10 Kalelysia ; group 11 survival is lower at 300 m when S Angoel/s
are edded than when S Kele/ysra are added. Adding 10 Angpells slightly decreases the
survival of that group at 300 m and SO0 m. Group Y Angpel//s survival is strongly
reduced at 300 m following the addition of S Angpella + 5 Kalelysig. The survival of
that Anapelis group is slightly greater at S00 m when 10 Kale/ysis are sdded than
when S Angpells + 5 Keatelysia are edded.

Juvenile Ksfelysis survival is slightly enhanced at SO0 m when 10 Anspel/s are
added but is decreased when 10 A'alé/ysig are edded. AtS00 m the numbers of juvenile
Kalelysig are higher following the addition of 5 Kale/lvsis than after 10 Kgle/ysia
are added. Adding S Anspells + S Kslelyrs at S00 m reduces the survival of group |
Kalelysia when compared to theeffect of adding 10 Angpe//s and slightly enhances that
survival when compared to theeffect of edding 10 Karte/ysia.

Adding 10 Astelysis ot 500 m decresses #a//verins abundances, and dogs so more
than edding S Angpelle + S Kalelyssis does. Adding S AKelfelysis at that distance
produces a greater survival of Wa//ucring than adding 10 KXgle/ysie does.

Juvenile Aydrococcys  survival is greater after adding 10 Angpée//s at 300 m
than after adding S Angpells + S Kelelysig. At S00 m, edding 10 Aglelysig incresses
the survival of group || Aydrococcus . Total Ayvarococcys numbers are higher at 500
h after edding S Angpe//s then after adding 10 Angpe//s. Also at that distance, total
Mydrococcys  abundance is 1essafter adding 10 Anspe//s than after edding S Angpel/s
+ 5 Kalelysis.

Group 11 Zescumanitus numbers are low following the addition of 5 Anapel/a , as are
group |1l numbers following the eddition of S Angpel/s + S5 Katelysig, at 300 m.

Cylichning numbers are low after 10 Angpe//a sre added at 300 m. At 500 m
Cylichning survival is lower after adding S Agfe/ysie than after adding 10
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Kelelysis.

Ris50psis abundance is reduced at 300 m following the addition of 5 K&le/ysis.

1.3.5.6 Angpellg group | addition versus A'gfe/ysig qroup | addition
190283-230383 (Fig. 7.17)

At 700 m group | Angpel/e numbers are lower after sdding Angpe//e than afler
adding Kslelysis.

Katelysrie group | and Il numbers are lower at 100 m and 300 m following the
addition of Angpe//s than after adding Asie/ysis .

The survival of Ayarococcus group | animals is reduced at 300 m and 700 m after
adding Anspe//s , when compared to the effect of adding A&/e/ys7g. Group |11 abundance
is lower at 700 m following the addition of Amgpel/e than following the adddition of
Ketelysis.

Adding Angpells 1eadsto lower group | and |1l Zescumeantys numbers at 300 m and
100 m respectively, when compared to the effect of adding K'ace/ysis .

Cylichnins and Rissopsis  abundances are enhanced al 100 m afler adding
Anspells , relative to the effect of edding K'sle/ysis .
7.3.5.7 Hydrococcus qroup | sddition 190283-230383 (Fig. 7.18)

Graup Il Anspelle survival is slightly enhanced by the sddition of Ayaracoceus
at 100 m.

At 100 m (weak), 300 m and 700 m juvenile Ayrococcus numbers are reduced
following the Aydrococcus eddition. Large Aydrococcys are present in slightly
increased numbers at 700 m when Aydrococeys s edded.

Group | Zescumeantus and Sglinslor survival is enhanced at 100 m following the
Hyodrococcys addition.

Anthopleurs shows a low abundance at 300 m.
7.3.5.8 Hydrococcus group 1Y addition 190283-230383 (Fig 7.19)

Following the sddition of Ayvarococcys |, juvenile Ayvdrococcys survival is reduced

~at 700 m, group 11l survival is enhanced st 300 m and group IV survival is reduced at
100 m, 300 m and 700 m.

There is 8 weak increase in lsrge Zescumeaniys  survival at 100 m.

Total Sa/insfor end Cylichning numbers are greater at 300 m following the
addition of Aydrococcus .

Anthopleurs shows a low abundance at 300 m.
7.3.5.9 Zescumanius qroup Il eddition 211282-280183 (Fig. 7.20)

Oroup | and Il Angpel//s survival is reduced st 700 m following the addition of
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T-TEST COMPARISON OF CAGING EXPERIMENTS
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T-TEST COMPARISON OF CAGING EXPERIMERTS
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T~-TEST COMPARISON OF CAGING EXPERIMENTS
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Fig. 7.19 Effect of adding //ydrococcus group IY animals to cages.
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T-TEST COMPARISON OF CAGING EXPERIMENTS
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Zescumeantys  while group I survival is greater at 500 m.

Al Hydrococcus groups except group Il have a slightly enhanced survival at
500 m. Group Il (weak) and group Il (strong) Aydrococcus survival is enhanced at
700 m.

Al all stations the eddition of group || Zescumanius lesds o & reduced survival of
those animals while at SO0 m group (11 survival is slightly greater.
7.3.5.10 Salinator ogroup || addition 190983-020783 (Fig. 7.21)

Adding group |l Sa/inator has no significant effect at any station.
7.3.5.11 Salinafor group |l + Bembicium eddition 260283-040483

(Fig. 7.22)

Anspells qroup | survival is reduced following the addition of 10 Bembicium
at 50 m. Adding 10 Bembicium there leads to slighlly lower Angpe//a juvenile
survival than does the eddition of 20 Sembicium . At 300 m the survival of group |
Angpells is greater after adding 20 Bembicium then after edding 10 Sa/instor + 10
Bembicivm . Group Wl Angpelle survival is greatly enhanced by edding 10 or 20
Salinstor al 300 m; at that distance agroup (Il Angpells survival is greater with 10
Sa/instor edded than with 10 Sembicium edded. large Anspells show higher
numbers at 300 m after 20 S&/inalor are added; edding 20 Bembicium eads to greater
Anspells qroup Y survival than sdding 10 Bembicium does. Adding 20 Sa/inator
leeds to higher group V Angpe//z numbers at 300 m then sdding 10 Sa/inslor + 10
Bembicium does.

The addition of 20 Ss/insfor st 300 m decresses the numbers of group |
Hyvdrecaceus . Adding 20 Sembicivm at 50 m leads to a slight enhancement of group 11
Hydrococcys survival and this survival is greater than after edding 10 Ss/instor + 10
Bembrcium . Group Il Aydrocaccys abundance at S0 m is less after adding 10 or 20
(weak) Salinalor. Adding 10 Salinalor leeds to lower group IV Aydrococcus
numbers than sdding 10 Bembicivm .

There is a slight enhancement of qroup | Zescumantus survival following the

“addition of 10 Sa/inator at S0 m. Adding 20 Bembicium at 300 m reduces the number
of group || Zescumsantys . At SO m the sddition of 10 Bembicium decresses group |l
Zescumantys numbers more than adding 20 Sembicium does. Alsoat S0 m, edding 20
Sa/instor leass lo greatly lower numbers of that Zescumsntus qroup than dees the
sddition of 10 Sa/instor + 10 Bembicium .

The survival of group Il Sa/inslor is reduced at 50 m and 300 m following the
addition of 10 Ss8/imstor , and at 50 m following the sddition of 20 Ss//nsfor. The
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T-TEST COMPARISON OF CAGING EXPERIMENTS
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Fig. 7.21 Effect of sdding Se//nafor group 11 animals to cages.
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number of group \\ S&/inafor surviving after adding 10 Bemébicium s grester than
after adding 10 S&//nalor .

At 300 m, adding 10 (weak) or 20 Sa/instor reduces the survival of Cy/ichning.
The survival of Cy/ichnine following the eddition of 10 Se/imafor is lower than efter
sading 10 Sembicivm ; edding 20 Selinator decreases Cy/ic/ining numbers more than
adding Y O Sa/inslor .

Rissgpsis survival is reducedat 300 m by the eddition of 10 or 20 Ss/inslor .

The survival of Bembicium is slightly lower at 300 m following the sdditionof 10
Bembicium compared with that after the sddition of 20 Bembicium .
1.3.5.12 Nsssarivs wsddition 280383-060583 (Fig. 7.23)

Large Angpells are slightly more abundent at 400 m following the addition of
Nossarius .

At 700 m juvenile Ayorococcys survival isslightly reduced.
71.3.5.13 Bembicivm eddition 211282-270183 (Fig. 7.24)

Adding Bembicium incresses and decressss the survival of group || Angoe/ls
at 300 mand 700 m respectively.

Group || Aydrococcus survival is enhanced at 500 m and 700 m, &3 is group ||
survivalat 700 m.

At 300 m the numbers of group || Zeseumantus are higher after the sddition of
Bembicivm .
1.3.5.14 Ausirocochifese eddition 190583-020783 (Fig7.25)

Juvenile Kslelysie survival is slightly incressed following the sddition of
Ausirocochles at 400 m.

Large Ayarococcys havea greater abundance at 700 m.

Large Zescumanlus are more numerous at 400 m after the Ausirococti/es
addition.

There is a weak reduction in the abundance of &y/ichning at 400 m.
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T-TEST COMPARISON OF CAGING EXPERIMERTS
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T-TEST COMPARISON OF CAGING EXPERIMENTS
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7.4 Discussion

Wave induced pits in the natural substrate sre common throughout the lsgoon besch.
These typically arise during southwesterly storms which blow up the besch. Small
depressions disappear relatively quickly, within a matter of days. In some cases,
however, the depressions may fill with algal mats which act as buffers and allow the
dgepressions to remain patent for several weeks. This ccocurs most commonly in the upper
half of the beach. [f the depressions are not filled with the algal mats, water-barne
sediments are washed in, with the interstitial fauna being returned passively to the
depauperated area. The pitfal) traps show thet all but Anape//s, Hydrococcus and
Zeacumnatus are replaced within one tidal pericd. The pitfall traps were almost
completely filled with substrate after the immersion and it is probable that the entire
species complements would be returned within only a few tidal immersions.

The cage design proved to be well suited for use on the tidal flat and there was little
build up of sediments within the cages or against the cage walls, as has been found in @
number of studies (Yirnstein 1978; Hulberg and Oliver 1980). Despite this it is
apparent that the act of caging significantly affects the biota.

In the cooler months, caging results in a general reduction in the density of juvenile
Anapel/sin the top sections of the beach. In summer and autumn, however, juvenile
Anapells numbers increase inside the cages, relative to the starting densities. This
appears to be at least partly due to a general increase in densities in those sections of the
beach and newly settled Angpe//a(< 0.5 mm) could become trapped inside the cages. A
concomitant effect could be the shading effect provided by the cages which would reduce the
dessicatory stress in expased sreas during the wermer months. Juvenile Asfe/yvsis
survival sppears to be increased by caging in mast seasons (in the lower half of the beach)
and this probably reflects the lesser tolerance to exposure shown by that species. Long
term caging, however, eventually reduces juvenile £sfe/yssanumbers.

Larger Anapel/le show enhanced survival inside the cages at the top of the autumn
beach and in the lower sections of the winter beach. Larger A'gfe/ys78, however, do not
show major caging effects although the survival of medium Ksfe/ys/a appears to be
slightly greater inside the coeges. Again, this could be due to the shading effect of the cages.
Anthopleurs survival also increases inside the cages during autumn, probably in
association with the greater survival of large Angpe//a

In summer and autumn, small (particularly) and large Ay arococcysshow enhanced
survival inside the cages al the top of the besch. Agsin, this could be due to the shading
effect of the cages. In all seasons, however, juvenile Ayarococcesnumbers decline in
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the middle or st the bottom of the beach when caged. The winler reductions may be partly
attribuled lo general reduclions in densities in those areas of the tidal-flsl.

Caging appears o enhance the survival of Cy//c/iningin the middle sections of the
beach - only in autumn do numbers decrease. Cy/ic/ininé is probably & rapscious
predator of Aydrococcus, sclively searching for its prey. Csging should lead to an
increase in predator numbers al the expense of ils prey and this appears 1o be the case
with cy/ichninaand Hydrococcus There is some suggestion thal the autumn survival
of large Hyarococcus is sided by ceging. A corresponding reduclion in &y/ichnina
numbers during that season support the suggestion of & funclional predator-prey
relationship.

In all seasons bul summer, ceging decreases the survival of small Jeacymeantus at
the top of the beach. Caging salso decreases lhe densilies of Sa/ingior at the top of the
beach. Bolh these species appear 1o be highly lolerant of aerial exposure, and are found
naturally high on the beach. While caging may reduce the dessicalory stress on other
species, Sa//nator and Zescumenius are not edvenleged by il. A7550p5/5 survival,
however, is enhanced al the top of the beach.

There is relatively lillle effect caused by the regulsr disturbance of the substrale
inside the cages. The significant effecls are opposite to those expected under the trophic
amensalism hypothesis. Thus, the survival of small Angoe//aappesrs to be aided by the
disturbance at the top of the beach while Ayvdrococcys survival is reduced st the bottom
of the beach. It is possible that the manual disturbance of the sediments inside the cages
waes 100 infreguent to produce any of the effects essociated with trophic amensalism. Under
natural conditions, the substrate disturbance produced by deposil feeders would be &
continual pracess, in contrast 1o the bidaily disturbance inside the cages.

The decline in Hvdrococcus numbers at the boltom of the beach may be related to the
relatively shallow anoxic layer there. Eech manual disturbance relurned more anoxic
sediments o the surfece at 700 m than it did higher up on the beach and this could reduce
the survival of Ayarococcus

The translocstion of entire subsirale cores from one region of the beach to another
provides a rigorous lest of the importance of exposure to the biota. The cage mesh would
provide a barrier to minimise any effects due to biotic interactions and the translecations
effectively represent a switching of exposure regimes.

Juvenile Anspe/ls surviva) decresses when animals are moved further down the
beach but medium Anspe/ls survivael increases. With longer iranslocations, large
Anédpellasurvival decreases when moved from the top to the bottom of the beach. This
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suggests that the natural absence of Angpe//afrom the lawer sections of the beach is due
to an intolerance to extended periods of immersion. Wa//uycinashows similar effects. In
contrast, juvenile and small A'ele/ysiasurvival increases when they are moved further
down the besch and v/ce verssa  Thus, the natural low beach zonation shown be
Kalelysrs appears to be largely due to an intolerance to serial exposure.

Juvenile and medium Ayadrococcys survival decreases when they are moved up the
beach. The natural densities of juvenile Aydrococcusare greatest near the bottom of the
beach and this is probably due to an intolerance to exposure. The survival of larger
Hyarococcusappesrs to be independent of the position on the tidal gredient.

Although S&//natoris commonly found at or above the high water mark, its survival
is greater when the snimals are moved from the top to the middle of the beach. The
increase in survival is only apparent in total S&/7ns5¢or numbers, however, and it is
possible that the smaller animals account for most of the increase.

Cylrchningsurvival decresses efter the snimals are moved from the middle to the
bottom of the beach. Given that small ~varococcysprobably form the major component
of the diel of Cy/ichning, it is apparent that the position on the lida) gradient lakes
precedence over the availability of food in determining the distribution of Cy/fchnina

In longer translocations, small Jeacumentus decreases when moved from the top to
the middle and botlom of the besch. Also, R/ssgpsissurvival Is enhanced when moved
from the middleto the top of the beech. It appears that the natural high-besach zonation of
these species is at least partly due to an intolerance to extended periods of immersion.

The addition of animals to the experimental cages provides a test of many of the
conclusions drawn from the correlation analyses of the spatial distributions of the species
on the tidal flat.

Spatial correlstions smongsmall Anspe//sare generally positive and et the top of the
beach the addition of juvenile Amgpe//s does appear to enhance the survivel of like
animals. Al the bottom of the besch, however, the same actions decrease the densities of
small Angpel/a Similarly, the sddition of juvenile A'afe/ysia reduces the survival of
that group in the top sections of the besch. Thesddition of large Angoe//sat the bottom of
the beach causes a reduction in the survival of small Angpe//s, although their survival is
enhanced on the S00 m beach ridge. A'sfe/ysis does not appear to be affected by the
addition of large Angpe/ia  Large Ketel/ysrs, however, appear lo facililele & weak
increase in juvenile Angpel//s survival at each end of the beach but the survival of
medium Angpe//ais strongly decreased at 600 m. Juvenile Xale/ys/gsurvival is also
reduced near the bottom of the beach when large animals of thal species are added.
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In each case it appears that the species are resource limited in regions away from
their preferred zones. Tolerance to immersion or emmersion, therefore, is not the only
determinant of the distribution of the bivalves. In fact, exposure and resource limitation
may act synergistically.

The eddition of one bivalve leads to a slight enhancement in the survival of similarly
sized animals of the other species in the latter species preferred zone. [t is difficult to
suggest any functional relationship that could sccount for this. The comparison of the
effects of adding juveniles of each species indicates that Azgpe//ais the most strongly
interacting of the two. The apparent mutual enhancement of juvenile survival shown by
Anapelleend Katelysiaat the ends of the besch contrasts with the spatial correlations
which suggested that those species tended to segregate in those areas. The enhancement is
supported by the results of edding combinations of large Angpe//send Kalelysia Those
experiments also support the suggestion that Angpe//s is the dominant bivalve with
respect to interactions - the effects of adding the two species are strongest when high
numbers of Argpe//gare present.

The spatial correlations indicated a segregation between small Angpe//s and large
Hyarococecys in the middle sections of the beach, while positive correlations cccurred
near theends of the beach. The caging experiments show that negative interactions can be
induced between those species at each end of the beach. In contrast, the eddition of large
Anapelle enhances the survival of Aydrococcusat the bottom of the beach, although the
effect reverses when higher numbers of Angpe//sere added. Although the eddition of
small Kglelysighas little effect on Aydrococcus, \arge Xale/ysrastrongly reduce the
survival of Aydrecoceasat the top of the beech. These interactions are hilighted by the
relative effects of adding combinations of large Angpe//sand Katelysia

The trophic group amensalism hypothesis is generally regarded as being the negative
effect exerted by deposit feeders on suspension feeders. The caging experiments, however,
suggest that there may also be a relationship acting in the opposite direction. Large
bivalves could reduce Aydrococcysnumbers simply by reducing the availability of space
within the cages. It is unlikely, however, that space reductions would arise when juvenile
bivalves are added. Thebivalves may reduce the availability of food for the deposit feeders
by removing it from the weter column before it can settle onto the substrate. This
presupposes that the bivalves and gastropods share a common food resource. It is more
likely that the bivalves reduce the availability of nutrients that would normally enrich
the food supply of the deposit feeders.

