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J.R. Henschel

Additional Comments

Page 15 Third paragraph, line 1, sequentially not sequentually -
Page 21 Line 6, occasion not accasion
Page 31 Table 2.2 and various other tables in the thesis. It is

conventional to have the generic and specific names of the
various taxa in italics or alternatively underlined.

Page 67 Line 2 - coccoliths not cocoliths. Also coccoliths are not
. organisms but are the calcitic components that cover the
exterior of certain organisms called coccolithophorids.

Page 69 Line 17, algal not algae

Page 141 Rather unusual to use the term ocular microscope rather than
either light or optical microscope.

I would 1ike to make the suggestion that another method for controlling the
establishment of diatoms in the primary film would be to include germanium
dioxidelin the experiments. It is commonly known that in liquid culture

6 mg 17~ of GeOp will inhibit the growth of diatoms as it affects silicon
metabolism.

ot



Galileo: "I maintain that the only aim of science lies tnerin: to
lignten tne burden of man's existence ..... I have written a 200« on
tne mzchanics of the universe, tnat is all. Wnat pecomes of it does nat

concern me."

Leben des Galilei, Berthold Brecht

wat is die verste wat‘die D0O0Qg Kan span,

noeveel kan hierdie taaie pees verdra ... ?

sal die vering van geloof

" nou nog 'n laaste pyl

laat spring en stort,

(waar konsentries-swart aie sirkels van die orein
'n klein heelal omspan),

en feilloos tot die kern dring ... ?

Vraag van die Boogskutter, Ernst van Heeroen
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A. PREFACE

This work consists of two independent parts. The first part,
which reports on the 1long-term biological fouling of various
artificial materials immersed in the sea, was carried out for the
the Institute for Maritime Technology while wundergoing national
service in the South African Navy, and is submitted here with the
permission of I.M.T. In Part II, which was conducted at the
University of Cape Town, the early events in marine fouling are
examined and some interactions between the community 1levels are
considered. This study follows some of the avenues explored in an
earlier study by de Chalain (1979).

A list of some specific abbreviations used in this report is
given on the 1last page, which can be folded out for purposes of
cross-reference.



E. ABSTRACT

Two independant investigations into aspects of marine fouling

were conducted in Simonsbay and Table Bay during 1979 to 198l.

The development of macrofouling communities on six test
materials was examined at 10m and 20m depths in Simonsbay for
periods ranging from one month to one year. Community development
was similar on inert non-reactive materials, aluminium, stainless
steel, fibre glass and polyvinylchloride, but was reduced on
non-wettable silicon rubber and corrodable mild steel.
Macrofouling was characterized by seasonal succession with minimum
colonization rates during winter, when adverse weather and low
temperature conditions prevailed. The nature of fouling differed
with depth. At 10m depth, mussel and barnacle-dominated
communities developed rapidly, while at 20m depth, ascidian and

barnacle-dominated communities developed more slowly.

The role of primary film formation in the colonization of
substrata by invertebrates was investigated in short-term studies
conducted 1in Simonsbay and Table Bay. Surface-bound antibiotics,
streptomycin and penicillin, were used to inhibit Dbacterial
proliferation, while a herbicide, diuron, was employed to prevent
diatom growth. The colonizaticn by invertebrates was monitored on
these surfaces and compe red to surfaces where primary film
development was normal, or where it was advanced by pre-culturing
in laboratory seawater. It was found that invertebrates attached
soon after panel exposure and thrt differences in the degree of
primary film development were of little consequence to their
settlement. The apparent discrepancy of these observations with
previous findings 1is discussed, with special reference to the

locaticon of test sites in relation to nature coamunitics.
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THE COLONIZATION OF MZTALS AND PLASTICS 3Y MACROFOU.ING

ORGANISMS IN SIMONSBAY

1. PROXECT OUTLINE

1.1. INTRODUCT ION

Tne dispersive phase, sucn as a larva or spore, allows many marine
sessile organisms to colonize new localities. For example, the
planxtonic cyprid larva of acorn oarnacles, drifts and swims about in
searcn of a suitaple solid surface. Tnis searcn may ©0e active, 1n
response to certain environmental cues, or passive, relying on the
movement of surrounding water. The larva may respond to a shacgow Oy
swimming down tne light gradient, in whicn case it is lixkely to coms
into contact with a solid surface. Tne larva swims against tne water
current, thus slowing down its motion relative to tne surface, before it
ancnors with its antennule. By alternating attacoment witn 1its
antennules, tne cyprid can walk over the surface to explore the
cnemical, pnysical and biological properties of potential naditats.
Certain stimuli, or tne lack of them, may influence the larva to leave
to continue its searon elsewnere. Other stimuli may cause tne cypria to
initiate the "settlement response": orientation; secretion ana mixing
of wvarious components of a glue, to cement the animal to tne
substratum; metamorphosis, the assumption of an adult snaps and moge of
life. Tne oarnacle is now committed to its location ano its pnysical,
cnemical and 0lological surroundings. It nas to contend with
competition for space from other sessile organisms, with precation,

pnysical disturbances, ano unfavouranle environmental conditions.

The colonization events of many species of ssdentary marine
inverteorates are similar to tne general procedure outlinea aoove,
altnougn tne cues tnat influence each stage may 02 different for each
species (Crisp 1974, 1976; Meadows ana Campoell, 1972).
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wnen a group of coexisting organisms, that interact with eacn otner and
witnh tne environment, is seperaole from other groups in an ecological
survey, it is known as a community (Mills, 13969). If sucnh a group has
developed on an artificial (man-made) surface, it is referred to as a
fouling community. Since the earliest days of shipping, fouling has
presented problems, whicn, to date, have not oeen entirely eliminated.
Apart from increasing the frictional resistance of the ship hull and
cecreasing the thrust of tne propellors, they may bloc< up intaxe pipes,
decrease tne efficiency of sonar equipment, nhydropnones, mine triggering
devices or current meters, or increase tne drag and weignt of structures
to undesiradvle levels (Fitzgerald, 1947, Moritz, 1943 and Urick, 1962
in De Palma, 1974; De Palma, 1978; Stuobings, 1961; U.S. Naval
Institute, 1952). Furthermore, fouling can ennhance the dsterioration of
surfaces by physical (undercutting - Griffith and Bultman, 1980; boring
- De Palma, 1976; penetration - Moss, 1979), chemical (oxygen
concentration and acid procduction - Costello, 1969) or electrochemical

means (galvanic cell action - La Que, 1969).

To date, a variety of metnods have been used, tested or suggested to
eliminate fouling. These are aimed at the tnree stages of
colonization: pefore contact, pefore fixation and after metamorpnosis

and include measures to:-
(a) Prevent contact

(1) Hign water wvelocity ana turbidity to make attachment
impossiole (Houghton, 1970; walton-Smitn, 1942).

(ii) Kill tne larvae with chlorine or other chemicals in solution
(Fava, 1968; US Naval Institute, 1952).

(iii) Provide unfavouranle light conditions to prevent the "shadow

response" (Thorson, 1964; Weiss, 1947).

(iv) Filter tne seawater that flows tnrough a system (Springer,
1977).

(v) Confine maritime activities to non-reproductive seasons in
temperate waters (U.S. Naval Institute, 1952).



(o)

(c)

Prevent fixation and metamorpnosis.

(i)

(ii)

Remove

(1)

(ii)

Imibition or absence of stimuli releasing settlement. If
cues which elicit the settlement response are «nown, it
should ope possible to devise means of countering tnese.
Pnysical and chemical properties of tne substratum surface,
of conspecifics, of other previous colonizers and of the
primary film (bacteria, diatoms, protozoa and fungi) have
peen implied (Crisp, 1976; Crisp and Meadows, 1965;
Gooaoody, 1961; Knight-Jones, 1953; Meadows and Campoell,
1972; Mitchell et.al., 1977). It may be possible to find
suostances that mimic hormones or enzymes that inhioit
metamorpnosis (Baker & Evans, 1973; Christie, Evans and
Shaw, 1970; Clitheroe and Evans, 1975; Mortlock , 1969).

Discouraging settlement  of nard—shelleo foulers Dby
encouraging development of soft-bodied competitors. For
example: Ralhh and Goodman (1979) and Houghton (1978)
suggested that nydrozoa may oe used to discourage fouling oy
mussels and barnacles; Kamenskaya (1977) noted tnat
tubiculous amphipods prevented fouling oy wvarnacles ana
mussels; Rastetter and Cooke (1979) found that blue-green
algae and diatoms may exclude other foulers in nutrient-ricn

waters.
colonizers

Impregnation with toxins (heavy metals, salts and organic
compounds) tnhat reduce tne lifespan of attached organisms.
Antifouling paints have tne widest applicability of all the
methods discovered so far (Aoki and Wada, 1378; Crisp,
1965; Saroyan, 1369; US Naval Institute, 1952), out their
lifespan is limited. In a review, Springer (1977) noted
tnat antifouling paints ‘'retard out do not control

piofoul ing".

Physical removal of fouling by using manpower or mechanical

devices, like a shuttle-brush system,
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(iii) Prevent adiesion bDy using low-energy smootn ana unwettanle
surfaces (Griffith and Bultman, 1980; Loeo, 1978),
self-polisning coatings or chemicals preventing tne adnesion

of barnacle cement (Saroyan, 1969).

(iv) Kill foulers by local temperature fluctuations (Granam,
Stock and Benson, 1977) or intermittent wultraviolet
radiation (Plotner, 1948 in De Palma, 1974).

Until recently, antifouling research had concentrated almost entirely on
(a) and (c) i.e. eitner preventing the settling organisms from coming
into contact with a surface or killing them after settlement. Ways of
innioiting metamorphosis or inducing the larvae to leave Dbefore
metamorphosis (b) are at tnis stage still difficult to impose ana are,
ip fact, mostly speculative. It is felt tnat it may eventually be
possinle to manipulate biological properties of the fouling community to
prevent its growtn. Thnis could present a long-term antifouling
solution, witn minimum environmental impact and a reduction in

maintenance ana financial ourdens.

Tne Institute for Maritime Technology (IMT) provides a tecnhnical service
witn the ultimate goal of improving the operational efficiency of tne
Soutn African Navy (SAN). A project was therefore da2signed under tne
aegls of IMT to evaluate the fouling conditions in Simonsoay and to test
tne susceptinility to fouling of materials wnich are frequently used in
underwater naval applications. The seasonal occurrence of settling
organisms and the long-term development of tne fouling comenity were
monitored at two depths, 10m and 20m, and compared to previous prief
studies in Simonsbay undertaken at depths of less tnan 2m, by McClurg
(1959) and Day (1972).

In this report, some environmental and suonstratum cnaracteristics are
outlined opefore the fouling community is examined by means of a
numerical analysis to compare some of the factors involved. In later
chapters, each of the main factors, namely time of year, duration of
exposure, depth of immersion and substratum material are described and
discussed seperately. Finally, an attempt is mace to identify ang

compare community patterns on each of tne substrata used.



Note:

(a)

(b)

Distinction is m3de between ‘"settling organisms" opefore
metamorphosis, and "sessile organisms", memoers of a fouling

community.

various meanings for ‘“species diversity" exist in the
literature (Hurloert, 1971; Sanders, 1948). As used in ine
present context it 1is equivalent to species richness:
numoer of species present in a sample (irrespective now many
individuals were recorded in tne sample; see also Schoener
et al, 1978).



