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S y n o p s i s . Current investigations of the three principal families of ectoproct bryozoan 
burrowers has shown that while two of the families, the Terebriporidae and the 
Immergentiidae, belong to the minor Order Ctenostomata, the third family, Penetran­
tiidae, previously considered a ctenostome, actually belongs to the major Order 
Cheilostomata. T he implications of this are important; we have considered the 
burrowing bryozoans to be a small obscure group, specialized for the burrowing mode 
of existence. W e must now consider the possibility that there may be many more 
species of burrowing bryozoans as yet undiscovered, that they occur in at least two of 
the three bryozoan orders, and that burrowing constitutes an important ecological 
niche or mode of adaptation for the bryozoans. W hile such a change may seem to be 
merely a taxonomic maneuver, it may also serve to emphasize the diversity of the 
ectoproct bryozoan groups which do burrow, and perhaps encourage research on them.
At present we are making progress describing the living species, their anatomy and 
histology. W e still know almost nothing about how they penetrate the substrate, 
nothing about possible effects upon the host organism, and nothing about their means 
of geographical distribution, although they seem to occur worldwide, burrowing 
primarily in molluscan shells.

T h e  ectoproct bryozoans as im portan t 
burrow ing organisms have no t received the 
recognition in  study and  discussion that 
some of the larger, m ore readily  recognized 
groups have enjoyed. Since the ectoprocts 
have no t previously been  represented  in  a 
m ajqr symposium, it  seems necessary to 
consider first the place these burrow ers oc­
cupy in re la tion  to the Phylum  Ectoprocta 
(znBryozoa, sensu stricto, Polyzoa) itself.

Ectoprocts are p rim arily  m arine colonial 
organisms w hich in h ab it the seas from 
brackish waters an d  the in te rtid a l zone to 
abyssal depths, an d  from  the tropics to the 
Arctic and A ntarctic. T h e re  are soft gelat­
inous tra iling  colonies, arborescent chit- 
inous or calcareous colonies, fenestrate and 
foliaceous colonies, and  colonies th a t form 
un ilam inar or m u ltilam in ar calcareous 
crusts. Substrata occupied include wood, 
concrete, rock, steel, glass, rope, shell, cor­
al, crustaceans, echinoderm s, worm  tubes,

brachiopoda, ascidians—in o ther words 
v irtually  any firm surface of living or dead 
animals, or of inan im ate  objects, th a t h ap ­
pens to be in  relatively sheltered, relatively 
silt-free waters w ill serve. A nd there  are 
ectoprocts w hich burrow  in to  calcareous 
and noncalcareous substrata.

T h ere  are perhaps some 4,000 living 
species of ectoproct bryozoans, w ith  esti­
m ates given of u p  to 15,000 fossil species. 
W e have records on nearly 50 species of 
burrow ers, b u t of these only 16 have had 
the anatom y described. At the presen t time 
burrow ers form  only a very sm all percen­
tage of the to tal num ber of ectoproct spe­
cies.

C urren t work on burrow ing ectoproct 
bryozoans is d irected tow ard studies of tax­
onomy, anatom y, and  d istribu tion . T h e  
burrow ing  bryozoans constitute a  hetero­
geneous assemblage of species having  in  
com m on the burrow ing  habit. T hey  have,



792 J o h n  D. S o u l e  a n d  D o r o t h y  F. S o u l e

w ith two or three exceptions, previously 
been considered to be restricted to three 
families in one order, the C tenostom ata, in 
the Phylum  Ectoprocta. T h is  study has 
indicated that while two of the families 
belong to the less prom inen t O rder 
Ctenostom ata, the th ird  family actually be­
longs to the m ajor O rder Cheilostom ata, 
the most ab u n d an t of the living ectoproct 
bryozoans. Ffaving previously considered 
the burrow ing bryozoans as a small obscure 
group, specialized for the burrow ing  
m ode of life, we m ust now consider the 
possibility tha t there are m any m ore b u r­
rowing bryozoan species as yet undiscov­
ered, that they occur in  at least two of the 
three m ajor orders, and tha t burrow ing 
constitutes a m ajor ecological niche or 
mode of adap tation  for bryozoans just as 
some of them  in h ab it harbors as p a rt of 
the fouling com m unity or encrust the cor­
als as p a rt of the reef community.

T here  are three principal genera, the 
Terebripora, Immergentia,  and Penetran­
tia, w ith a fourth , the genus Spathipora, 
still of uncertain  validity. T h e  genus Tere- 
bripora was erected by d’O rbigny in  1847

on the basis of tracings found in molluscan 
shells collected in the waters off the coast 
of Chile and Peru. T he  genus Spathipora  
was erected by Fischer in  1866 from  trac­
ings on m olluscan shell also from South 
Am erican waters, off Chile. However, the 
anatom ical structure  of the zoids of these 
two genera rem ained unknow n un til M ar­
cus (1938), w orking on m aterial from  B ra­
zilian waters, described and  figured the 
zoids of Terebripora ramosa d ’Orbigny. In  
addition , using m ateria l th a t was reconsti­
tuted, M arcus ou tlined  the superficial 
structure of w hat he considered to be Spa­
thipora sertum  Fischer. A pertures of his 
illustra ted  S. ditrupae  resemble penetran- 
tid  openings, while his S. sertum  apertures 
resemble terebriporids.

