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                       Tntroduction

      The wood-boring bivalve molluscs oÅí the farnily Teredi-
nid' ae, commoniy caued " shi-pworm "i') , have been wen •}mown

                               '
 to man since antiquity.

      shipworrns are the mo$t specialized molluscan borers

adapted for boring into xvood. T.he natural habitats of the

shipworms are mangrove roots, driz"ting timber and other cel-

lulosic materiaZs in the sea. Shipworms accordingly play

an important ecological roZe in the reduction oÅí water-borne

wood into Å}ts constitUent eZements. On the other hand,

shipworms are serious pests of Wpoden ships, wooden coastal

structures and logs stored in the sea, and they cause a lot

                                                           'of economic datnage.

     Shipvior'ms settle on the surface oÅí wood during Åíree•-

svtimming period, and they subsequenUy begin to penetrate

into wood. After initial penetration, they spend the rest •

of their lives in the wood substrate and continue to burrow

as long as they live. The tunnel bZongates "rith the grovith

of shipwotim that fiZls entire length bf the'tunnel, and the

animal seals ofÅí the anterior end with a calcareous lining

when nb more space is available for iit. However, the ini-

tial entrance hole is generallY very smalZ, and i$ only

slightly enlarged throughout the lite of the animal. Con-

sequently, the darnage is not readily detected until the wood

is nearly or completely riddled by shipsrorms. '

1) The terms of piZeworm, teredo, teredinid, and teredine

   borer are applicable to meaning i' shipworm T,.

-1-
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      The body of an adult shipworm is extvemely elongated

 and long worm-like. The shell is reduced to 2 small ante-

 rior valves which are nearly hemispherical, with a deep

 right-angled notch in the ventral haZÅí of the anterÅ}or mar-

 gin. The valve is the !nechanical tool for rasping of wOod.

)Cost of the vital organs oz" shipwerms are located pesteri-

 orly to the valves and are enclosed by mantle. The siphons

are relatively short, and are extended Åírom the minute open-•

ing at the surÅíace of wood into the surrounding water for

respiration, feeding and excretion. When shipviorms aee

disturbed, the siphons are retracted wtthin the tunnel.

Sirnulicaneously, the surface opening is plugged by the pair

of pallets which are highly specialized orgems te cZ•ose the

burrow entrance.

     Shipworms.definely ingest the rasped fine particles of

wood: the stomach is provided with. a caecum for storing Åíine "

particles, though the extent oÅí dependence on wood as Åíood

prQbably varies wtth species. -
     The shipworms appeated on the earth relatively early,

and they are found in fossil wood in marine or brackish wa-

ter sediments. fi?he animal first appeared in the Lower Cre-

taceous according to Hatai (1951). d'Orbigny (1849),

Whitfie!d and Hovey (l906), Moll (1942) and others found

them among fossiiized saxnples in the Jurassic•. Thereibre,

it can be easily presumable that the attempts te prevent

shipworm attack began in.the ancient time when man first used

wooden rafts and boats.

     [Vhe old Greek, Aristophanes (41+8-l580BC) and [DheophraStus,

(572?-287BC) well documented the dread of the destructive '
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  povier of the shipworms. The old Roman,. Ovid (.45BC-17AD)

  and Pliny (25-79AD) also left the simila'r records. The log-

  books of the early famous navigators such as Dra"ke and Cook

  evidenced that they feared shipworrn a'ttack on their vessel$
  as'much as the ternpest or incu.i able infec"Lz'ous diseases.

  }(any of the explorers oÅí•the Age of Diseovery lost their

  vessels during the voyage because'the vessels viere weakened

  by shÅ}pworm attack so severely that they could not endure

  the heavy tempest. ]Lt is viell known that Columbus Zost all

  his vessels on his 4th voyage to the New World and had to be

  rescued from Jamica ()Corison, l96S). These early naviga-

  tors possibly contributed to the wide distTibu•tion of ship-

  i,ro]rms in the world since industrial status and maritime

  trade rose at ;vhat time.

       At last, the catastrophic ravage occurred in the NetheT-

  lands in 1730, Shipviorms invaded Å}nvisibly t"ne wooden--

  faced dykeS which protected the reclaimed lowlands, and the

  country suÅífered widespread inundation. This disaster stim-

  ulated scientists to study shipworms from varlous points of

  vzew. Scientific interest in the shipworms naturally

  started from attempts to discover efSective methods for pre-

  venting their attack ori wooden ships and structures in the

' sea. In 17J5, Sellius pubZished the monograph on the ship-

 worm$, and proved that shipworms belong to phylum Mollusca.

 He also recommended " creosote " for Che protection Of tLm-

  ber in marine use. Creosote is still widely employed in

 the world for the purpoFe.

       More recently, the unforseen ravages were caused by

                                                          , --L
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the zntroduction of Teredo navalis Linnaeus newly into San

lth?anciSco Bay, CalÅ}Åíor,nia, U.S.A. in 1914-.- ,•The, Sa!i Eban-

cisco Bay iviarine Piling Committee vi,as established in l921 te

investigate comprehensively -the marine borer prbblem.

Under the support of the committee, many papers were sepa-

rately published. Hill and KoÅíoid (l927) aiterwards sum-
                                 .marized the papers in the book entitled- '' r{arine b•qrers and

their relation to marine constructions on the PaciÅíic coast i,

a6 the final report'of the committeei

     !n addition, icest board operatm'on supp'orted by the U.S.

Navy was initiated in 1920's under the directorship of 'W.F.

Clapp and the Naeional Research Council. Test boards removed

from vqrious parts of the world were exarnined at iN.F.CZapp

Laboratories by the mid l950's. Annual reports of W.F.Clapp

Laboratories provÅ}ded the information on species present,

  settling season and abundance 'of borers for each test loeal-

  ity. Their test board operation covered- t•he tests.at Sasebo

  and Yokesuka in Japan.

       A little earlier, Atwood and Johnson (1924), together

  with associates, eompiled a book,,and•made many signi.ficant

  contribUtions to the knowledge of marine borer problemi

       Moreover, the scientific interest in marine borer attack

  on wood vias intensely stimulated about the time of World. War

  IZ in several countries inciuding, Japan.

       In Japan•, th'e prevention of.shipwnrrn attaek became a

  matter of importance with the' increased use of wooden ships

. guring World War II, though investigations on the Teredinidae

  had already begun in the' ea.rly 20th century. The a2nd Spe-

                                                           N
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 cial Committee for the prevention of marine borer attack was

 organized by the Japan Society Åíor the Promotion of Science

 in November, 1945 to accelerate the pace of the research on

 the problem. The results of the research of this cemuLttee

 were published in th'e book edited by Okada (l9S8), ii Attack

 on wooden ships and timbers by marine borers and its pre-

 vention it. Unfortunately, the Society did not eontinue

 support of the cornrnittee after the war. Since that time,.
                                 ' only a fevi papers vvhich relate to the Teredinidae have ap-

peared..
                 '
     Before World War XI, Ctaessin (1895), Na}[azawa (l91S),

Kaniiya (l918), Roch and Moli (1929), Minobe (1930), Kuronuma

 (l951), Miyazaki (1955) and others viere concerned with the

Japanese shipworms.
                                                   '     The interest was mainly centered on marine viooden con-

str gctions and ships before and during World War I!. As

mentioned above, a lot of work has been done to eradicate

shipworms or to prevent their attacks. H'owever, the ship-

worms have been one of the most serious marine pests in

the world domesVically and internationally for the last few
  'hundred years. The shipworms are distributed all over the

world and their distribution varies sptth oceanogvaphic envi-
           'ronmental factors, i.e. viater temperature, salinity, food

supply, and other ecological factors based on latitude, tidal

current, etc. In thÅ}s sense, it is very imbortant to in--
                                          1)vestigate the problem on- a world-wide basis
                                            .
1) Worki.ng group named " Wood in marine environment t, is
                                        s   organized by O.E.C.De to investigate the problem inter-
  nationqily.
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: Wood is generally vulnerable to shÅ}pworm attack. On

the other hand, a few trepical hardwoods are naturally re-
                                 1)
sistant to the attack oÅí shipwonyrm . However, there is not

sufficÅ}ent supply oiA these hardvioods Åíor the wdrldts marine

wooden construction needs. rn spite of the fact that con--

crete and siceel installations are Å}ncreasingly ta}sing place

of vtooden s`vructures in the sea, wood is still widely used..

     Therez"ore, we are obliged to pay consideration to pre--

serving timber in the sea by chemical treatment or physical

barriers. Many preserving and protecting attempts have

been examined by early viorkers. Contrary to our expecta-
    'tion, tbe results of these attempts are unsatisfactory in

terms of reliability, ,cost and risks.

     In present-day Japan, the shipworm problem is charac-

terized by the facic that the more attention should be paid

to the darnage of imported logs s'uored in the sea rather than '
      'to marine xv6oden Å}nstanations or ships because of the in-

crease of replacing them by concrete, steel and plastic ma-

terials. Over 60 e/o of the total supply of wood in Japan
          '
annually depends on the imported logs from North America,

U.S.S.R., Southeast Asia, and other parts of the world.

The imported Xogs are generaUy stored in the sea vtater :og

storage areas along the coast$ of Japan. During this sea

water storage, the logs are u•nprotectedly exposed `Lo marine

borers, especially to shipxvorms.

l) Four softwood species (Pinus SLgtaE2,SILgl2nsiflora Sieb. et Zucc.,

Pinusiix!1,veE!]:2,s2t Linnaeus,3Tis]aEgsu !hsg!scg]2I}x,Åí,Lsleterorbhll Sargentand

Pseudotsuga menziesii (Mirb.) Iihranco) used in this study

are well known to be non-resistant against shipworm attaek.
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      Only a few papers have so z"ar discussed the problem in-

volved in protecUng logs stored in the sea (Trussell et

al., l956; Ma.watari, l958 and 1959).

      The first step to restrain the shipworm attack on timber

and logs in sea water is to supply basic biological and eco-

logical Å}nformations.
                         '
     This dissertation is divÅ}ded into 5 parts. The lst
part is ]related to the distribu' tiQn of the shipworms along
the coasts of'  Japan w' ith a brief historical survey oÅí the

literature on the Japanese ishipworms. The 2nd part refers

to the season of settlement oÅí shipsvefoms at various' locali-

ties in Japan, which viould suggest the reasonabZe operation

of log sto.rage area and indicate when and how long the 1' ogs
can be stored in sea viate-r without any attack of shipviorms.

The 5rd part discusses the pattern oÅí vertical settlement oÅí

shipworms in the sea water log storage site. The 4th part

is concerned with the rates oÅí grozvth of shipxvorms, Teredo

navalis Mnnaeus, the commonest species in Japanese waters

as well as in the world. !n the 5th ' part, the rate oz" ship-

worm attack on xvood iE discussed as it is directZy related

to the daJnage of wood incZuding the log$ stored in the sea.

-7 --



         I. Distributio.n oz" the Shipworms along

            t,he Coasts of Japan

      Clessin (1895) is the Åíirst investigator to describe a

Japanese shipviorm'i Roch and ltloll (1929), Kuronuma (l951),

and others reported on the shipviorrns x-rom Japan, beibre

World War ZI'. More recently, Tai'si and Habe (1945, 1958),
and Habe (l952, l955, 1977) desc.Tibed the classiz"z'catÅ}on of

the Japanese shipworms according to their own' systematÅ}cs.

Hovtever,.no taxonomist has folloxved their systematics.

     Turner (Z966) proposed a new plausible classification

based on. t.he, 4natomy oÅí the animals, and the structure and

variation of the paZJeVs. She dealt with the anatomy of 54

species covering l4 genera,.and showed the anatomical dif-

ferences among genera. She reviewed the early works that

have been done on the systematÅ}cs, geographÅ}c distrÅ}bution

and biology, and made a catalogue oÅí all narned forms with

illustrations of the .type specimens.

     This part includes the review oz" the earZy works deal-

ing with the classtfication of.shipworms found in Japan ac-

cordÅ}ng to Turner's sYstemaUcs (l966,. I971), and discuss

the present results on the distribution of the shipviorms a-

long the coasts of Japan together with the locality records

in the literature.

      I-1. EEistovical Survey on the all narned' Forms of

           Japanese Shipworms,

     Because oÅí a number of aU named Japanese forms in the
early' papers are definitely synonymous of known species ac-
                                                   -
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cording' to the new systematics ( Turner, X966 ), they should

be briefly reviewed beÅíore going to discu$sing the classifi-

cation and distribution oÅí Japanese shipsvorms so that one '

can avoid confusing species.

     With the advance of investigations, the nurp'ber oÅí spe-
cies that have ' appeared in paper$ increased, and amounted to
about 40 u-p to the pTesen"t.

     Clessin (1895) listed only one species Åírom Japan: Tere-

gt 'aponica Clessin as a nevt species. 'Roch and b(oÅ}1 (l929'År

described 6 new species, including Teredo xgtE!!S Moll, Tere-

slst:takanoshÅ}mensisRoch,.BanktatttonunuRoch,Bankia!sltLa:n

  okuensis Roch, l!st!!,gLlisl!ELusiuora orientalis Roch, and Nausitora

kpat Roch. Three new species zvere added to the list by

Kuronuma (1931) viho identÅ}fied the specimens from Kusatsu,

Hiroshima Pref,, Tateyarna Bay, Chiba Prei, and Kanazawa,

Kanagawa PreÅí.: Teredo hibicola Kuronuma, Teredo :tggiE9XggL91!:t

sis Kuronuma, and''Bankia nakazaviai Kuronuma. Moll (1941)
reported Ban:kia setacea (Tryon) from- sakhalinl) as a new

record when he described on the shipworms from Japan.

Taki and Habe who took charge of the classificati6n of moi-

                                                              'luscan wood borers for the foregoing 22nd Special Committee

identified species collected Åírom various localities. They

(l945, 1958) and Habe (l952, 1955) added 2L- new $peeific

names to the catologue of the Japanese shipworms.

Z) Sakhalin was a part of Ja] qn at that time.
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     More recently, lviawatari and IÅqitamura (1960, l96X) enu--

merated l2 species collected along the coasts 'oi Kagoshima

Pref., viith 2 of them described as new. Habe (1977) listed

Bankia fimbriatula Moll and Roch with a brieE descTiption.

 Xn addition, VV.F.CZapp Laboratoriest reports (e.g. 1950,

1956, 1960) showed the occurrence of shipworms at Yokosuka,

Kanagavia Pref. and Sasebo, Nagasaki Prex".

     Specifjc names recorded in Japan are shown in Table 1
with authorsi names and date. dihe number of specific naJnes

that appeared in the literature amounts to 44.

     According to Turner's catalogue (1966) and identiÅíica-

tion -key Åq1971), 25 species can be recognized in Japan to-

day. Two or" them are still questionabie because of the

lack or" sufficient description and Å}llustrations of Japanese

materials: Teredora aurÅ}ta (Hedley) and Zachsia zenkewÅ}tsc'hÅ}

Bulatoff and Rjabtschikoff. Moreover, Bankia inoi Habe and

andBactronophorus]tgUllA,E{EEI,1!EgpEELEhilzpL (Bartsch)arenudenames,

     MoLl (1941) considered !L,sz22E2guEd r(Teredo) xgysyE! Moll

and LixsggdigE (Teredo) hibicola Kuronuma as synonyms of veL

dus slamepsis Bartsch (.= a synonym of IL,di!nggll,Ed ediceZlatus

(Quatrefages) ,after Turner, 1966), and also Bgnkia ptz!!gzLgl!tgj.kazawaz

Kuronuma as identicai to Bankia ts!tuzgg2uELELronun:z Roch (= a synonym

of BankÅ}a carinata (Gray) aiter Turner, l966). Taki and
                 'Habe (l945) regarded Bankia ls]tu2glulnlLj,ronunx= Roch a4d IB2tn}!:Lnk 2ia naka-

zawai Kuronuma as synbnyms of Bankia or zaformis sivickis

(= a synonym of Bankia carinata (Gray) after Turner, l966).

They (l958) also included l!gt!IEL2,!g!2iu !sitora kaJniyai Roch in a syno-

nymous form of Bankia (Nausitora) glt:2LglSgELILEzentalis Roch, but both

- xo -



are young Bankia carinata (Gray). On the ba$is of grovtth

stages in the pallets of Baru'tia carinata (Gray) (Turner,

l966), these 2 species are surely the sarne.

     Clench ar)d Turner (l946), {rakÅ} and Habe (l94S), and Habe

.(l952) regarded Bankia kin okuensis Roch as a synonym oi"

Bansi ia bipalrriulata (Larnarck), buP Turner (l966) who examined

the ty-pe specirnen afterviards confz'rmed that Bazai:L'ia t:l,aElblg!t!U=

enszsxsasynonymofBap;kÅ}a!b2:LEg!]uAEgz ("iurton).

     Taki and Habe (l9Ll5) listed Te-Tedora aurÅ}ta (Hedley),

and Habe (!952) considered Teredo ge,zg]tz!gt Roch (error for

Egzg.lk,Lagl Roch) and orere,do diederichsenÅ} Roch as synonyms of

Ter.edera aurÅ}ta (Hedley). These are all synonyraous ibrms

oÅí Teredora princesae (Sivickis) according to Turner (l966).

However, Hedley (1899) described Nausitora aurita Hedley on

the basis oÅí sheUs only, and Habe (l952) gave no descrip-

tion of it. Likewise, Bactronophorus philipDinensÅ}s (Bart- '

sch) (Taki and Habe, l945) and Bankia inoÅ} Habe (Habe, 195a)

were rnention-ed vJithout any description and iZlustration.
     ;Habe (l952) later gave an illustration of the Åío;mer species.
Eromnisillustrationthisisdistinctly,Bsf2g!g!LgRng!:llEactronOh

thoracites (Gould). [Dhe pallets oÅí- Zachsia zenkewitschi

Bulatoff and Rjabtschikoff measured 1.8 mm in length for spe--
    '           ' .cimens from Matsunaga Bay, Hiroshima Pref. (Taki and Habe
                                                        '
1958). -No Åíurther details was given. ThiS might b'e a mal-

formed Qth stenomorphic form oÅí a known species.
     Bankia osumie'nsis Mawatari and Kitarnura (Mawatari and

Kitamura, .l960) diÅífers obviously from 21!21t]2!ELgkia $eicacea (Try-

on) and Bankia !t21RglLglyteSgi 1 l t (Lamarck) since serrations oxn
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Table l. Specific narnes oÅí

        authors' narnes and

shipworms

 date.

recorded in Japan with

Specificny nErme
Authorsi
and date

names

1. Teredo 'aponica Clessin Clessin (' l895)
a.

5•

4•

5.
6.

7.-

Teredo t-akanoshimensis Rodh
Meredo szgtEy!! )Col!

Nausitora o,rien-talis Roch
Nausitora kL!g!l!szAl, -Roch

BarLkia 'kur' onuni'i Roch
Bankia king• okuensis Roch

Roch' and Mql-1-

(l929)

 8.

 9.
10.

Teredo hibicola
Teredo tate amenszs

Kurohuma
 ' Kuronuma

Bankia nakazawai Kuronuma
Kuronuma(1951)

11. BankiaEgelLe,ggEt Lacea(Tryon)• Moll (Z941)
, l2 .,

 15.
 Z4.•
 15•
 l6.

 17•
 18.
 I9.
 20.
 21.
 22.

Teredo par!csi Bartsch
       .Teredo taÅ}wanensis Taki and Habe
Psiloteredo,Rtgly!gEEugELi!sent o 1 Takiand

Psiloteredo h"ztstls2i Sivickis

Psiloteredo'-kira-z' Taki and Habe

Teredora aurita (HedZey) '
KLX!II2!hllls smithi (Bartsch)

Kt2]!ulEphusmatocotana(Bartsc'h)

l[]t"gl{2Ephus kiiensis Takl eirid Habe

K.tphus teredoides Taki and fiabe
,BRggy!gugRpg:yEact h hiliinensis

(Bartsch) (nudeiname')
Zachsia zenkewitschi BulatofÅí and
Rjabtschikoff
Bankia rubra Sivickis
Bankia komai Maki and Habe
Bankia or zaformis SivickLs
BankÅ}a carinata -(Gray)

Bankia tenuis Sivickis

Habe

2S.

24•

25•
26.

27.
28.

Taki and Habe
 (1945)

29• Tetiedo matsushimaensis HataL
(fossil record) Hatai (1951) •

- 12 -



Table l continued.

5o.