Kalelysigand Zescumantusinteract strongly when A'afe/yvsrais added to cages in
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the top sections of the beach. Although juvenile K'afe/ys/aappesr toenhance the survival
of small Zescumantus, \arge Katelysigreduce the survival of that gastropod. Similer,
indirect relationships could exist between Ksle/ysis and Zescumsnius 8S were
suggested for Anspellsand Kalelysia Kslelysigand Zescumanlus have mutuslly
exclusive distributions on the tidal flst and the spstisl correlstions between these twe
species are negative. The caging experiments suggest that this could be due to a functional
relationship between the two species. Al the bottom of the beach, the sddition of
Zescumantus or Bembicrumreduces the survival of small Anspe//ls indicating that
similar relationships may extend to Azgoe//sawhen that species is in 8 stressed 2one.

Large A'ale/ysiaalso appesr to reduce the survivel of R/ssopsisend Cylichnins
near the middle of the beach but the effect is not proportional to the number of animals
added. Kalelysisand Rissopsisdid not show segregation in the correlation analyses but
it appears that segregation could be induced, possibly due to similar causes as were
supgested for the segregation betwesen K'sle/ysis end Zescumsntus. The apparent
relstionship between large Kals/ys7s and Cy/ichning isdifficult to interpret.

The stdition of juvenile Aydrococcus lesds to 8 reduction in the numbers of small
Hydrococeusin all sections of the beech. Similarly, large Aydrococustend to reduce
the survival of other Aydrococcysat esch end of the beach when added to the cages. Both
cases probably reflect resource limitation.  Particle size selection among Ay drococcys
would tend o restrict food resource overlap to similarly sized animals. Thus, small
animals would compete for similarly sized particles while larger animals would utilise
larger psrticles. This could account for the relstively weak effects on juvenile
Hydrococeys following the sddition of large animals.

Salinatorsnd Cylichnrnsappear tobe edvantaged by the addition of Aydrococcys
in the top regions of the beach.  Although Ss8//nsfor shares feod resources with
Hydrococcus, there does not appear to be competitive exclusion between the two species
following the caging manipulation experiments. The occasionsl segregation between the
two species shown in the spatial correlation anslyses is probably & localised sccurence,
with the general positive sssocistien prevailing. The enhancement of Cy/ichnins
survival following the sdddition of Ayrococcus can be sttributed to factors similar to
those described for the control experiments.

Anthopleursnumbers appear to reduce, snd Zescumaenius increase, following the
sddition of Aydrococcus, but it is difficult to attribute these effects to a functional
relationship. Because Aydrococcusforms partof the diet of Anlhopleur s, the opposite
effect would be expected. Indeed, the two species were shown to segregate on the tidsl flat;
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other fectors may play & dominant role in the caging experiments, The apparent benefit to
Zescumeantus could be due to the substrate disturbance produced during Ayarococcus
feeding. This may allow an increase in the production of the microslgae which
Zeacumanius feeds on. The caging observations are supported by the strong positive
relationships between Aydrococcusend Zescumsniusshown in the spatisl correlation
anatyses. Zescumanits, Bembicium and Austrococh/es enhance the survival of
Hydrococcus when added near the bottom of the beach, suggesting there may be & mutusl
relationship between Ayarococeys and the algivorous gastropods.

When Zeacumantys is added to the cages, the existing Zescumantus densities are
reduced, suggesting resource limitation. Towards the middle of the besch it appears that
Zescumeantus survival is increased by the eddition of Sembicium or Austrocochl/es,
indicating & mutusl relationship among these slgivorous gastropods. The correlstion
analyses also suggested such relationships,

The combined addition of S&/inator and Eembicium show that Bembicrum tends
toreduce the survival of juvenile Angoe//aand increase the survival of Ayarococcysat
the top of the besch. These observations support the conclusions derived from other
addition experiments. Sa/snafor eddition decreases the survival of Aydrococcus (and
other Sa/inafor } end Zescumeantus at the top of the beach while increasing the
survival of non-juvenile Angpel/s in the middle reaches of the beach. The former
relstionship is probably due to resource limitation between the two deposit feeders, but
the latter is unexpected. The interaction between Sa/insforand Zescumanius could be
mediated by factors similar to those acting between Aydrococcys and the algivorous
gastropods. Fembicium addition leads to a reduction in the survival of Zeacumantus at
the top and near the middle of the beach; existing Bemo/crumdensities are also reduced.
The distributions of Bembicivmand Zescumantus suggested thet a possible segregation
and the correlation experiments indicated that this probably cccurs in winter, when food
could be limiting. It appears that microalgae are a limiting resource near the top of the
beach.

The combined addition experiments reveal that Cy//chiningand R/ssopsissurvival
is reduced by the eddition of high numbers of Sa/7nator. These observations are opposite
to those produced following the addition of Aydrococcus and are also opposite to those
suggested by the correlation analyses. The S&//nafor addition experiments did not
produce any significant effects and it appears that the role of Sg/inalorveries with the
season. The combined experiments were conducted in summer/autumn while the
Salinator sddition experiments were conducted in winter. A passible explaination of the

517



negalive effect of caged S&//naforin summer is one of physical dislurbance. S&/inalor
is 8 particularly active animal and normally wanders over large distances. Confining 8
large number of Sg//naforin s small area would leed o considerable disturbance of the
subsirate and this may be detrimentsl to Cy/ickninaand Rissopsis survival. This
could be exegerrated with increased aclivity in the warmer months. The fact thal the
bivalves remain unaffected following the sddilion of S&//nstor sugpests thal the
disturbance would be more of a physical nature, rather than a resuspension of the

sediments.
Although it was expecled that Aassar7uswould produce 8 significant decline in the

numbers of surviving Angpel/aend Kalelysis thisdidnot cccur. The experiments may
not have been continued for s sufficient length of lime; individusl Assséeri/vs may nol

need 10 feed frequently.,
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CHAPTER 8

BENERAL DISCUSSION

Turbulence remains one of the last great problems of clessical physics (Judson
1980) and | suggest that it provides a useful analogy for problems in community ecology.
While the turbulence of fluids is commonplace, and can be seen in the passage of any fluid
pasi an obstacie, it is not yet possible to sccurately predict its nature. This is despite the
fact that the properties of fluids in motion are well understood and can be modelled by
relatively simple equations. The problems of predicting turbulence arise because of the
immense complexity that develops when many cores of moving fluids combine and interact:
the combination of many predictable flows leads to & single unpredictable flow. Judson
{ 1980) notes that man's earliest attempts to mske sense of hydrodynamics came from
artists who composed visual essays on liguid motion. He points out that:

"Science now is only beginning fo resch beyond such precisz
observations toward an explanation of turbulent Mow" {Judson 1980,
p. 14).

The present study is in many ways analogous to 8 pictorial description of binlogical
turbulence’. Within the tidal fiat mollusc community at Pipe Clay Lsgoon, the
hierarchical interaction of entities (individuals, populations, species) successively
increases the complexity of the system as a whole. While the complexity of the community
has been observed and sketched in this work, it has not been explained. As is readily
apparent from Chapiers S and 6, the skeiches of the community patterns are themselves
complex and difficult fo interpret. Hopefully, future pencils and brushes of quantitative
ecolegy will develop to a point where they are capable of producing clear and unambiguous
descriptions of patterns; only then will we be able to search for explanations of those
patterns.

This study has raised innumerable questions while failing to unambiguously answer
any. With the luxury of hindsight, it isclear that the aims were tos ambitious. Teo much
effort needed to be devoted to simply establishing the makeup of the community to allow
for any refinement of the analytical products. This problem could be redressed in 8
similar study of a well known community.

Despite the difficulties associated with interpreting many of the resulls of the
analyses, this study has produced an outline of how the community appears to behave. One
of the most striking features of the habitat is itsstability. The beach profile showed little
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change throughout the sampling and there were no obvious sediment sorting gradients over
the transects. Natural disturbances to sediment stability have frequently been implicated
as the mediating agent in the development and maintenance of soft-substrate communities
(Thistle 1981 ; Gallagher ef #/1983; Probert 1984) but disturbance does not appesr to
be important in Pipe Clay Lagoon, at least on 8 large scale. The habitat stability was
reflected in the relative stability of the populations making up the community. Nospecies
exhibited marked changes in distribution and abundance from season to season, apart from
those associated with recruitment.  Constancy of community composition may be &
characteristic feature of coastal lsgoons. Peterson ( 1977) also found little change in
commmunity makeup of similar lagoons over a three year periad. Similar long term
studiesof Pipe Clay Lagoon are obviously warranted but these would reguire considerable
effort if the minimum size (0.5 mm animals) used in this study was to be maintained.

The tidal flat habitat of Pipe Clay Lagoon is very homogeneous at 8 macrofaunal level,
although undoubtedly significant variations occur at the micro- and meiofaunal level. The
tidal gradient can be regarded as the averriding environmental parameter andligggia:\satu
exert its strongest influence on the species during their recruitment.  Repreductive
patterns vary both between and within species according to the position on the beach. In
most species, recruitment appears {o be wviptug '-&:égé};’ﬁ?fﬁaus although considerable
temporal variations occur. Generally, bivalve recruitment is greatest over the cooler
months of the year and reproductive success, as measured by settled juveniles, tends to
increase in high beach areas during the cooler months. The gastropods sppear to be less
sensitive to desiccatory stress and the principal period of recruitment is spring/summer;
this could be related to the availability of food

The spatial and temporal variations in the structure of the community allowed a
working hypothesis to be proposed in Chapter 4. This was essentially a synthesis of
hypotheses developed from other studies of similar communities, applied to the
observations of the survey work. One of the most interesting findings from this study is
that it is possible to link the trophic amensalism hypothesis of Rheads and Young ( 1970)
"with Huston's { 1979) dynasmic equilibrium hypothesis for the maintainance of species
diversity. [t appears that trophic amensalism, acting on juvenile animals, may be the
cantrolling factor for maintaining the observed trends in diversity along the transects.

The second half of this work was an attempt to test the working hypothesis in three
stages, each having successively greater fidality. Unfortunately the difficulties of
reducing the information content of the community to mansgeable and unambiguous
proportions has prevented a solid hypothesis from being suggested. The working
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hypothesis can be reconsidered, however, with medifications suggested by the spatial
correlation and caging experiment analyses.

The distributions of most abundant bivalve { Angpe//s ) and the most abundant
gastroped ( Hydrococcus ) appear to be relatively independent of besch height, and this
independence is likely to be largely responsible for the numerical dominance of those
species. Two species show evidence of strong vertical zonation: K'g/e/vsrs in the lower
sections of the beach and Zemé/civmin the extreme upper section of the besch. in the
former species the restricted zonation is probably associated with competitive exclusion,
exerted by Angpe/ls Exclusion may also occur between Zescumantusand Bembicium
but the very restricted zone of Zembicium could have prevented this from being
detected. The remaining species do not show strong vertical zonation, although most have
preferred zones. Tidal height appears to be the principal environmental factor in
determining the distribution patterns of species although most species show preference
for a particular sediment size fraction . Since that fraction is so dominant (c. 80%),
however, it is may be a casual, rather than a causal, relationship. Despite the importance
of gertal exposure, there are no indications of a demarcation of faunal types according to
beach height, as has been suggested by Seapy and Kitting (1978).

In general, the serial and planar correlation analyses revealed similar relationships
among the biota and these relationships were largely supparted by the caging experiments.
Large Anspells and Katelysig exclude juveniles of the opposite species and this,
together with the lower tolerance todesiccation shown by A'gle/ys/s, may partly account
for the restricted zonation shown by A'sfe/ys7a  The remaining suspension feeding
bivaive, Wa//ycing, appears to be excluded from areas of high densities of Angpe//aor
Katelysis, probably through resource limitation.

Adult-larval interactions are very important in soft-substrate habitats and they are
often thought to be mediated by csnnibalistic predation by suspension feeders (Woodin
1976; Peterson 1979; Williams 1980). Negative interactions do occur between
juveniles and adults of Angpel/laand Aatelysis, and vice verss, but not within the
sare species. Unless the bivalves are able to recognise conspecific larvee (perhaps ona
size basis), this suggests that the ingestion of larvae by adult suspension feeders does not
play a major role in Pipe Clay Lagoon.

Peterson ( 1982) also found little evidence for recruitment being affected by the adult
densities of two suspension feeding bivalves although very high densities of the dominant
species were associated with decreased recruitment of the other. In general, he showed
that intraspecific effects were very much stronger than interspecific effects, and found
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indications of an ecological separation between the two species, with food being the
limiting resource. A separation also occurs in Pipe Clay Lagoon and is reflected in the
distribution of Anspe//e and K'afe/ysisgon the beach. The correlation analyses showed
that the separation between similarly sized animals along the tidal gradient is not aclively
maintained, although juveniles of one species and adults of the other do segregate.

The distributions of the suspension feeding bivalves are also influenced by the
densities of the deposit feeding species, particularly Aydrococcusand S&/inator. The
caging experiments suggest that the trophic amensalism may be mutuat.

Surprisingly, there are also indications that the mutually exclusive zones of
Katelysisand Jeacuman!us have afunctional basis; Zegcumeantusand Angpellgalso
show evidence of segregation. In addition to Zescumeantus, two other algivorous
gastropods, A/ssopsis and Awstirococh/es, appear to segregate with the major
bivalves. It is difficult to suggest the mechanism for such exclusions, however.
Suspension feeders and algivorous gastropods are unlikely to share food resources and the
exclusions are probably not associated with exploitation competition. A possible
explanation may be a form of interference competition, related to the trophic group
amensalism hypothesis. Just ss sediment reworking by deposit feeders can be
disadvantageous to suspension feeders, so mobile algivores may disturb the sediments
sufficiently to cause clogging of suspension feeding structures. Interference competition
of another form may also be acting between the deposit feeders and the algivorous
aastropods, which also show evidence of segregation.

Predation has been shown to play a significant role in the control of community
structure on both hard and soft substrates ( Menae and Sutherland 1976 ; Petersen 1979).
In Pipe Clay Lagoon, however, predation appears to be of relatively minor importance.
Predation does occur and it does affect the distribution of species to a small degree, but its
role is minor in comparison lo those played by exposure and trophic amensalism. The
largest carnivore, Aassarius, has a relatively uniform distribution over the middle
sections of the besch and feeds mainly on large Anspe//s and Kalelysig while
Cylrehning, with a more restricteddistribution, probably feeds on juvenile bivalves and
juvenile depasil feeders. Although both predstors show significant relationships with
their prey in the correlation analyses, no major effects are evident in the overall
community structure. No firm conclusions can be drawn about the relationships oi the
presumed ectoparesite, Agafha, with other members of the community. Although the
correlation analyses suggest thal Jeacumeantus is a likely host, AgalfHadoes nol appear
to be capable of significantly influencing the community structure.
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The anemone, Anthop/eurs, however, may play an indirect role in influencing the
community structure. Field observations, together with the correlation analyses show
that Anthop/eurs is capable of reducing the densities of the major deposit feeder,
Hydrococcus. The low numbers of Antfopleurs at either end of the besch may have
allowed the comparatively high densities of Aydrococcus to develop there, and hence
have mediated the effects of trophic amensalism in those regions.

In the light of the above, the working hypothesis can be restated as fol lows:

Hypothesis for the maintenance of the community struture

The deposit feeding gastropads, Avarococeys and S8/instor, can
tolerate a wide range of conditions, are distributed over most of the
beach and compete for trophic resources. The two species show
evidence of competitive exclusion in areas of high densities. Their
feeding activities rework the substrate, making the sediment~water
interface unstable.

Anspells and Katelysis larvae settle indiscriminantly on the
substrate but are unable to survive 1n areas of highly reworked
sediment. In those areas where there are relatively low densities of
deposit feeders, the bivalves are able to survive to maturity.
Competition for resources (space and/or food) between adults of one
bivalve and juveniles of the other leads to a segregation of the two
species along the tidal gradient. Asfe/ys7s, being less tolerant of
desiceation, becomes confined to the Jower sections of the beach.

Wsllucins is able to take advantage of low numbers of
Anspells and Ksielysisnear the S00 m beach ridge and reaches its
highest densities there.

Anthopleurs uses large bivalves as a substrate and is most
abundant in the middle sections of the beach. Passive predation by
Anthopleurs sets to keep the numbers of deposit feeding gastropods
low, thus minimising the effects of trophic amensalism in those
regions. In the absence of Anifop/eure at either end of the
transect, relatively high numbers of deposit feeding gastropods lezd to
an exclusion of suspension feeding bivalves and hence to a reduction in
community diversity.
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The upper half of the beach appears to be maost suitable for
gasiropods feeding on microalgee. Although the distributions of the
algivorous gastropods suggest a degree of local competitive exclusion,
this cannot be detected statistically.

Interference competition between the algivorous gastropods and
both the suspension feeding bivalves and the deposit feeding
gastropods may be sufficient to influence the local distributions of
those species.

Nassariys obtains its main food supply by scavenging dead, and
preying on living Angpe//eand Kefe/ysiaand is therefore most
abundant in the middle sections of the beach. C£)/7c/hning probably
feeds on juvenile bivalves and 8lso on juvenile Ayvdrococcys(andto
a lesser extent juvenile Sa/7nstor ) and its distribution reflects
those of its prey. Typicslly, the distribution of the predators is
determined by the distribution of the prey and not vice versa
Apart from Anlhop/eurs, therefore, predation appears to play a
minor role in the maintenance of the community structure.

The above remains largely hypothetical and intensive experimental work would be
required to prove or disprove the various components of the hypothesis. Also, the
possibility that species outside the defined mollusc community might influence the
molluscs cannot be dismissed. As discussed in Chapter 2, the roles of species such as
crabs, fish and wading birds are probably not important in the Pipe Clay Lagoon tidal flat,
but they undoubtedly exert some degree of influence. Their neglect in this study has been
one of pragmatism only, as was the neglect of the third spatial dimension during the
survey and experimental work. [Molluscs, particularly bivalves, may show segregation
according to depth in the substrate (Peterson 1982) and this study indicates that
Angpella and K'gle/ysis are likely candidates for such a relationship.

