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Studies on the prevention and the utilization of marine fouling organisms
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The fouling fauna has increased recently in aquaculture farms, harbors and coastal waters
around the seaside Factories with increasing number of marine structures. Applying antifouling
paints to these structures under sea-water is not recommendable, because the metals toxic to the
fouler may give rise to a serious trouble to water quality and fisheries resources in closed waters.
Therefore, biological control methods of marine fouler will play an important roie in their
prevention. In this study to obtain the fundamental data on the prevention and the utilization
of marine fouling organisms, the distributions, assemblage constructions, attaching mechanisms,
life history and utilization method of micro/macro fouler were observed and analysed in the
laboratory and field.

1) Food and early life history of Bugula neritina: The young caolonies of a bryozoan, Bugula
neriting were reared in the laboratory in smatl containers and fed 24 species living diatoms under
the conditions of 21~23°C in sea water temperature and 32.5-34.2% in salinity. The most
favorable species of diatoms as food for a good growth of the young bryozoan was Rhodomonas
sp. (Cryptophyceae), followed by Oxyrrhis maring {Dinophyceae}). The feeding condition of 10,000
cefls per m1 of sea water in density of Rhodomonas on the young bryozoan colonies in the
laboratory results in almost the same growth rate and color as those which are found in the
natural environment.

Attaching mechanism of macrofouling: Larvae of the cosmopolitan fouling bryozoan Bugula
neriting were offered various substrata for attachment. Plates of polyvinylchiolide, polyethyl-
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ene and glass slides with various surface textures were offered, and glass slides were offered after
formation of primary films consisting of attaching diatoms, bacteria and adsorbed material in the
.sea. Many more larvae attached to plastics compared with glass. Primary films made glass
attractive and there was a linear correfation between the attachment preference and density of
diatoms in primary films.

2) Epibenthic Diatom: Seasonal change in the epibenthic diatoms was surveyed at Abura-
tsubo Inlet, Kanagawa Prefecture. The diatoms on glass plates were more abundant in spring and
in autumn. Types of attachment were classified into seven. SEM observation was made to
know if the previously formed bacterial film was essential for the attachment of diatoms to
substrata, Since the number of diatoms of the sterile glass plates was same to the number of
those on previously coated with bacteria, and since the photos of attached diatoms without
contact to any bacterium were obtained, it is thought that the bacterial film on substrata is not
essential for the attachment of diatoms.

3} Reproduction of fouling animals: The fine structure of the spermatozoon of Balanus
amphitrite was investigated by electron microscopy. The characteristic structures were as
mentioned below. The acrosomal region lay at the anterior end of the spermatozoon and rest on
the collar from which the anterior part of the axial filaments arose. The nucleus was elongated.
Each spermatozoon contained only one mitochondrion lying directly behind the nucleus. One
large droplet, in which high electron dense, spherical granule were arranged in a line resembling
a broad pea pod, was present parallel to the nucleus.

4) Life history of a parasitic copepod, Pseudomyicola spinosus, associated with the marine
mussel: We deviced rearing method of this copepod keeping in a petri dish from generation to
generation under the laboratory conditions. These are six free-swimming nauplius stages and six
infective copepodid stages. The nauplius stages do not feed, and the first nauplius take an
average 1.8 days to grow into an infective first copepodid. A first copepodid can only survive
between 2 to 3 days if it fails to find a host. The sixth copepodid is the adult stage. The
morphology and behavior from the first nauplius to the adult have been studied.

Lifespan and oviposition of the parasitic copepod Pseudomyicola spinosus under rearing
conditions: The facultative parasitic copepod Pseudomyicola spinosus was cubtured and mated
under laboratory conditions. Twenty virgin females were cultured in isolation and mated. They
were cultured individually after mating, and examined for lifespan, number of ovipositions,
number of eggs, and other features. The longest lifespan of a female . spinosus was 2.3 years
(849 d). This female laid eggs 106 times after a single mating, and all of the eggs developed. The
fifespan and number of ovipositions varied with the individual, but the interval hetween
ovipositions showed less variation (7.0-+2.3d). The numer of eggs laid at one oviposition
decreased with the increase in the age of the female. The number of eggs at each oviposition was
smaller in laboratory females than in wild females, but the oviposition rhythm and the interval
between ovipositions seemed to be the same. The sperms seem to survive for quite a while in the
seminal receptacle of a female. A male can copulate a multiple of times. The lifespan of P.
spinosus in the natural environment should be less than a year, considering the lifespan of the
host mussels.

