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FOREWORD

The present identification key is a presentation of all our knowledge
about the Bryozoan fauna of the northern seas (Polar Basin). This funda-
mental work is a product of about fifty years of research carried out by
the scientist, German Avgustovich Kluge, and is based on sizable col-
lections from several Soviet Arctic expeditions beginning from the first
investigations of the expedition for Scientific Fishery Research at the
coasts of Murmansk (ENPIM) which was organized at the end of the
last century and the beginning of the present one, and the Russian Polar
Expedition on the schooner Zarya in 1900-1902, and the subsequent
high latitude expeditions of recent years on expedition ships Sadko,
Sibiryakov, Sedov, Litke, and others, as well as the Drifting Polar
Stations (SP 1-4), which had collected sizable and extremely rich
material from all regions of our northern seas. German Avgustovich
Kluge personally worked for many years in the White Sea and Barents
Sea, headed the Murmansk Biological Station in Kol’sky Bay (Bay of
Kola) for twenty-five years, and was on the staff of the Murmansk
Biological Station to the last day of his life (now the Murmansk Marine
Biological Institute of the Academy of Sciences of the USSR) in Dal’nie
Zelentsy. He was appropriately considered as the foremost authority
on Bryozoa and did a fundamental analysis of their complicated synonymy.
About 340 species and subspecies of Bryozoa have been described in the
present identification key, and the majority of them have been illustrated
by original figures; for the first time a new suborder (Isoporina Kluge)
has been identified here, together with 4 new families, 4 new genera, and
19 new species and varieties. In total, about 100 new species of Bryozoa
were described by G. A. Kluge.

Unfortunately, G. A. Kluge did not have the opportunity to see
his work of many years published. He died on the 25th of December,
1956, in the 86th year of his life while completing the last pages of his
manuscript. Hence, the manuscript was prepared for publication after
his death, which explains the delay in its publication. The greater part
of the work in preparing the manuscript for publication was done by his
student, M. G. Gostilovskaya (Murmansk Marine Biological Institute of
the USSR Academy of Sciences) who collected the matter for about 200
rare sketches, wrote the legends for them, corrected the reference citations,
and composed the list of references. All the figures were made by
specialist-artists under the guidance of T. F. Belotsvetovaya (N. L.
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Orshanskaya, G. E. Pozgeevaya, Yu. A. Podlesnovy) from the objects
preserved in the Zoological Institute of the USSR Academy of Sciences
(Leningrad). The general editorial work of the manuscript was done by
Prof. A. A. Strelkov.

The publication of the present identification key would appear to
be the basis for encouraging further study of this important group of
marine invertebrates, and should serve as a reference not only for those
who are specifically studying Bryozoa, but also for all marine hydro-
biologists and zoologists.

Editorial Board
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LIST OF THE SPECIES OF BRYOZOA OF
THE NORTHERN SEAS OF THE USSR1

Class BRYOZOA Ehrenberg, 1831 3

Sub-Class GYMNOLAEMATA Allman, 1856 3

I. Order CYCLOSTOMATA Busk, 1852 81

I. Suborder TUBULIPORINA Milne-Edwards, 1838 87

I. Family Tubuliporidae Johnston, 1838 89

1. Genus Stomatopora Bronn, 1825 90

S. granulata (Milne-Edwards, 1 8 3 8 ) .o 90
2. Genus Proboscina Audouin, 1826 91

P. gracilis (KIUGE, 1915) et s 92
P.fecunda KIUQE SP. Nt 92
P. major (JOhNSTON, 1 8 4 7 ) it 93
P. incrassata (SMitt, 18 6 6 ) ...cocceoirirririireees e 94
3.  Genus Oncousoecia Canu, 1918 95

0. diastoporides (NOrman, 1869).....ccccccciiiiriiiiieiisierieiese e 96
0. canadensis (OSBUM, 1933)...cccciiiiiiiiiriirrre e 97
0. polygonalis (KIUge, 1915) . e 98
4. Genus Tubulipora Lamarck, 1816 99

T. flabellaris (Fabricius, 17 8 0 ) ..ccccccieiiiiiiiiieeseese e 102
T. maris-albi Gostilovskaya, 1955 104
T. eminens KIUge, 1955 .. 104
T. dilatans (Johnston, 1847) .105
T.fructuosa Gostilovskaya, 1955 106
T. sSMitth KIUGE SP. Moo 107
T. uniformis Gostilovskaya, 1955 108
T. aperta Harmer, 1898 ..o 108
T. minuta (KIUGE, 1915) it 109

1The present index includes those species which were found in the Barents, White,
Red, Laptev, East Siberian, and Chukotsk seas. In addition to the species listed in the
identification key, some others from neighboring but more distant seas, because of the
close affinity of dwelling conditions, have been included. Such species have been marked
with an asterisk just before their names.



. liliacea (Pallas, 1766)
. borgi Kluge, 1946
. soluta Kluge, 1946

. nordgaardi Kluge, 1946
.fruticosa Kluge, 1946 .

44444444 X

Il.  Family ldmoneidae Busk, 1859

1. Genus ldmonea Lamouroux, 1821

|. ailantica FOrDES, 1847 ..ottt e e

I. atlantica var. gracillima Busk, 1875
I. f enestrata Busk, 1859

I, tumida (SMItt, 18 7 2) oo
1. bidenkapi KIuge, 1955 ...

2. Genus ldmoneoides Kluge, 1955

1. arctoflabellaris (KIuge, 1946 ) .o

I. simplex Kluge, 1955

I1l. Family Entalophoridae Reuss, 1869

Genus Entalophora Lamouroux, 1821

E. clavata (BUSK, 1859 ) i
E. harmeri (Osbum, 193 3 ) .

IV. Family Diastoporidae Busk, 1859

1. Genus Diplosolen Ganu, 1918

U0 O

2. Genus Berenicea Lamouroux, 1821
B. arctica Kluge, 1946

B. oblonga KIuge, 1946 ......ccccoeiiieicieieie e e
B. meandrina (S. W00d, 1844 ) .o

V. Family Corymboporidae Smitt, 1867

1. Genus Domopora d’Orbigny, 1850

D. stellata (Goldfuss, 1827 ) ..cccccciiiirieiiiieieeseieie e

2. Genus Defrancia Bronn, 1825

D. lucemaria M. Sars, 185 1 ..o
D. lucemaria var. proliféra Kluge, 1946 ........ccooevvieieineiniisenenen,

. murmanica Kluge, 1915 e
. VENEHCOSA BUSK, 1855 oot et s s e s e e e sene e

. penicillata (Fabricius, 1780 ) ..cccccoiiniiiieirersee e

obelia (Johnston, 18 3 8 ) .o
. obelia var. arctica (Waters, 1 9 0 4 ) oo
cntricarius (SMItt, 187 2) vt



V1. Family Fascigeridae d’Orbigny, 1853

Genus Fasciculifioroides Kluge, 1955

F. americana (d’Orbigny, 1853 ) .

Il1. Suborder ARTICULATA Busk, 1859
Family Crisiidae Johnston, 1838
1. Genus Filicrisia d’Orbigny, 1853

F. geniculata (Milne-Edwards, 1 8 3 8 ) .ccccciviivviinieieireiescse e
F.smitti (KIUGE, 1946 ) it

2. Genus Crisidia Milne-Edwards, 1838
C. cornuta (L., 1758)

4. Genus Crisiella Borg, 1924

C. diversa (KIUge, 1955) i
C. producta (SMItt, 1865)....cciiireeieirirrerrisrie e
C. complecta (KIUge, 1955 ) it

5. Genus Crisia Lamouroux, 1812

. aculeata var. bathyalis Kluge, 1946

. eburneo-denticulata Smitt, 1875

. denticulata var. borgi Kluge var. N......cccoecnviinienecnnnn,
. denticulata var. arctica M. Sars, 1863

1. Suborder PACHYSTEGA Borg, 1926
Family Horneridae Smitt, 1867

O0O00O0O0O0

1. Genus Stegohornera Borg, 1944

S. violacea (M. Sars, 186 3 ) .o
S. arctica (KIuge, 194 6) .

2. Genus Homera Lamouroux, 1821

H. lichenoides (L., 1758 ) cciiiiiciriieeriee s

1V. Suborder CALYPTROSTEGA Borg, 1926
Family Lichenoporidae Smitt, 1867
Genus Lichenopora Defrance, 1823

- r

. multicentra Kluge, 1955
L. sibirica Kluge, 1955

COUMEA (L., 1758 ) ittt

L constans KIuge, 1946 ..o e
. denticulata (Lamarck, 18 16 ) ..o

. verrucaria (Fabricius, 17 8 0) v

Xl
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156
161
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165
168

169
170
172

174

176
178
179
180
181
183
185

186
187
188
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191

193
193
195
196
196

197
199
201
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cradiata (Audouin, 1828 ) . e
. hispida (FIemMiNg, 1828 ) .o
. crassiuscula (SMItt, 1867 ) cviiiieiiirieesieieie e

V. Suborder HETEROPORINA Borg, 1933
Family Heteroporidae Waters, 1880

I.  Genus Heteropora de Blainville, 1830

. pelliculata Waters, 1879

2. Genus Borgella Kluge, 1955

. tumulosa KIuge, 1955 ...

V1. Suborder ISOPORINA Kluge subordo n.
Family Fungellidae Kluge, 1955
Genus Fungella Hagenow, 1851

cdalli KIUuge, 1955 e

Il. Order CTENOSTOMATA Busk, 1852
I. Suborder CARNOSA Gray, 1841
I. Family Alcyonidiidae Johnston, 1837

Genus Alcyonidium Lamouroux, 1813

. gelatinosum (L., 1767)

. gelatinosum var. diaphanum (Farre, 1 8 3 7 ) coevvevvieiiieveievieesens

. gelatinosum var. anderssoni Abrikossov, 1932 ........cccccciiinineinniennns

. gelatinosum var. pachydermatum Kluge var. N ......ccocoeivieniiennieneienenns
. radicellatum KIuge, 1946 ..o
cvermiculare OKada, 1925 oottt

. excavatum Hincks, 1880

. hirsutum (Fleming, 1828).....cccciiiiiiicece e

mytili Dalyell, 1847

. ArreguIare KIUQE, SP. M
. mamillatum Alder, 1857

. mamillatum var. erectum Andersson, 1902

. proboscideum KIUGE SP. Ni.iveiiiiiieesees e
. albidum Alder, 1857

. diSCITOrME SMITE, 1872 oeeiioeeeeeeee ettt reae e s

Il. Family Flustrellidae Hincks, 1880
Genus Flustrella Gray, 1848

. hispida (Fabricius, 1780 ) ...
. comiculata (SMItL, 28 7 2) i e
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. gigantea Silen, 1947

Il. Suborder PALUDICELLEA Allman 1856
I. Family Arachnidiidae Hincks, 1880
I. Genus Arachnidium Hincks, 1859

clavatum Hincks, 1877

. hippothoides HINCKS, 1862 ........ccccceveiiiiiiiiiieseseee e
simplex HINCKS, 1880 ......cccccoveiiiiii e

2. Genus ArachnoideaJ. Moore, 1903

. barentsia KIUQGE SP. Mo

Il. Family Nolerlidae Harmer, 1915
Genus Nolella Gosse, 1855

dilatata (HINCKS, 18 6 0 ) iiviieiceicieisie e

I1l.  Suborder STOLONIFERA Ehlers, 1876
I. Family Vesigulariidae Johnston, 1838

Genus Bowerbankia Farre, 1837

. pustulosa (Ellis and Solander, 1786).....ccccoorreiriirnrieiinrerienennas
. imbricata (Adams, 18 00) ..o
. arctica Busk, 1880
.caudata (HINCKS, 18 7 7 ) i
. composita Kluge, 1955

Il. Family Valkeriidae Hincks, 1877
Genus Valkeria Fleming, 1823
uva (L., 1767)
I11.  Family TRrricELLIDAE G. O. Sars, 1874
Genus Triticella Dalyell, 1847

. pedicellata (Alder, 1857 ) .o

1V. Family Buskiidae Hincks, 1880
Genus Buskia Alder, 1857

. nitens Alder, 1857

I1l.  Order CHEILOSTOMATA Busk, 1852
I. Suborder ANASCA Levinsen, 1909
I. Section Malacostega Levinsen, 1902
I. Family Scrupariidae Busk, 1852
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1. Genus Eucratea Lamouroux, 1812

. loricata (L., 1758)
. loricata var. arctica (Kluge, 1915)

Il. Family Membraniporidae Busk, 1854
1. Genus Membranipora de Blainville, 1830
. membranacea (L., 1767)

2. Genus Electra Lamouroux, 1816

CPHOSA (L. 176 8 ) ettt e
pilosa var. dentata (Ellis and Solander, 1 786 ) ...c.cccceceereennne
. crustulenta forma typica Borg, 1931
. crustulenta var. baltica Borg, 1931

. crustulenta var. arctica Borg, 1931

. crustulenta var. catenularia-similis Kluge nom. n.........ccccococeennne.
. catenularia (Jameson, 18 1 1) ..o

3. Genus Tegtlla Levinsen, 1909

. unicornis (FIeming, 1828).....ccccviiiiiiiiiiiieseeseeine e
. armifera (HINCKS, 188 0) ..o
. armiferoides Kluge, 1955 ...

. kildinensis Kluge, 1955

. spitzbergensis (Bidenkap, 1897 ) ..o
. arctica (d’Orbigny, 1850-52)...ccccciiiiiiiiiiiieiesesee e
. arctica var. retroversa Kluge, 1952.......ccccccoviviiveinieneinciesese e
. nigrans (HINCKS, 1 8 8 2 ) iivviciiieiceeie et
. anguloavicularis Kluge, 1952 ......cccccoviiiiiineiesesie s

. inermis Kluge, 1959

. amissavicularis (KIuge, 1952) ..o
. norvegica (Nordgaard, 1918)...cccccoeiiieiiiiiniieeisee e

4. Genus Callopora Gray, 1848

smitti Kluge, 1946

. whiteavesi Norman, 1903 ..o
Cata (KIuge, 19 0 7 ) o

. obesa Kluge, 1952

loricata var. comuta (Osbum, 1932) ...
. loricata var. macrostoma (Ortmann, 18 90 ) ...cccccvvvvvicivicericcennne,

lineata (L., L1767 ) oottt
craticula (Alder, 1857) ...
. craticula var. sedovi KIUge Var. N
caurita (HINCKS, 1877 ) i

derjugini (KIuge, 19 15 ) e

309

309
312
313
313

314
317
317
318

319
320
321
322
322
324
325

325

327
328
330
331
332
334
335
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338
339
339
341

341

343
344
345
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348
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5. Genus Cauloramphus Norman, 1903

C. spiniferum (JOhNStoN, 18 32 ) oo
C. intermedius KIUQE SP. No..voviveiieieesee s
C. cymbagjormis (HINCKS, 187 7 ) ccvviiviieviiieievceseneees e

6. Genus Ramphonotus Norman, 1894

R. minax (BUSK, 1 8 6 0 ) ccoovoueeiriieeiee et

R. gorbunovi Kluge, 1946
7. Genus Amphibiesirum Gray, 1848
A.flemingii (Busk, 1854)

A. septentrionalis (KIuge, 1906 ) ..o
A. trifolium (S. W00d, 1 8 4 4 ) oo
A trifolium var. quadrata (Hincks, 1 8 8 0 ) ....ccccocevvviiriievciieieienns

8. Genus Larnacicus Norman, 1903

L. corniger (BUSK, 1859 ) .

9. Genus Megapora Hincks, 1877

Al 1ingens (BUSK, 1856 ) ..ccciiiiiiieirieiiiisiceiessiesese s

10. Genus Doryporella Norman, 1903
D. spathulifera (Smitt, 1868)

11. Genus Reussina Kluge gen. n.

R. impressa (ReUSS, 1 8 4 6 ) oocccvvceereiiieie e sneeen

I1l. Family Frustridae Smitt,1868
1. Genus Fluslra L., 1767

F. carbasea (Ellis and Solander, 1786)....cccccooviiiiniiiennicenene
F.  nordenskjoldi Kluge, 1929 ...

F. membranaceo-truncata Smitt, 1868
F. serrulata Busk, 1880

F. barleei BUSK, 1860 ......coocoeieeeeee oot ee e e e e aee e
F. securifrons (Pallas, 17 66 ) ..ccccveiniereiinienieseeeiisese e

F.foliacea (L., 1758)
2. Genus Sarsifluslra Jullien, 1903

S. abyssicola (G. O. Sars, 1872) .
IV. Family Onychocellidae Jullien, 1882

Genus Smittipora Jullien, 1882
S. solida (Nordgaard, 1907)

XV
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Il. Section Coe losteg a Hamer, 1926

Family Microporidae Gray, 1848

Genus Microporina Levinsen, 1909

M. articulata (Fabricius, 182 1) ... s

I1l. Section Cellularina Smitt, 1868

I. Family Bicellariidae Busk, 1852

1. Genus Dendrobeania Levinsen, 1909

D. murrayana (JONNSON, 184 7 ) oot
D. pseudomurrayana Kluge, 1955

D. pseudomurrayana var. tenuis Kluge, 1955 .......cccoviriennnnienencnenenn,
D. pseudomurrayana vzx. fessa Kluge, 1955 ......ccoveivinniiniesenneneens
D.fruticosa (Packard, 1863)

D.fruticosa var. quadridentata (Loven, 18 34 ) ..ccccveiviviiieieieniieniennns
D.fruticosa var. frigida (Waters, 1900)

D. levinseni (KIUge, 192 9 ) oo
D. pseudolevinseni Kluge, 1952

D. flustroides (Levinsen, 18 8 7 ) ..ccccveiviiieniiiieieseesie s seanens
D. murmanica (Kluge, 1915)

2. Genus Bugula Oken, 1815

B. harmsworthi Waters, 1900

B. tricuspis Kluge, 1915

B.fastigiata Dalyell, 1847
B. tschukotkensis Kluge, 1952

B.

elongata Nordgaard, 1906

3. Genus Kinetoskias Danielssen, 1868

K. arborescens DanielSSEN, 1868 ...o.oocoiiicieieeeeee e et e ereeeeeeeeee e e ranee e

K

w

o8]

. smitti Danielssen, 1868

4. Genus Bicellariella Levinsen, 1909

Ciliata (L., 2758 ) oo see et

5. Genus Bicellarina Levinsen, 1909

calderi (BUSK, 1 85 9 ) ot

6. Genus Corynoporella Hincks, 1888

C. tenuis Hincks, 1888

w

7. Genus Semibugula Kluge, 1929

birulai Kluge, 1929

386
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Il. Family Sadkoidae Kluge fam. n.
Genus Uschakovia Kluge, 1946
U. gorbunovi Kluge, 1946

IlIl. Family Scrupocellarhdae Levinsen, 1909

1. Genus Bugulofisis Verrill, 1879

B.peachi (Busk, 1 8 5 1) .

B. peachi var. beringia Kluge, 1952
2. Genus Notoplites Harmer. 1923
N.jeffreysii (Norman, 1868)

N. sibirica (KIuge, 1 9 2 9 ) i
IV smitii (Norman, 18 6 8 ) cooviieivciccce e
N. normani (Nordgaard, 1900 ) ..o

3. Genus Tricellaria Fleming, 1828

T. temata (Ellis and Solander, 1786 ) ...ccccecvvvivveiviiiiniinnsereinenns
T. gracilis (Van Beneden, 1 8 4 8 ) .o
T. gracilis var. inermis KIUQe Var. N......ccccovivinieneinense e

4.  Genus Scrupocellaria Van Beneden, 1845

S. intermedia Norman, 1893 ...
S. scabra (Van Beneden, 1848 ) ....cciiiiiiiinenneniienise e
S. scabra var. paenulata Norman, 1903 ......cccccoeiveirscinie e

S. scabra var. paenulata forma orientalis Kluge, 1955
S. minor Kluge, 1915

S. arctica (BUSK," 1 8 55 ) it

5. Genus Caberea Lamouroux, 1816
C. ellisi (Fleming, 1818)
IV. Section Cribrimorpha Harmer, 1926
Family Cribitinidae Hincks,1880
1. Genus Membraniporella Smitt, 1873

M. nitida (JOhNStoN, 1838 ) ..o

2. Genus Gephyrotes Norman, 1903

G. nitido-punctata (SMitt, 1868 ) ..cccccccvviiirieiiiieesere e

3. Genus Cribrilina Gray,1848

C. annulata (Fabricius, 1 7 8 0 ) oo seese e e
C. spitzbergensis Norman, 1903 .......ccocccieieneiniensins e
C.punctata (Hassall, 18 4 1) ..o
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Ph. labiata (Boeck in Mss by Smitt, 1868)
Ph. parifica O’Donoghue, 1923

nunmmmmvwom

. ventricosa (Hassall, 1842)
. ventricosa var. peristomata Kluge var. n
. dijmphnae (Kluge, 1929)

. microstoma (Norman, 1864)
. octodentata Hincks, 1880
. latodonta Kluge sp. n
. macrodonta Levinsen, 1 916

. emucronata (Smitt, 1872)

. nordlandica (Nordgaard, 1905)

. reticulata (MacGillivray, 184 2)
. majuscula (Smitt, 186 8)
. minuscula (Smitt, 186 8)
. peristomata (Nordgaard, 1 905)
. glaciata (Waters, 1900)
. rigida Lorenz, 1886

. cryptooecium Norman, 1903
. watersi Andersson, 1902
. spiculifera Kluge, 1955

1. Suborder ASCOPHORA Levinsen, 1909

I. Family Escharellidae Levinsen, 1909
1. Genus Escharella Gray, 1848
immersa (Fleming, 1828)

indivisa Levinsen, 1916

. laqueata (Norman, 1864)

abyssicola (Norman, 186 9)

2. Genus Escharelloides Kluge gen. n.

. spirmlifera (Hincks, 1889)
. cancellatum (Smitt, 1868)
. stenostoma (Smitt, 187 2)

simplex (Kluge, 1955)

3. Genus Hemicyclopora Norman, 1894

4. Genus Lepralioides Kluge gen. n.

5. Genus Phylactella Hincks, 1880

Il. Family Smittinidae Levinsen, 1909

1. Genus Smittina Norman, 1903
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S. mucronata (SMItt, 18 6 8 ) cvvvveereiiiciiereeeee e
S. concinna (BUSK, 1854 ) i
S. continua var. belli (Dawson, 1859 ) ...
S. pseudoacutirostris Gostilovskaya, 1957
S. muliebris KIUGe SP. N s
S. smitti (Kirchenpauer, 1874 ) .
S. tuberosa Kluge, 1952 ..o
S. beringia KIuge, 1952 ..
S. trispinosa (JOhNSton, 1 8 3 8 ) v
S. jeffreys iNorman, 1903

2. Genus Pseudoflustra Bidenkap, 1897
P. solida (Stimpson, 185 4 ) .
P. hincksi KIUGe, 1 9 1 5 .
P. anderssoni Kluge, 1946
P. sinuosa (ANdersson, 1 9 0 2 ) oo
P. bimlai Kluge, 1929

3. Genus Porella Gray, 1848

P. compressa (Sowerby, 1 8 0 6 ) ccccccevveiiiiienisee e
P. struma (NOorman, 186 8 ) ..o
P. aperta (BOECK, 186 2 ) ..ciieriiiiciieirireee s
P. acutirostris Smitt, 1868
P. tumida Kluge, 1955
P. minuta (Norman, 186 9 ) .ot
P. groenlandica Norman, 1894
P. princeps Norman, 1903
P. smitti Kluge, 1907
P. proboscidea HIiNCks, 1888 .......ccccoviiiieieisee s
P. plana Hincks, 1888
P. laevis (FIeming, 1 8 2 8 ) ocioeeiireeeerrs e
P. saccata (BUSK, 185 6 ) .cccoeeiiireieririeieereesseee e
P. saccata var. beringia Kluge, 1929

P.fragilis Levinsen, 1 91 4

P.
P.
P.

U. patens (Smitt, 1868)
U. arctica (M. Sars, 1851)
U. inarmata Kluge sp. n

4. Genus Palmicellaria Alder, 1864

skenei (Ellis and Solander, 1786).....cc.ccccccoirrrciinnneenrsicieneneas
skenei var. tridens (Busk, 1 856 ) .cccccooveiiinnniniirrcieereceeeas
skenei var. bicomis (BUSK, 1859 ) ..o

5. Genus Umbonula Hincks, 1880



XX

Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
L SMItEE KIUGE NOML N

ITIIIIIT

mwumvuvwnm

- r

. sinuosa (Busk, 186 0)
. producta (Packard, 1863)
cruenta (BUSK, 1854 ) i
. collaris (KIUGe, 1946) ..o

I11.  Family ScHizoPORELLIDAE Jullien, 1903
1. Genus Schizoporella Hincks, 1877

biaperta (Michelin, 184 1-42) e
Crustacea (SMItt, 18 6 8 ) .uiiiviiirieieiisiescie e

CoStata KIUQE SP. NMiuuvieieeiieiiee e

bispinosa Nordgaard, 1906 ........ccccccveiiiiinierisesee s
elmwoodiae Waters, 1900

elmwoodiae var. mamillata Kluge var. N........ccooveiveiiciinicieneee,

alderi (BUSK, L1856 ) i seee et sneens
auriculata var. lineata (Nordgaard, 1896 )...cccccccevvivniiinnierecnniene.
porifera (SMItt, 1 8 6 8 ) .ccvovcivciveiiiisie e
magniporata Nordgaard, 1906

pachystega KIuge, 1929 ... s
incerta KIuge, 1929 ...
limbata Lorenz, 1886

stylifera (LeVinsen, 1 8 8 7 ) .ot
stylifera var. perforata Kluge, 1952 .......cccocoiivvinienisinncie e
hexagona Nordgaard, 1905 ......cccccooeieiiiiinncieseeee s

2. Genus Hippodiplosia Canu, 1916

reticulato-punctata (HINCKS, 1877 ) ..o
propinqua (SMitt, 186 8 ) .ccccivcieeiieiesere e
murdochi Kluge sp. n
obesa (Waters, 1900) ..o
tchukotkensis Kluge, 1952

borealis (Waters, 19 0 0 ) oo
harmsworthi (Waters, 1900 ) ...ccccveveieiiieieeseieesee s
ussowi (Kluge, 1908)

IV. Family Stomachetosellidae Canu and Bassier, 1917

Genus Stomachetosella Canu and Bassier, 1917

V. Family Myriozoidae Smitt, 1868
Genus Leieschara M. Sars, 1863

. coarctata M. Sars, 1863
. orientalis (KIUge, 192 9 ) e

L. subgracilis (d’Orbigny, 1852)....ccccccciieiiiiiiiciieieseeserees e
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Rh. scabra (Fabricius, 1780)

V1. Family Hippothoidae Levinsen, 1909
1. Genus Hippothoa Lamouroux, 1821

. hyalina (L., 1767)
. divaricata var. arctica Kluge, 1906
. expansa Dawson, 1859

2.  Genus Harmeria Norman, 1903

scutulata (Busk, 1855) . .o

VIl. Family Microporellidae Hincks, 1880
Genus Microporella Hincks, 1877

Ctiliata (Pallas, 1766) ..
. dilata var. arctica Norman, 1903
. impressa (AUdouin, 1 8 2 6 ) coccevviice e

malusii (Audouin, 1826)
VIIl. Family Tessaradomidae Jullien, 1903

1. Genus Tessaradoma Norman, 1869

.gracile (M. Sars, 185 1) i s

2. Genus Cylindroporella Hincks, 1877

. tubulosa (NOrman, 186 8)...cccccecieicieiiieceiese e

IX. Family Reteporidae Smitt, 1868

Genus Retepora Imperato, 1599

cCellulosa (L., 17 5 8 ) et
. elongata Smitt, 1868
. beaniana King, 1846 ...
. beaniana var. watersi Nordgaard, 1907

X. Family Hippoponellidae Kluge fam. n.
1. Genus Hippoponella Canu and Bassier, 1920

. hippopus (SMItt, 1 8 6 8 ) coveeveicecerr e
.fastigatoavicularis (KIuge, 1955 ) ..

2. Genus Lepraliella Levinsen, 1916

. contigua (Smitt, 1868)

X1. Family Rhamphostomellidae Kluge fam. n.

1. Genus Rhamphostomella Lorenz, 1886

Rh. costata Lorenz, 1886
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Rh. costata var. cristata Hincks, 1889

Rh. ovata (SMitt, 186 8 ) .ccceoiiiiirieeeecee e
Rh. hincksi Nordgaard, 1906

Rh. spinigera Lorenz, 1886

Rh. radiatula (HINCKS, 187 7) ..o
Rh. plicata (Smitt, 1868)

Rh. bilaminata (HINCKS, 1 8 7 7 ) .ot
Rh. bilaminata var. sibirica Kluge, 1929

2. Genus Escharopsis Verrill, 1880
E. sarsi (SMitt, 1 8 6 8 ) oo
E. rosacea (BUSK, 1856 ) .ccviiiiiiiiiieesiee e se s

XI1l. Family Celleporidae Busk, 1854
Genus Cellepora Linnaeus, 1767

. nordenskjoldi KIuge, 1929 .......cccoiiiiiiiiiir e

. surcularis (Packard, 1 8 6 3 ) .ccvicviiicieiie e

. ventricosa Lorenz, 1886

- SMILT KIUGE NOML N e
. NOAUIOSA LOTENZ, 1886 ....coooiviieiiieieiiieistie ettt st

L PUMICOSA L., 1767 oottt

. canaliculata Busk, 1886

. avicularis Hincks, 1880

OO0O00000O0

XI11l. Family Hippopodinidae Levinsen, 1909
Genus Cheilopora Levinsen, 1909

Ch. sincera (Smitt, 1868)
Ch. inermis (BUSK, 1880 ) ..ccccccuivriirieiiiirieisie it sesistesste e sesesse e e s

XI1V. Family Peristomellidae Kluge fam. n.
Genus Escharoides Milne-Edwards, 1836
E. bidenkapi (KIUGE, 1946 ) oo
E.jacksoni (Waters, 1 90 0 ) .o

E.jacksoni var. rostrata (KIuge, 1946 ) ..o
E. monstruosa (KIUge, 194 6) .o



av. an.
av. ch.
av.f

av. b.

(av. 1)
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av. v.
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b. br.
b. t.
cav.

col.
con.
cr.
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end.
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g_
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LIST OF ABBREVIATIONS

aperture
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ancestrula
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ascophore
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INTRODUCTION

Class BRYOZOA Ehrenberg, 1831

Polyzoa Thompson, 1830 : 92; Bryozoa Ehrenberg, 1831 : (39); sub-class Gymnolaemata
Allman, 1856 : 10; sen Stelmatopoda van der Hoeven, 1850 : 94.

For a long time Bryozoa were included in zoophytes along with
hydroids, corals, and others. Thompson (1830) in Ireland, and Ehrenberg
(1831) in Germany, independently discovered that these animals differed
from hydrophytes by the presence of a peculiar alimentary canal which
occupies a large part of the body cavity. Thompson called them Polyzoa,
and Ehrenberg, Bryozoa. This group is customarily called Bryozoa in the
European continent and America, but is referred to as Polyzoa in England.
In 1870, Nitsche found that this group includes a few forms which,
although similar to other Bryozoa in external appearance, differ by an
anal orifice or vent situated within the tentacular corolla, as well as by
other characteristics. Hence, Nitsche called them Bryozoa entoprocta
to distinguish them from the other forms, Bryozoa ectoprocta.

