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SUMMARY

Temporal. changes in the structure of a trophically simple community
were investigated by monitoring the species diversity in disturbed and
undisturbed algal populabions on a rocky shore. The disturbance
involved seasonally denuding transects from 3. Ohm to 1.89m above Lowest
Astronomical Tide. Changes in populations werce measured by calculating
a coefficient of similarity between samples. Toctors which could
influence structure through their effects on colonizaticn were
investigated in field experiments and by culburing littoral species in

a simulated tidal regime.

In an undisturbed transect extending between the littoral fringe

and top of the eulittoral zone, from one to three qeparated population

weeks.  Changes in species diversity vere large enough to indicabe , .
N 0 L

that the same picce of subshratum wes vsed by several species Wlthjndte

(LR VIV PR B R R i e ey EE I S g m v memmemem e

that the same piece of substrabum wes used by several species within

a year.  The vertical stratificabion in the top levels sampled was
simple, and the dominant stratum was the algal crust. A canopy of
seawveeds was poorly developed or absent. At these levels the stratifi-
cation remained fairly constant with time, Lub in the lower levels

sampled the relative amounts of substratun covered by a canopy. under-

story, and encrusting layer could change within a few weeks.

When determined by the similarity coefficients, strips cleared
in the spring took only 12-1h months to entirely recover, whereas
thoge cleared in the late swmer and aubumn took 18-20 nmonths. Aftter
clearing it took longer for an algal cover to develop at the higher
levels on the shore, bubt the populations here came to resemble those
in the undisturbed control sconer than did the ones inthe bottom levels.
It was found that the algal diversity settling under a canopy was
significantly different from that settling cn open substrala, and
the popwlations in the lower levels came to resemble those in the

control only after the full canopy of Fucus spiralis was re—established,

and comperable tothat inthe lower levels of the cowtrol.
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the shore, the nature of the algal canopy they must penetrate, and the
environmental conditions prevailing immedisbtely after settlement when

the plants were found to be most vulnerable.

Zonation appeared with the first populations colonizing cleared
strips but it was different from that in undisturbed areas. The
initial zonation was probably determined by the factors mentioned above,

rather than by the tolerances of individual species or by competition.

Afber the populations in cleaved strips came to resemble those in the

control, the zonation in both were essentially similar except for loca

s

(ifforences neslting foou patehiness, A very omall seele paines
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INTRODUCTION

Inspired significantly by the ideas of G. E. Hutchinson and R. A,
MacArthur, ecologists have been working in the lsst two decades toward
the dévelopment of a broad theory of community organization. in one
approach 1o this problem the goal has been to understand the facbtors
which affect commmity structure. Commmunity structure is defined
as those abttributes of the community, such as patberuns of species
distributions, abundance, size, shape, or trophic relationships, which
can be determined by static sampling procedures (definition after B.

Menge, 1976).

Many different factors affecting communibty structure have been
identified from the study of species diversity(where the term is

defined in its broadest sense and includes the number of species and

their abundances) in individual communities, but these can be group=sd
into six broad cabtegories relating to (1) time, (2) spatial heterogereityl.
(3) competition, (4) predation, (5) climatic stability, and (6)
productivity (for reviews see Pianka 1966, 197h; Ricklefs 1973). On
the basis of these different cabtegories several theories have been
developad to account for some of the patterns of community structure
that have been observed. However none of these theoriesz seem to be
universally applicable because the relative importance ol such {actors
has been found to differ with communities. Species richness in

deep ocean bottom has been aliributed to envirormental stability
(Sanders, 1969), in forests to climatic stebility (Klopfer, 1949) or
to spatisl heterogeneities (Horn, 1975), and on rocky shores to

selective predation (Paine, 1969; Dayton, 1971).

On rocky littoral shores discontinuities in species distributions
are on a small scale and readily wvisible. Since the habitat is also
easily accessible and the resident species small enough ‘o manipulate,
the experimental approach, as well as the descripbtive one, has been
successful in studies of community structure.  As a.result, the
factors which influence the structure are probably belier undersitood
for this habitat than for most othewrs. Cn rocky shores the physicel

factors asgoclated with different degrees of exposurs on low tides,

H



Fasily the most striking feature of community structure on rocky
shores is the distribution of the organisms in narrow horizontal zones.
This is a feabure of the community which has been found in many parts cf

the world (Southward, 1958; Stephenson and Stephenson 1972).  Early

hypotheses on the cause of this zonation have emphasized the tide as

the primary factor becavse the distribubions of some species could be

correlabed with the

"eritical" levels of mean spring and nean nesp
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dastyibutions on some shoves vere found o vaxy with the topogeaphy

|

and location, The Stephensons {Stephenson and Stephenson, 1949) then

postulated that the regular zonation found on the shore is controlled
by the environmental gradients that exist at the interface between air
and weter (i.e. gradients of humidity, temperature, salinity and
sunlight ). Individual species were considered to be limited to
gpecific zones by their tolerances to these gradients. Differences in
the zonation patberns bebtween locations were attributed to differences
in the gradients. This hypothesis has been successfully used to
explain the upper limits of most species distrivbutions for it has been
observed that these limits can be rvaised by the amount of wave action
(Lewis, 1961; 196kh), the presence of sheltered crevices (Kensler, 1667:
Dayton, 1971), or a source of additionsl meisture from points higher on
the shore (Hatton, 1938; Frank, 1965; Dayton, 1970)}. However, it

was also commonly observed that species did not extend downshore as

far as would have been expected from their physiclogical tolersnces to
the different gradients. In the last decade it has become increasingly

evident thal these lower limits are determined by bilological interactions

*




such as predation, grazing, or competition (for reviews see Connell,
1972; Chapman, 1973; Menge and Sutherland, 1976; and also J. Menge,
1975; B. Menge, 1976; Schonbeck, 1976). At present, zonation is
believed to result from a combination of these factors. The upper
limits of a species' aistribution on the shore is determined by its
tolerances to the physical stresses of exposure, and its lower limits
by interactions with other organisms in the commmity {(Connell, 1972;

Chapman, 1973; Schanbeck, 1976).

In addition to the patterns of zonation along the tidal gradient,
small scale discontinuities in bobth plant and animal distributions have
been found within a single zone. The term used to describe this
structural feature of the community is 'patchiness' because different
species are often found to be distributed side by side on the substratum
in distinct patches., In algal populéﬁions patchiness seems to be a

world wide phenomenon since it has been found in Hawaii (Randall, 1961),

the Pacific Northwest coast of the United States (Vadas, 1968; Dayton,

1975), Britain (Russell, 1972) and the Mediterranean (Lipkin end Safriel,
1971; Boudouresque and Lilek, 1972). In terrestrisl plent communities
much of the patchiness found can be attributed to small scale differences
in hebitats (reviewed by Lambert and Dale, 196i; Coodall, 1970:
Whittaker, 1970), and the same argument has been extended to lithoral
populations (Hatton, 1938; Russell, 1973). However, recent
investigationsz have shown that patehiness can also be caused by
dynsmic phenomens which remove organisms on a small scale from the shore.
In algal populations the small scale removal of plants can be csused by

grazing from fish (Randall, 1961), limpets {Southward, 196L4), other

algivorous gasbtropods (Huang and Giese, 19%8), sea-urchins (Kitching and
Ebling, 1961; Vadas, 1968; Dayton, 1971; 1975), crustaceans (Ravanko,

1969); oxr by physical phenomena such as log battering (Dayton, 1971).

Since such small scale removals can oncur randomly in time
Boudouresque and Lick (1972) have hypothesized that the mosailc structure
in algal distributions,seen in both the littoral and sublitbtoral, result
from the vegetational changes thal occur in each cleared patch és it is

being recclenized. Studies on the repopulsation of cleared and artificial

L
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substrate have shown that the species involved are quite different
from those normally associéte& with undisturbed areas. In locaticns
where algal populations dominate, rapidly growing ephemcral species

are the first to colonize a clear pabtch of substrabum. These may be
followed by a series of longer lived annuvals or rapidly growing
perennials before the final 'climax' population is established. It
has been reported that differences in seasons, geographical location,
Jevel on the shore, substratum, or just random chance can determine
the timing and diversity during recolonization (seascnal effects -
Wilson, 1925; Bokenham and Stephenson, 1938; Rees, 1940; Northcraft,
1948; Boudouresque, 1973; Fry, 1975; Harlin andLindbeeyh, 1977;
geographical effects - Bokenham and Stephenson, 1938; Saﬁto, 1976
effects of tide level - Rees, 1940; Northcraft, 1948; den Hartog, 1959;
effects of substratum - Pomerat and Weiss, 1946; Pyefinch, 1950
TFoster, 1976b; Harlin andtjﬂbmqh . 1977 and the effects of random

chance - Tager, 1971).

Another aspect of community structure that can be found on rocky
shores is the vertical stratification of species above the substratum,
especially among the algac. Since the multilayered algal vegebation
on a shore is similar in structure to that in terrestrial forests the
game terminclogy has been used to describe lhe different levels.

Algal species which can grovw to cover major areas of the substraotum, even
though they are attached only at one poinmt, arc czlled the canopy;
and those that grow under this covering, and often extend only a very

short vertical distence above the substratum, are called the understory.

Although the vertical stratification of sublittoral algal
populations has been well studied (see paperé in Noxrth, 1971, and also
Norton and Burrows, 1968; TFager, 1971; Foster, 1975a3b), less is kaown
about this aspect of structure in littoral populations. The observalions
that have been made indicate that species in different vertical levels
can interact with each other. Hatton (1932} found that the germlings

of Pucus vesiculosus will survive higher on the shore if they are

covered by & canopy of Enteromorpha intestinalis, and Dayton (1975)

found that the removal of the canopy species resulted in the death of

&



some of the understory because it exposed them to the full extent of

the physical stresses associated with low tides.

Investigations on rocky shores have shown that a variety of
factors can affect commumity structure. Many of these factors are
dynamic in nature, and therefore one can assume that their effects will
not be constant with time. In situations where several factors
determine species distributions, temporal differences in the relative
importance of each could result in major structural changes in the
community, especially in locabions where the populations are in constant
flux due to disturbance and recolonization. For example, in cases
where patchiness is determined by the removal of organisms rather than
habitat differences, it is possible thalt other aspects of community
structure, such as zonation, could be influenced by the species

involved in the repopulation process.

In previous investigations little attention has been given to
the temporal changes in community structure, and the purpoge of the
research described in this thesis was to determine the magnitude of
such changes and their importance %o the patterns of community structure
that could be found at any one time. To simplify the nwber of possible
facbors involved, a location was chosen where the dominant populations
were at the lowest trophic level, and the total speciss diversity
relatively low. Temporal changes in zonabion and stratification were
monitored during the recolonization of gtrips cleared on lhe shore,
and in an adjacent undisturbed area. Possible factors involved in
recolonization were investigabed by observing the setitlement and
survival of algal propagules in the field, and in a simulated tidal

regime in the laboratory.



CHAPITER T

TEMPORAL CHANGES IN THE STRUCTURE OF TFIELD FOPULATIONS

A. LOCATION

The investigations of a rocky shore community were undertsken
on the northern tip of the Isle of Cumbrae near Tomont Point (Figure 1),
Of the numerous locations examined in the Firth of Clyde this one was

chosen for the following reasons:

(1) the site was easily accessible from Glasgow on a year—round
basis,

(2) it was isolated from mejor population centers,

(3) the dominant organisms were algae, and thus at the lowest
trophic level, and

(L) the substratum was a wiform slab of rock.

This last criterion severely limited the choice of loecality, bubt was
of paramount importance, since the temporal changes in species
ﬁistributions that were to be investigated might have been masked oy
the effects of crevices in the substratum, or the different amcunts

of exposure associated with a shore of an uneven lopography.

The slab of Devonian, 0ld Red sandstone and conglomerate was
25 m long by 4.5 m wide, facing East, and located at the top of the
littoral. The top of the slab was approximately 4 m above the
Lowest Astronomical Tide (L.A.T.) and the bobttom was 2 m above ik.
The slope was 300. A photograph of the slab iz shown in Plate 1.
The area was relatively free of most common large littoral herbivores
which reduced the possible number of factors involved in the community
srructure. Most of the slab was above the vormsl distribution of
limpets, and the gastropods of the genus Littorina were almost totally
agbsent (possibly due to predation by Eider ducks which were common in
this area). The only herbivore present in any asbundance was the small

amphipod, Hyale nilssoni (Rathke).



showing the Isle of Cumbrae and the

Figure 1: ‘The eastern part of the Firth of Clyde

experimental site at Tomont Point (T).
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Recolonization on the rocky shore was monitored on 11 vertical
strips cleared within the test site between August 197k and January
1976. The strips were prepared by Tirst cutting the larger algae
from a strip 0.5 — 0.8 m wide on the slab. Within this strip a
narrover one, 0.2 m wide, was burned using a blow torch. The charred
organic remains were removed with a wire brush. Since the substratum
at this location was highly friable, the brushing alsc remcved the top
layer of rock and exposed a clean surface. To make sure thalb nothing

remained in the interstices of the rock, methanol was poured on the
strip and set on five. Successive strips were cleared on alternafe

v

dides of the test sibe, and on 2 Seenber 1975, buo starps o

b !
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could oceur within the site,  The location of each stanp witin the

site, and the tine of its clesring are shom graphically in Figure 2.

The third strip could not be completely cleared along its whole length
because of & reinstorm, and the data on iLs recolonization were omitted

from the general discussion because it could not he Tvlly compared with

that from the other strips.

B.2. oamn]wn

The populations occupying the strips wore sampled at 48 veek
intervals on 8 different levels chosen to include the dilferent
biological zones identified visually in the summer of 197h, The
original dominant species found at different levels on the site, and
the heights of the sampling levels used are given in Table 1., The
verticel height above L.A.T. of the top and bottom levels were
determined from the tidal gauge kept at the University Marine
Biological Station, Millport which was 5 km from the site. On two

separate occasions the time was noted at which a receding tide reached

the marks on the shore, and the height of the tide for the approprigte

"




Plgure 2: The location of the cleared o+r1p3 and the
control (C) on the sandstone slab in the
experimental area on Cumbrae. The strips
were cleared as follows:

9 August 1974

Strip 1
) 2
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25
10
10
8
4
18
2

15

September'1974m
Decembexr 1974
February 1975
April 1975

June 1975

July 1975
September 1975

January 1976




method did not provide an absolutely true determination of the heights
of the levels at Tomont Point, but for the purposes of the present
research it was adequate, since no comparisons with shores at other

locations were abtempted.

The populations were sampled in two stages. First, the organisms
‘ ‘ ente the
that could be seen in a swall rectangle, 100mm X 300mm, centered on b

appropriate level, were recorded.  The avea of substratun covered by
DOIODLLALE LEYCLy awha b d

el e W s eotimated on & sele of - | corvesponding o e

N

R

1) w to 24,

() 25-h9%,

(3) 50-7h%,

(4) 75-100%.

ATter the initial observations were made, a small ares of
approximately 50mm2 was scraped off'; brought back to the laboratory in

plastic repli-dishes, and fixed in a buffered 1.5% solution of Tormalin.

The scrape samples, and also any plants not identifiable in situ
vere examined microscopically in the laboratory. ALl species Tound
were identified as far as possible, and a note was made if plants were
bearing reproductive bodies or there was evidence that spores were beirng
released.  The crust of blue-green algae found on this shore contained
numerous species in irregular distributions, and ofben patches cf one
species were no bigger than 50 pin dismeter. Sinece this made ik
impossible to determine the relative cover of individusl soec
because the taxonomy of the blue-greens is not well crganizned
blue-graens

ue-greens were considered as one ovesnism for this study. The list

¥




Table 1: The height of the sampling Leveis above
L.A.T., and the dominant species found
at these levels in summer 197h, before
any stripping began.

Sampling Height above

Level L.AT. Dominant species
i 3.0k m Blue-greens, P. canaliculsata
2 2.86 m P, canaliculata, F. spiralis
3 - 2.70m I, spiralis

! o6l | I spiralis
‘} show | T, spioalis, B belenoides

b 237 1 I, spirelis, A nodosun,
B. balanoides

7 2,17 m F. spiralis, A. nodosun,
G. stellata, B, balanoides

8 1.89 n F. spiralis, G. stellata,

E. intestinalis, B. balanoides




turf of fucoid germlings UNTLL TNE PLELLD Wosv wv v o -
When the germlings couvld be identified the turf had thinneé out
considerably. Although Fucus spiralis was the species which always
grew out of the turf of germlings, the possibility exists tha? other A
species might have been present in the turf, before the germlings merc.
thinned out. Tn several cases the separation of closely rélated spec%esﬂ
was not possible because the fruiting bodies, on which species separatlions

One group of plants could only be identified as

depend, were ahsent.
" found on the shore e with

‘ ¢! beeause the plamo .
\reeping brown [lanent 5
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or Stebloneus 1n the Keys of Jones (19(?) and
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some of the creeping filaments might be a young form of Petalonia.

The information on the ovganisms identified, their coverage on
the jock, and their repreductive state for each sample was encoded in
a numericsl format end punched onto cards for Turther analysis. Algal
speciss were identified by the five digit code used in the British
Phycological Society's Seaweed Mapping Scheme and named according to
the check list of British Marine Algae (Parke and Dixon 1976)
Arbitrary numbers were assigned to animal species and those plants
which could not be fully identified. The fucoid germlings and Fucuz

spiralis were considered as different orgenisms and given airferent

numerical identificsations. Blidingia minims was also separated and
given two numbers. The first for the crustal form of the species and
the second for the tubular, erect, thallus. Although & Tilamentous
thallus grows out of a crustal disc in B. minima, there were times when
the crust was found to cover an extensive part of the rock without

developing the erect filaments, while at other times the Tilaments grev

i
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idingi i i i cyows from a small disc, and
Blidingla marginata. This speciles also grows IT )

is separated from B.minima only on morphological differences in the
erect part of the thallus (Bliding, 1963). A list of all organisms
found, their nomenclatural authorities, and their code numbers are
given in Appendix TI. The cover values were encoded on the 1~k scale
already mentioned and a 'C' was assigned for the cover of species seen
only in the microscopic examination. Finally, a '1' in the position
of the last encoded digit was used to indicate the presence of

reproductive stages in the plants. All information collected in the

preceding fashion 1s given in Appendix IT.
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The analysis of similarity bebween samples wes based on both the

species identified and the estimates of their cover. A percentage

value for the similarity was celculated using the coefficient,

100 x 2W/A+B, where W is the sum of the smaller cover values of those

species common to both samples being compared; A is the svm of the total

cover of all species in the first sample, and B is the sum for the

second sample. The coefficient is after Bray and Curtis (1957), but

the basic equation is that of Kulezynski (1927). Since the cover of

each species was only estimated on a scale of 14, the mean value of

the corresponding percentage range was used in the calculstions. Thus ,

12.5% was used for a cover value of 'L', 37.5% for 2', 62.5% for '3,

N

and 87.5% for 'Ut. Under field conditions it wes difficull to note
species which covered less tlhan 100mm% and species seen only on
microscopic examination of the scrapings were assigned a cover value of
0.3% which is approximately half of the least cover visible in the

sampling quadrat.,

To identify the changes in species diversity, that were taking
placze with time, the date were fabulated with respect Lo presence and

fertility. The programs for the data manipulations and similarity

analysis were written in Fortran IV-G end are presented in Appendix TTT.
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SPECLES LILIEW.LULLLE, o pebuy s )
The precision of the method was checked by taking 10 replicate samples
from one guadral on one day. This was done four times ir different
parts of the undisturbed shore (2.86 m and 2.17 m levels on 6 April,
and egain on T July 1976). Tn the four sets of replicabtes, between
70 - 80% of the total species nurber observed were represented in the

However, the species omltted from the first sompling

yere Mosbly those covering less than 100 m 1n , 00 as can be seen i

dle 9 thelr contribution o the comositaon of the ¢ platior

WWNWWMWMWNWWMUWMMHHMMM

first sample.

\ ( “

Muﬂthm&deemmﬂwasmmewmwmmnxha

mean (in Sokal and Rohlf, 196 j, p. 109) o value wss caleulated for
cach set of replicates which could be used to statistically seperate
samples belonging to the same population from those belonging to
different populations (Table 2). for example, & sample can be
considered to come from a population different from thet found at the
2.86 m level on 6 April 1976 if the mean of the similarities between it
and the selt of replicates is less than 79.6% (probability level of 0.05).
This value of 79.6% was the lowest one calculated Trom the U sets of
replicates and gives an indication of limits set by the method for the

definition of ceparate populaticns on the shore.

C.2. Changesin the distributions of individual slpal specien:

Since the species is the basic wnit used to describe communities,
changes in community structure can be related to changes occurring in
the distributions of individual species. By combininrg all observations
from one dsy, the temporal changes in the distribubtions of individual

species were monitored.

L3




Table 2:

similarity value which statistically
separates populations is based on the method

for comparing a single observation with a mean
at a probability level of 0.05 (see Sokal and
Rohlf, 1969).

The

Statistical analysis of replicabe samples
taken in four different quadrats.

5 = 0,10

Mean species Mean %
Number of number in one similarity similarity
Sample replicates sample as &a % between all separating
of total replicates populabions

6 April 9 76 93, b 9.5

e ot 6] B AT EY I e

Lot

0 ey

00

08,09

5 = 1.97

2.0 m 05 1S

6 April 10 ! IRy 60,1
2.17 s = 1,95

5 July 10 61
2,17 m ( T8 o5




Euteromorpha

) i ~ i vlvescens
Noteble exceptions to this werc Capsosiphon f )

intestinalis, Ulothrix pseudoflacca, U. flacca, and Urospora

i i i ich a seasonal
penicllillolmls Tn this study the only species in which a Se880

pattern of reproduction could be inferred were Cladophora : albida,

Ralfsia verrucoss, and Pra%xo L& stipitata.
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pseudoflacea ave presented in Flgure 3 as an example of this phenomenon,

The histograms of the frequency with which this species was observed ab
the different levels show that it was virtually absent from the bottom
levels during the winters, and from the top levels during the summers of
1975 and 1976. As shown in Figure 4 @ similar pattern was found for

the filamentous form of Blidingia minima but not for its crustal form.

This provides additionsl evidence that these two forms are ecologically
different, and is one of the reasons for separabting the two growth forms
in the calculations of similarity. Other species found with such

temporal 'migrations' on the shore were Urgsvora penicilliformis,

Ralflsia verrucosa, Capscsiphon fulvescens, Gigartina stellata., and the
k — H 2 9

fucoid germlings. The data on the frequency of observation, with level,

for all species are tabulated in Appendix IV.

The number of species found at each level varied with time, and as
shown in Migure 5 two different seasonal patterns could be identifiad.
In the top two levels sampled the number of species was Tound to be
highest during the winter of both yeavs, snd the lowest in the late

summer;  wvhereas in the bottom threo lovels the number was lowest in the
»




U — PrESEIlu W.LULL tidoeeveses o - —
¢ - present with carposporangla

T - present with tetrasporangls
Pr — present with propagulae

The occurrence of a species
last column as an occasilonal (0),

is summarized in the
seasonal (8), or

- permanent (P) member of the population.

Species found in the control

strip are morked (*),

[toatnotes|

i t '”}i ( }l }
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06 Septenber 1075,

Parke and Dixon (1976) have deleted Codiolum

as a genus becsuse the species have been shown
to be alternate phases of members of the

genera Gomontis, Ulothrix, Urcspors, Menostroms,
and Spongomorpha. They are kept as separate
species in the present study because this life
form is ecologically different from those of

 the alternate phases, and because the parent

species were not determined,

Time of reproductive phases was not noted in
the present study. Schonbeck (1976) Found
that in 1975 and 1976 Ascophylilun nodosum on
Cumbrae released gametes in the spring, and
Fucus spiralis, Pelvetia canaliculata in the

suvmmer.
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Figure 3:

The freguency with which Ulothrix pseudoflacca

was observed in sampling quadrats at
different levels between January 1975 and
August 1976. The frequency is represented
as a percenbage of the total number of

samples teken on any one level.
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Figure U:

The frequency with which the crustal and
filamentous forms of Blidingis were observed
in sampling guadrats between February 1975

and August 1976. The frequency is represented
as a percentage of the total number of sampleg

taken on any one level.

I Blidingia minims filaments

] Blidingia crust
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winter and highest in the springT The seasonal patterns of species
number in the middle levels seems to be transitional between those of
the top and bottom. For example, bthree maxima were found at the

o, hom level — the first two at times when species numbers were
increasing in the top level, and the last, in the spring of 1976,

corresponding to the increase in the bottom levels.

The dichotomy between the top and bottom level was also evident
in the velabive frequency with which species were found in their
reproductive phases (Figure 6). The histograms showing the p?rc?ntage
of species in their reproductive phase at the different levels 1nd1ca%e
that minima occur during the winter for the lowest levels, whereas this

is the bime of a maximum among the species in the top levels.

0.3. Changes in the undisturbed populations:

During the two years that the shore vas observed, & crust of

blue-green algae and Pelvebia cenaliculata were generally the most

conspicuous organisms in the upper levels, and Fucus spiralis,

Ascophyllum nodosum in the lower ones.

Gigarbing stellata vas found
growing in dense stands immediztely below the lowest level of sanmpling,
and 1t sometimes extended into the bottom two levels in the presence of

a Fucus spiralis canopy. An example of the species distributions

found in the undisturbed strip is shown in Figure 7. A total of 32
organisms were identified in the undisturbed strip (marked with * in
Table 3) but only 2h were seen at any one time. Many species were
Present for a short time only.

Although the probability of observing the conspicuous algal
species on any one visit was high, there were times when they lost
their dominant position as the species with the greatest coverage.

(In this thesis'dominant'will be used with reference to the amount of
substratum covered by a plant, and not to its functional role in the
comnunity). This was especially noticeable in the early part of 197%

vhen most of the large Fucus spiralis oplants were lost from the levels
below 2.86m.

However, by the following year the Fucus spiralis had

£




Figure 6:

The percentage of species found in their
reproductive phase between January 1975

and August 1976 at the different levels

sampled.
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re~established its dominant position on the shore, and the difference
between the two years can best be seen by comparing the two photographs

in Plate 2.

When the large Fucus spiralis plants were lost from the shore one

of two things was observed to happen: if small fucoid germlings

were already present under the canopy, such as the period between 15
January and 12 March 1976, they grew quickly to fill the place left
by the large plants and the dominance by the fucoilds was maintained.
However, in the absence of germlings, as found during the early months
of 1975, other species could come to monopolize the substratum, and
it took six months for the fucoids to re-establish themselves. In

the absence of the fucolds, the crustose algae Ralfsia verrucosa,

Petrocelis cruenta, and the crust of blue—greens became the dominants

(see Figure 8). These organisms were normally present under the Fucus
spiralis canopy, but individually they never occupied more than 50%

of the substratum until the canopy was removed.

Above the level of Fucus spiralis a thick layer of blue-green

algae was found covering the substratum throughout mest of the year.
However, as can be seen in Figure 8, its occurrence as the dominant
life~-form was seasonal. During the summer months it disappeared
leaving the substratum bare. In the spring of 1975 the fucoid
germlings grew higher on the shore than normally at this site (and on
Cumbrae in general, see Schonbeck, 1976). The invasion of the upper
shore by the germlings was so exbensive that they replaced the blue-
green algal crust as the dominant, even at the highest level saupled
(3.04m, Figure 8). Although the crust remained dominant above this
level, beneath the germlings it receded to cover only 25-50% of the
rock. The germlings did nob survive the summer at this high level.
The following year the new growth of fucoids did not exbtend as high

_on the shore, and the crust was re-established at the 3.0Um level.

Another seasonally dominant species on this shore was the

barnacle, Balanus balanoides (1I.). In the spring of both years dense

setblements of spat were seen, These covercd all available surfaces
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Figure 8: Dominant specieswhich covered more than 50% bfjthe
A

sampling quadrats in the control st?lﬁ uhngle
line indicctes times when the total!cher waPLless
than 50%. A block without a. nlmed p301es i dgcates
times when the total cover was 'in exgés of’ 507; but
no single species was dominant, The s,mpllng bimes

are murked on the horizontal axis, Abbreviations used:

B,G., B.G, CRUST - Blue-green glgal crust
FUCOIDS ~ fucoid germlings

R. VER : -~ Ralfsia verrucoss,

P. CRUE - Petrocelis cruenta
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di.fferent in that sp - . "
In 1976 a dense settlement was found to the 2. hom level while in 1975

at settled much higher in 1976 than in 1975.

it did not exceed 2.1lm on the shore.

The differences found in the visibly dominant species reflected

iber and
changes that were occurring in entire populations. The numb &

at changed to such an exbent that
When

sbundance of species within one quadr

the similarity between consecutive samples fell ab times to 8%,

e calovlated coefficients are presented in the form of a matrix they

T4 o e i shen s e CHAEDG o

o Lng

)

ol Ve § vyt foe st e U it

sauples taken ab the highest Level 1n the vadisburhed st okt i

for 811 8 levels are show in Appendix V), The mabrix shows that

samples were similar in March~April 1975 and also in the winter and
spring of 1976. In general, the winter and spring were periods of
greater stability in the populations, but the levels on the shore Whlch
held these stable populatlons were slightly different between the two:
years. In 1975 the populations, as represented by the gquadrat
samples, were relatively stable between 2.86 ~ 3.0km (top two levels)
and between 2.37 - 2.61 m (bth to 6th levels); whereas in 1976 the
stable populetions during the winter and spring were found between
2.17 =~ 2.70 m (the 3rd to Tth levels) and in the uppermost one (3.0km).
_In other words, two broad zones were found in which the populations
remain stable during the winter and spring, but their boundaries could

change from year to year.

In some cases a high similarily was found between samples taken
from 6 to 12 months apart. For example, in the matrix shown in
Figure 9 the samples from February 1975 were found to have a high

similarity with those taken between Novewber snd March the folloving

year.




Figure 9:

0-19%

1975

1976
FEB MAR APR MAY JUN AUG NOV JAN MAR MAY AUG

Matrix of the similarities calculated "between the
populations at the 3.04n level in the control strip,

similarities are presented as percentage values
and are also grouped gs follows ;

, 20-39%% , 40-592 60-79% 60-100%
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Similarity coefficients were also calculalted between samples
taken on the same day at the 8 levels to determine the population
differences along the verbical gradient (zonatiqn). The results
obtained indicate that the differences between vertically adjacent
populations changed with time to such a degree that both the number
of zones and their level on the shore variedf To illustrate this
point 6 of the 11 similarity matrices for the undisturbed strip are
shown in Figure 10 (all >are shown in Appendix VI ).  As shown by
the matrices for 10 February and 30 June the zonstion in the first
6 months of 1975 was rather indeterminate. However, by 28 August
the populations could be separated into three distinct zones. By
15 January 1976 the populations had changed again, and this time only
one, very strongly defined, zone could be identified from the matrix.

Within two months this one zone had agein disappesred to be replaced

by two zones,both at different levels from the previous one,

¢l Population changes during recolonization

C.h.1. Simultaneously clesred strivs:

As shown in Table 4 the two strips cleared on the same day in
September 1976 were found to be colonized by similar populations.
In the Tirst sampling after clearing, the similarities belween the
populations on the two strips were low because the colonizers were
still microscopic and were inadequately sampled by the scrapings.
However, after the initial colonizers became macroscopic the similarity
between comparable levels remsined above 67% Tfor the first 9 months
of recolonization. Within that time 22 out of the 32 pairs of samples

compared hed a similarity which was greater than 80%, the statistica

}.J

limit set by the method of sampling ss described previously.

However, by 14 August 1976 a marked divergence was seen in the
populations near the bottom of the strips. This was observed to
result from an upward migration of limpets (Patella sp.) on strip 9

relative to the other strip. The limpets were scen in the bottom

Jevel of both strips during the spring of 1976, bubt by August they hsd
.




Figure 10:

Matrices of the similarities calculated
between samples at different levels in
the control strip, and showing the
zonation found in vertically adjacent
populations. Similarities are
presented as percentage values and are

also grouped as follows:

20 - 39%
40 - 59%
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3.042.862.70 2.61 2.49 2.37 2.17 1.89 1IEVEL ¥ 3.042.862.70 2.61 2.49 2.37 2.17 189

10 40 53 100

0 28 39 78 100

0 59 70 50 64 100

9 19 30 47 42 38 100 [}
1 11 12 54 59 32 63 100

10 FEB 1975

100
57 100
23 33 100
1 15 75 100
19 62 67 100

0 1 0 16 47 63 100

28 AUG 1975

12 MAR 1976

3.04

2.86

2.70

2.6

2.49

2.37

2.17

1.8

100

21 100

37 36 100

45 54 38 100

2 40 1 44 100 [N
2 47 23 39 62 100 [

23 40 25 57 71 76 100
15 10 19 22 53 39 53 100

30 JUN 1975

15 JAN 1976

70 100

14 AUG 1976



Table k4: The percent similarity between samples from
the same level in strips 9 and 10 during the
recolonization. A ( - ) indicates that no
organisms were found in at least one of the
strips on microscopic examination of the

scrapings.
1975 1976
Sep Nov Jan Maxr May Aug
26 o7 15 10 19 1M
LEVEL(m)
3.0h - T 99 82 99 99
2,86 - 8h 90 91 78 67
2.70 - 78 T2 67 5 89
2.61 - 80 99 7 67 82
2.h9 Lo 86 86 89 65 76
2.37 16 99 80 80 o 19
2,17 68 99 100 100 91 13
1.89 89 100 91 100 75 79




23

moved much higher on strip 9. The similarities between the two strips

at the 2.17 and 2.37m levels were low because only Ralfsia verrucosa
was‘found in the presence of the limpets, whereas a population of fucoid
germlings and barnacles developed on strip 10 at the same levels. The
photographs in Plate 3 show the denudation caused by the limpets on

strip 9 when they moved out of their usual range.

C,4.2, Initial colonizers:

The time needed for organisms to substantially cover (i.e. cover >
50%) a cleared strip was found to depend on both the level on the shore
and the time of the year in which it was cleared. In general, strips
cleared in the spring and summer were colonized more rapidly than those
cleared in the autwm and winter, and as shown in Table 5, the Lilgher
levels on the shore took longer to develop a substantial cover than the
lower ones. The largest difference between levels was found Tor strip
5 where it took 33 weeks for the top level to develop a cover, and
only 5 weeks in the bottom levels. However, not all strips were
found to follow this pattern. On strip 2 all 8 levels were colonized
at the same time, and on strips 9 and 10 the middie levels took the

longest to develop a substantial cover.

Six species — BEnteromorpha intestinalis, Blidingia minima (both

the crustal and filamentous forms), Ulothrix pseudofiacca, Urosporsa,

penicilliformis, Spongomorpha arcta, and Balanus balanoides - and the

blue-green crust were the organisms that first came to dominate & strip
after it was cleared (i.e. those that first covered more than 50% of
the substratum). Other algal species present in the Tirst samples
after a population had developed, but never in a dominant pesition on

the substratum, included Enteromorpha prolifera, Pseudendoclonium

submarinum, Prasiols stipitata,Monostroma oxysvermum, Ulothrix flacca,

Hildenbrandia rubra, Ralfsis verrucosa, Fctocarpus sp. and the creeping

brown filamentous algae.

The diversity =mong these Tirst colonists differed with time and

[
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level to such a degree that no definite patterns could be distinguished

for the first stages of recolonization on a cleared strip. In the
first place, no patbtern in the initial dominants could be distinguished
as has been reported by Lee (1966) because the initial dominants as a
category of species could not be establiished from the data. Species
appearing as the first dominant on one strip could also be found as

a dominant during later stages of recolonization. For example,

Enteromorpha intestinalis was the first dominant species at most levels

on strip 1 (Figure 11) but it appeared second in the sequences on some
levels of strip 2 (Figure 12), and in strips 8,9,10,11. Moreover,
Enteromorpha intestinalis appeared twice in the recolonization sequence

of one quadrat. At the 2.61m level of strip 1 it was found as the

first dominant, and also as the third, after a period when the substrabun
was dominated by the Blidingia crust (see Figure 11). The dominant
species found during the recolonization on each strip are given in

Appendix VII.

Secondly, although different species were found as the First
dominant'within one strip, no species which appeared more than once
in this position cowld be identified with any specific zmone or level.
The first dominants that appeared on the 8 levels in the different
strips are listed in Table 6. The Blidingia crust was the most
common initial dominant, but as can be seen in the table, the levels
at which the crust was found differed in each of the strips where it
appeared. Its appearance as a dominant is in contrast to the fairly
wiform frequency with which it was observed at the different levels
(see Figure 4). In strips 4, 8 and 10 the crust even appeared in

separate zones within one strip.

Finally, no definite patterns could be distinguished in the
zonation that appeared with the first colonists. The similarity
matrices given in Figure 13 show the zonation that first appeare=d after
clearing in several strips, and exemplify the differences that were
found. The similarity matrices for all 10 strips cleared are given in
Appendix VI. It was also noted that the initial zonation in all strips
was different from that in the control strip on the appropriate day.

®




Figure 11: Dominant species which covered more than 507 of the

sampling quadrats in strip 1. A single line

indicates times when the total cover was less

than 50%, A block without a nsmed species indicates

times when the total cover was in excess of 50%, but

no single species was dominsnt. The sampling times

are marked on the horizontal axis, Abbreviations used:
B.G,, B.G.CRUST - Blue-green algal crust
E, INT, E. INTEST - Enteromorpha intestinslis
BLID, BLID,CR Blidingia crust
C.FGLV, C,FULVES Cawsosiphon fulvescens

FUCOIDS - fucoid germlings
R.VER - Ralfsias verrucosa
BARN - barnacles
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strips after they were clesred.

|
'

STRIP i 2 b 5 6 7 8 9 10 11
Date 9 Aug 25 Sep 10 Dec 10 Feb 8 Apr L June 18 July 2 Sept 2 Sept 15 Jan
Cleared 197k 197k 1974 1975 1075 11975 1975 1975 1975 1976
Tevel (M)
3.04 C. Blue-green | Blue—green | Blue-green Blue-greer| Blue—green | Blidingia Blue—green | Blue-green Blue-green
fulvescens | crust crust crust crust rust crust crust crust crust
2.86 C. Blue-green | Blue-green | Blue-green Blue-greer] Blue—green | Blidingia Blidingia Blidingia Blue-green
fulvescens | crust crust crust crust crost crust crust crust crust
2.70 E. Blidingia | Blidingia fucoid . Blue-greer fucoid Blue—green | Blidingia Blidingia Blue—green
wuﬁmmﬁwsmwwm crust crust germlings ‘erust germnlings crust crust crust crust
2.61 E. Blidingis | Blidingia | U. .wwmemﬁwwm C. Blidingia Blidingia fucoid -~
intestinalis | crust crust pencilliformis crust " | fulvescens | crust crust germlings
2.49 E. Blidingia | Blidingia | Blidingia .Barnacles | C. Blidingia Blidingia Blidingia Barnacles
intestinalis | crust crust crust fulvescens | crust crust crust
2.37 E. Blidingia | fucoid U. Bsrnacles | Blidingia | Blidingia Blidingia Blidingia Barnacles
intestinalis | crust germlings | pseudoflacca crust crust crust crust
2.17 E. Blidingia | Blidingia | S. Barnacles | B. Blue-green | Blidingia Blidingia Blidingis
intestinalis | crust crust arcta minima crust crust crust crust
1..89 E. Blidingia 1idingia | S. Barnacles | B. Blue-gréen | Blidingis Blidingia Blidingia
intestinalis | crust crust arcta minima crust crust crust crust
Table 6: The first orgenism whose cover wargreater than 50% on the
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3.04 2.862.70 2.612.492.37 2.17 1.89 LEVtL (M)

3.04

001001
00100100
00100100100100

STRIP 1 24 SEP 1974

00100100

001001001

001001001001
00100100100100100
00100100 100100100100
00100100100100 00100100

STRrp 2 24 OCT 1974

100

86 100

86 100100

9 8 8 100

2 2 2 66 100

1 1 1 23 22 100.
11 1 19 18 89 100

0 0 0 14 14 64 75 100

STRIP 6 15 MAY 1975

Figure 13 : Matrices of the similarities calculated 'between
samples at different levels in strips 1,2, ana 6,
showing the zonation that appeared with the first
colonizing populations
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¢.h.2. Recolonization sequences:

The crust of blue—green algae and Fucus spiralis eventually

re—established their dominaut pqsition on the shore in strips 1 - 10,
indicating that the recolonizaﬁion sequences were terminated (field
observations were stopped before these organisms appeered in strip 11).
However, no pattern could be fouwd in the sequence of dominent species
that colonized the strips before this final point was reached. As
shown in Table T the number of species that appeared as dominants in a

recolonization sequence could vary between the same level on different
strips and betwveen different levels on one strip.  In addition,

differences were Townd in the sequence of dominant species appearing on
strips cleared within the same season, either in the same year or

in suceessive years., For example, strips 1 and 2 were cleared on

9 August and 25 September 19Th respectively, but as can be seen by
comparing Figures 1) and 12 there was little similarity in their sequences.
At the 2,61m level the sequence of dominants in strip 1 was Interomorphs,

intestinalis, Blidingia crust, Bnteromorpha intestinalis, and fucoid

fulvescens, Enteromorpha intestinalis, blue-green algal crust, aund

finally the fucoid germlings.

Strips 4, 5 and 11 were clesred during
the winters of 1975 and 1976 respectively, and again their sequence of
dominants was found to be quite different (see Appendix VIT where the
sequences of dominant species for all strips are shown). A gimilar
sequence of dominants was observed only in the two strips clearved on the
same day.

When fucoid germlings appeared ss a dominant on the substratum
during recolonization they grew as a very dense turf of small plants.
The growth of germlings was so dense that little substratum rema’ned
aveilable for the development of an understory or crustal layer. As a
result, the populations dominated by the turf had a reduced species
number when compared with that in the populaticn that preceded or
followed. For example, ab the 2.L49m level on strip 5 the species number
decrcased from 9 to 4 on the development of the Lurf of germlings. In

»under Lbe Fucus spiralis canopy in the
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in the middle and lower levels of most strips, and this observation
provides sdditional reason for separating the germlings from the mature

plants in the calculations of similarities.