51.
Teredo
tueredo

massa Lamy
dieEensis Bartsch

MÅ}eredora sparki (Roch)
(,errorforE]t2g!s!tgLarckxRoch)

Bankia inoi Habe (nude name)
PsiloteredozgtlEt!aEU2,Igagh Habe

!t2ELgxgEÅ}!Li212h ]E!g,i!x!UglLglu2,gthi (Linnaeus)

CoJeloteredo rnindanensis Bartsch

Clapp Report
(1950)

32.

  '
55.
34.
5S.
56.

Habe 'Q952)

J7. Glumebra shionomÅ}sakiensis Habe Habe (l955)
58. Banki.'-a orientalis (Rpch,) Taki and Habe

(1958)
S9.

40.

41.

Bankia oSumlens=s 'Mawatarci

        i Mawatari

Bartsch

and
Kitarnura

Psiloteredo septa
KÅ}tamura

Teredo radcliiei

and Mawatari
Kitarnura

and
(l960)

.42. Me)redo

Rehder,
milleri Dall, Bartsch and llazvatari

KLta!nura
and
(196!)

45. Bankia carnpanellata MolZ and Roch Tsunoda (l977)
44• BanKi ia fimbn' atula Moll and Roch llabe (1977)

cones are distinct a' t leaBt on the duter margin. [Phis is

probably a synonym of Bankia sigitu}Eg!R, Bartsch, although it

is not definite until the type specÅ}men is examined.

     [reredo matsushimaensis Hataj. was found among fo$sil
             'sarnples extracted from, LovJer Cretaceous rocks in Miyako,

Iwate Pref., and named on the basis of shells and tubes only

     Table 2 shews the cataZogue of the Japanese shipworms

aryanged. according to the new Turner's systernatics that is

viidely accepted in the world at present: 4"species each in

[Veredoandi!t,x!gguEd,9ingl2tltsILgia,2inETL!:sslgf2g!}or:ee]redoth andleach

" l3 --



in Kuphus, Nototeredo, Uperotus, el"eredora, Zaeh$Å}a and Bact-

ronophorus. Zt seems that 25 species are recognized in ja-

pan. However, it is worthy to be considered iÅí species are

found in test panels or not, for some species were collected
undoubtedly r"rom driÅít tinzbers" and the riddXed hull of wooden

ship. Because the adults of shipworms can survi; ve a wide

range of salinities and water temp' eratu-res, the records whSch

are not based on the test tD. anel method would become invalid.
Zt means that neviiy introduc' ed species by drift tÅ}mber into

japanese waters can survive and occasionally reproduce when

ehe envirormehtal conditionsN become suitable for fertiliza-

tion and spaivning of the offsprings. Mherefore, the test

panel method must be u$ed to ascertain the existence oz" ship-

worrn species at a given locality.

     Only IO species of the shipworms listed in Table 2:
                                                         -Teredo navalis Linnaeus, Teredo furcifera von )Cartens, Teredo '

:tta:ILg[Leu!Lgs:LEman 1 Edmondson,!L,izEzgsulsd pedicellatus(Quatrefages),

sLsz2:ggygd takanoshimensis (Roch), eL,szzgglgEd massa (Lamy), Bankia

sAtg:LpeEgrinata(Gray),Bankia[2EtL:RglLIg]{LELgSigpalmulata(Lamarck),Bankiacam-

      'egtigs!LILgggellataMollandRoch,uTs!zgELgyLxs2dth smithi(Bartsch)were

certainly found in test panels. Futrther investigation would

consequently be required for other species.
                       '                     '            .
Table 2. Japanese shipworms with synonyms found in the early

         works.

Specific name Synonyms
1. fferedo navalis Linnaeus Teredo 'aponica Clessin
2.Teredo:t91:EusS9SELEi

   Edmondson
KL!gu]2s-ihu teredoÅ}des Taki and

Habex

.- 14 -



Tabl.e 2 continued.

5. Merede mindanensis Bart' $ ch c6blbteredo
B'
artsch

mindanehsis

4. Teredo
   Martens

furcifera von Teredo parksi Baetsch

5.Lurggd{gE]2gst!l,9giLlg,IE!!Ellt

   (Quatrefages)
Teredo
!!9tIgsigredo

Teredo
Teredo'

Habe
Teredo

X23t!EusL Moli

I}Et!PILgglLgb:colaKuronuma

tate amensis Kuronuma
taiwanensi-s Taki and

gdA,gEggESE: Bartsch
6.IL,szz99L31Ed

   (Roch)
takanoshimensis Teredo takanoshimensis Roch

7.tLzixzgggEd affÅ}nis (Deshayes) Teredo milleri
       .a!id Rehder

Dall, Bartsch

8. !L,[z2zggyEd massa (Larny) Teredo massa Lamy
9. BanlLiia 9etl:IUuSigr1nata(Gray) !!gt{BsELg9:ausitoraorientallsRoch,F

l!gtBSL9gngusitorakL!gt!pEl,xZi Rochee

2}2tlll!:L2iangtkk!zgg!lgA,azawaiKuronuma

itligplSLnk!Eiaorzaformissivic'kis.

Eg!t}!!laiatstB!zg!yaEE!2,ronunnRoch

Ban:kiagltlgpSgELE!E=entalÅ}s(Roch)

10. Baztkia bÅ}palrnulata
(.Lamarck)

Bankia rubra Sivickis

ll. BankÅ}a l2!tLRgane,l2ip !ennata(Turtoh) Bankia kmptnk Roch
12. Bankia setacea (Gray)-
l5. Bankia rochi (Moll) Bankia komaii Taki and Habe}
14• Bankia

Bartsch
hili pinensis BankÅ}a tenuis Sivickis

15. Bankia ii91tU]EgpEL Bartsch Bankia osumiensÅ}s
and Kitamura-

Mawatari

16. BankiagcE!Iu2gl!9,Llil"IAIIt

and Roch
Moll

17. Bankia
and

Åíimbriatula MoZl
Roch

- 15 --



Table 2 continued.

l8. Teredoth ]ba smithi Kutohus

Kuphus
Teredo

!ctÅ}ensis Taki and
smithi (Bartsch)
radclÅ}Åíei Bartsch

Habe
(Bartsch)

l9..Weredoth ra matocotana .Kuphus matocotana ÅqBavtsch)
(BaTtsch)

20.KL!yEsh!gERg]t,xSIU9twaj,9,hl

    (Linnaeus)

lt;!Lg:tgU!ILglginzcyathzfer

(Linnaeus)
]2gliLL!Uglthi

21. Nototeredo edax (Hedley) Psiloteredo enta onaiis 1/ aki
and Habe'
Psiloteredo tL!)LEtlslL SivickÅ}s

Psiloteredo kirai Taki and
Habe
Psilote-redozgtl!!Egb:Lu!gsh Habe"

PsiloteredQ septa l!Iawatari
and KitaJnura-

22. Uvetiotus clavus (Gmelin) Glumebra shÅ}onomisakiensis
Tajsi+

25. [De-redo]ra RxU!SSEgS
(Sivickis)

"ieredora

Teredora
aurita (Hedley)N
sparcki ÅqRoch)

24. Zachsia
litulato f i"

zenkewitschi'

and Rj abts chiti [o ff

25. Bactrenophorus thoracites
(GouZd)

2t}gg!2glLgmp!!Eh

ÅqBartsch)

Rlty!L:LpgULg"E:Lsi:l

-: Questionable, further exarnination is needed.

-- 16 -



        I-2. Distribution-of the Shipworms tgund in,Test.

             Panels submerged in Japanese SVaters

        r.-2-l. 'Mate-rz' als and Me,thod

       A test panel (Pinus densÅ}Åílora Sieb. et Ztucc., 5 ,x 2 cm

' in sectiorr and 20 cm in length) viith a center hole for rope

  penetration was used Å}n the present investig'ation. Three

  test panels constituted a test string for obtaining the pre.

  cise information on what'species of shipverm existed at 55

  test loCalities in Japan.
                                                  '
       The test string was immersed at each test locality, as

  5 test panels were between 50 and 100i cm below the surface
  of the' xvater.' [Vest panels Viere' ex] 6sed to ship"form attack

  for at least a month to 4 months. durlng t- he period x=rom May,

  1974 through October, 1976, and 'vhen broughV back to the la-

  boratoryi After removaX of test panels,surface debrÅ}s and

  fou!ing organisms were scraped off prior to talging specimens

  out of the Panels. Specimens viere identified under a binoe-
                          '  ular stereoscopie microscope. Identi:"ication was made by

  Turner's key (Turner, 1971)..

        I-2-2. Results and Discussion

       ;n the present investigation 9 species oÅí shipviorms were

  found: Meredo •navalis Linnaeus) Teredo Åíurcifera von t"lartens,

  ,LgzsgguEd pedicellatus (QuatreÅíages), Bankia carÅ}nata (Gray),
      '  -Bankia cam anellata lvioll.and Roch, Bankia aglt!gEguEL Bartsch,

  Bankia bipennata (Turton), Teredora ]2slti,!LggE}slgn (Sivickis) and
                          '  Nototeredo edax (Hedley).
       '       Teredo navali$ Linnaeus and LL,Qc!zggdJLE J2gstl22g],ELgSz2Ell t (QUa-

  trefages) were widely distributed Å}n Japanese waters as

                                        .                                               '

                             - l7 --



specxes

Table 5.

'identified are shQwn in
 tshipworms founq along

 .(O: species fogn.d, -:

 Table- 5 w*.th

the.coasvs oÅí

 not Åíoun.d)

test localities.

Japan.

Loca!ity
Species a)

1 2 5 4 5 6 7 8 9

 1.

 2.

 3•

 4.

 5•
 6.

 7.
 8.

 9.
10.

11.
I2.
15.
14i

l5.
I6.

I7.
I8.

19.
20.

21.

22.
25.

24.

25.
26.

27.
28.

29.
50.
51.
52.
55.

Muroran, Hols!saÅ}do

Hakodate, Holskaido
Onagavia,, Miyag' i
Sado, Niigata
Noto, Zshikania

Kawasaki, Kanagawa
Opparna, Kanagawa
Aburatsubo, Kanagawa
Shimizu, Shizuoka
Nagoya, AichÅ}
Yokkaichi, Me
Toba, Mie
Tatoku ZsZand, Me
TaLkaharna, .Fltikui

Maizuru, Kyoto
Sakai, Osaka
Wakayama, Wakayarna
Kainani Wakayarna

Arita, Wakayama
Yura, Hyogo
AÅ}oÅ}, Hyogo

Naruto, Tokushima
Sakaide, Kagawa
Uno, Okayama
b(izushima, Okayarna
Kure, Hiroshima
Miyajima, Hiroshima
Shimonoseki,
Kokura, Fukuoka
roobata, Fhikuoka
Naga$aki, NagasakL
Koniya, Kagoshima
Naha, Okinawa

YamaguchiO

o
o
o

o
o
-

o
o
o
o
o

o

o
o
o
o
o
o
o
o
o

o

o
.

'

o

o

-

-

o

o

o
o
o
o

o

-

o
o
o
o

o
o

o
o
o

.o

o
o

o
o

.-t ,

.

o
 -

r

-

o

.

o

--.

-

-

-

.

-

-

.

o

-

-

--.

-

o
o

-

o
.

-

-

.---

.

-
o

-

-

.

-

 -

 -

 -
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a) l: Teredo navalis Linnaeus, 2: [eeredo :"urcifera von

   Martens, 5: EL,"sggy,Eodu pedicellatus '(Quatrefages), 4: Bankia

   carinata (Gray), S: BarLk/ia camRanellata Moll and Roch, ,

   6: Bankia agltligEgU Bartsch, 7: Bankia bioennata (Turton),
                                          -
   8: Teredora princesae (Sivickis), 9: Nototeredo edax
       -

     Nototeredo edax (Hedley) was found in a sunken Log vthich

had been,previously 1.mported 'from the west coast of U.S.A.

into Takahama, Fukui Pref. This spec;es, which iS not dis-

tributed along the west coast oÅí U.S.A., obviously exists
                                            /
              'at Takahama.

     Teredo navalis Linnaeus is wtdely distributed in Japa-

nese waters, and found at 25 localities this time as shown

in Fig. I (see also Table 5) wtth early locality records in

the•literature. ThÅ}s species is aZways found demin•antly at

a Zocality where shipworm.s actively work with exceptz`on$ a,t

Naha and Koniya, though generally plural species of shipvJorms

are present there. :!gtsgslgredo navalis in'nnaeus appeared as a

singLe species at,7'localities (i, e. Onagawa, Yo}dlaichi,l'WalscayaJna,

OppaJna, Aioi, Kuret and Kokura),, and the number oÅí animals

obtained from test panels was quite feJv viithout any exception.

In addition, the body lengths of the animals did not exceed

20 mm even in the case ' Of 2 month submergence in the summev
                                                 'season. This species is short-term larviparous: larvae are

released from the aduXts irltto the water' as straight"hinge

veligers, and they ppencl a relatively long Åídeee--sviÅ}mmi.ng pe-

riod before settZing on the surÅíace of wood. That ist the -
animals are one of so-called " ocean travellers i, (,Edmondson,

                             •- 19- '
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l962) rnoving horizontally and vertically over a wide range..

Therefore, Å}t Å}s possible that the larvae disperse Åíor q long

distance with a tidal current and Su66eed in penetrating inte

wood at a local' ity vhere the species is not indigenous.

Even if not indigenous or if th'e species 6hould be indÅ}genous

with a scant occurrence at a given locality, the animal can

settle down there xvhen wood is Å}ncessantly suppXied as food,

such as the case in sea vJ.ater log storage a)eeas.• Consequent-

ly, repetit' ious investigations may possibly be able to reveaL

the occurrence oih Teredo navalis Unnaeus even at localities

with no shipworm present, because.the species, Å}n many cases,

exists in the adbacent ivaters.' .
         '
     Distributionofthesecondcommonest!L:zEngs-Eodu RgtSLELgg-e=dicella

tus (Quatrefages) almost overlaps that of the above spgcies,

but locality records are a little scantier as seen in Fig. 2.

This species, a iong-term larvi•parous, retains larvae untU

the pediveliger stage, and the larvae have a short free-
swimming period. It thefefo]re appears tha't the Larvae Qx"

!LixEzgg]2Edu pediceUatus (,Quatrefages) can not travel over a long

distance in their larval liz"e but set.`vle on nevnvood in the
                                                     '
vicinity oÅí attacked wood o!" a specified locality indigenous-

                                                 '      Of other species present, Bankia carinata (Gray) is rel-.

atively commDn along the coasts of Japan, provÅ}ded that the

distribution is restrÅ}cted to' the west of Tokyo and to the

south of Sado (see Mg. 5).

      On the basis of the earZy locality records, Teredo Åíur-

cifera von Martens is found only in Shikoku and Kyushu, but

                             - 21 -
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ue present results show that this species is found even at

Noto•. rt is very likely that larvae vihich had been dis-

charged from the adults in wooden hull or driÅít timber suc-

ceeded in boring into 'iest panels in the summer xvhen water -
temperature was over 250C (Tsunoda and !N'z'shimoto, 1976)

since 'the adults of the species, kngwn as a tropical to sub.

tropical species originally, can survive even in freezing

waPer and p!olong the broodin.g of the ygung until the fa-

vorable conditions Åíor spawning larvae are recovered.("turner,
l966). OtherwiSe, this species is indigenous there, thougn

an addtional work is needed on this point. .
     Bankia geu!]2gu!,l!.Lg[yl t Moll and Roch, vthich may posEibly

be confused vnth Banlcza carinata (Gray), was newZy recorded

at Aburatsubo and Naruto, and the 6pecies was not abundant
                                                   'in number. .
     Bankia Gis21t!gEglE! Bartsch, Bankia bipennata (Turton),

Teredora E,!:!U],ggEgErincesae (Sivickis),and Nototeredo edax (Hedley)

were occasionaUy found among the predominant species such

as Teredo ngvglis Linnaeus and tL,sz]:gs-Ed RgsdLLgg-gEuEllt (Quatre-

Åíages). The tendency of distnibution oÅí these minor .'

$pecies, together wtth the early records, is sumrnarized as

follows: Bankia agltu}Egl!, Bartsch is limitted only in Kago-

shima Pref.; Bankia 2tlSpa\\[9gn t (Turton) in Chiba Pref, Kago-

shtna Pref. and Okinawa Pref.; Teredora rincesae (Sivickis)
                                                li
in Wakayama Pref.. and Kago'shima Pref.; Nototeredo edax

(Hedley) in Wakayama Pref., ]iltakui Prei, Nagasalri Pref. and

Kagoshima PreÅí. These are all tropical species as demon--

strated by the IQcality record$ in the world (Tu]rner, L966;

                          -.24. -



Nair and sarawathy, 1971) and McZl) coZlection of specimens.

The •possibi!ity oz" finding these animal$ in test panels con-

sequently z's quite rare Å}n northern waters, though the shÅ}p-

worms can be Åíound Å}n a driE`u timber even in cold viaters, as

mentjoned before.

     nmor Che specÅ}es not found th;s t:' me but collected be-

Åíore (,see Tables a and J), early locality -Tecords and MCZ

c.o13ection indicate that !L,sz!ggyEd taka•noshimensis (Roch) and

Bankia 3t2ILR2kgglLgJiAz al 1 t (.Larnarck) are found along the southern

Pac,j Åítc coasts et Honshu and Kyushu, !!]t2gnsLti]IEerotus clavus (,Grnelin)

apq [t!gEngslgii!Iz]zdo h smithi (Bartsch) in Wakayam-a Pref., Lswd

affinis(.Deshayes),BankÅ}apttSIL!LR]21!!}guEILgl BartschendtL,sx]2g:

dus massa (Lamy) in kyushu, Teredo mindanensis Bartsch and

Banl•tia]7ochÅ}(Moll)inShikoiigu,Teredo:t2:!!eERGES,sN:iLEz l "TZdmond-

son in Shikoku and Kyushu, Teredothyra matocotana (Bartsch)

in Shikoku and VVakayama Pref., Bankia ggt]islssetacea ([eryon) in

Ho}rlgaido, Kup, hus pol. tha!arnia ÅqLinnaeus) and Bactronophorus
thoraci"ves (Gould) in Maivian2), and BanLkia fimbriatula MoU

and Roch in Sagarni Bay, Unfortunately, the scant Zocality

records of the above Z5 specÅ}es, in addition to `uhe absence

of them in the present investigation, make it impossÅ}ble to

discuss their patterns of distribution at present.

Hoxveve?,lg]t]21ulEphus:teg!,szU}2E!guAEIytha1amia(Linnaeus)andBactronophorus

Ut!9:ELglSs2EOracites (Gould) must be removed Åírom the Japanese shÅ}p--

1) lvluseum of Comparative Zoology at Harvard University,

   Cambridge, M"a$sachusetts, U.S.A.

2) Ta"van was a part of Japan vihen study xvas made (Taki and
                              .                        '   Habe, 1945).
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morms (see footnote on page.a5). Judging' frQm the Xocality

records in a,world-wide ba$is,. the inCidence of 5 species,

i. e. upe]rdtus clavus (Gmelin), !T,szsgg"IEd g,lt2gptl,Eft'nis (Desh2ayes),'

BapLkia ptt!,],ILR}21,asugLEiz in n i Bartsch, Bankia rochi (Mo'll) and Teredo

mindanensÅ}s Bartsch is fairly doubtful in Japanese svaters,-
                                                              '
         '(Turner, l966 and 1971; Nair and Sarasvathy, l971). '
         /t t. 'ZachsÅ}a zepkewitschi Bulatoff and RjabtschikofÅí wiU alsQ be

excluded- until the ty]e specimen is examined. Accorddngiy,

the speeie's' whiCh are probably found in JapaELese Svater$ -other

       /ttVhan 9 species conmfix'rmed in the present investigation are

Veredo:tUz!!,gagli!!gi!iLSI Edmondsori,LL,sz!soLE!uEd takanoshimensis(Roch),

tL,Ezzgg!Ed massa (l]amy), Bankia setacea (Tryon), Bankia lb2!Rsl,IL=1

mulata (L4marcck), BankÅ}a fimbriatula bColl and Roch, Terede-

]t2axxeh asmÅ}thi(Bartsch)-and2T:g:gggy!x]:dth matocotama(Bartsch).

     As discussed above, the distribution oE each species of
     'the shipworms along the coasts of Japan requires Åíurther

v;ork, but rt can be Summarized anyhow as shovm in Table 4.