In 1888, Hatschek, on the basis of embryological data, isolated
Entoprocta from the group Bryozoa and included them in the group Scolecida;
the remaining Ectoprocta thus became the only representatives of the group
Bryozoa which, together with Brachiopoda and Phoronis, were combined
into the class Tentaculata by Hatschek. Now these groups have been
raised to the status of classes, forming part of the Tentaculata type. In
1856, Allman divided all the Bryozoans into two sub-classes : Phylactolaemata
and Gymnolaemata. In Phylactolaemata a peculiar mobile appendage
(epistome) exists above the oral orifice, which is capable of closing the
mouth like a lid; along with this their corolla of tentacles has a bend in
the middle in the form of a horseshoe and is situated on a peculiar lobe
called a lophopore ; therefore, they are also known as Lophopoda (Dumorticr,
1835). The representatives of this group dwell in fresh waters. In
Gymnolaemata, i.e., gymnostomats, the epistome is absent and the crown of
tentacles is in the form of a round corolla; therefore, they are also known
as Stelmatopoda (van der Hoeven, 1850). Except for a few Paludicellea
(Victorella, Paludicella), these are sea dwellers. The Bryozoa described
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in the present volume belong to the group Gymnolaemata and in the
succeeding descriptions we shall be concerned only with characteristics
of Bryozoa belonging to the subclass Gymnolaemata.

Brief description of the morphology of Bryozoa

External appearance. These are colonial animals which adhere to
the substrate as sessile forms. Their larvae, after swimming in water
for a short time, settle down to the bottom where they adhere to the
substrate and undergo a metamorphosis, and subsequently are converted
into a primary individual or ancestrula. The latter form individuals by a
repetitive process of secondary budding, which gives rise to a colony that
does not separate from the maternal individual, or the zoarium. Zoaria
are quite varied in form; sometimes they are excrescences growing on the
substrate, sometimes independently growing branches, bushes, or tree-like
branched formations, and sometimes just various types of lumps. Zoaria,
in spite of the microscopic size of their constituent individuals, may be
of different sizes varying from a few millimeters in length and width to
several dozen centimeters. Thus, Andersson (1902) reports Alcyonidium
gelatinosum (L.) from the northern part of the Barents Sea, as reaching a
height of 150 cm. The size of an individual specimen is, on the average,
0.3 to 0.4 mm, and in species of the genus Nolella, 5 mm. The number of
individuals in a colony varies from a few dozen to several thousands;
thus Loppens (1905) cites an example of a colony of Flustrafoliacea (L.)
with a weight of 13 g, which had as many as 1,333,000 individuals.

Bryozoa exhibit different colors, varying from colorless transparency
to dark brown. For example, among those which are found in our waters,
Cribrilina spitzbergensis Norman and Escharelloides spinulifera (Hincks)
are pale-yellow-greenish; in Callopora derjugini Kluge, the cystids are
pale and the embryos a dense blue-violet; Hippodiplosia harmsworthi (Waters)
are pale-reddish-violet while the cystids are yellow; embryos of Cheilopora
sincera (Smitt) are orange, while in Caberea ellisi (Fleming) they are red,
and in Porella saccata (Busk) and Rhamphostomella radiatula (Hincks),
crimson. The cystids are pale and the embryos bright orange in Reteropora
cellulosa (Linne) and Rhamphostomella spinigera Lorenz; the cystids are
sandal colored and the embryos orange in Schizoporella lineata (Nordgaard)
and Stomachetosella cruenta (Busk), but violet in Lichenopora hispida (Fleming),
and dark brown in Tegella nigrans (Hincks). Often the color of the
cystid is due to the color of the intestine or to the pigmentation of cells
which are located under the surface cuticle; the embryo color is caused
by the coloration of the nutritional yolk (vitellus).

Bryozoa are bilaterally symmetrical animals, the primary organization
ofwhich has undergone changes to suit an adherent or sessile mode of life.
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These changes took place at a different rate in different orders, but for
all of them the following outlines of structure are typical. In the frontal
portion of the body a tentacular crown is located which has an oral orifice
situated in the middle of its base (Figure 1). From the latter starts the
loop-shaped bent alimentary canal, the vent of which opens in the vicinity
of the oral orifice, but is devoid of the crown of tentacles. The whole
frontal part of the body, along with the tentacles and the intestine, is

Figure 1. Drawing of zooids of Gymnolaemata with A—a retracted;
polypide and B—an extended polypide:

t—atrial chamber; 2—uvestibule; 3—mharynx; 4—diaphragm; 5—stomach (ventricle) 6—rectum
(posterior intestine); 7—cardinal part of the stomach; 8—mesoderm; 9—mesodermal free elements;
10—parietal muscles; 11— retractor muscles; 12—nerve ganglion; 13—anal orifice; 14—orifice of
the zooid; 15—oral orifice; 16—pylorus; 17—esophagus; 18—testis; \9—funiculus (funicle);
20—tentacles; 21— tentacular sheath; 22—ectoderm; 23—ectocyst; 24—endocyst; 25—ovary.
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known as the polypide; it may be withdrawn into the hind part of the
body which is called the cystid.1

The orifice through which the polypide can be invaginated into the
cystid, or protrudes out, is known as the orifice of the zooid and should
not be confused with the oral orifice. The zooid has a cylindrical or
tubular form, or the form of a four- or multi-angular small low prism.
The zooids touching each other have their own side walls and, with few
exceptions, a common transverse wall separating the daughter zooid from
the maternal one.

The body wall of the Bryozoa consists, in the majority of cases (Cyclosto-
mata, Cheilostomata), of two layers: an outer chitinous one, and an inner
saturated with calcium carbonate and a mixture of magnesium salts
(the so-called ectocyst of earlier authors). In some (Ctenostomata), the
chitinous layer is simple, non-calcified, and may take the form of a
jelly (gelatine). The main ectodermal cellular layer under the chitinous
layer, first appears as a chitinous secretion, and is later impregnated
by the calcareous layer.

The ectodermal layer in Bryozoa consists of lower cells. The mesodermal
layer, situated below it, is very poorly developed in the form of separate
cells. Both layers, ectodermal and mesodermal, constitute the endocyst
referred to by earlier authors. The calcareous layer is not always adja-
cent to the chitinous layer, but when it is, it forms a single unit with it,
and is then called the gymnocyst; when there is space between the
calcareous and chitinous layers, called the hypostegial cavity which is
lined with an endocyst and filled with cavity fluid, then such a calcareous
layer is known as a cryptocyst. The cavities of the neighboring cryptocysts
are joined together by the cords of a mesenchymatous tissue which passes
from one zooid to the other through the pores of the adjoining walls.
In Cyclostomata, these pores are simple and numerous; in Cheilostomata and
Ctenostomata, they are limited in number and are located in the lateral and
transverse walls of neighboring zooids or form either simple pores or porous
plates (referred to as rosette-like plates by earlier authors), or porous
chambers (see the chapter on Cheilostomata). These pores should not be
confused with pseudopores which cover the outer wall of the tubes in
Cyclostomata and the frontal surface of several walls in Cheilostomata

1Cystid and polypide are the original terms used in Bryozoan literature, reminiscent
of the opinion prevailing at one time (Nitsche, 1871) that Bryozoans were twin animals
consisting of a polypide fastened in the cystid (because the polypide may be destroyed and,
after some time in the same cystid, a new polypide may be rehabilitated); now this view
has been rejected as a mistaken one, and the terms have been retained exclusively for the
purpose of brevity of expression which makes the description easier. Thus polypide and
cystid together make one single unit or individual which is called an autozooid, abbreviated
to zooid.
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[Electra pilosa (L.) and others] ; the calcareous layer does not exist in
these places, and the chitinous cuticle covering it protects the internal
cavity from the external environment.

The wall of the frontal part of the body which protrudes out of the
cystid is covered with a very thin elastic cuticle. When the frontal
portion of the body is withdrawn into the cystid, its wall is inverted
like the finger of a glove and the tentacles are enclosed in what is called
a tentacular sheath. When the tentacular apparatus expands, the
tentacular sheath is also outwardly inverted, but the latter is not totally
turned outward in Cheilostomata and Ctenostomata, and consequently forms
a narrow round plait in the region of the orifice—the diaphragm (dupli-
cature, according to earlier authors). During the inverse withdrawal of
the polypide into the cystid this diaphragm, because of the annular
musculature, or the atrial sphincter, closes the entrance to the undesirable
cavity for the tentacular sheath, i.e., the atrial cavity (Figure 2). The

Figure 2. Sketch of the construction of the fore end in a stretched polypide of
A—Cyclostomata; B—Ctenostomata; and C—Cheilostomata:

I—atrium; 2—uvestibule; 3—diaphragm with sphincter; 4—muscle, closing the operculum; 5—parietal
muscle; 6—parietal-vaginal muscle; 7—parietal-phrenic muscles; 8—orifice of the zooid; 9—aper-
culum; 10—<collar; 11—terminal pore; 12—terminal membrane; 13—tentacles;

14— tentacular sheath (from Cori, 1941).

space between the diaphragm and the orifice of the zooid is called the
vestibule (Figures 1 and 2).

The musculature of the body wall has undergone significant changes
under adaptive influences toward a sessile mode of life. Thus, in the
frontal part of the body, an abundant layer of longitudinal muscles exist,
while the circular muscles are poorly developed; in the hind portion, or
the cystid, the circular muscles predominate though not fully enclosed,
while the longitudinal are almost totally atrophied. The strongest
muscles in the body of the Bryozoa are the paired muscles of the trans-
versely striped retractors which pull the frontal part of the body into the
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hind part. They are fixed anteriorly to the pharynx, and posteriorly to
the lateral or hind wall of the body.

The nervous system, consists of a epipharyngeal ganglion situated between
the oral and anal orifices, and contains the nerves which spread out toward
the tentacles and intestines. Sensory organs, except for the tactile,
are absent.

The frontal part of the body in the Bryozoa described by us, is made
of a round tentacle crown which serves for nutrition and respiration,
and acts as a tactile organ as well. The number of tentacles in different
species differs, fluctuating within the limits of 8 (some Crisia and
Bowerbankia) to 30 (Flustrella).

The tentacles are triangular in form in the cross section and the height
of the triangle is inverted into the crown. The ectodermal layer located
outside the tentacles contains bundles of cilia on the lateral and internal
margins. The main structureless membrane is located under the
ectoderm, and the mesodermal layer is situated above it enclosing the
internal cavity, which is stretched along the entire length of the tentacles.
Because the longitudinal muscles cover the cavity of the tentacles, which
are present in two bundles, one along the inner sharpened side and the
other more developed one along the outer side, the tentacles bend
independently of each other inward and outward in all directions. When
the animal straightens, the tentacles form a wide funnel. As was
demonstrated by the findings of Borg (1923) and Marcus (1926a), the
large lateral cilia move from inside toward the outside and slightly
downward. As a result of this the flow of water in the funnel is directed
toward the oral orifice; the flow is greatly facilitated by the downward
movement of the cilia on the inner margin of the tentacles. Nanoplank-
tons and detritus, the primary food items for Bryozoa, are drawn in by
the water current.

Digestive organs. The loop-shaped alimentary canal starts from
the oral orifice (Figure 3). It has three sections—anterior, middle, and
posterior—separated from each other by constrictions.* The anterior
section is composed of an expanded pharynx and a more or less oblong
esophagus. The pharynx wall consists of high cells, supplied with strong
cilia in the distal part, which facilitate the movement of food from mouth

*1n accordance with the generally accepted divisions of the alimentary canal in other
animals, these sections have also been called, by the majority of authors of Bryozoological
literature, stomodeum, mesenteron, and proctodeum. Considering that the stomodeum
and proctodeum originate from the ectodermal cells, and the mesenteron develops from
the endodermal cells, and all three sections arise from ectodermal cells in Bryozoa
blastogenically, Silen (1944a) is right in saying that these sections cannot be separated on
the basis of ontogenetic development, but only on the basis of their morphology, histo-
logy, and physiology.
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to pharynx; in the expanded part, these cells are strongly chitinized and
gathered in three groups, taper toward the middle of the chamber, and

separated from each other by de-
pressions lined with lower cells.
The cells go on lowering grad-
ually in the esophagus, although
the difference between the pro-
minent (raised) cell groups and
the depressed ones is maintained
over a certain period of time.
This anterior section serves as a
region for the fragmentation and
grinding of the food received.
The middle section, or the stom-
ach, consists of the tubular cardia,
the central part of the stomach,
the large cecum, and the pylorus.
The cardia and central parts of
the stomach, as well as the cecum,
are covered with glandular cells,
used for the dissolution and diges-
tion of foocT, and the pylorus,
covered with cilia, helps push
the undigested particles out by
forceful contractions of the ce-
cum; these particles are collected
into spindle-shaped pellets because

m

Figure 3. Sketch of the alimentary
canal :

I, 11, Ill—sections of the canal: (1) anterior,

(1) middle, and (I11) posterior. A and B—

points of constriction: (4) first, (B) second:

l—pharynx; 2—rectum; 3—oral orifice;
4—cardia; 5—pylorus; 6—esophagus;
7—cecum; 8—middle part of the stomach;
9—tentacles (from Silen, 1944a, with

additions).

of the rotating movement. The
continuing peristalsis of the cecum throws out the pellets into the
posterior section which consists of the rectum opening into the
anus. In the rectum, these pellets are converted into larger fecal
balls with the help of the mucus secreted from the rectal walls,
and these balls are thrown out through the anus at the time of the
unfolded condition of the animal. The section on Ctenostomata should
be referred to for the development of the peculiar masticatory ventricle or
the gizzard (see p. 213). The gut is surrounded by an external mesodermal
muscular system which consists of poorly developed longitudinal muscles
and more strongly developed circular muscles, particularly in the region
of the esophagus and cecum. The proximal end of the latter is connect-
ed, with the help of a special cord of mesodermal origin, or the funiculus,
to the body wall.

Blood circulation organs are absent in Bryozoa. Their role is played
by the body cavity fluid or haemolymph, whose main constituent is sea
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water with a very small quantity of dissolved proteinous substances in
which amoebacytes float in large numbers. The periodical extensions
and retractions of the polypidc and the peristaltic contractions of the
intestine, push the cavity fluid to all parts of the zooid as well as to all the
other components of the zoarium which feed independently, or are
incapable of feeding. This is facilitated by the loose mesenchy-
matous, or the so-called funicular, tissue which fills the zooids and passes
through the pores and simple canals to all the component parts of the
zoarium.

Respiration takes place through the skin, mainly in the least chitinized
and calcified parts such as the tentacles and the tentacular sheath, in a
stretched position. The parts covered with a calcareous layer are not
devoid of respiration as the pore canals with cavity fluid pass through
the calcium layer, and are protected from outer environmental conditions
by a cuticle through which the gas exchange takes place.

A specific excretory system is also absent ; this function is mainly performed
by the amoebacytes floating in the cavity fluid, collecting the waste
material and passing it out through the ectodermal cells of the tentacles,
the budding zone, or through the intestinal wall together with the fecal
masses (Harmer, 1892). According to the observations of Marcus (1926b),
the excretion of waste material also takes place by the inter-tentacular
organ in fertile zodids of Membranipora membranacea (L.), Electra pilosa (L.),
and in many species of the genus Alcyonidium. Moreover, according to
Marcus, the formation of a brown body on degeneration of the polypide,
also has an excretory significance.

Polymorphism is a very distinct feature of the Bryozoan group, and leads
to a large systematic ramification of this group. In Bryozoa, as in other
sessile or fixed animals, not all the individuals perform a single function,
nor have a similar structure. Besides the main independently feeding
and reproducing autozooids or zooids, heterozooids and kenozooids also
exist. The heterozooids include gonozooids, avicularia, and vibracula;
the kenozooids include the internodes of the stolons and tubes or plates
used for the affixing of the zoarium.

The autozooids are the basis from which all these different forms of
individuals originate because of the varying degrees of undeveloped
polypides in them. Some authors also include the frequently occurring
formations in Cheilostomata called ovicells or oecia in heterozooids.
But this is incorrect because, as we will see in succeeding parts of this work
(see Cheilostomata, p. 300), they do not represent the changed forms of
zooids, as they are only a part of the latter.

The gonozooids of Cyclostomata, among the heterozooids, are closest
in form to the autozooids. Although they strongly differ in the form of
cystid by their middle part as compared to the one in autozooids, in the
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proximal region they are very similar to the tubes of autozooids, and their
main similarity is that in the beginning of their development they are
real autozooids equipped with an intestine and a tentacular crown, and
only with the development of sexual products does this polypide
degenerate; in some (Crisiidae), it degenerates before the maturity of sexual
products, while in others (Tubuliporidae), it degenerates after the maturity
of sexual products. With regard to other heterozooids, particularly
avicularia and vibracula, since they are devoid of an alimentary canal,
they, in the best of conditions, preserve only the traces of the polypide
in the form of a small cellular structure equipped with a bundle of cilia
at the apex. Their chamber, representing the cystid of the autozooid,
includes in itself a strongly developed musculature, with the help of which
the jaw or the mandible corresponding to the operculum of the zooid opens
and closes its own orifice ; these are avicularia. When thisjaw goes beyond
the limits of the orifice and acquires the form of a long flagellum,
vibracula appear.

However, there is no distinct boundary between these two types of
heterozooids. As these formations are found only among members of the
order Cheilostomata, they will be examined in greater detail in the corres-
ponding section (see Cheilostomata, p. 287).

Lastly, the kenozooids are not only devoid of polypides or their traces,
but also of the external orifice. These tubular or plastic-like structures
consisting of a chitinous coating, calcified or uncalcified, live off their
ectodermal layer and are filled with loose mesenchymatous tissue. Usually
these structures serve as a fixative for holding the zoaria to the ground,
strengthening them, and causing the fusion ofzooids. But in some groups,
such as Crisiidae, in the order Cyclostomata, and particularly Stolonifera
in the order Ctenostomata, they also play another more important role—
the formation of autozooids; this is possible, of course, owing to the fact
that their living, filled tissue is undifferentiated, has an embryonic nature,
and possesses a great capacity for tissue formation.

Kenozooids are found in all three orders of Gymnolaemata; these are
described separately in greater detail. All the structures referred to as
kenozooids and heterozooids here, being devoid of an alimentary canal,
cannot feed independently. They live and grow, and even regenerate, at
the cost of the food material of neighboring autozooids, thanks to the
existence of a communication system among all members of a zoarium
in the form of small openings or pores, or pore plates and pore chambers.
Ifeven a large part or almost all of the zooids in the zoarium are devoid of
polypides, and the zoaria appear to be non-living, life is still preserved
in the zoarium due to the few palpable zooids or the endocyst in the
cystids, which make it possible for the zoarium to withstand unfavorable
conditions in the external environment.



Reproduction of Bryozoa

Bryozoa reproduce by sexual as well as asexual methods. The first
method is used in the formation of new colonies, or the zoaria; the second
is used for the further development of newly formed colonies. The
majority of Bryozoa are bisexual or hermaphrodite, and usually the male
and female sex organs develop simultaneously; but such cases are also
not rare when a clearly expressed protandry is observed, i.e., spermatozoa
develop first, and only then do the eggs develop. A few cases are
definitely known in which the Bryozoa are dioecious, particularly the
species of the genera Crisia and Tubulipora among Cyclostomata (Harmer,
1891, 1898a, 1898b). A few Bryozoa [Membranipora membranacea (L.),
Electro pilosa (L.) among Cheilostomata, and certain other species of the
genera Alcyonidium and Flustrella among Ctenostomata] release fertilized
eggs outside where they develop in the sea.

Egg laying in the aforementioned form takes place through the inter-
tentacular organ developed before the maturation of the sexual products
in fertile zooids. The inter-tentacular organ is situated near the base
between two media-tentacles on the dorsal side ; with the thickened margin
of the orifice it appears canaliculate and is internally lined with cilia
(Figure 93, B). The eggs are laid when the zooid is in a stretched condi-
tion. According to the observations of Marcus (1926b), in Electro
pilosa (L.) eggs pass through the canal in a period of not more than 30
seconds and, approaching the outer orifice, are exposed to the current
created by the tentacular cilia, and thus ejected into the water. The
eggs, while passing through the canal, are more or less deformed, but
after some time they acquire a round shape.

In a very few Bryozoa, such as Alcyonidium mytili Dalyell, Farella
repens Farre, and Hypophorella expansa Ehlers, a permanently open orifice
of the body cavity exists between the mouth and tentacles in the fertile
as well as sterile zooids, through which their sex products are excreted.

Egg development

In the majority of Bryozoa, eggs develop in the body cavity of fertile
zooids, the atrial cavity, or in special brooding chambers. Sex products
originate from the mesodermal layer of the zooidal wall; their location
varies, but usually the testis are located in the proximal region of the
zooid at the funiculus (funicle) or at the body wall near the funiculus,
and the ovaries are formed on the lateral or basal walls of the distal half
of the zooid. Having been released on maturity from the surrounding
funicular cells, the egg falls into the body cavity where it is fertilized by the
sperm.

Further development of the egg lakes place either in the body cavity
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or outside it. Eggs develop inside the body cavity in many Cheilostomata
which do not have ovicells, and in Ctenostomata, while in Cyclostomata this
takes place in the changed fertile zooids, i.e., gonozooids (cf. Cyclostomata,
p. 84). Larvae develop inside the body cavity, fall into the'atrial cavity
via the sucking action of its wall, and from there move out through the
orifice of the zooid. This mode of development is often accompanied by
a degeneration of the polypides in the corresponding fertile zooids.

Outside the body, eggs develop either in the atrial cavity, true only in
a few forms like Flustrella hispida (Fabricius), Alcyoniiium muytili Dalyell,
and others, or in special structures called ovicells. In the first instance,
due to the shedding of a part of the tentacular sheath, the egg penetrates
into the atrial cavity where it develops to a larval stage (in Flustrella
hispida Fabricius, up to 4 to 5 eggs) ; the polypides frequently degenerate
during this process. A larger part of the eggs in Cheilostomata develop
in special structures which form a part of the zooid adapted for carrying
embryos; these are the so-called ovicells or the oecia (cf. Cheilostomata,
p. 300).

In most members of Gymnolaemata, eggs are subjected to a total uniform
cleavage and, as a result, a 32-celled plate is formed, the cells of which
are arranged in two layers. The blastocoel which appears by separation
in the middle of these layers soon after the introduction of entodermal
cells into the cavity, becomes a gastruld (Vigelius, 1886-88) (Figures
4 and 5). In Flustrella hispida (Fabricius), in which eggs are rich in yolk,

Figure 4. Embryonic development in Cheilostomata (Bugula calathus Norman). From

A to C cleavage (8, 16, and 32 blastomeres)—typical discoidal arrangement of the

blastomeres; D—cross section of blastula; E and F—gastrula; G—blastocoel filled with a
cellular mass which consists of a small part of the abortive entodermal cells:

1—crown cells; 2—mesoderm; 3—ectoderm; 4—entoderm (from Cori, 1941).
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Figure 5. Cleavage of an egg rich in yolk (Flustrella hispida Fabr.). A—cross section of a
mature egg (x65); B—stage 2 of the cells (x65); C—Stage 4 of the cells—each cell has
been labeled with a specific letter (A,B,C,D) ; the cells originating from them are also
marked with the same letters with a division, which indicates the generation (denominator)
to which a cell belongs, and the number of cells (numerator) in ihe progeny at the time of
formation of any of the given cells; D—stage 8 of the cells with 4 micro- and macro-spores,
arranged in two layers, lateral view ( x 90); E—stage 12 of the cells, lateral view; F—same,
aboral view (x90); C—stage 16 cells, aboral view (x90); H—stage 32 of the
cells, aboral view (from Pace, 1906).

4 macromeres and 4 micromeres are formed at the 8-celled stage and
arranged in 2 layers. Micromeres, by a further division, grow over the
macromeres to form an ectoderm ; macromeres form the entoderm of the
embryo (Pace, 1906; Figure 6). Cells of the mesoderm develop from the



15

entoderm forming mesenchymatous tissue filling the primary cavity of
the embryo. During further development, as derivatives of the larval
ectoderm, a wide strip of large cubical cells originates which is covered
with cilia—the so-called corona (crown) separating the upper aboral or
neural half from the lower frequently invaginated oral half. This
corona is morphologically the pre-oral ciliated ring, which is typical of all
Bryozoa. On the surface of the lower half, or the hyposphere, the blasto-
pore appears, and the ectoderm on the top of the surface of the upper
half of the episphere, thickens forming the parietal plate or organ which
has large and strong cilia, and forms the nerve center. The parietal

Figure 6. Formation of embryonic layers (Flustrella hispida Fabr.). A—section through
blastula at stage 20 of the cells (x250); B—longitudinal section at the stage of gastrulation
(x 205) ; C—continuing gastrulation ; D—cross section of gastrula, blastopore open (X225):
1—aboral ectoderm; 2—Dblastopore; 3—oral ectoderm; 4—cleavage cavity;
5—entoderm or mesoderm (after Pace, 1906).
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organ in the course of further development of the larvae, is fused by the
muscular bundle with the tactile organ located before the pyriform organ.

Figure 7. Larvae of Bryozoa. A—Cyphonautes compressus Ehrenb. (from Schneider, 1869);
B—C. schneiden Lohm.; C—C. borealis Lohm. (from Claparede, 1863); D—same
(from Schneider, 1869); E—C. haitiens Lohm.; F—C. barroisi Lohm.

(from Lohmann, 1911):

I—anus; 2—primordium of the basal plate; 3—pyriform organ; 4—hind margin of the shell;

5—esophagus; 6—foregut; 7—fore margin of the shell; 8—ciliary bundle of the pyriform organ;

9—rectum; 10—oral orifice; 1l—retractor of the parietal organ; 12—valve; 13—stomach;
14—closing muscle of the valves; 15—parietal organ.
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Behind the oral orifice but before the anal opening, the invaginated
primordium of the basal plate develops which is known as a sucker (Figure
7). The structure of the trochophores is more or less common for all
larvae of Gymnolaemata, but in the different orders and genera, they are
distinguished by a different form and structure in the ectodermal cover
as well as by the degree of their intestinal development.

Larvae

The larvae of Cyphonautes, as well as the larvae of Flustrella hispida
Fabricius, are equipped with a bivalved (bicuspid) chitinous shell, the
valves of which are combined on the dorsal side, and with the help of
transversely extended adductor muscles, may come close, or even totally
close, for the sake of protection. These larvae differ from the adult
animals to such an extent in their structure and outer appearance that
originally they were considered bivalved mollusks. A specific generic
name, Cyphonautes, was coined (“Buckelfischchen”), which is even now
preserved for the larvae, the relationship to whose species is not known.
Only the egg-laying species, Cyphonautes, e.g., larvae of Electra pilosa (L.),
Alcyonidium albidum Alder, Hypophorella expansa Ehlers, Farella repens Farre,
and others, has a completely developed intestine consisting of all the three
parts—esophagus, stomach, and proctodeum (rectum)—and an opening
mouth and vent; these larvae feed on diatoms and other small pelagic
animals. The remaining larvae of the viviparous Bryozoa either possess
a rudimentary intestine without the proctodeum (rectum) and the vent
(e.g., in Alcyonidium mytili Dalyell, Flustrella hispida Fabricius, and others),
or they are totally devoid of an intestine (e.g., in the species of the genera
Bugula, Lepraliella, and others).

Of all the larvae of the Bryozoa, the most studied ones are the larvae
Cyphonautes as the duration of their freely floating (swimming) stage
continues for about two months; therefore, they are frequently found in
plankton. Other larvae have been studied to a much less degree as they
are rarely included in plankton, and many, e.g., the intestineless larvae,
are never found in plankton. Since the study of larvae carries great
significance for understanding the biology of Bryozoa and the question
of their geographical distribution, we will provide the description and
sketches of those which may be found in the region examined by us. This
includes a small number of the known species of the adult Bryozoa, and
the task before future investigators will be to study the biology of the
larvae found in the Bryozoa of our waters.

Larvae that develop freely in water, or in the body cavity, or in the
ovicells, behave differently, primarily because of their feeding. Larvae
provided with a developed intestine and capable of independent feeding
{Cyphonautes) lead a pelagic mode of life, mainly in the coastal waters for
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about two months; while larvae with undeveloped intestines swim (float)
for only 12 to 24 hours, or even less, and that too mainly on the bottom
layers in the vicinity of the maternal colonies. After floating for a short
duration, the larva settles down to the bottom and attaches to the sub-
strate. This fixation takes place with the help of the sucker which turns
outward in advance and then closely attaches, as far as possible, to a smooth
surface on the substrate. This is facilitated by the pyriform organ which,
while slipping over the substrate, searches for a suitable place for fixation
by its sensory cilia.

On fixation to the substrate, the metamorphosis of the larva begins.
It commences with the histolysis of the intestine and a part of the mesen-
chymatous tissue; the remaining part of the latter forms a mesodermal
layer, lined with the ectodermal layer of the larva on the inner side,
because of which the secondary body cavity is formed. The external cilia
of the ectodermal layer disappear, and the latter is covered with a cuticle.
In the body cavity of the larva, on the upper or neural side, a bud forms
which gives rise to the polypide, i.e., to the alimentary canal along with
the tentacles, and in this manner the ancestrula or the primary zooid
originates. Normally in the larva of Gymnolaemata, as distinguished from
Phylactolaemata, only one polypide develops, and rarely two, which can be
seen in the zoaria; this polypide forms not from one but from two ances-
trulas. This metamorphosis, from the moment of larval attachment up
to the first invagination of the polypide of the ancestrula in Alcyonidium,
and a few other Bryozoa, lasts about 5 days.

As the main representatives for describing Cyphonautes, those larvae
can be taken which, in their developed condition, have calcified valves on
their sides, and the larvae belonging to the ectoproct Elcctra pilosa (L.)
{Cyphonautes compressas Ehrenb., description given according to Marcus,
1940: 334; cf. Figure 7, A).

A larva has an oral surface bordered with a crown of cilia (corona)
and its aboral (hind) side is frequently very narrow. In the middle of
the hind side is located the sensory or parietal organ (lid or operculum),
which is capable of inward retraction. The larva floats, bent on its front
side from the hind side, swinging in a motion similar to the flight of an
aerial snake; the valves are very frequently horizontally placed. The
valves are combined with the help of the closing muscle, which is situated
between the entrance to the intestine (vestibulum) and the hind gut. The
saccate organ is also situated there, which is the primordium of the basal
plate, the internal cavity having an exhalant orifice on the oral surface.
At the time of fixation, the larva in the internal cavity is totally turned
outward and converted into the basal plate, with the help of which it be-
comes attached. But the primordium of the basal plate forms only
gradually at the time of the free marine life of the larva. The place
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suitable for attachment is probably selected with the help of the pyriform
organ, the cilia ofwhich feel all around the underlying surface. Moreover,
the aforesaid secretes a gummy substance which facilitates fixation of the
larva. Two peculiarities of Cyphonautes compressus are the smooth triangular
valves with rounded oval angles, and the stomach which forms a fornix
near the esophagus. The length of the oral margin of the shell is 430 to
485 microns. In the German Sea and in the western part of the Baltic Sea,
these larvae are located in a large number of plankton during the winter.

Borg (1930a: 126-27) has given a description of Cyphonautes, though
without naming them assuch. The aboral halfofthe larva, pressed on the
sides, is covered with two chitinous valves of a triangular form which have
a groove on each aboral pole for the passing of the contracting parietal
organ, separated from the curved oral half by the ciliary belt or the
corona (prototroch). The pyriform organ, consisting of glandular and
ciliate cells, is pre-orally located, but this organ attains a complete
development only when the larva has led a pelagic life for some time; the
so-called sucker is post-oral and, at the same time, pre-anal in relation
to the horseshoe-like bent intestine, i.e., the invaginated sucking organ
(primordium of the basal plate which is still not developed in the beginning
of the platonic mode of life). In the majority of Bryozoa, because of the
large part of their larval development, either inside the body cavity or
in the ovicells, the larval type Cyphonautes has a more or less changed form.
In the majority of the species belonging to this group, the chitinous valves
are not developed, and probably a marked change in the shape of their
larvae is associated with this; their intestines are rudimentary and blocked,
or are completely absent. As a result of this, the larvae do not float for a
long time and the pyriform organ (if present), and the sucker are com-
pletely developed in these larvae when they leave the maternal zooid or
the ovicell. Lohmann (1911) has identified the following 5 forms of
Cyphonautes in which, for systematic grouping, he has placed the form and
species of the shell first.

