
C\J
S)
Ch

ro
co
c-
d2:

17572

Intertidal Invertebrates 
of California

ro
tH
CM

ro
en
LO

OJ
ro
+

>
oc
o
I—
Œ
CU
O
m
Œ

LU

Robert H. M o rr is , Donald P. Abbott, and Eugene C. Haderlie
W I T H  3 1  T E X T  C O N T R I B U T O R S

LU  
N i

LLÎ f -  
O  :
cr rfl 
C  2! 
O  -
>  LU
1- z

CU
Œ

Œ
LO
LUaom

■sr
ro
C 3

e
§  5  sS  o

CD
K

N C L  CD 
a . iU *0 
ui n  c  rg  -s -g <ü

Tj 5  i  8 - -v 1  o
r.

CD
\
O
(3
\
en
(3

Stanford U niversity  Press, S tanford , C alifornia



P u b lic a tio n  o f  th is  w o rk  w a s  m a d e  p o s s ib le  b y  su p p o rt 

f ro m  T h e  D a v id  a n d  Lucile P a c k a rd  F o u ad a tio n

S ta n fo rd  U n lv ers ily  P ress  

S ta n fo rd , C alifornia

© 1980 b y  th e  B o a rd  o f  T rustees 

o f th e  L e land  S ta n fo rd  J u n io r  U n v e rs ity

P r in te d  in  th e  U n ite d  S ta te s  o f  .America 

ISB N  0-604M 045-7

O rig in a l c d itb n  1980 

L ast fig u re  b e lo w  in d ica te s  y ear o f th is  printing: 

90 89 88 87 86 85 84 83 82 61



Bryozoa and Entoprocta: The Moss Animals
John D. Soule, Dorothy F. Soule, and Donald P. Abbott

T h e  g ro u p s  E c to p ro c ta  a n d  E n to p ro c ta , fo rm e r ly  u n ite d  in  th e  p h y 
lu m  B ryozoa ( =  P o lyzoa), d if fe r  in  m a n y  re s p e c ts  a n d  a r e  n o w  g e n 
e ra lly  t r e a te d  as s e p a ra te  p h y la . T h e  m o d e m  te n d e n c y  is  to  re ta in  
th e  te rm  B ry o zo a  f o r  th e  E c to p ro c ta  o n ly  (e ,g ,, M a y r , 1 9 6 8 ; J, S o u le  
& D . S o u le , 1968; R y la n d , 1970; L arw o o d , 1973), a n d  th i s  t r e a tm e n t  
is fo llo w e d  h e re . T h e  p h y la  B ry o zo a  a n d  E n to p ro c ta  a re  t r e a te d  
s e p a ra te ly  below .

T h e  B ryozoa , o r E c to p ro c ta , a re  v i r tu a l ly  a ll c o lo n ia l  fo rm s , w ith  
each  c o lo n y  (zo a riu m ) c o m p o s e d  o f  m a n y  sm a ll a t ta c h e d  in d iv id u 
a ls  (zoo id s). A  co lo n y  o r ig in a te s  f r o m  a  s in g le , se x u a lly  p r o d u c e d  
in d iv id u a l (the  a n c e s tru la )  a n d  in c re a se s  b y  a se x u a l b u d d in g  o f  
n e w  in d iv id u a ls . B ry o zo an s  a re  w id e ly  d is t r ib u te d  in  th e  se a , a n d  
m a n y  a re  fo u n d  o n  ro c k y  s h o re s  th a t  a r e  e x p o s e d  a t  o n ly  th e  lo w e s t 
tid e s , o r  o n  h a rb o r  p il in g s  o r  s h ip s ' h u lls . A t first g la n c e  s o m e  c o lo 
n ie s  m a y  b e  m is ta k e n  fo r b u s h y  ty p e s  o f  h y d ro id s ,  b ra n c h in g  
co ra ls , o r  m a r in e  a lg ae .

T h e  in d iv id u a l z o o id s  in  a  b ry o z o a n  c o lo n y  a re  u s u a l ly  le s s  th a n  
1 m m  lo n g , a n d  e a c h  is  e n c a se d  in  a s e c re te d  o u te r  c u tic le  o r  e x o - 
sk e le to n , w h ic h  s tif fe n s  th e  c o lo n y  a n d  p ro v id e s  s u p p o r t  a n d  p r o 
te c t io n  fo r  th e  e n c lo se d  so f t p a r ts . T h e  e x o sk e le to n  s u r r o u n d in g  a 
s in g le  in d iv id u a l is  te r m e d  th e  z o o e c iu m . It is p ro v id e d  w ith  a n  
o p e n in g  (th e  a p e r tu re )  th r o u g h  w h ic h  th e  z o o id  m a y  e x te n d  its  te n -
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ta c le s  to  fe ed , a n d  in to  w h ic h  it c a n  w i th d r a w  ra p id ly  w h e n  d is 
tu rb e d , In  s o m e  g ro u p s  th e  a p e r tu r e  is co v e re d  b y  a  h in g e d  lid  (the  
o p e rc u lu m ) ,

T h e  in d iv id u a l  z o o id s  are  c o m p o s e d  o f  tw o  m a in  s t ru c tu ra l  parts , 
th e  cy s tid  a n d  th e  p o ly p id e . T h e  cy s tid  c o n s is ts  o f  th e  b o x lik e  
z o o ec iu m  a n d  th e  liv in g  la y e rs  o f th e  b o d y  w all t h a t  lin e  th e  z o o e 
c iu m  a n d  s u r ro u n d  th e  b o d y  ca v ity  o r  p e r iv is c e ra l  c o e lo m . T h e  
p o ly p id e  in c lu d e s  th e  lo p h o p h o re , w h ic h  b e a rs  th e  c irc le t o f  te n 
ta c le s  th a t  s u r ro u n d  th e  m o u th , th e  te n ta c le  s h e a th  th a t  e n c a se s  th e  
lo p h o p h o re  w h e n  re tra c te d , a n d  th e  v is c e ra  a n d  a s s o c ia te d  m u sc le s . 
T h e  p o ly p id e  m o v e s  c o n sp ic u o u s ly  w h e n  th e  in d iv id u a l  e x te n d s  to 
fe e d  o r  w ith d r a w s  in s id e  th e  zo o e c iu m .

B ry o z o a n s  fe e d  o n  b a c te r ia , p h y to p la n k to n ,  o th e r  sm a ll  o rg a n 
is m s , a n d  tin y  p a r tic le s  o f  o rg a n ic  d e t r i tu s ,  w h ic h  a r e  s w e p t to  th e  
m o u th  in  w a te r  c u rre n ts  c re a te d  b y  th e  c ilia ted  te n ta c le s , T h e  
m o u th  lie s  in  th e  c e n te r  o f  th e  c irc le  fo rm e d  b y  th e  b a s e s  o f th e  te n 
ta c le s . T h e  g u t  is U -sh a p e d , a n d  th e  a n u s  e m p tie s  o n  th e  w a ll of 
th e  m e m b ra n o u s  te n ta c le  s h e a th , o u ts id e  th e  c irc le t o f  te n ta c le s , 
h e n c e  th e  n a m e  " e c to -p ro c ta ."

F e e d in g  in d iv id u a ls  (a u to z o o id s)  u s u a l ly  fo r m  th e  m a jo r  p o r t io n  
o f  a b ry o z o a n  co lo n y . H o w ev e r, m a n y  b ry o z o a n  c o lo n ie s  c o n ta in  a d 
d it io n a l z o o id s  (co llec tiv e ly  c a lle d  h e te ro z o o id s )  t h a t  a re  m a rk e d ly  
m o d if ie d  in  c o n n e c t io n  w ith  p a r t ic u la r  fu n c t io n s , s u c h  as p ro te c 
tio n , r e p ro d u c tio n , b ro o d in g  o f  e m b r y o s ,  a n c h o ra g e  to  th e  s u b s t r a 
tu m , o r  p ro v is io n  o f  jo in ts  in  th e  c o lo n y  (see  S ilé n , 1977), A m o n g  
th e  sp e c ia liz e d  h e te ro z o o id s , th e  p ro te c tiv e  a v ic u la r ia  a re  u s u a l ly  
s m a lle r  th a n  th e  au to zo o id s , b u t  s o m e  a r e  la rg e  a n d  c o n sp ic u o u s . 
T h e y  m a y  re p la c e  e n tire  au to z o o id s , o r  m a y  o r ig in a te  d ir e c t ly  fro m
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th e  in d iv id u a l zo o ec ia . T h e  a v ic u la r ia n  p o ly p id e  is  g re a t ly  re d u c e d  
o r  a b s e n t ,  a n d  th e  a v ic u la r iu m  c o n s is ts  m a in ly  o f  a  sm a ll  cy stid  
e q u ip p e d  w ith  a n  o v e rs iz e d  o p e rc u lu m  a n d  th e  m u s c le s  to  o p e ra te  
it. S ta lk e d  a v ic u la r ia  r e s e m b le  th e  h e a d s  o f b ird s , th e  o p e rc u lu m  
o p e ra t in g  a s  a  lo w e r  ja w  th a t  c a n  b e  o p e n e d  w id e  o r  s n a p p e d  s h u t  
o n  s m a ll  in t ru d in g  a n im a ls .  S e s s ile  a v ic u la r ia  lo o k  lik e  s m a ll b o x e s  
o r  k n o b s , e a c h  b e a r in g  o n  i ts  f r e e  su rfa c e  a n  e n la rg e d  o p e rc u lu m  
th a t  c a n  b e  o p e n e d  o r  c lo s e d  l ik e  a m o v a b le  jaw . T h e  a v ic u la r ia  can 
h a n d le  s m a ll  c ru s ta c e a n s  (see  B u g u l a  c a l i fo r n ic a ,  6 . 4 )  b u t  a re  o f  li tt le  
u s e  a g a in s t s u c h  b r y o z o a n  p re d a to r s  as b ro w s in g  n u d ib r a n c h s  a n d  
fishes.

L iv ing  e c to p ro c ts  a re  m o s t  c o m m o n ly  s u b d iv id e d  in to  tw o  
c lasses: th e  G y m n o la e m a ta , a  la rg e  g ro u p  o f  sp e c ie s  n e a r ly  a ll m a 
r in e  in  h a b ita t ,  a n d  th e  P h y la c to la e m a ta , a  s m a lle r  g ro u p  o f  f r e s h 
w a te r  sp e c ie s  n o t c o n s id e re d  h e re , a lth o u g h  th e y  a r e  w id e sp re a d , 
T h e  G y m n o la e m a ta  in  th is  c h a p te r  fall in to  th r e e  o rd e r s ,  tw o  of 
w h ic h  (o rd e rs  C te n o s to m a ta  a n d  C y c lo s to m a ta )  a re  re la tiv e ly  sm all, 
w h e re a s  th e  th i rd  (o rd e r  C h e ilo s to m a ta )  is la rg e  a n d  in c lu d e s  m o re  
th a n  h a lf  th e  sp e c ie s  c o n s id e re d .

A  v a r ie ty  o f  r e p r o d u c tiv e  m o d e s  is fo u n d  in  b ry o z o a n s . S e x u a l 
re p ro d u c tio n  u s u a l ly  re s u lts  in  th e  p ro d u c tio n  o f  n e w  c o lo n ie s , 
w h e re a s  a s e x u a l r e p r o d u c t io n ,  b y  b u d d in g , in c re a se s  th e  n u m b e r  
o f  z o o id s  w ith in  a n  e x is tin g  c o lo n y . M o s t  b ry o z o a n s  o f  th e  o r d e r  
C h e ilo s to m a ta  a re  c o n s id e re d  to  b e  h e rm a p h ro d i t ic ,  b u t  c ro s s -  
fe r til iz a tio n  b e tw e e n  a u to z o o id s  o r  c o lo n ie s  o ccu rs . In  so m e  sp e c ie s  
th e  m ale  o r  fe m a le  g o n a d s  m a tu re  a t  d if fe re n t t im e s  (s e q u e n tia lly ) , 
p re v e n tin g  s e lf - fe r ti liz a tio n . R e p ro d u c tio n  In  m o s t b ry o z o a n  
sp e c ie s  h a s  n o t  b e e n  s tu d ie d  live o r  h is to lo g ic a lly , b u t  a few  ch e il-  
o s to m e s  a re  k n o w n  to  h a v e  m o rp h o lo g ic a lly  d if fe re n t  in d iv id u a l 
m a le  a n d  fe m a le  z o o e c ia  (e .g ., H i p p o t h o a )  in  th e  s a m e  c o lo n y  (S ilén , 
1977). S p e rm  re le a se  th r o u g h  te n ta c le  tip s  h a s  b e e n  o b s e rv e d  in  
so m e  sp e c ie s  (S ilén , 1966; B u lliv a n t, 1967),

T h e  C te n o s to m a ta  a n d  s o m e  c h e ilo s to m e s , lik e  th e  m e m b e rs  of 
th e  f r e s h w a te r  c lass  P h y la c to la e m a ta , h av e  o n ly  a  m e m b ra n o u s  sac  
fo r th e  m a tu ra t io n  o f  o v a , b u t  m o s t  c h e ilo s to m e s  p ro d u c e  e x te rn a l 
s t ru c tu r e s  c a lled  o v ic e lls  w ith in  w h ic h  o v a  a re  b ro o d e d  (S trö m ,
1977). T h e  o v ice il is  a  v e ry  s p e c ia liz e d  s t ru c tu r e  th a t  lack s  o v a rie s , 
te s te s , a n d  p o ly p id e . It m a y  o r ig in a te  fro m  a s in g le  z o o e c iu m  o r  
m ay  h av e  a  c o m p le x  o rig in . In  c a se s  th a t  h av e  b e e n  s tu d ie d ,  th e  
o v ice il c h a m b e r  is f o rm e d  b y  c o n tr ib u t io n s  f ro m  (1) th e  m a te rn a l  
z o o e c iu m  th a t  f u r n is h e s  th e  eg g , (2) th e  tra n sv e rs e  w a lls  o f  th e  m a 

te r n a l  a n d  n e x t d is ta l (a n te r io r)  z o o e c iu m , a n d  (3) in  so m e  instaaces 
th e  f r o n ta l  (v e n tra l)  su r fa c e s  o f  a d ja c e n t zo o ec ia  (R y la n d , I9 6 0 ; D. 
S o u le , 1973; W o o lla c o t t  & Z im m e r , 1 9 72b ). O v ic e lls  m a y  b e  h id d en  
( im m e rse d )  in  so m e  sp e c ie s , b u t  In m a n y  sp e c ie s  th e y  fo rm  a dis
tin c tiv e  b u lg e  o r  h o o d  a n te r io r  to  th e  a p e r tu re ,  w h ic h  m a y  o r  rruy 
n o t  b e  c lo se d  b y  th e  o p e rc u lu m , O v ic e lls , w h e n  p re s e n t, o f fe r  good 
c h a ra c te rs  f o r  th e  id e n t i f ic a t io n o f  sp ec ie s .