The difficulties in interpreting the results of the analyses highlight a paradox that is
unavoidable in community studies. To understand the structural dynamics of an entire
community, intensive sampling is required. Ideally, the community should be sampled
more frequently, with respect to both time and spsce, than was possible in this study.
This, however, would lead to even greater difficulties in interpretation. The paradox is
that greater understanding of an entire community can only come from a more intimate
knowledge of that community, but greater knowledge makes that understanding more
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difficult to schieve. This paradox only applies to the primary analysis. Secondary
analysis ( that is, analysis of the analysis), could reduce the difficulties. The second level
of analysis, however, can only proceed on the basis of hypotheses generated by the first
level.

This work is clearly divisible into two sections. The first four chapters led to the
formulation of the hypothesis for the maintenance of the community structure. The
hypothesis weas an amalgamation of the observations of the survey work and established
community hypotheses derived from the literature. As isobvious from the later chapters,
there was virtually no opportunity to place the spatial analyses into a perspective
provided by previously published work. This raises a problem that plagues the study of
complex communities. for general concepts, such &s diversity or trophic group
amensalism, it is possible 1o construct 8 framework of relevant literature, within which
new observations can be placed; the working hypothesis was based on such a framework.
The testing of such constructions, however, deals with concepts that are unique to the
particular community being studied. The fact thet Anape//s end Hyorococcushave s
certain serial correlation at a certain leg, Tor example, has no counterpart in the
literature, other than the indirect links through the general concepts; the second half of
this work is relevant only to the first half. Thiswas a major sourceof frustation in that
the very complex products of the correlation snalyses could not be placed into an
independent framework that was based on other work. The only opportunity to establish
such a fremework would come through a comparison with the preducts of similar
analytical methods { rather than similar communities), the link being the taol rather than
the object being manipulated.

For this reason, & standardisation of the analytical methads is highly desirable. |
suggest that the approach adopted in this study could prove perticulerly useful. A
methodical survey of species distributions along an environmental gradient, followed by
serial and planar correlstion analyses similar to thase used here could identify the mast
important interrelationships among species and between species and environments)
variables. These could then be tested by appropriate experimental work. As is obvious
fﬁorn this study, compromises may need to be made in the ratio of experimentsl to survey
work, depending on the intensity of the survey and the manpower resources. For
communities that are already well known, experimental work could predomingte while the
serial and planar analyses could be used to reveal a hierarchy of testable interactions
within the community.
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APPENDIX A

COMPUTER PROSRAIM LISTINGS

This appendix lists source codes of the FORTRAN 1Y pregrams used for the serial and
planar spatial analysis of species dispersion patierns, described in Chapters S and 6. The
programs were developed on a Burroughs B6800 computer and may reguire slight
modifications for use on other computers. The pregrams are stored on @ magnetic tape

geposited in the University of Tasmania Library with this thesis.
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CEREAL/CROSS jobs

The job templates for autocorrelation and crosscorrelation using CEREAL/CROSS have
the same basic format. In general, the jobs require the following cards (comments in
Ftalics):

1. title
2.READ ( gats input psremeter cérd)
3. no. observations, interval between observations, no. of species,
no. of classes for each species listed from first to last species
4. FIT ( smoothing psremeter csrd)
S. smoothing code for each species total (0=nosmoothing, 1=smoothing)
6. smoothing code for each class of each species
7. power of fit polynomial, range of moving average
8. CRSS or SEAL ( swlo- or cross-correletion paremeter card)
9, maximum lag
10. correlation code for each species (autocorrelation only)

( 0=no correlations calculated, | =correlations calculated)

Example of job for autocorrelation analysis
?BEGIN JOB CEREAL/TRANSRAW/200381; job tit/e
QUEUE=33; priority gueve
RUN OBJECT/CEREAL/CROSS;
FILE FILES=TRANSRAW/200381; adsls 7ile
FILE 4(KIND=READER); jat File type
DATA job dsts cards rollow
CROSS/200381 title
READ
36,1,16,24,5,13,31,11,11,6,3,3,7,4,16,13,9,1,11
FIT
Vol il ol ol 5 Valad sl 51 050 c1)
[ (e D I O R O I ) g 0 Oy O [ P [
1,1,0.0,1,
01 I O O g
{10 1 T I I T I T I I T I 1 I I I I
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L0100,
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Lid ¢ 1
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fid §ld 3 Yendid

1,001,

P9V T O O P 8 By O O O 1
1 P W ) O O OO O 90 OO O

¥, 0.0, 0 0,0,

lg

Vo d ) sl s 05050

2,9

SEAL

9

0 L O 10 O O O O O
? endof job gals cards

?END JOB

Exemple of job for cross-correlation analysis
?BEGIN JOB CR0SS/200381; job title

QUEUE=33,; priority gueve

RUN OBJECT/CEREAL/CROSS,;

FILE FILES=TRANS/GROUP /200381, dals file
FILE 4(KIND=READER); jeb rile type

DATA Job dats cards rollow
CEREAL/GROUP/200381 ¢/t/e

READ

36.20,16.54.3 9.2, 1.0,:1 . 0L.0.0,0,.0.1.0.0
FIT

A I A O O O

[0 = 1 O . 0 [ O O 8 0 R
3,9

CRSS

S

? endof job dals cards

?END JOB



LIST CEREAL /CROSS

100 $RESET FREE

200 $CHARS=4

300 C PROGRAN CEREAL :PRCKAGE FOR SEAIES RNALYSIS,SPECIFICALLY FOR
400 C A SHALL NUMBER (<S0) OF OBSERUVATIONS.TREMD LINES ARE FITTED
500 C AS DESCRIBED BY KENDRLL & STUART ¢ 1965).H0VING AVERRGES BETHEEN
600 C 5 ARND 11 POINTS RRE RUAILRBLE FOR POLVIRIIALS OF POLER 2 TO 5.
700 C AUTGCORRELAT IGNS RAE CALCULATED USING THE EXACT FORMAA RATHER
800 C THAN THE USUAL RPPROXIMATICH TO AVOID ERRORS ASSOCIRTED MITH
Q00 C SHALL N.

1000 C OBS<=36

1100 C SP<=16

1200 C CLASS¢=31

1300 C (POMER, RANGE ) COMBINATIONS: (2,5),(2,7),€2,9),¢2,11)

1400 C (3,5),¢3,7),€3,9),¢3, 1)

1500 C 4,7),¢4,9),¢4,11)

1600 C (5,7),¢5,9),¢5,11)

1700 C LRG<¢=12

1800 FILE 4(KIND=RERIER,T|TLE="COIFRNDS" )

1200 FILE S<KIND=DISK,FILETYPE=8)

2000 FILE 6CKIND=PRINTER)

2100 COMSTON MEIGHTC(O: 11,11,4,4>,DRTAC35, 16, 32), TREND(36, 16,32),
2200 2RSOL (36, 16,32 ), SERIES(S0), CLASS(20), CSUH( 16, 32), SPSUH( 16,
2300 &RANGE , POMER, SP,08S, | NTRUL , SPH, CLASSH, LAG, CORL (20), R( 16,32, 12)
2400 BATA KEIGHT/35,31,9,-3,-5,3,0,0,0,0,0,0,

2500 -35,9, 13, 12,6,-5,0,0,0,0,0,0,

2600 -33,-3, 12, 17, 12,-3,0,0,0,0,0,0,

2700 -35,-5,6, 12, 13,9,0,0,0,0,0,0,

2600 -35,3,-5,-3,9,31,0,0,0,0,0,0,

m -OJOJOJOJOJOJOJOJOJOJOJOJ

3000 -0,0,0,0,0,0,0,0,0,0,0,0,

3100 -0,0,0,0,0,0,0,0,0,0,0,0,

3200 -0,0,0,0,0,0,0,0,0,0,0,0,

m -OJOJOJOJOJOJOJOJOJOJOJOJ

3400 -0,0,0,0,0,0,0,0,0,0,0,0,

3500 -42,32,15,3,-4,-6,-3,5,0,0,0,0,

3500 -14,5,4,3,2,1,0,-1,0,0,0,0,

3700 -‘411131414131 11-2101010101

3800 -21,-2,3,6,7,6,3,2,0,0,0,0,

3900 -14,-2,1,3,4,4,3,1,0,0,0,0,

4000 -14,-1,0,1,2,3,4,5,0,0,0,0,

4Iw -42J 3-3.!- J-4J3J‘ 132J0JDJDJDJ

4200 0,0,0,0,0,0,0,0,0,0,0,0,

4300 0,0,0,0,0,0,0,0,0,0,0,0,

4400 -0,0,0,0,0,0,0,0,0,0,0,0,

4500 0,0,0,0,0,0,0,0,0,0,0,0,

4600 -165, 109,63,27,1,-15,-21,-172,-3,21,0,0,

4700 -330, 126, 92,63, 39,20,6,-3,-7,-6,0,0,

4800 -2310,378, 441,464, 447,390,293, 156,-21,-238,0,0,

4800 -2310, 14,273, 447,536, 540,459,293, 42,-294,0,0,

5000 -231,-21, 14,39,54,59, 54,39, 14,-21,0,0,

5100 -2310,-294,42,293,459, 540,536, 447,273, 14,0,0,

5200 -2310,-238,-21, 156,293, 320,447,464,441,378,0,0,

5300 -330,-6,-7,-3,6,20,38,63,92, 126,0,0,

5400 -165,21,-3,-1?,-21,-15,1,27,63, 109,0,0,

5500 -0,0,0,0,0,0,0,0,0,0,0,0,

S600 -0,0,0,0,0,0,0,0,0,0,0,0,

5700 -143,83,54,30, 11,-3,-12,-16,-15,-9,2, 18,

5800 -715,270, 199, 138, 87,46, 15,-6,-17,-18,-9, 10,



5500

6100

9100
9200

8600
9700

10080
10100

10300
10400
10500
10600
10700

16800

106800
11000
11100
11200
11300
11400
11500
11600
11700
11800
11300

~2145,450,4 14,373,327, 276,220, 159,93 ,22,-54,
17,-75,
126,97,53,-6,-80,

-215,55,87, 109, 121, 123, 115,
-715.-15,46,92, 123, 139, 140,
-429,-36,9,44,69,84,89,84,6
-713,-80,-6,53,97, 126, 140, 1
-215.-75.-17,31,69,97. 115, 1
2145,
-715,10,-9,-18,-17,-6
~143, 18.2,20,-15,-16,
~70,60,4,-6,4,-1,0,0,
-35.2,27.12.-8,2.
=35,53.12.49, 12,=3;
-35,2,-8,12,27,2,0,
-20.-1,4.-6.4
-0} 1Y,
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0,0
0,0

0,0
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J
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0,
22,

,55,35,12 9
~1386,-28,392.515, 432,234, 1
-462,-56,84, 144, 145, 108,54,
-231,-21, 14,39,54,59,54, 39,

—462,0,-21,4,54, 108, 143, 144,

97,69,31,-

9,44,9,-36,

39, 123,92,46,-15,
23,121, 109, 87,55,
~135,-54,22,93, 159,220, 276,327,373, 414,450,
,15,46,87, 138, 199,270,
-12,-3, 11,30,54,83

2

&

0
0
0,0,
0
0

-

?

O ~
-~ 00
O =~
~

- o~
c:5::=
~

,-7,0,0,
-20,-14,16,0,0,
-140,112,0,0,

2,-143,
4,-21,0,0,0,
14,-21,0,0,

84,-56,0,0,

551

~-135

~1386, 112,-140,-143, 12, 234,432, 515,392,~28,0,0,

-198, 16,
-09,-7,8,8,0,-9,
-0,0,0,0,0,0,0,0,0,0,0,0,

-0,0,0,0,0,0,0,0,0,0,0,0,
~143, 113,48,8,-12,-17,-12,
~142,48,41,32,22, 12,3,4,

~429,24,86, 123, 116,80,44, 1,

-14,-20,-9, 12, 36,56,
-12,-2,28,85,0,0,

65,56,0,0,

~2,8,13,8,-12,

-8,-8,-3,8,

-32,-44,-24,39,

-858,-72,132,232,251,212, 138,52 ,-23,-64,-48 48,

-429,-51,36,86, 106, 103, 84
~429,-36,9,44,69,84,89,84,
~429,-6,

.!56.!25.! I.!

-12,1,26,56,84, 103,

-12,-6,
69,44,9,-36,
106,86,36,-51,

-838,48,-48,-64,-23,52, 138,212,251, 232,132,-72,
~429,39,-24,-44,-32,1,44,86, 116, 123,95, 24,

-143,8,-3,-8,-8,-4,3, 12,22,

32,41,48,

-143,-12,8,13,8,-2,~-12,-17,-12,8,48, 113,
-0,0.0,0,0.0,0,0,0.0,0.0,
-0,0,0,0,0,0,0,0,0,0,0,0,
~0.0.0.0.0.0.0.0.0.0.0.0,
-0.0.0,0.,0,0.0.0.0.0.0.0,
-0.0.0.0.0.0.0.0.0,0.0.0,
0.0.0.0.0.0.0,0,0.0.0.0,
~0.0,0,0.0.0,0.0.0.0.0.0,
-0,0,0,0,0,0,0,0,0,0,0,0

LY
LY
-
-
-
-
-

20

-
™



16100

16700
16900

17100
17200

12400
17500
17600
12700
7800
17800
18000

552

-
-
-
-
-
=
-
-
-

,0,0
,25,-35, 1
6, 155,60,
-462.-35, 155,212, 150, 25,-65,
-231,5,-30,75, 131,75,-30,5,
-462,20,-65,25, 150,212, 155,~
-462.~19,70.-65,-60, 155, 355,
-462.5,-19,20, 10,-35, 25,
-0,0,0.0,0,0,0,0.0,0.0,0
-0,0,0,0,0,0,0,0,0,0,0,0
-0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0

2

-0,0,0,0,0,0,0,0,0,0,

~1287, 1231, 175~ 125,75, 45,81,5,-85,35,0,0,
~2574.350, 1412, 1025 ,225 ,~330,-360,37, 385,~170,0,0,
-25%4,-259, 1025, (112,675, 180,-105,-110,37,10,0,0,
—g58,-50, 75,225,304, 270, 135,35, -120,54,0,0,

-429, 15,-55,30, 135, 179, 135,30, -55, 15,0,0,

-858,54, -120, -39, 135,270, 304,225, 75,-50,0,0,
2574, 10,32, -110,~165, 180, 675, 1112, 1025,-250,0,0,
2574, - 120, 385, 32, ~360,-330, 225, 1025, 1412, 350,0,0,
~1287,35,-85,5.81,45,~75,-125, 175, 1231,0,0,
~0,0,0,0,0,0.0.0,0,0.0,0,
-0,0.0.0.0.0.0.0.0.0.0.0,

-143, 131,30,-10,-15,-3,6, 10,5,-5,-10,6,
~143.30,50,50,25,0,~15.,~16 ,-5. 10, 15,10,
~429.-30, 150, 177, 125,50, -10,-35,-23. 10, 30, ~ 15
~429.-45. 73, 125, 127, 100.60,20,-10,-23, - {5, 15,
-429,-15,0,50, 100, 127, 120,80, 20,-35,-48, 30,
~420, 18,~45, - 10,60, 120, 148, 120, 60,~10,-45, 18,
~429. 30, -48,-35.20.80, 120, 127, 160,50,0,~15,
-429, 15,-15,-23,-10,20,60, 100, 127, 125, 75,435,
-429.~15,30, 10,-23,~35.~10,50, 125, 177, 150, -39,
-143,-10, 15, 10,-5,-16,-15,0,25,30,59, 30,
-143,6,-10,-5,5,10,6,-5,-15,-10,30, 131,

=

-0,0.0.0,0.0,0,0,0.0.0,0,
-0,0,0,0,0,0,0,0,0,0,0,0,
~0.0,0,0.0.0,0.0.0.0.0,0,
-0.0.0.0,0,0,0,0.0.0.0,0,
-0.0.,0.0.0.0.0.0.0.0.0.0,
~0.0,0,0.0,0,0.0.0,0.0.0,
~0.0,0.0.0,0,0.0.0.0.0.0,
~0.0.0.0.0.0.0.0.0.0.0.0,
~0.0/0.0.0.0.0.0.0.0.0.0,
-0.0.0.0.0.0.0.0,0.0.0.0,
-0.0,0,0,0,0.0.0,0.0.0.0,
~924.023.6,~15.20,-15,6,1,0,0,0,0,
~154, 1, 148, 15,-20, 15,6, 1,0,0,0,0,
~308.-5,30, 233, 100,-75,30,-5,0,0,0,0,
~231.5,230.75, 131,75,-30,5,0.0.0.0,
~308.-5,30. ~75, 100,233,30,-5.0.0,0.0,

-154, 1,-6, 15,-20, 15, 148,1,0,0,0,0,

-924,~1,6,-15,20,~15,6,923,0,0,0,0,
OJOJDJDJ ] 2 F F rl rl ] rl
-0,0,0,0,
-0,0,0,0
-0,0,0

-

o,0,0,0,0,0,0,0
8,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,
,0,0, .?,0.2,0 0,0,0,0

D F Rt | F F
-429,425, 18,-27,8, 15,-6,-13, 12,-3,0,0,
-1216, 72, 1385,522,-213,-220, 123, 186,-187,48,0,0,
-858,-54,261,400,291,60,-101,~66,93,-26,0,0,



