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intensity gradually decreasing. The abundant settlement of A.
rubens on intertidal panels might have been facilitated by the
presence of countless numbers of juvenile bivalves, on which they
could feed. Similarly, the lush growth of Laomedea could be the
reason for the presence of large number of nudibranchs (C. verruco-
sa) on the lower surface of an intertidal panel.

Important differences between panels of series I (those
immersed from 15 March 1977 to 15 July 1977) and series II (from
22 July 1977 to 13 March 1978) are manifested by the absence of T.
larynx, Heteranomila sduamula on the former, and by the absence of
B. crenatus, Verruca stroemia and Halocladius variabilis on the
latter. Moreover, intensity of settlement, especially by bivalves
and B. crenatus on panels of series I was very heavy, whereas on
series II, bryozoans, serpulids together with molluscan and crust-
acean wood-borers registered a high rate of infestation. A scru-
tiny of data given in Table I reveals that the differences noted
above can be traced to the restrictions imposed by the period of
exposure of the panels.

A perusal of the data on fouling intensity on the Series
I and II panels given in Table 4, indicates the possible effect of
fouling on borer infestation. On panels of Series I, the foulers
virtually formed a complete matting, prior to the appearance of
borer larvae in early July, thereby denying access of the latter to
the timber surface. On the other hand, on panels of Series II
having been immersed after the peak season of fouling settlement
and at a time when borer larvae were presént in the water, borer
incidence was very much facilitated without interference from the
foulers. This is also illustrated by the high rate of attack by X.
dorsalis on the panel immersed at 1.5 m depth below low-tide level
from 4 Aug. 1977 to 7 April 1978, at Biological Station (Fig. 2).
Although, this borer species normally concentrates its infestation
at deeper levels, especially close to the bottom and mud-line, its
unusual ocurrence at 1.5 m could be a result of the panel having
been immersed at a time when the larvae abounded in the water and
also when the period of intense fouling growth was over.

At 40 m, 70 m and 100 m depths, important foulers were
Laomedea sp., T. larynx and H. norvegica.
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For B. crenatus, maximum average growth of 16.3 mm, in
basal diameter, was observed at 3 m depth in about 2 1/2 months
(Fig. 7), probable date of settlement being the last week of April.
Rate of growth for the species decreased with increasing depth. For
Laomedea growth rate increased with increasing depth down to 12 m
and declined thereafter (Tab.l). At the 12 m level, average
length of the colony was 105.80 mm, a size attained in about 2
months with probable date of settlement being middle of May.

D. STUDIES ON NATURAL DURABILITY OF DIFFERENT TIMBER SPECIES

Timber species! selected for exposure trials were Ocotea
rubra (Vanah), Lovoa klaineana (Bibolo), Xylia xylocarpa (Irul),
Intsia palembanica (Merbau), Aningyeria sp. (Aniegre), Tectona
grandis (Teak, both from India and Malaysia), Pterocarpus marsupium
(Bijasal), Millettia laurenti (Wenge), Triplochiton scleroxylon
(Abachi), Carya tomentosa (Hickory), Nauclea diderrichi (Bilinga),
Swietenia krukovi (Honduras mahogny), Tetramerista glabra (Punah),
Gonystylus sp. (Ramin), Eucalyptus gigantea (Tasmanian oak), Calop-
hyllum elatum (Poon), Quercus rubra (Red oak, from America and
Jugoslavia), Q. grosseserrata (Japanese oak), Chlorophora excelsa
(Iroko), Diplotropis purpurea (Sucupira), Terminalia superba (Lim-
ba), Sequoia sempervirens (Red wood), Balfourodendron riedelianum
(Paumarfim), Entandrophragma cylindricum (Sapeli Mahogny), Guibour-
tia arnoldiana (Mutenye), Betula pubescens (Birch), Picea abies
(Spruce), Ulmus glabra (Elm), Aucoumea klaineana (Gaboon), Pseudo-
tsuga taxifolia (Oregon pine), Pinus silvestris (Norwegian pine),
and Arcolito.