F e m a le  r e p r o d u c tiv e  s t r u c tu r e s  in  th e  o rd e r  C y c lo s to m a ta  are 
q u ite  d if f e re n t fro m  th e  o v ice lls  o f  c h e ilo s to m e s , In  th e  f a m ily  Cri
s i id a e  th e y  a re  s in g le  w h o le  in d iv id u a ls  (g o n o zo o id s) m o d if ie d  ior 
egg  p ro d u c t io n  a n d  b ro o d in g . H o w e v e r , in  m o s t c y c lo s to m e s  the 
g o n o z o o id  e x p a n d s  a n d  m e rg e s  w ith  a d ja c e n t a u to z o o id s  o r  exba- 
z o o id a l s p a c e s  to  fo rm  a  c o m p o s ite  s t ru c tu re  b e tte r  te r m e d  a n  ooe- 
c iu m . C y c lo s to m e s  m a y  b e  s e q u e n t ia l ly  h e rm a p h ro d i t ic ,  o r  th e  
in d iv id u a ls  in  th e  c o lo n y  m a y  b e  o f  s e p a ra te  s e x e s  (B org , 1926; 
S ilén , 1977),

T h e re  a re  sev e ra l ty p e s  o f  la rv a e  a m o n g  th e  b ry o z o a n s . In  some 
sp e c ie s  eg g s  a n d  s p e r m  a r e  s h e d  in to  th e  sea , w h e re  fe r tiliz a tio n  
a n d  d e v e lo p m e n t o f  a  p la n k to n ic  la rv a l s tag e  occur, In  m o s t  spe
c ies , h o w e v e r , th e  e g g s  a re  r e ta in e d  ín  ov ice lls , g o n o z o o id s , o r  coe- 
c ia , a n d  th e  e m b ry o s  a r e  b ro o d e d  f o r  a  tim e . In  so m e  c te n o s to m a  
a n d  s o m e  c h e ilo s to m e s  (e .g ., M e m b r a n i p o r a  tu b e r c u la ta ,  6 .1 ), th e  
p la n k to n ic  la rv a e  a re  k n o w n  as c y p h o n a u te s , tin y , fre e -sw im m in g  
fo r m s  w ith  a  b iv a lv e  sh e ll, A lth o u g h  th e  c y p h o n a u te s  in  so m e  spe
c ies fe ed  o n  p la n k to n  (p ln n k to tro p h ic ) , o th e rs  lack  a  c o m p le te  di
g e s tiv e  tra c t a n d  a re  n o u r i s h e d  b y  s to re d  y o lk  ( le c ith o tro p h ic ) . 
O th e r  n o n - fe e d in g  c h e ilo s to m e  la rv a e , ca lled  c o ro n a te  la rv a e , 
la c k  s h e l ls  a n d  h av e  c il ia ry  g ird le s  o f v a rio u s  ty p e s  fo r s w im 
m in g . 5 o m e  c o ro n a te  la rv a e  a r c  n o n - f e e d in g  sp h e ro id s ,  covered  
w ith  c ilia , th a t d o  n o t  m o v e  a b o u t  ex ten s iv e ly .

In  th e  o rd e r  C y c lo s to m a ta  th e  e a r ly  e m b ry o n ic  s ta g e s  u n d e rg o  an  
a s e x u a l  m u ltip lic a tio n  (p o ly e m b ry o n y )  w ith in  th e  g o n o z o o id  or 
o o e c iu m . A  s in g le  fe r til iz e d  e g g  u n d e rg o e s  c lea v ag e  to  fo rm  a pri
m a ry  e m b ry o . T h is  d iv id e s  in to  s e c o n d a ry  a n d  s o m e tim e s  te r tia ry  
e m b ry o s , e a c h  o f  w h ic h  g o e s  o n  to  fo rm  a la rv a , T h e  la rv a e  know n 
a re  h ig h ly  m o d if ie d  le c i th o tro p h ic  s p h e ro id s  (B org , 1926 ; Strom ,
1 9 77 ).

In  a n y  case , th e  b ry o z o a n  la rv a  ty p ic a lly  sw im s o r  m o v e s  abo .it 
fo r  a t im e , a f te r  w h ic h  it b e c o m e s  n e g a tiv e ly  p h o to ta c tic , te s ts  the 
s u b s tr a tu m , a n d  s e t tle s . T h e  la rv a  a t ta c h e s  te m p o ra r i ly  b y  sticky 
s e c re tio n s ;  s u b s e q u e n t  e v e r s ió n  o f  th e  m e ta so m a l sac  a c c o m p lic e s



p e rm a n e n t  a tta c h m e n t .  M e ta m o rp h o s is  fo l lo w s  ra p id ly  a n d  th e  
a d u l t  a n c e s tru la  o f  th e  c o lo n y  r e s u l t s  (see  Z im m e r  & W c o l la c o t t  
(1977) o n  m e ta m o rp h o s is ;  J. S o u le  (1973 ) a n d  J, S o u le  &  D . S o u le  
(1977) o n  b io a d h e s iv e s ) .

T h e  b ry o z o a n s  a r e  a n  a n c ie n t  g ro u p ,  w i th  a  fo ss il r e c o rd  e x te n d 
in g  fro m  th e  e a rly  P a leo zo ic . B e tw e e n  3 ,0 0 0  a n d  4 ,000  liv in g  sp e c ie s  
o f  b ry o z o a n s  a re  k n o w n  in  th e  w o r ld 's  o c e a n s , N e a r ly  250  a re  r e 
c o rd e d  f ro m  C a lifo rn ia , a n d  th o u g h  m a n y  a r e  k n o w n  o n ly  f ro m  
d e e p e r  w a te r , th e  s h o re  c o l le c to r  w ill  s t il l  f in d  a  b e w ild e r in g  v a r ie ty  
m u c h  g re a te r  th a n  th a t  p o r t r a y e d  in  th i s  c h a p te r .  Id e n t if ic a tio n  o f  
so m e  fo rm s  is d ifficu lt, b u t  th e  n o n - s p e c ia l is t  c a n  le a r n  t o  re c o g n iz e  
th e  m o re  d is tin c tiv e  c o m m o n  sp e c ie s .

C o lo n y  g ro w th  fo rm  is  a g o o d  s ta r t in g  p o in t  in  id e n tif ic a t io n . In  
g e n e ra l , c o lo n ie s  te n d  to  b e  e i th e r  (1) r e c u m b e n t  (a d n a te ) , w ith  th e  
w h o le  c o lo n y  c lo se ly  a d h e r in g  to  th e  s u b s t r a tu m , o r  (2) e re c t , w ith  
th e  co lo n y  a tta c h e d  o v e r  a  s m a l le r  a r e a  a n d  s e n d in g  b ra n c h e s  o r  
p ro c e s se s  c o m p o se d  o f  m a n y  in d iv id u a ls  in to  th e  w a te r  ab o v e . 
S o m e  c a u tio n  m u s t b e  e x e rc is e d , f o r  c e r ta in  sp e c ie s  m a y  fo rm  e re c t 
g ro w th s  in  q u ie t w a te rs  a n d  p r o d u c e  f la t te n e d  e n c ru s ta t io n s  in  tu r 
b u le n t a re a s . R e c u m b e n t b ry o z o a n s  in c lu d e  (1) s o f t-b o d ie d  sp e c ie s , 
w h ich  e i th e r  fo rm  fleshy , g e la t in o u s  c lu m p s  o r  s e n d  c re e p in g  s to 
lo n s  a lo n g  th e  s u b s tr a tu m , (2) e n c ru s t in g  sp e c ie s  rv ith  a  m in e r a l 
ized  e x o sk e ie to n  th a t  m a y  b e  l ig h t ly  c a lc if ie d  (f lex ib le ) o r  h e a v ily  
ca lc ified  (rig id ), a n d  (3) t u b u la r  s p e c ie s .  E re c t b ry o z o a n s  in c lu d e  
th o se  th a t a re  (1) b ra n c h in g , a n d  o f te n  q u i t e  b u s h y ,  (2) fo l ia c e o u s  
o r f lu s tra fo rm  (w ith  f la t te n e d  le a f lik e  o r  b la d e l ik e  p ro c e s se s ) , (3) 
fe n e s tra te  o r  r e te p o r id  (w ith  u p r ig h t  s t i f f e n e d  b la d e s  fu s e d  in to  a 
la t tic e lik e  o r  lace lik e  s t ru c tu r e ) ,  a n d  (4 ) tu b u la r ,

O th e r  c h a ra c te rs  u se d  in  b r y o z o a n  ta x o n o m y  re la te  to  th e  size , 
sh a p e , o rn a m e n ta t io n  (sp in e s , p i t s ,  r id g e s , a n d  p o re s ) , a n d  d e g re e  
o f ca lc ifica tion  o f  in d iv id u a l z o o e c ia , as w e ll a s  th e  fo rm , n u m b e r ,  
a n d  p la c e m e n t o f  h e te ro z o o id s  s u c h a s  a v ic u la r ia . A  h a n d  le n s  
(1 0 X  to  15 X ) is e s s e n tia l  fo r  f ie ld  r e c o g n i t io n  o f m o s t c o m m o n  
g en e ra , a n d  i t  is fo lly  to  a t t e m p t  m o re  s e r io u s  s tu d y  o f  th e  b r y o 
zo an s  w ith o u t a  g o o d  s te re o s c o p ic  d is s e c t in g  m ic ro s c o p e  p ro v id in g  
m ag n ific a tio n s  to  a t  le a s t  7 0 X .

E xce llen t g e n e ra l a c c o u n ts  o f  th e  B ry o z o a  a r e  fo u n d  in  B rie n  
(1960a), H y m a n  (1959), a n d  R y la n d  (1970 ), A n  o u ts ta n d in g  r e c e n t  
v o lu m e  (W o o iia c o tt & Z im m e r , 1 9 77 ) c o n ta in s  re v ie w s  o f  n u m e r 
o u s  a sp e c ts  o f b ry o z o a n  b io lo g y , in c lu d in g  s e x u a l  r e p r o d u c tio n  a n d  
d e v e lo p m e n t (F ra n z é n , X977; 5 t r ö m ,  1977 ; Z im m e r  & W o o iia c o tt ,
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1 977a ,b ), p o ly m o rp h is m  (S ilén , 1977), f e e d in g  (W in s to n ,  1977), life  
h is to ry  s tra te g ie s  (F a rm er, 1977 ; J, S o u le  ¿ t D , S o u le , 1977), a g in g  
(G o rd o n , 1977), d e ta i le d  s tru c tu re  o f  v a r io u s  p a r ts  a n d  sy s te m s  
(B ob in , 1977; L u ta u d , 1977; S a n d b e rg , 1977), b e h a v io r  (R y lan d ,
1977), a n d  p o p u la t io n  g e n e tic s  (S ch o p f, 1 9 77 ), R e v ie w s  o f r e c e n t  
re s e a rc h  a re  p r e s e n te d  in  A n n o sc ia  (1968 ), B o a rd m a n , C h e e th a m  & 
O liv e r  (1973 ), L a rw o o d  (1973), M c C a m m o n  &  R e y n o ld s  (1977), 
P o u y e t (1975 ), a n d  R y la n d  (1 9 6 7 ,1 9 7 4 ,1 9 7 6 ) . R e la tio n s h ip s  of 
B ry o z o a  w ith  o th e r  p h y la  a re  c o n s id e re d  b y  B r ie n  (1 9 6 0 a ,b ) , F a rm e r  
(1977), H y m a n  (1959), N ie ls e n  (1 9 7 1 ,1 9 7 7 a ,b ), a n d  Z im m e r  (1973). 
T h e  b e s t  c o m p re h e n s iv e  sy s te m a tic  s tu d y  f o r  th e  P ac ific  c o a s t  o f  
th e  A m e ric a s  is th e  th r e e -v o lu m e  w o rk  o f  O s b u r n  (1 9 5 0 ,1 9 5 2 , 
1953), K e y s  u s e fu l f o r  id e n tif ic a tio n  o f  C a lifo rn ia  s h o r e  sp e c ie s  a p 
p e a r  in  J . S o u le , D . 5 o u le  & P in te r  (1975) a n d  R o ss  (1970 ). B ry o 
z o a n s  o f  th e  G u lf  o f  C a lifo rn ia  a n d  B aja C a lifo rn ia  a re  co v e re d  in  
J. S o u le  (1 9 5 9 ,1 9 6 1 ,1 9 6 3 )  a n d  D . S o u le  <& J, S o u le  (1964).