A lim ited  survey of available lite ra tu re  
docum ented records of 11 Recent species 
of Terebripora  and  16 species from  the 
fossil record, a total of 27 species described 
between 1847 and  1968 (Tables 1 and  2). 
Of the 27 species of Terebripora, anatom ­
ical details are know n only on 4 of them. 
T h e  genus Spathipora  contains some 5 spe­
cies (T able 3). T h e  anatom y is no t know n

t a b l e  1. Geographic locations and hosts o f Recent T erebripora. 
Fam ily  T erebriporidae d’Orbigny, 1847 

Genus Terebripora  d ’O rbigny, 1847

Species C itation Location H ost

T. ramosa d’Orbigny, 1847:23 Peru Calyptraea
Fischer, 1866:299 Chile, P e ru Calyptraea, Crepidula

*Mareus, 1938:281- B razil molluscs
T. irregularis d’O rbigny, 1847:23 F a lk lan d  Isis. molluscs

i F ischer, Í8 6 6 :299 Falk land  Isis. Pecten
T. antillarum Fischer, 1866:300 A ntilles Seas Strom bus, Fasciolaria
T. pusilla Fischer, 1866:300 China Seas Pectin idae, Peignes
T. reticulum Fischer, 1866:301 In d ian  Ocean S e p tife r
T. orbignyana Fischer, 1866:301 M editerranean Ostrea, Conus, T riton

M arcus, 1938 -.284 B razil F issurellidae
T. fischeri Ju ilien , 1880:142 Cape Verde Isis. Buccin  (operculum )

M arcus, 1938:286— B razil mollusc
T. ditrupae N orm an, 1907 :208- Shetland Isis. t D itrupa  (serpulid)

(S. d itrupae ) M arcus, 1938 :291- B razil Cardiidae, Pectinidae
T. comma *Soule, 1950:380- C alifornia Polinices, E p iton ium '

*Bobin & P ren an t, 1954:130- M editerranean Nassa
G autier, 1956:336— M editerranean Nassa, M urex, Fusus, etc.
Soule, 1963:21 W est Mexico' mollusc

T. eltaninae *Soule & Soule, 1968 :178- Palm er Penin ., t Cephalodiscus sps.
A n ta rctica (hem ichordate)

T. varians *Soule & Soule, 1969 H aw aiian  Isis. Conus

* A natom y figured t Non-mollusc an host
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t a b l e  2. Geographic locations and hosts o f fo ssil T erebripora. 
Fam ily  Terebriporidae d’Orbigny, 1847 

Genus Terebripora  d’Orbigny, 1847

Fossil Species C itation Location H ost

T . orbignyana  
T. falunica

T. eocenica 
T . arachiaci 
T. contorta  
T. producta  
T. arachne 
T . propinqua  
T. antiqua

(V . m ichelini) 
T. m ichelini 
T. quenstedti 
T. ? portlocki 
T. parvicella  
T. sine filum  
T. elongata 
T. pacifica

Fischer, 1866:301 
F ischer, 1866:301-

Fischer, 1866:302 
Fischer, 1866:302 
F ischer, 1866:302 
F ischer, 1866:303 
Fischer, 1866:303 
F ischer, 1866 :304 
d ’Orbigny, 1850 :394 
Haim e, 1854:217 
F ischer, 1866:304— 
Terquem, 1855:344 
F ischer, 1866:305 
Fischer, 1866 :306 
Fischer, 1866:307 
Canu & B assler, 1923 :15 
Canu & B assler, 1923 :15 
Canu & B assler, 1923 :15 
Canu & B assler, 1923 :15

Pliocene : Ita ly , F rance 
T ertia ry  ¡France

Eocene : E ngland  
Eocene ¡France 
Eocene ¡France 
Ju rassic  ¡France 
Ju rassic  : F rance 
Ju rassic  : F rance 

—  ¡France 
Ju rassic  : F rance 
Ju rassic  ¡France 
Luxem bourg, F r. 
Ju rassic  ¡Lux., F r. 
Ju rassic  ¡France 
S ilu rian  ¡Ire land  
Miocene : V irg in ia  
Miocene : Jam aica  
Miocene ¡Jam aica  
Pleistocene : Calif.

cones, shell m arl 
Conus, Cypraea, Voluta, 

Calyptraea, Terebra, etc. 
Fusus
Ostrea, t Serpula  tube 
1Rostellaria  
Ostrea
Lim a, Ostrea 
Belem nites, Arca, etc.

Helcion
Lim a
L im a, A m m onites  
Plagiostom a, A m m onites  

t trilob ites

t Non-molluscan host

w ith any certainty, and the tracings are 
quite varied as reported.

In  1946, v irtually  100 years after d ’Or- 
bigny’s description of Terebripora, Silén 
erected two new genera, Penetrantia  and 
Immergentia,  based upon anatom ical s tu d ­
ies of the zoids of newly discovered species. 
At the present time, 7 species of Penetrantia 
and 6 species of Immergentia  have been de­
scribed, w ith the anatom y know n on all 
(Tables 4 and 5) .

A ltogether at least 48 species of b u r­
row ing ectoproct bryozoans have been de­

scribed and  assigned to the three genera. 
O f these, 31 cannot be identified w ith  cer­
tainty as they are know n only by tracings 
on the m olluscan shells m ade by the zoid 
openings and  the stolonal meshwork. T h e  
folly of trying to identify the species solely 
on the basis of surface tracings has been 
pointed ou t by Silén (1946, 1947) and 
Soule (1950). T here  are probably  m any 
other citations in  the fossil lite ra tu re  th a t 
refer to bryozoan tracings b u t are of unrec­
ognized affinities.

