
Bull. Nat. Inst.OCean. &Fish., A.R.E., (1992>, 18: 115 140 

FIELD AND LABORATORY STUDIES ON THE ECOLOGY OF MARINE 
FOULING IN ALEXANDRIA HARBOUR, EGYPr . 

MOHAMED M. EL-KOMI. 

National Institute of Oceanography and Fisheries, 
Alexandria, Egypt. 

ABSTRACT 

The species composition, seasonal a~ndance and rate of 
growth of fouling are investigated on submerged test panels 
in the field (the Eastern Harbour of Alexandria) and under 
laboratory condi t ions from OCtober 1990 to November 1991. 
Attachment of foulfng either on short term or long term 
exposure panels showed pronoU'lCed seasonal changes in 
abundance over the year. The period of abundance and 
settlement numbers for several species reveal considerable 
variations during different periods of observatfon 
throughout the last 3 decades. The predominant constituents 
of fouling were principally Bryozoa, calcareous tube worms, 
barnacles, Ascidians, and Algae. The continuous reproduction 
of fouling organisms coincided generally with the warmer 
seasons, when the temperature exceeded 200C. The large 
amount of pollutants discharged into the harbour has a 
significant influence on the survival and movement of the 
pelagic larvae and also plays an important role on the 
species composition, abundance and their rate of growth. The 
growth and biomass differed greatly in the different se3sons 
depending upon temperature, season of immersion and duration 
of exposure. Under the field and laboratory conditions, the 
fouling assemblages on the test panels were highly affected. 
The settlement intensity, species composition and rate of 
growth decreased obviously or arrested, due to the 
unfavorable conditions of incubation. The occurrence of 
fouling assemblages on exposed test panels depending upon 
the timing of reproduction of populations of different 
marine organisms may be divided into three periods;.) 
annual fouling, b) seasonal fouling and c) monthly fouling. 
The fouling assemblages on exposed test panels were, in 
general, poor after a one month exposure period, but often 
became more dense on panels exposed for 3 successive months. 
The occurrence of planktonic larvae indicates that rate of 
fouling accumulation and species composition may differ 
widely. 
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INTRODUCTION 

EasternThe previous studies on the marine foulin~ in the 

~arlour oj l!exanJrla lave leen ~arrlej ou~ on ~le spr:Cles 
composition and seasonal variations of fouling developed on 
test panels for certain exposure periods (Banoub, 1960; 
Megally, 1970;Ghobashy, 1976; EI-Komi, 1991). Data collected 
in the previous 30 rears on the ecology of fouling indicate 
that rate of foulIng accumulation and dominant members 
differ greatly. The Eastern Harbour is a semi-closed bay 
located between the longitudes 29 0 53' to 29 0 54' ~ and 
latitudes 31 0 12' to 310 13' N with an area ca. 2.8 km and 
average water depth of 6 mete~s. A great amount of sewage 
and waste water ca. 35.18 x 10 m3 discharged annually into 
the harbour this represents about 2.3 times the volume of 
the harbour water (Dowidar et gl., 1987). During the period 
1985-1986 the absolute values of surface water temperature 
and salinity varied between a minimum of 16.90 C, 34.78 %0 
and a maximum of 29.2 0 C, 39.21 %, respectively. The 
exchange between the eutrophic hargour and the neritic 
Mediterranean waters takes place through two main entrances. 
The planktonic and benthic diatoms in relation to the 
pollution gradient inside the bay have been investigated by
Halim et al., (1980), in which the environmental conditions 
are greatly varied influencing on the primary production. 

The fouling assemblages on exposed surfaces under this 
study represents a part of an ecosystem in that they must 
depend upon the environmental parameters prevailing for 
their development and survival. Thus it is important to 
study the seasonal abundance, accumulated biomass, rate of 
growth of sessile forms and larvae occurring in the 
planktonic population. 

MATERIALS AND METHODS 

The species composition, seasonal abundance and rate of 
growth of fouling were investigated on submerged test 
panels, 17.5 x 17.5 cms made of polysterene. 'I'hr~se panels 
were fixed in an iron fra~e of size 80 x 40 ems and placed 
regUlarly at the beginning of each month and successively 
replaced after one and three successive months of exposure 
periods. The surfaces of the panels were roughened by 
sandpaper to avoid the effect of texture (Pomerat & Weiss, 
1946). The frame was suspended vertically under the jetty of 
the National Institute of Oceanography and Fisheries at 1.5 
m depth below the sea surface from October 1990 to November 
1991. 

The growth of fouling in field and under laborato~y 
conditions was followed; the panels after one, two weeks or 
one month immersion in seawater then were transferred to the 
laboratory. These panels were immeresed in a large aquarium 
(ca. 45 1) and maintained for 3, 2 weeks and 2 months, 
respectively. The seawater was changed every two weeks and 
under aeration using air bubbles pump. 
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The fouling collected on the exposure panels was 
identified and counted in living conditions by using a 
dissecting microscope of field magnification of 20 ,x and 40 
x. The growth of main fouling groups was eS~lmated by 
measuring the length, or diameter by an ocular ~lcrometer, 
the number of bifurcation as in Bugula (El-Korol, 1980) or 
the height of the erect forms. The data are expressed as ~he 
number of organi~ms or colonies of Bugula or encrustlng
forms per 100 cm or the relative abundance of algae per 
panel area. 