T h e  p h y lu m  E n to p ro c ta  in c lu d es  sm a ll a n im a ls  in  w h ic h  th e  
b o d y  c o n s is ts  o f a s le n d e r  s ta lk  to p p e d  b y  a n  e x p a n d e d  f lo w e rlik e  
ca ly x . T h e  ca lyx  c o n ta in s  m o s t o f th e  v is c e ra  a n d  b e a rs  d is ta l ly  a 
r in g  o f  c ilia te d  te n ta c le s  u s e d  to  c a p tu re  m ic ro sc o p ic , p a r t ic u la te  
fo o d . S u p e rf ic ia lly , e n to p ro c t  in d iv id u a ls  re s e m b le  h y d ro id s ,  f ro m  
w h ic h  th e y  a re  e a s ily  d is t in g u is h e d  b y  th e i r  b e h a v io r . W h e n  d i s 
tu rb e d , th e  z o o id s  ro ll th e ir  te n ta c le s  in w a rd  a n d  th e  s ta lk  b e n d s , 
b r in g in g  th e  ca lyx  d o w n  a g a in s t th e  s u b s tr a tu m , h e n c e  th e  c o m 
m o n  n a m e  " n o d d in g  h e a d s ,"  o fte n  a p p lie d  to  th e  g ro u p , T h e  e n to -  
p ro c ts  m o s t c o m m o n ly  se e n  fo rm  co lo n ies .

A b o u t 12 0  sp e c ie s  o f  e n to p ro c ts  a re  k n o w n  f o r  th e  w o r ld . In  C a l
ifo rn ia , e n to p ro c ts  a re  re la tiv e ly  c o m m o n  o n  th e  u n d e rs u r fa c e s  o f 
in te r t id a l  ro c k s , in  th e  fo u l in g  c o m m u n ity  o n  flo a ts  a n d  p il in g s  in  
b a y s , a n d  as c o m m e n sa ls  o n  th e  b o d ie s  o f  o th e r  a n im a ls ,  b u t  th e i r  
sm a ll s ize  m a k e s  th e m  in c o n s p ic u o u s . F o r  m o re  d e ta i le d  a c c o u n ts  
see  B rien  (1959), H y m a n  (1951 ), N ie ls e n  (1971 ), M arisca l (1975a), 
a n d  D , S o u le  &. J. S o u le  (1965); M arisca l (1 9 7 5 b ) p ro v id e s  a k e y  to  
th e  C a lifo rn ia  sp e c ie s .



Bryozoa and Entoprocta

P h y lu m  Ectoprocta [  C la ss  G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  
S u b o r d e r  A n a s c a  /  F a m ily  M e m b r a n ip o r id a e

6 .1  M e m b ra n ip o r a  tu b e r c u la t a  (B osc, 1602)

C o m m o n ly  e n c ru s te d  o n  f lo a tin g  b ro w n  a lg a e , e s p e c ia l ly  th e  
k e lp s  M a c r o c y s t i s  a n d  C y s to s e i r a ,  a ls o  o n  s m a l le r  p la n t s  i n 
sh o re , e sp e c ia lly  th e  r e d  a lga  G e l id i u m ,  o c c a s io n a lly  o n  s h e l ls  
o r  w o o d , lo w  in te r t id a l  z o n e  to  sh a l lo w  s u b t id a l  d e p th s ;  p r e v 
a le n t  in  w a rm  te m p e ra te  a n d  tro p ic a l w a te rs  o f  A tla n t ic , P a 
cific, a n d  In d ia n  O c e a n s , w h e re v e r  f lo a tin g  S a r g a s s u m  o r  F u c u s  
is fo u n d ; P le is to c e n e  fo ss ils  k n o w n  fro m  S a n ta  M o n ic a  (L o s  
A n g e le s  C o .) a n d  N e w p o r t  B each  (O ra n g e  C o .).

C o lo n y  fo rm in g  a  w h ite  c ru s t  to  sev e ra l c e n t im e te r s  in  d i 
a m e te r ,  c o n s is tin g  o f  a  s in g le  la y e r  o f  z o o id s  a n d  h a v in g  a f in e  
r e t ic u la te  h o n e y c o m b  a p p e a ra n c e ; in d iv id u a ls  0 .5 - 0 .8  m m  
lo n g , re c ta n g u la r , c o v e re d  b y  a lig h tly  ca lc ified  m e m b ra n e ,  
a n d  w ith  a  h e a v ily  ca lc ified  r im , th e  r im  b e a r in g  ca lc if ie d  t u 
b e rc le s  a t th e  d is ta l  c o rn e rs , as w e ll as tin y  s p in e s  p ro je c t in g  
in w a rd  f ro m  s id e  o f  r im  to w a rd  c e n te r  o f in d iv id u a l .

T h e  m e m b ra n ip o r id s  a re  th e  o n ly  m e m b e rs  o f  th e  o r d e r  
C h e ilo s to m a ta  k n o w n  to  h a v e  a p la n k to tr o p h ic  c y p h o n a u te s  
la rv a , a  f r e e -sw im m in g , p la n k to n - fe e d in g  s ta g e  w ith  a  t r i a n 
g u la r  b iv a lv e  s h e l l.  T h is  s e t t le s  a n d  m e ta m o r p h o s e s  to  a n  a n 
c e s t r i a  (o f te n  d o u b le  o r tw in n e d ) , w h ic h  b u d s  to  f o r m  a  fla t, 
e n c ru s tin g  c o lo n y . T h e  re la tiv e ly  tr a n s p a re n t  l iv in g  c o lo n ie s  
a re  e x c e l le n t fo r  o b s e rv a tio n  u n d e r  th e  m ic ro s c o p e .

M e m b r a n ip o r a  t u b e r c u la ta  is  o n e  o f  th re e  s p e c ie s  in  th e  g e n u s  
c o m m o n ly  e n c ru s t in g  th e  k e lp  M a c r o c y s t i s :  u n d e r  fa v o ra b le  
c o n d it io n s  c o lo n ie s  g ro w  r a p id ly  a n d  m a y  c o a le sc e  to  c o v e r  
w h o le  k e lp  b la d e s  in  3 - 4  w e e k s . O v e rg ro w n  b la d e s  o f t e n  
b e a r  0 .5 - 1  k g  o f b ry o z o a n s  p e r  m 2 o f  b la d e  su r fa c e , a n d  
o cca s io n a lly  p e r h a p s  te n  tim e s  as m uch ,

A lth o u g h  M e m b r a n i p o r a  sp e c ie s  are  a m o n g  th e  b e s t - k n o w n  
m a r in e  b ry o z o a n s , th e  sp e c ie s  h a v e  o f te n  b e e n  c o n fu s e d . 
M e m b ra n ip o r a  m e m b ra n a c e a  (L in n aeu s) is  p r im a r i ly  a n  
A tla n tic  sp ec ies ; m a n y  Pacific id e n tif ic a t io n s  o f  th a t  sp e c ie s  
m a y  a c tu a lly  b e  M . v il lo s a  H in c k s , w h ich , in  tu r n ,  m a y  b e  a 
s y n o n y m  o f M .  is a b e l le a n a  (d 'O rb ig n y ) .  U s u a l ly  M .  t u b e r c u l a ta

is  m u c h  m o re  h e a v ily  ca lc ified  t h a n  th e  o th e r  sp ec ies; h o w 
e v e r , y o u n g  co lo n ie s  m a y  b e  d if ficu lt to  d if fe re n tia te .

For details o f  system attcs, structure , rep roduction , and ecology, 
see  A tkins (1955a,b), B anta (1969), Bobin (1977), Franzén (1956), 
H aderiie (1968a), L u taud  (1959,1961,1977), O 'D onoghue  (1927), 
O sb u m  (1950), P in ter (1969), R obertson  (1908, as M , tehue lca ), 
R ucker (1968), R yland (1977), 5 ilén  (1944a,b,c, 1966), D. 5 o u le  &.
J, Soule  (1967), ). Soule Duff (1957), J. Soule, D . Soule & P in ter 
(1975, keys and  figures o f species), S tra thm ann  (1973), T u rn e r & 
Strachan (1969), W inston  (1977,1978), W ooiiaco tt & N orth  (1971), 
and  W ooiiacott & Z im m er (1977, index).

A n  a b u n d a n t  fo u l in g  o rg a n is m  o n  p il in g s , w h a rv e s , sh ip  
h u lls , ro ck s , a n d  s o m e  a lg a e  in  s h a l lo w  w a rm  w a te rs , lo w  in 
te r t id a l  z o n e  to  145 m ; n o r th e rn  C h a n n e l Is la n d s  a n d  P o in t 
C o n c e p tio n  (S a n ta  B a rb a ra  C o .) to  C o lo m b ia  a n d  G a lá p a g o s  
I s la n d s ; fo ss ils  in  P le is to c e n e  d e p o s i ts  a t  N e w p o r t  B each  
(O ra n g e  C o.).

C o lo n y  c o n s is tin g  o f a  b a s a l  c ru s t  w ith  n u m e ro u s , co a rse , 
u p r ig h t  p ro je c tio n s ; p ro je c tio n s  d ic h o to m o u s ly  b ra n c h e d  and  
c o n s is tin g  o f m a n y  z o o id s ; in d iv id u a ls  0 .5 - 0 .6  m m  lo n g  a n d  
a b o u t  0.3 m m  w id e , a rc h e d  d is ta l ly  a b o v e  th e  a p e r tu re ;  c ry p 
to c y s t (c a lca reo u s  p la te  u n d e r ly in g  t r a n s p a r e n t  f r o n t  w a ll of 
zo o ec iu m ) p o ro u s , a n d  w ith  a  la rg e  h o le  o n  e ith e r  s id e , n e a r  
o p e rc u lu m , th r o u g h  w h ic h  m u s c le s  p a s s  to  th e  m e m b ra n o u s  
f ro n ta l  w all; o v e ra ll, in d iv id u a l re s e m b lin g  a  f la sk  w i th  tw o  
h a n d le s  a t  th e  n e c k .

M a n y  ov ice lls , in  th e  fo rm  o f  b ilo b e d  c a lc a re o u s  h o o d s  th a t 
r ise  a b o v e  th e  in d iv id u a ls , a re  e a s ily  s e e n  w h e n  th e  c o lo n y  is 
fe rtile . U p  to  fo u r  la rg e  p in k  ov a  c a n  b e  s e e n  th ro u g h  th e  
tra n s lu c e n t c e n te rs  o f  th e  o v ice lls . M e m b e r s  o f  th e  g e n u s  T h a 
la m o p o r e l la  p o s s e s s  u n iq u e  in te rn a l  sp ic u le s , w h ic h  c a n  be  
se e n  o n ly  u n d e r  h ig h  m a g n if ic a tio n  b y  c ru s h in g  a  p o r t io n  o f  a 
d r ie d  sp e c im e n  in  a  d ro p  o f  w a te r  o n  a  m ic ro sc o p e  s l id e . T h e  
sp ic u le s  o f  T . c a li fo r n ic a  a re  a l l  s h a p e d  lik e  c u rv e d  ca lip e rs .

T h is  sp e c ie s  is  o n e  o f  th e  m o s t  im p o r ta n t  b ry o z o a n s  e n -

P h y lu m  Ectoprocta  /  Class G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  
S u b o r d e r  A n a s c a  /  fa m i ly  T h a la m o p o r e llid a e

6 .2  T h a la m o p o re l la  c a l i fo rn ic a  (L ev in sen , 1909)



c ru s tin g  th e  g ia n t  k e lp  M a c r o c y s t i s ;  w h e re  b e s t  d e v e lo p e d , u n 
d e r  d e n s e  k e lp  c a n o p ie s ,  i t  a v e ra g e s  28 4  g m  p e r  o f  b la d e  
s u r fa c e  a n d  c o n s t i tu te s  n e a r ly  h a lf  t h e  to ta l  a n im a l b io m a ss  
p re s e n t, in s h o r e  p la n t s  m o s t  c o m m o n ly  b e a r in g  c o lo n ie s  in  
s o u th e rn  C a lifo rn ia  a re  th e  r e d  a lg a e  G e l id i u m ,  L i th o l h r ix .P t e r o -  
c la d ia ,  a n d  G i g a r t i n a , a n d  th e  b ro w n  a lg a  E g r e g ia .

T h e  anatom y a n d  em b ry o lo g y  o f a re la ted  species (T. eve lin a e), 
w hich h a s  separa te  m a le  a n d  fem ale zoo ids bo rne  on  th e  sam e col
ony, are beau tifu lly  sh o w n  in  M arcus (1941). See a lso  O sbu rn  
(1950),P in te r (1969), P o w ell Sc C ook (1966), R obertson  (1908, as T. 
r o tie r t) , R ucker (1968), S ilén  (1938,1977), D . Soule &. J. S ou le  (1964), 
J. Soule &  D uff (1957), J, 5 o u le  Sc D . Soule (1970), ƒ. Soule, D. Soule 
& Pinter (1975), T u rn e r  & S trachan  (1969), W inston  (1978), and  
W ooiiacott & N orth  (1971).

P h y lu m  Ectoprocta }  C la s s  G y m n o la e m a ta  [  O r d e r  C h e ilo s to m a ta
S u b o r d e r  A n a s c a  /  F a m ily  S c r u p o c e lla r iid a e y* —
6 3  T r ic e lla r ia  o c c id e n ta l i s  ( T ra s k ,  1857)

O n  ro c k s  a n d  a lg a e , lo w  in te r t id a l  z o n e  to  30  m  o r  m o re ; a lso  
o n  o ffsh o re  k e lp ; Q u e e n  C h a r lo t te  Is la n d s  (B ritish  C o lu m b ia )  
to  Is la  C e d ro s  (B aja C a lifo rn ia ) ;  Ja p a n ; a b u n d a n t  in  S a n  F ra n 
cisco  B ay  a re a .

C o lo n y  fo rm in g  w h i te  b u s h y  tu f t  n o t o v e r  2 cm  h ig h ; 
b r a n c h e s  a r is in g  a l t e r n a te ly ,  th e  n o d e  jo in ts  y e llo w -b ro w n , 
th e  in te m o d e s  u s u a l ly  fo rm e d  b y  th r e e  zo o ec ia ; in d iv id u a l 
zo o ec ia  a b o u t  0.4 m m  lo n g , w ith  a f ro n ta l  m e m b ra n o u s  c o v e r 
in g  b o rd e r e d  b y  five to  s e v e n  lo n g  s p in e s ; a s p e c ia liz e d  s p in e  
(s c u tu m ) p ro je c tin g  f r o m  b o r d e r  o u t o v e r  f ro n ta l  m e m b ra n e  
b e lo w  m id lin e  a re a ; a v ic u la r ia  p re s e n t;  o v ice lls  la rg e , g lo b o se , 
a n d  p e rfo ra te .