Several o ther genera of burrow ing

t a b l e  3. Geographic locations and hosts o f B ecen t and F ossil S path ipora . 
Fam ily  T erebriporidae d’O rbigny, 1847 

Genus Spathipora  F ischer, 1866

Becent Species C itation Location H ost

S. elegans Fischer, 1866 ¡309 Chile Calyptraea
S. -sertum Fischer, 1866:309— France, Lutraria , Cardium,

M arcus, 1938:288-
M editerranean
Brazil

P ectunculus
Triton
shells

Fossil Species
S. sertum Fischer, 1866:309— T ertia ry  : F rance V oluta, Conus, Terebra,

S. incerta Fischer, 1866:310 Jurassic  ¡F rance
Calyptraea, etc. 

Lim a
S. longicauda Canu & Bassler, 1923 :16 Miocene ¡V irg in ia shell
S. longirima Canu & Bassler, 1923 :16 Pliocene : So. Carolina shell
S. cucullata Canu & Bassler, 1923 :16 Miocene ¡V irg in ia shell
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t a b l e  4. Geographic locations and hosts o f  P en e tran tia . 
F am ily  P en e tran tiid ae  Silén, 1946 

Genus P enetran tia  Silén, 1946

Species C ita tion Location H ost

P . densa * Silén, 1 9 4 6 :2 -; S. W . A frica B urnupena  sp.
1 947 :4 - P an am a ? Lathyrus

*Soule, 1950:360- So. C alifornia Tegula, Olivella, A cm ea, H alio tis, 
A canth ina , F issurella

Soule, 1963 :22— W. Mexico molluscs
P. parva *Silén, 1 9 4 6 :4 -; 

1 947 :4 -
New Zealand N orth ia

* Soule & Soule, 1969 H aw aiian  Isis. Conus
P. brevis *Silén, 1946:4 ; M editerranean  ; Gibbula, P isania,

1947 :4 - M adeira Cantharus ; Gibbula
P. concharum * Silén, 1 9 4 6 :5 -; Sweden ; Buccinum , L itto r in a ;

1947:4r- N orw ay N eptunea, Turritella , Anom ia, 
A starte , Cardia, M ytilu s, P ec­
ten sp., t B alanus  (barnacle)

*Soulc, 1950:360- So. C alifo rn ia; 
W. Mexico

Tegula, H a lio tis;  
M ytilus

P . sileni * Soule, 1950:361- W. Mexico D entalium
P . irregularis *Silén, 19 5 6 :9 3 - New Zealand M ytilus
P . operculata *Soule & Soule, 1969 H aw aiian  Isis. Conus

A natom y figured t Non-molluscan host

bryozoans w ith uncerta in  affinities have 
been described in  the lite ra tu re  (T able  6). 
Watersiana paessleri Calvet, 1912 was re ­
ported  once, from  an ascidian collected off 
T ie rra  del Fuego. T h e  anatom y of its zoids 
was detailed  very poorly; we know  only 
tha t it had  9 tentacles, a gizzard, and that 
its p o in t of stolonal a ttachm ent was near 
the basal extrem ity. U nfortunately , no il­
lustrations of this species were ever p u b ­
lished. I t  seems possible tha t it is a species 
of Terebripora.

Harmeriella terebrans Borg, 1940, was

described from the M arshall Islands and 
has never been found  elsewhere. B oth are 
distinctly different from  o ther burrow ing  
bryozoans. Harmeriella  bears a rasp-like 
organ in  the aperture . I t  inhabits the cavi­
ties of an incrusting  bryozoan, T ub ipore l­
la, boring  through  ad jacent zooecial walls. 
Hypophorella expansa  Ehlers, 1876, has 
been collected a nu m b er of times from 
cool tem perate E uropean  waters. H y ­
pophorella, w hich has chitinous plates in 
the apertural lips, burrow s in  the walls of 
polychaete worm tubes composed of sand

t a b l e  5. Geographic locations and hosts o f  Im m ergentia . 
F am ily  Im m ergentiidae  Silén, 1946 

Genus Im m ergen tia  Silén, 1946

Species C ita tion Location H ost

I . californica * Silén, 1 9 4 6 :6 -; 1947:40- No. C alifornia Tegula
*Soule, 1950 :364 So. C alifornia Tegula, L itto r in a , 

A canth ina , H alio tis
Soule, 1963:22 W . Mexico gastropods, pelecypods

I .  zelandica * Silén, 1 9 4 6 :6 - ; 1947:40- New Zealand F u th ria
I. zelandica, var. m inuta *Soule, 1950:367 Philippine Isis. Gena

*Soule & Soule, 1969 H aw aiian  Isis. Conus, Cypraea
I .  suecica * Silén, 1 9 47 :46- W. Sweden P ecten
I .  philippinensis * Soule, 1950:366- Philippine Isis. Gena
I. angulata *Soule & Soule, 1969 H aw aiian  Isis. Pisaniai

* Anatomy figured
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t a b l e  6 . Geographic locations arid hosts o f miscellaneous burrowing bryozoans o f uncertain
affinities.
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Species C ita tion Location H ost

H ypophorella expansa "Ehlers, 18 7 6 :1 - N orth  sea i Terebella  tube
*Prouho, 1892:594- France t Chaetopterus tube

H arm er, 1897 :o l - B rita in ” ”
Nichols, 1906:87 Ire lan d ” ”

*Marcus, 19 4 0 :321- Denm ark ” ”
Dons, 1940:14 N orway ” ”

^P ren an t & Bobin, 1956 :271l~ F rance
(D elagia chaetopteri), * J  oyeux-Laffuie, F rance , ,

H . expansa 1888a : 623—, 18880:135-
H arm eriella  terebrans *Borg, 1940:427- M arshall Isis., i T ubiporella  (Bryozoa)

W. Pacific
W atersiana paessleri Calvet, 1 9 1 2 a :1 - 

19120:395
T ie rra  del 

Fuego
tPolyzoa (A scidian)

B ulbella  abscondita *Braem, 1 9 51 :34- N orth  Sea t Coniferous tw igs in 
b rack ish  w ater

Fossil species
Ttopalonaria venosa Ulrich, 18 7 9 :16- S ilu rian  : 

Ohio
tS trep te la sm a

A natom y figured t Non-m olluscan host

and organic m atter. T h e  H ypophorella  
apertures open into the in terio r of the 
worm tubes where they can take advantage 
of the w ater circulated by the w orm  for 
feeding.