While monitoring the sequence of dominant species on the strips
it was also Found that an established species could effectively delay
the monopolization of the substratum by the species which appeared as
the next dominant in the sequence. Two examples of this phenomencn are
shovn in Figure 1k, both involving the fucoid germlings which were the

el e Falka . TS
final orgenism in the sequence. In the first example, taken from strips

1 and 2. the dominance of the germlings in strip 2 was deleyed by two

nonths relative to that in strip 1. This vas not a result of the later
clearing of strip 2 because the perilings had overwintered on both

strips as microscopic plants, The delay was caused by the presence on

vhen 1t was ebsent from strip 1. In both strips the germlings grev

into & dominant position on the substratum only after the E. intestinalis

v-....x-a...—.- v

became fertile and disappeared from the rock, but in strip 2 the entire
sequence was delayed for two months. The probable reason for this
delay in the growth of E. intestinalis on strip 2 wes the earlier

presence of a dense cover of Capsosiphon fulvescens. On strip 2 the

L. intestinalis became dominant only after the C. fulvescens was itself

lost from the rock after it became Ffertile. The second example shows

the sequence of dominants at the 2.61m level in strips 6 and T. In

this case the fucoid germlings became dominant on strip 6 three months
later than on strip T, even though strip 6 was cleared two months
earlier. The relative delay in the establishment of the fucoid
germlings as a dominant on strip 6 was 5 months. Thig can be atiributed
to the presence on the strip of crusts of blue~greens and _“ldlhpld

which effectively monopolized the substratum, probably until their

growth cycle was terminated.

The differences between the colonizing populations and those
normally found in undisturbed areas were large cnough to permit an easy

separation between them with the similarity coefficients, regardless of

*
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the patchiness that could be found between different gquadrats at the
same level. The similarity between each level on four cleared strips
with the corresponding level from the control are presented graphically
in Pigure 15, with the actual values for all strips tabulated in
Appendix VIII.  The calculated coefficients show that in all strips
the populations came to resemble those in the control scomner in the top
levels than in the loﬁer ones. The few ancmalous values in the Lop
levels of some strips that do not fit this pattern result from the

separation of fucoid germlings and Fucus spiralis in the calculations.

Although the populations in the cleared strips eventually came
to resemble those in the control, the duration of the recclonization was
different for each strip. The populations in several strips returned
to 'normal' {i.e. came Lo resemble the control) at one Lime rather than
in the sequence of their clearing. Furthermore, major seasonal
differences were found in the length of time required. In the first
two strips, cleared in the autumn of 197k, more than a year elapsed
before the populations returned to 'normal' (see Figure 154). In the
next 4 strips (nuwbers 4 -~ T7), cleared between December 197k and June
1975 less time was required, snd the populations on all four strips came
to resemble those in the control at the same time - the top level by
Novenber 1975, the next three by March 1976, and the béttom four by
May 1976 (see Figure 15B,g,D). With the excepliion of the uppermost
levels, the three strips cleared during the autumn of 1975 (strips 9, 10}
were again found to need a year to return to 'normal' since the
populations in August 1976 on these strips (a year afber clearing) weve

gtill different from those in the control.

Similarities calculated between the samples from the same level
on each strip indicate that the populations involved in the recolonization
sequence were also highly variable, and no seasonal or other patterns
were evident. The number of distinct populations, and their duration
was found to vary between levels on the same strip and bLebtween strips.
The similarity matrices for each level of the strips that had returned
to 'nmormal' are presented in Appendix V. The matrices showing the

temporal similarities in populations from three levels in strip 5 ar-

L4
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2.86
2.170
~2.61
§2.49
2.37

2.86

2.70
392.61
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2.37

figure 15;

0-19% ,

1975

1976

FEB MAR APR MAY JUN AUG NOV JAN MAR MAY AUG

1975

1976

FEB MAR APR MAY JUN AUG NOV JAN MAR MAY AUG

Matrices of ev lilarJ.tres a.lau.’l.atec. tetveeri sajapler]

on the same

Between strip 1 and co./tvo]
strip 5 and contr:;!

(B);

.level jr. cleared st.rii'S and the control
strip h and contr
atrip T and control

@) ;
(C);

(D). TI''C percentage similarities are

- 392

4

40 - 59+#

4

cO - 79%

4

80 - 100#



1975 1976
APR MAY JUN AUG NOV JAN MAR MAY AUG

u-12.49

1975 1976
AUG NOV JAN MAR MAY AUG

u-12.49
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shown in Figure 16 as an example of the variability encountered within
one strip. At the 2.86m level there were two periods between the

time of clearing and the return to 'normal' when the similarities
between consecutive samples was fairly high. This indicates that two
popwlations were involved in the recolonization. In this case the
similarities also show that it was the same population which appeared
twice in the sequence. In the level just below this one, at 2.70m,
only one population could be identified from the matrix, but in the
next lower level, at 2.61lm, three separate populations of much shorter
duration were found. In the labtter case there was no repetition of
populations such as that found at the 2.86m level. In addition, distinct
populations were hard to identify on some levels because the species
diversity between consecutive samples was not changing in a regular way

(Figure 17).

The re-establishment of the usual populations st various levels
was generally found to correspond to the appearance in the similarity
matrices of a separate, identifisble group which bore little resemblance
to those that preceded it (see Appendix v and Figure 17). In the
upper levels of strips 1, 2, 4 and 5 the time at which the 'normal'
populabion became estbablished does nolb exactly match the time at which
they came to resemble the control (see Figures 16A,B) hecause bthe
fucoid germlings or the blue-green algal crust were absent from the
control at the time they appeared on the cleared strips. The
gimilarities between the cleared strips and the control increased only

after the germlings and crust had also become established in the latter.

The szonation patterns that were established with the first
colonists, described previously. never remained constant for very long.
The complete set of similarity matrices showing the zonation changes in
each strip are given in Appendix VI, with Figure 18 shown here to
demonstrate that, as in the control strip, the nuwber of zones could
vary between one and three for the levels sampled. However, In contrast
to the control, a populabion appearing in the recolonizabtion sequence

could appear in more than one zone on the came day (9 Apr 1215),




Figure 16 :

1975 1976
APR MAY JUN AUG SEP NOV JAN MAR MAY AUG

88

Matrices of similarities calculated between
populations at the same level on strip 5:

2.86m (A), 2.TOra (B), 2.6lm \CJ. Siriilarities
are presented as percentage values and are also
grouped as follows ;

0 - 19% >20 - 39% , -10 - 99% , 60 - 794 , 80 - 100#

The time populations returned to ’'normal’ is indicated

by a black line.



1975 1976
APR MAY J/[LN AUG SEP NOV JAN MAR MAY AUG

APR 100.I
May 71 100
Jun 44 31 100..

UG 21 29 67 roog
SEP 19 27 60 73 100

Nov 1 12 1 16 15 100
gan 1 12 1 16 15 75 100
MAR 1 12 1 15 14 71 94 100
my 0 20 1 14 13 12 12 21100 ]
ave 0 12 0 0 0 1 1 1 89100
1975 1976
APR MAY JUN AUG SEP NOV JAN MAR MAY AUG
APR 100 < vy ox
may 41 100

Jun 30 42 100

ave 40 25 40 100 g

SEP 40 25 40 100100

Nov 45 30 51 57 57 100

Jgav 19 11 13 21 21 33 100

MAR 14 1 1 16 16 34 67 100**0
May 29 17 23 33 33 54 61 1 io o |
ave 0 1 1 0 0 20 64 ss 67 100



FEB
MAR
APR
MAY
JUN
AUG
SEP
NOV
JAN
MAR
MAY

AUG

Figure ]T:

1975

1976
FEB PR MAY JUN AUG SEP NOV JAN MAR MAY AUG
100

67 100

25 44 100

12 23 44 100

13 24 19 39 100

34 56 50 38 31 1OOY

34 29 17 19 20 60

18 16 12 15 16 40 53 100Y

0 0 1 8 8 25 38 86

1 23 57 44 19 67 51 35 34 100

12 12 18 64 14 30 30 24 16 27 100.

1 1 1 34 9 16 17 12 11 14 61 100

Similarity matrix for populations at the 1.89m level
on strip ™. Similarities are presented as percentage
values and are also grouped as follows:

0 - 194% 20 - 39% - 59# 0160 - 794 1080 ~ ICO#



304 286 2.70 2.61 2.49 287 217 189

level (M} 3.04 2.86 2.70 2.61 2.49 237 2.17 189

304
2.86
2.70
261
2.49 67 100
237 1001001001
99100100100 217
99100100100100 1.89 100100
STRIP 2 10 DEC 1974 STRIP 2 17 JAN 1975
100 B 100
49 100 4100 g Nil
1 2 100 3 79100
18 18 93 100 2 2 2 1004
18 18 93 87 100 3 17 16 94 100
12 12 2100 2 58 51 23 33 100
21 21 1 2 15 76 100 2 54 48 22 31 95 100
66 23 0 1 16 1 19 100 2 38 34 21 29 82 87 100
STRIP 2 8 APR 1975 STRIP 2 30 JUN 1975
r’ rc Su Jl.rrHy matrice:- show inr zonetio?. d .
rccolonize, '. io;i of strip 2. Similariti- n—e

proGerjT.t 1 as perc-Vitage vcOuer,
pruuped. c.; fol-le./.”:

0 - 20 . 3%,

Xo -

and nvc L IJo

60 - 79+#



During the recolonization of a strip very few zonation patterns
were found to match those in the control for the appropriate day.
Of the 47 comparisons made between the cleared strips and the control
before the former had returned to normal only 9 or 19% were similar.
However cnce the sequence was terminated the zonation in the strips
that had been cleared came to generally resemble those in the control.
Out of 16 possible comparisons, 12 were found to be similar (75%).
Figure 19 is shown here as an example of the similarity in zonation
that was found once the cleared strips came to resemble the control.
On occasion the zonation patterns did not exactly match at one or two
levels (last level in Figure 19D,F) because of the patchiness in

species distributions which was found even on this wniform slab.

DISCUSSTON

D.1l. The use of similarity coefficients

The applications of similarity coefficients to ecological studies
were first developed by terrestrial botanists for comparing vegetational
groupings in different environments (reviewed by Goodell, 1970; Lawmbhert,
1972). Their usefulness for such studies resvlts from the Tact that
each saumple, regardless of species diversity, can be treated as a single
unit of a population. For similarity coefficients to have any validity
it must be assumed that the samples compared are sepsrated by some
environmental dimension. In the terrestrial studies the samples have
generally been separated by physical distances in three-dimensional
space. In rocky shore communities this approach has been used co
provide comparisons between different locations (Field and McFarlane,
1968), or between different zones (Russell, 1972; 219732).

However, time is also an environmental dimensicn, and similarity
coefficients have been used for rocky shore communities to mconitor
temporal changes on one cite (Boudouresque, 1973; Hruby, 1975).

In the present study samples separated in both time and space have been




Figure 19:

Similarity matrices shoving zonation in
the control and 5 of the cleared strips
after the popul.ations in the latter had
returned to 'normal'. Similarities are
presented as percentage values and are

also grouped as follows:

0 - 194
20 - 39
JiO - 594
60 - Y9+

61 - 1004



3.042.862.70 2.61 2.492.37 2.17 1.89 IEVEL ) 3.042.862.70 2.61 249 237 2.17 189

89 100

10 100

CONTROL 14 AUG 1976

60 100

14 AUG 1976

STRIP 9

92 100

921001001
70 100

STRIP 7 14 AUG 1976

3.04

STRIP 1 14 AUG 1976

94 100
90 100
78 100
38 100

STRIP 5 14 AUG 1976

100
100100
60 60 100
1 1 38100
1 34 91 100
1 32 87 96 100
1 1 32 48 46 100
1 1 1 1

T N T

1 46 100

STRIP 8 14 AUG 1976



understand how species distributions in three dimensional space

(community stiructure) change with time.

Different coefficients have been developed to measure
similarities between samples (Sokal and Sneath, 1963; Blanc et al.,
1976). The coefficient of Bray and Curtis (1957) was used because
it includes both diversity and cover in the measure of similarity.

This has proved to be more suitable for comparing algal populations
from one location than ones incorporating only diversity data (Hvuby,
1975). The coeffilcient was originally chosen because it had been used
in previous studies of littoral communities (Field and Mclarlane, 1968,
Russell, 1972; 1973; Boudouresque, 1973), but more recently a
mathematical justification for its use has been made possible. The
equation used, 2W/A4B, is one of a group originally developed forx
calculating similarities on the basis of presence/sbsence dats which

do not include the negative matches (i.e. the absence of the same
species from the two samples compared is not regarded as a similarity
between them). Negative mabches could not be included in the
calculation of similarities for the samples in the present study
because the total number of wnits (i.e. the species and their cover)

on which such matches are based was indeterminate. The sampling
method did not give the total number of species within a quadrsat, and
the diversity was known to change with tinme. Of the group of
coefficients which do not include-negative matches the one used is the
most sensitive to small changes in popﬁlations, and thus is best sulted
for identifying discontinuities in homogencous asscmblages (Blanc ef al.
1976). On the Lasis of this criterion, the coefficient uvsed is
appropriate for comparing algal populations Ffound in one habitat at one
Yocation. Algal populations within a small area such as the experimental
site belong to a falrly homogeneous assenblage il they ars considered

in terms of the floristic differences that exist between habitats on a

world-wide basis.

The data used in the calculations were the estimates of the zumouat
of substratum covered by each species. Since the populations could be

loyered, with one species, such as Ralfsia verrucoss, growing as a

. 7. . .
crust on the rock and Fucus spiralis growlng over this crust, the tolal




cover for all species at times exceeded 100%.  Although it has been
the practice to transform such highly variable data and standardize it
relative to the site (i.e. each site is allowed a maximum cover of

100% and the data is adjusted accordingly), Noy-Meir et al. (197%) have
found that for studies of species distribution patterns it is best to

leave the data untransformed.

Since the definition of what is an allowable variation in
assigning the bounds of a population is a subjective evaluation, a
controversy has existed among ecologists regarding the validity of
defining identifiable populstion units by species diversity (Whittaker,
1967). These objections notwithstanding, the advantages of working
with identifiable units remain, especially in the littoral hebitat where
sharp horizontal and vertical discontinuities in species distributions

exist.

In this study it was found that a similarity of 80% can be used
to separate populations. This however, is a statistical criterion based
on the precision of the sampling method and does not tsake into account
the varistions that might be permissible within one population. To
account for such variations a lower similarity value is needed to
separate groups. Using the same coefficient, Russell (1972) divided
litboral algal samples into different groups when similarities were
less than 40%, while Field and |4cFarlane (1968) used a value of 60%
when separating faunal samples from a rocky shore. I have found
(Eruby, 1975) that a similarity of 50% will separate s subtidal algal
assemblége on a seasonal basis. Turthermore, when presence/absence
data was used with this equation, Sorensen (1948) identified 'first
order associations' if the similarities between samples were above 50%,
and when his date was subjected to a more rigorous stalbistical analysis
Looman and Campbell (1960) found that the significant value was between
48% ~ 63%. In general it seems that similarity values between L40% and
60% are significant in separating faunal or floral populations on either

visible or statistical criteria.
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D.2. Changes in species distributions:

Time dependent changes in species diversity have been obéerved
on most rocky shores. Among algal speciles changes in diversity have
been found ‘to occur in three different ways. The first, and probably
most common, results from the seasonal appearance of many short-lived,
or annual species (for reviews see Feldman, 1937; 1951;
Triteh, 1945; Conover, 1958). The second type of change results from
seasonal differences in the abundance of some species that are permanent
members of the population, and one of the earliest records of such
changes are {rom Cumbrae (Gibb, 1939). Finally, some species have
been observed to change ‘their vertical range on the shore on a seasonal
basis (a seasonal upshore 'migration’, Knight and Parke, 1931; Gibb, 1939;
Rees 1934, 19L40; den Hartog 1959).

The temporal changes in species diversity observed during ihis
study are in general agreement with those already reported.and all
three types of seasonal changes were observed within the test site.
As seen in Table 3 several species were found only during certain sessons
of the year. Furthermore, many of those that were classified as
Yoccasional' could in fact be seasonal. The sampling method did not
give the total number of species to be found at any one time, and
seasonal, but rare, species could have been missed in some samples.
For example, no definite seasonal pabtern was found in the distribution

of Monosbroma oxyspermum on Cumbrae, but Kristiansen (1972) found it as

an auwbuwm~winter species in Denmark.

Seasonal differences in the gbundance of some species were also
noticeable on Cumbrae, especially among the Chlorophyta.  Beth in 1975

and 1976 the abundance of Futeromorpha intestinalis was greatest in the

late winter and early spring, and on the upper levels of the shore a
seasonal maximum in the spring was observed in the abundances of

Prasiola stipitata, Ulothrix pseudoflacca, and Urcspora penicilliformis.

Seasonal maxima in thece four species have been previously reported on

Cumbrse by Gitb (1239).
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Finally, some of the species in the experimental site were
observed to 'migrate' to higher levels on the shore during the winter

months, both in 1975 and 1976.

The seasonal presence of some species and the seasonal'migration'
of others resulted in very distinct patterns of species muwbers at the
different levels. In the top levels the maximum number of species
was Tound during the winter, whereas in the lower ones it occurred
during the spring. This aspect of species digtributions was not
investigated in the present study but one can speculate on the probable
causes for this dichotomy. Knight and Parke (1931) suggest that the
loss of species from lower levels during the winter may result from the
decreased insolation associated with this period. The maximum could
then occur in the spring becsuse the amount of light available increases
before the shore is severely stressed by the summer period of high
temperatures. AL the upper levels the nunber of species ig maximal in
the winter probably because this is the only time when many species
can grow, the environmentbal stresses during the rest of the year being

too great.

D.3. Temporal changes in the undisturbed strip:

Studies of the presence/absence in individual species are
basically descriptive, and they generally only provide information on the
biology of specific organisms. However, when data ilg availsble for
all, or at least the dominant, species in a given asseublage the
temporal changes in community structure can be monitored. Since the
structure is described in terms of Lhe spatial differences Found in
species distribultions, any changes in the latter can be expected to

change some aspects of the strucbture, such as zonabion or stratification.

Using the usual criterion of determining zonaticn by the dominant
species visible (see Stephenson and Stephenson, 19493 Lewis, 196h4),
the samples from the § levels can be separsted into two zones, cne

containing the crust of blue-green algpae and Pelvetia cansliculate,

r
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and the other Fucus spiralis, Ascophyilum nodosum, and Balanus
bhalanoides. According to the classification scheme of Lewis {1964)
this distribution identifies the two zones as the littoral Ffringe

and the top of the eulittoral on a moderately sheltered shore. The
description of zonation iﬁ these terms is very general, but even

cn this basis temporal changes in zonation could be observed, The
visible boundary between the eulittoral and littoral fringe (i.e.
between Fucus spiralis and the blue-green crust) changed by 200 verticsl

millimetres between 1975 and 1976.

The similarity matrices provide a more accurate picture of the
vertical discontinuities in species distributions because they are
constructed from data which includes information on the sbhundance of
all species rather than just the dominant ones. On this basis the
populations in the wndisturbed strip show striking temporal changes
in zonation. Not only was the level of separation hetween zones
changing with time, bul alsc the number of zones. When the similarity
of 40% is used to separate populations three zones could be identified
on 28 August 1975 (see Figure 10) but only one could be identified on
30 June 1975 since there was no separablon bebween any of the 8 levels.
Even in the extreme case of using 20% as the value to separate

populations the 3 zones can still be identified on 28 August.

In the method used only a very narrow strip of the wndisturbed
shore was sampled, and therefore no clsims can be made that the
zonation found was representabive for the entire shore. However,
it does indicate that the number of vertically adjacent populations

can change with time.

Thus, on a strip of shore which was originally considered tc contzin
the top two of the three littoral zones postulated by Stephenson gnd
Stephenson (1949); and Lewis (1964), the populations can be divided
into groups representing one to three zones. These results indicate
that zonation of rocky shore communities is nol s fixed structural
feature which can be determined for a shore by one set of observaticne,
The fact that temporsl differences in zonation do occur may help to

e




explain why the zonation reported by Northeraft (1948), Lawvson and
Norton (1971), and Russell (1972) does not conform to the usual pattern

of three zones.

The similarities used to determine the zonation are based on
calculations in which fucoid germlings were separated from adult

Fucus spiralis. There were two reasons for this. First, the specics
P » D

in the turf of germlings could not be identified with certainty, and
second, the twrf of germlings differed from the adult plants in their
use of the substratum, and thus could be considered to Till a different
ecological 'niche'. However, Lo discount the possibility that the
zonation changes observed were only caused by this distinecbion, the
similarities were re—calculated with all fucoid germlings considered

as Fucus spirslis. Although this resulted in slight changes in the

zonation identified from the matrices (Y matrices are shown in Appendix

TX) the conclusion that zonation changes with time was still tenable.

Three vertical strata have been identified in sublittoral algal
populagtions - & canopy, an undervstory, and an encrusting layor
{(Neushul 1965, 1967). On the basis of the different algal prowth
forms thal were cbserved within the experimental site, this classificetion
seems also to be representative of way littoral species partibion the

space above the substratum. Jucus spiralis and Ascovhyllum nodosu:

were the largest species on the shore and can be considered as the canopy
because they grew out over the substratum and covered it at low tide,
{although present on the shore the latter species did not appear in the
undisturbed strip until the spring of 1976, and thus Fucus spiralis was
effectively the only canopy species sampled). The smaller tufted and

filamentous species such as Enteromorphs inbestinalis and Cladouphora

rupestris were readily classified as the understory because they nevexr

grew larger than Fucug spiralis and were often found under its canopy.

Finally the lowest stratum was filled by the crustose species such as

Ralfsia verrucosa, Petrocelis cruenta, Hildenbrawdia rubra, and the crust

of blue-green algae.




sampled, changes in its distribution or abundance resulted in large
differences in populations when these were compared by the similarity
coefficients. On the other hand, several understory and crustose
species were present so that changes in the distributions of individual

species in these strata did not radically change the populabions.

In the middle four levels only the canopy and crustal strata
were readily visiblef Several crustose species were again present at
any one bime, and the abundance of these species under the canopy was
maintained in some kind of equilibrium so that no single species became
dominant, even though the crustal layer usually covered more than 50%
of the substratum. From the observations made during the spring of 1975
the intriguing, and as yet unexplained, inference can be made that it

was the presence of Fucus spiralis which kept the crustose species in

equilibrium. When the canopy disappeared either Ralfsia verrucosa, the

blue-green crust or Pebrocelis cruenta became dominant (see Figure 8) and

greatly reduced the amount of substratun covered by the other species.

In the upper two levels the algae did manage to fill some of the
available space above the subgtratum, but never to the same extent as
further downshore. In the upper levels the crustose species formed
the dominant element in the populations. A true canopy of large algoe
never developed even though the canopy species was present in the forn

of the fucoid germlings.

These observations indicabe thalt vertical stratification in the
algac becomes progressively simpler as one moves up the shore. Further-
more, the vegetation decreases in size and becomes mainly crustose. The
environmental conditions are such that a canopy does not have time to

develop.

Temporel changes in the amount of substratum covered by cach of the
three strata were observed at all levels, but they were most nobhiceable
in the bottom ones. In the top two levels the crustal component of the
populations was dominant for most of the year, with both Pelvetia

canaliculata and the fucoid germlings genersally in a subordinate position
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in terms of the amount of substratum covered. In the middle levels
the basic pattern was one of an algal canopy and crust, and if the
canopy was removed, as in the spring of 1975, it was quickly replaced

by new plants of Fucus spiralis. However, at the bottom levels the

amount of substratum covered by each stratum was found to undergo major
changes in time. Table 8 gives the amount of substratum covered

by each of the three strata at the 1.89m level in the undisturbed strip
and shows the variability in the stratification found during the present
study. In May 1975 the crustal component of the popwlation was
dominant; by the next November it was the canopy; but by the following
May it was the understory. When one stratum of speciles dominated

the other two were less developed, and on no occasion were all three

gtrata completely filled simultaneously.

Recent studies have already indicated that temporal changes in
zonation and stratification on littoral shores can result from trophic
interactions belween species in the community. Paine (1974) has found
that the zonation of mussels and barnacles can change slightly from year
to year as & result of predatory pressures by starfish, and Dayton (31975)
has suggested that the removael of canopy species by grazing can result
in the subsequent destruction of some of its understory., However,
in the present study zonstion and stratification were found to change
with time in an assemblage of species which are basically all at one
trophic level.  Highly variable patterns in the presence and cbundance

of algal species occurred in the absence of any evidence of major

grazing pressure.

Although the distribubion of individual species can be determined
by seasonal factors, no seasonal pabtberus were found in community
structure when the populations were compared by the similarity
coefficient, The calculated similarities showed no seasonal trends
because the importance of a species in & population was found to change

from year to year. For example, Hildenbrandia rubra was found in

the spring of both 1975 and 1976, but in 1975 it covered much more of

the substratum than in 1976. The diversity of species on the experimenial
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site was high enough so that the composition of a population at any one

time seemed Lo be quite unpredictable.

The magnitude of the changes cbserved in the undisturbed
populations indicate that a definite partitioning of the substratum in
time was taking place. If all three vertical strata are filled then
the maximum amount of space available for growth is 300% of the original
surface. However, the estimated cover of the different species
appearing during a year was much greater than this value. Atthel.89m level
between March 1975 and March 1976 the equivalent of 500% of the original
quadrat was covered by Aifferent species. Parts of the substratum
must have been continually availeble for colonization by new species
and the diversily of the community was significantly increased in this
manner. A maximum of 24 different species were found on the strip at
any one time but in the 18 months of this study, 38 species were

ldentified within the same area.

Since the changes in populations were frequent, and occurred

within the life-span of the canopy of Fucus spiralis (3~5 years

according to Rees, 1932), the ecological concept of a 'climax'
population does not seem tobeapplicable to this rocky shore. The
term is usually used to describe a fairly stable population where
fluctuations if they exist, center around a stable, relalbively constant.

mean condition {(Whittaker, 1970).

D.4  Changes during recolonizstion of cleared strips:

The changes in the undisturbed populations described in the
previous section can be considered as a process of continuous colonization
of the substratum by new species, and the process was investigated by
observing the recolonization of strips cleared at diffevent times duvring

the year.

One fealure of the results from the clearing experiments is the
‘large varistions Tound in the sequence of colonizing species. Since
the two strips cleared on the same day had similar sequences, the

caucee for such variastions must bhe sought among the environmental or
L4
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biotie factbors that were changing with timef

The large diversity among the first species to colonize a
cleared strip was expected since differences in the initial colcnization
of sequentially exposed substrata is a common phencmenon in both
littoral and sublittoral habitats (Wilson, 1925; Hatton, 1932,
Bokenham and Stephenson, 1938; Rees, 1940; Lodge, 1948; HNorthcraft,
1948; Lee, 1966; Boudouresque, 1973; Kain, 1975) and on introduced
substrata such as plates (Pyefinch, 1943; Fry, 1975; Harlin and Lindbergh |
1977). Seasonal Tactors have often been considered to cause these
differences. Many speciles are known to have seasonally determined

reproduction, therefore they can appear as colenists only when viable

settling cells (3pores, gametes, propagules) are availeble. However,

this does not seem adequate to explain all the differences observed
durmg the recolonization of ¢

of the strips cleared in the present study.

ey e = W

ﬁerille plaan of Lnteromor ha intestinalis and Capsosiphon fulvescens

were found on the shore at all times strips were cleared, but these
species appeared among the first colonists only occasionally. This

was especially noticeable with Capsosiphon fulvescens which did not

colonize strip 6 even though a dense fertile population inhebited

strip 2 nearby.

It is’ also believed that the species which becomz the first
visible dominauts, among those that are seasonslly avgilable, are those
with relatively faster growth rates (Bokenham and Stephenson, 1938,
Northeraft, 1948; Lee, 19G6). Lee (1966) argues that the species with
simpler growth forms are generally faster growing than those with more
complex ones, and thus the species with Ffilamentous and thin thalili
will appear first in a sequence, even when spores from all types of
plants are available from the beginning. However, once these rapid
growing species die off, they camnot re-establish themselves hecsuse

of a lack of space.

Such a phase of rapid growing plents, predominaantly of Chlorophyte,
has been commonly noticed in recolonization studies on libtoral shores
(Wilson, 1925; Hatton, 1932; Moore, 1939; Bolkenham mnd Stephenson,
1938; Lodge, 19h8; Northerart,. lyh8; Fahey, 1953; Lec, 1066).
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However, the results obtained in the present study indicate that the
appearance of the filamentous phase in the sequence of colonizing
species was unpredictable, and some of the observed sequences cannot
be explained on the basis on faster growth rates in certain species.
In some sequences of recolonization the [ilameatous phase never
appeared, in some it appeared at the beginning, in some strips it
appeared in the middle of a segquence, aud finally in some it was Tound
both at the beginning and in the middle of the sequence. The
position in the recolonizing sequence of a filamentous or thin bladed
type was different from strip to strip and between the different levels

on the same strip. Fahey (1953) has already noted that Enteromorpha

intestinalis, which is a species commonly found in the initiel 'green'
phase of recolonization, could appear abt different stages in the sequence.
In the present study fthis species appeared as the first dominant at some
Jevels of strip 1; ‘the second dominant species on strips G, 10, 11,

and third in some levels on strip 2.

In the present study zonation appeared as a structbural element
with the first colonizing species. Although mentioned by Rees (19h0),
Lodge (1948) and den Hartog (1968), this aspect of recclonization has
been given little attention. Some of the initial zonation which
was indicated on the similarity matrices resuvlted from the much slower
growth rates of plants in the higher levels. A low similarity wouwld
be calculated between upper and lower levels colonized by the same
species if the amount of subsbratum covered in each was substantially
different. However, in the two cases (strips 1 and 2), vhere all
levels developed substantial populabions st the same time, differences
were still apparent between the differvent levels. In thege cases the
zonabion was a result of real differences in the species colonizing

the gifferent levels.

The pattorns of zonation found during the recolonizing scguences
were so variable that it becomes difficult Lo reconcile all the
observations with the theories developed to explain zonabion in mature
communities. On rocky shores not undergoing recolonization the

zonation belbween speciles on the same btrophic level is seen as an

»



)45
interaction between physical and biclogical factors; where the lower

of two species is competbitively superior to the one higher on the
éhorel(either by better ubilization of reséurces or by avoiding
predation), — but it is kept from the upper zone by the increased
physical stresses which inhibit its growth (Connell, 1972; Chapman,
1973; Menge end Sutherland, 1976; Schonbeck 1976)7 Such mechanisns

crust and Enteromorpha intestinalis. On strip 8 (27 November 197%)

s dominant cover of Enteromorphs intestinalig was found below one of the

Blidingia ecrust, whereas on strip 1, (10 February 1975), BE. intestinalis
was dominant in a zone above the crust. Purthermore the wonation
patterns that were found during the recolenization were guite different
from those in the undisturbed strip on the same day, indicating that the
mechanisms controlling the zonation in the undisturbed strip were

probably different from those in the cleared ones.

When the populations in the cleared strips came to resenble those
in the undisturbed one, the zonation patterns were genevally comparsble
on any one day. The differences that did occur can be attributed to
the patchiness in species distributions which was found at all times,
even on this falrly uniform substratum, Patches in the distributions
of species ranged in size from 50 u, in the cpust of blue-—green algae,

to 1-2 m for patches of Ascophyllum nodosum. The size oi the patches

fell within the size of the sampling gquadrats, and thus could not be

avoided. he similarity between individusl samples from the populations
that had returned to 'normal' could be low if two distinct patches ol
different species were samples. Some differences in the patterns of
zonation at different locations on the slab also cccurred because the
level on the shore which separated dominant species was never absolutely
straight across the slab. For example, slight differences were prescnt
in the easily discernible boundary between the fucoids and crust of
blue-green algae, as shown in Plate b4, with the result that the
separation of zones in the similarity matrices constructed for diiferent
strips could vary by one sampling level. This difference in the lovel
of zonal boundaries probably accounts for the slightly different pailternms

found in Figure 150D,F.
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Unlike zonation, vertical stratificabion of species was not

established immediately after clearing. TFucus spiralis and Ascophyllum

nodosum were the only large canopy speciles in this community, snd the
full extent of stratification was not established until the fucoid
germlings had grown large enough for the plants to lie flst rather than

erect. Since Ascophyllum nedosum grew slowly 1t never achieved the
¥

role of canopy in the cleared strips during the period the shore was under
observation. From the time of clearing to the development of the canopy,
species with a crustose or filamentous growth form covered the greater
part of the substratun. This was the only time that species with a
filamentous growth form appeared in a dominan®t position cn the substratum
above the encrusting layer. In undisturbed areas they were observed
sporadically beneath the canopy of Fucus spiralis, but more often their

presence was noticed only on the microscopic examination of the scrapings.

The presence of an algal crust throughout most of the recolonizing
sequence seems to be unigue to this location, for it has not been
generally noticed in other recolonization studies. The crustal component
was an important part of the population from the beginning of the
sequences since the crustal form of Blidingia and the crust of blue-green
algae were Tound as the first dominant colonizers in 58 out of the 80
possible quadrats (8 levels on 10 strips). Even though the Blidingia
crust fills a different 'miche' on the substratum, and has a difTerent
seagonsl distribubion than its filawentous counterpart, its position in
the recolonization sequences is similar. Both growth forms appeared
regularly in the early parts of the sequenée and their presence in
undisturbed populations vas greatly reduced. The Blidingis crust was

replaced as the encrusting layer by Ralfsie verrucosa, Petrocelis cruenta,

and Hildeunbrandia rubra. A sequence of species could also have been

present in the crust of blue-green algee, bubt this was not determined

because of the problems involved in identifying species.

Blidingia minima, Capsosiphon fulvescens, Urospors menicilliformis,

and the two Ulobhrix species are generally found dominant in the littoral

Tringe and in the boundary zone between the Iringe and the eulittoral
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(Knjght and Parke, 193L; Gibb, 1938; 1939; den Hartog, 1968).
Although they were not found as dominants in the top levels at Tomont
Point on .Cumbrae, they do appear regularly in the littoral fringe at
other locations in the Firth of Clydef In undisturbed areas these

species were found only rarely below the top of the Fucus spiralis zone,

and then only as very minor components of the population. However,
the littoral fringe species were also found as members of the green algal
phase which appeared during recolonization. They are fairly simple
plants with rapid growth rates and high reproductive capacities znd
arfter a strip was cleared they covered large aveas of substratum well
below their normal levels of distribubion. In one case (strip T)
Blidingia crust actually formed a zone below that of fucold germlings.

Furthermore, Enteromorpha intestinalis, which den Hartog (1968)

normally finds in zones below Biidingia miniwa, was on scveral occasions

found as a dominant above both forms of Blidingia {stwrips 1, 2, 9, 10).

For marine organisms the littoral fringe is generally considered
to be a habitat of higher environmental stress than the eulittoral
(Lewis, 196L4; den Hartog, 1968; Russell, 1973). In theory, the
populations of stressed habitats in a community are characterized by
their high tolerances to envirommental variastions (generalistic species)
and their rapid and proliferous repreduction (opportunistic species)
(Wilson, 1965; Slobodkin and Sanders, 1969). However, they are considered
to be competitively inferior to species dominant in less stressed habitatbs
of the same community. The generslistic and opporbtunistic species
dominate in the stressed habitats because the competitively superior
ones do not swrvive. Under optimal habitat conditions the former group
is usually found as the 'weedy' or "fugitive' component of & population
(reviewed by Southwood, 1977). However, after a period of disturbance,
thesc species can appear ss dominants in the early stages of succession
because of their rapid growth rates and high reproductive capacity

(reviewed by Colinvaux, 1973).

The species distribubtion observed in the undicturbed snd cleared
gtrips sugzest that the species which dominate in the littoral fringe

are indeed the opportunistic and generalistic species of a eulittorsl

]
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community. Based on theoretical considerations the observed
distributions could be explained ss Tollows: the littoral fringe
species maintain their dominance in the top levels because the
environmentsl conditions do not permit the growth of the species
normally found further downshore, but they are excluded from the more
favourable habitat by competition. In general, these are some of the
same conclusions which have been independently derived from the
experimental studies on zonation (Comnell, 1972; Chapmen, 1973;

Menge and Sutherland, 1976) .

The striking feature of the rocky shore community observed in
the two years of the present study was the high variability in algal
populations. The changes were so uupredictable that they cannot be
completely explained in terms of seasonal reproduction. Furthermore,
in disturbed areas the initial populations were not always controlled
by competition (the factor considered by Menge and Sutherland (1976)
to control species distributions in populations at one trophic level),
Since the usual generalizabicns about community structure on rocky
shores camnot account for all the variations found, other factors
must be involved. The field observations gave some indication of
possible factors, bub because the data is basically descriptive
hypotheses could not be tested. The observation that many species
did not scttle on cleared strips even though Ffertile plants were
present on the shore indicated that factors involved in thz settlement
and suvrvival of propagules might account for some observed variations.
The involvement of such factors was also indicated by the observations
that zonation appeared simulteneously with the first populations, and
that the same population could appear in two separate zones. The
experimental investigabions of factors alfecting settlement and
survival are described in the following chapber, and the significance
of the results for the observed differences in algal distributions are

discussed in the final chapter.
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CHAPTER _TT

AT,GAL SHTTLEMENT AND SURVIVAL

The observations on algal recolonization on cleared strips
indicated that some of the differences found in species distributions
might be attribubed to factors influencing the early stages of
colonization. To determine if species colonized the shore when
their propagules were present, the algal diversity in the surface waters
was compeared with that settling on glass microscope slides attached to
the rock. The slides were placed at different levels, locabions, and
under an algal canopy to determine if these facbors can influence
colonization. To further isolate the mechanisms involved in colonizstion,
the survival and growth of several littoral species were investigated

in a simulated tidal regime.
A.  METHODS

Al Alpal culbtures:

All algse were cultured in an enriched seawsber medium recommended
by A.D. Boney, (personal communication). Seawater ccliected in the
Irish Sea was aged for ab least two weeks, filtered, and then
pasteurized by heating it twice to TSOC from room temperature. Hubrient
enrichments were kept in M different sterile stock solutions end added
to the pasteurized seawater. The concentrations of nutrients used are
shown -in Appendix ¥ . The addition of the nubrient sclutions lowered
the salinity of the original seavaler by 2% so that the final salinities

in the medium ranged between 30.5-33%.

Algae were grown in a large culbure cabinet on a 16 hour light -
8 hour dark cycle, at a temperature of 12°¢ + 1%¢. The light was
provided by three, Phillips 'Daylight' fluorescent tubes placed 280:m
sbove the shelves on vwhich cultures were kept. The lamps in this
sysbem provided an irrvadiance of 11.5 - 16.5 watts/m2, depending on the

age ot ihe tubes {Schonbeck, 1978).
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A.2 Viable spores in bthe surface wabters:

To determine the number and species of the algal propagules in
the surface waters near the shore, 500 ml aliquots o® seawater were
collected in polyethylene. pottles. Within two hours of collection,
two, 200 ml samples from each bottle were filtered separately through
h5mm glass fibre filters (Whatman GF/C) using a waler powered aspirator.
The two filters from each sample were placed in a single culbure dish
with 100 ml of enriched seawater. At 5-7 day intervals the filters
were removed from the growth cabinet and examined under a dissecting
microscope. The individual plants growing on the Tilters were
identified and counted. In some cases identifications were limited

to the genus. In Ectocarpus, Pilayella, Giffordia, Ralfsia, and

Sphacelaria the identification of species depends closely on differences
in their reproductive bodies, but it was not practical to culture the
plants tc this stage. In order to obtain accurate counts of the number
of propagules in the surface waber the plants growing on the filters

had to be removed from culbure before reproducing. The sporelings of

Enteromorpha intestinalis and B. prolifera were indistinguishable in

LM i

culbures for the first 8 to 10 weeks, and they also had to becounted

together. The counts of Ulothrix pseuwdoflaccs, Ulothrix flacca, and

Urospora penicilliformis were also combined becsuse it was not always

possible Lo separate them. In culture, the cell sizeg of the thrse
species were often comparable and the pyrenoids were not readily

visible.

In these experiments, the medium was changed at two to three week
intervals., The cultures were kept for a total of 6 - 8 weeks until
they were so conbaminabted with diatoms and filamentous green algae
that further observabions became impossible. The nunber of Ralfsie sp.
on Tilters could not be counted because this crganism grew as a small
hemispherical clump which could not be distinguished from the gameto-—
phytic stages of other browns, or from the clumps of distoms and

Chrysophytes which came to.covér the surface of the filters.




51

A.3 Algal colonization in the field:

The algal species colonizing the substratum in the littoral zone
were monihored by placing microscope slides on the shore for one week.
These were ground on one side to better simulate the texture of the
rock surface. The slides werc brought back to the laboratory in plastic
pebri dishes containing moist filter paper; riunsed by agitating them
in pésteurized seawaber; and then placed in culture dishes with 50 ml

of enriched seawaler. The species growing on the slides were counted

s soon as they became identifieble.  The small encrusting discs of

Blidingia minima end the filaments of Ulothrix/Urospora sp. could be

Lrnpapymermpearne v

identified within o veek, bub for other species 3l yeeks in culbure

' .
. g N AN e H hpen week 10T ey |8

gere needed.  The medin was again changed ab two to three week 1nbervals

and the cultures had to be terminated after 6 weeks because further

observations were made too difficult by the dense algal growth, As

previously described, the identification of some plants was Limited to

the genus, bubt in this series of experiments it was possible to cowst

the number of Ralfsia sp. because the microscope slides cowld be

observed with a transmission microscope which gave a greater resolution

than the dissecting micrescope.

