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I .  I n t r o d u c t i o n

T h e  D ale  p en in su la  is s itu a ted  a t  the south-w estern ex trem ity  o f P em broke­
shire, closing o ff th e  m o u th  of M ilfo rd  H av en  (Fig. 1). I ts  shores therefo re show 
a  w ide ran g e  o f  exposure to  w ind  a n d  w aves, from  the  steep rocky cliffs betw een
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G re a t C astle H ea d  a n d  St. A n n ’s H ea d  to  th e  gen tle  beaches o f  stones a n d  low 
rock ridges w h ich  su rro u n d  the G an n  F la t. T h e  islands of Skom er, Skokholm  
a n d  G rassholm  lie progressively fu rth e r  offshore to  the  west, w hile to  th e  east 
M ilford  H av e n  receives th e  rivers C leddau  by  w ay  o f th e ir  com m on estuary, 
th e  D au c led d au .

T h e  first ed ition  o f the  Dale Fort Marine Fauna (Bassindale a n d  B arre tt, 1957) 
con tains few records o f serpulids an d  only  two species o f Spirorbis, a lthough  
these rocky shores a n d  deep offshore w aters p rov ide  very  good conditions for 
th is fam ily o f  tubew orm s. R ecords of several S p iro rb in ae  w ere ad d ed  by 
de  Silva a n d  K n igh t-Jones (1962), w ho discuss th e  d istribu tion  a n d  typical 
h ab ita ts  o f com m on British species; G ee an d  K n igh t-Jones (1962) a n d  G ee 
(1963, 1964a, 1964b) have since ca rried  o u t fu rth e r  investigations on S p iro r­
b inae an d  som e o th e r  serpulids, m ain ly  from  south-w est B ritain . M oyse an d  
N elson-S m ith  (1963) inc luded  Pomatoceros an d  fou r species o í  Spirorbis in  the ir 
survey o f rocky shores a ro u n d  D ale  a n d  N elson-S m ith  (1964, 1965) ex tended  
this survey th ro u g h o u t M ilford  H aven  a n d  the  D auc leddau .

In  the course o f these studies collections have been  m a d e  by d redg ing  an d  
aq u a lu n g  d iv ing  as well as on th e  shore, from  the  islands to  th e  u p p e r reaches 
o f  th e  D au c led d au . I t  was possible to include b r ie f  details o f n early  all th e  
records so o b ta in ed  in  th e  second ed ition  o f the  F a u n a  (G rothers, 1966), w hich 
now  lists 18 species in  the  S erpulidae, o f w h ich  ten  belong to  the  genus 
Spirorbis. T h is  acco u n t provides details o f the ir d istribu tion  in  the  a rea , w ith  a 
key a n d  tax o n o m ic  descrip tions inc lud ing  a  fu rth e r six species w hich  have been 
recorded  from  n ea rb y  British or E u ro p e an  coasts an d  a re  therefore w orth  
search ing  for a ro u n d  D ale.

I I .  S t r u c t u r e  a n d  b i o l o g y  o f  s e r p u l i d s

T h e  S erpu lidae  a re  th e  only  polychaetes w hich  construc t calcareous tubes. 
T h e  possession o f such  a  tu b e  therefore im m edia te ly  identifies a  serpulid  w orm  
in th e  field, a n d  th e  n a tu re  of the  tu b e  m ay enab le  th e  collector to de term ine  
its sub-fam ily , genus or even species. Flowever, m a n y  otherw ise d istan tly  
re la ted  serpulids in h a b it very  sim ilar tubes, so in  general tu b e  ch arac ters  have 
been  ab a n d o n ed  b y  m ost w orkers in  favour o f th e  form  an d  a rran g e m en t o f th e  
setae. T hese  a re  v ita l to  the  descrip tion  o f new  species o r th e  d e te rm in a tio n  of 
doub tfu l o r d am ag e d  specim ens b u t, as th e  necessary deta il can  be seen only 
u n d e r  a  h igh-pow er m icroscope, ra p id  identification  from  setal characters is 
im possible ou tside a  w ell-equ ipped  labora to ry . T h e  shape a n d  n a tu re  o f the  
opercu lum , a n o th e r  u n iq u e  fea tu re  o f this fam ily, is, how ever, usually  very  
characteristic . I t  is a  re la tive ly  la rge s truc tu re , easily seen u n d e r a  dissecting 
m icroscope or even a  hand-lens, a n d  w hen  it  is calcareous or heav ily  chitinous 
it can  be recovered  from  dead  or d ried -up  specim ens. T h e  op ercu lu m  of the  
S p iro rb in ae  has becom e a n  im p o rta n t taxonom ic ch a rac te r o f th is sub-fam ily 
(see, e.g. G ee, 1964b) a n d  a  recen t h an d b o o k  for the  iden tifica tion  o f serpulids 
fouling sh ips’ hu lls in  E u ro p ean  w aters (N elson-Sm ith, 1966) separates th e m  on 
tu b e  a n d  o p ercu la r ch arac ters  alone. T hese characters a re  also used in  th e  key 
w h ich  follows, a lth o u g h  details o f th e  setae are  inc luded  in  th e  descrip tion  of 
ind iv idual species.
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Fig. 2 illustrates the  stru c tu re  of a  ty p ica l serpu lid  w orm . T h e  body  is sharply  
d iv id ed  in to  two regions, th e  th o rax  (w hich  includes a  very  reduced  head  
region) a n d  the  longer a n d  less specialized  abdom en . T h e  th o rax  is w rapped  in  
a  cloak-like thorac ic  m em b ran e  w hich  a t  its an te r io r  end  is con tinuous w ith  
th e  tube-fo rm ing  collar. T h e  h ead  reg ion  carries a  crow n o f fea thery  gills w hich 
a re  also used  in  filter-feeding. These b ra n c h ia l filam ents arise from  tw o sem i­
c irc u la r  o r sp iral lobes flanking  the  m o u th  an d  a re  som etim es u n ite d  basally 
by  a  p a lm a r  m em brane. In  m ost species the  end  o f one o f th e  filam ents is 
developed into an  opercu lum , w hich usua lly  takes th e  fo rm  o f a  m em branous 
o r fleshy vesicle bearing  a t its d istal e n d  a  p la te  o r som e o th er pro tective 
s tru c tu re  by  w hich the  tu b e  can  be closed w hen  th e  w o rm  re trac ts  in to  it. T h e  
p la te  is calcareous in  the  S p iro rb inae  b u t  is m ore  often  ch itinous o r fleshy in  
th e  o th e r sub-fam ilies. T h e  filam ent w h ich  form s the  o p ercu la r stalk  is usually 
devoid  of th e  p innules w hich b ra n c h  from  th e  o thers, a lth o u g h  in  the  sub-
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F ig . 2.
Structure of a  typical serpulid worm. An outline of Hydroides norvegica, traced from the colour 

lithograph of Professor M cIntosh (from Nelson-Smith, 1966).
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fam ily  F ilo g ran in ae  an  op ercu lu m  is e ither lack ing  or bo rne  on  a  p in n u la te  
stalk  sim ilar to  th e  unm odified  b ran ch ia l filam ents. A  g roup  rep resen ted  here 
only b y  Pomatoceros triqueter has a  fla ttened  o p ercu la r stalk  w h ich  is ex tended  
la te ra lly  in  tr ia n g u la r  w ings. Som etim es th e  filam en t co rresponding  to  the  
functional opercu lum , b u t on th e  opposite side of the  b ran ch ia l crow n, is 
developed as a  sm all false opercu lum  w hich  m a y  be cap ab le  of com pensatory  
g row th  to  rep lace  the  p rim a ry  opercu lum  w hen  th is  is lost o r dam aged . T his 
ab ility  is v e ry  m a rk e d  in  Hydroides norvegica an d  occasional specim ens m a y  be 
found bea rin g  a  p a ir  o f op ercu la  nearly  equal in  size a n d  com plexity . Filograna 
implexa a lw ayshas a  p a ir  o f delicate  o percu lar cups, one on  each  side o f th e  crow n.

M ost segm ents o f the  body  b ea r  on  each  side a  b u n d le  o f long  setae a n d  a 
row  (torus) o f uncin i. In  th e  th o rax  it is the  n o to p o d iu m  w hich  contains the 
long setae a n d  th e  neu ropod ium  the  uncin i, b u t in  the  ab d o m en  this a rra n g e ­
m e n t is reversed, so th a t th e  un cin i a re  dorsal. T h e  first setigerous segm ent lacks 
uncin i, b u t bears hair-like (capillary) setae to g e th er w ith  m ore e lab o ra te  collar 
setae w hich  m a y  be o f p a r tic u la r  taxonom ic significance. T h e  rem ain in g  
tho rac ic  bund les co n ta in  a  v a rie ty  of sim ple setae, som e w ith  borders o r fins 
w hich  m ay  or m a y  n o t be too thed , an d  occasionally  ra th e r  m ore  characteristic  
sickle-shaped setae. T h e  setae o f the  an te rio r p a r t  o f  th e  ab d o m en  m a y  also be 
o f ch arac teris tic  shape, a lth o u g h  in  the  posterior segm ents they  a re  usually  th e  
cap illa ry  type . T h e  thorac ic  a n d  abdom inal uncin i resem ble each  o ther, an d  
usually  have a  se rra ted  edge in  w hich  th e  too th  a t  one en d  is la rger th a n  the 
others. T h e  u n c in i a re  used to  ancho r the  w orm  in  its tube , an d  th ey  are 
a rran g e d  transversely  in  th e  to rus w ith  th e  se rra ted  edge facing ou tw ards an d  
th e  tee th  p o in tin g  an terio rly . I t  is ra re ly  possible to  rem ove setae from  a  w orm  
w ith o u t b rin g in g  aw ay p a r t  o f the  body  w all; am ong  th e  sm aller species, 
especially th e  S p iro rb inae , i t  m ay  b e  necessary to  m o u n t th e  w hole an im al 
w hen exam in ing  the  setae. Specim ens fixed in  sea-w ater fo rm alin  m ay  be 
passed d irec tly  to  lac topheno l (50%  lactic  acid  a n d  50%  phenol, o r ava ilab le  
com m ercially  as a  p e rm a n en t m o u n ta n t m ixed  w ith  polyvinyl resin) w hich 
rap id ly  ren d ers  th e  body  tissues tran sp a ren t so th a t the  setae ca n  b e  seen clearly. 
C o llar setae m a y  be re la tive ly  large, b u t an  oil-im m ersion objective w ill 
p ro b ab ly  b e  n ee d ed  to  show  details of th e  uncini. A  useful ch a rac te r in  the  
taxonom y o f Spirorbis is th e  position  o f th e  abdom inal segm ent b ea rin g  the  
g rea test n u m b e r  o f  uncin i (Gee, 1964b).