After immersion for a period of about 13 months from
April 1977 to May 1978, the wood-borers encountered on the panels
were P. megotara, X. dorsalis, X. praestans, and L. lignorum. The
number of borers present and their growth were taken as the cri-
teria for assessing the durability. Attack by Xylophaga was
observed on all the wood species, though on timber such as Xylia
xylocarpa, M. laurenti, T. grandis (Indian), P. marsupium, I. palem-
banica, C. rubra, L. klaineana, Aningyeria sp., and T. scleroxylon,

1 Local trade names are given in brackets. For Arcolito, a Scienti-
fic name could not be ascertained.
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most of them were only able to make small indentations. The first
five listed species were also totally free from Limnoria. Attack by
P. megotara was noticed only on C. tomentosa, Aningyeria sp., E.
gligantea, B. pubescens, B. riedelianum, Q; grosseserrata, Q. rubra,
Gonystylus sp., A. klaineana, P. taxifolia, U. glabra, P. abies,
and P. silvestris, and though destruction was slight on all except
the last two species, the few that settled grew to very large size,
indicating lack of resistance, even though the incidence was low.
The activity of borers was influenced by the dense settlement of
foulers, the panels being exposed during April, foulers thereby
preceding the appearance of borers. The low temperature during the
summer of 1977 could also be a limiting factor. Further, the
reduced rate of attack could be a result of the position of the
panels, being installed at 8 m, 10 m and 20 m below low tide and 2
m from the bottom. As mentioned earlier, P. megotara mostly concen-
trates at higher levels and X. dorsalis prefers to live close to
the bottom mud-line with intensity greatly reduced a few metres from
the mud level. The results are indentical with the findings of
Dons (1941) and Nair (1962) when comparing timber species common in
all three investigations. A detailed account is available in
Santhakumaran & Sneli (1978).

E. DURABILITY OF TREATED TIMBER

Response of various fouling organisms to chemically
treated wood exposed in the Trondheimsfjord was also studied during
1977-78. At the dosage given (creosote: 220 kg per m3, and Bolid-
en: 3-7 kg salts per m3), both preservatives failed to give any
protection against the settlement of fouling organisms, and fouling
was very severe after 3 to 4 months of immersion. As many as 67
species or higher taxa were recorded, of which Laomedea sp., T.
unicornis, C. craticula, C. eburnea, P. patina, S. spirillum, S.
borealis, H. norvegica, B. crenatus and C. Intestinalis among
animals, and D. viridis, S. tomentosum and Laminaria sp. among
algae were important. Some of the foulers were found in their
reproductive stage on the toxic substratum. Presence of chironomid
larvae and pupae on treated panels, even at a depth of 10 m was
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also observed. In general, settlement of animals and algae was
greater on Boliden-treated panels than on creosoted ones.

Although the preservatives did not provide any additional
protection against foulers, the treated panels were free from borer
attack. The controls were however, totally destroyed by P. mego-
tara, X. dorsalis, and L. Iignorum. Of the localities investigated,
Trondheim Harbour had the greatest number of species.
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Table 1. Intensity of settlement of fouling and wood-boring organisms on short-term monthly
panels immersed in Trondheimsfjorden during 1977-1978 based on four panels immersed
every month at Biological Station and Trondheim harbour (one panel at 10 m and the
other at 1.5 m below low-tide level). Maximum incidence on any one of the four
panels by a species has been indicated. Panel for the month of June was removed from
the sea on 4th July, and the borers were all in the pediveliger or just metamorphos-
ed stage indicating very recent incidence 2 to 4 days old.

Key to symbols: For all species other than protozoans, hydroids, copepods, barnacles
and bivalves: VR = very rare (up to 5); R = rare (6 to 20); M = moderate (21 to 40);
C = common (41 to 60): VC = very common (61 to 90); A = abundant (91 to 150); MA =

above 151; - = absent. For hydroids (individual colony), barnacles and bivalves;
VR = upto 25; R = 26 to 50; M = 51 to 75; C = 76 to 100; VC = 101 to 150; A = 151
to 300; MA = above 300. For protozoans and copepods grouping was done by visual
asgessment.

Intensity of settlement during
Oorganisms March April May June July Aug. Sept. Oct.- Dec.- Jan.-
Nov. Jan. Febr.