- 26 -



Table Lv. Geographac distribution of the shipworrns in Japan•

ShipvJorm sneczes ttt' okkaidO
  Honshua)
Souich Nor'th ShikokU ' ICyu S'hu

 1.

 a.

 5•

 4.

 5•
 6.

 7.
 8.

 9•
10.
!1.
I2.

I5.
14•

15.

!6.

17•
l8.

19.

20.
al,
a2.

[DeTedo

Teredo
MLeredo

Teredo
!L,sz:ggyEdu

tL,sz:g!!gEodus

mens:s
ÅíLx!zggssodu

Etszz!gy!Ed

Bankia
BankÅ}a

Bankia
BatLkia'

Bank'[ia

Bankia
Bankia
sisea

Ban.kÅ}a

Bankia•

navalis
St:191EY]aZ!E!

mindanensis '"

zAurcifera
pedicellatus
takar!oshÅ}-:-

 aff, inis,F

 massa
carÅ}nata

bipalmulata
setacea
rochiee '

agngts
campanellata
plt!-:L}2:RU!g!=1znn

bÅ}v, ennata

fimbriatula
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 a) Boundary betvveen South and North is 560N.

 X: Occurrence is questionable in Japanese vJaters.
                                                        '                                                   'H: Locality records are restricted in the Pacific coast.
                                                        ' P: Specime'n's s'e'en or finding the species in test panels is
     -                                       '
    specified in the literature.
            ' L; Literature{ no speciÅíication is given if .the species is
                   '    tound in test panels or drift timber or attacked woodan
    hull. -: Not found. -
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      r-5. Summary

     The classifz'catign of the Japanese shÅ}pworms Å}s fairly

confused, and.the geographic disicribut.='on of the species Å}s

not• confirmed so far. TherezOore, specimens af` the shipvvorms'
             'were coUectgq by test panel methpd'at, 35 localitties along

the coasts of Japan. 'The specimens collected vvere 'identi-

fied accordÅ}ng to the new Turner's $ystematics to discuss

the pattqrn of di$tributz'on oib the shipxvorms in Japane'se

waters.toge-th.er .wit,.h. the results of thg e.arly works reviewed.

     Of 25 specie.s which appeared in the li-terature (Table

2), 7 species are questionable of the occurrence in Japanese

waters: Bact• ronophorus thoracitgs (GouLd), l51!tlRlulEphus l2gtl,XE!!g:th

lamia (Linnaeus), Teredo rnindanensis Bartsch', Lyrodus az"iinÅ}s

(Deshayes),Bankiarochi(r!ioll),Bankiaptt!ELIL:LR]2iu!ui22i2iPi " '

Bartsch, and !tLRg:g9uEperotus clavus '(Gmelin). And another ques--

tionabLe •speCi'es is Zachsia ze.nkewitsQhi BulatofÅí and Rjabt-

schÅ}-koff because of the lack of sutficie.nt description and

illustrat3on oi" Japanese materials.

     Xn the present investigation, 9 species were Åíound

(Table 5): {Peredo navalis Linnaeus at Onagawa, Sado, Noto,

Oppamas Abyrats!ibo, Yokkaichi, Toba, iratpku Zs., Makahama,

Miaizuru, Wakayama, Arita, Yura, Aioi, Naruto, SakaÅ}de, Uno,

)Cizushima, Kure, Miyajpma! Phi.rpoposeki, Kokura, •and• Nagasaki;

[eeredQ fu.ircifera von iNiaiTt,ens at..Noto, Naruto, and Naha;

!L,sx!:gguEd RggtLELggl,ELgEuEll tu Åq,Quatrefages) at rigoto, Toba, Tatoku Is.,

Talcaharna, tvlaizuru, Arita, Naruto, Sakaide, Vno, MLzushima,

Myajima, Shimonoseki, Nagasaki, :x"oniya, and Naha; Bankia

Sst!gELgallAinata (Gray) at Sado, [Vatoku :s., Takahama, Arita., Yura,
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and Koniya; BankÅ}a camnanellata tvIoll and Roch at Aburatsubo

and Ilaruto; Banktia sLgt2!L!!s2gu2hn onx Bartsch at Koniya; Bankia bipen-

nata (Turton) at KonÅ}ya and Naha; I?eredo-Ta princesae (SivicL

kÅ}s) at Arita; Nototeredo edax ÅqHedley),at "Å}akahama.-

     [eeredo navali$ Linnaeus and Lyrodus. o, edicella`tus (Qua-

treÅíages) are widely distributed in Japanese waters (Figs. 1

and 2). Bankia carinata (Gray) is Telatively cominen, but

the di: stribu-tion is restricted only in southern pe.rt. s (r,ig.

5). Bankia sZgigtgE9nELon: Bartsch, Bankia !t2ELRggpzilsn !t '(Turton) and

Teicedora E!tz2,nggsszgincesae (Sivickis) are found also only in southern

     'ti'or Teredo furci.fera von iMartens, BarLkia carnpanellata

ILfoll and Roch and INiototeredo edax (Hedley), the patterns of

distribution are not evÅ}den't because of insufft'cient local-

ity records. The species vihÅ}ch are absent in the present

Å}nvestigation but recorded befere are generally distributed

in southern areas with an exception of Bankia setacea (Tryon)

Å}n• Hokkaido. , .                       '
     EUrther investigation vJill be able to demonstrate the

incidence oft the :fiollowing species along the coasts of Japan:

Teredo:tLzl:12usu!Lsz]z:Li2nanrru1arzsEdmondson,!L,sz]cgg2i2odu takanoshimensis(Roch),

!LcezgguEd massa (Larny), Bankia fÅ}mbriatula (Bartsch), BarLkia

bipalmulata (Lamarck), Bankia set,acea (Tryon), !Ms]z!2gE[!gx ngd th a

smithi (Bartsch), and 3rets2zgggy}zngd th matocotana (Bartsc'h).
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        II. Season oÅí Se-ttlement '
                  .
     Many papers have been concerned with.the season of.ship-

worm settlernent in the world because the approprÅ}ate compre-

hension o.{ v' he subject is a signÅ}ficant step Co undetstand

the Ship'vtothm problem at given localities.- • ,
     As mentioned before, marine .ljorer problem in the present-

day Japan is centered on th. e shipworm attack on the imported

logs stored in the "sea. The import of iogs into Japan has

remarkably increased in recent years, and this trend wtll

cOntinue for'some time. 'The amount oÅí imported logs Occui

pa.es more than 60 O/o oÅí Japan's total wood supply. [Dhe Å}rn-

ported logs are transported by ships into over ZOO in:terna-'

tional t, rading ports along -bhe CoaSts of Japan.

     The logs are genefoally stored Å}n sea tvater tor classÅ}fj-

cation, inspection and plant quarantine, and at Zeast 10 to

20 days are needed zfior +vhese operatio•n$. Some logs ar-e Qc-

casionaliy stored in the sea for a month to 6 months at the

longest. During the period of sto-r='ng logs in sea vJater,

the logs are inevitably exposed to the marine borers,

     Marine borers, Å}ncluding genus Teredo, Li:mnoria and

Martesia, are well tmovfn pests to untreated wooden structures,,

wooden ships and logs. The most hazardous maTine pests to

the logs stored in the sea are the marine wood•-boring mol-

luscs belonging to faniily Teredinidae, as they degrade logs

even during short--term storage.

     !n 1969, a great economLc loss was caused by shLpverms

in the $ea urater log storage area at Uchiura Port, TalÅíaharna,

Fukui Pref. As the occurrence and settling season of ship-
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worms at t. he port were unk• own., no coun•terplan• was consid-t

ered agains"u the tremendous destructive power of the animals.,

     At present, it is therefore emphasized that the reason-

able Use of storing areas, harbpr 4ygi.ene, and. ppotecti• qn .,-
                               'met, ho.ds are needed Åíor -preventing shipxvorrn attack. 'Conse"

q-uently, it is firstly desirable Po investi.cra. te the seasQn

oi se•ttlement of shipviorm larvae in relati•on to the spe. cÅ}e$

of shipworms present at specified, loca2ities because only

the reliable way to eeeduce and/or to prevent• Phe econom:c

loss caused by sh•ipworm attack :s taking ashore as eayly as

possible. •

     r-n this pa•rt, montbl-y settlement e.{ shipwor•.ms is dete/ -

mined b•y t-est pa•nel method in oonsideration oÅ} wa•t. er temper--

atUre and salin-;ty at l4 localities along the coasts of

Japan: Onagawa, Sado, Oppama, Aburatsubo, Not, o, Tato] u.I,s.,

Aioi, Uno,, 1ndyaji-ma, Shimonoseki,-Nagasaki, Naha, NarutQ

and Makaharna.

t
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      II-1. Znvestigations during the Period Åírom May, 1974

            tQ April, L975

      :I-1-l. MatenialS and' 'Method'

     At 12 test localities, monthly settlement of shipworms

vias determined by rv' est panel.method. [rest localitÅ}es are

shovm in Fig. 4: l) Onagawas 2) Sado, 5) OPp,ama, 4) Abura-

tsubo, 5) rifote-, 6) Tatoku !s., 7) Aioi, a) Uno, 9) Miyajima,

                           -IO) Shimonoseki, U) Nagasa'si, and l2) Naha. .
                                                    '   '     A test panel (sapwood oÅí Pinus densiflora Sieb. et

Zucc., 5 x 2 cm i• n section and 20 cm in length) viith a hole

at t' he cer}ter ibr rQpe penetration vfas employed. Thrbe

test panels constituted a test string tor obtaining -the pre-

cisle information on the mOnthly settlement, nthe test .;

string vJas submerged vertically in the sea irom an experi-

ment, al raft or some other floatÅ}ng structures, as J panels

were between 50 and IOO cm belovt the surface of thg water.

The test string was renewed every month to exaJnine the monthr

ly settlement of $hipworms for a year from Iylay, 1974 to A-.

pril, Z975.

     After removaL of the test panels, surface debris and

fouZing organisms were scr.aped ofS for counting the number

of shipxvorrn apertures on both upper and lower surÅíaceS per

100 cm2under a binocUlar stereoscopic•microscepe at low

magnification. And the results ,are shown as the average

number of borer punctures on the surfaces oÅí 5 te$t panels

removed at the sarne time. In addition, water temperature

and salinity were measured Sor discussion.
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11-1-2. Results and Discussion

11-1-2-1. Monthly Settlement at Onagawa

.Only a few specimens of Teredo .. naval i s.. LiJ.1Iiaeus ·were

found in September and October, 1974, though Imai et ale

(1944, 1950) reported the severe attack by Te.redo navalis

Linnaeus and Teredo yatsui Noll C= a synonym of Lyrodus pedi-

cellatus (Quatrefages) after Turner, 1966). The results

are shown in Table 5 with a monthly mean water temperature

at the surface level.

Table 5. Monthly settlement of shipworms at Onagawa (number

of borer apertures per 100 cm2 ).

Wood surface Water
Month Upper Lovier temperature ( °C)

May, 1974 0 0 11.0
June 0 0 15·5
July 0 0 18.4
Aug. 0 0 21.5
Sep. 6 2 21.2
Oct. 1 1 18.7

"Nov. 0 0 14.5
Dec. 0 0 10.1
Jan. , 1975 ·0 0 7.1
Feb. 0 0 6.4
Har. 0 0 5.8
Apr. 0 0 6.6

The decrease of wooden ships and structures,.which used

to give good habitats to the shipworms, has apparently re­

sulted in the decline of shipworms' activity at Onagawa

(Tsunoda and Nishimoto, 1976) •
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11-1-2-2. Nonthly Settlemenf "at Sado

The test string was renewed on the 25th every month.

As shown in Table 6 ,settlement of Teredo navalis Linrtaeus

ahd Bankia carinata ( Gray) vIas observed in the period from

June to January. Ban..l.da carinata (Gray) was found in Au-

gust, September and November, and was the dominant species

during the peal.{ of settlement. Unfortunately, no measure-

mentof water temperature and salinity was made. Although

shipworms succeeded in settling on wood for 8 months, they

showed the conspicuous pattern of settling season:settle~

ment was concentrated in August and September as shown in

Table 6. In addition, partitular ~ention must be made of

the occurrence of trace settlement in January, since the

settlement is scarcely observed in January in Japanese waters

because of low water temperature in winter season.

Table 6. Monthly settlement of shipworms at Sado (number of

borer apertures per 100 cm2 ).

Wood Month
M J J A S 0 N D J F M A

surface 1974 1975
Upper 0 1 2 40 31 1 1 1 1 a a a
Lower 0 1 1 32 17 1 2 2 a a a a

11-1-2-3. Monthly Settlement at Oppama

Settlement at Oppama was recorded for 6 months from

June through November as shown in Table 7 with water temper­

atures and salinities measured at the removal of test panels.

Teredo navalis Linnaeuswasfound as a single species

at the test site, and only a few individuals succeeded in
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settling on wood. The first settle!Uent pegan in June "lhen

water temperatures were Civer 20° C. No shipwqrmsettled at

temperatures below 17°C. Teredo navalis Linnaeus at Oppa-

rna seems to be adapted for a small range of water tempera-'-

tures in comparison with the same species at the other test

localities. It is, however, possible that no settlement·

in December is simply reflected by the scanty occurrence of

shipworms at Oppama (see also the results at Aburat13ubo illem-

tioned below) •

Table 7. Nonth1y settlement of shipv{orms at Oppama. (number

of borer apertures per 100 cm2
).

Wood surface Water Salinity
Honth Upper Lower temperature ( DC) (%.. )

Hay, 1974 0 0 22.0 30.72
June 1 0 22.0 30.72
July 3 1 24.0 32.80
Aug. 13 I 26.0 32.88
Sep. I 1 22.0 35.35
Oct. 1 a 18.5 29.54
Nov. 1 1 17.0 31.70
Dec. 0 0 11.0 32.08
Jan. , 1975 0 0 10.0 33·17
Feb. a 0 9.0 31.12
Mar. 0 0 13.0 32.53
Apr. 0 0 18.5 30.86

11·-1-2-4. Monthly Settlement at Aburatsubo

Though water temperatures and salinities were not meas-

ured, they probably do not differ much from those at Oppama

because the test locality is situated near Oppama (see Fig.

4). Teredo navalis Linnaeus and Bankia campanellata Moll

and Roch occurred from June to December.

-'- 36 .,.
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found in August (see "table 8). "Å}eredo navalis Linnaeus" -

was dominan'tly found at the test si•te. The extent oÅí ship-

xvorm etttack was generally very slight.

Table 8. Monich!y settlement Qf shipworins at Aburatsubo

         (number oz" borer apertures per loo cm2).

LEJood

surface   M
1974

J J

MonLth

N
   .1975

M A

Upper

Loxver

o

o

5

l

x

5 O l8

1

6

o

l

]t

o

o

e

o

o

o

o

o

o

      I!-1-2-5. }Conthly Settlement at Note

     Borer apertures on the wood surfaces viere obserVed for
9 monLhs from June to Febiuary with a remarkable peak in

September as shown in Fig. 5 and Table 9. The peak of set-

tlement did not agree wÅ}th the period viÅ}th the highest water

temperatures, but it preÅíerably a.p, peared in a transition

stage when water icempera`vure began to faZl (TabZe. 9). "ihe

similar tendency was obtained at [rakahama, Fukui Pref. vfhen

examining test blocks submerged under floating condition

(TsunOda and Mshirnoto, 1972).

     The f:'rst settlement started in June vthen viater ternper-

atures were over 20eC, whereas the larvae of shipworms pen-

etrated into wood even at lovi water temperature below l5aC
                                                       '                                           'in December, Janua]ry and February. A rÅ}se of viat"er temper-

ature in spring must have obviously stimulated the reproduc--

tive activity of the adult' shipworms. The results obtained

here also evidenced that the animals could breed posterity

at around 10eC,(Grave, X928).
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     The number of shipworms to•und in test panels submerged

in January and February vas x"evi, and i-t xvas impossible to
                                                    t.
identify s' pecies which bored into wood.' The moye settle-

ment ozn ship. 1:iorms is genera1.ly observed on-the up'perlsur-

iaces o.e test blocks (Vlalcten et al., l967). On the pon-

trary, the lower surfaces were infested with ship.viorms more

severely than the upper ones at Noto (Tsunoda and Iwtshimoto,

l976)e

Table 9. Monthly settlement of shipxvorms at Noto (number of

         borer apertuTes per 100 cm2).

              '    -            '               Wood surÅíace                               Wate-r Salinity-
    MQnth . Upper Lower temperature (OC)ee (O/oa)

May,
June
July
Aug.
S'e p .

oct.
Nov.
Dec.
Jan.7
Feb.

Mar.
Apr.

l974

l975

  o
  4
  6

 59
225
 51
 18
  5
  z
  o
  o
  o

   o
   5
   9
 572
I097
 252
 l89
  25
   7
  •1
   o
   o

. I7.4
   21,8
   24.4
   26.0
   25.2
   21.5
   15.6
   II.8
   LO.7
    10.5
    10.6
    14.6

35
57
56
56
35
56

34
55
55
54
54
55

X: Water temperature

   surr"ace level once

and

 a

 salinity

MPnth at

 were measured at

replacing a Pest

 the

string..
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      !Z-Å}-2-6. Monthly Settlement at Tatoku Is.

     Vlater depth at the test site is about l5 m. Three

test panels were vertically submerged at-15, -SO and 45 cm

                                                      'respectively beloxv the surface oÅí the vJater.'  '  L .
     Results on the monthLy sett'!ement o-f shipworms at [ratoku

!s. are shown in Table 10'together with monthly mean water

temperatures.'

Table 10. Month' ly settlement of Shipviorrns at Tatoku !s. '

  ' (number of borer apertures per loO cm2 ).

Month
  Wood surface
. Upper Lower

Water
temperature (Oc)

        May, 1974 O O l9.5

        Jan., l975 O O l2.9'

                                                   '       '
                                           '        '": Measurement was made only twice in the period.

     ShÅ}pNvorm attack was observed for 6 months from June

through November. ' Numbe]5 of borer punctures on the wood

surfaces waB much fewer than that exPbcted from the result

of the preliminary investÅ}gation in September-November, 197J

(Tsunoda and 1"ishimoto, l976). According to the fact that

test panels svere exposed to shipworm attack for a longer pe-

riod in the preliminary investigatibn`, test panels were in-
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fested with over 200 borerS per 100 cm2' each on both apper'

                                       'and lower surfaces. ''
     Teredo nava!is LÅ}nnaeus and !L,sz!rpgyEd pedieellatus (Qua-

`(refages) were identified this time, but Banki.a carina"ua

(Gray) was relatively abundant in the test'panels subnierged

trom September to November, 1975. '
      Il-!-2-7. Ivlonthly Settlement at Aioi

     Results on the month!y settlernent of shipworms are tab-

ulated in Table ll with water temperature and salinity at

Table ll. -"Conthly settlement oi shipviorms aic AÅ}oi (nurnber

          of borer apertures per loo cm2).

IVionth
Wood surface '  Water SalinÅ}tyUpper Lower temperature (OC.)ce (96e)-

May,
June
July
Aug.
Sep.
oct.
Nov.
Dec.

dan.7
Feb.

Mar.
Apr.

l974

l975

o

o

54
4

   Lost
l2

6

 l
 o

o

 o
 o.

o

o

54
8

9

 2
 o
 o
 o
 o
 o

l9.0
25e5
28.0
29.0
24.5
20.8
12.5
 ,9.2.

 7.0 ,
 7.6
IO.1
l6.2 .

29.7
28.2
26.4
25.7
28eO
a8.4
28.4
28.9
27.5
29.0
50.3
25.5

 ': Measurement was made only once in the period at
                                  '    removing tes.t panels'.

     Shipworms succeeded in settling on veod for 6 months

from June through December.'  Iic wbuld appear that the set--

tLing pe]riod h' as the pattern with 2 peaks in July and Sep-
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tember as found in Naruto (desc.ribed lqter), t.hough. test.

panels viere unfortunately lost in September. fi]wQ-p.eak ,ty.pe

of the season of settlement may possibly be characterized-by

the sudden decline in August with th.e highest iiiater.tempete- .

atures th-rough the year. Only a single shipworm species,

Teredo navalis Linnaeus was ascertained at the test site.

      II-l-2-8. Monthly Settlement at V-no

     Mest panels were replaced every 25th of the rnonth, but,

no rneasurernenic of water temperature and sa,linity svas made.