8) Food value of marine fouling organisms in aquaculture: Generally, marine fouling
organisms are considered as a negative factor for aquaculture production. Although various
methods have been applied to controll marine fouling organisms, effective method is not yet
established. However, there will be predators on marine fouling organisms in the sea. Once a
predator species of commercial importance is introduced in aquaculture and the prey species
found in marine fouling organisms, these organisms will be collected and utilized as food. For
example, success of penaeid shrimp culture in the southern area of Japan is partly based on the
fact that mussels which are not consumed by Japanese, have high nutritional vatue for marine
crustaceans. Also, Atlantic shrimp Palaemon serraius have heen successfully cultured in experi-
mental tanks.

Small marine crustaceans such as Gammarus and Caprella which are found in aggregation of
marine fouling organisms on the materials of culture raft were proved as effective food for
Atlantic lobster, Homarus americanus and H. gammarus. Fourth stage lobsters were communally




cultured in a netting cage installed in Olkkirai Bay in northern Japan. The growth and survival
were almost the same as in culture tank. One, two and three year old lobsters were individually
cultured in lantern-like netting cage immersed from a raft in the bay. Without supplemental
feeding, these 3 year classes lobsters molted 34, 24 and 14 times during 6 menths period,
respectively, The growth rate was better than that in culture tank. Chemical composition of
Gammarus and Caprella was found similiar to that of mussels.
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Table 1. Increase of number of zooid of Bugula
neritina in relation to diatoms as food under
culturing conditions of 21-23C in sea water
temperature and 32.5-34.2%, in salinity

Diatoms

No, of
Species Density of zooid
diatoms after
{(10°cells/mj)  ten days
Cryptophvceae
Rhodomonas sp. 10 72.3
Dinophyceae
Prorocentrum minimum 3 8.2
Prorocentrum obtusidens 2 12.4
Prorocentrum sigmoides 0.5 2.5
Gymnodinium sp. (type '65) i 10.7
Gymnodinium sp. (A3) 8.5 1.3
Oxyrrhis marina (Y type) 1 47.5
Oxyrriis marina (D type) 1 26.7
Gryodintum sp. 1 3.6
Gonyaulax polygrama 1 1.1
Haptophyceae
Isachrysis sp. 10 1.1
FPaviova lutheri 5 2.
Bacillariophyceae
Cyclotella cryptica 100 7.1
Skeletonema costatum 50 2.7
Chaetoceros calcilrans 100 3.1
Phaeodactylum tricornutum 100 4.5
Nitzschia clasterium 100 3.1
Rhaphidophyceae
Chattonella sp, 0.5 1.6
Heterosigma inlandica 2 1.2
Eugenophyceae
Eutreptiella sp. 2 1.5
Prasinophyceae
Platymonas sp. 10 1.8
Tetraselmis tetrathele 2 1.8
Chlorophyceae
Dunalielia tertiolecta 5 18.1
Chlamydomonas sp. 5 8.6
Chorella sp. 300 L.d
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Table 2. The attachment index of various substrata
PVC: polyvinylcholide, PE; polyethylene, G: glass, s; smooth, 1; rough

Number of times

Attachment index

Substratum .
of experiments Each value Average
Gr 2 22,16 19
PVC.s 7 61, 77, 75, 80, 79, 73, 80 75
PVCr 2 87, 69 78
PE-s 2 171, 109 140
PE-r 2 189, 135 162

* Attachment index means the number of difference between the attached numbers of larvae on the

test-plate and the slide glass
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IMig. 1. Increase of the settlement index and
attached matter (diatoms, hacteria and parti-
cles) per square centimeter with duration of
exposure of glass slide in the sea in Septem-
ber, 1984.

