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A BSTRACT. In  th is  study, w e d e sc rib e  o r  re d e sc rib e  
n in e  species o f  re d -p ig m e n te d  av icu liferous Bugula  
a n d  co m p a re  th e m  w ith  th e  ty p e  species o f  th e  genus. 
B ugula  neritina  (L .). T h e  n a m e s  B ugula  robusta  
M acG illiv ray  a n d  B ugula  m in im a  (W aters) hav e  b o th  
b e e n  u se d  (o ften  in te rch an g eab ly ) fo r r e d -p ig m e n te d  
av icu liferous B ugula  sp ec im en s co lle c te d  fro m  lo ca l­
ities  ran g in g  fro m  T asm an ia  to  th e  R e d  Sea. O u r  an a l­
ysis in d ica tes , how ever, th a t  B ugu la  robusta  is a  cool- 
w a te r  species w hose  d is tr ib u tio n  a p p ea rs  to  b e  lim ­
i te d  to  th e  so u th e rn  A ustra lian  reg ion , w h ereas  B u g ­
ula m in im a  is a  w a rm -w a te r  species d is tr ib u te d  fro m  
th e  R e d  Sea to  th e  Inclo-Paciflc. T h ese , as w ell as 
som e o f  th e  o th e r  species fo r w h ich  th e se  n a m e s  have  
b e e n  u se d  b y  various au th o rs, a re  d e sc r ib e d  a n d  il­
lu s tra te d  h e re  fro m  m u se u m  m ateria l. B ugula  p ro v ­
idensis, B ugula  m in ia te lla . B ugu la  ceylonensis. B u g ­
ula robusto ides. B ugula  solorensis, a n d  B ugula  p a te r­
nostrae  a re  d e sc rib e d  as new . T h e  d esc rip tio n s  o f  
B ugula  robusta . B ugula  m in im a , a n d  B u gu la  cross­
lan d i a re  rev ised .

INTRODUCTION
W e b egan  this p ro jec t ou t o f  necessity. 

O ne  o f  us (R M W ) was studying th e  d e ­
v elo p m en t o f  Bugula neritina , and  d u rin g  
th e  pro jec t, a n o th e r red -p ig m en ted  B ug­
ula species, this one  w ith  avicularia, was 
found  at C oconu t Island , O ahu, Hawaii. 
Its  dev e lo p m en t was s tud ied  as w ell. T he 
H aw aiian  aviculiferous species ap p eared  
m ost sim ilar to  e ith e r  Bugula  m in im a  (W a­
ters) 1909 from  th e  R ed  Sea o r  Bugula  
robusta  M acG illivray 1869 from  Victoria, 
A ustralia, b u t th e  descrip tions o f  th e  two 
species in  th e  lite ra tu re  w ere  so inconsis­
te n t th a t it was im possib le  to  d e te rm in e
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w h e th e r  th e  H aw aiian  m ateria l be longed  
to  e ith e r  species. W inston, m eanw hile, was 
studying w este rn  A tlantic  and C arib b ean  
collections and was co n cern ed  because  th e  
B ugula  species th a t O sb u rn  (1914) and au ­
tho rs w ho follow ed him  h ad  recogn ized  as 
B ugula  m in im a  (W aters) d id  no t closely 
resem b le  th e  one  available illustra tion  o f  a 
R ed  Sea specim en. To resolve th e se  re la t­
ed  p rob lem s, w e d ec id ed  to  look at as 
m u ch  m ateria l as w e could  locate u n d e r  
those  tw o nam es in  m useum  collections, 
inc lud ing  type m ateria l if  possible. M any 
o f  th e  specim ens w e exam ined  fo r this 
p ro jec t consisted  o f  a few  b ran ch es o r 
b ra n c h  f ra g m e n ts  m o u n te d  as w h o le  
m oun ts in  resin  on  slides. T hose  speci­
m ens could  no t be  u sed  fo r study  by scan­
ning  e lec tro n  m icroscopy (SE M ). M ea­
s u re m e n ts  a n d  lig h t p h o to m ic ro g ra p h s  
w ere  also difficult because  o f  th e  lim ited  
tran sp aren cy  o f  th e  old slide p repara tions. 
D esp ite  th ese  difficulties, it soon becam e 
ap p a ren t th a t th e  tw o nam es h ad  b e e n  
used  by a n u m b e r o f  au thors from  locali­
ties a ro u n d  th e  w orld  fo r m ateria l tha t, by 
m o d e rn  standards, belongs to  several d is­
tin c t taxa. In  this paper, w e a ttem p t to  
clarify th e  situation  by redescrib in g  and  il­
lu stra ting  B. m in im a  and  B. robusta  and 
describ ing  as new  species som e o f th e  o th ­
e r  specim ens th a t h ad  b e e n  synonym ized 
u n d e r  one  o f  those  nam es.

Taxonomic History
Bugula neritina , type species o f  th e  g e ­

nus Bugula, was one  o f  th e  earliest b iyo- 
zoans d esc rib ed  (L innaeus, 1758). L ate  
18th  and  19th  c e n tu iy  m arine  expeditions
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and  surveys d iscovered  th e  species at 
m any w arm -tem p era te  and  trop ical locali­
ties a round  th e  w orld . F o r  exam ple, in  h e r  
S yn o n ym ie  C atalogue o f  M arine B ryozoa, 
E liza  Jelly (1889) listed  30 re fe ren ces to  
th e  species. N o d o u b t its d istinctive dark  
red  coloration , large, tu fted , seaw eedlike 
colony form , and  ap p a ren t p re fe ren ce  for 
shallow  w a te r w ere  partially  responsib le  
fo r th e  ab u n d an ce  o f  records. H ow ever, its 
eu ry top ie  physiology and  fouling habit 
m ight also have favored its early  an th ro ­
pogen ic  in tro d u c tio n  to  m any areas.

D esp ite  its status as type species o f  th e  
genus Bugula, Bugula  neritina  d iffers from  
o th e r  know n m em b ers  o f  th e  genus in  
lacking th e  p ed u n cu la te , b ird ’s h ead  avi­
cu laria  ch aracteristic  o f  th e  group . E arly  
bryozoan  taxonom ists d id  no t recognize 
th e  significance o f  this d ifference. W h en  
A rth u r W aters in  his pub lica tion  o n  bryo- 
zoans from  th e  R ed Sea (1909) describ ed  
a red -co lo red  Bugula  w ith  avicularia, he  
co n sid ered  it m ere ly  a new  variety  o f  ner­
itina. In  his synonym y o f  varie ty  m in im a , 
h e  in c lu d ed  m ateria l from  A ustralia  and 
M anaar (G u lf o f  C eylon), as w ell as th e  
R ed  Sea. H e  listed  specim ens from  g eo ­
graphically  d istan t localities: Ball’s H ead , 
N ew  S outh  W ales; M ersa  M akdah, K hor 
D ongola, and  Agig Suraya, R ed  Sea; and 
P rison  Island , Z anzibar C h an n e l (Ind ian  
O cean). W aters gave no ind ica tion  th a t he  
co n sid ered  any one  spec im en  o r locality 
m ore  im p o rtan t th a n  th e  o thers, a lthough  
h e  illu stra ted  m ateria l only from  tw o o f th e  
R ed  Sea localities: K hor D ongo la  and  N er- 
sa [sic] M akdah.

W aters was follow ed by th e  influential 
bryozoan  taxonom ist S idney F. H a rm e r o f  
th e  B ritish  M useum , w ho carried  ou t his 
w ork  d u rin g  th e  early  p a rt o f  th e  2 0 th  c e n ­
tury, a perio d  w h en  biologists h ad  b eg u n  
to  realize th e  im p o rtan ce  o f varia tion  w ith ­
in  populations. H a rm e r co nsidered  b ry o ­
zoan species capab le  o f  possessing a w ide 
range o f  in traspecific  varia tion  in  zooid 
m orphology  and  size. As a co nsequence , in  
th e  th re e  volum es o f  th e  Polyzoa o f  the  
Siboga E xped ition , he  o ften  synonym ized

w hat are  now  recogn ized  as several d iffer­
e n t species u n d e r  a single nam e. In  Pari 
II, C heilostom ata  Anasca  (1926), H a rm er 
p laced  all specim ens o f W aters’ variety  
m in im a , as w ell as m ateria l from  localities 
rang ing  from  th e  R ed  Sea to  th e  Java Sea, 
in  synonym y u n d e r  Bugula  robusta, a sp e ­
cies originally d esc rib ed  in  1869 from  Vic­
toria, A ustralia, by  P. H . M acGillivray. 
H a rm e r in c lu d ed  all o f  th e  Siboga speci­
m ens he  exam ined  in  B. robusta, a lthough 
his illustrations and  d iscussion ind ica te  a 
large am o u n t o f  varia tion  even  w ith in  th a t 
geographically  m ore  re s tric ted  collection.

In  h e r  1939 p a p e r  “N otes on  som e eel- 
lu larine Polyzoa,” A nna B. H astings, also 
o f  th e  B ritish  M useum , follow ed H a rm e r 
in  considering  W ate rs’ m ateria l from  Z an ­
z ibar to  b e  B. robusta, going so fa r as to 
p u t add itional labels to  th a t e ffect on  th e  
backs o f  th e  slides she exam ined. She 
raised  B. m in im a  to  specific level, m aking 
its type th e  C rossland-W aters specim en  
from  M ersa M akdah, th e n  ho u sed  in  th e  
U niversity  o f  L iverpool M useum . She also 
d esc rib ed  a new  species, B ugula  crosslandi 
H astings, 1939. Its  type w as a B ritish M u­
seum  specim en  from  A bu Shaar, R ed  Sea, 
co llec ted  by C rossland, b u t in  h e r  synon­
ym y and  discussion, she also c la im ed  one  
o f  W ate rs’ R ed  Sea specim ens (W aters’ 
K hor D ongo la spec im en  from  th e  U niver­
sity o f  L iverpool M useum ) and  specim ens 
from  th e  Pacific coast o f  P an am a as b e ­
longing to  B. m inim a.

W orking in  b o th  th e  trop ical w este rn  
A tlantic  and  e a s te rn  Pacific, H a rm e r’s co n ­
te m p o ra ry , R ay m o n d  C. O s b u rn , w h o  
shared  H a rm e r’s view  o f th e  deg ree  o f  var­
ia tion  possible w ith in  bryozoan  species, 
u sed  th e  nam e B ugula  m in im a  fo r all red  
B ugula  w ith  avicularia th a t he  found  in  
c o lle c tio n s  fro m  th e  T o rtu g a s , F lo r id a  
(1914), P u e rto  Rico (1940), and  th e  Pacific 
coast o f  C osta  R ica and  th e  G u lf o f  P a n ­
am a (1950).

METHODS
W e exam ined  specim ens from  th e  B ish­

op  M useum , H onolu lu , Hawaii; th e  N a t­
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ura l H isto iy  M useum , L ondon , E ng land  
(B ritish  M useum ); th e  M an ch este r M u se­
um , M anchester, E ngland; th e  M useum  
Victoria, A ustralia  (old Royal M useum  o f 
V ictoria); T h e  N atu ra l M useum  o f N atura l 
H istoiy, S m ithsonian  In stitu tio n , W ashing­
ton , D .C .; T h e  A llan H ancock  F o u n d a tio n  
B ryozoan C ollection, Santa B arbara  M u ­
seum  o f N atu ra l H istoiy, S anta  B arbara, 
California; th e  M useum  o f C om parative 
Z o o lo g y  a t H a rv a rd  U n iv e rs ity , C a m ­
bridge, M assachusetts; and  th e  V irginia 
M useum  o f  N atu ra l H istoiy, M artinsville, 
Virginia.

F o r  m o rp h o m etrie  com parison , th e  fol­
low ing m easu rem en ts  w ere  m ade o n  se ­
lec ted  colonies: zooid leng th  (LZ); zooid 
w id th  (W Z) m easu red  at m axim um  w id th  
o f  zooid, usually  at o r  n e a r d istal end; ope- 
sia leng th  (Lopes) and  opesia  w id th  (Wo- 
pes), th e  g rea test leng th  and w id th  o f  th e  
m em b ran o u s a rea  o f  th e  fron ta l wall; o ri­
fice leng th  (LO , if  possible); orifice w id th  
(W O); ovieell leng th  (LOv); ovieell w id th  
(WOv, if  ovieells p resen t); avieularium  
leng th  (Lav); and  avieularium  w id th  (Wav). 
All m easu rem en ts  w ere  m ade w ith  th e  use 
o f  a W ild s tereom ieroseope w ith  20 X oc­
u lars at 100X m agnification. W e also in ­
c lu d ed  th e  ratio  o f  avieularian leng th  to  
zooid w id th  (Lav/W Z) suggested  by Ry- 
land (1960) as po ten tia lly  usefu l in  d is tin ­
guish ing  Bugula  taxa. F o r  species w ith  
m ore  th a n  one  size class o f  avicularia, th e  
leng th  o f  th e  large avicularia was u sed  in  
d e te rm in in g  this ratio. Table 1 gives th e  
m o rp h o m e tr ie  r e s u lts  fo r  th e  c o lo n ie s  
stud ied .

W e also p h o to g rap h ed  colonies to  show  
b ran ch  b ifu rca tion  type and  m orphology  o f 
zooids, ovieells, and  avicularia. B ecause 
m u ch  o f th e  m ateria l consisted  o f  w hole 
m o u n t s lid e  p re p a ra t io n s ,  p h o to g ra p h y  
and  m easu rem en t w ere  som etim es diffi­
cult. F o r  exam ple, because  o f  opacity  o f  
som e o f  th e  old slides, m easu rem en t o f  zo­
oid  leng th  had  to  b e  d o n e  from  th e  fron tal 
side, ra th e r  th a n  th e  basal side as has b e e n  
reco m m en d ed  fo r B ugula  (H ayw ard and 
Ryland, 1998). F o r  consistency, all m ea­

su rem en ts  in c lu d ed  in  this study  w ere  tak ­
e n  from  th e  fron ta l surface. M ateria l o f  
som e species was available fo r SE M  study. 
T hose  specim ens are  illu stra ted  by SEM  
im ages, as w ell as light m icrographs.

RESULTS 
Cheilostome Morphology

M em b ers  o f  th e  o rd e r  C heilostom ata  
are  th e  d o m in an t g roup  o f  b iyozoans in  
R ecen t seas. T hey  are  cha rac terized  by tu ­
b u la r to  box-shaped  zooids w ith  variously 
calcified walls and  an  o percu lum , a h inged  
flap, usually  w ith  eh itinous th ickening , 
o p en in g  on  th e  fron ta l surface fo r p ro tru ­
sion o f  th e  lophophore . T hey  are  also char­
ac terized  by  w id esp read  occu rren ce  o f  
polym orphism , th e  dev e lo p m en t o f  various 
types o f  specialized  heterozoo ids, in  ad d i­
tio n  to  th e  feed ing  autozooids.