A n odd species, Bulbella abscondita  
Braem, 1951, burrows in  coniferous twigs 
in  brackish waters of the N orth  Sea.

DISTRIBUTION

Despite a ra ther scanty lite ra tu re  (ap­
proxim ately  20 papers since 1847), the ge­
ographical d istribu tion  of the three m ain 
genera of burrow ing bryozoans is surpris­
ingly wide. T h is is due largely to the work 
of Silén (1946, 1947, 1956), whose species of 
Penetrantia  and  Immergentia  came from 
the Scandinavian area (Sweden, Norway), 
no rthern  California, New Zealand, the 
M editerranean, and South Africa, and  to 
Soule (1950a,b, 1963, 1968, 1969) who de­
scribed species of Terebripora, Im m ergen ­
tia, and  Penetrantia  from  southern  Califor­
nia, Baja California, and  the G ulf of Cali­
fornia, M exico, the P h ilipp ine Islands, A n­
tarctica, and  the H aw aiian Islands. T h e  
d istribu tion  m ap (below), however, reflects 
the d istribu tion  of workers and  collections 
as m uch as, or more than, it represents the 
d istribu tion  of species at this po in t.

W hile obviously ou r in form ation  will be 
modified by add itional records, we have 
noted species of Terebripora  in waters 
ranging from  arctic /subarctic  tem peratures 
(T. eltaninae), to cool tem perate and  

warm  tem perate  waters (T. ramosa, T .  
comma) and  in  subtropical waters (T. 
varians). T h e  m ajority  of the records are 
from  cool and  w arm  tem perate waters. 
Species of the genus Penetrantia  have been 
reported  from  tem perate waters, (P. con- 
charam, P. irregularis, P. densa, P. brevis, 
P. parva, P. sileni), an d  tro p ica l/sub trop i­
cal waters (P. densa, P. parva, P. opercula­
ta). Species of Im m ergentia  are known 
from  cool tem perate waters (I. californica, 
I. suecia), w arm  tem perate (I. zelandica, 
I. californica), and  trop ical/sub trop ical 
(/. zelandica m inuta , I. philippinensis, I. 
angulata). B athym etric da ta  are equally 
sparse, w ith  Penetrantia  and  Immergentia  
recorded from  shallow tidepools to over 
400 m; Terebripora  has been recorded 
from 20 m  to over 400 m.

O ur knowledge of the m echanism  of la r­
val transpo rt of the burrow ing  bryozoans is 
non-existent. N oth ing  is know n of the lar­
val type or its span of pelagic life or of the 
natu re  of the ancestru la of the colony. 
Some of the burrow ing  ectoprocts inhab it
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molluscs (Conus and  Cyprea) know n for 
long distance larval transport (Thorson, 
1961; H ertle in  and Emerson, 1953). Pos­
sibly the ancestrula of the burrow er could 
adhere to the shell of the m olluscan larva, 
and thus be carried some distance from  its 
original point of origin before starting  
colonies in the growing shell.

BURROWING MECHANISMS

Since Silén’s work (1947) no  one, ap p ar­
ently, has investigated the burrow ing 
m echanism  of bryozoans. Silén found that 
quan tita tive  analysis of dry shell invaded 
by Penetrantia densa showed a h igher con­
ten t of phosphate ions com pared to th a t of 
an un invaded shell. No o ther differences 
were found. H e reported  sim ilar results 
from  com parative m icroanalysis of invaded 
and non-invaded parts of the same m ol­
lusc. From  this, Silén concluded th a t phos­
phoric acid was utilized by the bryozoan. 
H e also found a relatively h igh  concentra­
tion of phosphate ions associated w ith the 
growing tips of the stolons. Efforts to iden­

tify specific secretory cells in the stolonal 
tips were no t successful. No boring  organs 
are present in the penetran tids, tere- 
briporids, or im m ergentids. T h e  small size 
of the zoids (under 1 mm) and  of the 
stolonal tips, only 10—15 ¡i in diam eter, 
plus their complete im m ersion in the m ol­
luscan shell, tends to discourage histo- 
chemical studies of enzymatic activity.

ANATOMY

M arcus (1938) was the first to describe 
and figure the anatom y of the burrow ing 
bryozoans, and his work on Terebripora  
ramosa d ’Orbigny served as the basis for 
all subsequent studies on Terebripora, I m ­
mergentia, and Penetrantia. Species of the 
genus Terebripora  show a single m ain  
stolonal a ttachm ent on the side of the 
body about midway betw een the distal 
(apertural) and proxim al (caudal) ex tre­

mities. T h e  zoids are cylindrical, range 
from 300 ¡x to slightly over 600 ¡x in length, 
and are non-calcareous w ith a th in  chi- 
tinous cuticle. T h e  apertu ra l opening  on
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the free surface is rounded  to irregularly 
square. Short, thin, filamentous bristles of 
the setigerous collar may extend from the 
vestibular m em brane which closes the 
opening. C ontained w ith in  the zoid is the 
polypide consisting of the tentacles, ali­
m entary canal, m usculature, nerve mesh- 
work, and  reproductive organs (Fig. 1).