T h e  tubes o f  m ost serpulids a re  either irregu la rly  coiled o r fairly  s tra ig h t ; in  
som e species th e  d istal p o rtio n  usually  stands erect from  th e  substra tum . T h e  
tu b e  m ay  be m o re  or less cy lindrical, w ith  a  sm ooth surface, b u t  it is often 
scu lp tu red  e ith e r by  long itud inal ridges, w hich  m ay be cu t in to  tee th , o r by 
transverse ribs o r flanges caused by irregu la r grow th. W h en  th e  tu b e  has a  
single keel a n d  sp reads la tera lly  w here it jo in s the  substra tum , as in  Pomatoceros, 
it  m ay  a p p e a r  tr ia n g u la r  in  section. A m ong the  S p iro rb inae it form s a  reg u la r 
fla t spiral, coiling in  a  d irec tion  w hich  is constan t for each  species. T h e  w orm  
lies on its do rsal surface, so th a t  a  tu b e  w hich appears to  coil in  a n  a n t i­
clockwise d irec tion  from  th e  cen tre  tow ards its m o u th  is referred  to  as d ex tra l: 
s in istral tubes coil clockwise. T h e  m ateria l from  w hich  serpu lid  tubes are 
constructed  is alw ays calcareous, b u t  they  m ay  a p p e a r o p aq u e  an d  chalky, 
porcellanous o r even glassy.
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Pomatoceros an d  o th er m em bers o f the  sub-fam ily  S erpu linae  h av e  separate  
sexes; fertiliza tion  is ex ternal a n d  results in  free-sw im m ing trochophore  larvae 
w hich  m ay  rem ain  in  the  p lan k to n  for a  considerab le tim e. W orm s o f the  sub­
fam ily  F ilogran inae are  herm ap h ro d ite , w ith  testes in  th e  first few abdom inal 
segm ents an d  ovaries m ore posteriorly . Filograna in cu b ates  its la rvae  loose in  the  
tu b e  a n d  can  also rep roduce asexually  by  fission. T h e  posterior region separates 
a fte r fo rm ing  a  new  head  a n d  m ust th e n  reo rgan ize  tho rac ic  segm ents from  
ab d o m in a l ones. F o r this reason th e  n u m b e r o f th o rac ic  segm ents is variab le  in  
Filograna. Because o f th e  reversed a rran g e m en t o f se tae (see above) the  noto- and  
n eu ro p o d ia  m ust be resorbed  an d  rea rran g e d  d u rin g  this reo rgan ization  
(H uxley a n d  de Beer, 1934). T h e  S p iro rb in ae  are  also h e rm ap h ro d ite , a lthough  
it is th e ir  ovaries w hich occupy th e  m ore an te r io r  ab d o m in al segm ents. T h ey  
usually  cross-fertilize (Gee an d  W illiam s, 1965), as th e  F ilog ran inae  p robab ly  
do u n d e r norm al conditions. T h e  S p iro rb inae  p ro tec t th e ir  young u n til a la te  
stage, e ith e r in  th e  specially en larged  opercu lum  o r in  a n  elongated  sac w hich 
lies free in  the  tu b e  alongside th e  ad u lt. I n  a  few species (for exam ple Spirorbis 
striatus) th e  em bryo sac lies in th e  tube , b u t is a tta c h e d  by  its an te rio r end n ear 
th e  base o f the  opercu lar stalk, as th o u g h  it  w ere a n  ex tra  an d  highly  m odified 
opercu lum .

O n ce  th e  la rva l w orm  has se ttled  it undergoes a  ra p id  m etam orphosis and  
com m ences tube building. F rom  this stage onw ards it is fixed for life. M any  
serpulids a re  found only on a  very  lim ited  range of su b stra ta  an d  recen t ex­
perim en ts w ith  Spirorbis (K night-Jones a n d  de S ilva, 1959; de Silva, 1962; 
Gee, 1964a, 1965) have shown th a t  this is largely  due to carefu l selection of the  
r ig h t h a b i ta t by  the  settling larvae. By such  selection o f a  special substra tum  
a n d  b y  specifically gregarious se ttlem en t (K night-Jones, 1951 ; K night-Jones 
a n d  M oyse, 1961) a  num ber o f sym patric  species m ay b e  ecologically isolated 
even w ith in  a  sm all rock pool.

I I I .  D i s t r i b u t i o n  o f  s e r p u l i d s  a r o u n d  D a l e

T h e  m ost w idespread  a n d  a b u n d a n t tu b ew o rm  in this region is w ith o u t a  
d o u b t Pomatoceros triqueter. I t  is th e  only serpu lid  recorded  from  G rassholm , 
ex tend ing  from  this extrem ely  exposed site to  L langw m  a t  th e  h ea d  o f the  
D au c led d au  a n d  from  aro u n d  m id -tid e  level to  below  30 m etres, th e  greatest 
d ep th  investigated  (Fig. 3). M oyse a n d  N elson-S m ith  (1963) give c rite ria  for 
assessing its ab u n d a n ce  by  w hich any  o f th e  o th e r serpulids, w ith  th e  exception 
of th e  S p iro rb inae, are never m ore  th a n  occasional an d  a re  usually  rare . 
Pomatoceros is p ro b ab ly  m ost a b u n d a n t in  th e  shallow  sub litto ra l, b u t it can  
occur in  large num bers on th e  low er shore an d , p ro tec ted  from  abrasion  by  its 
s to u t r id g ed  tube , it  survives on  q u ite  sm all m obile stones a n d  shells. Indeed , 
it is ra th e r  characteristic  o f a b ra d e d  stones a n d  rocks.

T h e  F ilog ran inae  an d  o th er S erpu linae  do n o t spread very far either u p  th e  
shore or in to  th e  H aven . Protula, Apomatus an d  Hydroides a re  found  only  a t  the 
low est levels on the  shore, a lth o u g h  they  ex tend  15 m etres o r m ore  in to  the 
sub litto ra l. Protula has been  reco rd ed  in  th e  m o u th  of the  H av e n  from  M ill Bay 
to  M usselw ick P o in t; Apomatus h as also been  collected b y  d iving n o rth  of 
Skokholm . Hydroides is m ore w idespread  an d  a lthough  i t  has n o t been  recorded
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from  th e  shores fu rth e r  inside the  H av en  it m ust regu larly  be in tro d u ced  on 
sh ips’ hulls. Filograna (Salmacina) dysteri occurs in  occasional masses o f in te r ­
tw in ed  tubes in  crevices o r am ongst the  holdfasts o f Laminaria in  th e  sub litto ra l 
fringe a ro u n d  th e  m o u th  o f M ilford  H aven . O ne d istinction  be tw een  this 
species a n d  Filograna implexa is th a t the  la tte r  is usually  found  in  deeper w ate r 
a n d  in  less dense masses. F. implexa occurs in  the  en trance  to  the  H av en  an d  
a ro u n d  D ale  B ay b u t  is also reco rded  from  the  islands a n d  in  th e  low er reaches 
as far as N ey land , w here it has been  fo und  a t  a  few sta tions a t th e  low est levels 
o f  the  shore a n d  in  th e  shallow  sublitto ral.

Mercierella enigmatica differs from  m ost o th e r  serpulids in  its to le rance for
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f lu c tu a tin g  an d  often ex trem ely  low salinities. H ow ever, it  seems un ab le  to  
colonize th e  shores o f the  D ale  pen insu la  or th e  estuary , occurring  only  w here 
tid a l m ovem ents a re  red u ced  or absen t. I t  is an  im m ig ran t from  th e  In d ia n  
O cean  a n d  A ustralasia a n d  has been  fo u n d  n ea r  D ale  on ly  in  th e  P ickleridge 
lagoon  a t  th e  head  o f th e  G an n  F la t, th e  M ill P ond  a t  P em broke a n d  sporadic­
ally  in  M ilford  Dock. E arlie r E u ro p e a n  records, review ed by  G ee (1963), 
suggested th a t  Mercierella is also favoured  by  u n n a tu ra lly  w arm  conditions b u t 
it  seem s th a t  the  w orm  can  to le ra te  b o th  low  a n d  w idely  f lu c tu a tin g  tem ­
p era tu res . N ay lo r (1964) reports  th a t  th e  p o p u la tio n  in  th e  Q u ee n ’s Dock, 
S w ansea (w hich is w arm ed  by  th e  cooling-w ater effluent from  a  pow er station) 
has b een  increasing since the  w ate r te m p e ra tu re  fell, follow ing a  red u c tio n  in 
th e  s ta tio n ’s ou tp u t. T h e  P ickleridge p o p u la tio n  survived th e  severe w in ter o f 
1962-63 (M oyse a n d  N elson-Sm ith , 1964) a n d  seem ed to  increase shortly  
afte rw ards. Specim ens from  Pem broke w ere  only fo rm ally  iden tified  an d  re ­
co rded  in  1965 b u t Mercierella is th o u g h t to  h av e  th riv ed  th e re  since a t  least 
1958 a n d  is exposed to frost for som e weeks in  th e  w in te r, w hen  th e  p ond  is 
period ically  d ra in ed  for re p a ir  w orks to  th e  walls a n d  riverside w alk. I n  bo th  
bodies o f  w ate r, sum m er tem p era tu res  ca n  nevertheless becom e abno rm ally  
h igh.

A p a r t from  Pomatoceros, th e  typ ical serpu lids o f th e  in te r tid a l zone a re  species 
of Spirorbis w ith  sm all spirally-coiled tubes. L ike Pomatoceros, Spirorbis pagen­
stecheri usually  has a  strongly  ridged  tu b e  an d  can  b e  found  o n  sm all f la t stones; 
it  also occupies crevices an d  overhangs o f  rock  ex tend ing  to th e  level o f m ean  
h ig h  w a te r  neaps. S ub litto ra lly  or on a lg ae  th e  tu b e  is often less well ridged  an d  
m a y  even b e  sm ooth , w hen  it can  be confused w ith  S. spirillum w h ich  also coils 
dex tra lly . S. tridentatus usually  has th re e  strong  ridges, b u t is ra re ly  found on 
m obile  objects a n d  coils in  th e  opposite d irec tion . S. rupestris has a  sm ooth  tu b e  
a n d  typ ically  occurs on bedrock  in  association w ith  th e  encrusting  a lga  
Lithothamnion. In  the  D au c led d au  it  in term ingles w ith  S. tridentatus w hich, p e r­
haps because o f very sheltered  conditions, loses th e  ridg ing  o f th e  tu b e  an d  is 
thus d ifficult to  determ ine in  the  field. S . borealis settles on  b ro w n  algae, p a r ­
tic u la rly  Fucus serratus, a n d  is therefore confined to  low er regions o f  the  shore. 
T hese  four species ex tend  well u p  M ilford  H av en  a n d  the  D au c led d au , an d  
like a  n u m b e r o f o ther shore anim als, th e ir  o rd er o f p en e tra tio n  u p  th e  estuary 
m ore o r less reflects th e ir  zonation  o n  th e  shore. S. pagenstecheri p ene tra tes th e  
fu rthest, to  a  rocky ree f ju s t n o r th  o f  L andsh ipp ing  Q u a y ; S. tridentatus is 
a b u n d a n t a t  P lan ta tio n  Gove in  Beggars R each , an d  all a re  p resen t below 
G a rró n  Point. T h e y  occur u p  th e  D au c led d a u  in  th e  sam e o rd er as u p  the 
Bristol C hannel a n d  S evern E stu a ry  (G ee, 1964b) even th o u g h  th e ir  upstream  
lim its a re  all reach ed  w ith in  a  s tre tch  o f  th ree  miles as aga in st 100 miles. I t  is 
im possible to  know  for certa in  w hich  factors a re  m ost im p o rta n t in  lim iting  the 
estuarine  d is tribu tion  o f m arin e  species, b u t here they  inc lude low ered salin­
ities, lack  of su itab le  substra ta  a n d  increasing  siltation  (see N elson-Sm ith, 
1965). A round  th e  D ale  pen insu la S. tridentatus is m ost to le ran t o f exposure, 
o ccu rrin g  a b u n d a n tly  a t L ong  P o in t (M oyse an d  N elson-Sm ith , 1963). O n  the 
m o re  she lte red  shores a ro u n d  th e  m o u th  S. rupestris is as a b u n d a n t. S. pagen­
stecheri also occurs in  sm all num bers a t  L ong  P oin t b u t occupies fewer of the 
exposed D ale  shores. A ll th ree  have b een  recorded  from  Skom er. S. borealis.
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how ever, is p a rticu la rly  favoured b y  she lte r; it occurs a ro u n d  D ale  B ay b u t 
seem s to  b e  ab sen t from  those shores w ith in  the  P laven w hich  d irec tly  face th e  
en tran ce , even th ough  Fucus serratus is com m on there .

Spirorbis corallinae settles, ap p a ren tly  exclusively, on  Corallina officinalis a n d  a  
few o th e r  re d  algae, so in  th e  u p p e r p a rts  o f its zone it occurs only in  rock pools. 
Corallina is ab sen t from  D ale  Bay an d  bare ly  extends in to  M ilford  H av e n  
b ey o n d  S an d y  H av en  a n d  A ngle Bay, so S. corallinae is sim ilarly  restric ted . T h e  
a lg a  is a b u n d a n t on  the  exposed w est coast o f th e  D ale  pen insu la , b u t lacks 
S. corallinae excep t a t  G re a t C astle H ea d  w here  w ave ac tion  is red u ced  by  an  
extensive rocky  p la teau . S. inornatus closely resem bles S. corallinae, b u t is found  
o n  Laminaria; it  has been reco rded  from  H azelbeach  (below  N ey land) a n d  in  
L aw ren n y  G reek (de Silva a n d  K nigh t-Jones, 1962, as a  v arie ty  o f  S. borealis).

