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T H E  BORING HABITS OF T H E  SHIPW ORM

B y D r. R O B E R T  C U N N IN G H A M  M IL L E R

U N IV ER SITY  OF CALIFORNIA

T h e  m ethod b y  w h ic h  th e  sm ooth-walled, p erfec tly  rounded b u r­
rows of the shipw orm  a re  excavated in  wood lias excited the cu ri­
osity of m an since an  ea rly  tim e. I n  the first cen tu ry  A. D. the 
T om an n a tu ra lis t P lin y  the  E ld e r  rem arked  upon it, 4‘W hat 
tee th  (N atu re) has given th e  te re d o ,"  he exclaimed, “ even for per­
fo ra tin g  oak ! . . .  A n d  also she has m ade from  wood its principal 
nou rishm en t.’ n

This conjecture as to the  pu rpose  o f the denticles on the shell 
appears to have gone unchallenged  u n ti l  1733, w hen the  D utch  in ­
vestiga to r Sellius2 objected th a t  the shell of Teredo  does no t appear 
adequate to the  task  of boring , especially in  the h a rd e r woods. I le  
believed the boring to  be accom plished by a  k ind  of suction w ith 
the  foot, aided by the ac tion  of th e  w a te r w hich is being continually 
taken  in to  and  forced ou t of th e  burrow .

The opinion of Sellius p rec ip ita ted  a  discussion w hich has been 
carried  on in te rm itten tly  fo r n ea rly  tw o h u n d red  years. C ertain  
experim ental difficulties h av ing  in te rfe re d  w ith  d irect observations 
of the  shipworm  in  action, the  debate has been m ore or less aca­
demic, the n a tu re  of the  prem ises and  the  v igor of the discussion 
suggesting  analogies w ith  a w ell-known m edieval controversy re­
gard ing  the num ber of tee th  of the  horse.

W hile a m ajo rity  of w rite rs  have favored the view th a t boring 
is carried  on b}r m ovem ents of the  shell, no t a few have insisted th a t 
the burrow s are  excavated by  a  slow b u t continuous w earing away 
of the  wood by  fric tio n  an d  suction  w ith  the  foot. S till a th ird  
group has m ain tained  th a t  a chem ical action of some sort is in ­
volved in the  boring process.

The theory  of boring by m eans of the shell rests la rgely  on m or­
phological grounds. The shell of Teredo  has been reduced, relative 
to the  size of the anim al, u n til  i t  covers only a sm all portion  of the 
an te rio r p a r t  of the body. I t  is a subglobular s truc tu re , gaping in 
fro n t fo r the p ro tru sion  of the foot, and behind fo r the protrusion 
of the  long, slender body. I t  consists of two valves, which are 
capable of rocking back and  fo r th  on specialized dorsal and ventral 
knobs, so th a t  the a n te rio r  an d  posterior adduc to r muscles oppose

1 Caii P linii Secundi H istoria N aturalis, Book X I, Chap. 1.
2 Godofredi Sellii H istoria  N aturalis Teredinis seu Xylophagi Marini, 

pp. 78 £f. T rajecti ad Rhenum, 1733.
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each o ther in  action. T he a n te rio r  portions of the  valves are 
equipped w ith  sharp ly  den ticu la ted  ridges, the projections of which 
are d irected outw ard and  backw ard. The s tru c tu re  of the shell, 
coupled w ith  the fac t th a t  th e  posterio r adducto r muscle is some­
w hat m ore th a n  th ir ty  tim es as la rg e  by  volume as the  an te rio r ad ­
ductor, strong ly  suggests th a t  bo ring  is accom plished by  movements 
of the  valves, repeated con trac tions of the  large posterior muscle 
causing th e ir  forw ard edges to  sp read  a p a r t  and  ra sp  the  wood.

To th is i t  has been objected by  advocates of the theory  of boring 
by m eans of the foot th a t  th e  shell is inadequate  to the  task  of 
boring, th a t  i t  does no t show signs of w ear as w ould be expected if  
its  function  were th a t of ra sp in g  wood, and  th a t  th e  walls of the 
burrow  of Teredo  are too sm oothly polished to have been rasped 
m echanically. I t  has been fu r th e r  po in ted  out th a t  certa in  forms, 
such as Patella, are able to m ake depressions in  rocks by m eans of 
the foot.