In addition vertical plankton samples were collected 
regularly every month at the same time of the panels 
replacement. They were taken by a plankton net No. 25 
(dimension of aperture, 50 urn) from 2.5 m depth to the 
surface twice every period. It was done to follow the 
seasonal changes in the occurrence of larvae (no. of 
organisms 1m3 ) which might occur among the zooplankton 
population in the study area. The abundance of phytoplan~ton 
in seawater was also estimated as the number of cells 1m . 

RESULTS 

Phytoplankton and zooplankton populations 

Throughout the sampling periods, seasonal changes in the 
total constituents of phytoplankton and zooplankton in the 
water column are shown in Tables 1.a,1.b.andl.c~The October, 
1991 bloom was comprised predominantly of dinoflagellates, 
pr~rocentrum sp. and Peridinium sp. 888383 and 84166 indo 
1m, whereas, in May, 1991 predominated by Pror~centrum in 
less frequent numbers (14125-157579 indo 1m). It was 
noticed that the diatomeae had selatively low values, 
ranging from 565 to 85880 cells 1m , that Bellerochea sp., 
Coscinojiscus sp., chaetoceros sp. and Stauroneis sp. are 
the predominate forms throughout the year. Chaetoceros sp. 
do~inated in 1st November, 1990 sample, reaching 84750 cells 
1m. But Halim et ale 1980 found that ~haetoceros sociali~ 
prevailed in Dtfiember, reaching 7 x 10 cells II. The IS 
January and 7 February, 1991 blooms were composed 
predominantly of diatoms Bellrochea ~p. and Thalassiothrix 
sp. yielding 141750 and 29380 cells 1m , respectively. 

The increase of zooplankton crop coi~cides with the 
period ~f diatom blooms as was found in 1s November 1990 
and IS Janu£KY' 1991 (Figure 1). An inverse change was 
observed in 15 July, 1991, the zooplankton population is 
higher than phytoplankton crop. The planktonic larval 
compositions of main fouling groups from seawater samples 
are presented in Figure 2. The number of the planktonic
larvae varied considerably at different periods during the 
year. Trochophore larvae appeared over the year and ha~ 
relatively high values ranging from 559 to 15594 larvae 1m 
in JUly, 1991. The number of nauplii larvae of barnacles was 
the largest during the sampling period and occurred 
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Table 1. a. 

Seasonal changes of phytoplankton and zooplankton populations in 
the Eastern Harbour of Alexandria (No. org. m3) during Oct. 1990 

to Feb. 1991. 

Months October, 90 Novl!llt>er Oecl!llt>er January, 91 February 
Species Day 15 1 15 1 15 1 15 7 15 

Diat.-eae: 
Navicula spp. 170 743 254 
Ni tzschia spp. 113 565 2202 800 508 497 446 
Biddulphia spp. 400 20905 5837 4658 
Oiploneis sp. 514 254 
Pleurosigma spp. 113 254 5085 248 
Thalassiothrix 1174 2188 29380 18080 114885. 
Bellerochea sp. 170 508 141750 503 1339 
Cosci nod i scus spp. 1639 13212 9338 5506 3390 7345 6831 967 
Chaetoceros sp. 84750 6893 
Stauronei sap. 565 2936 534 1186 1860 

Dinophyceae: 
Prorocentrun app. 
Peridiniun spp. 283 881 1267 4802 

Tint irYlidae: 
Favella spp. 170 283 4336 170 124 595 
Parafavella spp. 4551 1016 27120 
Tintinnopsis spp. 497 

Cil iated protozoa 1339 
For_inilera: 
Globigerina sp. 283 

Rott fera: 
Synochlteta sp. 396 4803 440 254 565 678 1242 298 
Brach;onus spp. 170 1978 283 226 435 
Tr; chocerea sp. 

Sponges spicules 57 220 1325 
l eptOllll!Cb;ne. 220 169 iiJ 298 
Actinotrocha larvae 57 294 267 254 
NClMtoda. 170 113 147 267 565 17D 149 

Bivalvia larvAc 396 170 220 133 508 565 
Gastropoda larvae 226 
Polychlteta: 

Trochophore larvae 1808 2147 2422 2935 1355 6893 32n 9315 298 

Spionid lervae 678 667 339 509 1130 745 298 
Brachiopoda: 

EV;Jdelle sp. 
Podon sp. 

Copepoda: 848 7458 10643 3468 1525 8927 1695 967 
Copepoda naupl; i 904 11187 8808 2535 2033 3673 1921 994 595 

Ci rrfpedta: 
Barnacl es naupl i i 396 4238 2055 4269 1355 2730 961 1242 149 

Cypr i s larvae 
Bryozon: 

Bugula larvae 113 220 254 186 
Stolonate capsules 170 440 

Ascldians larvae 147 113 
AJlx'ndi cui ari It: 

0; kopl eur;J spp. 226 220 283 226 149 
Chactognatha: 
Scgetta sp. 113 
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Table 1. b. 