1.2. McTHIDS:

1.2.1. Field Stations

All of the field work was carried out at 10m and 20m deptns in Simonsday
(approx. 34°11'S by 18°26'E) at three experimental sites, wnich were
selected on the basis of accessinility (Chart 1.2.1.1.). The main
experimental racks were anchored at 20m deptn at 1,5«m offsnore (Site 1)
and 10m deptn at 0,2km offshore (Site 2). Another station (Site 3), off
the naval dockyard wall at 1l0Om depth, was used for carrying out short
term experiments. Previous studies by McClurg (1969) and Day (1972) at
less than 2m pelow the waterline were carried out 0,1 - 0,2«m offshore

in the Simonstown Yacht Basin.

1.2.2. Suonstratum Materials

Six test materials, wnich are commonly used in sup-littoral marine
engineering, and are commercially availaole, were chosen for tne
experiments. The three metals and three plastics were :-

a)Rluminium alloy : D 54 S marine grade (AL)

b)Stainless steel : 316L marine grade (SS)

. C€)Mild caroon steel (MS)

d)Silicon Rubber : Silastic RTV 3120 (SR)

e)Fibre glass : Araldite M epoxy resin (FG)

f)Poly Vinyl Chloride (PVC)

The plates were 10-15mm thick and 20 x 20cm in dimension, except where
otherwise stated e.g. 50 x 50mm plates were used in short experiments at
Site 3.



—_N LOWER DIDO

2, Ska .
YACHT BASIN
+ Site 3
SIMONSTOWN
HARBOUR
+ Site 2
#* PHOENIX BOUY

+ Site 1
+ ROMAN ROCK

Chart 1.2.1.1: Location of experimental sites in Simonsbay.
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1.2.3. Exposure Racks

Frames for carrying up to 30 test plates were constructed of fioreglass
M-resin. Since the fibreglass frames proved to 2e too fragile to
support tne plates longer than 6 months, reinforcements were later
constructed out of PVC piping, which, due to its higner flexioility, was
more rooust. Each frame was suspendad norizontally about 1,5m above tnhe
sea-pad from a mooring caole, whicn was xept taut between two inflatable
Arlésuno pouys and a 2-tonne concrete olock ancnor. The entire
structure was free to turn about its own axis oy a swivel at the Dase
(fig 1.2.4.1.). By opening snap-snackles, divers could detach tne frame

from the mooring cable and bring it to the surface.

The plates, mounted perpendicular to the plane of its frame, acted as
fins to keep the frame parallel to the water current, thus minimizing
possiole effects that might have arisen due to differences in water flow
between the plates.

1.2.4. Fieldwork procedure

To satisfy the statistical requirements, it was decidad to use three
replicate plates for every test so that each of tne frames at a station
held one of the replicates. The panels were attachea.in a random
location to minimize material interaction. Originally, coded lapels
were glusd or taggsd onto tne plates for identification purposes.
Later, wnen this technique proved ihadequate pecause of loss of some
lavels, a more satisfactory method of cutting indentation codes into

the plate eages, was applisd.

It was intended to monitor tne seasonal variation of settlement on
panels tnat were recovered a month after immersion during eacn month of
tne year. In adaition, the development of tne fouling community was to
be followed Dy removing plates after three, six and twelve months'
exposure. However, due to the strain imposed on the frames during plate
recovery and replacement, wnich resulted in severe degradation and,
eventually, in the loss of two frames at Site 1, it was necessary to

modify the fieldwork procedure.



?;
H
D

Fig 1,2.4.1: Exposure rack deployment.
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Tne final pattern of plate exposure was thus:
a)Immersion for 1 month guring each montn bpetween June and Novemoer
1979.
D) Three-month exposures during June to August 1979, Decemoer to
February and March to May 1980.
c)Nine- and twelve-montn exposures during June 1979 to February 1980

and June to May respectively.

1.2.5. Environmental Conditions

Some pnysical and chemical parameters were monitored periodically,
usually once a week, at Site 1,2 and 3 over the perioa January 1979 and
May 1980. Water samples were taken approximately one metre above the
sea ped with a Nansen dottle. Suosamples were stored in plastic bottles
~and kept frozen until they could be processed in tne laboratory at tne

Division of Sea Fisheries, using tneir standard metnods.

1.2.5a. Temperature

A protected reversing thermomzter attached to the Nansen bottle was used

to record temperature.

1.2.50. Salinity

Water samples were passed through an Autolab Model 601 M<3 Salinometer
to determine the salinity.

1.2.5c. Pnospnate (PO,)

The concentration of reactive phospnate was determined colourimetri-
cally with 660nm light, after ammonium molyodate reagent and ascordic
acid were allowed to react with the sample. The determination was run
relative to distilled water, using filtered low-pnospnate seawater
blanks.

1.2.5d. Silicate (SiOs)
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Specific quantities of distilleo water, nycroonloric acid, molyodate and
tartaric acio reagents were added to tne sample and mixed with air, tne
reaction proceeding at fixed temperature. Colourimetric oetermination

was made at 660nm using distilled water as a blank.

1.2.5e. Nitrate (NOz)

Tne sample was mixed with ammonium chloride and air, pefore tne
deoubdled mixture was reacted with sulphanilimide reagent and
N-1-Naphthylene  dihydrochloride. The nitrate concentration was

oetermined from tne ansoroance at 520nm using distilled water blanks.

1.2.5f. Ammonia (NHz)

After the sample was diluted witn deionized water, subsamples were
reacted sequentially with pnenol and sodium nitroprusside reagents at
T 4°C, then witn  trisodium citrate, sodium hydroxide plus sodium
dichloroisocyanurate reagents at 6J0°C. Ammonia-free water was used for
tne reagents and the reaction proceeded at low light conditions in

acid-cleaned air. Finally, absoroance was measured at 620nm.

1.2.5g. wWater movement

An ANDERAA current meter was used to ootain a continuous (at 15 minute
intervals) record of water velocity and temperature at Site 3 during two
periogs of four weeks in September 1979 and March 1980.
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1.2.6. Sunstratum Cnaracteristics

1.2.6.1. Chemical constituents

1.2.6.1a. Elemental Analysis

The six substrata were sunjected to a qualitative analysis using an
Energy Dispersive X-ray Analyzer (KEVEX) unit attached to the Cambridge
S180 Electron Microscope at tne University of Cape Town. The analytic
procedure was as descrined oy de Chalain (1979). This entailed
polisning the surfaces to a mirror finish on a Metaserv Universal rotary
polishing wneel, and mounting for Scanning Electron Microscope viewing

and elemental analysis.

1.2.6.1po. Atomic Absorption of metals

Samples of aluminium, stainless steel and mild steel were dissolved in

aqua regia (3Cl : 1HWNO,) and supbjected to analysis by a
Varian-Techtron 1200 Atomic Apsorption Unit in tne SA Navy Materials

Lavoratory.

1.2.6.2. Surface Texture

1.2.6.2a. Centre Line Average

By traversing a stylus for 2,5cm in various directions over a substratum
surface, the average height deviation from the arithmetic mean, or
centre-line average was measured with a Talysurf Mogulateo Carrier
Instrument (Reason, 1970).

In a review of current techniques for measuring surface roughness,
Thomas (1979) regarded the stylus method, in spite of a few limitations,
to pe a general measure of surface texture. The centre line average is
useful in the present context because it approximates the amplitude.of
the component waves at the order of magnitude which might affect tne
settlement and adhesion of invertebrate larvae (see Crisp, 1976).
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1.2.6.20. Surface Rougwness at the Micro Level

)

A tecnnique for descrining the micro-structure of material surfaces at
tne order of magnitude of constituents of the primary film (bacteria,
diatoms ang nanoplankton), was devised by de Chalain (1979). Using tne
scanning electron microscope (SEM), he generated waveforms by linear
scans across the surface. The waveforms were stored by tape recoruer
and played back into a Nicolet Search Oscilloscope to digitize selected
data parameters. This data was processed with statistical technigues,
used for wave-data, to obtain a single dimensionless value, the
coefficient of variation. This value describes the overall degree of

variation asout the mean of linear surface contours at a high resolution.

1.2.6.3. Hydrophobicity

Tne wettability or hydrophooicity of surfaces was described oy measuring
tne contact angle of a water drop on the surface‘ (Zisman, 1964; de
Cnalain, 1979.) The advancing contact angle, wnen moving the liquid
doundary over a dry surface, and receding contract angle, when moving
tne liquid boundary over a previously wetted surface, were determined on
surfaces of eacn material nefore and after 48 hours' exposure to sea
water. The details of the measurement technique are presented by de
Cnalain (1979). After thoroughly cleaning the surface Doy
ultrasonification in 100% ethanol, a drop was placed on tne horizontal
surface with a syringe. By adding or withdrawing water through tnhe
syringe, the drop boundaries could be advanced or receded respectively.
The drop profiles were photographed and the edge of the images digitized
by computer (Hewlett-Packard 9872A peripheral). By processing this

data, the contact angle could be calculated.

1.2.6.4. Colour Reflectance

The colour of materials in the wvisual range was quantified by
dgetermining the percent reflectance of various colours of lignt relative
to its reflectance from wnite magnesium carbonate. A Sheen Instruments

Inc. Colourimeter was wused for this purpose. Since the oxidation.(Jf

metal surfaces can change their colour, this determination was repeated

with dry, cleaned metal plates after one month's exposure to tne sea.
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1.2.7. Laboratory procedure

After retrieval of the test panels, these were placed into separate
plastic oags containing fresn sea water, and stored vertically in 20
litre plastic buckets. The material was preserved in formalin, which
was added to the water surrounding the plates to a final concentration
of 5 percent. The gquantity and nature of the attacned fouling community

was analysed as descrioed oelow.

1.2.7.;. 31omass

The wet weight of the plates was determineg after letting the water run
off for at least 15 seconds. The original weignt of tne clean plate was

sunstracted to obtain a value for fresh biomass.

1.2.7.2. Volume

All replicate plates were immersed togetner or sequentially in a
graduated container, partially filled with a «nown quantity of water.
The change in water level represents tnhne volume of biofouling after tne
known plate volume 1is suonstracted. Only mean readings of all replicate

plates were recorded.

1.2.7.3. Species Identification

A convenient system of organism classification was devised to facilitate
the laporatory work. Ease of recognition, frequency of occurrence or
size were used as practical guidelines. Details of these specles or
groups are shown in Table 2.2(a).

Although not all species could oe positively icentifieq, tne diversity
of all sedentary organisms occurring on a panel was recorded. For
furtner analysis the species were classified in thne system descrioed
aoove. The following references were consulted to identify organisms:
Polychaetes - Day, 1967; Amphipoda - Griffitns, 1976; Hydrozoa -
Millard, 1975; Algae - Simons, 1976; Otner - Day, 1974,



1.2.7.4. Cover

Tne horizontal surface area occupied by 2ach of the species groups and
collectively oy all organisms, was estimated in on2 percent units.
Snall wire frames were used as a guide.

In cases where some of the organisms nhad pecome detacned from a plate
due to handling activities, the percent area of tne plate that was
undisturped was estimated. This value was later used to compensate tor
the loss of organisms. All plates, where less than 33% of the area was

undisturoed, were discarded.

1.2.7.5. Census of Organisms

Tne plates were examinea under water witp a dissecting microscope at a
magnification of 6 to 25 times.. Tnhe microscope was mounted on a
norizontal displacement frame that allowed forward, backward, left or
right movement over‘tne sample without loss of focus.