The microscope slides were prepared and attached to the shore
as follows: ordinary microscope slides (25mm x 76mm) were ground on
one face using & coarse grinding disc, and then acid washed. Slide
holders, described in figure 20, were prepared in the lsboratory and
attached to cleared (by burning), dry rock with a quick setting epoxy
resin (Araldite Rapid). The slides were fixed in the holders with a
drop of Dov Corning Silicone Aquariuim Sealer. To remove the slides
after their week on the shore, the drop of rubber vas easlly cut with
a razor blade. Three to four holders were placed together in one area,
and these were re-used for as long as they remained atltached. During
the summer tourist season the loss of holders from the shore was high,
but in winter some holders remoined sttached for 8 menths. A photograph
of a holder in place on the shore is shown in Plate 5 and the locations

vhere slides were placed at Tomont Point are shown in Figure 21. The

1]




TFigure 20: Diagram of the plastic frame used for
holding microscope slides to the shore. The.
base is a piece of PERSPEX, 3%mm x 77mm X
2.5mm. The slides are held in place with
two strips of curtain railing. The railing
was melted down at one end to hold the
slide in place on a sloping shore.




Plate 5: A slide holder attached to the substratum.

The photograph vas taken 8 weeks after
placement of holder and also shows the algae

recolonizing the adjacent rock.
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Figure 21: The four locations (4,B,¢,D) at which
slides were placed in the vicinity of
the experimental site. The sandstone
slab on which strips were cleared extends
.on either side of location A.




- slides were all placed facing Bast at the 2.49m and the 2.89m levels.
At the 2.19m level some slide holders were placed so that Ascophyllum

nodosum fronds covered them on a low tide.

After retrieval and retwrn to the laboratory, the plants growving
on the slides were counted using microscope fields at 100x or LOOx
as the sampling units. To avoid possible 'edge' effects due to the
contact between the slide and the holder, counts were limited to the
central area of the slide at least Smm from each edge. The fields used
in counting were located by randomly moving the stage in both the 'x'
and 'y' directions, and then by selecting only thosc fields within the
centre of the slide. Positions were not assigned by using random
numbers because this procedure was lengthy, and it was feared that the
exposure of the growing plants to the combined effects of room
temperature, desiccation, and the bright microscope light might damage
them. However, it was assumed that the lwo methods were comparable
because no statistical difference was found in the mesn densities of
young plants (p > 0.10 using Shtudent's 't' test) on the four occasions

when both methods were used to count one slide.

AL Algal prowth in the tidal siwulstor:

The apparatus employed in this study to simulate a tidal cycle
is shown in Figure 22, and is baged on the system described by Townsend
and Lawson (1972). Tour large glass plates, each 39 mm x 157 mm and
ground on one side, were placed on a rack which could he lowered and
ralsed on a 12 hour sinugoidsl cycle within a glass btank containing

5 litres of enriched seawater.

The walter was aerabed and filtered in one step using a filter
constructed with the bottom half of a 125ml polyebhylene bottle and
a 100 ml glass beaker (see Figure 22). Glass wool was used 1n the
filter to trap unicellular contaminants and other deLri which accunulated
in the mediwa. The small size of the tanks preciuded the use of

commercially available fillers, but the design is the seme as thalt of

filters commonly used in small aguaria, One driving mobor was used
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Figure 22:

A,

Diagram of tidal simulator showing placement
of tank (T) and motor (M), a CROUZET type
82-344 (1 rev/12 hrs.). The distance between
the maximum and minimum elevation on a cycle
was adjusted by a movable bolt held in slot (s)
Photograph showing tank, the glass rack (r)
hold 4 plates, and filter (F). A piece of
black canvas'is attached to the rack for
the grazing experiment described in section
B.3 .6.

zq
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to power two racks, each one acting as the counterweight to the other.
The experiments were started in the mornings so that each rack would

have one full tidal cycle in the 16 hour photoperiod.

Using the apparatus described in Figure 23, which is based on
the system of Charters, et al. (2973), algal propagules were allowed

to settle on the glass plates in one of two ways:

(1) the plates were placed in a tank of pasteurized seawater directly
under the rotating container holding the fertile plants, ox
(2) the epparatus was placed near the side of the tank in the tidal

similator as the glass plabtes were being moved.

The first method resulted in & statistically random distribution of
propagules over the entire slide, while the second (which could be

used only when propagules were motile) resulted in relatively denser
settlements on levels that were submerged the longest. Glass plates
were left in the presence of fertile parent plants for 24-48 hours
depending on the rate at which propagules were sebtling. It was

found that settlement densities of 10/ms? to 100/mn? were best suited
for the experiments carried oub in the simulated tidal regime. Zygotes

of Fucus spiralis were released into pasteurized seawaber by treating

fertile receptacles to a 15 second osmotic shock in distilled water,

as described by Schonbeck (3976). In this case the robating apparaius
was not used to disperse the zygotes because the plants were too large,
and zygotes were settled by dispersing them in seawater above the

plates for 24 hours.

The apparatus for simulabing the tides was kept in the growth
cabinet under the conditions described previously, snd the enriched

seawater was changed at two week intervals.

Measurements of plant densities and growth vere made at different
levels on each plate during the course of an experiment. Ten microscope
fields alt each level were chosen Tor the measurements, again by randomd

moving the microscope stage. The time during which each level was
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Figure 23%: Diagram of apparatus used for releasing

propagules. Fertile plants were placed

into the top half of a 250 ml polyethylene
bottle (B) which was attached to a rotating
_shaft (12 rpm) powered by a CROUZET motor (M)
type 392. The open end of the bottle was
covered with a nylon net (mesh size 70 ~ 85u)
which was attached with an elastic band (E).
Glass plates were placed under the apparatus (P)
in a tank of pasteurized seawater. If more
than one plate were in the ~tank the apparatus
was moved to another position over the plates
at 4 - 6 hour intervals.
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submerged per cycle was calculabed using the following algorithm:

P =12 x cos (2(D/M)-1)

i

vhere T is the time submerged, M is the maximum distence on the
slide between Lthe lowest level which was oul of the water and the
highest level which was submerged, and D is the distance between the

lowest level of emersion and the level on which the plants were

measured.
B. RESULTS

B.1l Algal specieg in the surface waler:

There was no way bto debermine if the Tiltration method used
gave a totally accurate picture of all viable propagules in the surface
waler. The method, or any other used to test its effectiveness,

involved non-natural menipulations which could be fatal to some species.

However, 24 different algae were observed growing on the filters,

and these are listed in Teble 9 with an indication of theilr sbundance

at different sampling times. Many species occurred only rarely con the
filters. Little can therefore be sald sbout their numerical distribubions
but their presence is an important indication of the species availsble
for colonization at the time of sempling. In only two organisms,

Blidingia minims and Enteromorpha sp., were the counts high enough to

determine the variation in spore densities between samples, and resulbte
obtained (sece Table 9) indicate that densitics could differ by two
ovders of magnitude between samnles. Scme of the changes in spore
densities occurred rapidly, as is demonstrated by the 20-Told decressc

in the nuwber of Enteromorpha sp. spores between the 6th and ilth

November. Turthexmore, large differences were also found between
successive samples taken on the same day. The number of BEuteromorirs o

spores in the first sample on 30 July was 38, but it was 210 in the

second, & six~fold diffevence.




Table 9: Algae from the surface waters ol Tomont Point appearing

on filters culturcd in enriched seawater.

he values

given represent the range of counts in two or three 400 ml
semples. Blanks indicalte the alga was absent in all samples

on a given day.

1976

Date of Sample Apr May July  Now Nov %25(
6 b) 30 6 11 26
CHLOROPHYCEAR
Blidingia minima 37-8h| 2-16 | 2-10 | 8-13 -1h | 2-10
Cladophora albida 2 - 0-3
Cladophora rupestris 0-1 11-18 | o-2 O-1 | 10-23
Enteromorpha intestinalis
Enteromorpha prolifera 29 236-917| 38-2k0 102-151) 2-4 107“19h
Rhizoclonium riparium ' 0-2 0-1 0-1
Ulothrix sp. )| 114120 | 13-112] 3963 | o-k |5-8 | 6e-83
Urospora penicilliformis )
Ulva lactuca C-31 0-1
Spongomorpha arcta 1-8 1~2
Monostroma oxyspermun 0-1
FPHAEOPHYCEAE
Ectocarpus sp. 11-20 3-92 | k-12 0-3 |0~ 0-2
Tucoid germlings o-1 0-12
Giffordia sp. 2-3
Leptonematella fasciculata 0~1
Litosiphon filiformis 0-3 0-2 (O
Pilayellsa sp. 1 0-3
Ralfsia sp. present present present
Sphacelaricc . sp. 0-1 |0-2
RHODOTPHYCEAE

Avdouinella sp. 0-15 0-1
Audouinella daviesii 5
Bangia atropurpurea 2-7 5-13 0-1 j1-3
Ceramium sp. - 0-1
Gelidium sp. 0-1
Petrocelils cruenta 0-1
Porphyra sp. ( 0-1
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To determine if these large differences belween successive
samples were not just an artefact of the method, larger volumes of watcr
were collected on two occasions and several 400 ml aliquots filtered _
from one sample. The counts for Enteromorpha sp. from the first sample
on 30 July 1976 were 109, 125, 101, and for the second, on 26 February
1977, they were 107 and 121. The coefficient of variation for the nmumber

of Enteromorpha spores in one sample estimated from this data is 13%.

This is a relatively low value which strongly suggests that the 6-fold
(600%) difference observed in the two consecutive samples results from

some natural phenomena and not the method.

B.2 Colondzation of slides:

By placing slides on the sghore for a week it was not possible

to discriminate bebween species that were not settling, and those that

were settling and immediasely dying. Hovever, this is not an
important consideration for lthe purposes of the present study siace the
Tinal effect of these two Tactors wag the same: the progagules were

either able to colonize the glasg side, ov they were not,

Only 15 algae out of the 24 found in the surface wabers colonized
the slides during this study, and these are listed 1n Table 10 with an
indication of their abundance at different times. TFourtesn algae were
found at the lower level (2.19m) and only 6 at the higher onc (2.89m).

Prasicla sbtipitata was the only species not found at the lower level,

and those common to hoth levels were the blue-green algae, Ulothrix/

- Urospors sp., Enteromorpha sp., Blidingia minima, and Capsosiphon

fulvescens. Species of Phaeophyta and Rhedovhyts were found only at

Urospora sp. were Tfound with high colonization densities throuvghout

most of the experiment, and the data were statistically analyzed to
test the possible influence of the different treatments on the

observed distribulion of settled’yplants. Each different trealment
]




1976 1977
Apr May Jun Jul Nov Mar
6 > 2 5 6 i
I
Blidingia minima Lo At At At F4t Ry
Capsdsiphon fulvescens ++ -+
Cladophora rupestris * +4+ + +
Enter i s .
ﬁlLelOmOlpha intestinalis ) i et . it - N
Enteromorpha prolifera )
Monostroma oxyspermum -
Pragiola stipitata + +
Ulothrix pseudoflacca )
Ulothrix flacca ) | At ot Aot + ot 4
Urospora penicilliformis )
Ectocarpus sp. * 4+ - +
Fucoid germliugs +
Litosiphon filiformis * +
Ralfsi ST TUCOSE
alisia verrucosa ) + + ++ ++ S
Ralfsia clavato )
Gigertina stellata crust )
14 +
Petrocelis cruents )
Porphyra sp. * +
Blue-green algae ++ + ot
creeping crustose brown
filaments * + A+ 4t 4 B 4+

Table 1C:

Algae colonizing glass slides placed on the ghore
in week following the dates given. Algae marked

O The maximum density of plants

found on any one slide is shown a8 follows:
+ - present to < 0.0k/mm? ; -+t ~ 0.04 to 10/m?

Akt = > 10 /ram?.
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(i.e. slides placed at different levels, locations, under cover or
in the open, and on different days) can be considered as a separate
factor, and the experimental design should, in theory, lend itselfl to
a Tactorial analysis of variance. However, such an analysis was not
feasible because the data collected was not balanced; replicate
slides were lost from some treatments, and zeros had to be registered
in some data sets because species failed to colonize the slides.
For data sets with large numbers of '0O' counts the non-parametric
Kruskal-Wallis test was used. In this case the counts for all replicate
glides at one site were combined, and each treatment of the slides was
congidered in turn as & separate factor. For data sels which were
considered to be normally distribubted a nested analysis of variance was
used. Fach treatment was in turn considered at the lowest possible
level of nesting to maintain the basic assumptions in this kind of
statistical analysis (see Sokal and Rohlf, 1969 p.300). The analysis
of wvariasnce was calculated using the FORTRAN program in Sokal and Rchlf

(1969) which produced a value Tor the F-statistic at each level of

nesting, and the one appropriate to the hypothesis being tested was used.

In general, the hypothesis tested by the non-parsmelric stabistic
was that the distribubtion of counts in different treatments was the
same, and the one tested by the parametric sbabtistic was that the mean
density of propagules seltling under the different treatments were the
same. As shown in Table 11 the probabilities ithat the hypotheses are
correct Tor the different trestments tested are almost all less than 5%,
and indicate +that each treatment does influence algal colonization. In

the case of Blidingia minima the density of colonization was even

significantly different within the same slides at one site, and the
high variation at this level of nesting may be the reason why no
significance could be found in the colonization density on different

days.

To determine iT the colonization of the slides wes comparable
to that of the rock, the cleared substratum on which slidss wexre
attached was observed at intervals. The first species seen on the
rock were the same as those colonizing the slides. Tor exawple, the

green algae edjacent Lothe slide,holder in Plate 5 is a mixlure ol
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Blidingia minima, Blidingla marginata, Enteromovypha intestinalis,

Urospors penicilliformis and Hlothrix pseudoflacca. These were the

same species bthat colonized two slides placed on the shore during

the week immediately after the rock was cleared on 5 May 19765.
Furthermore, the relative densities of the differenl species vere
approximately the same on the slides and on the rock. On the rock,
the two Blidingis species and their crustal form covercd aboul half of
the cleared space, and the others each covered between 10 - 25%.

Out of the 85 plants/mm? thet settled on the slide 40% were Blidingia

8P., 31% were Ulothrix/Urospors sp., and 29% were En¥eromorpha sSp.

B.3 Algal growth in the tidal simulator :

B.3.1 The growth and survivel of individual species:

Propagules of several littoral species were settled individually
on the glass plates and cultured in the tidal simulator Lo investigate
the effect exposure in a controlled environment has on the growth of

newly settled propagules. As shown in Figure 24, FPrasicls stipitata,

Ulothrix pseudoflacca and Fucus spiralis all had maximum growth af

levels vhich were completely submerged throughout the entire cycle.

Blidingia minima was the only species tested which did nobt. but the

apparent decrease in size that appears on the histogram is not
significantly different (p > 0.05) when bthe sizes of the plants from
the bottom level are compared with those in the two levels Jmmedisgtely
gbove it. Furthermore, at the time plant sizes were measured, the

bottom levels on plates containing Blidingis minima were covered with

AT

& thick mal of dialoms and uvnicellular Chlorophyba which could have

adversely affected the growth.

‘The individual species represeuted in Figure 24 were grown os
controls in different experiments and the procedures varied slightly
betwveen them. As indicated in the figure capbion, lhe measurements
of size weye madc after different periods in cullture.  Farthermose,

Fucus spiralis was cultured in a medium in which the original nutzient

concentrations were diluted to 1/10th, as Schonbeck (1976) found that
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Figure 24: The growth of 4 algal species in the simulated tidal

regime. For Prasiclu stipitata the lengths were

measured after Y weeks on the simulator; Fucus spiralis,

7 weeks; Blidingia minima, 10 weeks; and Ulothrix

seudoflacca, vy days.
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of Fucus species. For Prasiola stipitata, Ulothrix pseudoflaccs, end

Fucus spiralis the histograms represent the mean length of at least
20 randomly selected plants at each level (10 from each of 2 plates),

but for Blidingia minima the histograms represent the mean length of

the 40 longest plants at each level (10 plants from each of L plates).
The plants vwere selected from a 2mm wide scraping made across the

slide at each level.

No histograms representing plant sizes are shown for the top
levels because few, if any, surviving plants could be found. The
relative survival of the different species was determined by comparing
the initial density of propagules sebtled on the plates with the number
remaining after 1 to 3 weeks in the simulated tidal regime (again the
time varied with the experiment). A propagule was considered to have
suwrvived iT the cells vetained thelir pigmentabtion, or if there was

evidence of cell division. Tor Fucus spiralis only the latter

criterion could be used,for the zygotes retained their pigmentation
even after death Uﬂino cell division was observed alter zygotes were

placed fully submerged in enriched sea. water).

The survival rates for the four species cultured are summarized
in Figure 25. No statistically significant loss of propagules could
be measured in the lowest level for any of the speciss, but marked
differences were found in their survival higher on bthe plates.

Prasiola stipitata was the least susceptible to the effects of emmersion

as its spores were found to survive and grow at the highest levels.

Fucus spiralis was bhe most sensitive, surviving only ab levels which

wvere submerged for more than 8.7 hours out of every 12.

B.3.2 Pactors affecting the growth and survivael of indi
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The survival and growth of young plants in the simulated tidal
regime was found to Le greatly iuncreased by an initial period of

favourable conditions, and by the density of spores sebtled on the plates.
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Ent eromorpha linza. No measurements of size or survival were made,
but the photograph shown in Plate 6 indicates éufficiently the effect
of these Tactors. On glass slides placed immediately in the
similator, B. linza sporelings extended only 35mm up the slide which
corresponds to a minimum submersion time of 8.9 hours/cycle.  However,
on the two slides submerged first in enriched seawvater for T days the
sporelings were found up to levels corresponding to a submersion time

of O hours/cycle and 3.8 hours/eycle.

The difference in the level of survival on the two plsites first
cultured fully submerged (C and D in Plate 6) was caused by a difference
in the density of spores settled on the two plabes. The plate on which
L. linze survived the highest had 360 spores/mm? while the second only
had 65/mm? . However, this effect of spore density was found to be
limited only to those plates first treated with a period of submerged
growth. The two plates placed in the apparatus immediately after the
spores had been settled (A and B in Plate 6) had densities of T60/mm?
and T2/mm?2 respectively, but no difference could be seen in the levels
to which sporelings suirvived. On both plates sporelings did notb
survive above the level corresponding to a minimm of 8.9 hours

submerged/cycle.

Quantitative observalions of these two phencmena were made ucing

Blidingia minima as the test species.  Spores were Tirst settled on

8 plates at different densities which ranged from 36-120/mm% .  Four
plates were piaced directly in the simulated tidal regime, but the
other four were first cultured fully submerged for two weeks. Since
two btanks had to be used to accommodate the 8 plates, the ones from
the submerged trestment were alternately placed bebiween the others in
the apparatus. However, in the [inal four weeks the trcated and
untreated plates had toc be separated because the growth on the treated
plates was beginning to cover the adjacent plates.

After two weeks of submerged culture and 1 week in the simulated

higher on plates with high densities than on those with lower densities.




Plate 6:

plnteromcrpha lirza after 5 weeks in the tidal

simulator. Plates (A), (B)

were placed directly
in the simulator and (C), (B) were first cultured
submerged for one week.

@) - 760/:cm™,
Dy -

Spore densities were:

®) - 72/mm”, (C) - 360/mm",

-Dotted lines mark the limits of

the 'tidal' range.
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However, no such density effect was found on the plates placed directly
in the simulated tidal regime7 The counts of sporelings at the
critical levels on the plates are showﬁ in Table 12. On the treated
plates the difference in the level of survival was maintained throughout
the experiment, as can be seen in the photographs taken at the end of
10 veeks (Plate T).

After 10 weeks in the simulated tidal regime, B. minima had
disappeared from levels submerged for less than 4.7 hours/cycle on
plates placed directly in the apparatus. However, on plates first
cultured submerged some sporelings were even found to be growing higher
than the level of total emmersion, as shown in the photographs in
Plate 7. The 10 longest filaments from a 2mm wide scraping were
measured at certain levels, and as can be seen in Figure 26 marked
differences were found in the growth of B. minima in the two treastments.
The measurements were made on all % untreated plates, but only on 3
of those treated with a period of submerged culbure. The fourth was
rebained for a grazing experiment to be described in a following section.
The growth of the 10 longest plants at the fully submerged level was not
statistically differenl between treated and untreated plants (using e
nested analysis of variance p > 0.05), but there was a five-fold increase
in the size of the plants in the middle levels. Unfortungtely, any
biological significance ascribed to Tthese results must be suspect because
the bottom 20-30mmn on each slide was heavily overgrown with a thick ma’
of diatoms and unicellular Chlorophyta,., which could have influenced the
obgerved patterns of growth. However, the histograms do show that
B. minima survived and grew successfully at higher levels when it had

been treated to an initial period of less severe conditions.

Although the level at which B. minima survived on treated plates
vas raised by a higher spore demsity, the density had no effect on the
growth when measured by the 10 longest plants al cach level. TNo
gtatistical difference (p > 0.05 using Student's 't' test) was found in
the lengths of sporelings on the four plates placed directly on the
apparatus, and none was found below the 130mm level on the wplates

treated with a period of submerged culture.

P
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Figure 26: The mean lengths of the longest Blidingia minima
in a 2 mm strip on the glass plates atter
10 weeks in culture on plates put directly
in the simulator (4), and on plates cultured
submerged for 2 weeks (B). In (A) the
values represented are the means of 10
plants/level on each of 4 plates, and in
(B) the same from 3 plates, :




&l

Table 12: The percentage of Blidingia minima plants
surviving after 3 weeks in culture at
different levels on the glass plates
settled with different densities of
spores.
Slides cultured submerged for 2 weeks
Plate I IT II1X TV
Spore Density 39 /am? 36/mm? 120 /rm? 125/mm?
130 0l 100 not measurable becsuse
crustal discs coslesced
Distance 135 61 93
on plate
Lrom 140 DY R — 16 —mi=  100% ———= 95%—— Level of
bottom o
total
(xnm) botas
emersion
145 0 0 5% <5% ¥
7 0 0] 0 0]
Slides placed directly on simulator
Plate I IT I1Y Iv
Spore density L2 /mm? 35 /w2 101 /ma? 100 /rm?
40 not meacurable because
crustal discs coalesced
Distance . ) .
o) 2% L 8 33
on plate 2 3 5 33
from 60 <1l 2 10 9
botton
(1am) T0 0 0 0 0




B.3.3 The effects of a canopy on sebtlement and growth:

Observations on recolonization in the field suggested that an
established species could successfully prevent the utilization of the
substratum by other species. The mechanisms of such interactions were

investigated using Enteromorpha intestinalis and Ulothrix pseudoflacca.

To provide a canopy on the plates used in the apparatus, adult plants

of E. intestinalis were threaded together on a cotton thread, and the

string of plants was wound on a slide in a spiral going from top to
bottom. The algal blades were all placed on one face of the plate to
produce a thick cover similar to that found in field populations. A

photograph of the covered glass plate is shown in Plate 8.

The settlement of U. pseudoflacca in the presence of L. intestinglis

was measured by comparing the number of gpores setiling under the canopy
with the number settling on uncovered plates. Spores were released
into the simulator for 36 hours while 4 plates (2 with a canopy and 2
without) were being raised and lowered on the 12 hour cyecle. The
plates were then placed fully submerged in enriched seawater for one
week before the sporelings were counted. After a week of growth the

U. pseudoflacca which had settled could be distinguished from the E.
dntestinalis spores alsc present on the plates. The results, shown

in Figure 27, clearly indicate that the presence of the cancpy Impairs

the settlement of U. pseudoflacca spores, and this was found to be

significant (p < 0.0l using the Kruskal-Wallis non-parsmetric test) at

all levels in the simulated tidal regime.

To measure the growth of U. pseudoflacca under the canopy the
rrocedure was reversed. First, spores were seltled on four slides

at a density of 37/mm? . The canopy of E, intestinalis was then placed

on btwo of the slides, and all four were culbured in the simulabted tidal
regine, After nine days the canopy was removed and the lengths of the
U. pseudoflacca filaments were measured at several levels. In this
case the Tive filaments closest to the cenbre of a microscope field
{x100) were measured at three randomly selected locations on each level.

The resullts, swmarized in Figure 28,indicate that the E. intestinalis
8




Plate 8: A cover of Enteromorpha intestinalis on glasi
plates produced by threading plants together
and attaching them to the plate.



Figure 27:

AT N
T RN

B 5 A A L 15 WO S R
R

-
% A2
AN .

T e
AR

R

10 FEECEEER

1 ¥ ) L L)
5%

5 0.4 1.6
e

(@]

o

=

[eal

(ol

E~

0 -

~

f)

= 2
i

S5

3 4
=

w2

o -

& 6
o

=

8 .

2
The density/mm“ of Ulothrix pseudoflacca
settling on glass plates in the tidal

simulator, uncovered (A) and under a cover
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Figure 28: The length of Ulothrix pseudoflacca after
9 days under a cover of Enteromorpha
intestinalis (A), and uncovered (B).
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cover significantly reduced (p < 0.0l using Student's 't' test) the

growth of U. pseudoflacca at the lower levels, but it significantly
increased the growth (p < 0.01) at the higher levels. Moreover, the

cover of B. intestinalis allows the spores to swrvive much higher on the

glass plate. On uncovered plates no plants, or even spores were found
above 65mm (6.2 hours submerged/cycle), whereas under the canopy they
not only survived but also grew at the highest level submerged on a
cycle (124 mm).

B.3.4 The effect of different species settled simultaneously:

To determine if newly settled species interact on the tidal
gradient the spores of several different species were settled on glass
plates simultaneously, and then cultured in the simulated tidal regime.

In this case Prasiola stipitata was used as the test species becsause

it very rarely appeared in the lower levels on the shore, even during
recolonization of cleared strips, when plants were still small and no
canopy was present to retard settlément. ¥ollowing the usual

procedure, 4 glass plates were settled with Prasiola stipitata and on

2 of these spores of Ulothrix pseudoflacca were seltlled. The Ulothrix

pseudoflacca was conbaminated with Enteromorpha intestinalis, Urospora

penicilliformis, Monostroma grevillei, and Capsosiphon fulvescens, and

these species also appeared on the plates when cultured in the simulator.
combined was 6/mm2 . After 9 weeks in the simulabor the length of 10
plants at specified levels were measured. In contrast to the experiment

with Blidingis minims, the Prasiola stipitata plants were small enough

to be measured directly on the plate, and in this case the plant closest
to the centre of a randomly selected microscope field were used. As
shown in Figure 29 there was no difference in the lengths of plants on
plates containing only P. stipitata and those which also had the otker

gpecies. No statistical difference was found at any level {p > 0.05).



:
E

T T Ty ST
A A ,.}lgﬁ;’z.‘ﬁ

N

i L

1.0 2,0mm

HOURS SUBMERGED / 'TIDAL! CYCLE

iy

) 1.0 2,0mm

Figure 29: The length of Prasjola stipitata after 9

weeks in the simulated tidal regime when
cultured alone (A), and in the presence of
Ulothrix pseudoflacca and other species (B).
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B.3.5 Growth of Fucus spiralis under Enteromorvha intestinelis:

Observations on the cleared strips indicated that Enteromorpha

intestinalis could slow the growih of fuceld germlings. This interaction

was investigated in the simuwlated tidal regime by growing F. spirslis

and B. intestinalis together on one plsate. Zygotes of F. spiralis were
settled on 4 plates at a density of 0.3/mm? » and on two of these E.

intestinalis was settled at a density of 86/um? . Different densities

intestinalis spores. Furthermore, the densities used probably fall

within the range found in natural populations. Enteromorpha sp.

spores were found to colonize glass slides in densities up to 189 /mm?

(see Appendix XI ), and Schonbeck (1976) reports that Fucus spivalis

germlings can be found on the shore in densities up to 1/mm? . Before
placing the plates in the apparatus all were cultured fully submerged

in 1/10th concentration seawaber. After I weeks the E. intestinslis

sporelings were the same size as the F. spiralis germlings and the plates

were placed in the simulated tidal regime.

As can be seen in the photograph shown in Plate 9 the growth of

E. intestinalis followed the pattern found in both Blidingia minima and

Enteromorpha linza. After 5 weeks in the simulated tidal regime the

sporelings grew at all levels,but the growbh was noticeably greater
near the bottom of the plates., Within the first week on the simulator,

E. intestinalis had grown large enough to cover F. spiralis germlings,

and the presence of the germlings did not have any visible effect on the

growth of the sporelings. Five large plants of E. intestinalis were

individual y measured at each of 4 levels, and the results are shown
in Figure 30b. Scrapings were not taken because these would have
dislodged the germlings underneath.  Although these measurements provide

only an indication of the E. intestinalis sizes, the results are

consistent with the observations of growbth in other species where the

largest plants were found at the lowest levels.

Hovever, after 5 weeks in the simulator merked differences were

foumd in the gize and distribvtion of swrviving germlings. Under the

v L3




Plate 9:

Entercmorpha intestinalis and Fnciis spiralis cnJ.tnred
together in the tidal simulator for 5 weeks after
growing U weeks submerged. F, spiralis germlings
are not visible because of the E. intestinalis cover.
Ihe holes appearing in the algal cover were made by
scraping, and do not represent abberrations in growth.

Dotted lines mark the boundaries of the ’tidal' range
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Figure 30: The growth of Fucus spiralis in the simulated

tidal regime under a cover of Enteromorpha
intestinalis (A), and uncovered (C). The

sizes of the E. intestinalis plants covering
the germlings are shown in (B8). An (*)
indicates that the mean length of the germlings
was significantly different (p< 0,05) from
their length before they were placed in the
simulator,
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cover of sporelings, F. spiralis had completely disappeared from levels
submerged for more than 6 hours per cycle (Figure 30), vhereas on the
conbrol plates no significant amouwnt of growth was measured at levels
submerged for less than 8.9 hours/cycle., Under the E. intestinalis

a significant growth in germlings was found only alt the level
corresponding to a 1.9 hour submersion/cycle, but thé zygotes had
undergone cell division up to the level corresponding to a submersion

time of 0.5 hours/cycle. In summary, the results from this experiment

"show that an E. inbestinalis cover adversely affects F. spiralis

germlings at the lower levels in the tidal simulator, bub il increases

both growth and survival at the higher levels.

B.3.6 Effects of amphipod grazing:

The amphipod,Hyale nilssoni, was the cnly herbivore commonly

occurring on the shore where strips were cleared. Since it could not
be readily observed or controlled in the field, its effects on populations

of some recolonizing species were investigated in the tidal simulator.

As described previously, it was pcssible to culture both Blidirgia

winima and Enteromorpha intestinalis at all levels in the simulated

tidal regime. After completion of the original experiments oane plate
with the dense growth of each species was re-introduced in the apparatus
together with approximately 100 amphipods and 5 1 of pastevrized seawaber.
The density of amphipods used is roughly twice thet found in a dense

stend of Pelvebis canaliculata of the same area as the glass plate

(P.G. Moore, personal communication). A higher density was used than
found in the field to balance the loss of guimals vhich occurred in the
first few days of each experiment. A piece of black canvas was placed

behind the plales to provide some shade for lhe animels (see Figure 22).

The cffects of two weeks of grazing weve the same in both algal
species used, as shown in Plate 10.  The amphipods grazed in small but
distinet patches. Furtherwore, fhe grazing vas found Lo be meore
intense at the lower levels as shown by the thimner algsl cover,

No adequate way was found to quantify these
4
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Plate 10; The effect of 2 weeks of grazing by Eyilf rdlsroni
on Entcrcmorpha intestinalis (A) and P] idingia mirina (
in the tidal simulator.



observstions, but the difference in the amount of cover beitween the

middle and bottom levels is readily visible from the pholtographs,

especially in the case of Blidingis minima.

C. DISCUSSTON
The primary factor which determines whether a species appears

on the shore has to be the availability of propagules from parent plants.

However, the results obtained during this study indicate that the

appearance of a species on the shore can be influenced by several

additional factors operating in the earliest stages of colonization.

Only those species normally found in the littoral fringe and the
top of the eulittoral colonized the slides placed at these levels,

regardless of the inoculum svailable. For example, Svongoworpha arcta,

Bangia atropurpurea, Audouinella sp., Cevamium sp., Gelidium sp., and
Bphacelaria sp. were not found in the field samples asbove the 2.37 m
level. Propagules of these species were commonly found in the surface
waters but they never colonized the slides placed at the 2.k%m ¢» 2.89m

levels. On the cther hand, adult plants of Cladophora rupestris,

Capsosiphon fulvescens, Monostroma oxyspermum, Porphyra sp. and

Litesiphon filiformis were found on the shore above 2.3Tm and they also

colonized the slides, even in the case of the latter thre~ species which

appeared only in the surface wabter at the time bthey colonized the slidas.

3

These observations suggest that the upper limits of zome specie

3

rr

distribubtions can be determined at the time of settlement rather then
later, and this is supported by the results obbtained in the tidal
simulator. Spores of plants were found to be much more sensitive to
the environmental stresses of the littoral zome than young plants. In

both Blidingia minima and Entercmorpha linza the sporelings were much

more tolerant to longer periods of emersion than were the spores.
Examples of plants dying on the shore (such as the kill of fucoid gerwm-
lings observed at the 3m level in 1975) will therefore occur only if
conditions for young plants are much worse thon at the time of settlement.

Since envirvonmental conditions on the shore undergo major changes on &

1




70

seasonal basis the fast growing seasonal species are more likely to
have their upper limits of distribution determined at the time of
sebtlement, while the slowver growing ﬁnd perennial. ones will be limited
more often by the survival of young plants after they have become

established.

However, the results have also shown that propagules of a species
do not always colonize all levels within its normal zone of distribution.

Cladophora albida, Ulva lactuca and Rhizoclonium riparium were found

in the surface water samples but not on the slides; even though they
appeared in the field surveys within the 2.49 and 2.89m levels. These
species occurred rarely in the surface samples, and the failure to
settle can be attributed Lo chance. However, this phenomenon was also

chserved on several occasions in Enteromorpha sp. which settled in high

densities on the slides. Normally spores were found on slides at both
levels, but in the week of 5 May 1976 they were found only at the lower
level. Even though the higher level was submerged on high tides that

week, colonization did not take place within the full range of the usual

Enteromorpha distribution.

Furthermore, differences in the density of colonization at the
two levels were much greater than could have been expected on the basis
of the time each level was submerged. For the week of 5 May the 2.4om
level was submerged for a total of approximately 3Ll hours while the
2.89 m level was submerged for 13 hours (estimated from the standard

tide plots in the Admiralty Tide Tables). If all other factors were

equal the colonization densities should not have differed by more than

2.0 times. However, the densities of Blidingia minima differed by

two orders of magnitude on slides placed directly above each other,
indicating that additional factors must be involved in colonization.
Either there is a difference in settling behaviour at the two levels,
or there is an increase in mortality of newly settled spores due to

the higher envirommental stresses asscciated with the upper level.

The latler explanation is favoured on the basis of the resulis

obtained in the tidal simulator.  Although direct comperisonsg between
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the shore and the simulabor are not possible since conditions in the
two systems were not identical, it can be expected that the same

factors operate in both. In the tidal simulator the successful

colonization of both Blidingia minima and Enteromorvha linza on the
upper half of the plates (at levels comparable with most of the
eulittoral and the littoral fringe) was dependent on a period of
favourable' environmental conditions immediately after sebtlement

(i.e. submersed culture). Assumning a similar situation exists on the
shore, the small differences in temperature, rainfall, or insolation
that occur from day to day may determine whether a propagule survives
alter sebttling. Since the higher levels on the shore can be expected
to have fewer and shorter periods suitable for the survival of a
propagule the large differences found in colonization densities between the
2,49m and 2.89m levels can be attributed to this rather than to

differences in settling behaviour.

At the 2.49m level the algal diversity was Tound to be higher

under the Ascophyllum nodosum canopy than out in the open. If the

establishment of a propagule on the shore is only a gquesticn of survival
after settlement then this observation can easily be explained by the
fact that on low tides the conditions under the canopy rvemein moist, and
therefore more favourable. Howvever, the method used did not separate
sebtlement from survival and there exists & possibility that other

Tacbors caused the difference in diversity. These might include:
(1) the moist environment enhances the adhesion of propagules,

(2) the A. nodosum secretes an atlractant toward which motile cells

can swim, Or

(3) the fronds of A. nodosum acl iike a trap for propsgules, which then

settle down to the substrstum.

Unfortunately it was not possible to test these hypotheses in the present
study,

Some of the temporal differences in diversity found on slides
and Tfilters cen be assumed to result from the seasonsl nature of much

algal veprofuction. However, this explanation isg insufficient since

3



variations were found in spore densities of species fertile at all

times of the year (Blidingia minima, Cavscsivhon fulvescens, Enteromer

oha
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intestinalis, Ulothrix psendoflacca, Urospora penicilliformis).  Although

these species do show seasonal differvences in abundance (Gibb, 1939,
and present study), the spore densilies changed within a much shorter
scale, In consecutive samples taken from the surface the density of

Enteromorpha sp. spores could change by a factor of 6, end within 5 days

in November it changed by a faclor of 20. 1In the surface wsters off
Tighnobruich (also in the Firth of Clyde) G. Smith (1977) found that

counts of Blidingia minima spores could vary by a factor of 3 in one

day (her counts, obtained by using the same procedures, were 136 and
23 in bOOmMl samples).  Samples taken T days apart differed by a factor
of 5, and she also found that counts of B. minima spores differed by

a factor of 10 on the same day between locations L km apart. These
results indicate that the observed differences in spore densities arise
more from a palchiness in spore distribubions than from temporal changes
in abundance. The patchincss was so extensive that it mssked any

obvious seasonal differences.

Because propagule densities of other species in the Cumbrae samples
were too low, patchiness was not very evident. However, I believe that
the propagule distributions of most littoral species arepatehy in the

same vay as those of Blidingia minima and the Bnteromorphs species.

The phenomenon is most 1ikely to result from the charactevistics of the
environment, and these are independent of the individusl species involved.
Species living on rocky shores were found in patches rarging from 50u
to several mebres or more, and it is likely that their propagules will
be released in patches voughly corresponding in size to that of the
parent stand. Even if a littorsl species is releasing propagules
continually during its Tertile period they will be disperscd into the
wabter only during the time the plant is submerged. This factor will
further, increase the pabchiness in locations such as the Clyde because
the tidal currents bring a different Lody of water onto the shore in
each tidal cycle. Although one can expect good mixing of tidal waters
in mid-channel, inshore the shallow bottom and coastal tope. -~avhy do

not permit & complete mixing (personal choervations made du. © the ves




of the Puget Sound Tidal Model at the University of Washington).

=

This will keep patches from coalescing into a uniform distribution,

The small scale patchiness found in distributions of algal
propagules in the surface water is probably a cause of the differences
in colonization densities found between different locations. The
four most numerous algae all showed significant differences (see Tazble 11}
between locations within 50m of each other, and even to some degree on the

slides at one location (significantly so in Blidingia minima). Glass

slides placed on the shore at Tighnabruich by G. Smith (1977) were also

colonized by Blidingia minima, and when her data was statistically

analysed using the nested snalysis of variance, significant differences
(p < 0.01) were also found in the densities of settlement on single

slides separated by only 300-500mm.

The experimewnts in the simulated tidal regime have indicated that
a high initial density of sebtlement may, under certain conditions,
reise the level at which propagules survive, The 'density' effect was
observed when spore densities differed by fTaclors ranging from 2-10,
and this is well within the range of variation found at different

locations on the shore. Since the densities of Blidingia minima

used in the simulator were also similar to those found on the glass
slides, and these were sufficient to establish an adult popuwlation, it
is probable that differences in the density of settlement on the shore

are important for the survival of a species.

Individually, all species grown in the simwlated tidal regime
survived and grew better when submerged longer. It has become
increasingly evident thalt this seems to be a general characteristic of
littoral algae grown in simulated tidal regimes (Towmsend and Lawson,
1972; Eawards, 1977; Schonbeck, 1976). The levels of optimal growth
in such cultures does not match the levels on the shore vhere these
species are normally distribubed, and this evidence strongly supports
the hypothesis that the lower limit of a species distribution is setb
by biological rather than physicsl factors {(Connell, 1972; Chapman, 1673,
Rdwards, 1977). This discrepsncy between the levels of eoptimal growth
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littoral fringe (Monostroma oxyspermum, Edwards, 1977; Blidingia

minima, Prasiola stipitata, and Ulothrix pseudoflacca in the present

study). The observations made during recolonization also indicated
that these species do grow well at the lower levels if none of the longer-—

lived dominant species are present.

To survive in the littoral fringe, species must be more tolerant
of envirvommental stresses, and the experiments in the simulated tidal
regime indicate that this manifests itself in the earliest stages of
colonization. The propagules of the 3 littoral fringe species grown
in the simulabtor all survived to higher levels than those of either

Enteromorpha linza or Fucus spiralis. Furthermore, within the group

of littoral fringe species, Prasiola stipitata survived to higher levels

than either of the other two, and Ulothrix pseudoflacca survived at

higher levels than Blidingia minima. This pattern matches thelr normal

distributions in the Firth of Clyde. Pragiola stipitats reaches the

highest level of any marine alga, Ulothrix pseudoflacca is found lowver,

and Blidingia minims is found only at the lowest leveis of the zone,

at the edge of the boundary betwsen the fringe and the eulittoral.