Seasonal changes of phytoplankton and zooplankton populations in 
the Eastern Harbour of Alexandria (No. org. m3) during Mar. to 

June 1991­

Month, March April May June
 
Species Day 7 15 7 15 7 15 7 15
 

Dlat~8e: 

Navicula app. 170 339 339 
Nitzschia spp. 678 356 170 283 283 
Iiddulphta app. 2033 3855 1017 622 
Dlplonefs sp. 
Pleuro,tgma app. 791 565 1017 203 
Thala.. lothrfx 2034 
lellerochea 'p. 6167 339 22~ 

eoad nocH acus app. 1694 4329 4181 452 565 2034 565 848 
thaetoeer08 ap. 2541 1582 
Steuronefs sp. 283 1074 

Dlnop,yceae: 
Prorocentrllll spp. - 14125 157579 
'er Idlnhn spp. 9785 1413 678 1017 1898 2147 

Tlntimldae: 
Favella spp. 1186 2034 226 1017 1469 735 452 271 678 
Parafavella spp. 396 226 283 565 
Tlntlnnopsls app. 1130 

Ciliated protozoa 
For..ln' 'era: 
Globlgerfna ap. 119 113 

lotlfera: 
Synochaeta ap. 254 1469 356 5085 2441 5820 
8rac.htonua epp. 424 339 735 1413 3322 2373 
Trichocerea sp. 170 

SpongeS 8picules 57 283 
lept~ae. 169 178 283 226 203 170 
Actlnotroche larvae 
II.-.tode. 254 170 339 113 283 565 226 13& 113 
.lv8lvle larvae 254 178 226 396 226 565 1627 170 
Gastropoda larvae 119 57 283 814 170 
Polychaete: 

Troehophore lerv.e 3303 1127 5368 1017 3503 791 1130 4407 4520 5085 7797 3673 
Splonld larvae 424 415 1300 396 678 339 226 339 226 1356 136 1356 

Brechtopoda: 
Evadene ep. 170 226 
Podon sp. 170 678 226 

Copepoda: 1016 356 565 7910 1130 678 1017 1356 1808 339 565 
Copepoda naupl I I 3812 178 4238 1808 6215 3616 1808 6215 .3503 2543 1085 

Cfrrlpedie: 
Barnacles nltUpl t1 1355 1008 2938 565 238 283 67a 678 2034 1220 lS08 
Cypr Is larva. 57 203 

Bryozoa: 
lugula larvae 254 178 113 170 113 226 226 339 
5tolonate capsules 170 

Ascidi_ larvae 169 170 
AppendIcuiart a: 
Olkopleura spp. 254 237 283 339 226 

Chaetognath8: 
Segetta 'p. 170 
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Table 1. c. 

1IIIonil chlnge. of phytopllnkton Ind loopllnkton popullttonl tn 
3the Ealtern Harbour of Alexandrta (No. org. m ) durtng July to 

Oct. 1991. 
---- ._----~-

Months July August Sept I!Ilt>er OCtober 
Spec fell Day 7 15 1 7 7 15 7 

Dlatt,.,ae: 
NavIcula al"P. 509 170 
NitZllchfa spp. 283 509 226 248 339 
81 ddul ph la app. 565 
Dlplon.fa ap. 
Pleuroslgme spp. 565 186 
Thalasatothrlll 
I.ll.roch.s sp. 13560 678 1243 9040 
COliC Inodlacus app. 904 2174 113 2360 5311 8475 565 
Cha.toc.ros .p. 
Itauronela ap. 1074 678 3]6 3850 42601 23730 

Dlnophyc...: 
ProrocentrUi IIpp. 888383 
P.rfdlntUII app. 7063 4803 6498 454 76219 7063 5537 14166 2857 

Tlntlml_: 
'av.lla apt). 452 226 226 124 20058 
Perafev.lle app. 678 
TInt Imope la app. 

CllI.ted protolGe 136 
for_Inlf.r.: 
Globtg.rlna ap. 

lottler.: 
Synoche.te ap. 
IrechtOl'lUl 'JIP. 

1978 
1187 

15764 
4012 

6724 
3474 

452 754 509 
961 

735 
170 

339 136 

Trtchoc.r.e ap. 226 339 124 
..... aptcut .. 170 226 170 
lapt~. 113 170 248 113 57 
Actlnotroche terve, __tode. 

396 
113 
671 

124 
124 170 '339 

Ilvelvie IeI've. 1130 2712 1187 1243 169 2034 226 565 
Geatropode lervoe 113 226 124 
Polych..te: 

Trochophor. lerv.. 2712 15594 10961 791 2114 3613 3334 848 671 "'Iptonld IeI've. 283 2141 283 133 11] 226 2034 170 136 116 
IrechIopode: 
Evadent .p. 
Podon .p. 

Copepode: 565 791 226 339 248 961 15255 2373 29IS 1428 
Copepoda "eupll I 1'78 1808 170 435 1aoa 5029 3051 '15] '" Clrrtpedte. 
I.rnael.a neuplll 509 1695 283 565 248 339 2769 1243 1131 248 

Cvprl. lerva. 509 170 
IryolGer 
lugul. IeI've. 213 124 113 136 186 
Stotonet. cep8ul.t 452 452 339 396 2260 113 

Aacld'_ terve. 113 283 

AJlpendIeuler'e: 
Olkopt.ure app. 226 283 113 124 170 1582 678 203 248 

ChHtognQthe: 
'.getta .p. 113 

15 

559 

559 

1677 

1"1 

124 

145 
S11 

S7J
 
S11
 

559 

124 

313 
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continuous~y throughout the year ranging from 149 to 4238 
larvae 1m· Larvae of Bugula were recorded during most o~ 
the year in little number ranging from 113 to 339 larvae 1m 
particularly in November-December, 1990 and from May to 
June, 1991. Veliger larvae ot Bivalvia predominated in June 
to August, 1991 in numbers ranging trom 124 to 2712 larvae 
1m3 • Throughout the sampling period larvae of Ascidia9s were 
found in the least numbers (113 to 283 larvae 1m ) when 
composed with other larvae over the sampling periods. 