18100
18200

18400
18300
18600
18700
168800
18900
19000
19100
15200

19400

~1716,32,-213,582, 005, 540,27, -202, 123,-24,0,0,
-429, 15,-55,30, 135, 179, 135,30,-55, 15, 0,0,
-1216,-24, 123,-202,-27,540, 803, 582,-213,32,0,0,
-858,-26,93,-66,-101,60,291,400,261,-54,0,0,
-1716,48,-187, 186, 123,-220,-213,522, 1383, 72,0,0,
-429,-3,12,-13,-6, 15,8,-27, 18,425,0,0,
-0,0,0,0,0,0,0,0,0,0,0,0,
-0,0,0,0,0,0,0,0,0,0,0,0,
-572,557,54,-51,-16,24,24 ,-4,-24,-9,26,-9,
-266,27, 184, 111,6,-44,-30, 12,34,9,-36, 13,
-1216,-153, 666, 719,456, 156, -40, 05, -48, 29,54 ,-27,
-143,-4,3,38,57,48,20,-8,-18,-4,12,-6,
-143,6,-22, 13,48,57, 40, 12,-8,-8,6,-1,
-429, 18,-45,-10,60, 120, 143, 120,60 ,-10,-45, 18,
-143,-1,6,-8,-8, 12,40,57,48, 13,-22, 6,
-143,-6, 12,-4,-18,-8,20,48,5?,38,3,-4,
-1716,-27,54,29,-48,-66,-40, 156,456, 719,666, - 153,
-286, 13,-36,9, 34, 12,-30,-44,6, 111, 184,22,
-572,-9,26,-9,-24,-4,24,24,-16,-51,54,557?/
DIMENSION PROCC 10, TITLE(ED)
RERD(4,50)T I TLE
HRITE(6,60)TITLE
FORMAT(80R1)
FGRHATC 1X, B0A1)
FCRMAT(A4)
20 STEP=STEP+1
RERD(4, 10, ED=30) PROC(STEP)
IFCPROCCSTEP.EQ. *STOP* > GOTO 30
GOTO 40
40 IF(PROC(STEP>.EQ. "READ’ > CALL READIN
IFCPROCCSTEP).EQ. "FIT' ) CALL FIT
IFCPROCCSTEP >.EQ. "PRT1°) CRLL PRINT1
IF(PROC(STEP).EQ. "SEAL ' CALL SERL
IFCPROCCSTEP ). EQ. ‘CRSS* )CALL CROSS
GOTO 20
3D CLOSE(H, DI SP=CRUNCH)
END
SUBROUT INE RERDIN
COMMON MEIGHTCO: 11, 11,4, 4),DRTACSS, 16,32), TREND(35, 16, 32),
8RSOL (36, 16,32, SERIES(S0),CLASS(20), CSUHC 16, 32 ), SPSUHC 169,
ERANGE, POLER, SP, £8S, | NTRUL, SPN, CLASSN, LRG, CORL(20), RC 16, 32, 12)
RERDC(4, /)08S, INTRUL, SP, (CLASSCJ), J=1,5P)
IF(SP.EQ.-1.0)READCS, /)(DATACOBSN, 1, 1), 085N=1,0BS)
IF(SP.EQ.-1.0G0TO 2
DO 1 0BSN=1,085
DO 1 SPM=1,SP
RERDCS, /3 (DATACOBSN, SPN,J), J=1, CLASS(SPN))
1 CONTINUE
2 CARLL TOTAL
RETURN
END
SUBROUT INE FIT
COtHON WMEIGHT(D: 11, 11,4,4>,DATA(36, 16,32), TREND(3S, 16,32,
8RSDL(36, 16,32, SERIES(50), CLASS(20), CSUHC 16, 32, SPSUHC 16),
£RANGE , POUER, SP, 0BS, INTRVL ,SPH, CLASSN, LAG, CORL (20, RC 16, 32, 12)
DIMENSION FITSP(20),FITCLS(20,32)
READC4, /XCFITSPC1), 1=1,5P)
READ(4, 7 3(CFITCLSCI, J), J=1,ELASSC1 )Y, 1=1,5P)
READ(4 , / YPGUER, RANGE
HRITECH,3) POMER, RANGE
3 FORMATC3X, 'POMER=",11,";'," RANGE=",12//)

=88



24100
24200
24300
24400
24500

21100

27300 C
27400 C

29700 C

30000

POMER-PTMER- |
D0 1 SPN=1,SP
IF¢SPSUMCSPHY.EQ.0.0)G0TO 1
IFCFITSPCSPN) EQ.0.0)GOTO 1
FITCLS(SPN, CLASSC(SPN )+ 1)=1.0
DO 2 CLASSM=1,CLASS(SPH+1
IF ¢F I TELSCSPH, CLASSN) .EQ.0.0) GOTC 2
CRLL SHOOTH
| FCCSUM(SPN, CLASSN Y. EQ.0.0) GOTO 2
CRLL RESIDL
2 CONTINUE
1 CONT INUE
RETURN
END
SUBROUTINE SMOUTH
COMMON WEIGHT(O: 11, 11,4,4),DATA(36, 16,32), TREND(36, 16, 32,
&RSDL(36, 16,32), SERIES(50), CLASS(20), CSUH( 16,32, SPSUHC 16),
&RANGE , POIER, SP,0BS, INTRUL ,SPN, CLASSN, LAG, CORL (200, R( 16, 32, 12)
DO 1 OBSN=1,085
CSUMCSPN, CLASSN X=CSUH(SP N, CLASSH »+DATR(OBSH, SPN, CLASSH)
SER |ESCOBSN X=0ATA(GBSN, SPN, CLASSN)
{ CONTINUE
IF (CSUM(SPN, CLASSN) . EQ.. 0. 0 YRETURN
FIND MOUING RVERRBE OF FIRST & LAST (RANGE-~1)/2 POINTS
FIRST END PGINTS:
DO 2 OBSH=1, (RANGE~1)/2
DO 3 POINT=1,RANGE
StAH-SUTH-SERIESCPO I NT J#E | GHT (PO I T, 0BSN, (RRNGE-S) /2+ 1, POMER )
3 CONTINUE
TREND(OBSN, SPN, CLASSN )=SUN/ME| GHT (0, 0BSH, (RANGE-5 )72+ 1, POMER)
SU=0.0
2 CONTINUE
TREND FITYED FCR FIRST END POINTS
NOW LAST END POINTS:
DO 4 CBSN=1, (RANGE~1)/2
0BSMY=(RANGE- 1) /2—CBSN+
DO S5 POINT=1, RANGE
POVNT=RANGE-POINT+1
SUT=SITHSER | ES(OBS—RANGE+POI NT Y*4E | GHT CPOYINT , OBSH, CRFNGE-
£5)/2+1, POLER)
S CONT INUE
TREND(BBS-0BSNN+1, SPN, CLASSN =SUM/ME | GHT ¢0, 685N,
& CRANGE-5)/2+ 1, POLER)
SU=0.0
4 CONTINUE
TREMD FITTED FOR LAST END POINTS
NOW INTERMEDIATE POINTS:
DO 6 OBSN=CRANGE-1)/2+1,085-(RANGE-1)/2
DO 7 POINT=1, RANGE

SUN=SUM+SERIES(OBSN~(RANGE-1) /2~ 1+POINT Y4E I GHT{POINT, (RRNGE-1)/2

&+1, (RANGE-5) /2+1, POIER)
7 CONTINUE

TREND(DBSN,SPN, CLASSN >=SUM/KE I GHT (0, (RANGE~1)/2+1, (RANGE-5)/2+1,

&POMER)
SUn=0.0
6 CONTINUE
TREMD NOHW FITTED TO ALL POINTS
RETURN
END
SUBROUTINE RESIDL

554



30700

31100
31200

34100
34200
34300
34400
34300
34600
34700

34600
35100

12
10

555

COMMON UEIGHTCO: 11, 11,4,4),DRTR(36, 16,32), TREND(36, 16,32),
2RSDL (36, 16,32, SERIES(50),CLASS(20), CSUPI (16, 32, SPSUHC 16),
RRANGE , POKER, SP, 0BS, INTRVL , SPN,CLASSN, LRG, CORL(20), R( 16,32, 12)

DO 1 DBSN=1,0BS

RSOL (0BSN, SPN, CLASSN =DATACOBSN, SPH, CLASSN )-TREND(0BSH, SPH, CLASSN)

RETURN

END

SUBROUT INE TOTAL

COMMON WEIGHT(O: 11, 11,4,4),DATAR(36, 16,32, TREND(36, 16, 32),
&RSDL(36, 16,32 ), 3ER1ES(50), CLASS(20), C3LHMC 16,32), SPSUN(I6),
ZRANGE , POMER, SP, BBS, INTRVL , SPN, CLASSN, LRG, CORL(20),R( 16,32, 12)

DIHENSICN TOTL(50,20)

DO 1 OBSH=1,0BS

DO 1 SPh=1,3P

DO 1 CLASSM=1,CLASSCSPN)

TOTL COBSN, SPN =TOTL (OBSN, SPH HOATACOBSN, SPN, CLASSHY

DO 2 BBSH=1,0BS

DO 2 SPH=1,SP

DATACOBSH, SPN, CLASSCSPN ¥+ 1 %=TOTL (0BSH, SPN)

TOTALS STORED IN LAST+1 CLASS GF ERCH SPECIES

DO 3 SPH=1,5P

D0 3 OBSN=1,08S

SPSU(SPN =SPSUM(SPN M+ TOTL (GBSH, SPN)

RETURN

END
SUBROUT INE PRINT1

COMMON UEIGHTCO: 11, 11,4,4),BATACSS, 16,32, TREND(36, 16,32),
RRSDL (36, 16,32, SERIES(30 ), CLASS(20), CSUR1C 16,32 ), SPSURC 16,
&RANGE ,POLER, SP,0BS , INTRUL, SPH, CLASSN, LAG ,CORL(20), R( 16,32, 12)
DIKENSION PRTSP(20),PRTCLS(20,32)

RERD(4, /> (PRTSP(SPN),SPN=1,5P)

RERD(4,/) (CPRTCLSCI,J),J=1,CLASSCIY),1=1,5P)

MRITECE, 1)

FORHAT(33X, 'L ISTING OF OSSERUED,FITTED AMD RESIDUAL VALUES' /33X,
~46('%")/)

DO 2 SPh=1,5P

IFCSPSUM(SPNY . EQ.0.0) GOTO 2

IFCPRTSP(SPN).EQ. 0.0) GOTO 2

PRTCLS(SPN, CLASS(SPN)+1)=1.0

HRITECB,4) SPN

FORMATC1X, 'SPECIES', 1X, 13)

DO 3 CLASSN=1,CLASS(SPi)+1

IFCCSUMCSPN, CLASSN) .EN.0.0) GOTO 3

| FCPRTCLS(SPN, CLASSNY .EQ.0.0) GOTO 3

IF (CLASSN. LT . CLASS(SFHD*1) GOTO 10

MRITEC6, 12)

FORMATC 12X, ' TOTAL' )

GOTO 11

HRITECH,5) CLASSN

S FORKATC12X, 'CLASS' , 1X, 13)

MRITECB,6) C(OBSH*INTRUL,085N=1,08S)

6 FORMAT(21X, 'PDINT', 1X, 1512/27X, 1512/27X, 1517/,512 /)

MR I TEX6,7 XX DATACCGBSN, SPY, CLASSH ), 0BSN=1,085)

? FORMATC21X, '0BS', 3X, 15F7.2/27X, 15F2.2/27X, 15F?.2/27X,5F7.2/)

WRITECS,B8) (TREND(OBSN,SPN,CLASSH ), 0BSH=1,085)

8 FORMATC21X, "FIT" ,3X,15F7.2/29X, 15F7.2/27X, 15F?.2/27X,5F?2.2/)

LRITE(6,3) (RSOL(OBSN, SPN,CLASSN),0BSHN=1,0BS )

9 FORMATC(21X,'RESID', 1X, 15F7.2/22X, 19F %, 2/29X, 15F7.2/27X,5F?.2/)
3 CONTINUE
2 CONTIRUE

RETURN



39100

40700
40800
40200
4 1000
41100
41200
41300
41400
41500
41600
41700
4 {800
41900
42000
42100
42200

5

6

i
8
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END
SUBROUT INE SEAL

COMYON WEIGHTCO: 11, 11,4,4),DATAC36, 16,325, TREND(35, 16,32),
SRSDL (36, 16,32), SERIES(S0), CLASS (20 ), CSUM (16,32, SPSUNC 16),
ERANGE , PONER ,SP, 0BS, | NTRUL,, SPN, CLASSN, LAG, CORL (20, RC 16,32, 12>
READ(4, / LAG

RERD(4, 7 Y(CORL(SPN), SPN=1,5P)

CALL SERCOR

CALL PRINT2

RETURH

B

SUBROUT INE SERCOR

COMHON HE IGHT CD: 11, 11,4,4),DATAC35, 16,32, TREND(35, 16,32),
&RSDL (36, 16,32, SERIES(50Y, CLASS(20), CSUNC 16, 32 ), SPSUHC 16),
&RANGE , POUER , SP, 0BS, | NTRW., SPH, CLASSN, LAG, CORL(20 ),RC 16,32, 12
0O 1 SPM=1,SP

IF (SPStI(SPN)Y.EQ.0.0) 6OTO 1

DO 2 CLASSN=1,CLASS(SPN >+ 1

IFCCSUMCSPN, CLASSNY.EQ.0.0) GOTO 2

DO 4 LAGN=1,LAG

DO 5 OBSH=1,0BS—LAGN

TERH1=TERH 1+RSOL (OBSH, SPN, CLASSN )

TERM2=TERM2+RSDL (0BSH+LAGN, SPH, CLASSH >

D0 6 OBSN=1,0BS-LAGN

TOP=TCP+(RSDL COBSH, SPN, CLASSN >-TERH 1 /(0BS-LAGN) »*
& (RSDL (OBSN+LAGN, SPN , CLASSN »-TER}2/ (0BS-LAGN) )

TOP=TOP /¢CBS-LRGN)

DO 7 OBSN=1,08S-LABN

BOT 1=BOT 1+(RSDLCOBSN, SPN, CLASSN )-TERHI /COBS-LAGN) »5=+2
BOT2=B0T2+ (RSDLCOBSN+LAGN, SPN, CLASSN -TERH2/(OBBS-LAGN ) y342
BOT=BOT {*B0T2/(085~1.0)/(OBS—LRGN)

BOT=SORT(BOT )

IFCBOT.EQ.0.0) R(SPN,CLASSH, LRGN 3=000

IFCBOT.EQ.0.0) GOTO 9

RCSPN, CLASSN, LISGN 3=TCP /BOT

TERS11=0.0; TERi12=0. 0; T0P=0.0

BOT 1=0.0 ;BOT2=0.0; BOT=0.0

CONT INUE

CONT | MUE

CONT | NUE

RETURN

BN

SUBRDUT INE PRINT2

COMON WEIGHTCO: 11, 11,4, 4>, DATAC3S, 16,32), TREND(36, 16,32,
SRSOL(36, 16,32),SERIESCS50), CLASS(20), CSUH( 16, 325, SPSUHC 16),
RRANGE, POIER ,SP, 0BS, INTRUL , SPN, CLASSN, LRG, CORL(20),R¢ 16,32, 12)
HRITECH, 1)

FORMAT ¢/ /50X, "SERIAL CORRELATION COEFFICIENTS' /50X, 31C° % )4/
WRITEC6,8)C1, I=1,LAG)

FORMAT € 14X, "LAG" ,7X, 12¢1X, 17))

DO 2 SPH=1,SP

| FCSPSUMCSPN Y. EQ.0.0) GOTO 2

MRITECE,3 YSPH

FORHAT( /710X, "SPECIES', 1X, 12/)

IFCCORL(SPNY.EQ.D.0GOTO 4

DO 5 CLASSH=1,CLASS(SPN)

I FCCSIR1CSPN, CLRSSNY EQ.0.0) GOTO 5

HRITECH, 6 XCLASSN, (R(SPN, CLASSN, LAGN), LAGN=1,LRG>

6 FORMAT( 12X, "CLASS', 1X, 12, 4X, 12C1X,F?.4))
5 CONT INUE
4 WRITE(6,7YCR(SPN, CLASSCSPN M+ 1, LAGH), LAGN=1, LAG)



47100

47300
47400
47500
47500
47650

7 FORMATC1SX, "TOTAL ', 4X, 12C1X,F7.4)
2 CONTINUE
RETURN
END
SUBROUT INE CROSS
COMMON WEIGHTCO: 11, 11,4,4),DRTAC36, 16,32 ), TREND(36, 16,32),
2RSOL(36, 16,32), SERIES(50), CLASS(20), CSLIC 16, 32, SPSUM( 16),
SRANGE , POUER, SP, 0BS, INTRUL, 5PN, CLRSSN, LAG, CORL(20), R( 16, 32, 12)
DIMENSION CCU( 16,6, 16,6,0:6),CCL( 16,6, 16,6,0:6)
RERD(4, /LAG
DO 1 K=0,LAG
DO 1 SPH=1,5P
0O 1 CLASSH=1,CLASSCSPN)+1
CALCULATE MEAN FOR LEABING SERIES
DO 2 H=1,085-K
2 MERM 1=HERN 1+RSDL (H+K, SPH, CLRSSN)
MERN 1=MEAN1/ (CBS-K )
DO 3 SPHN=1,SP
DO 3 KLASSN=1,CLASS (SPAN +1
IFCSPNN .EQ. SPN . AND. CLRSSN. EQ.KLASSN) GOTD 3
CRLCULATE HEAN FOR TRAILING SERIES
DO 4 H=1,085-K
4 MEANZ=HEAN2+RSDL (H, SPMM, KLASSN)
HERNZ=FERN2 / (OBS—K)
CALCULATE CROSS-COVARIANCE BETMEEN THE TWO SERIES
DO 5 H=1,085-K
ECUCSPN, CLASSH, SPHN, KLASSN, K d=CCU(SPN, CLASSN, SPEN, KLASSH, K >+
$CRSDL (H+K, SPN, CLASSN >—HERN 1 ¥ (RSBLCH, SPSL, KLASSH ~HERN2 )
S CONT INUE
CCUCSPN, CLASSN , SN, LRSS, K >=CCUCSPN, CLASSN, SPHN, KLASSN, K)
CALCULATE DENOMINATOR TERHS FOR CROSS-CORRELATION
D0 6 H=1,085-K
TERM 1=TERM1+(RSOL (H+K, SPH, CLASSN > #HEAN 1 J42
6 TERM2=TERH2+ (RSDLCH, SPNN, KL ASSN >-HERNZ yi2
IFCTERA1.EQ.D.0.0R. TERI2.EQ.0.0) GOTD 18
DENOTESORT ¢ TERH 1 TERH2 )
HENCE CROSS—CORRELATICN CCL
CCLCSPN, CLASSN, SPHN, KLRSSN, K )=CCU(SPH, CLASSH, SPNH, KLASSN, K ) /DENG
SET VARIABLES TO ZERD
18 CONTINUE
MEAN2=0.D; TERM 1=0.0; TERI{2=0.0
3 CONTINUE
MERN1=0.0
1 CONTINUE
LEFT MITH CCL FOR SP,CLASS US SP,CLASS AT LAG VHERE TOTALS
$ARE IN LAST+1 CLASS OF ERCH SPECIES
PRINT RESILTS
DO 7 SPH=1,5P
DO 7 CLASSH=1,CLASS(SPN M+ 1
IFCCLASSN.EQ. CLASSCSPNY+1> GOTO 9
HRI TEC6, 8 YSPN, CLASSN
8 FORMATC 1X, 'LERDING SERIES: ", 1X, ‘SPECIES’, 1X, 13, 1X, 'CLASS ', 1X, 13>
GOTO 10
9 WRITECH, 11)SPN
11 FORMATC1X, 'LERDING SERIES:*, 1X, 'SPECIES', 1X, 13, 1X, 'TOTAL")>
10 CONTINUE
URITECG, 13D
13 FORMATC1X, 'TRAILING SERIES: SPECIES CLASS')
DO 14 SPIgi=1,SP
DO 14 KLASSN=1,CLASS(SPNH )+
IFCKLASSN. EQ. CLASS(SPHN )+1G0T0 30