Morphology of Bugula Species
M em b ers  o f  th e  genus Bugula  p ro d u ce  

e re c t b ran ch in g  colonies from  an  u p rig h t 
aneestru la . C olonies are  a ttach ed  by tu ­
b u la r rhizoids, kenozooidal heterozoo ids 
th a t develop  from  p o re  p la tes in  frontal, 
lateral, and  basal surfaces o f  autozooids 
and  grow  tow ard  th e  sub stra tu m  to  anchor 
th e  colony. T h e  b ran ch es are  fo rm ed  by 
tw o o r m ore  series o f  zooids th a t are w ide 
distally  and  narrow  proxim ally in  shape, in  
fron ta l view  looking su b triangu la r and in  
basal view  show ing fo rked  proxim al ends. 
Basal and  la teral walls are  lightly calcified, 
b u t m ost o f  th e  fron ta l w all is m em b ra ­
nous, giving colony b ran ch es considerab le  
flexibility. U nlike m ost o th e r  cheilostom es, 
th e  orifice is closed by a m em b ran o u s flap 
ra th e r  th a n  a re in fo rced  o percu lum . T he 
w id th  o f  th e  open in g  m ay b e  visible on  
closed zooids, b u t its leng th  usually  canno t 
b e  d e te rm in e d  accurately. Som e species 
have spines o n  th e  d istal angles o f  th e  zo­
oids. A t least som e o f  th e  spines m ay be  
jo in ted , and  th e re fo re  kenozooidal. A lm ost 
all species have m otile  p ed u n cu la te  b ird ’s 
h ead  avicularia (Figs. IA —C). T h e  body  o f 
th e  avieularium  zooid m akes u p  th e
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T a b l e  1. M o r p h o m e t r i c  d a t a  f o r  r e d  b u g u l a  s p e c i e s  s t u d i e d .

Character B. neritina
B. minima B.

providensis

B.
miniatella B.

crosslandi
B.

ceylonensis
measured Hawaii Hawaii East Tortugas,

(mm) Hawaii1 Red Sea2 (MCZ)3 (BM)4 Africa5 Seychelles6 Florida7 Red Sea8 Sri Lanka9

LZ IS 6 6 12 6 6 6 12 6
Mean 0.72 0.56 0.66 0.57 0.61 0.68 0.58 0.51 0.53
SD 0.03 0.06 0.04 0.06 0.09 0.07 0.05 0.04 0.03
Range 0.68-0.76 0.49-0.67 0.61-0.72 0.52-0.75 0.51-0.76 0.57-0.74 0.53-0.66 0.44-0.57 0.49-0.57

WZ 18 6 6 12 6 6 6 12 6
Mean 0.21 0.20 0.21 0.20 0.20 0.19 0.18 0.17 0.20
SD 0.002 0.001 0.01 0.01 0.02 0.02 0.02 0.02 0.02
Range

LO
Mean

0.18-0.23 0.19-0.21 0.19-0.23 0.17-0.20 0.20-0.23 0.15-0.21 0.15-0.19 0.15-0.18 0.17-0.21

_ _ _ _ _ _ 0.07 0.05 _
SD — — — — — — 0.01 0.01 —

Range — — — — — — 0.06-0.10 0.05-0.06 —

WO — 6 6 12 6 6 6 12 6
Mean — 0.12 0.13 0.11 0.13 0.11 0.11 0.09 0.13
SD — 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Range — 0.11-0.13 0.11-0.15 0.10-0.13 0.11-0.13 0.10-0.13 0.10-0.13 0.07-0.11 0.11-0.13

Lopes — 6 6 12 6 6 _10 12 6
Mean — 0.43 0.50 0.52 0.51 0.51 — 0.37 0.43
SD — 0.04 0.05 0.06 0.06 0.08 — 0.01 0.03
Range — 0.38-0.48 0.42-0.57 0.46-0.64 0.46-0.59 0.40-0.57 — 0.35-0.39 0.42-0.49

Wopes — 6 6 12 6 6 _10 12 6
Mean — 0.15 0.16 0.17 0.15 0.16 — 0.15 0.17
SD — 0.02 0.02 0.01 0.01 0.02 — 0.01 0.01
Range — 0.13-0.17 0.13-0.17 0.15-0.18 0.13-0.17 0.13-0.17 — 0.13-0.18 0.15-0.19

LOv IS 2 6 6 6 6 6 12 5
Mean 0.21 0.20 0.24 0.20 0.23 0.20 0.19 0.17 0.22
SD 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
Range 0.18-0.23 0.19-0.21 0.23-0.25 0.19-0.22 0.209-0.238 0.171-0.228 0.171-0.190 0.147-0.184 0.21-0.23

WOv IS 2 6 6 6 6 6 12 5
Mean 0.29 0.23 0.26 0.21 0.25 0.24 0.21 0.20 0.26
SD 0.02 — 0.01 0.02 0.01 0.01 0.01 0.01 0.02
Range 0.27-0.32 0.23 0.25-0.26 0.18-0.23 0.24-0.27 0.3-0.25 0.19-0.23 0.18-0.22 0.25-0.29

Lavl — 6 6 12 6 6 6 12 6
Mean — 0.24 0.28 0.22 0.24 0.27 0.22 0.15 0.26
SD — 0.02 0.03 0.02 0.03 0.02 0.02 0.01 0.02
Range — 0.21-0.257 0.25-0.32 0.18-0.25 0.21-0.29 0.25-0.29 0.19-0.25 0.13-0.17 0.23-0.29

Wavl — 6 6 12 6 6 6 12 6
Mean — 0.10 0.12 0.10 0.10 0.11 0.09 0.08 0.14
SD — 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Range — 0.09-0.11 0.11-0.14 0.09-0.13 0.08-0.11 0.95-0.11 0.08-0.10 0.07-0.09 0.11-0.15

Lav2 — 6 5 10 4 — — —

Mean — 0.46 0.52 0.46 0.39 — — —

SD — 0.06 0.10 0.06 0.07 — — —

Range — 0.380-0.532 0.399-0.665 0.294^0.515 0.323-0.475 — — —

Wav2 — 5 6 10 4 — — —

Mean — 0.16 0.2 0.15 0.16 — — —

SD — 0.02 0.01 0.02 0.03 — — —

Range — 0.13-0.19 0.19-0.21 0.11-0.18 0.13-0.19 — — —

Lav/WZ ratio — 2.3 2.5 2.4 2.0 1.4 1.2 0.9 1.3

“h e a d .” Its  d istal edge  is e longa ted  in to  th e  
rostrum , th e  u p p e r  “b eak ” o f  th e  b ird ’s 
h ead  shape. T h e  low er “b eak ” is th e  m an ­
d ib le  o f  th e  avieularium , hom ologous to  
th e  o p ercu lu m  o f th e  autozooid. M ost o f  
th e  body  cavity o f  th e  avieularium  is filled

by  m uscles, b u t a long-bristled  polypide 
ru d im en t, o r  setiferous organ, is p ro tru d e d  
th ro u g h  a cen tra l orifice in  th e  fron tal 
m em b ran e . T h e  base  o f  th e  avieularium  is 
a tte n u a te d  in to  a ped u n c le , w hich  is a t­
tach ed  th ro u g h  a p o re  to  a p ed u n c le  eush-
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T a b l e  1. E x t e n d e d .

Character
measured

(mm)

B robusta B. robustoides B. solorensis B. paternostrae

Victoria,
Australia11

Tasmania,
Australia12

New South 
Wales, 

Australia13

New South 
Wales, 

Australia14
Zanzibar
Channel15

Solor Island, 
Indonesia16

American
Samoa17

Talaud
Island,

Indonesia18

Paternoster
Island,

Indonesia19

LZ IS 18 12 6 12 6 6 6 6
Mean 0.78 0.77 0.73 0.78 0.61 0.70 0.75 0.70 0.72
SD 0.03 0.05 0.04 0.03 0.05 0.05 0.02 0.03 0.02
Range 0.77-0.86 0.66-0.90 0.67-0.80 0.76-0.82 0.55-0.72 0.63-0.76 0.72-0.77 0.67-0.74 0.69-0.74

WZ IS 18 12 6 12 6 6 6 6
Mean 0.37 0.37 0.27 0.33 0.29 0.26 0.26 0.37 0.29
SD 0.05 0.06 0.02 0.03 0.01 0.02 0.03 0.04 0.02
Range 0.29-0.49 0.24-0.52 0.23-0.32 0.30-0.38 0.26-0.31 0.25-0.29 0.22-0.31 0.32-0.42 0.26-0.32

LO IS 18 6 6 — — 6 6 1
Mean 0.08 0.08 0.07 0.07 — — 0.07 0.29 0.07
SD 0.01 0.01 0.01 0.02 — 0.01 0.01 —

Range 0.07-0.10 0.07-0.11 0.06-0.09 0.06-0.10 — 0.06-0.08 0.29-0.30 —

WO 18 18 12 6 11 6 6 6 6
Mean 0.16 0.18 0.31 0.14 0.15 0.13 0.13 0.24 0.16
SD 0.02 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.03
Range 0.13-0.19 0.15-0.24 0.11-0.17 0.13-0.15 0.13-0.28 0.114-0.13 0.11-0.15 0.22-0.25 0.13-0.20

Lopes IS 18 12 6 12 6 6 6 6
Mean 0.56 0.62 0.61 0.57 0.52 0.52 0.63 0.50 0.56
SD 0.04 0.08 0.05 0.03 0.05 0.05 0.01 0.02 0.03
Range 0.48-0.67 0.53-0.74 0.51-0.67 0.53-0.61 0.13-0.18 0.48-0.57 0.61-0.66 0.48-53 0.54-0.61

Wopes IS 18 12 6 12 6 6 6 6
Mean 0.24 0.28 0.21 0.23 0.24 0.22 0.22 0.30 0.23
SD 0.04 0.04 0.02 0.03 0.02 0.03 0.02 0.05 0.03
Range 0.17-0.34 0.22-0.36 0.19-0.24 0.19-0.26 0.22-0.28 0.25 0.18-0.24 0.23-0.34 0.19-0.26

LOv 8 — 12 6 6 6 6 — 6
Mean 0.34 — 0.31 0.27 0.25 0.24 0.23 0.244
SD 0.03 — 0.02 0.02 0.02 0.02 0.01 — 0.03
Range 0.30-0.40 — 0.29-0.34 0.25-0.29 0.24-0.28 0.21-0.27 0.20-0.24 — 0.20-0.28

WOv 8 — 12 6 6 6 6 — 6
Mean 0.32 — 0.30 0.29 0.25 0.26 0.25 — 0.23
SD 0.04 — 0.02 0.01 0.02 0.02 0.01 — 0.04
Range 0.27-0.36 — 0.27-0.32 0.29-0.30 0.22-0.26 0.25-0.29 0.24-26 — 0.17-028

Lavl 13 18 12 6 12 6 6 6 6
Mean 0.43 0.40 0.33 0.33 0.37 0.38 0.33 0.27 0.29
SD 0.03 0.04 0.03 0.03 0.02 0.05 0.03 0.02 0.02
Range 0.38-0.44 0.28-0.46 0.29-0.38 0.29-0.36 0.33-0.40 0.32-0.47 0.28-0.35 0.25-0.29 0.28-0.32

Wavl 12 18 12 6 12 6 6 6 6
Mean 0.24 0.21 0.19 0.21 0.16 0.15 0.12 0.14 0.150
SD 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.02
Range 0.23-0.27 0.18-0.25 0.17-0.23 0.19-0.23 0.13-0.18 0.11-0.13 0.10-13 0.23-0.34 0.13-0.32

Lav/WZ ratio 1.2 1.1 1.3 1.2 1.3 1.5 1.3 0.73 1.0

1 M C Z  100106. W aikiki Y acht C lu b , O ahu , H aw aii.
2 N H M  1937.9.2S.37. G h ard aq a , R e d  Sea.
3 M C Z  100107. C o c o n u t Is lan d , O ah u , H aw aii.
4 B K B M  K 1019. B a rb e r’s P o in t H arb o r; KS43. H o n o lu lu  H arb o r, O ah u , H aw aii.
5 N H M  1939 .4 .IS .2. D ar-es-S alaam , T anzania, In d ia n  O cean .
6 N H M  1936.12.30.166. P ro v id e n ce  Island , Seychelles, In d ia n  O cean.
7 N M N H  20SS37 (n e e d  ca ta log  n u m b e r) . T ortugas, F lo rid a .
8 N H M  1937.9.2S.35. A bu  Shaar, R e d  Sea.
0 N H M  1S99.7.1.460S. C eylon.
lu C o u ld  n o t  see  to  m e a su re  in  c lea red , w h o le -m o u n t specim en .
11 M V  F  919S7 (634S6). V ictoria, W es te rn  P ort; 634S9. V ictoria, lo ca tio n  unk n o w n ; N H M  97.5.1.37S.
12 M V  F  1 33121-133123 . T asm ania, A ustralia.
13 N H M  1SSS.1.2.2. P o r t  Jackson , N ew  S o u th  W ales, A ustralia.
14 N H M  1SS3.11.29.24. P o r t  Jackson , N ew  S ou th  W ales, A ustralia.
15 M M  1299. Z an z ib ar C h a n n e l, Z anzibar, In d ia n  O cean.
16 N H M  192S.3.6.267. S o lor Is lan d , In d o n esia .
17 B K B M  K 1046. A m erican  Sam oa.
18 N H M  192S.3.6.26S.
10 N H M  1979 .1 .S .1. P a te rn o s te r  Island , In d o n esia .
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B

D E F
Figure 1. A. Structure of a pedunculate or “bird’s head” avieularium: 1. Body of avicularian zooid = “ head.” 2. Rostrum of 
zooid = “beak.” 3. Cryptocyst of avicularian zooid. 4. Sensory bristles of polypide rudiment. 5. Peduncle, elongate proximal 
portion of avicularian zooid. 6. Mandible = lower part of “beak.” 7. Peduncle cushion. B. Round-headed avieularium In profile 
(A and B redrawn from Kauffmann, 1971). C. Elongate sway-backed avieularium In profile. D. Planner's bifurcation type 3 In 
basal view. E. Bifurcation type 4 In basal view. F. Bifurcation type 5 In basal view (D, E, and F redrawn from Ryland, 1960).

ion, w hich  is p a rt o f  th e  w all o f  th e  sup ­
p o rtin g  autozooid . O vieells are  hypersto- 
rnial, e reseen tie  to  globular, o r  h e lm e t­
shaped.

In  biserial species sueli as tho se  d is­
cussed  he re , p a tte rn s  o f  b ran ch  b ifu rca tion  
are  usually  one  o f  th re e  types: types 3, 4, 
and  5 o f  H a rm e r (1926) (Figs. I D —F).