FOULING ASSEMBLAGE AND COMPO~ITION 

The touling assemblages un exposed test panels were in 
general poor atter one montp of exposure period but it was 
often more dense on panels exposed tor 3 successive months. 
The touling oolonization on test pane.ls were followed to 
detect the rate ot .ettlement, rate of growth and abundance 
.eason ot s.ttlement. 
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FfJure 2- Seasonal changes of the planktonfc larvae (no. l'lrvae 
1m ) recorded in vertfcal plankton samples at the Eastern Harbour 
durfng OCtober 1990 to OCtober 1991. 

SHORT TERM PANELS 

FIELD EXPOSURES 

The occurrence of fouling assemblages on exposed test 
panels depending upon the time of reproduction of 
populations ot different marine organisms may 'be divided 
into three periods; A) annual fouling, B) seasonal fouling 
and C) monthly fouling. 

A) Annual fouling, is characterized by the appearance of 
fouling organisms in small or large amounts continuously 
throughout the year. 
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1- Bugula neritirla (Lirine) was the most frequent bryozoan
occurring on submerged objects in the Eastern Harbour. It 
dominated from April to June, 1991 yielded 175 to 311 col. 
/100 cm2 (see Table 2 and Figure 3), when the average water 
temperature and salinity were 24 0 C and 38.14 '0 (El-Komi,
1991). During the summer and winter seasons, when water 
temperature was above 250 a or below 200 C it was represented
by a tew number ot colonies. The rate of growth of B. 
neritina showed particular ditterences through out the year 
as shown -in Figure 4. The size achieved 9-10 bifurcations 
(26-31 mm height) and reached sexual maturity in one month 
atter settlement observed on December, 1990 and January, 
1991 panela. The low growth ot colonies reached 3-6 
bifurcations during the summer and winter seasons. 

2- Barnacles, Balanus amphitrite var. denticulata Broch, 
is the most dominant component of marine fouling in the 
harbour. It showed great density through most of the year
especially in JU~y'to october, 1991 ranging from 92 to 605 
indo /100 em' ~s shown in Table 2 (average water 
temperature 25.SoC and salinity 37.97 '0). The settlement 
rate" was less .. tr,equent during late fall to spring s~ason 
(Plate 1). The rate of growth "of individuals was relatlvely
high during the period ot the maximal attachment (Figure 4).
It achieved 8 mm in diameter (rostro-carinal axis) ·and 
attained sexual maturity and breed continuously over the 
year (El-Komi, 1988 and El-Komi , Kajihara, 1991). 

3- Calcareous tube worms, Hydroides elegans (Haswell) are 
numerically the major marine foulihg groups in that Harbour 
reproduced during most at the year (Figure 2 & Plate 1)
where in the period tram May to JUly and from September to 
October, 1991 the serpulid worms had shown marked varia, 
tions in attachment rate. Hydroides.elegans ~ncountere4 were 
ranging trom 1112 to 3107 tubes /100 cm (average water 
temperature and salinity were 25.30C and 38.18 '0). They
settled ift low intensity during ~ate fall to early sprinq in 
numbers ot8 to 46 tUbes /100 em • The maximum sizes of tUbe 
worm. measured 20 to 25 mm in length in May to July (24°C ­2808> and loW growth rate was observed during winter month 
(16 C - 220 C) where the tube length reached about 5 mm one 
month after .ettling. 

4- Amphipod mud building tUbes were fouled less densely 
on short term panel. and much more c:\.urinq summer and fall 
seasons which yielded lOS to 654 mud tubes /lOO·cm~. The 
predominance at .~mphipod species forming muddy tubes were as 
tollows: corop~u. sexto.i Crawford and Tanais cavolinii 
Milne Edward, were more frequent than Erichthonius 
brasiliensis Dana, Elasmopus pectenicrus (Bate) and 
St~nothoe 9allensis Walker (Table 2). . 

8~ Seasonal touling, is characterized by the occurrence 
at fouling organisms in small or large intensity in ~, 2 
or/and 3 seasons in the year. 

1- Algae, tour species of algae are predominant on the 
test panels in seawater, Ulva lactuca L., Cladophora 
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Table 2. 

MonthlY abundance of fouling organisms assemblage on exposed test 
panels (No. org. 10-2 cm- 2) in the Eastern Harbour during October 

1990 to Novenber 1991. 

Species Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. JUt. Aug. Sep. Oct. Nov. 
1990 1991 

Algne: 
IJlva lectuce xx xx xx xx xx 
En t enlll10rpha xx xx xx 
Chaetllll10r pha It + xx X 

Cladophora + xx xx xx 
Ectocarpus 

irregularis xx xxx xxx xx xxx xxx xx XII 

Hydroid5: 
Obelia 

geniculate x + xx 

Bryozoa: 
Bugula 
nerltina 10 27 82 20 ~9 173 311 255 20 Z 8 

B. turbinate 6 
Zoobotryon 
vertici llat~ 

Pol ycheete: 
Hydroides 
elegans 1177 1046 46 28 8 22 1243 2681 1112 157 1570 3107 474 

Splrorbis sp. 2 
POIIIIItocerus 
tr IqUE-tf>r 

Polydora 
ciliata 299 137 13 2 392 141 157 271 157 

Sabel \e sp. 6 

Nereis 
diversicolor 

Cirrlpcdie: 
Balanus 

a.""'i tr i te 227 569 69 17 'n 23 25 16 21 n 167 60S 128 60 

B. eburneus 4 222 6 5 85 6 ~/I es 16 5 

B. perforatu5 29 7 
B. trigonus 3 

~ipoda: 

Mud tubes 23 281 114 27 8 65 255 169 654 147 105 392 190 74 

Corophi~ 

s ..xtoni 8 27 9 15 2 49 19 14 39 31 

Erichthonlus 
bra5 il i ens is 10 8 28 13 

Stenothoe 
gallensis 17 8 

1.,na;s 
Cllvol ini i 6 2 104 26 11 

Elasmopus 
'lE'ctenicrus 7 105 72 

'!<opodB: 
SphaerOlllA 

wei ker i 10 
Cirolana 

:tegypt ;ecll 8 6 
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Table 2 (Cont.) 