A  n o m in a l  s u b s p e c ie s ,  T, o c c id e n ta l is  c a ta l in e n s is  (R o b e r t
so n ) , g e n e ra l ly  h a v in g  a  m o re  e la b o ra te  s c u tu m , is a b u n d a n t  
in  w a rm e r  w a te rs  o ff  s o u th e r n  C a lifo rn ia .

See M aw atari (1951b), O s b u rn  (1950), P in ter (1969), R obertson 
(19D5, as M e n i p e a  o c c i d e n t a l i s ) ,  J. Soule, D. Soule Sc P in ter (1975), and 
W ooiiacott &i N o rth  (1971).
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Pityium E ctoproc ta  /  C l a n  G y m n o la e m a ta  [  O r d e r
S u b o r d e r  A n a s c a  /  F a m ily  B ic e lla r ie llid a e

6.4  B u g u la  c a l i fo r n ic a  (R o b e r ts o n , 1905)

C o m m o n ly  fo u n d  o n  ro c k s  a n d  m o l lu s k  s h e l ls  in  sh a llo w  
w a te r s  to  60  m  d e p th ;  B r it is h  C o lu m b ia  fo  G a lá p a g o s  Is la n d s , 
e s p e c ia lly  C h a n n e l I s la n d s .

C o lo n y  c o m p o s e d  o f  o n e  to  s e v e r a l  f ro n d s , e a c h  f ro n d  to  5 
c m  o r  m o re  in  h e ig h t , fo r m e d  b y  s p ira l  w h o r ls  o f  b ra n c h e s , 
g iv in g  th e  c o lo n y  th e  a p p e a ra n c e  o f  h a v in g  b e e n  tr im m e d  
e v e n ly  a t  se v e ra l le v e ls ; c o lo r  u s u a l ly  w h itis h , b u t  s o m e tim e s  
ta n , o r  ( d u r in g s e x u a l  r e p ro d u c tio n )  s o m e w h a t  o ra n g e ; 
b r a n c h e s  fo rm e d  o f  tw o  ro w s  o f  in d iv id u a ls ,  w id e n in g  to  fo u r  
o r  five  z o o id s  a t b ifu rc a t io n  p o in ts ;  in d iv id u a ls  a b o u t  0 .5 - 0 .6  
m m  lo n g  a n d  0 .2 - 0 .2 5  m m  w id e ; e x a m in a tio n  w ith  h a n d  le n s  
s h o w in g  th r e e  s p in e s  a t  e n d  o f  e a c h  z o o id , g lo b u la r  o v ice lls  
th a t  s i t  s t r a ig h t  a c ro s s  e n d  o f  z o o id , a n d  la rg e  " b i r d 's  h e a d "  
a v ic u la r ia  a tta c h e d  a t  m id d le  o f  s id e  w a lls .

T h e  B u g u l a  c a l i fo r n ic a  r e p o r te d  as a fo u l in g  o rg a n is m  f ro m  
p o r t s  s u c h  a s  S a n  F ra n c isc o  B ay  a n d  L os A n g e le s  h a rb o r  h a s  
re c e n tly  b e e n  re c o g n iz e d  a s  B . s to lo n i f e r a  R y la n d . A lth o u g h  
v e ry  s im i la r  to  B .  c a l i f o r n i c a ,  B, s to lo n i fe r a  is g ra y is h  a n d  la c k s  
th e  d is tin c tiv e , w h o r le d  c o lo n y  p a t te rn ;  i t  is fo u n d  o n  b o th  
s id e s  o f th e  A tla n t ic  O c e a n .

U n d e r  a  d is s e c tin g  m ic ro s c o p e  th e  a c tiv it ie s  o f  th e  B. c a l i f o r 
n ic a  a v ic u la r ia  a r e  re a d i ly  se e n ; th e  a b i l i ty  o f  a v ic u la r ia  to  
c a tc h  a n d  h o ld  sm a ll o b je c ts  c a n  b e  d e m o n s tr a te d  eas ily  b y  
p ro b in g  th e m  w ith  a  h a ir , o r  b y  in tro d u c in g  c o p e p o d a , o r  th e  
n a u p liu s  la rv a e  o f b a rn a c le s  o r  b r in e  s h r im p , in to  th e  d ish . 
S o u le  a n d  S o u le  h a v e  se e n  th is  s p e c ie s  u s e  a v ic u la r ia  o f  s e v 
era l z o o e c ia  to  p u ll a p a r t  sm a ll c ru s ta c e a n s  (c a p re ll id  a m p h i-  
p o d s) ; th e  te n ta c le s  th e n  d ire c te d  th e  f r a g m e n ts  in to  th e  
p o ly p id e  m o u th s . E x p e r im e n ts  w ith  o th e r  s p e c ie s  su g g e s t  th a t  
th e  a v ic u la r ia  p lay  a  ro le  in  d e fe n d in g  th e  c o lo n y  a g a in s t  
s m a ll d is ru p tiv e  in v a d e rs .

T h e  c o ro n a te  la rv a e  o f  B. c a l i f o r n ic a  s e t t le  in  L os A n g e le s  
h a r b o r  y e a r  a ro u n d , in  w a rm  y e a rs . In  M o n te r e y  B ay  th e y  s e t
t le  in  a ll b u t  th e  w in te r  m o n th s ;  c o lo n ie s  g ro w in g  o n  sh a llo w  
s u s p e n d e d  p a n e ls  re a c h e d  a  h e ig h t  o f  3 0  m m  in  4  m o n th s .



Bryozoa and Entoprocta

See C alvet (1900), H aderlie  (1968b, 1969,1974), K au fm an  (1968), 
M atu ro  (1959), M aw atari (1946), O sb u m  (I950 ),R eish  (1963), R o b 
ertson (1905), R ucker (1963), S chneider (1963), 5. Sm ith  & H aderlie
(1969), D . S oule , J. Soule Sc H enry  (1979), J. Soule, D . Soule  &  P inter 
(1975), T h o m p so n  Sc Chow (1955), and  W oo iiaco tt & N o rth  (1971).

j P h y lu m  E ctoprocta  /  Class G y m n o la e m a ta  ¡ O r d e r  C h e ilo s to m a ta
■Sri S u b o r d e r  A n a s c a  ƒ Family B ic e lla r ie ll id a e
r f
i j 6,5 B u g u la  n e r i t i n a  (L in n a e u s , 1750)

A  c o m m o n  f o u l in g  o rg a n is m  o n  h a r b o r  in s ta l la t io n s  a n d  b o a t 
h u lls , lo w  in te r t id a l  z o n e  to  8 0  m  d e p th ;  M o n te r e y  B ay  to  
C a n a l Z o n e  (P a n a m a )  a n d  G a lá p a g o s  Is la n d s ; G u lf  o f  C a lifo r 
n ia  a s  f a r  n o r t h  a s  Is la  Á n g e l d e  la  G u a rd a ; in  w a rm  w a te rs  
a ro u n d  th e  w o rld .

C o lo n y  b u s h y ,  3 - 1 0  cm  in  h e ig h t ,  e a s ily  d is t in g u is h e d  fro m  
s im ila r  s p e c ie s  b y  i ts  r e d d is h -b r o w n  o r  p u rp l is h - b ro w n  co lo r; 
in d iv id u a l s 0 .6 - 0 .8  m m  lo n g , 0 .2 - 0 .3  m m  w id e ; s p in e s  a n d  
a v ic u la r ia  a b s e n t ;  o v ice il s e t  d ia g o n a lly  a t  t ip  o f  z o o e c iu m .

T h is  c o s m o p o l i ta n  sp e c ie s  h a s  b e e n  s tu d ie d  e x te n s iv e ly  in 
m a n y  a r e a s  b e c a u s e  o f  its  a b u n d a n c e  a n d  g e n e ra l  im p o r ta n c e  
a s  a  fo u l in g  o rg a n is m . T h e  a n im a ls  m a y  b e  c u l tu r e d  in  th e  
l a b o r a to r y  o n  a  d ie t o f  th e  f lag e lla te  M o n o c h r y s i s  l u t h e r i .

In d iv id u a l  z o o id s  a re  h e rm a p h ro d i t ic ,  a n d  s p e r m  a r e  p r o b 
a b ly  re le a s e d  th r o u g h  p o re s  a t  th e  t ip s  o f  th e  te n ta c le s .  D e v e l
o p in g  c o ro n a te  la rv a e  a re  b ro o d e d  o n e  a t  a  t im e  in  la rg e  o v i
ce lls , e a c h  o f  w h ic h  c o n s is ts  o f  a  sm a ll h e te r o z o o id  th a t  la c k s  
a  d if f e re n t ia te d  p o ly p id e  a n d  th a t  c o m b in e s  w i th  p a r ts  o f  
b o th  th e  m a te rn a l  z o o id  a n d  th e  z o o id  ju s t  d is ta l to  it. T h e  
e m b ry o , s u r r o u n d e d  b y  m a te rn a l  tis su e s , is n o u r i s h e d  by  
y o lk  a n d  o th e r  m a te r ia ls  f r o m  th e  m o th e r .  A  p la c e n ta - l ik e  
s y s te m  a id s  in  th e  t r a n s p o r t  o f  e x tr a e m b r y o n ic  n u tr ie n ts ,

R e le a se d  la rv a e  sw im  ra p id ly  b y  m e a n s  o f  c ilia ; a t  f irs t they  
sw im  to w a r d  lig h t, b u t  la te r  so m e  b e c o m e  p h o to n e g a t iv e . 
T w o  p ig m e n te d  s p o ts ,  o n e  o n  e a c h  s id e , a p p e a r  to  b e  ey e - 
s p o ts  o f  a  u n iq u e  ty p e ; e a c h  c o n ta in s  o n e  ce ll, p r o b a b ly  a 
p h o to r e c e p to r ,  p ro v id e d  w ith  a c lu s te r  o f  u n m o d if ie d  c ilia  
h e ld  a t  r ig h t  a n g le s  to  th e  in c o m in g  l ig h t. T h e  la rv a e , s till 
la d e n  w ith  y o lk ,  la c k  m o u th s  a n d  in d e e d  a n y  tra c e  o f  a  g u t. 
T h e y  u s u a l ly  sw im  f o r  le s s  th a n  10  h o u rs ,  t h e n  s e t t l e ,  a n d  a t 

ta c h  b y  in v e r s io n  o f  a n  in te rn a l s a c  th a t ,  in  m e ta m o rp h o s is , 
g iv e s  r is e  to  th e  a n c e s tru la  e p id e rm is .  T h e  b o d y , s t i l l  n e a r lf  
so lid , e lo n g a te s  a n d  fo rm s  a c u tic le . L arv a l o rg a n s  d e g e n e r i te  
a lm o s t c o m p le te ly , a n d  tis s u e s  o f  th e  f irs t z o o id s  d e r iv e  
la rg e ly  o r  w h o lly  f ro m  la rv a l e c to d e rm . M a n y  e n v iro n m e n la l 
fa c to rs , s u c h  a s  te m p e ra tu re ,  l ig h t, m a te r ia ls  in  th e  w a te r ,  and 
c h a ra c te r  o f th e  s u b s tr a tu m , a ffec t a t ta c h m e n t  a n d  m e ta m o r
p h o s is .  A t M o n te re y  th e  re le a s e  a n d  s e t t le m e n t  o f la rv a e  
o ccu r th ro u g h  m o s t  o f  th e  y e a r; th e y  v ir tu a l ly  c e a se  in  m id 
w in te r  (D e c e m b e r  to  F e b ru a ry )  a n d  re a c h  a  p e a k  in  Ju n e  and 
Ju ly . A t L os A n g e le s  a n d  S a n  D ie g o , s e t t le m e n t  is  m o s t  ab u n 
d a n t  f ro m  A p ril th ro u g h  O c to b e r ,  b u t  la rv a e  c a n  b e  o b ta in e d  
in  a ll m o n th s .

G ro w th  is ra p id . A t La Jo lla  (S a n  D ie g o  C o .), 3 -w eek -o ld  
co lo n ie s  w e re  8 m m  h ig h , w ith  8 b ra n c h e s  a n d  o v e r  5 0  zocids; 
a t  6 w e e k s  th e y  w e re  12 m m  h ig h , w i t h 3 2 - 6 4  b ra n c h e s  a rd  
a b o u t  300  zo o id s , C o lo n ie s  in  M o n te r e y  h a r b o r  o n  shallow  
su b m e rg e d  p a n e ls  re a c h e d  a  h e ig h t  o f  12 0  n u n  in  4 - 6  
m o n th s , a n d  so m e  co lo n ie s  p e r s is te d  fo r  a t  le a s t 14  m o n th s , 
S in ce  sex u a l re p ro d u c tio n  b e g in s  6 - 8  w e e k s  a f te r  s e t t le n u n t  
(La Jo lla ), th r e e  o r  fo u r  g e n e ra t io n s  a  y e a r  a re  p o s s ib le .

B u g u la  n e r i t in a  ra re ly  s e t t le s  o n  p la n ts  o th e r  th a n  th e  g ian t 
k e lp  M a c r o c y s t i s ,  a n d  it is n o t a b u n d a n t  th e re , It p ro v id e s  i  f a 
v o r i t e  p e rc h  fo r th e  s k e le to n  s h r im p  C a p r e l la  c a l i fo r n ic a  ( 2 2 8 ) ,

S e e  especially W ooiiacott & Z im m er (1971, 1977,1973); see  ¿so  
Bull w ant (1967 ,1968b), C alvet (1900), C oe (1932), G ooch U  Scb>pf
(1970), G rave (1930), H aderlie (1968b, 1969, 1974), H am m en  & Os
borne (1959), Keith (1971), Loeb Sc W alker (1977), Lynch (1947, 
1961), M atu ro  ( 1959), M aw atari (1951a), M iller (1946), O sb u rn  
(1950), P in ter (1969), Reish (1963), R ucker (1968), R yland (1960, 
'1976,1977), 5. Sm ith &c H aderlie  (1969), J. Soute, D . S ou le  & P u ter 
(1975), S tröm  (1977), W inston  (1978), W ooiiacott & N o rth  (197.), 
W ooiiacott & Z im m er (1972a,b,c, 1975), and  Z im m er & W ooiiacott 
(1977a, b).
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P h y lu m  Ectoprocta /  C la s s  G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  
S u b o rd e r  A n a s c a  f  E a m ily  B ic e lla r ie llid a e

6.6 D e n d ro b e a n ia  la x a  (R o b e r ts o n , 1905)

[n  s h a d e d  a re a s  p r o te c te d  fro m  s t r o n g  s u r f ,  lo w  In te r t id a l  
2o n e  o n  ro c k y  c o a s ts ; s u b t id a l  to  9 0  m ; B rit ish  C o lu m b ia  to  
S a n  P e d ro  (L os A n g e le s  C o ,).

