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SUMMARY: The predominantly tropical-subtropical sponge penus Rhabderemia Topsent, 1890, is revised following
examination of an almost comprehensive series of type and other published specimens. The generic names Rhabdosig-
ma Hallmann. 1916, Hallmannia Burton. 1931, Nisibaris de Laubenfels. 1936, and Stvlospira de Laubenfels, 1934 are
considered junior synonyms of Rhabderenia. although the last of these may be a valid (sub-) generic sister group 1o
Rhabderemia s.s. A reexamination of the widespread “species™ Rhabderemia “minunda™(R. “pusilla” and K. “cor-
alloides™ revealed six new species: R. africana. R. antarctica. R. burtoni. R. gallica, R. topsend. and R, uruguaicensis.
most of which were hidden under incorrectly assigned specimens of previously described species. A further new spe-
cies, R destitura, was found in East-Pacific material conforming to the nominal genus Stvlospira de Laubenfels. A total
of 26 species is now recognized and cach of them is diagnosed and discussed. Hypothesized phylogenetic relationships
of the members of Rhiabderemia are proposed on the basis of a morphological character analysis aided by the use of
phylogenetic computer programs. Biogeographic observations are made from an arcagram based on the Rhabderemia
phylogeny. Frequent extinetion events during the evolution of the genus. sinee at least the Oligocene. may explain the

inferred disjunct sister-group distributions.

Key words: Taxonomy. phylogeny. biogeography. marine sponges. Poecilosclerida. Rhiabderentia,
] 3 yiogeny geographg E

INTRODUCTION

Comprehensive revisions of sponge genera. other
than those based merely on a study of the literature.
are rare for the obvious reason that genera distribu-
tions are often quite large and thus make it necessary
to study specimens from all parts of the world’s
oceans. Obtaining the type specimens and other de-
scribed material is a painstaking process because
these are likewise spread throughout the world. in
museums and collections. Still, such studies are vital,
for they not only shed light on both the genus and its
member species, but they also vield hypotheses con-
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cerning its evolution and history of diversification (¢f.
HOOPER, 1987, 1990: HiEMSTRA and VAN SOEST.
19911 VAN SOEST et al.. 1991).

The marine sponge genus Rhabderemia Topsent.
1890, is a particularly appropriate subject for a revi-
sion concerned with marine historical biogeography.
It has an unequivocal synapomorphy in that it pos-
sesses rhabdostyles with an extra spiral twist at the
rounded extremity. the overall distribution of the ge-
nus is almost cosmopolitan. and the number of spe-
cies is relatively limited and thus manageable. Fur-
thermore, perhaps because of the largely cryptic
habitat in which most species live, there do not seem
to be a large number of descriptions in the older liter-
ature. for which material is generally unobtainable.
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In fact, we succecded in obtaining access to almost all
described material, but in those cases where we did
not see the original material. there was no problem,
because descriptions were unequivocal and clear. All
recognized species are diagnosed below and their af-
finities discussed.

HoopPER (1990) undertook a preliminary analysis
of the phylogeny and biogeography of Rhabderemia.
but this was based mostly on limited available mate-
rial and relied heavily on literature descriptions. A
notable difference between it and the present study is
that Hooper maintained the “widespread™ species
Rhabderemia minwulalpusilla and R. coralloides as
described in the literature. We demonstrate here that
a critical study of the various regional forms in most
cases vields clear differences indicating separate spe-
cific status.

Characters and their likely transformations during
the diversification of Rhabderemia. since its inception
in at least Mesozoic times. are discussed below, and a
hypothesis is formed on the likely phylogenetic rela-
tionships of the species of the genus. The distribu-
tions of the species are compared with the phyloge-

netic relationships and the distributional history of

the genus is discussed.

MATERIAL AND METHODS

The following specimens and microscopic slides
were studied (ZMA = Zoologisch Museum Amster-
dam. BMNH = Natural History Museum London.
MNHN = Muséum National d"Histoire Naturelle Pa-
ris. NTM = Northern Territory Museum Darwin.
OM= Queensland Muscum. Brisbane, USNM = Na-
tional Museum of Natural History. Smithsonian In-
stitution. Washington):

Rhabderemia acanthostyla Thomas. 1968: ZMA
POR.1926. Indonesia. coll. Siboga Exped.. ZMA
POR. 6524, Indonesia. coll. Snellius 11 Exped.: ZMA
POR. 8112. Indonesia, coll. Snellius II Exped.: ZMA
POR. 8585. Indonesia. coll. Snellius IT Exped.: ZMA
POR. 9620, Indonesia. coll. H. Moll: MNHN DCI.
1560, Vietnam. Nha Trang,.

Rhabderemia africana n.sp.: Microscopic slides
(2) MNHN DT.2054. San Thomé (= Sao Tomé).
West Alfrica, labeled R. minutula.

Rhabderemia antarctica n.sp.: Fragment BMNH
1926: 10: 26: 92, Antarctica, coll. Terra Nova Expe-
dition. labeled R. coralloides.

Rhabderemia bistylifera Lévi. 1961: Microscopic
slides (2) MNHN DCI. 358, Aldabra. western Indian
Ocean.
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Rhabderemia  burtoni n.sp.: Microscopic slide
BMNH # RN CXVI.A. S Indian Ocean. coll. HMS
“Sealark.” labeled R. pusilla.

Rhabderemia coralloides Dendy. 1924: Fragment
and microscopic slides BMNH 23: 10: 1: 139. New
Zealand, coll. Terra Nova Exped.

Rhabderemia destituta n.sp.: USNM 43065, San
Salvador, Islas Galagapos, coll. SEPBOP.

Rhabderemia fascicularis Topsent. 1927: Micro-
scopic slide MNHN DT, 1244, Azores, Campagnes
Prince Albert de Monaco.

Rhabderemia forcipula (Lévi and Lévi. 1989):
MNHN DCI. 3243, Philippines. coll. Musorstom 2.
labeled Rhabdosigma forcipula: microscopic slide
MNHN DCI. 3387, Philippines, coll. do.

Rhabderemia  gallica n.sp.: Microscopic  slide
MNHN DT. 115. Banyuls. S France. labeled R. mi-
nutula var.: microscopic slides (2) MNHN DT, 2378,
Banyuls. S France. labeled R. minutula; microscopic
slide MNHN DCI. 874. Roscoff. W France. labeled
R. minutula: microscopic slide MNHN NBE. 152,
Banyuls, Castelloussous. S France. labeled R. minut-
wla.

Rhabderemia guernel Topsent, 1890: Microscopic
slide MNHN DT. 956, Azores, coll. Hirondelle 1888
Campagne.

Rhabderemia indica Dendy, 1905: Fragment and
slides. BMNH 1907: 2: 1: 69, Sri Lanka. Gull of Ma-
naar (microscopic slide of same specimen: MNHN
DCI. 44). Specimen, NTM Z4076. fragment OM
G300510, S Gulf of Thailand, coll. J. N. A. Hooper.

Rhabderemia intexta (Carter. 1876): Microscopic
slide BMNH 1954: 3: 9: 180, Cape St. Vincent, Por-
tugal, labeled “Deep sea Microciona intexta.”™

Rhabderemia minutula (Carter. 1876): ZMA
POR. 10055, Bonaire: ZMA POR. 10032, 10033,
10054, Curacao: ZMA POR 10056, Colombia.

Rhabderemia mona (de Laubentels, 1934): micro-
scopic slide USNM 22324, Puerto Rico (labeled Siv-
lospira mona).

Rhabderemia mutans Topsent, 1927: Microscopic
slide MNHN DT. 1236, Azores. Campagnes Prince
Albert I 1905.

Rhabderemia profunda Boury-Esnault er al.,

1993:  Microscopic slides (2) MNHN DT, 937,
Azores, coll. Princesse Alice 1896, labeled R. minu-
twela; microscopic slide MNHN DT. 1339, Azores,
coll. Princesse Alice 1912, labeled R. nmunutula.
1990: ZMA
POR. 9757, Papua New Guinea: microscopic slide
BMNH 1954: 3: 9: 178, “South Sea.”™ 1878, labeled
“Microciona minutula C. on Discodermia. Stylas-
rer 107

Rhabderemia sorokinae Hooper.



TABLE 1. — Spicule categories and sizes (range. mean and standard deviation. in wm) of Rhabderemia species.

Spicule category Rhabdostvles Microstyles Small sigmuta Large sigmata Toxa Thraustoxea
R. minurnila (D814 (19.7)-140 QO-119.8 (19.7)-135  9-J2.043.3)-18 - — -~
H-3.7 (1.5)-9 /1
(1) 196-230.9 (88.7)-352
f4-5.7 11.5)-9
R. africana (1) 60-70 (1) 30-60-70 8-12 . -
7 0.5
(11 200-250) (1) 85-U8.3 118.9)-120
17 R
R. profifera (1) vo-99 82-112-147 [2-13 - -
4-7-8 /-2
(1) 176-200
4-7-8
R bistvlifera (1) 131-220 (1) 30-35.8 (6.81-43  6-7.7(1.2)-10 — =
4 1.2
(IT) 258-305 (1Y LI0-£27.0 (12.8)-141
15-6 /N
R. spinosa () 111-128.3 (19.3)-156 30-33.0 (2.4)-36 12 - n—-42 —
Ity .5
(1) 310-393.8 {92.3)-510
/15
R. profunda 411-620 T7-135 0.5-15 - -
M-14 1.5-2.5
K. gallica S4-102.00 (49.6)-178 35-70.3 (24.8)-99 — 17-21 - -
4-5 Mr5-1.5
R. burtoni (1) 110-135.00 (17.9)-153 112-136.3 (25.0)-162 - It - -
H4-5.6(1.3)-6 0.5
(1) 188-246.4 (33.4)-290
M1-12.0 (1.4)-14
R acanthostylu (1) Y8 121.9 (15,9)-141 20-29.3 (6.1)-39 (1) 6-6.8 (1.8)-8 - = =
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. toxigera

sorokinae

. antarctica

Jorcipula
stellara

fascicularis

. intexta

. guerner
mulans
corafloides
measenniflata

g

. destituta

M4-5.011.5)-7

(1) 183-232.8 (33.1)-255
15-8.5(2.7)-13

(1) 141-147.0 (5.2)-150
12-2.7 (0.6)-3

(11) 166-231.3 (58.0)-310
7-11.0(2.9)-15

240-263.00 {26.6)-286
16-8.3 (1.5)-9

211-238.0 (26,1 )-263
15-6.612.1)-49

145-215.9 (45.8)-315
12.5-6.0 {2.3)-10.5

(1) 126-137
15-6

(11) 225-3003.8 (82.3)-407
19-9.4 11.5)-11

106-235. 1-283
13-14.0-22

202-240.00 (30.7)-263
f7-17.6 (9.2) 24

230-307.2 (50).5)-38]
NO-17.0 (3.4)-21

200-356
112-23

122-231.4 (82.8)-398
[8-13.8 {4.1)-19

[50-254.3 (76,7)-330
13-7.6(4.1)-14

183-363.5 (126.2)-473
15-40L3 (5.0)-15

190-237.8 (37.6)-306
4210 (5.8)28

206-310.6 (68, 0)-394
/13-24.6 (6.4)-34
126-302
/5-8.5
306-417.5 (80.7)-495
(17-20,2 (2.6)-24
305-343.5 (34.7)-395.5
N13.5-23.3 (6.4)-31

/<03 () 13-15.211.9)-18

43-49.4 (6.4)-6)
10.5-0.9 (0.2)-1

6-9.3(2.5)-12

45-53.3 (6.7)-61
M.5-0.9 10.5)-1.6
42.46.1 (3.0)-4%
f1-0.25 )iL4)-2
36-42.7 (48)-50
ML5-0.95 (00.4)-1.5
52-600.0 (7.2)-69
f1-1.25 (0.5)-2

6-8.2(1.6)-10
12-13.2 (1.3)-15
5-7.7(1.8)-10

503 13.8)-12

533-102.0-141 06-/2.2-15
M).8-1.5-2

45-47.7 (3.1)-51 T-8.3(1.9)-4
f0.5-1

150-162.5 (7.9)-171
H-1.25 (014)-2

36-48
3-4

- 9-11.0(4.2)-17

12-14.8 (2.5)-18

10-17

— 6-101.5 (2.5)16

65-57.7 (23.5)-112
M1-1.7 ((.6)-2

32-57.5 (23.4)-88
11-1.3 (0.4)-2

37-40.4 (3.2)-45
f1-0.1 (10.25)-1.5

= 0-13

9-10.6 (1.5)-13

10-11.5(1.7)-13

O-5.0(2.0)-11

= 30-45.0 (11.6)-57 -
/1

- 18-39.4-72 —

25-27.0(2.2)-30 = =

25-35.4 (11.5)-61) = —

A3-00.0 (11.1)-73
12.53.2(0.8)4
35-49.00 (20.5)-79
H-1.8(0.3)-2.5

18-20.3 (2.1)22 — 32-32.7 (00.9)-34

M0.5-1.5 10.95)-2.6

2442 - -
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Rhabderemia spinosa Topsent. 1896: Microscopic
slides (2) MNHN DT. 2379, Banvuls. S France.