P roponents of the th eo ry  of bo ring  by  chemical m eans have 
little  to offer in  su p p o rt of th e ir  views except a presum ed inade­
quacy of both shell and  foo t to accomplish the observed result. 
N evertheless, this theory  h ad  the  backing of such au thorities as 
Gray, D eshayes and De Q uatrefages, a ll of whom d u rin g  the  n ine­
teen th  cen tu ry  made no tew orthy  con tribu tions to the  knowledge of 
m arine borers.3

In  order to determ ine if  possible b y  d irect observation which of 
the foregoing suppositions is correct, the  w rite r recen tly  tr ie d  the 
experim ent of carefully  opening th e  burrow  of a  te redo  n ea r the 
an te rio r end and sealing over th e  opening w ith a glass cover-slip, 
thus m aking a sm all w indow  in  the  burrow , th ro u g h  w hich the 
movements of the occupant could be observed w ith  the  aid  of a 
binocular microscope and  a n a rro w  sh a ft of light. M ost of the  an i­
m als d istu rbed  in th is fash ion  w ould re tra c t about a th ird  of the 
length of the  burrow , so th a t  th ey  vrnre en tirely  ou t of sig h t from  
the window, and  a fte r a  few7 d a y s1 quiescence they  w ould bore off 
in  ano ther direction. B u t a f te r  a num ber of repetitions the  experi­
m ent finally proved successful. One specimen w as found  w hich car­
ried  on boring  operations d irec tly  in  view  of the  sm all glass w in­
dow, and  tlic process w as observed in  considerable detail.

The bo ring  is accom plished by rasp ing  w ith  th e  valves, which 
are held in  position by th e  com bined action of the foot, a ttached  to 
one w all of the burrow , and  th e  dorsal fold of the  m antle, dis­
tended  by tu rgo r, push ing  ag a in st the  opposite wall. The ty p ica l 
boring position is seen in  F ig . la .

s Headers who desire a fu ller account of the various theories of boring 
are referred to M iller: " T h e  boring mechanism of T e r e d o Univ. Calif. Publ. 
Zool., vol. 2G, pp. 41-80. 1024.
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B
Fig. 1. Teredo, a. Typical boring position, b. Boring position 

when beginning a side passage a t a  righ t angle to the 
former course of the burrow.

The effective stroke of the valves is the ou tw ard  an d  backward 
one, as had  a lready  been assum ed from  the d irection  of the points 
of the denticles on the  shell, and  from  the ex trao rd in a ry  develop­
m ent of the  posterior ad d u c to r muscle. A t each stroke of the 
valves the  foot takes a new hold. As the backw ard stroke of the 
valves is com pleted, the foot is re laxed  and  its m arg ins sp read  out 
so fa r  th a t  they overlap the edges of the  shell. Then, by  a  sudden 
contraction, the m arg ins of th is  s tru c tu re  a re  d raw n  in  and  the 
valves b rough t fo rw ard  in to  position  fo r a new stroke. T hen fol­
lows the slow, labored contraction  of th e  large posterio r adductor, 
causing the  fo iw ard  edges of the  valves to sp read  a p a r t  and  rasp 
trie wood on th e ir  ou tw ard  th ru s t. T h a t the  valves do actively 
scrape the wood on th is  s troke is ind ica ted  by the fa c t they  were 
observed freq u en tly  to slip, th e  backw ard m arg ins being draw n 
together w ith  a je rk  instead  of the  u su a l slow, steady  pull. The 
boring m ovem ents occurred rhy thm ically , from  8 to 12 tim es a 
m inute.

The an te rio r tip  of the bu rrow  is m ined ou t by  the  an te rio r lobe 
of the shell ; the  m ovem ent of the  shell is necessarily  in  a direction 
lo n g itud ina l to  the  ridges of th is  area, so th a t  th e ir  se rra te  edges 
act upon  the  wood as so m an y  sm all saws. The se rra tions on the 
ridges of th e  an te rio r area a re  extrem ely  fine, as com pared w ith the
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Fig. 2. Shell of Teredo navalis mounted in position a t end of 
burrow, x 10. a. Dorsal view, b. L ateral view.

dentien lations o f the  a n te rio r  p o rtion  of the  m edian lobe of the 
shell, and  hence b e tte r fitted  to  ac t as the advance boring  edges. 
Also the shape and  position of the  an te rio r lobe especially a d a p t i t  
to w orking in  th e  extrem e t ip  of the  burrow  (see F ig . 2 ) . The 
m arks of the w ork of the  a n te r io r  lobe of the shell a re  o ften  p la in ly  
evident on the  wood (F ig . 3 ).