557



48675
48680

468700
48800

45000

WRITE(6, 20 )SPNY, KLASSN, (CCL (SPN, CLRSSN, SPIY, KLASSN, K ), K=0,LAG)
20 FORMATC 19X, 13,5X, 13,8X,6(F7.4, 1X))
6OTO 31
30 MRITE(6,2 1)SPNN, (CCLCSPN, CLASSN, SPHN, KLASSN, K ,K=0, LAG )
31 CONTINUE
21 FORMAT (19X, 13,3X, ' TOTAL ", 8X,6¢F7.4, 1X))
14 CONTINUE
7 CONTINUE
RETURN
END
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ACORN jobs
ACORN is the mest complicated, and also the most flexible, of the analysis programs. A

full description of Its capabilities and the methods for setting up & job have been included
8s ACORN/HELP, s file stored on the magnetic tape lodged with this thesis in the
University of Tasmania Library. Basically, the job deck regquires the following cards

(comments in 7te/ics):

|. BRID ( read date parameter cord)

2. no. grid rows, no. grid columns, no. species, no. classes in each species
listed from first to last

3. LINK ( weighting malrix parameter card)

4, code mo. for weighting matrix ( 1=rook, 2=bishop, 3=queen), distance
between neighbours

S. MORC ( Moran statistic paremeter card')

6. analysis code for each species listed from first to lsst (0= snalysis for
species total only, 1= snalysis for total end classes, 2= no snalysis
for that species)

7.ACCU ( sccumulation parameter card)

8. eccumulation analysis code for easch species listed from first to Iast (0= o
accumulation snslysis, 1= analysis calculated for successive
sccumulation of classes from smallest to largest)

9. CORM ( correlogram psremeter card)

10. correlogram code for each species listed from first to last (0= no
carrelogram calculsted, 1= correlogram celculated for totel only, 2=
correlogram celculsted for totsl and clesses)

11.ST0P

Example of job for planar sutocorrelation analysis
?BEGIN JOB JACORN/200381/100M; fou trt/e

QUEUE=33; prrorrty guete

RUN OBJECT/ACORN;

FILE FILE4=GRID/200381/100M; gats file
FILE S(KIND=READER); jot file type
DATA oo vals cards follow

GRID

559



8,8,16,24,5,13,31,11,11,6,3,3,7,4,16,13,9,1,11

LINK

3,1

MORC

S0 % 0 R I T P P P R 8 |
ACCU
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
CORM
222222222222222,2
STOP

? end job d8le cards

7END JOB
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200 $CHRS4

300 C e o R T S o S e
400 C ekt OSSR PORGSOINENN0N M
S00 C PRGGHAN RCORN:. PACKAGE FOR CRLOALAT ING roRAN

600 C STATISTICS FOR REBUNDANCE DATR STORED IN A GRID
700 C HORAM STATISTICS CRANM BE CRLCIAATED FOR ERCH CLASS
800 C AND/OR TOTRL FOR EARCH SPECIES.ACCURALATION OF CLASSES
900 C FOR EACH SPECIES HITH KORAN STRATISTIC CALCULATED
1000 C HTEFCHSTEP IS OPTIOHNAL.

1100 C

1200 C

1300 FILE 4<KIND=DISK,FILETYPE=8)
1400 FILE S(KIND=RERDER,TITLE='CGIANDS')
1500 FILE 6<KIND=DISK)

1600 DIMENS|ON PROCC10)
1700 . COMMON CS2(40),S1812(40), SUHA(40), CHOME2(40), ZERO(20, 40),

1800 $CHOME4(40), 2(40, 100), SIRZ2¢20,40), TOTALC 100, TZC 100), TSWIZ2(20)
1900 $,SNRIE(20,80), CLASSC20), DATAC40, 10, 10), VECT(40, 100), KANT(20),

2000 $LE | GHT( 100, 100, BTHOC20, 400, SUMEP(20, 40), TBTHO40 ), TSRZP(20),
2100 $COL ,ROW, CELLM, W,S1,S2,2P,22,A1S,EXP| ,ER12, ENI 2, DEVR, DEUN, B2, SPH, U,
2200 $720¢20), CODE, SD(20,40), THERNC20), TSD(20 ), CHERNC20, 40, S151(20, 40
2300 C

2400 C

2500 10 FORMAT(R4)
2000 20 STEP=STEP+¢}

2700 RERD(S, 10, END=30 PROC(STEP)

2800 IF(PROCCSTEP).EQ. *STOP* > GO T0 30

2900 GO TO 40

3000 40 IF(PROC(STEP).EQ.'GRID’ ) CRLL GRID

2100 IFC(PROC(STEP).EQ. "HORC' ) CRLL HORCAL

3200 C PROCEDURE LINK FITS IN HERE IN DRIVER

3300 IFCPROCCSTEP).EQ. "ACCY’ ) CRLL ACCIRE

3400 IFCPROC(STEP).EQ. "CORN' ) CRLL CGRAN

3500 GO 70 20

3600 30 CLOSE(G,D|SP~CRUNCH)

3700 END

3RO C 2 opkkrcbicocio e S e )

3200 SUBROUTINE FILE

4000 C -

4100 COMMON CS2¢40), SIR12(40), snm«m CHOME2(40), 2ERD(20, 40),

4200 $CHOIE4(40), 240, 100, SUNZ2¢20, 40, TOTRLC 100 ), T2¢ 100, TSLHZ2¢20)

4300 $, SNRME(20, 80, CLASS(20), DATAC40, 10, 10), VECT(40, 100), KANT(20),

4400 $LE IGHTC 100, 100),BTHOC20, 40, SUNZP(20, 40), TBTHOC40 ), TSIBZP(20),

4500 $COL,ROW,CELLN i S1,52,2P, 22 RIS, EXP|,ER|2,ENI2,DEVR, DEVN,B2, 5PN, U,

4600 $720(20),CODE, $D(20,40), TREANC20 ), TSDC20), CHERN(20, 40 ), SUi(20, 40
© 4700 C SUBROUT INE FILE CALCUAATES HORKING UPRIRBLES

4800 C FOR ERCH CLASS AND RLSC TOTRL OF ERCH SPECIES.

4900 CRLL LINK

5000 DO 216 SP=1,3PN

5100 C RERD DATA FOR SPECIES

5200 C

5300 READ(4, 103)(SNAMECSP, 1), 1=1,80)

5400 103 FORMAT(SOA1)

5500 DO 201 SSALC=1,CLASS(SP)

5600 DO 201 WOR=1,ROM

5700 RERD(4, /)(DATACSSALC, WOR,LOC),LOC=1,COL)

5800 201 CONTINUE



COMERT GRID INTO VECTOR

DO 202 SSALC=1,CLASS(SP)

DO 202 HoR=1,R0H

DO 202 LOC=1,C0L

VECT(SSRL.C, (HOR—1)%COL+L0C X=DRTR(SSALC, HOR, LOC )
CONT INUE

CRLCULATE HERN RND HOMENTS OF EACH CLASS

DO 203 SSARLC=1,CLASS(SP)

DO 203 CELL=1,CELLN

CS2(SSALC X=CE2¢SSALEC HUECT(SSALC, CEL L Y42

SURICSP, SSALC X=SUH(SP, SSALC H+VECT(SSALC, CELL )

CONT I ME

DO 204 SSALC=1,CLASS(SP)

IFCSUNCSP, SSALC)Y.EQ.0.0) ZERO(SP, SSALC =1.0

CHEANCSP, SSALC >=SUH(SP , SSALC ) /CELL N

SOCSP, SSALC X=SORT ( (CS2¢SSALC >~ (SUH(SP, SSALC )¥+2)/
$CELLN)/(CELIN-1.0))

DO 205 CELL=1,CELLH

SUR2 (SSALC F=SUH2(SSALC )+ (VECT(SSALC, CELL »-CHERN(SP, SSALC ) y++2

SUM4 (SSALC }=SUtH (SSRLC >+ (VECTCSSRLC, CELL )-CHERNCSP, SSRLC) J*¥4

CONT | HUE

CHMCHE2(SSALE X=SUM2(SSALC ) /CELLA

CHOME 4(SSALC X=SUrd (SSALC ) /CELLN

CONT | NUE

CALCIAATE B SQURRES

DO 206 SSALC=1,CLASS(SP)
IF¢ZEROCSP,SSALC) .EQ. 1.0) GOTO 206

BTHO(SP, SEALC X=CHOME4 (SSALC ) /CHOHE2 (G5ALL Y»+2
CONT INUE

CR.OARATE Z2 UALUES

DO 207 SSALC=1,CLASS(SP)

DO 207 CELL=1,CELLN

Z(SSALC, CELL XVECT(SSALC, CELL »CHERN(SP, SSRLC)
CONT | NUE

CALCULATE SUM OF Z-PRODUCT

DO 217 SSALC=1,CLASS(SP)
DO 217 CELL1=1,CELLN

DO 217 CELL2=1,CELLN
ROT=2(SSRLC,CELL 1 %2(SSALC, CELL2 Y | GHTCCELL 1, CELL 2)
SUMZP (SP, SSALC =SWHZP (SP, SSALC +ROT

CONT | BUE

CRLCULATE SUM OF 2 SQURRES

DO 208 SSALC=1,CLASS(SP)
DO 208 CELL=1,CELLM

SIAZ2(SP, SSALC =SIRZ2(SP, SSRLL H+Z(SSPLC, CELL y##2
CONT INUE

CRLQAATE TOTAL OF CLASSES

DO 209 CELL=1,CELLN
DO 209 SSRLC=1,CLASS(SP)
TOTRL(CELL >=TOTAL(CELL }+UECT(SSALC, CELL)
CONT | HUE

CRLCURATE MERN OF TOTAL

DO 210 CELL=1,CELLN
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211

212

214

215

216

aaQ e R w

[y
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THERN(SP >=TMEAN(SP )+TOTAL (CELL)
TS2=T82+TOTAL (CELL Y2

CONTINUE

IFCTHERNCSP) .EQ.D0.0) TZ0(SP>=1.0

TSD(SP =SORTC(TS2-(THERH(SP )*+2 )/CELLN)/(CELLN-1.0))
TRERN(SP =THERN(SP ) /CELLN

CALCULATE ZND AND 4TH HOMENTS OF TOTAL

DO 211 CElL=1,CELLN
TSIRR2=TSWH2+ (TOTAL (CELL >~-THERN(SP ) )3¥2
TSUH=TSUH4+ CTOTRLCCELL )-THERN{SP ) )84
CONT I RUE
THOME2=TSUNZ /CELLN
THOME4=TSI4 /CELLN

CRLOWATE B SQUARED FOR TOTAL

IFCTZ0(SP>.EQ. 1.0) GOT0213

TBTHO(SP )=THOME4 /TROFE2Y*2
CRLCULATE 2 UALUES FOR TOTAL

DO 212 CALL=1,CELLN

TZ(CELL >=TOTRLCCELL )>-THERN(SP)
CONT | NUE

CARLOAATE SUN OF Z-PRORLT

DD 218 CELL1=1,CELAN

B0 218 CELL2=1,CELLN

TSREZP(SP>=TSWREZP(SP)+TZ2CCELL 1 »TZ(CELL2>HE |IGHT(CELL 1,CRLL2)
CONTINGE

CRLCWATE S OF 2 SQURRES

DO 213 CALL=1,CELLN

TSUI22(SP X=TSIAZ2(SP )+ TZ(CELL 32
CONT I#2UE

SET UARIABLES TO ZERD

DO 214 SSALC=1,CLASS(SP)

SUM(SP,SSALCY=0.0

SUM2(SSALC 3=0.0

SUN4 (SSALC =0.0

£S2(SSALL)=0.0

CONT INUE

DO 215 CELL=1,CELLN

TOTALC(CELL >=0.0

CONT | NUE

752=0.0; TSUM2=0.0; TSIAK¥=0.0
RETURN AND REPEAT FOR NEXT SPECIES

CONT INUE
LEARVE SUBROUTINE FILE PRSSING BTUO(SP,CLASS), SIRIZ2(SP,CLASS),
TBTHO(SP ), TSLAZ2(SP), TSP (SP) RMD SIRLZP(SP,CLASS)

EOIBION CS2¢40), SU2¢40), sm4<40> CHOME2(40) ,ZERO(20,40),
SCHOIE4(40),2 (40, 100, SUFZ2¢20, 403, TOTRLC 100), TZ¢ 100 ), TSURZ2¢20)
$, SNATE(20, 80), CLASS(20), DATRC40, 10, 10),VECTC40, 100), LANT(20),
$1E | GHT 100, 100),BTHO(20,40), SZP (20,40, TBTHO(40), TSREP(20),



18100
18200
18300
18400

irlelrielelele]

18600
18700
18800

19000
19100

19300
19400
18500
18600
19700
18800
19800

20100

20700

20900
21000
21100
21200
21300
21400
21500
21600
217200
21800
21800

22100

23700 C

23900 C
24000
24100

8

11
12
13

303

< Lry

402
403
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$CoL RO, CELLN, W,51,52,2P,22,A1S,EXP| ,ERI2,EN12,DEUR, DEUN, B2, SPH, U,
$T20(20), CODE, 50¢20, 40), THEAN(20), TSD(20), CHERN(20,40 ), SUA(20,40)
"HORCAL® RERDS IN THE REGUIRHENTS FOR TOTALS AND/OR
CLASS FOR CRLCILATICN OF THE HORAN STATISTIC ,AND CRIVES THE *
‘HORAN' SUBROUT INE.

RERD REQUIREMENTS,0-TOTALS OMLY
1-CLASSES AND TOTALS RNALYSED.
2-H0 AMALYSIS FOR THAT SPECIES
READ(S, 30 1)(HANTC| ), |=1,SPH>
FORMAT(20F1.0)
CALL FILE
IFCCODE.EQ.3.0) HRITECS, 11V
IFCCODE.EQ. 1.0) WRITECH, 12V
| FCCODE .EQ. 2. 0%RITE(H, 13
FORMATC 1X, 'QUEEN NEIGHTING HATRIX WITH DISTANCE®, IX, 13//)
FORMATC1X, "ROOK LE IGHTING MATRIX HITH DISTRRCE®, 1X, 1347)
FORMATC1X, "BISHOP WEIGHTING HATRIX WITH DISTANCE', 1X, 13/
R1TE(6,302)
FORMAT(/ /55X, "HORAH STATISTICS' /55X, 16<"*' 3//)
HRITE(6,305)
FORHAT(4X, "SPECIES', 1X, 'CLASS', 3X, ‘HERN®,5X, "SD*,4X,

$'ECI>',8%,"1",5X,
$°SDC1 YINORN) *, 3X, *SDC 1 XRAND) ", 3X, ST . KORHN.DEV. (KGR,
$3X, "ST.NORM.DEV. (RAND)" )

MR1TE(6,303)

FORMAT(122¢"-"))

B0 401 SP=1,SPN

IFC<TZO(SP).EQ. 1.0) GOTO 401

IF CHRNTC(SP) E0.2.0) GOTO 401
KAITE(G, 306)(SNRE(SP, 1), 1=1,80)
FORMAT(SX, 80A 1)
IFCHANT(SP).EQ.0.0) GO TO 403

B0 402 SSALC=1,CLASS(SP)
IF¢ZERO(SP,SSRLC).EN. 1.0) GOTO 402
B2=BTHO(SP,SSALC)

ZP=SIAZP(SP, SSALL)
Z2=S\hZ2(SP, SSRLL )

CRLL HORRN

LRI TECG, 307 )SSRLC, CIEX0¥(SP, SSRLC), SD(SP, SSRLC), EXP | ,AlS,

$SORTCENI2), SORTCER!2), DEWRY, BEUR

FORAATC 13X, 13,2X,F7.2, 1X,F7.2, I1X,F7.4,3X,F7.4,3X,F9.4,5%,F9. 4,

$8X.F9.4,11X,F9.4)

CONT | NUE
B2=TBTHO(SP)

ZP=TSLRIZP(SP)

22=TSIRZ2(SP)

CALL 110RR

MR TECH, 308 )THERN(SP), TSD(SP), EXPI , RIS, SQRTCENI 2),

$SORTCERI2), DEVH, BEWR

308 FORMATC 11X, 'TOTAL',2X,F?.2,1X,F?.2, 1X,F?.4,3X,F?.4,3X,F0 4,

401

$5X,F9.4,8X,F9.4, 11X,F9.4)

HRITE(6,303)>
CONT |NUE

DIRENSIOH SLINKC 100D
COIf1ON CS2¢40),SIR12(40), SU114(40) ,CnOME2(40), ZERD(20, 40),



26100 C
26200 C
26300

26700 C
26800 C

27000
27100

27300
27400 C

27600

27800
27900

28100 C

30100
30200 C

710

120

730

$CHOMEA(40), 240, 100), SI22¢20,40), TOTRLC100), T2 100), TSUN22(20)
$, SNANE (20, 80, CLASS(20),DATA(40, 10, 10, VECT(40, 100, HANT(20),
$4E IGHTC 100, 100, BTHO(20,40), SUHZP(20,40), TBTHOC40), TSWIZP(20),
$COL,ROW,CELLN 4, S1,52, 2P, 22, RIS, EXP) ,ER12, EN) 2, DEVR, DEUN B2, SPN, U,
$120(20), CODE, SDC20, 40), THEAN(20), TSD(20), CHERN(20, 40) , SUH(20,40)

REAL RNUME, CELLN

SET MEIGHT MATRIX TO ZERD

00 770 1=1,CELLN

DO 770 J=1,CELLN

KEIGHTCI ,J>=0.0

coLi1=1.0

00 700 CELL={,CELLN

JFCCELL.GT .UACOL > HEIGHT(CELL ,CELL—V#CH. »=1.0

JFCCELL LT.CEMAMN0d +1.0) WEIGHTC(CELL ,CELL+U*COL)=1.0
JIFCCOL1+U-1.0.LT.CELL ) HEIGHTCCELL ,CELL-U)>=1.0

JIFCCELL .LT.COL +COL-U) MEIGHT(CELL ,CELL4+U)=1.0
IFCRMODCCELL , COL ) .EQ.0.0) COL1=COL 1+COL

CONT INUE

CALCULATE L INKRGES

DO 710 I1=1,CELLN

DO 710 J=1,CELLN

SLINKC | =SLINKCI HEIGHT () ,J0
CONT INUE

CRLCULATE A

DO 720 1=1,CELLN
SL=SL+SLINKC ) )
CONT | NUE
R=0.5%5L

SL=0.