Rhabderemia spirophora (Burton. 1931): Micro-
scopic slide BMNH 1928: 10: 19: 18, ex Natal Mu-
scum 1254, Natal. South Africa. labeled Hallmannia
spirophora: microscopic slide MNHN DCI. 45, Reef
Bay. South Africa.

Rhabderemia topsenti n.sp.: Museum Genova
PTR. D5. Middle ltaly. labeled R. minuula: ZMK
and microscopic slide BMNH 1948: 3: 8: 62, Ghana,
West Africa. coll. Atlantide Expedition. labeled R.
pusilla.

Rhabderemia toxigera Topsent. 1892: Microscopic
slide MNHN DT.2380., Banyuls. S France.

Rhabderemia uruguaiensis n.sp.: BMNH 1933: 6:
10: 11a. SE of Maldonado. Uruguay. coll. C.AN.P.
“Undine.” labeled R. coralloides.

Slide preparations for light microscopy and SEM
were made according to VAN SOEST ef al. (1991).
Twenty-five specimens of each spicule category pre-
sent were measured for each species. Measurements
quoted usually include the range. the mean. and the
standard deviation (in brackets). Measurements lor
all species are assembled in Table 1.

The following spicule categories are recognized
within Rhabderemia:

—rhabdostyles (Figs. 27-30). smooth or spined
styles. typically with a contort basal twist. less fre-
quently only slightly rhabdose. sometimes in two size
categories:

—microstyles (Figs. 31-32). invariably rugose. oc-
casionally in two size categories:

—contorted sigmata (spirosigmata) (Figs. 34-38).
unlike true sigmata in other Poccilosclerida they are
invariably rugose and strongly twisted and curved, C-
and S-shaped: in one species they occur in two size
categories:

—thraustosigmata (Figs. 39-40). irregular, rather
robust sigmata. often more or less smooth. but may
bear spines. usually distinetly larger than the contort
sigmata:

—thraustoxca (Figs. 43-44), oxea-
shaped microscleres with a twist in the often swollen
middle part:

—toxa (Figs. 41-42). usually deeply curved but
unreflexed. and unlike true toxa in other Poceciloscle-

irregular

rida. they arc rugose.

KEY TO THE SPECIES OF RHABDEREMIA

The key is an emendation of that given by
Hooper. 1990, adapted to the increased number
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ol species. The various character states used to
discriminate between the species are illustrated in
Figs. 16-44:

. Microscleres in the form of microstyles or sig-

mata. or toxa. or thraustoxea present ........... 3
Microscleres absent (subgenus Stvlospira) . ... 2
2. Color white. rhabdostyles up to 500 by
30 WM . R. mona p. 67
Color orange. rhabdostyles only up to 400 by
PO 5 civmsns Shk oaieiien Phaee R. destittta p. 67
3. Microscleres include toxa or toxiform “rha-
PRIAEE : «oommimin steamniimbn e mmEams eseE. is 4
Microscleres may include sigmata and/or micros-
tyles and/or thraustoxea but never toxa. ......... 6
4. Growth form thinly encrusting. .......... 5
Growth form claborate. lumpy lobate or ramo-
PP R. sorokinae p. 62
5. Rhabdostvles largely smooth with only occa-
sional spines. toxa distinet .. .. ... R. toxigera p. 62
Rhabdostyles spined, “toxa™ consisting of few toxi-
form “rhaphides™ ............... R. spinosa p. 54
6. Microscleres include thraustoxea ......... 7
Microscleres may include sigmata and/or micros-
tyles but never thraustoxea . ... ..o onn .. 10
7. Microstyles present ..................... 8
Microstyles absent ....... R. fascicularis p. 65
8. Growth form elaborate. lobate-ramose . ... 9

Growth form thinly encrusting . R. guernei p. 65
9. Thraustosigmata present; microstvles up to
A5 U vvvs s camnns vas wsaa R. coralloides p. 66
No thraustosigmata: microstyles up to 88 um ., .
.............................. R. mutans p. 66
10. Large (= 20 um) thraustosigmata present |1
No large thraustosigmata (although smaller ones

ol 15 [ OCEUT N WO SPETIES) s sis v s s smsmn 13
11, Growth form claborate. ramose ........ 12
Thinly encrusting ............. R. intexta p. 65
12. Microstyles present. . ... . R. Jorcipula p. 63

Microstyles absent........... R. mammillata p. 67
[3. Thinly encrusting (less than a few mm in

PhIGHEEET s sommmma ies v @oms ST emREsTE P 14
Massively encrusting (> 1 em) or lobate. . . .. 20
14. Two distinct size categories of microstyles

(long and thick vs. shortand thin) . ............ 15
A single size category of microstyles........ 16
15. Rhabdostyles with distinct spiral twist ......

.............................. R. africana p. 53
Rhabdostyles  barely curved. often  almost

straight. .. ..o R. bistylifera p. 54
16. Rhabdostyles = 400 um . R. profunda p. 55
Rhabdostyles <400 um . ... ... 17
7. Sigmata strongly contort. thin. overall finely

FUBOSE o somac i smsanms sonemmesics 1oeEausmms s I8



Sigmata approaching C-shape. angular, relatively
sthooth, relatively thick o vossernns saae 19
I8. Rhabdostyles not larger than 175 um ... .. ..
............................. R. prolifera p. 54
Rhabdostyles up to 350 um. .. R. minutula p. 51

19. Rhabdostyles not larger than 180 pm,

smooth ... il R. gallica p. 56
Rhabdostyles up to 290 um, lightly spined .. .. ..
.............................. R. burtoni p. 57
20. Entirely smooth rhabdostyles .......... 21
Lightly or heavily spined rhabdostyles. . . . ... 24
21. Microstyles unusually stout, 3-4 pum thick. . . .
.............................. R. stellata p. 64
Microstyles 2 um or less in thickness ... ... .. 22
22. Contorted sigmata < 10um............ 23

Contorted sigmata > 10 um ... R. indica p. 60

23. Rhabdostyles almost straight. no spiral
ERSt v srnans sasesa s e R. spirophora p. 61
Rhabdostyles with the usual spiral curve........
.............................. R. topsenti p. 61
24. Two size categories of contorted sigmata (av.
Jand ISpum) ... R. acanthostyla p. 58
A single category of contorted sigmata . .. .. 25
25. Rhabdostyles thick. up to 24 um, heavily
spined ... R. antarctica p. 63

Rhabdostyles only up to 15 um. less heavily
spined, smaller often entirely smooth, abundant pig-
ment granules in superficial parts .................

......................... R. wruguaiensis p. 57

SYSTEMATIC DESCRIPTIONS

Rhabderemia Topsent. 1890.

Rhabderemia Topsent, 1890: 28.

Rhabdosigma Hallmann, 1916: 520,

Hallmannia Burton, 1931: 352.

Stylospira de Laubenfels. 1934: 10,

Nisibaris de Laubenfels. 1936: 144

Definition: Poecilosclerida. of uncertain relationship.

characterized by spirally twisted smooth or acanthose

rhabdostyles in a plumoreticulate or plumose ar-

rangement. and by microscleres. if present, consis-

ting of rugose microstyles. and/or rugose contorted

sigmata (“spirosigmata™). and/or rugose or spined ir-

regular sigmata (“thraustosigmata™), and/or rugose

toxa, and/or rugose twisted oxeotes (“thraustoxea™),

Remarks:  Previous authors. including HOOPER

(1990), assigned Rhabderemia to a family Rhabdere-

miidae Topsent. 1928. However. since the only rep-

resentative of that family is Rhabderemia. one might

argue that the use of that family name is superfluous.
v

By elimination, the nearest relatives appear to be in

the family Raspailiidae (cf. also HOOPER, 1990) (ab-
sence of chelae, occasional occurrence of rhabdos-
tyles, which are not spirally twisted in a few raspailiid
genera). but HOOPER's (1990) arguments for conside-
ring Rhabderemia as distinct from most Raspailiid
genera are confirmed. The rugose or spined condi-
tion of the microscleres, which appears to be uni-
formly present in all investigated specimens (cf. be-
low), casts doubt on the homology of these spicules
with Poecilosclerid equivalents as true sigmata and
toxa. which are normally smooth. The rugose mi-
crostyles likewise are unlikely to be homologous with
acanthostyles of Raspailiidae and other poecilos-
clerid families. We propose to retain the family
Rhabderemiidae for practical purposes, because
assignment to other poecilosclerid families would
inevitably compromise the definitions of these fam-
ilies.

The species diagnosed below are treated in an order
of morphological similarity. beginning with the type
species.

Rhabderemia minutula (Carter, 1876)
Figs. 1. 29-30

Microciona minutula Carter, 1876: 479, pl. 16 fig. 51
a-d.

Microciona pusilla Carter, 1876: 239 (lapsus)
Microciona pusilla Carter. 1880: 437.

Microciona pusilla Topsent, 1889: 41, fig. 7.
Rhabderemia pusilla Topsent, 1892a: 116: Hallmann.
1917: 399.

Not: Rhabderemia minutula sensu Topsent, 1904,
1928 = R. profunda (Boury-Esnault er al.. in press).
Nec: Rhabderemia minutula var. Topsent. 1904 = R.
gallica n.sp.

Nec: Rhabderemia minutula sensu Topsent, 1918,
and Lévi, 1956 = R. africana n.sp.

Nec: Rhabderemia minutula sensu Boury-Esnault.
1971, Pulitzer-Finali, 1983, and Bibiloni et al.. 1990 =
R.topsenti n.sp.

Nec: Rhabderemia pusilla sensu Dendy, 1922 = R.
burtoni n.sp.

Nec: Rhabderemia pusilla sensu Burton, 1956 = R.
fopsenti n.sp.

Material examined: ZMA POR. 10055, Bonaire. Netherlands
Antilles, under coral rubble, 5 m, 4-VIII-1987, coll. R. Pennartz
and G, J. Roebers, #182: ZMA POR. 10052, 10053, Blauwbaai.
Curacao. Netherlands Antilles. under coral rubble. 35 m. coll. E.
Meesters & P. Willemsen, VIII-1989, #B2-A5. B2B6. Bl2-6;
ZMA POR. 10054, Cornelisbaai, Curacao, 3 m, under coral rub-
ble. coll. E. Meesters & P. Willemsen, VII-1989, # (C28-5:
ZMA POR.10056, off Punta Betin. Santa Marta. Colombian Ca-

ribbean.  encrusting  dead corals, 2-1-1991, coll. M. Kiel-
man.
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— Rhabderemia minutula: a. cross section of the choanosome showing the single spicule architecture: b. larger category of rhab-

dostyle with vestigial spines: ¢. smaller category of rhabdostyles. both smooth and spined: d. microstyles with apical tvle: e, small contorted
sigmata.

Diagnosis: Thin, optically smooth encrustations con-
solidating rubble and insinuating in holes in the sub-
strate. Microscopically hispid. No apparent oscules.
Color light brown alive. pale dull brown in alcohol.
Ectosome: Charged with microscleres, at times com-
posed predominantly of microstyles or sigmata.
Choanosome (Fig. la) : Megascleres erect on the
substrate, singly or in bundles of a few each. Sub-
strate covered by a membrane charged with micros-
tyles.

Spicules: Rhabdostyles (Fig. 1 b-c. 29) occasionally
entirely smooth, but more often lightly spined or ru-
gosc distally, rhabdose end compact, spirally twisted,
distal end often rather blunt or rounded: 81-167.2
(77.7)-352 by 4-5.7 (1.5)-9 um , usually in two distinet
size categories, It 81-111.0 (19.7)-140 um and 11I:
196-230.9 (88.7)-352 um. Microstyles (Fig. 1d) with
slightly tylote swelling subterminally, distinctly ru-
gose: 90-119.8 (19.7)-135 by | um. Contorted small
sigmata (Fig. le): 9-12.9 (3.3)-18 um.
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Distribution (Fig. 4) and ecology: West Indian re-
gion: Yucatan, Bonaire. Curagao, Colombia. under
coral rubble, 5-35 m.

Remarks: The name R. minutula is here restricted to
shallow-water West Indian representatives of the
genus, because it is likely that Carter’s original mate-
rial originated from this area. Although his speci-
mens were from an unknown locality, Carter as-
sumed they were from the tropics. His description
and figure of the spicules (rhabdostyles of 150 wm,
erect on the substrate, very small contort sigmata,
and fine “acuates™) matches that of more recent ma-
terial from that area. The same applies to TOPSENT'S
(1889) description from the Yucatan area. His em-
phasis on the smooth condition of the rhabdostyles is
understandable in view of the very lightly spined, oc-
casionally entirely smooth, condition found to prevail
in this species.