"While the ridges of the  a n te rio r  lobe a re  w orking saw -fashion 
in  the  tip  of th e  burrow , the coarser, wedge-shaped tee th  of the  an ­
te rio r p o rtion  o f the m edian lobe o f the  shell a re  a t  the  sam e tim e 
w orking rasp-like, en larg ing  th e  d iam eter of th e  burrow  and  ad­
vancing the  p e rip h era l p o rtio n  of its  cupped extrem ity . Thus, 
while the tools m ig h t be com pared to saw and  rasp , th e ir  w ork is in  
effect th a t of d r ill  and  ream er.

The disposal of the  rasped-off partic les of wood i t  was no t pos­
sible to observe, because o f th e ir  m inu te  size. T here  is, however, 
every reason to  believe th a t  th ey  are  sw ept by  th e  cilia of the 
perip h ery  of th e  foot in to  the  ran g e  of the cilia of the  esophagus. 
A p p aren tly  a ll the  rasped-off wood passes th ro u g h  the  digestive 
trac t, w here a considerable p o rtio n  of it  is u tilized  as food by  the 
anim al,4 as P lin y  had fu r th e r  surm ised.

The position  assum ed by  Teredo  in  boring  off a t  a r ig h t angle 
to its  fo rm er d irection  of progress is seen in  F ig . lb . One would 
h a rd ly  have supposed th a t  such an  aw kw ard position  is assum ed 
by the an im al in  changing the  course of its  burrow , w ere th is  no t

4 Cf. Dore and M iller: " T h e  digestion of wood bjr Teredo navalis,’ ’ Univ. 
Calif. Publ. Zool., vol. 22, pp. 383-400, 1923.

lb
b.;
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Pig. 3. Cupped extremity of a burrow showing marks of the work 
of the shell, x 10. a. Teredo navalis, b. Teredo diegensis.

actually  a m a tte r  of observation. A p p aren tly  the  valves function 
w ithou t difficulty under such circum stances. This explains how 
Teredo  is able to m ake the  a b ru p t changes in  the course of its  b u r­
row  w hich a re  so often found, especially in  heavily  rid d led  piling, 
w here such changes of d irection  are necessary in  o rd er to avoid 
b reaking  th ro u g h  in to  neighboring  burrow s.

The commonly m ade sta tem en t th a t one Teredo  w ill never bore 
into or cross the  burrow  of ano ther is not, s tric tly  speaking, true. 
Occasional instances have been found in  w hich one burrow  passed 
d irectly  th ro u g h  another. Sueli cases are rare , however, and  it  is 
probable th a t  the first an im al w as dead before the second entered 
its  burrow , as otherwise i t  w ould doubtless have been able to pro­
tect itse lf  by a thickened w all of nacre. In  heavily  ridd led  tim ­
bers the teredos w ill sometimes adopt u n u su a l expedients, such as 
to cross a  crack  of considerable m agnitude in o rd er to find new 
wood to a ttack . One instance w as observed in  an  aquarium  where 
a teredo had  bored com pletely th rough a- piece of wood, so th a t its 
shell and  the  an te rio r p a r t  o f the  body p ro tru d ed  in to  the  water. 
This anim al w as doubtless abnorm al.

The foo t appeared , from  observation, to be an organ  of sense 
and  a m eans of lim ited  locomotion about th e  narrow  confines of the 
burrow . The an im al u n d e r observation th ro u g h  the window made 
in  the  burrow  w as seen to  tu rn  from  le ft to rig h t and  back again 
a num ber of times, as though exploring the  w all of the  burrow  with
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th e  foot, before i t  m ade any boring  m ovements. P robab ly  thus in 
some w ay Teredo  becomes aw are of ne ighboring  burrow s, so as to 
tu r n  aside an d  avoid them. In  executing  these tu rn in g  movements, 
the  foot several tim es passed d irec tly  across the  glass, so th a t the 
m an n er in  which it  functioned could be well studied. The organ 
was first fla ttened  against the  su rface  of the  glass, and  its  m argins 
sp read  out so th a t  they  extended beyond the  edges of the  shell. 
Then, a p p a re n tly  by contraction  of th e  re tra c to r  m uscles of the 
foot, th e  m arg ins w ere ra th e r  sudden ly  d raw n  in  and  the  central 
disc of the  foo t slightly  cupped, obviously constitu ting  a sucker. 
A fte r  each contraction  the foot sough t a new  attachm ent, moving 
la te ra lly  about 0.5 mm and  h itch in g  the  shell along to a new 
position.