1. Cyphonautes schneiden Lohmann (=C. compressus Ehrenb.) (Loh-
mann, 1911: 36) (Figure 7, B). In the Northern Seas, this is the largest
larva. The fore and hind margins of the shells are almost equal in length.
The nodules on the oral margin of the shell are scattered and few in num-
ber. It is not yet known to which species of Bryozoa this larva belongs.
It is found in the North Sea. The shells are smooth and of triangular
form with a slightly bent oral margin. The oral margin of the shell is
provided with small nodules. The angles of the oral margin are sharp.
The frontal margin of the shell is only slightly longer than the hind one,
as a result of which the aboral pole is slightly tilted backward; the oral
margin of the shell reaches 0.78 mm in length.

2. Cyphonautes borealis Lohmann (Lohmann, 1911: 36) (Figure 7, C
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and D). Because of the strongly backward tilted aboral pole, the larva has
the form of a clearly expressed non-equilateral triangle. The length of
the oral margin of the shell is from 0.55 to 0.69 mm. The nodules are
almost evenly distributed on both ends of the oral margin. The parent
species of this kind of larva is also not yet known. It is found in the North
Sea. The shells are smooth and triangular with an almost straight oral
margin. The oral margin is provided with small nodules which are more
dense on both ends. The frontal margin is significantly longer than the
hind one, because of which the aboral pole is tilted backward.

3. Cyphonautes compressus Ehrenberg (Borg, 1930a: 129) (Figure 7, A).
The smooth shells, triangular with a weakly bent oral margin, are rounded.
The hind margin of the shell is straight or mildly bent, without a round
protuberance at the terminal end. The oral margin is from 0.430 to 0.485
mm in length. The pharynx is short and wide. This was the first larva
to be discovered by Schneider (1869). This larva is often found in the
North Sea and in the western part of the Baltic Sea, similar to the Belt Sea,
and it appears here in particularly large numbers during the winter, from
November to February, while from June to September it is rarely recovered
in plankton samples.

4. Cyphonautes balticus Lohmann (Lohmann, 1911: 38) (Figure 7, E).
The shells are smooth and triangular with a slightly bent oral margin. The
oral margin is devoid of nodules and its angles are rounded. The oral
margin on the hind end of the shell has a round protuberance. The aboral
pole is wide and almost directly truncated. The length of the oral margin
of the shell is from 0.21 to 0.39 mm, i.e., the smallest of all the previous
larvae.

This larva is frequently found in the western part of the Baltic Sea,
from which it should be concluded that it belongs to the Bryozoa distri-
buted in this region, and Lohmann is inclined to believe that it is converted
into Membranipora (Electro) crustulenta. If this is confirmed, then it becomes
difficult to explain the presence of the rough Cyphonautes discovered by
Levander (1914: 516) in the eastern part of the Baltic Sea, where the
aforementioned Membranipora live. In any case it has not been established
to which species of Bryozoa C. balticus belongs.

5. Cyphonautes barroisi Lohmann (Lohmann, 1911: 38) (Figure 7, F).
The shell at first glance appears to be very similar to the small bivalved
mollusks, and hence in many cases it could have been overlooked.
Encrustation on the surface of the shell is very characteristic; the surface
is covered with minute tubercles (knobs). The stomach is of considerable
width, and the hind gut is pushed far behind. Both valves of the shell are
closely knitted and therefore, sirictly speaking, one could describe it as a
single shell. The length of the oral margin of the shell is from 0.16 to
0.20 mm. The species was discovered by Lohmann near Kiel.
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Probably the Cyphonautes discovered by Levander (1914: 516) in the
Baltic Sea, in the Gulfs of Finland and Bothnia up to 63°30" N, belongs to
this species of larva, which in this case should be the larva of M. (Electro)
crustulenta.  On the other hand, Lohmann has stated that possibly C.
barroisi is the fully developed larva of Hypophorella expansa, which has been
questioned by Borg (1930a) on the basis of the distribution of the latter
species. Similarly there have been doubts raised about the hypothesis of
Levander (1914), that C. barroisi represents a younger stage of C. compressus
or some other species of Cyphonautes.

Now we shall describe the changed forms of Cyphonautes found in a
number of other Ctenostomata.

Flustrella hispida (Borg, 1930a: 131) (Figure 8, A). This is a viviporous
species and the larva, after leaving the maternal zooid, is like a typical
Cyphonautes with two chitinous valves strongly pressed from the sides, but
it does not have a triangular profile; it is low like a flat cap. It is yellow-
gray in color. Similar to the other Cyphonautes, it is provided with an
intestine of a very rudimentary nature ; communication between the fore-
part of the intestine and the stomach does not take place ; the anal opening
is also not developed ; the whole of this organ degenerates even before the
fixation of the larva to the substrate. The pyriform organ and the sucking
organ are well-developed even at the time of release of the larva from the
maternal individual.

Farella repens (Marcus, 1926b: 82) (Figure 8, B). The eggs laid in
water develop within 50 hours, or a little more, up to the stage of freely
floating young larvae which, in structure as well as in body form, are
typical Cyphonautes. They have a triangular profile. The pyriform organ
is distinctly clear; on the contrary, the rudiments of the adhesive organs
have not appeared by this time. The young larvae do not have a shell;
however, it is clear that they form two valves, observed at a later stage as
well as at this time. They swim forward with the help of the parietal
organ with a simultaneous right turn of the body.

Hypophorella expansa (Marcus, 1940: 339) (Figure 8, C). The larva
has a wide oral margin which is also a margin of the corona with the cilia,
similar to the brim ofa hat. The intestinal canal is completely developed,
the parietal organ is present, and so is the primordium of the pyriform
organ. In the known young specimens of this larva, neither the valves
nor the inner cavity are developed (Eastern Frisian Islands). They are
found among plankton in May and August to September.

The intestineless larvae of Cheilostomata, or those with only a rudi-
mentary intestine, swim in water only for a short time. In this stage they
usually remain near the maternal zoarium and, therefore, are rarely found
in plankton and, sometimes, are not found at all in the open sea. It should
not be forgotten while describing the form of these larvae, that they are



Figure 8. Larvae of different Bryozoa. A—Flustrella hispiia (Fabr.) (from Barrois, 1877); B—Farella repens (Farre) (from
Marcus, 1926b); C—Hypophorclla expansa Ehl. (from Prouho, 1892); D—Bugula flabellata Thomps., lateral view;
E—same, view from top; F—Bicellariella ciliata (L.), lateral view; G—same, bottom view (from Nitsche, 1870):
1—pharynx; 2—pyriform organ or its place; 3—stomach; 4—hind gut; 5—corona; 6—muscular and neural cords between the parietal and
pyriform organs; 7—tactile cilia; 8—esophagus; 9—rectum; 10—pigmentspots; 11—ciliary bundle of the pyriform organ; 12—sucker;
13—oral orifice; 14— retractor of the parietal organ; 15—mid-gut; 16—parietal organ.
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capable of strong contractions and, consequently, their form may be
strongly changed. The description below concerns only the living un-
contracted larvae. Three forms have been examined from Anasca.

Bugula flabellata (Nitsche, 1870: 7) (Figure 8, D and E). Larvae
are yellowish in color with not less than 5 pairs of red pigmented spots,
of which 2 pairs are located above the bundle (Wimperschopf) of cilia
of the pyriform organ. All the spots have a lanceolate form.

Bicellariella ciliata (Nitsche, 1870: 7) (Figure 8, F and G). Larvae are
light gray in color. Pigmented spots are absent. Nitsche has compared
the form of the larva to a peach with a depression (Kerbe) on the front and
downward, and from top to bottom strongly flattened; the flattening is
stronger from the front side than from the back. The parietal organ is
relatively larger.

Membraniporella nitida (Borg, 1930a: 135) (Figure 9, A). This larva
is more flattened than the 2 earlier forms. It similarly consists of 3
sections, the upper of which consists of a larger parietal organ; the second,
i.e., the middle one, consists ofa narrower ciliary girdle (corona) ; the third
is made of the oral section of the larva with the pyriform organ and the
invaginated sucking (adhesive) secdon. It is pale colored, somewhat
grayish-orange, but the corona is quite orange in color. A large number of
minute gray-brown spots and grains are located on the oral side, partly
forming the ring around the orifice, leading into the suckers (Barrois,
1877). Larvae leave the ovicells in April, June, and July.

From Ascophora, 6 forms of larvae will be described.

Hippothoa hyalina (Borg, 1930a: 135) (Figure 9, B). The larva is flat-
tened quite strongly on both the poles. The fore and particularly the
hind part of the body, is rounded and strongly projected out, because of
which the larva has a peculiar form reminiscent of the larva of Bicellariella
ciliata. It is distinguished from the larva of Membraniporella nitida by the
size of the parietal organ, the width of the corona, and its division into
3 sections. The color is bright yellow with 4 pairs of rounded red pig-
mented spots (according to Barrois, the larvae leave the ovicells during
May to July).

Escharoides coccinea (Borg, 1930a: 136) (Figure 9, C). This larva
has the greatest similarity to the larva of M. nitida in appearance and struc-
ture, but it is larger, the corona is wider, and the parietal organ is a little
smaller. The larva is rose in color with a yellowish oral part and 4 pairs
of red pigmented spots, of which 2 pairs are on both sides of the parietal
organ, and the other 2 are on the oral side, 1 on each side of the ciliary
groove (sulcus). The sucker is surrounded by a crown of minute brownish
granules.

Microporella ciliata (Barrois, 1877: 149) (Figure 9, D). This larva is
similar to Membraniporella nitida in body form, but its corona is slightly



Figure 9. Larvae of Cheilostomata. A—Membraniporella nitida (Johnst.); B—Hippothoa hyalina (L.); G—Escharoides coccinea
(Abildg.); D—Microporella ciliata (Pallas) (from Barrois, 1877); E—M. (Haplopoma) impressa (Aud.) (from Marcus, 1940);
F —CelUpora pumicosa (L..); G—Porella concinea (Busk) (from Barrois, 1877):

I—pharynx; 2—corona; 3—ciliary bundle of the pyriform organ; 4—pigment spots; 5—parietal organ.
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narrower. The color of the larva is bright orange, strongly expressed in
the central part and along the radial grooves of the parietal organ. In the
oral part, on the wall of the sucker, a large number of groups of reddish
grains and spots are located. Besides these, 2 pairs of red pigmented spots
are located on the larva, 1 pair on either side of the parietal organ, and the
other pair on the oral side, 1 spot on each side of the ciliary groove.

Microporella (Haplopoma) irnpressa (Marcus, 1940: 345) (Figure 9, E).
The larva is quite similar to Hippothoa hyalina, but its color is yellowish-
red, and brown-red on the parietal organ; red spots are absent. Further-
more, in the larvae of H. irnpressa, the tissue is denser than in H.
hyalina and not as transparent. The larvae swim in the month of July
(Roskov).

Cellepora pumicosa (Borg, 1930a: 136) (Figure 9, F). In appearance
the larva is similar to that of Escharoides coccinea, but it differs in that the
corona is wider and not so distinctly demarcated from the oral part, so that
one might say there are 2 and not 3 sections in the larval body. The
larva is bright yellow-red in color; the parietal organ, particularly in its
central part, is more red, and in the oral side around the sucker (adhesive)
orifice, a circle of strongly colored red spots and grains are sketched
(Barrois recorded the larvae in the months of May and June).

Porella concinea (Marcus, 1940: 343) (Figure 9, G). The most notice-
able characteristic of these larvae is the very wide ciliary crown. The
middle of the parietal organ is colored carmine-red. The ciliary crown
is rose colored, but the color of the remaining part of the body gradually
changes from rose to orange. The larvae swim from spring up to June
(French coast of the Channel).

The following laivae of Ctenostomata will be described.

Alcyonidium polyoum (Borg, 1930a: 137) (Figure 10, A). The larva
strongly flattened, discoid, with a wide discoidal parietal organ, a rather
narrow corona, and a clearly expressed ciliary groove on the oral side.
Its basic color is white, the color being darker and reddish in the center
of the parietal organ; a crown of reddish granules is located on the oral
side around the ciliary groove. Directly behind the sucker, a small reddish
spot is visible. The corona also acquires a reddish or reddish-violet
tinge. Although the alimentary canal is formed, the vent is absent and the
whole intestine starts degenerating almost simultaneously with the release
of the larvae (numerous in May and June).

Alcyonidium albidum (Marcus, 1940: 330) (Figure 10, B). The larva
has a triangular form, and the intestinal canal is fully developed. The
parietal organ is normally developed, but as the larva is known only in
the earliest stage of its development, nothing is known about the pyriform
organ or the organ of fixation (internal cavity). Valves are also not
found in the young larvae; however, it can be expected that the cuticle is
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Figure 10. Larvae of Ctmosiomata and Cyclostomata. A—-Alcyonidium polyoum (Hassall)
(from Seeliger, 1906); B—A. albidum Alder (from Prouho, 1892); C—Bowerbankia pustulosa.
(Ellis and Solander), lateral view; D—same, viewed from front (from Calvet, 1900);
E— Valkeria uva (L.); F—Crista eburnea (L.) (from Barrois, 1877):
1—aboral side; 2—entrance into the intestinal canal; 3—pharynx; 4—pyrijorm organ; 5—stomach;
6—corona; 7—muscular-neural cord; 8—oral side; 9—esophagus; 10—ciliary bundle of the pyriform
organ; 11—rectum; 12—<iliary groove; 13— oral orifice; 14— parietal organ.
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calcified when advanced life occurs (French coast of the Mediterranean
Sea).

Bowerbankia pustulosa (Calvet, 1900: 350) (Figure 10, G and D).
The larva is exactly of the same structure as in the case of B. imbricata,
and this is also true for the larvae of other Stolonifera. Only the color
differs. The larva of B. pustulosa is translucent and whitish, with 3 pairs
of meridianally located .bright yellow and long stripes joined together by
an equatorial belt of the same color. The stripes, from which the second
pair beginning from the pyriform organ are least pronounced, originate,
according to Calvet, because of the presence of a sub-epithelial fibrillar
complex.

Valkeria uva (Barrois, 1877: 202) (Figure 10, E). This larva also
belongs to the same type of larvae as Stolonifera, having a very wide
corona which occupies most of the surface of the larval body. The body
of the larva is shaped like a lemon, and yet is almost round. The larva is
yellowish in color, has a white stripe around the parietal organ, and
numerous small white dots around the orifice of the sucker.

Because of polyembryony and the development within the brood cham-
ber inside the gonozooids or in the zoarial cavity, the larvae of Cyclostomata
underwent a great simplification in structure. There are no traces of an
intestine nor of a pyriform organ; the parietal organ, surrounded by a
pyriform groove, is barely noticeable, while the wide ciliary girdle, or
corona, occupies almost the whole of the lateral surface between both
poles. The orifice located in the oral end leads to the cavity of the well-
developed sucking (adhesive) organ. In most Cyclostomata the larva is
shaped like a lemon blunted on both ends, and in Crisia ebumea (Borg,
1930a: 127) (Figure 10, F), the larva, reaching a size of 0.07 mm, swims
forward by its aboral end, while rotating around its axis all the time. The
larvae of Lichenopora are more spherical and so similar in different species,
that it is difficult to distinguish between them.

Asexual reproduction

Asexual reproduction in Bryozoa takes place by budding. In all
Gymnolaemata, two types of budding are observed: zooidal (or zoecial,
according to the old terminology) and stolonial. In zooidal budding, the
autozooids or the zooids produce buds from each other; this form is very
widely distributed among Cheilostomata, Cyclostomata, and partly in
Ctenostomata (in sub-orders Carnosa and Paludicellea). Budding starts
after the formation of the ancestrula. In Cheilostomata the ancestrula
usually produces 3 buds, 1on the front and 2 on the sides, and frequently
each of the latter produce an additional one. The zooids arising out of
them preserve the original properties to a maximal degree, especially the
formation of many buds and a large number of spines in comparison with
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the future zooids, if the given species possesses spines. In successive
generations, usually from each freshly forming zooid, 1 or 2 and, rarely,
3 new zooids form. The development of the bud takes place in such a
manner that a thin, transverse, vertical fold (duplicature, ridge) is formed
near the distal end of the maternal zooid or at its side, which continues
from the frontal wall to the basal one, and separates a part of the body
cavity in the maternal zooid. An intensive reproduction of the ectodermal
and mesodermal cells takes place in the separated cavity which, ultimately,
forms the sexual outgrowth. In this outgrowth parts of the future zooid
start to form: first the basal and lateral walls, followed by the frontal and
distal walls, and then the region of the zooidal orifice. Only after this
does the polypide start developing in the almost formed cystid. On one of
the walls of the proximal part of the cystid, usually near the pore plate,
a thickening of the ectodermal cells takes place giving rise to a bud covered
with a mesodermal layer. This bud grows out at the cost of the nutritive
material entering through the pore plate; and on the side facing the cavity
of the cystid, first a depression appears and then invagination develops,
which separates the frontal larger part from the smaller hind one. The
tentacular sheath and the forepart of the intestine develop out of the frontal
part with tentacles, and the posterior region of the intestine develops from
the smaller hind part. The final formation of the intestine takes place
during further development, and the latter bends in such a manner that
the hind gut comes near the fore end, i.e.. toward the atrial cavity. The
final formation of the region of the zooidal orifice, i.e., the formation
of the lid or operculum, also takes place toward the end of the development
of the polypide. A very good illustration for this description is provided
by Marcus (1926a) given in Figure 11, together with a sketch of the
degeneration and regeneration of the polypide which take place in the
developed part of the zoarium. For budding in Cyclostomata the section on
Cyclostomata should be referred to (p. 83).

In stolonial (stolonate) reproduction, the newly formed zooids originate
not from the other developed zooids, but from the so-called stolon which
consists of uncalcified or calcified chitinous tubes lined with an ectodermal
layer on the inner side excreting chitin, and a mesodermal layer in the
form of a loose mesenchymatous tissue which fills its cavity. These tubes
are intersected at definite intervals by transverse septa on separate areas
or on internodes provided with holes. These latter are devoid of an
external orifice and polypide, and are called kenozooids. From the
internodes, in some cases regularly and in others irregularly, vertically
uprising cylindrical tubes start to form an orifice and polypide, i.e., auto-
zooids. Such a method of reproduction is found to occur in Cyclostomata
in the sub-order Articulata and among Ctenostomata in the sub-order
Stolonifera.
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The mechanism of budding does not play as large a role in any other
group of animals as it does in Bryozoa. It leads not only to the asexual
formation of the fertile zooids, but also to the origin of polymorphism.

Figure 11. Sketch of budding and degeneration in Cheilostomata:
1—ectodermal thickening with the surrounding mesoderm; 2— initiation of the tentacles and atrium;
formation of the anal opening and intestine; 3— continuation of theformation of the tentacles and ali-
mentary tract; 4— beginning of the separation of the budfrom the body wall of the zoecium; formation
of the esophagus; 5—almost completely formed bud which is unable to emerge; 6—a formed bud,
capable of projection; 7— beginning of the polypide's degeneration; 8— degeneration of the polypide
(formation of the brown body); setting (initiation) of the regenerated bud; 9—the brown body
surrounded with phagocytes and a markedly outgrown bud; 10— location of the brown body in
the blind sac of the bud; 11— established bud capable of projection with the brown body in the blind
sac (from Marcus, 1926a).
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It is characteristic of Bryozoa that even during sexual reproduction,
autonomous metamorphosis in which this larva could have directly become
a completely developed animal does not take place; for this it is essential
that for the formation of all the internal organs of the larva a new bud
be formed from which all the internal organs or the polypide could develop,
and by this the initiation of the formation of the first individual or
ancestrula could be laid. Thus bud initiation is the strongest leading
factor in the life of Bryozoa.

How great the reproductive capacity of budding in marine Bryozoa
is, can be judged from the experiments of Friedl (1925) in the harbor of
Rovinew, from which he established that the zoarium of Schizoporella
sanguinea Norman, with a width of 12 cm, consisted of approximately
38,000 zooids, all of which had developed from one ancestrula in the course
of 5 months. In this study he made an interesting observation: the buds
in the zoarium do not grow to their full size at a uniform rate. It appears
that the rate of bud development increases with an increase in the growth
of the zoarium which, in turn, depends upon the number of zooids capable
of participating in the feeding of the buds. On the basis of observations
on zoarial formation in Electra pilosa (L.), Marcus (1926b) has reported
data on the growth rate of the bud up to its full development, depending
upon the continuation of growth in the zoarium (in days) :

Continuation of zoarium growth 1 2 3 4 5 6 8 10
Continuation of bud growth 813 910 611 78 47 56 35 13
Average 10 95 85 75 58 55 4 2

Degeneration and regeneration. The phenomena of degeneration and
regeneration play an important role in the life of Bryozoa; both operate
in close association with the phenomenon of budding. Complete and
partial degeneration and regeneration are distinguished from each other.
In many Ctenostomata, such as Bowerbankia, Valkeria, Triticella, and others,
complete zooids, i.e., polypides together with cystids, fall away from the
stolon under the influence of external environmental conditions. After
a definite interval, similar new zooids appear in their place which originate
from the stolon by regeneration. According to Harmer (1891), complete
regeneration is observed in the fertile branches of Crisia which, after the
development of larvae in their gonozooids and their release, degenerate,
fall away, and are again restored (being already devoid of gonozooids).
Levinsen (1907) was the first to draw attention to the fact that such cases
are not rare when zooids somehow die or degenerate in the zoaria of
Cheilostomata, leaving in their place only a calcareous wall, while a new
zooid appears in the latter with its own wall ; it so happens that instead of
an ordinary zooid, an avicularium regenerates there or, in an opposite
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case, an ordinary zooid regenerates in a dead vicariating avicularium
(Figure 12, A to E). Sometimes, for want of space for the regeneration
of a complete zooid, a kenozooid is regenerated, and then the old orifice
of the zooid through which destructive external elements could exert
influence, is closed by forming a calcareous plate under it. Such
calcareous plates are not rare among representatives of Cyclostomata and
Cheilostomata. Levinsen could even record a phenomenon of double and
triple regeneration, when three avicularian skeletons were fastened one in
the other, and again, when two skeletons of autozooids followed one after
the other, followed by the skeleton of the avicularium (Figure 12, F).
In all these cases the repeatedly regenerating zooids, or the avicularia,
originate either from the proximal zooid or from the closest neighboring
zooid, which supplies material for the regenerating bud through connect-
ing pores or pore plates. Buchner (1918, 1924) assumed that vicariating
avicularia could originate because in the architectonics of the zoarium
they occupy a place of an ordinary autozooid, surrounded by the latter,
which may send new regenerating buds in their place; but this does not
concern such highly organized avicularia as, for example, those of Bugula,
i.e., the so-called dependent or adventitious avicularia (as if related to the
zooids), particularly the avicularia fixed on peduncles or stems which are
not capable of further reproduction. While analyzing the data collected
in the expedition “Vega” in 1878-79, |1 found a zoarium of Cauloramphus
intermedius Kluge in the Yugorki Shar on which pedunculated (stalked)
avicularia on two zooids formed similar new avicularia on the frontal sur-
face, which had completely developed, chitinous, and sharp mandibles
pointed upward (Figure 12, G). In principle, this phenomenon of
regeneration is the same as the phenomenon ofbudding; the only difference
is that here the zooids do not bud when young in the budding zone, but at
a later stage when they are already surrounded by similar, neighboring,
calcified zooids, and it would appear that there could be no more space
available for budding. All this suggests that the zooid, whether normal
or changed in form, has an inherent capacity for budding, to a smaller or
greater degree, throughout its life.

Partial degeneration and regeneration is much more distributed in
the life of Bryozoa. The partial degeneration and regeneration imply
disintegration of the intestine together with the tentacles, i.e., the polypide,
and the restoration of the latter inside the old and intact wall of the zooid
or the cystid. Throughout the zoarium, in its older parts, the presence
of a so-called “brown body” can be seen in many zooids. As was
indicated earlier, the excretory function in Bryozoa is performed by
amoebacytes and the cells of the blind sac and pyloric part of the intestine.
Together with the accumulation of excreta, the intestinal cells lose their
capacity to digest food and start degenerating; then the funiculus and the
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Figure 12. Degeneration and regeneration in Cheilostomala. Regeneration of zooids:
A—Hippothoa sp.; B and C—Schizoporella cecilii Aud. ; D—Cribrilina labiala: 1—regenerated
(new) zooid; 2—old, degenerated (dead) zooid with an entire frontal wall and open orifice,
without ovicell, or with ovicell without a frontal wall (A); with the accompanying orifice
(B); and with the destroyed frontal wall (C); 3—avicularium; E—Membranipora carinata
Lev., regeneration of oecium and avicularia: l—vicariating avicularium; 2—old zooid;
3—regenerated zooid; 4—regenerated avicularium; F—Rhagasostoma galeatum Hag., double
regeneration of the avicularia: 1—maternal avicularium; 2—daughter avicularium;
3—granddaughter avicularium; G—Cauloramphus intermedins Kluge: 1—maternal aviculari-
um; 2—daughter avicularium. (A, B, and C from Buchner, 1918; G from Kluge;
D, E, and F from Levinsen, 1907).
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tentacular sheath, together with the tentacles and nerve nodes, are des-
troyed. In short, the whole polypide degenerates turning into a formless
brown body. At this time it is surrounded by a multiplicity of amoe-
bacytes which absorb the still consumable organic matter and, as a result,
the brown body decreases in volume. By this time two primordia are
initiated in the body wall along the sides of the proximal margin of the
orifice of the zooid which, by coming closer and fusing along the medial
line, form a bud from which the new polypide develops. As this bud is
initiated from a pair of primordia, it frequently happens that each primor-
dium develops independently, and then two polypides form in the zooid
which either fuse or grow independently. Waters (1913) observed in Mem-
branipora armata Haswell, freshly obtained from the sea, up to 30 zooids in
the zoarium with such twins. A loose mesenchymatous cord stretches from
the brown body to the developing bud, together with a large number of
amoebacytes which surround the brown body. All authors share the
opinion that these amoebacytes, or phagocytes, play a large role in the
regeneration of the new polypide. The latter, while developing further,
comes closer and closer to the brown body by its blind sac, until it ultimate-
ly encircles the brown body. The brown body, falling into the blind sac,
is surrounded by a thin, structureless coating, and remains there up to such
time as the new polypide is completely formed ; then, with the help of the
cilia in the pyloric part of the intestine, it reaches the hind gut from which
it is ejected through the vent. This process of degeneration and regenera-
tion of the polypide is very clearly shown in the sketch by Marcus given
in Figure 11, and is easily observed in living specimens and slides of M.
membranacea (L.) and species of Flustra. But the brown body does not
always fall into the blind sac to be ejected; in many Cyclostomata and
Ctenostomata, as well as in some Cheilostomata, this brown body, surrounded
by a structureless shell, remains in the zooid; 2 to 3 brown bodies can be
seen in Cheilostomata, and a much greater number in Heteropora, indicating
that degeneration and regeneration of the polypide has taken place in the
zooid. According to the observations of Harmer (1896), in Flustrapapyrea
Pallas the whole process of degeneration and regeneration of the polypide,
from the final projection of the polypide to the release of the residue of the
brown body through the vent, continues for 35 days; but sometimes this
process is still not fully completed even after 68 days. This process of
partial degeneration and regeneration takes place at more or less regular
intervals in the life of Bryozoa, but what factors lead to it have not been
explained up to now. Harmer (1892), on the basis of experimental find-
ings (by injecting indigo-carmine, Bismarck-brown, and ammonia-carmine
into the bodies of F. papyrea Pallas, Bugula neritina L. and B. avicularia L.),
came to a conclusion which confirmed the prediction of Ostroumoff (1886)
namely, that the degeneration of the polypide in Bryozoa takes place due
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to the absence of a special excretory organ in them and, together with
other elements (amoebacytes, funicular tissue), this role is played to a
greater extent by the intestinal walls, especially that of the blind sac from
which brown bodies.start to form. This view is also shared by Prouho
(1892) who pointed out the difference in the metamorphosis between larvae
possessing an excretory organ, Pedicellina, and those which have no excre-
tory organ, Cyphonautes. In the former there is an intestine in the adult
animal, but in the latter this degenerates and forms again by budding.
But according to Marcus (1926b), in addition to the internal factors,
the phenomenon of partial degeneration is also guided by external factors
such as deficiency offood and oxygen, increased and decreased temperature
beyond the normal limits, increased or decreased salt concentration in the
marine water, the addition of different chemical substances to the water,
and the sedimentation of the residue; all these external factors give rise to
unfavorable conditions to which Bryozoa react by degeneration, which is
associated, perhaps, with the definite cyclic mode of life of Bryozoa in the
course of the year.

Life cycle

Friedl (1925) was the first to conduct experiments in Rovinew Harbor
(Adriatic Sea) with a view to studying the growth and life span of zoaria
and the life cycle of Bryozoa ; for this he used planks (boards) sunk to the
bottom of the sea on which swimming larvae were set. The object of
the study was Schizoporella sanguined Norman. Friedl came to the conclu-
sion that the duration of life of the zoaria in this species is not more than
6 months, since most of the individuals in the large zoaria contain extremely
brown bodies, and such zoaria are hardly capable of continuing their
life in the following spring. The greatest significance in this regard
concerns the zoaria which developed during the prior autumn, in which
a fairly large number of zooids still remained that had survived the winter
and continued growing during the spring in the month of April. In May
to June ovicells appeared in them, a proof of the development of sex
products. Larvae developed from May to July from which the zoaria of
the summer generations originated. These latter gave rise to the second
generation of larvae, which produced new zoaria in September and Octo-
ber. Thus, Friedl came to the conclusion that there are two periods of
growth during which the free larvae develop: first, in late spring or early
summer (May to July), and second, in autumn (September to October).
Zoaria developed from the larvae fixed from the end of May, grew in the
course of 4 particularly favorable months, and the number of zooids
increased at a rapid rate in the 5th month ; in October the growth declined
as a result of the accumulation of reserves related to the beginning of
sexual reproduction in September; thereafter they remained in a more or
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less dormant state up to the following spring, provided they were able to
survive the winter. The colonies developed from larvae attached from the
end of July, had only 2 favorable months at their disposal (August and
September), and the number of zooids increased slowly; in the month of
October the growth was still slower, and toward the end of the 4th month
the zoaria were only half the size of those which had developed in the
first 3 summer months.

Marcus (1926a), while not belittling the significance of Friedl’s experi-
ments, believes his conclusions cannot be considered generally acceptable,
because the life cycle ofthe Adriatic species does not coincide with that of
any other species living in other seasonal conditions. Marcus adduces
contradictory findings from different authors with regard to the time of
appearance (month) of the larvae Cyphonautes, which make it difficult to
accept the general picture of the yearly cycle in marine Bryozoa. On the
basis of his own experiments, Marcus (1930) has given the following scheme
of generation replacement in Electra (Membranipora) pilosa (L.) in the
North Sea. This scheme should be understood as showing in essence
not 4, but 2 generations replaced ; in particular, his 3rd and 4th (autumn)

4th generation 2nd generation 1st generation 3rd generation
(over-wintering)  (over-wintering) (often over-winte- (over-wintering)
ring twice)
Xl
X1
X
4th 3rd
IX generation larvae larvae generation
VI
Vil
VI
\Y 2nd generation larvae
v

1 1st generation (over-wintered)
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progenies over-winter, and the survivors of these constitute his 1st genera-
tion, which produced larvae in the spring, and a new summer progeny
of zooids in May. The latter, just like some of the over-wintered zooids,
developed larvae in September which gave rise to a new autumn genera-
tion of zooids in the month of October.