T h e  aperture  leads into a vestibular 
region th a t is provided w ith two sets of 
muscles th a t serve as dilators, opening the 
vestibule for the passage of the tentacular 
bund le  through the orifice. In  the four 
species of Terebripora  for which the ana­
tomy is known, the num ber of tentacles is 
relatively constant for the species (8, T. 
comma-, 10, T. eltaninae; 11, T. varians-, 
and  12, T. ramosa). T h e  m usculature of 
the ap ertu ra l region is typical of tha t seen 
in ctenostom e bryozoans, (m . parieto vag­
inales and  m. parieto diaphragmati). T he  
tentacle-bundle is invested in  a th in  tenta- 
cle-sheath. T h e  “U ”-shaped digestive tract 
opens at the base of the tentacles and  is 
composed of foregut, stomach, and intest­
ine. T h e  foregut consists of the m outh, 
pharynx, and  esophagus; the stom ach is 
made up  of a cardia, gizzard, caecum, and 
pylorus. In  the Terebripora  the gizzard is 
often a large conspicuous structure. T h e  
in testine term inates in an anal opening 
adjacent to the crown of tentacles. H isto lo­
gically, the digestive tract is sim ilar in all 
respects to tha t of o ther bryozoans.

T h e  polypide is extended as the dilator 
muscles of the vestibule contract allowing 
the tentacles to pro trude  from the zoid. 
T h e  force extruding the tentacles is an 
increase in hydrostatic pressure of the 
fluid-filled coelomic cavity caused by the 
contraction  of the laterally placed parie ta l 
muscles which decrease the volume of the 
body cavity. R etraction  of the polypide is 
accom plished by the retractor muscles that 
are a ttached  to the polypide in  the region 
of the esophagus and  are anchored to the 
body wall at the proxim al tip  of the zoid.

In  Terebripora, zoids are also seen 
which contain  embryos developing w ith in  
the body cavity, i.e., intracoelom ic de­
velopm ent (Fig. 2). In  these the polypides

are in varying stages of degeneration, a 
fairly com m on phenom enon am ong the 
ctenostome bryozoans. In  bo th  feeding 
zoids and reproductive zoids variable num ­
bers of irregular structures term ed “brown 
bodies” are often found; these are com­
posed of polypides w hich have previously 
degenerated and  been replaced by new 
ones generated at the apertu ra l area of the 
coelomic lining.

Silén (1946) erected the genus Im m er­
gentia for a group  of small, burrow ing, 
ctenostom atous bryozoans, characterized by 
having noncalcareous zoids whose paired 
stolonal attachm ents are on e ither side of 
the aperture-like arms. P ro tru d in g  from 
the aperture  is a delicate setigerous collar. 
O f the six know n species, the range in 
length is from  180 ¡x (I. angulata) to about 
350 fx (I. californica). T h e  zoids are cylin­
drical, some tapering  to a po in ted  prox­
im al extrem ity. Anatom ically, the immer- 
gentids show a polypide structure  sim ilar 
to that of Terebripora  and  o ther stolonate 
ctenostomes except th a t the digestive tract 
is devoid of a gizzard (Fig. 3). Occasional 
individuals w ith  ova and  embryos in vari­
ous stages of developm ent in  the coelomic 
cavity are seen. In  these zoids the polypide 
is often degenerated and  brow n bodies are 
present (Fig. 4).

Silén (1946) erected the genus Pene­
trantia for a group  of burrow ing  bryozoans 
w ith very distinctive characteristics which 
set this group ap art from  both  T erebripora 
and Immergentia.  T h e  feeding zoids (au- 
tozoids) of the species of Penetrantia  are 
relatively large, rang ing  from  360 ¡x (P. 
sileni) to m ore than  600 ¡x in  length  (P. 
densa, P. brevis, P. irregularis).

Anatom ically, the species of the genus 
Penetrantia bear a single stolonal attach­
m ent on the side of the zoid, near the 
apertural extrem ity. T h e  autozoids are 
elongated, cylindrical, and  noncalcareous, 
and their caudal extrem ity is either b lun t 
or tapering. Sections show the body to be 
double-w alled in  contrast to th a t of Tere­
bripora and  Immergentia.  T h e  aperture is 
provided w ith a chitinous operculum  that 
is closed by occlusor muscles. T h e
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FIG. 1. Terebripora, feeding zoid, showing muscu­
lature, polypide anatomy, and stolonal attachment. 
FIG. 2. Terebripora, in reproduction, with embryo 
and brown bodies.
FIG. 3. Im m ergentia , showing zoid anatomy and 
stolonal placement.
FIG. 4. Im m ergentia , zoid in reproduction, show­
ing the position of the embryo.
FIG. 5. Penetrantia, the autozoid, with polypide

“U ”-shaped digestive tract is provided w ith 
a small gizzard. Brown bodies are often 
found in  the coelomic cavity (Fig. 5). 
Tentacle-counts vary w ith species, from  10 
to 14.