Pycnogonida: 

Pycogonl.nl gp. 7 

'latyflel.inthe!l : 
Stylochug gp. 

AlIIcidlens: 
Cionll 

intestinal il' __todes: 
13 20 49 54 

Ciliates: 
Vorticella sp. xxx 

\leight 9.5 6.9 1.6 1.6 2.0 2.0 8.2 20.6 45.1 8.8 5.2 16.7 29.4 6.5 
(gill 10'2 cm- 2> 

xxx Abundant (UP to 50 X>, xx COl1IlIOO (20 to 49 X>, x Present (10 to 19 X>, 
+ Alire (less than 9 X> and • absence. 
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Figure 3- Seasonal variation of settlement of fouling organisms 
in the Eastern Harbour of Alexandria during OCtober 1990 to 
November 1991. Ordinates are proportional to the square roots of 
the settlement per 100 cm2 lmonth. 
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,;~ repre.enta 3 aueee.alve month. periods
 
exposure In the fl.ld .nd
 

g---O repre.enta one month .xpoaur. in fl.ld .nd 2 montha under
 
labor.tory condltlona.
 

prolifera (Roth.) Kutz., Chaetomorpha aerea (Dillwyn) Kutz. 
and Ectocarpus irreqularis Xutz. They are grow during fall, 
winter and early spring months in relatively high abundance 
in one month expos~r. periods as shown in Figure 3. Brown 
alga, Ectocarpus irreqularis occurred in large numbers 
during December, 1990, January, March and April, 1991. The 
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Plate 1. Photographs of the monthly fouling assemblages on the 
exposed test panels at the Eastern Harbour of Alexandria during 
October 1990 to November 1991. The size of each illustration is 
equal to the half of the panel area. 
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rat~ ot,growth of algae was in general low ove, thp yedr. 

W~llr 11111 rllO~la ~.1 to J mm In l~nvt~ 8rfif IIflf m~lrnn "t 
settlement. 

2- Spionid worms, Polydora ciliata (Johnston), bUIld up 
mud tubes on sUbmerged surfaces and heavily attacked 
calcareous shells of molluscs. Polydora spp. are known to 
infest the shells of barnacles in Tokyo Bay (El-Komi & 
Kajihara, 1988). This species was reported among fouling 
organisms inhabiting the Eastern Harbour waters especially 
on long term panels «El-Komi, 1991). polydora ciliata was 
found in greatest numbers on summer and fall months panels 
which encountered 137 to 392 individuals Per 100cm2 . 

3- Barnacles, Balanus eburneus Gould appeared on panels 
through most of the year except in the winter season when 
temperature dropped below 200 C. The settling number was high 
during November, 1990~ May and September, 1991 ranging from 
85 to 222 indo /100 cm • 

C) Monthly fouling, is characterized by the appearance of 
fouling organisms in a scatter number of months over the 
year. 

1- Hydroids, Obelia geniculata (L.) was less frequent and 
appeared on December, 1990, January and November, 1991 
panels. 

2- Bryozoa, Buqula turbinata Alder and stolonate from, 
Zoobotryon verticillatum Della Chiaje occurred in small 
numbers on April and September, 1991 panels, respectively. 

3- Polychaetes, Pomatocerus triqueter (L.), spirorbis 
sp., and Sabella sp. are reprsented by few numbers 4 
individuals in October, 1990, March, and August, 1991, 
respectively. 

4- Barnacles, Balanus perforatus Bruguiere and B. 
trigonuB Darwin are oc~urred in small numbers ranging from 3 
to 29 indo /100 cm. The former species appeared on 
March-April and July, 1991 panels, whereds: B. trigonus was 
found once in Abril. 

5- Isopoda, Sphaero.a walkeri Stebbing and Cirolana 
ae~ptiaca El-Nassery, were found also in few numbers 6-10 
ind~viduals during April and September, 1991. 

6- Pycnogonida, Pycnogonum s¥. was found once in April,
1991 represented by 7 Ind. /100cm • 

7- Platyhelminthes, StrlochUS sp. appeared on August and 
October, 1991 panels (1-2 ndividuals). 

8- Ascidian, Clona intestinalis Linnaeus was the only 
species recorded on short term panels and was represented by
2 individuals. 
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9- Nematodes were most frequent in December, 1990, July, 
August ,nd November, 1991 panels ranging from 13 to 54 inJ. 
1100 em 

10- Stalked ciliates, Vorticella sp. were most dense on 
April panels. 