DS 7.0 X 107 cells/em?® T b HEISScE &=
ERRDoN, FIEEEHMIEING 2 Vs
ﬁ %f%"i— L/ fCo

3 BE

PR A O fFEE: ERHMEOR» > ol
Rhodomonas TH Y, RIC Oxyrrhis T&H - 1o,
Oxyrriis [$HERREM I & - CTHEEHMIE AR E <
TEWT s &AMen TS, Lichi=T Rho
domonas DS L THYNEEL SN, Fi,

2001
3 Q
Q
& 1507
o ([
E L
a [w}
g 100F
5 L
= I o
2 50f Q September
I Q
a
L O November
0 [ [} D L 1 L 1 J

;I 5§
| 10 10 10 10 10 10
Number of diatoms per cm?

Fig. 2, Relation between the settlement index
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glass slides exposed in the sea September
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46 log D—53 (r=0.94).
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Fig. 3. Relation between the settlement index
and the density of attaching diatom, Ach-
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Fig. 5. Attachment types of epibenthic di-
atoms, 1 Types A & B, 2type C, 3 lype D, 4
type E,5 type F and 6 type G. Turther
explanation shown in Table 3.

i3, & LTHIE, HfRcd b, Tho ke
BEicfig L, #1174 v s LIEEH, £Lof
HEYOES, - REEEET S EEhb, £
NoOEFEERZTIE, v=RLoEiEeLT
BuvwohTnd, T3, ESoMNE .« EEo
Wi EEE L, T oREEL S iSO
BRI ET B LERMET 3,

1 ARV 07 R B 2 [ e
3 SRS R el 4 i

5 P R Lo Tk

Fig. 4. Seasonal change in the densities of
epibenthic diatoms and animals. Open cir-
cles for animals and solid ones for diatoms,
temperature at the sampling site shown in
the bottom.
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Fig. 6. Attachment types of epibenthic diatoms. 1 Navicula sp. (type A), 2 Cocconeis sp. (type B), 3
Bacitlaria paxillifer, 4 Navicula festiva krasske, 5 Licmophora sp. (Type E), 6 Skleletonema costatuin
and 7 & 8 Berkeleya rutilans.



Table 3. Attachment types of diatoms on substrata

Types Explanation

A Fast moving solitary cell prostrating on the substratum {Fig. 5-1)

B Slowly moving solitary cell prostrating on the substratum (Fig. 5-1)

C Motile colonial form, like short ribbon or zigzag chain prostrating or standing upright on
the substraturm (Fig. 5-2}

D Solitary cell standing upright with a mucous thread on the substratum (Fig. 5-3)

E Colonial form, ramified abrorescence, standing upright with mucous threads on the
substratum {Fig. 5-4)

F Colonial form, like linear chain, standing upright on the substratum (Fig. 5-5)

G Colonial form, enclosed in mucous tube, standing upright on the substratum (Fig. 5-6)
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Fig. 7. Seasonal occurrence of epibenthic diatoms. Species: 1 Navicula cincta, 2 Navicula britannica,
3 Navicula hialosira, 4 Cylindrotheca closterium, 5 Nitzschia ovalis, 6 Nitaschia corpulenta, 7
Nitzschia sp., 8 Amphiprora sp., 9 Gyrosigma fenuissimum, 10 Amphora anguste var. veniricosa, 11
Amphora ostrearia var. vitrea, 12 Amphora acutiuscula, 13 Bacillaria paxillifer, 14 Neodelphingis
belagica, 15 Navicula festiva, 16 Stauroneis membranacea, 17 Tropidonets sp., 18 Licmophora
Sfrabellata, 19 Thalassiosira sp., 20 Skellonema costatum, 21 Navicula ramosissima, 22 Navicula
grevillei, 23 Berkeleya fragilis, 24 Barkeleya rutirans.
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Fig. 8. SEM photographs of diatoms and bacteria* on glass plates.
1: Small rod bacteria on the glass plate (BAS) which was immersed in bacterial suspension for
three days (without contact with diatom suspension),
2. Synedra sp. in contact with rod bacleria [on the plate {BAS) which was immersed in diatom
suspension for 2 minutesi.
3t Navicula sp. in contact with rod bacteria [on the plate (BAS) which was immersec in diatom
suspension for 60 minues).
4: Rod bacteria near Synedra sp. [on the plate (BAS) which was immersed in diatom suspension
for 60 minutes],
3: Rod bacteria on Symedra sp. [on the sterile plate (BFS) which was immersed in diatom
suspension for 2 minutes].
6: Synedra sp. alone [on the sterile plate (BFFS) which was immersed in diatomn suspension for 2
minutes].
* Small micrococcus-like materials seem to be something residual due to solute.