C o lo n y  e x te n s iv e , re c u m b e n t ,  th e  f ro n d s  n u m e r o u s , 
c u rv ed , p e ta l - l ik e ,  o f  v a r ia b le  s iz e  a n d  s h a p e ;  ro o t l ik e  a t t a c h 
m e n t  p ro c e s se s  ( ra d ic le s )  in te r tw in in g  w ith  f ro n d s  to  fo r m  a 
ta n g le d  m ass ; in d iv id u a ls  a b o u t  0 .7 -0 .9  m m  lo n g , w ith  a n  u n -  
ca lc ified  fro n ta l m e m b r a n e  s u r ro u n d e d  b y  h e a v y  s p in e s ;  a v ic 
u la r ia  la ck in g ; oviceJJ r o u n d ,  p ro m in e n t ,  a n d  fa in tly  s t r ia te d ,

See C alvet (1900), O sb u rn  (1950), and  ƒ. Soule, D . S ou le  &  Pinter 
(1975).

P h y lu m  Ectoprocta  /  C la ss  G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  
S u b o r d e r  A sc o p h o ra  /  F a m ily  S c h izo p o re llid a e  ,.-v

6.7 S c h iz o p o re lla  u n ic o r n i s  ( J o h n s to n , 1647)

C o m m o n  o n  ro c k s  a n d  s h e l ls  a lo n g  o p e n  c o a s t a n d  o n  w h a r f  
p ilin g s  in  b ay s  a n d  h a rb o r s ,  lo w  in te r t id a l  z o n e  to  6 0  m  d e p th ;  
S tr a i t  o f  G e o rg ia  (B r i t is h  C o lu m b ia )  to  s o u th e rn  C a lifo rn ia ; 
H a w a ii, Jap an ; w e s te rn  E u ro p e , M e d i te r r a n e a ^  S ea .

C o lo n y  e n c ru s t in g , th e  o v e ra l l c o lo r  b ro w n , g o ld e n  y e llo w , 
o r r e d d is h  o ra n g e ; z o o id s  h e x a g o n a l in  s h a p e ,  each  0 .5 —0.6  
m m  lo n g , 0 ,3 -0 .4  m m  w id e , in  d is tr ic t  lo n g i tu d in a l  ro w s  s e p 
a ra te d  b y  d e fin ite  g ro o v e s ; a p e r tu r e  w id e r  th a n  lo n g , w ith  a 
sh a llo w , U -s h a p e d  p ro x im a l  s in u s ,  a n d  w ith  a  t in y  to o th  in 
s id e  th e  a p e r tu r e  a t  e a c h  c o rn e r  o f  p ro x im a l lip ; u m b o n a te  
f ro n ta l  w a ll  w ith  m a n y  s m a ll  p o re s ; a v ic u la r ia , w h e n  p re s e n t,  
s in g le  o r p a ire d ; o v ice il g lo b o s e , f in e ly  p e r fo ra te ,  w ith  r a d i a t 
in g  flu tin g s  o n  su r fa c e .

T h is  sp e c ie s  is  o f te n  c o n fu s e d  w ith  S. e r r a ta  (W a te r s )  o n  
b o th  A tla n tic  a n d  P ac if ic  co a s ts . R o ss  & M c C a in  (1976) p r o 
v id e s  ev id en c e  o f  th e  p re s e n c e  o f  5 , u n i c o r n i s  in  S p a n is h  B ay 
(W a sh in g to n )  in  1927 . P o w e ll  (1970) s u g g e s ts  th a t  S. u n i c o r n i s  
w as  in t ro d u c e d  to  C a lifo rn ia  f r o m  J a p a n  in  1 9 3 2  w ith  P ac ific
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o y s te rs  p la n te d  a t  M o rro  B ay  (S a n  L u is  O b is p o  C o .), a n d  th a t  
5 . e r  r a i  a  w a s  in tro d u c e d  f ro m  th e  A tla n t ic  c o a s t a lo n g  w ith  th e  
o y s te r  C r a s s o s tr e a  v ir g in ic a .

A tla n t ic  c o a s t  "S . u n ic o r n i s "  ( = 5 .  e r r a t a )  h a s  b e e n  th e  s u b 
je c t  o f  r e c e n t  s tu d ie s  o n  p o p u la t io n  g e n e tic s  a n d  ca lc ifica tio n  
o f  th e  s h e l l.  T h e  e x o sk e le to n  c o n ta in s  c a lc iu m  c a rb o n a te  in  
th e  fo r m s  o f  b o th  ca lc ite  a n d  a ra g o n ite .

S tu d ie s  o f  5 . u n ic o r n is  in  s o u th e rn  C a lifo rn ia  h a v e  s h o w n  ( l )  
th a t  sp e rm  a re  re le a se d  th ro u g h  p o re s  a t  th e  te n ta c le  tip s , (2) 
t h a t  th e  p o p u la t io n  su ffe re d  a  h ig h  m o r ta l ity  d u r in g  a  " re d  
t id e ,"  a n d  (3) th a t  th e  la rv ae  te n d  to  s e t t le  o n  s u b s t r a ta  o th e r  
t h a n  a lg ae .

See Bullivarit (1967), G ooch & Schopf (1970), H aderlie  (1974), 
M aturo  (1959), Pel lue t íe  Hayes (1936), P in ter (1969), Powell (1970), 
R eish (1963), R oss&  McCain (1976), R ucker (1968), Sandberg
(1977), Schopf (1977), Schopf & A llen  (1970), Schopf Sc Gooch
(1971), D. Soule & J. Soule (1968), ƒ, Soule, D . Soule &, Pinter (1975), 
S tra thm ann  (1977), Sutherland (1977,1978), and  W inston  (1977,
1978),

. /A
P h y lu m  Ectoprocta /  C la s s  G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  c</. \   ̂ \  ^
S u b o r d e r  A sc o p h o ra  /  f a m i l y  Sch izopore llidae  ' '-rVV;

6 ,8  H ip p o d ip lo s ia  In s c u lp ta  (H in c k s , 1682) ' i *  r

A b u n d a n t  in  lo w e r  m id d le  a n d  lo w  in te r t id a l  zo n es  o n  ro ck y  
sh o re s , e n c ru s tin g  s to n e s , m o llu s k  sh e lls , h y d ro id s , a lg ae , a n d  
o th e r  b ry o z o a n s ; c o m m o n  o n  P h y l lo c h a e to p te r u s  p r o li f ic a  tu b e s  
(10 ,22) o n  p ile s  in  M o n te re y  h a rb o r ; s u b t id a l  to  23 4  m;
A la sk a  to  G u lf  o f C a lifo rn ia  a n d  Isla d e l C o co  (C o s ta  Rica); 
P le is to c e n e  fo ss ils  a t  S an  P e d ro  (L os A n g e le s  C o.).

C o lo n y  e n c ru s tin g , to  5 cm  o r  m o re  in  d ia m e te r , b u t a lso  
r is in g  in  d o u b le - la y e re d  frills  o r  fa n l ik e  fo ld s; c o lo r  l ig h t y e l
lo w  o r  p a le  ta n , lig h t o ra n g e  w h e n  ova  a r e  p re s e n t;  in d iv id u 
a ls  0 .5—0.7  m m  long , 0 ,3 - 0 .4  m m  w id e , re c ta n g u la r  to  h e x a g 
o n a l in  sh a p e ; d is tin g u ish a b le  fro m  o th e r  sp e c ie s  o f  th e  g e n u s  
o n  th is  c o a s t b y  th e  p re se n c e  o f la rg e  g lo b u la r  o v ice lls  th a t  a re  
im p e r fo ra te  b u t  b e a r  ra d ia tin g  s t r ia t io n s  a n d  b y  th e  a b se n c e  
o f  a v icu la ria .

T h is  sp e c ie s  is ex ce llen t fo r  o b s e rv a tio n  u n d e r  th e  d is s e c t
ing  m ic ro sc o p e . In d iv id u a ls  re a d ily  e x te n d  th e  lo p h o p h o re  in
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f r e s h ly  c o lle c te d  c o lo n ie s , a n d  th e  e m b ry o s  o r  la rv a e  c a n  b e  
l ib e ra te d  b y  r u p t u r in g  th e  o v ic e lls  c a re fu lly  w i th  a  s h a rp  n e e 
d le . A  c o m p a r is o n  o f  c o lo n ie s  co lle c ted  a t  d if fe re n t la t i tu d e s  
sh o w s  th a t  in d iv id u a l  z o o id  s iz e  m a y  d e c re a s e  a s  w a te r  t e m 
p e r a tu r e  in c re a s e s .

5ee C alvet (1900), O sb u m  (195Z), J. Soule & D uff (1957), J. Soule, 
D . Soule & P in te r  (1975), T hom pson  & C how  (1955), and W oo iia 
cott & N o rth  (1971).

P h y lu m  Ectoprocta j  C la s s  G y m n o la e m a ta  ]  O r d e r  C h e ilo s to m a ta
S u b o r d e r  A sc o p h o ra  /  F a m ily  E u r y s to m e llid a e

6 ,9  E u ry s to m e lla  b i l a b ia t a  (H in c k s , 1884)

O n  s to n e s  a n d  m o l lu s  k  s h e l ls , lo w  in te r t id a l  z o n e  o n  ro c k y  
sh o re s ; s u b t id a l  to  6 4  m ; A la sk a  to  B a h ia  d e  T e n a c a ti ta  (M e x 
ico ); c o m m o n  in  c e n t r a l  C a lifo rn ia  (M o n te re y  a re a ) , b u t  m o s t 
a b u n d a n t  In  w a te r s  n o r th  o f C a lifo rn ia ; P le is to c e n e  fo ssils  
f ro m  S a n  P e d ro  (L os A n g e le s  C o .) a n d  Jap an ,

C o lo n y  fla t, e n c r u s t in g  in  a  s in g le - la y e re d  s h e e t to  5 c m  o r  
m o re  In d ia m e te r ;  c o lo r  ro s e - re d , re d -o ra n g e , o r  b ro w n ; in d i
v id u a ls  a v e ra g in g  0 ,6 - 0 .7  m m  lo n g  a n d  0 .5  m m  w id e , sm o o th  
a n d  sh in y , a r r a n g e d  in  a  d is t in c t re g u la r  p a t te rn  in  th e  c o lo n y ; 
a p e r tu re s  o f  z o o id s  la rg e  a n d  b e ll-sh a p e d ; f ro n ta l  w all c a lc i
fied , im p e r fo r a te ,  w ith  a  r a is e d  u m b o  in  th e  ce n te r; sp in e s  a n d  
av ic u la ria  a b s e n t  ( s e e  a lso  Fig. 12 ,31), - 

T h e  s p e c ie s  n a m e  b i la b i a ta  o f  th is  b e a u tifu l  a n d  c o n s p ic u 
o u s  fo rm  c a lls  a t t e n t i o n  to  th e  u n u s u a l  p a ir  o f lip s  o r  fo ld s  
th a t  o p e ra te  w i th  th e  o p e rc u lu m  to  c lo se  th e  a p e r tu re  w h e n  
th e  te n ta c le s  a r e  w ith d r a w n .

C o lo n ie s  f r o m  c e n tr a l  C a lifo rn ia  o f te n  b e a r  o n  th e i r  s u r 
faces n u m e r o u s , s m a ll ,  b la c k  fo llic u lin id  p ro to z o a n s . T h e s e  
s e s s ile  c ilia te s  I n h a b i t  tu b u la r  sh e lls  fro m  w h ic h  th e y  e x te n d  
tw o  c il ia te d  lo b e s  to  fe ed ,

E u r y s to m e l la  b i l a b i a t a  is p r e y e d  u p o n  b y  th e  n u d ib r a n c h  H o p 
k in s ia  r o s a c e a  (1 4 .3 7 ). T h e  c o lo r  o f th e  n u d ib r a n c h  c lo se ly  
m a tc h e s  th a t  o f r o s e - r e d  c o lo n ie s  o f  £ . b i la b i a ta ,  a n d  th e  p ig 
m e n t r e s p o n s ib le  (h o p k in s ia x a n th in )  a p p e a rs  to  b e  id e n tic a l 
in  th e  tw o  sp e c ie s .

See M cD onald  & N y b ak k en  (1978), O sb u m  (1952), R obertsen 
(1908, as L epra lia  b i la b ia ta ), ). Soule & Duff (1957), and  J, Soule, D. 
Soule & Pinter (1975).

P h y lu m  Ectoprocta ]  C la ss  G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  
S u b o r d e r  A sc o p h o ra  /  F a m ily  R e tep o rid a e

6 .1 0  P h id o lo p o ra  p a c if ic a  (R o b e r ts o n , 1908) ^

O n  ro c k s  in  d e e p , s h e l te re d  t id e p o o ls  a n d  s u b t id a l  to  20 0  m 
a lo n g  o p e n  c o a s t  a n d  in  b a y s ; B ritish  C o lu m b ia  to  P e ru ; m ost 
a b u n d a n t  in  s h a l lo w  s u b t id a l  w a te rs  fro m  O re g o n  to  so u tl.e rn  
C a lifo rn ia , a n d  c o m m o n  o n  b re a k w a te r s  o f  L os A n g e le s  har
b o r  a n d  a t  s c u b a  d e p th s  a ro u n d  th e  C h a n n e l Is la n d s .