R eproductive activity in Penetrantia  in ­
volves the form ation of distinctive, two- 
cham bered gonozoids; each has a large 
bulbous embryo cham ber and  a reduced 
polypide cham ber, separated by a septum  
(Fig. 6). T h e  septum  apparen tly  is 

resorbed when the embryo is fully de­
veloped, allowing the embryo to pass out 
th rough  the aperture. Am ong the various 
species, the m orphology of the gonozoid 
varies sufficiently th a t it furnishes an im ­
p o rtan t diagnostic characteristic. T h e  go­
nozoids w ith embryos show polypides in 
varying stages of degeneration.

L ittle  is know n about the structure of 
Spathipora  o ther th an  the o rien ta tion  of 
its single stolonal connection at or near the 
caudal end of the zoid (Marcus, 1938). I t  
is really  a presum ption to say th a t the 
anatom ical relations place them  near or 
w ith Terebripora  and Immergentia.

Tracings of the burrow ing  bryozoans 
found  on the surface of m olluscan shells 
are produced by the stolonal m eshwork 
and  the apertures of the cavities occupied 
by the zoids. Generally, the apertures of 
the im m ergentids form  elongated fusiform  
m arkings due to the a ttachm ent of the 
stolons on either side of the aperture  while 
those of the terebriporids are usually an 
irregular (“teard rop”) shape. T h e  zoid 
openings of the penetran tids often are cir­
cular or subcircular. Silén (1947) noted 
the presence of a superficial “calcareous 
too th” projecting from  the rim  of the shell 
openings of P. concharum  and P. brevis. 
E xam ination  of the deeper aspects of the

anatomy and point of stolonal attachment.
FIG. 6. Penetrantia, a gonozoid, showing the swol­
len embryo chamber and reduced polypide.
Legend, all figures: A, aperture; B, brown body; C, 
setigerous bristles of collar; E, embryo; G, 
gizzard; MV, vestibular dilator muscle; MD, dia- 
phragm-dilator muscle; P, parietal muscle; R, re­
tractor muscle; S, stolon; T, tentacles; V, vestibule.

zoid openings reveals a central denticle 
and  a p a ir  of lateral p o in ted  projections 
which are analogous to the “ly ru la” and  
the “la tera l cardelles” seen in  the aper­
tu ra l openings of cheilostome genera such 
as Parasmittina. This, no doubt, is an 
adap ta tion  to the presence of the opercu­
lum  in the penetrantids.

In  w orn fossil m aterial the zooecial cav­
ities themselves may be exposed. Im m er- 
gentid  zoids grow in  a curve beneath  the 
shell surface and so tend to leave ovoid 
holes. T erebriporids leave elongate subo- 
void holes due to the “shou lder” to which 
the stolon is attached. P en e tran tid  zooecia 
leave ro u n d  holes, b u t the gonozoids, hav­
ing two cham bers separated by a septum , 
show double  holes.

TAXONOMY

I t w ould appear from  the foregoing dis­
cussion tha t, in  terms of polypide anatom y 
and  reproduction, the genera Terebripora  
and  Immergentia  are best classified in the 
O rder C tenostom ata (T able  7). These 
genera are placed in  families of the Subor­
der Stolonifera, one of the two m ajor cate­
gories of ctenostome bryozoans, as p a rt of a 
superfam ily level specialized for b u r­
rowing, the T ereb rip o rin a  (Soule, 1953). 
T hey have the typical ctenostom e aper­
ture, the setigerous collar, the th in , single­
layered, body wall, and  coelomic brooding 
for reproduction. I t  has also been shown 
th a t d u rin g  post-larval developm ent the 
zoids of the Terebripora  and  the Im m er­
gentia exh ib it the same developm ental se­
quence of groups of muscles as o ther m em ­
bers of the Stolonifera (Soule, 1954). T h a t 
is, the apertu ra l muscles form  first, fol­
lowed by the retractors, and  finally the
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t a b l e  8 . R elationships o f burrowing genera o f Ectoprocta.

Phylum Ectoprocta

Class Gymnolaemata AClass Phylactolaemata

Order Ctenostomata Order CyclostomataOrder Cheilostomata

SuborderSuborder

Superfamlly// Superfamlly \ Superfamily 
Valkerina h Veslcularina] Terebrlporlna

I iFamily 'f Family 
Valkeriidae Vesiculariidae

:ina| Tei 

1 /

Family 
Hypophorellidae

fossii I 1 
I

Recenti

Family 
Immergentiidae

Ropalonaria

Family
Terebriporidae

I*
It
It
i f
•f

r i t —

i  (
Immergentia

Non-
Burrowing
Families

Family Burrowing
Penetrantiidae Families

n  IBurrow in
It 11 Calcareous
I Spathipora? H Substrata
H

Terebripora >i Penetrantia mmmm i b b i k m m i

< \  \V  ? yTerebripora ^ ÿ Penetrantia?

!!

Harmeriella
I«
u ‘

Hypophorella
I*
I» 
yrBulbella?

Spathipora?

Terebripora
MWatersiana?

Bore through
Calcareous
Walls

Burrow in 
Non­
calcareous 
Substrata

parietals. (For com parison, in  the o ther 
suborder of the C tenostom ata, the C arno­
sa, the sequence is: parietals, first; re trac­
tors, second; and  aperturals, third).

M ost of the species of the O rder Cheilos­
tom ata have calcified body walls bu t some 
are chitinous. C haracteristically, the zoids 
have an operculum  and  a double body 
wall. A high degree of polym orphism  oc­
curs in cheilostomes; in  add ition  to the 
feeding autozoids, there are gonozoids for 
rep roduction  and  o ther specialized zoids 
(kenozpids) such as avicularia. Some

cheilostomes have stolons, tubes of body 
wall divided in to  internodes by septa, 
(seen as rootlets or rhizoids in  Scrupocel­

laria, Bugula, Flustra, or as la teral con­
nections in  Beania  or Stolonella). Stolons 
are regarded as highly m odified zoids.