Table 4. Number of diatoms and bacteria which attached on the sterile plates (BFS} and on the plates

previously coated with bacteria (BAS)

Immersion Diatoms Bacteria

time cells/mm?** 1000 cells/mm®*

(min) BFS BAS BFS BAS
0 0 + 0 0 + 0 0 0 34,244.5
2 3.7+ 1.2 2.0+ .6 L1694 .14 29.6-+5.0
5 7.3+ 1.0 6.9+ .2 1.6 + .43 36.2+6.2
10 21.9+ 1.3 28.3+ 3.7 2.7 + .53 45.2-+5.2
30 339.4+121.1 347.1453.1 1.8 + .47 35.34-3.0
60 260.3+ 33.8 401.8+80.0 2.4 + .83 41.244.4

* Mean +standard error.

Table 5. Percentage of diatoms in contact with bacteria

Sterile plates

Bacteria-coated plates

Immersion

time (min) 2 5 10 30 60 2 5 10 30 60
N1, cells 94 26 24 13 11 13 17 12 20 15
N 2, cells 0 5 4 1 3 8 9 B 12 10
N2/NL % 0 182 167 7.7 273 615 520 667 600 667

N 1: Total number of observed diatoms in SEM photos.

N 2: Number of diatoms in contact with bacteria.
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Fig. 9. Spermatozoon of Balanus amphitrite.
1: Spermatozoon.
2: Logitudinal section of the acrosomal region (Ac). The acrosomal region rests on the collar (C).
AX: axoneme (axial filaments).
3: Longitudinal section of the nucleus region,
4: The elongating nucleus (N} and on mitochendrion (M) behind the nucleus are observed. Cb;
central body.
5. Longitudinal section of large accessory droplet (Ld) and nucleus (N} region.
6: Transverse section of the spermatozoon. Large accessory droplet (Ld), a nucleus {N) and axial
filaments (Ax) are observed in each spermatozoon.
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Table 6. Pseudomyicola spinosus. Lifespan and ovipositions observed after a single mating in females
cultured from eggs under the conditions of 20°C and 17%o chlorinity sea water. Numerals in
parentheses indicate oviposition after second mating. Nos. 1, 4, and 18 were killed accidentally

Length Duration Duration {-‘werage Number of eggs
Individual of adult from first fr‘om Fa.St Number of interval
female stage 1.;0 la‘sF oviposition oviposiiions l?etw.et-an Per ovi-
() oviposition  to death ovipositions Total o
() (d) (days) position

1 340 335 e 45 7.3 — —
2 118 81 3l 12 7.3 — o
3 101 74 21 i1 7.3 — —
q 115 102 — 15 7.2 — —
5 694 472 89 67 7.1 898 13.4
(72) a2 {6.5) (152) (12.7)

6 76 58 13 9 7.1 e —
7 156 135 16 22 6.4 416 18.9
8 132 110 3 17 6.8 196 11.5
9 359 174 23 25 7.3 263 10.5
(65) (10) (8.2) €1)) 8.8

10 148 134 7 20 7.0 304 16.0
11 849 818 16 106 7.8 990 9.3
12 189 i76 7 24 7.6 165 6.9
13 129 108 5 20 5.6 198 9.7
14 46 7 id 2 — —_ —_—
15 358 243 57 33 6.9 462 14.0
an @ (6.7 an (6.7