Foraminiferans - -
Folliculinids - -
Suctorians on hydroids - -
Laomedea sp. - -
Tubularia larynx - -
Callopora craticula - -
Callopora dumerilli - -
Tegella unicornis - -
Harmothoe imbricata R VR
Nereimyra punctata - =
Capitella capitata - -
Polydora cilita - -
Spirorbis spp - -
Pomatoceros triqueter & =
Copepods R R
Amphipods M R
Corophium sp. - -
Halocarus basteri - -
Larvae of Halocladius

(Halocladius) variabilis - -
Balanus crenatus - A
Verruca stroemia - -
Mytilus edulis - -
Modiolus sp. - -
Hiatella arctica - =
Heteranomia squamula - -
Mya sp. = =
Littorina spp - -
Buccinum undatum (juveniles) - -
Coryphella verrucosa - -
Eubranchus pallidus = -
Dendronotus frondosus - -
Asterias rubens - -
Ophiura robusta - -
Psiloteredo megotara - -
Xylophaga dorsalis - -
Limnoria lignorum 3 15

VR
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Table 2. Intensity of settlement of fouling and wood-boring organisms progressively for periods ranging
from one to twelve months on panels immersed in Trondheimsfjorden during 1977-1978. The table )
is based on four panels for each period (one panel each exposed at 10 m and 1.5 m below low-tide
level at Biological Station and Trondheim harbour). Maximum incidence on any one of the four
panels by a species has been indicated. Panel for the period March to June was removed from the
sea on 4th July, and the borers were all in the pediveliger or just metamorphosed stage indicating
very recent incidence 2 to 4 days old. N = Numerous, difficult to count due to heavy surface
damage. For other symbols, Key same as in Table 1.

Intensity of settlement during
March March- March- March- March- March- March- March- March- March-
April May June July Aug, Sept. Nov. Jan. Febr

Foraminiferans - - - - c
Folliculinids - - - - MA
Suctorians on hydroids - - A - -
Mirofolliculina limnoriae
on Limnoria - VR
Laomedea Sp. 5 =
Tubularia larynx = -
Planarians - =
Amblictona gracilis - -
Callopora craticula - -
Tegella unicornis - -
Electra pilosa - -
Plagioecia patina = =
Crisia eburnea = =
Schizoporella unicornis = -
Tubulipora flabellaris - =
Harmothoe imbricata R o
Nereis pelagica = =
Nereimyra punctata = =
Capitella capitata - -
Eulalia viridis = -
Cirratulus cirratus = -
Amphitrite cirrata - -
Polydora ciliata = -
R
vc
VR

c MA
MA MA
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Spirorbis spp -
Pomatoceros triqueter -
Copepods R
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Balanus crenatus = MA
Verruca stroemia = =
Aspidoconcha limoriae - VR
VR
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Table 3. Growth-rate of important wood-borers and foulers
for varying periods

Species Periods of Range Average

growth N =5

(in days)

30 51.00 to 64.50 55.50
64 100.25 to 106.80 104.05
74 114.50 to 131.28 122.00
Laomedea sp. 124 161.75 to 207.00 178.95
(Length of colonies) 160 174.75 to 236.50 206.20
194 281.75 to 292.00 287.20
7 1.00 to 1.20 1.10
40 7.00 to 8.00 7.45
68 14.50 to 17.00 15.70
101 18.00 to 19.75 18.55
Balanus crenatus 134 18.25 to 19.60 19.07
(Basal diameter) 166 18.75 to 21.50 20.30
' 203 19.25 to 20.75 20.20
261 ) 19.75 to 23.50 21.40
306 19.25 to 20.50 19.80
- 45 2.25 to 5.25 3.60
Xylophaga dorsalis 90 11.75 to 17.50 14.75
(Length of burrow) 180 28.75 to 41.50 35.50
233 47.50 to 58.50 5255
45 2.50 to 4,50 3.40
90 16.00 to 28.50 23 .25
Xylophaga praestans 180 34.00 to 45.00 3910
(Length of burrow) 233 48.00 to 57.00 52.20
300 54.00 to 73.00 60.20
45 7.25 to 9.00 8.25
90 58.50 to 98.00 73.40
Psiloteredo megotara 180 154.26 to 186.25 171.50
(Length of burrow) 233 238.00 to 265.00 248.20

300 366.00 to 457.50 397.10




Table 4.
cal Station

Vertical distribution of fouling and wood-boring organisms on panels immersed at Biologi-

From 15 March to 15 July 1977

IT 3

12

15

Intensity of settlement

18 21 24 27 30m IT 3

6

9
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21

From 22 July 1977 to 13 March 1978
12 5

24

27

Folliculinids
Foraminiferans
Suctorians on hydroids
Laomedea sp.
Tubularia larynx
Hydractina sp.
Planarians
*Bryozoans

Harmothoe imbricata
Capitella capitata
Nereis pelagica
Nereimyra punctata
Autolytus prolifer
Cirratulus cirratus
Amphitrite cirrata
** Serpulids

Balanus crenatus
Verruca stroemia
Balanus balanus
Copepods

Amphipods

Halocarus spp

Larvae of Halocladius
(Halocladius) variabilis
Mytilus edulis
Modiolus sp.
Hiatella arctica
Littorina spp
Heteranomia squamula
Pecten sp.