CALOM ATE D

DO 730 I=1,CELLN
SL=SL+SL IMKC) X (SLINKC) >-1.0)
CONTIUE

$2=8.*(A+D)
RETURN

SUBROUT INE MORFRN
Aokiciicoibboolsioiikbioolbickkicoiocieiolclokinioloplalaolainniclk
COIMON CS2¢40), SUR2¢40), SLM4(40), CHOME2(40), ZEROC20, 40),
$CHOMEA4(40), (40, 100), SUZ2¢20,40), TOTALC160), TZC 100), TSRZ2¢20)
$, SNAME(20, 80), CLASS(20) ,DATAC40, 10, 10, VECT(40, 160), LRNT(20),
$HE |GHTC 100, 100),BTHO(20,40),SLAEP(20,40), TBTHO(40), TSLREP(20),
$COL, ROW, CELLN W, S1,S2,2P,Z2,A1S, EXP 1, ER12,EN12, DEVR,DEUN, B2, SPIL, U,
$T20¢20), CODE, SD(20,40), THEANC20), TSD(20), CHEANC20, 40, SLN(20, 40)
RNUME=CELL N#ZP
A1 S=ANUME / (19422
EXP1=1/¢-(CELLN-1.0))
CALCILATE EXPECTED | SQUARED FOR RANDON | SAT 10N




30300 C

30700

30900 C
31000 C
31100
31200
31300
31400 C
31500 C
31600
31700
31800
31900
32000 C
32100

3300 5183
33700 514
33200 510

34200 511

34600 512

36300 C
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TRMI1=CELL N#((CELAN®$2-3 $CELLN+3. 35 1-CELLN#S2+43 *}¥!{)
TRH2=BZ*((CELILN®*2-CEL LN %S 1-2 #CELLN*G2+6  HE)
DENOM=CCELLN-1. »*(CEUN-2. )*(CELIN-3. i
ER12=(TRi 1-TRH2 ) /DENDH

CALCULATE EXPECTED | SQUARED FOR NORHARLITY

EN | 2=RNATE /DENGH
CALCULATE STRNDARD DEVIATE FOR NORMAL RND RANDON RODELS

DEVR=(AISEXP| }/SQRT(ERI2)
DEWN=(RIS—EXP| }/SOAT(ENIZ)

PO T S T N VR N S N WA SO A W U NN SO T T U T T SN VAN T N T S S0 TR TN U T T VO S OU T O SOL TN WA SO VU T PO T W ¥

DIMENSION RCC(20),Y2¢ 100)

COMMON CS2(40), SUI2¢40), SR (40, CHOHE2(40 ), ZERD (20, 40 ),
$CHOME4(40),2(40, 100, SUi22(20,40), TOTRL (100, T2¢ 1003, TSIZ2(20)
$, SNAIE (20,80 ), CLASSC20), DATAC40, 10, 107, VECTC40, 100), WANTC20),
$LE | GHT( 100, 100, BTHD(20,40), SWIZP(20, 407, TBTHOC40), TSUMZP(20),
$COL, RO, CELLN, W,S1,52,2P,22,R1S,EXP|  ERI2, ENI2, BEVR, DEUN, B2, 5PN, U,
$120¢20>,CODE, SD¢20,40), THERNC20 ), TSD(20>, CHERN(20, 40, S11¢20, 40)

"RCCIRE" STARTS HITH THE SHRLLEST CLASS RND COMBINES
MITH NEXT, THAT CGIBINATIOH BEING LATER COMBINED HITH
THE NEXT RND SO ON. THE HORAN STATISTIC 1S CALCULATED
AT ERCH STEP.

HRITE(6,513)

FORMAT( /743X, 'CLASS ACCUEARAT IGH HORRN STATISTICS')

MRITE(6,514)

FORMAT (43X, 35¢ % 3//)

HRITE(6,510)

FORMAT(BX, 'CLASSES GROUPED UP TO CLASS',2X, 'EC1)’,
$8X, * 1,5, " SDC| YCKORM)*, 3X, * SOC | X(RAND) ", 3X,
$'ST.NOR1.DEV. CNORMD® , 3X, ST . HORH. DEV. (RAND)'

FORMATC 122"~ ))

REMIND GATA FILE

RERD(5,512CACCC 1 ), 1=1,20)
FORMAT(20F 1.0)

CALL LIMK

REMIND 4

SP=SP+ 1; TRACK=0
MRITECH,511)

RERD NAME OF SPECIES

RERD(4,501, END=6 14 )(SNRIE(SP, |3, 1=1,80)
FORMAT (S0A 1)
IF RCCUME MDT NEEDED DW8fY RERD DATA

IFCACCCSP).EQ.1.03 GO TO 603
B0 601 SSALC=1,CLASS(SP)
DO 601 WOR=1,R0U
RERD(4, / ) DATAC 1,HO0R,LOC ), LOC=1,C0L )
CONTINUE
G0 TO 602
IF ACCUME MEEDED STRRT ACTARAAATING
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36400 603 WRITE(H,502)(SNAECSP, |),1=1,80)
36500 502 FORMAT(SX, "SPECIES’, 1X,8081/)

36600 DO 604 HOR=1,R0M

35700 READ(4, / Y(DATAC 1, OR,LOC),LOC=1,COL)
36800 604 CONTINUE

36800 C COMUERT TO VECTOR

37000 C

37100 DO 605 HOR=1,R0W

37200 DO 605 LOC=1, COL

37300 VECTC 1, CHOR~ 1 4COL+LOC }=DATAC 1, HOR, LOC)

37400 605 CONTINUE

37500 C CALCULATE PARRMETERS FOR SUBROUTINE HORAN
37600 C STRAT HITH NEAN OF THE VECTOR
37700 C

37600 613 SIP=0.0

37900 DO 606 CELL=1,CELLN

38000 S1D=SIDHECT(1,CELL)

38100 606 CONTINUE

38200 UEAN=S1D/CELLH

38300 IFCUHEAN.EQ.0.0) GOTD 50

38400 C CALCULATE HOMENTS

38500 C

30600 VUSLA2=0. 0;USUIK=0.0

38700 DO 607 CELL=1,CELLN

28800 USSR+ CUECT (1, CELL )-UHERN Y2
36900 VUSLEW=U/S109+ (VECT ( 1, CELL )-UMERN Y4
39000 607 CONTINUE

29100 UNOFE2=ASU /CELLN

39200 VHOHE4=USU4 /CELL S

39300 C CALCULATE B SQUARE

29400 C

39500 UBTHO=UNOMES /UNOHE 2#+2

39600 C CRLCULATE 2 URLLE

39700 C

39800 DO 608 CELL=1,CELLN

36200 UZCEELL »ECT( 1, CELL >-AERN

40000 008 CONTINUE
40000 608 CONTINUE

40100 C CALCULATE SUM OF 2-PRODUCT
40200 vSAZP=0.0

40300 DO 615 CELL 1=1,CELLN

40400 DO 515 CELL2=1,CELLN

40500 USUAZP=VRSZP+UZ(CELL 1 Y#UZ (CELL 2 PE | GHTC(CELL 1,CELL2))

40600 615 CONTINUE

40700 C CRLCULATE SUM OF Z SQUARES

40800 C

40900 VSLrZ2=0.0

4 1000 DO 609 CELL=1,CELLN

41100 USLOZ2=US INZ24 UZ(CELL )52

41200 609 CONTIME

41300 ZP=YSUrP

41400 B2=48THD

41500 Z=Usinz

41600 CRLL MORAN

41200 HRITECS, 503 XTRACK+1,EXP | ,AIS, SORT(EN]2),SCRT(ER2), DEW, DEVR
41800 503 FORMAT(31X, 13,2X,F?.4,3X,F?.4,3X,F9.4,5X,F9.4,8X,F9.4, 11X,F9.4)
41900 C KEEP TRRCK OF MAMER OF CLASSES

42000 C

42100 50 TRRCK=TRRACK+ 1

42200 C IF MRMBER OF CLASSES REACHES EMD GOTO NEXT SPECIES.

42300 C



42900 610

43300 611

44000 612

44300 614

47300 7?10
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IFC{TRACK. EQ.CLASS(SP)) GO TO 602
IF NOT RDD ON MEXT CLASS

DO 610 HOR=1,ROM
RERD(4, 7 XDATAC 1, H0R, LOC), LOC=1, COL)
CONT | MUE

COMVERT TO VECTGR

DO 611 HOR=1,R0U

0O 611 LOC=1,C0L

VECT(2, (MCR-1)*COL+LOC =DATA( 1,40R, LBC)
CONT INUE

AOD TO EXISTING VECTOR

DO 612 CELL=1,CELLN
VECT(1,CELL }=VECT(1,CELL }VECT{2,CELL )
CONT INLE

CRLCLLATE HORAN STATISTIC

GO TO 613

COHNON C52(40), 3U3i2(40), SEH (40), CHOHE2(40), ZERD(20,40),

$CHOME4(40),2(40, 100), SUIZ2(20, 40, TOTALC 10D),TZ(100), TSWRZ2(20)

$, SNAIEC20, 80), CLASS (20, BATA(40, 10, 103, VECT(40, 100, MANT(20),

$UEIGHTC 100, 160),BTHO(20,40), SREP(20,40), TBTHOC40), TSUMZP(20),

$COL, koW, CELLN M, $1,52,2P,22,A1S,EXPI,ER12,ENI 2, CEVR, DEUN, B2, SPN, U,

$T20(20), CODE, SDC20,40), THERNC20), TSD(20), CHERNC 20, 40, SUH1¢ 20,40
REAL ANUNE, CELLN

SET WUEIGHT HATRIX TO ZERO

DO 770 I=1,CELLN

DO 7720 J=1,CELLN

KEIGHTCI,J)=0.0

DETERNINE WEIGHT ING COEFFICIENTS

COL 1=COL

DO 1 CELL=1,CELLY

IFCCELL.LE.COL1-Y. AND . CELL+UCOL +U LE .CELLN)
$4E |GHT(CELL,, CELL HM4COL+Y )= 1.0

IFCCELL.LE.COL1-V.AND.CELL-U*COL+V .GE. 1.0)
$1E IGHT(CELL , CELL—ACOL+U =1.0

IFCCELL . GE .COL1-COL++ 1. 0. AND . CELL+USCOL-V. LE .CELLN)
$4E | GHT(CELL , CELLHUSCOL-U>=1.0

IFCCELL .GE.COL 1-COL+U+1.0.AND . CELL+COL-V.GE. 1.0)
$UE | GHT(CELL, CELL-\WTTL-V)=1.0

IFCAMODCCELL, COL).EQ.0.0) COL 1=COL 1+COL

CONT INUE

CRLCILATE LINKAGES

DO 710 1=1,CELLN
DO 710 J=1,CELLN

SLINKC 1 )=8L INKC| YHEIGHT (I, J)
CONT | BUE

CALCIAATE A

DO 720 I=1,CELLN
SL=SL+SLINKC| )
CONTINUE



48500

48700 C
48800 C
43900
49000
49160
49200
49200
49400 C
49500 C

49700

34100
94200
34300

54500

569

R=0_5%SL
SL=0.
CRLCILATE D

DO 730 I=1,CELLN

SL=SL+SLIMKC | Y%(SLIMKC1 >~1.0)
730 COMTINUE

D=0.5%sL

SL=0.

CRLCIAATE H,S1,52

SET SLINK TO ZERO
DO 760 |=1,CELLN

760 SLINKCI=0.0

H=2 . 31
S1=4 .#q
§2=8 . =(f)

750 RETURN

END

SIBHUUTII'E LIMI(

COIBION £S2¢4D), SIRH2(40), sumow) CHOME2(40), ZERO (20, 40),
$TIIEA(40),2 (40, 100), SI2Z2(20,40), TOTAL(100), TZC 100), TSUMZ2(20)
$, SNRIE (20,80, CLASS(20), DATACAD, 10, 10, UECT(40, 100), IANT(20),
$LEIGHTC 100, 180), BTLO(20, 40), SIEZP(20, 40), TETHO(40), TSUIZP(20),
$COL,RON,CELLN, I, 51,52,ZP,22,R1S,EXPI ,ER12,EN12, DEVR, DEVA, B2, SPH, U,
$T20(20), CODE, SD(20, 40), THERN(20), TSD(20), CHERN(20, 40), SUH(20,40)

RERD (S, 1CODE, U

1 FORMAT(/2F1.0)

DIMENSION S24¢100)

COMMON CS2(40), SLH2(40), SUNMC 40), CHOIE2(40), 2ERD(20, 40),
$CHOME4(40),2(40, 100>, SUHZ2(20, 405, TOTAL( 100, T2¢ 100), TSUR22(20)
$, SNAME(20, 80), CLASS(20), DATAC4D, 10, 10),ECTC4D, 100, HRNT (20),
$LEE | GHTC 100, 100, BTHO(20,40), SBRZP(20, 40), TBTHO(4D), TSLHZP(20),
$COL,ROW,CELLN, M, S1,52,2P,22,R1S, D®1 ,ER12,ENI2,DEVR, DEVH, B2, SPH, U,
$T20(20), CODE, SD(20, 4D), TREAN(20 ), TSD(20 ), CHERH (20,407, SL7I(20, 40 )

SET HEIGHT MATRIX TO ZERO
DO 770 I=1,CELLNM
DO 770 J=1,CELLN
770 HEIGHTCI,J)>=0.0
DETERHINE WEIGHTING COEFFICIENTS
BISHOP'S CRSE FIRST
COL 1=COL
DO 1 CELL=1,CELLM
IFCCELL .LE.COL 1-V . RND . CELL+U*CDL +U . LE .CELLN)
$LE | GHTCCELL , CELL+UACOL+V )= 1.0 /(U*SORT(2.0))
IFC(CELL .LE.COL 1-V.AND . CELL-\COL+V .GE. 1.0)
$1E | GHTCCELL , CELLAMCOL+U 3=1.0/(U¥SORT(2.0)>
IFCCELL .GE.COL 1-COL+U+1.0.AND. CELL+\COL-Y .LE .CELLN)



4700
54200

99100

57100

59100
59200

99300

50400
58500
59600
59700
S2800
59900
60000
60100
60200
60300
60400
60500
60500

C

C
c

c

C
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$1E | GHT(CELL , CELL+UACOL-V)=1.0/(USSQRT(2.0))
IFCCELL .GE .COL 1-COL+U+1.0.AND .CELL-#COL-V. GE. 1.0)
$UE | GHT(CELL, CELL-UCOL-U)=1_0/(U*SORT(2.0))
IFCAMOOCCELL, COLY.EQ.0.0) COL 1=COL 1+COL
1 CONTINUE
NOW ROOK'S CRSE
COLi=1.0
DO 700 CELL=1,CELLN
IFCCELL .GT.\WCOL Y WE!GHTC(CELL, CELLAKCOL)=1.0
| FCCELL LT .CELLN-UACOL+1.0) HE|GHTCCELL , CELLHACOL >=1.0
IFCCOL14U=1.0.LT.CELL) WEIGHTCCELL, CELL-U)=1.0
IFCCELL.LT.COL 1+C0L~V) WEIGHTCCELL, CELLAU)=1.0
IFCANODCCELL ,COL).EQ.0.0) COL 1=COL 1+C0L

700 CONTINUE

CALCIAATE H & S1 FCA KONBINARY HEIGHTING
SET M,51,52 RND S2i4 TO ZERD
W=0.0;51=0.0;52=0.0
DO 760 I=1,CALLH

760 S2U(1 =0.0

DO 501 CELL1=1,CELLN
DO S01 CElLL2=1,CELLN
W=HHE | GHT (CELL 1, CELL2)

801 Si=S1+(2.%E IGHT(CELL1,CRLL2))¥%%2

S1=51%0.5

CALCULATE S2 FOR NGMBINARY LEIGHT INS
DO 902 CELLi=1,CELLN

DO 902 CELL2=1,CELLN

902 S2H(CELL 1>=S2M(CELL 1 EIGHT(CELL 1, CELL2)

DO 503 CELL=1,CELLN

903 $2=52+(2 *S2M(CELL ) %2

DIMENS|ON GRAMC20),KRKC10), SIRKC 10),52RK(10),CRK(10,20,40),
$LBSHC10), S 1BSHC 10), S2BSHC 10),CBSH( 10, 20,407, TRKC 10, 20, TBSHC 10, 20>
CONMON CS2(40), SUM2¢40), St 40), CHORE2(40), ZERD(20,40),
$CHOME4C40),Z(40, 1007, SUHZ2(20,40 >, TOTALC 100), T2¢100 ), TSUMZ2¢20)