The relative aoundance of all species or groups was noted, bdut tne
non-sessile species were excluded in further determinations. A wire
frame, 2,5 x 2 0Ocm, was laid across the centre of a plate and
indiviauals of numerous or very small organisms contained within tnis
suosample area were counted. Wnere inagividuals were relatively few and
scattered, or large of size, totals were ontained for tne whole area of
the plate (AOOcmZ). Some  colonial species were analyzed Dy
multiplying the estimated area covered by a colony by the number of
their units per unit area. Each vertical stalk of hyarozoa and of

aoorescent (filamentous) bryozoa was counted as a unit.

1.2.8. Data Analysis and Statitics

The primary processing of data was done with an Interdata 8/32
computer. Later the processed data was transferred for further analysis
onto the UNIVAC 1100 at tne University of Caps Town, and to a
Hewlett-Packard 9825 desxtop computer witn 9872A plotter and 9885 aisc

drive peripnerals.
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1.2.8.1. Analysis of Variance (ANOVA) and Stugent-t Test

Snapiro and Wilk's metnod and Bartlett's XZ2-matnod were used to test
for normality and homogeneity of variances respectively. According to
tnese tests the assumptions for data normality and homogeneous variances
were often not satisfied. Tnis was partly tnhe result of zeros in some
cells, due to the absence of some species in samples. Arcsine and
logaritnmic transformations were applied for percent cover and wet
weight data respectively. This improved the validity of the
assumptions, although in some cases tney were still not satisfied at
P < 0,0l. ;

Altnougn samples should De independant, visual interpretation of the
distrioution of organisms showed that for some species, notably compound
ascidians (Diplosoma) and black mussels (Choromytilus), the two sides of

a plate or adjacent sides of ‘two plates were somstimes apparently
influenced by the proximity of the otner. ‘
Furtnermore, due to tne gregarious settling behaviour of some species
and rapid ‘expansion of some colonies replicate samples could be at
different stages of community development at the time of plate
retrieval. The relatively small sample size (maximum of &), sometimes
with unegual replicates (due to the loss of samples, see 1.2.4), could
thus result in a very high variance, making statistical testing
oi fficult.

The ANOVA and Student-t tests tnus nad to De applied at hign
significance levels only. Results for the ANOVA (P < 0.005) were
ootained 2y treating tne data with a computer package on the UNIVAC 1100
(STATJOB.NWAY1; developed at the Acadsmic Computing Center, University
of Wisconsin-Madison). A modification of Scheffe's approximation was
applied where the numoer of replicates was incomplete.

1.2.8.2. Cluster Analysis

Field and McFarlane (1968) and Field (1970, 1971) showed tnat a
technique for cluster analysis, using Czexanows<i's coefficient (coeff.
= 20/(A+B); where A and B are the scores for a species in two samples
and W is the smaller score of the two samples) witn tne Bray-Curtis
measure of similarity on log-transformed data, can produce useful
results for examining the distribution of organisms. Dendrograms were
produced using results generated by computer software dsveloped oy the
academic staff of the University of Cape Town.
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2. RESULTS AND DISCUSSION

2.1. THE ENVIRONMENT AND SU3STRATUM

2.1.1. Environmental Conditions

Marine pentnic organisms have various requirements for the physical
environmental conditions such as illumination, temperature, food supply,
nutrients, current velocity and salinity. These factors may dstermine
the survival, competitive ability and seasonal aoundance patterns of
organisms, but are essentially all independent of the benthic community
(Calder & Brenmer, 1967; Christie & Evans, 1975; Long 1972 & 1974;
Scneer 1945; Russ 1977; walton-Smith, 1941).

Tne annual temperature regimes will to a large extent determine what
type of a community can develop at a site. De P‘alma (1978) used various
environmental characteristics, including temperature regimes (and deptn,
exposure time and distance from shore), to forecast tne type and dagree
of fouling in a region. This was varified by Schoener, Long and De
Palma (1978). Etarlier, Millard (1952), working in Table Bay, not far
from the present study site, attributed tne type of fouling recorded in
that region to the small temperature range, so that tnere is no true
"off-season". The temperature extremes can limit fouling but if tne
temperature does not fluctuate markedly, other factors could determine

the type of fouling in an area.

Altnougnh the interaction of various environmental conditions may be very
complex, it was felt that a description of the environment might assist
in explaining regional and temporal differences in tne formation and

development of the fouling community.



- 19 -

Tne seasonal patterns of surface water characteristics in False Bay are
apparently governza py the predominating wind regimss. In summzr, warm
(16-20°C) low-nutrient Agulhas Current water enters False Bay and flows
slowly (0,2 knots) in a clockwise direction rouna tne pay (Atkins 1970a,
19700). Occasionally, under the influence of strong south-easterly
winds, upwelling at the south-eastern boundary of the bay can give rise
to cold nutrient-rich surface water (11-14°C; 10-20uM nitrate and
silicate), whicn may displace tne warmer surface water for as far as
Dalebrook, in the nortn-west corner of False Bay (Cram, 1970; Cliff,
1979). In winter the clockwise current pattern is modified and cold
South Atlantic Ocean water is driven into the bay by the predominating
north-westerly winds. Although wupwelling may occur on the western
boundary between Cape Point and Miller's Point, Jjust south of
Simonstown, the importance of this is not known (Day, 1970). Heavy
precipitation may result in an increase of fresh water outflow from
Sandvlei, Zeexoevlel and Eerste Rivier into the nortn of False Bay
during this period. Eventually, the winter temperatures throughout
False Bay are wuniformly low (13-15°C) up to a dezptn of 50 ‘metres
(Atkins, 1970a).

2.1.1.1. Temperature

Tne overall seasonal trends of temperature regimes described for False
Bay (Atkins, 1970a; de Chalain, 1979), were evident at the three
experimental sites in Simon's Bay (fig. 2.1.1.1. & 2.l.l.a-c). In tne
winter months, May to Septémber, tne temperature was less than 14,5°C
witn a minimum of 11,4°C in May. During spring, summer and early autumn
the weekly temperature records at each site could vary considerably. At
Site 2 and 3, 10m dzptn, the temperature exceeded 14,5°C with a maximum
of 21°C. However, at Site 1, 20m depth, cold water (11,3-14°C) was
sometimes sampled during March to April. This was possibly a result of
tne onset of nortn-westerly winds, which may cause an upward ang
westward shift of the cold pottom layer due to the eastward displacement
of the surface water in False B8ay (Atkins, 19700). Tnis would agree
#ith tne suggestion of Day (1970) that upwelling may take place south of
Simon's Bay during this time of the year.
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2.1.1.2. Salinity

The samples analyzed in this study show no clear seasonal differences,
although Atkins (1970a) descrioed seasonal trends of salinity in False
Bay generally, witn maximum values during summer and minimum during
spring in the Simonspay vicinity. Fluctuations in the flow of small
streams from Glencairn and Dido Valley apparently have no major

influence in the study area.

With salinity ranging from 34,8 to 35,4 ppth, this factor is considesred
to oe stabnle for the purposes of this report.

2.1.1.3. HNutrients

On  the whole, the concentration of nutrients, orthophosphate
(0,5 - 3uM), nitrate (0,1 - 10uM) and silicate (0,2 - 12uM) was low,
cnaracteristic of Agulhas Current and South Atlantic Ocean water (Cliff,
1979).

For tne purposes of tnis investigation it suffices to note that there
appear to pe no regional or seasonal differences, except tnat the
nitrate concentrations sometimes appeared to be higher at Site 1 tnan at
Site 2 and 3. This may nave oeen the result of the influence of deep
water, since high nutrient concentrations (avove 10uM) sometimes
coincided witn the periods of colder temperature (oelow 14°C). Althougn
tne nutrient concentrations, especially nitrate,'may sometimzs be below
concentrations wnich might limit biological activity (e.g. October -
Novemoer 1979), tnese conditions did not last very long and should tnus
not have had an indirect effect on the settlement of organisms
(Yull-Rnee, 1978). Tne occurrence of occasional phytoplankton blooms
may explain the observed variaoility ana snort-term depletion of
nutrients (Cliff, 1979).
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Since ammonia is an excretory product of marine animals, its
concentration should ,0e directly proportional to tne local animal
oiomass and inversely proportional to tne rate of uptake Dy
pnytoplankton and macrophytes. Usually, tne recoroed levels were in tnhe
expected range of O,5uM NH, (Cliff, 1979), but during late summer to
autumn, the ammonia concentration would on occasion rise well adove 5uM
upto a maximum of 16,luM recorded in Aoril 1980 at Site 2. This
elevation could be aue to the apparent increase in the numoer of fisn
and squid in Simonsbay during this period, according to local
fishermen. Personal oobservations of the effects of grazing on the
sublittoral fouling community, especially barnacles, confirm4 that tne
local activity of demersal fish apparently rose to a maximum petween
March to May (see Plate 2.2.2e & f).

2.1.1.4. Water movement

Altnough no measurements of current speed were mads at the two main
fieig stations, the effect of wave action is oelieved to oe negligiole
at the experimental depths. Furtnermore, the prevailing current spesed
snould have been relatively slow as 1is indicated by the presence of
sludge on the seabed at Site 2 (10m). Recordings witn an Anderaa
Current Meter made at Site 3 (10m) during Septemoer 1979 and Marcn 1980,
showed that the spesd was less than 0,lm/sec for more than 95% of the
time, the maximum being 0,ém/sec. It is important to note that rapid

fluctuations of water movement were not recoroed in that period.

Since the experimental racxs were free to swivel in the direction of the
prevailing current, the conditions of water flow around all test panels
is assumed to pe similar. Spurious water movements, which can cause
physical disturbance of the fouling community (Dayton, 1971) at surface
levels or on snips' hulls, should not have playsd a major role in the
present study.
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2.1.1.5. Illumination

0

Light seems to play a major role in tne settling benhaviour of many
species and is a limiting factor in tne dJdevelopment of marine algae
(Crisp 1974 & 1976; Day, 1977, Thorson, 1364; wWalton-Smitnh, 1941).
Day (1977) suggested tnat the pnotonegative response of many settling
marine larvae may 0e a mechanism of avoiding direct competition for
space with algae. Lignht conditions, which are subject to rapid change
in tne surface layer between 0-20m depth (Kirk, 1977), snould thus be a
factor in explaining differences in community composition at tne two

experimental depths (Walton-Smith, 1941).



- 723 -

2.1.2. Sunstratum Cnaracteristics

wnen a clean surface 1is exposed to the sea it is a combination of
characteristics inherent to the sudstratum material and to its
suosequent interaction with the environment that may, by physical or
chemical means, determine whether an organism, in tne settling stage of
its developmant, will settle when it encounters this surface. Once an
organism has settled, other physical ana chemical c¢haracteristics may

determine its longevity.

Many species have an exploratory pnase which follows the instant of
contact with a solid surface (Crisp, 1974, 1976; Meadows & Camoell,
1972). Although tne complexity of tnis important pnase nas not been
fully cetermined, not even for barnacles, the most intensely studies
animals in this respect, it is known to be influenceg by the following
supstratum cnaracteristics:- a) colour and 1light reflectance, ©0)
surface texture, <c) wettability, d) surface chemistry. Certain of
these parameters were measured and the results, presented on figuré

2.1.2.1a & b, are discussed below.
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2.1.2.1(a) Light and Colour Reflectance

Tne response of larvae to light in the last stages of their swimming
phase, can determine the surfaces tney will make contact witn oefore
testing its suitability for attacnment. Thorson (1964) snowed that many
species, including most arthropod, coelenterate, bryozoan ana ascidian
larvae, change from veing pnotopositive to p’notohegative, wnich medns
that they tend to move down the light gradient to sligntly oarker or
snaded areas. This does not imply that these animals will not settle on
prigntly illuminated or light-colourea surfaces, because once larvae in
the settlement stage make contact with a solid surface, tactile and
cnemoreceptive responses come into play (Crisp, 1976). The intensity
and spectrum of reflected light can thus be a factor in explaining
differences in the constitution of initial fouling communities on

substrata of various colours (Visscher & Luce, 1928).