Lacauna sp.
Coryphella verrucosa
***% other nudibranchs
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Ophiura robusta
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Ciona intestinalis
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Xylophaga dorsalis
Xylophaga praestans
Limnoria lignorum
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*

nu

Includes Callopora craticula,
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dumerili,

Electra pilosa,

lina annulata, Tubulipora flabellaris and Plagioecia. patina.
Hydroides norvegica and Spirorbis spp
Eubranchus pallidus and Trinchesia foliata.

ok
%ok

includes Pomatoceros triqueter,
includes Dendronotus frondosus
Key to other symbols, same as in Table 1.

E. monostachys,

Crisia eburnea,

Cribri-
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Table 5. Growth-rate of Psiloteredo megotara at different depths
in panels of Series II (22 July 1977 to 13 March 1978)

Length of burrow (mm)
Depth (m) Range Average Number of speci-
below low - mens measured
tide level

IT - - -
3 194.00 to 242.00 221.80 5
6 205.00 to 265.00 232.60 5
9 186.00 to 225.00 203.40 5

12 184.00 to 243.00 215.20 5

15 188.00 to 232.00 209.00 5

18 128.00 to 181.50 154.75 - 2

21 180.00 to 201.00 190.00 5

24 _ - - - -

27 174.00 174.00 1

30 144.00 to 235.00 183.12 4

IT: Intertidal (30 cm above low-tide level).
Probable date of settlement: immediately on exposure of panels.

Table 6. Growth-rate of Xylophaga dorsalis at different depths
in panels of Series II (22 July 1977 to 13 March 1978)

Depth (m) Length of burrow (mm) Length of shell (mm)
below low Range Ave- . Range Ave- Number of
tide level rage : rage specimens
measured
IT - - - - -
3 0.20 to 14.00 7 .10 0.20 to 4.40 2.30 2
6 12.50 to 17.50 15.05 0.69 to 5.91 3.82 13
9 18.50 to 23.00 21.20 3.28 to 7.07 5.18 51
12 25.00 to 29.00 26.50 2:76 to 7:33 598 60
15 24.00 to 37.00 30.60 4.14 to 7.63 6.30 74
18 31.00 to 40.50 36.90 5.00 to 7.76 6.61 38
21 36.50 to 51.00 43.25 3.41 to 7.63 .6.31 86
24 41.50 to 58.50 50.40 3.36 to 7.84 6.47 114
27 33.75 to 44.50 38.35 4.44 to 8.02 6.54 124
30 33.50 to 40.00 36.15 2.84 to 7.93 6.30 93

Number of burrows measured: 5
IT: Intertidal (30 cm above low-tide level).
Probable date of settlement: immediately on exposure of panels.



- 36 -

Table 7. Growth-rate of Laomedea sp. and Balanus crenatus at
different depths in panels of Series I (15 March 1977
to 15 July 1977)

Laomedea sp Balanus crenatus
Depth (m) Length of colony (mm) Basal diameter (mm)
below low
tide level Range Average Range Average
IT 39:25 ko 653:75 46 .25 11.50 to 14.25 13.03
3 34.75 to 61.25 48.63 15.00 to 17.75 16.30
6 71.75 to 100.25 86.35 13.25 t6 17.50 15.63
9 64.25 to 89.50 73.50 13.00 to 15.25 13.78
12 83.75 to 131.25 105.80 8.25 to 12.25 11.05
15 81.50 to 114.50 99.98 9.75 to 11.25 10.43
18 62.50 to 92.25 74 .80 10.25 to 12.25 10.83
2. 47.00 to 82.00 60.53 10.25 to 11.25 10.73
24 52.00 to 76.75 64.75 7.50 to 11.00 9.20
27 42.50 to 76.00 52.20 7.00 to 9.75 8.40

30 9.25 to 13.25 10.90 7.75 to 10.00 '8.71

Number of specimens measured: 10
1T: Interdidal (30 cm above low-tide level).
Probable date of settlement of Laomedea sp. was middle of May

and of Balanus crenatus last week of April.