Spirorbis pagenstecheri an d  S. tridentatus ex tend  for som e d istance in to  the  sub ­
litto ra l on rock , stones a n d  shells. S. spirillum occurs on  th e  fronds o f Laminaria 
a n d  on  deep -w a ter hydroids, b u t  has been  reco rded  from  D ale  m ostly  on 
lobsters an d  craw fish or w ith in  th e  shells occupied  by  h erm it-c rab s d redged  in  
th e  m o u th  o f th e  H aven . T h e  rem ain in g  D ale  S p iro rb in ae  occur in  th e  crevices 
o f su b litto ra l rocks; S. malardi m a y  be found a t  ex trem e low  w ate r, b u t  S. 
mediterraneus a n d  S. granulatus settle only  below  th e  su b litto ra l fringe o f Laminaria. 
D iv ing  in  5 m etres o f w ate r off W est Blockhouse P o in t, Professor K n igh t-Jones 
observed th a t  a b o u t h a lf  th e  S p iro rb inae  w ere e ither S. pagenstecheri o r S. 
tridentatus, m ost o f  the  rem a in d e r  being  S. mediterraneus w ith  a  few S. granulatus. 
I n  40 m etres o ff the  n o rth  coast of Skom er, over th ree -q u a rte rs  w ere S. granulatus 
a n d  th e  res t w ere e ither S. pagenstecheri o r S. mediterraneus.

I V .  D e s c r i p t i o n s  o f  s p e c i e s  r e c o r d e d  f r o m  a r o u n d  D a l e

sub-family  S e r p u l in a e  
S e r p u l a  v e r m i c u l a r i s  L.

O p e rc u lu m  a n  in v erted  eone on  a  sm oo th  sta lk , resem bling  a  s tra ig h t-s id ed  o r slig h tly  
b e ll-sh ap ed  fu n n e l;  d ista l su rface  slightly  concave, b e a rin g  ra d ia l grooves w h ich  
d iv id e  th e  r im  in to  n u m ero u s  tee th , u su a lly  20-40 (Fig. 5a ). B ra n ch ia l filam en ts  re d , 
m a rk e d  w ith  p in k  o r  w h ite ; o p e rcu lu m  usu a lly  w ith  re d  o r p in k  m ark ings. T u b e  cy lin ­
d rica l, u su a lly  w ith  five lo n g itu d in a l ridges c u t  in to  irreg u la r  b lu n t  te e th ; th e  c en tra l 
r id g e  m ay  b e  m o re  p ro m in e n t th a n  th e  others. T u b e  often  e rec t, flushed w ith  p in k , 
re d  o r m a u v e ; u p  to  70 m m . long, 4  m m . in  d iam ete r.
C o lla r se tae  s to u t, w ith  a  p o in te d  b lad e  aris ing  from  be tw een  tw o b lu n t  b asa l te e th  
(“ b a y o n e t se ta e ” — Fig. 6a). S e tae  o f th e  rem a in in g  th o rac ic  bun d les  finned  o n  one 
side, w ith  th e  b lad e  u n  to o th ed . A b d o m in al se tae  tru m p e t-sh ap e d  w ith  th e  free edge  
finely  to o th e d  (as F ig . 6j). U n c in i w ith  4 -8  tee th  o f w h ich  th e  a n te r io r  is la rg e r th a n  
th e  re st (Fig. 7a).
O ccasio n a lly  reco rd e d  on  low er-shore  stones in  S an d y  H a v e n  a n d  in  S o u th  H a v e n , 
Skokholm  (D ale Fort Marine Fauna). T y p ica lly  on  su b litto ra l stones a n d  shells es­
p ec ia lly  o f th e  sca llop  Pecten. W orld -w id e  d istribu tion .

H y d r o i d e s  n o r v e g i c a  (G u nnerus) (Fig. 3)
O p e rc u lu m  a  fu n n e l w ith  2 2 -3 6  m arg in a l tee th , as in  Serpula vermicularis, b u t  su r­
m o u n te d  b y  a  c ro w n  of 10-20  b ro w n  ch itinous spines aris ing  from  th e  cen tre  o f th e  
co ncave  su rface  (F ig. 5 b ). B ran ch ia l filam ents red , m ark ed  w ith  yellow  o r w h ite  
b a n d s ; o p e rc u la r  s ta lk  w ith  re d  b an d s. T u b e  cy lindrical, o ften  w ith  tw o low  lo n g i­
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tu d in a l ridges g iv ing  th e  a p p ea ran c e  o f  a  f la tten e d  u p p e r  surface , som etim es flanged 
a t  th e  m o u th  (Fig. 4a) ; p ro stra te , a t  first fo rm in g  a  re g u la r  coil, b ro w n ish  w h en  old ; 
u p  to  30 m m . long, 3 m m . in  d iam e te r.
C o lla r  se tae  bayonet-sh ap ed , as in  Serpula (F ig. 6a) ; re m a in in g  th o rac ic  se tae  finned  
o n  one side, w ith  th e  b lad e  finely to o th e d  (Fig. 6e). A b d o m in a l se tae  tru m p e t-sh ap e d  
w ith  th e  free edge finely to o th ed  (F ig. 6j). U n c in i w ith  5 - 7  te e th  a n d  a  la rg e  ro u n d ed  
p ro jec tio n  a t  the a n te r io r  e n d  (Fig. 7b).
O n  rocks a n d  stones o f th e  low er shore  a n d  su b litto ra l in  th e  m o u th  o f M ilfo rd  H a v e n ; 
also o ff  th e  open  coast a n d  th e  islands. C o m m o n  on  sh ip s’ h u lls  a n d  h a rb o u r  s tru c ­
tu res . W orld -w ide  d is tr ib u tio n .

P o m a t o c e r o s  t r i q u e t e r  (L.)
O p e rc u lu m  a  th ick  calcareous p la te  b o rn e  eccen trica lly  on  a  fla tten ed  sta lk  w h ich  
ex tends la te ra lly  in  tr ia n g u la r  w ings w ith  u p sw ep t tips. T h e  d ista l su rface  o f th e  p la te  
m ay  b e  steep ly  co n ica l, d o m ed  o r fia t a n d  u su a lly  b ea rs  1 -3  s im ple  p o in te d  tee th  
(F ig . 5c). B ra n ch ia l filam ents b row nish , re d  o r b lu e , b a n d e d  in  co n tra stin g  colours. 
T u b e  ra th e r  ch arac te ris tic , t r ia n g u la r  in  sec tion  w ith  a  p ro m in e n t keel co n tin u in g  
over th e  m o u th  as a  sh a rp  spine (Fig. 4 d ) . T h e  keel m ay  fo rm  a  b lu n t  to o th  w herever 
i t  is crossed b y  a  transverse  rib . T u b e  p ro s tra te , increas in g  in  w id th  ra p id ly  a long  its 
len g th , s trong ly  a tta c h e d  to  th e  su b s tra tu m  b y  la te ra l flanges. E a c h  flange con ta ins a  
lo n g itu d in a l series o f cham bers w h ich  m ay  b e  rev ea led  w h ere  th e  tu b e  is w orn  or 
b ro k en . L en g th  u p  to  50 m m ., w id th  3 -5  m m .

I mm.

5 mm.

F i g . 4 .

Serpulid tubes. A, Hydroides norvegica; B, Mercierella enigmatica; C, Filograna (Salmacina) dysteri 
D, Pomatoceros triqueter. To various scales.
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F irs t  se tigerous seg m en t co n ta in s cap illa ry  se tae  b u t  no  co lla r se tae ; rem a in in g  
th o rac ic  se tae  fin n ed  on  each  side, w ith  a n  u n to o th e d  b lad e  (F ig. 6 f) . A b d o m in al 
se tae  c o rn e t-sh ap ed , w ith  th e  free edge finely  to o th e d  a n d  d ra w n  o u t a t  o n e  en d  in to  
a  fine p o in t  (Fig. 6k). U n c in i w ith  6 -1 0  tee th , th e  a n te r io r  o n e  lo n g er a n d  gouge­
sh a p e d  in  face  v iew  (Fig. 7c).
O n  rocks, stones a n d  shells o f  a ll su itab le  shores a n d  in  th e  su b litto ra l, from  th e  open  
coast n e a r ly  to  th e  h e a d  o f th e  D a u c le d d au ; form s h e av y  en cru sta tio n s in  she lte r a n d  
to le ra te s  co n siderab le  exposure  to  heav y  seas. A lso com m o n  on  sh ips’ hu lls  a n d  h a r ­
b o u r  s tru c tu re s . D is trib u ted  th ro u g h o u t th e  N o r th  Sea, N o rth  A tlan tic , M e d ite r­
ra n e a n  a n d  A tlan tic  coast o f A frica ; a  closely re la te d  species occurs in  th e  In d ia n  
O c ea n  a n d  A u stra lasia .

sub-family F i lo g r a n in a e
F i l o g r a n a  i m p l e x a  B erkeley

O p e rc u lu m  on each  side  of th e  b ran ch ia l crow n , a  d e lic a te  yellow ish ch itinous cu p  a t  
th e  tip  o f a  b ra n c h ia l f ilam en t b earin g  p in n u le s  (F ig. 5d ). B ran ch ia l filam ents co lou r­
less. T u b e  fine, cy lin d rica l, w ith  occasional g ro w th -rin g s ; p ro s tra te , so lita ry  or in te r ­
tw in ed  w ith  few  o th e rs ; tran s lu c en t w h ite , u p  to 50 m m . long, a b o u t 0 -5  m m . in  
d iam e te r .
C o lla r se tae  w ith  a  finely  to o th ed  b lad e  se p a ra ted  b y  a  defin ite  g ap  o r n o tc h  from  a  
g ro u p  o f  te e th  a t  its b ase ; b asa l te e th  la rg e  d ista lly  a n d  sm all p ro x im ally  (Fig. 6c).

E

F i g . 5 .

Serpulid opercula. A, Serpula vermicularis; B, Hydroides norvegiva; C, Pomatoceros triqueter— 1, w ith 
concave end ; 2, pronged form in side view; D , Filograna implexa; E, Apomatus similis-, F , Mer­
cierella enigmatica— 1, face view; 2, side view. T he scale line represents \  m m . in D  and  E, 1 m m . 

in the rem aining drawings. From  Nelson-Smith (1966).
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A m o n g  th e  rem ain ing  th o rac ic  se tae , one o r tw o  in  each  o f  th e  m ore  p o ste rio r segm ents 
a re  sick le-shaped  w ith  th e  b lad e  finely to o th e d  d ista lly  a n d  p lea ted  (as th o u g h  w ith  
co arse r tee th ) p rox im ally  (Fig. 6g). A b d o m in a l se tae  g e n icu la te  a n d  finely too thed  
(Fig. 61). U n c in i w ith  several series o f  ra th e r  sm all te e th  a n d  a  single m u c h  larger 
to o th  an te rio rly .
O n  su b litto ra l stones, shells, Po lyzoa  a n d  Laminaria ho ldfasts w ith in  th e  m o u th  an d  
low er reaches of M ilfo rd  H a v e n ; also o ff th e  open  co ast a n d  th e  islands (Dale Fort 
M arine Fauna).

F i l o g r a n a  ( S a l m a c i n a )  d y s t e r i  (H uxley)
N o  opercu lu m . B ran ch ial filam ents colourless. T u b e  fine, cy lin d rica l, w ith  occasional 
g ro w th -rin g s ; tubes coil a b o u t each  o th e r  to  fo rm  ropes w h ich  in te rtw in e  in  a  loose 
m eshw ork  (Fig. 4c) a n d  form  la rg e  masses in  sh e lte red  s itu a tio n s ; w h ite , o p aq u e , up  
to  50 m m . long, o - 3 -0 -5  m m . in  d iam e te r.
C o lla r  se tae  as Filograna implexa b u t  basa l te e th  a ll la rg e  (F ig. 6 b ). O th e r  se tae  as 
F . implexa.
O n  rocks o f  th e  low er shore  a n d  th e  shallow  su b litto ra l a ro u n d  th e  m o u th  o f M ilford

Serpulid setae. A, bayonet collar seta of Serpula vermicularis; B-D, collar setae—B, Filograna 
(,Salmacina) dysteri; C, Filograna implexa; D, Mercierella enigmatica. E, thoracic bordered seta of 
Hydroides norvegica; F , thoracic finned seta o f Pomatoceros triqueter; G, thoracic sickle seta of 
Filograna implexa; H , thoracic seta of Apomatus. J —N, abdom inal setae—J ,  Hydroides norvegica; 
K , Pomatoceros triqueter-, L , Filograna implexa-, M , Apomatus similis-, N, Mercierella enigmatica. B-E, J ,  
L  and N  from  Gee (1963). T he scale line represents ioo/x. in A and 20/x in the remaining

drawings.