Records of R. minutula or R. pusilla (this latter name
was used first by Carter, but corrected to the former



name by himself in [880) from outside the West In-
dies are referred to here as other species of Rhab-
deremia. R. minutula sensu TOPSENT. 1904 and 1928
(ct. R. profunda BOURY-ESNAULT et al.. 1993 below)
from deep water off the Azores. has much larger
rhabdostyles (> 400 um), which are entirely smooth,
and much thicker microstyles (> 2 um). R. minutula
var. sensu TOPSENT, 1904 (cf. R. gallica n.sp. below)
from Atlantic and Mediterranean shallow waters, dif-
fers in possessing smaller, entirely smooth rhabdos-
tyles, but especially in conspicuously less contort
thick sigmata (thraustosigmata) of 17-21 um. R. mi-
nutula sensu TOPSENT, 1918, and LEvi, 1956 (cf. R.
africana n.sp. below), from tropical West African wa-
ters, differs only marginally from the West Indian
species in color (“grey-green™). in the entirely
smooth condition of the rhabdostyles. and in two size
categories of microstyles instead of one. Like R. mi-
nutila s.s., R. africana n.sp. seems to have two size
categories of rhabdostyles. and both the spicule sizes
and the habit are very similar.
Mediterranean-Atlantic R. “minutula” (sensu Bipi-
LONIAND GILL, 1982, PULITZER-FINALL, 1983, and Bi-
BILONI ¢t al.. 1989) and R. “pusilla” (senst VOSMAER.
1880, and BURTON, 1956) (cf. R. topsenti n.sp. be-
low) differ from the West-Indian species in the mas-
sive habit, the plumoreticulate skeleton architecture,
the entirely smooth condition of the rhabdostyles.
and the much smaller microstyles (up to 45 um).
R. pusilla sensu DENDY, 1922, from the Indian
Ocean (cf. R. burtoni n.sp. below) differs in having
thraustosigmata, somewhat larger microstyles. and
considerably thicker rhabdostyles, but it is otherwise
similar.

R. prolifera Annandale. 1915, from the Indian Ocean
is a very similar species. occupying boreholes of Clio-
na. The only difference with R. minutula s.s. is the
rather small size of the rhabdostyles (96-210 um).,
which nevertheless occur in two size categories.

Rhabderemia africana n.sp.
Fig. 2

Rhabderemia minutula sensu TOPSENT, 1918: 541; LE-
VIL 1956: 393, fig. 2 (not: CARTER, 1876).

Holotype, material in MNHN, described by LEvi
(1956) from Dakar. Sénégal. Not examined.

Material examined: Microscopic slides MNHN DT. 2054 (2 slides).
and MNHN DT. 2055, both from San Thomé ( = Sio Tomdé ). West
Alrica (cf. Torsent, 1918), considered schizoparatypes.
Description (based on accounts of TOPSENT, 1918.
and LEVI. 1956): Thinly encrusting and insinuating in
limestone holes (often made by boring sponges). Sur-
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FiG. 2. — Rhabderemia africana n.sp.: a. head of rhabdostyle (re-
drawn from LEvi, 1956); b, larger category of microtyle: ¢. smaller
category of microstyle: d. small contorted sigmata,

face smooth, no visible oscules. Color greyish green
alive.

Ectosome: A crust of microstyles.

Choanosome: Single rhabdostyles erect on the sub-
strate (Topsent’s microscopic slide showed no rhab-
dostyles). )

Spicules: Rhabdostyles (Fig. 2a. redrawn from LEvi.
1956) with barely curved rhabdose ends. with slight
subterminal tylote swelling, entirely smooth: 60-250
by 7 um, quoted as occurring in two size categories by
Léviz I: 60-70 pm and II: 200-250 um. Microstyles
(Fig. 2 b-c) rugose. no obvious apical swelling. in two
distinet size categories, especially with respect to
thickness I: 50-70 by 0.5 um and I1: 85-98.3 (18.9)-
120 by 2 um. Contorted small sigmata (Fig. 2d): 8-12
um.

Etymology: The name refers to the exclusive occur-
rence of this species in Africa.

Distribution (Fig. 4) and ecology: tropical West Afri-
ca: Sao Tomé (Gulf of Guinea), Sénégal. in lime-
stone holes from low tide downward.

Remarks: The new species clearly differs from similar
Rhabderemia from across the Atlantic (i.c.. R. minu-
tula s.s.) in that it possesses two size categories of
microstyles. Other. more subtle differences are the
barely curved rhabdostyles and the absence of a sub-
terminal tylote swelling on the microstyles. Another
similar species is the Indian Ocean R. prolifera,
which also inhabits boreholes. This differs from the
present species also by its single microstyle category.

TAXONOMY OF RHABDEREMIA - 325



Another West African species of Rhabderemia is
Mediterrancan-Atlantic R. topsenti n.sp. (recorded
from Ghana as R. pusilla by BURTON, 1956). It clear-
ly differs from R. africana in having a plumoreticulate
architecture and small microstyles (45 wm).

Rhabderemia prolifera Annandale, 1915

Rhabderemia prolifera ANNANDALE, 1915: 464, pl. 34
fig. 3, text-fig. 3; HALLMANN, 1917: 399: THOMAS,
1979: 26, pl. | fig. 19,

Material examined: none.

Diagnosis (based on Annandale’s and Thomas’s de-
seriptions): Thinly encrusting corals and shells. and
insinuating in Cliona boreholes: thickness about (.75
mm. No visible apertures. Surface hispid. Color not
recorded.

Ectosome: Charged with microstyles.

Choanosome: Rhabdostyles erect on the substrate.
singly or in bundles.

Spicules: Rhabdostyles entirely smooth, with com-
pact rhabdose end: 90-210 by 4-8 um in two distinct
size categories averaging about 99 (I) and 175 (II)
um. Microstyles rugose. with elongated oval heads:
82-147 by 1-2 um. Small contort sigmata: 12 um.
Distribution (Fig. 4) and ecology: western and cas-
tern Indian Ocean: Andaman Islands and Mozam-
bique Channel, on reefs.

Remarks: This species is closest to R. minutula and
R. africana n.sp.. sharing with them both the thinly
encrusting and insinuating habit as well as similar spi-
cule categories, spicule sizes, and morphologies. It
differs from R. minutula in the smaller rhabdostyle
sizes, especially the larger category, which is smaller
than the smallest ones of R. minutula; from R. africa-
na n.sp. in the lack of a second microstyle category.
Other Indian Ocean species are R. burtoni n.sp.
(= R. pusilla sensu DENDY, 1903). R. indica. R. spi-
rophora, R. bistylifera, and R. acanthostvla. R. burto-
nin.sp. and R. acanthostyla have heavily spined rhab-
dostyles. R. indica and R. spirophora have plumo-
reticulate differences with R.
bistyvlifera are less obvious, but that species has thin
shallow-curved rhabdostyles with elongated rhabdose

skeletons. The
ends as well as a second category of small micros-
tyles.

Rhabderemia bistylifera Lévi, 1961

Rhabderemia bistylifera Levi, 1961: 15, text-fig. 18.
Material examined: Microscopic slides (2} of the holotype MNHN DCL

358, Aldabra Awll. W Indian Ocean. #SY. 11 (¢f. LEvi. 1961).
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Diagnosis (from Lévi. 1961): Thinly encrusting (holo-
type was attached on the holdfast of Acanthella). Sur-
face showing no visible openings. Color blackish in
alcohol.

Ectosome: Not recorded.

Choanosome: Architecture not recorded: rhabdos-
tyles are probably erect on the substrate, to judge by
the thinly encrusting habit.

Spicules: Rhabdostyles virtually smooth (only occa-
sionally some vestigial spines were observed), with
shallow-curved elongated rhabdose ends: 131-220.0
(66.6)-305 by 3-6 um, probably in two length cate-
gories: 131-220 (I) and 258-305 (11) um. Microstyles
rugose, thin: 30-141 by 0.2-1 um, in two size cate-
gories, 1: 30-35.8 (6.8)-43 by 0.2 um and 11: 110-127.0
(12.8)-141 by 1 wm. Small contort sigmata: 6-7.7
(2.1)-10 pwm.

Distribution (Fig. 4) and ecology: Known only from
the Aldabra reefs.

Remarks: This species is similar to R. minutula. R.
africana n.sp.. and R. prolifera in the thinly encrus-
ting habit and general spicule morphology. The rhab-
dostyles are distinct with their shallow-curved rhab-
dose ends. With R. africana n.sp. it shares two
distinct microstyle categories. R. bistvlifera differs
from other Indian Ocean species in its habit (R. acan-
thostyla is ramose-lobate. R. indica and R. spiropho-
ra are massive). and skeletal architecture (all three
have plumoreticulate skeletons). The color is unusual
for the genus and may not be proper, because contact
with sponges showing an aerophobic response may be
responsible for it.

Rhabderemia spinosa Topsent. 1896

Rhabderemia spinosa TOPSENT. 1896: 121: HALL-
MANN, 1917: 399: Topsent. 1928: 310, pl. 10 fig. 22.

Material examined: Microscopic slides (2) of the holotype MNHN
DT. 2379, Banyuls, 2-11-1893.

Diagnosis (after TopseNT, 1896): Thinly encrusting.
Surface hispid, no visible aperture. Color greyish-
green in alcohol.

Ectosome: Not recorded.

Choanosome: Single rhabdostyles erect on the sub-
strate.

Spicules: Rhabdostyles lightly spined. in two distinct
size categories of which the larger is almost entirely
smooth: I: 111-128.3 (19.5)-156 by 6 um. II: 310-
393.8 (92.3)-510 by 15 um. Microstyles with tylote
rounded end or centrotylote: 30-33.0 (2.4)-36 by 0.5
um. Small contorted sigmata: 12 um.? Toxa: among



the numerous fine microstyles a number of similar
spicules were observed with pointed apices at both
ends. often slightly centrotylote and with a shallow
curve. Presumably these spicules are homologous to
the better developed toxa of R. toxigera and R. soro-
kinae.

Distribution (Fig. 4) and ecology: Mediterranean. on
Arca mussel.

Remarks: The relationships of this species are ambi-
guous. It shares the thinly encrusting habit. single-
spicules architecture and two rhabdostyle size cate-
gories with the above-described species. The largest
category of rhabdostyles and the small size of the mi-
crostyles is reminiscent of species related to R. cor-
alloides, from which it differs, however. in the ab-
sence of thraustoxea/thraustosigmata.

Rhabderemia profunda Boury-Esnault ef al., in press
Fig. 3

Rhabderemia minutula sensu TOPSENT. 1904: 152, pl.
I fig. 10, pl. XTI fig. 13; ToPSENT. 1928: 309 (not: R.
minutula sensu CARTER, 1896).

Rhabderemia profunda Boury-Esnault et al., in press.
Material examined: Microscopic slides (2) MNHN DT, 957, S of
the Azores. 34°N 31°W. depth 1360 m, coll. “Princesse Alice .*
1896 cruise. stat. 703, # 181 (specimen itself is lodged in the Mona-
co Museum. cf. TOPSENT. 1904): microscopic slide MNHN DT.
1339, off Flores, Azores, 38°N 30°W. depth 1331 m. coll. *Prin-
cesse Alice™ 1912 cruise. stat. 3293 (¢f. Topsent. 1928).
Description (after TopseENT. 1896, and Boury-Fs-
NAULT e al.. in press): Thinly encrusting on dead
hexactinellids and octocorals, up to 10 by 4 em in la-
teral expansion. and a few mm in thickness. Surface
smooth. no apparent oscules. Consistency “not very
soft™. Color green-black alive. vellow-brown in alco-
hol,

Ectosome: Crust of microstyles.

Choanosome: Single spicules, occasionally in bun-
dles. erect on the substrate.

Spicules: Rhabdostyles (Fig. 3a) with a relatively
shallow curve, with rhabdose ends that are barely spi-
rally twisted. sometimes entirely straight, smooth:
(Topsent’s material): 411-451.9 (27.2)-500 by 9-11.0
(1.1)-12 um, (Boury-Esnault er al.”s material).: 520-
564-620 by 10.5-12.0-14 um. Microstyles (Fig. 3b) ru-
gose, with a wide, often slightly swollen, rounded
end, relatively thick: (Topsent): 108-117.9 (11.1)-135
by 1.5-2.1(0.4)-2.5 um (Boury-Esnault er al.): 77-86-
98 by 2 um. Small contorted sigmata (Fig. 3c) : (Top-
sent): 13-13.7 (1.5)-15 um (Boury-Esnault et al.): 9.5-
10.6-12 m.

Distribution (Fig. 4) and ccology: Azores and Albo-
ran Sea. western Mediterranean. deep water.
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FiG. 3. — Rhabderemia profunda: a. rhabdostvles with variable
rhabdose ends: b, microstyle: c. small contorted sigmata.

Remarks: The species differs substantially from R.
minutula s.s. in the size and morphology of the mega-
scleres, and the thickness of the microstyles. It stands
out among other Rhabderemia species by its green-
black color, which is perhaps also found in R. bistvli-

fera and R. africana, although in these the color is

only known in alcohol. A further characteristic is the
large megasclere size. In this it approaches R. spino-
sa, which has, however. spined rhabdostyles. inclu-
ding a separate smaller category.
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(4), R. spinosa (5), and R. profunda (6).