$ ,SNAME (20,80 ), CLASS(20),BATAC40, 10, 10),VECT(40, 100, KANT(20),
$LE | GHT € 100, 100, BTHD(20,40), SWHZP(20, 40, TBTHOC40), TSIHZP (20),
$COL, ROW, CELLN, W, S1,S2,2P,22,AIS,EXP| ,ERI2,ENI2, GEUR, DEUN, B2, SPH, U,
$TZ0(20), CODE, SD(20,40), TRERN(20), TSD(20), CHERNC20, 40, S11(20,40)
BIG=COL; | F(ROW.GT.COL) BIG=RON

RERD(S, 108) (GRANMCI ), 1=1,20)

108 FORMAT(20F1.0)

READ DATA FOR SPECIES
REMIND 4

INITIRLISE SIMZ2 RMD TSLFZ2
DO 227 I=1,5PHN
TSZ2( 1 >=0.0

D0227 J=1,ELASSC))

227 sirz2(1,J>=0.0

DO 216 SP=1,SPH
READ(4, 111)(SNAFE(SP, 1), 1=1,80)

111 FORMAT(BOAL)

DO 201 SSALC=1,CLASS(SP)
DO 201 WOR=1,ROH
READ(4, />(DATA(SSALC, HOR,LOC),LOC=1,COL)

201 CONTINUE
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60700 IF (GRAM(SP).EQ.D.0) GOTD 228
60800 C COMVERT GAID INTO VECTOR

60900 C

61000 DO 202 SSALC=1,CLASS(SP)

61100 DO 202 KOR=1,R0M

61200 DO 202 LoC=1,coL

61300 VECT(SSRLC, (NOf-14COL+L0C =BATR(SSALC, WOA, LOC)
61400 * 202 CONTINUE

61500 C CALCULATE MERN AND BOMENTS OF ERCH CLASS
61600 C

61700 | FCGRAMCSP).EQ.1.0) GOTO 229

61200 DO 203 SSALC=1,CLASS(SP)

61300 DO 203 CELL=1,CELLN

62000 SUH(SP, SSALC »=SUN(SP, SSALC MECT(SSALC, CELL )
62100 203 CONTINUE

62200 DO 204 SSFLC=1,CLASS(SP)

82300 CHERN(SP ,SSALC >=5181(SP,SSALC) /CELL N

62400 DO 205 CELL=1,CELLM

62500 SUM2(SSALC )=SIM2(SSAL C >+ (VECT(SSALC, CELL >-CHERN(SP, SSRLC ) Y42
62600 SUM4 (SSRLC )=SUH4 (SSRLC >+(VECT(SSALC, CELL >-CHERN(SP, SSALC ) )*%4
62700 205 CONTINUE

62800 CHOME2 (SSALC =SUH2(SSRLC »/CELLN

62900 CHOME4 (SSALC »=SUM4(SSALC )/CELLN

63000 204 CONTINUE

63100 C CRLCIAATE B SQUARES

63200 C

63300 DO 206 SSALC=1,CLRSS(SP)

63400 IFC(SUNCSP, SSALC).EQ.0.0) GOTO 206

63500 BTHO(SP , SSAL C =CHGIES (SSALC)/CNONE2(SSALC y+42
636500 206 CONTINUE

63700 C CRLCULATE 2 VRLLES

63800 C

63900 DO 207 SSALC=1,CLASS(SP)

64000 DO 207 CELL=1,CELLN

64100 2(SSALC, CELL }=UECT(SSALC, CELL > CIERN(SP, SSALC>
64200 207 CONTIMJE

64300 C CRLCIAATE SUN OF 2-PRODUCT

64400 C

64500 . DO 217 Y=1,BIG-1.0

64600 CRLL ROOK

64700 HRK (U)=l; S IRKCU=S1; SZRK (U =52

64800 DO 21?7 SSALC=1,CLASS(SP)

64900 IFCSWRICSP,SSALC ). EN.0.0) GOTO 217

65000 DO 21?7 CELLi=1,CELLN

65100 DO 21?7 CALL2=1,CELLN

65200 ROT=2(SSALC, CELL 1)%2(SSALC, CELL2 Y& |GHT(CELL1,CELL2)
65300 CRK(U,SP, SSALC)=CRK (U, SP, SSRLC #+R0T

65400 217 CONTINUE

65500 D0219 U=1,BIG-1.0

65600 CRLL BISHOP

65700 MBSHCU)=H; S IBSH(U )=51; S2BSH(U =62

65800 DO 219 SSALC=1,CLASS(SP)

65300 IF(SUNCSP,SSALC)Y.EN.D.0) GOTD 219

66000 DO 219 CELL i=1,CALLN

66100 DO 219 caLL2=1,CELLN

66200 ROT=2(SSALC, CELL 1 Y*2(SSALC, CELL2 »*E |GHT(CELL 1,CELL2)
66300 CBSH(V, SP, SSALC =CBSH(V, SP, SSALC J+ROT

66400 219 CONTINUE

66500 C CARLCULATE S8 OF 2 SQUARES

66500 C

66700 DO 208 SSALC=1,CLASS(SP)



67000
67100

71080
71100
71200
71300
71400

71500
71600

1700
71800
71800

72100

72400

72600
72700

c

211

212

218

572 -

DO 208 CeLL=1,CELLN

SIRTZ2(SP, SSALC =S22(SP, SSALC »+2(SSALC, CELL M+2
CONT INUE

COMT INUE

CALCULATE TOTARL OF CLASSES

DO 209 CELL=1,CELLN

00 209 SSALC=1,CLASS(SP)

TOTAL CCELL =TOTRLCCELL »+UECT(SSALC, CELL Y
CONT IHUVE

CALCULATE MEAN OF TOTAL

00 210 CELL=1,CELLN

THEAN(SP >=THEAN(SP )+ TOTAL (CELL)
CONTINUE

TPERNCSP =THEAN(SP) /CELLN

CRLCULATE 2ZND AND 4TH HOXENTS OF TOTRL

00 211 CELL=1,CellN
TSUH2=TSU2+(TOTAL (CELL >-TRERN(SP ) y=k2
TSUH4=TSUT4 +(TOTRL(CELL )-THERN(SP ) 3¥¥4
CONTINUE

THRE2=TSUH2 /CELLN

THOME4=TSUN4 /LELLAN

CRLCULATE B SQUARED FOR TOTAL

IF (THERR(SP).ED.0.0) GOTO 213
TBTRO(SP =TRIREY /THOREZ%#2
CALCULATE 2 VALUES FOR TOTAL

00 212 CELL=1,CELLN

TZ(CELL >=TOTAL(CELL >-THERN(SP )

CONT INLE

CALCIAATE S8 OF 2-PRODUCT

po218 U=1,BIG-1.0

CALL ROOK

DO 218 CELL1=1,CELLH

B0 218 CELL2=1,CELLN

TRKCV, 5P 3=TRKCV, SP>+T2(CELL 1 »T2{CELL 2 »*E |GHT(CELL 1, CELL2 )
CONT INUE

00220 U=1,BIG-1.0

CRLL BISHOP

B0 220 CELL1=1,CHELLN

DO 220 CELL2=1,CELLH

TBSH(Y, SP X=TBSH(V, SP >+ TZ(CELL 1 *TZ(CELL 2 YH¥E |GHTCCELL 1,CELL 2>
CONT INUE

CALCIALATE S8 OF 2 SQURRES

DD 213 CELL=1,CELLN

TSUHZ2 (SP X=TSIFE22(SP »+TZ(CELL y++2

213 CONT INUE

104

SET URRIRBLES TO ZERD
FORMATC 11X, 13,3X,F5.2,5X,F7.4,2X,F?.4,2X,F0.4,4X,F0.4,8X,
~F9.4, 10X,F9.4)
DO 214 SSALC=1,CLRSS(SP)
SUM2(SSALC)=0.0
SUH4 (SSALC )=0.0

214 CONTIMUE

DO 215 CElL=1,CElLN
TOTRLCCELL >=0.0

215 CONTINUE

TSUM2=0.0, TSIM4=0.0



573

72800 C RETURN AND REPEAT FOR NEXT SPECIES
73000 C

73100 228 CONTIMUE

73200 210 CONTINUE

73300 HRITE(CG, 50)

73400 50 FORMAT(//S5X, "CORRELGGRAN" /55X, 11¢' % 37/)

23500 C

23500 DO 221 SP=1,5PN

23700 IF (THERN(SP).EN.0.0) GOTO 221

73800 | FCBRAHCSP).EQ.0.0) GO TO 221

73500 MRITECS, 110)

24000 110 FORMATC108¢"-"))

24100 KRITECH, 101) (SNRECSP, 1), 1=1,80)

74200 101 FORMAT(3X, 'SPECIES',2X,80A1//)

74300 IF(GRAM(SP).EN. 1.0) GOTO 105

74400 DO 222 SSALC=1,CLASS(SP)

24500 IF(SL81(SP, SSALC ) .EQ.0.0) GOTO 222

24600 FRITE(S, 102) SSALC

24700 102 FORMATCHYX, 'CLASS',2X, 13/)

24800 B2=BTHO(SP, SSALC)

24900 22=SUNZ2(SP, SSALC)

75000 C ROOKS FIRST

75100 MRITE(6, 103)

75200 103 FORMATC 10X, *ROOK" ,2X, 'DISTANCE® ,5X, "EC1)",5X," 1",
75300 ~5X, 'SDC| XNORE1)", 2X, "SDC 1 JCRANDD' , 2X, ' ST. NORM. DEV. CHORM)®
75400 -2, *ST.NORH.DEV. (RAHD)* )

75500 00 223 U=1,BIG~1.0

75600 ZP=CRK(U, SP, SSPLC)

75700 H=HRK(U)

75800 S 1=5 1RK (V)

75300 S2=S2RK(Y)

76000 CRLL MORAN

26100 LRITECE, 1043U,U,EXP1,RIS,SQRT(ENI2), SORT(ERI2), BEUN, BEUR
76200 223 CONTINUE

76300 C NOM BISHOPS

26400 HRITECH, 105)

76300 105 FORHATCOX, 'BISHOP', 1X, 'DISTRNCE ", 5X, "EC1)*,5X, "1, 5X,
75500 -*SDC | YCNORH " , 2X, *SDC | YCRANDY' , 2X, 'ST.NORN. BEV . (NORH) ',
26200 ~2X, 'ST.NORH.DEV. (RAND)" )

76800 DO 224 U=1,BIG~1.0

76000 ZP=CRSH(Y, 5P, SSALC)

72000 H=HBSHY)

77100 S 1=5 1BSH(V)

77200 S2=52BSH(U)

77300 CALL HORAM

27400 MRITE(H, 104 9, UFSORT(2.0),EXP | ,AIS,SORT(EN12) ,SGRT(ER12),
77500 -DEWY, DEVR

7700 224 CONTIME

77700 222 CONTIRE

77800 C NOH TOTALS

77900 106 WRITE(G, 107D

72000 107 FORMATCOX, *TOTRL'/)
78100 C ROOKS FIRST

78200 WRITE(6, 103)
28300 B2=TBTHO(SP )
78400 Z2=TSIRT2(SP)
78500 DO 225 U=1,81G-1.0
78500 ZP=TRK(U, SP)
78700 H=LRKCU)

78800 S1=S1RK(Y)

78500 S2=52RK(U)



79000
79100

574

CRLL HORAN
HRITE(E, 104)V,V,EXP],AIS, SGRTCEN12), SGRTCER12), DEVN, DEVR

79200 225 CONTINUE

79300 C
79400
79500

9700

81900
82100

NOM B ISHOPS
MRITE(S, 105)

DO 226 U=1,BIG-1.0

ZP=TBSH(Y,SP)

M=MBSHCY)

51=5 1BSH(Y)

52=52BSH(Y)

CALL HORAN

MRITE(6, 1047V, U*SQRT(2.0), EXP | ,AIS, SGRTC(EN12), SORTCER12),
—DEVN, DEVA

226 CONTINUE
221 CONTINUE
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SUBROUTINE GRID RERTS IN GRID SPECIFICATIONS AND DATA STRUCTURE

COMMON CS2¢40),SUH2(40), SU4¢40), CHOHE2¢ 40 ), ZERO(20, 40),

$CITIE4(40),2 (40, 100),SUIZ2(20,40), TOTRLC 100), T2< 160 ), TSUIZ2(20)

$, SNAME(20,80), CLASS(20), CATAC40, 10, 10),UECT(40, 100, ANT(20),

$HEIGHT (100, 100),BTD(20,40), StR2P(20,40), TBTKO(40), TSWHZP(20),

$COL,ROM, CELLN,UW,51,52,2P,22,A1S, EXPI,ER12, EN 12, EVR, DEUN, B2, SPH, U,

$T20¢20), CODE, SD(20, 40, THERN(20), TSD(20), CHERN(20, 40,513 (20,40)
READ(S, 101 R0M, COL, SPN, (CLASS(1 ), t=1,5PN)

101 FORHAT(23F3.00

CELLN=RIASCIY.
RETURN
END
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WALNUT jobs
WALNUT is less flexible than the other analysis programs in that it does not allow for

variations of parameters through the driving job. The default is for correlations {o be
calculated between all possible pairs of species groups. For the analysis of grids (which
must be square) other then 8 x 8, and species numbers and groups other than those used
in this work, the source program must be medified. This involves replacing 64 by the
number of cells in the grid and 16 by the number of species, for all cecurences of thzse

variables. The number of groups in esch species can be modified by changing the DATA
statement.

Example of job for planar cross-correlation analysis
?BEGIN JOB WALNUT/200381/100M;

QUEUE=23;

RUN OBJECT/WALNUT;

FILE 4(KIND=READER);

FILE FILES=GROUP/GRID/200381/100M;
DATA

WALNUT/200381/100M

?

7END JOB



LIST HRLNUT

100 $RESET

FREE

200 FILE 4<(KIND=REROER, TITLE="COIS#MDS" )
300 FILE S<KIND=DISK)
400 FILE O6<(KIMND=FRINTER, PROTECTICH=SRVE)

S0
600
700

1000

3700

3800 2
4000 C

4900 4

COION/A/CLASSC 16), VECTGR(16,6,64), URRC 16,6), LE IGHT(64,64),
$EXP12R¢0:2,0:2),EXP12(¢0:2,0:2),CHESS, SPRCE, SP 1, SP2,
$CLASS 1,CLASS2, ZHIALT 1, ZIUAL T2

COMHON/B/21¢16,6, 16,6,0:1,0:1)

COMHON/C /SHORR( 16,6, 16,6,0: 1,0: 1)

CONHON/D/SHORI € 16,6, 16,6,0:1,0: 1)

DIFENSION TITLE(SG)
DATA CLASS/S,4,3,5,2,1,1,1
RERD(4, 1 (CTITLECI), [=1,80)
MRITEC6,2XTITLECI), I=
FORKAT(EOA1)
FORMATC1X,80R1)

CRLL RERD

CRLL WOHME

CRLL CROSS
CLGSE(6,D | SP=CRURNCH)

[250]

SUBROUT INE RERD

JisiﬁlJ'J'J i} IJ"

COHNON/R/CLASS(16), VECTBAC16,6 ,64), VAR 16, 6, MEIGHT (64, 64),

$EXP(2R(0:2,0:2),EXP121¢0:2,0:2), CHESS, SPRCE,SP1,5P2,
$CLASS 1, CLASS2, ZULT 1, ZULT2

CONON/B/21¢16,6, 16,6,0:1,0: 1)

COMMON/C /SNORR( 16,6, 16,6,0: 1,0: 1)

COI%ON/D /SNOR1 € 16,6, 16,6,0:1,0: 1)

DIHENSICN DATACG4, 16,6), ZERHC16,6)

READ IN AND TOTAL DATA

00 1 CELL=1,64

B0 1 SP=1,16

RERD(S, /)(DATACCELL ,SP, CLASSN ), CLASSH=1,CLASS(SP))

00 2 CELL=1, 64

DO 2 SP=1, 16

DO 2 CLASSH=1,CLASS(SP)

DATACCELL, SP, CLASS(SP )+ 1 )=DATACCELL, SP, CLASS(SP )+ 1 )+
$OATACCELL ,SP, CLASSN)

CONT INUE

COMVERT DATA HATRIX INTO VECTOR

DO 3 SP=1, 16

DO 3 CLASSN=1, CLASS(SP)*+1

DO 3 CELL=1,64

VECTORCSP, CLASSM, CELL X=DATACCELL , SP, CLASSN)

CRLCULATE MERNS OF VECTURS

DO 4 SP=1,16

DO 4 CLASSN=1, CLASS(SP 1

DO 4 CElL=1,64

ZHERN(SP , CLASSN )=2MERN(SP , CLASSN YSUECTORCSP, CLASSN, CELL >

576



5100

16000
10100 .