Tne relative amount of light reflected from aluminium and stainless
steel pefore exposure was 2-3 times as high as that of a polis"ned glass
surface (standard). Due to corrosion, mild steel already had a dull
surface before tne experiment began. After four weex<s of exposure,
aluminium was covered oy a grey layer of oxide and its surface reflected
aosout one percent as much light as previously. Stainless steel,
however, remained relatively sniny and after a year's exposure to tne
sea, still reflected about 50% as much light as tne original surface.
Apart from tne fibre glass resin, whicn could pe shiny in places, where
it reflected about 25% as much light as a polished glass pane, the
plastics nad a dull surfalce.

The more light of a particular colour is reflected from a surface, tne
lighter the surface will appear. The six materials are described in
terms of the reflectance of six primary colours from their surface (fig.
2.1.2.1.3). Since all metals were darker after exposure, due to
oxidation, tne final colour (after immersion for 1 month) should be used
wnen comparing the materials. Three categories can be distinguisnad,
based on the colour and glass reflectance:-
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(a) Light: Silver-coloured shiny stainless steel;

Cream-coloured fibre glass

(D) Dull : Grey PVC; Grey aluminium

(c) Dark : Rust-orown mild steel; Red silicon ruoper.

2.1.2.1(o) Surface Texture

In comparing tne fouling on surfaces of different roughness, biologists
nave seldom cefinea what is meant by "smootn' or "rough". A reasonaole
criterion for a smootn surface would be the apsence of surface
irregularities big enough to provide a hold-fast or partial shelter for
settling organisps. Surface texture could influence many settling
organisms during the exploratory phase. Many larvae are thought to

avoid smootn surfaces, exceptions including the genera Tubularia, Bugula

and Spirorois (Crisp, 1976). Intertidal algae settle indiscriminately,
but their growtn and survival is aependant on surface rougnhness (Harlin
et.al., 1977). Conversely Christie, £Evans & Callow (1975) observed that
Enteromorpha spores preferentially attached to rough surfaces.

A visiole impression of surface texture can be gained from tne
micrographs presented dy de Chalain (1979). A tecnnique of quantifying
surface texture at the scale of these micrograpns (500 - 5000X) was
oevised by him. His results are presented nere as tne coefficient of
variation (CV) of wave profiles scanned across the surfaces (fig.
2.1.2.1.0). These measurements are compared tc the centre line average
(CLA), anotner dimensionless variaole, used to express roughness at a

scale visiole oy naked eye.

Tne ruooery nature of the silicon ruober plates caused tne-stylus to
viorate-wnen it traversed the surface. However, in visual examination
of tne plates and micrograpns, silicon rubber surfaces appear very
smooth, the CV bpeing much lower than tnat of other materials. A very
fine network of cracks, too small to be detected by the stylus or by
naked eye, gives stainless steel a slightly rougn appearance at the

micro level. Aluminium has a slignhtly undulating (corrugated) surface
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in placss. Oxication products make it appear rougy at nigh
magnification. Tne PVC surface is manufactured with numerous slignt
scratches and at 500X magnification, pits and concavities are visiole,
altnough tnese are too small to pbe recorded oy the stylus. Tne surface
of mild steel is uneven and flaxy at a much larger scale, due to
corrosion. Soon after immersion this condition increases so that the
CLA value is above 10. Fiore glass, although relatively smooth in some
places, is very rough in otners. During manufacture, epoxy resin was
poured onto sheets of fibrous material, leaving an undulating surface,

with pits where air oubbles hardened and fibres were left exposed.

2.1.2.1(c) Hydrophobicity

wettability, wnich 1is directly proportional to "“free surface energy"
(depénding on the nardness and melting point of a solid; Zisman, 1963
in @e Cnalain, 1979) can influence an organisms affinity for a surface.
Eioen (1976), Muller, Wiexer and Einen (1976) ana Loed (1978), working
witn marine bacteria, algae, hydrozoa and bryozoa, showed tnat these
organisms nad a clear perference for thne hydrophobic materials ana
indicated that other organisms may behave likewise. They suggested that
organisms with hydropnooic surfaces would be attracted to hydrophooic
suostrata because of their tendency to reduce tne surface area in
contact witn water. The situation is, nowever, complicated oy the fact
that bioadnesion 1is reduced on low-energy surfaces (Baier, Snafrin &
Zisman, 1968). 1t may appear, therefore, that, although some organisms
are attracted to hydrophobic substrata, they will not adhere firmly.
Loen (1978) concludad that nhignhly hydrophooic suostrata may be valuable
for anti-fouling msasures, not because they are resistant to fouling,

out pzcause of the poor adnesion of fouling organisms.

Measurements of advancing and receding contact angles of water drops on
surfaces of the six materials were presented by de Chalain (1979), his
results being summarized nere in figure 2.1.2.lp. In terms of
wettapility, the materials can be divided into metals and plastics, the
latter having a nigher hydropnobicity (P < 0,05). Since the
wettaoility may change after exposure to seawater, the measurements were

repeated after 48 hours immersion. The two groups, metals and plastics,
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still differed significantly (P < 0,05). The contact angle hysterisis,
the oifference bpetween advancing (maximum) and receding (minimum)
contact angles, increased on all materials except on fibre glass. Tnis
is pecause on all materials, except on fibre glass, where the opposite
was true, the advancing contact angle increased ana the receding angle
ocecreased, although these differences were not sigwificant. de Cnalain
(1979) concluded that adsorbed molecular fouling, which had taken place
during tne 48 hours immersion, changad tne nydropnobic properties of

tnese suostrata.

If adhesion of macro organisms is a function of surface energy as is
indicated by Baier, Shafrin and Zisman's research (1968), it shoula pe
noted that in this respect silicon rubber should have a very low surface
energy after prolonged exposure (four weeks or more), because organisms

adnered weakly to it (easily became detached).

2.1.2.1(d) Cnemical Analysis

Aasorbed organic substances (Neinof & Loeb, 1974) can include chemical
releasing agents which induce exploring larvae to settle and
metamorphose (Crisp & Meadows, 1962; Eiben, 1976; Knight-Jones &
Crisp, 1953; Marsnall, Stout & Mitcnell, 1971; Muller & Buchal, 1973;
Miller, wieker & £ioen, 1976).

The nature of such adsorbed molecules could cepend on tne cnemical
stfucture of tne suostratum material. The element components of the six
materials, as determined by de Chalain (1979), are listea in taole
2.1.2.1. None of the materials containad high concentrations of toxic
heavy m2tals. de Chalain (1979) found that tne rate and degree of
leaching of copper (4,5-33,9 gl‘l ), cadmium (0-0,88 gl'l ) and
zinc (35,8-59,8 gl“l ) were low, pbut that they could be concentrated
3000 to 4000 times by tne primary film, sometimes rising well aoove tne
concentration levels considered toxic for some algae (Gado & Griffiths,
1978). He concluded that these toxins were, nowever, deposited as
niologically inactive inorganic metal salts, as extracellular organic
complexes or as complexes witn metal corrosion products. In tne present
investigation it 1is therefore assumed that, as far as the important
macrofouling organisms are concerned, toxins did not approach harmful

levels on the six test materials.
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Taple 2.1.2.5: Elemental analysis of tne six suostratum materials:

A summary of the results obtainzg oy de Chalain (1979)
using an'Energy Dispersive X-ray Analyzer (KEVEX) and

an Atomic Apsorption Unit.

Material Main Constituents Other components Trace elements
Aluminium Al Mg Cu
Stainless

Steel Fe, Cr, Ni M, M c, AL, Si, S
Mild Steel Fe C, M Mo, Ni
Silicon ‘ A

Rubber Si Fe Cl, Ca
Fiore

Glass Si, Al, K Cl, Ca Cu
Poly Vinyl

Chloride Cl Al, Si, Ca, Ti Fe
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2.2. THt FOU_ING COMMUNITY

Tne four main factors, wnich tnis report on macrofouling is concerned
with, are:-

a) Time of year.

o) Duration of substratum exposure.

c) Depth of immersion.

a) Sudstratum material.

Each of the factors will be d2alt with in seperate sections, out

supstratum material is also discussed alongside each of the other three.

To familiarize the reader with the fouling organisms, a list of sessile
species (taole 2.2a) and non-sessile species (table 2.2b) is presentad.
The general relative apbundance of all these organisms is presented in

the appendix (taple 4.2.1).



Note: (a)

(p)
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Certain anbreviations are used in tnis section. These are

as follows:

(i) AL, SS, MS, SR, FG & PVC refer to the six materials:
aluminium, stainless steel, mild steel, silicon

ruober, fibre glass and polyvinylchloride.

(ii) wnere data from different exposure periods, depths and
different materials is compared, tnese variables are
sometimes directly referred to, although it is, of
course, tne foul grostn that is meant. e.g. "A
weighed more than B" would mean that the macrofouling
community on A weighed more per unit area than tnhat on
B.

On grapnic presentations tne following system was sometimes
used:-  Although the X-variaples represent a series of
ingependant treatments (e.g. substratum material or time
period), the data points are linked by a straight line.
This does not imply a gradation from one to the other, but

has been done to assist in the visual interpretation of data.
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Tanle 2.2(a):- Sessile sublittoral fouling organisms in Simonsoay
Ciass Group Species
Hydrozoa Sertulariidae Sertularella arouscula
also: Ampnispetia operculata
Tuoulariidae Tuoularia warreni
Plumulariidae Plumularia setacea, P. lagenifera
Nemertesia cymodocea
Campanulariidae Campanularia integra

also: Oobelia dichotoma
(Eudendriidae:) Eudendrium sp.

Actiniaria Sea-anemone Anthothoe stimpsoni
also: Bunudosoma capensis
Polychaeta Sabellidae M2galomma guadrioculatum
Terepellidae Nicolea macroprancnia
Serpulidae Hydroides elegans, Spirorpis sp.
Other Polychaetes Spionidae, other species
Cirripedia Balanus ampnitrite

Balanus maxillaris
Balanus trigonus
Peracarida Ampnipoda Ericthonius brasiliensis
(tupiculous) ' also: Corophium ascherusicum -
Ischyrocerus spp.
Jassa falcata

Aora sp.
(Tanaidacea:) Tanais
philetaerus
Bryozoa Pale encrusting Membranipora spp.
Dryozoa also: £Escharoides contorta

Figularia fissa
Cryptosula pallasiana
Gigantopora polymorpna
Cellepora cylindriformis

Beania spp.

Dark encrusting Watersipora sp., Chaperia sp.
Dryozoa

Pale filamentous Menipea triseriata, also: M. crispa
bryozoa

Dark filamentous Bugula neritina, also: B. dentata
bryozoa

Stolonial bryozoa Astea sp?

Pelecypoda Black mussel Choromytilus meridionales

Ribbed mussel Aulacomya sp.

Saddle oyster Anomia sp.

Otner bivalves Saxicava arctica, Tapes corrugata

also: Tellimya rotunda
Chlamys tinctus
Gregariella sp.
Lima rotundata




Tunicata

Green &
grown Algae

Red Algae

Diatoms
Porifera

Purple compound
ascidians
Grey compound
ascidians
Red bait
Transparent
sea-squirt

Greenish
sea-squirt

Other simple
ascidians
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Diplosoma macdonaldi
also: Botrylloides sp.
Diplosoma listerianum

Pyura sp.