Rhabderemia gallica n.sp.
Fig. 5

Rhabderemia minutula var. TOpsENT, 1904: 153,
Rhabderemia minutula sensu Lévi in BOROIEVIC et
al., 1968: 13: Boury-EsnaurT, 1971: 306 (not CAR-
TER. 1876)

Material examined: Microscopic slide of the holotype MNHN DT.
115, Banyuls. Mediterranean coast of France, # 103 (holotype
specimen, from “lle Grosse,” ¢f. Topsent. 1904, presumably in the
collections of MNHN); microscopic slide of the paratype MNHN
DCLET74, Roscoff, N of Tle de Batz. Atlantic coast of France, 60 m.
in a hole of a calcarcous nodule (paratype presumably in collec-
tions of the Station Biologique at Roscoft. listed in BOorotEvic er
al.. 1968): microscopic slide MNHN NBE. 152, Banyuls, Castel-
loussous, S France, coll. N. Boury-Esnault. 7-VI-1967. labeled as
R. mimuula (not considered type material because of low spicule
content of the slide) (¢f. Boury-Esnauvrt, 1971).

Description (partly after TopsenT, 1904): Encrusting
(no further macroscopic details recorded).
Ectosome: Not recorded.

Choanosome: Single megascleres erect on the sub-
strate.

Spicules: Rhabdostyles (Fig. 5 a-b) entirely smooth,
with compact tightly coiled rhabdose end. unusually
short in the Banyuls specimen, larger in the Roscoff
specimen: sometimes rhabdostyles are deformed into
right-angled spicules: 57-102.0 (49.6)-178 by 4-5 um.
Microstyles (Fig. 5c¢). rugose, thin, often with small
subterminal tyle: 55-70.3 (24.8)-99 by 0.5-1.5 um.
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FiG. 5.
b. boomerangshaped malformed rhabdostyle: ¢, microstyle: d.
small thraustosigmata.

— Rhabderemia gallica n.sp.: a. normal rhabdostyle:

Thraustosigmata (Fig. 5d). small, irregularly curved:
17-21 um.

Etymology: The name refers to the exclusive occur-
rence of this species in France.



Distribution (Fig. 9) and ccology: Mediterranean-
Lusitanian, so far known only from French waters. at
intermediate depths.

Remarks: The new species differs from R. minuula
s.5. in that it possesses thraustosigmata and relatively
small megascleres. It shares these characters with the
Indian Ocean species R. burtoni n.sp. (= R. pusilla
sensu DENDY, 1922), from which it differs in the en-
tirely smooth condition of the rhabdostyles and the
shorter microstyles (up to 135 um in R. burtoni
n.sp.). From the sympatric R. topsenti n.sp. (= R.
minutula sensu PULITZER-FINALL 1983, for example)
the new species differs in having thraustosigmata.
which are also considerably larger than the small con-
torted sigmata of R. ropsenti n.sp.. and those in the
larger microstyles.

Rhabderemia burtoni n.sp.
Fig. 6

Rhabderemia pusilla DENDY. 1922: 85 (not CARTER,
1876).

Material examined: Microscopic shde of the holotype. BMNH RN
CXVILA. Salomon Island. Chagos Archipelago, Indian Ocean,
05°S 72.5"E. 108-216 m, coll. “Sealark™ Exped. (holotype in the
BMNH., cf. DenpY. 1922).

e t—

Fici. 6. Rhabderemia burtoni n.sp.: a. larger category of rhab-
dostyle: b. smaller category of rhabdostyle: ¢. microstyle: d, small
thraustosigmata.

Description (partly after DENDY. 1922): A small frag-
ment containing the characteristic spicules, attached
to a specimen of Spongosorites salomonensis.
Ectosome: Not recorded.

Choanosome: Short bundles of rhabdostyles perpen-
dicular to the surface.

Spicules: Rhabdostyles (Fig. 6 a-b) with widely
curved apices. shaft lightly spined. in two size cate-
gories: I: 110-135.0 (17.9)-155 by 4-5.6 (1.3)-6 um.
and 11 188-246.4 (53.4)-290 by 11-12.0 (1.4)-14 pum.
Microstyles (Fig. 6¢) rugose. long and thin: 112-136.3
(25.0)-162 by 0.5 um. Thraustosigmata (Fig. 6d).
small, irregularly curved: 16 um.

Etymology: The new species is named in honor of
Dr. Maurice Burton, in recognition of his impressive
contributions to sponge systematics.

Distribution (Fig. 9) : W Indian Ocean, deeper wa-
ters.

Remarks: The new species differs from R.minutula
s.s. in the thicker rhabdostyle I category and the pos-
session of thraustosigmata. It shares the latter spi-
cules with R. gallica n.sp.. from which it differs in
possessing two sizes of rhabdostyles and longer and
thinner microstyles.

Other Indian Ocean species are R. prolifera. which
has smooth rhabdostyles. a thicker rhabdostyle 1
category, and thicker microstyles and lacks thausto-
sigmas: R. bistylifera, which differs in all these char-
acters as well as in having two size categories of mi-
crostyles; R. acanthostyla, which has plumoreticulate
architecture, much smaller microstyles, and two sizes
of small contort sigmata (not thraustosigmata): R.
spirophora, which has only a single megasclere cate-
gory and no thraustosigmata; and R. indica. which
also has a single megasclere category. much smaller
microstyles. a plumoreticulate architecture and no
thraustosigmata.

Rhabderemia uruguaiensis n.sp.
Fig. 7

Rhabderemia coralloides sensu BURTON, 1940: 116
(not DENDY, 1924).
Material examined: Holotype. Buenos Aires Museum 15953,

schizoholotype BMNH 1933: 6: 10: |1a, SE of Maldonado. Uru-
guay, 35°08"S 52°35'W. coll. C.AN.P. “Undine,” VII-1925.

Description: Probably lobate (only a fragment was
available for study). with an irregular, somewhat vil-
lous surface, possibly due to the damaged ectosomal
membrane.

Ectosome: Membrane charged with the usual micros
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Fia. 7. Rhabderemia uruguaiensis n.sp.: a. perpendicular see-

tion of the choanosomal skeleton to show plumorcticulate archi-

tecture (note concentration of pigment granules in the peripheral

region): b. two size categories of rhabdostyles: ¢, microstyle:
d. small contorted sigmata.
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cleres. and containing regularly spaced concentra-
tions of pigment granules (averaging 38 um in diame-
ter).

Choanosome (Fig. 7a): Skeleton architecture plumo-
reticulate. with main bundles 3-3 spicules in cross sec-
tion, and single connecting spicules. irregularly pro-
truding from the main bundles.

Spicules: Rhabdostvles (Fig. 7b). often with blunt
apices, normally spined but the smaller category of-
ten entirely smooth. in two size categories: b 141-
147.0 (5.2)-150 by 2-2.7 (0.6)-3 um. and II: 166-231.3
(58.0)-310 by 7-11.0 (2.9)-15 um. Microstyles (Fig.
7¢) rugose: 43-49.4 (6.4)-60 by 0.5-0.9 (0.2)-1 pm.
Small contorted sigmata (Fig. 7d): 6-9.3 (2.5)-12 um.
Etymology: The name refers to the type locality off
the coast of Uruguay.

Distribution (Fig. 9): Off the coast of Uruguay
Remarks: The new species differs clearly from R.
coralloides from New Zealand in the much smaller
size of the rhabdostyles. and in the absence of thraus-
toxea and thraustosigmata. It shares overall spicula-
tion and pigment granule concentrations in the sur-
face with R. acanthostvla, but the two differ in that
two size categories of contorted sigmata are present
in the latter. In many respects. R. wruguaiensis is
similar to R. antarctica n.sp. (cf. below). but it differs
clearly from that species in having two size categories
of rhabdostyles. which are also much less heavily
spined.

Rhabderemia acanthostvla Thomas, 1968
Figs. 8, 16-19, 34. 37.

Rhabderemia acanthostyla THOMAS. 1968: 247, pl. 2
figs. 4-5.

“Rhabdosigma conulosa™ Lévi MS (name quoted by
HOOPER. 1990: 77).

Material examined: ZMA POR. 1926, Indonesia. Salever Reef.
06°S 120°E. 0-36 m. coll.”Siboga™ Exped.. stat.213. 26-X-1900:
ZMA POR. 6524, Indonesia, Sumbawa, 08"20.5'S TI8715.7" E. (-1
m. coll. R. W, M. van Soest, “Snellius 117 Exped. stat. 4,120 /10,
23-IX-1984: ZMA PORESLI2. Indonesia. Sumbawa. 08°20.5'S
HIS715.7" E. coll. R. WL M. van Soest. “Snellius 1™ Exped.. stat.
41200110, -4 m, 23-IN-1984: ZMA POR. 8585, Indonesia, Take
Bone Rata, Take Karlarang, 4-10 m. coll. R. W. M. van Soest.
“Snellius I Exped.. stat. 4. 147 /I3 1L 26-1X-1984: ZMA POR.
9620, Indonesia. Sulawesi. Barong Lompo. off Ujung Pandang.
0578 [19°E. 2 m. coll. H. Moll. [8-X-1980: MNHN DCI. 1560.
Vietnam., Nha Trang. Tran Ngoc Loi. labeled =Rhabdosigma co-
nulosa™ by Lévi (MS name).

Diagnosis: The characteristic growth form consists of
a few up to a dozen short columnlike branches that
anastomose into a loose mass (Figs. 17-18). Individu-
al branches are up to 3.5 cm long and 0.5 ¢cm in
diameter. Initial stages of this species manifest them-



FiG. 8. — Rhabderemia acanthostvla: a. perpendicular section

through a branch to show the axially plumose skeleton: b, two size

categories of rhabdostyles: c. tiny microstyle: d. smaller category

of small contorted sigmata: e. larger category of small contorted
sigmata.

selves as thick irregular crusts (Fig. 16). Columnlike
growth forms are also known (Fig. 19). Surface more
or less smooth. but finely granular and easily dam-
aged. No clearly visible oscules. Consistency soft.
Color lighter or darker brown alive. pale grey in alco-
hol.

Ectosome: An organic layer charged with micros-
cleres: concentrations of pigment granules are found
in all specimens examined.

Choanosome (Fig. 8a): Skeleton plumose in encrus-
ting forms, plumoreticulate in branches. with main
bundles 2-5 spicules in cross section, interconnecting
single spicules standing off at more or less right an-
gles to the bundles.

Spicules: Rhabdostyles (Fig. 8b) spined. in two size
categories: 11 98-121.9 (15.9)-141 by 4-5.0 (1.5)-7 um,
and I1: 183-232.8 (33.1)-255 by 5-8.5 (2.7)-13 um. Mi-
crostyles (Fig. 8c¢) extremely fine and short: 20-29.3
(6.1)-39 by less than 0.5 um.

Small contorted sigmata (Fig. 8d-e) in two distinct
size categories: I (Fig. 34): 13-15.2 (1.9)-18 um (these
are precisely similar in morphology to the smaller
category and definitely not homologous to the thraus-
tosigmata), I1 (Fig. 37): 6-6.8 (0.8)-8 um.
Distribution (Fig. 9) and ecology: India. Indonesia.
Vietnam, in the open reef habitat at 1-10 m.
Remarks: Although we did not examine Thomas's
specimens. the similarities in color (dark brown) and
spiculation, including the two sizes of rhabdostyles
strongly suggest that it is the same as the Indonesian
and the Vietnam specimen. The distinctive character
of this species is that it possesses two sizes of small
contorted sigmata (not recorded by Thomas, who al-
so overlooked the tiny microstyles), which are not
known from other Rhabderemia. Also the habit. con-
sisting of anastomosing masses of thin branches. is
peculiar. In other respects. the species is similar to R.
UrHguaiensis n.sp.

HOOPER (1990) suggested that New Caledonian R.

forcipula (LEvI and LEvi. 1990) is a junior synonym

of the present species. but subsequent examination of
R. forcipula specimens (cf. below) demonstrated im-
portant differences (habit, spicule sizes. possession of
thraustosigmata), and there can be no doubt that
both are distinct unrelated species.

Rhabderemia indica Dendy., 1905
Fig. 25

Rhabderemia indica DENDY. 1905: 180, pl. 12 fig. 10;
HALLMANN. 1917: 399,

Not: Rhabderemia indica sensu SARA, 1961: 44 nec:
SARITAS, 1973: 11 (= R. topsenti n.sp.)
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F1G. 9. — Distributions of Rhiabderemia gallica n.sp. (7). R. burroni n.sp. (8), R. wuguaiensis n.sp. (9). R.
acanthostvla (10). R. indica (11). and R. spirophora (12).