     Occurrence of shÅ}pworm attack by Teredo navalis- Linna-

eus and ,LLQ!!gs!ugd Rg!tl2,sg!LILs}j-s2x ellatu$ (Quatrez"ages) ivas observed for

7 months from June through December. In August, September

and October, in which shipworm attack was expected, teSt

panels were unfortunately lost so that settling peak was not

determined on the basis of the present vesults tabula.ted
                                                   'below (Table l2).

[Dable 12. Monichly settlement ozfi shipworms at Uno (number of

          borer apertures per loo cmF).

Vlood           MJ
surr"ace 1974

J
   Month

N
, l975

tyI A

Upper
Lower

o

o
l 208
2 44

Lost 51
U4

l

o

o
o

o
o

o

o
o
o

      Tr-1--2-•9. Monthly Settlement at l!Iiyajima

     Of 2 species of shipworms presenic (see Table 5' on page

18), Lyrodus pedicellatus (Cluatrefages) was dominant at the

test locality. Water temperature and salinity were mea-•

sured once a month at the time of removal of test panels.

In July, the occurrence oÅí red tide was observed around the

                            - 42 .-



test area. "Å}he sudden decrease in salinÅ}ty caused by much

rainfall seemed to er' adiCate'the-' p'1-anktenÅ}c lives'. And that

probahly .resulted in the fact that shi] vJorm larvae could not
De.netrate Å}nto wood in the perÅ}od because of t6e i-ack bf oxy--

tten. Results on the monthly settlement o:," shipvforms are

shown in "iable l5 together with i.uater ternperature and sqlin-

it:' a"u `uhe sur:"ace !evel, ll]hose reveaLed t'nat settlLeme' nt

occurred Åíor just 5 months Åírom June through October wilth. a

.marked• peak j-n September (Fig'. 6). Water temperature$ .in

November were high enough for the animals to bore into wood

subst]rate, but no attack was definti-tely demonstra•ted in the

month.

[eabLe 15. )ionthly sett-1.ement of sn' j-pworrns at Miiiyajima

          (number oi borer apertures per loo crn2).

Month
Wood surface
Upper Loxver

ViJate.T

temperature (OC)
Salinity
   ( 9o(o )

May,
June
JuZy
Aug.
Sep.
Oct.
Nov.
Dec.
Jan.,
Feb.

Mar.
Apr.

1974

l975

  o
  5
  o
 36
l65
 l:
  o
  o
  o
  o
  o
  o

o

5
,o

46

70
6

o

o

o

 o
o

o

19.0
21.0
23.0
26.0
24.0
20.0
21.0
11.0
 7.8
 7 .6

12.0
 9.5

51.8
30.4
2].Z
29.1
54.5
54•5
S7.2
5L.6
JO.9
51.8
5]..8

55e9

--  43 --



ANE
,g

2
S-

oth

.g
oa

N
o-o

Åí

9
8
E
=z

200

100

o
 M- J
19 74

o

100

  Upper surface

. 's

              tN

          NI

     1975

30

20

10

o

Fig.

Lower surface

6. Monthly settlement of shipworms

   at Miyajima-for the period from

   tyIay, 1974 to April, l975.

       ; Number of borer apertures

        per loo crn2

   ----: Water temperature

- 4•4 --

-A
Uo
vo " =v to
 " o aE

.9l

OL

'?ii

ii:



      ZI-Z--a-10. Monthly SettZement at ShÅ}monoseki ,,..

     Of 2 species oÅí shipNvorms p, resene (see Table j on page

IL8), [eeredo navaÅ}Å}s Linnaeus ytas the commoner. Shipviorm

attack vias observed ior 5 mQnths irom J'uly through November.

Borer punctures found on the surz"ac•es viere not abundant in

number as shown in "Å}able lt+. Data on vJat'er ternperatures

and salinitj-es wer,e obtaÅ}ned at the Ten.le}cement of. a Pest

string.

'Table 14. Monthly settlement o:" shipworms at Shimonose.ki

          (number of borer apertures per 100 cm2).

Month
Wood surface
Upper Loxver

Water
temperature (ec)

SalinÅ}ty
  .(O/oe)

May,

June
July
Aug.
Sep.
oct.
Nov.
Dec.
Jan.,
Feb.

Mar.
Apr.

l974

l975

o

o

5

!2
7

o

l

o

o

o

o

o

o

o

3
l8
l6

1

2

o
o

o

o

o

  .- ee

  -
24.I
20.0
l5.7
l2.9
ll.8
IO.8
l5e5
l7.2

  r--

  -
32.5
50.5
52.I
55•7
54•4
27e9-W
55.6
52.5

  X: N'o measziirement svas made.

 ce": NoctUucae occurred abnonmally Å}n the period.
                             '                                                  '      II-1-2--11. Iyionthly Settlement at NagasakÅ}

     Shipworm attack occurred z"or 6 months Åírom July
Decembe)r with the range oÅí water temperatures betwe6n

and a6.00C. The peak of infestation was not evident

xvould appear in October. Of 2 specÅ}es of shipworms
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at 'the test site (see [Vflblg i.on page l8),- Teredo navalis

Mnnaeus was predominant. Mhe results arg giyen in rii"able

l5 and Mg. 7• '•
[Vable !5. Monthly settLement of shj.pxvorms at Nagasaki

          (number of borer apertures per loo cm2).

                                     '         ifiood sumnace
Month . Up-pe.r .Losver

//igXgg'rat.r. ('ac)ac salindty
  (e/oo)"

May,
June
July
Aug.
Sep.
oct.
Iifov.

Dec.
Jan.,
Fe b.

Mar.
Apr•

1974-

l975

o

 o
l

5

70
55
l7

o

o

 o
o

o

o

o

o

1

9

90
72

l

o

o

o

 o

20e5
2a.o'

24.0
26.0
25.0
25eO

'21.Q

l6.0
15.0
IO.5
14.0
22.5

51.8
52.5
25.1ee}

51.8
59•4
58.7
59.• 4

41•5
54.I
51.I
56.7
51.6

  ': Measurernent was made only once in the period at

     removÅ}ng test panels. '
 &": Lovi salinity possibly depended on a lot of rainfall.

      XZ-l-2-l2. Monthly Settlement at Naha

     Three species of shipworms were z"ound in collecting

panels submerged from August 25 to October 29, 1974 (see

Table5.onpagel8),and]Llta:gS!AEodusRg!tL!sgl!LBizgE=cellatus(Quatrefages)

seemed to be dominant. Shipworm attack was observed for 7

months from June, though test panels were not recovered in

May. On the basis ozn the Åíact thqt shipworm attack began
in May at Koniya (28008' 21"N, l29018' 58"E) (Tsunoda, 1977),

                            •- 4'6 -
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Table 16.

          of

M
1974

A

Upper surface

     1975

Lower surface

       7. Igonthly settlement of shÅ}pvvorms

          at Nagasakti fo-v the period Åírom

          ltay, 1974 to April, 1975.

      that the shipworms settle on vtood surfaces in
      As the results are tabulated below (Tabie i'6)

     holes of the shipworms on the wood surfaces

abundant. However, the peak of infestatSon proba-

      October.

 Mo-nthly settlement oi" shipworms at Naha (numbe'r'

    borer apertures per lOO cm2). ,

'

l'iood

sur z"ace   JJ1974
A s o

Month
 ig D   JFl975

M A

Upper
Lo Nver

o

o
o
:i'

2

7

1

5

l4
Z6

5
7

l-         o   LosL -

No measurement ef water temperature
   -
•- 47 -

and salinity was made.



      ZZ-2. fimvestigations at Naruto (l975-1976)

      ZI-2-l. Materials and Method
     Investigations were carried out at Naruto (540 12'.5P"N,

154056' 27"E) for the period from Jun'e, l975 through May,

     Western hemlock (UT:E31Ee, heteroph. 1Å}a Sargent). .test block

(4 x 4 cm in $ection and 50 cm in length) with a center hele

for rope penetration was eml)loyed in the experiment. Tvio

test blocks were suspended vertjcally from an experimental

raÅít every month, as the bZocks viere at 50 and l50 cm re-

spectively below the surface of the .water. Zn the fÅ}r$t

year (1973), an additional test block was submerged at 80 cm

ever.y month. . ••. .-• -• •
     After removal oz" ihe test blocks, suTfp-ce debris and

z" ouling organtsms were scraped off so that number oxfi boTer

punctu-res on the wood surfaces (upp, er, lower 'and side sur--

faces) could be counted under a bÅ}nocular stereoscopÅ}c mi-

croscope. Number oz" borer apertu'res was talkscen as the cri-

terion of monthly settlement oi shipworms,

      IZ-2-2. ResuZts and DisÅëussion

      U-2-2-1. Existing SpecÅ}es .
     Two species, Teredo netyLi!!LEI,Evalis Linnaeus and Bankia eam-

]211!nLg.!,Ee!ll t MoZl and Roch were found Å}n monthly submerged test

blocks. ILtxzgguEdu ]2gt!}!LggU,sM-IEdicellatus(QuatreÅíages)wasalsopres--

ent in test blocks submerged for a IQnger periQd as shown

in Table l7. In addtion, Ter9do furcifera von Itartens Lvas

firstly collected from a dri•ft ti•mber, and occasionaliy

found later in test blocks in l975 and 1976. 0Åí 4 specie$,
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Table l7. Species of shipvipr.ms., at .Naruto and -their occur-

repce during the period from June ls l975 to .

A: Borers apevtures Åíound but unÅ}dentif='ed.

T: Teredo navalis Unna.eus .present.

L: !L,di!zgg{gEd pediceISatus (Quatre!fiages) present.

B: Bankia campane:lata Moll and. Roch.present.

Removal date
July July Aug. Sep. Oct.Nov. Dec. Jan.

1 31 30 29 2928 28 27

June 1 A ni T [[, nÅ}

July 1 mi nL:zt mi T,L
oPg July 51 A [v T,L

g .4ug. 50 T,B T
.H
q Sep. 29 T,B
oE oct. 29 A
H

Nov. 28 A

Dec. 28 A

1
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"Å}eredo navalis L-i'nnaeus w,as the predominant species• at the

     As seen in Table l7, rperedo navaUs Linnaeus was first-

ly confjymed in July and tound through the period of settle-

ment. .!L,szzgg!Eodus pedicella`Lus (Quatrefages) appea-ned onÅ}y in

viarmer season (August and Octobey.). !n September and Octo-

ber, the settlement o!" Bankia campanellata Moll and Roch

was dernonstrated. The submerging length of' only a month

seemed to be too $hort to :,dentÅ}fy the animals ibund in a
                                       'test block, though it ivas possible tQ.do in tJuly, September

and October surely because o:fi zhavorable conditions ibT the

grouth of shÅ}pworms. .
      II-2-2-2. Water Temperature and Salinity
                                                          '
     Vlater temperature was measured, not daiXy but often,

at the surface level, and monthly mean value was calculated

("!able 18). Salinity was occasienally measured, and rangeq

from 32 to 54 C/oothrough the periods of the invetigations.

      ZI-2-2--5, tyIonthly Settlement oÅí Shipworms

     On June l, l975 the fÅ}rst test blocks viere submerged

at 50, 80 and l50 cm below the surface of the viater, and

we-re renewed every month until May, l971+. . From June, l97!+

tO ltay, l976 test bloclsis were removed only Åírom 50 and l30

cm levels.

 • lurnber of borer punctures per IOO cm2 on .the wood, sur-

faces is calculated and tabulated below (Table 19). The

average value of the a vertical surÅíaces is indicated as
" side it in the tabulation. The horizontal' surfaces are

divided into tT upper ii and 't lower ii surÅíaces. The aver-

                                                  '
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Table l8. Monthiy' me'dn "Jater

    Åíace leve! for the

    l976.

temperatures (Oc) at the sur-

period from June, 1973 to May,

Year
Month 1973 1974 1975 1976

J•an .

Feb.

Mar.
Apr.

May
June
July
Aug.
Sep.
oct.
Nov.
Dec.

  -
  ta

  -
  "
22.9
27.I
28.0
26.7
25.6
l9.6
l5e9

 9.0
 8.5
 9•5
l4.8
18.7
22.2
25{5
28.4
a6.6
24.5
19.2
l4.5

10.9
 8.8
io.3

l4.0
17.5
21.9
25.4
27 . 5'

27.9
2S.9
19.2
l5.1

 9.7
 7.7
 9.8
15.4
17.7

  -
  -
  -
  -

age of alZ the surÅíaces is also given as it block i'. More-

over, the results at testing depths, 50 and 150 cm, are aver-

aged and shown as ii average tT in Table L9. The results at

80 cm depth obtatned from June, l975 to hay, 1974 are shown

in Table 20. No conspicuous difference was perceived among

depths.

Table 19. I![onthly settle'ment of shipvvorms at Naruto (nuinber

          of borer apertures per loo cm2)x.

Woodsurface -

Year Month (cm) UpperLowerSide Block Average

June 50 14 15
150 16

1975 July 50
l50

25
27

25

Aug.
50

l50

23

5
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Table 19. continued.

Sep.
50

i50
47
94

71

oct.
50

l50 25617il87
!O6

201
154

1975
50 31

Nov.
l50 28

50

50 OLI, 2
Dec. 150 1

2

J+une
50

l50

83

6

50 Z5
July 150 l5

14

50 8
Aug. l50 6 7

1974 Sep..
so

l30
l29
105

116

30 265448590 374
Oct.

130 looa7s65s8 614 494

50 29575154 170
Nov.

150 27289i22 ]52
161

50 l8
Dec.

l50 X7
l8

June
50

IJO
37
l9

28

July
50

130
24
20

a2

50 27
Aug.

i50 27
a7

50 518I0272 141
1975 Sep.-

l50 Z14
128

50 554226546 518
oct.

l30 429252277 509 514

30 97ll9l25 117
Nov.

l50 220l68110 l52 155

50 155
Dec.

150 86 lll

-5a-



Table L9. cQntinued.

SQ 2
Jan.

130 2
2

50 l
July Z30 O 1

50 2
LAug.

l50 l
2

50 2
l976 Sep. l50 1

2

50 l2
oct.

l50 15
l5

Niov.
50

150
22
27

25

5o o
Dec. IJO 1

l

    -

Table

: Months svith

 20. Niionthly

     fo-r the

     (numbetr

 no setUement of shipvio-rms are omiPted.

settlembnt of shfupvJorms at 80 cm depth

period from June, !975 to )/Jay, l974

of borer ap, ertures peT !oo cm2)-.
WoodsurEace

Month Upper Lower Side Block

June 32• 6 l5 Z7

July 47 l4 19 25

Aug. 2 l 1 l

Sep. 81 28 64 59

Oct. l75 l20 l51 159
Nov. 56 29 25 29

Dec. o 1 1 ].-

                                  .L
   ": No settlement occurred from January to tylay, 1974.

     On the basls of the results given in Tables l9 and 20,

settlement of shipworms began in June when water temper-'

atures were over 20eC, and ended in December with water

temperaeures of !40-l50C. A conspicuous peak was recorded
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in october. Larval settlement :,vas occasionally observed in

January. When water' ternperatures began to go dovm after

August, the number of borer apertures ibund on the wood sur-

faces suddenly increased. [Phe domÅ}nant specie"s at the test
                                           `
site, Teredo navalÅ}s Linnaeus releaSes ihe larvae at , '
      -
straight-hinge stage. The !arvae spend 20 to 50 days in

free-swirnming stage before settling, th'ough the duration of

f-Tee-swÅ}]nming stage might be varied with environmental zfiac-

tors such as viater temperature and salinity (e.g., Loosanoff

and Davis, l965; Townsley et al., !966; Turner, 1966).

Subsequently, the larvae which succeeded in penetratz'ng into

wood in the fall (September, October and November) had be'en

d:'schar.ged in. August, Sept. ember and October. The peakt in

October `vherefore seemed to have resulted frorn the advent ozny

sexual m.aturLty of shipworms whÅ}ch burrowed, into wood• in

     As shown in the above ta.bles (Tables l9 and 20), mo're

borer apertures were generally found on the horÅ}zontal sur-

faces than on the vertical ones. Of hQrizontal surÅíacest -

the upper surfaces were liable to be attacked Inore severely thSin

the lower surfaces. Similarity vias obtaÅ}ned by other in-

vestigators (e.g. Walden et al., l967). Blocks immersed

for longer periods confirmatively support the tendency.,

As an example, a test block immersed at l30 gm depth fOr 2

months (September and Oc•tober) suÅíx"ered• 504 shipwoTm aper-

tures per loo cm2 on the upp.er surface, xthereas 61 on the

Zovier one and 95 on the side one.

     Difference of'shipworm attack with water depths xVas not

                                                            '
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dernonstrated apparently in the present' ,investigation.
Hoviever, much heavier infesfa-tion xvas s6nietimes obseVved at

'

l50 cm -evel (e.g. ectober, 1974).'

     Longer imrnersion periods are expected to resul`u natu-

rauy in the severer attack as a rule, if the attack is sim-

ply ineerpreticed on the basis oi the number of borer aper-

tures on the wood surfaces, but the adverse phenomenon was
exceptionally notÅ}ced (Table 21)' . Comparison oÅí the results

with the cumulatz've data calculated from .Table 20 points out

that shipworrns which settled on the suTfaces of wood wouZd '

not increase in number proportionally wtth the increase in

the perÅ}od of Å}mmersion. That also suggests tn' at fouling

organÅ}sms and/or debris accumulated on the surfaces play an

important role in preventÅ}ng the shipworms from settlÅ}ng by

reducing potential a-reas !"or shipviorms' settlement (e.g.

[esunoda and :/"ishimoto, 1972). Nevertheless, the at-Lack by

shipworms develops day by day because the anirnals keep. grovf-

ing just after initiai boring into viood. There:"ore, t'he

IQnger imraersion periods fÅ}nally result in the severer dam-

age.

[Dable 21. Sett!ement of shipworms on the wood surfaces of

          test blocks submerged at 80 cm depth for longer
          periods (number of borer apertures per IOO cm2).

-

P.eriodof
zmmersion(month)

Vlood
Upper

surface
LowerSide Block

CumuJatÅ}ve
data"

i', (u'une-July,1975)
(June-Aug.,l975)
(June-Sep.,1975)
(June-Oc't.,l975)
(June-Nov.,1975)

62

51
81

41
104

2529/
5026
2839
5740
4051

'56

28

47
40
52

LI2.(.17)-ee

45'(17)
I02(17)
24X(l7)
270(l7)
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Table 21. continued.

2 (July-Aug. '
l975) 57 21 20 25 26 (25)

5 (.July-Sep. '
l975) 45 24 l4 24 85. (25)

4 (July-Oct. ,
1975) 44 54 27 55 224 (25)

5 (July--1"ov. '
l975) 51 59 27 ]76 255 .(25)

2 (Atug.-Sep,, 197S) 25 7 8 l2 60 (l)

5 (Aug.-Oct., l973) 19 4 9 !o l99 (l)

2 (Sep.-Oct -)
Z97J) l97 68 88 llO l98 (59)

5 (Sep.-Nov. '
l973) 170 47 58 85 227 (59)

2 (Oct.•-•N,ov
-)

1975)• 282 Z65 l57 l80 l68 (159)

s (Oct.-Dec e)
l975) 55 28 47 44 169 (l59)

 +: Da`La viere calculated Åírom `Lhe test b!ocff':s j-mmersed month-

    ly (see Table 20).

ee'e: INTumber of borer apertures in the Åíirst month oi' immer-

    sion--period is Fhoxvn in the brackets.

      IX-5. Investigations at TaLkahama (1975-Z977)

      IX-S-1. Materials and l(etn' od

     !nvestÅ}gations viere carried out in the .sea svater log

storage area at Otomi, Takahama, ]ilt]Lkui Preifi. (Fig. 8). -

     Four test stations shovin as A-D in Fig. 8 vtere estab-

lished in the area.

     Scotch pine (PÅ}nus sisz]Z,!!2EYzlEt = Linnaeus) test block (4 x

4 cm in section and 50 cm in length) was employed to.examine

rnonthly settlement of shipworms. Three test blocks Nvere

vertically submerged Å}n the sea at SO, 80 and 150 cm, •respec-

tively below the surÅíace of the water. The test blocks Nvere

replaced every month, and Nvere served to count the borer

PUnctures on the wood surfaces under a binocular stereoscop:c

mzcroscope at low magnifÅ}cation. Number of borer apertures

Vtas taken as the index of the settlement of•shipworms.
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      11-5-2. Results and DiscussÅ}on

      ZZ-5-2-1.-'Exi$ting tgpeqles. -.