Ciona intestinalis
also: Corella eumyota
Ascidia sydneiensis

Microcosmus sp., Molgula sp.
Styela costata

Colpomenia sinuosa
Ectocarpus sp.

Dictyota sp., Bryopsis sp.
Ecklonia maxima, Ulva sp.

Polysiphonia sp., Champia sp.

Agardhinula sp?, other species

Licmophora flabellata

Leucosolenia arachnoides?
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Tanle 2.2(b):- Non-sessile organisms associated witn a sublittoral
fouling community in Simonspay

Class Group Species
Polychaeta Aphroditidae Lepidonotus semitectus
Nereidae Nereis operta

Other Polychaetes Phyllodocinae, Syllidae
Phoeloe minuta, Lumbrinereis sp.

Crustaces Isopoda Cirolana obtusispina
Cymodocae comans
Amphipoda Paramoera capensis, Caprella cicur

Laetmatopnilus purus
Amaryllis macrophthalma

Decapoda Plagusia chabrus, Jasus lalandii
Diogenes sp., otner species
Arachnida Pycnogoniaca Tanystylum brevipes
Gastropoda Nudibranchia Facelina olivacea, Janolus capensis
Archidoris granosa, Doto sp.
Other gastropods Argobuccinum argus, Oxystele sp.
Crepidula porcellana
Polycera nigrocea, Fissurella
mutapilis
Cephalopoda Octopus Octopus granulatus
Ecninoderm Crinoidea Comantnus wahloergi
Annametra occidentalis?
Echinoidea Parechinus angulosus
Asteroidea Marthasterias glacialis
Ophiuroidea Ophiothrix triglocnis
Holothuroidea Thyone sp.
Sipunculida Peanut-worm
Platyhelmintnes Flat-worm Thysanozoon sp.

Nemertea Proboscis-worm Lineus sp.?
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2.2.1. Numerical analysis

In tnis section the contrasts and interactions bpetween tne factors will

be descrived with respect to the numoers of fouling organisms.

Tne tnirty six species and species groups of sessile organisms can be of
di fferent magnitudes of size and can occupy different micro-habditats.
For example, a single individual of the simple ascidian, Pyura, can
occupy more volume and surface area than a thousand zooids of the
compound ascidian, Diplosoma. However in assessing the degree to wnhich
each of the four factors influences a species or species group, the
emphasis should be on the numoers of individuals, ratner than their
relative importance as far as fouling severity is concerned. To examine
tne actual details of the community constituents, the various components
should not be weighted or arranged in an "impact hierarchy" ‘(Field,
pers. comm.). A weighted analysis is carried out in later sections,
where the space occupied by the main community components is compared.
Hurlbert (1971) sounds a note of cautioni that neitner adundance, nor
space occupation necessarily determine the importance of a species per
se, but tnat its importance is related to tne effect it nas on tne
productivioty of all other species in the community.

In presenting the numerical data, it nas been split up accoraing to
supstratum material and site. FEach data matrix for all organisms on
eacn replicate sample of a specific material, which had been exposed at
a site (see fig. 2.2.1.l.a-m), was processed witn cluster analysis.
This'was gesigned to show:-

(i) the similarity of replicates relative to seperate treatments

(ii) the contrast or similarity of different treatments i.e. various

times and duration of exposure.

This analysis, the results of which are presented on dendrograms in the
appendix (fig. 4.1.3.1.a-m), is complementary to the data presented in
figure 2.2.1.1.a-m, so that the visual interpretation of these figures
could assist in explaining the main contrasts or similarities identified

petween the temporal treatments.
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In a similar way, tne data was divided according to time and duration of
exposure so that the suonstratum materials at potn deptns of exposure
could be compared. This would show:-
(i) whether replicates of materials were more alike to each other than
to other materials
(ii) the contrast of communities at different depths on different

materials.

The results of this analysis are presented on dendrograms in appendix
figure 4.1.3.2a-1, ano are interpreted here along witn figure 2.2.1.la-m
to identify tne organisms that were apparently responsible for producing

tne main contrasts.

The way tables 2.2.1.1 & 2, which show the results of the visual
interpretation, were derived at can be 1illustrated by an example for
aluminium at Site 1. The dendrogram on appendix figure 4.1.3.1.a shows
tnat all replicates from June and July nad less than 25% similarity to
samples from otner months. An examination of the corrésponding figure
2.2.1.1.a shows that this high contrast (or dissimilarity) can De
attriouted to fewer species and lower numoers of organisms during June
and July. Of tne other samples, the exposure periods of thres months,
Decemoer to Fedruary, nine and twelve months had, collectively, 73%
dissimilarity (27% similarity) with all otner periods (figure
2.2.1.1.a), much of this apparently oeing due to differences in the

relative numoers of Balanus trigonus and Pyura. In a similar way, Dy

identifying further groups that are in contrast witn other groups on the
oendrograms in figures 4.1.3.1 & 2 and cross-referring to the
corresponding figure 2.1.1.1 to locate some of the main sources of

dissimilarity, taoles 2.2.1.1 & 2 were drawn up.

Tnis methoo, although a useful statistical technique for seperating tne
impact of various factors, does not include a significance test.
Conclusions can tnerefore only be drawn where replicate samples were
more alike to each otner tnan to otner samples or where clusters
contained a mixture of samples from compatiole treatments (e.g. material
X exposed at site Y for 1 month during September to Novemoer). However,
wnere replicate samples were scattered over many clusters, linked at a
low similarity level, notning can bDe said about tnem or they appear as
"mixed" on tables 2.2.1.1. & 2. ’
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In interpreting table 2.2.1.1., empnasis should be laid on the major
contrasts. Sometimes the clustering was ingonsistent and differences
are difficult to identify e.g. Silicon Rudper in various time periods at
poth sites. Similarly, wnen comparing the materials ang sites (taole
2.2.1.2.), the differences bpetween contrasting elements, especially
between AL, SS, FG & PVC, were not easily apparent and usually involved

differences petween the less important fouling organisms.

when comparing the different times and durations of panel exposure, the
clusters were sometimes similar for different materials. These
consistent clusters are important for identifying seasonal or
successional trends. For example, on all materials exposed at Site 1,
the fouling constituents after the three periods, December to February
(3 months), June to Feoruary (9 months) and June to May (12 months),
were similar to each other. They were in contrast to many of the ot?er

elements mainly because more Balanus trigonus and more ascidians and

possibly less Balanus amphitrite were present. Tnis may indicate that

tne prevailing fouling conditions during summer (Decemser to February)
favour tne development of the type of community developing on panels
exposed for 9 and 12 montns. This suggests tnat the long-term
development of the community may not be a true causal succession, but is
prooanly a seasonal succession depending on breeding season and patch
history (space availability). Such a situation would agree witn tne
findings of McClurg (1969) in Simonsbay and Millard (1952) in Table Bay.

The more important contrasts 1identified for all materials, except
silicon rupper, at Site 1 (table 2.2.1.1.a), are:-

(i) June and July differ markedly from other months Dbecause few

species and few individuals settled during these months.

(ii) The community constituents after three months, December to
February, nine months and twelve montns were similar -and differed

from other exposure periods by having more Balanus trigonus and

ascidians.

(iii) Altnough more Hydroides elegans and Campanularia integra settled

during Septemoer and less Balanus and more Diplosoma during
Novemoer, the four one-month exposure periods, August, Septemoer,

October, November, were broadly similar.
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(iv) Tne 3-montn exposure periods, June to August and Marcn to May,

differed from other periods pecause more Hydroidss elegans,

Choromytilus meridionales and Balanus maxillaris had settled, and

differed from each other because more Balanus trigonus, Saxicava

arctica and Tellimya rotunda were present during the latter

period.
At Site 2, the g=neral grouping of exposure periods was not so similar
on different materials as at Site 1. Tne major contrasts, except for

silicon ruoper, were:-

(i) Fewer organisms settled during June to July, so tnat these two
montns are in contrast to later months.

(ii) More Choromytilus, serpulids and Diplosoma and less algae were

present after 3, 9 and 1l2-month exposure periods than after
l-month periods.

(iii) Bivalves and filamentous bryozoa were responsinle for much of the
contrast between the 3-month and other exposure periods.

(iv) The 12 and 9-month exposure periods were generally fairly similar
to each other, put differed by there being more B.amphitrite and

less B.trigonus on AL, SS and MS and less Choromytilus and
B.ampnitrite and more B.trigonus on FG ana PVC during tne latter.

(v) August, Septemoer and October were fairly alike and could only be
seperated at nign similarity levels.

(vi) Novemoer differed from the other l-month exposure periods because
of peak settlements of algae, tne onset of the Balanus trigonus

settling period and a decline in bivalve numbers.

Contrasts are more difficult to identify when comparing tne sudstratum
materials and sites for each exposure period. The main features that
can be seen on table 2.2.1.2. are:-



(1)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)
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The fouling communities at Site 1 and Site 2 wers markedly

dissimmilar because more algae, bryozoa and Choromytilus and less

ascidians occured at the latter.

It is difficult to 1identify consistent contrasts opetween

materials at Site 1 after one month's exposure.

At Site 2, SR and MS differed from other materials after one

month's exposure, pecause very few algae were attached to them.

Althougn differences could be identified in some months, the
contrasts petween fouling communities on AL, SS, FG and PVC after
one month's exposure were not consistent. It therefore appears
tnat tne initial settlement response of most organisms does not
seem to differ on tnese substrata.

SR is in high contrast to other materials at dotn sites after 3,
9 and 12-montn exposure periods pecause tne fouling community
does not appear to develop oeyond tne stage reachsd after one

montn.
All other materials exposed for 3 montns did not seem to be in
high contrast to each other, altnougn MS could differ by the

number of barnacles and serpulids.

After 9 and 12 months at Site 1, more Campanularia appeared to

settle on PVC and more Sertularella on 'AL than on other

materials. In general the contrasts bDetween the fouling
communities on all materials, except SR, at each site, were not

consistent.
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Taple 2.2.1.1.

’

Contrasts of clusters identified in dendrograms (fig. 4.1.3.1.a-m).
Results from replicate panels of each material are compared relative to
time and duration of exposure. In each of the cells, tne contrasts are
snown in their nierarchy of importance. (e.g. The expressions following
tne laocel 'a' are in higher contrast or at a lower similarity level than

those following 'bD'.)
Expressions and apdreviations are defined as follows:-

all elements not appearing in previous parts of the

"rest" =
expression or at a higher contrast level
"mixed" = replicate samples of the element are scattereag ang not much

alike to each otner.

Jun, Jul, Aug, Sep, Oct; Nov = month of one-montn exposure

JA3 = 3-month exposure, June to August
DF3 = 3-month exposure, Decemoer to fFepruary
MM3 = 3-montn exposure, March to May

1 = all l-month periods of exposure

=. 3-month periods of exposure

9 = 9-montn exposure, June to February
12 = 12-month exposure, June to May
+ = contrasting species associated with first element

- = contrasting species associated with second element.