Material examined: Fragment and microscopic slides of the holo-
type. BMNH 1907: 2: 1: 69. Gulf of Manaar, Sri Lanka. “Pear]
Opyster Fisheries™ # N.341 (cf. Dexpy. 1905): specimen. NTM
74076 (fragment QM G300510). Ko Phangan. N of Ko Samui. S
Gulf Thailand. 09°47.8'N 99°58.7'E. 15-18 m depth. coll. J. N _A.
Hooper. 07-VI-1990.

Diagnosis (after DENDY, 1905): Thickly encrusting to
massive, 5 cm in lateral expansion. 7-8 mm thick, en-
veloping shell fragments. Shape irregular. Surface
uneven with small scattered oscules. Consistency
spongy but friable. Color dull grey in alcohol.
Ectosome: Translucent membrane charged with mi-
croscleres.

Choanosome: Close-meshed irregular (Fig. 25) plumo-
reticulate skeleton. with multispicular primary tracts
and interconnecting tracts. Spongin only at the nodes.
Spicules: Rhabdostyles smooth. although some have
vestigial spines (visible in SEM pictures): 211-238.0
(26.1)-263 by 5-6.6 (2.1)-9 um. Microstyles rugose.
short and straight: 42-46.1 (3.0)-48 by 1-1.25 (0.4)-2
um. Small contorted sigmata: 12-13.2 (1.3)-15 um.
Distribution (Fig. 9) and ecology: Sri Lanka and Gulf
of Thailand, shallow water down to 18 m.

Remarks: R. spirophora from the east coast of South
Africa is probably the closest relative of this species:
it differs in having a large proportion of straight
“rhabdo-" stvles. Entirelv smooth rhabdostyles are
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shared with Mediterranean R. topsenti n.sp. (= K.
minutula sensu PULITZER-FINALIL, 1983, for example).
which has been named “R. indica™ by two authors.
not entirely without cause. for the differences be-
tween the Mediterranean and the eastern Indian
Ocean specimens are subtle. The microstyles of R.
indica are thicker and the contorted sigmata are
larger. The size range of the rhabdostyles of R. indica
is much narrower (but that may reflect the paucity of
material).

Other Indian Ocean species -R. prolifera, R. bistvli-
fera. R. burioni n.sp., and R. acanthostyla -clearly
differ in having two size classes of rhabdostyles and a
number of other specific characters.

Rhabderemia spirophora (Burton, 1931)

~

Hallmannia spirophora BURTON. 1931: 352, pl. 23
fig. 12. text-fig. 8.

Nisibaris spirophora; de LAUBENFELS. 1936: 144. 152,
Rhabderemia spirophora: HOOPER. 1990: 78.

Material examined: Microscopic slide of the holotvpe BMNH
1928: 10: 191 18 (holotype in the Muscum, = [234). Natal. South
Africa. coll. H. W. Bill Marley. 1919 (cf. BUrTON. 1931): micro-
scopic slide of MNHN DCl. 45, Reef Bay. South Africa (contain-
ing a majority of Clathria spicules but also characteristic spicules
belonging to this species).



Diagnosis (after BURTON, 1Y31): Massive. with hispid
surface. A single oscule. Color of beach-worn speci-
men grev.

Ectosome: Thin membrane. charged with micros-
cleres overlying extensive subdermal grooves.
Choanosome: Skeleton plumoreticulate with multis-
picular tracts. similar to that of R. indica.

Spicules: “Rhabdostyles,” of which most are only
slightly and evenly curved (instead of abruptly and
spirally twisted), entirely smooth: 240-263.0 (26.6)-
286 by 6-8.3 (1.5)-9 um. Microstyles thin. short, ru-
gose: 45-53.3 (6.7)-61 by 0.5-0.9(0.5)-1.6 um. Small
contorted sigmata: 6-8.2 (1.6)-10 um,

Distribution (Fig. 9): East coast South Africa. no ec-
ological data.

Remarks: A clear difference with R. indica (and also
R. topsenti n.sp.) is the proportion of “unbent™ rhab-
dostyles; in fact, no true rhabdostyle was found. A
more subtle difference with R. indica is the smaller
size of the contorted sigmata (similar to those of R.
ropsenti n.sp.).

East African R. bistylifera shares the large proportion
of shallowly curved rhabdostyles with R. spirophora,
but in other aspects the two species differ substantial-
ly. so this is assumed to be parallel development in
both.

Rhabderemia topsenti n.sp.
Fig. 10.

Desmacodes pusillus: VOSMAER, 1880: 107
Rhabderemia pusilla; BURTON. 1956: 134 (not: CAR-
TER. 1876)

Rhabderemia minutula; BIBILONT and G1L1, 1982: Pu-
LITZER-FINnaLI, 1983: 533, fig. 51: BIBILONT er al..
1989: 327. fig. 5a (not: CARTER. 1876: nec: TOPSENT.
1904: nec: BOURY-EsNaAULT. 1971)

Rhabderemia indica, SARA. 1961: 441. fig. 7. Sar!-
TAS. 1973: 11, pl. I fig. 10 (not: DENDY. 1905).
Material examined: Fragment of the holotype. Mus. Genova.

= PTR.D5. Tremiti Islands. § Domino. Carla Tonda. Middle
Italy. cave, 2-4 m depth. VI-1966 (cf. PurLitzer-FinaLl, 1983):
BMNH 1948: 3: 8: 62. Atlantide Expedition stat. 85. Ghana. West
Africa. 03737'N 00738 E. 28-40 m. I-1952 labeled R. pusila (cf.
BurToN, 1956) (fragment of specimen from Mus. Kopenhagen. in
view of geogruphic separation this has not been assigned paratvpic
status).

Description: Massive, with lateral outgrowths. Size
4-5.5 cm in diameter and 0.4-1 e¢m thick. Oscules
slightly raised above the surface with subdermal ca-
nals leading to it.

Surtface granular. irregular. Consistency soft. Color
vellow alive. buff or whitish in alcohol.

Fic. 10, — Rhabderemic topsenii n.sp.: a. perpendicular section

of choanosome to show the plumose skeletal arrangement:

b. rhabdostyle with variable rhabdose ends: ¢. microstyle: d. small
contorted sigmata.

Ectosome: Thin membrane charged with micros-
cleres.

Choanosome (Fig. 10a): Skeleton loosely plumoreti-
culate with primary tracts of 3-10 spicules in cross sec-
tion: little spongin.

Spicules: Rhabdostyles (Fig. 10b) smooth (a few scat-
tered spines were observed only now and then): 145-
215.9 (45.8)-315 by 2.5-6.6 (2.3)-10.5 um. Micros-
tyles (Fig. 10c) thin. short. roughened: 36-42.7 (4.8)-
50 by 0.5-0.96 (0.39)-1.5 um. Small contorted sigmata
(Fig. 10d): 5-7.7 (1.8)-10 um.

Etymology: The new species is named after the late
Dr. E. Topsent in recognition of his pioneering stu-
dies on Rhabderemia.

Distribution (Fig. 12) and ecology: Mediterranean.
West Africa. shallow water and marine caves.
Remarks: As explained above. Carter's original Mi-
crociona minutula/pusilla originated in the tropics.
probably the West Indian region. Mediterranean
specimens assigned 1o this species (excepting those
recorded by Topsent and Boury-Esnault) ditfer from
the West Indian species in habit (massive instead of
thinly encrusting. cf. CARTER. [876). color (vellow
vs. brown). skeletal architecture (plumoreticulate vs,
single spicules) and spicule sizes and ornamentation.
It is obvious that both are not closely related.

TANONOMY OF RHABDEREAY 333



A West African specimen assigned to R. pusilla by
BURTON (1956) also seems to be conspecific with
Mediterranean R. topsenti n.sp.

The new species is close to R. indica and R. spiropho-
ra. differing from the former in the smooth condition
of the rhabdostyles. Other Mediterranean species are
R. spinosa, which has size classes of spined rhabdos-
tyles erect on the substrate: R. toxigera, which has
toxa among the microscleres: and R. gallica n.sp..
which has much smaller rhabdostyles and thraustosig-
mata rather than small contorted sigmata.

Rhabderemia toxigera Topsent. 1892b

Rhabderemia toxigera TOPSENT. 1892b: xxv.

Material examined: Microscopic slide of the holotype MNHN DT,
2380, France, Banyuls. Cap 'Abeille. 141,

Diagnosis (after TopsenT. 1892b): Thin encrustation
with hispid surface. Color not recorded.

Ectosome: Organic membrane charged with micros-
cleres.

Choanosome: Skeleton of short plumose tracts of
rhabdostyles.

Spicules: Rhabdostyles smooth or lightly spined. in
two size categories, I: 126-137 by 5-6 pm. and I1: 225-
305.8 (82.3)-407 by 9-9.4 (1.5)-11 um. Microstyles ru-
gose. thin: 52-60.0 (7.2)-69 by 1-1.25 (0.5)-2 pm.
Small contorted sigmata: 5-9.3 (3.8)-12 um. Toxa, ru-
gose. often centrotylote: 30-45.6 (11.6)-57 by 1 um.
Distribution (Fig. 12): Known only from the type lo-
cality in the western Mediterrancan.

Remarks: Rugose toxa are also present in R. soroki-
nae, which is in other aspects rather dissimilar (elab-
orate habit and plumoreticulate skeleton). Disre-
garding the toxa. R. toxigera is most similar to the
sympatric R. spinosa, and perhaps the two should not
be kept distinet, as some of the microstyles of the lat-
ter are toxiform. The alleged sharp distinction be-
tween the two in the smooth versus spined condition
of their rhabdostyles cannot be upheld here because
slightly spined rhabdostyles are not uncommon in the
present species.

Sympatric R. topsenti n.sp. (= R. minutula sensu Pu-
LITZER-FINALL, 1983, for example) has much smaller
rhabdostyles and no toxa.

Rhabderemia sorokinae Hooper. 1990
Figs. 20, 26, 32, 41-42.

Rhabderemia sorokinae HOOPER, 1990: 68, pl. I A-B,
text-figs. 1-12.
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Material examined: Holotype, NTM 73580 (fragment OM
G300624). Deloraine Island. Whitsunday 1s. Great Barrier Reel.
Qld.. 20000°S 149704, 5°E, 20-m depth. coll. 8. Sorokin, 15-X-1Y87:
ZMA POR. 9757, Papua New Guinea. coll. ML.C. Diaz. 1991,
#91167: microscopic slide BMNH 1954: 3: 9: 178, Carter collec-
tion labeled “Microciona minula C. on Discodermia, Stylaster
10, South Sca, 8787 (presumably from somewhere in the tropical
S Pacific).

Diagnosis: Thickly encrusting clumps to elaborate
branching forms (Fig. 20). Size several em’. Oscules
slightly raised above the surface, with stellate subder-
mal groove pattern. Surface minutely hispid. Consis-
tency soft, casily damaged. Color yellow-brown
alive.

Ectosome: Organic layer carried by spicule brushes.
Charged with microscleres.

Choanosome: Skeleton (Fig. 26) plumoreticulate,
with main tracts 3-6 spicules in cross section.
Spicules: Rhabdostyles spined. relatively thick: 106-
256-283 by 3-14.0-22 um.

Microstvles (Fig. 32) roughened. large variation in
length: 53-102.0 (37.6)-141 by 0.8-1.5-2.0 um. Small
contort sigmata. microspined: 6-12.2 (4.5)-16 pum.
Toxa (Figs. 41-42). lightly microspined. sometimes
appearing smooth: 18-41.0 (19.8)-72 um.
Distribution (Fig. 12) and ccology: Great Barrier
Reef, Papua New Guinea. S. Pacific. on reefs. down
to 20 m.

Remarks: The possession of toxa is shared with R.
toxigera. but in most other respects the two species
differ. so it is not obvious that the toxa are a syna-
pomorphy for the two. The elaborate habit of R. so-
rokinae is shared with R. coralloides. R. acanthostyla,
R. forcipula, and R. mammillata. Apart from lacking
toxa. R. forcipula (from necarby New Caledonia) also
differs in having thraustosigmata. R. coralloides has
both thraustosigmata and thraustoxeas. and much
shorter microxea. R. acanthostyla is dark brown and
has two sizes of both rhabdostyles and contorted sig-
mata. R. mammillata has thraustosigmata and lacks
microstyles.

Rhabderemia antarctica n.sp.
Figs. 11.21.

Rhabderemia coralloides: BURTON, 1929: 435 (not:
DeENDY, 1924)

Material examined: Fragment of the holotype (designated herein)
BMNH 1926: 10: 26: 92, McMurdo Sound. Antarctica, 77°5'S
164°18°E. 252 m, coll. *Terra Nova“Exped.. stat. 339, Agassiz
trawl (label still gives the provisional specimen no. Do ).

Description: Finger-shaped to ramose. length not
known (only a fragment. Fig. 21. was available for
study), diameter 1.4 cm. Surface villose-irregular.
possibly due to damaged cctosomal membrane. No



Fii. 1. — Rhabderenia antaretica n.sp.: a. perpendicular see-
tion of choanosomal skeleton to show plumoreticulate arrange-
ment: b rhabdostyle: ¢, small contorted sigmata: d. microstyle,

apparent oscules. Consistency rather tough. but easi-
lv damaged. Color beige in alcohol.