F i g . 6 .
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H a v e n ; a lso  co m m o n  on  buoys a n d  th e  hu lls  o f m o o red  vessels. T h e  d is tr ib u tio n  o f  
these  tw o species, taken  tog e th e r, is a lm ost w orld -w ide.
Pi-B. There is considerable confusion about the distinction between F ilo g ran a  im p lex a  and 
F ilo g ran a  (S a lm acin a) dysteri. Some authors place them in a single species while others keep 
them in separate genera, recognizing two or three species o f  S a lm a c in a  (see Gee, 1963).

A p o m a t u s  s i m i l i s  M a rio n  & B obretzky
O p e rc u lu m  a  tran s lu c en t m em b ran o u s sph ere  w ith  a  p ro m in e n t blood-vessel b ra n c h ­
in g  in  its w a ll, a t  th e  tip  o f a  b ra n ch ia l filam en t b e a rin g  p in n u les (Fig. 5e). A  sim ilar 
b u t  sm alle r o p e rcu lu m  m ay  o ccu r o n  th e  o th e r side  o f  th e  b ra n ch ia l crow n, w h ich  is 
ye llow  w ith  re d  m ark ings. T u b e  cy lind rica l, w ith  ill-m ark e d  lo n g itu d in a l ridges or 
tran sv erse  flanges; u sually  p ro s tra te , w h ite , u p  to  50 m m . long , 2 m m . in  d iam e te r.
N o  co lla r se tae . T h o ra c ic  bu n d les  co n ta in  cap illa ry  se tae  a n d  se tae  finned  o n  o n e  side, 
w ith  th e  b la d e  finely  to o th ed  (as F ig . 6e). Posterio r th o rac ic  segm ents also b e a r  sm alle r 
se tae , h a v in g  a  to o th ed , sickle-shaped en d  w ith  a  fla tten e d  ex pansion  a t  th e  base o f th e  
b lad e  (F ig . 6 h ). A b d o m in al se tae  a  s im p le r sickle sh ap e , also w ith  to o th e d  b lad e  
(F ig. 6m ). U n c in i w ith  m an y  sm all tee th  a n d  a n te rio rly  a n  e lo n g a ted  p ro jec tio n  w h ich  
is ro u n d e d , n o t  g o u g e-shaped  in  e n d  view  (Fig. 7e).
O n  rocks, stones a n d  shells o f  th e  low er sho re  a n d  in  th e  sha llow  su b litto ra l a ro u n d  
th e  m o u th  o f  M ilfo rd  H a v en  a n d  off Skokholm . D is tr ib u te d  th ro u g h o u t a rc tic  seas, 
th e  N o r th  A tlan tic , M e d ite rran e a n  a n d  W est A frican  coast.

P r o t u l a  t u b u l a r i a  (M ontagu)
N o  o p e rcu lu m . B ran ch ia l filam ents p in k  m ark ed  w ith  red . T u b e  cy lin d rica l, sm oo th  
excep t fo r occasional g row th  rings, often  e rec t d is ta lly ; w h ite  w h ere  n o t ov erg ro w n ; 
u p  to  100 m m . long , 3 -8  m m . in  d iam ete r.
N o  co lla r se tae . T h o rac ic  bun d les c o n ta in  cap illa ry  se tae  a n d  se tae  finned  on one side, 
w ith  th e  b la d e  usually  u n to o th ed . T h o rac ic  sickle-setae o f  th e  Apomatus ty p e  a re  
lack in g  fro m  ad u lts  a lth o u g h  th ey  m ay  be p re sen t on  y o u n g  w orm s. A b d o m in al 
sickle-setae a n d  u n c in i as in  Apomatus.
O n  rocks, stones a n d  shells o f  th e  low er shore  a n d  in  th e  shallow  su b -litto ra l a ro u n d  
th e  m o u th  o f M ilfo rd  H av en . D is tr ib u tio n  a lm ost w orld -w ide.

N .B . There is a close similarity between any o f  several species o f  A p o m a tu s and the corresponding 
species o f  P ro tu la , to the extent that Faurei (1927) was unable to give a consistently reliable 
character which would separate an A p o m atu s haring lost its operculum from  a specimen o f  
P ro tu la . On the Pembrokeshire coast P ro tu la  appears to differ fro m  A p o m a tu s  in its larger size  
and greater number o f  branchial filaments ( 2 x 3 0  as against 2 x 9 ) ,  general lack o f  thoracic 
sickle-setae, presence o f  long capillary setae in the posterior abdominal segments and lack o f  ridges 
or marked flanges along the tube, as well as in the absence o f  an operculum.

sub-family  F ic o p o m a t in a e  (see P illa i, i960)
M e r c i e r e l l a  e n i g m a t i c a  Fauvel

O p e rc u lu m  a  co llapsed  vesicle a t  th e  en d  o f a  th ick , f la tten e d  s ta lk , t r ia n g u la r  in 
section . I ts  o b liq u e , concave d ista l su rface bears  a  n u m b er o f ir reg u la rly  a r ra n g e d  d a rk  
c h itin o u s  spines (F ig. 5f) ; th e  vesicle co n ta in s a  p ro m in e n t b lood-sinus. O p e rcu lu m  a  
d a rk  ye llo w ish -b ro w n ; b ra n c h ia l filam ents a  d ra b  g reen  m ark e d  w ith  b ro w n . T u b e  
cy lin d rica l, w ith  n u m ero u s fine transverse  lines a n d  occasional p ro m in e n t transverse  
flanges; su ch  a flange usu a lly  su rro u n d s  th e  m o u th  (Fig. 4 b ) . M a n y  tu b es fo rm  a  
loosely in te r tw in in g  mass often  s ta n d in g  p a r tly  free o f th e  su b s tra tu m . R e ce n t p a r ts  
o f  th e  tu b e  w h ite , th e  re m a in d e r  yellow ish -b row n; u p  to  25 m m . long , i-Q  m m . in 
d iam e te r.
C o lla r  se tae  s tro n g ly  to o th ed  a lo n g  one edge, b e a rin g  from  th e  p ro x im a l en d  a  ro w  of 
th re e  tee th , tw o  row s of tw o, th en  a  single to o th . Successive row s a re  o f  sm alle r tee th , 
first in  p a irs  th e n  single d ista lly  (Fig. 6 d ). O th e r  th o rac ic  se tae  b e a r  a finely to o th ed
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D F
F i g . 7 .

Serpulid uncini. A, Serpula vermicularis; B, Hydroides norvegica; C, Pomatoceros triqueter ; D, Filograna 
implexa; E, Apomatus similis; F , Mercierella enigmatica. A  is from the abdom en; B -F  are from the 

thorax, from  Gee (1963). T h e  scale line represents io  ¡j..

fin  on  one side (as F ig . 6e). A b d o m in a l se tae  g en icu la te , w ith  a  finely too th ed  b lad e  
h a v in g  s tronger te e th  a t  its base (Fig. 6m ). U n c in i w ith  5 -7  la rg e  tee th  a n d  a  la rg e r 
a n te r io r  to o th , gouge-shaped  in  e n d  v iew  (Fig. 7f).
O n  stones in  P ick leridge lagoon, D ale  ; a b u n d a n t  in  th e  M ill P o n d , Pem broke, on th e  
w alls ju s t  below  w ater level a n d  on  su b m erg ed  stones a n d  b ran ch es. R eco rd ed  from  a  
tes t-p an el in  M ilfo rd  D ock d u rin g  1958 (R y lan d , i960) b u t  in  1965 only  a  few recen t 
b u t  em p ty  tubes w ere found  in  th e  a d jo in in g  P rio ry  P ill. Mercierella h as  a  w orld -w ide 
d is tr ib u tio n  in p o rts  a n d  estuaries, w h ere  i t  th rives in  w idely  f lu c tu a tin g  salinities a n d  
tem p era tu res , a n d  has u n d o u b ted ly  b een  sp re ad  by sh ipp ing .

sub-family S p i r o r b in a e
O n ce  d iv id ed  in to  five g en era , w h ich  a re  now  often  considered  to  b e  sub-divisions o 
a  sing le  genus Spirorbis (see G ee, 1964b). In  m ost su b g en era , w ith  th re e  setigerous 
segm ents in  the th o rax , only  th e  th ird  b e a rs  sickle-shaped setae. I n  Paradexiospira a n d  
Paralaeospira th ere  a re  traces o f a  fo u r th  th o rac ic  segm en t w h ich  m ay  b e a r a  few 
re d u ce d  sickle-shaped setae.

■ S p i r o r b i s  ( D e x i o s p i r a )  s p i r i l l u m  L .
O p e rc u lu m  w ith  a  th in  concave p la te  b e a r in g  a  few sm all in te rn a l processes (Fig. 9a). 
B ran ch ia l filam ents red . T u b e  d e x tra l (F ig . 8a) ; sm oo th  w ith  occasional sligh t g row th- 
rings, o ften  an  ir re g u la r  ascend ing  sp ira l;  w h ite , porcellanous, o u te r  coil u p  to 2 m m . 
in  d iam e te r . In c u b a tio n  in  th e  tu b e .
C o lla r  se tae  g en icu la te  a n d  s trong ly  to o th e d  (F ig. l i a ) ;  o th e r th o rac ic  se tae  finned  on 
e ac h  side, w ith  an  u n to o th e d  b lad e  (as F ig . 6 f). A b d o m in al se tae  gen icu late  a n d  
to o th e d  (Fig. 11k). U n c in i w ith  a b o u t  20 s tro n g  tee th , th e  a n te r io r  to o th  la rg e  an d  
peg-like.
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O n  su b litto ra l hydro ids, lobsters, craw fish a n d  inside shells in h a b ite d  b y  h e rm it c rabs 
a ro u n d  th e  m o u th  o f M ilfo rd  H av en  a n d  off th e  open  coast. C o m m o n  on  Laminaria in  
som e o th e r  a reas. D is trib u ted  th ro u g h o u t n o rth e rn  seas, th e  A tlan tic  a n d  N o rth  
Pacific.
T h e  ty p e  associated  w ith  d ecap ed  C ru stacea  h as b e e n  ca lled  Spirorbis armoricanus 
S t.-Jo sep h  b u t  is u su a lly  re g a rd e d  as a  v a rie ty  o f .S', spirillum, h av in g  a  f la tte r  o p e rc u la r  
p la te  w ith  no  p ro x im a l processes, to  w h ich  th e  s ta lk  is a tta c h e d  v e ry  eccen trically  
(F ig. 9b) ; th e  tu b e  is ra th e r  la rg e r a n d  m o re  o p aq u e , w h ilst th e  b ra n c h ia l filam en ts  
a re  colourless. Specim ens o f S. spirillum  described  by  G ee (1964b) on  a  c raw fish  
Palinurus fro m  M a r t in ’s H a v en  a re  p ro b a b ly  o f this v a rie ty .

A B C

D E

F i g . 8 .

Spirorbis tubes. A, S. spirillum-, B , S. borealis-, C , S. corallinae-, D, S. pagenstecheri-, E , S. malardi~ 
F, S. tridentatus. T he scale line represents i mm.

S p i r o r b i s  ( D e x i o s p i r a )  p a g e n s t e c h e r i  Q u atrefages
O p e rc u lu m  w ith  a th in  flat d ista l p la te , u su a lly  w ith  a  long rod -like  in te rn a l process 
in se rted  to w ards one side ; o p e rcu la r  vesicle en la rg ed  as a  cy lin d rica l b ro o d -ch am b er 
(F ig. 9c). A  seco n d ary  o p e rcu la r  p la te  form s th e  floor o f th is  ch am b er, a n d  la rv ae  a re  
re leased  a fte r  in cu b a tio n  b y  th e  c h am b er becom ing  se p a ra te  from  its floor like an  
in v e rted  p ill-b o x  fro m  its lid . A  new  b ro o d -ch am b er develops be low  this p la te . 
B ra n ch ia l filam en ts o ran g e  o r  red . T u b e  d ex tra l, w ith  th ree  lo n g itu d in a l ridges often 
e x te n d in g  as b lu n t  tee th  over th e  m o u th  (Fig. 8d) b u t  som etim es re d u ce d  o r ab sen t;, 
w h ite , o u te r  coil u p  to  2 m m . in  d iam ete r.
C o lla r  se tae  te rm in a tin g  in  a  cu rved , sm oo th -edged  b lad e  w ith  n u m ero u s sm all tee th  
a t  its  b ase  (Fig. 11b). S ick le-shaped  th o rac ic  se tae  w ith  a  finely to o th e d  b la d e -

5
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A b d o m in a l se tae  gen icu la te  a n d  se rra ted , w ith  a  row  o f fin er te e th  a t  th e  base o f the  
b la d e  (Fig. i ij) . U n c in i w ith  tw o row s o f  10-15 sm all te e th  a n d  a  sing le  la rg e  po in ted  
a n te r io r  too th .
O n  rock , stones a n d  shells o f th e  shore  a n d  in  th e  sha llow  su b litto ra l, from  th e  open 
coast to  th e  h ead  o f  th e  D a u c led d au . D is tr ib u te d  th ro u g h o u t n o r th e rn  seas, the  
N o r th  A tlan tic  a n d  M ed ite rran e a n .
N .B . A  form  which occurs on sublittoral L a m in a r ia  and. rocks is colourless and has a smaller 
tube lacking well-defined ridges. I t  has been tentatively named S . p ag en stech eri var. incoloris 
by Gee (19646), but it  may be identical with  S . pusillo ides Bush. S. co rru g a tu s (Montagu) 
is also very similar to S. p ag en stech eri but is said to have rows o f  perforated plates embedded in 
the sides o f  the operculum. It has a small tube which may bear only a single ridge, and has been 
recorded from  the Channel coast o f  France.