Taple 2.2.1.1.a - Site 1

Material Level + Elements - Contrasting Elements Contrasting Organisms
a Jun rest few species, low numoers
b Jul rest few species, low numoers
o 12,9,0F3 rest +B.trigonus, +Pyura
d 12 9,DF3 +Sertularella,
+Cnhaperia, -Diplosoma
AL e 9 DF3 -Aetea, -Campanularia,
+Sertularella
a' Nov MM3, JA3, Aug, Sep, Oct +Diplosoma
e' Aug Sep, JA3, MM3 -Serpulids,
-B.maxillaris
f JA3 MM3 -B.frigonus, +Serpulids
Sep, Oct mi xed -
a Jun rest few species, low numbers
b Jul, Aug 12, 9, 3 Sep, Oct few species, low numbers
c 12, 9, DF3 MM3, JA3 +Diplosoma, -Serpulids
SS d DF3 12, 9 -Sertularells,
+Campanularia, -Bryozoa
e T 12 9 -Bryozoa
d' MM3 JA3 +Saxicava, +B.trigonus
Sep, Oct, Nov mixed -
a Jun rest few species, low numbers
b 12, 9, DF3 rest +Diplosoma, +B.trigonus
C DF3 12, 9 +B.ampnitrite,
+Campanularia
MS d 12 9 -Sertularella,
-Diplosoma, +Ascidia
c' MM3, JA3, Jul Aug, Sep, Oct, Nov +Sertularella
d! Jul MM3, JA3 -B.amphitrite, -Angmia,
~-Saxicava
e' MM3 JA3 +Saxicava, +Aetea
ag" Oct, Nov Aug, Sep +Hydrozoa, -Serpulids,
-Choromytilus
e" Oct Nov +B8.maxillaris
e"! Aug Sep -Serpulids, -Hydrozoa
a 12,9 rest -Balanus
b DF3 rest +Diplosoma  macdonaldi,
+Campanul aria
C MM3, Jun, Jul,
Aug - JA3, Sep, Oct, Nov -B.maxillaris,
-Diplosoma listerianum,
d MM3 Jul, Aug -Hydrozoa
SR d' Nov JA3, Sep, Oct ?
e Sep JA3, Oct ?
f JA3 Oct ?
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FG

Jun, Jul
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12

Aug, Sep, Oct, Nov
JA3

Sep, Oct
Oct

few species, low numoers
+B.trigonus,
-B.amphitrite

-Diplosoma listerianum,
-Bryozoa, +Aetea
-Sertularella,

-Bryozoa, -Diplosoma mac
+Cnoromytilus,
+Serpulids
+Aetea,
+B8.trigonus
-Anomia

+Campanularia

+5axicava,

PVC

Nov
MM3, JA3
MM3

Rug
Sep

MM3, JA3, Aug, Sep, Oct

Aug, Sep, Oct
JA3

Sep, Oct

Oct

+Sertularella,
-Balanus, -Ascidians
+Diplosoma, +B.trigonus
+Aetea, -Campanularia

+Bryozoa, -Diplosoma
listerianum

+Pyura, -Balanus,
+Polycnaetes

+Bryozoa, +Serpulids,
+Choromytilus

+5axicava

-Campanularia, -Anomia
+Serpulids
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Material Level

+ Elements

- Contrasting Elements

Contrasting Organisms

a Jun

b 12, 9, 3

o] DF3
d MM3, JA3

AL e MM3

e' 12
c! Jul
d' Nov
e" Se

rest

1

12, 9, JA3, MM3
12, 9

JA3
Aug, Sep, Oct, Nov

Aug, Sep, Oct
Aug, Oct o

-B.amphitrite,
-Ectocarpus
+Serpulids,
+Choromytilus,

+Diplosoma,
-Colpomenia, -Ectocarpus

+B.trigonus, +Aetea
+Serpulids, +Bugula,
+Choromytilus
+B.trigonus, -E.Bryo,

+Saxicava, -Diplosoma
+B.amphitrite, +E.Bryo
-B.maxillaris
+Colpomenia, +B8.trigonus

-Colpomenia,

-Choromytilus
-Bugula, +Campanularia

a Jun, Jul
D Jun

b! Nov

c MM3, DF3, 9

SS d 9

e DF3
d’ JA3

e' Aug

rest

12, JA3, Aug, Sep, Oct
MM3, DF3

MM 3
12, Aug, Sep, Oct

12, Sep, Oct

-B.maxillaris,
-Bryozoa, -Bivalves
-Campanularia,

+Colpomenia
+Diplosoma,

+Ectocarpus, +Colpomenia
+B. trigonus
-B.amphitrite,
+B.maxillaris, +E.Bryo
-Saxicava, +Aetea
+Diplosoma,
+Watersipora,
+Plumularia
+Choromytilus,
+Campanularia
-Algae

-Bugula,

a Jun

o) 12, JA3, Aug,

Sep, Oct
c 12, Aug
_ d 12
MS d' JA3

9, MM3, DF3, Nov
JA3, Sep, Oct
Aug

Sep, Oct

Oct
MM3, DF3, Nov
MM3, DF3

DF3

few species, low numoers

+B.trigonus

-Bugula, +Campanularia
+Choromytilus, +E.Bryo
+Diplosoma,
+Choromytilus,

-B.maxillaris
-Bivalves, +Menipea
-B.amphitrite,
+B.maxillaris
-Watersipora,
-Bivalves
+Bugula, +Serpulids,
-Aetea .

-Retea,
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SR

Nov, DF3

MM3, Jun, Jul
Jul

MM3

Oct

+B.trigonus,
species
+Diplosoma, +Aetea
-B.maxillaris

MM3

Jun, Jul, Nov

Nov

Jun
JA3

rest
rest
Aug, Sep, Oct
M43, Jun
Jun

Aug, Sep
Sep

JA3, 1
MM3, DF3
9

DF 3

JA3, Aug, Sep, Oct

Jun, Jul

Aug, Sep, Oct

Aug, Oct

+B.trigonus, -Algae
-Bugula, -Retea,
-Saxicava
-B.amphitrite,
-Cnoromytilus, -E.Bryo
+Bivalves, -Plumularia,
-Colpamenia
+Colpomenia,
+Ectocarpus,
-B8.maxillaris
-Sertularella,
-Amphipods, +Colpomenia
+Bugula

+-.Bryo, -8.maxillaris,
+Polychaetes

+Menipea, -Choromytilus
-Saxicava, -Hydrozoa

PVC

dl

Fo

JA3, Aug, Sep, Oct

9, MM3, DF3
MM3, DF3

DF3

Aug, Sep, Oct
Sep, Oct

Oct

-B.maxillaris,
-Bivalves
-B.amphitrite, -Bivalve

-£.Bryo,

+B.trigonus
+Algae, -Sertularella

-Saxicava, -Aetea,
+E£.Bryo

+Serpulids
+Choromytilus

+E.Bryo, -B.maxillaris
-F.Bryo

+Campanularia, +Saxicava
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Taole 2.2.1.2.

Contrasts of clusters identified in dendrograms (fig. 4.1.3.2.a-1). Results
from replicate panels from each period of exposure are compared relative to
sunstratum material and depth of immersion. Expressions are as defined for
taole 2.2.1.1. Site 1 = all samples from 20m depth; Site 2 = all samples
from 10m deptn.

Material Level + Elements - Contrasting Elements Contrasting Organisms
June a PVC1l, SR1, AL2, SS2, FG2, PVC2 -Algae
MS2, SR2
o} PVC1 SR1, MS2, SR2 +Campanularia
‘ D' AL2 PvC2, SS2, FG2 -B.amphitrite
c FG2 552 +Bugula
ALl, SS1, MSL, mixed -
FGl
a Site 1 Site 2 -ARlgae
July b FG2, SS2 =SR2, MS2 +Algae
Site 1 mixad -
a Site 1 Site 2 -Algae
o) ALl, SRl PVC1l, FG1l, MS1 -B.maxillaris
Rugust ¢ PVC1 MS1, FGI1 +Bryozoa
D' PvC2, FG2, AL2 MS2, SR2, SS2 +Algae
a Site 1 Site 2 -Algae, -Bryozoa
b SS1 AL1, MS1, SR1, FGl, PVC1l +Diplosoma
Sept C PVC MS1, SRI1 +Campanularia,
+B.trigonus
d MS1 SR1 -Porifera
o' AL2 PVC2, FG2 +Ectocarpus, -Bivalves
c' FG2 PvC2 -Campanularia, +Bugula
ALl, FGl mixed -
a Site 1, MS2 rest Site 2 -Algae, -Bryozoa
b SR1 MS2 +Polychaetes, -Bugula
Oct b! SR2 AL2, SS2, FG2, PVC2 -Ectocarpus, +Diplosoma
mac .
c PVC2, SS2 FG2, AL2 T ?
ALl, SS1, MS1, mixed -
FG1, PvCl
a Site 1 Site 2 -Algae, -Bryozoa
Nov b SR2, MS2 AL2, SS2, FG2, PVC2 -Algae
C AL?2 FG2 +Diplosoma

Site 1 mixed -
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Site 1, SR2

SR2
MS1

SR1
MS2

SSl, FGl, PVCl

ALl

rest Site 2
Site 1
rest Site 1

sSl, FGl, PVCl
FG2, SS2

mi xed

-Algae, -Choromytilus
+B3ryozoa
-Serpulids,
-B.maxillaris
~-E.Bryo
-Hydrozoa,
list.

+Diplosoma

MS1, ALl, SSl

Site 2

ALl, SS1, MS1, PVCl1
MS1, ALl

mixed

mixed

-B.trigonus
-Algae
+E.Bryo
-Campanularia

Mar-May

SR1
SR2

ALl

sSl, FGl
FG2

AL2
PVC?2

AL2, MS2, PVC2
MS2, PVC2

few species, low numers

few species, low numbers

-Bivalves, -Bugula

-Bryozoa, -Choromytilus
¢ 2

-Retea

+3. trigonus

Site 1
ALl, SS1, MS1l, FGl

ALL, MS1
ALL

few species, low numoers
-Choromytilus,
+Ascidians

-Balanus

+Campanularia,
-Sertularella

+Bryozoa, +Serpulids
+Chaperia

PVC1

AL1

PVC2, MS2
PVC2

5852

ALl, SS1, MSl, FGl
SS1, MS1, FGl

AL2, SS2, FG2

MS2

AL2, FG2

few species, low numbers
-Choromytilus,
+Hydrozoa, +Ascidians
+Bryozoa, +Campanularia
+Sertularella, +Aetea

?

-Choromytilus,
-B.amphitrite
?
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2.2.2. Time of year

If the experiments are'repeated during different times of the year, are
the results for each material and each site different? 1In temperate
waters, where seasonal temperature fluctuations are evicent, many
benthic species have seasonal reproductive patte{%. A seasonal
progression of fouling organisms, especially of tnose with a shcrt
longevity, 1is therefore the normal pattern at temperaie latitudes
(Sutherland & Karlson, 1977; Schoener, Long & De Palma, 1978).

The nature of the initial fouling community may determine its further
developmant. Day (1977) noted that since the size of an organism can
influence its level in the "dominance hierarchy" in terms of space and
persistence, the individuals that settle early on a colonizanle patch
would be at a competitive advantage to. ones that settle later. Thne
season during wnich colonization is initiated could thus De important
for the nature of the final community (Kawahara, 1963, 1965; Sutherland
and Karlson, 1977). A

To compare data obtained from plates which had peen exposed for four-
weeks during eacn month petween June and November ana from plates
exposed for three months during June to August, Decemoer to February and
March to May, the following system was adopted:-

(1)

(ii)

Suostratum materials and time of exposure at eacn depth are compared
for wet weight, volume, percent cover and number of species. The data
is presented as interaction plots of material versus time and
incorporates the 95% confidénce limits of the student-t test i.e. wnere
the confidence limits do not overlap, the mean values are significantly
different. The outcome of the ANOVA tests is shown as "significant" or
"non-significant" (P < 0,005) next to each graph.