     On the basi's of the examination of test blocks, 5 •

species of shipworms were iden-tified: "teredo naValis Linnaeus,

!L,dic!:gg!{LEodus pediceZlatus (Quatrefages) and Bank/ ia carinata (Gray).

Not'oteredo edax (Hedley) was addi.Vionally found in a siruher

o!fi viestern .red cedar (!M!!!Ngh ]221tELsgi9gzcata D.Don) which had been

previously Å}mported -S-rom the Paclfic coast of U.S.A. (see

page 19). Of t+ species present at 'the test site, Teredo

navalis Linnaeus wa$ by far the commonest. IVhen the daniage

Lvas discove-req in l975 and l976, the popuZation density of

the species seemed..to become relatz:vely higher than usual.

"ihereibre, short-term ZarvÅ}parous species Such as roeredo

navalÅ}s LÅ}nnaeus, or oviparous species could expZosively dis-

perse their posteTity and gainetes Å}nto the surroundÅ}ng water.

      Zl-5-2--2. Vlater Temperature and Salinity

     Water tem-peratures were measured daily at the surface

level and menthly mean viater tempearatures during the period

                                              'r" rom ApriX, 1975 to March, 1977 are shovm in Table 22.
                      .     At the test stations A and B, water temperatures were
almost the same. And the similarity was also observed at
                                   'C and D.as shown in Table 22.

     Lower temperatures were generally measured near the

qUay (C and D) in comparison wath the records a't the tiest

Stations A and B. It probably depends on the effect oz" warm

effluent dÅ}scharged from the nevi huclear power station in the

Vicinity of the test area. Water temperatures seem to have

become slightly higher since the power station began to oper-
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35034'

3503O

Fig. 8.

Uchiura
   Bay

eOtomi

A

Otomi

   o

Al12s,ooo

                 B )i/faooo

'Test area at [Vak/ ahama, A: Shoviing "vhe

.ifraphic situation of the s'ea water log

age area and B: ShowÅ}ng test stations

in the iog st6ra' ge area. '
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ate in August, 1974 (Yasuda, 1970; 'rsunoda and INIishi-'.moto,

                                 'I972).

  ' lvleasu-vements on salinity were made sometÅ}mes during

course of .p, resent Å}nvestigations. ' Salitni`Ly ranged fr. om

t o 5 7 9ieo t h r o u g h o u t t h e c o u r s e 'o z" t h e i n v e s t i g at i o n s .

nÅ}able 22. Monthly mean viater iempe-Tature at "Lhe sur!fiace

          level (OC) in Eaitsahama.

the

52

Test-svation "Lest station
Month A,B C,D rilonth.

A,B C,D
Ap.r.
1975

ILeO" l5;9 Apr.
I976 l4.4 l5.0

ivlay !8.2 l8.0 "•Jay l7.4 l7.5

June 25.5 25.I June 22.9 22.7

July 27.0 26e9 July 2?r.6 25.5'

Aug. 50.I 29.7 Aug. 28.7 28.7

Sep.. 29.0 a8.7 Sep,. 25•9 25.8

Oct. 25.4- 24,9 oct. 22.5 22.2

No'vT. 20.J 20.1 Nov. l9.5 l9.5

Dec. l7,Z l6.6 Dec. l6.5 l6.I

Jan. l3.8 15.2 Jan. l2.•2 ll.7
l976 l977
r,eb. IO.7 10.1 Feb. 8.0 8.0

lvrar. ll.Z IO.8 lvi.ar. 9.2 9.2
                                      '
       :X-5-2-3, Monthly Settlement of ShipvJorms
      In qccordance vtith the same D.rocedures oÅí estimation at

 !VaTuto, the results ar•e•tabulated- below (lnable 25). Data

 in the tabulation are the average of 5 test blocks submerged

 at 30, 80 and l50 cm depth, respectively. . .

' • rn the. first series z"rom AprÅ}l, L975.to March, 1976,

 the :Larval settlement was observed for 9 months Åírom May,
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lg75 through January, l976 i,vith a -prominent peak in septem-

ber. The da'ta in Table 23 assume that after September,

when water temperatures fell continuously, the decline of

sexual activr'ties agreed vtith ' tne decTease of".larval settLe-
             'ment. "Å}here -was no se"ct!ernent in AprLl, 1975.L-Februa-Ty and

March, 1976.

     The similar phenomenon was noticed in the second series
xfi rom April, 1976 to lviarch, l977, but the setu' !ement began in

June and .term;nated in Dgce}nber.

     As shown above, salinity did not seem to be a prevail-

Å}ng hydrographic zfiactor in relation to the settlement of

shipworms at the test area, thoug4 Nagabhushanath (l962) who
investigated the occuirrence oz' shipworms in Visakhapatnam,`

Zndi a i e stj ft'  ed =L h at i he de nsity o z"  sett !gment vias directZy

related to temperature and salinity. On the other hand,
                                                             '`vhe water temperatures ,ranged from 80C in February to 500C

in August wtth an annual va:riation o-Åí 220C.

TabZe 25. Ivlonthly settlernerit oz" shipviorms at Takahani'a during

                         .tt          the period 'f."om April, 1975 to March, 1977 (number

of borer ,apervures per IOO cm2).
.

Miest
sta.

i,AJood

surface
May
1975

June July +Aug. Sep. oct. Ni'ov.Dec
.

.Jan;
1976

A

Upper
Lovier

Side

1zl loo 8:8 59
:Ol
59

l95
Z50
108

l2
ll
l7

8IO4

Block l- 1 7 65 l40 l4 7

p

Upper
Lower
Side

sll o1o ll
65

--- l16

77
79

8J9 17

24
l2

Block 2 x 7 - 88 7 l6
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Table 25. continued.

Upper 2 1 6 50 i91 4 5 1 o'

c
LovJer ]- LO 6 74 259 6 z! l o
Side 1 2 7 55 IOI 5 6 l o
Bloclt 2 4 7 5S 165 5 7 l o
UpDer-s 1 1 1 51 165 5 7 l o
Lovier o 5 8 10i !84 9 5 l o

D
Side o o 4, 44 '149 4 8 a• o
Block 1 1 4 55 l62 6 7 2 o

Test Wood June July .a.ug. Sep.Oct . ]g,ov.Dec .
sta. surface 1976

Upper 2 6 J56 15 1 2 1
Lovier 1 9 514 15 4 2 o

A Side 1 8 274 12 2 o l

Block l 8 500 15 2 1. l
UpDer-- o 7 529 7 5 l o
]ov;er l l2 1452' 7 ]- 1 o

B
Side l ll 60o 9 5 1 1

Block 1 IO 745 8 5 1 l

Un.per o ll 101 9 5 l o

Lower o 12 240 52 7 3 1
c

Side o 4 ll2 9 2 1 1

Block o 8 141 15 4 2 l

Upp,er o 4 556 7 2 o o

Lower o ll 526 l2 4 2 o
D

Side o 9 215 11 5 1 o

Block o 8 277 10 5 ]- :i-

 'e: Months with no settlement oxA shipworms ave omitteCi.

  : Test bloclts Lost.

     Based on the laboratory tests none oÅí Teredo navalis

Linnaeus penetrated into a wood piece at temperatures of

either above 26eC or beZow 140C (Imai et al., 1950). T'he

PreSent results as shosvn in TableS 22 and 23, hovtever, indi-

Cate that the settlement was observed at temperatures
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above 260C in July, August and September, t;fhereas no settle-

rnent occur')red beloxv ].LFOC. However, an exceptÅ}on xxias cte.-

tected in Janua•ry, ;976 with montnty raean water temperature

of ls.80e. ThÅ}s suggests that -Lhe relatÅ}ve abundance of

shipviorm settlement is signi!"tcantly afi"ected by water tem-

peratures, and thae the fluctuat:'on of viater temperatures
throughout the year ts rather princi-pa' l than the mere values

of temperatures.themselves. The :nact that the shipworms

began to settle in i"(ay, 1975 with mon`Lh[Ly mean water temper-

ature oÅí, l4.00C,- and in June , 1976 xvith `vhat of above a20C

well support.s the foregoing. assumption. . Zt is a!so of Å}n-

terest to obs.e]rve t.hat at KomLnato, Chiba PreC.. Oiawatari,

l950) and Amak/ usa, Kumamoto Pref. (rvlura-'Å}samjt, Z958) the ship-

worms brooded thei-r young forms even in January and February

when settlement never occurred qt the places!. In addition,

the temperature impulse sbirnulates the larval releasing

activiUes o:fi the adults (e.g. Zno, 1958; Culliney.et al.,

l974). rÅ}"herefoye, the rise o:n water temperature in b6ay or

June, if high enough to -Telease larvae, possÅ}bly compeis the

females which Tetain larvae to veproduce them without any

fertilization in ivlay or June.

     Water temperature at the .end of settleme'nt vJas alNvays

Åíairly lower than that at the beginning, And the similar

P9ttern was noted at all test sites. Mhe reZease eÅí off-

SPrings may possibly require `Lhe ris,e of water temperature

tO SOme degree, and that definitely varÅ}es. with localities

because of their own specified change in water temperatures

thrOugh the year (xmai et al., 1950; Grave, 1928;,)lelsOn,
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                                   t
lg28). The larvae once spa"ivned from the parents a-re able
         i                :to prolong their planktp'nic lÅ}i"e under unz"avorable condi-
                          'tions, and to retard metamorp, hosing until thgy find the sub-
strate to settle on. However, the possibility o:fi -9etarda-

ti'on i:s na=vuraUy restricted. AccordÅ}ngly, bnly a fevJ oxfi

the larvae discharged in the appropriate titne are lil..ely Po .

survive over a relatjvely long]erÅ}od and to leave z"jnally

the trace of attac] on the sun"aces ot wood exceptienally

in cold season.

   On the results ozfi the sea$on of shipviorm settlement at

various localities, the efficient factors which affect the

shÅ}pworm settlernent vJould be deserving of discussÅ}on.

As described above, shipworms settle on viood for months at

varÅ}ous sites along ihe coasts oÅí Japan. TurbidÅ}ty and

po!!ution ot the waters around test sites dez"z' n•itely afz"ect

the activity of shipworms (NaÅ}r and Saravvathy, l971). The

effect of them did not seem to abate shipwormsT visor at

test localities Å}n iche present m'nvestigation, though. the .ore-

cise informatlon was not obtained this time.
     Environmental iactors such as salinity and vfater temer-

atUre, and the amount of wood avaÅ}lable for tn' e animals are

iMPOxtant agents for the settZement of shipworm !arvae.

     Salinity requirements are obviously varied viith species.

E!9t]:gs2s}redo navalis Linnaeus, being not only the commonest in Jap-

anese waters but also world-wide in d:stribution, has a Nvide

range oÅí tolerance to low salÅ}nity. Teredo navalis Linna-

eUS reproduced at salinitiy as low as 9 e/oe(Miller, 1926),

and 20 out of so pediveliger larvae introduced into a cOn-
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taÅ}ner iiiith water oi" 15 96ocould bore into wood on the sth

day afier z'ntroduction Ovlawatari, l950). Imai et al. (i9So)

                                                            'demonstra`Led that the Zarvae obtaÅ}ned a`v Onagawa, lgiyagi
                                                            'preie. burrowed successful!y at salinities over l4 O/ooin chlo.
                                                            '                                                 'rine, and that at IO O/eothey succeeded in metarnorphosing but,

doubtedly i.n burrowing. [Dhe adult animals distinctly had

the viider salinity tole-vance, th6ugh t:ne extent of tolerance
                                                            -                                                              'varied vxith age (NÅ}Iawatari, l950). M'Gonigle (l926) who

wo.rked in Nova Scotia repothted that the boring activity oÅí

Teredo navalis Linnaeus was affected at 18 O/ooand was sus-

pended at 10 O/oo. Salinity below 6 O/oowas lethal for the a-

dults but Vney could survive z"or a month even at 4 %o(Blum,

l922).

     For ,L!szggg!!Eo !d pedicellatus (Quatrei"ages), the secbnd com-

monest species in Japanese waters, Barrovisl) (lg17) poinied

out -Lhat salinjty vias important tor the distribution of the

species in San Francisco Bay and that normal activity was

observed at salinity as low as IO %e. . Imai et al. (1944)

shovied that the pediveligers oÅí Teredo zs!t!E!-l,i MelZ (= a syn-

OnYM Of ,LuxEzggyEd L2gStLILss],2,aS!LEx 11 t (Quatrefages) aÅíter Turner,

1966) were th.e'  most vigorous at about l8 giooin chlorine, and

that they seemingly succeeded in ex.cavating into wood at l5

%o. Bpring activity was questÅ}onable below 10 e/oe. '

1) He described the species as Teredo stl!L!g!l2SILE Bartsch, but

   it is a synonymoLus form of !L,dilzgg!LEd pedicellatus '(Quatre-

   fages) after Turner (1966).
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      salinit;es at the test localities• in the present inves-

 tigation were not significant for cont-relling both the ec-

 currence and the dispersa! oz" shipvforms. Of course, there

 found a few exceptions, that is, the declÅ}ne Å}n the activity

 of shipwo-rms was noticeable in iLlÅ}yajima owing Vo the sudden

 fall oz" salinity. Consequently? "fater tetnperature .is the

most important factor -Fo-T the activity- of .th' e anÅ}mals: water

tempevature is the contrclling agent oE grevith and reproduc-

tion because the opUmum water temperature oxfi each specÅ}es

app.eared to influence the grow• lng and spawning oÅí shipvJorms

(see Vable l7 on page 49).

     On the basÅ}s of the fact that some specÅ}es such as

Bankia setacea (ffryon) ap-d Nototeredo lt!LgzyAgtsLiorv a (Speng•ler)

are i" ound only in cold vi•aters and some such as BactronoDho.

rus thoracites (Gould) and Bankia !2!tL]2glu!AEkpennata (Turton) are

restricted to viarmer waterst each spe.cies is adapted ibr di.zh-

ferent range of water temperature with the optimum ternper-.

ature .for its actz'vity. That is well reflected by the pat-

tern of the geogra-phic distribution oi each species in the

world (Turner, .l966; lv"air and Saraviathy, l971).•

     Zn Japan, shipworms are active in growtng and repro-

ducing during warmer seasons (Murakarni., i958; blawatari,

1958; Imai et al., 1950; Tsunoda and Nishimoto, 1972 and

1976)• [ehe rise of water temperature in the early summer

aPParently stimulated the adult shipworms to release larvae

Or gametes into the water, The settlement of shipworms

generally began at water temperatures above 200C in June,

and terminated at the lower temperatures, though the rarige
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of water temperatures in Lvhic"n setilement occurred was var--

ied vti'th localities. iX few shipworms could bore•into i,vood

even at temperatures of around !50C or below it i:n Noto,.

Aioi, 1"arutQ and Ta}c.ahama. For example, at Neu7uto ship-

xvorms settled at temperatures ranging from 9.90to 28.40 c.

The duration of .settXement also depended on localÅ}ti'es.

     Teredo navalis Linnaeus Å}n the Atlantic coast oi gana-

da had the opv'inum water temperature oz" 22.5eC CAnon.s

l927). In Sweden, the species was most active at temper-

atures rangÅ}ng :"rom l5e.to 250C (Roch, l952). Nelson (l928)

ibund that Teredo nava!is Linnaeus of Barnaget Bay, :/gew

Jersey begari to expel the offsprings at l50-l60C. .Grave

(1928) reported that the .f-irst spawning oin the species vias

obServed when the water ternperature reached UO-l2eC in .

leVoods Hole, Massachusetts. At Onagaxva, spaljming occurred

first at Z80C in the early summer and ended Å}n the late z"all

(Xmai et al.. 1950). Loosanoff and Dauts (1965) who reared

bleredo navalis Linnaeus in the laboratory shovied that spawn-

ing occurred at temperatures oz" 14eC and higher, and that

lai7vae were released at tempera`uures ranging from 160to 20eC.

SUIIivan (l9t+8) obtained the simLlar data that spav;ning ntght

take place at about l50C.

     The lar.vae of Teredo navalis Linnaeus .could not bore

intO viood at temperatures abev, e 260C or below l4e C.

IiUrthermore, many viere Åíound dead at temperatures oÅí both

above 500c and below 80c (:mai et al., l950). More recent-

IY, Culliney (lg7s) report6d that specimen$ of the species

released offsprings at temperatures ranging from l50to JOOC
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  in iche' laboratory.

       on the contrary,• the adults are known to survive a wide

  range oz" ternperatures. Roch (i952) descritbed that •Teredo

  !Lgtyz2,2Evalis ;i innaeus could -remain for some tz'me av•Åí,ree'zing
                                                               -. viater temperature of -1.40C in Sviedish xvater, !mai et al.

  (lg44) shoi,ved that the larvae of L.'roctus pedicellatus (,Qua-

  tre!"ages) had the optimum vtater tem.1)eratures oz" l50-200C

  z:iith the potential range between, IOCand 250C. •The efÅíect

  ozn salinity and water temperature on the other-species oÅí

  shipvtorms should be referred to the review by lv'a' ir and

  Saraviathy (l971).

       As discussed above, settLement of shipvxorsms is affected

  greatly by the environmental fac•tors, especially by Water

  temperature, though no expe]rimental evid•en'ce in-the labora-

  tory was not prccured in the present' investigatÅ}ons. Zn

  addition, the presence of attacked wood Emd the' arnount of

  wood available for shipworms as Åíood are important. The

  results that the heavy Å}nfestation of shipworms was reco-rded

  in the sea water log storage area at Talcahama well demon-

  strate it. The larvae are con'linuously produced by the

  Parents in previously attacked timber,' and they can find
                                      -  neW habitat with ease if there is a-lot of $ound wood Å}n the

  Vicinity of attacked wood. Therefore, the removal of old

  riddled wood could be of great help for reducing and'pre--

  Venting the damage caused by shipvJorms.
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      U-4. Summary
     s6ftlernent of shipworrns was determined by ehe regular

rnonthly replacement of test-pEmels or bl-ocks at 14 locali-

ties.along the coasts of Japan.'  Borer apertures on the wood

surfaces were ta!sen as the index of shÅ}pworm settlement.

     Surmning up, the re-q.ults, the ibM!owing Åíjgure is obtained

with the s-p. ecies p. vesent, and the range oz't vtater temperatul -re

and salinity in vJhich settlement oi shipworms was ebserved.

nthe'  peak, Å}f it is conspÅ}cuous,. is mar-ked by an asterisk (S)

in the figure (Fig. 9). "Å}he dominant species at each local-

i"vy is als,o ci#cled!

     Z'n Ja-panese water6,. the sett,lement of shipwo• v.ms gener--

aUy began at wgter temperatures above 200C and terminated

at the lower temperatures than those of beginning, though
the range of water' ternperatures in yihich settlement occurred

was varied'wtth localities, At Natuto larval set`ulement

began in June when xvater temperatures xtiere over 20eC, and
             'ended in Decembe]r or.January or February wtth temperatures

of approximately lOeC. '
     The period of settZement was,relatively long (usually

from June to December) but depended mainiy on water temper-•
                                  'atUre and the amount of attacked svood at the tested sites.

The peak of sett,lement generally coincidtid wtth raicher the

transition stage of viater temperature in September or Octo--

ber svhen water temp, erature began to fall than the highest

teMPerature in August. A few exceptions were noticed at

OPPaMa and Matoku Zsland where the number of borer apertures'

On the wood surfaces was quite small.
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      IrX.' Pattern of Vertical Settlernent of Shipyiorms

           at Takahama

     The depth preference oi" marine wood borers Å}s ecologi-

cally sÅ}gnifjcant since the degree ozfi attack on marine t,vood-

en constructions varies vfith the depth o!n "yater together

viith envi-ronmental z"actors and corppetit.fion with fouling'oti-

ganisms (e.g. Ati,riood and Johnson, l924; Johnson et al., 1956;

T-dmondson, l94a and 1944; Mawatari, X950; Mori, l958; Sara-
}vathy and l"aÅ}r, l969; Ttuhg atnd Morton, l976). Both''limnori--

al borers and shipviorms are signÅ}zfi.fi cabt for the destrucUon

of mari-'-ne wooden strucCures. However, only shipworms play

an important -ToZe in the matter of the deterÅ}oration of the

]ogs stored in the sea viater storage sites (TrusseU et al.,

Z9S6; Tsunoda and lishimoto, l972).