D u rin g  the  course of th is  exp lo ration  of the w alls of the  burrow, 
the an im al was observed to tu rn  abou t its  long axis 260 degrees in 
one d irection  and  220 degrees in  the  o ther, or a  to ta l of 480 degrees. 
The body w as obviously tw isted , ow ing to the  an im a l’s being a t­
tached  to  the  burrow  a t th e  p o ste rio r end, b u t th is  tw isting  ap ­
peared  to occasion i t  no inconvenience. Thus is solved the  problem 
of how the  shell can be b ro u g h t in to  the  various positions necessary 
fo r excavating  the  reg u la rly  cupped, p erfec tly  rounded  burrow . I t  
was obvious from  the  m arkings show n in  P ig . 3 th a t  the shell m ust 
have been ro ta ted  by slow stages th ro u g h  a t  least 180 degrees in 
each d irec tion  in  order to p roduce  the  stria tio n s ra d ia tin g  in  all 
directions.

The fu r th e r  possibility  th a t  Teredo  m ig h t fac ilita te  its  boring 
by  th e  use of some secretion w hich has a solvent action on certain  
co n stituen ts  of the wood w as also investigated . I t  would seem th a t 
the  action of such a  substance, if  i t  occurs, should spread  a t least 
fo r a lim ited  distance th ro u g h  the cells of the  wood a t the  extrem ity  
of th e  burrow . The traeheids of D ouglas fir a re  from  1 to 3 mm 
in  length , an d  i t  is h a rd ly  conceivable th a t  a  secretion applied  to 
one end of a traeheid  should no t sp read  th ro u g h  its  en tire  length. 
P ro b in g  in  th e  ex trem ity  of the  bu rrow  w ith  a needle, however, did 
n o t reveal an y  arca of softened wood, as w ould be expected on this 
hypothesis. M icro-staining w ith  hem atoxylin , w hich is a selective 
s ta in  fo r cellulose, did n o t reveal any  d im inu tion  in  the  cellulose 
co n ten t of the  wood a t the end of the burrow . I t  w as fu r th e r  a t ­
tem p ted  to  com pare q u an tita tiv e ly  the com position of shavings of 
wood im m ediately  ad jacen t to the  burrow s of Teredo  w ith  th a t of 
shavings from  sound portions of the  sam e lim ber. A n analysis of 
these sam ples did no t ind ica te  th a t  any  substances had been re ­
m oved by  the  enzymes of the  bo rer from  the wood form ing  the wall 
of th e  burrow .
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W hile the  w rite r does no t consider th a t  the  possibility  of the  use 
of a g lan d u la r secretion to fac ilita te  boring  is definitely disproved 
by these experim ents, the  evidence strong ly  indicates th a t  boring  is 
perform ed en tire ly  by m echanical ra sp in g  of the valves on wood 
th a t has been to some ex ten t softened an d  m acerated  by  the  pres­
ence of w ater in  the burrow .

The experim ent was tr ied  of ra sp in g  the  surface of a piece of 
Douglas fir wood u n d e r w a te r w ith  a  m edium -sized teredo shell 
held between the thum b and  forefinger. B y th is  m ethod a  depres­
sion 6 mm in  d iam eter and  1.2 mm deep was m ade in  30 m inutes, 
a t  the end of w hich tim e the  denticles of the shell, exam ined under 
the microscope, showed no t the least trace  of wear. A  sim ilar a t­
tem pt to rasp  d ry  wood, however, re su lted  in  the  speedy destruc­
tion  of the shell. Thus i t  ap p ears  th a t th e  action of w a te r alone is 
sufficient to g rea tly  soften  the  wood and  accordingly fac ilita te  bor­
ing. The assum ption of a  chem ical action on the  wood by  some 
unknow n secretion  p roduced  by  th e  borers is quite unnecessary.

I t  is no t the  in ten tio n  of the  w rite r  to defend the  som ewhat 
m oth-eaten scientific re p u ta tio n  of the  b lan d ly  u n critica l P lin y , bu t 
in  th is instance a t  least he appears to have h it  upon  the  r ig h t con­
jecture , both as reg a rd s  the  m echanism  of boring  and  th e  u tiliza ­
tion  of the  wood as food. I t  w as perhaps the v e ry  sim plicity  of the 
ac tual m ethod of boring of the  shipw orm  w hich led so m any  la te r 
investigators to overlook it  in  a search fo r some m ore obscure ex­
planation .
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