Opposite eacn page of photographs, the data for that set of panels is
summarized. This includes the data of abundance and degree of coverage
by each organism group, shown on the four figures following tne
pnotographs, and incorporates some of the trends shown for individual
species in figure 2.2.1.1.a-m.
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2.2.2.1. Exposure for one month

(a)

(o)

(c)

(a)

(e)

Weight - figure 2.2.2.1.a

At a dzpth of 20m, the weight values were usually low and not
significantly different over the six months. Some replicates
differed markedly to explain the variability and high mean values
in Septemoer on SS, SR, FG & PVC plates and on AL & SS in
Novemoer. Although the data was even more variaple at 10m, many of
the values from AL, SS, FG & PVC plates were significantly higher
in August to Novemoer than in June and July. At both depths, all
replicate and monthly values for MS were low. In contrast, SR was

very variable.

Voluine - figure 2.2.2.1.b

No replicate readings of volume were made (only means of all sample
replicates), but the general trends of thz mean values were similar
to those obtained for weight (above).

Cover - figure 2.2.2.1.c

At Site 1, plate coverage was generally low, except on some AL & SS
panels in Novemoer. In all months, PVC nhad high values at Site 2,
significantly higher than MS & FG and non-significantly nigher than
other materials. The values of AL, SS, MS & SR were higher during
Octoper and Novemser than during September, but on FG and PVC,

cover was similar during all months.

Species diversity - figure 2.2.2.1d

In September, more species settled on plates of all materials at
20m, tnan during June, July, August and Novemoer. On AL, SS, FG
and PVC, tne October values were higher than those ootained during
June to August. At 10m deptn, the species diversity on MS & SR did
not oange in different months, but on the otner materials, the
Octobper and Novemoer values were higner than tnose during other
montns. Unlike as at Site 1, diversity was low in Septemoer.

General

To summarize, at Site 1 (20m) the weight, volume and cover did not
differ much bpetween materials and between months. The high
variability of replicates during September to November was lardély
due to the rapid growth of Diplosoma colonies. More species
settled during spring, September and October, than during winter.



- 48 -

On AL, S5, FG & PVC at Site 2 (10m), the weight values were higner
in August to Novemoer than in June and July. Cover, altnough
similar in all months for FG & PVC, was higner in Octoder and
November than in Septemoer on other materials. Of all the
materials, PVC often had the highest cover, weignt and volume
values during September to November, while those of MS were usually
low. More species were present during October and Novemoer thian
during other months, although on MS % SR thz diversity was no

higher in summer than in winter.
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(g) 1 month at Site 2 - Plate 2.2.1.b

These photographs, taken in poor light conditions, show  that

Balanus amphitrite settled very numerously (upto AOOO/dmZ, often
more than 3000/dn). Except on PVC, individuals were, however,
usually very small and much surface area was left open. The "edge
effect" was less pronounced at Site 2, but can be seen on the
aluminium and PVC plates. The dark growth on the silicon rudbber

plate was a colony of Diplosoma sp., which also seemed to favour

stainless steel sur faces. Microalgae were NuUMEerous
(100-1500/dm?) on all but tne mild steel and silicon ruboer
plates, but are too small to pe visible on plate 2.2.1b. Short
filaments of Bugula neritina were seen frequently during Septemper

to November, Dut Choromytilus spat were more numerous in August and

Octover tnan during other months.



ORGANISMS

SCALEs

Hydrozoa -

Polychastee 1

Barnaclee A

Amphipods -

Eror. Bryozoa 1

Fil.Bryozoa

Bivalves -

Comp. Ascidiane

Simp. Aecidiane

Algoe

Other

O= Aluminive
0 = Stainlese Steel
E = Mild Steel

I = 3.8 = log( 1828 ) mim/d‘“z = Silioon Rubber

| me nm o kB dlm ono
n
| e T g |
o Lo &
o om (b
ol -
JE — s
T oWowras

Fig222le : Number of organisms (log[X+11) that
settled on panels exposed for 1 month during
successive months at Site | (20m). Each group of plots

shows data from different substrate materials :

left to right, Al, S5, MS, SR, FG & PVC.



ORGANISMS

SCALE;s L 3.8 = log( 1888 ) organiems/dn?

Hydrozoa

Polychaetee -

Barnaclee

Amphipode

Enor. Bryozoa

Fil.Bryozoa

Bivalvee -

Comp. Ascidiane

Simp. Aecidiane

= Aluminium

= Stainless Steel

= Mild Steel

= Silioon Rubber
= Fibre Glase

0
i
=
El

iTun |tTul l'Aug =Sopt i]ot =Nov
MONTHS
Fig 2221f : Number of organisms (logX+11) that
sottled on panels exposed for 1 month during
successive monthe at Site 2 (18m). Each group of plots

shows data from different substrate materials :

left to right, Al, S5, MS, SR, FG & PVC,



ORGANISMS

0= Aluminium
B o R Soey et
SCALEs 188 percent cover El = Silioon Rubber
v Fibre Glose
EB=PVC
Hydr‘ozoa
Polyohoob“
Barnooles Ihewm et he
Bryozoa
Bivalves
Comp. Asocidia e o
Simp. Aecidia
Algae
Other
Total

MONTHS

Fig 2221g : Percent cover by fouling organisms
of panels exposed for 1 month at Site 1 (20m).
Each group of plots shows data from different
substrate materials : left to right, Al, S5,
MS, SR, FG & PVC.



ORGANISMS

Aluminium
Stainlese Steel

Silioon Rubber

O=
E-N 1d Steel
- = Ml tee
SCALEs 188 percent cover _

Hydr\ozoa

Polychaetes

Barnacles -

Bryozoa

Bivalvee

Comp. Aeoidia

Simp. Aeoidia

Fibre Glase
K= PVC

MONTHS

Fig 2221h : Percent cover by fouling organisms
of panels exposed for 1 month at Site 2 (1Bm).
Each group of plots shows data from different
substrate materials : left to right, Al, S5,
MS, SR, FG & PVC.



- 5] -

2.2.2.2. Exposure for three montns

(a)

(9)

(c)

(d)

weignt - figure 2.2.2.2.a

The confidence limits were sometimes so wice at potn sites that the
differences outlined below were not significant, althougn ths means
could differ markedly. At Site 1, tne weight of foul growth was
less on SR than on otner materials during Dzcemoer to Feoruary and
March to May, put in June to August, when all values were low, tnis
difference was not apparent. Whereas tne values for December to
February and March to May were of a similar magnitude at botn
sites, the weight was lower at Site 1 during June to August and
Nigher at Site 2 1in tnis period tnan during otner periods,
especially on SS, FG & PVC.

Volume - figure 2.2.2.2.0
The mean values of volume had very similar trends as the mean
weight. The non-sighificant differences outlined for weight,

aoove, were also evident for volume.

Cover - figure 2.2.2.2.c

Although the variapility of cover was nign at 20m, it was
significantly different during different months and on different
materials. Tne cover on SR was much less in all months and on MS
in June to August than on the other materials. All except SR
plates had lower coverage in June to August tnan in other periods,
although tnhis difference was only significant for AL. At Site 2,
the temporal values were much closer to each other but the cover'
was hignher during June to August than during March to April for SS,
FG & PVC plates. All SR values were very low. MS was also lower
than other materials, but this was only significant during June to
August.

Species diversity - figure 2.2.2.2.d

During June to August, less species settled on AL, SS, MS & PVC
plates at Site 1 than during other periods, although this
difference was only significant for PVC. At botn sites, fewer
species occupied SR than AL, SS, FG & PVC, but tnis was only
significant at Site 1. Usually the species diversity on MS was

non-significantly less than on other materials.



(e)

General

The values of weight, volume, cover and species diversity were
lower on SR, and to a lesser extent on MS, than on other materials,
especially at Site 2. Although differences were seldom
significant, weight, volume, cover and species diversity of AL, SS,
FG & PVC were usually lower during June to August at Site 1, and
weignt, volume and cover higher at Site 2, tnan during other

pariods.
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Jun2 to August at Site 1 - Plate 2.2.2.a

After exposing the panels for the three winter montns, some panel
surface 1is still 1left unoccupied. Barnacles, mostly Balanus
amphitrite, were very numerous (SOO—BOO/dmz), but generally still
small, excapt for B.maxillaris. Numerous serpulids, Hydroides
elegans (100-300/dn?), not so common during other exposuce
periods, can be seen on all materials but mild steel. Occasionally

patches of encrusting bryozoa, especially Memoranipora sp., could

expand over the surface and over previously settled organisms (see
lower left cormer FG and central PVC). Soms Choromytilus spat

settled on the barnacles, but were too small to be seen here.

Clusters of feather-like stalks of the hydrozoan, Plumularia sp.

(see FG), and networks of Campanularia integra were frequent. Note

the damagea oarnacles on the right edge of the PVC plate. This was

¢

possioly the effect of grazing by fish.
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Mild Stecl

Efird (1976) noted that tne early stages of fouling on MS, easily
slougn off, but that later stages are attached more firmly, the
underlying layar of rust being thin. Initially, while much of the
metal surface is still bare, places that are covered oy orgahisms
becomz galvanic cells. This promtes pitting belos the organisms,
which finally slough off (La Que, 1969). However, wnen the increase
in fouling is so rapid that it soon covers all of the metal surfacs,
tnis galvanic cell action recedes and corrosion slows down. The
macrofouling comminity can adnhere more firmly and providas a measure
of protection to ths metal (Lebedev, 1978). This was the situatlion
on MS after 9 and 12 months in the present study. For longer
exposure periods it is predictzo that, if some t‘ouling drops off
under its cwn weight, complete sloughing off may result and the
process ra2peat itself.

Silicon Rudoer

Tne cnaracteristics and susceptioility to fouling of silicon rubder
differs markeoly from those of other materials. Apart from having a
low-energy (non-wettaole) smooth surfacz, it is cnemically inert and
of a flexinle (ruooery) nature. 1Its rad colour migat be partly
responsicle for the near-absence of algae (see appandix section
4.1.1), but other characteristics are expacted to be of much greater
consequancz. Eiben (1978), Miller et al (1976) and lLoed (1978)
found that many organisms with nydrophobic surfaces were attracted
to hydrophooic substrata because of their mutual tendancy to reduce
the surface area in contact with water. Thus, 1in this
investigation, many individuals attached in the initial stages, but
they failed to remain attached because, as Baier gt al (1968)
pointsd out, bioadnesion is reduced on low-energy surfacas. Thus,
in tha degree of fouling, silicon rubber did not differ much from
other matarials after a month, but did not dsvelop furtner i)eyond

that stag2. Balanus amphitrite, Hydroides elzgans, Campanularia

integra, Anomia sp. and Diplosoma spp. appeared to have the highest

degree of tolerancs to these conditions.



(e)

(f)
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This characteristic is not unique to siiicen rubber. Griffita and
Bultmars (1930) noted that Teflon, polytetrafluorozthylene, presents
a very low-energy surface from which foulers readily obecome
detached. Recently new forms of Teflon have been applied as paints
and are being tested. They also recognizad the potential value of
the characteristics of silicon ruober: "The ability of fouling
organisms to adhere to a surfac2 agepends in part upeon the physical
nature of the material as well as its surface chemical propzrties,
and the silicones allos the oprocduction of relatively soft,
anti-adnesive surfaces wnich apparently are more effective in the
marine environment than tne fluoropolymers. However, they are not
as duradle, and it is necessary toc comiine the best propsrties of
the fluorospoxies or fluoropolyethanes, Teflon, and certain
silicones in order to producs the most effective compositions in
overall terms." Such combinations are as yet, chemically, naot
possible.