     Only a few papers have dealt wi-v'h the pattern of verti-

cal settlement oÅí shipxvorms (e.g. Johnson, l918; Wat'son, et

al., l956; Edmondson, l944; dwen, l955; Nair, l966). "ihey

showed that the intensÅ}ty of shipworm attack generally Å}n-

creased with de-pths in shallow waters (e.g. Kofoid et al.,
                                                       -l927; Edmondson, l942; Quayle, l955). li
     The sea water log storage areas are usually established

in $hallovi waters. !f the former results are icrue for the

sea water log storage areas, sunken logs vihich are present.

Xnevztably at the bottom in the storage areas may help ship-

ViOtems go dovinvJards, and finally contribu•te to the reproduc-

tÅ}On of shÅ}pworms. {Vhereibre, it is necessary to investi-

gate the pattern of vertical seictlement of shipworms in the

Sea water log storage site at Takahama, Fukui PreÅí.
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      IIZ-Z. Materials and Method

     The investigations were car.T.-ied out at test station B

in the Zog storage area, Talscahama, rTiukui PreÅí. (see Fig. 8

on page 58) for 2 years from June, 1975. iilater depth at

the test statÅ}on is around 25 m.

     A monthly test string consisted of Scotch pine (Plnus
Ez2t,YgEl!x2,Ez x Linnaeus) test bloctks' (4 x4 cm in section and

socminlength)connectedbyaropeLgti!!gL-}!gELEgz91gg!giggL}L9!!i!-ndwassubmergedvertl

cally from the f]oating structure at re.ffular intervals of

X m irom 2 m beloiii the wateT surÅíace to the bottom level

se that the deepest test block Nvas sÅ}tuated at just 20-30 cm

above .the mud line. The test string was renewed every

month to examine iche monthly settlement oÅí shipworms.

AÅí,ter -Temoval orn test blocks, they xvere cleaned ofE ibuling

organisms and debris, and then subjected.to the cZose inspec-

tion of borer apertures on the surx"aces oi `vhe bloc]s under

a binocular stereoscopic microscope. Therefore, the number

o,Åí borer -punctures "ias taken as the single criter•Å}on of ship-

worm settlement.

     The data on the monthly settlement at the test site vias

applied to the results at O.5, O.8 and 1.5 m levels.

     Water temperatures and salinities at different depths

W.ere not measured but only at the surface level.
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      I!!-2. Re.sulVs. anct PiscussÅ}.on. -
      IZI-2-1. Series I duTing the perioct from June,'1-975

               through }6ay, l976

     Shi-pwo-rm at-i ac.k continued foÅé 9 montn: $ from June to

February with a mar.ked pea.'s in Septernbe.r. Mhe number oi"

borer punctures on the wood $urzfiages was fei,v• Å}n June, Janu-

ary and Februaryt Partz'cularly in February, only 2 borer,

holes ;v• ere detected on the horizontal u-pper surface of a

test block immersed. at 25 m depth. Unfortunately the test

string xvas lost in November.

     The heavier int'estation generalZy occurred at deeper

levels (Figs. 10 and ll) as demonstrated at other localities

in the world: Manati Bay, Cuba (Hobby, 1918; Jotmson, 1918),

San F-rancisco Bay (Kofoid et al., 1927), Beaufort, North

CaroUna (McDougall, l9t+5), Loch Ryan, Scotland (Owen, l955),

Ladysmith Harbor, British Columbia (Quayle, I9S5), Shirahama,

Wakayama Pref. (Mori, 1958), Cochin Harbor, India (Nair,

l966), MOnterey Bay, California (Haderlie and iviellor, 1975).

     In September the intensity oz- shipviorm inx"e$tation typ-

icaliy incresed wÅ}th Å}ncrease in depth down to the bottom

(Fig. 11). The extent oÅí infestation increased abruptly

viitn' increasing depth down to 12 m and IO m levels in August

and October respective]y. And it was followed by the sharp
decrease at deeper levels up to approximabely 20 rh depth,

and then it increased slightly as shown in Fig. IO. The

resuitant peaks of shipworm infestation along the iiater col-

UMn We;e observed at around 10 m depth in August and October.

In July and December slight shipviorm attack was- found, and
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the number of borer apertures relatively shoxved the even

vertical distribution from O.5 m depth to 25 m depth.

     Pattern of vert:'Lcal $ettlement in SeptembefT- Ntiould be

wellT- expZained by the effect of Iight: the maximum Å}niesta-

tion is expected to occurr in the dint regions. The lar-
                                        1)vae o!"  feeredo edicellaia de Quat!e!"ages                                           pre fe' rably se `t --

tled and bored into vJood under condÅ}tio-ns of i!ZuminatÅ}on oz"

166 !nyi candles (I/sham et al., 1951). In addi-Iion, the lan-

vae tend to sink dovinwards whenever ciliar'y activity ceases,

which is due te the highe-r specific gravity oz" the animals

than Chat oz" sea vsateT (Isham and "liierney, l9,53). Zt,,

there-Fore, possibly takes -part in the tendency oÅí veriÅ}cal

settlement•in the month. •The larvae can actively move ho-

rÅ}zontally and verticall.y, though their verUcal motien be-

comes a matter of importance in considering the difi"erent

patterns of vertical settlement. "ihey are a!so transported

by the current of water and the passive movement oz" water

caused by the passage of boats. Consequently, the larvae

would tend eo move either upwards or downwards to look for

the more favorabZe zone along the water column.

     However, the xe$ults Å}n August and October did not

testiÅíy to the above explanations: 2 peaks of shipworms vieTe

observed. The increase in the extent of shipworm inÅíes-

tation observ,ed Åírom 20 m depth to the deepest level would

1) Xsham et al. called specimenzs

   Rgtg2ÅíglLILgllEd LzcellatadeQuatrefages.

   tion. The species is {Deredo

   1966.

which they studied Teredo

But that uas mLsidentifi-ca-

bartschi CLapp after Turners
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be reflected by. "uhe abundance of shipvJorms mainly due to

the presence of riddled sunken logs at the bottom.

     Examination of the surface-preference of shipNvorms

sh. owed tha=v the animals preferably settled en the horizon-

"vaZ surfaces at aU the tlepths,]articularly at deeper•lev-

el$. In Augusic the ratios of borer's population on the ho-

rizontal surfaces to the total number of shipworms Åíound on

the overall surfaces of blocks ivere: 55 % at 2 m depth, 62

o/o at 6m depth, 68 O/o at IO m depth, 76 O/o at 14 m depth, 70

e/o at 18 mdepth and 85 O/o at 25 m depth. The ratios of ship-

viorm population on the horizontal surxnaces in July, Septem-

ber, October and Decernber are tabulated belovi ("iable 24).

Table 24. Ratios of shi-pworm population (e/e) on the horizon-

          tal sur:nya`'ces to the total nuinber of shipworms
          found on the ovefall suriaces of the bloc'ks at

          selected depths.

Denth
 (m) July Sep.

Month
Oct. Dec.

2
6

IO
l4
18

25

42
70
65

44
60

85

57
58
73
64

79
Bl

55
56
78
58

74
72

20
53
59
61
80
64

     O-Åí the horlzontal surfaces, the upper SurÅíaces were

infested more se'verely than the lower ones. This tendency

was also conspicuous in deeper regions as shown in Table 25.

The tendency o]" which the upper su-rfaces suffer seVerer in-

festation than any other surfaces and the number oÅí borers
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settling

ally with

h avior o z"

when they

Table 25.

on the up, per surfaces generally increasesproportion-
                                      ' Lyater depths would demonstrate the seti.ling be-

 shipwQrms tuhat they selecti; .ely settle on zvood

 go doyinvJards.

 Ratios of sh' ipworm p, opulaLion (,O/o) on the upper

 surÅíaces t.o the total r}urnber of shÅ}pvforms found on

 t h e o v e r al l s u r fac e s o i" `u h e b l o c-k: s at s e l e c `v e d

 depths.

Depth
 (m) JuZy. Aug.

iNlonth
Sep. Oct. Dee.

2
6

IO
l4
18

25

55
55
48
22
55
75

8

52
48
65

6a
78

25
J•8

67

52
69

75

22
58
65

52
65
66

IO
25
5a
55
75
55

      11X-2-2. Series IZ during the ]eriod from June, l976

               through May, 1977

     Shipworm attack was observed !-er 8 mo'nths from June to
January. A remarkable.peak/ was recorded Å}n ' August vthen

monthly mean water temperature at the sumAace level "ras the
                                               ]
highest (28.7eC) in `Lhe year. )Conthly mean water temper-•

atUres in Series rl viere lovier by O.50-5.IOC than those in

Series Z.

     The heaviest infestation aPproximaicely occurred' in the

deepest zone as sliown-in Figs. I2 and l5.' The number of

borers increased with increase in depth down to 5-IO m re-

giOns. The surface zone between O.5 and 2 m depths was

Very slightly attacked by the anirnals (i"ewer than 20-•aper-
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tures per IOO cm?). •In Auguste hoLvever, much severer at-

tack emerged even at O.8 m depth, and the extent oÅí infesica-

tton Å}ncreased aXmost proportionally wiLuh water depth.

vJhen comparing thÅ}s with the heaviest month, Septembeij in

Series I, the pattern oifi vertica! settlement in August, l976

would shovt- the direct proportÅ}on to'xvaicer depths.

     Patte-rns oÅí rnonthly vertical settlement of shÅ}pworms

in Series I! are ft' gured in Figs. I2 and IJ.

     "ihe horizonta! surfaces suÅífered severer lnfestation
                        'than the vertical ones as shown in Table 26, but the ratios

we-Te coraparatively los'ter than those in Series Ze The upper

areas oz" the horizonCal surÅíaces were generaZly inÅíested

more severely than the• lower and lateral suz".Åíace6 (Table 27).

[DabLe 26. Ratj.os oi" shipworm population (,%) oin the horÅ}zon-

          tal surfaces to the total number oi" shipworms

          found on the overall surfaces of the blocks at

     • selected depthsi

Depth
 (m) June July .Aug.

Month
Sep. Oct. Nov. Dec.

2
6

zo
l4
Z8

23

o

67

50
60

90
82

44
55
56

57
55
67

55
60
64
62
65
62

64

71
61

56
60
46'

50
40
57
66

65
6o

o
50•

59
48
48
75

o

25
o

53
25
50 ,

     [?hough the pattern of yertical settlem.ent may p,ossibly

be az""Lected by illumination (tsham et al., 1951; Nagabhusha-

nam,'  l959), vrater temperature gradienht with depths obviously

restricts iche vertical distribution of shipwor-ms (Norman,
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                                            '           Num ber of borer aper tures ( per 100cm2 )

lttg. 15. Pattern of vertical settl'ement of shipworms zn

        August, 1976.
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Lg76). 'D/herefore, the shLpworms uvou]Td be liabLe tp move

to the favo-Table light and temp.erature zones. For in-

$tance, the shipvioym larvae ave )kely to 'concentrate .Qn. the

wood a't the surface level durÅ}ng•the nÅ}ght, v-ihereas- `Lhey

tend to sett-le on wood at deep.er levels in the daytime

(lair and Sarawathy, 1971). Comb-'nation of -Lhese factors

could produce the di!fiierent iypes oi" monthXy vertical set-

`blement of shipworms as indicated in -i he present investÅ}ga-

T/able 27. Ratios oÅí shipivorrn population (O/o) on the upper

          sux•faces ico the total number oÅí shipxvorms f,ound

          on the oyerall surfaces of "vhe blocks at selected

          depths.

Depth
 (m) June July. AUoff.

r4enth
Sep, Oct.

'

N. ovf Dec.

2

6

IO
14
l8

25

o

60
67

61
86

74

l6

45
49
LO

r

48
50

26

47
42
44
54
55

51
62

55
48.

54
30

29

29

50
40
5+1

57

 o
55
54
.41

25
55

d

o

o
Å}7

o

!5
                                               '                                              '                                           '                                              H     Based on the results o]ft Series Z and :I, the patterns

Of monthly vertical settlement of shipvvorms are assorted

into the followang 4 types:

(1) The intensity oz" :tnfestation Å}ncreases with increase in

Water depth so that the peak is recorded at the deepest re-

gion --- September, 1975 and August, l976e

(2) [ehe heavies'Lu jnEestation, as same as the above, is ob-

SerVed aic the deenest level with the second peak at approx-
                 i
iMately 10 m depth --- July and October, l976.
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(j}) rxhe heaviest infestation Å}s observed at about 10 m de-pth;

the extent of infeStatiOn inCreases in proportion to depths

down to 10 m level and then decreases adversely,, but rÅ}ses

again at depths between 20 rn and 25 m --- August and Oqtober,

1975 and September, l976.

(4) Mhe Å}nfestation occurs very .sZi.Åëhtly and relaUvely

evenZy along the water column --- u-une, July and December,

lg75 and June, November and.December, 1976.

     "lhe heaviest-infested months, Septe. mber, l975 and. Au-

gust, 1976 tjuly belong to the type (1). And t.he months

be!fiore and after the severest rnont:ns undqubtedly represent

2 pealss at around 10 m and 25 m levels, beZonging to the type

(2) oLr' (5). Zn 'those mon"ths sthich belong to the types (l,),

(2) and (5), the rate oÅí attack on wood Å}s signlficantZy,

hÅ}gh without any exception qs discupsed in the !ater part.

     As the resulVs demonstrated tn' at the shipsvorms can lo-•

comote vertica=y Vhroughout the depths from the surface-to

the bottom, it is consequently important to remove not only

the riddled tioating wood but also the sunken logs especialZy

in July, August, September and October for the punypose Qf.rei

dUcing shipworm attack. This is principally signiÅítcant -for

SUch the case of log storage area as the test site in tbe

Present investigation. . • •i
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      Irl-5. Summary

     Tesv wood blocks (PÅ}nus StxS!SLE!z!gl Linnaeus) were sus-

pended vertically in the sea water log storage area at Taka-

hama, Fiukui Pref., as the blocks vie-.e at O.3, O.8 and l.s m

belovr the vJater su-nftace and at regular intb]rvals oi i- m znrom

2 m to the bottom leve! (about 25..m). The blocks viere re-

moved and replaced every month to exetrnine the monthly tvertÅ}-

cal settlement of shipwOrrns on the surfaces.

     The heavier settlement was generaUy observed in deeper

regions, parbicuZarly at the bottom. The patterns of month-

ly vertical settlement of shipworms on wood suriaces axe di-

vÅ}ded into 4 by-tpes:

(l) [Dhe in"uensity of settlement of sh!pworms increases p)o-

portionaLly with viater depth so that the !naxtrnum settlement

is recorded at the deepest level (25 m depth) ---- e.g. Se.p-

tember, 1975 and August, 1976.
(2) "Å}he h6aviest settlement, as same as the above, is observed

at the deepest level with the second peak at about 10 m depth

                                 '----  e.g. July and October, l976.

(5) Mhe heaviest settlement is recorded at ap-proximately 10

M depih; the extent of settlement increases in proportion to

water depth down to 10 m level and then decreases adversely,

bUt n'ses again at depths between 20 m and 25 rn --- e.g.'Au-

gUst and October, l975; Septernber, l976.

(4) The settlement occurs very slightly and relatively even-

IY along the water colurnn --- e.g. June, July and December,

                                          'l975; June, November and December, 1976. '
     Vlood blocks submergea in September, l975 and August,
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1976 suf'Åíered the h'  eavjest Å}nÅíestation of shipworms and re-

presented the patÅ}ern of vertical settlernent of type (1).

The months before and afte"r the-severest months obViously

belonged to th'e tYpe (2) or (s). '

     I-h•e-eÅíÅíect of l2ght intensity and viater temp. erature gra-

dient- Vlit•h• dep-th-S would partly account for'the different pat-

terns of Month:Ly vertical setfi lement of shi,pNvOi7rns.- -imd

the aÅëtive Vertical locomotÅ}on of shiPworMs rnight'help'sh:n.-

                                                   'wothms concentrate at deeper lLevels. -

e' -,

.
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      IV.. Growth Rates o!A Shipvforrns, Teredo navalis

          Linnaeus at Naruto

     DifÅíicuZties in determining the rates of growth of

shj.pworms are due to the x"act that the shipworms are hi:dden

Å}n tlqeir viood habÅ}.Vat just after initial boring. Formerly

test panels infested with shipv,rorms of knpvtn age. were peri-

odically sectioned to measure body length, diaJneter oi" bur-

row and burroxving volume, but this method couZd not follow

the same individuals aftervJards. KoÅíoid and NtÅ}ller (l927)

determined the rates oz" grovJth of "ieredo navalis Linnaeus

and Bank/ ia setacea (orryon) in San Francisco, .California by

measuring the size of burrows in Douglas fiv icest bZoc)Ks

exposed Åíor knovm periods. They reported the average rates

ran.rring from 1.0 crn per month zhor 6 weeks old specimens to

2.8 cm per month ibr 14 weeks old spcimens of Teredo navalis

Linnaeus, and from 2.3 cm per month for 6 xveeks old speci-
mens to 6.5' cm per month for an 8 months o!d individual of

the !atter species. And they es`vz'mated the normal rate

of grovith of Teredo navali$ T-innaeus over a period of m.onths

vias an.proximately 2 cm per monthe and 4.7 cm z"or Bankia se-

tacea ("Lryo.n). Johnson and Miller (1955), using the sirnj--

la-T technique, reperted an average rate of 1 cm increase Å}n

length per month for BarLkia setacea (Tryon) aC Friday Harb.or,

Washington. Grave (l928) showed the.measurements of the

lengths of burrows of Tgredo navalis Linnaegs ozfi s. pecifjed

age at Woods Hole, Iv!assachusetts: O.55 to O.5 in 25 days

(July 16 to August 8), 50 to 57 mm in Le6 days (July 16 to

September l), iOO to l20 mm in 72 days (June aa to September
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5), and 25e to LFOO inm in ene'ye-tR]f• Åqt;u.Zy, li9-ts'tT' ig-"Q [gu:y} :}..9.2--k),

The rate oÅí grouth of iche $ame s4peeies itt N.m;attLh eaee.lln.g Nvpt.-"

IO to 5e mm during 1 he pen.'.oct -tt-rern }Say 'to Jail#uijtLtty (R.tebu- ag. a- b.i

l943). knai et al. (i..950År suce' eectect i.p. y.ea\iÅ}p.g Ptfiee(,e -n' e.

valis Linnaeus in a ladege 6u'tctQQv' tapH.i,.. vsi.th-out c-a-gg#aLZ.:rr;TBs

wate-r tem-perature, ahd measured bQCy l.erx$ths g.k.e.#" xvi.es.Åëb- g.b.6L

number ozn ridge$ at ir-te#vats QÅí'4 "u.Q ;.O ct.gy$ SO# 50' aLrYggei

Ehe average lengths ozT 'the animexls eiter .tn.i.tfuE4. -pN,y!.et'; g,tt.at)#

viere a' s z"oLZows: O.Li5 mm j.xx ZO'ctay$., Q.e7 mgi ii.# imEL5' eLe.y#'2 g'-

                                         `mm in 20 days, !O.4 mm in 40 days ama 50,.S mm Sn. SO dEuys,'

     Ther-e are some- o'ther grow'th -stgd:es br2eect opll t'.lj.e qlerssZ'c

method in which measur-ement is- maae by. p. er-Scdig s,e, etiottixs

oifi test panels: SÅ}geTfoos (1908) for iam.ki.a. ,qu..; a.i- ÅqB,a.rus-Cs.eh)i

                                     Å}K!ramp (,1927) and Dons (:.9L-O) Åíopo Pbrj=.1..-otey!e,Ce ;'n.erpt,tta, Åqfi..s--li.--

ley), Johnson et al. (19S6) fer 5 AustvaZ.ia.rfi. sh..Z..p.yior.m. E.y- iN'E.x:.i.r.

Q960) for Bamk-'a carinata (Gray)s lslagebhus}]irgn'aj/ij gcw Bmn-}s.ias

campanellata Moll and Rech (l959a) and "seredw fgrser.'.f.g-srtg. •y. ijtL.

Martens (l961), a:ncl liai7ada G958År S'o,r Le 'S'ai.yiane-E.e skttL-gvc.2.7.ns..

     Whe X-ray technx' q.ue can, bowgver, s.at.Zi"ijLÅíg.c#.sg,Xt-TyÅ} be g.-tavea.

for the dete-Tmination grn the rate.s gS gxgwtbps -W.is.-r.- a-.d.v4.-it'"pa.g. e.