S p i r o r b i s  ( p a r a l a e o s p i r a )  m a l a r d i  C au lle ry  &  M esnil
O p e rc u lu m  w ith  a slightly  concave p la te  b e a r in g  a  p o in te d  in te rn a l process m o u n ted  
cen tra lly , th e  w hole resem bling  a  d raw in g -p in  (Fig. io f ) .  B ran ch ia l filam en ts co lou r­
less. T u b e  sin istral, w ith  a  single lo n g itu d in a l r id g e  ex te n d in g  as a  p ro m in e n t too th  
o ver th e  m o u th  (Fig. 8e) ; w h ite , o u te r  coil u p  to  2 m m . in  d iam e te r. In c u b a tio n  in 
th e  tube.
C o lla r  se tae  te rm in a tin g  in  a  fin e ly -too thed  b lad e  se p a ra te d  by  a  w e ll-m arked  gap  
fro m  a  g ro u p  of 3 -4  larg e  tee th  a t  its base (F ig . n e ) .  S ick le-shaped  th o rac ic  setae 
(Fig. i ig ) w ith  th e  b lad e  to o th e d  a n d  b e a r in g  a  fla tten e d  ex pansion  a t its base (as in  
Apomatus). A b d o m in al se tae  g en icu la te  a n d  coarsely  to o th e d  (F ig. u l ) .  U n c in i w ith  
10-15 la rg e  tee th  a n d  a  la rg e r peg-like a n te r io r  to o th  (F ig . n n ) .
O n  ro ck , stones a n d  shells o f th e  low er sho re  a n d  in  th e  sha llow  su b litto ra l a ro u n d  th e  
m o u th  o f  M ilfo rd  H av en , on  th e  o p en  coast a n d  o ff  S k o m er (de S ilva & K n ig h t-Jones, 
1962). R eco rd ed  only  fro m  th e  B ritish  Isles a n d  th e  n o rth -w es t coasts o f  F ra n c e  an d  
S p a in , b u t  possibly id en tica l w ith  S . patagonicus C au lle ry  & M esnil from  S. A m erica, 
S. A frica, T r is ta n  d a  C u n h a  a n d  K erg u e len  Is. (see D ay , 1961).

S p i r o r b i s  ( l a e o s p i r a )  b o r e a l i s  D a u d in
O p e rc u lu m  w ith  a  sau cer-sh ap ed  p la te , sligh tly  th ick en ed  on  th e  side a t  w h ich  th e  
eccen tric  sta lk  is inserted , o therw ise  w ith o u t in te rn a l processes (Fig. 10a). B ran ch ial 
filam en ts colourless. T u b e  sin istra l, sm oo th  a n d  w ith  its o u te r  edge  sp read in g  across the 
su b s tra tu m  as a  d is tin c t flange (F ig. 8b) ; w h ite , o u te r  coil u p  to  4  m m . in  d iam ete r. 
In c u b a tio n  in  th e  tube.
C o lla r se tae  te rm in a tin g  in  a  fin e ly -to o th ed  b lad e  se p a ra te d  b y  a  w e ll-m ark ed  gap  
fro m  a  g ro u p  of 4 -6  larg e  te e th  a t  its base (as F ig . 1 íe ) .  S ick le-shaped  th o rac ic  setae 
w ith  a  to o th ed  b lad e  fin n ed  a t  its base (as F ig . n g ,  s im ilar to  those o f Apomatus). 
A b d o m in a l se tae  gen icu la te  a n d  to o th ed . U n c in i w ith  u p  to  40 sm all te e th  a n d  a 
la rg e r  peg-like an te rio r  to o th .
O n  b ro w n  fuco id  a lgae (especially  Fucus serratus) o f she lte red  low er shores fro m  D ale  
B ay to  th e  low er p a r t  o f  th e  D a u c le d d a u ; occasionally  on  n e a rb y  rocks o r  shells. 
R e co rd e d  from  a rc tic  a n d  n o rth e rn  seas, th e  B ritish  Isles a n d  n o rth -w est F ran ce .
N .B . This description applies to S. bo realis in the restricted sense o f  de Silva &  Knight-Jones 
(1962). These and other recent workers {UH ardy &  Quiévreux, 1962, 1964) have shown that 
S. b o realis  in the sense used, fo r  example, by Eales (1950) and the Plymouth Marine Fauna 
(.Marine Biological Association, 1957) contains a t least five separate species distinguished par­
ticularly by the different substrata chosen by their settling larvae. Some important characters o f  
S. ru p estris , S. tr id e n ta tu s , S. co ra llin ae  and S. in o rn a tu s are listed below; S. m ed ite r­
ra n eu s  is also closely related to S. borealis .

S p i r o r b i s  ( L a e o s p i r a )  r u p e s t r i s  G ee & K n ig h t-Jo n es  ( 1 9 6 2 )
O p e rc u lu m  sim ila r to  S. borealis, b u t  w ith  a  m o re  defin ite  b lu n t in te rn a l process, in ­
d e n te d  in  th e  cen tre  o f  its p ro x im a l m arg in  (Fig. 10b). B ran ch ia l filam ents colourless.
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Spirorbis opercula. A, S. spirillum; B, S. armoricanus { =  S. spirillum ?)— 1, face view; 2, side view.
C, y. pagenstecheri— i, em pty; 2, incubating eggs w ith a  secondary plate form ing; 3, about to 
cast the em pty incubatory cham ber, the secondary plate fully formed. D , S. granulatus— 1, em pty; 
a, incubating eggs w ith  the secondary plate form ing below the prim ary  one; 3, incubating eggs 
a fter the prim ary  p late  has been lost. T he scale line represents \  m m . B í, B2 and D3 from  Gee

(1964b), D2 from  Bush (1904); rem aining drawings from Nelson-Smith (1966).

F i g . i o .

F u rth e r Spirorbis opercula. A, S. borealis— 1, face view; 2, side view. B, S. rupestris', C, S. tridentatus
D , S. corallinae— 1, face view; 2, side view. E, S. medius-, F, S. malardi', G, S. mediterraneus', H, 
S. violaceus. T he scale line represents f  mm. in G  and  £ m m . in the rem aining drawings; no scale 
was available for H . E  after Pixell (1912), G  from Gee (1964b), H  from  Bergan (1953);

rem aining drawings from  Nelson-Smith ( 1966).

'T u b e  sin istral, u su a lly  w ith  w ell-defined g ro w th -rings ; w h ite , a lth o u g h  often  over­
g ro w n  b y  Lithothamnion leav ing  o n ly  th e  u p tu rn e d  m o u th  v isib le ; o u te r  coil u p  to  
4  • 5 m m . in  d ia m e te r . In c u b a tio n  in  th e  tube.
C o lla r  se tae  as S. borealis, w ith  a  w e ll-m arked  g ap  b e tw een  b lad e  a n d  basa l te e th ; th e  
la t te r  8 -1 0  in  n u m b e r, d ecreas ing  in  size p rox im ally . T h o ra c ic  sick le-shaped  setae  
p lic a te  a t  th e  co ncave  edge. A b d o m in a l se tae  g en icu la te  a n d  to o th ed . T h o ra c ic  u n c in i 
w ith  a  co ncave  edge  b e a rin g  a b o u t 17 tee th , decreasing  in  size tow ards th e  la rg e r 
a n te r io r  to o th ;  a b d o m in a l u n c in i w ith  a  s tra ig h t edge b e a rin g  a  la rg e r n u m b e r o f  fine 
te e th , all ex cep t th e  la rg e r  a n te r io r  one be ing  eq u al in  size.
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O n  rocks encrusted  w ith  th e  d u ll p u rp le  a lg a  Lithothamnion polymorphum from  th e  
m id d le  a n d  low er shore, from  Skom er a n d  th e  o p e n  m a in la n d  coast to  th e  low er p a r t  
o f  th e  D au cled d au . R eco rd e d  fro m  sou th -w est B rita in  a n d  n o rth -w es t F ran ce , w h e re  
th e  sam e species was described  in d e p e n d e n tly  as S. umbilicatus (L ’H a rd y  & Q uiévreux,. 
1962).

S p i r o r b i s  ( L a e o s p i r a )  t r i d e n t a t u s  (L evinsen)
O p e rc u lu m  w ith  a  concave p la te  b e a r in g  a  w ell-developed  in te rn a l process w ith  a  
b lu n t  keel (Fig. 10c). B ran ch ial filam ents colourless. T u b e  sin istra l, w ith  th ree  
p ro m in e n t lo n g itu d in a l ridges ex ten d in g  as te e th  o ver th e  m o u th  (Fig. 8 f) b u t  
occasionally  red u ced  o r a b sen t; d ir ty  w h ite  o r  b row nish , o u te r  coil u p  to  3 -5  m m . 
d iam e te r. In c u b a tio n  in  th e  tube.
C o lla r se tae  as S. borealis, w ith  a  w e ll-m ark ed  g a p  b e tw een  b lad e  a n d  b asa l tee th  ; th e  
la t te r  a t  least 12 in  n u m b er, decreasing  in  size p ro x im ally . S e tae  a n d  un c in i o therw ise  
as S', borealis.
O n  rock, stones a n d  shells in  d im ly -lit situ a tio n s on  th e  low er sho re  a n d  in  th e  sha llow  
su b litto ra l from  Skom er a n d  th e  o p en  m a in la n d  coast to  th e  low er p a r t  o f  th e  
D au c led d au . R eco rd ed  from  a rc tic  a n d  n o r th e rn  w a ters , th e  B ritish  Isles a n d  n o r th ­
w est F ran ce .

S p i r o r b i s  ( L a e o s p i r a )  c o r a l l i n a e  d e  S ilva  &  K n ig h t-Jo n es  (1962)
O p e rcu lu m  w ith  a  fla t p la te  m erg in g  in to  a  th ick  in te rn a l process, d iv id ed  p ro x im ally  
in to  tw o usually  a n g u la r  lobes (F ig. io d ) .  B ran ch ia l filam en ts o ran g e . T u b e  sin istral, 
sm o o th  w ith  occasional slight g ro w th -rin g s (F ig. 8c) ; w h ite , p o rce llan eu s, o u te r  coil 
u p  to  2 • 5 m m . in  d iam e te r. O n  tu f te d  a lg ae  th e  tu b e  often takes a n  irreg u la rly  coiled  
ascen d in g  fo rm ; on  fla t fronds it  coils in  a  re g u la r  fla t sp ira l w ith o u t a n  o u te r  flange. 
In c u b a tio n  in  th e  tube.
C o lla r se tae  as S. borealis, b u t  w ith  a  sm all g ap  be tw een  b lad e  a n d  basa l te e th ; th e  
la t te r  8 -1 0  in  n u m b er, decreasing  in  size p ro x im ally . S e tae  a n d  u n c in i o therw ise  as 
in  S. borealis.
T y p ica lly  on Corallina in  rock pools a n d  som etim es on  o th e r re d  a lg ae  o f th e  low er 
sho re  o r in  th e  shallow  su b litto ra l a ro u n d  th e  m o u th  o f M ilfo rd  H av en . R eco rd e d  
fro m  sou th-w est B rita in  a n d  n o rth -w es t F ran ce , w h ere  i t  w as o rig in a lly  described  as
S. inornatus va r. scandens (l’H a rd y  & Q u iév reu x , 1962).