LABORA'l'ORY EXPOSURES 

The general picture of fouling developed on the test 
panels immersed in the field for 1 or 2 weeks and continued 
for further 3 or 2 weeks respectively under laporatory 
conditions (water temperature ranging from 18 to 26°C) was 
very poor (Figure 5) in comparison to the fouling 
accumulated during the corresponding months in the field as 
mentioned before (see Table 2). Moreover, the fouling
constituents showed a great reduction inspected after 1 or 2 
weeks exposure periods in seawater (El-Komi and El-Sherif 
1992). 
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Figure 5- Seasonal changes of the fouling assemblages on test 
panels after one month exposure periods. A--- Q represents one 
week in the field and 3 weeks under laboratory conditions and 

0--0 represents 2 weeks in the field and 
2 weeks under laboratory conditions. 
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The fouling bioma~s on each panel did not exceed more 
one month exposure. Therefore, the

[~~~ ~ 1m, (ir~ em for 
development of fouling on test panets was A~~4ItD~ ~na 
consequently was very reduced when incubated for further 1 
or 2 weeks under laboratory conditions. 

Bugula neritina, Hydroides elegans, Balanus amphitrite 
and brown alga, Ectocarpus irregularis showed a relatively 
marked dominance successfully growing on exposed panels for 
2 weeks in the field and 2 weeks in the laboratory 
throughout the year. B. neritina appeared in large n~mbers 
in April and June, 1991 (average, 263 col. /100 cm ), 11. 
elegans was mor~ dense in May to October, 1991 (average, 393 
tUbes /100 cm) and B. amphitrite settled m02e in October 
and November, 1991 (average, 37 indo /100 cm ) and Tanais 
cavolini~ was recorded in large numbers in May (160 indo 
/100 em). E. irrugularis was more prevailing on panels
during the fall and winter seasons than Ulva lactuca, 
Chaetomorpha aerea, Cladophora prolifera and Enteromorpha 
compressa. 

The rate of growth of individuals was very low. Colonies 
of B. neritina achieved only 4- bifurcations and B. 
amphitrite measured 3 mm in basal diameter. whereas, 
calcareous tUbes of Hydroides elegans reached larger sizes 
of 15 to 20 mm in length. 

FOULING BIOMASS 

Figure 6 illustrates the seasonal changes in the fouling 
biomass accumulated on test panels at different exposure
periods. Th! fOUling biomass is given as wet weight in ~rarns 
per lUO cm. The total fouling was more dense during May,
June, September and October, 1991 periods weighinq
respectively, 20.6, 45.1, 16.7 and 29.4 gms. The frequency 
of the most dominant fOUling groups collected un monthly
panels listed in Table 3. The calcareous tubs worms 
represented 4-10 % in May, June and Octopsr, 1901 1 Bugula 
neritina predominated in June month, representing 15 % and 
barnacles were more dense in September and Octoher; 1991 
representing 7-8 % of the total fouliny Llomass over the 
year. The fOUling biomass on each panel exposed for 1 or 2 
weeks in the field and incubated for further 3 or 2 weeks 
under la~oratory conditions did not exceed more tllan 2 gms 
/100 em for one month of exposure. This indicates that the 
development of fOUling on test panels was arrested and 
consequently was very reduced when incubated for further 3 
or 2 weeks under laboratory conditions. 

WNGTE~P~E~ 

FIELD EXPOSURES 

The periods of exposures for 3 successive months in 
seawater were as follows: October-December, 1990, 
January-March, April-June and July-September, 1991. Each 
panel represents the fouling of successive seasons over the 
year: autumn, winter, spring and summer. Data in Table 4 
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Table 3. 

The seasonal changes in the frequency of fouling bfomass of the 
most predomfnant foul fng groups at different exposure periods. 
The frequency of the groups from the total bfomesses collected 

over the year appears 'n brackets. 

DuratIon TLbl worlllll 

" 
Bryozoa 

" 
Barnacle. 

" 
A.ddtan. 

" 
Total wet 
wetght 

Mav 
June 
Septeniler 
OCtober 

32 (4) 
29 (8) 

1 «1) 
56 (10) 

51 (6) 
55 (15) 
28 (3) 

1 «1) 

10 (1) 
11 (3) 
68 (7) 

42 (8) 

«1) 
20.6 
45.1 
16.7 
29.4 

OCt-Oec, 90 
Jan-Mar 
Apr-Jun 
Jut -Sep, 91 

76 (14) 
12 (2) 

43 (15) 
4 (1) 

5 (1) 
47 (7) 

17 (6) 
1 «1) 

13 (2) 
24 (41 
l' (4) 

92 (28) 

1 «1) 
12 (2) 
25 (8) 

1 «1) 

58.2 
48.7 

107.9 
97.1 

--­ ._._~-----------
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Table 4. 

Seasonal abundance (No. org. 10- 2 cm- 2) and the rate of growth 
(appears between brackets in mm) of fouling organisms assemblage 
on exposed test panels for 3 successive months. (A) in field and 

(B) for one month in field and 2 months under laboratory 
conditions during October 1990 to September 1991. 

______(A) _ _ (B) _ 

Aut\.llrl Uinter Spring SUlIIler Aut\.llrl lJinter Spring Sunlrler 
Specie~ Oct-Dec Jan-Mar Apr-Jun Jul-Sep OCt-Dec Jan-Mar Apr-Jull Jul-Sep 

1990 1991 1990 1991 

Algae: 

Ulva lactuca 
Enteromorpha 

Chaetomorpha 
Cladophora 
Ectocarpus 

irregular i s 

Hydroids: 
Ob<:ll ia 

geniculata 
Bryozoa: 

Bugula 
neri tina 

B. turbi nata 
Bowerbank i a 
gracilis 

Pol ychaeta: 
Hydroides 
eleg:ms 

H. diralTpha 
Pom:ttocerus 
triqucter 

Polydor-a 

ci l iate 
Sabella sp. 
Nereis 
diversicolor 

Cirripcdia: 
Bal iJnus 
alTphitrite 

B. eburneus 

B. perforatus 
B. tr igonus 

Aqhipoda: 