101
102

577

DO 5 SP=1, 16

00 5 CLASSN=1, CLASS(SP )+1

ZHEANCSP, CLASSN )=ZHERN(SP, CLRSSN)/64. 0

CENTRE UECTORS

D0 6 SP=1, 16

DO 6 CLASSM=1,CLASS(SP)+1

00 6 CELL=1,64

VECTCR(SP, CLASSN, CELL >=UECTOR(SP, CLASSN, CELL )-ZHERN(SP, CLASSN)
RETURN

EMD

SUBROUT INE HOHE

CO/RI0N /A/CLASSC 16 ), VECTOR( 16, B, 64, URR( 16,6 ), HE IGHT (64, 64,

$EXP12R(0:2,0:2),EXP121(0:2,0:2), CHESS, SPRCE, SP1,SP2,
$CLASS1, CLASS2, ZMALT1, ZHIA T2

COION/B /21 (16,6, 16,6,0:1,0: 1)
COMON/C /SNORRC 16,6, 16,6,0: 1,0: 1)
COMFON/D/SHORIC 16,6, 16,6,0:1,0: 1)
CRLEULATE VAR IANCE OF CENTRED VECTORS

B0 1 SP=1,16

1 CLASSN=1, CLRSS(SP*1

0O 1 CELL=1,64

URR(SP, CLASSH }=URR(SP, CLASSN »UECTOR(SP, CLASSH, CELL y#¥2

DO 2 SP=1, 16

DO 2 CLASSH=1,CLASSCSP+1

VARCSP, CLASSN =URR(SP, CLASSN ) /64.0

RETURN

END

SUBROUT INE CRGSS

COINON/A/CLASS( 16, VECTCRC 16,6, 64, URRC 16,6, HEIGHT (64, 84,

$EXPI2R¢0:2,0:25,EXP121€0:2,0:2), CHESS, SPRCE, SP1,5P2,
$CLASS 1, CLASSZ, LTI, ZHULT2

COIION/B/21¢16,6,16,6,0:1,0: 1)

COON/C /S0RR( 16,6, 16,6,0:1,0: 1

COYION/D/SNORI( 16,6, 16,6,0: 1,0: 1
INITIARLLY DO FCR ZERD SPRCI

)/
p)

KEIBHTC), 1 =1
DO 103 SP1=1,16
DO 103 CLRSS 1=1,CLASS(SP1)+1
IFCCLASSCSP1).EQ. 1.AND . CLASS1.EQ.2) GOTO 888
DO 104 SP2=SP1,16
IFCSP1.EQ.SP2. RND .CLASS(SP1).EQ. 1) GOTO 777
IFCSP1.EQ.SP2)X=CLASS

IFCSP1.NE .SP2)X=0

IFCX.EQ.CLASS(SP 141> GOTO 777

DO 105 CLASS2=X+1,CLASS(SP2 )+1
IFCCLASS(SP2).EQ. 1.98D . CLASS2.EQ.2) GOTO 665



13500 111

CALL MATI
CRLL MULTZ

CALL HORAN

CRLL EXPI2

CRLL STNCRD

CONT | HUE

CONT INUE

CONT INUE

CONT INUE

CONT INUE

CALL PRINT

FIRST ROOK

CHESS=1

00 2 SPRCE=1,2

CRLL ROOK

B0 1 SPi=1,16

DD 1 CLASS1=1,CLASS(SP1)+1
IFCCLASSCSP1).EQ. 1. RND. CLASS1.EQ.2)G0TO 11
DO 33 SP2=SP1, 16
IF¢SP1.EQ.SP2.RAND.CLASS(SP1).EQ. 1) GOTO 111
IFCSP1.EQ. SP2 )X=CLASS1

IFCSP1.HE . SP2 )X=0

IFCX.EQ.CLASSCSP1)+1) GOTO 111

B0 34 CLASSZ=X+1,CLASS(SP2)+1
IFCCLASS(SP2).EQ. 1.RiD.CLASS2.EQ.2)G0TO 222
CALL RULTI

CALL FULT2

CALL HORAN

CALL EXPI2

CALL STNORD

CONT INUE

CONT INUE

CONTINUE

CONT INUE

CONTIRUE

CONT INUE

CRLL PRINT

CONT ISUE

NOW BISHOP

CHESS=2

DO 22 SPRCE=1,2

CRLL BISHOP

DO 10 SP1=1,16

B0 10 CLASS1=1,CLASS(SP 1)+1
IFCCLASS(SP1).EQ. 1.AND.CLASS 1. EQ.2)60TO 1010
00 303 SP2=5P1, 16
IFCSP1.EQ.SP2.AND . CLASS(SP1).EQ. 1) GOTO 1011
IFCSP1. EQ. SP2)X=CLASS |
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15100 IFCSP1.NE. SP2)X=0
15200 IFCX.EQ.CLASS(SP1>+1) GOTO 1011

15300 DO 304 CLRSS2=X+1,CLASS(SP2)+1

15400 IF CCLASS(SP2).EQ. 1. AND.CLRSS2 . EQ. 2)C0T0 2022

153500 CALL MATI

15600 CALL MAT2

15700 CARLL HORRN

15800 CALL EXPI2

15000 CRLL STHORD

16000 2022  CONTINUE

16100 304 CONTINUE

16200 1011 CONTINUE

16300 303 CONT IHUE

16400 101  CONTIMUE

16500 10 CONTIKUE

16600 CRLL PRINT

16700 22 CONTINUE

16800 RETURN

16800 BO

17000 SUBROUTINE ROOK

17100 COIGION/A/CLASSC 16), VECTORC 16, 6,64, URRC 16,6) , HE 1 GHT (64,64 ),
17200 $EXPI2R(0:2,0:2),EXP121¢0:2,0:2), CHESS, SPRCE, SP1,SP2,
12300 $CLASS 1, CLASS2, ZHLALT 1, ZIMALT2

17400 CTiwN/B/21¢16,6, 16,6,0:1,0: 1)

17500 CCifH0H /C /SHORR( 16,6, 16,6,0:1,0: 1)

17600 COHHON/D/SKORIC 16,6, 16,6,0:1,0: 1)

17700 S=SPRCE

17800 00 1 1=1,64

17900 0O 1 J=1,64

18000 1 HEIGHTC!,J)=0

18100 Ci=1

18200 00 2 C=1,64

18300 IFCC.GT.S*8) HEIGHT(C,C-S#83=1

18400 IFCC.LT.64-5%8+1) LEIGHT(C, C+S48 =1

18500 IFCC1#S-1.LT.C) KEIGHT(C,C-S)=1

18600 IFCC.LT.CHE-S) UEIGHT(C, C+S)=1

18700 | FCRHOD(C,8).EQ.0.0) C1=C1+8

18800 2 CONTINUE

18900 RETURM

19000 EFD

10100 SURROUT INE BISHOP

19200 COMM0N/A/CLASS (16, VECTORC 16, 6,64, URRC 16,6, KEIGHT (64, 64),
18300 $EXPI1ZR(0:2,0:2),EXP121(0:2,0:2), CHESS, SPRCE, SP 1, 5P2,
13400 $CLASS 1, CLASS2, ZHLT 1, ZHIL T2

16300 COFiON/B /21 (16,6, 16,6,0:1,0:1)

19600 COHHON/C/SNORAC 16,6, 16,6,0:1,0: 1)

19700 COMAON /D/SNOR 1€16,6, 16,6,0:1,0: 1)

19800 S=SPRCE

10000 DO 1 1=1,64

26000 DO 1 J=1,64

20100 1 KEIGHTCI,J)=0

20200 C1=g

20300 B0 2 C=1,64

20400 IFCC.LE.C1-S.AND.C#+S*8+5 .LE.64) KEIGHT(C,C+S*8+5)=1
20500 IFCC.LE.C1-S.RND.C-5*8+5.GE. 1) ME|GHT(C, C-5%8+53=1
20600 IF(C.GE.C1-845+1.RND.C+5*8-S.LE .64) MEIGHT(C,C+S*8-8)=1
20700 IF(C.GE.C1-845+1.RND.C-S#8-5.6E. 1> KEIGHT(C,C-S¥8-5)=1
20800 IF (RHODCC, 8).EQ.0.0) C1=C 148

206300 2  CONTIMUE

21000 RETURN

21100 END



27000
27100
27200

1

SUBROUT INE HULT1

COI0N/A/CLASS( 16), VECTORC 16,6, 64, UARC 16, 6, E| GHT( 64,64,
$EXPI12R(0:2,0:2), EXPI21(0:2,0:2), CHESS, SPRCE, SP1, SP2,
$CLASS 1, CLASS2, ZMILT1, ZHULT2

COMMON/B/21¢ 16,6, 16,6,0:1,0: 1)

COHON/C/SNORRC 16,6, 16,6,0:1,0: 1

COIeI0N/D/SNORI (16,6, 16,6,0: 1,0: 1

DINENSION ZIPROD(H4)

HATRIX KULTIPLICATION OF LD

ZHULT1=0.0

FIRST HULTIPLY ROM VECTOR XK' BY MEIGHT MATRIX

0O 1 COL=1,64

ZHPROBCCOL )=0.0

DO 1 RON=1,64

APRIDCCOL )=DPRODCCOL HVECTER(SP1, CLASS 1, ROWSHE IGHT (RO, CEL >

NOW HULTIFLY 2PROD BY COLUMN UECTOR XL

D0 2 1=1,64

ZHULT 1=ZFUL T 1+2HPRODC | YVECTORCSP2, CLASSZ, | )

LEFT HITH ZHULT 1=0K "I

RETURN

END

SUBROUTINE HIRLT2

COMON/A/CLASSC 16), VECTOR( 16,6, 64 ), URRC 16, 6), HE I GHT(64, 64),
$EX°12R(0:2,0:2>,EXP121(0:2,0:2), CHESS, SPRCE, SP 1, SP2,
$r1ASS 1, CLASS2, ZHULT 1, ZHULT2

COIRI0H/B/21(16,6, 16,6,0:1,0: 1)

COTHON/C/SNORRC 16,6, 16,6,0:1,0: 1)

COITION/D/SNGR1 € 16,6, 16,6,0:1,0: 1)

DIFENSICN ZHPROD(G4)

HATRIX HULTIPLICATION OF (1 °'Mi)=—1

ZHALT2=0.0

FIRST MULT IS EQUIV TO SUG1ING COLS

DO 1 COL=1,64

ZIPRODCCOL 3=0.0

DO 1 ROM=1,64

ZIPRODCCOL Y=ZrPROD (COL ME | GHT(ROY, COL )

SECOND IS EGUIV TO SUIS1ING ZIPROD UECTOR

DO 2 COL=1,64

ZHULT2=ZHUL T2+ 2¥PRODCCOL )

ZIRALT2=1/ZHA T2

LEFT WITH ZHULT2=C 1°11 |

RETURN

END

SUBROUT INE HORAN

COIMON/A/CLASS( 169, VECTORC 16,6, 64, URR( 16,6 ), LE | GHT (64, 64),
$EXPI2R(0:2,0:2),EXP121(0:2,0:2), CHESS, SPACE, SP1, SP2,
$CLASS1,CLASS2, ZHLT 1, ZHALT2

COMWIN/B/Z1¢ 16,6, 16,6,0:1,0: 1

COMON/C /SNORRC 16,6, 16,6,0: 1,

COM&H0N /D/SNOR 1€ 16,6, 16,6,0: 1,

CALCULATE MORAN STATISTIC

IFCURR(SP 1, CLASS 1 URR(SP2, CLASS2) . EQ.0.0360TO 1

Z1(SP1,CLASS 1, SP2, CLASS2, CHESS, SPACE )=
$ZHULT 1 /STGRT(VARCSP 1, CLASS 1 #URRCSP2, CLRSS2 ) WAL T2

CONT INUE

RETURN

END

SUBROUT INE EXP 12

COI®ION/A/CLASSC 16, VECTORC 16, 6,64, URR( 16,6 ), HE I GHT (64, 64),
$EXPI12R(0:2,0:2),EXP121¢0:2,0:2), CHESS, SPACE, SP1, 5P2,
$CLASS1, CLASSZ, ZHUALT 1, ZHALT2

)
)

)
0:1>
0:1>



27400

29100

31000
31100
31200
31300
31400
31500
31600
31700
31800
31900

32100 C

32400

COMON/B/Z1¢ 16,6, 16,6,0:1,0: 1)
COMMON/C /SNORRC 16,6, 16,6,0: 1,0: 1)
COMON/D/SNOR 1€ 16,6, 16,6,0:1,0: 1)
DIHENSION COLT(64>,ROUT(64)
CALCIAATE EXPECTED 12 FOR GIVEN WEIGHT HATRIX UNDER
THE THD RSSRPTIONS
NSUH=0 ; 2SUH=0; SUrC2=0; SUHR2=0
DO 7 1=1,64
COLTCI 3=0
ROHT(1 =0
CONT INUE
FIRST UNDER B ASSUMPTION
CRLCILATE SUM GF ALL WEIGHTS
Do 1 1=1,64
00 1 J=1,64
MSUMAELIVAE | GHT C 1, J)
CRLCLAATE SUM OF SQUARE HEIGHTS
0O 2 1=1,64
0D 2 J=1,64
LZSUSTUZURLE | GHTC |, J P2
CALCULATE SUMOF SQUARE COL TOTALS
D0 3 COL=1,64
00 3 ROW=1,64
COLT(COL >=COL T(COL M4E | GHTCROM, COL )
DD 4 COL=1,64
SUNC2=SUIT2+COLT(COL 322
CALCULATE SUM OF SQUARE ROW TOTALS
DD 5 ROM=1,64
DD 5 COL=1,64
ROWT (RO =RONT CROM MUE | GHTCROM, COL )
DO 6 ROM=1,64
SUETRZ=SLPR2+HROUT CROY )52
EXP | 2R(CHESS, SPRCE )=¢ 64 . (2R /63 . 0452 )~
$(64 . OF(SUNC2+SIER2) /63 . 0552 )+
$ CLSUIY2 /63 . (752
EXP| 2R(CHESS, SPRCE >=EXP | 2R(CHESS, SPRCE ) MSUHH2
NOW RDER | 1D RSSUIFTICH
EXP 12| (CHESS, SPRCE J=42SUr /USLAs+2
RETURN
END
SUBROUTINE STRGRD

COIION/A/CLASS (16 ), VECTORC 16,6, 64 ), VRR( 16, 6, HE | BHT (64, 64),

$£F12R€0:2,0:2),EXP121¢0:2,0:2),CHESS, SPRCE, 5P 1,SP2,
$CLASS 1, CLASS2, ZHIAT 1, ZMA T2

COMMCeN/B/21¢ 16,6, 16,6,0:1,0: 1)

COt#10N/C /SNORR(¢ 16,6, 16,6,0:1,0: 1)

COMHON/D/SNOR1¢ 16,6, 16,6,0:1,0: 1)

CRLCIAATE STRORRD KOREAL DEVIATES

FIRST STNORHMDEV FOR R RSSUHPTION

SNORR(SP 1, CLASS 1, 5P2, CLASS2, CHESS, SPRCE )=
$(Z1(SP1,CLASS 1,SP2, CLASS2,CHESS, SPRCE ) )/
$SORT (EXP | 2R(CHESS, SPRCE ) )

NOM FOR 11D ASSUIPTICH

SHORI (SP1,CLASS 1,5P2, CLASS2, CHESS, SPRCE )=
$(2Z1(SP1,CLASS1,SP2, CLASS2, CHESS, SPRCE ) )/
$SCAT (EXP 121 (CHESS, SPRCE ))

RETURN

END
SUBROUTIME PRINT

COMHON/R/CLASSC 16, VECTOR( 16,6, 64 ), UAR (16,6, ME I GHT(64,64),

$EXP12R<0:2,0:2),EXP121 €0:2,0:2),CHESS, SPRCE, SP 1, SP2,

581



35100

37000
37100

32400
37600

$CLASS 1,CLASS2, ZHALT 1, ZHAT2
COHMON/B/21¢ 16,6, 16,6,0:1,0: 1)
COMHON/C/SHORRC 16, 6, 16,6,0: 1,0: 1)
COMHON,/D /SKORIC 16,6, 16,6,0: 1,0: 1)
00 1 SP1=1,16
00 1 CLASS1=1, CLASS(SP1)+1
IFCCLASS(SP1).EQ. 1.RHD. CLASS1.EQ.2) GOTO 111
LRITECG, 101)SP1, CLASS1
101 FORMATC1X, *SPECIES*, 1X, 12, 1X, "CLASS®, 1X, 11, 1X, "US* )
DD 2 SP2=5P1, 16
IF(SP1.EQ. SP2)X=CLRSS |
IF(SP1.NE.SP2)X=0
IFCX.EQ.CLASS(SP1)+1) GOTO 222
DO 3 CLASS2=X+1,CLASS(SP2)+1
I FCCLASS(SP2).EQ. 1.RHD. CLASS2.EQ.2) GOTO 333
IF(CHESS . IE . 0)G0TO 201
LRI TEC6 ,202)SP2, CLASS2,Z 1 (SP1,CLASS 1, SP2, CLASS2,0,0),
$SNORR(SP 1, CLASS 1, SP2, CLASS2,0,0),SNORI (SP1, CLASS i, SP2, CLASS2,0,0)
202 FCRIATCOX, 12,7X, }1,5X, *0.00*,5X,F?.4,2X,F?.4,2X,F?.4)
201 IF(CHESS.WE. 1.0R.SPACE.NE. 1) GOTO 11
MRITE(6, 102)SP2, CLASS2, 21 (SP1,CLASS 1, SP2, CLASSZ, 1, 1),
$SRORR(SP1, CLASS1,5P2,CLASS2, 1, 1), SNORI(SP1, CLASS 1, $P2, CLASS2, 1, 1)
102 FORRATCIX, 12, 72X, 11,5X, ' 1.00",5X,F?.4,2X,F?.4,2X,F?.4)
11 IF(CHESS.KE.2.0R.SPRCE. KE. 1)G0T0 12
LRITEC, 163)SP2, CL RSS2, 21 (SP1,CLASS1,SP2, CLASS2,2, 1),
$SNORR(SP 1, CLASS1,5P2, CLRSS2, 2, 1), SNORICSP 1, CLASS 1, SP2, CLASSZ, 2, 1)
103 FORMATCOX, 12,7X, 11,5, " 1.41° ,5X,F?.4,2X,F?.4,2X F?.4)
12 IF(CHESS.NE. 1.0R.SPRCE.NE.2) GOTO 13
MRITECB, 104 ISP2, CLRSS2, 21(SP1,CLASS1,5P2, CLASS2, 1,2),
$SNORR(SP1,CLASS 1,5P2,CLASS2, 1,2), SKOR 1 (SP1,ELASS 1, SP2, CLASS2, 1,2)
104 FORMAT(9X,12,7X,11,5X, 2.00°,5X,F?.4,2X,F7.4,2X,F?.4)
13 IF(CHESS.NE.2.0R.SPRCE.KE.2) GOTO 333
LRITEC6, 105)SP2, CLRSS2, 21 (SP1, CLASS1,SP2, CLASS2, 2, 2),
$SNORR(SP 1,CLASS 1,5P2, CLASS2, 2, 2), SHORI(SP1,CLASS 1, SP2, CLASS2,2,2)
105 FORMAT(OX, 12,7X,11,5X, *2.83",5X,F?.4,2X,F7.4,2X,F?.4)
333  CONTINUE
3  CONTINUE
222  CONTINUE
2  CONTINUE
111 CONTINUE
1 CONTINUE
RETURN
END
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APPENDIX B

AUTOCORRELOGRAMS
FOR
SERIES AHD PLANAR ANALVSIS

This appendix lists the correlograms for the autocorrelation analyses described in
Chapters S and 6. Shadingcodings are as defined in Table 5.2.
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