C o lo n y  fe n e s tra te ,  fo rm in g  a n  e rec t, lacy , c o n v o lu te d  n u s s  
to  110 m m  a c ro s s  a n d  65 m m  h ig h , o ra n g e  to  o ran g e -p in k ; 
z o o e c ia  to  a b o u t  0 .6  m m  lo n g , 0 .3  m m  w id e , f ro n ta l a v ic u lin a  
a n d  ov ice lls  o f te n  p r o m in e n t

T h e  zo o id s  all o p e n  o n  o n e  s id e  o f  th e  stiff, la c e lik e  sheets 
th a t  m a k e  u p  th e  co lo n y . W a te r  e m e rg in g  fro m  b e tw e e n  t i  e 
te n ta c le s  o f fe e d in g  z o o id s  p a s s e s  th ro u g h  th e  h o le s  in  th e  
lace  w ith o u t  d is ru p t io n  o f  in c o m in g  fe e d in g  c u r r e n ts .  T h e  
fe n e s tra te d  fo r m  n o t o n ly  p ro v id e s  fo r m o re  e ff ic ien t feed ing , 
b u t  it  re n d e r s  th e  c o lo n y  m o re  re s is ta n t to  c u r re n ts  t h a n  if it 
w e re  a  s o lid  s h e e t  o f  zo o id s ,

In  P u g e t S o u n d  (W a s h in g to n )  th e  sea  s ta r  D e r m a s t e r ia s  ru
b r ic a ta  (8 ,3 ) o c c a s io n a lly  fe e d s  o n  P h id o lo p o r a ,

See H aderlie  (1969), M auzey, Birkeland Sc D ayton  (1968), O s 
burn  (1952), R obertson  (190B, as R etepora  pacifica), J. Soule & Dufi 
(1957), J . Soule, D . Soule & Pinter (1975), T hom pson  &  C how  
(1955), T u rn er, E beri &  G iven (1969).

P/iy/urJi Ectoprocta  /  C ia« G y m n o la e m a ta  /  O r d e r  QdJostonrii 
S u b o r d e r  A sc o p h o ra  /  F a m ily  C elleporidae

6.11  C o s ta z ia  ro b e r ts o n ia e  C a n u  & B assler, 1923 
( =  C e llip o r in a  ro b e r tso n ia e )

C o m m o n  o n  ro c k s  a n d  a lg a e , lo w  in te r t id a l z o n e  to  100  m  
d e p th  a lo n g  ro c k y  sh o re s ;  B ritish  C o lu m b ia  to  n o r th e r n  M ex
ic o , b u t  m o s t  c o m m o n  f r o m  D illo n  B each  (M a rin  C o .)  to  U



Jo lla  (S a n  D ie g o  C o ,) ; P le is to c e n e  fo ss ils  a t S a n ta  M o n ic a  a n d  
S a n  P e d ro  (b o th  L os A n g e le s  C o .).

C o lo n y  r o u g h  in  a p p e a r a n c e ,  e n c ru s tin g  a n d  fo r m in g  s m a ll 
n o d u le s  o r  r is in g  in  i r r e g u la r ly  fo r k e d  b ra n c h e s  to  50 m m  o r  
m o re  in  h e ig h t;  in d iv id u a l s  a b o u t  0 .6 - 0 .7  m m  lo n g  a n d  0 .4  
m m  w id e , h e a v ily  c a lc if ie d , w i th  fe w  p o re s  o n  f r o n ta l  w a ll b u t  
m a n y  p o r e s  a t  e d g e s  b e tw e e n  a d ja c e n t  z o o id s , a p e r tu r e  
ro u n d e d  b u t  w ith  a  V - s h a p e d  n o tc h ; ra is e d  a v ic u la r ia  sm a ll , 
ly in g  o n  e a c h  s id e  o f  t h e  a p e r tu r e  a n d  o f te n  a b o v e  i t  w h e re  a n  
o v ice il is  la ck in g ; o v ic e lls  e x p o s e d  o r  e m b e d d e d ,  e a c h  w ith  a 
f ro n ta l  a re a  b e a r in g  t r ia n g u la r  p o re s  a ro u n d  th e  ed g e .

T h is  is o n e  o f  th e  b r y o z o a n s  t h a t  m o s t c o m m o n ly  e n c ru s t  
b la d e s  o f  th e  g ia n t k e lp  M a c r o c y s t i s  fro m  M o n te r e y  B ay  to  
B a ja c a l i f o r n ia .

5ee O sb u m  (1952), R u ck er (1968), J. Soule & D uff (1957), J,
Soule, D . Solde & P in ter (1975), an d  WooIEacotl ( c  N o rth  (1971).

Phylum Ectoprocta  /  Clo« G y m n o la e m a ta  /  O r d e r  C h e ilo s to m a ta  t "
S u b o r d e r  A sc o p h o ra  /  f a m i ly  C e ll i  p o r i  d a e

6.12  C e lle p o ra r ia  b r u n n e a  (H in c k s ,  1884)
(= H o lo p o r e l l a  b ru n n e a )

C o m m o n  o n  ro ck s , s h e l ls ,  w o rm  tu b e s ,  o r a lg a e , o n  ro c k y  
s h o re s  fro m  lo w  In te r t id a l  z o n e  to  d e p th s  o f 18 5  m ; o n  w h a r f  
p iles in  h a rb o rs ;  B r i t is h  C o lu m b ia  to  C o lo m b ia  a n d  G a lá p a g o s  
Is lan d s; e x tre m e ly  c o m m o n  in  G u lf  o f  C a lifo rn ia ; P le is to c e n e  
fo ssils  a t  S a n  P e d ro  (L o s  A n g e le s  C o.).

C o lo n y  e n c ru s tin g , t o  s e v e ra l  c e n tim e te rs  in  d ia m e te r ,  
b u ild in g  a  h e a v y  m u l t i la y e r e d  c ru s t  to  1 0  m m  o r  m o re  in 
th ic k n e s s , c o m p o s e d  o f  m o re  o r  less  r a n d o m ly  a r r a n g e d  in d i 
v id u a ls  h e a p e d  o n  o n e  a n o th e r ,  o f te n  p ro d u c e d  in to  co a rse  
fo ld s  a n d  b ra n c h e s ; c o lo r  g r a y  o r  b ro w n ; in d iv id u a ls  a b o u t  
0 ,6 -0 .8  m m  lo n g , 0 .4  m m  w id e , e a c h  w ith  a s u b o r a l  sp ik e  
g iv in g  th e  c o lo n y  a  b r i s t ly  a p p e a ra n c e ;  a v ic u ta r ia n  m a n d ib le s  
la rg e , d is tin c tiv e , b la c k  o r  b ro w n ; e x te n d e d  te n ta c le s  co n 
s p ic u o u s ly  b lo o d - re d  i n  co lo r .

T h is  is th e  m o s t c o m m o n  e n c ru s t in g  b ry o z o a n  in  M o n te re y  
h a rb o r , C. b r u n n e a  la r v a e  s e t t l e d  o n  s u b m e rg e d  p a n e ls  th e re  in  
all m o n th s  o f  th e  y e a r ;  th e  r a te  w a s  h ig h e s t  fro m  M a rc h

The M ass A n im als

th r o u g h  S e p te m b e r , lo w e s t in  D e c e m b e r  a n d  J a n u a ry . ( In  Los 
A n g e le s - L o n g  B each  h a rb o r  r e s u l ts  w e re  s im ila r ; la rv a e  d id  
n o t  s e t t le  d u r in g  th e  w in te r  m o n th s  o n  p a n e ls  a t  3 m  d e p th .)  
A t  M o n te re y  v e ry  l i t t le  s e t t le m e n t  w a s  n o te d  a t  15 m  d e p th s  
o n  p a n e ls  215  m  f r o m  sh o re . G ro w th  w a s  fa s te s t  in  c o lo n ie s  
ju s t  b e lo w  th e  lev e l o f  th e  lo w e s t  t i d e s —o n e  c o lo n y  h e re  
re a c h e d  a d ia m e te r  o f  6  c m  in  7  m o n th s .  T h e  g ro w th  r a te  d e 
c lin e d  w ith  in c re a s in g  d e p th .  O ld  c o lo n ie s  o n  p il in g s  b e c o m e  
th ic k e n e d  a n d  fo rm  g lo b u la r  c ru s to s e  m a s s e s  u p  to  6 c m  in  
d ia m e te r .

L iv in g  s p e c im e n s  a re  e x c e l le n t f o r  s tu d y  u n d e r  a  d is s e c tin g  
m ic ro sc o p e , fo r  th e  zo o id s  e x te n d  re a d ily .  M a n y  o f  th e  z o o id s  
in  la rg e r  co lo n ie s  h av e  a s y m m e tr ic a l  lo p h o p h o re s ,  th e  te n t a 
c les o n  o n e  s id e  b e in g  lo n g e r  t h a n  th o s e  o n  th e  o th e r .  In  th is  
sp e c ie s , an d  in  C. a l b i r o s l r l s ,  lo c a liz e d  c lu s te r s  o f  zo o id s  a p p e a r  
to  b e h a v e  in  a  c o o rd in a te d  m a n n e r  in  fe e d in g  a n d  in  r e t r a c t 
ing . R e tra c tin g  zo o id s  o f te n  s h o w  a  c u r io u s  r e s p o n s e  in v o lv 
in g  a w r ith in g  o f  th e  te n ta c le s  a g a in s t  th e  su r fa c e  o f th e  c o l
o n y . T h e s e  fe a tu re s  o f  a s y m m e try  a n d  b e h a v io r  a re  n o t  
u n iq u e ,  b u t  a p p e a r  in  s o m e  o th e r  g e n e ra  a n d  sp e c ie s  as w ell.

In  M o n te re y  h a rb o r ,  C . b r u n n e a  is p r e y e d  u p o n  b y  th e  fla.tr- 
w o rm  H o p lo p la n a  c a l i f o r n i c a  (4 .6 ), w h ic h  m im ic s  th e  b ry o z o a n  
in  co lo r  a n d  te x tu re .  T h e  f la tw o rm  e a ts  m a in ly  th e  o ld e r  
z o o id s  a t  th e  c e n te rs  o f  t h e  c o lo n ie s , a n d  th u s  h a s  li tt le  e ffec t 
o n  m a rg in a l g ro w th . (B o th  s p e c ie s  a re  s h o w n  in  Fig, 4 .6 .)

See especially H aderlie  (I968a,b, 1969,1974); see also Buliivant 
(1967), M arcus (1938), O sbu rn  (1952), P in ter (1969), Reish (1963), S. 
Sm ith  St H aderlie (1969), D, Soule, j. S ou le  & H enry (1979), J, Soule 
& D uff (1957), J. Soule, D . Soule &. P in ter (1975), and  W inston
(1978).

P h y lu m  Ectoprocta j  C h tss  G y m n o la e m a ta  /  O r d e r  C yc lo sto m a ta  
S u b o r d e r  T u b u lip o r in a  j  FawirJy D ia s to p o r id a e

6.13 D ia p e ro e c ia  c a li fo rn ic a  (d 'O rb ig n y ,  1852)
( =  Id m o n e a  ca lifo rn ica)

O n  ro ck s , m o llu sk  sh e lls , a n d  o th e r  h a rd  s u b s tra ta ,  f ro m  ju s t  
b e lo w  th e  lev e l of th e  lo w e s t tid e s  to  d e p th s  o v e r  185 m  a lo n g  
ro c k y  sh o re s ; B ritish  C o lu m b ia  to  C o s ta  R ica; c o m m o n  in
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G u lf  o f  C a lifo rn ia  a n d  a lo n g  Pacific co as t o f  M e x ic o , a n d  
d re d g e d  in  q u a n ti ty  o ff  L o s A n g e le s  h a rb o r  a n d  S a n ta  C a ta 
lin a  I s la n d  (C h a n n e l Is la n d s ) ;  P le is to c e n e  fo s s ils  f r o m  S a n ta  
B a rb a ra , a n d  f ro m  S a n ta  M o n ic a  a n d  S an  P e d ro  (b o th  L os 
A n g e le s  C o.).

C o lo n y  c o ra l- l ik e  in  a p p e a ra n c e , th e  b r a n c h e s  e r e c t  o r  
s p re a d in g , 25  m m  o r  m o r e  in  h e ig h t ,  o f te n  a n a s to m o s in g  to  
fo rm  la rg e  re t ic u la r  m a s s e s  20 —25 cm  in  d ia m e te r  a n d  10 cm  
h ig h , th e  b ra n c h e s  f o r m e d  b y  su c c e ss iv e  ro w s  o f  fo u r  o r  five 
z o o id s  fu s e d  to g e th e r  f o r  all o r  p a r t  o f  th e i r  le n g th ; in d iv id u 
a ls  tu b u la r ,  la rg e r  t h a n  m o s t  c y c lo s to m e s , a v e ra g in g  0 .22  m m  
in  d ia m e te r ,  c u rv e d , b e a r in g  c ir c u la r  te rm in a l a p e r tu r e s ;  r e 
p ro d u c tiv e  c h a m b e r  a  la rg e  in d iv id u a l (g o n o z o o id )  u s u a l ly  
o c c u rr in g  b e lo w  b if u rc a t in g  b ra n c h e s  a n d  a p p e a r in g  a s  a  p e r 
fo ra te  s w o lle n  a re a  s u r r o u n d in g  th e  b a s e s  o f  a  n u m b e r  o f 
tu b u le s .