TAXONOMIC SECTION 

Order Cheilostomata 
Suborder Neocheilostomina d’Hondt, 1985 

(part) 
Infraorder Flustrina Smitt, 1868 (part) 
Superfamily Buguloidea Gray, 1848 
Family Bugulidae Gray, 1848
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Genus Bugula Oken, 1815 

Bugula neritina group 
Bugula neritina (Linnaeus, 1758) 

Figures 2, 3
S ertu laria  n eritin a  l in n a e u s ,  175S: S15.
B ugula  ner itina  R o b e rtso n , 1905: 266, pi. 9, fig. 47; 

pi. 16, fig. 97. H astings, 1930: 704. O sb u m , 1950: 
154, pi. 23, fig. 3; pi. 24, fig. 3. Rylancl a n d  H ay ­
w ard , 1977: 162, fig. 78. W inston ,' 19S2: 129, fig. 
52. H ayw ard , 19SS: 2S9. G o rd o n  a n d  M aw atari, 
1992: 21, pis. 2G , 5F. H ay w ard  a n d  R yland , 199S: 
220, fig. 68. L iu  e t  al., 2001: 466, pi. 22, figs. 1, 2. 
Seo, 2005: 330, p is. 4 7 -4 9 . T ilb rook , 2006:' 39, pi. 
5C .

D e sc r ip tio n .  C o lo n ie s  c o n s is tin g  o f  
e re c t ,  b is e r ia l , w in e - re d  to  r e d -b ro w n  
b ranches, fo rm ing  tu fts u p  to  10 cm  in 
leng th  in  som e habita ts. Large, abo u t 0.72 
m m  in  length , e longate  zooids, abou t 0.21 
m m  w ide distally, and  tap e rin g  proximally, 
w ith  fron ta l m em b ran e  covering  alm ost 
en tire  fron ta l wall. Zooids w ith  no distal 
spines, b u t w ith  sharp ly  p o in ted  d istal co r­
ners. Polypides large, red -p ig m en ted , th e  
m ean  ten tac le  n u m b e r  (o f F lo rid a  speci­
m ens) 23, m ean  lo phophore  d iam e te r  0.76 
m m . N o avicularia. O vieells large and 
globular, a ttach ed  to  d istal co rners o f  zo ­
oids and  o rien ted  at a slight angle to  
b ran ch  axis. R edd ish  b row n  w h en  filled 
w ith  b ro o d ed  em bryos, b ecom ing  m ore  
calcified and pearly  w hite  in  co lor as th ey  
age.

Diagnosis. N o avicularia. Zooids large, 
colonies becom ing  large, ovieells globular.

Notes. Bugula neritina  is likely th e  m ost 
w idely  s tud ied  o f  all bryozoans, having 
b e e n  th e  foeus o f  investigations ranging 
from  biogeograph ie  o ccu rren ce , invasive 
biology, em bryon ic  developm en t, larval bi- 
ology, and  se ttlem en t and  g row th  to  in ter- 
and  in traspeeifie  in teractions. As is know n 
to o ccu r in  all species o f  Bugula  exam ined  
to  d a te  and is d o cu m en ted  also in  certa in  
o th e r  eheilostom es, B. neritina  possesses 
an  ex traem bryo  nie n u tritio n  system . A sp e ­
cialized lining o f  th e  ovieells is m odified 
fo r th e  m an u fac tu re  and  tran sp o rt o f  n u ­
trien ts  across th e  ex tracellu lar b a rrie r  o f  
th e  ovieell lining to  th e  develop ing  em bryo

th a t resides w ith in  th e  lu m en  o f  th e  b rood  
ch am b er (W oollacott and  Z im m er, 1972, 
1975). D u rin g  d ev e lo p m en t from  egg  to  
larva, an  approxim ately  500-fold increase 
in  vo lum e occurs (W oollacott and  Zim m er, 
1975). B ecause th e  larva lacks a digestive 
trac t, p e rs is ten t b lastocoel, o r  eoelom ie 
cavities, th is increase  in  vo lum e rep resen ts  
a d irec t increase  in  mass. T h e  functional 
significance resides, in  part, in  increased  
provisioning o f  n u trien ts  sup p o rtin g  d u ra ­
tio n  o f  th e  larval sw im m ing period , for 
transfo rm ations at m etam orphosis  un til an 
an eestru la  capab le  o f  feed in g  has d evel­
oped , and fo r p ro d u c tio n  o f  an  aneestru la  
th a t is generally  la rger th a n  observed  in  
re la ted  species. W en d t (1996, 1998, 2000) 
has s tu d ied  in  d e ta il th e  en erge tics o f  
sw im m ing and  m etam orphosis  in  this sp e ­
cies.

Bugula neritina  is o f  m edical in te res t 
because  o f  th e  activities o f  one  o f  th e  n a t­
u ra l p ro d u c ts  iso lated  from  th is species: 
bryostatin -1 , a cyclic m acro lac tone  (P ettit 
e t al., 1982). This substance  has b e e n  
linked w ith  action  against a n u m b e r o f  
cancers by en h an c in g  effectiveness o f  o th ­
e r  an tican cer drugs and  reversing  m u lti­
d ru g  resistance, activation  o f  T  cells, irn- 
m un o m o d u la tio n  and  stim ula tion  o f  h e ­
m atopoietic p rogenitor cells, and possessing 
possib le an tid ep ressan t and m em ory- 
en h an c in g  effects (Kijoa and  Sawangwong, 
2004; P au l e t al., 2007; Sharp  e t al., 
2007a). D avidson  and  cow orkers (2001) lo­
calized th e  site o f  its synthesis to  sym biotic 
b ac te ria  occu rring  in  association  w ith  B. 
neritina. W oollacott (1980) described , on  
th e  basis o f  anatom y, th e  p resen ce  o f  b ac ­
te ria  in  th e  palliai sinus o f  B. neritina  lar­
vae and n o ted  th a t th ese  b ac te ria  are  r e ­
leased  like a c loud  a round  th e  larva at th e  
onse t o f  m etam orphosis, po ten tia lly  p ro ­
viding a ro u te  fo r in traspecific  vertical 
transm ission  as w ell as having roles in  o th ­
e r  possib le in tra- and  in terspecific  in te r­
actions. F u rth e rm o re , W oollacott rep o rted  
th a t w hereas b ac te ria  w ere  also found  in  
B. sim plex  larvae, th ey  w ere  no t observed  
in  larvae o f  B. tu rr ita , a species th a t arises
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Figure 2. Bugula neritina. Oahu, Flawaii. MCZ 100106. SEM images. A. Ovicelled branches. Scale bar = 200 p,m. B. Branch 
of colony showing ovicelled and nonovlcelled zooids. Scale bar = 200 p,m. C. Basal side of branch showing bifurcation pattern. 
Scale bar = 200 p,m. D. Two ovieells and adjacent nonovlcelled zooid. Note small spiny projections on distal edges of zooids, 
but no jointed spines such as occur In many Bugula species. Scale bar = 100 p,m.
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Figure 3. Bugula neritina. Bogue Sound, North Carolina, Atlantic Ocean. VMNFI 210. SEM images. A. Front view of branch 
bifurcation. Scale bar = 400 p,m. B. Back view of branches showing bifurcation pattern. Scale bar = 400 p,m. C. Orifice, showing 
Its liplike structure. Scale bar = 60 p,m. D. A second, slightly gaping, orifice. Scale bar = 60 p,m. E. Three ovieells at a branch 
tip, viewed from reverse side of branch. Scale bar = 200 p,m.
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in  seasonal successional series a fte r B. s im ­
plex. W oollacott and  Z im m er (1975) also 
illu stra ted  b ac te ria  in  association w ith  th e  
fun icu lar cords o f  th e  autozooids in  B. ner­
itina. K oty S harp  and  eow orkers (2007b) 
provide a d e ta iled  accoun t o f  localization 
o f  bryostatins th ro u g h  th e  life cycle o f  B. 
neritina.

A functional ro le fo r b ryosta tin  in  th e  
life cycle o f  B. neritina  is now  w ell e s ta b ­
lished (L indqu ist and  H ay  1996; L opanik  
e t al., 2004, 2006; S harp  e t al., 2007b). 
B ryostatins are  u n pa la tab le  to  ce rta in  sp e ­
cies o f  fish and, thereby, d e te r  p red a tio n  
o n  B. neritina  larvae. H igh  concen tra tions 
o f  bryostatins also exist in  tissues o f  zooids 
n e a r th e  d ista l tips o f  b ranches, w hich  
m ight red u ce  p red a tio n  on  th ese  grow ing 
regions o f  colonies.

In  this p a p e r  w e have illu stra ted  b o th  
Pacific and A tlantic  m ateria l and  p re se n t­
ed  a m orphological descrip tio n  applicable 
to  popu la tions w orldw ide on  th e  basis o f  
th e  trad itional view  o f  B. neritina  as a 
w idesp read , w arm -w ater, fouling species. 
H ow ever, analysis o f  bryostatins found  in  
popu la tions from  d iffe ren t localities o r 
d ep th s  show  variation  in  th e  k inds and 
am ounts o f  several b ryosta tin  com pounds 
p resen t, ind ica ting  th a t B. neritina  could  
b e  a cryptic  species com plex, ra th e r  th an  
a single species (D avidson and  H aygood, 
1999; M cG overn  and H ellberg , 2003).

N ote  th a t th e  synonym y given above is 
no t a com p le te  synonym y fo r B. neritina  
(w hich w ould  take  several pages). T h e  re f­
e ren ces c ited  em phasize  Indo-Paeifie  re c ­
ords o r  re fe r to  add itional taxonom ic c ita ­
tions in  th e ir  synonym ies o f  th e  species.

D istribu tion , B ugula  neritina  sensu lato  
is one  o f  th e  m ost w id esp read  fouling 
bryozoans, occu rring  in  trop ical to  te m ­
p e ra te  w aters on  b o th  n a tu ra l and  artificial 
substrata .

S p e c im e n s  E x a m in e d .  M C Z  100106 . 
B ugula  neritina, floating docks, W aikiki 
Yacht C lub, Ali W ai Basin, O ahu, Hawaii, 
30 Ju n e  1992, R. M. W oollacott coli. M CZ
100108. Bugula neritina, A m elia Island , 
F lorida, 1861, S. H . S eu d d er coli. M CZ

100109. Bugula neritina, A m elia Island , 
F lorida, 1861, S. H . S eu d d er coli. M CZ
100110. Bugula  neritina, M ussel Point, 
California, 36°37'20"N , 121°54'15"W , A. E . 
Blagg coll., 4 Apr. 1938. V M N H  210.00. 
B u g u la  n e r itin a , B o g u e  S o u n d , Is la n d  
H arb o r M arina, E m era ld  Isle, N o rth  C ar­
olina, L ynn P ritc h e tt coll., 29 Aug. 1993. 
V M N H  701.00. Bugula  neritina, W alton 
Roeks, S ou th  H u tch in so n  Island , St. L ueie 
County, F lorida, 19 F eb . 1999, J. E . W in­
ston  coli. V M N H  852.00. B ugula  neritina, 
sou th  en d  o f  W rightsville B each, N ew  
H anover County, N o rth  C arolina, 16 June  
1999, J. E . W inston  coli. V M N H  1683.00. 
B ugula  neritina, O cean  Isle B each, O cean  
Is le , B ru n sw ic k  C o ., N o r th  C a ro lin a  
(beach  drift), 5 M ay 2000, C. C a rte r  coli. 
V M N H  2563.00. Bugula  neritina, Folly 
B each, C h arlesto n  Co., S ou th  C arolina, 13 
Apr. 1995, J. E . W inston  coli.

Bugula minima group 
Bugula minima (Waters, 1909) 

Figures 4-7
B ugula  n er itin a  var. m in im a  p a r t  W aters , 1909: 136, 

pi. 11, figs. 6, 7; W aters, 1913: 471.
B ugula  ner itin a  (L .), lo n n a  m in im a  W aters  p a r t  M ar­

cus 1921: 1 (n o t fig. 1).
B ugula  robusta  p a r t  H arm er, 1926: 435, n o t  B ugula  

robusta  M acgflllvray, 1S69.
B ugula  m in im a  p a r t  H astings, 1939: 334, text-figs. 

276A, B. C.

N eotype. B ugula  m in im a  W aters H as­
tings. Seaw ard edge, o u te r  reefs, G har­
daqa, R ed  Sea, LWS. 1933. D r. C. C ross­
land. N H M  1937.9.28.37.

D escription, C olony e rec t, b iserial, long- 
b ran ch ed  fea th ery  tufts. B ranch ing  p a tte rn  
o f  H a rm e r’s type 4. C o lo r red -b ro w n  w h en  
living, p ig m en ta tio n  very  sim ilar to  th a t o f  
B. neritin a ; b row n  p ig m en t rem ain ing  in  
b o th  dry- and  w e t-p rese rv ed  specim ens. 
Z o o id s  e lo n g a te , a b o u t 0 .5 6 —0 .6 6  m m  
long, w idest distally (abou t 0.20 m m ) and 
ta p e r in g  p rox im ally , o u te r  la te ra l  w alls 
straight. O u te r  d istal co rn ers  p o in ted , in ­
n e r d istal edges angu lar to  ro u n d ed . L ig h t­
ly calcified, w ith  fron ta l opesial m em b ran e  
covering  m ost o f  th e  fron ta l wall. Avieu-
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Figure 4. Bugula minima. Neotype. Light micrograph of whole mount on glass slide. Ghardaqa, Red Sea. NFIM 1937.9.28.37. 
A. Colony branches, note small and large avicularia. Scale bar = 1 mm. B. Portion of branch showing several zooids with small 
and large avicularia. Scale bar = 100 p,m. C. Back of branch showing bifurcation pattern. Scale bar = 100 p,m. D. Close-up of 
an avieularium; note elongate head and dark pigmented tips of the elongate beak. Scale bar = 50 p,m.

laria d im orph ic , varying in  size and  shape. 
T h e  sm aller avicularia have ro u n d ed  body 
and  rostrum , b u t d istinct, dorsally  sway- 
b acked  ap p earan ce  because  o f  th e  cu rva­
tu re  o f  bo th . T h e  larger avicularia have a 
m ore  e longated , sw ay-backed profile, w ith  
a diagonal line o f  eryptoeyst dem arca tin g

th e  tw o sections. T h e  in n e r body  p o rtion  
is e longate  and  shallowly convex dorsally; 
th e  o u te r  p o rtio n  a shorter, h ig h e r convex­
ity w ith  sharply  dow n-curved  beak, deep ly  
p ig m en ted  at its tip . Avicularia are  a t­
tach ed  to  a sho rt p ed u n c le  cushion, w hich  
is positioned  proxim ally o n  th e  o u te r  side
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B

M M  i

    D
Figure 5. Bugula minima. Specimen from Dar-es-Salaam, Tanzania, Africa, Indian Ocean. NFIM f939.4.f8.2. Light micrograph 
of whole mount on slide. A. Portion of branching colony fragment. Scale bar = f mm. B. Close-up of branches showing small 
and large avicularia; note elongate sway-backed shape and dark pigmented beak tip. Scale bar = 500 p m  C. Branch viewed 
from reverse side, showing zooids, one ovieell, and three avicularia. Scale bar = 100 pm. D. View of reverse side of colony 
showing bifurcation pattern. Scale bar = 100 pm.

o f  th e  zooid at abo u t th e  level o f  th e  prox­
im al edge o f  th e  fron ta l m em b ran e . O vi­
eells are  globular, a ttach ed  at th e  in n e r  d is­
ta l angle o f  zooids, and  o rien ted  m ore  o r 
less horizontally. As th ey  m atu re , th ey  d e ­
v e lo p  a b ro a d , th ic k e n e d  o u te r  b a n d . 
B row n em bryos could  still be  seen  in  th e  
slide p rep ara tio n s exam ined.