In culture, the patterns of survival and growth were radically

changed by the presence ¢f an estoblished species. In both Ulothrix

pseudoflacce and Pucus spiralis the growth of plants under a dense cover

of Enteromorpha intestinalis was decreased at the lower levels relative

to the growth on exposed slides. In the case of Fucus germlings th2
effect at lLhe lower levels was so marked that death occurred. No plants
remained in the lower levels so the cause of death could not be determined.
On the other hand, the cover protected the propagules at higher levels
where they died if left exposed. Since thesc experiments measured
survival after settlement the results suggest that the increased species

diversity settling under the Ascorhyilum nodosum cover on the shore is

a result of the more favourable conditions, The inhibitery effect shown
by a cover to plants beneath it is probably not significant at the levels
sampled in the field survey because these included only the highest levels

on the shore.
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When spores of different species were settled st the same time no
interactions were observed between the plants as they grew. Prasiola
stipitsts was nolt affected by the presence of other Chlorophyta species
in the tidal simulator, and all species that colonized the slides placed
on the shore also grew to visible size on the adjacent rock. The
absence of interactions seems to be limited to the species which form
the ‘green' phase in recolonization, for Schonbeck (1976) found that

competition does occur between the longer lived dominants, TFucus spiralis

and Pelvelia canaliculata. The absence of interactions may also help

to explain the varied patterns found in the early recolonizing sequences,
since any species that colonizes the shore successfully in the higher

levels can be expected to grow to a visible size.

In summary, the facltors found during this sbudy which can influence

the colomization and survival of algal propagules are

(1)  the patchiness in propagule distributions in the surface waber
and the differences in colonizabion densities that can result

from this,
(2) the level on the shore at which substratum is made available,
(3) the environmental conditions Tollowing sebtlement,

(L)  the presence of an overlying canopy of Ascophyllum nodosum, and

(5) the presence of an established turf on the substratum.
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GENERAL DISCUSSION

The changes in species distributions observed on the shore of
Cumbrae indicste that the factors causing community structure must in
themselves by dynamic, Menge and Sutherland (1976) have suggestéd
that the major factors which control community structure in simple
communities, where trophic complexity is limited, are competitive
exclusion and the tolerances of individual species to environmental
stresses. Both of these factors change with time, and therefore could
account for some of the variations found in commmity structure.
Hovever, in the present study not =11 structural differences could be
explained in terms of these factors, or in terms of others that have
been suggested such as the tidal gradient (Lewis, 1964) or grazing
(Dayton, 1975). The same pilece of subsbratum could be occupied by
several species within the course of a year, but the effecls of
gseasonal or cyclic fluctuations in individual species on the zonation
and stratification of the entire population were unpredictable, and

could nol alweys be correlated with known factors.

Even though the magnitude of diversity changes in the undisturbed
strip indicated that substratum was continually being colonized by new
species, the populations that asppeared on this strip were different
from those colonizing cleared stripg at the same time. This difference
can to some degree be abbributed to the presence of an algal canopy
in the control. The results from the experiments in the tidal simulabor,
and the glass slides placed in the field, indicate that many littoral
species found on the upper levels of the shore need protection at the
time of settlement to successfully colonize the substratum. Even the
dominant canopy species survive higher on the shore 1f protected when

small, Hatton (1932) found that the level of Fucus vesiculosus on the

shore wes raised when germlings were first covered by Interomorpha

e

intestinalis, =nd a similar result was obtained with Fucus spiralis

the tidal simuwlator. The populations in the lower levels of the clearsd

sbrips came to resemble those in the control only after the Fucus spiralis

canopy was regtored. Since the same speeiles couwld then colonisze the

- - n . . - 2.
cleared strips and the control, the populeiions changed in phase with
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each other, ag shown by the higlh similarities calculated between

populations at the same level.

Since an algal canopy was not well developed in the top levels
of the control this factor should be less important there in determining
the diversity of colonlzing species. In the absence of s canopy-the saite
specieg can be expected to colonize the control and cleared strips from
the beginning. This would account for the observation that on cleared
strips populations at the top levels came to resewble those in the

control sooner than the populabtions at the bottom levels.

Although these conclusions adequabely explain the species
distribution observed on the strips, the experimental results indicate
that the interactions between colonizing species and the presence of an
algsal cover are more complex. It was found that different kinds of
algal cover will result in different colonization patterns. Ascophyllum
nodosum provides a cover over a large surface without monopolizing much
of the actual substratum. In this case the diversity of colonizing

species under the canopy was increased. Since Fucus spiralis provides

8 similar kind of cover, the same conditions will probably apply under
its canopy. On the other hand, sn algal cover in the form of a dense
turf monopolizes the substratum underneath in such a way that the
diversity of colonizing species is decreased. The number of species
found under the turf of fucoid germlings was half that under adult

Tucus spiralis planbts, and the abundance cof Ulothrix pseudoflaccs

colonizing under a cover of Enteromorpha intestinalis was greatly

reduced. The field observations of Seshappa (1956) also suggest that

a dense turf of Blidingis minims. (as Enteromorpha minims) can prevent

the setbtlement of Fucus spiralis zygotes.

The differences in colonization under a bturf and & canopy are
probably the result of conditions when submerged. Under water the

blades of both Ascophyllum nodosum and Fucus spiralis float vertically,

thus freeing the substratum they covered on the low tide. Howrever,

fucoid germlings and Enteromorphs intestinalis do not free the substrstun

when submerged, and propagules arve kept from colonizing the substratum

by the thick layer of fronds. .
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Since an algel cover in the form of a crust alsc monopolizes
the substratum, it can be expected to exclude newly settling species.
Although not experimentally demonstrated in the present study, the delay
in the development of fucoid germlings on strip 6 was probably caused
by the presence of the Blidingia and blue-green algal crusts. The Fucus
zygobtes couwld not colonize the substratum because it was completely
covered by the crustose species. If they did manage to atbtach themselves
to the top of the crust they would have been lost when the crust
disappeared. Furthermore, certain crusts such as Ralfsia have been
shown to have an antibiotic effect (TFletcher, 1975) and this might

actively exclude seblling species.

The zonation found among the initial colonizers on cleared
strips could nol be attributed wholly to seasonal factors, growth retes,
or compebition, and the probable cause of many of the vertical
discontinuities found in populations lie with some of the factors
influencing colonization. For example, zonabicn could appear ss the
tidal currents bring patches of different species inte contact with
different levels of the shore as the tide riseg and falls, This might
explain the observation that pstches of the same species appeared in
two separale zones within one strip (see Figure 18). Furthermore, the
establishment of a species within a zone can depend on the actual nurber
of propagules setiling and on the environmental conditions following
the settlement. As shown in the tidal simuwlator, severe conditions ave
more critical to species immediately after sctilement than the same
conditions are later in life, even a week later, and pabtches of propagules
which setile at high densities have a better chance of survival than those

with lower densities.

Zonation could also result from the increased environmental
stresses associated with the higher levels. At lower levels s successful
colonization might occur as soon as the substratum became available, but
some time might elapse before conditions are favourable for celonizetion
in the top levels. In 8 of the 10 cleared strips colonization took
longer in the top levels than in the bottom ones, and in strip 4 the torp

levels remsined uvnfavourable to alpac for 6 menths after clearing. B




the time conditions were favourable in the upper levels, the species
diversity in the surface water could have changed as a result of
patchiness or the seasonal reproduction in some algae. The many
different ways in which variations in enviromentsl conditions can be
conbined with spabtial snd temporal differences in propagule distributions
would account foxr the apparently random patteirns of zonation thal were

found in the cleared strips.

Patchiness, as a structural feabure of the community, was not
experimentally investigated in the present study because no way was
found to measure or quantify lthe pabtches. Generally, communities on
a shore are considered to be patehy if obvious discontinulties in
species distributions are visible (Levin and Paine, 107h). llowever,
any discussion on such a basis may misrepresent the real patberns to be
Tound, because the patch sizes are not always linited to our scale of
vision. Patchiness must be defined in terms of the size of the
orgenisms involved, and this was not feasible within the exverimental
site because the size range of the organisms was too large. Patches
of 50 uwere observed in the disbributions of the blue-green algae, but

for Ascophyllum nodosum the scale was in metres.

Although patchiness wes not directly investisated in the present
study, some of the resulis obltained do have a bearing on this aspect of
community structure. Tr: the first place, the observations of grazing
in the tidal simulator and on strips 9 and 10 provide additional
evidence that some of the patchiness found on uniform substrata can be
sttributed to trophic interactions as also indicated by Connell (1972).
The concept of grazing induced patchiness in the libttoral has developed
from observing large grazing animals such as limpetbs. Most algae are
gbsent in the areas where the herbivores are located, and the
discontinuities between grazed and ungrazed areas are essily jdentifiasd
(Lodge, 1948, Southward, 1964; Cubit, 1974).  This was the case when
limpets moved into the middle levels of strip 9 and left only Ralfsmia

verrucosa. A similar phenomenon was also observed by J. Menge, (1975).

However, the grazing cxperiments in the tidal simuluaber have also

ghown that the relationship bebween patchiness and grezing 18 more complex
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than has been previously anticipated. In the first place, grazing by
smaller herbivores can cause a patchincss which cernot be normally seen

or measured in field studies. The amphipods wers found to gruze

both Enteromorpha intestinalis and Blidingis minima in patches wvhose

size was in millimetres. Such patchiness could readily be observed

on the uniform glass plates, but because the natural substratum is rough
and opague 1t would not be visible in the field. Since the nerbivore
densities used in the experiment were similar to those found on Cumbrae,
the patches resulting from amphipod grazing are probably present in the

natural popwlations of these two green algae.

Turthermore, nob all amphipod grazing occurred in patches. At
the lower levels on the glass plabtes they nol only grazed patches in the
turf, but they also shortened the length of many blades by cubting
through them above the substratum (see Plate 10). Thus, the effect of
thig herbivore species on algal distributions will depend on the feeding

method used.

Patchiness caused by local disturbances could also be increased
by the effect settlement densities have on survivzl during colonization.
The differences found in the density of colonization between proximate
locations could result in small areas where planis survive and others
vhere they do not. A possible example of this phenomenon is the
patchiness found in the top levels of growth in the tidel simulator
(see Plates 6,7,9). Since the envirvomment in the simulator wes uniform
and without disturbances, the pabchiness can only be atbributed to the

differences in local spore densities which arose from the random dispersal

Kl

of spores (a random distribution does not imply an even one). The
plants survived higher on the plates in patches where rendom dispersal
resulted in locally higher densities. This factor might also account
for the uneven boundary between the fucoids and the crust of blue-green
algae shown in Plate . These observabions provide an example of the
situation hypothesized by Levin (1974%) where spatial heterogeneities

result from ‘essenticlly random variations with respect to colonization'.

Since the organisms which inhabit rocky shores grow relabtively

quickly the normal populationsz can be expected to re-establish themselves
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repidly. Dayton (1971) therefore believes that disturbances need to
occur on a fairly regular basis 1f patchiness 1s to be maintained as a
structural feature of the community. However, Levin (197h4) has
recently hypothesized, using a mathematical model, that continuous
disturbances are nobt necessary to mainbain patchiness if the initial
colonizers of a patch can resist the invasion of its habitat by other
species, especially the ones following it in the recolonizing sequence.
Such behaviour will prolong the life of a patch as a separate and

visible mwnit in the community.

In view of the results obtained in the present study this hypothesis
seems to be applicable to somé rocky shore communities. As mentioned
previously, the invosion of the substratum by new species was found to
be reduced by a dense growth of an established species. On several
occasions even the turf of fucoid germlings (the local dominant) was
delayed by the presence of species already established on the substratum.
The dominance of eslablished algal specics over colonizing ones seems
to be a common phenomenon on rocky shores for it has also been observed
in the sublittoral zone (Kain, 1975; Foster, 1975a). In general,
the established specics seems always to be competitively superior to
one just settling, or growing beneath its cover, and this would exvlain
the observation that species colonizing a newly cleared strip rarely

appeared in strips already covered by other species.

Most species appearing eoarly in the colonizing sequences were
ephemeral and did not remain long on the shore. Thus Iucus spiralis
has a chance to become the dominant by settling and growing during the
periods when the ephemerals disappeared, even though it has a relatively
slower growth rate. When the fucoid germlings are small, ephemeral

species such as Entercmorpha intestinslis may cover them and slow their

growth even further, but the species seems to have adapted te its role
as an understory. There was no evidence of unhealthy germlings under

the B. intestinalis in the Tield, and Schoubeck (1976) found thatb

cgermlings will survive a period of total darkness for 90 days. Once

established, the relative longevity of Fucus spiralis in the top of

4

the ewlittoral zone will make it the dominant, since 1t can keep nevwly
arrived species from monopolizihg the substratum for longer than cther

speciles.
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Since established algal species which monopolize the substrotumn
can prevent other species from taking over their habitat, the sequence

of colonizing species in the cleared strips was probably determined ai

o

the time cach established specics finished its life-cycle. The species
to appear next in the seguence was dependent on the propagules available
in the surface water and in the envirommental conditions al that time.

If the environmental or biotic conditions were unfavourable at the
time an established species in the sequence was losl from the shore,

the substratum remained bare, as was observed in strip 1 (see Figure 11).

These observabtions suggest that dominance within a zone is more
likely to be a result of longevity rather than direct competition. n
locationy where species change rapidly the alga which can monopolize
the substratum for the longest period will be seen as the dominant.

In addition to the example of Fucus spiralis from the present study, a

dominance based on longevity has been reported in algal populations of

other zones. The dominance of Ascophyllum nodosum over Fucus

vesiculosus and Fucus serratus on sheltered shores can cnly be abtributed

to its longevity. Normally A. nodosum grows much slower than the two
Fucus spacies and thus seems to be competitively inferior (Schonbeck,
1976).  However, its adventage lies in the longevity of its fronds,
which can last up to 13 years (Baardseth, 1968) against 1-3 years for
the Fucus species (Rees, 1932). It may toke 30 years for A. nodosum to
establish itself (Baardseth, 194%) for it remains under a canopy of
Fucus species for many years (Knight and Parke, 1950}, but once

established it will be the dominant because it monopoiizes the substratum

for longer than the other species.

The dominance of Laminaris hyperbeorea over Ssccheriza polwschides

in the subliitoral can also be relabed to its longevity, sinee the
former is a percnniel plant and the latter only an aunusl. Both
species will colonize open substrata. In the first year the faster
growing 5. polyschides can keep L. hvperborea from becomining the

dominsnt by being the first to form a canopy. However, after the

5

o

first yeer the annual species is lost from the shore giving the L.

hyperborea a chance to grow. By the second year the L. hyperboves
e
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canopy is extensive enough to preveni the development of new S. polvschides
(Norton end Burrows, 1968; Kain, 1975).  Since L. hyperborea is a
perrenial, it will monopolize the substratum for a number of years. Thus
in meny areas S. polyschides can appear only in a year which follows

the loss of L. hyperborea planbs from the substratum.

Once loug-lived algal species have colonized disturbed pabches
cn the shore, they will partition the substratum accoxrding to their
individual tolerances and by direct competition. These factors then
determine the normal zonation patterus that ome finds on the shore among
the dominant species, as has been indicated in numerous studies (reviewed
in Connell, 1972; Chapman, 1973; Menge and Sutheriand, 1976).  The
three long-lived species found within the cleared strips were Pelvetia

canaliculata, Fucus spiralis, and Gigartina stellata.  Schonbeck (1976)

found that Pelvetia canaliculata is limited to the littoral fringe by

competition with Fucus spiralis, and the latter specices is probksbly kept

from the lower culittoral through competition with Gigartina stellata

(K. Khfagi, personal communication).

The term succession has been avoided in this discussion and as
suggested by Kain (1975) 'sequence' has been used in preference to
describe recolonization.  Although it was found that a canopy was
necessary for the development of the teyminal populetions in a sequence,
there was no order in the appearance of species before the development
of & canopy. Turthermore, species which appeared first in a seguence
could prevent or inhibit the growth of species following it; an
observation which is contrary to the usual concept of succession,
where each species appearing in a seguence is competibively superior

to the one preceding it {Colinvaux, 1972).

The present study of btemporal changes in a rocky shore algal
community has shown that community structure is highly variable, and
that the factors involved in debtermining species digtributions ar
more complex than has previously been anlticipated. In considering
only those faclors that influence colonization it was found that the

resence of & spzcies on the shore may depend on
P X ¥

e
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(1) the patchiness of propagule densities in the water,
(2) the density of settlemeut,
(3) the level on the shore, and

(4) the presence of an established algal cover on the substratum.

In a study of this kind it is impossible to consider all possible
factors, and further investigations may indicabte additiounal ones that
cause discontinuities in species distribulions. However, the results
have provided sufficient grounds to question the broad generalizations
often made concerning community strucbure on rocky shores. Menge
and Sutherland (1976) believe that community structure in trophically
simple communities 1s determined by competition and environmental
tolerances. This generalization is applicable only to the long-lived
species since other factors were found to control the distrihutions

of the less persistent members of the community. Furthermore, it was
observed that the complex trophic interactions suggested by Menge

and Subtherland (1976) are not necessary to maintain a high species
diversity on the shore. In the upper levels, the short lifespan of
many algsl species and the high degree of temporal wariation in doth
the phiysical and biological environment can greatly increase the

nunber of species co-exigbing on the shore.




APPENDIX I: Organisms found within the experimental
site on Cumbrae and the mmerical code
used to identify them in the computer
assisted analysis of data. '

For algae the nomenclatural references
are from Parke and Dixon {(1976) and for
animals from Bruce et al. (1963).

>

Species " "Numérical code

CHLOROPHYCEAE

Blidingia marginata(lﬁﬂw)P.D&nﬁ. o2
Blidingia minima (Nig)Kylin 403
Crustal form of Blidingia L0000

Capsosiphon fulvescens (C.Ag.) Setch.
et Gardn. TO1
Chaetomorpha melagonium (Web. et Mohr) Kiitz. 903
Cladophora albida (Huds.) Kutz. 1301
Cladophora rupestris (IL.) Kiitz. 131k
Cladophora sericea (Huds.) Kutz. 1315
Codiolum gregarium phase 1ho1
Codiolum petrocelidis phase 1ko2
Enteromorpha flexuosa (Wulf.)J.Ag. 1804
Enteromorpha intestinalis (L. )Link - 1805
Enteromorpha linza (L.)J.Ag. 1807
Enteromorpha prolifera (0.F. Mull.)J.Ag. 1808
Monostroma oxyspermum (Kutz.)Doty 2205
Percursaria percursa (C.Ag.)Rosenv. 2501
Prasiola stipitata Suhr 2802
Pseudendoclonium submarinum Wille 3001
Rhizoclonium riparium (Roth.)Harv. 3305
(includes former R.implexum) 3303
Rosenvingiella polyrhiza (Rosenv.)Silva 3401
Spongomorpha arcta (Dillw. )Kitz. " . 201
Ulothrix conscociata Wille hool
Ulothrix flacca (Dillw.)Thur. 1002
Ulothrix pseundoflacca Wille - 4003
Ulva lactuca L. Lio1
Ulvella lens Cruan frat. kool
Urospora penicilliformis (Roth)Aresch. 4302

Unidentifiable green crusts possibly
Monostroma sp. -{MOQOO
40100




Species " Numerical code

PRASINOPHYCEAE
Prasinocladus marinus (Cienk.)Waern 4401
PHAROPHYGEAE
‘ Ascophyllum nodosum (L. )Le Jol. 5001
Ectocarpus sp. . T500
Elachista fucicola (Vell.)Aresch. 7602 -
Pucus spiralis L. - 800k
Fucoid germlings 8000
Giffordia/Pilayells sp. 8100
Halothrix lumbricalis (Kitz.)Reinke 8501
Litosiphon filiformis (Reinke)Batt. 9901
Pelvetia canaliculata (L. )}Dcne et Thur. 10901
Ralfsia verrucosa (Aresch.)J.Ag. 11805
Sphacelaria fusca (Huds.) S.F.Gray 12505
Stityosiphon tortilis (Rupr.)Reinke 13003
Uniseriate creeping filaments 9201
RHODOPHYCEAE
Audouinella sp. 100

Audouinells purpurea (Lightf.)Woelkerling 26202
Ceramium shuttlevorthianum (Kutz.)Rabenn. 16321

Gigartina stellata (Stackh.)Batt. 20003

Hildenbrandia rubra(Sommerf.)Menegh. 21702

Petrocelis cruenta J.Ag, 2h101

Porphyra linearis Grev. 25303

Porphyra umbilicalis (L.)J.Ag. 25306
CYANOPHYCEAE

Rivularia sp. 29800

Crust of blue green-—-algae
_ genera identified in crust : 27800
“Anacystis, Calothrix, Microcoleus,
‘Nostoc, Oscillatoria, Schizothrix,
Spirulina




Species

LICHENS
Lichina sp.

Yerrucaria sp.

PORIFERA
Halichondria panicea Pallas

Hymeniacidon perlevis Montagu

CRUSTACEA
Balanus balanoides L.

MOLLUSCA
Mytilidse (mussels)

" Numerical code

41000
60000

51000
52000

50000

55000
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APPENDIX ITI: Species abundances and fertility in
the sampling gquadrats within the
experimental site on Cumbrae.

The data is presented first by sampling date, then by
strip and finally by level on the shore. Cleared strips are
numbered from 1 to 11 in the order of clearing, which was as
follows:

b June 1975

Strip 1 - 9 August 197k 7 -
2 - 25 September 197h 8 - 18 July 1975
3 - 2k November 197k 9 - 2 September 1975
4 ~ 10 December 19Tk 10 - 2 September 1975
5 - 10 February 1975 11 - 15 January 1976
6 - 8 April 1975

The control strip is numbered 101 and strips sampled
before clearing are prefixed by '10'; thus strip T before
clearing has a number of 10T, The levels are numbered from 1 to
8 in and correspond to the following heights above L.A.T.:

Level 1 - 3.0m 5 - 2.hom
2 - 2.86 6 - 2.37
3~ 2.70 T - 2.17
y - 2,61 8 - 1.89

. Species are identifed by the numerical code given in
Appendix T. A removable card listing the species and their
codes can be found attached to the back cover. The format of
the data for each species is presented as follows:

00000070 —u
pe
Species — Coverage of substratum - Fertility
using the scale of 0 - bLi 1 = plants found in

. ducti e
0 = present only in reproductive phase

scrape sample 0 = no plants found in
1 = cover up to 24% reproductive phase
S 2=25- hog ‘
3 = 50 - Tk
h =75 - 100%
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STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

SEPTEMBER

1

e B o NV RN_ SNV AN B o

701-0-0
701-4-1
1805-4-1
403~-0-0
403-0-0
1314-0-0
1805-4-1

1974

1805-0-0
1805-0-0

1805-4-1
1805-4-1
1805-4~1
4302-0-C

27860-1-C
27800-1-0

278C0-1-0

1808~-0-0
27800-1-0
278C0-1-0

27800-1-0
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4

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

OCTOBER

1

00 O AN s W N

2

QO NN DN e

1974

701-0-C
701-4-1
403-0-1
403-1~-0
403-0-1
701-0~0
701-1-0

7¢1-1-0
7¢1-1-0
701-1~-C
701-1-0
701-1-0
701-1-0
701-1-0
701-1-0

1805-C-0
1401-0-0
701-0-1
701-0-0
701-6-1
1805-4-1
1314-0-0

4003~-0~-0
4003-0-0
4003-G-0
4Q003~-0-0
4503-0-0
4003-0-C
4003-0-0
4003-0-0

27800-1-C
4302-¢C-C
1401-0-0
1805-4-0
1805-4-1

1805-4~1

27800-1-0
27800-1-0
27800-1-C
27800~ 1-¢
27800-1-0
278C0-1-¢C
278C0-1~C
27800-1-0

27800-1-C
1805-4-1
27800-1-0
1808~0~0

1807-0-0

278C0-1-0

16321-0-0




91

19

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

NEVEMBER

1

oW Pwn e

2
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701-4-1
701-4-1
701-1-1
7G1-0-1
701-0-1
1314-0-0
903-0~-0

701-1~-0C
701-1-0
701-1-0
7C1-1-0C
701i-1-0
701-1-0
701-1-0
7¢1-1-0

1974

1805-C~0
1805-0~-1
1805-4-1
1805-4~-1
1805-3-1
1805-2-1
1314~1-C

27800-1-C
27800-1-0
21800-1-0
27800-1-C
27800-1-C
27800-1-C
27800~1-0
27800-1-0

40C03-0~-1
4063-1-1

30¢01-C-C
8000-0-0

igGs-2-1

4302-1-0
4302-0-1

20003-GC-C

16321-C-C

&C00-C-0
8000-0-0

27800~-1-0
27800-1-0
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10 DECEMBER

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

1

OO oo

2

QO = O U B 0N

701=-1-1
701-2-1
701-1-1
1805-4~-1
1805-2-1
1314-1-0
1314-1-0

T701-0-0
781-0-0
701-0-0
701-0-0
7¢1-0-0
701-0-0
1C1-0-¢
701-0-0

1974

1805-1-0
1805-1-1
1805-4-1

30C1-C-0
1805-1-1
1805-0-1

€C€00-0-0
8000-0~0
8C00-0-0
8€00-C-C
1805-0-C
1805-0-0
1805-0-0
1805-0-90

4003-0-1
4003~-0-C

27800-1-¢C

16321-0-C

40C3-0-0
4003-0-C
4003-0-0
40C3-0-C
40C3-C-C
4003-0-0
4003-0-0
40C3-C-C

8000-0-C
27800~-1-0

27800-1-C

27800-1-0
27800-1-C
27800-1~-0

27800-1-0

800C~C~-C
8000-~C~-0C
8000-0-0
§00L-0-C

27800-1-0

27800-1-0
27800~-1-0
27800-1-0
278C0-1-0
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17 JANUARY
STRIP 1
LEVEL 1 1805-0-1
LEVEL 2 1805-1-1
LEVEL 3 1805-4-1
LEVEL 4 1805-3-1
LEVEL 5 1805-1-0
LEVEL 6 1314-0-0
LEVEL 8 1314-0-0
STRIP 2
LEVEL 1 1805-0~0
LEVEL 2 40000-3-C
LEVEL 2 701-0-0
LEVEL 4 701-0-0
LEVEL 5§  40000-4-0
LEVEL 6 1805-0-0
LEVEL 7 1314~-0~0
LEVEL 8 1805-0-0
STRIP 3
LEVEL 1 3001-0-0
LEVEL 2 3001-0-0
LEVEL 3 3001-0-0
LEVEL 4 3001-0-0

1975

4C03-C-C
40000-0-0
40000-0-0
27800-0-0
40000~1-C
1895-1-0
1805-1-0

4003-0-0
4003-0-0
4CC00~-4-0
1805~-0-0
27800-1-0
40000-4-C
1805-¢-0
40000-3-0

80C0~-0-0
80CC-0~¢
80C0~-C-0

80C0-0-C
40000~1-0
1809-0-0

80C00-0-0
27800-3-0
80CC0-0-C
40000~-4~C

278C0~-1-C
400C0-3-¢
8000-0-0

27800-3-0
27800~-1-C
26201-0-0

27800-C~-C
8000-C~C
40000-1-0
27800-3-C
217800-1-0
4003-C-0

2780C-1-0
27800-1-0

278C0-1-0
27800-C-0

4101-1-0 80C0-0-0 278CC-0-0
8000-C~-0 27800-1-0
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STRIP 101
LEVEL
LEVEL
LEVEL
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STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

o2 NS I UL L WO

STRIP 2
LEVEL
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STRIP 3
LEVEL 1
LEVEL 2
LEVEL 2
LEVEL 4

10901-2-0
4003-2~1
1314-0-0
80C4~-2~0
1314-0-0
802 0~0-0
8004-1~0
4003-0-0

1805-0-1
1805-2-1
1805-3-1
1805-1-1
1805-0-¢C
1314-0-1
1314-1-0

701-1-1
701-0-C
7C1-0-0
22¢5-1-0
2205-0-0
40000-4-0
4000C-4-0
40000-4-0

1314~0-1
1314-0-1
1314-0-0
13i14-0-0

1975

4003-2~-1
8600~-0~-¢C
4003-0-C
21702~-2-1
8004-2-C
8004-4-0
20003-2-0
8004~1-C

40000-0~0
40000-C-0
40000~-1-0
40000-3-0
1314~-1-1
1805-0-1
1805-0-1

40000-3-C
1805-0-0
2205-C-C

4£0000-4-0

40000~4-0

8000-0-0
27800-0-0
27800-0-0

1805-0-C
1805-0-0
1805-C-0
1805-¢-0

4302-0~-1
109C1-1-C

8000-1-C
27800~1-0
118¢5-1-¢C
11805-0-0
21702-1-0
11805-1-C

8000-0~C
4003-0~C
27800-1-0C
8000-0~0
8C¢o~-0~-¢C
40060-0-C
4101-2-¢C

27800~1~0
2205-0-0
40CC0-4-C
80C0-C-¢C
278C0-0-C
27800-0-0C

2802-C-1
2802-0-1
2205-1-¢C
2205-1-¢

27800-4-0
21702-0C-C

8004-4-0
11805-0~0
21702-2-0
20003-1-0
24101-1-0
20003-1-0

27800~-4~0
8004-C~0

27800-1-0
27800-1-0
4101-1-¢

40000-3-0
27800-0-0
27800-0-0

4003-1-1
4003-1-1
3001-0-0
3001-0-G

27800-1-0
1€901-1-0
24101-1-0
24101-2-¢
21702-1-G
271800~1-0
21702-2-0

27800-2-90

8000-0-0

4003-0-0

4302-C~1
4302-0-1
4003-0-0
4003-0-0

3004-4-0
21702-C-0

27804-0-0
24101-2-0
11805-1-0
27800-0-C

2780C0-1-0

800C-C-0C

7500-C-0
7500-C-0
4302-0-0
4362-0-0

278C0-1-0

5¢0CC~1-0
50000~-1-0

21800-1-0

27800-1~-0
2780¢-1-0
7500-0-0
7500-0-0

24101-1-0

27800-1-0
27806-1-0
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LEVEL
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43G2-0-0
4302-0-0
4302-0-0
4302-0-0
4302-0-0
4302-0-0
4302-0-0
4302-0-0

40000-0-0
40000-0~-0
40000-0-0
40C00-0~-C
48000-C-0
4C000-0-0
4€C00-0-C
40000-0-0

2780¢0-1-C
27800-1-0
27800~1~-0
278C0-1-C
27800-1-¢
27800-1-0
27800-1-C
278C0-1-¢
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STR1IP i
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

Co B PO
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LEVEL 1
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4003-0-0
3001-0-0
1805-0-0
1805-0-0
30¢1-1-0C
3001-0-0
3001-0-0
50000-1-0
3001-0-0

701~0-0
1805-2~1
1805~4-1
1805-4~-1
1805-4-1
1314-0-0

903-0-0

1805-0-GC
701-2-0
701-4-0
403-0-0
40000-2-0
701-0-0
1805-0-0

701-0-0
701-0-0
701-0-0
701-0-0

4302~-0-0
8004~-4-0
3001-0-0
3001-0~0
8004~-2-0
11805-3-0
2205-C~¢C

11805-3-C

1805-1-¢
40000-1-0
40000~0-0
4G090~-0-0
40000-0-0
1805-1-0
1314-C-0

40000-1-0
1805-1-0
1805-1-0

701-4~0
8C00-0-0
1805-0-0
2205-0-0

1805-0-~0
18065~-0-0
1805-0-0C
1805-0-0

80C0~-4-C
21702-1-0
8004~3-0
4003~0-C
11805-0-¢C
21702-0-0
11805-3-1

27800-0-0

400C0-1-C
8000-0~-C
8000~1-0
80C0-1~¢C
4302-0-0
40000-0-0
4101-1-C

4003-0~-0
4000C0-1-¢
40000-0-C

1805-0-C
11805-2-C
40000-2-0
40000~-4-C

2205-0-0
2205-0-0
2205~-0-C
2205-0~-0C

10s01-1-C
27800~1-¢C
21702~1-0

8004-4-0
2€003-1-¢
24101-0-0
20003-1-0

8004-1-0

4003~-C-¢
27800~1-0
21702-0-0
21702-¢C-C
8000-0-C
8000-0-0
80Q00-C~0

4302-0-0
4003-0-C
4003-C-C
2205-0-0
20003-1-0
8000-1-0
27800-1-0

4C000-1-0
40000-1-0
4000-1-C
4€000-1-0

27800-1~-0

24101-1-0
11805-0-0
21702-1-0

8004-4~0
21702~0-0

5€000-1-0

4302-0-0

2C0€03-C-0
20003-0-0
16321~C-0

8000-0~0
1500-0-0
75C00-C~0
40000-0-0
21702-2-0
11805~-1-0

4003-C-0
4003-0-0
4003-C-0
40Q03-C-0

27800~-0-0
21702-1-0
24101-1-0

24101-1-C
2€003-1-0

8¢0C-1~-0

27800-C-0
24101-0-0
20003-0-0

21800-1-0
11805-2-0
11805-2-0
11805-1-0

21702-1-0

4302-0-0
4302-0-0
4302-0-0
4302-C-0

10sC01~-1-0
24101-2-0

21800-0-0

278C0-4-0

27800-0-0
27800-0-0

27800-1-0
27800-1-0
21702-0-0

27800-1-0

7500-0~0
7500-0-0
7500-0-0
75C0-0-0

27800-0-0

8004-1-0

2780C-0-0

27800-1~0
27800-1~0
27800-1-0
27800~1-0
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LEVEL 5
LEVEL 6
LEVEL 7
LEVEL 8

1805-0-0
1805-0-0
1805-0-0
1805-0-0

40000-1-0
40600-1-0
40000-1~0
4C000-1-~0

4003-0-0
40C3-0-¢C
4003-0-0
4003-0-0

4302-0-0
4302-0-0C
4302-C-0
4302-0-0

27800-1-0
271800~1-¢
218C0-1~0
27800-1~0

2205-0-0
2205-0-0
2205~C-0
2205-0-0
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701-0-0
9201-0-0
11805-0-0
1805-0~-0
10901-1-0C
8004-2-0¢
8004-2-0
9201-0-0
1314-1-0
50000~-1-0
701-0-0

3401-0-0
7500-0-0C
8004-3~0
11805-1-0
50C1-4-1
3001-0-0
11805-1~1
80C4-1-0

903-0-0
18¢5-1-1
1805-4-1
9201~-0-0
9201-0-0C
1314~-1-0

903-0~-1

11805-0-0

4003~-0~0
1805-0-0
10901-1-0
4302-0-0

20003-0-0
11805-0-0
403~-0-0
1805-C~0

1805-0-0

4003-0-0
8004-0-C

24101-2-0

8004~1~C
20003-1-¢
20003-2-0

4003-C-0
8004-0-0
40000-0-0C
403-0-0
403-0~-0
1805~C-0
1314-1~-1
27800-1-0

8000-3-0
40C2-0~-C
21702-C~C
8004-1-0

217Ce2-1-C
20003-2~0
8004-3-0
2205-¢~C

4003-C-0

8000~-0-0C
11805-0-0

200C3-2-0
21702-1-C
27800-0-0

8000-1-0
10901-0-0
80CC~-0~-C
7C1-C-C
1805-4-1
40000-0-0
18¢5-1~1

10901~-1-0
4003-0-0
278Q0C=-0-C
7500~0-0

24101-3-¢
21702-1-~0
11805-2-0

8004-1-C

4302-0-0

27800-1-C
10901-1-0

27800-1-C
24101-1-¢

27800-4-0
27800-3-0

1805-4-1
7500-0-0
7500-0~0
1808-¢C~¢

217800-2-0
4302-0-0

11805-0-0
24101-1-0
20003~1-0

1500-C-0

8004-1-0

27800-4-0

7500-C-0
8000-1-0
11805-1-0
2205-0-0

8000-C~0 8004-4-0
21702-1-0 241C1-1-0
27800-0-0
11805-1~-1 24101-2-0
20003-2-0 278CC-1-~0

8060-C-0Q
11805-0-0 2CCGC3-0-0
27800-0-0

4003-0-0 8006-1-0

7500-0-0
27800-0-0

27800-0-0

50000-1-0

2780C0~0~0

7500-0-0
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1401-0-0
403-0-0
701~4~1
403-0-0

9201-0-0

9201-0-0

9201-0-0

27800-1-0
403-0-0

4003-0-0
4003~0-90
1808-0-0
4003~-1~-1
761-0-0
9201-0-0
201-0-0
403-0-0

4003-0-0
201-0~0
4002-0-0
2802-0-0
2802-0-0
403~0-0
40000-0-¢
201-0-0
201=-1-0

1805-1~C
701-0-0
1808-0~0C
701-4-1
403-0~0
403~-0-0
403-0~C

4003-0-0

4302-0-0
4302-0-0
4003-1-¢
4302-0-1
2205-0-0
4003-C~0C
2205-0~-0

201-0~0

4302-0-0
4003~-0~-0
4003-2~0
4003-1~1
4003-1~1

701i-0~-0

4002-1~0
2802-0~¢C

2205~0-0
1805-2-1
75C0-C-C
18C€5-1-C

701-4-1

7C01-0-1
18¢8-0-C

4302-0-0

27800~1-C
27800~1~0
4302-0-0
27800-1-0
4QC2-0-1
11805-0-¢
4003~0-0
2205-0-0

27800-1-¢C
4302-0-0
4302-1-C
4302-2-1
4302-2-1
1805~-0~0

4302-1-0
4003-0~C

2802-0-0
1808-0-0
27800-0-0
1808-0-0
1805-0-C
1805-0-0
2205-0-0

8000-0-0

40000~-1-0
8000-C-C
4C000-1-¢
4003~0-1
278080-1-C
11805~1-0C
4003-0-0

40000-2-C
4C000-1-0
2780C¢-1-¢C
8000-0-C
8000-0-0
2205-0-0

7500-2-0
4302-1-0

4003-0-0
8000-C-0

4003-C-0
2205-0-0
11805-4-0
3001-0-0

27800-3-0

11805-0-0

11805-1-0
40000-2-C
4CC00~3-1
11805-1-1

4C000~-1-0
40000-1-0
40000-1-0

4003-0-0

21800~-0-0
27800-0-0

7500~C-0
7500-0-0
750C-C-0
11805-C-0

27800~-0-0
4003-0-0

27800~1-0
27800-0-0

24101-0-0

4302-0~0

4C000~1~0
40000-2-0

118¢5-0-0
2780¢-1-0

11805-0-0
27800~1-0

7500-0-0

40000-1-0

40000-2-0

27800-1-0

7500-2-0

27800-2-0

27800-0-0

11805-3-0

400C00-3-0

27800-1-0
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4003-0-0
1805-0-0
27800-1-0
1805-0-0
21702~1~-C
403-0-0
92C1-0~-0
1805-0-0
27800-1~0
403-0-0
50000-2-0
201-1-0
21702-0-0
201-1-0
27800-2-¢C

13G5-0-0
403-0~-1
1805-4~0
701-0-0
403-0-0
9201~0~-1
403-1-0
1315-0-1
4000C~-0-0
403-0-0
20003-1-0

403-0-0
403-1-0
403-2-0

8000-3-0
4003-0C-1
40000-0-C
2205-0-0

1805-0-C
50000-1~0C
4003-0-0
40C00-C~C
1805~-1-C

1805-0-0
24101-1-0
1805-0-0
9201-0~0

4003-0-1
701-0-0
4003-0~-1
201~-0-0
701-0-0
7500-0~C
1805-2-0
1805-3-0
5201-C~0
1315~0-0
21702-0-1

2205~-0-0
701-0-0
701-C-1

10901-1-0
4302-0-C

3001-0-0
80C4~4~C

80CC-0-0
500C0-1-C
80C04-4~C

2205-0~0
278C0-0-C
8004-1-0
50000-3-¢

4302-0~-1
18¢5-0-C
43C02-0-C
80C0-0-0
201-0-0
500C0-1-C
4003-0-C
1808-0-0
50600-2-C
1805-3-¢
3201-0-0

4003-1-1
1805-1-0
1805-2-1

27800-1-0
8004-4-0

4003-0-0
i1805-C-¢C
8004-2-0
11805-2-1

4003~-0-1
5C000-2~C
8100~1~C
16321-0-0

8000~-1-0
2205-0-0
8000-C-¢C
1805-4-0C
1805-4-0

§00C-2-0
8000-1-0
20003-1-0
2205-1-¢
4CQ000-0-0

4302-0-1
4002-0-1
1808-C-0

8000-0-0
8004-2-0
21762-1-0
11805-1-0
21702-1-C
4302-0-1

11805-2~-¢

27800-4~0
4302-0~-0
21702-C-1
2¢01-C-0
2205-0-0

218C0-C-0
8100-0-0

4003-0-0
5C000~-3-0

80C0-C-0
4003-1-1
2802-0-0

11805-0~-1
11805-1-0
24101-2-0
20003-2-0
24101-1-0

8004-2-0
2€003-2~0

8000~1-0
9201-0-0
278GCC-C-0
40000~-0~0

2€003-0-0
11805-1-0

8000-1-0

27800-4-0
4302-C-1
4003~0-0

10901-1-0
2780C~-1-0
27800-0-0
21702-1-C
218C0-0-0

8100-0-0
21702-0-0

27800-4-0
278006-0-0
5CCC0~1-0

8000-0-0

9201-0-0
16321-0-0

11805-0-0

4CCCC~-0-0
8CCC-0-0
80C0-0-0

21702-0-0

9201-0-0
40000-0-0
24101-1~0

9201-0-0
20003-1-0
24101-1-0

11805-0-0

50000~2-0
278CC-0-C

16321-0-0

27800-2-0
2780C0-0-0
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40006~-1-0
493-2-C
27806-0-0
403-2-C
27800-0~C
403-2-1
8G00~-0-0
403-2~1
11805-2-0
403-2-1
27800-0-0

4003-0~-0
4003-1~1
403-0-C
27800-2-0
403-0-0
27800-0-C

2802-0-0
701-0-0
701-0-0
701-0-1

40000-1-0
701-0-1
403-0-0
403-0-1

800C~0-0
403-0-0
27300-1~-0

18G5~0-0
4302-0-1
4003-0-0
4003-1-1

9201-0-0
701-0-C
4CC00-C-0
1805-3-0
40000-1-0
701-0-0
21702-C-0
701-0-1
21702-0~0
1805-2-1
9201-0-0

4302-0-C
217800-2-0
701-1-1
40000-1-1
701-0-1
4C000-1-0

4302-0-0
4003-1-0
4003~-2~-1
1805~-0-0
5¢000-1-0
2205-0-0
4003-1-1
701-0~-1
11805-1-0
201-2-0
40000-2-0