Ectosome: A thin membrane charged with micros-
cleres.

Choanosome (Fig. 11a): Plumoreticulate skeleton.
with thick. loosely organized tracts of 5-10 spicules in
cross section. most of which project from the tracts at
some angle. Interconnecting spicules may be singly
arranged or in ill-defined bundles. The nodes of the
main and the interconnecting tracts frequently ap-
pear as radiating masses of spicules.

Spicules: Rhabdostyles (Fig. 11b) thick. heavily
spined in the basal half: 202-240.0 (30.7)-265 by 7-
17.6 (9.2)-24 um. Microstyles (Fig. 11d) thin. short.
rugose: 45-47.7 (3.1)-51 by 0.5-1 wm. Small contort
sigmata (Fig. 11c¢). rugose: 7-8.3 (0.9)-9 um.
Etymology: The name refers to the type locality in
Antarctica.

Distribution (Fig. 12) and ecology: Known only from
the type locality. McMurdo Sound. Antarctica. deep
walter.

Remarks: Burton's identification of this material as
R. coralloides is not acceptable, because that species
has thraustoxeas and thraustosigmata. as well as
much thicker microstyles. Some resemblance with R,
coralloides is found in the choanosomal plumoretic-
ulate architecture and the heavily spined rhabdos-
tyles. R. coralloides seems to be confined to northern

New Zealand. as the record from Uruguay (BURTON.
1940) was also assigned to a new species (cf. above).
The new species is somewhat similar to R. wruguaien-
sis n.sp. (cf. above). also originally recorded as R.
coralloides: both share the irregular surface and simi-
lar overall spiculation. However. R. antarctica has
only a single category of rhabdostyle, more heavily
spined than those of R. wruguaiensis.

Rhabderemia forcipula (Lévi and Lévi, 1989)
Figs. 22-23. 33, 35. 40.

Rhabdosigma forcipula Leve and LEvi. 1989: 75,
text-fig. 43, pl. VII fig. 8.

Material examined: Paratype MNHN DCL 3243, Philippines. off
Mindoro. 13°55'N 120020'E. 85-90 m. coll. MUSORSTOM 2 stat.
82 microscopic slide of MNHN DCI. 3387, Philippines. off Mindo-
ro. 13°51'N120°50°E, coll. MUSORSTOM 2 stat. 28 (Livi and
LEvi, 1989),

Diagnosis (after LEvi and Levi, 1989): Erect.
branching. treelike (Figs. 22-23): up to 8 ¢m high. 4
cm in diameter. Surface granular-hispid. Oscules not
clearly apparent. Consistency tough. friable. Color
brown-red in alcohol.

Ectosome: A membrane charged with microscleres.
Choanosome: A very dense plumoreticulate skeleton
with bundles of 2-4 spicules in cross section intercon-
nected obliquely single spicules: little binding spon-
gin. The branches show a tendency towards axial con-
densation.

Spicules: Rhabdostyles long. thick. lightly spined.
or entirely smooth: 230-307.2 (50.5)-381 by 10-17.1
(3.4)-21 pm. Microstyles long, thin. rugose: 150-
162.5(7.9)-171 by 1-1.25 (0.4)-2 um. Thraustosigma-
ta (Figs. 33. 40) large. slightly rugose. apices provi-
ded with teethlike long spines: 25-27.0 (2.2)-30 um.
Small contorted sigmata (Figs. 33. 35). rugose: 12-
14.8 (2.5)-18 um.

Distribution (Fig. 12) and ecology: Philippines. dee-
per water.

Remarks: This is a well-defined species with its tree-
like habit, large spined thraustosigmata. and very
long microstyles. New Zealand R. stellata is similar in
rhabdostyle sizes. but lacks the thraustosigmata. has
short. very thick microstyles and is massively encrus-
ting. New Zealand R. coralloides differs in possessing
thraustoxea and much smaller microstyles. South
Australian R. mammillaia has no microstyles.
HooPER (1990) suggested that R. forcipula is a junior
synonym of R. acanthostyla, but that is clearly a mis-
take, as that species differs in several characters (col-
or. habit, spicules sizes, lack of thraustosigmata.
presence of two sizes of small contorted sigmata).
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fica n.sp. (L6), R forcipada (17). and R stellara (18).

Likewise, Hooper's record of R. forcipula from New
Caledonia as the type locality is incorrect.

Rhabderemia stellata Bergquist, 1961
Rhabderemia stellata BERGOUIST, 1961: 41, fig. 13

a-c: BerGouist, 1968: 19, pl. 1 fig. c. pl.
text-fig. 3.

11 fig. h.

Material examined: none.

Diagnosis (after BErRGouisT. 1961): Thickly encrus-
ting with stellate subdermal grooves. Surface smooth,
punctate. Color in life yellow. in spirit pale brown.
Ectosome: Not recorded.

Choanosome: Skeletal architecture reticulate. mainly
unispicular. The plumose aspect is apparently not
well-developed.

Spicules: Rhabdostyles entirely smooth. relatively
thick: 200-356 by 12-23 um.

Microstyles conical. short and thick. roughened: 36-
48 by 3-4 um. Small contort sigmata: 10-17 pm.
Distribution (Fig. 12) and ccology: northern New
Zealand. under stones at low tide.

Remarks: In some respects. this species is reminis-
cent of the sympatric R. coralloides: the enhanced
subdermal grooves. the strongly reticulate architec-
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ture, the thick rhabdostyles. and the short conical mi-
crostyles. However. important differences are also
apparent: R. stellata lacks the thraustoxea and the
thraustosigmata. and the rhabdostyles are smooth in-
stead of spined. In spiculation. R. stellata is probably
closest to R. antarctica. but this has heavily spined
rhabdostvles and much thinner microstyles. The habit
of R. antarctica is Tinger-shaped with a shagey surface.

Rhabderemia fascicularis Topsent, 1927

Rhabderemia fascicularis TOPSENT. 19270 182 Top-

T
SENT, 1928: 310, pl. 10 fig. 25.
Material examined: Microscopic slide of the holotype MNHN DT,

1244, Azores. west of Flores. depth 1229 m. coll. Campagnes
Prince Albert de Monaco. stat. 2210 (¢l Torsext. [U28).

Diagnosis (mostly after Topsent. 1928): Thick crust
on an octocoral. Surface and oscules not recorded.
Consistency firm. Color grey.

Ectosome: Charged with thraustoxeas and contort
sigmalta.

Choanosome: Plumose bundles of rhabdostyles erect
on the substrate, diverging toward one another.
Spicules:  Rhabdostyles heavily  spined. relatively
thick: 122-231.4 (82.8)-398 by 8-13.8 (4.1)-19 um, Mi-



crostyles: absent (a single one was found. but this was
an obvious malformed thraustoxea)., Thraustoxea.
centrotylote in full-grown condition. toxa-like in
voung growth stages. roughened: 28-52.0 (16.8)-73
by 1.5-3.0 (0.8)-3.5 wm. Small contorted sigmata.
roughencd: 9-11.6 (4.2)-17 pm. Distribution (Fig. 15)
and ccology: Azores, deep walter,

Remarks: The distinetive feature of this species is the
lack of microstyles, which it shares. however. with R,
intexta. The two species differ rather widely in other
details. such as shape. size. and categories of the sig-
mata. R. fascicularis is close o the sympatric R. guer-
net and R opuetans. and in view of this it could be
construed that the differences are due to infraspecific

variation. However. the differences concerned are of

such a nature. that conspecificity is not considered
likely (it would also lead to large-scale synonymiza-
tion among species of the genus Rhabderemia). R.
gueerned has almost entirely smooth rhabdostyles and
abundant microstvles, while R. mutans shares the
spined rhabdostyles with R. fascicularis but also has
abundant microstyles and is fingerlike in growth
form.

Rhabderemia guernei Topsent, 1890

Rhabderemia guernei TOPSENT. 1890: 29: TOPSENT.
1892a: 116, pl. X1 fig.7: HALLMANN, 1917: 399: Top-
SENT, 1928: 312, pl. 10 fig. 24.

Material examined: Microscopic slide of the holotype, MNHN
DT. 936 (#105), S of Pico. Azores. depth 736 m. coll. “Hiron-
delle™ IS8S Campagne. stat, 229,

Diagnosis (mostly after TopsenT. 1892a): Thin crust.
Color violet in alcohol. No further details recorded.
Ectosome: Membrane charged with thraustoxea.
Choanosome: Isolated rhabdostyles erect on the sub-
strate.

Spicules: Rhabdostyles almost all smooth. but some
have a few spines. relatively long: 183-363.5 (126.2)-
473 by 5 —10.3 (5.0)-15 wm. Microstyles thin,
roughened: 65-87.7 (23.5)-112 by 1-1.7 (0.57)-2 um.
Thraustoxea thick. roughened, Z-shaped: 45-60.0
(I1.1)-75 by 2.5-3.2 (0.8)-4 um. Small contorted sig-
mata roughened: 9-10.6 (1.5)-13 um (Hooper. 1990,
table 1., quotes: 18-32 um, but subsequent study of
the slide revealed the range between 9 and 13 um.
There are a few Haplosclerid-type sigmata in it.
which Hooper may have mistaken for Rhabderemia
sigmata).

Distribution (Fig. 15) and ecology: Azores, deep wa-
ter.

Remarks: R. guernei is similar to R. fascicularis (see
above) and R. mutans. The latter differs clearly in

habit and also has much shorter and thicker rhabdos-
tyles. The violet color is unusual. but may be due to
contamination from other species and in any case is
not certainly the live coloration.

Rhabderemia intexta (Carter. 1876)

Microciona intexta CARTER, 1876: 238, pl. XV figs.
43a-c.

Desmacodes intexia: VOsSMAER. 1880 106,
Rhabderemia intexta: TOPSENT, 1892a: 116 TOPSENT.
1904: 152: HALLMANN. 1916: 320 HALLMANN. 1917:
399 HooreRr. 1990: 77,

Rhabdosigma intexta: TOPSENT, 1928: 313, pl. 10 figs.
20-30).

Material examined: Microscopic slide ol the holotype BMNH
1954 3: 92 180 (= Deep sea Microciona intexta No. 197). cnerusting
a Corallisies. Cape St. Vineent. Portugal, depth 374 fathoms.
Diagnosis (mostly based on TopsenT, 1928): Thinly
encrusting (I mm thick) on corals and lithistids.
Surface smooth. very lightly conulose. No apparent
oscules.  but subdermal venal pattern  present.
Color brown (dry condition) or grev-vellow (in alco-
hol).

Ectosome: Membrane charged with sigmata.
Choanosome: Skeleton spicules arranged in plumose
columns.

Spicules: Rhabdostyles relatively long and thin. light-
ly spined in the lower half (at first sight they appear
smooth): 150-254.3 (76.7)-350 by 3-7.6 (4.3)-14 um.
Microstyles: apparently absent. Thraustosigmata
roughened. some almost regular sigmata. others
crooked or angular: 25-35.4 (11.5)-60 um. Small con-
tort sigmata roughened: 6-10.5 (2.5)-16 pm.
Distribution (Fig. 15) and ecology: S Portugal. Mo-
rocco (Hoorer. 1990, quotes Hebrides. but that is a
mistake). deep water (673-2. 165 m).

Remarks: The thraustosigmata in the large size range
(25-60) are shared with R. mammillata. which also
lacks the microstyles. In habit and ecology. both spe-
cies differ substantially (R. mamumnillaia is arborescent
and probably from shallow water). As discussed
above. R. fascicularis, which also lacks the micros-
tyles. is nevertheless dissimilar in other features.

Rhabderemia mutans Topsent. 1927

Rhabderemia mutans TOPSENT. 1927: 17: TOPSENT.
1928: 310, pl. I fig. 2, pl. X fig. 21.
Material examined: Microscopic slide of the holotype, MNHN

DT. 1236, W of Flores. Azores. depth Y14-650 m. coll. Campagnes
Prince Albert T .de Monaco 1905, stat, 2214,
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Diagnosis (mostly after Topsent. 1928): Cylindrical.
2.5 cm high. diameter 0.7 ecm. top rounded (possibly
a piece of a larger treclike specimen). Subdermal ca-
nal pattern distinet. but no oscules apparent. Consis-
teney firm. Color whitish in alcohol.

Ectosome: Membrane charged with thraustoxea.
Choanosome: Skeleton plumoreticulate.

Spicules:  Rhabdostyles short and  thick. heavily
spined: 190-237.8 (57.6)-306 by 14-21.0 (5.8)-28 um.
Microstyles roughened. often with slight subterminal
swelling: 32-57.5 (23.4)-88 by [-1.3 (0.4)-2 pm.
Thraustoxea Z-shaped. roughened. seemingly inter-
mediate between microstyles and  thraustosigmata:
35-49.0(20.5)-79 by 1-1.8 (0.5)-2.5 pm. Small contort
sigmata roughened: 10-11.5 (1.7)-13 pm.
Distribution (Fig. 15) and ccology: Azores. deep wa-
ter.