Diagnosis. C olonies and  zooids large, 
o v iee lls  g lo b u la r , a v ic u la ria  d im o rp h ic , 
b o th  sm all a n d  la rg e  a v ic u la ria  sw ay- 
backed , large avicularia very  e longate , a t­
tach ed  by  sho rt p ed u n cles  to  o u te r  sides 
o f  zooids at th e  level o f  th e  base o f  th e  
fron ta l m em brane .

Notes. O n e  o f  o u r goals w as to  find the
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Figure 6. Bugula minima. Oahu, Flawaii. MCZ 100107. Light micrograph of wet-preserved specimen. A. Colony branches. Scale 
bar = 500 pm. B. Close-up of branches showing zooids and a large avieularium. Scale bar = 100 pm. C. Large avieularium 
with open mandible. Scale bar = 100 pm. D. Zooids and small avieularium. Scale bar = 100 pm.
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Figure 7. Bugula minima. Oahu, Flawaii. MCZ 100107. SEM images. A. Ovicelled colony branch showing zooids and avicularia. 
Scale bar = 200 pm. B. One of the elongate avicularia in side view. Scale bar = 50 pm. C. Developing ovieell. Scale bar = 
25 pm.

orig inal R ed  Sea and  In d ian  O cean  m a te ­
rial s tu d ied  by W aters. Bryozoologists had 
believed  fo r years th a t all o f  W aters’ spec­
im ens, inc lud ing  type m aterial, had  b e e n  
lost in  b om bing  d u rin g  W orld  W ar II , b u t 
th is was no t th e  case. T hanks to  th e  assis­
tan ce  o f  H en ry  M cG hie and R ebecca  
S m ith  at th e  M an ch este r M useum , w e 
w ere  able to  o b ta in  th re e  slides o f  W aters’ 
m ateria l from  Zanzibar. H ow ever, it d id  
no t inc lude  any type m aterial. H astings 
(1939) had  d esigna ted  a spec im en  she had  
bo rro w ed  from  th e  L iverpool U niversity  
Zoology M useum  (M ersa  M akdah, R ed 
Sea, 5 fathom s, W aters) th e  type o f  B. m in ­
ima. T hanks to  Ia n  W allace at th e  L iver­
pool M useum , w e learned  th a t th e  speci­
m ens from  th e  C rossland  collection , in ­
c lud ing  th e  B. m in im a  type, app aren tly  r e ­

m ained  in  th e  Zoology M useum  u n til th e  
early  1960s w h en  th e  un iversity  d iscarded  
its collections. A copy o f a typed  list o f  
m ateria l th a t was in  th e  U niversity  M u se­
u m ’s c o lle c tio n  1 9 3 8 /1 9 3 9 , c r e a te d  by  
K ath leen  C a rp e n te r  and  received  from  Ian  
W allace, lists five slides o f  B. m in im a. Be- 
caue  th e  type o f  B. m in im a  desig n a ted  by 
H astings no longer exists and  w e know  o f 
no topo typ ie  specim ens, w e h e re  designate  
th e  B ritish  M useum  specim en  from  el- 
G hardaqa, R ed Sea, E gyp t (N H M  1937. 
9.28.37), as neotype. As F ig u re  5 shows, 
one  o th e r  spec im en  she listed as B. m in i­
ma, N H M  1939.4.18.2 from  D ar-es-Sa- 
laarn (on th e  opposite  side o f  th e  Z anzibar 
ch an n e l from  W aters’ location), clearly  b e ­
longs in  B. m in im a. O th e r  specim ens she 
in c lu d ed  in  m in im a , tho se  from  Prov i­
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d en ce  Island  and  C eylon, rep re sen t two 
d iffe ren t u n n am ed  species and  will be  d e ­
scribed  below.

T h e  H aw aiian  specim ens co llec ted  by 
W oollacott are  v e iy  sim ilar in  zooid size to 
B. m in im a  specim ens from  th e  R ed  Sea 
and  E ast Africa—Z anzibar In d ian  O cean  lo­
calities and  are  in c lu d ed  h e re  (Figs. 6, 7). 
T h e  avicularia o f  th e  H aw aiian  colonies 
show  a m ore  ex trem e range in  size: th e  
large ones are  larger, th e  o u te r  la teral ed g ­
es o f  zooids s tra ig h te r th a n  those  o f  th e  
R ed  Sea specim en, in  particular, and  th e  
ped u n c les  o f  th e  avicularia m ight be  slight­
ly m ore  proxim ally attached . Several H on- 
o lu lu -area  specim ens loaned  by th e  Rishop 
M useum  (see S pecim ens E xam ined) also 
m atch  th e  M C Z H aw aiian  B. m inim a.

D istribu tion . R ed  Sea, In d ian  O cean, 
Hawaii.

Specim ens Exam ined. N H M  1937.9.28. 
37. Bugula m in im a , W aters H astings, Sea­
w ard  edge, o u te r  reefs, G hardaqa, R ed 
Sea, LWS, 1933, D r. C. C rossland. M M  
1299. B ugula  neritina  var. m in im a , Ras 
O row am nibe, Z anzibar C hannel, 10 fa th ­
om s. C rossland  Exp. 515 (E . co llection  
A. W. W aters). M M  1300. B ugula  neritina  
var. m in im a , m andibles, P rison  Island, 
Z anzibar C hannel, 8 fathom s. C rossland  
Exp. 505 (E . co llection  A. W. W aters). 
M M  1301. Bugula neritina  var. m in im a , 
P rison  Island, Z anzibar C hannel, 8 fa th ­
om s. C rossland  Exp. 505 (E . co llection
A. W. W aters). N H M  1939.4.18.2. Bugula  
neritina  var. m in im a , W aters, D aressalam  
S tuh lm anii B erlin  M useum  P a rt o f  1944 
[slide w ith  w hole m ount, tw o cover slips, 
one  has just a few  avicularia u n d e r  it], 
from  D ar-es-Salaam , Tanzania (east Africa, 
I n d ia n  O c e a n ) . M C Z . 1 0 0107 . B u g u la  
m in im a , C oco n u t Island, O ahu, Hawaii, 
W oollacott and  Z im m er coll., 21 and  24 
July 1995. B PB M  K832. B ugula  robusta, 
O ahu, H ono lu lu  H arbor, S tation 5. B PB M  
K843. Bugula  robusta, O ahu, H onolu lu  
H arbor, S tation 8. B PB M  K832. Bugula  
robusta, O ahu, H ono lu lu  H arbor, S tation 
11. B PB M  K1019. Bugula robusta, O ahu, 
B arbers P o in t H a rb o r S tation  30.

Bugula providensis new species 
Figure 8

B ugula  ner itina  var. m in im a  T h o m ely , 1912: 141. 
B ugula  m in im a  (p a rt)  H astings, 1939: 334.

H olotype. N H M .1936.12.30.166. B ug u ­
la neritina  var. m inim a. Miss L. R. T h o m e ­
ly. P rov idence  Is. 50—78f.

E tym ology. N am ed  a fte r th e  location 
w h ere  th e  spec im en  w as co llected , n ea r 
P rov idence  Island , 9°14'S , 51°03 'E , one  o f  
th e  F a rq u a r  g roup  in  th e  O u te r  Islands o f  
th e  Seychelles, In d ia n  O cean.

D escription. C olony com posed  o f  e rec t 
b iseria l b ranches, b row nish  red  in  color. 
Zooids e longate  (abou t 0.68 m m  long by 
0.19 m m  w ide), sub-triangular, w ithou t 
spines. Avicularia are  large and sway- 
backed , w ith  long strongly  hooked  beaks, 
sim ilar in  shape to  tho se  o f  B. m in  ima, b u t 
all sim ilar in  size, abo u t 0 .27 m m  long by 
0.11 m m  w ide, com parab le  in  size to  th e  
large avicularia o f  B. m in im a , b u t d iffering  
in  th e ir  position  and  o rien ta tion . T h e  p e ­
dun c le  o f  th e  avieularium  is a ttach ed  to  a 
p ed u n c le  cush ion  at th e  proxim al edge  o f  
th e  zooid, alm ost on  th e  o u te r  la teral wall, 
no t at th e  v e iy  base o f  th e  zooid, b u t up  
abou t th e  w id th  o f  th e  p ed ice l from  its 
proxim al m argin. Avicularia are o rien ted  
w ith  beaks tilted  diagonally  ou tw ard , so 
th a t th ey  stand  o u t o n  e ith e r  side o f  a 
b ran ch  in  an  evenly  spaced  fea th ery  series. 
Ovieells are fla ttened , m ore  ovoid th an  
round . T hey  are  a ttach ed  to  in n e r distal 
co rners o f  zooids and  ap p ea r to  d roop  and 
fill ou t as th ey  m atu re .

D ia g n o sis . A v icu la ria  m o n o m o rp h ic , 
sw ay-baeked, e longate , sim ilar to  large av­
icu laria o f  B. m in im a  b u t w ith  th e ir  a t­
tach m en t p o in t on  p ed u n c le  cush ion  about 
a p ed u n c le  w id th  u p  from  th e  proxim al 
m argin, close to  la teral wall. Avicularia o ri­
e n te d  d iagonally , p ro je c tin g  fe a th e r lik e  
from  th e  branches.

Notes. This appears to  b e  an o th e r sp e ­
cies in  th e  m in im a  group . In  add ition  to  
th e  sw ay-backed shape o f  th e  avicularia, 
th e  colony b ran ch es are  delica te  and  flex­
ible, like those  o f  o th e r  m in im a  species,
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Figure 8. Bugula providensis new species. Light micrograph of holotype. NFIM 1936.12.30.166. A. Branches of colony. Scale 
bar = 2 mm. B. Detached sway-backed avieularium. Scale bar = 200 p m  C. Basal view of branch showing bifurcation. Scale 
bar = 500 pm. D. Portion of branch to show ovieells and position of avicularia. Scale bar = 200 pm. E. Close-up of autozooids 
and avicularia. Scale bar = 200 pm.
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ra th e r  th a n  sturdy, as in  those  o f  th e  ro­
busta  group . A lthough  only one  specim en  
w e exam ined  be longed  to  th is species, its 
m orphology, especially  th e  o rien ta tio n  o f  
th e  avicularia, was d istinc t from  all o thers. 
T ho rn e ly  believed  it to  be  W ate rs’ “var. 
m i n i m a apparen tly  partly  because  th e  
colonies o f  th e  specim ens she exam ined  
w ere  small, “1/2 inch  in  h e igh t grow ing on  
seaw eed ,” and  like m any w ho follow ed, 
she in te rp re te d  W aters’ nam e as m ean ing  
m in ia tu re  in  colony size. H astings (1939) 
also co nsidered  T h o rn e ly ’s m ateria l to  be
B. m inim a.

Specim ens E xam ined. B ugula  neritina  
var. m in im a , M iss L. R. T h o rn e  ly. P rov i­
d en ce  Is., 50—7Sf. N H M .1936.12.30.166. 
[N am e crossed  ou t and  w ith  second  nam e 
p asted  on  label] B ugula  m in im a  W aters.

D istribu tion . P rov idence  Island , In d ian  
O cean.

Bugula miniatella new species 
Figure 9

B ugula  n er itin a  var. m in im a  O sb u m , 1914: 1S7. N o t 
W aters , 1909: 136.

H o lo ty p e . B u g u la  m in im a  W a te rs . 
U SN M  537252. Tortugas, F lorida, 8 fa th ­
om s, R. C. O sb u rn  coli.

E tym ology. D im inu tive  o f  m inia ta , L a t­
in  m in ia tus, b righ t red.

D escription. C olony small, com posed  o f 
e re c t biserial b ran ch es 1—2 cm  in length , 
b row nish  red  in  color. Zooids elongate, 
abou t 0.58 m m  long by 0.18 m m  w ide, 
sub-triangular, w idest at d istal end , taper- 
ing  proximally. B oth  d ista l edges sharply  
p o in ted , a lthough  th e  po in ts o n  o u te r  sides 
o f  zooids m ay b e  m ore  exaggerated . Zo­
oids delicate , fron ta l m em b ran e  covering 
m ost o f  fron ta l wall. A vicularia all sim ilar 
in  size and  shape, sw ay-backed and  so m e­
w hat e longated , b u t w ith  h ead  and  beak  
portions abou t equal in  length . T hey  are 
a ttach ed  o n  a v e iy  short p ed u n c le  at th e  
o u te r  side o f  th e  proxim al w all o f  th e  zo ­
oids, and  tilted  at a 45°—60° angle ou tw ard  
from  th e  b ranches. O vieells are  alm ost 
spherical, 0.19 m m  long by 0.02 m m  w ide,

a ttach ed  to  in n e r ed g e  o f  zooid, and  w ith  
bo tto m  m arg in  paralle l to  d istal edge  o f  
zooid. Ovieells develop ing  o n  veiy  short 
b ranches.

Diagnosis. Zooid size com parab le  to  
th a t o f  o th e r  red -p ig m en ted  species, b u t 
size o f  m a tu re  rep roductive  colonies ve iy  
small. O vieells spherical. A vicularia small, 
m onom orph ie , sw ay-baeked, and  so m e­
w hat e longate , a ttach ed  at o u te r  edges o f  
proxim al m argins o f  zooids.

N otes. O s b u rn ’s d e s c r ip tio n  in d ic a te s  
th a t he  found  only one  colony in  his Tor­
tugas collection, so th e  two slides in  th e  
N M N H  are parts o f  a single holotype. T he 
m onom orph ie  avicularia are no t as sway- 
b aeked  as those  o f  th e  R ed Sea—Indo-P a- 
cific B. m in  ima, b u t th e  h ead  sec tion  is not 
as ro u n d ed  as th a t o f  B. robusta  and  m ost 
o th e r  Bugula  species, m aking th e  avicular­
ia m ore  like those  o f  B. m in im a  in  shape, 
b u t w ith  a less e longate  beak  po rtion . W a­
te rs  called his R ed  Sea species B. m in im a  
because  th e  zooids w ere  sm aller in  size 
th a n  those  o f  B. neritina. H ow ever, in  th e  
case o f  w este rn  A tlantic  specim ens, O s­
b u rn  and  o th ers  w ho follow ed him  ap p ar­
en tly  took  th e  n am e to  m ean  sm all in  co l­
ony size as w ell. This species is found  on  
algae, sea grasses, and  o th e r  ep h em era l 
substrata . I t  attains only a sm all size and 
p ro d u ces ab u n d an t ovieells along its short 
b ranches, ind ica ting  th a t it rep ro d u ces 
early  in  astogeny, in  con trast to  B. m in im a , 
w h ich  has a colony size com parab le  to  tha t 
o f  B. neritina, b u t slightly sm aller zooids.