27800~-1-¢
8000-0-0
4302-2-1
4302-3-1

1805-3-0
50000-1-¢
18€8-1-¢C
50000-1-0
1805-3~1
278CC-1-¢
1805-3~1
27800~-1-0
1808-1-¢C
40000~0-0

27800-4-0
40000-3-0
1805-0-C

1805-0~C
50000-1-¢

27800-2-0
8000-0-¢
4302-0-1
2205-0-0

4003-1-1
4302-0-1
201-1-0
278C0-1-0
1805-2-C
50000-2~0

27800-0-0
278C0-C-0C
80CC~-C-¢C

1808-0-0
2205-0~¢

ig08-1-0
4CC0C~1-C
1808-1-0
4C000-0-0
4003-C-0
5C000-3-~¢C

40000-1-¢C
2205-0-0

2205-0-0

40000-2-1
27800-2-0
8000~-0~0
3001-0-0

4302-0-1
11805-1-C
1805-1-0
40000~1-0
1807-0-C

40000-1-1
40000~1-0
27800-1-0

4003-0-0
4C003-C-1

4002-0-0
5C008-2-C
4002-0-0
50000-2-0
4302-0~-0

4002-1-1

43002-2-1

40000-2-C
278C0-2-0
4003-2-1

8000-0-0
27840-1-0
1808-0-0
50000~-2-0
1808-0-0

8000-0-0
40000~-1-0

7602-C-0
4302-C-1
4003-0-1
4003-C~-1

11805-1-0

4003-1-1

4003-2-1

40000-1-0
4302-C~1
27800-2-0
4€000-2-0
2205-C-0

4003-C-0

50000-1-0

g¢co-1-0
80C0-1-0
4302-0-1
4302-0-1

20003-0-0

4302-1-1

4302-0-1

80C0-0-0
40000-2-0
9201~-0-0
4G003-0~1

8000-0~-0

15C0-0-0
1500~-0~0
11805-0-0
8QCC-~-0-0

21702-0-0

8000-0-0

8000-0-0

27800-1-0
50000-1-C
50000~2-0

4302-0-0

11805-1-0
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LEVEL 5

LEVEL
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LEVEL 7
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LEVEL
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4002-0-0
201-0-0
201-3-0
201-4-1

403-0-0
403-0-C
403-0-0
1805-0-0
4003-0-0
4003-1~-1
403-0-0
3001-1-1

4003-2-1
3C01~-C~0
1805-0-0C
4003-1-0

1805~0-0
1805-C-0
1805-C-C
27800-0-0
4302-0~1
4302-1~-1
1805-0-0C
4003-0~1

4302-2-1
4002-1-1
40C3-1-1
4302-0-0

27800~0-0
27800-0-C
27800-C-C
50000-1-¢C
278G0~1-0
278C0-0-C

4003-1-1

4302~1-1

8000-0-0
4003-4~1
8100-1-0
27800-0-0

21702-0-0
21702-0-0

40000-0-0
4€000-2-0
4302-1-1
8000-C-0

27800-0-0

4302-2-1
278C0-0-0
40000-1-0

50000-1-0
50000-2-0

8400-0-0
27800-C-0

50000-1-0 40C0C-2-0
27800-0-0 40000-2-0
4C000~-1-0 5CCQC-2-0
50000-2-0

27800-0-0 40000-2-0
4C000-3-0 5CCCO0-4-0

50000-2-G

50000-3-0
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4 JUNE

STRIP 107
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL

LEVEL
LEVEL

Ut N e

o

1975

8000-1-C
4003-0-0
800C-2-¢
1402-0-1
403-1-0
27800-1-0
5001-1-0
9201-0-0
8004-1-0
4201-0-0Q
50000-3-0

27800~-1-0
8000-3-0
8004-1-0
8004-2-C
4003-0-0
4€000~-0-0
§004~2-0C
56000-2-0
20003=-3-0
4G000-0-C

4€00C~C~0C
11805-0-C
11805-0-0
11805-0-¢C

8000-0-0

118C5-1-1

24101-1-¢C
11805-0-C

27800~1~0
27800-1-0
217¢02-2-0

3201-0-0

20003-2-0

27800-0-0
16321~-1-0

§201-0-0
9201-~0-0
24101-1-0
8004-2-0

21702-1-0

50000-3-0
20003-4-0

5€000~C-0

27800-1-0
11805-1-1

24101-1-0

21702-0-~0

40CC0-0-0
21702-1-1

27800-0-0

24101-0-0

9201-0-C
24101-2-C

40000-0-0

27800~0-0



<
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-

30 JUNE

STRIP 101
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL

LEVEL
LEVEL
STRIP i
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
STRIP 2
LEVEL
LEVEL
LEVEL

LEVEL

[o 0N} AN

-

UTLS W

-

1975

4003-0-0
14G62-0-0
1402-0-1
403-0-0
40000~0~0
4003-0-0
403~0~-0
20003-1-0
1315-0-0
118C05-1-C
403-0-1
50000-2-0

4C03-0-0
18G5-0-0
4C¢3-0-0
1805~-4-0
403-2-0
403-2-0
9201~-0-C
403-2-C
8100-0-0
403-1~-0
11805-0-0

1805-C-0
701-0-1
27800-1-0
4302-0-0
27800-2-0
701-0-0

4201-0-0
8004-2-0
4003-0-0
4003-0-1

4302-0-0
1805-0-0C
21702~-1-¢C
1805~-0-0
20003-1-0
1805-1-1

800C~-1-¢C
2205-0~-0
1805-4-0
2205«0-C
701-0-0
1805-1-C
50000-1-0
903-0-¢
20003-1-C
1315-0-0
20003-1~-0

4002-0-0
903-0-0
40000-2-0
403-0-0
4C000~2~-1
1805-3-0

8000-1-C
92¢1-C-¢C
4302~-0-1
8000-1-C

8004-2-C
1808-0-0
24101-1-¢
1808-0-0
24101-0-0
8004~1~0

278C0-3-0
4003-C~¢
3001-C-0
3C¢01-0-0
18C¢5-1-¢C
1808-0-0

1315-¢-1
27800~-1-0
1805-1-0
21702-0~-¢C

4003-0-0
1805-0-C

701-0-1
50CC0-0-C
18C08-2-1

10901-0-0
i0901~-2-0
8000-2-0
8004~2-0

5201i-C-0
5001-1-0
8160-C-90
2205-0-0
27800-1-0
9201-0-0

40000-1-0
8000-1-C
4003-0~-0
4003-0-0
2205-C-0
2205-0-0
1805-0-¢C

40000-1-0
1808-1-0

27800-1-0

4302-0-0
1808-C-C
1808-0-0

4003-0-0

27800-1-0
27800~-C-0
8004~-1-0
9201-0-0

11805-2-1
8000-~C-0
27800-0-0
g¢00-C-0
40000-0-0
11805-2-0

278CC-3-C
8000-0~-0
8000-1~0
8000-3-0
8000-2-0

1808-1-0
5CCC0-1-0
2205-0-1
40000-C~-0

8000-0-0
2205-0-0
2205=-0-0

8000~C-0

40000-C-0
21702-1-0
21702-2-0
11805-C-0

2C0Q003-1-0
8004-2-0
40000-0-0
8004~2-0
5C000-1-0
20003-2~-0

4CQ0GC-0-0
2780C-1-0
27800-1-0
27800~1-0
21702-C-0

2205-0-0
3001-0-0
9201-C-0
27800-0-0
4003-0-1
4003-C-0

810C-C~-0

9201-0-0
8CC0~-1-0
278¢C-1-0
21702-0-0

278C0-0-C
9201-0-0
50000-1-0
81C00~0-0

27800~-1~0

400CC-0-0
40000=-0-0
400CC~-0-0
278CC-1-0

4003-0~-0

8000-2-0
50000~2-0

4302-0-0
43C2-0-0

27800-0-0

4CQQ00-1-0
27800-2-0

400C00-0-0
11805-1-0

9201-0-0

40000-0-0C

50000~-0-0
50000-0-0
40000-1-1

800C~0-0

810C-0-0

9201-0-0
80C0-0-0

40000~-0-0
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LEVEL 5
LEVEL &
LEVEL 7

LEVEL 8

STRIP 3
LEVEL 1
LEVEL 2
LEVEL 3

LEVEL 4

STRIP 4
LEVEL
LEVEL
LEVEL
LEVEL

2N

LEVEL
LEVEL
LEVEL

~ v

LEVEL 8

STRIP 5
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

~N WM W

403-0-0
8100-0-0
403-2-1
21702~0-0
403-2-1
40000-2-0
403-3-1
21702-1-0

40000-0-¢C
40000-1~-0
403-0-90
27800-1-0
403-1-0
21702-C-0

27800-0-C
278CC-1-0
4003~-1-1
403-0-0C
500€0-C-C
7¢1-1~1
403-0-0
201-1-¢
50000-1-0
201-2-0

0-0-0
27800-0-0
4003-0-C
2205-0-0
4003-1-1
4003-1-1
201-4-C
£0000~2-0

701-0-0
27800-0-0
701-0~0
27800-1-0
i805-1-0
50000-1~0
1805-1~1
2780C-0-0

27800-0~0
27800-0~0
701-1~1

701-1~1

4C000~1~0
4302-1~-1
701-1-1

2205-0-0
1808-0-0
403-4~1

403-4~1

40000-0-0
4302-C-0
4003-1-1
4302~1-1
4201-0-0

701-0-C

27800-0-0

1805-3-0
400C0-1-C
1805-1-0
40000~-2-0
1808-1-0
217C2-1-0
18¢8-1-~¢C
400C0-2-C

18C5-¢C~C
1808-0-C

8000~-0-0
1808-0~0

4003~0~0
4003-0~0
i8gg-0-0

4003-0-0

27800-0-0
43C2-C~1
80CC-0-C
4302-1-1
1808-0-~1

5006C-1-¢

1808-2-0
5€00C~-C~-0
1808-1-0
50000-1-0
4003-0-0

4003-0-0
50000-1-0

1808-0-C

4003-1-1

9201-C-0
2205-0~0

4302-0-1
9201-C-0
4003-0-0

8000~0~-0

40000~1-0
27800~0-0
4€300-3-C
27800-1-0

4003-1-0

2205-0-0
4002-C-1
8000-0-0

8000-0~-0

4002-0-1
4302-0-1

27800-1-0
4003-0-90

g000-0-0
27800~1-0
8000-0-0

$201-C-0C

40000-2-0
27800-0-0
40000-4-0

4201-0-0

4003-0-0
4C03-0-1
9201-0-0

9201-C-0

4C03-C-1

8000-0-0

4C000-3-0
4302-C-0

27800-2-0
40000-1-0
9201-0-0

27800-2-0

5C00C-1-0C
50000-1-0
4302-0-1

4302~-0-0
8CC0-0-0
11805-0-0

16321-0-0

4302-0~-1
40C00-2-0

5¢C00-0-0
278€0-2-0
40000-3-0
50CC0~-0-0
27800-2-0

4CC00~-1-0

80C0~-0-0

8000-0-0
9201-0-0
27800~1-0

20003-0-0

40000=-2-7

27800-1-0

4Q00C0-3~0
500C00-0~-0
40000~1-0
50000-1-0

9201-0-0
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LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

8

6

[« 200 Mo N, IR TV

7

@ o~ O AN

201-4-0
50000-1-0C

¢~-0-0
50000-0-0
50000-1-0
3001-0-0
4003-0-0
701-0~0
701-0-0

0~-0-0
9201~-0-0
3001-0-0
403-1-9
4G3-4-0
403=-4~0

701-0-1

4003~C-1
4302-C-C
4003-0~0
4003-0-1

27800~0-0
4302-0-0
1808~-0-0
1808-0-0
1808~0~0

2205-0-1

4302-0-1
8000-C-C
4362-0-C
4302-0-0

4C000-0-0
278C0-0-C
3001-0-¢C
3001-0-0
4003-0-C

4003-0-C

8000-0-C
27800-1-0
§00GC~C-C
8000-0-0

4€000-0-0
4302-0-C
4302~C=0C
4302-0-0

4201-0-0

27800-0-0
40000-3-0
27800-1-0
27800-0-0

27800~-0~0
278Q00-0-0
8000-0-0

8000-0-0

40000-2-0
50000-3-0
4C000-3-0
4C000-4-0

40000-0-0
40000-C~0
11805-0-0

4CCC0~-2-0 27800-1-0

50CCC-3-0

500C0~3-0
5¢CC0-3-0

27800-0-0

400CC-0-0



[
O
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18 JULY

STRIP 108
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL

O U DR

0~

1975

10901-2-0
9503-0-1
3365-0~-1
2802-0-0
8000~0-0
1314-1-0
27860-1-0
1314-4-0
1314-1~1
20003-1-C

27800-0-0

1805-C-0
8000~-0~-0
3305-0~1
8§004-3-0
1315-1~C

5001-2-0
1805~2-0
27800-0-0

60000-0-0
3001-0-0
8004-3-C
8000-0-C
9201-0-0
3001~-0-C

2G003-1-0
3305-0-0

4201-0-0
27800-1-0
8004-4-0
11805-1-0
1805-0~1

21702-0-0
4001-0-0

10901-1-0
21702-¢-0
§201-0-0
24101-2-0
4302-0-0

27800-1-0
4003-0-1

40000-2-0
24101-2-0
24101-2-1
27800-0-0

5001-2-0

4201-0-0

27800-0-0
2780C-0-0

50000-1-0
8000-0-0

8C00-0-0

50000-1-C

8004-2-0

8004-1-0
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28 AUGUST

STRIP 101
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL
STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL

LEVEL

LEVEL

STRIP 2

LEVEL
LEVEL

LEVEL

LEVEL
LEVEL

-J Ut DN e

SN e <«

o\

Ut

1975

8000-0-0
8000-1-0
4201-0-0
8000-4-0
8000~-2-0
403-0-0
27800-0-6
1301-0-9
20003-3-0
903-1-0

2205-0-0
1805-0-0
403-0-0
403-0-0
2980C-1-0
800C-4~0
403-0-0
24101-0-¢C
13¢1-0-0
29800-0-0C
903-0-0
21702-0-0

40000-0-0
403-1-0
298C0-2-0
403-0-1
11805-0-0
1805-2-0
1805~-0-0

10901-1-0C
10901-2-0
8000-3-0
5201-C-1
9201-0-0
1805-0-0
29800-C~C
3001-0-1
27800-0-C
1301-0-0

4003-0-0
4302-0-0
1808-0-0
1805-0-0

9201i-0-0
4201-0-C

1314-0-C
16321-40-0
1301-1-0
27800-1-0

27800-1-0C
701-1-0

701-0-0
4C000-1-0
3001-G-¢C
8000~3-0

278C0~-1-C
27860-1-0
92C01-0-0
11805-1-¢
118C5~1-¢
5001-1-0
50000~0-¢C
8000~-0-¢C
29800-0-C
1805-0-0

80C00-1~0
8000-1-C
80CC-2-¢C
1808-0-0

118C05-0-C
8000-4-C

1805-0-¢

1314~0-0
29800-0-C

1805-0~0C

1805-0-0
29800-2-0
40C03~-0~1
9201-0-0

29800~0-C
11805-1-0
21702-1-0
21702-1-90
8060-0-0
8004-3~¢
3001-0-0
27800~3-¢C
27800-3-0
21702-C-C
2205-0~C

21702-C-0
11805-1-1

4201-0-0

3001-0-0

2205-0-0
2205-0-0

8000-1-¢
11805-0-C

27800-1-0
27800-0-0
20003-1-0
8004~4~0
9201-C-0
4201-0-0
4C000~1-0
40000-1-0
27800-3-0C
8C00-4-C

27800~-1-0
27800-0-0

8000-4-0

8000-2-0

4003-0-0
4003-C-0

278C0~-3-C
4CC00-1~-C

29800-C~0

4G000-C-0
20003-1-0

11805-1~-1

8004~2-C

40000-1-0
27800-1-0

40000-0-0
44C0C-1-0

11805-1-0

11805-1~0

9201-0-0
4302-0-0

40000-1-0
27800-1-C

40CCC-0-0

27800-0-0
24101-1-0

217¢2-0-0

20003-2-0

29800-0-0
4C003-C-0

50000-0-0
20003-0-0

50C0C0-0-0

16321-0-0

40000-1-1
gccc~0~-0

29800-0~-0
29800~1~0

29800-0-0
4000C-0~-G

24101-1-0

27800-0-0

40000-0-0

21702-1-0
40000~G~0

20003-1-1

27800-1-0

9201-0-0
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LEVEL 6
LEVEL 7
LEVEL &

STRIP 3
LEVEL 1
LEVEL 2
LEVEL 3
LEVEL 4

STRIP 4
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O U S L N e

LEVEL

ow

STRIP 5
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

(S RV S

LEVEL
LEVEL
LEVEL

0 -~ O

STRIP 6
LEVEL
LEVEL
LEVEL
LEVEL 4

L) NS et

8000-2-0
8060-1~-0C
8000-1-0

27808-0-0
27800-1-0
4003-0-1
701-0-C
29800-1-0

27800-0-0
40000-0-0
4063-0-C
4003-0-0
403-0-0
40C3-0-0
403-0-1
29800-0-0
403-0-1

40000-1-0
40000-2-0
40000-2-1
4Q33-0-0
403-0-0
50000-1-0
1401-0-0
1808-~0-0
1361-0-0

40000-0-0
4000C~1-C
40000-2-0

403-0-0

9201-0-C
11805-0-0
9201-0-0

40000-0-C
40000-1-0
8C0C0-C-0
1805-4~1

27800-2~0
8€00~-0-0
8000-0-0
4003-0-0
8000-1-0
1301-0-0

8000~-1-0

27800-0-0
27800~-0~-0
27800~1-¢
8000-0-0
701-0-1

4003-6-0
4003-0-0
4201-0-0

27800-0-0
27800~-C-0
27800-0-0

701-0-1

40000-1-C
400C0~-0C-¢C
20003-0-0

27800-2-0
1808-C-¢

29800-C~-0
4C00C0-1-¢C
32€1-0-0
8000-1-0
11805-0-0
40C3-0~-C

9201-0-0

40000-2-0
4003-0-0

80Cg-1-¢

8000-1-0
80C0~0-0

8000-0-0

27800-1-C
24101-0-C

40000-3-0
2205-C-¢C

27800-3~C
4£C00-3-0
§201-0-0
40000-1-0
8000-2-0

11805-1-0

27800-1-0
8000~-1~0

4C000-1-0

4000C¢-1-0
40000-0-C

4C000-3-1

27800-C-0

4003-0-0

29800-1-0
271800-1-0
40CCC-2-0
27800-0-0
11805-0-G

40000-1-0

29800-1-C
40000-3-0

27800-0-C

27800~-1-0
27800-1-0

50000-1~-0

40000-C-0

8000-0~0

25800~-1-0
27800-1-0
29800-0-0
50000-1-0

27800-1-C

27800-1-C
2580C-1-0

2980C-0-0
29800-0-0

2780C-C~0

27800-2-0 40000-1-0

298CC-0-0
50000-1-0
40000~-1-0

5CCC0-1-0

1401-0-0

50000-2-0
5CCCC-0-0
21702-0-0

27800-9-0

29800~0~C

29800~1~C
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LEVEL
LEVEL

LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

5
6

7
8

7

O -4 O DN

8

W Oovun LN

701-0-0
403-0-0
29800-0-0
403-0-1
4003~-0-0

27800-0-0
27800-0~0
701-0-0
403-0-0
403-0-0
403-0-0
403-3-¢
403-3-0

27806-0-0
2780C~0-0
27800-0-0
2780C-0-0
403-0~0
701-1-1
701-0-0

4302-0-0
T701~C~1

701-0~1
8600~3-0

40000-0-0
8000-0-0
T01-4-1
701-4~1
4003-0-0
1805-0-0
1805-1-0

4GC00-1i-C
4£0000-2-0
40000-3-0
701-1-0
1805-0-¢
1805-0-0

80C0-0~C
18€¢5-C~C

4003-0-0C
500C€C~1~-¢C

40000-0-0
4003-0-0
i8cg-0-C
8000~-1~-C
1808-0-0
40C03-C~0

403-0-0
18C5-0-Q
4302-C-¢C
1808-1-0

4C000-1~C
4003-0-C

8000-2-~0
4€00¢-2-0

27800-1-0
8000-0-0
4003~0~0

40000-2-C
80090-1-0
8000-1-0

701-0-0
4302-0-0
8040-C-¢
8000-C-0

500006-3-0
8CQ00-2-0

50000-2-0
27800~1-0

40000-2-0

8000~-0~0
21800-C~0
40000-0~-1
40000~0-0

40000-3-0
40C00~3-0
27800-3-0C

40000-2-0

40000~-2~0
29800-1-0

27800-1-0
40000~-2~0
5¢00C-1-0C
27800-0-0
27800-0-0

27800-1-0
27800~-1-0

27800-1-0 50000-2-0

27800-1-0 29800-1-0

21800-0-0
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STRIP 110
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

QO = ¢ AP LI N

STRIP 109
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

oo T I JRT Q- R VU N B o

27800-0-0
8000~1-0
80CC~-3-C
8004-4-9
8004—-2~0
8004-1-C

50000-4-0

50000-3-0

27800-0-0
8000-1~0
8000-3-0
5001-2-C
800C-0-C
4003-0-0
8C04-2-C
8004-2-0

1975

27800-1-0
27800-C~0
58000-2-0
50000-3-0
50000~4-0
27800-0-¢
20003-2-0

10901-1-0
11805-0-0
8004-1-C
8004~3-0
8004-3-0
20003-2~-C
20003-2-0

29800-0~-0
5000C0-1-C
278CC-C-C
27800-0-0
278C0-0~0C
16321-0-¢

27800-1-0
21702-1-0
217C2~1-C
50000-2-0
20003-1-0
24101-0-¢
560C0-3-¢C

21702-2-0
2€063-C-0
20003~-1-0
20003~1-0
2€003-1-¢C

29800-1-0
29800-0-0
21702-2-0
50000-3-0
50000-2-0
259800-C-C

21702-1-0
24101-C-0
24101-0-0
241C1-0-0

50000-1-0
6C000~1-C
6€000~C-0
29800-0-0
27800-0-0
27800-C-0

24101-1~0

27800-2-0
27800-1-0
27800-1-0
4€000-C-0

27800-0-0
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26 SEPTEMBER

STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

WO PR DN -

STRIP 3
LEVEL 1
LEVEL 2
LEVEL 3
LEVEL 4

STRIP 4
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LIRSSV

LEVEL
LEVEL
LEVEL

o~

STRIP 5
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O WA e

4302-0-1
1805-0-0
403-0-0
403-0-0
8004-4-0
8004-4-0
403-0-0
403~0-0

3001-0-0
11805-0~0
403-0-0
403-1-1

27800-2~0
27800¢~-1-0
4003-0~-0
701-0-0
403-0-0
27800~-2-0
4201-0-G
903~0-0
8000-1-0

40000-1-0
40000-1-C
40000-2-1
4003-0-0
4003-0-0
8000-3-C

1975

8000-C~C
4003~-0-0
1805-C-0
8000-3~0C
24101-1-0
11805-1-0
1805-0-0
8004-4~0

27800-1-0
27800-2-0C
4003-0-0
1805-2-0

40100-0~0
40000-1-1
8000~0-0
4003-0-0
701-0-0

8000~4-0
8000-4-0
50C000-1-0

27800-C-0
27800-1~0
27800-1-C
8000-0-0
8000-2-C
50000-2-0

109C1-1-C
4302-0-C
4003~-0-1
21702-0-0
27800~-1~-C
27800-0-0
8004-4-0
92C1-0~-0C

4302-0-0
4302-0-0

27840~1-¢
8000-0~C
1805-0-0

g201-0-C
9201-0-C
27800-1-0

29800-0-0
298¢0-1~0
29800~-1~-¢C

27800-3-0
800C-1-¢C
8000-2-0

27800-1-0

26800~C-0

5C000-1~-C

11805-0-0

11805-¢C-1

27800-4-C
8000-0-0

4000G~1-1
3201-0-0
8000-1-0

11805-0-0
11805-0-0
4C000-0-0

40000-3-1
50000-1-0
4C000-1-0

40000-1-1
1€901-1-0
27800~-2-0
40000-0-0

50000-1-0
50C00~-2-0

2¢800-1-¢C
29800-1-0

2$800~1-0
40C00-2-1
9201-0-0

50000-1-0
50000-1-0
20003-1-0

27800-1-0
40000-1-0
27830-1-0

2780C-3-0
4C000-C-0

29800-0-0
51000-C-0

4C10C-C~0
27800-2-0

27800-2~0
29800-1-0

29800-1-0

27800-1-0
24101~-1-0

27800-1-0

4CCCO~-1-0
298CC~0-0

27800-0-0

40000-1-0

29800~2-0
50CCC-1-0

4000G6-0-0
298CC~0-0

29800-0~-0

52000-1~0

40000~-2-0

27800-1-0
4000C-0-1
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LEVEL 7
LEVEL 8

STRIP 6
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

GO o ON U WP

STRIP 7
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

@ = bW N e

STRIP 8
LEVEL
tEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O J O BN R

STRIP 9
LEVEL 1
LEVEL 4
LEVEL 5

8000-3-0
1301-1-0

27800-1~0
701-0-0
701~-0-0
701-0-C
4003~-0-0
701-0-0
8000-4-0
8000-4-0

27800-1-C
7€1-0-0
701-0-1

401C00-1-0

40100-0-0
403-1-0
403-3-0
403-1~-0C

278C00-1-C

27800-0-0
701-1-0
701-1-0
701-1-¢C
403~0-0
701-0~1
701-0-0

1805-1-1

0-0-0
701-0-0
701-0~-C

50000-1-0
§000-1-0

27800-1-0
4003-0-0
40000-2-1
8000-0-0
8000-2-0C
50000-2-0
40000-C~-C

40000-1-0
4G33-0-C
701-1~1
701-C-1
8000-2-0
1805-1-0
1301-0-0

4000C0-0-0
40000-2-0
8000-0-0
701-1-1
1805-1-0
1805-1-1
8000-1-0

3001-0C-0

40000-1-C
11305-0-0

400CC-1-1
40000~-2~-1
27800~1-C
500C€0-2-¢
50000-2-¢C
29800~-1-0
27800-0-0

27800-1-C
80C0~C-C
4003-0-C
80C0-1-0C

278C0~-0-C
80060-1-0
1805-1-C

2184C-C~-C
27800-0-0
278C0~1~0
8G6¢C-0-C
1808-0-C
8000~-1-0
278C0-1-C

27800-1-0
4C€000-0-0

27800-1-0
40200-1-C
27800-1-0
29800-1-C
40000-0-0
50000-2~0

4C€000-1-0
8000-1-0
40000-1-1
2580C-C-C
27800-1-0
1808-0-0

4C000-3-1
27800-1-0

8000-1-0
27800-3~0

9201-0-0
21800-0-G

40000~-3-0
27800-1~0
27800-1-0
29800-1-0

27800~2-0
40000-1-1
27800-1-0
40Q00G0-1~0
4CCQ0C~C~-0

8000-1-0

40000-3-1
27800~1-0
40000-C~-0

11805~-0-0

4C000-1-0
11805-0-0

27800-1~0

20603-0-0

4C0C0-3-0

11805-1-0 4000C-0-1
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LEVEL ¢
LEVEL 7
LEVEL 8

STRIP 10

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O ~F O g e

701-0-C
7G1-0-0
761-1-0

0-0-0
701-0-0
7C1-0-0C
701-0-0
701-0-0
701-0-0

1805-0-0
1805-0-0
1805-1-0

3001-C-0
1805-C-0
1805-0-C
1805-0-0
1805-1-C

30C1-1-¢C
30C1-1-¢
3001-0-C

4003-C~0
3001-GC-¢C
3001-1-0
3001-0-0

4003-0-0
2180C-1-§
4003-0-1

3001-0-0
40033-0-0C
4003~-0-0
4003-0-1

21800-0-0

21800~-2-0

278C0C~-C-0
27800~-2~0
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27 NCVEMBER

STRIP 101
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

(G R VU N 2

LEVEL
LEVEL

W -,

LEVEL

STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O =3 O8N WO N e

STRIP 2
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

COmd N W N

STRIP 4
LEVEL 1

1975
1805-0-0 8000-0~0
1805-0-0 9201-C-C
8000-0-0 8004~3-0
8004-4-0 9201-0-0
80CC~0~-¢ 8004-4-0

20003-1~-¢C
5001-1-0 8600-0-0
800C-0-0 8004-4-0
20003-1-0 24101-0-0
903-0-0 1301-0-0
1805~-0-C 2802-0-0
1835-0-0 8000-2-0
403-0-0 8C00-3-0
403-0~0 8004~4-0
18¢5-0-0 8040-0-C
8004~-4-0 11805~0-0
8004~-4-0 27800-1-C
903-0-0 1301-0-0
4302-0-1 27800-3-0
4003-0-0 8000-0-0
40000-1-0 8000-1-0
4000C-0~-C 4302-0-C
40060-0-0 8000-0-0
40000-0~0 8000-C-0
40000-2-0 4302~C~0
40000-2~0 8004-4-0
4000C~1-0 4302-0-1

10901-1-C
80C0~-0-0
118¢5-1-0
11805-2-0
9201-0-C

8004-4-0C
11805~C~0

1314-C-C

4003-0-1
27800-1-0
40000-0-0
11805-0-0

80C4-4-¢
27800-1-0
51000-2~-0

1314-1-C

401C0~-1~-0
29800-C-¢
29800-1-0
g0Cg~-0C-0C
80C4-4-C
8004-4-0
8004-1-0
$201-0-0

278C0-3-0

11805-0-0

8004-1-0
2980C0~1i-C
27800-1-0
11805-2-0

5C000~-1-0
50000-1-0

1805-0-0

8000-0~0C
40000-1-0
29800-1-0C
27800-2-0
§201-0~-C
51000-1-0
20003~1~0
1805-C~¢C

27800-3-0
27800-3-C

8004-4~0
11805-1-¢

9201-C~C
11805~1-0
11805~-1-~C

40100-1-0

27800-4-0
10901-2-0
278C00-1-0
29800~0-0
50000-1-0

21800~-C~C
51000-~0-0

8004~-4-0

10901~1-0
10901i~1i-0
27800~-1-0
20003-1-0
11805~1-0
20003-1-0

8004~-4-0

40100-1-C

27800-1-0
4¢100-0-0
11805-1-C
27800-0-0
278C06-0-0C

40200-1-0

11805-2-0

52000-2-0
27800~0-0

24101-2-1
29800~-0-0
2780C-C~0

27800-4-0

27800-1-0

27806-C~0

9203-1-0
27800~-1-0
2780C~-C-0

29800-1-0

20GC3-1-0
40100-0-0

20C03-2-0
27800-~1-0

20003-2-0

20C03-1-0

16321-0-0

9201-0-0
21702-0-0
21702-0-0

27800-2-0

520CC~1-0

16321-0-0
24101-1-0

20003-2-0
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LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

o wN

o I

5

QO W N

6

W~ O n N

7

OV AN W N

40000-1-0
40000-0-0
8000-4-0
400450-0-0
40000-0-0
27800-1-C
8000-4-C
8000-2-0

£0006-0-0
40000-0-0
4£0000~1-0
40000-0-0
40000-0-0

14C1-0-0
40000-0-0

13¢1-0-0

4003~0-0
701-0-0
4302-0~C
40000-0-0
50000~0-90
40000-1-0
40000-0-0
4003-0-0
4003-0-0

40000-0-1
701-1-1
1805-1-1
1805-0-0
40000-0-0
40000-3-0
40000-3-0

8C€00-C~-0
1805-0-0
g201-0-0
8000~4-0
1805-0-0
20003~1-0
24101-0-0
24101-0-0

701-0-1

701-1-1
4002-0-1
1401-0~0
8000~4-0
8000-4~C
8C00-4-C
4003-0~0

4302-C~1
1805-0-0
8000-0-0
40100-0-1

403-0-0
1314-0G-0
8000-4-0
8000-4~0

701-0-1
2205-0-0
8000-2-0
8000-4~-0
8000~4-0
8000-1-0
8000-1-¢

9201-0-0
80C00~4-0
500C00-1-0
278C0-1-0C
8000-4~0

11845-0-C
9201-0-0

1481-0-C
4003-0-1
4003-0-1
800C-3-0
9201-0-C
11805-1-0
92C1~-0-¢C
8C8C0-1-0

278C0~4~C

4302-0-0
27800-4~0
40200-1-1

8000-4-0
8000-4~C
§2C1-0-C
9201-0-0

4302-0-1
4003-0-1
40100-0-0
29800~-0-0
29800~-0-0
9201-0-0
11805-0-0

29800-1~-0
9201-0-0
29800-1-0
§201-1~C
9201-0-0

2$800-1-¢
5€000-1-0

2780C-4-¢C
4302-0-0
8000-1-0
5201-0-0C
50000-1-0
50000-2-0
118385-1-C
3201-0~-0

8000-0-0
4003-0-1

5€000~-1-90
24101-0-0
24101-C~C
11805~-0-0

8006-C-¢

4302-0-0
27800-2-0
27800-1-C
27800-0-C
20003-0-0
2C€003-0-0

21800-1-0
29800-2-0
40100-0-0
11805-1-G
11805-C-0

27800-1-0
28800-C-0

25303-C-0

8000~-0-0
40100-0-0
11805-0-0C
25800-1-0
27800-0-0
5C¢000-1-0
11805-3-0

26800-C-0
4302-C-1

29800~-0~0
50000-2-0
50000-2-0
20003-1-0C

27800-4-0

8000-¢-0
52000~-1-0
40100-C-0

24101-0-0
24101-0~-0

4010C-C-0
27800-1-0
50000-1-0
5Q0000~-1-0

2€003-2-0
27800~1-0

40200-C-0
27800-1-0
29800~0~-0
40100-C-0
29800-1-C
29800~-1~0
27800-0-0

27800-4~0C

8000~-1~-0
40200-0-0
29800-0-0

40100-0-0
24101-C-0

27800-4-0

5C¢000-C-0
27800-C-0

21800-0-0

40100-0-0
298CC~-0-0

21702-0-0
16321~-0-0

278CC~4-0

27800-2-0
27800-0-0

27800-3~-0

278C0~0-0
40100-0-0
27800-0-0
27800-3-0

298C0C-0~0

40100-0-0

20003-3-0

40100-0-0

29800-C~0

278C0-0-C

278C0-0-0
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LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

8
8

O~ D WA

9

O~ dw N

0

e B Ie SRV, RV VU N

40000-3-0

7C¢1-1~-1
701-1-1
40000-1-0
403-1-1
1805-1-0
1805-3~1
1805-3-1
1805-3-1

£0000-1-0
40000-3-0
27800-1-C
4000C~3-0
40000-1-0
40000-2-0
4D000-2-0
4£000C-2-0

433-0-0

40060-1-0
40000~3~-0
40000-3-C
40000~-1~0
400C0-2-0
40000-2-0
40800-2-0
40000-0-0

1805-0-0

40000~-4~0
40000-3-0
403-0-1
701-C-1
4302~0~1
8000-1-0
8000~1-0
4302-0-0

701~-C~1
403-1-1
25303-0-0
403-1-1
701-0-1
1805-0~0
701-C-0
1805-1~1
1805-2-1

1805-1~-0
701-1-1
701-1-1
403-0-1
403~-0-C
1805-C-C
1805~1-¢
1805~-2-1

8000-1-¢C

278C0~-1-0C
27800~1~0
701-1-1
18C5-1-¢
8000-2-G
27800-1-C
27800-1-¢C
8000-0-0

18C5-2-¢C
701-1-1

701-2-1
1805~0-0
80C0~-0-0
1805-0-0
80C0-C~C
9201~-0-C

8000-0-C
1805-1-0
18€¢5-1-0

701-0-1
1805~-0~0
8000-0-¢C
2802-0-0
92C01-0-0

11865-C~0

27800-3-0
4302~-C-¢0
4C000-1-0

40100-C-0
16321-0-C

4003-C-1
1805-2-1

1805-0-1
4003-0-1
27800-1-0
8000-0-0
$201-0-0
52000-2-0

27800-2-0
4002-0-1
4003~C~1
1805-0-0
8000-0-0
9201-0-0
9201-0-0
52000-2-0

20003-1-0

g00C0~1-¢C
27800-1-¢C

27800-1-C

27800-3~0
4002-C-1

4002-0-1
52000-1-0

27800-0-0
27800-C-0
27800-C-0

4003-0~1
8300~-0-0
4G03-0-1
52000-0-¢
27800-C-0
11805-C-0
27800-C~0

24101-0-0

40C0¢-1~C

40100-0-0

4003-C-1

4003-0-~1
27800~1-0

40100-0-0

4302-0-1
27800-1-0
8600-C-0
21800~-C-0

27800-C-0

271800-0-0

27800-3-0

8CCO0-~-0~-0
8§C00-0-0

2780¢C-1-0
40100-0-0
27800~-1-0

40100-0-0

27800-1~0
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15 JANUARY

STRIP 101
LEVEL 1 40000-1-0
LEVEL 2 4201-0-C
24161-1-0
LEVEL 3 40000-0-0
LEVEL 4 40000-0-0
LEVEL 5 8000-0-0
LEVEL 6 18¢5-0-0
27800-0-0
LEVEL 7 8004-3-0
LEVEL 8 40000-0-C
50000~1-0

STRIP 1
LEVEL 1 4003-0-1
LEVEL 2 40000-2-0
LEVEL 3 40000-1-0
LEVEL 4 40000-0-0
LEVEL 5 8030~0-0
LEVEL 6 40000~-0-0
LEVEL 7 40000-0-0
27800-0-0
LEVEL 8 100-0-0
2780C-0-0

STRIP 2
LEVEL 1 40000-0-0
LEVEL 2 40000-1-¢
LEVEL 3 403~1-0
LEVEL 4 40000-1-0
LEVEL 5 40000-1-0
LEVEL 6 40000-0-0
LEVEL 7 40000-1-0
LEVEL 8 40000-1-0

1976

4003-0-0
8000-0-0

8004-4-0
1805-0~-0
8004-4-0
8€00~-0-C
50000-1-0
50000-1-0
303-C-0
16321~-1-0

8000-1-0
8000-2-0
4201-0-0
4201~-0-0
8004-4-0
8000-0~0
303-0-0
2¢003-1~-0
903-0-0
5C¢000-1-0

4003-0-0
4302-0~-0
§000-2-0
8004—-4-0
8004-4-C
8004-4~C
8004-1-C
8000-0-0

8000-0-0
8004-1-¢

11805~-1-0
8000-0-0
9201-0~0
8004~ 4-0Q
5001-1-C
51000~-1-0
1314-1-0
200C3-1~C

109¢C1~-1-G
27800~2-0
8000-4-0
800C~-C-C
500C¢0-1~-0
8004-4-0
1314-2-0

1301-0-0

8000-0-0
8000~-1-0
9201~-0-¢C
11805~1-0
11805~1-0
11805-2-C
$201-0-0
8004-4-0

8004-1-C
10901-1-0

21800-1-C
8004-4-C
11805-1-0
9201-C-0

25003-2-0
1805-0-0

21800-2-C
10901-1-C
9201-0-0
8004-4-0
27800-C-0
51000~-1-0
1805-0-0

1314-2-0

9201-1-0
11805-0-0
11805-1-0
£C0G0~-1~0
50000-1-0
5€000-1-0
11805-3~¢
11805-1-0

10901-1-0
11805-1-0

258C0-0-0

§201-C-0
24101-1-0
11805-1-0

24101-2-0
8000-0-0

40100-0-0
3001-C~0
11805-0~0
9201-0-0

27800~0-0
8000~0~-0

8C00-0-0

278C0-3-C
27800-3~0
21792-1-¢
27800-C-0
21702-0-0
278C0-0-0
27800-C~C
50000-1-0

27800~4-0
29800-0-0

24101-2-0
11805-1-0

27800-0-0
24101-0-0

8004~-3-G

27800-1-0
11805-1-G

11805~-1-0
8004-4-0

8004-4-0

29800-0~0

21702-C-0
20003-1-0

9201-0-0
92Q01-0-1

52000-1-0
50000-1-0
51000-1-0

11805-0-0

298C0~-0-0

5€CC0~-1-0
51000-1-0

13003-0-0

27800-1-0

241C1-1-0

2780C~1-C

27800~-1-0

52000-0-0

27800~1-0

21702-0-0

50000-1-0

20003~1-0
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STRIP 4
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O = N DWN -