Remarks: As discussed above. R. mutans shares the
thraustoxea with two sympatrie species. namely. R.
fascicularis and R. guernei. However. the differences
in other respects are so great that conspecitficity is un-
likely. R. mutans is most similar to New Zealand R.
coralloides, but differs in the absence of thraustosig-
mata and the longer microstyles.

Rhabderemia coralloides Dendy. 1924
Figs. 27-28, 31. 36, 38-3Y. 43-44.

Rhabderemia coralloides DeENDY, 1924: 357, pl. XII
fig. 3, pl. XV figs. 1-4: TopseEnT, 1928: 65: BERG-
QUIST. 1968: 19,

Not: Rhabderemia coralloides sensu BURTON. 1929:
435 (= R. antarctica n.sp.)

Nee: Rhabderemia coralloides sensu BURTON. 1940):
116 (= R. wruguaiensis n.sp.)

Material examined: Fragment and microscopie slides of the holo-

type BMNH 23: 10: 1 139, 7 miles E of North Cape. New Zeal-
and. 126 m, coll. “Terra Nova™ Exped. stat. Y6.

Diagnosis (mostly from DeExDyY, 1924): A mass of ir-
regular subevlindrical branches. each 1.2 ¢cm in
diameter: entire mass 12 cm in diameter. Surface
granular. marked by stellate grooves (subdermal ca-
nals). Consistency firm and compact. friable. Color
pale grey-vellow in alcohol.

Ectosome: Membrane containing only microscleres.
Choanosome: Skeleton a compact reticulation of spi-
cule tracts and single spicules. forming quadrangular
and triangular meshes.

Spicules: Rhabdostyles (Figs. 27-28) stout, hcavily
spined in the lower half: 206-310.6 (68.0)-394 by 13-
24.6 (6.4)-34 um. Microstyles roughened. short. and
thin: 37-40.4 (3.2)-45 by 1-1.1 (0.25)-1.5 um. Thraus-
toxea (Figs. 43-44) roughened. Z-shaped. some re-
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sembling toxa: 32-32.7 (0.9)-34 by 0.5-1.5(0.95)-2.6
um. Thraustosigmata (Fig. 39) small. roughened: 18-
20.3 (2.1)-22 um. Small contorted sigmata (Figs. 36,
38) roughened: 6-9.0 (2.0)-11 um.

Distribution (Fig. 15) and ccology: northern New
Zealand. deeper water.

Remarks: This species is unique to the genus in ha-
ving a combination of thraustoxea and thraustosig-
mata. Sympatric R. stellara differs widely in habit.
spiculation (no thraustoxea or thraustosigmata). and
habitat (intertidal). R. coralloides is most similar to
the Mid-Atlantic deep-water species R. niutans (cl.
above).

Rhabderemia mammillata (Whitelegge. 1907)

Sigmaxinella mammillata WHITELEGGE, 1907: 512,
pl. 46 fig. 39.

Rhabdosigma mammillata: HALLMANN, 19162 520
HALLMANN. 1917: 399, pl. 21 figs. 1-2, text-fig. 2:
Shaw. 1927: 427.

Material examined: none.

Diagnosis (mostly after Haremann, 1917): Lobate
fan-shaped, with a short stout stalk. 7 em high. 6.5 cm
wide, and 4 cm thick. Oscules in groups on the sum-
mit of the lobes. with star-shaped subdermal grooves
leading to them. Surface velvety. Consistency firm.
tough. resilient. Color light brown in alcohol.
Ectosome: A thin membrane.

Choanosome: Skeleton plumoreticulate with a more
plumose peripheral region and a reticulate somewhat
denser axial region. Primary tracts of 3-8 spicules in
cross section, connected by single spicules.

Spicules: Rhabdostyles lightly spined or entirely
smooth. occasionally with rounded instead of pointed
ends:
Thraustosigmata (?) ol a shape reminding of sigman-
cistras, apparently smooth: 24-42 um. Small contort
sigmata apparently smooth: 9-13.

Distribution (Fig. 15) and ecology: New South Wales
and Tasmania. southern Australia. shallow water(?).
Remarks: This is a distinet species in shape and spi-
culation. The combination of thraustosigmata and
small contort sigmata is shared with R. coralloides
(but that species has microstyles and thraustoxea), K.

126-302 by 5-18 um. Microstyles: absent.

Jorcipula (but that has microstyles and larger rhab-

dostyles). and R. intexta, which is perhaps closest of
all to R. mammillara but is thinly encrusting in deep
water.

Rhabderemia mona (de Laubentels, 1934)
Fig. 13



Stvlospira mona de LAUBENFELS, 1934: 10,
Rhabderemia mona van SOEST and Stentoft, 1988:
[15. table VII.

Material examined: microscopic slide of the holotype USNM
223240 off Puerto Rico, IS*10-15N 6742-46'W, [0-11-1933. 432-
46O8 m,

Diagnosis (mostly after de Laubenfels. 1934): Mas-
sive. 1.5 by 3 by 3.5 em. with a central hollow. No
oscules visible. Surface smooth. Consistency tough.
Color white in alcohol.

Ectosome: A thin membrane without spicules.
Choanosome (Fig. 13a): Reticulate skeleton of single
rhabdostyles. occasionally bundles of two or three oc-
cur.

Spicules: Rhabdostyles (Fig. 13b) long and thick. en-
tirely smooth. with pronounced axial canal: 306-
417.5 (80.7)-495 by 17-20.2 (2.6)-24 um. Microstyles:
absent. Sigmata: absent.

Distribution (Fig. 15) and ecology: Puerto Rico, deep
waler.

Remarks: This is a dubious Rhabderemia because
major synapomorphies such as the microspined mi-
crostyles and the contort sigmata are lacking. Howe-

Fia 130 — Rhabderemia (Stylospira) mona: a. perpendicular sec-
tion of the choanosomal skeleton to show reticulation: b, rhab-
dostvle.

ver, the rhabdostyles are similar to those found in the
other Rhabderemia species. and they are arranged in
a loosely reticulate way. D LAUBENFELS (1934)
erected the genus Stvlospira for this species: in view
of the fact that there is apparently a second species
(R. destituta n.sp., cf. below) lacking both micros-
tyles and contort sigmata. we propose that Stvlospira
be recognized as a subgenus.

Rhabderemia destituia n.sp.

Figs. 14, 24,

Material examined: Holotype. USNM 43065, San Salvador. Islas
Galagapos. 00°12'S 090°51'W. depth 34 m. SEPBOP *Anton
Bruun™ Cruise 16, stat. 794F (fragment in ZMA).

Description: Semiglobular encrustation (Fig. 24) with
smooth surface. rough to the touch. Subdermal
grooves form a distinet but irregular venal pattern.
No apparent oscules. Consistency hard, barely com-
pressible. Color orange-brown in alcohol.

Ectosome: A thin membrane without spicules.
Choanosome (Fig. 14a): Skeleton in parts a single
spicule reticulation. in other parts bundles of three or
more spicules oceur: overall organization rather con-
fused. with little or no binding spongin.

Spicules: Rhabdostyles (Fig. 14b) robust, entirely
smooth. with prominent axial canals: 305-343.5
(34.7)-395.5 by 13.5-23.3 (6.4)-31 um. Microstyles:
absent. Sigmata: absent.

FiG. 14— Rhabderemia (Sivlospira) destitura n.sp.: a. perpen-
dicular section of the choanosomal skeleton to show confused re-
tiulation: b, rhabdostyle.
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Fidi, 15,

N NN

— Distributions of Rhabderemia fascienlaris (19). K. guernei (200, K. intexta (21). R.omtans (22).

R. coralloides (23), R. mammillata (24). R. (Stvlospira) mona (25). and R. (Srvlospira) destinia (26).

Etymology: The name refers to the destitute spicula-
tion.

Distribution (Fig. 15) and ecology: Known only from
the tvpe locality in the Galapagos Islands, shallow
walter.

Remarks: This is a second species answering to DE
LAUBENFELS's (1934) genus Stvlospira. 1t is quite
probably a sister species of Rhabderemia (Styvlospi-
ra) mona. Differences are the color (orange vs.
white) and the spicule length, which is distinctly
greater in R. mona. The new species is the only
member of Rhabderemia known from the eastern
Pacitic.

PHYLOGENETIC ANALYSIS

HoopPER (1990) conducted a preliminary phyloge-
netic analysis on the basis of morphological charac-
ters using the computer program PAUP (SWOFFORD,
1985). In view of the considerable additions presen-
ted above. including Stvlospira adopted as a likely
Rhabderemia group, this analysis has been redone.
Also. a new character has been introduced in the pre-
sent study. That is. in contrast to Hooper, we dis-
tinguished contorted small sigmata from thraustosig-
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mata, and this made it necessary to renew the dis-
cussion of character state transformations in this
group. Hoorer (1990) used the Raspailiid genera
Aulospongus and Hemectvonilla as outgroups. Here
we expand the outgroup to include the Raspailiidae
as a whole. thus avoiding the possibility that charac-
ter polarization may have been biased by the pecu-
liarities of particular genera within this outgroup.
The procedure adopted below is to examine each
character and its states in both the ingroup and the
outgroup. Where possible, hypotheses about the
transtormation of ancestral (outgroup) states into the
various ingroup states are put forth with cach charac-
ter. Characters were not weighted, neither aprioristi-
cally nor subsequently. on account of the lack of cri-
teria for relative weights of unrelated characters.
However, for those characters that seemed clear
synapomorphies. the “irreversibility™ option  of
PAUP was chosen. In the case of a few characters,
the “Dollo-option™ of PAUP (loss ol characters
[-states] treated as being easier to achieve than new
independent character states) was used 1o account for
the absence ol these characters or reversal of charac-
ter states in species thought to be closely related. An-
cestral characters (-states) are scored as “a™ in the
character matrix. In all cases in which the characters



(-states) were unknown. whether through the lack of

mformation (e.g.. in species known only from pre-
served material) or through the absence of the struc-
tures concerned (e.g.. characters of microscleres that
are not present in certain species). this was scored as

=77 in the character matrix.

List of Characters and Their Distribution over the Va-
rious Species of Rhabderemia

Characters are illustrated in Figs 16-44.

I. Habit: Outgroup habits include a range of
forms. but elaborate ramose forms are characteristic
for many taxa. It is assumed here that massive or
branching forms are not a synapomorphy (la) for
Rhabderemia, but thinly encrusting (1b) forms may
possibly be considered a homoplasic synapomorphy
for the groups R. minutula-R. africana-R. prolife-
ra-R. bistylifera-R. gallica-R. burtoni-R. toxigera-R.
spinosa-R. profunda and for R. fascicularis-R. guer-
nei with a homoplasic apomorphy in R. intexta.

2. Substrate: In connection with the above, it is
likely that within the R. minutula group mentioned
above. the insinuating habit, occupying holes in the
substrate, is probably a further synapomorphy (2b)
for the group R. minutula-R. africana-R. prolifera,
which forces us to assume a loss of this particular
character in R. bistylifera. State 2a may then be de-
fined as epibenthic.

3. Consistency: Most Raspailiidae are rather firm,
often because of axial and other skeletal reinforce-
ments. In fact, such organization is found in some
Rhabderemia. too. Thus. it is assumed that a firm
consistency is ancestral (3a), and that soft Rhabdere-
mia (3b) are related (all species excepting R. mona,
R. destituta. R. mammillata. R. coralloides. R. muta-
ns, R. fascicularis, R. antarctica, R. stellata and R.
Jorcipula). For some species. the consistency is un-
known. If Eurypon and allied encrusting genera were
to be included in Raspailiidac. the synapomorphic
nature of this character would be compromised and a
parallel development would have to be assumed.

4. Oscules: In many Rhabderemia species (R. in-
texta-R. coralloides-R. stellata-R. forcipula-R. soroki-
nae-R. topsenti-R. mutans-R. mammillata-R. destitu-
ta). the oscules are surrounded by a superficial
stellate groove pattern caused by the canals leading
the exhalant currents to them. This pattern is im-
printed in the supertficial skeleton. Such a pattern is
recognized in many Raspailiidae (and also in Axinel-
lidae and many Poecilosclerida). It is assumed here
this stellate pattern is ancestral (4a). whereas the ab-
sence of it (4b) is a synapomorphy for R. minutula, R.

africana. R. prolifera. R. bistylifera. R. spinosa. R.
acanthostyla. R. spirophora, and R. indica. Because
the life characteristics of many species are unknown.
itis impossible to determine whether this character is
present.