Specim ens E xam ined. Bugula  m in im a  
W aters. U SN M  537252. Tortugas, F lorida, 
8 fathom s, R. C. O sb u rn  coli. [2 w hole 
m oun ts o n  slides, tak en  from  a single col­
ony] .

D istribu tion . F lo rid a  to  th e  C aribbean .

Bugula crosslandi blastings, 1939 
Figure 10

B ugula  n er itin a  var. m in im a  p a r t  W aters , 1909: 136,
pi. 11, figs. 4, 5.

B ugula  crossland i p a r t  H astings, 1939: 337 (text-flg.
276D ; n o t  text-flg. 277A).

H olotype. N H M  1937.9.28.35. A bu
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Figure 9. Bugula miniatella new species. Flolotype. NMNFI 208837. Tortugas, Florida. Light micrograph of whole mount on 
glass slide. A. Branches of colony fragment. Scale bar = 1 mm. B. Closer view of branches showing zooids with ovoid to 
spherical ovieells and sway-backed avicularia. Scale bar = 250 pm. C. Close-up of branch; note elongate sway-backed avieu­
larium with pigmented beak tip. Scale bar = 50 p m  D. Back view of branches showing bifurcation pattern. Scale bar = 100 
pm .

S haar, R ed  Sea, V2 to  1 fathom , 20 M ay 
1933 (Dr. C. C rossland).

D escription. C olony m ade u p  o f  short, 
delicate , biserial b ranches, light redd ish  
b row n  in color, w ith  type 4 branch ing , and 
long a ttach m en t rhizoids. Zooids elongate,

abou t 0.51 m m  long and  0.17 m m  w ide, 
w idest distally, tap e rin g  proximally, th e n  
w iden ing  slightly at bases. O u te r  d istal co r­
ners o f  zooids sharp -edged , b u t no t ex­
trem ely  p o in ted , fron ta l m em b ran e  cov­
e rin g  at least 75%  o f  th e  fron ta l surface.
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A vicularia small, m onom orph ie , a ttach ed  
o n  a short p ed u n c le  cush ion  at o u te r  side 
o f  proxim al gym noeyst, be low  proxim al 
en d  o f  fron tal m em b ran e , b u t above p rox­
im al e n d  o f  zooid. Avicularia w ith  a ro u n d ­
ed  h ead  and  a narrow  hooked  beak. O vi­
eells a ttach ed  at an  angle to  in n e r  distal 
c o rn e r o f  zooids, subspherieal, w ith  a 
th ick en ed  b an d  a round  th e  proxim al m ar­
gin.

Diagnosis. C olony size small, sim ilar in  
size to  th a t o f  B ugula  m iniatella , b u t avi­
cu laria  ro u n d  h ead ed , w ith  narrow  hooked  
beaks and  sho rt p ed u n c les  in se rted  above 
th e  proxim al m argins o f  o u te r  edges o f  zo­
oids.

Notes. O sb u rn  (1950) co n sid e red  his 
m ateria l to  be long  to  B. m in im a. H ow ever, 
th e  e a s te rn  Pacific m ateria l w e exam ined  
appears to  be long  to  H astings “Bugula  
crosslandi,” as illu stra ted  by th e  specim en  
from  G orgona, P anam a (text-fig. 277A o f 
H astings [1939] and  p. 704, pi. II , fig. 6), 
b u t no t w ith  h e r  type m ateria l from  th e  
R ed  Sea. As H astings (1939) n o ted  in  h e r  
re m a rk s  o n  c ro ss la n d i,  e a s te rn  P ac ific  
specim ens d iffer from  th e  type m ateria l o f  
crosslandi from  th e  R ed  Sea in  having 
sm aller and m ore  s len d er avicularia. T he 
e a s te rn  Pacific species is sim ilar to  T o rtu ­
gas m iniatella , as w ell as R ed  Sea crosslan­
di, in  its sm all size at m aturity , b u t p ro b ­
ably should  b e  nam ed  separately.

Specim ens Exam ined. R ed  Sea M aterial. 
R ecause th e  W aters m ateria l from  K hor 
D ongo la  th a t H astings illu stra ted  (h e r text- 
fig. 276D ) was p a rt o f  th e  L iverpool U n i­
versity  Zoology M useum  collection, w hich  
no longer exists, th e  only R ed  Sea m ateria l 
available fo r o u r exam ination  was th e  type 
sp e c im e n , N H M  1 9 3 7 .9 .2 8 .3 5  B u g u la  
c ro ss la n d i  H a s tin g s  [o rig in a lly  la b e le d  
B ugula  neritina  var. m in im a  W at.], A bu 
S haar, R ed  Sea, V2—I  fa thom , Dr. C. C ross­
land. T h e  m ateria l consists o f  tw o m icro ­
scope slides and  one  jar o f  w et m ateria l 
(apparen tly  th a t from  w hich  slides w ere  
m ade). Eastern Pacific material. Allan 
H a n c o c k  F o u n d a tio n . B u g u la  m in im a  
(W aters). R C O . Cocos Island , C osta  Rica,

H ancock  STA 779-38. “D raw n .” Bugula  
m in im a  (W aters). STA. 95. P anam a. G alt- 
soff coli. (a good colony w ith  ovieells). 
B ugula  m in im a  (W aters). Raja. O ff S. en d  
T iburon . A llan H ancock  F o u ndation . STA 
1631 (c lu m p  w ith  ro o tle ts , an d  sh o rt 
b ran ch es w ith  ovieells).

D istribu tion . R ed  Sea.

Bugula robusta group 
Bugula robusta MacGillivray, 1869 

Figures 11,12
B ugula  robusta  M acG illivray, 1S69: 129; M acG illiv ray  

in  M cC oy, 1SS1: 29, pi. 78, fig. 1.

H olotype. B ugula  robusta  M acGillivray, 
1869. M V F  45556. Victoria, loe. unknow n.

D e sc r ip tio n . C o lo n ie s  c o m p o se d  o f  
e rec t, b iserial b ranches, p u rp le  w h en  liv­
ing, g ray-brow n w h en  diy. L arge zooids, 
abou t 0.78 m m  long by 0.37 m m  w ide, 
w ith  m ore  strongly  calcified la teral walls 
th a n  those  o f  o th e r  species s tud ied  here , 
th e ir  edges app earin g  w hitish  and  th ick ­
en ed , especially  on  d istal rim s and  in  basal 
view . Z o o id s  h av e  in n e r  d is ta l e d g e s  
ro u n d ed , o u te r  d istal edges tap e rin g  to  a 
b lu n t conical point. Zooid shape broadly  
triangular, ratio  o f  g rea test leng th  to  w id th  
abou t 2:1. O rifice D -sh ap ed  w ith  ch itinous 
re in fo rcem en t, m ore  no ticeab le  th a n  those 
o f  o th e r  Bugula  species; go lden  yellow  in 
color. F ro n ta l m em b ran e  sh o rte r  p ro p o r­
tionally  th a n  in  o th e r  species. A vicularia 
have large ro u n d ed  heads and  short, nar­
row, dow n-curved  beaks. T hey  are a t­
tach ed  to  sho rt p ed u n c le  cush ions located  
o n  th e  o u te r  proxim al edges o f  th e  zooids. 
Ovieells slightly g re a te r  in  leng th  th an  
w id th , a ttach ed  at an  angle to  d istal co rn e r 
o f  zooids.

Diagnosis. L iving colonies p u rp le , walls 
w h ite  r im m e d , w e ll-e a le ifie d , w ith  D - 
shaped  opercu lum . Avicularia no t e lo n g a t­
ed, w ith  ro u n d  heads and  short beaks, a t­
tach ed  on  a short p ed u n c le  to  o u te r  p rox­
im al edges o f  zooids. O vieells slightly lon­
g e r th a n  w ide.

Notes. T h e  specim ens from  V ictoria 
m atch  M aeG illivray’s original d escrip tion
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C
Figure 10. Bugula crosslandi. Flolotype. NFIM 1937.9.28.35. Abu Shaar, Red Sea. Light micrograph of whole mount on slide. 
A. Ovicelled branches of colony. Scale bar = 200 p,m. B. Branch showing several zooids with ovieells and avicularia. Scale bar 
= 100 p,m. C. Close-up showing one round-headed avieularium with open mandible. Scale bar = 50 p,m. D. Reverse side of 
branch showing bifurcation pattern and position of several avicularia. Scale bar = 200 p,m.

and  his illustration  in  th e  Prodrom us. Like 
m ost w orkers at th e  tim e, M acG illivray did  
no t d esignate  types. H ow ever, collections 
sta ff at M useum  V ictoria have iden tified  
one  spec im en  as th a t likely to  have b e e n  
used  in  th e  original descrip tion . T h e  p u ­
tative type spec im en  is heavily en c ru s ted  
w ith  w h ite  calcareous m aterial, som e distal 
edges are  also th ick en ed  by calcification,

as is ap p a ren t in  th e  illustration  o f  B. ro­
busta  in  p la te  78, figure 1, o f  M cC oy’s 
P ro d ro m u s  o f  th e  Z o o lo g y  o f  V ic to r ia  
(1881). Som e q u estio n  rem ains abo u t th e  
co lo ration  o f  th e  species in  life. M ac­
G illivray sta tes th a t it is o f  “g reyish  b ro w n ” 
color, no t red  o r pu rp le . This is tru e  for 
d iy  m aterial, b u t an  u n d e rw a te r  p h o to ­
g rap h  o f  a living S ou th  A ustralian  colony
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Figure 11. Bugula robusta. Tasmania, Australia. MV F 133123. SEM Images. A. Colony branches. Scale bar = 1 mm. B. 
Branch showing zooids and avicularia; note opercula with reinforced rims and thick calcified walls of zooids. Scale bar = 200 
p m  C. Two zooids and round-headed avieularium with sharply hooked beak tip and open mandible. Scale bar = 100 pm. D. 
Second avieularium with closed mandible, note strongly calcified outer walls of zooid. Scale bar = 100 pm.
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Figure 12. Bugula robusta. Tasmania. SEM and light microscope Images. SEM: A. Abfrontal side of branch, showing bifurcation 
pattern. Scale bar = 200 pm. B. Close-up of abfrontal side of branch, showing zig-zag patterning of adjoining walls. Scale bar 
= 100 pm. C. Close-up of operculum of one zooid and position of peduncle of distal zooid on its outer proximal frontal wall. 
Scale bar = 50 pm. Light micrographs: D. Back view of radicles and zooids near base of a colony. Scale bar = 100 pm. E. 
Another view of colony base showing thick bundle of attachment radicles. Scale bar = 100 pm.
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by  K aren  G ow lett-H olm es (1999) shows it 
to  have robust, curving, p u rp le  and  or­
ange-brow n b ran ch es w ith  d istinc t w hite  
rim s. T h e  d is trib u tio n  o f  actual B. robusta  
appears to  b e  lim ited  to  eool-w ater h ab i­
ta ts in  so u th e rn  A ustralia  and  Tasm ania. 
Tropical reco rds o f  th e  species are highly 
suspect, a lthough  com plete ly  u n d e rs ta n d ­
able given th a t H a rm e r lu m p ed  m any 
specim ens from  d iffe ren t localities u n d e r  
th e  B ugula  robusta  nam e in  his 1926 Si­
boga E xped ition  rep o rt and illu stra ted  at 
least th re e  d iffe ren t species, none o f  th em  
B. robusta , as th a t species.

S pec im en s E xa m in ed . B ugu la  robusta  
MacGillivray, 1869. MV F  45556. Loc. u n ­
known. Vic., one m icroslide? H olotype. (five 
branches, avicularia, no ovieells). Bugula ro­
busta  MaeGillivray, 1869. MV F  91986. Loe. 
unknow n, Vie., one microslide. J. Braee- 
bridge W ilson, (two fragm ents, encrusted, 
avie., no ovieells). Bugula robusta  (M u n d er 
the  Bugula robusta  nam e) MacGillivray, 
1869. MV F  91987. Loe. W estern  Port, Vie., 
one microslide. J. B. W ilson M acGillivray 
coli. Bugula robusta  MacGillivray, 1869. MV 
F  91988. Loe. P ort Phillip H eads, Vie., one 
mieroslide. (one large and two sm aller frag­
m en ts , v e iy  d e b r is -e n c ru s te d ; av icu laria  
gone, no ovieells). Bugula robusta  Mae- 
Gillivray, 1869. M V F  91989. Loe. P ort Phil­
lip H eads, Vie., one m ieroslide also one 
large and som e sm aller fragm ents. MV F
133121. Bugula robusta. Australia, Tasma­
nia, near Burial Point, Southport, 43°25'S, 
146°58'E, A. Blackm an coll., 1983. Id en ti­
fied by Phillip E . Boek, 1 M ay 2007. MV F
133122. Bugula robusta. Australia, Tasma­
nia, near Tinderbox, d ’E ntreeasteaux C han­
nel, 4303 'S, 147°19'E. A. Blackm an coll., 
1983. Identified  by Phillip E. Boek, 1 M ay 
2007. MV F  133123. Bugula robusta. Aus­
tralia, Tasmania, Bugula robusta, Australia, 
Tasmania, Spring Beach, Orford, 42°34'S, 
147°54'E, A. Blackm an coll., 1983. Id en ti­
fied by Phillip E. Boek, 1 M ay 2007.

D istribu tion . V ictoria, S ou th  A ustralia  
and  Tasm ania, A ustralia.

Bugula ceylonensis new species 
Figure 13
H olotype. B ugula  m in im a. N H M , Busk 

C ollection , 1899.7.1.4608. C eylon, 7—10 
fathom s. H oldsw orth .

E tym ology. N am ed  a fte r th e  location 
w h ere  th e  type spec im en  was collected , 
th e n  know n as C eylon, now  Sri Lanka.