These zooids repeated the scheme after over-wintering. Thus, two gene-
rations, spring and autumn, were replaced in ayear, and here (as in Friedl’s
scheme) the freely swimming larvae developed and settled down twice in
the year, in the spring and in the autumn. Marcus believes that many of
the Bryozoa in the North Sea live for a number of years, terminating their
growth in winter and initiating it again in the following spring. For the
Barents Sea this was demonstrated experimentally by Kuznetsov (1941),
who conducted studies during the years 1937-38 in the Dalnezelenet-
skaya Inlet, on the dynamics of the biocenosis of Microporella ciliata (Pallas),
which lives on the under side of stones at a depth optimal for its growth,
3to 6 m. In this work Kuznetsov has given a somewhat different picture
of the life cycle of Bryozoa. Based on observations of the period of
larvae release and the destruction of ovicells, Kuznetsov concluded that
Bryozoa included in this biocenosis can be divided into 3 groups. The
first group, having 3 generations a year, is the largest in numbers. It
includes the following species of those studied by him: Callopora (Mem-
branipora) craticula (Alder), Escharella (Mucronella) immersa (Fleming),
Smittina (Porella) continua var. belli (Dawson), Schizoporella auriculata var.
lineata (Nordgaard), Stomachetosella (Schizoporella) cruenta (Busk), Hippo-
thoa hyalina (L.), Microporella ciliata (Pallas), Cylindroporella (Porina) tubulosa
(Norman), Escharopsis (Escharoides) sarsi (Smitt), E. (Escharoides) rosacea
(Busk), and Cellepora ventricosa Lorenz. The maturity of the sex products,
and the development of larvae in them, takes place in February to April,
May to August, and October to December. The fixation of larvae takes
place during May to June, August to October, and January to February.
Compared with the data of previous authors here, the winter generation
wedges in, and the release of its free larvae takes place in winter during
December to February.

The largest number ofsettled larvae fall in the autumn months (August,
September, and October) because a greater number of zooids participate
in the development and formation of larvae during the summer months.
The lowest number of larvae settle during the winter months (January and
February).

From the species indicated for this group, Kuznetsov gives a detailed
description of the life cycle of Microporella ciliata Pallas. As shown in the
graph prepared by him, the autumn larvae, fixed to the substrate, gives,
on the average, 50 zooids in a zoarium and further growth stops at this
stage up to spring (May) of the following year. The zoaria again grow
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and, up to autumn, they have as many as 800 zooids, when they again ter-
minate their growth until the spring (May) of the next (second) year.
At this time some of the zooids (15 to 20%) of such colonies, begin sexual
reproduction, participate in the formation of the spring generation, and
subsequently die soon after. Toward the autumn of the second year,
these zoaria multiply to the extent 02,000 zooids; some of these reproduce,
taking part in the formation of the autumn progeny, and die soon after.
In the spring of the third year, the zoaria again start growing, taking part
in the formation of the spring and autumn progenies of this year, after
which the dying off of zooids increases; thus the ratio of living zooids to
dead ones is only about 10%. These zoaria reproduce for the last time in
the spring of the fourth year and all the zooids die toward autumn. Thus
the autumn progeny of M. ciliata Pallas live for about four years, giving
rise to three spring and two autumn progenies during this period, and
according to Kuznetsov, individual zoaria may take part in the formation
of the third autumn progeny. But according to his observations not more
than 1% of all zoaria pass through such a life cycle, the remaining 99%
die at different stages of development, with the majority dying after the
second reproduction, i.e., the span of their life is about two years.

M. ciliata Pallas is the most studied representative of this group, but
since the authors, while talking of its development, exclusively describe
the reproduction of zooids in the spring and autumn periods, perhaps the
winter periods play no role; it may be assumed then that reproduction and
settling down of larvae in the winter months (December to February) take
place at different times, possibly depending upon specially favorable
conditions; therefore, | feel that M. ciliata Pallas cannot be considered
an important link in the life cycle of this group of Bryozoa.

The following species belong to the second group which has two
generations in a year: Crisia ebumea (L.), Dendrobeania pseudomurrayana
{murrayana) var. fessa Kluge, Scrupocellaria scabra (van Beneden), Caberea ellisi
(Fleming), Cylindroporella (Porina) tubulosa Norman, Schizoporella pachystega
Kluge, Sch. porifera (Smitt).

The autumn period of reproduction is dropped in this group, together
with the winter period of release and settling of the larvae. They complete
their life cycle after the first autumn reproduction and thus live for about
two years.

Lastly, Kuznetsov has included the following species in the group
living for one year: Tegella arctica (d’Orbigny), Callopora craticula Alder,
Lichenopora crassiuscula Smitt, Cribrilina punctata (Fabricius), Harmeria
scutulata (Busk), Hippothoa hyalina (L.).

Their autumn progeny reproduce twice, in the following spring and
in the autumn; the spring issue produce only once in autumn, after which
the zoaria of these species die out.
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Thus, the normal life cycle of Bryozoa is represented perhaps, by the
scheme proposed by Friedl, i.e., 2 periods exist in a year in the
course of which free larvae develop (or grow very intensively), particularly
in spring and autumn. The periods in months could, of course, fluctuate
in the direction of earlier or later release depending upon external
conditions, as was demonstrated by Kuznetsov for Eastern Murmansk.
Comparing the curve of intensity of larval fixation to the substrate with
the curve of the average monthly temperature at water surface, which has a
very close correspondence, he concludes that temperature is an important
factor in regulating the onset and duration of the most important processes
like reproduction, growth, fixation to the substrate, and so forth.

I have described the most interesting findings of Kuznetsov in detail
because, up until now, they are the only findings of this type covering a
large number of species; one wishes that these observations had been re-
peated for each species individually. It is also essential to keep in mind
the recent observations of Silen (1944c) about the fact that in one ovicell
the larvae do not develop all at one time, as was thought earlier, but often
one after the other; the development period is 2 weeks for each larva.
These observations were recorded in 1943 and were conducted at the
Biological Station in Kristineberg (western Coast of Sweden).

Ecology of Bryozoa

General conditions of living. Marine Bryozoa are widely distributed
in all the seas, particularly in the tropical and subtropical regions.
They live at different depths from the belt of ebb and flow (high and low
tide) to 5,715 m (Cribrilina monoceros Busk and Bifaxaria abyssicola Busk,
north of the Sandwich Islands). But most Bryozoa are coastal animals,
the largest number of species being distributed in the area of the mainland
(continental) shelfup to a depth of 250 to 300 m, and the number of species
drastically reduces on the continental shelf or precipice up to a little
more than 1,000 m; they are seen in insignificant numbers in the Babyrsals
(abyssal zone). The typical inhabitants of the dry strip in the temperate
zone are Flustrella hispida (Fabricius) and Alcyonidium hirsutum (Fleming).
Some species found in our waters appear to be very widely distributed at
depths, for example Eucratea loricata (L.) lives at a depth from 0 to 2,300 m;
Kinetoskias smitti Danielssen, from 65 to 1,210 m; K. arborescens Danielssen,
from 19 to 1,229 m; Pseudoflustra solida (Stimpson), from 5 to 1,159 m;
P. sinuosa (Andersson), from 15 to 1,000 m; and Tessaradoma gracilis
(M. Sars), from 72 to 3,500 m.

Bryozoa are associated with the specific substrate on which they live;
they prefer hard grounds such as rocks, stones, and shell deposits, as well
as the algae fixed on these; only a very few live on soft sand and silt, or silt.
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Many Bryozoa arc commensal and live on other animals such as hydroids,
tubes of worms, bivalved shells and gastropod mollusks, barnacles (Cirri-
pedia subclass), crabs, and ascidians.

Many Bryozoa, particularly among the free-growing, calcified, and
ramified forms such as Microporina, Homera, Retepora, and others, may grow
around other Bryozoa providing protection at the same time. A majority
of Bryozoa grow freely around the substrate, but a few representatives of
the order Ctenostomata from the suborder Stolonifera bore their way into the
tubes of worms, such as Hipophorella expansa Ehl., into the tubes of Terebella
conchylega (Ehlers, 1876), into bivalved shells and gastropod mollusks, such
as Penetrantia concharum Silen, in the shells of Cardium edule (L.), Mytilus
edulis (L.), Buccinum undatum (L.), and others (Silen, 1946, 1947).

Bryozoa live under different temperatures from 2 to 29° (in the Red
Sea). Some of the littoral forms like Flustrella hispida (Fabricius) and
Alcyonidium kirsutum (Fleming) living on fucus, can tolerate still lower
temperatures during winter months, up to 15°C, in a state of anabiosis.
Different species of Bryozoa can tolerate temperature fluctuations in the
water surrounding them; some live in narrower ranges while others live
in wider ones. Thus, some of the high-Arctic forms live under ex-
ceptionally unfavorable temperatures, for example Berenicea arctica Kluge
from —1.2 to —1.12°C, Stegohornera arctica Kluge from —1.96 to —1.11°C,
Alcyonidium gelatmosum var. pachydermatum Kluge from —1.6 to —1.24°C,
Uschakomagorbunovi Kluge from —1.40 to —0.9°G, Smittina gladata Waters
from 1.48 to —0.82°C; they have an amplitude of fluctuation less thanlI°C.
The purely Arctic forms have an amplitude of fluctuation from 2.8 to 4°C,
for example: Tubulipora ventricosa Busk from —1.65 to 1.95°C, T. soluta
Kluge from —1.7 to 1.58°C, Idmonea atlantica var. gracillima Busk from
—1.68 to 1.5°C,7.fenestrata Busk from—21.6 to 1.74°G, Alcyonidium mamillatum
var. erectumfrom —1.7t02.2°C, and Cribrilina spitzbergensis from —1.27 to
2.2°G. The amplitude of fluctuation for the widely distributed Arctic-
boreal species in the Barents Sea ranges from 5.6 to 12.95°C, and in the
White Sea from 15.2 to 20.0°C: Alcyonidium gclatinosum (L.) from —1.9
to 11.05°C, Eucratea loricata(L.) in the Barents Sea from —1.82 to 5.6°C,
in the White Sea from —1.5 to 18.5°G; Electra pilosa (L.) in the Barents
Sea from —1.5 to 5.2°C,- and in the White Sea —1.15 to 15.0°C; Smittina
concinna (Busk) in the Barents Sea from —1.9 to 3.7°C, in the White Sea
from —1.2 to 14°C.

Most Bryozoa live under normal salinity, from 34 to 35%0, but some
live under a low salt concentration, such as Electra crustulenta var. baltica
Borg which lives in the Baltic Sea in a sale concentration of4.16 to 5.68%0;
in the Bay of Finland (Knipovich, 1909; Kluge det.) they live even under
2%o0, and some may even enter the estuary of a river such as Crisia eburnea
(L.) in the estuary of the Elba (Borg, 1930a) ; others live in a higher saline
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concentration, such as the Bryozoa of the Red Sea in 38 to 40%o0. Just
as some species can tolerate fluctuations in temperature, so different
species can tolerate fluctuations in salinity. Thus Electra pilosa (L.) lives
in the Barents Sea under 34.88 to 32.21 %0, and in the White Sea under
29.56 1025.99%0, and Electra crustulenta var. arctica Borg lives in the Barents
Sea under 34.92 to 32.849%0, and in the White Sea under 28.92 to 26.88%0.
In this regard some interesting experiments were conducted by Marcus
(1926b) with Electrapilosa (L.) and Farella repens (Farre) at the Biological
Station on Bisum Island in the North Sea, where the average salt concen-
tration is 35%0. The salinity was increased or decreased gradually and
the Bryozoa remained in each new concentration for sometime in order
that they could be accustomed to a changed condition before being
transferred to a solution differing greatly from the normal. The experi-
ments showed that the amplitude of salt concentration within which both
the investigated species could adapt themselves is probably from 53 to
17.5%0 for Electra pilosa (L.), and from 59 to 14%0 for Farella repens
(Farre). A littoral species, and particularly the one found in estuaries,
is exposed to marked fluctuations in salinity in natural conditions, and
F. repens (Farre) belonging to the order Ctenostomata is probably more
resistant to estuary conditions than others. This is fully confirmed by the
observations of Borg (1930b) collected on the fauna of the saline waters
in Scheider-vinken (northwestern coast of Sweden); in 1936 he stated
that uncalcified Ctenostomata are often found in saline waters and more
easily adapt to such than Cheilostomata and Cyclostomata in which the strong-
ly calcified forms are totally absent. Borg’s statement is confirmed by
the studies done by Osburn (1932) on the fauna in the highly fresh water
bay of Chizapik (eastern coast of North America); he recorded 19 species
of Bryozoa, of which one belonged to Cyclostomata, 9 to poorly calcified
Cheilostomata, and 8 to Ctenostomata.

The experiments conducted by Marcus with these same species showed
that Bryozoa do not reflect either a positive or a negative phototropism,
as the direction of budding and the formation of branches did not change
in light or darkness, but an increase in the number of buds, and con-
sequently the growth rate of the zoaria, was observed when the specimens
were placed in darkness.

Bryozoa have many enemies, including the active ones which feed on
them directly such as many turbellarias, segmented worms (Annelida),
gastropod mollusks, and fishes, as well as the passive ones which do not
feed upon them but mix into their zoaria in abundance and thus block the
life of many individuals, such as the larvae of many bottom-dwelling
animals which settle on the Bryozoan zoaria. The more or less strongly
calcified skeleton in the calcareous Bryozoa, and the strongly developed
spines with a membranous frontal surface in other species, serve as defense
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mechanisms against the enemies of the first category; the fairly distributed
avicularia in different places on the zooids, particularly near the orifice
where their significance is increased when they are arranged on the various
types of protuberances or rostrums, serve as defenses against enemies of
the second type. At the same time it should be pointed out that in some
species with a fairly well-developed scutum and vibracularium (Scrupocel-
laria scabra var. paenulata forma orientalis Kluge, and others), or with well-
developed avicularia on the conical protuberances or rostrums near the
oral orifice (Rhamphostomella scabra Fabricius, Rh. costata Lorenz, and
others), a large number of Loxosoma from the group Endoprocta or Kamptozoa
are frequently found; these sit with their stalks inserted into the depth of
the secondary orifice, their bodies and tentacles remaining above the sur-
face of the orifice. Although these Loxosoma probably restrict the process
ofextension of the zooidal tentacular crown, nevertheless the latter is placed
in a normal condition and the development of the larvae in the ovicells
takes place normally. No basis has been found as yet to explain the fre-
guently occurring symbiosis with Bryozoaofthe different species of Loxo-
soma, as well as a few representatives of segmented worms from the family
Aphroditidae.

Biocenosis. Many Bryozoa are frequently found to occur in a parti-
cular organism combination and can be seen on a particular substrate.
Thus on blade kelp (Laminaria) the following species are almost always
found: Membranipora membranacea L., Electra pilosa (L.), Hippothoa hyalina
(L.), Cribrilina annulata (Fabricius), Crisia eburnea (L.), Alcyonidium mytili
Dalyell; on fucuci, Flustrella hispida (Fabricius) and Alcyonidium hirsutum
(Fleming) are found; on hydroids, often the various species of Crisia,
Tricellaria, Scrupocellaria, Bugula, Cellepora, etc., are found; on ascidia (for
example, Phallusia obligua Aid.), Flustra membranaceo-truncata Smitt, F.
securifrons Pallas, Dendrobeaniapseudomurrayana Kluge, D.fruticosa (Packard),
Caberea ellisi (Fleming), Callopora craticula (Alder), C. lineata (L.), Doryporella
spathulifera (Smitt), Cheilopora sincera (Smitt) and species of Retepora and
Rhamphostomella, Crisia eburneo-denticulata Smitt and Idmonea atlantica Forbes
are found; on stones and shells, most frequently Pecten islandicus (Mdiller),
Smittina concinna (Busk), S. rigida Lorenz, S. mucronata (Smitt), Porella
compressa (Sowerby), P. groenlandica (Norman), P. princeps Norman, P.
struma Norman, Schizoporella pachystega Kluge, Sch. Crustacea (Smitt),
Onceusoecia diastoporides (Norman), and 0. canadensis (Osburn) are found.
Quite frequently symbiosis can be observed between Bryozoa and nema-
todes. For example, Schurmans-Stekhoven (1933) frequently found up
to 9 different species of minute nematodes in Membranipora membranacea
var. erecta Loppens (= Electra crustulenta Borg), buta more detailed investi-
gation of the interactions between them has not yet been conducted.

Variability. 1t could be expected that in the development of the
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zoarium by blastogeny, the variability of the constituent zooids should be
insignificant; but this is far from true as the zooids in a zoarium are subject
to a marked variability. This variability is observed in the size and form
of individual zooids, and in the sculpture of their surface: in young zooids
the frontal surface is often smooth and convex, the margins have depres-
sions, and along the margin there is a clearly expressed, transverse or
radial, costate structure with depressions and orifices between the rebra;
in the older zooids the surface is usually more or less evenly tubular, the
costate formation is not noticeable, and only small openings remain along
the margin. In place of the clearly demarcated primary orifice of the
young zooids, one frequently sees in older zooids a secondary orifice with
a clearly different demarcation; sometimes it is possible to view the primary
orifice in the water but with difficulty. Clearly noticeable, and sometimes
even strongly protruding avicularia, located in the proximal margin of
the orifice of the young zooid, become less prominent in the old; some-
times they are totally hidden in the orifice, and in cases where a similar
outline of a secondary orifice exists, it is difficult to differentiate between
two species with similar types of zoaria, e.g., Porella compressa (Sowerby)
and Escharopsis sarsi (Smitt) ; only the color of their zoaria provides a basis
for differentiation. All such changes in zooids in one and the same
zoarium, are the result of calcification of the frontal wall which is so
strongly expressed in many species that the zooids become inconspicuous
near the base of the zoarium, and the whole of this portion looks like
a continuous, calcareous mass. This has been observed in Cyclostomata
and in Cheilostomata. In this case the zooids change back into kenozooids,
to serve as a supporting element in the zoarium. The conversion of
zooids into kenozooids in the lower basal part of the zoarium takes place
not only because of calcification for the purpose of developing the sup-
porting organ, but also by other means such as the formation of the storage
place of the nutritional material for further development of the zoarium
(a few species of Alcyonidium among Ctenostomata, and especially Uschakovia
gorbunovi Kluge among Cheilostomata; Figure 228). The factor responsible
for variability in zooids is the disappearance in adult zooids of certain
characteristics present in the young, such as the spines along the distal
margin of the orifice, and the disappearance of avicularia in some
avicularia-carrying species, sometimes in the entire zoaria as, for example,
in Schizoporella elmwoodiae Waters, Porella princeps Norman, Cheilopora
sincera (Smitt), Escharoides jacksoni (Waters), and others. Bryozoa
undergo a marked amount of variation depending upon external environ-
mental factors. The observations made by Friedl (1925) at the harbor
of Rovinew are interesting in this regard. In the genus Scrupocellaria
a changed spine or scutum was located on the internal lateral margin of
the aperture which covered the aperture. This scutum or fornix was
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shaped like a rounded or oval plate in some species, but was ramified in
others. Friedl found that in Scrupocellana replans (L.), in which the scutum
was branched, the zoaria of the summer progeny had a well-ramified
scutum (formtypica). The scutum in the autumn progenies became less and
less ramified, and in late autumn the young zoaria had weak and simply
forked scutums. Such forms were described as independent species by
some authors, e.g., S. berlhollelti (Audouin), S. capreolus (Heller), and
S. scruposa (L.). In a similar series, a few different forms of the scutum
can be found in one and the same zoarium.

Bryozoa demonstrate not only a marked individual variability but
also a group or intraspecific variability. Thus many species considered
earlier to be monotypic, appeared to be polytypic on detailed examination.
Among those Bryozoa found in our waters, the following species deserve
special mention: Crisia denticulata (Lamarck) with the varieties borgt
Kluge and arctica M. Sars; Alcyonidium gelatinosum (L.) with the varieties
anderssoni Abrikosov, diaphanum Faire, pachydermatum Kluge, radicellatum
Kluge; Eucralea loricata (L.) with the varieties arctica Kluge, cornuta Osburn
and macrostoma Ortmann; Electra crustulenta (Pallas) with the varieties
arctica Borg, baltica Borg, and catenularia similis Kluge; Dendrobeania with a
whole series of species and varieties (see p. 391); and others.

Food value. Osburn (1921) has reported data which suggest that
Bryozoa can serve as food for certain birds and fishes. Thus in the
stomachs of the eider in the Pribilof Islands, the residue of Crisia sp.,
Menipea pribilovi Robertson, Leieschara (Myriozoum) coarctata M. Sars, and
Cellepora surcularis (Packard) was found. In the stomachs of some of the
commercial fishes in the coastal waters of North America he found the
residue of Bugula territa (Des.), Lepralia pallasiana Moll, Smittina trispinosa
(Johnston), and Schizoporella unicornis (Johnston). Undoubtedly, the soft
and slightly calcified, branched and bushy Cheilostomata like Eucratea
loricata (L.), species of Bugula and Dendrobeania, as well as poorly chitinized
Ctenostomata like the species Bowerbankia, Valkeria, and Alcyonidium, and
other genera, serve as prey for many fishes; their larvae become food
for young fishes and oysters on the oyster shoals. All this suggests that
to a certain extent Bryozoa play a useful role as food material.

Significance in rock formation. Bryozoa have played a role in rock
formation since ancient times, starting from the Lower Silurian in the
form of the now extinct groups of Cryptostomata and Trepostomata. At
the end of the Paleozoic, in the Permian period, these groups disappeared
and in their place appeared Cyclostomata which reached their maximum
peak in the Cretaceous period, then began to die off leaving a few types
in the Modern period. Cheilostomata began in the Cretaceous period,
attaining their development peak in the Tertiary and Modern periods.
The Sarmatian deposits, in the form of large Bryozoan reefs, serve as an
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example of the energetic development of Cheilostomata in the Tertiary
period; these reefs constitute complete hills on the Krech and Taman
peninsulas, consisting almost exclusively of Membranipora reticulum L.
(Andrussov, 1909-11).

Methods of preserving and studying Bryozoa

For studying marine Bryozoa it is best to use 80% ethyl alcohol. If
the latter is not available, a 3% solution of Formalin may be used but
the specimen should be transferred to alcohol as early as possible. It is
advisable to rinse the colony in fresh water before placing it in alcohol,
in order to remove the salts deposited on its surface. The small or large
stones surrounded by the Bryozoan overgrowth should first be washed
thoroughly with fresh water and then preserved in a dry condition.  This,
of course, refers to the calcified forms. Preserving Bryozoa devoid of
calcium in a dry condition is not recommended as they shrink drastically,
and it is very difficult to restore them to original size by soaking. The
material fixed in alcohol should be transferred to fresh alcohol after some
time. The discarded alcohol can be re-used for preserving fresh material,
if it is not to be used for purely systematic purposes. If the material
preserved is to be used for morphological studies, 90% alcohol should
be used; the delicate uncalcified colonies of Ctenostomata from the group
of iStolonifera may be fixed in a 3 to 4% solution of Formalin, but it is
advisable to transfer them later to 80% alcohol. To remove calcium
during subsequent investigations of its morphological structure, the
preparation should be dipped in 80% alcohol to which hydrochloric or
nitric acid is added at the rate of 0.5 ml for every 100 ml of alcohol.

For taxonomic studies, the material fixed in alcohol should first be
carefully cleaned of the sand particles attached to it with a brush, using
a harder brush for the thick calcified material, and a softer one for the
thin and soft or uncalcified colonies. 1fdry material is being investigated,
it should first be moistened thoroughly, cleaned with a brush, and then
dried again for study. To obtain a clear picture of the sculpture of the
frontal surface of the zooids, and to establish a possible investigation of
the connective process between individual zooids in the colony through
pore plates or pore chambers, it is recommended that preparations be
treated with Javel solution (KCI+KCIO in water, or NaCl+NaClO
in water), by submerging them in the water after alcohol. KCIO works
gently in water. Thinner calcified preparations of jointed colonies
should be treated with a less concentrated solution. If it is difficult to
obtain such a solution, the preparation may be treated with a solution
of potassium iodide or sodium iodide together with heating in a test tube,
but this must be done with great care. Lastly, to separate a preparation
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which has grown around a large or small stone or shell in the form of a
crust, prick the preparation and then the crustaceous colony will peel
off the substrate. To make permanent slides, glycerine or Canada
balsam should be added; Harmer (1903) recommended that the slides be
transferred directly from absolute alcohol to a Canada balsam solution
made in absolute alcohol. The white dullness which develops while
preparing the solution disappears by placing it in a water bath at 60°C
for a few days. Earlier authors fixed permanent calcareous preparations
in Canada balsam, but as the balsam dries out with time, the slide can be
studied in only one position. In order to examine calcareous preparations
from more than one position, it is better to make a dry preparation by
the method given above. The dry preparation should then be mounted
in a dry chamber made from cardboard cut in the form of a slide that is
7.5 cm X2.5 cm. Another alternative would be to cuta round hole of 20
mm diameter in the cardboard and cover it with a paper ring which
can move freely on the glass slide. An even better method of handling
small preparations is to mount them on cardboard, fix them on the
cardboard slide plate, and paste them with black paper in such a manner
that it is possible to insert a cover glass between the paper and the card-
board. The cover glass closes the chamber. This method of preservation
is doubly convenient because the preparation can be examined from
all sides.

Finally, in order to observe the internal cavity in strongly calcified
species, Harmer (1900: 240) recommends embedding the sample in
paraffin, cutting the basal wall carefully with a scalpel, and then removing
the paraffin by dissolving it in acid or toluene (methyl benzene).

To study soft colonies of Ctenostomata from the group Stolonifera,
preparations stained with boric carmine and haemalaun should be passed
slowly through absolute alcohol and clove oil.  Itis strongly recommended
that Bryozoa be studied first in a live state, for which they should be
kept on shallow plates and observed in a straightened condition with
tentacles extended; this makes it possible to record the structural details
for a few littoral, more or less transparent, forms such as Membranipora
membranacea (Z,.), Electra pilosa (L.), Alcyonidium hirsutum (Fleming), and
others.
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Table of distribution of Bryozoa in Arctic seasl

Arctic region
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1. Order Cyclostomata
Family Tubuliporidae

Stomatopora granulata (Milne-Edwards) + + + + —— —+ —

Proboscina gracilis (K luge)....ccceeveeene. —+

P.fecunda KU Qe ..o —_——— ———

P. major (Johnston)......cccovviiennninnenas + o+

P. incrassata (Smitt) ..o P — o —— ¢ —

Oncousoecia diastoporides (Norman) Cooh o+ —— 4 4+

0. canadensis O sbum ..., o+ o+ — 4+ —+ o+ +

0. polygonalis (Kluge) . .ccoovvveiciinne —+ —— —— 4 4 +

Tubuliporaflabellaris (Fabricius) . . .+ + + + + + + + +

T. maris-albi Gostilovskaya...................... _—— ———

T. eminens KIUQe ..coooveeiiiriiiecciens —_——— ———

T. dilatans (Johnston).......ccccovviviennee o+ o+ ——— —

T.fructuosa Gostilovskaya . . . . . . -ir

T.smitti K TU g€ oo —+

T. uniformis Gostilovskaya.........cccco.c..... —+ o+

T.apertaHarmer ...