O n e  o f th e  m o s t c o m m o n  e c to p ro c ts  a t s c u b a -d iv in g  
d e p th s  in  s o u th e rn  C a lifo rn ia , p a r t ic u la r ly  n e a r  th e  to p s  o f  
n a tu r a l  ree fs . T h e  in te r s t ic e s  o f th e  b r a n c h e s  p ro v id e  a  h a b ita t  
r e m in is c e n t o f  th e  c re v ic e s  b e tw e e n  b ra n c h e s  o n  a  c o ra l h e a d . 
B ra n c h e s  o f  a c o lo n y  t h a t  to u c h  b e c o m e  fu s e d , a n d  g ro w in g  
b ra n c h e s  th a t  re a c h  ro c k  su rfa c e s  b e c o m e  s e c o n d a r i ly  a t 
ta c h e d . C o lo n ie s  ta k e n  in  ca lm , d e e p  w a te r  h a v e  th in ,  m o re  
e re c t b ra n c h e s ; in  th o s e  fro m  m o re -e x p o s e d  lo c a t io n s  th e  
b ra n c h e s  a re  th ic k e r  a n d  m o re  fla tten ed . S m a l l  c o lo n ie s  a r e  
w id e ly  d is tr ib u te d , b u t  u s u a l ly  n o t a b u n d a n t ,  o n  th e  g ia n t  
k e lp  M a c r o c y s t i s .

A natom y and b io logy  of re la ted  form s are covered  in Borg 
(1926), H arm elin  (1975), and  N ie lsen  (1970), See also O sb u rn  
(1953), R obertson (1910, a s  Id m o n e a  c a lifo rn ic a ), ƒ. S ou le  ¿c Duff 
(1957), J. Soule, D . S ou le  & P inter (1975), T urner, E bert &  G iven 
(1969), and  W ooiiaco tt & N o rth  (1971).

P h y lu m  Ectoprocta [  C lass G y m n o la e m a ta  /  O r d e r  C yc lo sto m a ta
S u b o r d e r  A r t ic u la ta  /  F a m ily  C r is i id a e

6 .1 4  C r is u l ip o ra  o c c id e n ta l i s  R o b e r ts o n , 1910

O n  ro c k s  a lo n g  o p e n  sh o re s ,  o n  d o c k  p i l in g s , in  c lu s te rs  o f  
th e  m o llu s k  M y t i l u s  (1 5 .9 ,1 5 .1 0 )  in  sh e l te re d  w a te rs , lo w  in 
te r tid a l z o n e  to  8 6  m  d e p th ;  M o n te re y  B ay  to  P e ru ;  Jap an ;

B razil; c o m m o n  fro m  S a n  P e d ro  (Los A n g e le s  C o.) to  S a n  
D ieg o , C h a n n e l Is la n d s , a n d  G u lf  o f  C a lifo rn ia ,

C o lo n y  to  30 m m  h ig h , w h ite  to  p a le  ta n , frag ile , e re c t , 
b r a n c h in g , b u s h y , w i th  jo in te d  ro o tle ts ; a u to z o o id s  tu b u la r ,  
v a r ia b le  in  le n g th , fu s e d  a t  th e i r  b a s e s  b u t f la r in g  o u t s e p a 
ra te ly  a lo n g  b ra n c h e s , a v e ra g in g  0 .1 2  m m  in  d ia m e te r  a t  tip s ; 
a p e r tu re s  lo c a te d  a t  f r e e  lip s  o f  z o o id s  a n d  la c k in g  o p e rc u la ; 
a v ic u la r ia  a b se n t; fe m a le  r e p ro d u c tiv e  s t ru c tu re s  c o n s is tin g  of 
se p a ra te  in d iv id u a ls  (g o n o zo o id s) w ith  in f la te d  b o d ie s  m u c h  
la rg e r  th a n  th o s e  o f  a u to z o o id s ; su r fa c e  o f  b o th  a u to z o o id s  
a n d  g o n o z o o id s  b e a r in g  m in u te  p e r fo ra tio n s .

In  g ro ss  a p p e a ra n c e  th is  sp e c ie s  r e s e m b le s  B u g u la  (i.e., 6 .4 , 
6 ,5) a n d  o th e r  r e la te d  e r e c t  b ry o z o a n s . H o w e v e r , e x a m in a tio n  
w ith  a h a n d  le n s  c le a r ly  re v e a ls  th e  c h a ra c te r is tic  fe a tu re s  of 
c y c lo s to m e  ( '" ro u n d  m o u th " )  b ry o z o a n s : th e  tu b u la r  s h a p e  o f 
th e  zo o id s , th e  r o u n d  te rm in a l a p e r tu re s , a n d  th e  a b s e n c e  o f 
o p e rc u la .

T h e  se x e s  a r e  s e p a ra te  in  C. o c c id e n ta l is ;  o n ly  th e  fem a le  c o l
o n ie s  p o s s e s s  g o n o z o o id s , A s  o f te n  h a p p e n s  in  c y c lo s to m e s , 
th e  e m b ry o  su b d iv id e s  to  g iv e  r ise  to  n u m e ro u s  la rv ae ; g o n o 
zo o id s  m a y  b e a r  m a n y  o ffsp r in g  in  v a rio u s  s ta g e s  o f d e v e lo p 
m e n t ,  In  M o n te re y  B ay , sw im m in g  la rv ae  h av e  b e e n  o b se rv e d  
to  s e ttle  a n d  s ta r t  c o lo n ie s  in  all m o n th s  o f th e  y ea r, b u t  th e  
m a in  s e t t le m e n t  is f ro m  M a y  th ro u g h  S e p te m b e r . F a s te r-  
g ro w in g  co lo n ie s  re a c h  50 m m  in  h e ig h t in  6 - 7  m o n th s .

For general cyclostom c biology, see Borg (1926), H arm elin 
(1975), N ielsen (1970), Ross (1977), W inston  (1977,1978), and  Z im 
m er ¿  W ooiiacott (1977a). For C .  see  Coe (1932), H ader-
lie (1968a,b, 1969,1974), N ie lsen  (1970), O sbu rn  (1953), R obertson 
(1903, 1910), S. Sm ith  A  H aderlie ( 1969), and j. Soule, D, Soule h  
P inter (1975).

rCM
P h y l u m  E c to p r o c ta  /  C l a s s  G y m n o l a e m a t a  {  Order C y c lo s to m a ta  J f i  y
S u b o rd e r  A r t ic u la ta  /  Nullify C r is iid a e  : W i S

6.15  F ilic r is ia  f r a n c is c a n a  (R o b e r ts o n , 1910) / '

O n  ro c k s  a n d  a lg ae  o n  o u te r  co as t, on  p il in g s  a n d  flo a ts  in 
h a rb o r s ,  u p p e r  m id d le  to  lo w  in te r t id a l  z o n e  a n d  s u b t id a l  to  
100 m  d e p th ; O rc a  (A la sk a ) to  s o u th e rn  C a lifo rn ia ; Jap an .

C o lo n y  b u s h y , 1 5 - 2 5  m m  h ig h ; b ra n c h e s  s tra ig h t; zo o ec ia



tu b u la r ,  0 .6 - 0 .9  ra m  lo n g , th r e e  to  five p e r  in te m o d e ;  g o n o 
z o o id s  sw o lle n  a n d  r e c u m b e n t ;  c o lo n y  w h ite , w ith  jo in ts  o n  
b ra n c h e s  o f te n  b la c k  a n d  c o n sp ic u o u s .

T h is  sm a ll a n d  d e lic a te  fo rm  o c c u rs  h ig h e r  in  th e  in te r t id a l  
z o n e  th a n  a n y  o th e r  C a lifo rn ia  e c to p ro c t; it a t ta c h e s  to  th e  
b a s e s  o f  s u c h  r e d  a lg a e  a s  E n d o c la d ia , G e l id i u m ,  a n d  Gasírocíon- 
i u m ,  a n d  in  h ig h e r  p o o ls  is  a s s o c ia te d  w ith  s t r a n d s  o f  th e  
g re e n  a lg a e  E n te r o m o r p h a  a n d  C h a e t o m o r p h a . C o lo n ie s  o f te n  
g ro w  o n  b la d e s  o f  g ia n t  k e lp , as w ell,

C o lo n ie s  a re  p r o b a b ly  e i th e r  m a le  o r  fem a le . O r ig in  o f th e  
g e rm  ce lls  a n d  e m b r y o n ic  d e v e lo p m e n t h a v e  b e e n  fo llo w e d  in  
so m e  d e ta il. A t a b o u t  t h e  2 0 - 2 4 - c e l l  s tag e , th e  p r im a ry  e m 
b ry o  d e v e lo p s  m u l t ic e l lu la r  p ro je c tio n s  f ro m  w h ic h  s e c o n d 
a ry  e m b ry o s  a n s e . T h e s e ,  in  tu r n ,  m a y  d e v e lo p  te r t ia ry  
e m b ry o s . E v en tu a lly  a ll  e m b ry o s , in c lu d in g  th e  p r im a ry , d e 
v e lo p  in to  la rv ae  th a t  a r e  l ib e ra te d  to  sw im  a n d  s e ttle , In  
M o n te re y  h a rb o r ,  s e t t l e m e n t  o c c u rs  fro m  M a y  to  O c to b e r .

See Borg (3926), C oe (1932), Glyrvn ('1965), H aderlie  (1968a, 1969), 
N ielsen (1970), O sb u rn  (1953), P in ter (1969), R obertson (1903, as 
C ris ia  occidenta lis; 1910, as C. fra n c is c a n a ) , J. Soule, D. S ou le  & P in ter 
(1975), W ooiiacott & N o rth  (1971), and Z im m er &. W ooiiacott 
(1977a).

P h y lu m  Ectoprocta f  C la ss  G y m n o la e m a ta  /  O r d e r  C te n o s to m a ta  ' • f S l ' f i J s ,  
S u b o r d e r  C arnosa  j  F a m ily  F lu s tr e ll id r id a e

6.16 F lu s tre l l id ra  c o rn ic u la ta  (S m it t,  1871)
( =  F lu s tre lla  c o rn ic u la ta )  --T"

A  c o ld -w a te r  s p e c ie s  c h a ra c te r is t ic  o f  ro ck y  sh o re s , o fte n  
g ro w in g  o n  c a lc a re o u s  a lg a e  a n d  s t ip e s  o f  th e  la rg e  b ro w n  
alga L a m in a r i a ,  lo w  in te r t id a l  zo n e ; s u b tid a l  to  7 5  m  o r  m o re ; 
A la sk a  to  P o in t B u c h ó n  (S a n  L uis O b is p o  C o .); n o r th e rn  
E u ro p e .

C o lo n y  p a le  ta n  to  d a r k  b ro w n , o f te n  4 - 6  cm  lo n g , fo rm in g  
cy lin d rica l s h e a th  o n  a lg a l s t ip e s  o r  b ra n c h in g  in to  sm a ll  cy l
in d e rs  o r  le a fy  s h a p e s  d e p e n d in g  o n  n a tu re  a n d  s h a p e  o f s u b 
s tra tu m ; fe e d in g  in d iv id u a ls  a b o u t  0 .7 -0 ,8  m m  lo n g  a n d  
a b o u t 0 .4 - 0 ,6  m m  w id e ; s p in e s , p r o d u c e d  b y  n u m e ro u s  s p e 
cial z o o id s , ta il, c h i t in o u s ,  b ra n c h e d , g iv in g  c o lo n y  a  c o a rse  
fuzzy  a p p e a ra n c e .

T ke  M oss A n im a b 101

T h is  s p e c ie s  ta k e s  i ts  specific  n a m e  c o r n ic u la ta  (" p ro v id e d  
w ith  l i t t le  h o rn s " )  fro m  th e  c o n s p ic u o u s  sp in e s  b o rn e  o n  s p e 
c ia l z o o id s . P o s t- la rv a l d e v e lo p m e n t o f  th e  p o ly p id e  a n d  m u s 
c le s  h a s  b e e n  fo llo w e d . A  re la te d  A tla n t ic  sp e c ie s , F. h i s p id a ,  
p ro d u c e s  a  s h e l l-b e a r in g  la rv a  th a t  is  n o u r is h e d  b y  s to re d  
y o lk  a n d  d o e s  n o t fe e d  o n  p la n k to n .  I ts  a t ta c h m e n t  a n d  m e ta 
m o rp h o s is  h a v e  b e e n  s tu d ie d .

See especially  J. Soule  (1954, as F lustre lla  co rn ic u la ta );  see a lso  Bar- 
rois (1877), Loeb & W alk e r (1977), O sb u rn  (1953, as f lu s t r e l la  corn icu
la ta ) , Pace (1906), P rouho  (1890), R yland (I960), L. Sm ith  (1973), J. 
Soule, D . Soule & P in te r (1975), S tröm  (1977), W inston  (1977), and 
Z im m er &. W ooiiaco tt (1977a,b).

P h y lu m  Ectoprocta  /  C la ss  G y m n o la e m a ta  /  O r d e r  C len o s to m n ta  
S u b o r d e r  S to lo n ife ra  /  Fiuwrly V e s ic u la r iid a e  ^

6 .1 7  Z o o b o try o n  v e r t ic i l la tu m  (D e lle  C h ia je , 1828)

A  c o m m o n  fo u lin g  o rg a n is m  in  w a r m e r  h a rb o r s  a n d  a t 
lo w e re d  sa l in i tie s , o f te n  s e e n  flo a tin g  in  ta n g le d  s p a g h e t t i - l ik e  
m a s se s  fro m  d o c k s , f lo a ts , a n d  s h ip  h u lls ; S a n  D ie g o  to  G u lf  
o f  C a lifo rn ia  a n d  C e n tra l  A m e ric a , a n d , in  re c e n t y e a rs , in  
h a rb o r s  a s  f a r  n o r th  as L o n g  B each  (L os A n g e le s  C o .) a n d  
C o ro n a  d e l M a r  (O ra n g e  C o .); c irc u m tro p ic a l, e x te n d in g  in to  
w a rm  M e d i te r r a n e a n  w a te rs .