D escription. C olony e rec t, consisting  o f 
robust b iseria l b ranches, b row n-p igm ent- 
ed  w h en  diy. Zooids broad ly  sub -triangu lar 
in  appearance , sh o rte r  th a n  tho se  o f  p re ­
ced in g  species, abou t 0.53 m m  long by 
0.20 m m  w ide. F ro n ta l m em b ran e  ex ten d ­
ing alm ost to  base  o f  zooid. In  d iy  speci­
m ens, th e  basal and  la teral walls curve 
strongly  a ro u n d  th e  fron ta l m em b ran e . Av­
icu laria are large, ro u n d -h ead ed , all o f  
sim ilar size, and  positioned  in  a cen tra l 
proxim al location on  a knoblike p ed u n cle  
cushion. O vieells sm aller and m ore  h em i­
spherical th an  those  o f  B. m in im a , a t­
tach ed  at a sharp  angle to  th e  in n e r distal 
c o rn e r o f  zooids.

Diagnosis. Zooids sh o rte r  th a n  tho se  o f  
B. robusta. Avicularia m onom orph ie , large, 
ro u n d  h ead ed , a ttach ed  at a cen tro-proxi- 
rnal position  o n  a knoblike ped u n cle . O vi­
eells alm ost hem ispherical.

Notes. This spec im en  was inc luded  by 
H astings (1939) in  B. m in im a , a lthough  it 
lacked two types o f  avicularia. T h e  position  
o f  th e  avicularia, as w ell as th e  sizes and 
shapes o f  zooids and  ovieells also d iffer 
from  those  o f  B. m in im a. T h o rn e  ly (1905: 
109) lists a B. neritina  w ith  avicularia from  
C eylon  b u t gives no illustra tion  and  a ve iy  
m inim al descrip tion .

Specim ens E xam ined. B ugula  m inim a. 
N H M , B usk  C o llec tio n , 1 8 9 9 .7 .1 .4608 . 
C eylon, 7—10 fathom s. H oldsw orth  [origi­
nally labeled  B ugula  robusta-, th e  robusta  
is crossed  ou t and  a separa te  label w ith  
B ugula  m in im a  is p asted  on  th e  slide].

D istribu tion . Sri L anka (Ceylon).

Bugula robustoides new species 
Figure 14
H olotype. N H M  1879.5.27.1. Bugula  

robusta  P o rt Jackson, Sydney H arbor, N ew  
S ou th  W ales, A ustralia.
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Figure 13. Bugula ceylonensis new species. Flolotype. NFIM 1899.7.1.4608. Ceylon. Light micrograph of dried colony glued on 
wooden slide. A. The two branch fragments of the holotype specimen. Scale bar = 1 mm. B. Front view of bifurcation; note 
zooid shape. Scale bar = 200 pm. C. Ovicelled zooids. Scale bar = 100 pm. D. Round-headed avieularium with open mandible. 
Scale bar = 100 p m  E. Zooids and two more avicularia. Scale bar = 100 pm.

E tym ology. F ro m  th e  L atin  en d in g  -oi- 
des, like, resem bling  =  robusta -like.

D escription. C olony consisting  o f  e rec t, 
b iseria l b ranches, b row nish  red  in  color. 
Zooids large, e longate, abou t 0.73—0.78 
m m  in  leng th  by 0.27—0.33 m m  in  w idth , 
w idest distally, tap e rin g  som ew hat proxi- 
rnally, b u t m ore  rec tan g u la r in  shape th an

those  o f  o th e r  species d esc rib ed  here . 
O u te r  d istal angle o f  zooids sharply  p o in t­
ed, in n e r  edge m ay be  ro u n d ed  o r  slightly 
p o in te d . F ro n ta l  m e m b ra n e  ta k in g  u p  
m ore  th a n  th re e -q u a rte rs  o f  fron ta l wall, 
b u t n o n m em b ran o u s walls w ell eh itin ized  
and  clearly  visible in  tran sm itted  light. O r­
ifice shape faintly  visible, b u t no d istinc t
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Figure 14. Bugula robustoides new species. Flolotype. NFIM 1879.5.27.1. Port Jackson, Sydney Flarbor, New South Wales, 
Australia. Light micrographs of whole mount on slide. A. Colony branches, showing narrow, almost rectangular shape of zooids 
and numerous ovoid to spherical ovieells. Scale bar = 500 pm. B. Abfrontal view of branches, showing bifurcation pattern. Scale 
bar = 250 pm. C. Close-up of round-headed avieularium; note position of attachment. Scale bar = 100 pm.

o p ercu lu m  occurs. Avicularia m onom or- 
phic, o f  a m ore  typical b ird ’s h ead  type, 
w ith  a large ro u n d ed  h ead  reg ion  and  a 
sho rt dow n-curved  beak  and  m andib le . 
T hey  are  a ttach ed  o n  a sho rt ro u n d  p e ­
dun c le  to  th e  o u te r  la teral m arg in  o f th e  
zooids, a sho rt d istance  above th e  proxim al

m arg in  at th e  edge o f  th e  proxim al en d  o f  
th e  f ro n ta l  m e m b ra n e . O v iee lls  e u p - 
shaped  to  globular, a ttach ed  at th e  in n e r 
side o f  th e  d ista l m arg in  o f  th e  zooid at an 
angle.

Diagnosis. T h e  species d iffers from  th e  
V ictorian  B. robusta  d esc rib ed  by  M ae-
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G illivray in  coloration , m ore  e longate  sub- 
trian g u lar zooid shape, low er d eg ree  o f  
calcification, m ore  spherica l ovicell shape, 
and  lack o f  a w ell-ch itin ized  opercu lum .

Notes. T h e  N ew  S outh  W ales, A ustralia, 
specim ens and  specim ens from  H o lo thu ria  
Bank, N o rth  W est A ustralia, are  consid ­
e re d  to  belong  to  this species, w h ich  m ight 
b e  found  to  b e  m ore  w id esp read  in  th e  
Indo-Paeifie .

S p e c im e n s  E x a m in e d . U S N M  9485 . 
B ugula  robusta. P o rt Jackson (apparen tly  
from  an  exchange w ith  N H M , originally 
p a rt o f  N H M  1883.11.29.24). N H M  
1879.5.27.1. B ugula  robusta. P o rt Jackson. 
N ew  S outh  W ales, A ustralia. N H M  1883. 
11.29.24. B ugula  robusta. P o rt Jackson, 
N ew  S outh  W ales, A ustralia. N H M  1892. 
1.28.60. B ugula  robusta  M acG ., H o lo th u ­
ria  Bank, N o rth  W est A ustralia, [3°35'S, 
126°E], 2 4 -3 4  fathom s.

D istribu tion , A ustralia  and  p e rh ap s o th ­
e r  In d o —W est Pacific localities.

Bugula solorensis new species 
Figures 15-17

B ugula  robusta  p a r t  H arm er, 1926: 435, pi. XXXII, 
figu re  2 only.

H olotype. N H M  1928.3.6.267. Bugula  
ro b u sta  M acG illiv ray , S iboga  E x p e d itie  
M alay A rchipelago Stat: 61. Beef. Larnak- 
w era, Solor Id ., E  o f  F lores. M onograph  
xxviii, p. 435, no. 287A2.

E ty m o lo g y .  N a m e d  a f te r  th e  is la n d  
w h ere  it was co llec ted  d u rin g  th e  Siboga 
Expedition .

D escription, C olony com posed  o f  e rec t, 
b iserially  b ran ch in g  tufts, d ried  specim ens 
b row n  in  color. Zooids e longate , about 
0 .61—75 m m  long, slightly narrow ed  dis- 
tally, th e ir  g rea te st w id th  abou t 0.26—0.29 
m m  around  th e  m id -reg ion  o f  th e  zooids, 
at w hich  p o in t th ey  narrow  sharp ly  to  th e  
proxim al ends. D ista l rim  o f  zooids w ith  
ro u n d ed  in n e r co rners and  sharply  po in ted  
o u te r  co rners. Avicularia have ro u n d  heads 
and  long, ve iy  narrow  beaks, hooked  only 
at th e  ex trem e tips. Slight variations in  av- 
ieu larian  size occur, b u t avicularia are  not

clearly  d im orph ic . T h e  p ed u n c le  is long 
and  in se rted  at th e  base o f  th e  opesia  close 
to  th e  o u te r  proxim al edge o f  th e  zooid. 
Ovieells b ro a d e r at proxim al edge, cu p ­
shaped , w ith  a b ro ad  proxim al band , and 
a ttach ed  at an  angle to  in n e r d istal rim .

D ia g n o sis . Z o o id s  e lo n g a te , g re a te s t  
w id th  at m id-section , th e n  sharply  tap e r­
ing. Avicularia som ew hat variable in  size, 
w ith  ro u n d  heads and  long, narrow  beaks, 
hooked  at ve iy  tips. O vieells eup-shaped .

Notes. This spec im en  is th e  one  illus­
tra te d  as figure 1, pi. XXXII, o f  H a rm er 
(1926).

Specim ens E xam ined. B ugula  robusta  
M acGillivray, S iboga E xped itie  M alay Ar­
chipelago Stat: 61. Beef. L am akw era, So­
lor Id ., E  o f  F lo res. 1928.3.6.267. M ono­
g rap h  xxviii, p. 435, No. 287A2. B ugula  ro­
busta  M acGillivray, Siboga E xped itie  M a­
lay A rc h ip e la g o  S ta t: 313 , 0—3 6  M 
1928.3.6.274. M onograph  xxviii, p. 435, 
No. 553A. Bugula neritina  var. m inim a. 
Bas O row am nibe, Z anzibar C hannel, 10 
fathom s. C rossland  E xpedition . 515. M an ­
c h e s te r  M useum  1299 [and on  sm all label] 
E . A. W. W aters coll. H .11S6. B ugula  ro­
busta. Tutuila, m ain  doek, P P H , sta. 4, 
coli. 17 M ay 2007. B PB M  K1046.

D istribu tion , Zanzibar. B ee f o ff Solor 
Island, east o f  F lo res, in  L esser S unda I s ­
lands o f  Indonesia , A m erican  Samoa.

Bugula paternostrae new species 
Figure 18

B ugula  robusta  p a r t  H arm er, 1926: 435, pi. XXXII,
figu res 1, 5, 6.

H olotype. N H M  1979.1.8.1. Bugula ro­
busta  M acGillivray, Siboga E xped itie  M a­
lay A rchipelago Stat: 315 [P a te rn o ste r I s ­
land], N o f  Sum baw a, 0—36 nr. M onograph  
xxviii, p. 435, No. 251C . 1928.3.6.268.

E tym ology. N am ed  fo r P a te rn o s te r  I s ­
land, n o rth  o f  Sum baw a, Indonesia , w h ere  
th e  ho lo type was collected .

D escription, C olony com posed  o f  e rec t 
b iseria l b ranches. Zooids m ore  triangu lar 
th a n  those  o f  o th e r  species s tud ied  here , 
giving b ran ch es a saw -too thed  appearance .
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Figure 15. Bugula solorensis new species. Waters’ Zanzibar specimen. Light micrographs of whole mount on slide. A. View of 
branches of colony fragment. Scale bar = 1 mm. B. Colony branch showing more triangular shape of zooids, with scalloped 
distal rim, and long peduncles of round-headed avicularia, with elongate beaks. Scale bar = 100 p m  C. Abfrontal view of branch, 
showing bifurcation pattern. Scale bar = 250 pm. D. Close-up of several zooids, showing orientation and shape of ovlcell and 
avicularia. Scale bar = 100 pm.
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Figure 16. Bugula solorensis n. sp. NHM 1928.3.6.267. Solor Island specimen. Light micrograph of dry specimen on wooden 
slide. A. Colony branches; note feathery appearance due to position of long-beaked avicularia and shape and position of ovieells. 
Scale bar = 500 pm. B. Closer view of bifurcation area. Scale bar = 250 pm.

D istal rim  o f  zooids convex to  w ide and 
scalloped, diagonally  o rien ted  to  b ran ch  
d irec tion , w ith  o u te r  d istal po in ts short 
and  sharp, beco m in g  th ick en ed  and  m ore  
heavily calcified w ith  age. F ro n ta l m em ­
b ran e  occupies abou t th re e -q u a rte rs  o f  th e  
fron ta l wall, b u t o th e r  walls ap p ea r m ore  
calcified th a n  those  o f  any o th e r  species 
s tu d ied  h e re  except B. robusta. Avieular- 
iurn ro u n d -h ead ed  and  short-beaked , th e  
p ed u n c le  a ttach ed  abou t tw o-th irds o f  th e  
w ay dow n th e  o u te r  la teral w all o f  th e  zo­
oid, b u t because  o f  its length , th e  h ead  o f  
th e  avieularium  has a position  abou t ha lf­
w ay u p  th e  side. O vieells h ig h er th a n  w ide, 
cap- to  h e lm et-sh ap ed  and  a ttach ed  to  in ­
n e r d istal edge  o f  zooids at an  ob lique  an- 
gle.

D ia g n o sis . Z o o id s  tr ia n g u la r , a b o u t 
0 .70—0.72 m m  long by 0 .29—0.37 m m  
w ide. D istal rim  o f  in n e r zooid o n  b ran ch

b ecom ing  w ide and  scalloped. O u te r  distal 
edge  b ecom ing  heavily calcified in  o ld e r 
zooids. Avicularia m onom orph ie , round- 
h e ad ed  and  sho rt-beaked , o n  long p e d u n ­
cle and  p ed u n c le  cush ions a ttach ed  about 
% o f  th e  w ay dow n th e  o u te r  sides o f  zo­
oids. O vieells cap- to  h e lm et-sh ap ed .

Notes. In  th e  s trong  d eg ree  o f  calcifi­
cation  o f  zooid walls (o f o ld e r p arts  o f  co l­
ony) and  m ore  triangu la r zooid shape, 
b o th  this species and  B. robusta  show  sim ­
ilarities w ith  H alophila  species.

Specim ens E xam ined. N H M  1979.1.8.1. 
B ugula  robusta  M acGillivray, Siboga Ex­
p ed itie  M alay A rchipelago Stat: 315 [Pa­
te rn o s te r  Island, N o f  Sum baw a, 0—36 m. 
M o n o g ra p h  xxviii, p . 435 , N . 2 5 1 C . 
1 9 2 8 .3 .6 .2 6 8 . B u g u la  ro b u s ta  M a c ­
Gillivray, Siboga E xped itie  M alay A rch i­
pelago Stat: 133, 0—36 nr L in ing , Talaut 
Island, S o f  M indanao. 1928.3.6.268.
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D
Figure 17. Bugula solorensis n. sp. BPBM K 1046. American Samoa. Light micrograph of wet-preserved specimen. A. Colony 
branches; note large diagonally oriented ovieells and feathery appearance caused by arrangement of avicularia. Scale bar = 
500 p,m. B. Zooids, ovieells and avicularia, note columnar peduncles of avicularia. Scale bar = 100 p,m. C. Avicularia showing 
elongate beak, hooked at tip, and an open mandible. Scale bar = 100 p,m. D. One elongated avicularium in profile. Scale bar 
= 100 p,m. E. Close-up of cup-shaped, banded ovicell. Scale bar = 100 p,m.
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Figure 18. Bugula paternostrae new species. Flolotype. NFIM 1979.1.8.1. Bugula robusta. Paternoster Island, Indonesia. A. 
Branching colony with radicles at base. Scale bar = 2 mm. B. Back view of branch bifurcation. Scale bar = 500 pm. C. Frontal 
surface of branch showing round-headed avicularia on medlum-length peduncle. Scale bar = 200 pm. D. Zooids from older part 
of colony showing scalloped distal rim. Scale bar = 200 p m  E. Area near growing tip showing cup- to hood-shaped ovieells. 
Scale bar = 200 pm.
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M onograph  xxviii, p. 435, N. 102A2. [d iy  
b ran ch  o n  slide]. Bugula  robusta  M ac­
Gillivray, Siboga E xped itie  M alay A rch i­
pelago Stat: 184, 36 nr. 2000.9.18.9. M ono­
g rap h  xxviii, p. 435, No. 149b.