Mud tubes 

CorophilJll 
sextoni 

Erichthonius 
br.lsi I iensis 

St('nothoe 
gllilensis 

lanais 
cavol ini i 

E lilsmopuS 

I"""ctenicrus 

xxx( 2) xx( 1) 

x(3.2) 
x(5.0) 

xx(4.4) 
x(8.5) 

xx(10) xx(12) 

xxx( 6) 

17(52)* 137(50)* 
28(26) 

262(60)* 
3(26) 

26(32) 28(26) 52(30) 
4(16) 

14 (34) 

5(15) 

4900(30) '587(22) 
9(20) 

4900(35) 458(16) 1504(22) 92(18) 30(22) 602(20) 

7(18) 

10S( 9) 

9( 12) 
303( 8) 23( 6) 3( 6) 

8(23) 5(20) 

39( 12)* 
24( 11)* 

31( 6) 

12( 7) 

67( 6) 

4( 6) 

19( 10)* 
23( 8)* 
6( 8) 

531 (10)* 
239( 11)* 

44( 6) 

9( 4) 

1Z( 

7( 

3) 
2) 5( 4) 

9( 

1( 

9) 

8) 

654 262 991 883 13 82 9Z 

26( 3) 105( 4) 

36( 4) 39( 4) 

9( 5) 

3( 5) 1( 2) 6( 3) 

27( 6) 268( 5) 52( 5) 
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Table 4 (Conto) 

Podocel us 
VII 1- i egatus 11( 3) 

Isopoda: 

Sphaeroma 
wal ker i 15( 8) 

Ci rolana 
aegypt iaca 10( 1) 21( 1) 31( 9) 

Pycnogoni da: 
Pycogonl.fll sp. 9( 5) 
Platyhel.inth~: 

Stylochus sp. 6( 6) 12( 8) 

Sponges: 1(20) 

Ascidians: 
Ciona 

intestinal is 11(22) 12(20) 1( 15) 3(35) 15(18) 

Styela partita 7( 3) 27(11) 6(10) 

S. pi icata 9(10) 

Diplosoma 
I isteranun 3(10) 1( 4) 

Nematodes: 56(10) 44(12) 16( 9) 

Ciliates: 
Vorticella sp. xxx 

--_. ­ -
lJeight 
(gm 10' Z Cm- Z) 

58.2 48.1 101.8 97.1 12.2 3.6 2.3 8.S 

f 
xxx Abundant (up to 50 X), xx COIlIlIOn (20 to 49 X). x Present (10 to 19 X) • 

• Rare (less than 9 X) and - absence. * Individuals reached sexual llI8turfty. 

illustrates the fouling established on the panels at 
different seasons in comparison to that maintained under 
laboratory conditions. The settlement density of fouling 
developed on panels ~aried considerabl¥ ranging from 1588 to 
6602 indo /100 cm. The total fou11ng encountered in the 
winter season had a relatively low value (1588 indo) as 
compared with other seasons. Over these periods of exposure
the most predominant organisms was the calcareous tube worm, 
Hydroides elegans (average, 2711 tubes); Bryozoa, Bugula 
neritina (average, 111 col.), B. turbinata (average, 8 
col.); barnacles, Balanus amphitrite (average, 155 indo), B. 
eburneus (average, 75 ind.), B. perforatus (average, 18 
indo) and Ascid1ans, Ciona intestinalis (average, 71ndo),
Styela partita (stimpson) (average, 10 ind.), S. plicata 
Leseur (average, 2 ind.). Colonies of B. neritina prevailed 
on the spring panel, while H. elegans was more dominant 
during the fall and spring seasons. B. amphitrite and B. 
eburneus was most common on t2e summer panels (Plate 2)
yielding 531 and 239 indo /100 cm , respectively. 

The rate of growth was obviously greater on long term 
panels exposed during the different seasons (Figure 4) on 
the autumn panel B. neritina colonies grew to 
20-bifurcations about 52 mm in height and H. elegans 
reaching 30 mm in length whereas, B. amphitrite and D. 
eburneus measured 12 mm in basal diameter after 3 months of 
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Plate 2. Photographs of the seasonal foulfng assemblages on the 
exposed test panels at the Eastern Harbour of Alexandria for 3 
successive months. A 4 represents the exposure panels for 3-month 
periods in the field (Right), l 3, l 4 represents the exposure 
panels for 3-month perf ods, one month in field and incubated for 
further 2 months in the laboratory (Left) 
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exposure. However, the growth of fouling attained low marked 
seasonal variations on long term panels over the year when 
compared to that noticed on monthly panels. 

LABORATORY EXPOSURES 

The settlement intensity of fouling after one month in 
the field and followed for another 2 months in the 
laboratory under room temperature was in general poor as 
previously recorded on monthly panels. Tube worms, H. 
elegans (average, 557 tubes) and 8. neritina (average, 24 
colonies) were more abundant on these ~anels than B. 
am~hitrite and 8. eburneus had of about 6 lndividuals /100 
cm . 

The growth of fouling after 3 months exposure was 
relatively low in comparison to that recorded durin9 the 
same period (Figure 4). The maximum size of B. ner~tina 
achieved 30 mm in height (6-bifurcations), tube worms 22 mm 
in length and B. amphitrite and 8. eburneus measured 8-9 mm 
in basal diameter, respectively. 