Fibrs Glass

This material permitied tne rapid accumulation of coleonizers, not
unlike aluminium and stainless steel. Minute spionid polychaetes
appzsared to have tne ability to burrow into its surface. This did
not result in any extensive damagz during the timz period of the
experim=nt. This polychaete is not aoundant, out it is possidle
that, in the 1long run, it . could facilitate 1local surface
deterioration where other foulers are not attached.

PVC

Settlement and grovth rate was initially higher on this plastic
than on any other material. However, after 3 months it resemoled
that of other "passive" materials. Although simple ascidians grow
to large size on PVC surfaces, their aaility to achere seems to be
poorer than on. metals. Thus, as on finre glass, some fouliﬁg had
sloughad off pefore retrieval after a year. The surface of PVC is

apparently uncnangzd after a year of exposure.

It appears tnat the relative initial colonization rates of various
materials can be predicted from the d:gree of microfouling. Zacnary
et al (1978) suggested that this was so because the settling of
larvae may depend on the primary film. The present results did not
negate this, obut it is equally prooaocle that the same physical
proparties of tne surfaces responsinle for differences in
microfouling, also influencad the macrofouling.
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SUMMARY AND CONCLUS ION

Conclusion

The principal aims of tnis study were to characterize fouling conditions

in Simonsbay upto a depth of 20m and to assess the susczptadility of six

suostratum materials to fouling. This is complementary to the work done

by de Chalain on the microfouling community during 1979. Tne following

conclusions can be made:-

(a)

(0)

The occurrence of scttling organisms was a seasonal pnencneman. A
mid-winter offseason was followed by an incresse in the colonization
rate, when the storms subsided in sporing, and a further increase in
species numders and individuals during early summer, coinciding witn

a rise in temperature at all dapths. Curing this pzak paricd the

initial community mainly comprisad Balanus ampnitrite at 2oth desihs
ind

with numerous small 2lgae, Ectocarpus sp., oryozod, Sucula neriti

and mussel spat, Choromytilus meridionales af 10m =and serpuiilds,

Hydroidas elegans, and hydrozoa, Campanularia integra at 20m. In

mid-summer, Balanus trigonus dominated at sll depths, 3-23m, out in

avtumn, when the colonization rate droppzd 23gain, Balanus amphitrite

reached a secondary peak pefore tne temperaturz droppec and winter
conditicns  ensuad. The potential value of tihe offseason  for
carrying out maritime activities with minimum fouling, is offset by

the concurrence of winter storms in Simonsbay.

Tnz development of tne fouling community differea with depth. The
initial stages were slower at 20m, developing from a Balanus -

dominated comnunity to Balanus - Hydroides follow2d oy a3 more

complex situation with Diplosoma and Campanularia. Finally, Pyura

gominated, sometimes growing 3o bulky that it sloughed off. At 10m,

numarous mussel spat that settled during the early 8alanus - Bugula

stag2, qgrew to aporeciaosle size in half a year. Later, secondary

settlement of Balanus on Choromytilus furtner increased the bulik of

the layer. Tne consistent  development  of  Pyura-dominated
comwunities at 20m and horomytilus at 10m could be due to

differences in the development of the pienecer communities at these
depths.,



(c)

(d)

The biological interactions that may nave influenced the
colonization sequence differed with stages of developnant. True

cases of causal successicn were not observad, Sut Choraomytilus spat

seemed to attach preferrentially to Balanus, which they later
smotnered. Althougn the primary film may have playad an important
role for somz spacies, it did not appear to pe a prerequisite to

Balanus sp., Bugula neritina and Campanularia integra, whicn settled

in the earliest stages of fouling. This conclusion is, however, an
oversimplification and requires further investigation. ‘ Some macro
organisms relied on pioneer species for attacnment or shelter.,
These include savellia and teredellid polychastes, some bivalves,
encrusting boryozoa, some hydrozoa, actinaria and red algae.
Possible negative interactions were of Hydroides to the settlzament

of mussel spat, of Diplosoma tc the development of Choromytilus and

of Ectocarpus to the colonization of barnacles. The manipulation of
such biological intsractions, to prevent -the davelopmant of bulxy
foulers, could be an effective antifouling technique.

In  comparing the fouling of different non-toxic substrata,
hydropnooicity ano o2grze of surface stability appeared to be more
important than colour, lignt reflectance or surface texture. Som2
spacies showed slight preferences for certain colours or grades of
roughness, but none had consistent preferences amdng aluminium,
stainless steel, fibrz glass and PVC. Tn=2 fouling was similar on
these four substrata and differed markedly from that of silicon
rudder and mild steel. The latter was highly corrosive and
"self-sterilizing" in the early stages, but heavy fouling provided a
dzgree of protection to further corrosion in later stagss, when the
commnity on mild steel was similar to those on the passive
materisls. Silicon ruwner had a hydrophodic surface, which
initially attracted organisms, cut counteracted bioadnesion, thereby
preventing hzavy fouling. The possibility of using silicon rusber
as a protective mantel of underwater instruments should be
considerad.
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of this report shouid pbe a stzpping stone to future
that the general nature of fouling at a macro and
is known upte a depth of 20m, further studies might

on oroad regional differences and on examining the

particular interactions outlined in this report and by de Chalain

(1979).  Tne various materials may De valuasle for specific

underwater

uses: Stainless Steel because it remains inert after a

long exposure pzriod; Mild steel because of its self-sterilizing

effect; Silicon ruaoer pecsuse it prevents neavy foullng.
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7. APPENDIX

4.1.1 Colour and surface texture exparimznt

In an effort to differentiate petween the effects that substratum colour
and roughness might have had when comparing the six materials, a
four-week experiment was «designed to test these characteristics in

isolation.

PVC plates of various colours, white, grey, red, bluz and green, were cut
into 5 x Scm plates and treated to vring them to tnree grades of

rougnness: -

(a) Glossy - mirror finish (CiLA=0,03-0,07)
(b) Dull - ruoning with waterpaper (CLA=1,00-1,32)

(c) Rough - scratching witnh coarse sandpaper (CLA=6,97-9,50).

The reflectance of six primary light colours from these plates was
measured, the results being presentzed on fig. 2.1.2.1.a top. This range
of colours and Troughness, covered the wiole range of these

characteristics for the six materisls used in the main expariments.

Eight replicates (total area 4 dnl) of each colour and each roughness
grade and of the standard light-grey PVC (used in ths main experiment),
were mountad randomly on 8 framss and immarsed at 10m depth at Site 3 for
four wzeks. After retrieval, the plates were stored in formalin, until
they were examined under a dissecting microscopz (12,5X) to identify and
count all individuals. Organisms, that settled on the edges or at tne
holes drilled into the plates, were ignored, because these were the areas
of inconsistent roughness.

The results, which . are summarized for each group of organisms} are
presented in figure 4.1.1.1. During the experimental periad, April 1980,
settlement of organisms at Site 3 was somewhal reduced compared to
previous months (at Site 1,2&3). For example, barnacles, which were
usually common in all months, scarcely numdered 10/dm2, whercas only a
month earlier their numers were well above 100/dn? for a similar
four-week period at the same site (see fig. 2.2.3.2a). In spite of this

drawback, the following points should be noted in examining the data:-



(1)

(ii)

(iii)
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None of the groups of organisms were absent from any of the
rougiess grades. Alsc, no marked differences were apparent in
numiers that settled generally on plates of each grade, althougn
glossy plates may have nad less individuals, espacially nydrozoa,
Campanularia inteqgra and Ohelia, and apparently less encrusting

bryozoa, wWatersipora sn. and Membranipora so., simple ascidians

(not idantified) and algae, mainly colonial diatems Licmophora

flanellata. Mussel spat, Cnoromytilus meridionales and Saxicava

arctica, and serpulids, Hydroides elegans and Ssirerpis sp.,

which were fairly common on all plates, did not seem to have any
oovious preferencz for rouginess gradas, Sunjective tests
indicated that most organisms were not firmly cemented to tne

smootn surfaces and easily becams dztached.

None of thz groups of organisms were absent from any of the
colours. However, it app=ars that more or less individuals of
some groups settled on one colour than on another. Tnese were:

more tudiculous ampnipods on wnits, less Bugula neritina on bDlue

and red, less simple ascidians on white and less cojonial
diatoms, Licmophora fladellata, and algae, Ectocarpus sp., on red.

Since settling organisms may respond to a multitude of
environmental stimuli (Crisp, 1376), it is conceivable trnat the
interaction of colour and roughness might ennhance or diminish the
"affinity" of organisms to a surface. e.g. Species A will not

settle on colour X, unless the surface is rougn.

Although this approach 1is oversimplistic, it can be used,
perhaps, to indicate whasther any interaction took place. In that
case, colonial diatoms avciced red plates, except when these were
rough; fine filamentous bryozoa, Aztea sp. ?, were only
recordzd on a single red glossy plate; encrusting oryoczoa,

Watersipora sp., only settled on white plates if these were not

glossy; less barnacles settied on wnite and areen glossy plates

tnan on others; nydrozoa, Campanularia integra, were only common

on blue rough plates. Since none of these differences appzared

to v2 consistent, their sigiificance is not clearly understood.



ORGANISMS

il =
SCALEs I-Zﬂ-log(lm)onganion/chz B - Rl

Polychaetes

Barmaoles -

hephipods 1

Enonrs Bryozoa

Fil. Bryozoa -

Bivalvee 4

Comp. Ascidiane -

Simp. Ascidiane -

Algae -

o ([
Glosey Dull Rough
SURFACE TEXTURE

Fig 4111 & Number of organisms (log[X+11) that

sottled on coloured PVC plates (5x5 em) of various surface
textures. Plates were exposed for 4 weeks at Site 3 (18m).
Each group of plots shows data of different coloured plates:
left to right, white, grey, red, blue & green and

standard light grey in column 6, dull.



4.1.2.

Adundance Estimtes
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4.1.4 Correspondence Analysis

A new statistical technique, which to the author's knowledgz has not
oeen appliad to biological data, was applied to the data from this study
to test its applicability.

In the correspondence modzl, the rows (subjects) and colums (objects)
of the data matrix are presumed to be vectors in two seperate
multidimensional matrices. The analysis consists of finding the
respactive suospaces (of lower dimension), which optimally contain the
two clouds of paints. This enables the user to find contrasts between
sunjects and objects, which ars given in rank order along the principal
axes. ,

The siletaneous display of subjects and objects on the sams graph,
enadles the interpretation of differences between subjects (e.g.
suastratum materials), the relative participation of each object (e.g.
spacies) in the dispersion and the correspondence oetween subjects and
objects (Greenacre, 1978)

Correspondzance analysis was applied in the present study to show which
organisms are characteristic for the samples in comparison. The
computer program used was developsd by N.Tabet in France and modified oy
Greenacre (1978). The Eigenvalues, or moments of inertia, give an
indication of tne degree of participation of points along the vectors.
Thus, on figure 4.1.4.1.a 10m, thz dispersion of points along the
vertical direction represents 48 pesrcent of the actual dispersion and
the dispersion along the horizontal direction represents a further 29
percent. This means tnat analysis of results along the first axis is of
greater importance than along the second axis (in this case
horizontal). Altogether, figure 4.1.4.1la 10 m explains 77% of the
dispersion, while figure 4.1.4.1.a 20m explains 84%.

In general, the results agree with findings by other techniquas. After
all exposure periods, SR was unlike the other materials, wnile MS
appeared to be different for the one and three month periods. Compsund
ascidia usually contrasted strongly witnh other species, althougn no
particular material was drawn towards its point in space i.e. compund
ascidia did not appear to pe characteristic to any particular material.










































































































































































































































