D istribu tion . Indonesia .

DISCUSSION
D esp ite  th e ir  long confusion  in  th e  lit­

e ra tu re , B. m in im a  and  B. robusta  are  not 
synonym ous. T hey  ap p ea r to  form  a least 
tw o m orphological g roups o f  species o r 
species com plexes, all cha rac terized  by 
d e e p  w in e-red  to  red -b ro w n  p igm enta tion . 
W ith  regard  to  th e  taxa w hose q u es tio n ­
able iden tities  instiga ted  this p ro jec t, o u r 
resu lts have show n th a t th e  red  avieulifer- 
ous H aw aiian  B ugula  s tu d ied  by W oolla­
co tt belongs in  th e  B ugula  m in im a  group. 
W ith  th e  o th ers  in  th a t group , th e  speci­
m ens share  a dark  red d ish  p ig m en ta tion  
(veiy like th a t o f  B. neritina)  w h en  alive, 
a lack o f  spines, zooids shaped  like those 
o f  B. neritina , an  avieularium  shape th a t is 
“sw ay-backed” w ith  a long hooked  rostrum  
(unlike th e  m ore  co m m o n  Bugula  sto lon­
ifera  type w ith  its ro u n d  body and  re la ­
tively short ro strum  beak), avicularia a t­
tach ed  to  proxim al o u te r  edge  o f  zooids 
and  usually  po lym orphic  in  size, ovieells 
a ttach ed  at in n e r  d istal angle o f  zooids and 
o rien ted  ob liquely  to  b ranches, and  re la ­
tively light calcification. T h e  H aw aiian  m a­
te ria l shows a m ore  p ro n o u n ced  avieular- 
ian  d im orph ism  th a n  R ed  Sea m aterial.

M ateria l from  th e  w este rn  A tlan tic  tha t 
has b e e n  iden tified  as B. m in im a  since O s­
b u r n i  1914 pub lica tion  on  Tortugas biyo- 
zoans is no t th e  B. m in im a  o f  W aters. I t  is 
d esc rib ed  h e re  and  nam ed  as Bugula  m in ­
iatella. Bugula m iniatella  is sim ilar to  th e  
R ed  Sea B. crosslandi o f  H astings (1939), 
as w ell as to  h e r  and  O sb u rn ’s specim ens 
from  e as te rn  Pacific localities, in  b e in g  a 
“m in a tu re ” species, w ith  a sm all m atu re  
colony size accom pan ied  by early  sexual 
rep ro d u c tio n . B ugula  crosslandi is re d e ­
scribed  in  accordance  w ith  th e  type spec­
im en  from  A bu Shaar, in  th e  R ed  Sea. T he 
e a s te rn  Pacific m ateria l o f  H astings and

O sburn , iden tified  by  th em  as B. m in im a  
and  B. crosslandi, p robab ly  rep resen ts  a 
single species. H ow ever, its redescrip tio n  
w ill req u ire  fu r th e r  study  because  th e re  
m ay be  som e overlap  w ith  C arib b ean  sp e ­
cies previously  reco rd ed  as B. m in  ima, b u t 
d iffering  in  som e ch arac ters  from  B. m in ­
iatella.

In  add ition  to  those  m useum  specim ens 
labeled  B ugula  robusta  th a t be long  to  B. 
m in im a , th is iden tification  has b e e n  ap ­
p lied  to  at least fou r taxa, all ch arac terized  
by  1) d a rk  red , purp lish , o r  b row n  color­
ation  w h en  alive; 2) lack o f  spines; 3) 
m o n o m o rp h ie  a v ic u la ria  o f  th e  ro u n d -  
h e ad ed  type; 4) ovieells a ttach ed  at in n e r 
d istal angle o f  zooids; and  5) avicularia a t­
tach ed  in  a position  below  th e  d ista l ha lf 
o f  th e  o u te r  edges o f  zooids. T h e  d iffe ren t 
taxa vaiy  from  each  o th e r  in  ovieell shape 
and  size, size o f  avicularia, position  o f  a t­
tach m en t to  p ed u n c le  cush ion  and  p e d u n ­
cle length , d eg ree  o f  eh itin ization  and  cal­
cification, relative leng th  o f  fron ta l m em ­
b ran e , and  shape o f  zooids. T h e  tru e  B. 
robusta  o f  M acG illivray was describ ed  
from  Victoria, A ustralia, and  appears to  be  
a eool-w ater so u th e rn  A ustralian  species. 
M ateria l from  trop ica l w aters iden tified  as 
B. robusta  is m ost likely B. m in im a  o r  B. 
robustoides  b u t could  also be lo n g  to  any 
o f  th e  w arm -w ater species d esc rib ed  above 
o r  to  som e red -p ig m en ted  taxon still u n ­
described .

T h e  genus Bugula  can  b e  difficult to  
study, in  th a t som e o f th e  m o rp h o m etrie  
ch arac ters  th a t w ork  to  d istingu ish  sim ilar 
species in  o th e r  g en e ra  and  fam ilies do not 
w ork  w ell in  this genus. In  con trast to  th e  
case in  m any eheilostom es, zooid leng th  
and  w id th  are no t particu larly  good ch ar­
acters to  u se  to  d istingu ish  b e tw een  sp e ­
cies because  th e  species in  th e  subse t o f  
th e  genus stu d ied  h e re  are  ve iy  sim ilar in  
zooid size. C h arac te rs  th a t have b e e n  
found  usefu l in  th e  genus, such  as color­
ation, colony size and  grow th  form  o f  co l­
ony, n u m b e r o f  series o f  zooids along 
b ranches, b ran ch  b ifu rca tion  p a tte rn s , and 
d istal sp ine p a tte rn s  (e.g., Ryland, 1960)
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are  no t as usefu l fo r th is lim ited  g roup  o f 
taxa. A lthough  th e  tw o species w ith  veiy  
sm all m a tu re  colonies could  be  d is tin ­
gu ished  from  th e  o thers, m ost species 
w ere  re p re se n te d  only by  b ran ch  frag­
m ents, th e  co m p le te  size o f  th e ir  colonies 
unknow n. All species w ere  p ig m en ted , b u t 
d ried  o r  w e t-p rese rv ed  specim ens do  not 
give an  accu ra te  idea  o f  th e  co lor o f  living 
colonies (e.g., th e  gray-brow n o f  d ried  B. 
robusta  co m p ared  w ith  th e  d e e p  p u rp le  
and  o range o f  living colonies). All species 
w ere  biserial, and  m ost h ad  th e  sam e b i­
fu rca tion  p a tte rn  (type 4). N one h ad  jo in t­
ed  spines, a lthough  som e h ad  sharp , p o in t­
ed  extensions o f  th e  d istal edges o f  zooids.

Zooid shape; ovieell shape and  o rien ta ­
tion; occu rren ce  o f  p o in ted , ro u n d ed , o r 
scalloped distal en d s on  zooids; and  deg ree  
o f  skeleton ization  are useful. A vicularia 
position  and  shape, relative p ro p o rtio n  o f  
h ead  to  beak, and  shape and  w id th  o f  each  
part, how ever, seem  to be  th e  m ost d is­
tinctive ch arac ters  at th e  species level. A d­
ditionally, th e  ratio  o f  avieularian  leng th  to  
zooid w id th  originally d iscussed  by  Ryland 
(1960) as a po ten tia lly  usefu l ch a rac te r in  
d istingu ish ing  Bugula  species appears to  
have value fo r at least som e o f th e  species 
stu d ied  (see Table 1).

T h e  taxonom ic and  functional signifi­
cance o f  th e  red  co lo ration  in  th e  species 
s tu d ied  h e re  rem ains obscure. O nly  in  th e  
case o f  B. neritina  have a ttem p ts  b e e n  re ­
p o rte d  to  localize, isolate, an d /o r iden tify  
th e  p igm en t. In te re s t in  th e  red  p igm en t 
o f  B. neritina  ex tends back  to  th e  n in e ­
te e n th  century . K ru k en b erg  (1882) refers 
to  th is p igm ent, “B ugulapur,” as a floridine 
and  provides sp ec tra  u n d e r  d iffe ren t sol­
v en t regim es. F ü r th  (1903) supplies a list 
o f  its basic chem ical p roperties. S ubse­
q u e n t stud ies by  Villela ( 1948a,b) rep o rt 
th a t th e  red  p ig m en t in  B. neritina  is ad- 
enoeh rom e-like  in  its p ro p ertie s  and  p ro ­
vides a p ro toco l fo r its iso lation along w ith  
a m ore  leng thy  ch arac teriza tion  o f  its 
chem istry. T h e  chem ical p ro p ertie s  o f  this 
p ig m en t are  d iscussed  app aren tly  m ost r e ­
cen tly  by C h ris to p h ersen  (1985) and

C h ris to p h ersen  and  A ntho  ni (1986). T hese  
au tho rs no te  th a t p re lim inary  stud ies in ­
d ica te  it is a su lfur-contain ing  com pound . 
Villela (1948a,b  ) observed  th a t th e  p ig ­
m en t is m ost ev id en t in  d istal zooids on  
b ran ch es o f  colonies and  also in  associa­
tio n  w ith  b row n  bodies. W oollaeott and 
Z im m er (1971, 1975) p rov ided  u ltrastrue- 
tu ra l and  light m icroscopic ev idence  th a t 
th e  larva th e  p ig m en t is localized in  b rick ­
like stacks o f  “p ig m en ted  ce lls” th a t occu r 
in  a su b ep id e rm al location  b e tw een  ad ja­
c en t co ronal cells and  in  association w ith  
th e  apical disk. O n  m etam orphosis, som e 
o f  th ese  p ig m en t-b ea rin g  cells form  th e  so­
m atic and sp lanchnic  p e rito n eu m , w hereas 
o th ers  are  found  w ith  th e  fun icu lar tissue. 
T h e re  is no ind ica tion  o f  th e ir  functional 
role in  e ith e r  larval o r  adu lt stages.

ACKNOWLEDGMENTS
This study  w ould  no t have b e e n  possible 

w ith o u t th e  w illingness o f  th e  follow ing in ­
stitu tions and  individuals to  m ake m ateria l 
available o n  loan fo r exam ination: B ishop 
M useum , H onolu lu , Haw aii, H olly Bolick, 
S tep h en  Coles, L ucius E ld redge ; M an ­
c h e s te r  M useum , M anchester, UK, H en ry  
M cG hie, R ebecca  Sm ith; N atu ra l H isto iy  
M useum , L ondon , UK, M aiy  Speneer- 
Jones; N ational M useum s Liverpool, L iv­
erpool, UK, Ia n  W allace; M useum  V icto­
ria, A ustralia, C h ris to p h e r Rowley; T h e  A l­
lan H ancock  F o u n d a tio n  C ollection  at th e  
Santa B arbara  M useum  o f N atu ra l H istoiy, 
Santa B arbara, C alifornia, H en ry  C haney; 
and  T h e  N atu ra l H isto iy  M useum , S m ith ­
sonian  In stitu tion , W ashington, D .C ., A lan 
C hee th am , Jo A nn Sam ier. W e th an k  th e  
follow ing individuals at th e  M useum  o f 
C om parative  Zoology, H arvard  University, 
fo r th e ir  respective co n tribu tions to  this 
study: M aiy  C a th e rin e  Boyeri fo r m anag ­
ing th e  loans on  rece ip t and  th e ir  re tu rn ; 
M aiy  Sears fo r assistance locating re fe r­
en ce  m aterials; H e len e  F e rran ti fo r o ffer­
ing help fu l ed ito ria l suggestions. Finally, 
w e are especially  g ra tefu l to  C ollin  Jo h n ­
son, also o f  H arvard  U niversity, fo r his 
ch ee rfu l and  skilled assistance w ith  th e



R e d e s c r i p t i o n  a n d  R e v i s i o n  o f  B u g u l a  * W i n s t o n  a n d  W o o l la c o t t  2 1 1

digital p h o to g rap h y  an d  in  com posing  th e
digital fo rm ats o f  th e  figures.

LITERATURE CITED
CHRISTOPHERSEN, C . 1985. S eco n d ary  m e tab o lite s  

fro m  m a rin e  b ryozoans: a  review . A cta  C h e m ic a  
S cand inav ica  B, 3 9 :  5 1 7 -5 2 9 .

C h r is t o p h e r s e n , C ., a n d  U . An t h o n i . 1986. O r­
gan ic  su lfu r  c o m p o u n d s f ro m  m a rin e  organ ism s. 
S u lfu r  R e p o rts , 4 :  3 6 5 -4 4 2 .

D a v i d s o n , S. K ., A N D  M . H a y g o o d . 1999. Id e n tif i­
ca tio n  o f  sib ling  sp ec ies  o f  th e  b ry o zo an  Bugula 
neritina th a t  p ro d u c e  d if fe re n t a n tic a n c e r  b ryo - 
s ta tin s a n d  h a rb o r  d if fe re n t s tra in s o f  th e  b a c te ­
r ia l sy m b io n t “Candidatus E n d o b u g u la  se rtu la .” 
B iological B u lle tin , 196 : 2 7 3 -2 8 0 .

FURTH, O . VON. 1903. V erg le ich en d e  ch em isch e  
Physio log ie  d e r  n ie d e re n  T ie re . Je n a , G erm any : 
V erlag  von  G u stav  F ish er. 670  p p .

G o r d o n , D . P., a n d  S. F. M a w a t a r i . 1992. A das o f  
m arin e -fo u lin g  B ryozoa o f  N e w  Z e a la n d  p o rts  
a n d  h a rb o u rs . M isce llan eo u s P u b lica tio n s N ew  
Z e a la n d  O cea n o g rap h ic  In s t i tu te , 10 7 : 1—52.

G O W L E T T -H O L M E S , K. 1999. Bugula robusta. D e e p  
G len  Bay, T asm ania , A ustra lia  [ In te rn e t] . P h o to  
in d ex  L A 3-B 5B -2 /13 -2D . A vailable from : h ttp : / /  
b ry o zo a  .ne t/go  w le tt-h o lm e s /b u g u ro b . h tm l

HARMER, S. F. 1926. P o lyzoa o f  th e  S iboga E x p e d i­
tion . P a r t  2. C h e ilo s to m a ta  A nasca. S iboga-E x- 
p e d itie  R e p o rts , 2 8 b : 181-501 .