C o lo n y  s tr in g y , to  1 - 2  m  lo n g , c o n s is tin g  o f  ta n g le s  o f so f t 
flacc id  s to lo n s  0 .4 , - 0 ,7  m m  in  d ia m e te r ; in d iv id u a ls  b a r re l-  
lik e , o v o id , 0 .3 6 -0 .5  m m  lo n g , a r is in g  in  g ro u p s  f ro m  th e  s to 
lo n s ,

T h e  b io lo g y  o f  th is  sp e c ie s  h a s  b e e n  s tu d ie d  a t  N e w p o r t  
h a rb o r  (O ra n g e  C o .), T h e  zo o id s  h av e  sm a ll m o u th s  a n d  feed  
o n ly  o n  p a r t ic le s  45  p m  o r  le s s  in  d ia m e te r .  S m a ll f lag e lla tes  
a re  re a d ily  ta k e n  as food , N e w ly  b u d d e d  zo o id s  a r e  se x u a lly  
p re c o c io u s , a n d  m a tu re  s p e r m  d e v e lo p  in  th e  b o d y  ca v ity  b e 
fo re  th e  im m a tu re  a n im a l  f irs t e x te n d s  its  te n ta c le s . T h e  
sp e rm  e m e rg e  f ro m  p o r e s  o n  th e  te n ta c le  tip s , a n d  m o s t a re  
e m itte d  d u r in g  th e  firs t 6  h o u rs  o f  a c tiv e  life. F e r til iz a tio n  is 
in te rn a l , a n d  s in g le  w h ite  la rv a e  a re  fo u n d  in  z o o id s  u n d e r g o 
in g  re g re ss io n . L arv a l re le a se  o c c u rs  m a in ly  in  th e  m o rn in g  in  
th e  la b o ra to ry ; la rv a e  a r e  a tt ra c te d  to  lig h t, a n d  a t ta c h  to  th e  
w a lls  o f  ta n k s  ju s t  b e lo w  th e  w a te r  su r fa c e . A t m e ta m o r p h e -
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sis  a  tu b u la r  a n c e s t ru la  is p ro d u c e d ,  w i th  a  p o ly p id e  th a t  i s  
fu lly  fu n c t io n a l ( u n u s u a l  in  c te n o s to m e  a n c e s tru la e ) . A  s to lo n  
a r is e s  fro m  th e  b a s e  o f  th e  a n c e s t ru la ,  b r a n c h e s  re p e a te d ly , 
a n d  p ro d u c e s  b u d s  th a t  b e c o m e  a u to z o o id s . T h e s e  fu n c t io n  
fo r  a b o u t  6 d a y s , t h e n  d e g e n e ra te .  C o lo n ie s  fe d  a n d  k e p t  a t  
25 - 2 6 “ C  g re w  a n d  p ro d u c e d  la rv a e ; th o s e  fed  a n d  h e ld  a t 
2 0 ° C  d id  n o t .

See especially  B ullivant (1 967 ,1966a,b,c); see also O sb u m  (1953), 
R ies (1936), D . S ou le  &. ) . Soule (1967), J. Soule (1954), W inston  
(1977,1978), and  Z im m er & W ooiiaco tt (1977a,b).

P h y lu m  Ectoprocta  /  Class G y m n o la e m a ta  /  O r d e r  C len o slo m n la
S u b o rd e r  S to lo n ife r a  /  F a m ily  V e s ic u la r iid a e

6.18 B o w e rb a n k ia  g r a c i l i s  (O 'D o n o g h u e ,  1926)

C o m m o n  o n  lo w  in te r t id a l  ro c k s  a n d  p il in g s  in  q u ie te r  
w a te rs ;  P u g e t S o u n d  (W a s h in g to n )  to  Is la  d e l E sp ír itu  S an to  
(B aja C a lifo rn ia ) ; A tla n t ic  c o a s t  f ro m  G re e n la n d  to  B razil; c o s 
m o p o lita n , if  a l l  id e n t if ic a t io n s  a re  co rre c t.

C o lo n y  c o n s is t in g  o f s to lo n s  fro m  w h ic h  a m e  c lu s te rs  o f  
e rec t, tu b u la r  z o o e c ia  a b o u t  1 -1 .5  m m  lo n g , u s u a l ly  d e n se ly  
p a c k e d  to  fo rm  a  b ro w n  e n c ru s t in g  fuzz .

B o w e r b a n k i a ,  l ik e  m a n y  c te n o s to m e s , p o s s e s se s , a t th e  b a se  
o f  its  e s o p h a g u s , a  g iz z a rd , e q u ip p e d  w i th  a  s e t  o f  c h it in o u s  
te e th ,  each  to o th  s e c r e te d  b y  a s in g le  cell. It ta k e s  a p p ro x i
m a te ly  1 h o u r  fo r  in g e s te d  p a r t ic le s  to  tr a v e rs e  th e  g u t f ro m  
m o u th  to  a n u s .

In  se x iia l r e p r o d u c t io n ,  th e  z o o id s  p ro d u c e  o n ly  o n e  eg g  a t 
a  tim e. E n la rg e m e n t  o f  a n  eg g  is a c c o m p a n ie d  by re g re s s io n  
o f  th e  p o ly p id e . T h e  egg  is r e ta in e d  a f te r  fe r til iz a tio n  a n d  is 
b ro o d e d  in  th e  v e s t ib u le  o f  th e  p a re n t . A  n o n - f e e d in g  c o ro 
n a te  la rv a  d e v e lo p s  th e re ,  e s c a p e s  b y  th e  a p e r tu r e ,  sw im s, 
s e t tle s , m e ta m o r p h o s e s ,  a n d  b u d s  to  fo r m  a co lo n y . D e v e lo p 
m e n t  o f  th e  p o ly p id e  a n d  m u s c le s  h a s  b e e n  fo llo w e d , fo r  b o th  
th e  z o o id  s t r u c tu r e  a n d  th e  o rd e r  o f  d e v e lo p m e n t o f  th e  m u s 
c le  s e ts  a re  im p o r ta n t  in  s e p a ra t in g  b ry o z o a n s  o f th e  o rd e r  
C te n o s to m a ta  in to  tw o  m a jo r  s u b g ro u p s .

B o w e r b a n k i a  g r a c i l i s  is a b u n d a n t  in  L os A n g e le s  a n d  M o n 
te r e y  h a rb o r s .  A t  M o n te re y , la rv a e  s e ttle  f r o m  J a n u a ry  o r  
F e b ru a ry  to  O c to b e r ,  w i th  th e  g re a te s t  s e t t le m e n t  f ro m  A p ril

to  S e p te m b e r .  C o lo n ie s  t h e n  g ro w  r a p id ly  a n d  o f te n  c o v e r  
s e t t le d  b a rn a c le s  a n d  a s c id ia n s  (e .g ., A s c i d i a  c e r a to d e s , 12 ,25).

See B obin (1977), E ibcn (1976), Franzén (1956), H aderlie  (1968a>, 
1969,1974), O sb u m  (1953), R y land  (1960,1970), J. Soule (1954),
J, Soule, D . Soule &. P in te r (1975), S tröm  (1977), W inston  (1977, 
1976), and Z im m er &. W o o iiaco tt (1977a,b).

P/jylttw Extoproctn  /  C la s s  G y m n o la e m a ta  /  O r d e r  C te n o s to m a ta
S u b o rd e r  S to lo n ife r a  f  F a m ily  T r i t ic e l l id a e

6.19 T r i t ic e l la  e lo n g a ta  ( O s b u rn ,  1912)

O n  c a ra p a c e  a n d  a p p e n d a g e s  a n d  in s id e  g ili c h a m b e r  o f  th e  
p e a  c ra b  S c le r o p la x  g r a n u l a t a  (2 5 ,4 1 ), in  tu n n e l s  m a d e  b y  b u r 
ro w in g  o rg a n ism s  in  m u d  fla ts  o f  p ro te c te d  b a y s ; E lk h o rn  
S lo u g h  (M o n te re y  B ay); A tla n t ic  c o a s t f r o m  M a s s a c h u s e t ts  to 
N o r th  C a ro lin a .

C o lo n y  c o n s is tin g  o f  c re e p in g  s to lo n s ;  in d iv id u a l z o o id s  
0 .9 -1 .0  m m  lo n g  a n d  0 .1 8 -0 .2 4  m m  w id e , a r is in g  e re c t , in  
p a ir s  o r  c lu s te rs , fro m  s to lo n ia l  in te rn o d e s ,  e ach  z o o id  w ith  
a n  e lo n g a te d  n a r r o w  s ta lk  (p e d ic e l) ,  th e  s ta lk  e x p a n d in g  into 
an  in f la te d  o v o id  a re a  c o n ta in in g  te n ta c le s  a n d  a l im e n ta ry  
sy s te m ; a p e r tu re  te rm in a l,

T h is  sp e c ie s  is  e x c e l le n t f o r  o b s e r v a t io n s  o f  b ry o z o a n  b e 
h a v io r . L iving o n  th e  b o d y  o f  a  tu n n e l-d w e ll in g  c ra b , th e  
z o o id s  a re  a c c u s to m e d  to  b e in g  k n o c k e d  a b o u t;  w h e n  d i s 
tu rb e d , th e y  c o n tra c t, o n ly  to  r e e m e rg e  a n d  c o m m e n c e  fe e d 
in g  a Im os t im  m e d ia te ly .

R e p ro d u c tio n  h a s  b e e n  o b s e r v e d  i n a  r e la te d  E u ro p e a n  spe
c ies , T . k o r e n i ,  w h ic h  liv es  o n  th e  b u r r o w in g  c ru s ta c e a n  C a lo 
c a r is . T h e  e g g s  a rc  r e le a s e d , b u t  h a v in g  s t ic k y  e x te rn a l 
m e m b ra n e s , th e y  a d h e re  fo r  a  d a y  to  th e  e x te r io r  o f th e  bryo
zo an . A  c ilia te d  g a s tru la  h a tc h e s  a n d  sw im s  aw ay , to  com plete  
its  d e v e lo p m e n t in  th e  p la n k to n .  R u d im e n ts  o f  a la rv a l g u t  
d e v e lo p , b u t fe e d in g  p r o b a b ly  d o e s  n o t o c c u r . L arval d e v e lo p 
m e n t  ta k e s  o n ly  a  w e e k , b u t  th e  la r v a e  m a y  sp e n d  m o n th s  ir, 
t h e  p e la g ic  re a lm  b e fo re  s e t t l in g .

See Fra n z é n  (1956, 1977), O sb u rn  (1953), J. Soule (1954), J. Soule, 
D. Soule í e  P in ter (1975), S trom  (1977), and Z im m er &. W oollacot) 
(1977).
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P h y lu m  Entoprocta  /  F a m ily  P e d ic e llin id a e
'€<1-ro 6 .20  B a re n ts ia  b e n e d e n i  (F o e t t ln g e r , 1887)

D-
o  O n  p il in g s , f lo a ts , w o rm  tu b e s ,  b a rn a c le  a n d  b iv a lv e  sh e lls ,

a n d  o th e r  h a r d  s u b s t r a t a  in  h a r b o r  a n d  e s tu a r in e  a re a s ,  lo w  
in te r t id a l a n d  a d ja c e n t  s u b t id a l  z o n e s ;  S a n  F ra n c isc o  Bay; 
E u ro p e .

C o lo n y  to  se v e ra l c e n t im e te r s  in  d ia m e te r ,  c o n s is t in g  o f  
p ro s tra te  s to lo n s  b e a r in g  u p r ig h t  in d iv id u a ls  o f te n  1 - 4  m m  
Jong , e a c h  w i th  a n  e n la r g e d  m u s c u la r  b a se , a s ta lk ,  a n d  a  d is 
ta l calyx; ca ly ces  b o w l- s h a p e d ,  0 .1 —0 .3  m m  d e e p ,  c a rry in g  a 
f r in g e  o f  te n ta c le s ;  s t a lk  in  y o u n g  z o o id s  o f te n  p la in  a n d  u n 
jo in te d , in  o ld e r  z o o id s  u s u a l ly  w i th  1 - 1 2  (a v e ra g e  4) jo in ts  
m a rk e d  b y  m u s c u la r  sw e llin g s .

T h is  is  o n e  o f  se v e ra l B a r e n t s i a  s p e c ie s  r e p o r te d  f ro m  C a li
fo rn ia . I t  is o f te n  c o n fu s e d  w ith  B, g ra c i l i s  (M . b a rs ) , a  c o sm o 
p o lita n  s p e c ie s  th a t  d if fe rs  f r o m  B. b e n e d e n i  in  la c k in g  jo in ts  
m a rk e d  b y  m u s c u la r  e n la r g e m e n ts  a lo n g  th e  s ta lk .

B a r e n ts ia  b e n e d e n i  c o lo n ie s  in  S a n  F ran c isco  B ay  (P alo  A lto )  
r e p ro d u c e  s e x u a lly  a n d  b r o o d  la rv a e  f ro m  F e b ru a r y  to  Ju ly  o r  
A u g u s t. A u tu m n  c o lo n ie s  la c k  la rg e r  z o o id s , a n d  m a n y  s ta lk s  
la c k  ca lyces. R e g e n e ra t io n  o f  c a ly c e s  in c r e a s e s  In  Ja n u a ry .
T h e  b ro o d e d  d e v e lo p in g  la r v a e  a re  a t ta c h e d  to  th e  u p p e r  s u r 
face  o f th e  p a r e n ta l  c a ly x , w h e re  th e y  fe e d  b y  d iv e r tin g  fo o d  
fro m  th e  a d ja c e n t p a r e n ta l  fo o d  g ro o v e s  w ith  th e i r  c ilia ry  
trac ts .

For ad u lt and  larval s tru c tu re  a n d  behav io r o f  B . b e n e d en i, see 
M ariscal (1965, as 8. g r a c i l is ) .  F o r o th e r C alifornia species of Barent
sia, see M ariscal (1975b) a n d  O sb u m  (1953). For extensive reviews 
and bib liographies o n  en top roc ts , see  H ym an  (1951), M ariscal 
(1975a), and N ie lsen  (1971). See also A tk in s (1932), Brien (1956-57 , 
1959, 1960a), B rien  Sc P ap y n  (1954), F ranzén  (1956), H aderlie  (1968b, 
1969), N ie lsen  (1977a,b ). P ren an t Sc B obin (1956), D . Soule & J.
Soule (1965), and  W o o iiaco tt Sc E akin  (1973).
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