T. minuta (KTUuge) ., —+ + —— 4 ———

T. liliacea (Pallas) ..o, ++ —— + o+

T. borgi KIUQe ..o

T. murmanica K 1u g € oo,

T. ventricosa Busk S — e+ 4+ o+ o+ —a o+

T. soluta K luge — 4 — 4+ + 4 ——

T. nordgaardi Kluge  .occooveivieieicee,

T. penicillata (Fabricius) . g —— + —

T.fruticosa K TU Q€ .o — 4 —y ——

Family Idmoneidae
Idmonea atlantica Forbes + o+ — 4 o+ o4 —4 o+

I. atlantica var. gracillima Busk . . .. —4 —, 4+ + —

‘Asterisked species were not found in the northern Russian seas.
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I.f enestrata B usk + —— 4
I. tumida (Smitt) —+ — —
1. bidenkapi K 1U g€ ..coeoviiieiiiccins —+
Idmoneoides arctoflabellaris (Kluge) . . . —+ —+ + + — —
I simpleX K TU g€ .o, — 4
Family Entalophoridae
Entalophora clavata B u sk .......c...ccccceeeeee. o+ —+ + + —+ —

E. harmeri (Osburn)
Family Diastoporidae

Diplosolen obelia (Johnston) — ................. + o+ —

D. obelia var. arctica (Waters) . ... + + + + + + + +
D. intricarius (SmM itt) ..o, + —+
Berenicea arctica KIuge.......coooeeverecnnane. —_——
B. oblonga Kluge....ccooovvvveivieveicsce, —_——
*B. patina (Lamarck).......... + —
B. meandrina (S. W ood) + +

Family Corymboporidae

Domopora stellata (G oldfuss)......c....... +

Defrancia lucernaria M. Sars ... + + —+ + + —+
D. lucernaria var. proliféra Kluge . . ¢—+ —+

Family Fascigeridae
Fasciculiporoides americana (d’Orbigny) ————+ + + +
Family Crisiidae

Filicrisia geniculata (Milne-Edwards) + + + ————+
F.smitti (KIuge). e + + —+ —+ —+
Crisidia comuta (Linnaeus)......ccccveenae + + —+ ———+
*C. orientalis K lU Q€ .cooeeveciiiieciieeieins +
*Bicrisia abyssicola Kluge +

Crisiella diversa (K luge) L—t — —————
C. producta (Sm itt)...cccocovvevnncneiirne. + + + + ———+
C. complecta (Kluge)  .coooveeiivniciene —+ —+

*Crisia aculeata Hassall ..o +

C. aculeata var. bathyalis Kluge . . . . ———+ —————

1 North Pacific region

+

+
+

+
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C. ebumea (Linnaeus).....cccoovvviereeerene. + + 4+ + + + + 4+ +
C. ebumeo-denticulata Sm itt.........cccccc..... ++ + + 4+ + —+ +
C. constans KIUQe ....coooeeienernirirrceneae —_ _
C. denticulata (Lamarck) + ——+ ——+ + +
C. denticulata var. borgi Kluge . ... + + + + + + —+ —
C. denticulata var. arctica M. Sars . . .+ + —+ + —+ + +
Family Horneridae
Stegohornera violacea (M. Sars) . . .. + + + —
*S. violacea var. proboscina (Smitt) . . . +
S. arctica (KIUGE) oo, +—+ —+ ———F
Homera lichenoides (Linnaeus) . ... + + —+ + + —+ —
Family Lichenoporidae
Lichenopora verrucaria (Fabricius) . . .+ + 4+ + + + +
L. multicentra Kluge ..o —_————t ———
L. sibirica K U Qe ..o _———t ———
L. radiata (Audouin).......revennne. 4 —— + —+
L. hispida (Fleming)....cninenns + + + + ———+ —
L. crassiuscula SmMitt......cccoovvevviviireiiennns + + —+ + —4+ + +
Family Heteroporidae
Heteropora pelliculata W aters................. + 4
Borgella tumulosa K luge....cccocoeeinienee +
Family Fungellidae
Fungella dali KIuge ..o, —_—— ———+ ——

I1. Order Ctenostomata
Family Alcyonidiidae
Alcyonidium gelatinosum (Linnaeus) . . .+ + + + + + + + +

cexcavatum H inCK S
. hirsutum (Fleming).....cccoovnviinnnnne + + + +

A. gelatinosum var. diaphanum (Faire). .+ +

A. gelatinosum var. artderssoni Abrikosov. —+ —+ + + + + —
A. gelatinosum var. pachydermatum Kluge —+ —+ —————
A. radicellatum K Tuge ....coevveeevcniienenn, —t —+ + + ———
A. vermiculare O Kad a .....cccoeeeveeririecnne. +
A

A
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A.mytiliDalyell. e o+ o+ o+ o+ o+ o+
A. irreguldre K TU Qe ..o —+
A. mamillatum A ITd er ..o, o+ o+ o+ —+ + o+
A. mamillatum var. erectum Andersson o+ + + o+ —+ +
A. proboscideum K luge....cooooevvirieviennn, —+
A. albidum Alder ..........
A. disciforme Sm itt + o+ o+ o+ o+
A. parasiticum (Fleming).....c.ccooeevvvnnn. +
Family Flostrellidae
Flustrella hispida (Fabricius)................ + o+ —— ——+ +
F. corniculata (SmM itt) ..o + o+ + o+
F. cervicornis (Robertson)....cccccoeeeeenine + o+
F.gigantea Silen ..., + o+
F.vegae Silen . +
Family Arachnidiidae
Arachnidium clavatum H incks................ + +
A. hippothoides Hincks.....ccccoovoeeiiieenne. + +
A. simplex Hincks ..o, —+
Arachnoidea barentsia K luge..........ccccceeu.. —+
Family Nolellidae
Nolella dilatata (Hincks)......coooovevvrennnn. + + + +
Family Vesiculariidae
Bowerbankiapustulosa (Ellis et Solander) + +
B. imbricata (Adams) + 4+ + ————+ +
B. arctica Busk ... + 4+ + + + 4+ —+ +
B. caudata (Hincks) + + + ———+ —
B. composita K TU Q€ ...ccocevueerverrercrcereiseiiinns —_—t ————+ —+
Family Valkeriidae
Valkeria uva (LiNNAGUS) .o + 4+ + ————+ —
Family Triticellidae
Triticella pedicellata (Alder)  ................. + + + —

Family Buskiidae
Buskia nitens A 1d € ...cccovvvvvvciiiiiieciiiiee + + + + —+ —+ —
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1. Order Cheilostom ata
Family Scrupariidae
Eucratea loricata (Linnaeus)  ............... I It
E. loricata var. arctica (Kluge) . . . .+ + —+ + + + + —
E. loricata var. comuta (Osburn) . . . ————+ + + + +
E. loricata var. macrostoma (Ortmann) . —- —+ + —+ —4
Family Membraniporidae
Membranipora membranacea (Linnaeus) m+ + + —
Electropilosa (LinNé) ..o oot ———+ —
E. pilosa var. dentata (Ellis et Solander) + + + + —————
E. crustulenta (Pallas) f. typicaBorg . .+ ——— —— —— 4
E. crustulenta var. balticaBorg . . . .+ + + + —————
E. crustulenta var. arctica Borg . . . —+ + + + —+ + +
E. crustulenta var. catenularia-similis Kluge —t+ + ————+ —
E. catenularia (Jameson)........ccccevveenne. + +
Tegella unicornis (Fleming).....ccccccooveuee. + + + —
T. armifera (HiNCKS) ..o + 4+ 4+ + + + + 4+ o+
T. armiferoides K luge .
T. kildinensis KIUQe....ccoooeovierircienericenne,
T. spitzbergensis (Bidenkap).....cccoue..... + + + + —+ + + +
T. arctica (d’Orbigny) .o, o+ o+ —+ + +
T. arctica var. retroversa Kluge . ... . —+ —+ —+ + —+
T. nigrans (HIiNCKS)..ccocoovveiiinieiiieiiennns + 4+ 4+ 4+ F o+ o+ + o+
T. anguloavicularis K Tu g e .....ccoceevvennnens + —4
T. inermis K IUge .o +
T. amissavicularis K luge.....cccoveeerrennn. +
T. norvegica (Nordgaard) . . . . . . + -
Callopora lineata (Linnaeus).....cco...... FF o+ o+ o+ o+ + 4+
C. craticula (Alder) . o+ 4+ o+ oo+ o+ o+
C. craticula var. sedovi K luge.....c..c...... —5
C. aurita (Hincks)..oevivveieinennas T
C. smitti Kluge  ............. - — 4 — 4 4§ — 4 —
C. whiteavesi Norman ... oot o+ —
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C. lata (KIuge) e + + + + + + —+ —
C. 0besa KIUQe ..o +
C. detyugini (KIuge) ..ocoveeoeeireere e —+
Cauloramphus spiniferum (Johnston) . .+ + + ———+ + +
C. intermedius Kluge ..o — 4+ ——+ + —
C. cymbaeformis (Hincks)......ccoooovvuevrrenean. o+ o+ o+ o+ o+ o+
Ramphonotus minax (B usk)......cccccvevenene. + o+ + o+
R. gorbunovi K Tu g e ...cccovvevvveniiiiiiiiiiiss — — — — — + ———
Amphibiestrumflemingii (Busk) . . .. + +f + —
A. septentrionalis (KIuge)....ccocooeevevrireenne. o —— —+ —
A. trifolium (s. Wood) + o+ + o+
A. trifolium var. quadrata (Hincks) . . .+ + ————+ + —
Lamacicus comiger (Busk) — .......cccceevvveneae. + o+
Megapora ringens (B USK)......ccccccevvevrienee. + o+
Doryporella spathulifera (Smitt) . . .. + + + + ——+ + +
Reussina impressa (ReUSS)  oooveeeririeene. —
Family Flustridae
Flustra carbasea (Ellis et Solander) . .+ + —+ + + + + +
F. nordenskjoldi K luge......ccccoeevenvnnnnne. ———— % o+ + —+
F. membranacea-truncata Sm itt................ FoF o+ o+ + + o+ o+ +
F. serrulata B USK ..cocooveeviiieieeeeeee e —F — 4+ + + + + +
F. barleei BUSK .....occvviiiiiiiniccie o+
F. securifrons (Pallas).....ccceoevvevienns + b o+ o+ o+ T+
F.foliacea (LiNN@eus) ........ccevevvviennn + + 4+ 4 ——
Sarsiflustra abyssicola (G. Sars) . . .. + + —4+ + + —4 —
Family OnycboceUidae
*Smittipora solida (Nordgaard) . ... 4 ——— — —— + —
Family Microporidae
Micropotina articulata (Fabricius) . . . —+ + o+
Family Bicellariidae
Dendrobeania murrayana (Johnston) . .+ + + + ——+ + +
D. pseudomurrayana K lu g e .......cccceevvenee + o+ + o+ Novaya

Zemlya
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D. pseudomunayana var. tenuis Kluge . . —+ +
D. pseudomunayana var. fessa Kluge . .+ + + + ——+ + +
D.fruticosa (Packard)........cceeveevriennnn, + + 4+ + + —+ + +
D.fruticosa var. quadridentata (Loven) .+ + —+ + —— 4 +
D.fruticosa var. frigida (Waters) . . .—+
D. levinseni (KIUQe)...ccoooovveiveriiriiiiennns —+ —+ + + + —+
D. pseudolevinseni K luge......coeevevrennenns +
D.flustroides (Levinsen)......cccoevvrenan. —_—t ——+ —+
D. murmanica (K1uge).....coooovevvrenennnnnns
Bugula harmsworthi W aters.......c.cccoeunee. + + —+ + ——+ —
B. tricuspis Kluge  ...ccoocveiieiiiiiciieins + Novaya
Zemlya
B. fastigiata Dalyell......ccccoovriiiiniiennn, + + + + — —
B. tschukotkensis Kluge — ......ccoveevveneenne
*B. avicularia (Linnaeus)  .....cceceveeienne y —
B. elongata Nordgaard . . . . . . . + + + + —+ —
*B. calathus Norman  ........cccovevveenan, +
Kinetoskias arborescens Danielssen . . .4+ + - + + + —4 -
K. smitti Danielssen  .......cccceevveviiviennnn. + + —+F — 4+ —4 —
*K. mitsukuriijanagi a. O kada................. +
K. beringi K Tuge ..cccovevvveiiiineeeece +
Bicellariella ciliata (Linnaeus)......c.c....... + + —
Bicellarina alderi (BUSK)......ccoeevvvevrienean. o+ — ——— — 4
Corynoporella tenuis H inCKsS..........cccuuee. + -
Semibugula birulai K luge......c.ccccocenee — -+ o+ -+ o+
Family »S&dkoidae
Uschakovia gorbunooi K luge.......cccocvvveee. = _ oy -+ - - -
Family Scrnpocellarildae
Bugulopsis peachi (B USK)......ccccocevvevrienee. FoFFoF ot o+ o+ o+
B. peachi var. beringia K luge....ccoeeeeee. = S - - - 4o+ o+
Notoplitesjeffreysii (Norman)................ o4 - - - = - - -
N. sibirica (K 1Uge) ..o, b+ -4 -
N. smitti (Norman).......ccoeevvieciinnnns b o o ——y —
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JV. normani (Nordgaard).......ccccoeeevennne + + —+
Tricellaria temata (Ellis et Solander) ++ ++ ———+ +
T. gracilis (van. Beneden)  ................. ++ 4+ +++ + ++
T. gracilis var. inermis K luge................ + + + ——+ —+
Scrupocellaria intermedia Norman . . . . + +
S. scabra (van. Beneden) ... + 4+ + + ——+ + +
S. scabra var. paenulata Norman . . . . + + + + + —+ + +
S. scabra var. paenulataf. orientalis Kluge —————+ ———
S. MinOr KIUQe ..o —t + ——+ —+ —
S. arctica (BUSK) .o —t+ + + ———+ +
Caberea tllisi (Fleming).....coovveiienennns F o ——— 4+ 4+
Family cribrilinidae
Membraniporella nitida (Johnston) + o+
Gephyrotes nitido-punctata (Smitt) . L
Cribrina annulata (Fabricius)................ +oF o+ —— 4+ 4+
C. spitzbergensis Norman.........ccceceeevienne + 4+ + + 4+ + Lo
C. punctata (H assall)....... " ————y —
C. cryptooecium Norm an +
C. watersi ANdersson .....ccoeevvceeeenrienen. o+ —+ + + —+ —
C. spiculifera K luge .....ocoovvvvivveiiiiiiiiiss, — — — — — y —_—
Family Escharellidae
Escharella immersa (Fleming) o o+ —+ — 4+
. variolosa (Johnston)....ccceveeennae +
. ventricosa (Hassall).....ccooevoeennene, + + + + + mf+ + o+
. ventricosa var. peristomata Kluge . «—+ +

E

E

E

E. dijmphnae (K luge)
E. indivisa Levinsen

E. laqueata (Norman)
E

E

E

E

E

. abyssicola (NOrman) ... + o+ + —
. microstoma (NOrman) ... oF o — — 4 —
. octodentata (Hincks)

. latodonta K luge. ... —

. macrodonta (Levinsen) o —_ —
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Escharelloides spinulifera (Hincks)

E. cancellatum (Smitt)....ccooerinnnnn.
E. stenostoma (Sm itt).....ccevvveennnnnn.
E. simplex (KIuge)...ooiiiinenienn,

Hemicyclopora polita (Norman)

H. emucronata (SmM itt).....ccevererinnnne
Lepralloides nordlandica (Nordgaard)
Phylactella labiata (Boeck)......co.......
Ph. pacifica O’Donoghue  ................

Family Smittinidae

*Smittina reticulata (MacGillivray)

. landsborovii (Johnston) . . . . .
. majuscula (SMitt) ..o
. minuscula (SMitt)....covivviiviiinniinns
. peristomata (Nordgaard)................
. glaciata (W aters).....ccoeeeeervrnnne.

. rigida Lorenz

. concinna var. belli (Dawson)

. tuberosa Kluge

DDLODUOLOLOLOOLOOOOHnmonnm

*S. thompsoni Kluge
Pseudoflustra solida (Stimpson)

P. hincksi K Tuge ..ccooovvveiiiiiiieene,
P. anderssoni K Iuge.....ccocoovveievicniienas
P. sinuosa (Andersson) ...
P. birulai K Tuge ...cocovvvvvieiciieens

. mucronata (SMitt)......ccoevveieriennne.
.concinna (BUsk) oo

. pseudoacutirostris Gostilovskaya .

. muliebris K luge ...ccoovevveevennnne,
. smitti (Kirchenpauer)......ccccoeuia.
. beringia Kluge....oooooevniicencne,
. irispinosa (Johnston).....ccceeue..
S.jejfreysi Norman.......cooeeeveviienne
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Porella compressa (Sowerby) —................. T
P. struma (Norman) ..., o+ o+ —— 4
P. aperta (BoeCK)......ooovevvienerieccce, o —+ F ——+ —
P. acutirostris Sm itt. ..o o+ —+ F o+ o+ o+
P. tumida K U Q€ .o +
P. minuta (Norman) ..., o+ ——— —+ +
P. groenlandica (Norman)........ccee.... o+ o+ —— 4+ 4+ 4
P. princeps Norman.... o+ o+ ——+ + 4
P. smitti Kluge .o o+ + + ——— 4+ +
P. prodoscidea H incKsS......cccooeivriirienenn, + + + + + + —+ —
P. plana (Hincks) .o + 4+ —+ + + —+ —
P. laevis (FIeming)...cccniiiiiiinninnnnnns + + + —
P. saccata (BUSK)..ccoieiinnciiiiccs + 4+ 4+ + + + + 4+ +
P. saccata var. beringia Kluge.......cc....... + -+
P.fragilis Levinsen +
Palmicellaria skenei (Ellis a. Solander) .+ + —+ + ——+ —
P. skenei var. tridens (Busk) — ................ + + —+ — - + —
P. skenei var. bicornis (B usk)................ + + + —
*Umbonula verrucosa (Esper) ..o +
U. patens (SMitt) ..o —_—t ———— 4 + —
U. arctica (M. Sars) + + + + + + + + +
U. inarmata K luge -
Family Schizoporellidae
*Schizoporella unicornis (Johnston) . . . + + +
Sch. biaperta (M ichelin)........ccooieene. + 4+ + + + —+ + +
Sch. Crustacea (Sm itt)...ccovvieciciiene. + 4+ 4+ + + + + + 4+
Sch. costata Kluge — .....cccoeveee —+ +
Sch. bispinosa Nordgaard —t —+ ———+ —
Sch. elmwoodiae W aters........oveene. + + 4+ + ———+ —
Sch. elmwoodiae var. mamillata Kluge . .- +
Sch. alderi (BUSK)...ccoovvveivieiiiiiiiieciiene + +
*Sch. auriculata (Hassall) — ......ccccoevvenee. + + +

Sch. auriculata var. lineata (Nordgaard) + + + + ———+ +
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*Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sch.

Species

stylifera var. perforata Kluge

*Hippodiplossia pertusa (Esper)

ITIIIIII

Stomachetosella sinuosa (Busk)
S. producta (Packard)......ccocoeevevrienen,
S. cruenta (B usk)
S. collaris (K luge)

Leieschara coarctata M. Sars
L. orientalis (Kluge)
L. subgracilis (D’Orbigny)

Hippothoa hyalina (Linnaeus)
divaricata Lamouroux - ..............

*H.
H.

. reticulato-punctata H incks...........
.propinqua (Sm itt)..oeveiiieennns
. murdochi K TU Qe ..ccoeevvviiiieecinnns
.obesa (W aters).iienennnns
. tschukoikensis K Tu g € ....ccccooeureeee.
. borealis (Waters) — .....cccoeeevrenene.
. harmsworthi (W aters).......cccccceeee.
Lussowi (K Tuge) s

Family Stomachetosellidae

Family Myriozoidae

Family Hippothoidae

divaricata var. arctica Kluge

porifera (Smitt) ..o
ortmani K luge .ccovvevivievecene,
magniporata Nordgaard...........
pachyslega K luge....ccocevvevennnnnn,
incerta Kluge ..o,
limbata Lorenz......cocovcoennenes
stylifera (Levinsen)......c.oea.

hexagona Nordgaard — ...............

smitti K Iuge ..o,
thompsoni K Tu g e ..coeeeevveveennnnn,
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H. expansa Dawson-.........ccceeeenee.
Harmeria scutulata (Busk)
Family Microporellidae
Microporella ciliata (Pallas)......cccceeunee.
M. ciliata var. arctica Norman
M. impressa (Audouin) ...
M. malusii (Audouin).....ccovveererennne.
Family Tessaradomidae
Tessaradoma gracile (M. Sars)...............
Cylindroporella tubulosa (Norman)
Family Reteporidae

Retepora cellulosa (Linnaeus)...............
R. elongata SM itt.....ccocovvvieviiiiiieneiecenn,
R. beaniana K ing ..o
R. beaniana var. watersi Nordgaard
Family Hippoponellidae

Hippoponella hippopus (Sm itt).................
H. fastigatoavicularis (Kluge)......cc.c.....
Lepraliella contigua (Sm itt)......cccceevvennne.

Family Rhamphostomellidae

Rhamphostomella scabra (Fabricius) . .

Rh. costata LOrenz.....ccccoovvveccecniinne.
Rh. costata var. cristata Hincks -

Rh. ovata (SmMitt)...ccccoeviiiiiiiiiciecea,
Rh. hincksi Nordgaard
Rh. spinigera Lorenz
Rh. radiatula (Hincks)
Rh. plicata (SmM itt) ..cccovviiiiiciieiienns
Rh. bilaminata (Hincks).....c.cccoeevrennnne.
Rh. bilaminata var. sibirica Kluge .

Escharopsis sarsi (Sm itt)......ccceeevrienenn.
E. rosacea (BUSK)....cocovevvimiviiniiieniciesiees
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Family Celleporidae
Cellepora nordenskjoldi K luge ................. —— ——+ + + —+
C. costazii Audouin......ccooeeeenrccciin +
C. surcularis (Packard) .....ccocooevvvieniennns + o+ —+ + 4+
C. ventricosa LOFeNnzZ.....ccoceoeevnerceciinennnn + o+ ——+ 4+
C. smitti Kluge ...... + + —
C. nodulosa Lorenz + 4+ + + + —+ —
C.pumicosa Linnaeus....ccccoevveneerennne. + 4+
C. canaliculate BUSK ........cccooveviiciriiiiiennn 4+ o+ + + + —+ =
C. avicularis HinCKS.....coocoovninciiciiene. + o+
‘C. ramulosa Linnaeus ..., +
Family Hippopodinidae
Cheilopora sincera (SmMitt)......cccccovevriinnne. + o+ —+ + + + + 4+
Ch. sincera var. praelucida (Hincks) . . + +
Ch. inermis (Busk)  ...cccccoviiviiiiiciiee + 4+ —+ —+ + +
Family Peristomellidae
Escharoides coccinea (Abildgaard) . . . +
E. bedenkapi (K luge)....cccoovveiennnnne. + H—+ + + ————
E. jacksoni (Waters)  .....ccoeiiiireienene. + + —+ + + —+ +
E. jacksoni var. rostrate (Kluge) . . . . + +

E. monstruosa (K1uge)....cocoeveiiiiienenen, + 1
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TAXONOMY

Keyfor Identification of Bryozoan Orders

1 (2). Zooids chitinous, orifices usually round and close with the help
of a collar (a thin chitinous membrane with several longitudinal
folds). Some have a masticatory stomach or gizzard............
.................................................. Il. Order Ctenostomata (see p. 213).

2 (1). Zooids more or less calcified. Collar and gizzard always absent.

3 (4). Orifices of zooids round and covered with a membrane. Mem-
branous sac present. Parietal muscles absent. Polyembryony
found to oCCUN.....ccccvveviiieeee, I. Order Cyclostomata (see below).

4 (3). Orifices of zooids usually have a semilunar form and close with
a mobile, labial lid or operculum. Membranous sac absent.
Parietal muscles present. Polyembryony does not occur........
.............................................. I11. Order Cheilostomata (see p. 266).

I. Order Cyclostomata Busk, 1852
(Bryozoa with Round Orifice)

Cyclostomata Busk, 1852a : 345; et auctt.; Stenolaemata Borg, 1926 : 490; 1944a : 17.

The zoaria are prostrate, uprising (semi-erect) or free-growing,
jointed or disjointed, simple or ramified, and consist of zooids in the
form of cylindrical or metatarsal tubes, growing either in single rows,
or collectively in simple or branched procumbent plates, or even as
free-growing rows, stems, or bundles, which may be simple or branched.
The zooids are encircled by a calcified body wall and communicate with
each other through simple pores. The zooids in the zoarium do not
have equal significance, nor are they similar in structure: there are
autozooids and heterozooids among them. The autozooids have an
alimentary canal and a tentacular crown, i.e., the polypide. They
include the nanozooids or small tubes with a reduced polypide and a
solitary tentacle. The heterozooids include gonozooids and kenozooids.
The gonozooids are autozooids with a changed form, that is they become
organs of multiplication with sexual products developing in them. Out-
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wardly, they seem the same as autozooids, but they have a widened
cavity with a different shape, are pysiform or strongly branched, and
surround or enclose several zooids. The kenozooids are simple tubes
devoid of internal organs, which serve to attach and fix the zoarium to
the substrate. In some species, such as Crisiidae, the kenozooids (called
rhizooids) serve not only to attach the zoarium, but also for reproduc-
tion. The autozooids (Figure 13) are tubular structures with a round
orifice at the end, and a stretched membrane

known as the terminal membrane. In the center

of this membrane is an opening called the termi-

nal pore which opens the entrance to the vestibule.

This membrane, like the body wall in general,

consists of 3 layers: the cuticle, the ectoderm, and

the mesoderm. The cuticular layer in the termi-

nal membrane in thin and devoid of calcium; it

is thicker in the body wall and has 2 layers which

Figure 13. Distal end consist of a chitinous outer, and an inner saturated
of an autozooid of Crisia~ With calcium. The autozooid in Cyclostomata is
eburmea L. (x335): distinguished by the presence of a peculiar organ,
I—vestibule; 2—terminal  the membranous sac which was first described
;T)er??ﬂe;seu dip_ort:r(rf‘:'gﬂ by .Borg (1923, 192§); this sac is an apparatus
Borg, 1926). which helps the animal, enclosed in an unbend-

ing, calcareous body wall, to extend and draw

the tentacular crown. In the invaginated state of the polypide,
the terminal pore leads to the cavity which is known as the vestibule,
in the proximal end of which another orifice is situated—the atrial orifice
which leads to the so-called atrial cavity in which the tentacles are located,
surrounded by the tentacular sheath. In some representatives, such as
Crisiidae, the terminal pore is closed by an annular musculature, or the
vestibular sphincter; the latter is absent in others, but in all Cyclosto-
mata the orifice leading to the atrial cavity is closed by an annular mus-
culature during the invagination of the tentacles, and this is known as
the atrial sphincter. In a stretched condition the whole complex of the
internal organs is not only simply contained in the body wall of the zooid,
surrounded by the body wall, but enclosed in a peculiar saccate structure
called the membranous sac, which is attached at one end to the proximal
end of the vestibule near the atrial sphincter, and at the other end to
a fixed point in the body wall (Figure 14). The wall of this mem-
branous sac consists of 2 layers : the inner one of irregular and mesodermal
cells, and the outer elastic one formed from a structureless membrane
secreted by the cells of the inner layer. Under the influence of the
muscles stretching the vestibule, and before the projection of the tenta-
cles, the atrial sphincter loosens and the distal part of the membranous



sac widens; the cavity fluid is transferred
from the upper section of the body cavity
to the lower one, as a result of which
the pressure increases in the latter and
the tentacles push out. Thus the mem-
branous sac in Cyclostomata plays the same
role as a hydrostatic apparatus; the
compensatory sac in the other group
of Bryozoa, also having a calcified body
wall, particularly in members of the
suborder Ascophora of the order Cheilos-
tomata, performs the same function. An-
other difference in the structure of Cyclos-
tomata is the absence of the parietal
muscles which, in the presence of the
calcareous wall around their body, are
redundant. In addition to the afore-
mentioned muscles stretching the ves-
tibule, retractor muscles also exist in the
form of one pair of transversely striped
muscles, which pull the tentacular crown
inward again. These muscles are shorter
in Cyclostomata. Lastly, the special feature
of the so-called polyembryony which
occurs during reproduction in Cyclosto-
mata must also be mentioned. A rela-
tively smaller number of zooids in
Cyclostomata zoaria develop eggs, but in
very small numbers; usually only one
egg develops. Thus egg feeds and deve-
lops in the gonozooid at the cost of the
embryophore, i.e., the degenerating poly-
pide.
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Figure 14. Diagrammatic longi-
tudinal section through the distal
part of the zooid in Pachystega
and Calyptrostega (with a double
body wall):
1—atrial sphincter; 2—uvestibule;
3—hypostegial cavity; 4—calcareous
layer of cryptocyst; 5—cuticle of gym-
nocyst; 6—mesoderm of gymnocyst;
T—mesoderm of cryptocyst; 8—mem-
branous sac;  9—terminal pore;
10—terminal membrane; 11—tentacle;
12—tentacle sheath; 13—ectoderm of
gymnocyst; 14—ectoderm of cryptocyst
(after Borg, 1930a).

After cleavage of the egg, the embryo, in the stage of morula or
ancestrula which is the primary embryo,

forms a larger number of

secondary embryos by the process of budding; these latter give rise to
tertiary embryos in some cases. As a result, the gonozooid is filled
with a large number (above 150) of embryos at different stages of
development, right up to the fully developed larvae gradually leaving
the gonozooid through the orifice of the oeciostome (Figure 15). By
this method of reproduction, the small number of fertile zooids found
in the zoarium, is compensated. Asexual reproduction takes place
through budding. Along the distal margin of the zoarium is locat-
ed the undifferentiated tissue (so-called “common bud”) in which
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Figure 15. Longitudinal section
through a gonozooid of
Cyclostomata :
1—neighboring  zooid; 2—-primary
embryo;  3—secondary embryo
at the stage of gastrula with 4
enclosed entodermal cells; 4—secon-
dary embryo with a large number
of entodermal cells; 5—secondary
embryo with parietal mesoderm;
6—secondary embryo with invaginated

sucker  (primordium  of  basal

plate) ; 7—larva; 8—oeciostome;

9—embryophore  (from  Marcus,
1926a).

the calcareous septa are formed in a
definite regular manner; these parts form
new zooids. The primary disc gives rise
to the initiation of all types of zoaria.
The primér)- disc, or pro-ancestrula deve-
lops from the floating larva affixed to the
ground. The pro-ancestrula initiates the
first zooid with or without separate
chitinous articulation, and from it one
or a few other zooids bud; during this
process a funnel-shaped structure isformed
that is surrounded by a calcified wall
and covered with a terminal membrane
(Figures 16 and 17). This is the so-called
“common bud” which is the initial form
for the development of the zoarium in
all groups of this order; its further deve-
lopment in various suborders proceeds in
a different manner, but in all cases the
terminal membrane of the adult zooids
originates from the terminal membrane
of the common bud.

In contrast to earlier authors who
based all descriptions of the species of
Cyclostomata and their division into syste-
matic groups, on the basis of external
zoarial characters, recent authors such as
Waters (1887), Harmer (1891,1896, 1898a,
1898b), and particularly Borg (1926,
1933b, 1944a, 1944c) have made a detail-
ed analysis of this order (which is also
followed by me in the description of major

groups) on the basis of such anatomical characters of the zooid as the
structure of the body wall and, particularly, the reproductive organs.

Zoarial characters undergo
ground

are less reliable.

teristics

of the modern species,
ovicells, or oecia of other

gonozooids, or

significant change depending upon the

and other external conditions, as well as age, and therefore
Latest investigations have shown that the charac-
of the reproductive organs are more stable.

In the majority
changed autozooids (the

authors), are the reproductive organs.

Although gonozooids, either poorly or strongly widened in the middle
section, are highly ramified, cover many zooids, and can change their
form and size in one or the other case, nevertheless the form and location
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Figure 16. Diagram of a sagittal section from a sexually mature zoarium
of Lichenopora (only the calcified parts have been drawn):

1—alveoli [alveoli close to the budding zone (6-a) are either not covered or incompletely covered with
thefornix; median-lateral alveoli are developed in theform of afew deposited layers so that the pri-
mary, secondary, and tertiary alveoli may be established here; in most of the central alveoli the walls
have dissolved, and consequently their cavities have fused giving rise to one large cavity {brood cham-
ber), while the other alveoli in the same region have only partly dissolved] ; 2—zooids {autozooids,
the kenozooids found in Calyptrostega); 3—basal plate; 4— brood chamber (a part of the zoarial
coelomic cavity which, in this case, forms by thefusion of several alveoli); 5— Gymnocyst {only the
cuticle; ectoderm and mesoderm are not included) ; 6—a part of the zoarial cavity around the budding
margins of the zoarium, which has notyet divided into separate alveoli; 6-a—common bud {budding
zone); 7—zoarial coelomic cavity; 8—cryptocyst {mesoderm not included); 9—opening of brood
chamber {alveoli with changedform); 10—pro-ancestrula; 11—primary zooid; 12—mature zooid;
13— terminal membrane {from Borg, 1926, 1944a).

1 5

Figure 17. Diagram of the structure of a young Pachystega :

J—autozooid; 2—gymnocyst; 3—kenozooid; 4—cryptocyst; 5— primary
zooid; 6—pore channels; 7—pro-ancestrula {from Borg, 1944a).

of their oviduct (oeciostome) and its orifice (oeciopore) are permanent
and these can serve as dependable criteria. In a few of the now-living
groups, like Lichenoporidae and Heteroporidae, the membranous sac in
which the embryos develop, is not located in the extended gonozooid,
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as in most of the presently existing Cyclostomata, but originates from the
unchanged fertile zooid in the zoarial cavity and, having overgrown it,
surrounds the fertile as well as the neighboring zooids to form the zoarial
brood chamber in which the oviduct and the orifice are also permanent
characters. On the basis of the structure of the body wall of the zooid,
Borg has differentiated Cyclostomata by a simple or double body wall.
The simple body wall or gymnocyst consists of three layers: (1) the
chitinous layer which, in turn, is double-layered consisting of a chitinous
outer and an inner saturated with calcium; (2) the ectodermal layer;
and (3) the mesodermal layer. Such a body wall is typical of presently
existing Cyclostomata. They belong to two suborders: Tubuliporina
Milne-Edwards and Articulata Busk. The other minor representatives
of Cyclostomata have a double body wall (Figure 16) consisting of an
outer gymnocyst and an inner cryptocyst. In this case the gymnocyst
in most representatives is uncalcified, but in some, such as Stegohornera,
it becomes calcified with the growth of the zoarium; this is reflected in the
small sizes of their zoaria.

The cryptocyst, like the gymnocyst, consists of three layers: the
middle, chitinous, calcified layer; the ectodermal secreting chitin and
calcium; and the mesodermal. The chitinous layer in this case is in the
middle with the inner ectodermal and the outer mesodermal layer located
on either side of it. A slit-like space occurs between the cryptocyst and
gymnocyst called the hypostegial cavity (Figure 17) which is a section
of the whole body cavity. All the representatives with a double
body wall belong to the suborders Pachystega Borg, Calyptrostega Borg,
Heteroporina Borg, and Isoporina Kluge.

Keyfor Identification of the Suborders of
the Order Cyclostomata

1 (2). Zoaria separated through definite intervals by chitinous arti-
culations into joints or internodes. Gonozooids pyriform.
.......................................................... Il. Articulata Busk (see p. 156).

2 (1). Zoaria not divided by chitinous articulations.

3 (4). Zoarium consists of 2 types of zooids: the large autozooids, and
the small kenozooids. Their orifices are arranged over the
entire free surface of the zoarium..........
...................................................... V. Heteroporina Borg (see p. 206).