S p i r o r b i s  ( L a e o s p i r a )  i n o r n a t u s  l ’H a rd y  & Q u iév reu x  (1962, 1964)
O p e rcu lu m  very  sim ila r to  S. corallinae; in te rn a l process usu a lly  w ith  ro u n d ed  lobes. 
B ran ch ia l filam ents colourless. T u b e  sin istra l, sm oo th  excep t for occasional g row th- 
rings, th e  o u te r  edge sp read in g  across th e  su b s tra tu m  as a  sligh t f lan g e ; w h ite  w ith  a 
d u ll surface, o u te r  coil u p  to  3 -5  m m . in  d iam e te r . In c u b a tio n  in  th e  tube.
C o lla r  se tae  as S. borealis b u t  w ith  a  sm all g a p  b e tw een  b lad e  a n d  b asa l te e th ; the 
la t te r  com prise  4 -6  larg e  tee th  d is ta lly  a n d  a  n u m b e r o f  sm alle r te e th  p rox im ally . 
S e tae  a n d  u n c in i otherw ise as S. borealis.
T y p ic a lly  on Laminaria a n d  occasionally  on Gigartina a t  th e  low est levels on  th e  shore 
a n d  in  th e  shallow  su b litto ra l, fro m  th re e  s ta tions be tw een  th e  o p en  coast a n d  the 
low er p a r t  o f  th e  D a u c le d d a u ; also reco rd e d  fro m  no rth -w est F ra n c e , w h ere  i t  was 
o rig in a lly  described  as S. inornatus v a r . reptans.

S p i r o r b i s  ( L a e o s p i r a )  m e d i t e r r a n e u s  C au lle ry  & M esnil
O p e rc u lu m  w ith  a  sligh tly  co ncave  p la te  m erg in g  in to  a  th ick  in te rn a l process w hich 
tap e rs  p rox im ally , d iv id ed  a t  its e n d  in to  tw o o r th ree  lobes o ften  o f  u n e q u a l sizes 
(F ig. io g ). T h e  en d  o f th e  process, in c lu d in g  these  lobes, m ay  b e  tran s lu cen t. B ra n ­
ch ia l filam ents colourless. T u b e  sin istra l, u su a lly  w ith  th ree  lo n g itu d in a l ridges no1 
fo rm in g  tee th  o ver th e  m o u th  a n d  flanged  w h ere  i t  m eets th e  su b s tra tu m ; w hite  and 
frag ile , o u te r  coil u p  to  2 m m . in  d iam e te r. In c u b a tio n  in  th e  tube.
C o lla r se tae  w ith  a  coarsely to o th e d  a n d  cross-striated  b lad e , se p a ra te d  b y  a  sm all gap
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from, a  b asa l g ro u p  o f  fou r larg e  d ista l tee th  a n d  a  few  sm a ll p ro x im a l te e th  (Fig. 1 i f ) . 
S ick le-shaped  th o rac ic  se tae  w ith  th e  d ista l h a lf  o f th e  b lad e  b earin g  sm all peg-like 
te e th . A b d o m in a l se tae  g en icu late  w ith  a  to o th e d  b lad e  a n d  a  b asa l row  o f sm all 
te e th . U n c in i w ith  a  larg e  n u m b er o f sm all te e th  a n d  a  la rg e r peg-like  to o th  a n ­
te rio rly  (F ig. i ip ) .
O n  th e  rock  surface a n d  en cru stin g  Polyzoa in  crevices be low  th e  Laminaria zone a t  
W a t w ick  P o in t, described  by G ee (1964b) as a  new  species {S. cuneatus). A lso reco rd ed  
from  n o rth -w es t F ra n c e  a n d  th e  M e d ite rran e a n .

S p i r o r b i s  ( L a e o s p i r a )  g r a n u l a t u s  (L.)
O p e rc u lu m  e n la rg ed  to  fo rm  a  cy lind rica l b ro o d -p o u ch  (F ig. g d ). W h en  th is ch am b er 
is em p ty , th e  o p e rcu la r  p la te  is th ick , w ith  a n  in te rn a l process in se rted  a t  one side 
h a v in g  a n  ex p an d e d  b ilo b ed  en d  ; d u rin g  th e  in cu b a tio n  o f  em bryos th is p la te  is shed, 
a lth o u g h  it often  rem ain s a tta c h e d  to th e  en d  o f th e  o p e rcu lu m , to  b e  re p la ce d  b y  a 
th in n e r  c ap  below  w hich  th e  w all o f th e  c h am b er is p a r tly  calcified . B ranch ial 
filam en ts colourless. T u b e  sin istral, w ith  occasional g ro w th -rings a n d  som etim es also 
w ith  tw o o r th ree  lo n g itu d in a l ridges; d u ll w h ite , o u te r  coil u p  to  2 m m . in  d iam e te r. 
C o lla r se tae  w ith  a  finely  to o th e d  b lad e  se p a ra te d  by  a  v ery  sm all g a p  fro m  a  basal 
g ro u p  o f 3 - 4  la rg e  tee th  a n d  a  n u m b e r o f  sm all p ro x im a l tee th  (F ig. n d ) .  Sickle­
sh a p e d  th o rac ic  se tae  w ith  a  coarsely to o th e d  b lad e  (F ig. n h ) .  A b d o m in a l se tae  
g en ic u la te , also w ith  a  coarsely  to o th ed  b lad e  (F ig. 1 im ) .  U n c in i w ith  a b o u t  tw en ty  
la rg e  tee th , th e  a n te r io r  one ro u n d e d  a n d  peg-like.
O n  rocks, stones a n d  en cru stin g  Polyzoa be low  th e  Laminaria zone a t  W atw ick  P o in t;

N P

Fio. i l
Spirorbis setae. A -F , collar setae— A, S. spirillum; B, S. pagenstecheri-, C, S. vitreus-, D , S. granulatus-, 
E , S. malardi ; F , S. mediterraneus. G and H , thoracic setae— G, S. malardi; FI, S. granulatus. J -M , 
abdom inal setae—-J, S. pagenstecheri; K , S. spirillum; L, S. malardi; M, S. granulatus. N  and P, 

thoracic uncini— N , S. malardi; P, S. mediterraneus. T he scale line represents iop..
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off Skom er a n d  th e  o p en  m a in la n d  coast. D is tr ib u te d  th ro u g h o u t a rc tic  a n d  n o r th e rn  
seas, th e  A tlan tic  a n d  th e  C a n a d ia n  P ac ific  coast.

V .  F u r t h e r  s p e c i e s  w h i c h  m a y  o c c u r  i n  s o u t h - w e s t  Br i t a i n

sub-family S e r p u l in a e  
P l a c o s t e g u s  t r i d e n t a t u s  (Fabric ius) (Fig. 1 2 )

O p e rcu lu m  a  m em b ran o u s c u p  closed d is ta lly  by  a  sligh tly  concave brow nish, 
ch itin o u s p la te . A  ro u n d ed  kn o b  p ro jects in te rn a lly  fro m  its c en tre . B ran ch ia l filam ents, 
d eep  re d , b a n d e d  w ith  b ro w n . T u b e  tr ia n g u la r  in  sec tio n ; w here  a tta c h e d  to  the- 
su b s tra tu m  it has a  s trong ly  se rra ted  keel. T h e  d istal p a r t  is often  e rec t, w ith  th ree  
lo n g itu d in a l ridges equally  sp aced  a ro u n d  th e  tu b e , one o f  w h ich  is con tinuous w ith  
th e  o rig in a l keel. T h e  ridges a re  s trong ly  to o th e d  a n d  ex te n d  b ey o n d  th e  m o u th  as- 
p ro m in e n t spines. T u b e  tran s lu cen t, w ith  a  glassy sh een ; u p  to  80 m m . long a n d  
3 m m . in  d iam eter.
N o  co lla r setae. T h o rac ic  se tae  f in n ed  on one side, w ith  th e  b lad e  u n  to o th ed . A b ­
d o m in a l se tae  s im ilar to  those o f  Pomatoceros, co rn e t-sh ap ed  w ith  th e  free edge too th ed  
a n d  d ra w n  o u t a t  one e n d  in to  a  long , fine p o in t.  U n c in i w ith  th e  free edge v ery  finely  
s tr ia te d , te rm in a tin g  in  a  la rg e  go u g e-sh ap ed  a n te r io r  to o th .
D red g ed  from  san d y  bo tto m s in  deep  w a te r  on  shells, stones a n d  corals o r e m b e d d e d  
in  sponges. R eco rd ed  from  a rc tic  a n d  n o r th e rn  seas, th e  A tlan tic  coast o f F ra n c e  a n d  
S p a in  a n d  th e  w estern  M e d ite rran e a n , b u t  n o t y e t from  th e  B ritish  Isles.

D i t r u p a  a r i e t i n a  ( O .  F . M ü ller) (F ig. 1 3 )
O p e rc u lu m  a  m em b ran o u s cu p  o r fu n n e l c losed d istally  b y  a  fla t b ro w n ish  chitinous. 
p la te , th ick en ed  in  th e  cen tre  to  fo rm  a  boss; th e  p la te  m ay  b e a r  a  sligh t calcareous, 
e n c ru sta tio n . B ran ch ial filam en ts w ith  re d  b an d s. T u b e  cy lin d rica l, sligh tly  curved,, 
resem bling  an  e le p h an t’s tu sk ; th ick , u su a lly  n a rro w ed  a t  th e  m o u th  a n d  withi 
occasional constrictions or flanges. N ev er a tta c h e d  to th e  su b s tra tu m . T u b e  yellowish, 
o r  iv o ry ; 12-40 m m . long  a n d  2 -3  m m . in  d iam e te r.
N o  co lla r setae. T h o rac ic  se tae  f in n ed  o n  one side, w ith  th e  b lad e  u n to o th e d . A b ­
d o m in a l se tae  rep re sen ted  on ly  by  a  few  o f  th e  cap illa ry  type. U n c in i w ith  16-20 
larg e  tee th , of w h ich  th e  a n te r io r  one is gouge-shaped .
Lives free  on  san d y  o r m u d d y  b o tto m s in  d eep  w a te r  ; tu b e  m ig h t b e  confused w ith  the- 
shell o f  Dentalium. R eco rd e d  fro m  th e  w est coast o f  Ire la n d , P ly m o u th  a n d  n o rth -w es t 
F ra n c e  (F a u re i, 1927); its fu r th e r  d is tr ib u tio n  is a lm ost w orld-w ide.

sub-family S p i r o r b in a e  
S p i r o r b i s  ( P a r a d e x i o s p i r a )  v i t r e u s  (Fabric ius) (Fig. 14a)

O p e rc u lu m  w ith  a  d e licate  sau cer-sh ap ed  p la te , sligh tly  th ick en ed  on  th e  side at. 
w h ich  th e  eccen tric  sta lk  is inserted , o therw ise  w ith o u t in te rn a l process. B ran ch ial1 
filam ents colourless o r  p a le  o ran g e . T u b e  d ex tra l, w ith  a  m ed ia n  lo n g itu d in a l ridge- 
ex te n d in g  as a  b lu n t  to o th  over th e  m o u th , som etim es also w ith  less d is tin c t la te ra l 
rid g es ; these  a re  crossed b y  re g u la r  w e ll-m ark ed  transverse  ribs. T u b e  m ay  form  an. 
ascen d in g  sp ira l, w ith  th e  o u te r  coil overly ing  previous tu rn s ; glassy w ith  a  hard , 
su rface ; o u te r  coil u p  to 3 -5  m m . in  d iam e te r. In c u b a tio n  in  th e  tube.
C o lla r se tae  w ith  a  b lad e  c u t  in to  coarse  te e th  a n d  a  basal g ro u p  o f 4 -5  s im ilar teethu 
a t  a  d iffe ren t level b u t  w ith o u t a  g ap  to  sep a ra te  th em  from  th e  b lad e  (Fig. 11c).. 
S ick le-shaped  th o rac ic  se tae  w ith  a  few  coarse  te e th  in  th e  m id d le  o f  th e  otherwise- 
sm o o th  b lad e . A b d o m in al se tae  g e n icu la te  a n d  finely to o th ed . U n c in i w ith  a  la rg e  
n u m b e r  o f sm all te e th  a n d  a  single la rg e  a n te r io r  to o th  g o u g e-shaped  in  end  view.
O n  stones a n d  shells o f th e  low er sho re  o r deep  pools a n d  in  th e  shallow  sublittora l; 
a ro u n d  no rth -w est I re la n d , w este rn  S co tlan d  a n d  no rth -w est F ra n c e ; d is tr ib u te d  
th ro u g h o u t a rc tic  a n d  n o r th e rn  seas, th e  N o r th  A tlan tic  a n d  th e  C a n a d ia n  P ac ific  
coast.