Penetrantia  has a double body wall, an 
operculum , gonozoids, and broods outside 
the coelom contain ing the polypide (ex- 
tra-coelomic brooding). T h e  apertu ra l 
denticles are sim ilar to those found  in chei­
lostomes. Soule (1954) showed th a t the 
sequence of form ation  of muscle groups in
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in

t a b l e  7. P artia l classification o f ectoproct bryo­
zoans showing■ position o f burrowing superfam ilies.

Phylum  E ctoprocta  
Class Gym nolaem ata 
Order Cheilostom ata Busk, 1852 

Suborder A nasca Levinsen, 1909 
Superfam ilies (D ivision)
I
I I

I I I
IY
Y
V I
Y II

Inovicella ta  Ju llien , 1888 
P en e tran tin a , Soule & Soule, new super­
fam ily

Fam ily  P en e tran tiid ae  Silén, 1946 
S crupariina  Silén 1942 
M alacostega Levinsen, 1909 
Coilostega Levinsen, 1909 
Pseudostega Levinsen, 1909 
C ellularina Sm itt, 1868 

V I I I  Cribim orpha H arm er, 1926
Order C tenostom ata Busk, 1852 

Suborder S tolonifera  Ehlers, 1876 
Superfam ilies
I  Y esicularina W aters, 1910
I I  Valk erina Silén, 1942
I I I  T erebriporina  Soule, 1953

Fam ily  T e re b rip o rid a e  d’Orbigny, 1847 
Im m ergen tiidae  Silén, 1946

Penetrantia  was distinctly different from  
that of any of the ctenostom e bryozoans in 
that the retractors appeared first, the aper­
tural group second, and the parietals last.

Since the Penetrantia  possess a num ber 
of im portan t characteristics of the O rder 
Cheilostom ata, and, in the light of present 
evidence, show only tenuous affinities w ith 
the O rder C tenostom ata, it is proposed to 
move the genus from  the T ereb ripo rina  
grouping of the sto loniferan  ctenostomes 
into the Cheilostom ata, Anasca. Because of 
their distinctive structure  and burrow ing 
mode of existence, w hich differs from  all 
o ther cheilostomes, the superfam ily Pene­
tran tin a  is proposed for these burrow ers 
w ith the following characteristics: Zoaria 
(colonies) burrow ing; zoids, cylindrical, 

separate, jo ined by b ranching  stolons aris­
ing near the distal extrem ity; aperture  
closed by a m ovable operculum . Gonozoids 
w ith expanded, bulbous embryo cham ber 
separated from  polypide coelom.

W hile such a change may seem to be 
merely a taxonom ic m aneuver, it serves to 
emphasize the diversity of the ectoproct 
groups which do burrow . From  the forego­
ing discussions we may infer tha t the b u r­
rowing species are polyphyletic in  deriva­

tion (Table 8). Burrowing, then, is consid­
ered to constitute one type of adap ta tion  to 
an  ecological niche com parable to other 
bryozoan adaptations such as encrusting 
forms found on many substrata, arborescent 
forms found in  qu iet waters, and fenestrate 
forms found in  deep waters. A t present we 
are in the 19th century as far as knowledge 
of the num ber of burrow ing species th a t 
exist. W e also know almost no th ing  about 
the mechanisms of penetration ; consequent­
ly we have lim ited  the use of the term  “b o r­
ing” to the rare species, Harmeriella, which 
has a rasping organ for m echanical pene­
tration, e ither by enlarging existing holes 
or m aking new ones. T h e  three species 
know n to in h ab it noncalcareous substrata 
may simply push through the interstices of 
the hosts, b u t the great m ajority  of burrow ­
ing bryozoans probably penetrate  by chem i­
cal means, as yet unknow n.

REFERENCES

Bobin, G., and M. Prenant. 1954. Sur un  
Bryozoaire perforant, Terebripora comma  (Soule) 
trouvé en M éditerranée. Arch Zool. Exp. Gén. 
91:130-144.

Borg, F. 1940. On the genus Tubiporella  and on a 
new boring bryozoan. Zool. B idrag Uppsala 
18.415-437.

Braem, F. 1951. Über Victorella. Zoologica 
(Stuttgart) 37 (102) : 1-59.

Calvet, L. 1912a. Sur un  Bryozoaire cténostome 
(Watersia paessleri n.g., n. sp.) parasitan t le 

comtus d ’une Synascidie (Polyzoa gordiana 
Michaelsen) . C. R. Acad. Sei. Paris 154:243-245. 

Calvet, L. 1912&. À propos de Watersia paessleri 
Bryozoaire parasite. C. R. Acad. Sei. Paris 
154:395.

Canu, F., and  R. S. Bassler. 1923. N orth  American 
later T ertiary  and Q uaternary Bryozoa. Bull. U. 
S. Nat. Mus. 125:302.

Dons, C. 1940. Norges Strandfauna X X II Bryozoer 
1. Det. Kongelige Norske Vidensk. Sei. T ro n d ­
heim. Forh. 12 (4) : 11-14.

Ehlers, E. 1876. Hypophorella expansa. Abh.
Konigl. Ges. Wiss. G öttingen 21:1-157.

Ehlers, E. 1888. Delagia chaetopteri (J. Laff.) 
synonyme de H ypophorella expansa (Ehl.) Arch. 
Zool. Exp. Gén. 6:XLV-XLVI.