Dt the me?.hoCi is eha.t Å}t does pot aes'Va?gy tt,.kg i.ip.gS. i.3..a..'io.t".'ta.i.t.

a!id the animaXs anct 'rendezs "gssibZe Ly.be :e.oeat-ed mea3• ij.rem.efit-
                            .; ;V
gf indivÅ}duals sye; a leng 'p.pvt.test,s Tke passE-istrimttty Bf. t,h.e-

X-yay tectmlq.ue Ser tk.e $eusty gt the g.r.e.-yit)Lh re.?.ee, ef. sktSp.p

Mgkva.s z,ia.s .ftyst. 2ndtr.fa.S-e6. ip 29:.k {At'tsgij eMG j'g.im-..fti'}-,, gt-?'2ijs

     Severa} invest.ig.atg27s have sij Åíesy eygi.Zsyg.4 tL}it:m :Zlt-trfiy

`bec!/ta.tstf"."-e t'oe .6": g'es,t}ts- s;ted'z'es; Nl2t; tsij if.yti•Zp/ij '{YV.-527 essS

imyle;}' Åql9i.9.) i-g-r .l}geetl.2 g2-sÅ}'tia..ll.I..,-g. -{ephiLikeck} i3mo-f;. N..s.t Z.s-al- ss$..l-.ge.tt.i
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Trussell et al. (l956) and Quayle (1956, 1959) ior Bankia
                                                   -
setacea (Tr-yon) in British• Co'lurnbia, Canada, and H'aderlie and

l(eZlor (l975) for BarLkia setacea (Tryen)-in California.

     The teehnÅ}que c.an also be applÅ}ed for Vhe e.stimation of

the progressiv•e $h'ip, worm attack on untrea`ved and tteated Nvood

viith the length o-F immersion (e.g. Oliver, l959'; Fougerousse,

l968; FougeroUsse and Deshamps, l968; Fouge'rousse and 'Gueneau,

l971; ?,ougerousse and Lucas, 1970, L976).

     In 'the pre$ent investigation the X-ray technique was em-

ployed ibr the determination oÅí the grosvth rates of shipmormss

"ieredo navalis Linnaeus, a representative s]ec•ies in Japanese

waters as well as in other te. mp, erate parts o!" the morld.
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      XV-l. Ma"uerials and •Method

     [Dhe investigation was c.arried•out at Uchj.noumi, Naruto,
Tokushima Pref. (54e 12' 50"N, l540 56' 27"E).

     Mhe rates of growth of shipviorms (Teredo navalis rtinn-

aeus) were estimated.directly from the lengths ef burrovts on

the X--teay D.hotographs tak.en by using Softex "iype K or EMB

and Fuji Softex films. Length mea6urements-included 5 se.

ries from August l9s 1975 as foUovis:

      SerÅ}es Z -- Augu'st l9,' 1975 -.May l9, l974

      SerÅ}es II -- September IO, l974 - September IO, 1975

      Series XIZ - September 10, 1975 - September 10, !976

     Douglas zfijr (gt2!igSLgsssl,gd menziesii (itirb.) Franco) b!ocks

which were covered witn' plast:'c sheets except. ibr the ends

were submerged in the sea z"rom the experimental raft, as the

Plocks we]re between 50 and IOO cm "Delow t]e wate]r surÅíace. •

Shipviorm attack Lzas thereÅíore restrtcted only to the ends,

and the animals had to grow paxallel to the grain.

. The size ozft ,blocks vias 2 x 6 x 50.cm in Series r, and.

vias changed to 2 x 6 x 28 cm in SerÅ}es IZ and lrl sÅ}mply be-

cause X-ray photographs could be taken raore conve,niently

     The blocks were removed at month].y intervals Åíor X-ray-

ing at distance oi 70 cm with'40 ICV and 5 mA for Z5 Eecend,s,

and then returned to the xvater to Permit continuous develop-

tnent of the animals. '
                                                         '      '
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      IV-2. Resuits and Discussion -
     All the specimens exaJnined here were the comrnonest ship-

vJorm.•species Teredo navalis Linnaeus.

                                                         '      rV-2-1. SerÅ}es r

     Ozfi 5 test bÅ}ocks submerged on August 19, X975 and !"jrst

X-rayed on OcCober 22, 1975 (64 qqys afte-r z'mmersion in the

sea), only one biock was infested with 2 shjpvrorms (A and B

in Table 28). "iheir rates oÅí growth vtere repeatedly fol-

lowed. On November l9, another specirnen (C in Table 28)

appeared on the X-ray photogÅéaph, and measured t+ mm long.

!n addÅ}tion, one more specjLmen (D in [eable 28) was Eound on

January, l974. "Å}hÅ}s animal possibly succeeded Å}n penetrat-

ing into the test block Å}n la`ue December o-r early J'anuary

vLihen water temperatures were below l40 C. •

Table 28. Body lehg`Lhs (mm) ot shipworms at )llaruto durÅ}ng the

          pe)rÅ}od Åírom Augus"v l9, L973 to iMay 19, !974.

Speci-
mens

oct.2a
 l975.

Nov.I9 Dec.I9 Jan.I9
     1974

Feb.I9 Mar,i9 Apr.l9 )Cayl9

A
B
C

D

99
97

l55
152
  4

194
180
  9

220
195
 Z7
  5

241
207
 25
  8

252
223
 51
 l2

270
241
 45
 l8

Dead
Dead
 59
 29

Viater
temp.
( oC)'

23.6 l9.6 15.9 9.0 8.5 9.5 X4.8 l8.7

Salin-
ityce" 5a-54

 ee -
  .

-+.
  .

Monthly

Salinity

tion.

mean Nvater tempeicature

 ranged betvreen S2 and

at

54

the surface level.

%othrough the investiga-
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     As expected, all the specimens srew almost straight

along the grain,. and t]e older ones (A and B) attain. ed a

!ength of abouC 200 ]nm vii"Lhi.n 5 months. "Å}hey, :qoiiiever,

viere zfi ound dead on i"iay l9, 1974 at `vhe age of 9 months as

shoir!,rn by "Lhe dev.osit:'on oÅí the vaXves and pallets on the :s'--

raÅrr.]hot-ograph. The youngbr specim. ens C and D had grown up
                                  t.to 59 rnm and 29 mm -vespectz'vely unti! ivlay Z9 when tlqey we:ne

at least 6 mon`uhs and t+ months old (,see Mable 28). Consec-

utive grout' h ozfi the aniinals Å}s shown in Plates 1-A 'and l-B.

     on the basÅ}s of vne mont] ly `Å}.n6remenLL' oi b6dy length,

the rates of .erowth were high during the period v{i'ih high

water temperatures above aOOC as shown Å}n Fig. 14, and

d-ropped remarkably belovi 15eC aZthough the animals continued

burrowing. )'loreover, each indivi'dual tha`u showed a SimÅ}1.-aT

groviing patte-rn for the fÅ}rst few rnonths as seen in A,and B,
  'gradually changed the .pace o!" burrpwing (see PZates l-.A. and

                                  tt                                   'l-B), and attained difderent body leng,th at las'v".

      T-V-2-2. Series II

     Six test bloc] s xvere submei"ge.d on September IO, i974.

T/he !st X-ray photogra] hs of `vhem ta-k; en on October 10, 1974

revealed an MfestatÅ}on. of shipworms.in 5 Pest.blocks.

Nine specimens xvere distinguished and ' their rates oz- growich

vvere 'Åíollovved; the measurements showed average rates rangipg

from l5 mm io-v one month old specimens to 38 mm per month
                       'fOr 5 months old ones. Results of length measurements are
                                '                                                         'shown Å}n Table 2g together wÅ}th hv6rage lengths. The

lavgest specimen H and I were longer compared viith the 2 spe-

Cimens A and B of Series I at the same age. [rhey extended
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i

their bur.rows over -Uhe vJh' o]e length of a test block (28 cm)

witn: in 8 raon'ths.

     Three anima'Zs vintch a-pe.eared on the X-ray photographs

oz-  NovembeF,!O vJgre .also. measured and t."ne -Tes3!P..fi are tabu-

]ated beZow (T/able 50). 'ln Ti)!ates a-tA and 2-B, a series oÅí,

tr-ray pino"uographs of a test blqck is .given. '

Table 29. Body lengths (mm) oz" snt' px{iorms a-v' biaxuto du-'•ni: ng -i ln.e

          period from September Å}O, 1974 to July !O, l975'.

Sl ec Lmens
Oct. Nov. Dec. Jan. Feb. iuiar, Apr. IviaY June July
 10 Å}O IO 10 IO IO IO IO IO IO

:t•

F
c-

H
!

J

K
L

M

 5 52 66 88 90
 5 47 95 152 l52
17 51 !04 126 l42
2;- 104 l75 209 252
19 105 l74 207 Z5i-
55 ll5 IJ2 149 164
ll 82 l2S l48 158
 4 21 45 64 81
 5 62 !23 l60 Z82

!OO I08' Dead
170 l85 205 Dead
l55 171 200 247 be'-
-248 271 ' 280 -+
248 270 278 -+
174 l96 200 ww
l61 !68 190 -k'
 95 U2 y,4 -k,e
l92 211 2LI5 280 Dead

Aver-
age 'ta -e -e l5 69 ll5 ].45 L59 l7L l88 2L8 -
Water
-uemp.
( ec)-,e--

24.5 19.2 l4.3 IO.9 8.S IO.5 l4.0 !7.5 21 :9 25.4

   x.    .
  .ve ." -

    .

 ea• ee + .

    .
x-x--.
    .

Test blocks wer•e X-rayed until September 10,

rmpossible to measure body lengths because ot

or comp!icated turning oiA the.burrows.

Average body 'length •(mrn) of tne anÅ}mals.

MonthZy mean viater temperature at the surface

                            '
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Ta`Dle 50. Body

    th' rst

lengtn' s (rn'ni) oz"

 on 1ovember !O,

5 specimens which

 4974 aP :,laruto.

appe a'red

S pe cimens
ixs ov .

 IO
1974

Dee
 IO

. Jcn,ns Fe.b-.

   IO 10
  l975

Ir,lar .

 Io
Apr. I:lay June
 IO 10 10

July
 IO

     N
     o

     P
Ave-Tage-

50
26

50
29

88 li5L- L6S
82 l20 l42
79 l21 l46
85 125 l54•

l90
l.56

l75'

175

227 257 "Y•
l78 a08 255
200 224 275
202 250 -

tct.

ÅÄ

 '": ImpossÅ}ble 'L`'o measure body !enghrs because of croxvding

    or complicated "uurning oÅí the burrovis.'' '
"i: h"verage body length (mm) of the animalsi

      IV-2-5. SerÅ}es Itr
                                  '
        '     Seven specimens ozn shmpviorms in 5 test bloc-ks $ubme-.ged

on Sep-l ember IO, l97S we.Te detected on the tir•st X-ray p. hoto-

grap, hs +.ak.en on October 10, 1975.

     On the basi$ of the results oS, !ength'measurements in
"Å}able sl, the average ratbs ranged from l2 mm for one month

                                                         'old specimens to 55 mm per monich Åíor 5 !nonths old Ones.

The largest monthly growth, hoviever, was ob' -v"ained in the

2nd. month (over 80 !nm on an average) as = true f.or S- ,eMies !I,

though the anirnals of Series III grew someNvhat more rapidly
                           'than tbose of-SerÅ}es•!I.- The largest- sp, ecirnen •T reached

280 mnv Å}n length viithin just 5 rnonths. A series of X-ray

photographs of a test block is shown in Pla'tes ' 5-A and 5-B.

     As $hQvtn.in Table 52, iche average grovith rates per

month are statistically estimated !nrom all the results de-

sptte the great variations observed among individuaLs!

          '
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T/ able 31. Bpdy lengths

pe r Å} o d !"r o m

 (!nm) of

September

shipworms at -oiaruto

, !975 to July IO,
 qunng
l976,e .

the

Svecimens•
Oc t . r/ "' o v . D e c . J an .

 10 IO !O 10
r,eb. Ivlar. Apr. May
 IO IO ]O IO

June
 IO

July
 IO

Q
R
s
mt

'U

v
W

l5 92 l55 200
14 !08
U 78
10 110
 8 7!
l7 ll3
10 97

l61 20' 7

l43 !85
l91 247
l35 l75
l88 259
l81 245

229 2JO
241 267
207i 2•52

280 Dead
188 202
'Dead

 + ee

2Ll a60 ,
 -• ee

252 N+

Dead

254 Dead

Aver-
age+x+ l2 96 l65 212 233

!i-iater -
-L- emv .
( ac) -. -k -i

23.9 l9.2 l5.l 9.9 9.6 ll.Z 13.4 l7.9 21.4 24.4

 -ve

ac' "e.

:

:

  ve ce ee- .

     .
 --• --.
     .
Table

 [Vest blocks v•iere X--rayea untiL Sel,)LeTnber iO, l976.

 Impossible to measure body lengths. because o:," crovtd-

 ing o-T complicated turning oz" the bur-rovJs.

 Average body length (rmm) o-S the anirnals.

 Monthly mean water temperature at the su-rxnace level.

52. Aveyage rates of grovith (mm) pe-T month compiled

    !-rom the results of, Series Z, !r and ZJZ.

  Age
(month) z 2 3 4 5 6 7 B

Average grovith
                Z5per month (mm) 4g 48 46 40 55 5Z J-O

     The results•obtained herein app, ear to coincide

GraveTs (1928)-on the whole, but not vv'ith Zmai and

(1950). The specimens never reached 400 mm in'the

investigation, whereas the largest ones had reached

 with

othefo ts

 present

 250-400
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rnm within one year at Woods Hole, Massachusetts, U.S.A.

(Grave, l9a8). It may possÅ}bly .depend on the size oÅí the

test blocks and/or the duratÅ}on oÅí iche test.

     Teredo furcillatus lliller (= a synonym ozh Teredo fur-

cLÅí,era von lviartens ar"-Ler [ruener, l966), allied to the te$ted

rnateriaLs here, showed that the maximum increment oift body

length (29 rfim) corresponded to the highest iivater temperature

o'xfi 50.90C in May. And all the aniraals vJere dead in October

vihen th-e water temperature was still high (500C) enough for

$urviving. Tha=v- vias due to the sudden drop of salinity

from about 26.5 O/ooto 4.65 O/oe(ltagabhushanarn, 1961)'.

     Accordingly, the growth oÅí shipwo-rms should be consld-

er.ed by the Å}nterrelation o'.", envÅ}ronmental z"actors such as

                                         isalinity and water ternperature. Salinitz'es at Naruto re--

mained ae 5a-54 O/oothroughout'.the investigatjons and resulted

in an insÅ}gnifÅ}cant e:fiiect. on the growth oÅí, shipworms.

     "i"he g]rowth of shipviorms, however, a.s .undoubtedly af-

fected by water temperatures, and additionall y by .the rate

Qf crorvding and. the difference oÅí activitie$ arnong individ-

uals. "iihe mere values oÅí 'v;ate]r tempeirature j.nflu'ence shÅ}p-

wormst grovtth, but the fiuctuations oÅí the temperature

throughout the year seem to play the m'ore im-portant role in

the boring activity of v' he animals. Dependence of shÅ}pwo+nm

gTowth on vJater temperatutre is also demonstrated by' the ab-

rupt decrease in vanter with temperatures below IOOC.

     The decrease in growth with the fall of water tempera-

tures in viinter time (see Tables 28, 29, 50 and 51), and the

Åíact that individuals separately keep lengthening their bur-
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rOxvs would mean tha`L the growth rates vary not only seasonal-

ly but a!so individually (see specÅ}mens C and D in Table 28,

and N, O and P in l'able 50). - . '
- r,avorable LLem-peratures Åíor shipi}iorm boring consea.uentl--y

seem to lie bet'"Jeen 150 and 250C at the test 'o'ite. I4ore-

over, the -naptd growth zno.r the fj.T..st Eei,v months ,durz'ng Se-p-

tembe3r, October, 1"ovember and December tesicj.fHies t'hi.'Hs tem-

perature preference of the shLpworms as sbown in 'jig. '15.

     As the shlpworms we-,"e- Åíorced to gr,ow parallel tq- the

graÅ}n, vihich could be the most favo)rable condi.tion fQr Cheir

boring, they g-Te,w more quickly ,than .th'ose viho usuaUy have

to across the grain. During his inspectibns the author has

ra-r .ely found shipworras !enger than 500 nim in at`uacked logs,

stored in sea water aZong the J"ap, anese coast lines f,or 6

mon`vhs 6ecause the individuals cannoV burroi,v straÅ}ght along

the grain undisturbed by others. '
     When the g'Lfiovfth rates of "ieredo navalis.Linnaeus are

compared ivith other shipworm sioecies, such as Bankia setacea

(Tryon) investigated by {iLuayle (l959) and Haderlie and iJIellor

(1973), `uhe latter, p, ossibly prefering a dif'reren"t l,iater tem-

perature, shows higher rate$ or" groxvth than the former.

IlgcS.ls"iseip2Z:. eÅíj2 grOWth rates of these 2 species is probap,iy

     Asi' shown 'abovee the body lengths of ship, worrns are not

directly ' determined ' bY the age, but the'anirnals' chh reach

sexual maturity within a relatively short time. The young-

est "ieredo navalis Linnaeus which can spawn aice 'just 6 weeks

Old, and 58 mm in length (Grave, l928). "lherefore, we have

                              '
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to take the removal of attacked timber into consideratz' on as

a possibilÅ}ty to prevent deterioration. That Å}s particular-

ly true Åíor the sea xtater log storing areas vJhich are iecated

along•tn' e coast-s o'f Japa.n serious!y infested viith shipworms

(see part Z). 'Most Of the specime'ns observed ]nere dead

before they became IO monChs old. And only a few such as

G. in Table 29 were stilX alive even at the end o'f observa-

tion. The life span, consequently} is not sim.oly determined

but many are lÅ}kely to lÅ}ve until the age of 6 monthS.

Some can extend their liÅíe spans to one year or longer if

the conditions are favorable for survival.

AE
E
vs.--,,
oc
di

.----

xvom

Water temperature

    o

    19 73 19 74
Fig. I5. Increase in body lengths oÅí the 4 selected

         mens (A, F, H and U) at Naruto.
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      IV-5. Sumrnary

     "ihe g-rowth rates of Ieredo navalis Linnaeus boring into

Douglas z"x'r test blocks were determined directly !"rom the

lengths oz" burrows on X-ray p, ho`Lographs. The rates of

grow'Lh varied 'v'xith i.vatey tempeÅéatures and the extent of

c-rowding. "she average rates ranged from 15 !nm per montni

i"or one month old spegimens to.48 ram -Thor S rpenths old qnes.

Some specimens conGequently exceeded 200 m/m in leng' th utthin

5 rnonths. The o-v,iimurn via"uer temperatures ibr the growth oi
"Å}eredo navalis Linnaeus seemed to lie between l50' and 250C

as evident i"rom the rapid growth at the icest site (54e12' 50"

N, l54056' 27"E) in Septembe-" October, November and Decernber,

and Vne decline o:,A .grovdith Å}n the viinter season viith viater

temperatures below -1.00c.

     [he lizne span of $hi:pzvorms is not simp, !y deter.mined,

but many are likely to live until the age oz" 6 !nonths.

Some can obviously extend their life spans to one year or

longer if the conditions are z"avorable Åíor survival.

                                                       '                         '
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                     Plate 1-A

   Consecutive growth oÅí shipworms, Teredo navalis

Linnaeus at Naruto. DougZas fir test block (2 x

6 x 50 cm) vias submerged in the sea on August X9,

197J•

Z: About 2 months after submergence; 2 specimens

   A and B are seen (body length - A=99 mm;

   B=97 mm).

2: Three months after submergence; speci:•sien C iirst

   appeared (body Xength -- A=Z55 mm; B=l52 mm;

   C=4 mm).

5: Four months after submergence (body length ---

   A=19L+ mm; B=l80 rnrn; C=9 mm).

4: ELve months afier submergence; another specimen

   D an.peared (body lengCh -- A=220 mm; B=l95 mm;

   C=l7 mm; D=5 mm).
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                     Plate 1-B

   Consecutive growth of shipworms, Teredo navalÅ}s
Linnaeus at Naruto. Douglas Åíir test biock (2 x

6 x 50 cm) was submerged in the sea on August l9,

1975.