Serpulid Tubeworms (Po lychaeta Serpulidae) Around Dale, Pembrokeshire 351

S p i r o r b i s  ( P a r a d e x i o s p i r a )  v i o l a c e u s  L evinsen 
O p e rc u lu m  w ith  a  sau cer-shaped  p la te  b earin g  a  m assive in te rn a l process en d in g  ini 
tw o  p o o rly -defined  a n g u la r  lobes (Fig. io h ) . T u b e  d ex tra l, w ith  th ree  lo n g itu d in a l 
ridges ex ten d in g  as te e th  over th e  m o u th ; th e  o u te r  one m ay  b e  less p ro m in e n t th a n  
th e  o thers, a n d  th e re  m ay  b e  n u m ero u s  transverse  g row th-lines. T u b e  glassy w ith  a 
h a r d  su rface , lin ed  w ith  a  m em b ran e  w h ich  in  liv ing , d ried  o r recen tly  p reserved  
spec im ens is v io le t o r  p u rp le ;  o u te r  coil u p  to  3 m m . in  d iam e te r. In c u b a tio n  in  the 
tu b e .
C o lla r se tae  g e n icu la te  w ith  a  s trong ly  to o th e d  b lad e  b u t n o  b asa l tee th . S ick le- 
sh a p e d  th o rac ic  se tae  finely to o th ed  a t  th e  en d  o f th e  b lad e  only. A b d o m in al setae- 
g e n icu la te  a n d  coarsely  too thed .
O n  rock, stones a n d  shells o f th e  low er sho re  a n d  in  th e  shallow  su b litto ra l; reco rd ed  
fro m  th e  C h a n n e l Is . a n d  d is tr ib u te d  a ro u n d  a rc tic  a n d  n o r th e rn  seas, th e  N o rth  
A tlan tic  a n d  th e  C a n a d ia n  Pacific coast.

S p i r o r b i s  ( P a r a l a e o s p i r a )  s t r i a t u s  Q u iév reu x  ( 1 9 6 3 )  (F ig. 1 4 b )
O p e rc u la r  p la te  m erges w ith  its in te rn a l process to  fo rm  a  m assive in v e rted  eone w ith  
a  sligh tly  co n cav e  d ista l surface. T h e  a p ex  o f th e  eone, w h ich  bears  a  n u m b e r o f  
excrescences, lies eccen trica lly  in  th e  sta lk  b u t  a lm o st fills it. A  fib rous p ro lo n g a tio n  o f  
th e  in te rn a l process continues d o w n  th e  sta lk . T u b e  sin istra l, w ith  p ro m in e n t a n d  
fa irly  re g u la r  transverse  flanges; glassy, o u te r  coil u p  to  3 m m . in  d iam e te r. I n ­
cu b a tio n  in  th e  tu b e , in an  em bryo-sac  a tta c h e d  a n te rio rly  by  a  sta lk  aris ing  from  th e  
h e a d  n e a r  th e  base  o f th e  o p e rcu la r  stalk.

2 mm.

IO^j

F ig . i

F i g . 12.
Placostegus tridentatus. A, the tube; B, the operculum ; C, an  abdom inal uncinus.

F i g . 13.
Ditrupa arietina. A, the tube; B, the operculum ; C, an  abdom inal uncinus.
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C o lla r se tae  w ith  a  coarsely to o th ed , cross-striated  b lad e  (as F ig . i if )  a n d  a  basal 
g ro u p  o f a b o u t six tee th , decreasing  in  size p ro x im ally . S ick le-shaped  th o rac ic  se tae  
finely  to o th ed  in  th e  m idd le  o f th e  b lad e  only. A b d o m in a l se tae  co rn e t-sh ap ed  (as 
Fig. 6j), w ith  th e  free edge p lea ted  as th o u g h  c u t in to  b lu n t  tee th .
O n  rock a n d  stones o f the low er sho re  a n d  in  th e  shallow  su b litto ra l; reco rd ed  from  
R o sco ff (N .W . F ran ce) a n d  C ap  F e r ra t  (VV. M e d ite rra n e a n ). A  few' specim ens h ave  
b een  iden tified  in  recen t collections from  th e  Scilly Isles by D r. T . H a rris  o f E xeter 
U n iv ersity  (personal co m m u n ica tio n , 1966).

S p i r o r b i s  ( L a e o s p i r a )  m e d iu s  Pixell
O p e rcu lu m  w ith  a  th ick  concave p la te  b e a r in g  a  w ell-developed  in te rn a l process 
te rm in a tin g  in  tw o la te ra l fins (F ig . io e ) . B ran ch ia l filam en ts o ran g e-red . T u b e  
s in istra l, som etim es w ith  one o r th ree  ill-defined  lo n g itu d in a l ridges or occasional 
ir re g u la r  g row th -rings; du ll w h ite , o u te r  coil u p  to  5 m m . in  d iam e te r. In c u b a tio n  in 
th e  tu b e .
C o lla r se tae  v a riab le , w ith  a  coarsely  to o th ed  b lad e  w h ich  m ay  be se p a ra ted  from  a 
g ro u p  o f basa l tee th  o f s im ilar size b y  a  defin ite  g ap , or m ay  be con tin u o u s w ith  them . 
S ick le-shaped  th o rac ic  se tae  w ith  a  to o th e d  b lad e  b e a rin g  a  fla tten ed  expansion a t  its 
base (as F ig . i i g ,  s im ila r to  those o f Apomatus). A b d o m in a l se tae  gen icu la te  an d  
to o th ed . U n c in i w ith  a b o u t tw en ty  tee th , o f w h ich  th e  a n te r io r  o n e  is la rg e r th a n  the 
rest.
O n  stones o f  th e  low er shore . R e co rd e d  fro m  w estern  I re la n d  a n d  th e  C a n ad ian  
P acific  coast.

F i g . 14.
A, Spirorbis vitreus— 1, operculum ; 2, tube. 

B, S. striatus— 1, operculum ; 2, tube.
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V I .  K e y  t o  s p e c i e s  

A  key to serpulid worms based on characters o f  the operculum and tube.

1. T u b e  a  re g u la r  sp ira l (as F ig . 8 ), sm all (d iam ete r  o f  th e  o u te r  coil n o t g re a te r
th a n  5 m m .) a n d  closely a p p lied  to  th e  su b s tra tu m . T h e  o p e rcu lu m  alw ays 
encloses a  calcareous p la te  (S p iro rb inae)

T u b e  s tra ig h t, sinuous o r irreg u larly  coiled (as F ig . 4) ; often  p a r tly  e rec t a n d  
usu a lly  la rg e r

2. O p e rc u lu m  a b se n t o r on  a  s ta lk  b earin g  p in n u le s sim ila r to  those  o f th e  re m a in ­
ing  b ra n c h ia l filam ents (Fig. 5d, e) (F ilo g ran in ae)

O p e rc u lu m  p re sen t, on  a  sta lk  lack ing  p in nu les (F ig . 5 a -c , f)  a n d  d is tin c t from  
th e  re m a in in g  b ra n ch ia l filam ents

3. O p e rc u lu m  w ith  a  solid , calcareous p la te  (o ften  b e a r in g  a  g ro u p  o f th ree  p o in ted
tee th ) on  a  sta lk  w ith  p o in te d  la te ra l  w ings (F ig. 5c). T u b e  w ith  a  p ro m in e n t 
lo n g itu d in a l ridge  e n d in g  over th e  m o u th  as a  sh a rp  to o th  (Fig. 4d)

P o m a to c e r o s  t r i q u e t e r
O p e rc u lu m  fleshy o r m em b ran o u s ; te rm in a l p la te  b ro w n ish  an d  ch itinous, i f  

p resen t. O p e rc u la r  s ta lk  sm o o th  or a n n u la te d , b u t  w ith o u t wings
4. O p e rc u lu m  a  collapsed  b la d d e r  w ith  a  fla tten ed  sta lk , b e a rin g  sca tte red  d a rk -

b ro w n  sp ines on  its ob liq u e  d ista l su rface  (F ig . 5 f). T u b e  w ith  p ro m in e n t 
tran sv erse  flanges M e r c i e r e l l a  e n ig m a t i c a

O p e rc u lu m  a  ra d ia lly  sym m etrica l cu p  o r fu n n e l; spines, i f  p resen t, fo rm  a  
re g u la r  c e n tra l  c row n (as Fig. 5b)

5. O p e rc u lu m  a  solid, stra ig h t-s id ed  funnel (as F ig . 5a , b í ; th e  d is ta l su rface  is
m a rk e d  w ith  nu m ero u s ra d ia l  grooves w h ich  form  b lu n t  tee th  a ro u n d  th e  rim  

O p e rc u lu m  a  m em b ran o u s funnel closed d is ta lly  b y  a  b row nish , ch itinous p la te  
w ith  a  sm o o th  r im  (Fig. 12b, 13b)

6. T h e  o p e rc u la r  fu n n e l h as p ro jec tin g  from  th e  cen tre  o f its d ista l surface a  c row n
o f b ro w n ish  spines, e ac h  w ith  to o th ed  edges (F ig. 5b -) ; tu b e  w h ite  o r d ir ty  
w h ite , m o re  o r less sm o o th  a n d  usually  p ro s tra te  (Fig. 4a)

H y d r o id e s  n o r v e g ic a  
O p e rc u lu m  lacks a  cro w n  o f spines (Fig. 5a) ; tu b e  flushed  w ith  p in k  o r re d , o ften  

w ith  b lu n tly - to o th e d  lo n g itu d in a l ridges, u su a lly  w ith  th e  d ista l p a r t  e rec t
S e r p u la  v e r m i c u l a r i s

7. T u b e  sm o o th , sligh tly  cu rv ed , resem bling  a n  e le p h a n t’s tusk  (Fig. 13a); n o t
a tta c h e d  to  an y  solid  su b s tra tu m . O p e rc u la r  p la te  w ith  a  th ick en ed  c en tra l 
boss (F ig . 13b) D i t r u p a  a r i e t i n a

T u b e  w ith  1-3  irreg u la r , to o th ed  ridges e n d in g  as p ro m in e n t spines a ro u n d  the  
m o u th  (F ig. 12a); sinuous, a t  least p a r tia lly  a tta c h e d  to  shells o r  stones. 
O p e rc u la r  p la te  w ith  a  process resem bling  th e  te a t  o f a  feed in g -b o ttle  p ro ­
je c t in g  in w ard s from  its c en tre  (F ig. '12b) P l a c o s te g u s  t r i d e n t a t u s

8 . O p e rc u lu m  absen t.
O p e rc u lu m  p re sen t

9. T u b e  la rg e  (2 -5  m m . d iam e te r)  a n d  so lita ry  P r o t u l a  t u b u l a r i a
T u b es  sm all (ca  0 -5  m m . d iam e te r) a n d  tw isted  to g e th e r in  masses (F ig . 4c)

F i lo g r a n a  ( S a lm a c in a )  d y s t e r i  
io . T u b e  la rg e  (2 -5  m m . d iam e te r) a n d  often  e rec t. O p e rcu lu m  a  tran s lu c en t 

m em b ran o u s  sp h ere  (F ig. 5e) A p o m a tu s  s i m i l i s
T u b e  sm all (ca. 0 -5  m m . d iam e te r) a n d  usu a lly  p ro s tra te . O p e rc u la  p a ire d  

(one on e ac h  side  of th e  b ra n c h ia l c row n), e ac h  a  d e lic a te  tran s lu c en t open  
cu p  (F ig . 3d) F i lo g r a n a  im p l e x a

l í .  T u b e  d e x tra l (coiling anti-clockw ise  from  cen tre  to  m o u th , as F ig . 8 a , d)
T u b e  s in istra l (coiling clockw ise as F ig . 8b , c, e, f)

11. 
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12. T u b e  glassy a n d  h a rd , w ith  th ree  lo n g itu d in a l ridges
T u b e  p o rcellanous a n d  sm ooth , o r rid g ed  b u t  c h a lk y ; fa irly  easily crushed