STRIP 5
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

QO O AN SN N

STRIP 6
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

00 wd O U LN

STRIP 7
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

-5 BN

4000C-1-0
40000~1-0
40000~1-0
40060-0-0
4Q0000-2-0Q
40000-3-0
40000~-2-0

80GC~3~0

40000-1-0
40000~-1-0
40000~1~-0
40000-0-0
4006C-0-0
40000-0-0
40060=-0~-0
40000-1~0

40000~1-0
40000-2-0
40040C~1-0
4£0000-1-0
40000-1-0
40000-1-0
40060-1-0
40000-1-0

400C0-0-0
4302-0-0
18¢5-0~-0
1314~0~0
4£0000-0-0
4000C-2-0

701-0-0
8600~-1-0
8000~4-0
8000-4-0
8000-2-0
1805-0-0
4003-0~-0

11805-0~-0

1401-0-1
4003-0-0
4003-0-¢
8000-4-0
8000-4~C
8000-4-C
8000-3-G
1805-0-0

403-0-1
1401-0-1
8000-1-0
8000-2-0
1805-0-0
g000-4-C
8000~-4-0
8000-4-0

2802-0-0
27800-4-0
8000-4-C
8000-4-C
4201-0-0
1805-0-0

4003-0-1
9201~-0-0C
9201-0-¢
9201-0-0
11805-0-0
80CC-0C-C
8000-3-¢C
16321-0-C

4003-0-0
4401-0-0
800C-4~¢
11805-0-0
11805-0-0
11805-1-C
92C1-C-C
8000-1-0

701-0-0
4003-0-0
27800~1-0
29808-0-0Q
8000-4-0
9201-0-0
118C5-1-¢C
11805-1-0

4003-0~-¢
40100-C-0
27800-2-0
11845-0~0C
80C0-4-0
8000~4-¢

4302-0-1
11805-0-0
11805-0-C
27800-1-C
29800-0-0
118C05-1-¢C

9201-0-0
20003-3-0

27800-4-0

8000-3-0
40200-C-0
29800-0-C
5C0060-1~0
50000-1-0
11805-1-0
11805-3-0

1401-2~1
27800-3-0
40200-0-1
27800-1-C
5C000-2-0C
11805-0-0
50000-2-¢C
5C000-2-0

4302-C-1
25303-0-C
40100-0-C
4Q0100~C-C
27800-0-¢
11805-1-C

27800=-3-0
27800-2-0
26800-1-0

27800-0-0
5¢000-1-0
11805-C-0
24101-0-0

4C100-0-0
11805-0-0
27800~4-0C
27800-1-0

50000-1-0
50000~1-0

25303-C-0
40200-0~0

21800-0-0
50000-2-0
27800-0-0
27800-C~C

27800-4-0

27800-0-0
40100-C-0
27800-0-0

40200-C-0
27800~1~0

50000-1-0
27800-C-0
50C00~1~-0
50000-1~-0

40200-C-0
27800-4-0

2780C~-0-0

21800-32-0

27800-0-0

25303~-1-0

27800-0~-0 20003-2-C

27806-0-0

25303-0~-0

402C0-0-0
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LEVEL 8

STRIP 8
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O dON D AN

STRIP 9
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

W wd DN s

STRIP 10
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

QO wd O BN

STRIP 11
LEVEL 1
LEVEL 2
LEVEL 3
LEVEL 4
LEVEL 5

40060~-2-0

4000C~-2-0
40000-2-0
4000C-1-0
40000~-1-0
40000-1-0
40000-1-0
40000—-2-0
£0000-1-0

40000~0-0
40000-1-C
40000-3-0
4000C~2—-0
4£0000-2-0
40000-3-0
40000-3-0
40000-3-0

40000-0-0
40000-1~0
40000-2-0
4£0000-2-0
40000-2--0
400800-2-0
4£0000-3-0
40000-3-0

40060-1-0
4006C-0~-0
40000-0-0
4000C~-0-0

8000~-0-0

1805-0-C

701-0C-C
701-0-1
403-0~-0
1805-0-0
1805-0-0
1805-0-0
1805-1-0
1805~1-0

4Q002-0~1

403-0-1

701-0-1
1805-1-0
1805-0-0
1805-0-0
1805-0-0
1805-C-¢C

701-0-1
701-0~1
701-0-1
1805-1-0
1805-0~C
1805-0-0
1805-0-0
1805-C-0

4003-0-0
8€00-0-0
8000-0-0
8000-0-0
8004-4-C

80C0~4~C

27800-2-0C
1805-0-0
7C1-0-0
80C0~-4-0
80C0-4-C
8000-4-0
1401-0-0
80CC~-1-¢C

40C3-0~1
701-C-1
1805-1-0
80C0-0-C
4003-0-0
11805-1-C
11805~1-0
11805-0~-C

4002-0-0
18C5-3~4Q
1805-2-0
7500-0-C
8000~1-0C
11805-1-¢C
8000-0~-0
11805~1-C

8000-0-0
80C4~2-C
8004-2-0
8004-3-0
g201-0-C

11805-1-90

40100-C-C
4003-C-0
8000-3-0

27800-0-0

27800~-C-¢Q

27800-0-0
8000-1~0

27800-C-0

4302-0-0
1805-2-C
4003-0-0
27800-0-0
800C-C-C
27800-C-0
27800-0-0
27800-C-0

4003-0-1
4002-0-1
4302-0-0
8000-0~-0
11805-¢C-~C
27800-0-0
11805-1-0
27800-0-0

27800-4-0
11805-1-C
11805-1-0

9201-0-0
11805~-0-0

29800~C-0

8C00-0-0
27800-3-0
40100-0-0

9201-0-0
6C000-3-0

4401-0-0
4003-0-0
4302-0-0

11805-¢~0

4302-0-1
40Q03-G-0
8000~-C-0
52000-0-0
278C0-0~0

27800-0-0

9201-0-0
27800-3~0
27800-1-0
11805-1-0
27860-0~0

2780C-C-0

27800-3-C

27800-0-0

8000~-C-0
4302-C-0
8000-0-0

27800-0-C

27800-3-0

4302-0-C
27800-1-0
40200-0-0

29800-0-C
25800~0-0C
27800-1-0
50000-1-0

20003-0-0

401C0-0-0

27800-3-0
8€C0-0-0
218¢CC-1-0

25303~1-0
8000-0-0

24101-2-0

25303-1~C
27800-3-0

27800-3-0

52C00-0-0 24101-2-0

24101-2-0
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LEVEL 6

LEVEL 7
LEVEL 8

1805-0-0 8000-0-0
27800-0-0 52C00-C-C
8004-4-0 20003-1-0
9¢3-0-0 1314-1-0
200¢3-1-0 5C000-2-0

8004-4-0

241C1-C-0
1805-0-0
27800-0-0

9201-0-~0

11805-0-0

5¢000-2-C 27800-0-0

5001-1-¢

80C0-C-0

2C003-0-C 241C1-0-0 500C0-1-0

8C04~1-0

11805-2-0 16321-0-0
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6 FEBRUARY
STRIP 11
LEVEL 1 3001-0-0
LEVEL 2 3001-0-0
LEVEL 3 3001-0-0
LEVEL 4 3001-0-0
LEVEL 5 3001-0-¢
LEVEL 6 3001-0-C
LEVEL 7 30¢1-0-0
LEVEL 8 3001-0-0

1976

21800-0-0
4003-C-1
4003-0~-1
4302-0-1
4302-0~1

4G03-6-0

27800-0~0
27800-0-0C

27800-0-0




DN

12

12 MARCH

STRIP 101
LEVEL
LEVEL

LEVEL
LEVEL

LEVEL
LEVEL

=~ (e JAC, I W S R

LEVEL

[s.4]

LEVEL

STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

o] SNV WA

LEVEL

STR1IP 2
LEVEL 1
LEVEL 2
LEVEL 3

LEVEL 4
LEVEL 5

1976

40000-0-0
40000-0-0

9201-0-0
40000-0-0
27800-1-0
4000C-0-0
40000-0-0C
40000-0-0

5001-1~¢
40000-0-0
500(:0-1~0
400CC-0-0
278G0-0-0

4000C~0-0
4000C-0-0
40000-0-0
40000-0-0

4003-0-0

8064-3-0
40000-1-0
50000-1-0
40000-0-0
27800-0-0

40000-C-0
4£G000-2-0
40000-2-0
21702-0-0
40000-2-0
40000-1-0

4003-0-0
403-0-0

1805~-C-0

8004~3-0
1305-C-G
8004-3-0

1314-1-C

903-0-0
50000~-1-0

4003-0-0
8000-3-C
4003-0-C
8004-3-0
7500~-0-0
11805-1-C
1314-1-0
51000-1-0C
903-1-0

4002-C-0C
403-0~-0
403-0-0

1805-C-0
8004-3-0

8000-1-0
1805-0-0

40C3-C-¢

9201-0-0
80C4-3-C
11805-1~-0

278C0~-0-0

1301-0-0

8000~1~0
i¢9C01-1-0
80C4-2-0
9201-0-0
8004-3-C
510C0-1-C
5001-1-0

1314-1-0

4003-0~-0
4302-0-0
1805-0-0

8004-3-0
11805-2-0

3201-0-0
4003-0-0

8000-4~0

11805-1-0
11805-1-¢C
20003-1-0

8004~3-0

1314-1-0

10901-1-0
11805-1-0
1¢901-1-C
11805-1-¢C
11805-2-0
5€000-1-0

8004-2-0

8000~-C-0

8000-0-0
8000-3-0
8004-3-0

11805~1-GC
21702-C-0

11805-0-90
8000-3-0

32€01-C~-0

24101-1-0
26003-0-0
24101-1-0

11805-1-0
4003~-0-0

27800-2-0
27800-2-0
11805~-1-0
27860-1-0
27800-C-0
27800-0-C
11805~1-0

8004=3-0

40100-0-0
9201-C-0
9201-C-0

27800-0-0
27800-C-C

1¢901-1-0
10901-1-0

16901-0-0
27800-1-C
24101-1-0
5€000-1-0
20003-1-0

8004-3-0

27800-1-0
24101-1-0
50000-1-0
20003~-C~0
2C003-1~0

9201-0~0

27800-4-0
11805-0-0
11805-0-0

5CC00¢-1-0

27800~-3-0
11805-1-0

11805-1-0
298C0-0-0
27800-0-0
51000-1-0
24101-1-0

118C5-0-0

298C0-0-0
24101-0-0
24101-1-0
24101-1-0

20003-1-0

4Q01C0~-0-0
238CC~0-0

40100~0-0
27800-3-0

24101-1-0
50000~-1-0
27800-0-0
51000-1-0

20003-1-0

24101-1-0

21800~0~0

50000-1-0

27800-2-0
27800-2-0



LEVEL 6
LEVEL 7
LEVEL 8

4

o STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP
LEVEL

4

5

6

LEVEL

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVEL

STRIP

7

@ wd OV WA e

[+ I e ST, Q- LI U

“O BN e

o0

40000-0-0
4Q000-1-0

1301-0-0
24101-2-0

40000-1-0
40000-0-0
40000-0-0
40000~0-0
40000-2-0
40000-2-0
40000-1-0
4000C-2-0

4000C~1~-0
40050-0-C
40000-0-0
40000-0-0
400C0-0-0
40000-2-0

403-2-0
4000C0-2-0

40000-0-0
40000-1-0
40000-1-0
40000-1-0
40000-2-C
40000-3-0
40000-3-0
50000-2-0
40000-1-0
50000~-2-0

1805-0-0
403-0~-0
1314-0-0
50000-1-C

701-0-0
4003~-C-0
403-90-C
8000-4-0
403-0-0
8000-2-¢
8000~4-0
8000-1-0

4002-0-0
4002-0-0
8000-4-0
8000-4-0
8000~-3-0
8000-3-¢C
3201-0-0

403-0-0

403-0-0
701-0-0
8000~-4-0
8000-4-0
403~0-0
403-0-0
" 403-0-C

403-0-0

8004-3-C
1805-0-¢C
1805-0-0
278C0~0-¢C

4003-1-1
4302-0-1
8000~-4-C
11805-1-¢C
80C0~2-C
32¢1-1-1
11805-1-0
11805-1-¢

4003-1-0
4003-0-1
11865-1-C
11805~-1~0C
27800-1-0
11805~-2-C
11805-2-0C
9201-0~0

1401-0-0
4003-0-1
27800-1-¢
11805-0~C
8000-1-C
4003-0-C
1805-C-¢

7500-0-0

11805-4-0
8004~-1-C
8004-3-0

4302-1-0
8000-1-0
$201-0-0
27800-0-0
11805-2-0
11805-1-¢
20003-2-0
20003=-1~0

4302-0-1

7500-0-0
27800-1~C
27800-1-C
50000-1-¢
21800-C-0
27800-0-0
11805-3-0

4003~-1-0
8000-1-0

27800-0-0
11805-1-0
8000-1-0
§00C-1-¢

8000-1-0

27800-C-0
11805-3-0
11805-1-0

25303-0-0
11805-0-0
24101-C-0Q

29800-0-0
24101-C~0
50000-1-0
50000-1-0

8000~-C-0

8000-2-0

29800-0-0

50000-1-0
1805-0-0

4302-1-0
40200-C-0

5CC00-1~0
27800~-0~0
11805-1~0
11805-1-0

11805-2-0

50000-1-0
27800-1-0
13003-C-0

40200~C-0
40200~0-0
268G60-0-0

27800-1-C
50000~1-0

27800-0-0

25303-1-0
40200~0-0

27800-0-0

25303-C~0
27800~4-0

50060-2-0
24101-0-0
2€003~-1~0

20003-1-0

5C0C0-1-0
16321-0-0

27800~-4-0
27800-4-0
27800-1-0

27800-0~0

27800-4-0

27800-4~0

27800-4-0

27800-0-0
27800-0-0

21702-0-0

20003-0-0

4G200-0-0

50000-2-0
40200-0-0

27800-0-0
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LEVEL 1
LEVEL

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

0 =~ O W N

STRIP 8
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

O AR N e

LEVEL

m

STR1IP 9
LEVEL
LEVEL

N b

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

00 = O AN O W

STRIP 10
LEVEL 1
LEVEL 2

LEVEL 3

40000-0-0
25303-1-0
40000-0-0
40200-0-0
40000-0-0
40000-1-0
4000C-1-0
£0000-2-0
40060-2-C
40000-2~0

40000~0-0

403-0-0
40000-2~-1
40060-1-0
4000¢~1-0C
4000C-1-0
40000-1-0
27800-1-0
40000~-1-~0

400C0-0-0
40000-1-0
11865-0-0
40000-1~0
40000-2-C
40000-3-0
40000-3-0
40000-3-C
40000-3-0C

4000C0-0-¢C
40000-1-0
278C0-4-0
4000C-1-C

403-0~C

2802-1-1
25303-1-0
8000-4-0
1805-0-0
1805-0-0
8C00~-4-0
403~0-0
1805-0-0

4003~-0-0
40000-0-0
403-0-0
403-0-0
8000-4~C
403-0-0
403-1-0

1805~1-0

701-0-0
403~-C-0
27800~-4-0
1805-3-0
1805~0-0
403-C-0
403-0-0
403-0-0
1805-C-0

2802-1-1
403~0~0
40200-0-0
403-0-0

2802-1~-0C
4002-0-1

2780C-1-¢C
8000-4-0
8000-4~0
11805-1-C
8000-4-0
8000-2-0

4302-1~1
701-0~-1
4302-C-1
4003-0-0
27800-0-0
1805-0-0
1314-C-C

7500-0-C

4002-1-1
701~0-0
402CC-C-C
4003-0-1
4003-0-0
1805-0~C
1805-0-0
1805~0-0
11805-2-C

34C1-1-1
1805-2~1
25303~-1-C
1805-4-1

4002-0-C

4003-0~-1

11805-1-0

9201-0~-0
27800-C-¢C
11805-1~0
11805-2-0

40200-0-0
1805-0-0
8000-1~0
8000-3-0

8000-4-0
1805~-1~0C

8000-0-0

4003-1-1
1805-~1~1
25303-1-0Q
7500-0-0
8000-1-0
8000-1~0
8000-1-0
11805-2-0
27800-1-0

4002-0-1
4002-C-1

4003-0~-0

4003~1~-1
4302-0-1

21800~-C-0
11805-1-0

27800-C-0
27800-0-0

27800-4-C

4302-0-0
278C0-3-0
27800-2-0

9201-0-0
2205-0-0

27800~0-0

4302-0-1
4002-0-1

8006-1-0
9201-0-0
11805-1-¢
11805-1-0

27800-0-0C

4003-1-1
4003-0-1

7500-0-0

4302-C-0

7500-0-0

8000-0-0
40200-C-0

27800-1-0
80C0-1-0

8000~C-0
4003-0-1

52000-C~0
11805-1~-0
27800-C-0
27800-0-0
40200~C-0

4302-1-1
4302~C-1

8000-0-0

27800-4-0

8cCC-0-0

27800~4-0

1805-0-0

11865~1-0

27800-4-0
4302-0-0

27800-3-0
27800-1-0

27800-4-0
7500-0-0

§2C1-0-0

40200-0-0

27800-4-0

25303~-0-0Q

13003-0-0

25303-1-0
8000-0-0

40200-0-0
40200-0-0

25303-1-0
80Q0C~-0-0

11805-0-0
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LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

STRIP 11
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

00« Ov W

(IR I NN B R PO N

27800-1-0
40000-2-0
40000-3-0
40000-3-0
40000-3-0
4000C-3-0

40060-0-0
40000-0-0
40000-1-0
40000-1-0
40000-1-0
40000-2-0
£0000-3-0
40000-3-0

25303-0-0
1805-0-0
403-0-0
403~-0-0
403-0-0
1314-0-0

403~0-0
4003~-1-1
4003~-1-0
4003~-1-0
1805-0-0G
40200~-0-C
403-0-0
1314-0-0

8000-1-0
1805-0-C
1805-0-C
18¢5-0-C
1805-0-0

4003-1-1
4302-0-1
43C02-0C-C
4302-0-C
4003-0~-1
40C02-0-C
40C3-0-~C
4003-0-1

9201-0-0C
8000-1-¢
8000-0-0
9201-0~0
9201~-0-0C

4302-0-1
27800~-0-0
27800-0-0
40200-C-0

4302-0~-1

4302-0-0

4302-C-0

4201-0~C

11805-2-¢
11805-2-0

9201-C-0
11805-2-0
11805-2-9

27800-C-0C

2180C0-C-0
27800~0~C
9201~0-0
9201-C-0
11805-0~0

27800-C-0
27800-0-0
11805-2-0
2780C-C-0
2780C~-1-0

27800-0-0
27800-0-0
27800-0-0

27800-0-0
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19 May

STRIP 101
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

LEVE)L
LEVEL
LEVEL
STRIP 1
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
STR1IP 2
LEVEL
LEVEL

LEVEL
LEVEL

o] ~-d o wmoSwn e

(o] - o [V IR SR N

1
2

2
4

1976
40000-1-0 4003-0-C
40000-0-0 8004-1-0
40000-0-0 8004-3-C
40000-0-0 403~C-C
40000-0-0 403-0-0
50008-3-0
40000-0-C 403-0-C
241C1-0-0 27800-~0-C

903-0-0 1301-0~0
99C¢1-0-0 100-¢C-C
40006-0-0 203-1-0
50000-3-0
40000-0-0 4003-0-0
40060-1-0 8004-1-0
40000-1-0 403-0-0
4£0060-0-9 1805-0-0
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50000-3-¢C
20003-1-0

1805-2-¢

1805-2-¢C
27800-0-C

33C5-0~-C
278C€0-1-C
24101-1-90
8000-4-0
80C0~-1-C
8000-0-0
8000-0-0

27800-1-0
4003~-1-C
11805-1-0
1805-0-0
8000~4-0
80C0-4-C
80C0~-4-¢C
27800-0-C

40100-0~C

4003-0-0

21800~-C~0

11805-0-0
5€000-2-0
27800-C-0
50000-3-0

3305-0-0

3305-C-C

4302-0-0
5€4000-1-¢
5€000~-1-0
11805-1-1
11805~1-1
11805-1-0
11805~1-0

40100-0~C

4302-0-0
27800-C-¢C

8CC00~4-0
11805-0-0
11805~0-0
11805-C~C

4302-0-0

27800-2-0

27800-0C-0
8000-0-0

1500-C-0

§000~0-0

27800-C~-0
21702-0-0
5¢000-1-0
50000-1-0
50000-1-0

8000~1-C
5€000~1-0
11805-1-0
50060-3-0
55000-0-0
2€003-1-0

8000-0-0

11805-0-0

8000-C-C

25306-1-0
50000-1-0
27800-C-0

2780C-0~-0

27800-3-0

27800~C~0
27800-C-0
50000-3-0
24101-C-0

27800-4-0

20003-0-0 24101-0-C

12505-0-0

27800-3-0

27800-0-0

40100-0-0

55C€CC~-0-0
5¢CC0-3-0

40100~-1-0

100-0-0
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LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

0« Ov o

400C0-1-90
400C0-1-0
40000~1-0
4008C-1-0

7500-0-0

701-0-1
1805-1-0
1805-1-1
8000-0-C
800C-C-¢

1805-1~¢
g80CCc-0-C
800C~0C-C
92C1-0~C
27800-1-¢

4003-0-0
27800-0-0
§201-C-¢C
11805-0-0

8000-0~0 40100-1-0 278C0-2-0

11805-0-¢
27800~-0-0

5C000-1-0 27800-0-0
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APPENBIX III: Computer programs used in data analysis.

The data used in these programs is punched in the following
format, with at least two cards for each sample:

First Card: (A6, I2, Ih, 2X, I3, 2X, I1, 2X, I2)

Variebles (in order): Months, Day, Year, Strip Number,
Level, Number of species in sample.

Subsequent Cards: (12x, 7(I7, T, T1))

Variables (in order): Species code, cover value, fertility.

Program l: Calculation of similarities (written by Dr. William Sharp
of the Glasgow University Computing Service)

The data was first stored on disc in the following format:
(1x, 12, 12, 12, I3, I1, I2, I2, T2, 7(IX, I7, I1))

The variable are: Last two digits of year of sample, Month, Day,
Strip, Level, number of cards for this sample,
sequence number of first species on this card,
sequence number of last species on this card,
T(species code number, species cover value).

Samples are defined by the three parameters CUT(=strip), DATE,
and LEVEL. Similarities may be calculated. .

Calculation of Similarities. (Deck B)

Samples are defined by the three parameters CUL, DATE and LEVEL,

Similarities may be calculated using any one of these as a control
parameter.

e.g. using CUT as a control parameter implies that similarities are
calcuwlated first for all samples with the lowest value of CUT, then
for all samples with the next lowest value of CUT and so on.

Similarly for DATE and LEVEL.

The similarity coefficient between any pair of samples is defined as -

s = 2¢
D+ E
where
C= I smaller cover values Tor species in common
. D= I cover values for first sample

E= % cover values for second sample
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Operation of the program is best described by an example.
Suppose similarities are required using CUT as the control
parameter, The following steps are performed:-—

The data file is copied and recorded (if necessary) into the
sequence

(DATE (LEVEL
cuT (ascending DATE (ascending LEVEL values for fixed

ascending cut(values for fixed ( CUT and DATE

values (CUT

(This reordering is done using the IBM Sort Program)

(ii) Suppose samples for the first CUT value are identified by

Sll S12 813 SlN

These are copied to a second temporary file, and similarities
are calculated in the following order:-—

813 7 511

810 7 813 > 895 7 85

S13 781 ¢ Sy37 8 s B3 7 B3

Siw T 533 0 Sy T B3n 0 Syy TS5 s 00 s Sy 7 Sy

The similarity coefficients are output as a lower triangular
matrix.

(note that the similarities are symmetric and the diagonal
elements of the matrix are all 2).

The samples for the next CUT wvalue are taken and the corresponding
matrix calculated and OUTPUT and so on.
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IMPLEMENTATION

// - - JOB -~ -
// 81, EXEC, SORT
]/ SORTINVDDVDSN = GBTV@2, LEVEL, DISP = SHR
// SORTOUTVDDVDSN = TEMP, UNIT 2 SCRATCH, SPACE = (TRK,(1,¢,2)),
// vDCB = (RECFM = FB, LRECL = 8@, BLKSIZE = 312¢), DISP = (,PASS)
// SYSIN,DD,

}SORT CONTROI, CARD
// 52, EXEC, FORTRAN G

%

// G.SYSINVDDv

DECK B

FORTRAN SOURCE
// G.FT¢1F¢G1VDD DSN = TEMP, DISP = (OLD,DELETE)

v
7/ G.FT¢2F¢¢TVDDVUNIT = SCRATCH, SPACE = (TRK,(1¢,1)),

7/ yPCB = (RECFM = VBS, BLKSIZE = 24¢@)

// FT@MF¢¢1VDDVUNIT = SCRATCH, SPACE = (TRK,{1¢,1)),
// yOCB = (RECFM = VBS, BLKSIZE = 2L¢@)

// G.FT/¢8¥GP1 D UNIT - SCRATCH, SPACE = (TRK, (5,5)),
]/ VDCB = (RECFM = VBS, BLKSIZE = 25@¢@)

/7 G.SYSIN DD %

v
}JPROGRAM DATA CARD

/7

NOTES

(1) All cards start in column 1
(2) NO spaces to be left unless indicated by V
(3) Files used
(i) SORTIN - basic data file, input to SORT program
(ii) SORTOUT - sorted file (temporary file)
(iii) G.FTIP1F@@L - sorted file used for similarity calculations

(iv) G.FI@2Fg@l - file for storing sample for a given value
of the control parameter

(v) G.FT@LF@FEL - used for storing similarities

(vi) G.FT¢8r¢g@glL ~ holds similarities during output of large
similarity matrices.
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Data Cards Required

Bach choice of control parameter reguires a SORT control

card and a program data card, used as a pair.

Control Parameter DATE (sorted sequence

DATE { CUT { LEVEL )

SORT CARD

ySORT FIELDS = (2,2,A,4,2,A,6,2,A,8,3,4,11,1,A,14,2,4A) ,FORMAT = FI

Program Card

VVVl
Control Parameter CUT (sorted sequence
CUT {DATE { LEVEL)
SORT CARD

SORT_FIELDS = (8,3,A,2,2,A,4,2,A,6,2,A,11,1,A,1L,2,A) ,FORMAT = F

v

Program Card

e
Control Parameter LEVEL (sorted sequence
LEVEL {DATE [ CUT )
SORT CARD

I

VSORTVFIELDS = (11,1,A,2,2,A,4,2,A,6,2,A,8,3,A,7h,2,A) ,FORMAT = FI

Program Card

VVV3




Program 2:

Program 3:
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Tabulation of the frequency with which species were
observed on sampling days. The original cards were
ordered by date, with the following control cards:

First card, at the beginning of data for each sampling
day -

AAAAAATI11111111111 999

Last card, at the end of data for each day -

(A6, I2, I4), two blanks, then 111 1 666

The variables are: Month, Day, Year

Tabulation of species observed to be in their
reproductive phase. The control cards are the
same as for program 2.




PROGRAM 2
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TAMH ATIND UF SO aSuioal CCURnUn s altuns Tt ALUAD e CUlloret
SIS TO 0 o) et COLAT () st ) (e 50
LiTaouhi IR {ns3usd) o LATS DIVER: Yrs SPol(z2u)
S A0 (Helut) ‘s e UAYs Yoe LS ume ILEVe wlvVeR
160 Foe AT (27 39l2ciaelas13¢28el)l920910)
=
IF (ISWA btde () w Tu 2
IF (UIVER -lee 9v) LU TU 3
DD a I=led
T b J=14+30
U & k=l
oo (Ledet) = oy
DO 5 1=1e3
[COUT L) = 0
5 LUy =9
CoBu T 2
310 (DIve odce O6) vl TO 10
IF (LEV stue ) STupP
I TE (Hel0l) LAY iGile HiTne YR
1ol T_‘_‘)""T'\T (YIV/ /277777 7cd% 51561l A92a3slRAela//loXesnnbleEVeELs3Kelnlsllas

T1H2s 11X w13 el laelr el i Aeltoe 11 AelrtoellXslnTs11Av1ns/2340
'?-)] 1‘.‘5 L R R R R R R R R Lt SR HE R LR R HR R R R R o AR L Rt S R A
I HiAs R TR AR A A R AT AT AP R A A e A 3k b )

Do1s I=1,30
DO 15 J=1lss
15 FReO(Jdsl) = FLOATILUN(JaI42)) /71C0unT (J)
DO 6 1I=1s30 ’
WEITE (csl®2) ((uUuti(delel) o mEQ(ueId)sI=1s0)
102 FOOHAT (1e slaren(lbnslbi—efbels2A))
& CuaTIHuL.
APITE (oe20a) (M (l) eI=198)
10a FORVAT(IO 923450 (1201 UX)/04Ks23nT0TAL MUMsER OF SPcCIES)
GO TO 2
10 READ (54103 (SPeC(I)sI=l,,0lVveR)
103 FORiaT (1{12Xs7(i7e2A)))
ICOUNT(lLEY) = 1LUUNI(LEV) + 1
DU 40 I=1401VER
1 = 0
DO 20 J=1+30 :
IF (SHEC(I) «tle ULHILEVIJs1)) LU Tu 30
GO TO 20 '
30 UULEVe Js2) = Dun{lEvedse) + 1
o= ]
20 COLTlnuwn
IF (4 «Hde 1) 6O TO 49
MUST(LE Y)Y = dunt(Liv) + 1}
fo o= MNUIHLEY)
QUn{LtVellel) = Srelil) .
QUM ILEVsile2) = Dum{leVeiteg) + 1 ’
\.()HTJ.IM.“'_ . ,
GO TQ 2 -
EHiD

o
fat]
s




146

APPENDIX IV: The frequencies with which species were
observed at the 8 levels on each sampling
day. ’

" Species are identified by their code
number (see Appendix I), and the frequency
is given as a fraction of the total number
of samples on the appropriate level.

Data from the control and strip 2 are
missing for 26 September, 1976.

Data format:

00000-0.00

/ N\

Species code —~ frequency

To help in identifying species, a removable card
giving the code numbers is attached to the back
cover.
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7 8

1314-1.00 1314-0.50

1805-1.00 1805-1.00

4C00C00-1.CO 1306-0.50
27800-1.00 400006-1.00
4101-0.50

8000-1.00

27800-1.06

17 JAN. 1975
LEVEL 1 2 3 4 5 6
ool sfe sl s e ok e e ool e e e ke ook sk ok sl sk o o sle e gt et e o o sk o o oo ok ok o o ol o e o o ool o ofe ot ok o ool o o ok o o ko o e ol e ol

1805-0.67 1805-0.33 1805-C.33 1805~-0.567 1805-0.50 1314-0.50
4003-0.67 40000~-0.67 4000C~-0.67 278C0-0.67 40000~1.00C 1805-1.00
£CC0-0.67 80C0~-0.33 8000-0.67 701-0.33 8000-0.50 40000-1.00
278C0~-0.67 27800~0.87 26201-0.33 4C000-0.33 27800~1.00 8000-0.50
3001-0.33 4003-0.33 2780(-0.¢7 4C(03-0.33 27800-1.00

3001-0.33 701-0.33 8000~0.323

2001-0.32 3001-0.33

5 6 - 7 7 4 5

TOTAL NUMBER COF SPECIES
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TOTAL NUMBER OF SPECIES

10 FEB. 1975
LEVEL 1 2 3 4 5 6 T 8
st de e e ofe ok ke oo sk ook ko ol ol e s e e e skl s o Aot o ok st e et ste s s e e oo oo ol o el ok e ko ol ook ok X sk kR e ol ek ok e
10901-0.20 4003-0.80 1314-0.40 8004-0.20 1314-0.50 8000-0.75 8004-0.33 4003-0.25
4003-0.40 8000-0.60 4003~-0.40 21702-0.20 8004-0.25 8004-0.25 200C3-0.33 8004-0.25
4£302~-0.60 10901-3.20 8000-0.20 27800-1.00 11805-0.25 11805-0.25 217C2~0.33 11805-0.25
27800~-1.00 2i702-0.20 8C04~0.20 11305-0.20 21702-0.25 20003~0.25 24101-0.33 20003-0.25
1805-0.40 27800-1.00 10901-0.20 24101-0.20 24101-C.25 21702-0.25 278C0-1.00 21702-0.25
43C00-0.60 8004-0.20 21702-0.20 1805=-0.40 27800~-1.00 24101-C.25 11805-C.332 27800-0.75
8CC0~-0.20 1805-0.60 27800-1.00 4€000~0.50 1805-0.25 1314-0.25 50000-0.323 500C0-0.25
701-0.20 40000-0.60 24101-0.20 80CC~0.4C 8000-0.25 1805-0.25 40000-0.67 1214-0.25
1314-0.20 701-0.20 1805-0.40 2205-0.40 2208-0.25 40CC0~C.75 4302-C.33 1805-0.25
2802-0.20 2205-0.20 40000-0.60 1314-0.20 40000-0.50 4£101-0.25 4101-0.25
7500-0.20 1314-0.20 701-0.20 2001-C. 28 4£302-0.25 27800-0.75 4£0000-30.50
2802-0.20 2205-0.40 4003-0.20 4302-0.25 4302-0.25
4302-0.40 3001-0.20 4302-0.490
7500~0a. 20 4302-0.40 7500-0.20
750C-0.20 i
11 14 15 14 1l 12 g 12
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10 MAR.

LEVEL 1
Folaok gk ook Stk ok ok ok

40083~-1.00
hm.NQN'.H.o OO
8C00-0.75
10901-0.25
27800-1.00
701-0.50
1805-0.75
400C0~0.75
NNOWID !Nm
7500-0.25

10

1975
2

3001-0.33
8004-0.33
21702-0.332
27800-1.00
1805-0.67
40000-0.67
8400-0.33
2205-0.33
4£003-0.33
4302-0.33
75C0-0.323

iz

eEL

3 4 5

etk ok ok g ok Rk bl g ook R R ok Rk
1805-1.00 1805-1.0C0 3001i-0.25
3001-C.25 3001-0.25 8004-0.25
BC04-0.25 4003~0.75 118065-0.50
21702~0.50 8004-0.25 20003-0.50
24101-0.25 11805-0,.50 21702-0.50
2780C-0.75 21702-0.50 24101-0.25
10901-0.25 24101-C.25 i805-0.75
40800~-C.75 27800-0.75 40000-0.75
8C0C~0.25 4CL00~-C.75 4302-0.50
701-0.50 8000~0.25 800C€-0.25
4003-0.50 701-0.50 27800-0.75
750C~0.5C 7500~-0.50 403-0.25
11805~0.25 2205-0.25 701-0. 25
2205-0.25 4302-0.25 2205-0.50
4302-0.25 4003-0.25

15 14 15
TOTAL NUMBER OF SPECIES

6 7 8

X e s 7 ok e s e e o o sl ek o o o e e e oo e ke
3001-0.25 3001-0.33 3001-0.25
11805-0.5C 2205-0.67 11805-0.25
21702-0.50 11805-0.67 27800-1.00
24101-0.50 20003~C.33 8004-0.25
8004-0.25 21702~0.67 50000-0.25
1314-0.25 24101~-0.33 20003~0.50
1805-0.50 278C0~-1.C0 9032-0.25
40000-0.75 8004-0.33 1314~-0.25
8000~0.50 500Q0~-C.33 4101-0.25
20003~0. 50 701-Ca 33 8000~0.25
27800-0.5C 1805-0.67 16321-0.25
4003~0.25 &0000-~C.67 i805-0.50
4302-0.25 80C0-0.33 2205-0,50
2205-0.25 4003-~0+33 400C0-0.50C
4302-0.33 4003-0.25
4302-0.25

14 15 16
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8 APRIL

LEVEL 1

Hokskodk
701-0.17
4003-1.00
80Q0-0.50
10901-0.17
27800-1.0¢C
3401-0.17
903-0.17
1805-0.17
2205-0.17
2802-0.17
7506-0. 17
11805-0.17
4302-0.33
40000-0.17

i5

TCTAL NUMBER OF SPECIES

1975
2 3 4 5 6 7 3
s e ok dogoskok ko ok o oo ok ool stk ok o sk el o ks st e fofe s e ook ok e e ofe o et o s ok okl g kol et ok ok ko skt deolof ol Rk
9201-0.17 1805-0.33 8004-0.17 8004~0.17 9201i-0.5¢ 1314-0.20 701-0.17
1805-0.50 4302-0.50 2C003-0.17 11805-0.67 403~-0.50 1805-0.20 1305-0.33
4002-0.17 8004-0.33 217C2-0.17 20003-0.33 8004-0.33 2205-0.60 4003-0.83
40030 .50 7500-0.33 24101-0.33 217C2-0.17 11805-0.¢7 8004-0.20 4302~0a.50
4£302-0.50 11805-0.33 11805~0.33 24101-0.17 20003-0.23 75C0~-0.80 8004-0.33
80C0-0.33 21702-0.17 3201-0,17 5001-0.17 27800-1.00 1i805-0.80 20C03-0.33
§004-0.50 24101-C.17 4032-04.33 9201-C. 23 3001-0.17 24101-0.40 27800-1.00
T500~0.50G 27800-0.67 701-0.33 4£03-0.33 1314-0.17 27800-0.60 500CC-0.17
11805-0.33 10S01-0.17 1805-0.332 1805~0.33 1805-0.50 50000-0.20 203-0,17
10901-0.50 4&0000-0.50 75C0-0.33 7500~0.17 40000-0.50 20003-0.20 1314-0,17
21702-0.17 8000-0.33 8000-0.33 8C0C-0.33 75C0-0.33 21702-C.20 1808-0.17
278CC-0.82 701i~0.17 1808-0.17 27820-0.50 701-0.33 92G01-0.20 2205~0433
403-0.17 1808-0.332 4003-0.50 701-0.33 4003-0.33 403~0.20 8000-0.33
701-0.17 4£003-0.33 27800-0,.33 2205-0.33 2205-0.17 1808-0.20 1500-0.17
1808-0.17 4002-0.17 4302-0.33 4002-0.17 4302-0.17 3001~0.20 11805-0.33
4£000C~-0.33 4(000~-0.33 4003-0.33 4003-0.40 403-0.33
201-0.17 2802-0.17 4000C-0.33 201-0.40 201-0.33
2802-0.17 40000-C.40 24101-0.17
4302-0.17 4002-0.20 40000-0.33
4£302-0.20 2802-0.17
17 15 17 is 15 20 20
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15 MAY 1875
LEVEL 1 2 3 4 5 & 7 8
e e s e e sk ofe s ol e e o 2 o el o o s ok e et s sk o sk e kol o ot et okt ofe e o o e sk s ook ol sk e ok e ol el ook B ok sk ok ok ok dolokotof e koko
4G03-0.57 1805-0.57 1805-0.71 &03-0. 43 180%5-0.50 403-0.867 201-0.50 201~0.50
8000~-0.43 4&003-0.57 2205-0.29 1805~0. 86 4003~-0.83 1805-0.5¢C 18¢5-1.00 1305~-0.67
105801-0.14 4302~0.57 3C01-0.14 8004-0G.14% 8000-0.83 8004~0.17 2205-0.33 8004~0.17
27800~1.00 8004-0.14% 4003~0.86 11805-0.14% B004~0.1T7 11805~0.50 £Q003-C .83 8100-Q.17
1805-0.43 8080-0.71 B004-0.14 21702-0.14 11805-0.33 21702-0.23 £302-0.67 11805-0.67
4£3202~0.57 11805-0.14 11805-0.14 24101-0.1%4 20003-0.17 24101-0.117 8004~Cas17 2CQ003-0.50
403-0.29 10901~0.1% 2780C-1.C0 27800~-1.00 21702-0.17 27800-1.00 81C00-0.50 21702-0.50
2205=-0.14 21702-0.29 9201~0,43 4{LCC—-0.71 24101-0.17 9201-0.50 20CC3-0.33 24101-0.17
40C00~0.43 27800~1.00 21702-0.43 9201-0.1% 27800-0.83 50000-1.C0 21702-0.33 27800-0.83
2802-0.14 40000~-0.57 4302-0.57 5C000-1.00 40000-1.00 4003-0.83 24101~-0.17 G201-0,50
403-~0.43 8C0C-0.71 701-0.57 50006-1.00 8000~0,33 27800-1.00 5C000-1.00
701-0.43 403-0.4%3 201-9. 14 402-0.332 20C003-0.17 5C000-1.00 16321-0.33
2205-0.14 T01-0.43 8C00~0.71 701-G.33 T01~0.17 1315-0.17 4£03~0.590
4002~0.14 1808~0,.14 3001-0.29 201-0.17 1808-0.17 1808-0.50 1215-G,17
2802-C.14% 1508-0.14% 2205-0.50 £002-0.33 8C00-0.67 2205-0.17
40000-0.57 4003~0.57 9201-0.17 4302-0.67 11805-0.50 4003-0.83
4002-0.14 7602~-0.14 7500-0.33 40000-0.67 16321-0.17 B0QC~0.50
75C0~0.14% 1808-0.17 201~-0.17 4£0000-0.83 40000-0.83
2205~0.29 4£302-0.67 3001-0.17 92C1i-0.17 1808~-0.33
4002-0.14% 4£002-0.17 4032-0.50 4302~-0.50
4302-0.43 701-0.33 1807-0.17
4002-0.17 30C1-0.17
10 14 i 21 20 19 22 22

TOTAL

NUMBER OF SPECIES



152

TOTAL NUMBER OF SPECIES

30 JUNE 1975
LEVEL 1 2 3 4 5 6 7 8
e s s e e el e o ook o e o o o o e ol s o e o e ok ofe o ke e o o o okl ol ok e s o o ol e ok sl e ol o o sl e seade o ol o o ol ol o sl kol ol ol el e e el e ek ke Aok ek
4003-0.38 1402-0.17 1402-0.14 403-0.38 4003-0.71 403-0.71 1315-0.29 403-0.71
4201-0.13 8004-0.17 4003~0.86 4003-0.75 4302—-0.86 1805-0.43 1805-0.43 1805-0.43
8000-0.38 §201-0.33 4302-0.71 8CC0-0.50 8004~0.14 1808-0.71 1808-0.86 8004-0.14%
10¢01-0.13 10901-0.17 8C00-0.57 8004-0.13 9201-0.14 500i-C.14 2205-0.29 9201-0.57
27800-0.63 27800-1.00 8C04-0.14 92C€1-0.25 11805-0.14 80C0~-0.57 8006-0.86 11805-0.43
40006-0.38 21702-0.17 21702-C.14 11805-0.13 20003-0.14 8004-C.14 B80C4-0.14 20003-0.43
9201-0.13 8000-0.33 27800-0.86 21702-0.25 27800-1.00 9201-0.57 81C0-C.29 27800-1.00
1805-0.13 1805-0.33 40000-0.86 27800~-0.88 40000-1.00 11805-0.14 9201-0.57 40000-1.00
4002-0.13 2205-0.33 403-0.43 4C0CC-0.88 403-0.29 20003-0.14 11805-0.29 50000-0.56
4302-0.13 4003-0.33 1835-0.29 1805-0.25 701-0.43 21702-0.43 2C0CC3-0.29 1315-0.14
40000-0.83 3001-0.14 2205-0.38 1805-0.29 24101-0.14 24101-0.14 1808~0.43
70i-0.17 402-0.14 3001-0.13 2205-0.43 8100-0.,14 27800-1.00 2205~0.29
503-0.17 701-0.29 5C000-0.38 8C00~-0.71 278C0-1.00 40000~-1.00 3001-0.14
1808-0.17 1808-0.29 701-0.38 50000-0.71 40000-1.C0 500C00-C.86 80C0C-0. 86
4302-0.17 2205-0.14 1808-0.38 1808-0.14 50000-0.86 403-0.57 8100-0.14
5000C-0.43 21CC~0.13 8100-0.14 2205-0.14 9C3-0.14 21702-0.29
4002-0.14 4202-G.38 3001-0.29 701-0.14 4003-0.71 4003-0.71
9201-0.14 - 4002-0.14 21702-0.14 16321-0.14
B 4003-0.57 201-0.29 201-0.29
4201-0.14 701-0.29 7¢1-0.29
. 3001-0.14 4302-0.43 4302-G.29
3001-0.14
1¢ 15 18 17 17 22 23 22
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28 AUGUST 1975