4 (3). Zoarium consists of one type of zooids, the autozooids, but
sometimes of autozooids and nanozooids. If there are keno-
zooids in the zoarium, these are devoid of orifices and found
either near the base of the zoarium, or on the lateral or dorsal
side of the zoarium.
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5 (6). Zoaria prostrate, verrucose. Zooids arranged radially from the
center, separated by alveoli, i.e., the calcified pit-like interstices

in the zoarial cavity................. 1V. Calyptrostega Borg (see p. 195).
6 (5). Zoaria not verrucose; zooids not arranged radially, nor separated
by alveoli.

7 (8). Zoaria capitate or fungiform and free-growing. Zooids open
at upper convex frontal surface of zoarium with one kind of large
orifice, hexagonal iN Shape.......cccveieieieiii i
................................. V1. lIsoporina Kluge subordo n. (see p. 211).

8 (7). Zoaria neither capitate nor fungiform, prostrate nor free-
growing.

9 (10). Zoaria free-growing, ramified, thick-walled due to secondary
calcification of cryptocyst on outer walls of zooids. Orifices
of zooids located on one side of the zoarium. Gonozooid, ex-
panded in the middle portion, is round or oval and situated on
the dorsal or frontal sides, or in the juncture between the branches.
........................................................ I11. Pachystega Borg (see p. 186).

10(9). Zoaria prostrate or free-growing, have different forms. Zoarial
wall thin and simple. Orifices of zooids located on one or two
sides of the zoarium or around the stem. In a few zoaria,
nanozooids as well as autozooids are found. If kenozooids are
present, these are devoid of orifices and located near the base
of the zoarium or on the lateral or dorsal side. The reproductive
organ is a poorly or strongly developed gonozooid and, in rare
€ases, a Drood ChaAMDEI ...t
........................................................ I. Tubuliporina Busk (see below).

I. Suborder Tubuliporina Milne-Edwards, 1838

Tubuliporina (part.) Milne-Edwards, 1838 : 233; Parallelata (part.) Waters, 1887 : 337;
Acamptostega Borg, 1926 : 474; 1944a : 20.

The zoarium is prostrate or free-growing, simple or branched. The
primary zooid is always prostrate over the substrate and is not separated
from the primary disc by chitinous joints. The body wall is simple in
the form of a gymnocyst. The zooids have no vestibular sphincter.
Nanozooids as well as autozooids are present. If kenozooids are present,
these are devoid of orifices and serve the purpose of attaching and affixing
the zoarium to the substrate. Rhizooids are absent. The reproductive
organ is a weakly or strongly developed gonozooid expanded in the middle
part, but in rare cases, it is a brood chamber formed by the fusion of
neighboring zooids around the fertile zooid.
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1 (6).
2 (3).

3 (2).

4 (5).

5 (4).

6 (1).
7 (8).

8 (7).

[{e]

(10).

10 (9).

Keyfor Identification of the Families of
the Suborder Tubuliporina

Zoarium prostrate or free-growing.

Zoarium verrucose or free-growing, cup-shaped or cylindrical.
Frontal side of zoarium consists of radially arranged conspicuous
and complex rows of zooids, between which one or more gono-
zooids are stretched............. V. Corymboporidae Smitt (see p. 148).

Zooids do not develop radially arranged, prominent, complex
rows. Zoaria prostrate, single-layered, or free-growing in the
form of single or double-layered lobes or stems with zooids
arranged on one or both sides or around the stem.

Zoaria prostrate or free-growing, consist of 1, 2, or many rows
of zooids located on one side. The prominent ends of the zooids
are free or arranged in rows or bundles. Gonozooid either
small, flat, or saccate, and usually strongly outgrown between
b4 o Yo] Lo 1T I. Tubuliporidae Johnston (see p. 89).

Zoarium prostrate and single-layered, or free-growing and double-
layered. The prominent ends of the zooids are individually
located or in rows, never connected bundles or joints. In
addition to autozooids, nanozooids may be present. Gono-
zooids are saccate.........ccc.cueeee. I1V. Diastoporidae Busk (see p. 136).

Zoarium free-growing, ramified.

Zooids open on one side of the stem (trunk) or branch, are
arranged in rows perpendicular to the stem. Rows divide in
the middle into bivalves directed to different sides. Kcnozooids
located on basal side of stem. Gonozooid located on frontal
side in the middle of the stem and between the rows of zooids
along 1, 2, or more rows 0f Z0OIdS.......cccocovveviiiereeiiieie e
......................................................... I1. Idmoneidae Busk (see p. 121).

Zooids open around the stem of the zoarium, or on the top of
bundles of zooids which are very closely connected with each
other.

Zooids open all around the stem of the zoarium. Gonozooids
open by a semi-circular orifice located near the base of the pro-
minent part of the zZ00id......c.ccooviiiiiiiiiicece
I11. Entalophoridae Lamouroux (see p. 132).

Zooids open only at the top of the joints or bundles in which they
closely fuse with each other along their entire length...........
........................................... V1. Fascigeridae d’Orbigny (see p. 154).
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I. Family Tubuliporidae Johnston, 1838
Tubuliporidae (part.) Johnston, 1838 : 267; Hincks, 1880a : 424; Borg, 1944a : 21.

The zoaria are prostrate or initially prostrate, and later free-growing
in the form of more or less long branches or stems. The proximal parts
of the zooids are either flat or more or less completely separated; the
distal parts of the zooid either protrude over the surface of the zoarium,
or are somewhat long and free-growing, or are combined in rows or
bundles. The gonozooids (especially their middle, wider parts) are
either barely noticeable, small and flat, or slightly convex structures
stretched between the zooids. The oeciostomes are either round or
more or less flattened tubes opening through round or semi-circular ori-
fices.

Keyfor Identification of the Genera of
the Family Tubuliporidae

1 (6). Zoarium flattened and ramified along its length.

2 (3). Zoarium consists of one row 0f Z00IdS.....ccccorriiinrsiiinnccene
........................................................... 1. Stomatopora Bronn (see p. 90).

3 (2). Zoarium consists of a large number of zooid rows.

4 (5). Zoarium’s comparatively narrow branches consist of 1 to 4 rows
of oblong zooids. The free ends of the zooids are located either
in perpendicular rows or collected together, a few giving rise
to bundles. Gonozooid located near the distal end of the branches
in the form of a small sac with a round and short oeciostome...

2. Proboscina Audouin (see p. 91).

5 (4). Zoarium’s wide lobulate branches consist of several rows of
zooids. The free ends of the zooids are slighdy raised above the
surface of the zoarium. The growing margin of the lobes
consists of 1 to 4 rows of developing zooids. Gonozooids are
less noticeable, small, almost flat; the oeciostome is in the form
of a short round tube or a round orifice......cconiiiiniiicicniicne,
......................................................... 3. Oncousocecia Canu (see p. 95).

6 (1). Zoaria either prostrate or initially prostrate and later free-grow-
ing. Distal ends of the zooids are raised above the surface of
the zoarium and more or less long; the growing margin of the
lobes does not consist of continuous rows of developing zooids.
Gonozooids in the form of tubes or semi-circular openings........
.................................................... 4. Tubulipora Lamarck (see p. 99).
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1. Genus Stomatopora Bronn, 1825

Alecto Lamouroux, 1821 : 84; Busk, 1875 : 23 (part.); Stomatopora Bronn, 1825 : 27;
Hincks, 1880a : 424 (part.); Borg, 1926 : 358, 1944a : 24.

The zoarium is prostrate, dichotomously branched, and consists of
one row of zooids. The zooids are cylindrical; their free distal ends
more or less rise up steeply from the proximal prostrate part and open
into a round orifice. In fertile zoaria, the gonozooid is surrounded by
a few zooids acting as sources of food supply, and the zoarium becomes
double-rowed at this point.

Genus type: Stomatopora granulata (Milne-Edwards).

Stomatopora granulata (Milne-Edwards, 1838) (Figure 18)

Alecto granulata Busk, 1875 : 24, pi. XXXII, f. 1; Stomatopora granulata Hincks, 1880a :
425, pi. 57, f. 1-2; Kluge, 1906 : 49, f. 6; Borg, 1926 : 358, f. 67-68.

The branches sometimes anastomose. The zooids are usually covered
with barely noticeable pseudopores. The gonozooid is oblong, widening
toward the distal end, and surrounded by a few irregularly arranged
neighboring zooids. Sometimes the gonozooid is also found in a semi-
erect condition.

The species lives on coralline, calcareous tubes of worms, Bryozoa,

Figure 18. Stomatopora granulata (Milne-Edwards). A—part of the sterile zoarium
(from Hincks, 1880a); B—distal part of the fertile zoarium (from Borg, 1926).
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shells, and stones, at a depth from 9 to 385 m, on a bed of stone and silt,
under a temperature ranging from 0.2 to 3°C.

Distribution. The species was found by me in the Barents and Kara
seas. Reports in literature: Barents Sea (Kuznetsov, 1941), White Sea
(Gostilovskaya, 1957), Bay of North Lavrentia (Whiteaves, 1901), Lofo-
ten Islands (Nordgaard, 1918), Great Britain (Hincks, 1880a), northwest
France (Joliet, 1877), and the western coast of North America, Vancouver
Island (O’Donoghue, 1923).

This is an Arctic-boreal species.

2. Genus Proboscina Audouin, 1826

Proboscina Audouin, 1826 : 236; Osburn, 1953 : 620; Tubulipora subg. Proboscina (part.)
Smitt, 1867 : 402, 458; Stomatopora (part.) Hincks, 1880a : 424.

The zoaria are prostrate and ramified. The branches, narrow or
more or less widening toward the ends, consist of 1 to 4 rows of zooids.
The zooids are in the form of long tubes whose free ends are slightly
raised above the surface of the zoarium; sometimes several of them fuse
in a row or bundle. The gonozooids are located near the distal end of
the branches in the form of a sac with a short, round, or transversely
oval oeciostome.

Genus type: Proboscina boryi Audouin, 1826.

1 (4). Zoarium not large in size. Branches consist of 1 to 2 rows of
zooids. Gonozooid semi-erect, located at the end of the branch
between the freely raised distal ends of the zooids........c..ccco.......
............................................................................... 1. P. gracilis (Kluge).

2 (3). Zoarium in the form of 2 short branches. Gonozooid more or
less long, situated in the middle of the branch between lateral
rows of zooids. Oeciostome located near the distal end of the
gonozooid in the form of a transversely oval tube tilted away
from the end of the branch................... 2. P. fecunda Kluge sp. n.

3 (2). Zoarium in the form of long, narrow, dichotomously bifurcated
branches, consists of 2 to 3 rows of zooids whose free ends appear
to be located in perpendicular rows. Gonozooids more or
less short, situated either at the end of the branch, or under the
terminal ramifications.............ccooveeveivienns 3. P. major (Johnston).

4 (1). Zoarium in the form of repeatedly and irregularly bifurcating
branches which sometimes narrow, sometimes widen, consists
of 2 to 4 rows of zooids whose free ends are either solitary or
fused together in bundles of 2 to 4 ends each.......c.cccocvrirennnnn,
........................................................................... 4. P. incrassata (Smitt).
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1. Proboscina gracilis (Kluge, 1915) (Figure 19)
Stomatopora gracilis Kluge sp. n. in Deryugin, 1915 : 389 (nomen nudum).

The zoaria are not large. The branches consist of 1 to 2 rows of
zooids. The proximal half of the tubes
of the zooids is prostrate, the distal half
is free and rises up almost at an angle of
90°. At the end of the long branch
between the 3 uprising parts of the
zooidal tubes is located a vertically stand-
ing saccate gonozooid which ends with
a facet in the top; in the center of this
is located a small tubular oeciostome
that tilts in the proximal direction and
ends with an oval orifice whose diameter
is smaller than the diameter of the tubes
of the zooids.

The species lives on the ascidia Phal-
Figure 19. Proboscina gracilis lusia obliqua Alder, at a depth of 100 to
(Kluge). Distal part with gono- 150 m, on a bed of silty sand.

zooid and oeciostome. Barents Distribution. That the SpeCieS is
Sea (Bay of Kola). endemic to the Kola Bay was confirmed
by me.

2. Proboscina fecunda Kluge sp. n. (Figure 20)

The zoaria are not large (up to 6 mm), are two-branched, and mature
early. The branches consist of 2 to 3 rows of zooids; the distal ends rise
more or less sharply and freely above the surface. The long gonozooid
is stretched in the middle of the branch between the lateral zooids. In
its prominent part, the oeciostome is located independent of the zooid
protruding from behind; the oeciostome is in the form of a short trans-
versely oval tube, tilts opposite to the end of the twig, and opens in a
perpendicularly oval orifice.

The species lives on laminaria, at a depth of 44 m, on a bed of solid
silt.

Distribution. 1 found the species in the East Siberian Sea north of
the Novo Sibirisk Islands.

This species is endemic to the East Siberian Sea.
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Figure 20. Proboscinafecunda Kluge. A and B—complete fertile zoaria,
East Siberian Sea.

3. Proboscina major (Johnston, 1847) (Figure 21)

Stomatopora major Hincks, 1880a : 427, pi. 58, f. 1-4, pi. 61, f. 1; Kluge, 1906 : 50, f. 7,
Marcus, 1940 : 50, f. 25.

The zoarium is prostrate and dichotomously branched. The branches
are narrow and teniate, and consist of 2 to 3, sometimes 4, rows of zooids
located in slanted or transverse rows. The procumbent part of the zooids
is often covered with barely noticeable sparse pores, their distal ends
rising above the surface in the form of more or less short and free tubes
with round orifices at the ends. The gonozooid, in the form of a sac
which widens in the distal part and constricts in the proximal, is located
either at the end of the branch or under the terminal ramification. The
oeciostome is a short round tube.

The species lives on shells and stones, at a depth from 20 to 324 m,
on a bed of stone with a mixture of silt, under temperatures ranging from
—1.23 to 2.3°C, in a salt concentration from 34.50 to 35.00%0.

Distribution. The species was located by me in the Barents Sea and
near eastern Greenland. Reports in literature: western Norway (Nord-
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Figure 21. Proboscina major (Johnston). Complete fertile zoarium.

gaard, 1897), Great Britain (Hincks, 1880a), northern France (Joliet,
1877), Mediterranean Sea (Calvet, 1902), and Vancouver Island
(O’Donoghue, 1923, 1926).

The species is Arctic-boreal.

4. Proboscina incrassata (Smitt, 1866) (Figure 22)

Tubulipora incrassata (subgen. Proboscina) (part.) Smitt, 1867 : 402, 458, 1872a: 1119,
t. XX, f. 8; PStomatopora incrassata Hincks, 1880a : 436; S. incrassata Kluge, 1906 : 51, f. 9;

S. granulata (part.) Borg, 1933a : 517; Marcus, 1940 : 52, f. 26b; Probiscina incrassata Osbum,
1953 : 623, pi. 66, f. Land 2.

The zoarium is prostrate and ramified several times. The branches
are short, sometimes narrow, sometimes wide, and consist of 1 to 3 rows
of zooids; the slightly protruding free ends of the zooids are located
singly, or in pairs in a row, or in bundles of 3 or 4, rarely more. The
prostrate part of the tubes is more or less flat. The branches are frequently
covered with transverse patterns. The gonozooid is simple in the form
of a slightly convex expanded sac, located near the distal end of the
branches, and surrounded by several zooids on each side. The oecios-
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Figure 22. Proboscina incrassata Smitt. A—part of the sterile zoarium;
B—part of the branch with gonozooid and oeciostome (from Osburn, 1953).

tome is in the form of a small short tube with a round orifice.

The species is found at a depth of 30 to 50 m on stony ground.

Distribution.  This species was found by me in the Barents Sea (in
the waters of northwest Spitsbergen) and in the Laptev Sea. Reports
in literature: Barents Sea (Smitt, 1872a; ?Waters, 1904), Kara Sea (Smitt,
1879a), Chukotsk Sea near the Cape of Barrow (Osburn, 1953), PBritish
Islands (Hincks, 1880a), and the Queen Charlotte Islands near the wes-
tern coast of North America (Hincks, 1884).

The species is Arctic.

3. Genus Oncousoecia Canu, 1918

Alecto (part.) Norman, 1869 : 310; Diastopora (part.) Smitt, 1867 : 395; Stomatopora
(part.) Hincks, 1880a : 424; Oncousoecia Canu, 1918 : 325; Osburn, 1933 :9; 1953 : 624.

The zoaria, fully prostrate, roundish, branched, and lobate, consist
of several rows of zooids. The proximal parts of the zooids form a flat,
smooth, even, or uneven surface, above which the distal ends of the zooids
are slightly raised. The developing margin of the lobes consists of 1 to
4 continuous rows of developing zooids. The gonozooids, barely notice-
able, are in the form of small, flat, or slightly convex sacs opening on
the distal margin by an oeciostome in the form of a very small round
tube with a round oecipore, or simply a round oecipore.
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Genus type: Alecto diastoporides Norman, 18609.

1 (4). Zoaria thin, ramified, and lobate; growing margin consists of 1
to 2 rows of developing zooids.

2 (3). Zoaria thin-walled, translucent; growing margin consists of 1
row of developing zooids. The short, sharply uprising distal
ends of the zooids are thin and round. Gonozooid cordate or
bilobate with a short tubular oeciostome..........cccocooviiiniiinnnns
........................................................................... 2.0. canadensis Osburn.

3 (2). Zoaria denser with thicker tube walls; growing margin usually
consists of 2 rows of developing zooids. Free ends of zooids
are not sharply raised above the surface. Gonozooid oblong and
flat, with a round orifice in the distal half.........ccccovvveviiien.
...................................................................... 1. 0. diastoporides Norman.

4 (1). Zoaria thick with uneven surface; growing margin consists of 3
to 4 rows of developing zooids. Zooids thick-walled; orifices
restricted by multiangular boundaries. Gonozooids barely
noticeable, have a concave surface; oeciostome in the form of a
short round tube......cccceceveeveiiiciiecce, 3. 0. polygonalis (Kluge).

1 Oncousoecia diastoporides (Norman, 1869) (Figure 23)

Stomatopora diastoporides Hincks, 1880a : 434, pi. 63, f. 3 and 4; Diastopora simplex Smitt,
1872a : 1116, t. XX, f. 4; Oncousoecia diastoporides Osburn, 1933 : 9, pi. 2, f. 5-8.

The zoaria are prostrate, of medium thickness, and flabellate or lobate

Figure 23.  Oncousoecia diastoporides (Norman).
Complete fertile zoarium.
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in form. The surface of the zoarium has a light pattern parallel to the
margins of the zoarium. The growing margin of the lobes frequently
consists of 2 rows of developing zooids. The frontal walls of the zooids
are, for the most part, completely flat except near the distal end where
they become slightly convex; they are slightly raised above the zoarial
surface at the ends of the zooids in the form of short and slanted, uprising,
thick tubes which open into round orifices. The walls of the zooids are
covered with close pseudopores, but in the more calcified zoaria they
are hidden under the layer of calcium.

Gonozooids are located near the margin of the zoarium, either singly
or in multiple numbers ; in form, they are similar to the autozooids differ-
ing only by a little more width and a covering of denser and smaller
pseudopores. The oeciostome is located near the distal end of the gono-
zooid in the form of a round orifice, often with a thickened margin, giving
the impression of a very short tube with a round orifice whose diameter
is approximately equal to half that of the orifice of the zooid.

The species lives on stones and shells, at a depth of 11 to 165 m, on
a bed of shells (mussels), stone, and sand.

Distribution. This species was found by me in the Barents, Kara
and Chukotsk seas. Reports in literature: Barents Sea (Smitt, 1867;
Bidenkap, 1900a), White Sea (Gostilovskaya, 1957), waters of Baffin
Bay near Coburg Island (Osburn, 1936), Labrador (Packard, 1866-
69), Bay of St. Lawrence (Whiteaves, 1901), western Norway (Nord-
gaard, 1918), Shetland Islands (Norman, 1869), North Channel (Hincks,
(1880a), Iceland (Nordgaard, 1924), the region of Woods Hole and the
Bay of Man (Osburn, 1912, 1933).

This is an Arctic-boreal, circumpolar species.

2. Oncousoecia canadensis (Osburn, 1933) (Figure 24)

Diastopora simplex Smitt, 1867 : 396 (part.), pi. VIII, f. 7-8; Stomalopora diastoporides
Kluge, 1906 : 51, f. 10; Oncousoecia canadensis Osburn, 1933 : 12, pi. 2, f. 1-4.

The zoaria, prostrate, thin, and round, are irregularly lobate in
form. The surface of the zoarium has a light pattern parallel to the
margins of the zoarium. The growing margin of the lobes consists of
1 row of developing zooids. The zooids are flat over the longer part,
but near their distal end change into narrower and abruptly uprising
short, free ends of tubes opening into a round orifice. The tubes are
thin-walled, transparent, and covered with dense, minute pseudopores.
The gonozooids are located near the margin of the zoarium and give
the appearance of wide, thin-walled sacs of cordate form, covered with
dense pseudopores. Frequendy the lateral parts of the distal margin
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Figure 24. Oncousocecia canadensis Osbum. Marginal
part of the zoarium with two gonozooids.

of the gonozooid develop into 2 more or less symmetrical lobes, between
which the oeciostome opens either in the form of a short cylindrical tube,
or a simple round orifice with a diameter that is much narrower than that
of the autozooid.

The species lives on stones and shells at a depth of 14 to 324 m, more
frequendy at 50 to 150 m, under temperatures ranging from —1.7 to
5°C, in a salt concentration of 35.00 to 39.18%0.

Distribution. This species was found by me in the Barents, Laptev,
and Chukotsk seas, and in the waters off western Greenland, Baffin Bay,
and the Devisov Strait. Reports in literature: Barents Sea (M. Sars,
1851; Smitt, 1867, 1879b; Nordgaard, 1897; Bidenkap, 1900a; Anders-
son, 1902; Kuznetsov, 1941), White Sea (Kluge, 1908a; Gostilovskaya,
1957), western Greenland (Norman, 1876, 1906; Hennig, 1896; Kluge,
1908c; Levinsen, 1914), eastern Greenland (Levinsen, 1916), Gulf of St.
Lawrence (Whiteaves, 1901), west of Finmark (Smitt, 1867; Nordgaard,
1918), along the coast of New Scodand and the Gulf of Man (Osburn,
1933).

3. Oncousoecia polygonalis (Kluge, 1915) (Figure 25)

Stomatopora polygonalis Kluge sp. n. in Deryugin, 1915 : 389 (nomen nudum); Tubulipora
lobulata Osbum, 1933 : 16, pi. 1, f. 9; pi. 3, f. 1-5.

The zoaria, prostrate in the form of a thick cork layer, tighdy enclose
die substrate and have a round, flabellate, or roundish lobate form.
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Figure 25. Oncousoeciapolygonalis (Kluge).

The surface of the zoarium seems to consist of polyhedrons whose sides
form the sharply expressed boundaries of constituent zooids which are
thick-walled, highly calcified, and shaped more or less like a short tube.
In the middle of these polyhedrons are located the round or oval orifices
of the zooids. The walls of the zooids of the adult zoaria are devoid
of pores. The surface of the zoarium is uneven and wavy. The growing
margin of the zoarium consists of 3 to 4 rows of zooids which follow one
after the other, and develop toward the margin of the zoarium. The
gonozooid usually has an irregular form, but is sometimes bilobate with
a slighdy concave surface covered with minute pseudopores. The
oeciostome, located on the distal margin of the gonozooid in the form
of a slightly uprising thick-walled tube, is often located near the wall
of the autozooid with a round orifice at the end whose diameter is almost
half that of the autozooid.

The species lives on stones and shells, at a depth from 15 to 324 m,
on a bed of shells and stones on silt, under temperatures ranging from
—0.06 to 2.56°C, in a salt concentration of 32.84%0.

Distribution.  The species was found by me in the Barents and Chukotsk
seas. Reports in literature: Gulf of St. Lawrence (Whiteaves, 1874, 1901;
POsbum, 1933).

The species is Arctic.

4. Genus Tubulipora Lamarck, 1816
Tubulipora Lamarck, 1816: 161; Hincks, 1880a: 442; Harmer, 1898a: 86.

The zoaria are prostrate, or initially prostrate, and later free-growing.
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The zoaria consist of 2 to 3 and more rows of zooids. The proximal
parts of the zooids are more or less individuated; the uprising distal
parts are comparatively longer. The growing margin of the branches
or lobes does not consist of a continuous row of growing zooids. The
gonozooids give the appearance of being more or less wide, prominent,
saccate structures opening into the oeciostome in the form of round or
flattened semi-circular orifices.
Genus type: Tubulipora transversa Lamarck, 1816: 182.

1 (16). Zoarium prostrate throughout.

2 (7). The distal ends ofthe zooids, rising over the surface of the zoarium,
usually fuse in rows or groups.

3 (4). Uprising flabellate ends of the zooids form rows or groups which
consist of 2 to 7 ends. Oeciostome in the form of a tube pressed
on the sides, adheres to 2 neighboring zooids or freely deviates
from the base of the neighboring zooid and opens into a slit-like
OFITICE. it 1. T. flabellaris (Fabricius).

4 (3). Raised ends of the zooids, not arranged flabellately, form rows
or groups which consist of 2 to 3, rarely 4, raised ends. Oecios-
tome in the form of a cylindrical tube is not pressed from the
sides, but opens into a round or oval orifice turned upward.

5 (6). Oeciostome in the form of a short tube with a roundish orifice
at the end, belongs to the neighboring zooid or is located between
2 Z00IAS..cveevieeeceice e 2. T. maris-albi Gostilovskaya.

6 (5). Oeciostome in the form of a long, upward bent, and slightly
widened tube toward the end, has an oval orifice located in the
middle of the concave margin of the gonozooid..........ccecenee.
.................................................................................. 3. T. eminens Kluge.

7 (2). Zoarium has free distal ends of the zooids raised above their sur-
face; zooids not fused in rows or groups.

8 (13). Zoaria oblong with branches vary in form. Zoaria frequently
biramous, with long branches which gradually widen toward
their distal ends.

9 (10). Zooids in the proximal part of the zoarium are located close to
each other at some places, thereby forming transverse rows.
But normally, particularly in the distal part, they are free with
short uprising ends. Gonozooid short or only slightly oblong.
Oeciostome, in form of a round tube, is located in the middle
of the distal margin of the gonozooid..........cccoveiriieiiciiienienns
....................................................................... 4. T. dilatons (Johnston).

10 (9). Zooids do not form rows; their free ends are long and bent
upward. Gonozooid oblong and convex. Oeciostome in the
form of a semi-circular orifice, encloses the base of the zooid
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and is located in the corner formed by the gonozooid and the
base of the zooid......c.cccovvvviiieieennnns 6. T. smitti Kluge sp. n.
Zoarium biramous. Branches long. Zooids in the prostrate
part are flat and slightly spearated. Gonozooids, wide,
swollen, and located on the distal ends of the branches as well
as in the middle portion, cover the entire width of the branches.
Oeciostome, a relatively long and cylindrical tube, lies along
its entire length toward the zooid......ccccoooviiiiiiiiiiiiiiienns
............................................................ 5. T. fructuosa Gostilovskaya.
Zoarium not large, narrow. Branches, when present, very
short. Zooids in the prostrate part maintain their distinct
tubular form and are well individuated. Gonozooid oblong
and wide at the distal end. Oeciostome a very low cylindrical
tube located singly at the distal end of the gonozooid...............
........................................................... 7. T. uniformis Gostilovskaya.
Zoaria wide, usually flabellate, sometimes lobate or pyriform.
Free ends of the zooids give the appearance of more or less
long tubes of the same length throughout the zoarium.
Gonozooid highly widened in the distal part. Oeciostome
a short tube, wide at the end in the form of a funnel, and
located on the distal end of the gonozooid either singly or
attached to the zooid.......cccoooivvvivieiviinnnne 8. T. aperta Harmer.
Free parts of the zooids, mildly tapering toward the ends, are
longer in the initial phase of the zoarium. Gonozooid wide,
usually bilobate. Oeciostome a short tube located in the
middle of the gonozooid near its inner distal margin............
............................................................................ 9. T. minuta (Kluge).
Zoaria prostrate only in the proximal part of the zoarium.
Free-growing branch-like parts of the zoarium widen toward
the ends or lobes and are usually covered with gonozooids.
Branches consist of transverse rows of zooids, connected along
their length.

Oeciostome in the form of a slightly flattened tube, bent at
the end at a right angle and opening through an oval orifice,
adjoins the wall of the zooid................ 10. T. liliacea (Pallas).
Oeciostome not flattened and not adjoining the wall of the
zooid, but located in the middle of the gonozooid between
2 transverse rows of zooids.

Oeciostome in the form of a short, cylindrical tube which
slightly narrows toward the end and opens into a round
OFITICE. i 11. T. borgi Kluge.
Oeciostome in the form of a short and wide, cylindrical pro-
tuberance from the gonozooid, is covered by dense pseudopores
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on which, similar to the pedestal, is located a narrower conical
tube that tapers toward the upper end and opens into a cir-
cular orifice.....ccvvviivcicecc e, 12. T. murmanica Kluge.

23 (18). Zooids do not form transverse rows on the branches.

24 (25). Tubes of the zooids thick; in the wider lobe their free ends
are turned toward the frontal side. Oeciostome usually
diverges from the base of the zooid in the form of a long and
independent tube; sometimes it fuses with a zooid that has a
free distal end.....cccceovvveveciciiiiie 13. T. ventricosa Busk.

25 (24). Tubes of the zooids thinner than in T. ventricosa, their free
ends directed toward the frontal as well as the basal side of
the lobe. Oeciostome usually adjoins the zooids over a long
distance, remaining free only at. the very end; sometimes it
rises singly and independendy in the form of a short tube.
............................................................................. 14. T. soluta Kluge.

26 (17). Free-growing parts of the zoarium in the form of branched or
long stems.

27 (28). Stems short and roundish, widen at the distal ends into a
discoid head (capitulum), from the margin of which sprout
branches with similar ends. Free ends of the zooids originate
usually in bundles from all sides of the stem, as well as from the
upper surface of the disc which may be covered with gonozooids.
............................................................... 15. T. penicillata (Fabricius).

28 (27). Stems long, without discoid extensions at the ends.

29 (30). Free ends of the zooids diverge from all sides of the stem.
Gonozooid located near the fork of 2 branches. Oeciostome
a long tube that narrows toward the upper end.........ccccceceenene.
...................................................................... 16. T. nordgaardi Kluge.

30 (29). Free ends of the zooids diverge only from the frontal side of
the bent stem. Gonozooid located in the less wide, distal part.
Oeciostome a long tube that widens toward the upper end__
.......................................................................... 17. T. fruticosa Kluge.

1. Tubulipora flabellaris (Fabricius, 1780) (Figure 26)

TubuliporaflabeUaris Smitt, 1867 : 401, 455, t. I1X, f. 6-8; Harmer, 1898a: 99, pi. 8, f. 4;
Osburo, 1912 : 218, pi. XX, f. 11

The zoaria attached to the substrate by their whole base are pyriform,
kidney-shaped, and fusiform, or rarely, lobate. The uprising sections
ofthe zooids, pardy free ofeach other, and pardy fused into rows or groups,
contain 2 to 3 or, sometimes, more raised parts. In the completely
developed fertile zoaria, the rows in the distal part are frequendy arranged
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Figure 26. Tubulipora flabellaris (Fabricius). A-—general view of the zoarium
from the frontal side; B—fertile part of the zoarium with two gonozooids.

radially, and the zoarium acquires a well-expressed flabellate form. The
zooids have sparse pores and are more or less long and round, and slighdy
bent inward. The gonozooids are usually found in the distal parts of the
zoarium and have the appearance of oblong sacs or lobate structures; often
the lobes fuse to form a wide surface which passes through the individual
zooids or groups of zooids. The oeciostome is either in the form of a
straight tube pressed from the sides which freely rises from the base of
the adjoining individual, or is in the form of a slightly bent tube which
is pressed from the sides and situated by its base between 2 neighboring
individuals which rise freely from their distal part. The oeciopore, in
the form of a slit-like orifice, is typical of the species.