5: Six months aifi`uer submergence (.body length --

   A=241 mm; B=207 mm; C=25 mm; D=8 i'nrn).

6: Seven months ax"ter submergence (.body length ----

   A=252 mm; B=225 mm; C=51 mm; D=12 mm)..

7: Elght. menths axftter submergence (bod•y length --

   A=270 mm; B=241 mm; C=45 mm; D=Z8 mm).

6: M'ne months after submergence (body length --•

   A, B=dead; C=59 mm; D=29 mm).
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                     Plate 2-A

   Consecutive grouth of sh•ipi.vorms, Veredo na; a}is

linnaeus at Naruto. Douglas Åíjr test block (2 x

6 x 28 cm) was submerged ir; the sea on September

IO, l974.

1: One month' aÅíier submeTgence.

2: Tvfo months ar"ter submergence.

3: Three months after submergence.

'4: tnour months after submergence.

5: Ittve months after submergence.
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                      Plate 2-B

    Consecutive growth Oz' shiPworms, Teredo navalis

 Linnaeus at Naruto. Douglas fir test block (2 x

 6 x 28 cm) was submerged in the sea on Se.etember

 IO, !974.

 6: Six months after submergence.

 7: Seven months after submergence,

 8: EÅ}ght months aÅíter submergence.

 9: Nine months aÅíter submergence.

1-O: "ien months after submergence.
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                     Mate 5-A

   Consec•utÅ}ve girowth of .ship, viorms, !Dgredo nava12,s

Linnaeus at Naruto. Douglas Åíir test block (.2 x

6 x 28 cm) was submerged in the sea on September

XO, 1975•

1: One month after submergence.

2: Tvio months aiter submergence.-

J: Three months az"ier submergence.

4: Four months after subme'rgence.

5: Ittve mont] s after submergence.
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                      Plate 5-B

    Consecutive gronth of shipw,orms, Teredo navalis

 Unnaeus at)aruto. Douglas fir test block (2x

 6 x 28 cm) was submerged in the sea on September

 IO, 1975.

 6: Six months az"ier .submergence.

 7: Seven months after sUbmergence.

 8: Eight month.,s ai'te•r submeTgence.

 9: Nine menths after submergence.

IO: Ten months aÅíter submergence.
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      V. Effect of `vhe Tirne and the Length of Xrnmersion

         on the Rates oÅí Shipviorm Arttack on WQod

     In practical prob!ems of protection o!" wood agains"

shipviorm atVack, the rates o!" attack -- varÅ}ation of the

extents oz" shifin, worm attac-k with the time and the len.ifih of

immer$ion can be of great im.p-ortqnce.

     [ehe number oÅí shLpworm tunnels (e.g. MaNvatari, l959)

or xveLght loss (e,g. KondQ and Zshi.i,'1958)- or area reduC.

tion (Okada and Se-k. ai, 1958; Tsunoda and Nishimoto, 1972;

Haderlie and Mellor, 1975) have been conve.Tied into a shipL

xvorm attac-k rating. Of these criteria, area reduction

seems to be best if measurement can be ctone easily and ac-

cu+rately. Howevey, the use oz" X-ray }voul'd be iche most

available xvhen it is necessary to estima-te iche--progress oifi

attackic with the length of immersin. g period (e.g. Crisp et

al., 1953). Comparison oÅí the reliability of the X-ray

method' wt`Lh the ' i isual asses$ment Å}n vihich the number of

burrovis in ' cross section was counted showed a good corre-

lat•ion (Oliver, 1959). The rel-iabiliVy of the method was

also demonstrated by Fougerousse (l968), FougerOusse and

Deschamps (l968), Fougerousse and Lucas (l970, l976)', and

:tougerousse and Gueneau (1971).

     Xn "vhe present investigations area reduÅëtion was meas=

ured and was discussed in relation• to the time and the

length of immersion.

      V-l. Materials and )Cethod•

     The investigations were conducted at Naruto and Taka-

harna.

                          - IZX -



     At Naruto a test string consisting oi"• 5 vestern hem-

lock (ITkE2eLg !hs!lg2gpgznAt h Sargent) test blo,cks (4 x4 cm in

section and 50 cm in length) was submerged vertically i"rom

the floating experimental raft so that 5 test blocks might

be respectively at 50, 80 and 150 cm belovi `vhe viater .surz"ace.

[Vhe blocks }vere submerged -',or a In.onth to 6 months at the

longest during the -period z"rom June l to December 28, 1975

being coincided with the season of settlement at.the test
                                                          -sÅ}te (see .part II).

     After removal oz" the string, foulers and s.urÅíace debris

were washed oz"Åí. And then the test blocks were dried be-

fore cutting 5 slices (l-5 mm in Phickness) at interval.s of

about S cm from .the end oÅí each bloc.k for measuringthe re-
                                              'duction of cross section caused by shipviorm atiackic. The

measuring device employed was an automatic area mcter,

Hayashi Denko AlylM-5 "iype, accurate to the nearest square

millimeter. [Cherefore, the )results were shown as the re-

duction of cross sectional area in -percentage. Maximum

limit oz" potential measurement was defined to 55 O/o

since the slices could not be taken from heaviZy attacked

blocks. Because the automatic area meter ' can be applied to

the slÅ}ees with thickness of 5 rnm at thickest, the slices

with over 35 O/o of cross-sectional area reduction mean that
                                                             '
they were riddled too severely to be subjected to cuttin.a "

into the slices thinner than S mm. '
     At Takahama test blocks were suSpended at the test sta-

tion B (see ELg. 8). The len••gth of immersion oÅí Scotch pjne

(Pinus EzEIL"EgsiY2zlst Mnnaeus) test blocks, substituted for

                         - il2 -



western hemlock used at Naruto, ranged iqrorn a month `Lo 7

months during the periods from June ! to December 28, 1975

and f-ro.m June 1 to December 29, l976. Ai-1 other experÅ}men-

tal nroceduires were the Same as those aic Narutoi
    `
      V-2. Results and Discus$ion

      V-2-l. !nvestigation at Naru.io

     The extents of area reduction z'n percentage `Lhat are

the average values of 5 =uest" blocks reinoved a`L the sarne time

are shoi,vn in Table 55.

Table 55. Percentage of cross-sectional area reduction of

          blocks and the number of boreic apertures per IOO

          crn2 ee at Naruto dunin.a -Lhe period f,rom June 1 to

          December 28, l975e
Removal date

July1 July51 'A'ug.50 Sep.29 Oct.29 INiov.28 Dec.28

June1 '" rce+- 4 l5 22 21 55"ceee
(Z6) (41) (56) (.56) (59) (47)

.July1 lcex 7 !2 l4 50
(22) (,28) (54) (57) (.30)

gJuly51 Lcex•

(2)
zesac

(13)
1ceN

(g) Lost
'

,Ar.ug.30

Å}--ve

(.67)
9(125) Z5

(80)'
ua

s
'I Sep.29 l+"e

(IJ8)
25

(206)
H

Oct.29 l+"F 4

-

(29) (57)

Nov.28
(.1)

  +:
.4.

   .
eex-e.
   .

INi umber

Beloxv

Above

 of borer

1e/..

55 O/o.

apertures is shown in the brackets.
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     The rates of shipworm attac]: on wood' blocks increased

prop. ortionally with the length of 1mmersion, though the

rates of increase varied with `vhe season ozn submersion as

shovfn in Fig. I6. The larger increase in Monthly atCack

"uended to occur i;n "vhe 2nd and the 5rd monihs, whic]. well

corresponded wÅ}t'n the resuÅ}ts of br•routh rates discussed be-

Åíore (see part IV). However, `uhe excep, ci ons were observed.

Åí,or the `Lest blocks which were submerged on June 1 and July

1: the hi.mhest extents of borihg da]nage were found in the

6th and the Sth rnonth respectively. No development oÅí dam-

age vras nottced Åí,or the blocks immersed on July 5X. Ehe

latter case is possibly. explained by the scant occurrence ozfi

ship, worrns in August. Eurthermore, the foulers! covering and

the accumulation of debrÅ}s on the surfaces'would contribute

to preventing the laVer shipwonn settlement.

     "ihe more i-'ni"estatÅ}on of borers 'in the test blocks appar-

ently resulted in the severer extent oz" atLvack as seen in

the blocks submerL6-ed on September 29. "Lhough the number.o:rt

borer apertures Å}s not the direct reliable measure ot ship.-

worm attack, the results show that t'ne blocks submerged in

a month utth heavy shipworm inÅíe$tation probably suz"fer more

seriousJ damage. Because the number oÅí borer punctures on
`vhe wood surfaces is not likely to increase in proportion

to the length of immersion period aS can be seen in Table 557

the length and the time of immersion must be considered with

 caution to protect wood against ship;vorm attack.

                           - ll4 -
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      V42-2. Investigation at Taisahama

     Wable 54 shovis the suinniarized results oÅí the Åí:'rst .

sen' es from June l to December 28, 1975.

"lable 54. Percentage oE cross-sectjonal area reduction ozfi

          blocks' at {Rakaharna duri:ng the peTiod :"rom June 1-

          to Decernber 28, l975.
.

Removaldate
Julyl Aug'.1 Sep.I- Oct.1 Nov.I Dec.Å} Dec.28

oJune l lceee Lost Lost Lost Lost '55--x 55+ceee
p.[gtJuLy 1 1-eve Lost Lost Lost 55-reeeee 55ve-

:Aug.o 1 Lost 25 55X+- 55"e,eee Lost
•H.sep• l 1x-e l2 25 55
tsocic, ]- ' o 5 Z5
-=fi'Nov. x o 2

Dec. z. o

   '•: .i.verage value of 5 test bloclscs removed at the same

      •LLÅ}me.

  ceee: BeZovi l o/o.

 -eeee: Above 55 e/o.

     tylany ozA `vhe test bloeks were unfortunately lost because

testing area was visited by a typhoon.in August.

     "the test bloclts submerged on August X were riddled so

seriousZy that the extent of attack reached over 55 9/o of

cross-sectÅ}onal area reduction until November l. High

water tempera-uures in the period distjnctly conduced to the-

rapid destruction. As cornpared xvith the above example, tne

test blocl s exposed on September'l sufLFered the slightly

lower boring da"iage with area reduction oÅí below 1 96 for a

month, 12 O/o for 2 rnonths, 25 O/o for 5 months and 35 O/o for 4

months. At Naruto the severest loss in cross sectibn was
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recorded in the 2nd month z"or the blocks vihich were suspended

in the peak ox" monthly shipworrn settleinent, October,(see

Table 55 and Fz'g. I6)s zthereas this -Irend vias not noticeable

at Takahama vihere `vhe pea:k of month:/y settlement xvas observed
in seLotemberl). There is no satÅ}s!nyactory explanatjon, z"or-

this dizfiference found at sep. arated localit='es.

     Ecom June l to December 29, l976 the sa!ne se-.:' es vias

conducted, and the results are shown in "Å}able 55.

"Å}able 55. Percentage oÅí cross-secCional a-rea reduction oÅí .

          blocksce at Takahama during the period fr.om June l

toDecember29,l976.
'

Removal date
J•uly1Aug.ISep.IOct.1 Niov.I Dec.1 Dec.29

oJune 1 55w+x Lost Lost
pSJuly ]- IN-ve721 55--ew 55-,e 55N-.
qAug. l 55,e+ÅÄe 55--ee 55,e,e"lt

o
•HSep.op- z 1- ll+- 11 20
tsoct. l o lac+ 4
gE'- Nov. l o o
H

Decg l Q

  -.  J-

 ee+.
   .
xee-.
   .

Average

time.

Below Z

Above 55

value of 5 test bLocks removed

%•

 o/o'

at the same

1) In August the blocks Nvere not recovered at the

   tion B but the heaviest settlement occurred in

   judging Åírorn the results at the test s.tations

   (see Mable 25).

 test sta-

 September

A,'C and D
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      Witn" the increase in the length of immer$ion, shÅ}pworm

 attac!c on wood blocks became more serious as similar!y evi-

 denced at Naruto. The lst montin of submeÅ}TsÅ}on generally dÅ}d
 no consptcuous damage to the test blocks (see'1iable 53 and

 55), but the exce-ption xvas perceived in August, X976, namely

 2 % loss o.Åí cross section of blocks depending on the enor-

 m.ous settlement of shÅ}pworms in the month.

      it is, moreover, noticeable that a marked monthly incre-

 ment in the extent of shipworm at`Lack was observed in Septem-

 ber for the blocks submerged on June 1, July l and August l,

 respectively Åíalling on the 4th, the 3rd, and the 4th month

 period as shown in Fig. I7.

      There is a widely accepted circulatz'on asmong vtood deal-

 ers that the lo6-s $tored in Gea v,rate]? geic lnto dangercus con-

 dition if they have to be kept in kLhe sea ibT a perÅ}od longer
'than 45 days. The results on iche tTates oz" shipworm attack

 obtained at Narueo and Ta.k/ ahama dqmon$trated the above cir-

 cuZation is quite reasonabZe. The growth studies, which Å}s

 described in part ZV, also seem to su.pp-ort the circulation.

 Accordingly it is very important to avoid the longer storage

 of logs in sea water during the season of settlement of ship-

 worms at given localities. Much attention should be paid te

 when the storage of logs $ets in and how long the logs are :

 stored in the sea, particularly significant' i' f the storing

 duration includes August, Septe'mber'and Ocicober.' rn the

 case of storage xvhich s'tarts in No'vember or Decemberp iV

 yiould be unnecessary t'o remove the Zogs from sea water onto

 the land even when they a.r.e stored for a longer period.
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However•, the .presence of Bankia species deserves to be cau-

tioned because prevailing incidence oÅí the bankian borers

seems to occur in the fall.

     The logs are originally wrapped vrith bar.k except for

cross ends,.and the barki's covering gives natural effectz+ve

]rotection against ship. worm attag,k.to tn' e logs sto-Ted Å}n

t4e sea (e.g. I(itGontgle, l925; Edmondson, 195S; ]scramp, l957;

Nair, 19S6; Msunodas 1-972). InconvenÅ}ently, some Zogs are

passively bar-ked at r"elling, loadin. g, unloading and op.era-

tÅ}ons beÅíore storage of them as a bundle raft or a flat raft

in sea water. As a naturaX conseq.uence, they are exposed to

shipvio-Tm attack more z"eadily tlian those viith advanCageous

bar-k wrappÅ}ng. "Å}he logs, in conclusÅ}on, should not be

stored in sea r•iater for a period !onger than 2 months durintg

the season of shipworm settlement, tbough the dangerous du-

ration varies i,vith localities: specÅ}es present, numerical

abundance oifi the animals and others.
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      V-5, Summary

     The rates of shipworm attack on Scotch pine (Pinus

EXEtL!LgSjlElsi Mnnaeus) test bZocks (4x4 cm in section and

50 cm in lehgth), vthich vfere expressed as iche percentage

loss Å}n cross-sectiona! area of the blocks, generally Å}n--

cTeased proportionally xvÅ}th the l,en• gifn of immersion.

At lgaruto the blocks submerged on July l,. I973 suzfifeved

below 1 O/o of cross-secttonal,area reduction ibr a month,

7 O/o for 2 monichs, 12 "/o for 3 months, 14 96 for 4 months and

50 % for 5 months; at Takahama the blocks subinerged on July

l, 1976 suffered belovi 1 O/o of cross-sectionaZ area reduction

for a month, 7 % Eor 2 months, 21 9ie for 5 months and over

55 9io ib.)fi L, months. g]here iound a Åíew exceptl.o.ns: no develL--

opment oz" shipwori!li attack was -recoTded for the blocks sub-

merged on July 51, 1975 at ltiaruto; very slovi progression Å}n

boring damage ior the blocks Å}mmersed on Oct. I, !976 at

Ta:kahama. "ihereibre, both the length and the tiine of im-

mersion are important to determine tli.e rates o!q shipworm

attaclsc on wood. The rapid developrnent of shipxyorin attack

was usually noticed in the 2nd and the 5rd months after im-

mersion at Na]ruto. At [VaJsahaina September vias the most dan--
                                    -
                       'gerous monttu

     As the nuinber of borer apertures on the wood su-rzfiaces

did not seem to increase viith the length oz" immersion, that

cannot be the reliable measure of progress oÅí shipviorm at-

tack. The heavier infestation ox" shipverms, however, obvi-

ously resulted in the severer boring damage as vteU demon-

strated by growth studies.
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     Xn:practical problem, of protec-tion of logs against shÅ}P-

wor' m aVtack, the !ogs shoul• d not be stOred in sea vater- for

a p.eriod Zonger than 2 months during the season oxfi seripus

seticXement oÅí shipivorms possibly !fi-rom June `uo October. .

                    '
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     - - Conclusions
     The coasts of Japan are seriously Å}nzAested with wnodL-

borÅ}ng bivalves beÅ}ongz'ng to xfiamily Teredinldae as evidenced

fin .oart !. Mhe most Å}mp, ortanic species in Japanese waters

are'  "Å}eredo navalis Mnnaeus and LyTodus n, edicellatus (Qina-

trefages). Bankia sp, ecies are p.ccasionally found at'sotne

localitjes. "!hough the animals ozh, genus BankÅ}a are not

abundant in number, they can be deservÅ}ng of sp, ecial cau-

tion because of the possibÅ}lity of rapid growth.

     Season of settlement ozfi shipxvorms has been investigated

at various localÅ}ties i.n the world because the inibrmat-ions

on the subject could gi've the ft'rst step to understand the

shipworm problem. Shipworms bi'"eed -',or 7 months'or so fro.Tn

June through December along t.hte coasts oÅí Japan (part ZX).

At a Åí,etv localÅ}ties the settlemeht of shipworms is n'oticed

even in January and extremely in February. The peak oÅí

settlement is observed in August or September or October

varylng with localities, vJhich may be caused by the differ-

ences oÅí species present, the fluctuations oÅí water temper-

atures through the year, 'the amount oz" vood available znor

the borers, the activities of fouling comrnunities and s6

forth. Consequently, in the sea water log storage areas

the logs are' exposed to shipworm attack for a relatively .

Iong period in some cases so that the time'of rernoving logs

onto the Iand before the damage is detected becomes a rnatter

of importance. -
     The logs are generally stored in the form of a bundle

rai`u or a flat rafb in the zone between O m and 2 m below
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the surface o!fi  the vtater. However, shipvJorms tend to at- ,

tack Nvood located ail through the viater column, an.d the ln-

tensiby of settlement is dexfi:'nitely severer in deepeT re-

gions than in surface ones (]art ZX!). It -fis•efÅí,ective to

re.move not only floatimg riddled :,'iood but also the sinkers

at the bottorA for the purpose ozfi .r.educins• and preventing the

economic damage on the basis o!h ihe ]nowledge o!" settling

season. -
                                               -
     "Å}he shipworms, inconveniently to the logs stored in
sea water, .srow ac6eleratedzy ibr the incÅ}pient few months

jus`v afLue-T z'n!.tial bo-r:'Lng. Based on the g)rowth studi.es,

the sleipworms can le.ngthen thei? bur.rows up to ove)r 5 cm

?rithin 2 months (part IV). The pace oz" growth is evÅ}dent-

Liy influenced by envÅ}ronmental factors. Sudden and extreme

change in "Lhe princilal xAactors such as water te]'aD.erature

and salinity might result in the death oifi the anÅ}rnals,

though the's.hipviortns are known to be both eurythermal and

     The fact that almost aU `vhe early attempts Åíor pre-

venting shipvxorm attack have been unsuccess!"ul in p, racti:cal

use suggests that eradÅ}cating the adult borers in viood and

the larvae is very dif:,"tcult. Accorctingly the most relia-

ble way to protect log$ agaÅ}nst shipxvorm attack seems to

land them viithin 60 days atter the start of storage Å}f the

logs have to be s'tored in the season of serious settlement,

particularly in July, August, September and October. [Dhe

results on the rates oÅí shipviorm attack on vJood also support

the counterp].an (part V). Hoviever, the logs are actually
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covered wtth bark which is expected `Lo be a natuval chernical

and/or -physical b-arrier. The p, ropagabion oÅí Åíouling organ-

isms and the accumulatÅ}on of debris on the viood surfaces

must counteract the settleinent of shipviorms ana `Lhe growth

of themv Therez"ore, th'e tiine of- landing logs viould be' a

little late;n in practical cases,•.if the da`va on the season

of settlement, the rates of gronth, and the rates of, attack

on xvood permit the longer storage oz" logs in the sea at
                              -
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