16 80 68 5 13 5.6 135 10.4
17 101 76 14 5.8 41 10.1
13 177 127 - 19 7.0 6 3.2
19 437 422 7 64 6.7 966 15.1
20 342 311 18 47 6.5 647 13.2

—: not observed.
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Fig. 10. Pseudomyicola spinosus. Average
number of eggs per five ovipositions in
females that laid more than 45 times. The
bars, horizontal dotted lines and numbers in
the figure indicate the standard deviations,
total average number of eggs and observed
number of fernales shown in Table 6. The
closed and open circles indicate average
number of eggs at ovipositions from the first
and second matings, respectively.
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Table 7. List of small marine crustacean found
on the netting culture cage in Okkirai Bay

Common name Scientific name

PEZOLCAY Jassa falcata
£25< T AU Stegocephalus inflatus
oA BIELC AT Ampithoe lacertosa

EiFEEL AT Paradexamine barnardi
HTHBRZA T Pontogeneia rostrata
IWRBAT AU Eurystheus japonicus
BELAYT Ericthonius pugnax
EFEARLILL Corophium crassiocorne
Widshinhs Caprella acanthogaster
ERCECE o¥ g by Caprella acutifrons
EiFbhhb Caprella scaura
{TEhibhb o Caprella aequilibra
Brhhhrs Caprella danilevskii
iEACHDET L Cymodoce japonia
LhltASads Dynoides dentisinus
oot L Sphaeroma retrolaevis
STy AR Anatanais normani
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Fig. 11. Map showing the experimental site in Okkirai Bay. Numerals indicate water depth {(m),

®: station for the experimental raft.



Fig. 12. Netting cage installed in Okkirai Bay for the experimental culture of the 4th stage lobsters.
Left: general view, Right: a netting cage.

. Netting cage made from titanium w
Right: the cage which was removed the cover due to break.

Ig.

Fig. 14. Lantern-like netting cage made from fishing net. Left: A lantern immerged during summer
and autumn in Okkirai Bay, Right: a compartment of the lantern.



Table 8. Growth rate of the 4th stage lobster
cultured in a netting cage hanged in Okkirai
Bay from June 30 to October 19, 1983 with-
out supplemental feeding

Body weight Percentage Approximate
(=) in number stage
2.2-2.5 2 6th
2.6-2.9 5 Tth
3.0-3.3 6
3.4-3.7 15 8th
3.8-4.1 13 Oth
4.2-4.5 13 10th
4.6-4.9 9
5.0-5.3 14 11th
5.4-6.7 1}
5.8-6.1 6 12th
6.2-6.5 2
6.6-6.9 1
7.0-7.3 1 13th
T7.4-7.7 1
Total 100
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D, 3mX15mxXES 0.4 m O 2 mEKIE 1
mKEFL, 4o 72y —-%25% 500 BINE
L7z (Fig. 12), o Eicid, & +39 2k #
ANFEEN 0cm D=y b, LA
D30T E Y 2Ly —E L THOE L, s
LT, iEfgic s ve s bl<Ly bESAK
A, Bl cME L, BHE 10 19 8,
Oisic &5 i 3 (h R4 Table 8 losRd & <
Th ot REBMERE 6~13 Michizy, §8
~11 i F THE L Ic@EpREHE TV,
BRI B BIY 41% TH -1, JOEERE
ZHEHH L 7oBE Lk T o fEIc N TE - TV
Vo THNIFHHE TEMEIICRMEBEEE L TT
S vy b IR AL, TR0
AL FERITERIC I FRROMRICEE L o3 2
T EHEMSEE LTREE R EEZ GRS,

1L, T O3 E{ER L

Table 9. Chemical composition (%) of marine
fouling organisms found in Okkirai Bay

Gammarus Caprella  Mussels
Water content 80.4 76.1 86.0
Protein 9.1 10.7 9.3
Fat 1.1 2.0 0.8
Celiulose 1.3 3.0 0
Ash 8.0 7.8 2.6
Saccharoide 0.1 0.4 1.3

Note: Materials were collected from a netting
cage on May, 1986.
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