The species lives on laminaria and other algae, or hydroids, shells,
and stones, at a depth of 0 to 280 m, but frequently from 0 to 30 m, under
temperatures ranging from —2.1 to —0.6°C, in a salt concentration
of 33.39 to 34.58%0.

Distribution. The species was found by me in the Barents, White,
Kara, Laptev, East Siberian and Chukotsk seas. Reports in literature:
Barents Sea (Smitt, 1867; Nordgaard, 1897, 1923; Bidenkap, 1897;
Kuznetsov, 1941), White Sea (Kluge, 1907, 1908a; Gostilovskaya, 1957),
Kara Sea (Nordgaard, 1921), Chukotsk Sea (Osburn, 1923), northern
coast of North America (Nordgaard, 1906a; Osburn, 1932), western
Greenland (Fabricius, 1780; Smitt, 1868c; Hincks, 1877a; Vanhoffen,
1897; Kluge, 1908b; Levinsen, 1914; Osburn, 1919, 1936), Labrador
(Hincks, 1877a), Gulf of St. Lawrence (Dawson, 1859), eastern Green-
land (Levinsen, 1914, 1916), northern coast of Norway (Nordgaard, 1897,
1918), Skagerrack and Kattegat (Smitt, 1867; Marcus, 1940), North
Sea (Borg, 1930a), from New Scotland to Cape Cod (Osburn, 1912,
1933), and along the western coast of North America up to California
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(Robertson, 1910; O’Donoghue, 1923, 1926).
This is an Arctic-boreal, circumpolar species.

2. Tubulipora maris-albi Gostilovskaya, 1955 (Figure 27)
Tubulipora maris-albi Gostilovskaya, 1955 : 102, fig. 5-6.

The not very large zoaria are oblong and sometimes ramified, widening
toward the distal margin. The zooids are arranged in groups of 2 to 3,
sometimes 4, and their tubes adjoin each other almost throughout their
length. The walls of the tubes are covered with sparse pores. The
wider part of the zoarium is usually covered by a wide bilobate gonozooid
densely covered with pseudopores. The oeciostome is situated in the
middle of the concave distal margin of the gonozooid in the form of a
somewhat flattened tube, or adjoins the nearest zooid, or is located between
2 zooids and opens into a circular or nearly circular orifice at the top.

The zoaria live on laminaria, at a depth of 1.8 to 18 m, on a bed of
sand and stone.

Distribution. Reports in literature: White Sea, along the Karelian
border and the Solovetsk Islands (Gostilovskaya, 1955, 1957).

The species is endemic to the White Sea.

9
Figure 27. Tubulipora maris-albi Gostilov- Figure 28.  Tubulipora eminens Kluge.
skaya. Distal part of the biramous fertile Distal part of the fertile zoarium.

zoarium. White Sea. East Siberian Sea.
3. Tubulipora eminens Kluge, 1955 (Figure 28)
Tubulipora eminens Kluge, 1955a : 66, fig. 5.

The not large zoarium is prostrate and widens toward the distal end.
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The branch consists of a few rows of tubes of zooids; the tubes are arranged
in series of 2 to 3 and connected over a long distance, either separating
at the ends, or sometimes fusing up to the ends. A wide bilobate gono-
zooid covered with dense pseudopores, is situated near the margins of
the zoarium. In the middle of the concave distal margin it opens into
a strongly developed oeciostome in the form of a long cylindrical tube
with an oval orifice at the end turned upward, which is initially prostrate
and slightly narrowed, but mildly widens from the middle and uprises
independently.

The species lives on stones, at a depth of 35 m, on a bed of slit, sand,
and stone.

Distribution. The species was found by me in the East Siberian Sea,
near the North Cape of Bunge Land.

This species is endemic to the East Siberian Sea.

4. Tubulipora dilatants (Johnston, 1847) (Figure 29)

Stomatopora dilatons Hincks, 1880a : 429, pi. 57, f. 3; Kluge, 1906 : 50, f. 8; Tubulipora
lobulata Hincks, 1880a : 444, pi. 61, f. 5; T. dilatons Borg, 1930a :42, f. 17, 18; Osburn,
1933 : 11, pi. 11, f. 9; Diastopora repens Smitt, 1867 : 395 (part.), t. VIII, f. 3.

The zoarium is prostrate, oblong, frequently ramified, and usually
widens toward the distal end in the fertile lobes. Often zoaria are found
in the form of 2 lobes, divergent near the beginning of the zoarium, but
in general, the development of the lobes varies significantly. The zooids
in the proximal region of the zoarium adjoin each other, sometimes form-
ing transverse rows; only in the distal part of the zoarium are they free
over a small length, opening into a round orifice at the end. The gono-
zooids are situated in the distal parts of the fertile lobes, appearing either
as wide saccate structures stretched between individual zooids, or as a row
of decumbent oval sacs numbering 1, 2 or even 3. The oeciostome is
short and cylindrical, usually located in the middle of the distal margin
of the gonozooid, and opens through a round orifice.

The species lives on stones and shells, at a depth of 18 to 1,267 m,
on a bed of sand and pebbles.

Distribution.  This species was found by me in the Barents and Kara
seas. Reports in literature: Barents Sea (Kluge, 1906), White Sea
(Gostilovskaya, 1957), Newfoundland (Jullien and Calvet, 1903), Yan-
Maien lIsland (Lorenz, 1886), Skagerrack and Kattegat (Smitt, 1867;
Levinsen, 1894; Silen, 1936; Marcus, 1940), Great Britain (Hincks,
1880a), northwestern coast of France (Joliet, 1877), and the Mediterra-
nean Sea (Calvet, 1902).

This is an Arctic-boreal, Atlantic species.
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ff oest

Figure 29. Tubulipora dilalans

(Johnston). Distal part of the

oest Zoarium with the gonozooid (from
Hincks, 1880a).

Figure 30. Tubuliporafructuosa Gostilovskaya.

Fertile zoarium. White Sea.
5. Tubulipora fructuosa Gostilovskaya, 1955 (Figure 30)

Tubuliporafructuosa Gostilovskaya, 1955 : 104. fig. 9.

The zoarium is prostrate and biramous. Each branch ends in a
gonozooid with one oeciostome on the right branch, and 2 on the left.
The left branch, in addition to the developed distal gonozooid,

also has
2 under-developed gonozooids arranged one after the other.

The zooids
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are long and adjoin each other over a major part of their procumbent por-
tion. Their distal ends diverge, uprising singly in the form of round
tubes with a round orifice at the end. The procumbent parts of the
zooids are flat and hence their boundaries have thin contours. The tube
walls are thin and thus the polypides are visible through them. The
surface of the tubes is covered with sparse minute pseudopores. The
gonozooids are somewhat swollen, wider in the middle portion, and
have dense pseudopores. The oeciostome, formed like a relatively long,
straight, round tube with a round orifice at the end, has a diameter half
that of the zooid ; it either adjoins the zooid along its entire length, or is
located between 2 zooids. The oeciostome, like the free ends of the
zooids, is devoid of pseudopores.

Distribution. Reports in literature: White Sea in the Anzersk Strait
(Gostilovskaya, 1955, 1957).

6. Tubulipora smitti Kluge sp. n. (Figure 31)

Tubulipora fimbria Smitt, 1867 : 401 (part.), t. IX, f. 5; non T. aperta Harmer, 1898a :
101, pi. 8, f. 2-3.

The zoaria are prostrate and bi- or tri-lobate. The lobes often widen
toward the distal end. The zooids have a long freely uprising and slightly
bent cylindrical part. They are
not joined in a series, but arranged
flabellately.  The gonozooid is
fairly convex, sometimes longer,
sometimes wider, and located bet-
ween individual zooids. It opens
into one or several oeciostomes,
each of which is situated near
the tube of the zooid; the oecios-
tome is in the form of a semi-
circular opening at the level of
the gonozooid, and either covers
a portion of the zooidal wall or,
sometimes, is embedded in its wall.

The species lives on algae, at

a depth of 10.8 to 36 m, on a bed a
of stone. Figure 31. Tubulipora smitti Kluge. Gono-
Distribution. The species was zooid with oeciostome. Barents Sea.

found by me in the Barents Sea in
the Sor’e Gulf (Spitsbergen).
Thus far, this species is endemic to the Barents Sea.
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7. Tubulipora uniformis Gostilovskaya, 1955 (Figure 32)

Tubulipora uniformis Gostilovskaya, 1955 : 103, fig. 7-8.

The not large zoaria are narrow and sometimes
biramous. The few zooids are long in the form of
round tubes with circular orifices at the ends; they
adjoin each other over most of their length; their
distal ends are free. The walls of the zooids are
thin and covered with minute pseudopores. The
gonozooid is oblong and wider at the distal end;
its dorsal side adjoins the uprising free ends of the
zooids. The wall of the gonozooid is covered with
very dense pseudopores. The oeciostome, in the
form of a free and very low tube with a roundish
orifice, is located at the surface (facet) of the
widened distal end of the gonozooid.

The species lives on laminaria at a depth of
1.8 to 20 m.

Distribution. Reports in literature: Barents Sea
in the Kovdenski and Solovetski Gulfs (Gostilovs-
kaya, 1955, 1957).

The species is Arctic.

8. Tubulipora aperta Harmer, 1898 (Figure

Figure 32. Tubulipora 33)

uniformis Gostilovskaya.

Fertile zoarium. White Tubulipora aperta Harmer, 1898a: 101, pi. 8, f. 2, 3;
Sea. Gostilovskaya, 1957 : 436.

The zoarium is prostrate, pyriform, flabellate or lobate. The zooids,
in the form of more or less long, solitary, free tubes, lean sometimes in one
direction, sometimes in another. The surface of the tubes is covered with
sparse pseudopores. A broad, saccate gonozooid, frequently stretched
between individual zooids and densely covered with pseudopores, is
located in the distal half of the zoarium. The gonozooid opens into one
or more oeciostomes. The latter form a short, cylindrical tube, some-
times free, sometimes adjoining the neighboring zooid, that widens on the
upper side in the form of a funnel, and opens into a terminal round or
oval oeciopore.

The species lives on laminaria, at a depth of 8 m, on a bed of stone.

Distribution. Reports in literature: White Sea in the Kovdenski Gulf
(Gostilovskaya, 1957).
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Harmer wrongly called this form
T. fimbria, a name which was used by
Smitt for the waters of Spitsbergen.
The latter was described by me as a new
species with the name T. smitli. There-
fore the species described by us here, is
a boreal species.

9. Tubulipora minuta (Kluge,
1915) (Figure 34)

Stomatopora minuta Kluge sp. n. in Deryugin,
1915 : 389 (nomen nudum); Kluge, 1946 : 211,
tl, £ 2

Figure 33. Tubulipora aperta Har-
The zoaria are prostrate. They have mer. A part of the zoarium with
several forms: round, resembling a the gonozooid. White Sea.
fully opened fan, ramified, or widely
lobate with the lobes widening toward the margins. In the middle of
the proximal margin of the zoarium is located a round primary disc
from which the tube of the first zooid starts.

Two or 3 zooids start from
it to expand in different direc-
tions. The latter in their turn
give rise to 3 to 4 zooids, result-
ing in the formation of a rela-
tively regular flabellate zoarium.
Sometimes, after the 3rd or 4th
generation of zooids, the zoa-
rium begins to ramify toward
more or less wide lobes. The
prostrate part of the tubes is
slightly convex, while the free
raised terminal portions are

Figure 34. Tubulipora minuta (Kluge). round and slightly taper toward
Zoarium with 2 gonozooids and oeciostomes. ~ the ends. The raised free ends
of the tubes are initially rather

long, but gradually shorten toward the margins of the zoarium. Near
the margin of the latter in 1, 2, or more places, are located the saccate
gonozooids which are often broad, bilobate, and covered with very dense
pseudopores. We frequently observed that the gonozooid, starting in
the proximal part as an ordinary zooid covered with sparse pseudopores,
in the middle portion abruptly became wider and covered with a

ossf
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multiplicity of pseudopores. The oeciostome is located in the middle
of the concave distal margin of the gonozooid and has the form of
a short, thin, cylindrical tube with its terminal, circular orifice turned
upward.

The species lives on laminaria, at a depth of 9 to 72 m, on a bed of
silt and stone.

Distribution. The species was found by me in the Barents and East
Siberian seas. Reports in literature: White Sea (Gostilovskaya, 1957).

The species is Arctic.

10. Tubulipora liliacea (Pallas, 1766) (Figure 35)

Tubulipora liliacea Harmer, 1898a : 90, pi. 8, f. 7-9; Osbum, 1912 : 217, pi. XX, f. 10,
10a; 1933 : 15, pi. 2, f. 11; T. serpens Smitt, 1867 : 399, t. Ill, f. 1-5; t. IX, f. 1, 2.

Partly adhering to the substrate, the zoaria are partly dichotomously
branched, but sometimes acquire a different form depending upon the
substrate. The zooids are closely located to each other and their uprising
distal parts form continuous rows transverse to the length of the branch,
starting from its middle alternately on one side or the other; the zooids
shorten as the distance increases from the median line of the branch and
approaches the margin. The rows of zooids are frequently radially
arranged in the distal parts of the branches.

Often the gonozooids are oblong and, located in the middle part of
the fertile branch, give rise to lobes on one or the other side between
the transverse rows ofzooids, of they develop in a less regular form depend-
ing upon the substrate. The fertile branches of the gonozooid consist
of uneven lobes stretching between the rows of zooids. The oeciostome
is well-developed and, in some cases, is like a flattened broad tube joined
by its wider side to one of the zooids on the hind side of the row, almost
up to the distal margin of the latter where it bends and gives rise to a
horizontally procumbent, short, and round tube which opens into a round
orifice; in other cases, it is a short and oval tube freely sessile on the oecia
between the rows of zooids; the tube is bent on the distal end into a hori-
zontal tube opening by an oval orifice. The living zoarium is pale purple
in color.

The species lives on red and other algae, hydroids, Bryozoa, shells,
etc., at a depth of 25 to 1,000 m and more, mostly from 100 to 200 m,
on a bed of silty sand and stone, under temperatures ranging from 0.08
to 1.51°C.

Distribution. The species was found by me in the Barents Sea.
Reports in literature: Barents Sea (Danielssen, 1861; Smitt, 1867, 1879b;
Nordgaard, 1918), waters offwestern Greenland (Norman, 1906; Levinsen,



Figure 35. Tubulipora liliacea (Pallas). A—complete fertile zoarium;
B—gonozooid with oeciostome (from Osburn, 1912).

1914), Labrador (Packard, 1866-69), Gulf of St. Lawrence (Whiteaves,
1901), along the entire coast of Norway (Nordgaard, 1905, 1906b, 1912a,
1918), western coast of Sweden (Smitt, 1867), North Sea (Nordgaard,
1907b), Great Britain (Hincks, 1880a), northwest France (Joliet, 1877),
Mediterranean Sea (Calvet, 1902), from New Scotland to the region of
Woods Hole (Osburn, 1912, 1933), region of Vancouver lIsland on the
western coast of North America (O’Donoghue, 1926).
The species is Arctic-boreal.
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11. Tubulipora borgi Kluge, 1946 (Figure 36)
Tubulipora borgi Kluge, 1946 : 208, fig. 9.

The zoarium is free-growing, ramose, convex on the frontal side,
and flat on the base; at the place of transition of one side into the other,
a sharp margin is formed. The branches are broad and consist of trans-
verse rows of zooids, one following the other. The rows are made of 2
halves, each located at an angle to the other; initially, each half consists
of 2 zooids, but later 4 to 6 zooids fuse in the row. The zooids of each
half diverge in opposite directions: the right half to the right side, the
left toward the left. The fusion of the zooids is observed almost to their
uppermost distal end; furthermore, the marginal outer zooids numberingl

Figure 36. Tubulipora borgi Kluge. Distal end of the biramous
fertile zoarium from the frontal side.

1 to 2, frequently separate from the others near the end and diverge at a
small angle. This regularity of transverse rows is sometimes disturbed
by the fact that in some rows, from the 3rd and 4th zooids in the middle
row, new zooids branch out from the front, thereby forming a twin-like
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row in these places. In an adult, a sexually mature zoarium gonozooidl
is situated in the middle of the branch between the transverse rows of
zooids, opening into the oeciostome and forming a comparatively short,
cylindrical tube, slightly tapering toward the distal end. The oeciostome
is located in the middle of the gonozooid between the 2 halves of the

transverse rows.
The species probably lives on stones, at a depth of 73 m, on a bed of

silt and stone.

Distribution. The species was found by me in the East Siberian Sea,
and northeast of Novo Sibirisk Island.

The species is endemic to the East Siberian Sea.

12. Tubulipora murmanica Kluge, 1915 (Figure 37)

Tubulipora murmanica Kluge sp. n. in Deryugin, 1915 : 388 (nomen nudum); Kluge,
1955a : 66, fig. 6.

The zoarium is free-growing, broad, bilobate, slightly convex on the
frontal side and concave on the dorsal side. The frontal side consists
of tubes of zooids arranged in transverse rows, one following the other.
The eastern transverse row consists of 2 halves located at a more or less
acute angle in relation to each other. Initially each half consists of 5
to 6 zooids, but soon after 8 to 9, or even 10, zooids fuse in a row. The
zooids of each half are slightly diverted in opposite directions. The
zooids are more or less long and fusion continues to their ends. A more
or less swollen gonozooid, densely covered with minute pseudopores,
stretches from the secondary transverse row in the middle of the entire
surface of the zoarium in both directions between the transverse rows of
tubes of zooids up to the very distal end of the zoarium. In the middle
of the gonozooid, between 2 transverse rows, the oeciostome is located
close to the distal end in the form of a short cylindrical protuberance of
the gonozooid; it is covered with pseudopores and, like the pedestal, has
a narrow conical tube that tapers toward the outer end and opens through
a roundish orifice.

The species lives on ascidia and stones, at a depth of 45 to 180 m,1

11n my paper of 1946,1described the gonozooid as a continuous structure stretching the
entire length of the branch and opening into 2 oeciostomes. While writing this volume |
examined the slide again and discovered that the longer branch has not 1 but 2 gonozooids
divided by a narrow sterile strip, with each gonozooid having its own oeciostome. The
sketch of this species given here corresponds to this finding.

The present species is quite close in structure to the T. murmanica species described by
me from the Kola Bay and the T. andcrssoni species described by Borg (1926, 1944a) from
the Antarctica.
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Figure 37. Tubulipora murmanica Kluge. Fertile zoarium
from the frontal side. Barents Sea.

on a bed of stone and silt.

Distribution. The species was found by me in the Barents Sea in the
Kola Bay.

To date, the species seems endemic to the Barents Sea.

13. Tubulipora ventricosa Busk, 1855 (Figure 38)

Tubulipora ventricosa Busk, 1875 : 26, pi. XXXII, f. 4; Nordgaard, 1918 : 18, f. 2-3; T.
incrassata forma erecta Smitt, 1867 : 402 (part.); Stomatopora incrassata Kluge in Deryugin,
1915 : 389.

The zoarium is initially prostrate in the form of narrow ramose stems
consisting of 2 to 3 rows of zooids, but frequently one or more branches
are raised and widen above the substrate. These widenings grow out
further towards the distal end, forming more or less convex lobes. The
gonozooid develops at the frontal side of the lobe with a noticeably swollen



Figure 38.  Tubulipora ventricosa Busk. A—complete, fertile zoarium;
B—distal part of the branch with the gonozooid and oeciostome.

form and stretches between the individually raised zooids, which are
densely covered with pseudopores. The zooids are thick and often
slightly bent forward. Among the zooids, the oeciostome rises from the
gonozooid in the form of a round tube that is either straight or bent, whose
diameter is half that of the zooids, which opens at the distal end through
a round orifice. This oeciostome usually diverges from the base of one
of the zooids in the form of a free-growing tube, but sometimes it fuses
over a small length by its proximal end with an adjoining zooid; there-
after it diverges from the latter, as a result of which its distal end becomes
free. The basal side of the branches is usually more or less concave with
a smooth surface.

The species lives on algae, tubes of annelids, Bryozoa, stones, etc.,
at a depth from 12.5 to 250 m, under temperatures ranging from —1.65
to 1.95°C, in a salt concentration of 27.22 to 34.83%0.
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Distribution. The species was found by me in the Barents, Kara,
Laptev, East Siberian seas, and in the waters off western Greenland.
Reports in literature: Barents Sea (Smitt, 1867), Kara Sea (Smitt, 1879a;
Levinsen, 1887), Archipelago of the Canadian Islands (Busk, 1855, 1875,
1880; Nordgaard, 1918), and western Greenland (Smitt, 1868c; Hincks,
1877a; Kluge, 1908b).

The species is Arctic and circumpolar.

14. Tubalipora soluta Kluge, 1946 (Figure 39)
Tubulipora soluta Kluge, 1946 : 211, table IV, fig. 5.

Thin bundles of zooids start rising from the prostrate, ramose, basal
part of the zoarium, which flabellately spread in the distal direction and
divide into several lobes. The lobes of the zoaria, bent in different
directions, do not lie in one plane. Although the tubes of the zooids
fuse with each other into one complete unit over a large area, each zooid
protrudes above the surrounding surface and maintains an isolated
identity along the tubular length, as a result of which the surface of the
lobes is not smooth. The distal ends of the zooids are free and gradually
diverge from the surface of the zoarium at an acute angle. The tubes
of the zooids are slightly bent on one or the other side. The orifices of
the free ends of the tubes are round. The surface of the tubes is sparsely
covered with minute pseudopores. The gonozooid develops in the ex-
panded distal part of the lobe, the surface of which is densely covered
with pseudopores. The oeciostome is usually located in the middle
portion of the gonozooid in the form of a fairly long tube tapering toward
the free end; its lower and slightly wider portion either adjoins the neigh-
boring zooid over a certain length and then diverges from the latter, or
rises independently from the neighboring zooids in the form of free tubes.

The species lives on the tubes of annelids, Bryozoa, pebbles,
etc., at a depth of22 to 422 m, on a bed of pebbles and silt, under tem-
peratures ranging from —1.7 to 1.53°C, in a salt concentration of 27.22
to 35.00%0.

Distribution. The species was found by me in the Barents, Kara, Lap-
tev, and East Siberian seas.

This is a high-Arctic species.

15. Tubulipora penicillata (Fabricius, 1780) (Figure 40)

Tubulipora penicillata Smitt, 1867 : 403, 463, t. I1X, f. 9-10, t. X, f. 1; Nordgaard, 1918 :
18, Text f. 1; T.fungia Couch, 1844 : 107, pi. XIX, f. 3; Smitt, 1867: 403,462, t. X, f. 2-5;
Siomatopora fungia Hincks, 1880a: 438, pi. LXII, f. 56.
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Figure 39. Tubulipora soluta Kluge. A—complete, fertile
zoarium; B—distal part with the gonozooid.
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Figure 40. Tubulipora penicillata (Fabricius). Ramose
distal part of the fertile zoarium. Barents Sea.

From the prostrate, more or less thick, irregularly ramose part of
the zoarium, round stems rise and either widen on the distal end into
a discoid head, or branch several times; these branches then terminate
in a discoid head which, in turn, gives rise to a new branch at the margin.
From the surface of the prostrate, as well as the free-growing stems, bundles
of individual free-growing zooids rise, sometimes on one side, sometimes
on the other, and open through a round orifice. In their broadened
distal part, the stems have a smooth surface with a longitudinal and
slightly transverse pattern. The margin of the upper disc is sometimes
pointed. The head (capitum), a slightly thick, convex, round disc that
sometimes has a depression in the center, is raised from all sides above
the stem. The tubes of the zooids protrude through its upper surface
in no particular order, mostly in groups at the margin of the disc and in
small numbers singly in the center. The tubes along the margin of the
disc are directed outward and upward; in the center they are more or
less upwardly straight. In sexually mature heads, the entire upper side
of the disc between the zooids is covered with gonozooids, the surface of
which is densely covered with pseudopores. The oeciostome, located
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in the marginal tubes, looks like a tube bent toward the center, short in
length, and slightly pressed on the sides; it opens through an irregular
oval orifice.

The species lives on hydroids, Bryozoa, shells, and stones, at a depth
of 25 to 280 m, on a bed of stone and silt with sand, under temperatures
ranging from —1.38 to 1.53°G, in a salt concentration of 34.50 to
35.00%0.

Distribution. The species was found by me in the Barents Sea.
Reports in literature: Barents Sea (Smitt, 1867; Nordgaard, 1897, 1905),
?northern coast of North America (Osburn, 1923), western Greenland
(Fabricius, 1780; Levinsen, 1914), Northumberland Island (Hennig,
1896), Labrador (Busk, 1857) western coast of Norway (Nordgaard,
1918), Boguslen (Smitt, 1867), and Great Britain (Busk, 1875; Hincks,
1880a).

This is an Arctic-boreal, Atlantic species.

16. Tubulipora nordgaardi Kluge, 1946 (Figure 41)
Tubulipora nordgaardi Kluge, 1946 : 210, table 111, fig. 1

The zoaria are in the form of free-growing dichotomously branched
stems. Each stem consists of 3 to 5 rows of zooidal tubes fused in a bundle,
as a result of which the stem’s thickness and outline in the cross section
is not similar at different places along its length. The free ends of the
tubes originate from the stem in different directions at different angles
of about 45° or more, but never reach a right angle. The tubes of the
zooids are relatively thick and sparsely covered with pseudopores. The
length of their free ends is quite significant, rarely reaching up to twice
the thickness of the stem. The orifices of the free ends are circular.
The gonozooids occur extremely rarely. They are situated in the fork
of the two branches and gradually widen to form saccate, broad structures
densely covered with pseudopores. The oeciostome is located near the
upper end of the widening in the form of a long tube which is broader
near the base and tapers toward the upper half. The oeciostome opens
by a round orifice, the diameter of which is almost one-half that of the
zooidal tube.

Possibly the species lives on stones, at a depth of 73 m, on a bed
of silt and stone.

Distribution. The species was found by me in the East Siberian Sea,
northeast of Novo Sibirisk Island.

This species is endemic to the East Siberian Sea.



Figure 41. Tubulipora nordgaardi Kluge. Figure 42. Tubulipora fruticosa Kluge.
A part of the zoarium with gonozooid. Part of a fertile zoarium from the
East Siberian Sea. basal and frontal side.

17. Tubulipora fruticosa Kluge, 1946 (Figures 42, 43)

Tubuliporafruticosa Kluge, 1946 : 210, fig. 11; T. incrassata Smitt, 1867 :402 (part.), t.

The prostrate, often ramose part of the zoarium, initially consists
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of2 to 3 rows of zooids which gradually
thicken to form the stem separating from
the substrate and rising in the form of
a free-growing branched stem. The
frontal surface of the latter usually con-
sists of 3 to 4 rows of more or less long,
distinctly isolated zooids rising upward,
and on the sides, by their distal half.
Depending upon the number of rows of
zooids, the stem sometimes becomes
thick, sometimes thin, and at the place
of branching, the number of rows rea-
ches up to 5 to 6 zooids. Usually the . . )

. . Figure 43. Tubulipora fruticosa
stem is not. stralght,.but_ rather bgnds Kluge. Gonozooid.
sometimes in one direction, sometimes
in the other; frequently, its frontal side is more or less twisted to-
ward the dorsal side. The dorsal side of the stem is roundish, but in
the places of bifurcation, wider and thicker. The 2 branches do not
always grow in a similar manner; often only 1 develops while the other
lags behind. The tubes of the zooids are thick; their free ends are some-
what thin and open through a round orifice. Their surface is smooth,
lustreless, milky-white, and entirely covered with sparsely distributed
pseudopores. The tubes are frequently located on the frontal surface
in pairs, sometimes on one side, sometimes on the other, as if alternating;
the distal ends are never fused. The gonozooids develop in the broad
distal parts of the branches, and are densely covered with pseudopores.
Among the large number of zoaria with developed gonozooids examined
by me, I found an almost undamaged oeciostome in only one zoarium.
This oeciostome was a short, erect tube that widened toward the distal
end, and had a roundish-oval orifice directed upward.

The species lives on Bryozoa, shells, and stones, at a depth of 1.5 to
1,000 m, mostly from 50 to 400 m, on a bed of stone and silt, under tem-
peratures ranging from —1.8 to 3°G.

Distribution. The species was found by me in the Barents, Kara,
and East Siberian seas. Reports in literature: Barents Sea (Smitt, 1867;
Bidenkap, 1900a; Waters, 1904; Kuznetsov, 1941), and the Kara Sea
(Smitt, 1879a).

The species is from the eastern sector of the Arctic.

Il. Family ldmoneidae Busk, 1859

Idmoneidac Busk, 1859 : 94 (part.); Borg, 1944a : 76; Tubuliporidac Johnston, 1838 : 267
(part.); Smitt, 1867 : 398; Hincks, 1880a: 428; Harmer, 1915: 118.
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The zoaria are free-growing and dichotomously branched. The
uprising distal ends of the autozooids are arranged in rows transverse to
the longitudinal axis of the branch. The rows are divided along the
middle line of the branch, alternating on both sides. The rows consist
of 2 to 6 or 7 zooids opening on the frontal side of the branch. The rows
are alternately bent, sometimes on one side, sometimes on the other.
The zooids close to the middle line are the longest. Their basal part
is partly or fully covered with one or more layers of kenozooids, forming
the secondary thickening of the stems. Kenozooids occupy the space
between the transverse rows of zooids along the middle line of the frontal
side of the zoarium.

Keyfor Identification of the Genera of the Family Idmoneidae

1 (2). Branches frequently long, straight, and triangular or round in
the cross section. Transverse rows of zooids arranged alternately
on the sides of the branch. The sub-tentacular plate starts from
each side, or from the basal side near the base of the rising stem
(Idmonea tumida). Gonozooids arranged along the branch, or
in the fork between the transverse rows of zooids, do not signi-
ficantly broaden the branch...........,
............................. 1. Genus ldmonea Lamouroux, 1821 (see below).

2 (. Branches short, usually widen toward the end. Transverse rows
of zooids stretch from the middle line of the branch along the
sides almost at one level. The prostrate sub-tentacular plate,
consisting of flat kenozooids, starts near the base of the uprising
stem on the basal side. Gonozooids arranged at the end of the
broadening branch between the transverse rows of zooids.
................................ 2. Genus ldmoneoides Kluge, 1955 (Figure 114).

1 Genus ldmonea Lamouroux, 1821

Idmonea Hincks, 1880a : 450; Tubulipora (part.) Harmer, 1915 : 124.

The branches are often straight, long, and narrow, with a triangular
or round cross section. The distal ends of the autozooids arranged in
transverse rows, diverge along both sides of the branch, and strictly
alternate on the side with each row consisting of 2 to 7 zooids. The sub-
tentacular plate originates from each side of the base of the uprising
stem in the form of flat kenozooids, and lies procumbent upon the sub-
strate. (In I. tumida the sub-tentacular plate originates from the basal
side.) The basal side of the branch is completely covered with one or
several layers of kenozooids which make the stems thick. The gonozooids
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are located along the branch or in the fork between the transverse rows
of zooids.
Grenus type: Jdmonea atlantica Johnston, 1847.

1 (6). Zoaria ramose.

2 (5). Transverse rows usually consist of 3, rarely 2 to 4, zooids.