LEVEL 1 2 3 4 5 6 7 8
ok e e et o o o o o o ok e o o e e ok o o sk o e e sl ol ool o i e ool s ol o o ol o e e e e el v e e s e e e o o e e ok R e e e s ol ok ko
8CC0~-0.22 8000~0.22 4201-0.11 8000-0.89 800C-C.88 403-0.50 13C01-~-0.43 903-0.25
106C1-0.11 10901-0.11 8000-0.67 9201-0.22 9201-0.50 1805-0.38 3001-0,14 1301-0.38
27800-1.00 273800-1.00 9201-0.22 11805-0.11 11805-0.38 5001-0.13 8000-1.00 1805-0.38
2205-0.11 29800-0.33 11805-0.22 21702-0.11 21702-0.25 8CC0-1.C0O 8CC4-0.1% 2001-0.25
4003-0.11 1805~0.22 2780C0-0.89 27800-1.C0 20003-0.13 8004-0.13 92C1-C. 14 4201-0.25
40000-0.56 4202-0.11 298CC-0C.44 403-0.44 &0000-1.00 20003-0.25 11805-0.57 8004-0.13

40000-0.89 40000-1.C0Q 1805-0.33 278CC-0.88 24101-0.25 21702-C.14 20003-0.38
403-0.11 403-0.22 1808-0.22 29800-0.50 400C0-1.CC 241C1-C.14 27800~-1.00
701-0.11 1808-0.11 2205-0.22 50000-0.38 27800-0.88 20003-0.14 1314~-0.13

2205-0.11 217G2~-C.11 4003-0.67 1805-3.25 29800~38.50 27800-C.84% $000-0.88
4003-0.11 701-0.22 40000-0.89 403-0.50 50C00-0.63 29800-C.71 11805-0.25
9201-0.11 1805~0.11 29800-0.56 4003-0.38 4201-0.13 1314~-0.14 16321-0.13
i 2205=-0.11 3001-0. 11 701-0.50 11805-0.25 1805-0.29 21702-0.25
4003-0.33 T01-0.44% 1401-0.132 21702-0.13 42C1-0.14 29800~-0.50
4302-0.11 50000~-0.11 4302=-0.25 9201-0.13 500C0-C.57 9201-0.25
1808=-0.13 4003-0.50 40000-0.86 24101-0.13
1401-0.13 16321-0.14 40000-0.63
701-0.25 4C3-0443 403-0.25
4302-0.13 4003~-0.43 500C0~0.25
C 1808-0.29 4003-0.25
701-0. 14 7C1-0.13
1808~0.13

6 12 15 15 16 19 21 - 22

TCTAL NUMBER OF SPECIES
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LEVEL 1

%

4302-0.11
8CC0-0.1
106C1-0. 11
27800-0.78
40000-0.22
3C01~-C.11
40100-C.11

TOTAL NUMBER OF SPECIES

1978
2 3 4 5 6 T 8

e s o s s e e e o o s ol s o e e ke ek o e o o o o o o e o vk e e o e s ol o ok o ok ok sl ool ok e kRl e K ek R R ko e ok tok &
1805-0.14% 403-0.29 £(03~022 8004~0.13 8004-0.13 403-0.25 403-0.25
4003-0.14 1805-0.14 8000~0.67 24101-0.13 11805-0.25 18C5-0.63 8004-0.13
4302-C.14 4003-0.71 21702-0.11 27800-0.75 27800-0.88 8004-0.13 9201-0.13
80C0~0.14 8000C-0.43 27800-C.78 29830~0,38 50000~0.50 11805-0.50 11805~-0.38
10501-0.14 27800-1.00 4{0Q0C-0.78 403~0.25 4201-0.13 5C0C0-0.50 50000-0.38
27800-1.00 40000-0.86 1805-0.11 T01-0.62 80C0~0.63 29800~0.38 51000-0.13
4£0000-0.86 2980C~-C.43 4302-0C. 11 1805-0.25 9201-0.132 27800-1.00 8000-0.63
29800-0.14 4302~-0.14 29800-0.33 8C0C~-0.63 298C0-0.50 52C0C0-C.13 27B00-0.88
11805~-0.14 40100-C.14 701-0.67 9201-0.13 40000-0.63 903-C.13 &0000-0.50
701-0.43 701-0.43 4003-0.33 50000-0.38 701-0.50 8000-0.83 20003-G.25
9201-0.11 40000-0.63 403-0.13 9201-0.25 24101-0.13
4C280~-0a11 4003-0.38 1805-0.38 400C00-0.63 1301-0.25
40100-0.11 40100-0.13 1808-0.13 70i-C.28 29800-0.13
30Ci~0.22 3001-0.13 3001-0.25 3001-0.25 1305-0.50
: 4003-0.25 4003-0.13 1808-0.13
T7C1-0.25
3001~0.25
4303~0.25

10 1C 14 14 15 15 13
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TOTAL NUMBER OF SPECIES

27 NOV. 1975
LEVEL 1 2 3 4 5 6 7 8
ste s sk 26 ok s e s sk ook e e oo ok e ek s sk st e oo st o o o o e ofe oo e o sl oo e ook o ool il o ok ok kot ol sk ok ok ook folok R kol e ko ok
1805-0.40 18C05-0. 50 BCO0C-C.90 8004-0.30 8000-1.00 5001-0,10 800C~0.70 303-0.20
8000~0.40 9201~-0.20 8C04~0.10 c201-0. 40 8004-0.340 80C0~0.90 28004-0.30 L201~0.30
10661-0.20 80C0-0.80 11805-0.10 11805-0.30 9201-0.4C 8C04-0.30 11805-0.60 13214~-0.20
11205-0.10 B004-0.10 29800-0.40 27800-1.00 11805-0.40 50000-0.50 5G000~-0.30 1805~0.60
27800-1.00 10901-0.20 27800-1.00 258CC-0.50 5000C-0.40 27800-1.00 51000-0.20 3004-0.30
2802~-0.10 11895-0.10 4£03-0.30 52000-0.20 2780C-1.C0C 24101-0.30 298C0-C.30 27800-1.00
4C03~-0.30 298CC-0.40 40000-0,.70 20003-0.20 40100-0.40 20003-0.40 278CC-0.90 20003-0.50
4£302-0.40 27800-1.00 1805-0. 40 403-0,30 52000-0.20 11805-0.40 16321-0.10 24101-0.40
40100~-0.20 4G000-0.60 9201-0.10 4CC00-0.60 20003-0.20 51000-0.10 2€003-0.40 15321-0.30
400C0~-0.60 4003-0.50 40100~-9.40 £202-0.30 1805-0.40 40000-0.80 241C1-C.40 40000-G.30
402C00-0.10 4010C-0.20 4002-0.20 8CC0-0.70 40000-0.80 9201-0.40 40000-0.50 Q201-0.60
F01-0.40 701-0.60 4C032-0. 30 9203-0. 10 217062-0.1C 21702-0.10 4302-0.10 11805-0.40
1401-0.10 4302-0.40 4£302=-0.10 5C000-0.20 29800-0.3C 1805-0.40 21702-G.10 8000-0.50
25303-0,10 40200-0.10 52000-0.10 40100-0.40 403-0.20 29800~0.40 9201-0.40 5200C0-0.10
2205-0.10 701-C.30 1401-0.20 40200~0.10 40100-0.30 4003-0.,10 29800-0.10
403-0.10 402CC~-0.10 4302-0.10 1401-0.10 40100-0.20 4003-0.20
4002-0.20 £003-0.30 1314~-0.10 1805-0.30 4302-0.10
25303=-0.10 1805-0.40 T701-0.10 2802~0.10 40100-0.10
) 761-0.30 403-0.10
52000~0.20
[
14 18 15 19 16 18 18 20
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15 JAN.

LEVEL 1

40C00-0.91
4C03-0.82
8000~0.45
8004~-0.09
10901-0.18
27800~-1.00
9201-0.27
40100~-0.27
7C1-0.36
4302-0.36
40200-0.27
1401-0.18
25303-0.45
403-0.09
2802-0.09
4002-0.18
4401-0.09

1976

8

40000-0.73
903-0.27
1314~C.27
1805-0.64%
8GC0~0.82
8004-0.36
11805-0.82
27800-0.%1
50000-0.64
16321-0.27
20003-0.55
100-0.09
1301-0.09
13003-0.09
24101-0.18
29800-0.09
60000-0.09
5001-0.09

2 3 4 5 6 7
e e o e s ok ek o ool o o ok ook o ot ok ool o e el ook ol e el e e stk s ook o ik afe sl ol ok ol e ol o o o e ot ot o ol ok A sk e e s Ao Aol Zof o ok ok
4201-0.09 40000-0.82 40000-0.91 8C0C-0.91 1805~0.60 8004~0.36
80C0-0.82 2004-C.18 1205-0.36 8004~0.36 e8000-0.70 50000~0.55
8004-0.18 11805-0.45 2000~-0.91 9201-0.18 8004~0.40 51000-C.18
10901i-0.18 27800~-1.00 £004-0.36 11805-Q.64 9201-0.30 2C003-0.36
11805~0.45 2980C~-0.45 9201~-0.36 24101-0.18 11805-0.90 241C1~C.18
29800-0.18 24101i-0,18 11805-0.55 27800-0.,82 24101-0.20 40600-0.82
9201-0,18 4£201-0.09 §2000-0.27 50CC0~0.64 51CC0~-0.20 3C03-0.09
27800-1.0GC 8000-0.21 27800~-0.82 400600~-0.73 52000~0.20 1314-C. 09
24101~-0.09 22031-0.27 4201=-0.,09 21702-0.09 278Q00-0.G0 1805-0.45
40000-0.82 21702~0.18 5(0CCC-0.09 298C8-0.09 50000-0.70 B00C-C.64%
3001-C.09 403-0.18 29800-0.18 1805=-0.26 5001-0.10 278C0~0.82
4£302-0.36 £003-0.18 1314~0.06 4201-0.09 40000-0.80 9201~0.36
4003-0.45 40200-0.18 4C1C0-0.18 4&0100-C.09 20003-0.10 11805-0.64
4£401-0.09 1805-0.27 7500-0.09 4003-0.09 21702-0.09
1401~-0.09 40100-0.09 . 40200-0.09 4£C03-0.09
40200-0.09 701-C.27 24101-0.09 1401-0.09
40100~C.18 4302-0.18
25303-0.09
©701-0.27
1805-0.27
403-0.09 ﬂ
4002-0. €9 m
t
22 17 16 14 13 16

TOTAL NUMBER OF SPECIES

18
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MARCH 12 1976
LEVEL ¢ 2 3 . 4 5 6 7 8
%****»x****k*»»»*»xk»»%**%**#»****&**»»»xk*&*#*.»x***»i*»&»x#»*w»**»**»**»»»»***t»»w*
40000=]1 000 40000ml 000 400%3=1,000 400P0=1,000 4A0NG=01,680 4P1B0~8,909 40600«0,909 400300-],909
430,273 40P3«0,727 4003=0,455 4@N3=0,273 1875=0,455 40200=0,001f  403«0,727 1314«5,455
4003m1 000 A302m01,536 A4302a(1,182 4372«0,091 4073=£,182 49002-0,001 4003-0,391 40R3-0.182
A302e0,727 2780w, 000 278Ag«1,0A0 47200-0,273 4302«0,091 4302-0,091 4302«0,£01 4271~0.091
27800=1,099 47320 ,455 4030, 364 278FLa], 00 27800-0,909 02010,364 920A1=0,273 118M5-0,818
2802«5,182 18N5=0,364 1805-01_ 364 1805«0,455 403,364 Z7800=]1,00y 27800-0,909 278A0=1,079
3401=0,091 4072«0,364 757p-0,182 83AY«-0,909 B000e,636 403=0,364 1805« ,455 187A0=0,545
4(72e0,455 75000,273 8(0g=0,000 0201.01,364 11805~0,727 1805-0,364 {1805~0,909 9201e0,273
25303=0,545 BpA=0,%00 0201« 364 118A5«0,818 9201-0,091 8U00=9,636 48200~0,182 7500=0,182
701=0,182 47200«0,545 11875«1,455  4083«05,091 BO0M0-G,455 1180500,818 »uﬂasnmmwu 807U=0,354
B8R ell, 455 25303m0,364 26303=0,091 50000-0,091 29805=p,182 A4(A3=0,091 2205-0,091 473=9,182
40200=0,364 70 w3,273 5200 0=0,091 29800«0,182 8004-3,364 24101=U,364 80AN=D, 364 BEA4-0,364
1401w, 091 11805a01,455 40200=i1, 391 24101wi, 182 21702a0,182 S5O0GD~0,455 13003=0,091 200%3=0,455
40100e0,273 2882-0,09] 24101=0,273 7500=0,182 8064«(,273 200A3~0,364 21702«0,091
19971.,273 9201«1,182 203lg~0,273 ( 24101«0,273 51000=0,182 56000=0,545 50800=0,455
9201w, 182 4010CmB 891 21772«0,391 20p03=0,182 20003~0,182° B8LA4=8,364 1301=0,182
118085=0,182 10931w0,182 1690iwd,182 5001=0,091 5§Ri=0,091 136A3=0,091
- . | 241B1=0,182 16321=~0,091
51000=3,182 24171=0,091
033,182
17 17 17 13 16 i7 19 28
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19 MAY 1976
LEVEL 1 2 3 4 5 6 7 8
st s s e e st o o e e s o o s o e o e o e ool oo e o o oo o sk o o o o o ok oo ook o oo o o o e oo ot o o oo o oo el e e e e e e ok e e ode o e o

40C00~-1.00 40000-1.00 4006C~-1.00 40000-0.80 40000-0.90 40000-1.00 903~C.10 4(000-0.80C
4003~0.90 8004-0.30 8004-0,30Q 403-0.40 403-0.5C 403-0.70 1301-0.3C 203-0.40
4302-0.70 9201-0.10 9201-0.30 8004~0.60 58C-0. 20 1301-0.2C 1314~-0.20 1301-0.50
80C0-0.10 118C5-0.20 11805-0.20 11805-0.80 8000-0.40 5001-0.10 18C5~C.80 1314~-0.80
$201-0.10 10901-0.30 21702-0.10 2€003-0.10 8004-0.60 7500-0.40 1808~-0.40 1805~-1.C0
10901-0.30 27800-1.00 2780C-1.C0 241G1-0.10 11805-0.70 80C0~0.50 4101-C.20 1808-0,30
27800-1.00 50000~-1.00 50000-1.0C 27800-1.00 24101-0.30 B0C4-0.60 7500~-0.80 11805-0.60
40100-0.10 4£003-0.70 403-0.20 5C000-1.00 27800-1.00 11805-0.80 moo»toawa 16321-0.10
701-0.30 £302=-0.70 1805-0.30 1805-0.30 50000~-1.00 24101-0.10 9301~-0.10 50000-1.0C
2802~0.10 8006~0.70 7500~0.20 4302-0.40 1805-0.40 27800-1.C0O 1GC-0. 10 3305-0.20
4£C02-0.1C 253032-0.30 4003-0.40 7500-0.10 1808-0.,10 50000-1.00 16321-0.20 7500~-0.3C
25303-0.10 40100~0.10 2980C-C.20 80CC~-0.40 4003-0.40 1805-0.50 20003-0.30 100-0.29
403-0.10 B0O0-0.60 21702-0.10 20C03-0.10 9201-0.30 27800-~1.00 20003-0.5C
701-0.40 £302-0.40 41000-0.10 29800-0.10 51000-0.10 50000-1.00 278CC-0.90
4002-0.3C 2802-0.10 9201-0.10 701-0.20 8501~0.10 40000~0.90 4003-0.60
1805-0.20 701-0.20 401C0-0.10 4002-0. 10 1314-0.20 5001-0.10 8004-0.10
1808-0.10 4£502=-0.10 701-0.30 T7602-0.10 4003-0.50 51CC0-C.10 9201-0.10
4010C6~-0.10 4002-0.10  4302-0.10 4302-0.40 403-0.60 4302-0.30
. 40C3-0.30 . 1808-0.3¢C 4CC3~0.50 8000-0.30
7602=-0.10 2802-0.10 80C0-0.50 &03~0.50
701-0.,10 11805-0.70 24161i~0,1C
4002-0.10 9201-0.20 29800-0.10
40100-0.10 4£302-0.40 9901-0.10
402-0.10 701-0.10
701-0.20 4002-0.10

4002-0.10

1z 17 18 20 18 23 26 25

TOTAL NUMBER OF SPECIES
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14 AUG. 1976
LEVEL 1 2 3 4 5 6 7 8
s S e oot S et o oo o ok ook ok sk o o sk ko o kot o o okl Ak oo e s oot s s e ol ok stk ole o el e st ol e sk e ot ok sl oo o e ot o o o ol ofe e ok e ok e
40C00~-0.70 40000-0.80 40C00-0.70 4C0C0-0.90 5001-0.20C 403-0.20 SC3-0.40 902=-0.30
4£C03-0.20 8C0C0-0.80 18G65-0.10C 8004-0.60 85000-0.60 1314~-0.20 1301~0.20 1301-0.30
10901~0.40 109C1-0,40 8CCC~-1.0C g201~0. 40 8004-0.60 1805-0.60 1314-0.30 1314-0.40
27800-1.00 27800-1.00 10901-0.20 11805-0.70 9201~0.3C 5001-0.30 1805-0.80 1805-0.60
701-0.20 9201-0.10 29800-0.20 5C000-0.80 11805-0.70 80C0-0.80 80CC-0.80  8004-0.50
4302~0.30 50000-0.10 278C0-0.90 27800-0.90 20003-0.40 8004~-0,60 8004-0.60 241C1-0.40
40100-0.30 4302-0.30 9201-0.30 8C0C—0.50 24101-0.30 92C1-C.3C 2C0C3-0.60 50000-0.70C
2802-0.10 2501-0.10 50000-0.60 24101-0.20 350000-0.90 11805-0.90 5C0C0-C.90 278C0~1.00
25306-0.10 3305-0.10 401CC-0.30 41000~0.10 27800~0.90 12505-0,20 55000-0.20 5100C0~0,10
25306-0.10 4003-0.30 403-0.10 7500-0.20 209002-0.50 27800~C.70 12505-0.30
403-0.10 11805-0.60 1805-0.20 21702-0.20 510C0~0.30 400{0-0.70 20003-0.30
4003-0.10 41000-0.10 701-0.10 41000-0.30 50000-1.00 2305-04. 30 3305-0.20
40100~-0.20 701-0.10 4003-0.10 4000C-0.50 27800-0.,90 11805-0.%0 T500-0.40
2 4302-0.10 40100-0.10 1805-0.4C SC3-0.20 16321-C.20 8000-0.50
v 55000-0.10 1301-0.20 24101-0.30 16321-0.20
7500-0.20 403~0.20 40000~-0.20
16221-0.1¢C 75C0-0.20 1808-0.10
24101-0.20 298C0-0.20 11805-0.40
40000-0.8C 51000~-0.10 40100-0.10
| 550C0~-0.50 92C1-0.20 1804-0.10C
29800~0.10 100-0.10G
9 13 14 14 15 21 20 21

TOTAL NUMBER OF SPECIES
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APPENDIX V: Matrices of the similarities calcéulated
between all samples from each level on
each strip, for the control and the
strips on which populations had returned
to 'mormal'. The time populations returned
to normzl is indicated by black lines.

The similarities are represented as percentage values.
The first matrix on each page is shown with the sampling
dates, and these are the same for all matrices on the
page unless otherwise mentioned.

cleared on: Matrices begin on

page:

Strip 1 9 August 197k 163
2 25 September 1974 165

i 10 December 19T7h 167

5 10 February 1975 169

6 8 April 1975 171

7 4 June 1975 172

CONTROL 161




1975 10

1976

10
8

15,

30
28
27
15
12
19

14

Feb
Mar
Ap

May
Jun
Aug
Nov
Jan
Mar
May
Aug

106
19
3%
2a
14
27

~
v

69
60
70
47

100
76
80
86
40
o4
26
35
17
31
24

‘100
T4
40

S 47

© 30

2e
63
76
32
57
30

100

al
(5
a7
24
/.‘. 3
35
37

100
47
29
30
43
20
38
29

100
490
31
71
55
29

652

13

106
33

10y
75 100
29 57
37 37
37 37
24 47
21 42
37 8
3¢ 53
31 61
M A
100 o
82 1090
85 9
47 50
14 16
20 22
28 31
9 11
25 27
14 16
100
66 1090
57 30
24 31
0 1
Y-
i) 25
13 18
55 185
12 16
100
81 100
a5 7Y
34 33
10 10
5¢ 39
AT w7
17 10
69 22

61 43

Do = T U e
SN PO

10
51
21
14
45
34
35

100
6l
43
31
20
27

100
S0
A
19
47
21

44

100
14
36
48

27

3z

42

CONTROL

31

10

¥l

%.04 m
1¢4
LG 100
33 88 100
ey o 71
33wy 90,
66h b6 57
AN g
- 2.86m
100
50 100
40 50 100
3L 44, 3%
33 bbb B6
.60 50 40
2.70 m
10
27 160
21 70 130
33 25 50
24 77 o4&
75 12
2,61 m
1o
Y 149
11 @0 1¢0
71 1w 23
10 74 73

82

10

100

B2 100

72 57 190
M M A
100

3¢ 100

56 34 100
100

23 100

71 11 100
100

20 100

20 92 100

161




1975

1976

10
10

8.

15
30
28
27
15
12
19
14

Teb
Mar
Apr
May
Jun
Aug

Nov .

Jan

Max
May

Aug

100
59
556
57
47

25

D
35
50
55
38
45

100
59
57
64
57
8l
81
51
61
54
61

- 100
. 56
50
45

s 62
57
47

50
27

33

100
53
45
32
42
29
22
35
40
22
22

100
80 109
86 34
57 5H3
31 29
4Q 38
LT 4y
54  5Q
35 143
53 &0
M A -
100
76 100
71 64
34 5a.
63 A3
52 50
69 A
52 70
61 52
76 78
100
50 100
45 38
5¢ 43
35 31
32 2«4
36 50
50 g5
27 30
33 25
100
43 100
46 50
60 &b
27 61
21 47
34 50
38 43
21 12

2l 24

100 2.49 m
S0 106
35 31 1luw
59 70 22 1uv
57 . 47 13 74
64 5S4 1H o7
45 52 10 76
61 %3 23 &0
M J--A N
2,57 m
100
56 100
62 63 100 -
55 58 &0 100
67 60 TbH 69
59 B0 76 &9
73 52 67 o2
80 61 7H ey
2.17 m
100
62 1900
&7 53 1oy
52 70 5% 109
5S4 50 T2 ol
60 6 6y o7
63 50 46 U
55 62 37 73
1.89 m
130 .
73 100
32 47 100
35 35 A7 100
29 37 al  B7
23 30 53 63
4z 43 12z 1
21 26 34 55

CONTROL

100
B
77
91

d

100
82
8
80

1¢0
6o
80
M

100
64
72

1o0 -

75
o3
o3

100
9
29
&7

100
&6
70

100
22

74

162

100
71 1060
M A

100
71 100

1G0
72 100

100
28 100



1
17/

U100 O O
NN
TR AN NS PO

S~

30/6

51
33
25
19

2e

22
25
25
25
22

33°

25
2e
39

100
94
62
20
15
16
15
13
15
14
13
15
11
11
13
15

100

93
93
93
71
93

100

99

D
OO CCoOoOOC W

100

93
93
77
27
87
93
87
93
12
15
11

12
10
10

.3~t 100
15 26
13 21
12 32
iz 19
13 19
13 21
13 21
13 20
12 19
15 26
13 21
lz 138
le 29
N D

100
57 100
19 &7
14 306
15 490
14 36
13 16
la 19
13 17
13 16
la 19
11 13
i1 13
lz2 17
14 20

100
100 100
&7 87
67, 67
8?“ 87
93 93
g2 92
87 87
0 0
0 0
0 0
0 4]
0 0
0 0
0 0

100
100 100
83 83
1l 14
93 963
89 69
93 93
87 87
0 0
0 0
0 0
0 0
¢ 0
0 0
0 O

100
53
67
77
77
83
83
83

77.

a0

83

77
66

100
50
58
49
21
26
24
21
27
17
17
23
29

160
B0
BT
93
93
96
12
15
14
12
12

13

100
17
16
82
76
71

D=OO OO

100
83
93
G3
72
T2
72

93

50
T2
93
54

100
73
66
43
Sl
47
44
18
38
38
46

55

100
67
72
71
80
25
16
i5
25
13

13

13

100
14
14
14
25
13
16
11

14
11

71

©3.04 W

100
49 100
8% 190 100
82 80 &0 100
82 0 80.100 100
71 67 67 86 85
78 87 87 67 67
53 ol ol 67 67
71 80 o0 86 &6
75 87 87 &7 67
43 50 50 55 45
"M A M JF A
2.86 m
160
36 100
le 71 100
19 83 85 100
34 77 80 92 100
31 71 75 86 93
37 17 29 34 46
27 38 44 50 59
14 38 a4 50 47
33 47 40 46 5B7
21 4 o6l 72 66
2,70 m
100
23 100
$3 99 1060
87 93 Y3 100
12 1 1 123100
15 1 1 16} &0
14 1 1 144 S0
12 1 1 1213} 55
G 0 1 124§ 12
1 1 1 1112
12 0 1 133§ 70
2,61 m
100
93 1060
87 92 100
93 87 82 100
12 1 1 231100
1% 1 1 27} 79
¢ 0 0 104 10
1 1 0 1 1
0 0 0 12§ 12
0 0 10 10f 10
N 2} N 10 1N

1

N

N4l

163

STRIP 1

100

80 100

67 62 100 -

s6  80. 83 100

80 99 61 80 100

73 66 88 T3 67 100
S N- J- M -M A
100

57 100

&6 75 100

55 63 T70jl00

66 46 591 47 100

76 85 67§ 67 67 100
100 '

62 100

%3 75 100

14 13 12 100

1 1 11 56 100

85 79 706 12 1 100
100

12 100

1 73 10v

15 63 7% 100

11 69 80 70

M AaY




76 100

10/12 54 74 100
1771 20 29 39 100
/1632 20 1 1 4 100
10/3 93 83 59 23 2 100
8/4 87 76 S4 21 1 93 1u0
15/5 86 76 53 20 1 92 87
30/6 22 14 15 18 17 12 22
28/8 12 0 ' 0 1 20 1 13
26/9 12 0o 0 0 18 ¢ O
27/141 11 1 0o 1 17 1 2
15/1/76 0 0 0 1 1 1 1
12/3 0 0 0 0 0 0 1
19/5 1 0 0 1 1 1 1
14/8 0 1 0o 1 1 1 1
S N D J r M A
100
55 100
37 34 100
21 40 41 100 :
21 2 41 6 100 .
23 49 5 68 7 160
| 2 41 5 5 6 100
33 46 16 17 1 19 1
22 15 31 34 18 19 1
0 0 0 17 1 2 17
0o 0 0 0 0 0 18
11 0 15 0 17 . 1 1
0 0 0 1 1 1 17
0 0 0 .0 0 1 18
9 0 11 1 12 1 13
9 12 12 13 1 15 13
2.17 m 100
missing 10 Dec. 1974 ?g
~to 8 Apr. 1975 0
. . 1
(inclusive) 10
0
0
g
10
100
S0 100
20 34 100
18 29 3 1060
-0 25 34 29 100
1 3 5 51 40 100
33 49 5 30 2% 4 100
47 3% 1 13 0 1 24
2l 13 15 15 0 1 40
13 1 23 1 0 3 37
0 0. O 0 0 0 0
1 14 16 1 14 2 14
0 13 14 1 12 2 13
0 16 18 2 15 2 16
22 15 11 16 1 2 29

2.49 m
100
12 100
1 66 100
0 10 12
1 10 12
13 1 1
12 1 1
9 11
10 1 1
M J A
2,37 m
100
60 100
30 40 100
11 11 11
0 10 1
10 11 11
11 11 11
25 17 . 9
17 17 9
100
22 100
22 1 100
11 12 1
S 29 0
17 20 1
25 29 10
4t 19 1
26 20 1
1.89 m
100
o1 100
20 55 1090
26 29 0
9 I O
16 158 12
19 21 13
o0 57 35

STRIP 1 164
100
4 100
62 76 100
56 63 70 100
64 61 66 72 100
69 75 73 78 80 100
s N 5 M M
100
74 100 _
95 80 100
786 64 84 100
75 72 80 66 100
78 67 75 o1 62 100
100
67 100
72 72 100
55 56  ©Y 100
52 46 S2 60 100
73 64 69 62 59 100
100
66 100
72 78 100
63 70 76 100
30 11 19 32 100 L




10 Dpec
17/1/75
10 Fedb
10 Maxr
8 ApPT
15 May
%30 Jun
28 Aug
27
15/1/76
12 Mar

19 May -

14 Aug

Nov _

a8 AT
29 P23
L4 Ly
50 49
33 33
20 20
& Vel
66 AN
25 25
25 2?25
22 22
20 20
33 33
¢ N
- 100
99 10y
6B A&7
17 17
26 24
33 33
26 2%
34 33
G4 44
25 25
22 22
- 15 18
18 18
28 238
100
99 100
68 A7
20 2¢
1 -1
37 36
23 23
2 1
25 25
2 1
20 20
22 22
15 15
15 14
17 17
100
99 100
68 67
21  2v
0 G
29 25
2l 2
1
1
17 1
18 1
0
0
14 1
0

10¢
e
25
(a1 8]
39
23
le
a4

-

on
24
26

o,

¢

20

100
17
34
HO

77

33
90
9l
53
76

66

- Jd

100
75
14
34
57
24
&2
74
57
63
&40

106
43

&b

14
57
17
25
14
G4
10

la

— () e PO
et 2o O = N0 TN Y e

0

5.0 m STRIP 2 165
109
G 130
lee 89 100 .
le 21 ot 100
1 11 3 2 10u
26 Lo 3y 22 & 160
15 2% S99 ot 2l 25 100
loe 2o %Y 71 2l 29 83 100
15 23 s« w3 3|25 7o 77 100
1o 21 av 87 2l 22 vz 11 v3 100
19 33 73 50 1Lpa4l 6u 60 54 66 10
r M A M J A N dJ M M A
2.86 m
16Q
21 100 missing 10 Mar. 1975
1 @l 1uQ .
79 o 21 100
32 .19 31- 34 100
1720 50 ¢¢ 1o 100
31 14 46 36 28 17 100
47 la S 53 22 35 501100
21 15 40, 31 25 o7 751 40 100
19 22 5% 23 17 5S4 67 50 97 1uo
2.70 m -
103
13 tyvu
1 3o 1v0
1 2o 1 100
N S 1 17 100
e 17 Joe20 22 100
1l 23 O 14 57 33 1w
0 25 0 1S lo 2 £7)100
33 2u 0 12 59 1% &4e) 12 1uo
1 Iy U 1 34 1 304} 21 70 100
1 21 0 1 13 2 23} 59 10 19 10y
2.61 m
100
0 luv
¢ S0 1ov
1 14 12 100
1 1i 13 o 100
l2 1s 1z <0 34 100
1 10 0 1 1 111100
11 9 1 10 1 10l 7+ 100
35 10 1 1 1 1] S0 74 100
0 33 1 10 0 S Te 82 Y7 100°
1 zo 0 106 0 0fF 70 &6 50 9% 10u




24/10/°(4 100
- 19 Nov 99 100

10 Dec 67 6u 1uv . 166
17/1/75 20 20 22 100 2,49 m STRIP 2
10 Feb 1 1 I 93 10¢ )
10 Mar 20 20 2 1 1 10y
8 APr 39 4o 23 12 1 oo luvu
15 May 1 a 1 10 11} 1 1 1u0
30 Jun 1 .1 2 12 13 e 1 o/l 100
28 Aug 20 20 23 25 l« 1 13 <20 12 1090
27 Nov 18 15 20 12 1 lg 1z 1 1 121iov
15/1/76 - 0 0 ¢ 11 le 12z -0 18 11 11} &4 100
12 Mar 0 0 0 11 1z 12 1 18 11 12} 63 80 100
19 May 12 12 12 9 0 9 9 8 1 91 75 T2 5o 100
14 Aug 0 0 0 0 0 1l 1 9 0 1l 84 90 70 72 Lov
0 N D J F M A M J A N J M M A
L
100
99 100
67 65 100
20 20 22 100 ' :
1 1 \l 43 160 : 2057 m 5
0 0 v 33 35 lou
1 2 1 0 3% 100 .
- S, 13013 14 15 10 Y1 100

1717 .20 44 3% 30 .1 67 100

L0 0 1 17 18 1% 0 11 15 100
0 0 1 1 1 12 14 17 1 1§100
0 0 0 1 1 2Y 33 9 10 OF 64 100
0 0 1 1 0 20 70 8 9 0fF 97 75 100
12 .12 1! Y 0 & 10 e¢9 17 01 72 T2 52 190
.00 1 1 1 32 27 14 16 1{ 69 84 64 62 16y
100
99 10y ,
6T 65 100
. 25 25 29 190 - 2.17Tm

1 1 I 77 100

23 23 26 ol &3 1lyu

25 24 23 16 0 30 1lou

12 11 13 S 0 1l Lo luQ

16 15 18 47 33 So 13 52 100

49 49 55 25 1 &5 ¢v 12 1o 100
111 58 L6 o7 le 10 38 2 100
1 1 1 1a 15 v 6 &6 12 2 50 100

18 1B 20 27 13 3 (9 40 31 19 43 87 10u
12 12 13 19 9 23 19y 65 31 13 2¢ 18 34 100
. -13 132 15 11 0 20 21 41 25 14 22 20 37 a3li0u
100
99 10¢
67 66 100 .
25 25 29 108 o
1 1 1 77 100 1.89 m

20 20 22 65, 93 1nu
29 28 34 148 ¢ 15 100

1 0 1 1 ¥ 1 1 100
) 1 0 1 34 32 30 1 4% 10Q
' 2 2 4 2 1 1 2 1 2 100
0 0 0 35 33 32 0 9 26 1livo
0 0 O 11 16 1u 0 1l 17 1t 78 100
0 0 1 1 0 i 0 L& 10 1| 57 72 100
1 0 1 1 1 1 1 55 20 1 0 19 le oo
0 0 1 1 0 0 -0 15 16 1lse 77 5Y 35 1gu




1975

1976

10
10

reb

Mar |

Apr
May
Jun
Aug
Sep
Nov
Jan
Mar
May
Aug

100
66
98
30

49
23
29
19
26

66

100
66
68
25
67
50
67
50

34
23

21

- 20

100

66,

51
26

25
50

18
22
25

100
65
51
29
21
25
20
18
23

20
0

100
66
49

39
40
50
34
23
50

100
98
48
o7
39

9T

17
56
21
19
18

100
78
45
40
4
78

33
20
22

100
79
51
37
44
36
16
20

18

0-.

100
29

49
23
29
19
25
65

100
45
99
40
99
78
56
2l
19
18

100
60
55
40
67

31
19
21

100
66
34
40
33
15
18

17
0

100

—t

66
57
66
50
46
25

100
44
60
44
40
67
41
38

13

100
40
57
40

24
14
15

100
28

31 -

27
25
15

26

14

100
41
100
79
57
20
18
18

100
27
37

1
23
13
14

1

STRIP 4 167

%5.04 m
100
2100
11 55 100
1 66 36
01 &6 67
1| 59 67
2{ 39 20
A SN
2.86 m
100
41 100
34 7S 100
75 57 %1
54 20 19
50 18 17
17 18 17
L2.770 m
100
60 100
12 16 100
35 4% 30
14 19 78
15 21 59
1 1 &2
2.61 m
100
63 100 ‘
24 21 100
14 13 &9
1 i 78
lz 11 21
1 1. 11

1C¢0

75 100

77 83 100

26 17 23 100

J M- M A~
100

611100

571 94 100

281 23 22 100

100
891100
711 80 100

82| 92 72 100

100
861100
12 1 100

1 1 8% 100




1975 10 Feb

1976

10

8
15
30
28
26
27
15
12
19
14

Mar

APT.

May
Jun
Aug
Sep
Nov
Jan
Max
May

Aug

100
67
2
23
el
33
20
27
1
18
12
0

100
o7
40
21
65
18
18

13
1

100
67

23
14

20
15

et et (D

S 100

67
25
le
13
33
34

18

12
1 -

100
34 100
&1 51
37 47
56 66
36 46
16 14
22 5S4
33 57
12 11
0 14
100
66 100
37 62
96 66
40 30
17 18
17 15
23 S5
18 47
24 22
1 1
100
26 100
41 29
27 11
29 19
18 1
14 0
15 34
13 21
13 20
1 12
100
44 100
22 44
24 16
56 50
29 17
le 12
0 1
22 57
12 18

1 1

100
71
6l
82
21
53
Lty

17
11

100
37
34
22
ez
62
56
50
20

100
39
32
24
10
21
29
45

32

100
39
38
19
15

44
A
34

100
o7
67
11
38
42

9

1

100
41
18
17

23
19
24

100
23
19

17

16
.15

100
.31

16

. [
(e lR ol e e el

168
2.49 m STRIP 4
100
71 100
25 30 100
67 62 45 100
67 53 48 71 100
11 17 23 10 16Q100
0 11 19 12 10] 40 100
?037 m
100
32 100
32 90 100
41 13 13 100
50 43 43 63 100
23 16 16 27 25100
28 19 28 22 29f 23 100
2.17 m
100
57 100
36 786 100 )
59 57 67 100
5% 73 80 80 100 .
21 9 O 16 22]i00
i 11 9 18 25¢ 72 100
-1.89 m
100
60 100
40 53 100
25 35 86 100
£7 51 35 34 1¢
30 30 24 16 271100
16 11 14} 61 100

7. 12




15 May
30 Jun
28 Aug
26 gSep

27 Nov |

1976 15 Jan
12 Mar
19 May

2.86 m

2.70m

2.61 m

100
39
0
40
40
15
33
29
18
4.0

A,

2100

96

49
65

14

15

100
41
" 30
46
40
45
19
14
25

100
71
44
21
19

D D et bt pd

100

Z
25
22
14
22
25

100

50
67

15

15

100
L2
25
25
30
11

17

100
31
29
27
12
12
12

-2l

1z

100
0
0
0
0
0

0
0

100
4.0
40
51
13

23

100
67

60 .

.
Lo et e e = (] (L)

o b et

STRIP 5

5.04 m
100
100 100
17 1100
1a I DR 100
L. 1193 87 89
29 @9 76 -u5 75
100
41 100
1 20 100
13 27 67 100
1 17 .78 87 f1vo
13 27 67 69f 70
1 26 63 7e.
100
100 100
57 5‘7 10
2l 21 33 100
16 16 33 67110
3333 54 6l] 71
0 0 EU é\ﬁ \58
100
73 100
16 1575 100
15 14 71 qu_ 100
-4 : 1 1

88

1.

169

100
72 100

M A

100
57 100

104
67 100

106
B9 100




1975 8 Apr 100 _ 170
15 May 66 100 2.49 m STRIP 5
30 Jun &5 67 1040
28 Aug 15 4z 71 100
26 gep 17 24 27 62 100

27 Nov 1 11 13 34 &3 100
1976 15 Jan 1 12 13 24 53 94 100
12 Mar 1 13 14 38 72° 75 80 100
19 May 0 a 9 6 9 g 9 9li1g0

14 Aug 0 11 12 -11 13 11 12 13| 75 100
‘ A M J A S N.J M M A

100
1 100
14 ~ 43 100
1 35 24 100 :
1« 29 27 71 100
2.37 m 0 21 9 56 78 100
— 0 & 10 27 60 &85 109
1 22 27 24 55 52 60 100
1 19 &8 29 23 30 17 81100
1 22 9 36 28 3% 20 91 84 100
100
12 100
12 69 100
‘ 22 15 15 100
2.17 m 15 21 20 54 100
—_— ¢ 10 10 16 &7 100 ~
0 11 11 21 80 &2 100
0 11 11 1 14 24 29 100
1 25 3 1 10 17 20 201}100
1 9 9 2 11 18 22 «2)] 72 100
ip0
22 100 _
47 69 100

2 1 16 100

1.89 m 1 0 1 2 26 100
- 16 18 20 2 21 &% 100
46 g 30 1 1 71 7% 100
1 42 19 19 2 35 4% 341100
| 0 13 39 2 60 50 0| 57 190




15/5/75 100

_ RVA
30 Jun O 10v - A 100
28 Aug &0 0 1060 o . 4106
26 gep ¢4 0 5100 - & SHT710G0
27 Nov 1 0 1 25100 1 1 22 100
15/1/16 10 1 20| o2 160 1 23 40 &6 1790
12 Maxr 1 0 1 201 87 w6 100 1 20 350 a7 711917:2-5(;
C ' ; missin une >
M J A 3 N J M | igsing 30 J .
1204 m ' N " _?__’_:g_fi__rﬁ
109 o 100
0 100 S , 9% 100
2 0 100 o 29 2% 100
! 0 86,100 : : S | 0 5% 100
1 9. 0 18 100 : - 1 1 1 33100
2 0 34 57 .20 100 Y U 19 40 34 100
1 0 17 31 13 S0/100 20 20 27 15 13 557|100
2.70m - | | ‘2.61m
100 ‘ - 100
22 100" ‘ 6% 100
25 85 100 67 67 100
37 71 53 100 , 47 50 54 100
19 24 27 23 100 34 29 60 63 100
16 &2 47 40 90 100 42 37 o6 T0 95 100
21 75 ST 71 36 53 100 67 76 70 33 40 46 100
2.49 m | 2,37 m
100 100
76 100 77 100
58 64 100 32 35 190
25 35 69 100 24 27 &4 100
300 29 57 90 160 1 1 S0 58 10¢
37 35 61 84 91 100 31 34 81 87 6 100
58 73 64 35 38 52 100 35 33 30 40 18 57 100
2,17 m 89w

STRIP 6.