13. O p e rc u la r  p la te  saucer-shaped , w ith  a  m assive in te rn a l process (F ig. io h ). T u b e
lin ed  w ith  a  p u rp lish  m em b ran e  S p i r o r b i s  v io la c e u s

O p e rc u la r  p la te  delicate, c u p p ed  a n d  lack in g  a n  in te rn a l process. T u b e  co lou r­
less, w ith  lo n g itu d in a l ridges crossed by  tran sv erse  rib s (F ig . 14a)

S p i r o r b i s  v i t r e u s
114. T u b e  d e licate , porcellanous, lack ing  lo n g itu d in a l ridges (Fig. 8a ). O p e rcu lu m  

a  fla tten e d  funnel enclosing a  sau cer-sh ap ed  p la te  b u t  ne v er co n ta in in g  eggs or 
em bryos (Fig. 9a, b )  S p i r o r b i s  s p i r i l l u m

T u b e  re la tive ly  th ick , o p a q u e  a n d  ch a lk y ; o ften  w ith  th re e  lo n g itu d in a l ridges 
(F ig. 8d) b u t  som etim es sm ooth . O p e rcu lu m  a  cy lin d rica l b ro o d -ch am b er 
usu a lly  co n ta in in g  eggs o r em bryos a n d  cap p e d  by  a  th in , fla t p la te  (Fig. 9c)

S p i r o r b i s  p a g e n s te c h e r i  
75. T u b e  glassy, w ith  p ro m in e n t a n d  re g u la r  transverse  ridges. O p e rc u la r  p la te  w ith  

a  m assive con ical in te rn a l process (Fig. 14b) S p i r o r b i s  s t r i a t u s
T u b e  o p aq u e  an d  w h ite  o r  d ir ty  w h ite ; transverse  m ark in g s, w here  p resen t, 

a re  irreg u la r a n d  n o t p ro m in e n t 
:i6 . O p e rcu lu m  a  cy lind rica l b ro o d -ch am b er, often  c o n ta in in g  eggs o r em bryos, 

c ap p e d  e ither b y  a  th ick  disc b e a rin g  a n  eccen tric  in te rn a l process w ith  an  
ex p an d ed , b ilo b ed  e n d ; o r  a  th in  disc, tu rn e d  d o w n  a t  its edges to  fo rm  a 
shallow  c a p ; or th e  first loosely su p erim p o sed  u p o n  th e  second  (F ig. gd)

S p i r o r b i s  g r a n u l a t u s
O p e rcu lu m  never ex p an d e d  in to  a  b ro o d -ch a m b er, enclosing  a  single p la te  of 

v a r ia b le  shape  b u t n ev er c o n ta in in g  eggs o r em bryos 
7 7 . O p e rc u la r  p la te  th in ; in te rn a l process v e ry  red u ced , o r fo rm in g  a  sim ple  keel 

o r  spike
O p e rc u la r  p la te  th ick , w ith  a  m assive in te rn a l process b e a r in g  lobes o r fins

18. In te rn a l  process a  th in  sp ike  p ro jec tin g  from  th e  cen tre  o f  th e  p la te , so th a t  this
resem bles a  d raw in g -p in  (Fig. io f ) .  T u b e  w ith  a  single lo n g itu d in a l ridge  
(Fig. 8e) S p i r o r b i s  m a l a r d i

In te rn a l  process eccentric, v ery  re d u ce d  o r a  b lu n t  keel
19. In te rn a l  process rep resen ted  on ly  b y  eccen tric  th ick en in g  o f th e  sau cer-sh ap ed

o p e rcu la r  p la te  (Fig. 10a). T u b e  sm oo th  (Fig. 8b ), a tta c h e d  to  b ro w n  a lg ae  
(especially  Fucus serratus) S p i r o r b i s  b o r e a l i s

In te rn a l  process as a  defin ite  keel (F ig. 10b, c) ; tu b e  n e v er a tta c h e d  to  a lga l 
fronds

20. T u b e  w h ite , often  w ith  p ro m in e n t transverse  ribs b u t  lack ing  lo n g itu d in a l
ridges; m o u th  freq u en tly  ra ised  fro m  th e  su b -s tra tu m . A ttac h ed  to  rocks 
encru sted  w ith  th e  co rallin e  a lg a  Lithothamnion, often p a r tly  overgrow n

S p i r o r b i s  r u p e s t r i s
T u b e  d ir ty  w h ite  o r  b row nish , w ith  th ree  lo n g itu d in a l ridges ex ten d in g  over 

th e  m o u th  as b lu n t te e th  (Fig. 8 f ) .  A tta c h e d  to  rocks o r shells in  crevices a n d  
sh ad ed  overhangs S p i r o r b i s  t r i d e n t a t u s

'21. In te rn a l  process ra th e r  lo n g  a n d  th in , b e a r in g  2 -3  p ro x im a l lobes o ften  of 
u n e q u a l size (Fig. io g ) ;  th e  p ro x im a l p a r t ,  in c lu d in g  these  lobes, m ay  be 
tran s lu cen t. T u b e  ra th e r  sm all (o u te r coil d iam e te r  u p  to  2 m m .), w h ite  
w ith  th ree  lo n g itu d in a l ridges n o t fo rm in g  tee th  over th e  m o u th .

S p i r o r b i s  m e d i t e r r a n e u s  
In te rn a l  process sh o rt, th ick  a n d  o p a q u e  th ro u g h o u t its len g th , d iv id ed  

p ro x im ally  in to  tw o e q u a l lobes o r fins 
•22. In te rn a l  process te rm in a tes  in  tw o fla tten e d  fins (Fig. io e ) . T u b e  la rg e  (o u ter
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coil d ia m e te r  4 m m . o r m o re ), th ick , w ith  a  single ill-defined  lo n g itu d in a l 
rid g e. A tta c h e d  to  rocks S p i r o r b i s  m e d i u s

In te rn a l  process te rm in a tes  in  tw o m ore  o r  less ro u n d e d  lobes (as F ig . io d ). 
T u b e  o f m ed iu m  size (o u ter coil d iam e te r ca. 3 m m .), lack ing  lo n g itu d in a l 
ridges. A tta c h e d  to a lg ae  23:

23. T u b e  ra th e r  porcellanous, w ith  s lig h t transverse  rib s (Fig. 8c), o ften  fo rm ing  
a n  ascen d in g  coil. A ttac h ed  to  Corallina a n d  occasionally  to  o th e r  red  a lgae

S p i r o r b i s  c o r a l l i n a e  
T u b e  o p a q u e , sm oo th , alw ays fo rm in g  a  f la t coil. A tta c h e d  to  Laminaria

S p i r o r b i s  i n o r n a t u s

V II .  P a r a s i t e s  a n d  a s s o c i a t e s  o f  s e r p u l i d s  

M a n y  sm all a lgae  a n d  sessile anim als a re  found on  or a ro u n d  serpu lid  tubes,, 
w h ich  to  m ost o f  them  p robab ly  rep resen t no m ore  th a n  a n  extension of the  
su b stra tu m  to w h ich  the  tubes a re  a ttach ed . P o ly thalam ous F o ram in ifera  a re  
num erous on  Spirorbis tubes collected  a ro u n d  D ale  b u t a re  as a b u n d a n t on the: 
su rro u n d in g  rock, a lth o u g h  th e  sp iro trich  ciliates /poothamnion arbuscula an d  
Folliculina ampulla seem to occur p a rticu la rly  on sp iro rb id  tubes. T h e  la tte r  was. 
reco rd ed  by  Saville K e n t (1882) from  Spirorbis nautiloides (S. borealis) a n d  has 
been  seen on  S. malardi from  A bereiddy  Q u a rry , n ea r  St. D av id ’s. Polyzoa such 
as Schizoporella unicornis a n d  Celleporella hyalina, encrusting  the  rocks, have been 
fo und  grow ing  over Spirorbis tridentatus a n d  S. malardi a t  A bereiddy  a n d  aro u n d  
D ale . S. rupestris occurs only in  close association w ith  the  encrusting  coralline 
a lg a  Lithothamnion, w h ich  is also com m only  found  sp read ing  over Pomatoceros 
a n d  o th e r  se rpu lid  tubes.

I n  collections o f Spirorbis from  n ea r Sw ansea, em p ty  tubes often  con tain  
nu m b ers  o f sm all b lack m ites, so fa r un iden tified , a n d  o f th e  th in  w h ite  tu r-  
b e lla ria n  Monocelis lineata. Sp irorb ids a n d  barnacles a re  often found  in  th e  
ang le  betw een  a  tu b e  an d  its substra tum , w h ich  form s an  a ttra c tiv e  site for the  
se ttlem en t o f th e ir  larvae. T hese seek hollows a n d  shallow  crevices as well as. 
se ttling  g regariously  n ea r  o r u pon  o thers o f th e ir  ow n species (K night-Jones,
19 5 1 ; C risp a n d  B arnes, 1954; K n igh t-Jones an d  M oyse, 1961). M icroscopical 
a lgae  a n d  sessile P ro tozoa frequen tly  settle on  th e  o u te r surface o f  th e  oper­
cu lu m  o f Pomatoceros, possibly prov id ing  a  cam ouflage screen ; th e  spines o r  
te e th  o f m a n y  serpu lid  opercu la m ay  well encourage such grow ths, b u t 
p eriod ical o p e rc u la r  m o u lt p revents too heavy  a  b u rd en  being  b u ilt up.

T h e  p y ram idellid  gastropods Odostomia (Brachystomia) lukisi, 0 . unidentata a n d  
0 . plicata a re  easily visible ectoparasites o f serpulids, sucking b lood  from  th e  
b ra n c h ia l ten tac les o f Pomatoceros (F re tte r  an d  G rah am , 1962). T h e  first tw o 
species have also been  recorded  from  Serpula a n d  Spirorbis spp. a t  P lym ou th  
(M arin e  B iological A ssociation, 1957) a n d  0 . lukisi is listed in  th e  Dale Marine 
Fauna. T h e  copepod  Lichomolgus protulae feeds on  the  ten tacles o f  Protula a n d  has 
recen tly  b een  reco rded  from  Irish  w aters (G otto, i960). A  fairly  la rg e  u n ­
iden tified  copepod , possibly this, has been  observed a ttac h ed  to  Protula 
co llected  from  D ale  a n d  k ep t in  the  aq u a r iu m  a t Sw ansea. F lam b u rg e r a n d  
von B u ddenb rock  (1929) refer to  th e  cilia te  Cyclochaeta serpmlarum on  the  
b ra n c h ia l crow n o f serpu lid  w orm s ; T hom as ( 1940) reports  th e  closely rela ted  
Trichodina pediculus (perhaps m isidentify ing Cyclochaeta) on th e  ten tacles o f
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Pomatoceros an d  an o th er cilia te, Anoplophrya, in  its g u t. T h e  g regarine  Selenidium 
brasili has been found in  th e  g u t o f Pomatoceros a t P ly m o u th , w here  S. caulleryi 
■similarly infects Protula (R ay , 1930). Protula is also p arasitized  by  young  stages 
o f the  polychaete Drilonereis (Pérès, 1949) o f w hich ad u lts  have been  recorded  
fro m  b o th  P lym outh  (M .B .A ., 1957) a n d  th e  Isle o f  M a n  (Bruce, C olm an a n d  
Jo n e s , 1963) ind icating  th a t this p arasite  m a y  well occur a ro u n d  D ale. A dults 
o f the  m onstrillid  copepod Cymbasoma rigidum (Haemocera danae) have been 
collected from  the M ilford  H aven  p la n k to n  b y  D ias (i960) ; younger stages a re  
in te rn a l parasites o f Filograna (Salmacina) (M a la q u in , 1901). A t P lym outh , 
•Cymbasoma filogranarum is said to  infect Filograna implexa b u t n o t F. (.Salmacina) 
dysteri (M .B .A ., 1957), w h ich  p erh ap s  reinforces th e  proposal o f G ee (1963) 
th a t  these two species should  rem a in  d istinct. Sporocysts a n d  ce rcariae  of the  
tre m a to d e  Cercaria loessi have been  rep o rted  by L in to n  (1915) from  Hydroides 
dianthus (H . uncinata) b u t a lth o u g h  it  is h igh ly  p ro b ab le  th a t  serpulids ac t as the 
in te rm ed ia te  hosts o f m an y  trem atodes a n d  cestodes, no B ritish records can  be 
fo u n d  in  the  litera tu re .
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