H A S T IN G S, A. B. 1930. C h e ilo s to m a to u s  P o lyzoa fro m  
th e  v icin ity  o f  th e  P a n a m a  C a n a l c o lle c te d  b y  D r. 
C . C ro ss la n d  o n  th e  c ru ise  o f  th e  S.Y. ‘St. 
G e o rg e /  P ro c eed in g s  o f  th e  Z oolog ica l S ocie ty  o f  
L o n d o n , 19 29 (4 ): 6 9 7 -7 4 0 .

-----------. 1939. N o te s  o n  so m e ce llu la rin e  Polyzoa
(B ryozoa). N o v ita tes  Z oologicae, 4 1 :  3 2 1 -3 4 4 .

HAYW ARD, P. J. 1988. M a u ritian  c h e ilo s to m e  B ry­
ozoa. Jo u rn a l o f  Zoology, L o n d o n , 2 1 5 : 269—356.

H a y w a r d , P. J ., AND J. S. R y l a n d . 1998. C h e ilo s to ­
m a to u s  B ryozoa. P a r t  I. A e teo id ea—C rib rifin io i- 
dea . Synopses o f  th e  B ritish  F a u n a  (N e w  S eries), 
N o. 10, 2 n d  ed . 1 -3 6 6 .

JELLY , E . C . 1889. A  S ynonym ic C a ta lo g u e  o f  th e  
R e c e n t M a rin e  B ryozoa. L on d o n : D u la u  & C o., 
322  p p .

Ka u f f MANN, K. 1971. T h e  fo rm  a n d  fu n c tio n s  o f  th e  
av icu laria  o f  Bugula (P h y lu m  E c to p ro c ta ) . P o s­
tilla, 151 : 1 -2 6 .

K i j o a , A., A N D  P. S a w a n g w o n g . 2004. D ru g s  a n d  
cosm etic s  f ro m  th e  sea. M a rin e  D ru g s , 2 : 73—82.

K r u k e n b e r g , C . F r . W. 1882. D ie  P ig m e n te , ih re  
E ig e n sc h a fte n , ih re  G e n e se  u n d  ih re  M e ta m o r­
p h o se n  b e i  d e n  w irb e llo sen  T h ie re n , p p . 23—29, 
p i. I I . In  V erg le ichend-P hysio log ische  S tu d ien . 
E x p e rim e n te lle  U n te rsu c h u n g e n . 2 n d  se ries , 3 rd  
p a r t. H e id e lb e rg , G erm any : C a ri W in te r s  U n i­
v e rs itä tsb u c h h a n d lu n g  .

L i n d q u i s t , N ., a n d  M . E . H a y . 1996. P a la tab ility

a n d  ch em ica l d e fe n se  o f  m a rin e  in v e r te b ra te  la r­
vae. E co log ica l M o n o g rap h s , 6 6 : 431—450.

L IN N A E U S , C . 1758. S ystem a N a tu ra e . Vol. 1, 10 th  
e d . S tockholm , p p . 7 8 9 -8 2 1 .

L i u ,  X ., X . Y i n , a n d  J. M a . 2001. B iology o f  M a rin e  
F o u lin g  B ryozoans in  th e  C o a sta l W aters  o f  C h i­
na. B eijing , C h ina: S c ien ce  P ress . 860 p p . [In  
C h in e se  w ith  E n g lish  sum m ary]

L o p a n i k , N ., N . L i n d q u i s t , a n d  N . T a r g e t t . 2004. 
P o te n t  cyto toxins p ro d u c e d  b y  a  m icro b ia l sym ­
b io n t  p ro te c t  h o s t  la rvae  f ro m  p re d a tio n . O ec- 
ologia, 13 9 : 131 -1 3 9 .

L o p a n i k , N ., N . M . T a r g e t t , a n d  N . L i n d q u i s t .
2006. O n to g en y  o f  a  sy m b io n t-p ro d u c e d  c h e m i­
cal d e fe n se  in  B u g u la  n e r i t in a  (B ryozoa). M a rin e  
E co lo g y  P ro g ress  S eries, 3 2 7 : 183 -1 9 1 .

M A CG ILLIV RA Y , P. H . 1869. D e sc rip tio n s  o f  som e 
n e w  g e n e ra  a n d  species o f  A ustra lian  Polyzoa; to  
w h ich  is a d d e d  a  lis t o f  species fo u n d  in  V ictoria. 
T ransactions a n d  P ro c e e d in g s  o f  th e  R oyal So­
c ie ty  o f  V icto ria , 9 : 126-1 4 8 .

----------- . 1881. P olyzoa, p p . 2 7 -4 6 . In  F. M cC o y  (ed .),
N a tu ra l H is to ry  o f  V ictoria. P ro d ro m u s  o f  th e  
Z oology  o f  V ictoria. D e c a d e  V I. M e lb o u rn e : 
G o v e rn m e n t P rin te r .

M A R C U S, E . 1921. In d o -p ac if isc h e  B ryozoen  aus d e m  
R ik sm u seu m  in  S tockholm . A rch iv  fü r  Zoologi, 
14(7): 1 -2 3 .

M c C o y , F. (e d ). 1 8 7 8 -9 0 . N a tu ra l H is to ry  o f  V ic to ­
ria. P ro d ro m u s  o f  th e  Z oology  o f  V ictoria, 20  D e ­
cad es in  2  vo lum es. M e lb o u rn e : G o v e rn m e n t 
P rin te r.

M c G o v e r n , T., a n d  M . H e l l b e r g . 2003. C ry p tic  
species, c ry p tic  en d o sy m b io n ts , a n d  g eo g rap h ica l 
varia tio n  in  ch em ica l d e fe n se s  in  th e  b ryozoan  
Bugula neritina. M o le c u la r  E cology, 12 : 1207— 
1215.

O  SB U RN , R. S. 1914. B ryozoa o f  th e  T ortugas Is lan d s , 
F lo rid a . W ash in g to n , D .C .: C a rn e g ie  In s titu tio n  
P u b lica tio n  182, p p . 181 -2 2 2 .

-----------. 1940. B ryozoa o f  P o rto  R ico  w ith  re su m e  o f
th e  W e s t In d ia n  b ry o zo an  fauna. N e w  York 
A cad e m y  o f  S cience , Scien tific  S u rvey  P o rto  
R ico  a n d  V irgin  Is lan d s , 16 : 3 2 1 -4 8 6 .

-----------. 1950. B ryozoa o f  th e  Pacific co as t o f  N o rth
A m erica . P a r t  1. C h e ilo s to m a ta  A nasca. A llan 
H an co c k  Pacific E x p ed itio n , 14 : 1—269.

P a u l , V. J ., K. E . A r t h u r , R . R i t s o n - W i l l i a m s , C. 
R O SS, A N D  K. H . SH A RP. 2007. C h e m ic a l d e ­
fenses: f ro m  c o m p o u n d s  to  co m m u n itie s . B iolog­
ica l B u lle tin , 2 1 3 : 2 2 6 -2 5 1 .

P e t t i t , G . R ., C . L . H e r a l d , D . L . D o u b e k , D . L . 
H e a t h , E . A r n o l d , a n d  J. C l a r d y . 1982. I so ­
la tio n  a n d  s tru c tu re  o f  b ry o sta tin  1. Jo u rn a l o f  
th e  A m erican  C h e m ic a l Society, 10 4 : 6846— 
6848.

R O B E R T SO N , A. 1905. N o n -in c ru s tin g  ch ilo sto m ato u s 
B ryozoa o f  th e  w e s t co a s t o f  N o rth  A m erica . U n i­
v ersity  o f  C a lifo rn ia  P u b lica tio n s  in  Zoology, 2 : 
2 3 5 -3 2 2 .

RY LA ND , J. S. 1960. T h e  B ritish  S p ecies o f  Bugula



212  B ulle tin  M useum  o f  C om parative Zoology, Vol. 159, No. 3

(Polyzoa). P ro c eed in g s  o f  th e  Z oolog ica l Socie ty  
o f  L o n d o n , 1 3 4 : 6 5 -1 0 5 .

R y l a n d , J. S., AND P. J. H a y w a r d . 1977. B ritish  A ñ ­
ascan  B ryozoans. L in n e a n  S ocie ty  S ynopses o f  
th e  B ritish  F a u n a  (N ew  S eries), 10 : 1 -188 .

S E O , J. E . 2005. B ryozoa. I llu s tra te d  E n cy c lo p ed ia  o f  
th e  F a u n a  & F lo ra  o f  K orea , 4 0 : 1—596.

Sh a r p , J. H ., M . K. W in s o n , a n d  J. S. P o r t e r . 2007. 
B ryozoan  m e tab o lites: an  eco log ica l p e rsp ec tiv e . 
N a tu ra l P ro d u c ts  R e p o rts , 2 4 : 6 5 9 -6 7 3 .

S h a r p , K . H . ,  S. K . D a v i d s o n , a n d  M . G . H a y g o o d .
2007. L ocaliza tion  o f  ‘Candidatus E n d o b u g u la  
se rtu la ’ a n d  th e  b ry o sta tin s  th ro u g h o u t th e  life 
cycle  o f  th e  b ry o zo an  Bugula neritina. T h e  
IS M E  Jo u rn a l, 1: 6 9 3 -7 0 2 .

T h o r n e l y , L. R. 1905. R e p o rt  o n  th e  P o lyzoa co l­
le c te d  b y  P ro fe sso r  H e rd m a n , a t  C ey lon , in  
1902. In  R e p o rt  to  th e  G o v e rn m e n t o f  C ey lon  
o n  th e  p e a r l  o y ste r  fisheries o f  th e  G u lf  o f  M a- 
naar, b y  W. A. H e rd m a n , w ith  su p p le m e n ta ry  r e ­
p o r ts  o n  th e  m a rin e  b io logy  o f  C ey lon , b y  o th e r  
n a tu ra lis ts . P a r t  5, p p . 4 4 9 -4 5 0 .

-----------. 1912. T h e  m a rin e  P o lyzoa o f  th e  In d ia n
O cean , f ro m  H.M.S. S ealark . T ransactions o f  th e  
L in n e a n  S ocie ty  o f  L o n d o n  (Zoology), 15 : 137—
157.

T lL B R O O K , K. J., 2006. C h e ilo s to m a to u s  B ryozoa 
fro m  th e  S o lom on  Islan d s . S an ta  B a rb a ra  M u ­
se u m  o f  N a tu ra l H is to ry  M o n o g rap h s  N o. 4 , p p . 
1 -385 .

V IL L E L A , G . G .  1948a. A d en o ch ro m e-lik e  p ig m e n t o f  
th e  P o lyzoa Bugula neritina (L). P ro c eed in g s  o f  
th e  S ocie ty  fo r  E x p e rim e n ta l B iology a n d  M e d ­
ic in e , 6 8 : 5 3 1 -5 3 3 .

-----------. 1948b. B iocrom os (p ig m e n to s) d e  in v e r te ­
b ra d o s  m arin h o s  1— B riozoarios. M e m o rias do  
In s titu to  O sw aldo  C ru z , 4 6 : 4 5 9 -4 7 1 .

W A T E R S, A. W . 1909. R e p o rts  o n  th e  m a rin e  b io logy  
o f  th e  S u d an ese  R e d  Sea, f ro m  co llec tio n s m ad e

b y  C y ril C ro ss lan d , M .A ., B. S c., F .Z .S .; to g e th e r  
w ith  co llec tio n s m a d e  in  th e  R e d  S ea  b y  D r. R. 
H artm ey er. X II. T h e  B ryozoa. P a r t  I. C h e ilo s to ­
m ata . L in n e a n  S ocie ty  o f  L o n d o n  Jo u rn a l o f  Z o ­
ology, 3 1 : 123 -1 8 1 .

-----------. 1913. T h e  m a rin e  fa u n a  o f  B ritish  E a s t  A f­
r ica  a n d  Z anzibar, f ro m  co llec tio n s m a d e  b y  C yril 
C ro ss lan d , M .A ., B. S c., F .Z .S . in  th e  years  1 9 0 1 -  
1902, B ryozoa—C h e ilo s to m ata . P ro c e e d in g s  o f  
th e  Z oolog ica l S ocie ty  o f  L o n d o n , 2 : 458—537.

W E N D T , D . E . 1996. E ffe c t  o f  la rval sw im m ing  d u ­
ra tio n  o n  success o f  m e ta m o rp h o sis  a n d  size o f  
th e  a n c e s tru la r  lo p h o p h o re  in  Bugula neritina 
(B ryozoa). B iological B u lle tin , 1 9 1 : 2 2 4 -2 3 3 .

-----------. 1998. E ffe c t  o f  larval sw im m ing  d u ra tio n  on
g ro w th  a n d  re p ro d u c tio n  o f  Bugula neritina 
(B ryozoa) u n d e r  fie ld  co n d itio n s. B io logical B u l­
le tin , 19 5 : 126 -1 3 5 .

-----------. 2000. E n e rg e tic s  o f  sw im m ing  a n d  m e ta ­
m o rp h o sis  in  la rv ae  o f  fo u r  species o f  Bugula 
(B ryozoa). B iological B u lle tin , 19 8 : 3 4 6 -3 5 6 .

W IN S T O N , J. E . 1982. M a rin e  b ryo zo an s (E c to p ro c ta )  
o f  th e  In d ia n  R iv er a re a  (F lo rid a). B u lle tin  o f  th e  
A m erican  M u se u m  o f  N a tu ra l H isto ry , 17 3 : 99— 
176.

W O O L L A C O T T , R. M . 1980. A ssociation  o f  b a c te r ia  
w ith  b ry o zo an  larvae . M a rin e  Biology, 6 5 : 155—
158.

W O O L L A C O T T , R. M ., A N D  R. L . Z IM M E R . 1971. A t­
ta c h m e n t a n d  m e ta m o rp h o sis  o f  th e  C h e ilo -c ten -  
o s to m e  b ry o zo an  Bugula neritina (L in n é). Jo u r­
n a l o f  M orphology , 1 3 4 : 3 5 1 -3 8 2 .

-----------. 1972. O rig in  a n d  s tru c tu re  o f  th e  b ro o d
c h a m b e r  in  Bugula neritina (B ryozoa). M a rin e  
Biology, 16 : 165-1 7 0 .

-----------. 1975. A  sim p lified  p lacen ta -lik e  sys tem  fo r
th e  t ra n sp o r t  o f  ex traem b ry o n ic  n u tr ie n ts  d u rin g  
em b ry o g en esis  o f  Bugula neritina (B ryozoa). 
Jo u rn a l o f  M orphology , 14 7 : 3 5 5 -3 7 8 .