3 (4). Basal side of the zoarium convex. Gonozooids, in the form of
a long, narrow bulge, lie along the middle line of the branch and
enclose many transverse rows of zooids. Oeciostome, in the
form of a cylindrical tube, adjoins the distal side of the transverse
row of zooids and opens upward and forward through a round
OFIFICE .o 1. 1. atlantica Forbes.

4 (3). Basal side of the zoarium fairly flat. Gonozooids, in the form
of a short, wide bulge located in different parts of the branches,
usually cover 2 rows of zooids on each side. Oeciostome forms
a tube which usually adjoins the zooid by its base; the remaining
part, deviating from the zooid, is free and varies significantly
iN form. ..o la. I. atlantica var. gracillima Busk.

5 (2). Broad transverse rows usually consist of 4 to 6, rarely 3, zooids.
Basal side of the branches flat with a transverse pattern. Gono-
zooid oblong. Oeciostome, a more or less flattened tube, adjoins
the distal side of the transverse row of zooids and, diverging
from the latter, opens upward and forward into a wide rostrum
with a round orifice......cconiriiniciciciene, 2. 1. fenestrata Busk.

6 (1). Zoaria either unbranched or biramous.

7 (8). Zoarium usually biramous. Basal side strongly convex and
roundish. Distal ends of the zooids are slightly raised above
the surface of the branch. Gonozooid not known to occur.
........................................................................... 3.1. tumida (Smit

8 (7). Zoarium usually not ramose. Basal part of the zoarium flat
with sharp margins. Distal ends of the zooids significantly
raised above the surface. Oblong gonozooid located in the
distal part of the zoarium. Oeciostome, a short, frontally bent,
and erect tube, opens through a transversely oval orifice, and is
located in the distal end of the gonozooid between the lateral
FrOWS OF Z00IdS ..o 4. 1. bidenkapi Kluge.

1 ldmonea atlantica Forbes Mss (Figure 44)

Idmonea atlantica Forbes (manuscript) in Johnston, 1847 : 278; Tubulipora |[ldmonea)
atlantica a: forma erecta Smitt, 1867 : 399, 434, t. 1V, f. 5-11.

The zoaria are free-growing and dichotomously branched. The
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branches, usually located on one plane, are somewhat triangular in the
cross section with a slightly convex basal side and roundish corners.
The uprising distal ends of the zooids, originating on both sides from
the middle longitudinal line, are displaced by parallel transverse rows.
The zooids, in rows of 2 to 4 each, are
closely attached to each other, and their orifices
are slightly diverted, sometimes in one direction,
sometimes in another. The zooids located near
the middle line of the branch are the longest;
the ones following them in the row gradually
shorten toward the margin. The middle frontal
surface remaining along the branches between
the rows of zooids, is full of developing gono-
zooids in the fertile branches, which represent
fairly irregular shaped bulges. These bulges are
densely covered with pseudopores and enclose a
large number of zooidal rows along the branches.
Near the distal end, the gonozooid opens into
an oeciostome in the form of a tube similar to
that of a common zooid, but located on the distal
side of the row of zooids, it opens forward and
upward through a round orifice.
The basal side of the zoarium is covered
. with one or a few layers of kenozooids that serve
Figure 44. ldmonea atlan- . . .
tica Forbes. A part of the to fix the stems, and form a longitudinal pattern
fertile branch of the zoa-  With pseudopores on the smooth surface ; semi-cir-
rium with oeciostome. cular transverse margins of overgrowths of layers
of kenozooids are found in the young zoaria.
The zoarium starts with a primary disc from which the first zooid origi-
nates giving rise to the daughter zooid. The latter, in turn, gives rise to
a new daughter zooid which may do the same. All these zooids are
directed by their free ends alternately to one or the other side. Keno-
zooids develop simultaneously along the sides of these zooids, which soon
form a broad sub-tentacular disc around the base of the zoarium. After
the formation of this disc, the discs grow upward, forming the free-growing
part of the zoarium. Along with the upward growth of the zoarium, a
layer of kenozooids develops on its basal side; these kenozooids are formed
from a portion of those kenozooids which had separated from the “sub-
tentacular disc”.
The species lives on Bryozoa, tubes of worms, shells, and stones, at
a depth of 5 to 593 m, more frequendy from 100 to 150 m, on a bed of
silt, stone, and shells, under temperatures ranging from —1.66 to 6.3°C,
in a salt concentradon of 33.73 to 35.00%0.
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Distribution. The species was found by me in the Barents, Kara,

Laptev, and East Siberian seas, and in the waters off Labrador and
western Greenland. Reports in literature: Barents Sea (Danielssen, 1861;
Smitt, 1867, 1879b; Vigelius, 1881-82; Nordgaard, 1897, 1900, 1905,
1907b, 1912a, 1918, 1923; Bidenkap, 1897, 1900a; Norman, 1903a;
Waters, 1904; Kuznetsov, 1941), Kara Sea (Smitt, 1879a; Levinsen,
1887; Nordgaard, 1912b, 1921), northern coastal waters of North America
and the Archipelago of the Canadian Islands (Nordgaard, 1906a; Osburn,
1923), western Greenland (Smitt, 1868c; Norman, 1876, 1906; Hincks,
1877a; Hennig, 1896; Vanhoffen, 1897; Kluge. 1908b; Levinsen, 1914;
Osburn, 1919), Labrador (Packard, 1863, 1866-69), Gulf of St. Law-
rence (Dawson, 1859; Whiteaves, 1901), eastern Greenland (Kirchen-
pauer, 1874; Andersson, 1902; Levinsen,
1916), Yan-Maien (Lorenz, 1886), western
coastal waters of Norway (Smitt, 1867;
Nordgaard, 1918), Skagerrack (Silen, 1936),
Great Britain (Hincks, 1880a), and Iceland
(Smitt, 1867).

The species is Arctic-boreal.

la. ldmonea atlantica var. gracil-
lima Busk, 1875 (Figure 45)

Idmonea gracillima Busk, 1875 : 14, pi. VII, f. 5-6;
I. watersi Kluge, 1946 : 212, t. IlI, f. 3, fig. 12.

The zoaria are free-growing, ramose,
sometimes with thick, short, and bent
branches, sometimes studded with thin and
straight branches. As a rule 3, or rarely
2 or 4, tubes of zooids stretch on the con-
vex frontal side of the branches along both
sides of the middle line. The fused distal
ends of the tubes rise above the surface of
the branches, alternately on one of the
other side, and turn in opposite directions
to form rows perpendicular to the longitu-
dinal axis. The dorsal side is quite flat
and covered with a single or several layers
of kenozooids. Gonozooids are located on Figure 45. Idmonea _ atlantica
dlffere.nt parts o.f.the.branches—elther near = gracillima Busk. Part of
the point of ramification, or along the length  the branch of a zoarium with
of the unbranched part—and 2 gonozooids two gonozooids.
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may be found on one branch. The gonozooids are short, broad, and
strongly convex bulges, densely covered with pseudopores and usually
including 2 rows of individuals on each side. The occiostome varies
considerably in form, but is usually located near the distal end of the
gonozooid. Sometimes it is more or less long and cylindrical, and
located on the distal side of the transverse row where it opens upward and
forward through a round orifice; sometimes it originates as a roundish
tube adjoining the nearest zooid, but later diverges from it and stretches
in different directions in the form of a free, narrow tube pressed on the
sides and opening out by a slit-like orifice.

The species lives on Bryozoa, shells, and stones, at a depth of 17 to
1,000 m, mostly from 100 to 300 m, on a bed of silt and stone, or silt and
sand, under temperatures ranging from —1.68 to 1,5°C, in a salt concen-
tration of 33.12 to 34.50%o0-

Distribution. This variety was found by me in the Barents, Kara,
Laptev, and East Siberian seas. Reports in literature: Barents Sea
(Waters, 1904), and the Atlantic Ocean (Busk, 1875).

This is a high-Arctic, deep-water species.

2. Idmonea fenestrata Busk,
1859 (Figure 46)

Idmoneafenestrata Busk, 1859 : 105, pi. XV, f.6.

The zoaria are not large, but free-
growing and very dichotomously bran-
ched. The subsidiary branches have
a triangular form in the cross section.
The basal surface, covered with a longi-
tudinal pattern and small pseudopores,
is flat and broad, as a result of which
its margins are somewhat pointed dur-
ing the transition into the lateral sides
of the frontal surface. The distal ends
of the zooids, raised above the frontal
surface collectively in numbers of 3 to
6, form broad, alternate transverse
rows that bend sometimes to one side,
sometimes to the other. The space
remaining free between the rows of

Figure 46. Idmonea fenestrata Busk. zooids is filled, in the fertile zoaria,
A part of the fertile zoarium. with relatively early maturing, long
gonozooids of irregular form, which
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enclose several rows of zooids. Usually the gonozooid opens near the
point of ramification into an oeciostome in the form of a more or less
flattened tube which adjoins the distal side of the transverse row of tubes
of zooids; from one-half to two-thirds the length of the latter, it diverges
from the zooids to open forward and upward through a broad, round
rostrum with an orifice.

The species lives on hydroids, Bryozoa, and tubes ofworms, at a depth
of 9 to 360 m, more frequently at 50 to 100 m, on a bed of silt and shell,
under temperatures ranging from  1.61 to 1.74°C, in a salt concentration
of 34.29%0.

Distribution.  The species

was found by me in the Bar-
ents, Kara, and Laptev seas,
and off* western Greenland.
Reports in literature: Barents
Sea (Smitt, 1867, 1879c; Biden-
kap, 1900a; Waters, 1904).

The species is Arctic.

3. ldmonea tumida
(Smitt, 1872) (Figure 47)

Tubulipora (ldmonea) tumida Smitt,
1872a: 1119, t. XX, f. 5-7; Idmonea
tumida Kluge, 1946 : 212, t. IlI, f.
4-5, fig. 13,

The zoaria are not large,
not exceeding 2 cm in length,
and are often biramous. The
branches are thick, almost
round in a cross section, with
zooids arranged on 2 sides of
the convex frontal side. On
each side of the branches,
zooids are arranged in alter-
nating rows perpendicular to
the length of the axis; each row
consists of 3 to 4 zooids. The
zooids in the rows tighdy adjoin
each other. Their slightly taper-

ing distal ends_ are a little raised Figure 47. Idmonea tumida (Smitt). A simple
almost at a right angle above zoarium with a primary disc.
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the fertile surface of the branch. Their walls are thick, becoming
slightly thinner toward the free ends, and their surface is covered with
dense pseudopores. The orifices of the zooids are round. The basal
side of the zoarium is prominently convex and roundish. The branches
are frequently concave. Gonozooids have not been noticed.

The species lives on the calcareous tubes of worms, and on pebbles,
at a depth of 80 to 414 m, on a bed of silt and stone, under temperatures
ranging from —1.17 to —1.2°C, in a salt concentration of 34.63 to
34.65 %0.

Distribution. The species was found by me in the Barents, Kara,
and East Siberian seas. Reports in literature: Barents Sea (Smitt, 1872a;
?Waters, 1904; PNordgaard, 1912b).

4. ldmonea bidenkapi Kluge, 1955 (Figure 48)

Idmonea serpens Bidenkap, 1900a : 528 (non-Johnston); I. bidenkapi Kluge, 1955a : 68,
fig. 8.

The free-growing zoarium is not large, attains a height of up to 5 mm,
is unbranched, and slightly curves on the frontal side. The zooids are
arranged in transverse rows of 2 to
5 each. In the rows the raised distal
parts of the zooids closely adjoin each
other; only in one sample was a zooid,
standing close to the middle line of the
stem, separated from the remaining
zooids of the row—probably associated
with the development of the gono-
zooid. The basal side of the zoarium
is concave and flat with sharp margins

P*p as in I. fenestrata Busk. In the distal
half of the zoarium, in the middle
between transverse rows of zooids, is
located a fairly long gonozooid which,
by its distal end, opens through an
oeciostome in the form of a tube with
an oval orifice ; the tube stands between
the lateral rows of zooids and bends
toward the frontal side. The orifice
is directed toward the frontal side.

Figure 48. Idmonea bidenkapi Kluge. Unfortunately the zoarium was broken
Distal part of the fertile zoarium. near its base and therefore the struc-
Barents Sea. ture of its beginning part still remains

out
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unexplained.
The species lives on clay or gravel, at a depth of 1,000 m.
Distribution. The species was found by me in the Barents Sea north-
ward of Spitsbergen.
Thus far the species is endemic to the Barents Sea.

2. Genus ldmoneoides Kluge, 1955
Tubulipora (part.) Kluge, 1946 : 206; Idmoneoides Kluge, 1955a : 69.

The branches are short and usually broader toward the end. The
raised distal ends of the autozooids are arranged in transverse rows which
stretch away on both sides of the branch, often in one level, and consist
of 2 to 3, rarely 1 to 4, zooids. Occasionally the ends (over a large
part) are separated and free.

The sub-tentacular plates originate from the base of the basal side
of the uprising stem in the form of a layer of flat kenozooids prostrate
on the substrate. The basal side of the branch is partly covered with
kenozooids. The gonozooids are usually located at the end of the branch
between the transverse rows of zooids.

Genus type: ldmoneoides arctoflabellaris Kluge, 1946.

1 (2). Zoarium ramose. Rows of zooids symmetrically arranged on
both sides of the middle line of the branch. Raised distal ends
of the zooids usually closely adjoin each other in transverse rows,
but frequently the ends are separate. Gonozooid situated in the
middle between symmetrical transverse rows of zooids...............
.................................................................. 1. 1. arctoflabellaris (Kluge).

2 (1). Zoarium not ramified. Rows of zooids arranged asymmetrically
on both sides of the middle line of the stem. Raised distal ends
of the zooids in the rows are free throughout their length. Gono-
zooid located asymmetrically on the frontal surface of the stem.
.................................................................................. 2. 1. simplex Kluge.

1 Idmoneoides arctoflabellaris (Kluge, 1946) (Figure 49)

Tubulipora arctoflabellaris Kluge, 1946 : 206, fig. 8.

The zoaria, free-growing and small, attain up to 10 to 12 mm in
height, and consist of a short prostrate part from which rises a more or
less oblong, dichotomously branched, and free-growing part. The
prostrate part of the zoarium starts with a primary disc that directly
changes into the tube of the first zooid, which is raised by its distal end.
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Figure 49. Idmoneoides arctoflabellaris (Kluge). A—complete, ramose, fertile zoarium;
B—initial part of the zoarium. Polar Basin (south of Franz Josef Land).

From the basal part of the first zooid the daughter zooids starts which,
in turn, gives rise to a new daughter zooid. This may be repeated 3
to 4 times, as a result of which a row of zooids of subsequent generations
is formed, which stands in a semi-vertical position; their short, free,
distal ends are often alternately directed to different sides. The tubes
of the succeeding generations are oblong and grouped in rows of 2 or 3
and arranged either alternately on one or the other side of the frontal
surface of the branch, or divert almost at one level from the middle line
of the branch, or appear as if split into 2 rows following one another.
The tubes usually deviate by their raised distal ends, sometimes in one
direction, sometimes in the other, as happens in the genus Idmonea. In
rare cases, the zooids are arranged singly or 4 to 5in a row. Frequently,
the distal ends of the zooids in the rows separate from each other and
remain free. The surfaces of the tubes are covered with pseudopores
that are denser in the prostrate part (particularly in the terminal section)
than in the free-growing part. The kenozooids originate in the lower
zooids from the almost vertical or obliquely uprising part of the zoarium
(which serves as the pedestal for the free-growing part) on the side opposite
to the beginning of the growth of the zoarium, i.e., from the basal side,
and sometimes even from the sides. The kenozooids settle down on the
substrate and overgrow the latter in the form of a continuous thin plate
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consisting of a complete row of flattened tubes fused together, which form
the sub-tentacular plate for the free-growing part of the zoarium.

Usually at the end of the branches, at their broader frontal surface
between the 2 rows of zooids, or in the middle of the radially located
rows, a relatively short gonozooid develops which covers usually 2,
and rarely 3, transverse rows of zooids. The surface of the gonozooid
is densely covered with pseudopores. The gonozooid opens into an
oeciostome, which is usually more or less tube-shaped and fused by its
lower part to the wall of the zooid from the distal side of the transverse
row, but more often the oeciostome deviates from the zooid and grows
freely in the form of a straight tube pressed on the sides and opening
through a slit-like orifice. But sometimes the oeciostome is a short tube
with an oval orifice, which diverges from the zooid only near the end,
or it grows completely independent of the nearest zooid. It is not rare
to find a gonozooid on almost every branch of the zoarium, in which
case the latter then has several (up to 5 were observed) gonozooids with
an oeciostome.

The living colonies are stained a pink-violet color. The species lives
on Bryozoa, tubes of worms, mollusks, shells, and stones, at a depth of
20 to 445 m, on a bed of silt and stone, under temperatures ranging from
-1.33 to 1.53°C.

Distribution. The species was found by me in the Barents, Kara,
Laptev, and East Siberian seas.

The species is from the eastern sector of the high Arctic.

2. ldmoneoides simplex Kluge, 1955 (Figure 50)
Idmoneoidcs simplex Kluge, 1955a : 70, fig. 11.

The zoarium is not large, reaching a height of up to 4.5 mm, grows
freely, and is unbranched. |Initially prostrate, it consists of 2 rows
of zooids, and later of 3 and 4 zooids whose freely raised distal ends diverge
from the middle line of the stem on different sides, usually 1 to 2 on one
side and 2 to 3 on the other. The distal ends of the zooids, raised above
the surface of the stem, grow freely and do not fuse. In the place of
the transition from the prostrate part of the zoarium into the upright
growing one, the kenozooids let down from the basal side of the rising
stem to the substrate, forming the sub-tentacular plate supporting the
free-growing part. The dorsal side of the zoarium is slightly concave,
more or less flat, and partly, particularly in the distal section, covered
with kenozooids in the form of close, flat tubes through whose transparent
walls the margins of the autozooids from the next layer are visible.

The long, saccate gonozooid stretches on one side in the distal half
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of the frontal side of the zoa-
rium, and asymmetrically
opens on the distal end with
a long, almost straight tube
located between 2 zooids;
this tube opens through a
round orifice directed for-
ward. The species lives on
calcified tubes of worms, at a
depth of 280 m, on a bed
of silt, at a temperature of
-i.rc.

Distribution. The species
was found by me in the
northeastern part of the
Barents Sea.

The species is endemic
to the Barents Sea.

I, Family
Entalophoridae
Figure 50. Idmoneoides simplex Kluge. Barents Reuss, 1869
Sea. A—fertile zoarium from the frontal side;
B—distal part l;)ftr:e _anrlum from the Entalophoridae Borg, 1944a : 105
asal side. (part.); Idmoneidae Busk, 1875 : 10
(part.).

The zoarium consists of a prostrate ramose part from which uprises
one, sometimes more, free-growing, roundish stem that is usually branched.
The zooids form the stem over a large part of their length and their free
ends open around the stem and branches. The gonozooid, located on
the surface or on the distal end of the stem, either proliferated or non-
proliferated by the tubes of the zooids, opens through the oeciostome
in the form of an orifice near the base of the raised part of the zooid.

Genus Entalophora Lamouroux, 1821

Entalophora Lamouroux, 1821 : 81; Hincks, 1880a : 455; Borg, 1926: 184; 1944a: 106;
Pustulopora Milne-Edwards, 1838 : 219; Busk, 1875 : 20.

The zoarium is free-growing and simple or branched; the stem is
roundish or oval, and consists of zooids in the cross section; the free ends
of the zooids are relatively long and directed to different sides. The
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gonozooid is oblong, mildly broadened in the middle part, and located

either on the distal end of the stem, or on one of the branches near the

stem’s bifurcation. The oeciostome in our species was a semi-circular

orifice near the base of one of the zooids which surrounded it.
Genus type: Entalophora cellarioides Lamouroux, 1821.

1 (2). Zoaria large, reaching a height of up to 15 to 20 mm, usually
ramose in an irregular manner or dichotomous; gonozooid located
near the bifurcation, usually on one of the branches..................
........................................................................ 1. E. clavata Busk.

2 (1). Zoaria minute, height up to 4 to 6 mm, usually unbranched or,
if branched, only near the base; gonozooid located on the distal
end of the stem, and surrounded by a few zooid bundles........
............................................................................... 2. E. harmeri Osburn.

1 Entalophora clavata (Busk, 1859) (Figure 51)

Entalophora clavata Hincks, 1880a : 456, pi. LXV, f. 5-8; Marcus, 1940 : 76, f. 41;
E. deflexa Nordgaard, 1900 : 18, pi. I, f. 10-11.

The zoaria are large, attaining a height up to 1.5 to 2 cm. The
procumbent portion is usually ramose but mostly dichotomous. The
free-growing parts are usually raised in the form of 1 or 2 stems in the
places of ramification of the prostrate part. These stems are roundish
or oval and vary in form in the cross section: they may be straight or
bent, branched or unbranched, or sometimes regularly dichotomous.
The stem, toward the distal part, branches into 2 to 3, and sometimes
a greater number of branches that are usually short, but sometimes longer,
in which case the distal ends of the zoarium become more or less wider
with a clavate form.

The zooids are arranged in 3 to 5 rows in the visible half of the stem.
Their more or less free distal ends spread in all directions around the
stem.

The stem, more or less long and simple or branched, is located near
the bifurcation on one of the branches and is usually not perforated by
zooids. In instances where the gonozooid is located between the branches,
the stem is shorter and broader. The oeciostome, located near the base
of one of the zooids, is in the form of an orifice at the level of the gono-
zooid which encloses the base of the zooid in a semi-circle, but sometimes
the gonozooid forms a sort of projection, stretching along the zooid and
opening at its distal end through the oeciostome. The lateral sides
of the slightly thickened margin of the oeciostome often continue upward
along the zooid facing each other up to their fusion; when this happens,
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Figure 51. Entalophora clavata (Busk). A—biramous fertile part
of a zoarium; B—gonozooid with oeciostome.

the wall of the zooid is somewhat depressed, narrowing the cavity of the
tube of the zooid.

The species lives on algae, hydroids, Bryozoa, tubes of segmented
worms, shells, and stones, at a depth of2.5 to 475 m, more frequently at
50 to 150 m, on a bed of silt and stone, under temperatures ranging from
—1.9 to 2.2°C, in a salt concentration from 31.5 to 35%0.

Distribution. The species was found by me in the Barents, Kara,
Laptev, and East Siberian seas. Reports in literature: Barents Sea (Nord-
gaard, 1900; Andersson, 1902), northern coast of North America (Osburn,
1923), GulfofSt. Lawrence (Whiteaves, 1901), eastern Greenland (Anders-
son, 1902; Levinsen, 1914), Yan-Maien Island (Lorenz, 1886), Great
Britain (Hincks, 1880a) and the waters off Vanocouver Island (O’Dono-
ghue, 1923).

This is an Arctic-boreal, circumpolar species.
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2. Entalophora harmeri (Osburn, 1933) (Figure 52)

Diaperoecia harmeri Osbum, 1933 : 13 (part.), pi. 3, f. 6-8; 1936 : 340; Entalophora clavata
Kluge, 1908b : 554; 1929 : 23; Osbum, 1919 : 606.

The zoaria are not large (up to 4 to 6 mm in height), and have a
short prostrate part from which a roundish, often curved, and frequently
unbranched stem extends. The free ends of the zooids vary in length,
but the length is never greater than the width of the stem.

Figure 52. Entalophora harmeri (Osbum). A and B—stem with
gonozooid surrounded by bundles of zooids.

On the distal end of the stem, widened because of the gonozooid,
zooids are arranged on the periphery of the gonozooid, usually in several
(from 2 to 4) bundles; when these zooidal bundles are oblong, they create
the impression that the stem has begun branching out, whereas in reality
these bundles do not develop further, nor does the formation of branches
occur. The gonozooid is long. It starts its growth like a common
zooid, sparsely covered with pseudopores, and then gradually becomes
wider and covered with denser and larger pseudopores until, reaching
the upper part of the stem, it is so widened that it forms a convex distal
surface sometimes perforated by 1 to 2 zooids. The oeciostome, usually
located near the base of the tube of one of the zooids in the form of a
semi-lunar orifice at the level of the gonozooid, encloses a part of the wall
of the zooid.

The species lives on algae, hydroids, and Bryozoa, at a depth varying
from 21 to 175 m, on a hard bed.

Distribution. The species was found by me in the Barents and Kara
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seas, and in the waters off western Greenland. Reports in literature:

northern coast of North America and the Canadian Islands (Osburn,

1936), western Greenland (Kluge, 1908b, Osburn, 1919), Gulf of St.

Lawrence (Whiteaves, 1901), and New Shetland (Osburn, 1933).
This is an Arctic-boreal species.

IV. Family Diastoporidae Busk, 1859

Diastoporidae Busk, 1859 : 91 ; 1875 : 27; Smitt, 1867 : 395; Harmer, 1915 : 113; Tubu-
liporidae (part.) Hincks, 1880a : 424.

The zoaria are completely prostrate in the form of a crust, or partly
free-growing in the form of two-layered lamellate structures. The zoaria
are either in the form of a round or oval plate whose outgrowing lateral
lobes sometimes fuse with each other near the primary disc, or they have
an irregular form of lamellate structures which anastomose between
themselves. The autozooids are tubular, sometimes cylindrical, some-
times slightly flattened; their relatively long or free distal ends, slightly
raised above the surface, are located either singly or in rows which never
fuse into ligaments or bundles. In some species, small heterozooids
or nanozooids may be found. Gonozooids in the form of oval and often
transversely broadened bulges which are densely covered with pseudopores,
open with either very short or more or less longer, round tubes.

Keyfor Identification of the Family Diastoporidae

1 (2). Nanozooids located between the autozooids......c.coccovviieveciiennanns
................................................... 1. Genus Diplosolen Ganu (see below).
2 (1). Nanozooids absent... .2. Genus Berenicea Lamouroux (seep. 142).

1. Genus Diplosolen Canu, 1918

Diastopora Lamouroux, 1821 : 42; Smitt, 1867 : 395; 1879a : 13; Hincks, 1880a : 475;
Waters, 1904: 173; Reticulipora Smitt, 1872a: 1117; Diplosolen Canu, 1918:329; Borg,
1926 : 291.

The zoaria are either thin, prostrate, overgrowing plates, or dichoto-
mously branched vertical plates with a bilateral arrangement of zooids
on them; the branches anastomose forming a reticular layer. The
proximal prostrate parts of the zooids are flat; their distal ends rise above
the surface in the form of short or long tubes arranged in a checkered
pattern. Between the autozooids, nanozooids which open through
minute round orifices, are arranged sometimes in shorter and narrower,
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sometimes longer and broader, flat cavities. The gonozooids, oval or

round bulges at the surface of the zoarium, are densely covered with

pseudopores, and usually fitted with many (more than 100) embryos.

The oeciostomes are in the form of short, straight, or bent tubes.
Genus type: Berenicea obelia Johnston, 1838.

1 (4). Zoaria in the form of thin single-layered plates, are either pros-
trate throughout the substrate, or partly procumbent and partly
free-growing.

2 (3). Distal ends of zooids and nanozooids usually slightly raised
above the surface of the zoarium. Orifices of nanozooids located
either between the orifices of the zooids, or in line with the latter.
............................................................................ 1. D. obelia (Johnston).

3 (2). Distal ends of zooids and nanozooids more or less markedly raised
above the surface of the zoarium. Distal ends of nanozooids
usually open near the orifices of the autozooids, either on a level
with them, or a little above or below........cccoceiveciiciiecec e,
....................................................... la. D. obelia var. arctica (Waters).

4 (1). Zoaria in the form of free-growing, dichotcmously branched,
vertical plates with a bilateral arrangement of zooids on them..
............................................................................ 2. D. intricarius (Smitt).

1. Diplosolen obelia (Johnston, 1838) (Figure 53)

Diastopora obelia Hincks, 1880a : 462, pi. 66, f. 10, 10a; Diplosolen Obelia Osburn,
1933 : 14, pi. 1, f. 7; Marcus 1940 : 71, f. 38.

The zoarium is strongly overgrown and the lobes vary greatly in form.
The growing margin of the zoarium consists of one row of undeveloped
zooids surrounded by a narrow strip of the basal plate. The procumbent
parts of the zooids are flat, and their raised distal ends are arranged in
a slightly checkered pattern. Between the zooids are located the more
minute heterozooids or nanozooids in the form of comparatively narrow
flat tubes, sometimes shorter, sometimes longer, which open through very
small orifices slightly raised above the surface in comparison to the orifice
of the zooids : in the short tubes, these orifices are located near the distal
end; in the longer ones, near their middle portion, similar to D. intri-
carius. The surface of the tubes is covered with sparser and more minute
pseudopores. Sometimes the orifices of the zooids are closed by porous
calcareous plates.

The gonozooids are sometimes oval, sometimes irregular and trans-
versely broadened, convex, and densely covered with pseudopores; the
orifices of the zooids and nanozooids open on their surface. The oecios-
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tome is a very short tube
with a round orifice which is
smaller in size than that of
any zooid, and larger than
that of any nanozooid in the
zoarium.

The species lives on lami-
naria, Bryozoa, shells, and
stones, at a depth of 10 to
500 m, on a bed of sand and
silt.

Distribution. The species
was found by me in the
southwestern part of the
Barents Sea, and near the
eastern coast of Greenland.
Reports in literature: Barents
Sea (Nordgaard, 1918), along
the western coast of Norway

Figure 53. Diplosolen obelia (Johnston). from Finmark toward the
Area of a zoarium with a gonozooid. south (M. Sars, 1851; Smitt,
1867; Nordgaard, 1897, 1905,
1906b, 1907b, 1912a, 1918), Skagerrack and Kattegat (Smitt, 1867;
Levinsen, 1894; Silen, 1936; Marcus, 1940), Great Britain (Norman,
1867, 1869; Hincks, 1880a), northern and southern France (Jullien
and Calvet, 1903), Mediterranean Sea (Calvet, 1902), and from the
Isle of Man to the Island of Cuba (Osburn, 1933; Ganu and Bassier,
1928).
The species is boreal.

la. Diplosolen obelia var. arctica (Waters, 1904) (Figure 54)

Diastopora obelia var. arctica Waters, 1904 : 171, pi. 21, f. 1; D. hyalina a: obelia (part.)
Smitt, 1867 : 396; D. obelium O’Donoghue, 1926 : 24, pi. II, f. 17.

The zoaria, round or somewhat irregular in shape, overgrow partly
or fully around the substrate in the form of a flat crust. The prostrate
parts of the zooids are flat, and their quite markedly raised distal ends
are usually arranged in a checkered pattern; the orifices of the zooids
are round. The nanozooids located near the zooids, are mostly of the
same length as the zooids, but are rather narrower and often slightly
bent against their frontal wall by their own procumbent part. The
distal ends of the nanozooids are raised above the surface, significantly
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Figure 54. Diplosolen obtlia var. arctica (Waters). Zoarium with gonozooid.

tapered, stretched in the form of thin tubes along the terminal part of the
zooid, and more or less closely adjoin it. Rarely, the nanozooids are
separated from the zooids, either in the middle or on the back side in
line with the terminal part of the zooid. The prostrate parts of the zooids,
as well as the nanozooids, are covered with small and sparse pseudopores.
The gonozooids are fairly convex structures mostly of a transversely oval
form, located parallel to the distal margin of the zoarium. Their sur-
face has a dense cover of larger pseudopores and is perforated with the
markedly raised ends of the zooids and nanozooids. There may be several
gonozooids with oeciostomes in one zoarium. The oeciostome in the
form of a very short tube that is broader near the base and slightly tapers
toward the end, opens through a round orifice which is smaller than that
of the zooid but larger than that of the nanozooid.

The species lives on Bryozoa, shells, and stones, at a depth of 1.5 