Fischer, P. 1866. É tude sur les Bryozoaires p e r­
forants de la famille des T érébriporides. Nouv. 
Arch. Mus. Hist. N atur. Paris 2:293-313.

Gautier, Y. 1956. Bryozoaires des gastéropodes de 
l’herb ier de posidonies. Vie M ilieu 6:335-341. 

Haime, J. 1854. Description des Bryozoaires fossiles



802 J o h n  D. S o u l e  a n d  D o r o t h y  F. S o u l e

de la formation Jurassique. Mém. Soc. Géol. 
France, Ser. 2, 5:157-217.

Harmer, S. F. 1897. Note on new or rare British 
marine Polyzoa. J. Mar. Biol. Assoc. U. K. (n.s.) 
5:51-53.

Hertlein, L. G., and W. K. Emerson. 1953. Mollusks 
from Clipper ton Island (Eastern Pacific). 
Trans. San Diego Soc. Natur. Hist. 10:345-364.

Joyeux-Laffuie, J. 1888a. Description du Delagia 
chaetopteri (J. J-L) type d’un nouveau genre de 
Bryozoaires. Arch. Zool. Exp. Gén., Ser. 2, 
6:135-154.

Joyeux-Laffuie, J. 18885. Au sujet du genre 
Delagia. Arch. Zool. Exp. Gén., Ser. 2, 6:XLV.

Jullien, J. 1880. Description d’une nouvelle espèce 
de Bryozoaire perforant du genre Terebripora  
d’Orbigny. Buil. Soc. Zool. France 5:142-144.

Marcus, E. 1938. Bryozoarios perfuradores de con­
chas. Arq. Inst. Biol. Sao Paulo 9:273-296.

Marcus, E. 1940. Mosdyr (Bryozoa eller Polyzoa) . 
Danmarks Fauna. Dansk Naturh. 46:1-401 
K0benhavn.

Nichols, A. R. 1906. A new Irish polyzoan (H y ­
pophorella expansa, Ehlers) . Irish Natur. Dublin 
15:87.

Norman, A. M. 1907. On some British Polyzoa. 
Ann. Mag. Natur. Hist., Ser. 7, 20:207-212.

d’Orbigny, A. D. 1847. Zoophytes. Voyage dans 
l ’Amérique méridionale. 5 (4) Zoophytes: 7-28.

d’Orbigny, A. D. 1850. Prodrome de Paléontologie 
stratigraphie universelle. 1:1-394.

Prenant, M., and G. Bobin. 1956. Faune de France 
60. Bryozoaires. Fédération Française des Sociétés 
des Sciences Naturelles. Office Central Faunisti­
que. Paris. 398 p.

Prouho, H. 1892. Contribution à l ’histoire des 
Bryozoaires. Arch. Zool. Exp. Gén., Ser. 2, 
10:557-656.

Silén, L. 1946. On two new groups of Bryozoa in 
shells of molluscs. Ark. Zool. 38B (1) :l-7.

Silén, L. 1947. On the anatomy and biology of 
Penetrantiidae and Immergentiidae (Bryozoa) .

Ark. Zool. 40A (4) :l-48.
Silén, L. 1956. On shell-burrowing Bryozoa and 

Phoronis from New Zealand. Trans. Roy. Soc. N. 
Z. 84:93-96.

Soule, J. D. 1950a. Penetrantiidae and Immergen­
tiidae from the Pacific (Bryozoa: Ctenostomata). 
Trans. Amer. Microsc. Soc. 69:359-367.

Soule, J. D. 19505. A new species of Terebripora  
from the Pacific (Bryozoa Ctenostomata) . J. 
Wash. Acad. Sei. 40:378-381.

Soule, J. D. 1953. ln  R. C. Osburn, [ed.], Bryozoa 
of the Pacific Coast of America, Cyclostomata, 
Ctenostomata, Entoprocta and addenda. Allan 
Hancock Pac. Exped. 14:726-758.

Soule, J. D. 1954. Post-larval development in rela­
tion to the classification of the Bryozoa Cteno­
stomata. Bull. S. Calif. Acad. Sei. 53:13-34.

Soule, J. D. 1963. Results of the P uritan-American 
Museum of Natural History Expedition to 
Western Mexico. 18. Cyclostomata, Ctenostomata 
(Ectoprocta) and Entoprocta of the Gulf of Cali­
fornia. Amer. Mus. Novitates 2144:1-34.

Soule, J. D., and D. F. Soule. 1968. A new species of 
Terebripora  (Ectoprocta, Ctenostomata) from 
Antarctic Cephalodiscus. Bull. S. Calif. Acad. Sei. 
67:178-181.

Soule, J. D., and D. F. Soule. 1969. Three new 
species of burrowing bryozoans (Ectoprocta) 
from the Hawaiian Islands. Proc. Calif. Acad. Sei. 
(In press).

Terquem, O. 1855. Paléontologie de l ’étage in ­
férieur de la formation Liasique de la province 
de Luxembourg, Grand-duché (Hollande) et de 
Hettange, du département de la Moselle. Mém. 
Soc. Géol. France, Ser. 2, 6:219-343.

Thorson, G. 1961. Length of pelagic larval life in  
marine bottom invertebrates as related to larval 
transport by ocean currents. Oceanography, 
Amer. Assoc. Advan. Sei. p. 455-474.

Ulrich, E. O. 1879. Descriptions of new genera of 
fossils from the Lower Silurian about Cincinnati. 
J. Cincinnati Soc. Natur. Hist. 2:8:30.