JU/0 100
28 Aug 0 100 100 _ 172
06 sep 0 5 100 . S 100
27 Nov O 1 250100 1 20 100
15 Jan O 1 22{ 93 100 1 22 937100
12 Mar 0 0 138} 82 &9 100 I 18 82 87 100
19 May ©0 1 22) 93 88 78 100 1 15 70 74 67 100
14 pug O 1 2501 99 93 82 93 100 1 17 78 82 73 73 100
' J A S N J M M A (missing 30 June 1975)
1975 1976
5.04 m .g_'§_§.....n.]. v
100
100 1 100
42 100 2 38 100
23 50 100 1 11. 31 100 -
18 43 67 100 1 1 17 93 100
23 17 50 89f100 1 10 29 82 87100
17 41 63 76} 63 100 1 1 1 0 1 1 100
_émiséin§5307§un§2199%)100 10 1 0 | 1 &0*100
2,70 m 2.61m
100 : '
1 100 100
3 16 100 .2 100
1 1 21 100 34 40 100 : ]
1 1 21 99 100 1 72 37 160 , T
1 11 33 87 87 100 1 S SO0 47 100 o
1 8- 11 0 0 81100 1 20 10 10 8f100
0~ 0 0 0 0 1] 96 100 1 11 1 1 1§ 96 100
ST T © (missing 15 Jan. 1976)
2,49 m : 2,37 m
100 100
77 100 72 100
67 86 100 18 S0 100
"1 17 15 100 o 1 1% 18 i00
1 13 11 47 100 1 12 26 45 190
1 13 11 47 100 100 1 13_.29-.50 70 100
0 1 1 29 24 231100 17771 16 26 21 221100
0 0 0 0 0 0}83100 1 0 15 1 10 11§ 66 100
2.17 m 1.89 m

STRIP 7




173

APPENDIX VI: Matrices of the similarities between
all samples at 8 levels on each strip
for each sampling date.

Similarities that could not be
calculated because of lost samples
are marked (?).

Similarities are presented as percentage
values and are also grouped as follows :

0 192 60 79?
20 39? 80 - 300/
10
Contents Page
Control 186
Strip 1 174
2 176
¥ 179
5 181
6 182
7 185
8 135
9 185
10 186

11 187



174

3.04 2.86 2.70 261 249 237 217 18 LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 217 189

3.04
2.86
2.70
2.6 931100
931001 2.49
1001001 2.37
100100100100 2.17
100100100100100 1.8 50,54
STRIP 1 24 SEP 1974 STRIP 19 NO.!' 1974
100 | 100
75 100 29 100
36 31 100] 16 41 100
20 17 93 wa | 1 29 77 100
33 25 54 60 100 2 52 21 29 |0ugjll
66 50 18 20 33 100 | 2 52 21 29 99 100
9 i
40 29 1 1 1 80 100: 2 19 25 80 80 10C
STRIP 10 DEC 1974 ST 17 JAN 1975
100 100
47 1001 40 10C
15 62 '00 22 47 100
15 31 3 100 22 47 1001CO
23 26 23 23 100 13 51 93 93 ‘00
23 26 23 24 52 100 19 35 23 23 27 100
?
0 1 0 0 34 34 100 19 1 1 2 8 100

STRIP 10 FEB 1975 STRIP 10 MAR 1975



3.04 2.86 2.70 2.61 2.49 2.37 217 189

100 |

71 100

0 15 100

0 15 99 100

13 14 93 93 100
11 1 1 2100

34 39 18 19 34 35 100

STRIP 8 APR 1975
100

92 100

1415 100

25 28 94 100 1

24 26 23 32 100

35 26 23 32 80 100

27 16 14 13 45 67 100

22 24 22 31 57 67 53 100

STRIP 30 JUN 1975
93 100
66 100
13 100
89 100
STRIP 26 SEP 1975

175
LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 217 189

3.04

2.86 99 100

2.70
2.6
2.49 99 10
2.37 45 100
2.17
18
STRIP 15 MAY 1975
87 100
93 100
78 100
STRIP 28 AUG 1975
76 69100

STRIP 27 NOV 1975



176

3.04 286 2.70 261 2.49 237 217 18 LBEVEL (M 3.04 2.86 2.70 261 249 237 ;

STRIP IS JAN 1976
69 100

67 100
STRIP 19 1\Y 1976
100100
100100100
100100100100
100100100100100
100100100100100100

100100100100100100100
100100100100100100100100

STRTP 2 24 OCT 1974

3.04

2.86

2.70

c6l

2.49

2.37

2.17

18

100
59 100

25 32 100y
14 22 94 100

1

1 11 67 M 1001

0 11 78 82 78100i

1 9 64 67 64 82 100

1 1

i
irr¥a

56 59 66 67 73 100

STRIP 12 MAR 1976
88 100
0 100
84 100
74 100
88 100
STRIP 14 AUG 1976
100100
100100100
100100100110
99100

99:99 100100

99 99 99 100100100

STRIP

2

99 1001001

10 DEC

JOI 00

1974



3.04 266 2.70 261 2.49 237 217 169

93 10
77 100
10010
1001001

76 100 100100100100

STRIP 2 10 FEB 1975

100

49 100

1 2 100
18 18 93 no
18 18 93 87 100
12 1 2 2 100'
2121 1 2 15 76 100

66 23 | 1 16 1 19 100

1975

STRIP 2 8 APR

100
4 100 [
3 79 100
2 2 100]
17 16 94 100
23 33 100
95 100

54 48 22 A

2
3
2 58 51
2
2 34 21

38 29 82 87 100

STRIP 2 30 JUN 1975

1/7

LEVEL (V) 3.042.86 2.70 2.61 2.49 13/ 2.17 i89

304 100

37
261 15

249 1

237 17

217 45

1.89 40

STRIP

STRIP

100

3

100

76 100'
47 80 100
42 27 12 100
38 22 15 59 100

24 10 1 33 53 100

2 10 MAR 1975

87 100

2 15 MAY 1975

25 100.

1 73
19 24
23 40

1 18
67 22
5 2

STRIP

100

15 100

34 34 100.

25 28 67 100

2 33 41 34 100H

3 19 23 41 66 100

2 28 AUG 1975
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3.04 2.86 2.70 261 249 237 217 189 LBEVEL (M 3.04 2.86 2.70 261 249 2.37 217 189

3.04
77 100
72 100 29 100
12 100
89 100 12100100
94 100 86 00
45 100
62 100
STRIP 2 27 NOV 1975 STRIP 2 15 JAN 1976
74 100
96 100
STRIP 2 12 MAR 1976 STRIP 2 19 MAY 1976
100 1
89 100
29 40 100
1 1 10 100

0 0 10 86 100

1 1 9 84 80 100

12 11 18 58 69 64 100

0 1 0 64 75 76 60 100

STRIP 2 14 AUG 1976



3.04 286 2.70 261 249 237 217 189

1001001

100100100100

99 001
99 100

100 00100100

STRIP 4 10 MAR 1975

92 100

77 100

70 100

STRIP 4 18 MAY 1975

100

2 100.

1 60 100!

1 21 43 10 ;I

1 26 34 67 100

2 2 22 21 51 100

1 2 18 18 41 75 100

1 26 34 34 n 75 61 100

STRIP 4 2- AUG 1775

UBVEL(M 3.04 2.86 270 261 249 237 217 .89

3.04

2.86

270

261

249

237

217

189

1/9

99 00

60 100

STRIP 4 8 APR 1975

100

2 100 I
1 40 100.

1 36 71 1001

1 36 71 100100
97 41 37 36 100

27 20 37 37 28 100'

o O N

23 18 34 34 24 93 100

STRIP 4 30 JUN 1975

100
40 100'
33 79 100

50 36 50 100'

50 36 50 78 100

15 17 31 22 42 100' 1

17 18 18 12 34 95 100

25 29 26 15 43 40 43 100

STRIP 4 26 SEP 1975
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304 286 270 261249 237 217 189 LBVH (M 3.04 2.86 2.70 261 2.49 237 2.17 189

304
100, 4
36 100 286 72 100

17 100 270 25 40 100 3
m B

261 15 31 89 100
249 16 34 48 40 100, .
i .J

86 100 237 16 18 13 1 58 100

L:,j

217 12 24 55 50 74 43 100
64 100 189 0 13 48 53 45 12 78 100

STRIP 4 27 NOV 1975 STRIP 4 15 JAN 1976
100]]

78 100

11 25 100] 1

1 13 87 100

20 23 45 45 100

!

11 13 36 47 " 100 I

9 10 67 76 46 54 100 .

12 14 14 27 75 50 100] 62 100
STRIP 4 12 MAR 1976 STRIP 4 19 MAY 1976
100

36 100

1 12 100

0o 1 1100 I

0 0 1 53100

1 10 11 20 54 100

1 0 1 79 57 44 100

1 1 1 47 44 30 53 100

STRIP 4 14 AUG 1976
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301:2.862.7(: 261249 237 217 18 LEVEL(\M 3.04 2.86 2.70 261 249 2.37 217 189

I0C

2 100

1 42 100

20 21 62 100 .

oi 19 58 63 100

0 12 38 4d( 74 100

1 17 14 30 29 36 100'

0 14 12 26 25 33 80 100

STRIP 5 15 MAY 1975
100

51 100

41 86 100,

34 75 88 100,

20 50 61 71 100

28 23 20 38 54 100

50 34 56 51 50 46 100

4 2 40 35 21 3 51 100
STRIP 5 28 AUG 1975
100

68 100

41 67 100

29 50 79 100
25 44 36 32 100
17 31 27 24 78 100
23 40 33 29 80 84 100
3 2 2

2 23 16 21 100

STRIP 5 26 SEP 1975

3.04 100
2.86 0 100

2.70 0 9 100

261 0 2 42100
249 0 1 24 67 100
2.37 0 1 18 54 84 100"
217 0 1 16 50 50 44 100
189 0 1 16 38 40 44 92 100
STRIP 5 30 JUN 1975
100
93 100
20 19 100

40 38 37 100

1 1 18 59 100' I
1 1 14 51 85 100'
0 1 16 56 95 91 100

0 1 23 15 14 22 25 100
STRIP 5 27 NOV 1975
76 100

87 100
STRIP 5 15 JAN 1976
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304 286 2.70 261 2.49 237 217 189 LBEVEL(M 3.04 286 2.70 261 249 237 217 189

100 304
70 100N - 7 'wm 2.86
11 42 100 270
11 42 100100 261
12 46 75 75 100 249
10 29 60 60 56 100 . 237 7210010
0 0 13 13 15 34 100 247

1M1 1 12 12 1 63 41 100 1.89

STRIP 5 12 MAR 1976 STRIP 5 19 MAY 1976
94 100
90 100
78 100
STRIP 5 14 AUG 1976
100 100
86 100 o 7
86 100100 0 100
9 8 8 100] 0 5 100
2 2 2 66 100 0 1 22 100
1 1 1 23 22100 0 0 84 100
1 1 1 19 18 89 10000 0 0 17 84 100100
0 0O 0 14 14 64 75 100 0 0 15 80 87 87 100

STRIP 6 15 MAY 1975 STRIP 6 30 JUN 1975



3.04 2.86 2.70 261 2.49 2.57 217 1.89

100

9 100

3 51 1OOB
2 29 66 100
1 28 22 34 100
1 18 46 51 50 100'
1 17 43 48 47 95 100B

1 17 43 47 24 76 82 100

STRIP 6 28 AUG 1975

100y

71 100

33 37 100.
28 31 75 100
10 11 29 50 100
10 11 29 50 100100
10 10 27 47 96 96 i g ¢ B

10 10 27 47 96 96 100100

STRIP 6 15 JAN 1976

100

57 100

8 16 100

1 3 27 100'

1 2 26 99 100

STRIP 7 30 JUN 1975
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LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 217 189

3.04 100
286 66 100
270 40 67 100]
261 33 57 89 100
249 20 36 62 57 100
237 20 37 31 29 56 100
247 15 15 13 12 38 76 )| P
189 0 1 1 4 31 70 96 100
STRIP 6 26 SEP 1975
100]
78 100
11 33 100
1 22 89 100
1 24 24 36 100
121 21 32 89 100
1 20 20 30 84 95 100
1 22 22 34 71 63 70 100
STRIP 6 12 MAR 1976
100
67 100
4 9 100
0 1 18 100
1 1 2 95100
1 2 2 38 41 100
1.2 2 1 2 19 TOOJ
11 2 1 1 18 92 100
STRIP 7 28 AUG 1975
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100

66 100

40 66 100

33 57 46 100

49 80 58 76 100

1 29 23 40
22 20

50 100
17 31 37 31 100

33 29 23 40 50 40 61 100

STRIP 7 26 SEP 1975
99 00

100100

STRIP 7 15 JAN 1976
921001

92100100100
70 100

STRIP -7 14 AUG 1976
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LEVIL (M 3.04 2.86 2.70 261 2.49 237 217 189
3.04

100. 1
2.86 93 100
2.70 40 38 100
261 14 13 50 100.
249 1 1 40 93 100
237 1 1 15 15 16 100
217 1 1 15 15 16 99 100g
189 1 1 14 14 15 92 92 100
STRIP 7 27 NOV 1975
80 100
70100100
87 100
50 100
STRIP 7 19 MAY 1976
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3.04 2.86 2.70 261 249 237 217 18 LBEVE (M 3.04 2.86 2.70 261 2.49 237 217 189

100

5 100

1 41 100 ——
1 26 73 100 o

1 26 73 100100

1 2 51 80 80 100
1 2 1 15

2 1 1 20 20 54 60 100

STRIP 8 26 SEP 1975

100' r
93 100'

59 63 100
36 38 55 100 |

1 1 24 70 IOUl
12 14 33 78 94 100
15 17 40 40 29 40 100
1 2 19 19 21 19 50 100
STRIP 8 12 MAR 1976
100'
67 100

8 4 100% ®©

5 2 68 100
2 1 4 30100
STRIP 9 26 -P 1975

15 40 100.

3.04

2.86

270

261

249

237

217

189

85 100

63100100

100100100

STRIP 8 15 JAN 1976

60 100

96 100
46 00
46 100

STRIP 8 14 AUG 1976

100
50 100
22 76 100

34 29 32 100

31 53 57 57 100y

18 44 47 35 86 100

31 53 43 29 76 85 100

40 36 1 23 1 1 21 100

STRIP 9 27 NOV 1975
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67 100
38 100
73 100
67100100
STRIP 9 15 JAN 1976
100
32 100
36 54 100]
a
28 45 78 100 1
9 24 31 45 100
9 24 46 58 88 100
9 31 40 53 91 91 100
10 54 37 37 54 54 c2 100
STRIP 9 '9 MAY 1976
1
100' f 1
67 100
67 100100
8 16 16 100
2 5 5 5 100
STRIP 10 2c SEP 1975
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LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 2.17 1.89

3.04
2.86
2.70 64noo
261 34 100
249
237 77 1001
217
189 94 100
STRIP 9 12 MAR 1976
100
66 100
17 14 100
1 1 89 100
1 1 89 89 100
1 1 22 21 32100
11 17 17 34 32 100
2 2 18 18 35 47 68 100
STRIP 9 14 AUG 1976
STRIP 10 27 NOV 1
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3.04 2.86 2.70 261 2.49 237 217 189 LEVEL(M 3.04 2.86 2.70 261 2.49 2.37 2.17 1.89

100 3.04
59 100 286 67 100
16 56 100 2.70 48 100
1 27 72 261
1 14 55 249
1 14 55 74 76 100 2.37 94 100
1 13 47 60 61 80 100 247 94 100100
1 12 47 60 61 80 100100 189
STRIP 10 15 JAN 1976 STRIP K) 12 tt4R 1976
100
57 liooM 1
26 75 100
9 25 45 100
8 18 38 67 1ooy 70 100
11 22 23 45 72 100, 70 100100
9 18 25 55 65 72 100 96 100
11 29 31 37 57 82 5’100 14 100
STRIP 10 19 MAY 'zVY, STRIP 10 14 AUG 1976
100
99 100 52 100
69 100 57 58 100
99 100 51 52 91 100
68 100 34 35 41 50 100
50 100 31 32 38 47 76 100
25 26 32 40 67 88 100
99 100 23 23 29 37 62 81 87 107
STRIP 11 12 MAR 1976 STRIP 11 19 MAY 19



3.04 286 2.70 2.61 2.49 2.37 217 1.89

100

93 100 L
87 94 100

47 57 54 100
1 1 1 50 100§
1 o 1 45 80 100
1 1 1 37 52 100

25 2 20 3 2 5 100

STRI'® 11 14 AUG 1976

100

12 1(30 ’
16 75 100

0 32 40 100

0 38 50 53 100
0 59 16 50 47 1

0 14 37 44 27 25 100

14 15 21 12 57 27 31 100
CONTROL 3 APR 1975

100

21 KO

37 35100

45 54 38 100

2 4@ 14 44 100

2 4723 39 62 100

23 4@ 25 57 71 76 100

15 10 19 22 53 39 53 100
QO/TROL 30 JUN 1975
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LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 2.17 189

3.04
2.86
270
26!
249
237
217

189

100,

10 100

17 79 100 .

10 40 53 100

28 39 78 100

59 70 50 64 100
19 30 47 42 38 100

1 11 12 54

59 32 63 100

j

o o o

CONTROL

10 FEB 1975

100

25 100, 1]

16 54 100 |

0 67 45 100

12 41 70 53 100 _ ||
| |

0 56 46 72 52 100

1 34 41 48 60 56 100

8 15 25 21 55 47 52 100

CONTROL

15 MAY 1975

100

57 101

23 33 100

1 15 75 100

1 19 62 67 100
1,1

1 1 1 1 14100

1 1 11 10 23 j3 100

1 0 1 0 16 47 63 100
CONTROL 28 AUG 1975
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43 100
42

100

CONTROL 27 NOV 1975

100
24 100

10 71 100

0 53
1 44
1 29
0 20
0 22

82 100

69 86 100

58 69 87 100

52 48 69 74 100

19 18 44 48 59 100

CONTROL 19 MAY 1976

189
LEVEL (M 3.04 2.86 2.70 261 2.49 2.37 217 189

3.04

2.86 40 100
270

2.79

237

189

CONTROL 15 JAN 1976

CONTROL 12 MAR 1976

70 100

CONTROL 14 AUG 1976
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APPENDIX VII: Dominant species which covered more than
: 50% of the sampling quadrat in each strip.

A single line indicates times when the
total cover of all species was less than
50%. A block without a nemed species
indicates times when the total cover was
in excess of 50%, but no single species
was dominant. The times of sampling
are marked on each horizontal axis.
The abbreviations used are:

B.G., B.G.CRUST = €rust of blue-green algae
F. SPIR - Fucus spiralis
R. VER. -~ Ralfgia verrucosa
FUCOIDS ~ fucoid germlings
P. CRUE ~ Petrocelis cruenta
G. STEL - Gigartina stellata
BLID, BLID. CR, BLID. CRUST - crustal form of Blidingia
C. FULVES, C. FULV - Capsosiphon fulvescens
B. MIN - Blidingia minims
E. INT, E. INTEST —~ Enberomorpha intestinalis
U. PEN . ~- Urospora penicilliformis
U. PSE - Ulothrix pseudoflacca
BARN, BARNACLES - Balanus balanoides
Contents Page
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APPENDIX VIIT:

202

Matrices of the similarities between
samples from the same level on a cleared
strip and on the control.

Similarities are presented as percentage
values and show the times at which
populations in cleared strips came to
resemble those in the control. The
matrices are shown for strips 1-11; strips
1 - 7 returned to normal within the

period of field observations.

¥) low similarities resulting from separating
fucoid germlings and Fucus spiralis in calculations.




203

STRIP: 11
1975 | 1976
10 10 8 5 30 28 27 15 12 19 1k
Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL
(m) ! .
3.0k | 7 2 33 sk
2.86 | 1 M k6
2,70 I : 1 27 34
2.61 S ' 1 12 11
2.kg , 2 39 1
2.37 1y ok
2.17 . T i 1
1.89 2 52 1
i L
* Comparison of STRIP- 1 with control. - -
1975 E *1976
10 10 8 15 30 28 27 15 12 19 1k
Feb. Mar Apr May dJune Aug Nov Jan Mar May Aug
LEVEL
(m)
3.0h _ L3 11 36 _ 14 ks ~ 23 100 67 100 89 100
2.86 12 1k 1 12 15 33 24%  Lo¥ 91 57 100
2.70 11 1 0 1 13 50 93 T6 9% 63 93
2,61 13 1 o 10 2 5 77 69: 89 100 91 100
2.49 1 0 i1 1 4 78 89 82100 92
2.37 0 0 18 31 12 1 6L 95 90 9O 99
2.17 - - - o ¥ 11 8 61 92 88 82
1.89 0 1 21 39 52 15 91 T3 94 . 76 78
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STRIP: 2
1975 - 1976 .
10 10 8 15 30 28 27 15 12 19 1k
‘ . Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL : .

(m) | . |
3.0+ 9 19 W6 14 6 66 TL 63 T2 89 100!
2.86 : 12 - 2 1h -1 17  36% 17¥ 70 50 100
2.70 0 gl 1 a4 27 2 25% 21% 63 73 W
2.61 0 1 o 1 1 11 67 8 T1 91 96
2.hog 0 1 0 10 1 W 72 70 78 90 91
2. 37 0 27 39 27 12 1 61 81 58 93 96
2,17 0 13 16 25 23 1 1k 10 30 L3 82
1.89 0 0 19 39 18 1 63 64 67 80 72

STRIP: &

1975 | 1976 .

10 10 8 15 30 28 27 15 12 19 1k

Fet. Mar Apr May June Aug Nov Jan Mar May Aug
LEVEL
{m) |
3.0kL 12 18. 20 15 2 2 62 .75 59 82 &6
2.86 115 18 1 13 1 25 29 21 60 25% L3
2.0 | a7 1 o 4o 24 15 12 10 5 24¥ 62
2.61 22 1. 0 12 38 1 8,12 75 16 76
2.49 0 0 0 22 1 20 17 12 12 84 64
2.37 0 0 1' 32 3 2 16 23 21 89 39
2.17 20 1 16 48 ' 21 1 19 32 25 Th 80
1.89 i 1 16 Wbt 15 0 29 20 27 61 B4
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STRIP: 5 K
1975 . 1976 .
10 10 8 15 30 28 27 15 12 19 14
Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL .
(m) ] "
3.0k 16 25 - 2 .92 88 59 T8 60
| .
2.86 1 2 1 1 32 12 T2 20% ,65_
2.70 1 a9 21 19 18 8 82 22% 62
2.61 0 10 1 ‘1 9 12 8 81 8o
2.h9 0 10 1. 1 10 12 14 84 85
2.37 1 18 10 2 8 20 10 89 T1
2.17 1 hi, 12 1 1 10 22 76 66
1.89 1 38 17 2 1 12 1 66 0
)
ST.RIP:‘}G
1975 1976
10 10 8 15 30 .28 27 15 12 19 1k
Feb. Mar Apr May dJune Aug Nov Jan Mar May Aug
LEVEL
{m)
3.0k 1 - 2 93 63 62
2.86 2 - 8 34 15 57
2.70 c1 00 11k 1h .o
2.61 "16 o 1 9,1k 59
2,49 31 1 1 9 10 =25
2.37 25 11 2 9 10 20
2.17 32 22 1 11 8 28
1.89 31 25 0 9 10 21
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STRIP: T

1975 1976

10 10 8 5 30 28 27 15 12 19 14

Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL

(m) 1 . .
3.0k . . : 2 93 17T 59 78 5k
2.86 ' B 1 32 16 47 21* sk
2.70 : I 26 13 9 75 19% 56
2.6l ‘ | 1 9 1 71 80 67
2.9 ' 1 1 1 12 78 61
2.37 . 2 2 - 10 83 57
2,17 ‘1 2 0 10 T1 52
1.89 ‘ T 12 1 60 70
STRIP: 8

1975 ' | 1976 _

10 10. 8 15 30 28 27 15 12 19 1k

Fet. Mar Apr May June Aug Nov Jan Mar May Aug

" LEVEL
{m)
3.04 ‘ 2 12 50 67 19 75
2.86 -1 11 16 53 27 67
2.70 ) h ' 1 13 9 24 21 80
2,61 : o -0 8+ 1 70O 9 10

2.49 .' 1 1 1 1 3 9
2.37 S ol 0 1 -1 37 15
2.17 R | - 12 0 13- 52 23
1.89 1 1 1 1 64 ko
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STRIP: 9

1975 | 1976

10 10 8 15 30 28 27 15 12 19 1k

Feb Mar Apr. May June Awg Nov Jan Mar May Aug
LEVEL

(i) | .
3.0k : | 59 63 59 78 85
2,86 i - - 9 1k k6 X7 55
2.70 - S 11 11 21 21 66
2.61 | . 22 1 u3 8 10
2.49 . _ , 1 1 1k 31 26
2,37 B 1 12 12 33 25
5,17 - ' | 10 11 M 17
1.89 . 11 1 koo 29
STRIP: 10

1975 - 1976 .

10 10 8 15 30 28 27 15 12 19 1k

Febt. Mar Apr May June Aug Nov Jan Mar May Aug
LEVEL
{(m)
3.0L . by 62 53 T8 39
2.86 1113 k2 oar 57
5.0 ' . 13 11 13 16 56
2.61 ‘ 12 1 27 8 10
.49 , i1 13 31 9
2.37 1 ik 11 k8 8
2.17 1 o 11 33 18
1.89 1 1 1 T3 16
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APPENDIX IX: Matrices of similarities between the 8 levels
‘ on the control when fucoid germlings are
considered as Fucus spiralis in the calculations.
The similarities are presented as percentage

values.
5.04n [100] 100
2.86 | 40000 | 191100
2,70 18820100 34|53 1 00
2.61 | 10]40|56)100] 50]40]50}100
2.49 | 028|471 78100 2436|3447 100
2.37 | 0|58]73155]64000 19]a4]a2|at a2 lioo
2.17 | 9 9lm2lar|s2|zshiod st 78167161 7175100
1.89 | 1| 11[13]54[50(32[63h0d (29[ 10]18]23|55]39]53010
10 February 1975 30 June 1975
100 100
5704 891100
03|33 )1 00 61]71000]
1 115]75h00 13]24|57 100
1 119]62]¢7 00 o |121a8| 75000
114l50]73 1501 00 0 [11]44]8el8aho
{ |12]63|57 5063000 0 [16]50|¢0l70]72h00
i [17]e3]37]61|avlespog | 0 ]13]50]52]61 |56 74 00

28 August 1975 14 August 1976



APPENDIX X : Culture medium
To 1 1 of pasteurized seawster were added:
60ml of Solution A, which contained:

50 ml 0.4% NaN03
2 ml of each of the following
1.47 g/1 MnSOh-hHEO

in distilled water

0.0023 g/1 - CuS0),+5H,0
0.064 g/1 - CoCl-6H20
0.23 g/1 - Na2MoOh-2H20
0.005 g/1 - LiCl+H,0

2 m1 of Solution B, which contained:
4,98 g/1 ZnS0), * TH,0

15 ml of Solution C, which contained:
2.6 g/l tretrasodium salt of EDTA
0.12 g/l - FeSO)-TH,0

1.5 ml of Solution D, which contained:
15 gfl - NaQHPOh-lQHzo

Each stock solution was autoclaved separated and stored
in a refrigerator until use. The solutions were added
to the pasteurized seawater using sterile technigques.
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APPENDIX XI : Species colonizing glass slides placed
on the shore for one week in 1975 and

1976.

Glass slides were left on the shore for the week following

the date given in each table. Counts for the number of
Blidingia minima, Enteromorpha sp., Ulothrix/Urcspora sp.,
Ralfsia sp., and the creeping brown filaments are given

in separate tables with the mean, standard deviation (S.D.),
and the values in plants/mm? thesecpresent. Counts were

all made at a magnification of x400 unless otherwise specified.
Plants not found in microscope fields but observed on the
slide are noted as 'present',

The last table summarizes the data for the distributions

on slides of species with low abundances. Presence is
noted by a '+', and plant densities are given when abundances
were high enough to obtain counts.

Contents Page
Blidingia minima 211
Enteromorpha sp. 213
Ulothrix/Urospora sp. 215
Ralfsia sp. 217
creeping brown filaments 219

species with low sbundances 221
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APPENDIX VIiI: Matrices of the similarities between
samples from the same level on a cleared
strip and on the control.

Similgrities are presented as percentage
values and show the times at which
populations in cleared strips came to
resemble those in the control. The
matrices are shown for strips 1-11; strips
1l - 7returned to normal within the

period of field observations.

*) low similarities resulting from separating
fucoid germlings and Fucus spiralis in calculations.
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STRIP: 11

1975 1976

10 10 8 15 30 28 27 15 12 19 14

Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL

(m) ! )
3.0k | 2 33 sk
2.86 i 1 Wy k6
2,70 B ‘ 1 o7  3h
2.61 : ' : 1 12 11
2.hg . 2 39 1
2.37 : | 1 ho 2k
2,17 - . L bl 1
1.89 _ , 2 - 52 1
P
Comparison of STRIP' 1 with control. -

1975 - *1976

10 10 8 i5 30 28 27 15 12 19 1k

Feb. Mar Apr May June Aug Nov Jan Mar May Aug
LEVEL
m)
3.04 A 43 11 36 14 ks - 23 100 67 100 89 100
2.86 i2 1k 1 12 15 33 oh%  ho* 91 57 100
2.70 11 1 0 1 13 50 93 76 9k 63 93
2.61 13 1 0 10 25 7 69: 89 100 91 100
2,49 1 0 111 1 4 78 89 82100 92
2.37 0 0 18 3k 12 1 64 95 90 90 99
2.17 - - - ho W1 11 82 61 92 88 82
1.89 0 1 21 39 52 15 91 73 9k T6 78

N S - PR e n g A ey 14 @ m s mmana watan



LEVEL
(m)
3.0h

2.86
2.70
2.61
2.kg
2.37
2.17

1.89

LEVEL
{m)

3.04
2.86
2.70
2.61
2.49
2.37

2.17
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STRIP: 2

1975 1976 |

10 10 8 15 30 28 27 15 12 19 1L

Feb Mar  Apr. May June Aug DNov Jan Mar May Aug
9 19 46 . 1h 6 66 1 63 T2 89 100!

12 - 2 ik 2 17 36% 17* 70 50 100
0 1 1. a2 2 25% 21% 63 73 T
0 1 o 10 1 11 67 8 Ta 91 96
0 1 0 10 1 My 12 70 T8 90 91

"0 a7 39 27 12 1 61 81 58 93 96
0 13 .16_ 25 23 1 1k 10 '30 43 g
0 0 19 39' 18 1 63 6k 67 80 72

STRIP: U .

1975 1976

10 10 8 15 30 28 271 15 12 19 1k
Fe,. Mar Apr May June Aug Nov Jan Mar May Aug
12 18 20 15 2 2 62 .75 59 82 66

115 18 1131 25 29 21 60 25% 13

17 1 > 40 24 15 12 10 75 2h* 62
22 1 0o 12 38 1 8,12 715 16 76
0 0 0 22 1 20 17 12 12 84 64
0 0 1 32. 3 2 16 23 21 89 39
20 1 16 48 21 1 19‘ 32 25 Th 80
1 1 16 &7 15 0 29 20 =27 61 8




STRIP: 5
1975 . - 1976
10 10 8 15 30 28 27 15 12 19 1k
Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL .
(m) ! . iv
3.0k 16 25 - 2 92 838 59 T8 60
§ :
2.86 1 2 1 1 32 12 T2  20% _65.
2,70 _ T 1 4 21 19 18 8 82 22% 62
2,61 0 10 1 '1 9 12 .82 81 80
2.h9 0 10 1. 1% 10 12 14 84y 85
2.37 1 18 10 2 8 20 10 89 T
2.17 ' 1 b1, 212 1 11 10 22 76 66
1.89 1 38 17 2 1 12 1 66 0
)
S‘.I;RIP: ,_6
1975 ‘ 1976
10 10 8 15 30 .28 27 15 12 19 1k
Feb. Mar Apr May June Aug Nov Jan Mar May Aug
LEVEL
{m)
3.0L 1 - 2 93 63 62
2.86 ‘ 2 - 8 34 15 57
2.70 j- 1 o0 1 1k 1b 70
2.61 : 16 0 1 9 , 14 59
2.49 31 1 1 9 10 25
2.37 : 25 11 2 9 10 20
2,17 2 22 1 11 8 28
1.89 L 31 25 o 9 10 21

g rea s e i e e vn T arA T
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STRIP: T

1975 1976

10 10 8 15 30 28 27 15 12 19 1k
-Feb Mar Apr. May June Aug Nov Jan Mar May Aug

LEVEL
{m) { .
3.0l 3 . : 2 93 77 59 78 54
2.86 ; 1 32 16 k7 21% sk
2.70 : S 26 13 9 75 19% 56
2.61 ' ‘ 1 9 1 71 80 67
2.h9 . 1 1 12 78 €1
2.37 . 2 2 - 10 83 57
2.17 1 2 0 10 T1 52
1.89 ' 1 12 1 1 60 70
]
STRIP: 8

1975 \ - 1976 ‘

10 10- 8 15 30 28 27 15 12 19 1k

Fet. Mar Apr May June Aug Nov Jan Mar May Aug
LEVEL
(m) A
3.04 , _ 2 12 50 67 19 75
2.86 <1 11 16 53 27 67
2.70 : .71 13 9 a4 21 80

2.6l : o : 0 8 1 170 9 10

2,49 .' 11 1 1 3 9
2.37 o 1 0 1 -1 37T 15
2.17 E - 12 0 13- 52 23
1.89 1 1 1 1 64 bo
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STRIP: 9

1975 1976

10 10 8 15 30 28 21 15 12 19 1k

Feb Mar Apr. May June Aug Nov Jan Mar May Aug
LEVEL

(m) ! .
3.0k : | 59 63 59 18 85
2.86 : ‘ ' 9 14 4% k7 55
5.70 - S . 11, 11 21 21 66
2.61 22 1 43 8 10
2,49 . ‘ 1 1 1k 31 26
2,37 - 1 12 12 33 25
2,17 - . 1 0] 11 b1 17
1.89 101 1 k9 29
]
STRIP: 10

1975 ‘ 1976 .

10 10 8 15 30 28 27 15 12 19 1k

Feb. Mar Apr Msy June Aug Nov Jan Mar May Aug
LEVEL :
(m)
3,0k A b7 62 53 T8 39
2. 86 1L 13 ke 17 57
2.0 | C 13 11 13 16 56
2.61 ) 12 1 27 8 10
2. 49 A 1 113 3N 9
2,37 , 1 1k 11 L8
2,17 1 0 il 33 18
1.89 ‘ 1 1 1 73 16




208

APPENDIX IX: Matrices of similarities between the 8 levels
on the control when fucoid germlings are
considered as Fucus spirslis in the calculations.
The similarities are presented as percentage

values.
5.04m [100) 100
2.86 400100 | 19100
2.70 |18]82000 346300
2.61 | 10[40156100 50l40]s0h 00
2.49 | 0 |28|a1] 78] 00 24|38|36] 47100
2.37 . 0 |58]73|50]64 00 19las]enlat e o
2.17 | 9|19|32|47|42|380100 u4 3867617175 hoo
1.89 |1 11]13[54]59(32[¢3i00] 29[ 10]18|23]53|39|53 )19
10 February 1975 30 June 1975
100) 001
57k o0 89} 00
23 (2300 et 7od
1 |15]7sho0 13]24(57 1 00)
1 1i9ls2]67hoo 0 [12|48] 75000
1 |14]59|73]501 00 0 [11]44]86 800
1 [12]63]57[56] 63000 0 [16159[60|70]721co
i |17]e3]37 |6t |47 |63pod | 0]13[50]52]61]56]74 100)

28 August 1975 ' 14 August 1976
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APPENDIX X :  Culture medium
To 1 1 of pasteurized seawater were added:
60ml. of Solution A, which contained:

50 ml 0.4% NaNOB in distilled water
2 ml of each of the following
1.47 g/1 MnSO) -LH,0

0.0023 g/1 - Cuso0, « 5H,0

0.06k g/1 - 0001-6H20
0.23 g/1 - Na2MoOh°2H20
0.005 g/1 - LiCl-H,0

2 ml of Solution B, which contained:
L.98 g/1 ZnS0, + TH,0

15 ml of Solution C, which contained:
2.6 g/l tretrasodium salt of EDTA
0.12 g/l - FeSO)+TH,0

1.5 ml of Solution D, which contained:

— . 2
15 g/1 - Na HPO, +12H,0

Each stock solution was autoclaved separated and stored
in a refrigerator until use. The solubions were added
to the pasteurized seawater using sterile techniques.
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APPENDIX XI : Species colonizing glass slides placed
on the shore for one week in 1975 and

1976,

"

Glass slides were left on the shore for the week following

the date given in each table. Counts for the number of
Blidingia minima, Enteromorpha sp., Ulothrix/Urospora sp.,
Ralfsia sp., and the creeping brown filaments are given

in separate tables with the mean, standard deviation (S.D.),
and the values in plants/mm? theserpresent. Counts were

all made at a magnification of xL0OO unless otherwise specified.
Plants not found in microscope fields but observed on the
glide are noted as 'present',

The last table summarizes the data for the distributions

on slides of species with low sbundances. Presence 1is
noted by a '+', and plant densities are given when abundances
were high enough to obtain counts.

Contents Page
Blidingia minima 211
Enteromorpha sp. 213
Ulothrix/Urospora sp. 215
Ralfsia sp. 217
creeping brown filaments 219

species with low abundances 221
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e X8

‘ : (Gigar—
Mono- Capso~ Clado- Lito- (tina
Blue- Prasiole stroma siphon phora siphon Ecto-  Fucoid Por- ( or
‘ greep  Stipi- oxys=— ful- rupe- fili~  carpus germ- phyra( Petro
DATE LEVEL _ LOCATION  EXPOSURE SLIDE algae ‘tata permum  vescens stris formis sp. lings  sp. ( celis
6 April 2.%9m A open 1 )
1976 o
covered 1 + 0.12/
mme
5 May 2.86m A open 1
1976
B open 1 1.57/2
mm'
2 0.16/2
mm
2.49m B open 1 0.634
mm
2 2.30£
mn
¢ open 1
c covered 0.21/2
mm
2 June .
1976 2, 86m A open 1 + + '
5 .
0.20/2
mm
B open 1 +
2
2,49m B open 1
2
c covered 1 + + 0.43/2
mm’
C open -1 +
= F +
L + .
2 June 2.hkom D " ‘covered i 0.0SAmE
1976
o 0.04/ N
mm
3 0.20/ ,
mn
L 0.12/
mm2
5 July 2.86m A open 1 + + -
1976 2.49m B covered 1 * hs
c covered 1 0
> +
6 Nov. 2.4om C open 1
1976 5
3
C covered 1 +
2
3 +
4 March 2.49 C open 1 o.hz/2
1977 mm
2 1.57/,
mm
3 2.20/2
mm

Lez
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Audouinella sp.
Spongomorpha arcta
Blidingia merginata
Blidingia minima
Capsosiphon fulvescens
Chaetomorpha melagonium
Cladophora albida
" rupestris
" sericea
Codiolum gregarium
Codiolum petrccelidis
Enteromorpha flexuosa
" intestinalis
" linza
" prolifera
Monostroma oxyspermun
Percursaria percurssa
Prasiola stipitata
Pseudendoclonium
submarinum

Ehizoclonium riparium

Rosenvingiella
polyrhiza

Ulothrix conscociata

" flacca

" pseudoflacca
Ulva lactuca
Ulvella lens
Urosypora

penicilliformis
Prasinocladus marinus
Ascophyllum nodosum
Ectocarpus sp.
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8100 -
8501 -
9201
9901 -
10901
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16321
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21702
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253C3
25306
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27800
29800
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Elachista fucicola
fucoid germlings
Fucus spirelis
Giffordia/Pilayella sp.
Halothrix lumbricalis
creeping brown filaments
Litosiphon filiformis
Pelvetia canalicul-ta
Ralf'sia verrucossa
Sphecelaria fusca
Stictyosiphon tortilis
Ceramium shuttleworthianum
Gigertina stellata
Hi:denbrandie rubra
T'etrocelis cruents
Porvhyra lineeris

" umbilicalis
Audouinella purpurea
Blue-green algal crust
Rivul-ria sp.
Blidingia crust

-~ unidentified green crusts

Lichina sp.

Balanus balanoides
Halichondria panicea
Hymeniacidon perlevis
Mytilidae

Verrucaria s .