FOULING BIOMASS 

The seasonal changes in the fouling biomass accumulated 
on test panels for long exposure periods was greatly varied 
and more dense in the spring and summer seasons yielding 
107.8 and 97.1 gms, respectively (se~ Figure 6). Biomass is 
given as wet weight in grams /100 c~. The frequency of the 
most common fouling groups collectively developed on test 
panels is listed in Table 3. The calcareous tube worms 
represented 14 and 15 , in the fall and spring, Bugula
neritina predominated in the wint~r and spring months 
representing 7 and 6 " and barnacles contributed 28 % in 
the summer season of the total biomasses accumulated on the 
four seasons panels. 

On the other hand, the fouling biomass on each ~anel 
exposed for one month in the field and subsequented Wlt~ 2 
months in laboratory was small ranging from 2 to 12.1 gms,
recorded on panel exposed during October to January. 
Furthermore, the development of fOUling on test p~nel$ was 
arrested and consequently was very reduced when ~€Ubated 
for a further 2 months under laboratory conditions. 

DISCUSSION 

All fOUling assemblages either on short term or long term 
exposure panels showed pronounced seasonal changes in 
abundance over the year. Also many species revealed 
considerable variations in abundance and attachment numbers 
during the different observation periods which reviewed in 
Table 5. The predominant fOUling constituents on the monthly 
test panels consisted principally of Bryozoa, Bugula
neritina; calcareous tube woras, Bydroides elegans, 
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OCcurr~, Httl.-nt 8nd rete of Irowth of the .in foulfng 
Iroupe reco~ on the .anthly test penela during different 

.ervetion perioda• 
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periods '..- Get., 61· ...... ,73­
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....1. MrIU..
 
Appe.rrence Apr.""" Over the yr
' ''q

period ucept .r 
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barnac"le8, Balanus _phitritc, E. &burn.us and, B. 
perforatus; boldian, Ciona intestilla.lie, a.net Alqae, 0.Iva 
lac*uca, BnurcatOrpba coaprea_, and KctOOtlrpus irr.ifUlaris. 
In the period. 1973-1914 (Ghobs8hy, 1976), 1"3-198,(
(EI-Komi, 1991) and 1990-1991 {the pte££nt work) th. £oulinq
characterized by a predom nanc\\ of B. neritina, B• 
..pbitrite and B. elegans which reproduced contifiuously oVer 
the year and the l&rvas ware found in the plankton
populations throughout the year. Ths continuo~s r~p~oduction 
of foulinq organi••• coincides, in qenttral,with the warmer 
seasons vhen the tempersture raised above 20°C. The fOUling
biomass accumulation was at its maximum during June, 1991 in 
different observation periods yielding 20 9ms 5Banoub~ 
1960), 38 gms (HI-Komi, 1991) and 45.1 gms /100 cm in thG 
present work. 

Attachment of fouling occurred in greatest amount Qn long 
term panel8 which con~i£ted of conaiderable number of 
organisms, bioBa8m and ratE£ of 9rowth. Meadows~ (1969)
correlated the ratio between on£, twa and th~ee .onths 
fOUling bio.a•• by 1: 2: 3. "But the bioma~s accumu1a~.d on 
three successive months w~e much greater than c~mul.tively 
collected on the monthly p&n£1~ during the sam. periods.
II-Komi, (1991) stated thmt thie can be .ppli~di"f the 
conditions of growth, Iif~ span and the density of fouling 
were the sa.e. 

The larqe amount of pollutante disch£rqed to the Harbour 
have a significant influence on the survival and movement of 
pelagic larvae, in particular, of fOUling orqanisme and thus 
play an important role on the conetituent, abundance and 
rate of growth of the foulinq popul~ti.on. Both rate of 
qrowth and biomass differ greatly At different seasol\s which 
depend upon, temperature, S6&SOn of immersion and duration 
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of exposure. In addition, attachment IS affected by 

nOm~i~A~!eft ef ~i~l~~l~!l IA~~~¥~ ~u~h as hh~ age and 
density of adults releasing larvae (Connell, 1961 & 1974)
and environmental factors such as temperature (Orton, '·919; 
Yasuda 1968), salinity (Foster, 1970) and water current 
(Pyefinch, 1948). 

B. neritina dominated during the period from April to 
June, 1991 when the temperature was above 200 C and became 
small in number in temperatures above 2S oC. The same 
phenomenon was reported in Biscayne Bay, Florida by Weiss, 
(1948), where B. neritina occurred in great numbers in 
November when temperature was below 24 0 C and disappeared at 
temperature above 290 C in June. 

Under the field and laboratory conditions the fouling 
assemblages on the test panels were highly affected. The 
settlement intensity, species composition and rate of growth 
was obviously decreased or arrested due to the unfavorable 
conditions of incubation. It is difficult to decide what are 
the optimum conditions for the culture a fouling community 
in the laboratory. This is necessary for identifying, 
evaluating the relative inflqence of certain toxic compounds 
on fouling developmental stages or assessing the degree to 
which fouling populations have been affected. This is well 
known on larvae of barnacles (Crisp et al., 1967; Kondo et 
al., 1983), serpulids (Wisely, 1964), sea urchins 
(Kobayashi, 1990) and spores and growth of algae (Fletcher & 
Chamberlain, 1975; Miyauti, 1981). The performance of 
experiments will be needed to demonstrate the fouling 
settlement behaviour under certain controlled conditions 
such as temperature, salinity, light intensity and length of 
incubation period. 
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