5. Ectosome: The ectosome is not reinforced by a
special ectosomal skeleton in Rhabderemia, in con-
trast to the characteristic skeleton of many Raspailii-
dac. which has a single larger style. surrounded by a
bouquet of smaller ectosomal spicules. The ectoso-
mal membrane contains a large number of micros-
cleres. but it is carried by the choanosomal skeleton.
In many Rhabderemia. this support is produced by a
bouquet of rhabdostyles. which is the nearest thing to
the Raspailiid cctosomal arrangement and thus is
considered the plesiomorphic condition (5a). In
many thinly encrusting forms (R. spinosa-R. africa-
na-R. burtoni-R. minutula-R. prolifera-R. gallica).
the ectosomal support consists of single rhabdostyles
(5b). In some. the skeletal arrangement is unclear.

6. Choanosome: The choanosomal skeletal ar-
rangement in Raspailiidae is typically plumoreticu-
late: main tracts of several spicules in cross section
are connected by single spicules standing at acute an-
gles. This same arrangement (6a) is found in many
Rhabderemia species: in others (R. spinosa-R. africa-
na-R. minutula-R. burtoni-R. prolifera-R. gallica).
the skeleton consists of single spicules (6b) or con-
fused masses of spicules (R. mona and R. destitua)
(6¢). In some, the arrangement is unknown.

7. Megascleres: in Rhabderemia. these differ from
most Raspailiidae styles (7a) in being rhabdostyles
(7b). The megascleres in the genus Hemectvonilla su-
perficially resemble those of Rhabderemia. but so do
those of unrelated Biemna rhabderemioides Berg-
quist, 1961, or Biemna rhabdostvla Uriz. 1988. Such
megascleres are also known in Halicnemia (?Des-
moxyidae) (unpublished data of R. W. M. van
Soest). In all these cases. it is assumed that they rep-
resent homoplasic developments that do not point to
phylogenetic relationships. This is justified by the ob-
servation that most Rhabderemia rhabdostyles have a
spiral twist in the rhabdose end; where this is ob-
scured, it is assumed to have been present originally.
The peculiar rhabdostyles are an autapomorphy for
the genus.

8. Spination on megascleres: Raspailiid structural
megascleres are mostly smooth. some are spined.,
while the auxiliary megascleres are echinating acan-
thostyles. Are the rhabdostyles of Rhabderemia ho-
mologous to the main Raspailiid megascleres or to
the auxiliary megascleres? And if the first possibility
is correct, has the nearest Raspailiid a spined mega-
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Fic. 16-24 Growth forms of some Ritabderemia species. 16-19. R acanthosevla, various growth forms found in the same species. 16

cnerusting specimen from Sumbawa. Indonesia, ZMA POR. 6324, [7. erect specimen Trom Sulawesi. Indonesia, ZMA POR, 9620, 8

mushroomlike specimen from Saleyver. Indonesia. ZMA POR. 1926, 19, columnlike speeimen from Nha Trang. Vietnam. MNHN DCI,

1560, 20 R. sorokinae, fragments of branching specimen from Papua New Guinea, ZMA POR. Y757, 21, R, antarctica n.sp.. fragment

of branch of type specimen, BMNH 1926: [:26:92, 22.23 R forcipula, Tragments of branching paratypes MNHN DO, 3243, 24 R
destinntg nasp.. encrusting holotype., USNM 43063
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sclere? Here it is assumed that the “main megasclere™
option is the most likely. in view of the presence of
the spined microstyles in most Rhabderemia. which
are possibly reduced auxiliary megascleres (they are
not cchinating and hence the homology is obscure).
Tentatively, however. some form of spination of the
rhabdostyle is considered derived. even though it is
sometimes vestigial. while the smooth condition (8a)
is considered primitive (it is found in R. mona and R.
destituta). The other (true) Rhabderemia species are
assumed to have, or to have originally had. some
spines (8b) on the rhabdostyles. In this group. how-
ever, entirely smooth rhabdostyles are found in R.
africana. R. indica. R. spirophora, R. bistvlifera. R.
prolifera. R. stellata. and R. gallica. Possibly. in view
of the occurrence of the spined and the smooth condi-
tion in different specimens of the same species (e.g..
in R. mammillata and R. minutula), the spined condi-
tion has been suppressed in some species that are re-
lated to other species with spined rhabdostyles, thus
forming independent secondary smooth homoplasies
(8¢). The group R. minutula-R. prolifera-R. africa-
na-R. bistvlifera-R. gallica-R. burtoni has two size
categories of rhabdostyles (cf. character 9 below),
both of which may be smooth (8d). or one or both
categories may have reverted back to the spined con-
dition (scored as reversal 8b). A group of Rhabdere-
mia species are characterized by heavily spined rhab-
dostyles. often with big recurved spines: although the
distinction “lightly™ vs. “heavily™ spined is relative
and subjective. this group nevertheless seems mono-
phyletic. and this condition is considered a further
synapomorphy (8e) for R. coralloides, R. mutans, R.
Jascicularis. and R. antarctica.

9. Length of megascleres: Rhabdostyles in the
group vary greatly in size: from 60 to 575 um long and
210 34 um thick. A large group can be subdivided
into larger and smaller rhabdostyles. although the
distinction is seldom absolute. Where this subdivision
is clear, this has been noted in the species descrip-
ions and in some cases has served as a means to dis-
tinguish closely similar forms. Presumably the occur-
rence of more than one category of megascleres is a
derived feature (Yb). not (widely) observed in the
outgroup (9a). It is found in R. minutula. R. africana,
R. prolifera. R. bistvlifera. R. spinosa. R. toxigera. R.
burtoni. R. acanthostvla, and R. uruguaiensis. This
character is treated as “Dollo™ because of the ab-
sence of the derived state in species otherwise closely
similar to ones possessing this state.

10. Width of megascleres: With respect to the
larger rhabdostyles. it is possible to recognize a group
of Rhabderemia species with unusually thick shafts of

20-30 um (10b), namely. R. coralloides, R. mutans.
R. fascicularis. R. stellata. R. antarctica, R. forcipula.
R. sorokinae. R. mona. and R. destituta. Outgroup
condition varies, so this synapomorphy is based en-
tirely on ingroup analysis. Thickness up to 20 um is
considered plesiomorphic (10a). We have to assume
a reversed development from over 20 um to thinner
forms again (10¢) in the pair R. intexta-R. mammilla-
ta. Again. the “Dollo™ treatment is considered appro-
priate here because of this reversal of character state.

1. Presence of microstyles: This is considered a
synapomorphy (11b) for most Rhabderemia species,
except R. mona and R, destitia (11a). The absence
of microstyles in R. fascicularis, R. imtexta, and R,
mammillata is interpreted as a secondary loss (11c¢) in
view of the similarities shared between these species
and related species possessing microstyles. The ru-
gose microstyles are possibly homologous to the ech-
inating acanthostyles in Raspailiidae, but then they
have evolved to such an extent that their condition is
casily accepted as derived. An outside possibility has
Lo be kept in mind: that the microstyles are homolo-
gous to Biemna commata (family Desmacellidac).
which are likewise rugose and often have an apical
tyle such as is found in many Rhabderemia micros-
tyles. The small, wispy microstyles of R. acanthosiy-
la. in particular. make this possibility a serious one.
This hypothesis can be questioned, however. on the
grounds that microstyles in Rhabderemia are on the
average tens of times larger than the tiny commata. A
further. even more remote possibility is that the mi-
crostyles are homologous to the rugose tylostyles of
certain Cladorhiza and Chondrocladia (family Cla-
dorhizidae); however. these are much larger (up to
400 um) than the Rhabderemia microstyles.

12. Length of microstyles: The microstyles occur
in a large size range (20-170 by 0.2-4 um). In view of
the absence in the outgroup. it is difficult to deter-
mine which size is ancestral. The majority of the spe-
cies are 40-100 um long (state 12a). a few have larger
ones. Among the latter it is possible to recognize a
group of two Rhabderemia species sharing a larger
and a smaller category of microstyles. and this is con-
sidered a synapomorphy (12b) for R. africana and R.
bistvlifera.

13. Width of microstyles: The thickness of the mi-
crostyles also makes it possible to recognize a group
sharing relatively short and thick ones (averaging 30
by =>1.5 um) (13b), namely. R. stellata. R. coral-
loides. R. mutans. and R. guernei. Doubttul cases are
R. profunda, R. sorokinae. R. forcipula. and R. afri-
cana, which have microstyles in the required range of
thickness. but these are longer and thus relatively
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Fiei, 25-44. Skeletal characteristies ol some Rhabderemia 25

ton of R, inddica from Thailand, N'TM Z4076, 26, reg

25-20 Plumorcticulate skeletal architecture confused skele

¢ Trom Austraha, NTM /."*\.*

reticuki

skeleton of holotype of K

27-31) Rhabdostyles. 27, two normal and one aberrant rhabd e of the holotype of K. coral 28, rhabdostyle of the holotvpe o
R. corafloides, 29, smooth rhabdostvle with a few spines of K la trom Bonaire, ZMA 10035, 30 detail of spirally twisted head of
rhabdostyle of Bonaire R, inanela, 31-32 Microstyles, 31, Microsivie of holotype of R, corallogd 32, detail of head ol microstyle of
R. sorokinae from Papua New Guinea. ZMA POR. Y757, 33-34 Siemoid microscleres, 33 worted small sigma and thraustosigmata
of paratype of R. for il

w, MNHN DO 3243, viewed together to show size differen
rer ciategory, from ZMA POR 6. 35. K. [e fa, 36, R oo

that scile bar s half that of Tig, 34), 38, K. cos v, Y-, thraostosigmata. 39, R, coralle

rious forms ol contorted small siemata

3. R acanthosivia, la a smaller catevory (notc

holotype of K. ty rupose. 42, from Papuan specimen of KB 4

thraustos two forms from the holotyvpe of K. o
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slim. The thinner microstvles are considered to be
plesiomorphic (13a).

14. Ornamentation of microstyles: In two specics.
R.minutula and R. prolifera. the microstyles are dis-
tinctly swollen near the apex. and this condition is
considered evidence of relatedness (14b). Gradually
tapering microstyles are considered plesiomorphic
(14a).

I5. Spirosigmata: The rugose or spined sigmata
are here divided in three independent categories. the
contorted small sigmata (spirosigmata). which tend
to be uniform in size (one exception: R. acanthostvla.
which has two distinet size categories). and the larger
irregular sigmata, here dubbed thraustosigmata (cf.
below), of which there scem to be two categorices.
The presence of contorted small sigmata is conside-
red a synapomorphy (15b) for all Rhabderemia ex-
cept R mona. R. destituta, R, gallica. and R. burtoni
(15a), although the possibility of loss in the latter two
species cannot be excluded. The homology of these
contorted rugose sigmata with smooth regularly
shaped sigmata in other Poecilosclerid groups re-
mains to be demonstrated. Raspailiidae do not pos-
sesses sigmata, nor other sigmiform microscleres such
as chelae or toxa. Even if the spirosigmata are homo-
logous with true sigmata. the condition found in

Rhabderemia is unique and constitutes an undoubted
synapomorphy.

16. Large thraustosigmata; The presence of the
larger. true thraustosigmata is likewise considered a
synapomorphy (16b) for species possessing them (K.
coralloides. R. forcipula, R. intexta, R. mammillata).
although here the question of homology with true sig-
mata is even more pressing. In those cases where they
have been examined by scanning electron micro-
scope. they were found 1o possess some spines. less
densely distributed than in the spirosigmas. but cou-
pled with their irregular. angular. and crooked shape.
their condition is certainly apomorphic. Absence is
plesiomorphic (16a).

I7. Small thraustosigmata: The thraustosigmata
ol R. gallica and R. burtoni are distinctly smaller than
those in the other species. and this constitutes a du-
bious synapomorphy (17b) for the two (absence is
plesiomorphic: 17a). Possibly. the thraustosigmata
are devoluted contorted sigmata. but in the absence
of true contorted sigmata in the two this remains aca-
demic.

I8. Toxa: The toxa found in three species (in one.
the presence is dubious) of Rhabderemia are micros-
pined. like the sigmata and the microstyles. and re-
semble both these spicule categories. Many toxa are

F'ABLE 2 Fason-character matnx for the cladistic analvsis of Rhabderenria, Characlers/-states ire explained and discussed in the test,
Toog PR 2 3 4 s 6 7 8 90 012 13 M 15 M6 7 I8 19 2
Fixon

Raspailiidae it i il i i i i i i 7 i 2 ? 2 i i i i i Hl
it & h h h I I I h I i h il i 8} B} a il i i i
africana h Iy h I (1] [} & I b i I» 8] 2 ] h i i H] i H]
profifera I I b &} I I h &} I i I i i h I a i H] i i
bisivlifera B} i Iy I n v a i h i h h i i (a] i il i a a
willica h it 2 ? h [ h i i il Iy i i i ?2 a b i i i
Durtoni h i 2 4 I I b h I i & i i i ? i h a a H
spintose I i b I b b b h b il h i i it I il i h i i
toxigera b a Bl td 5 t 3] I h a h a H i h i a b 1} a
profunda h i 2 ? " ? h I i i h i ! a & a i i i a
acanthosivl il il ) I i il h I I i b i i i ) a i a il h
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Raspailiidae

Fiai, 45, — Phylogenetic relationships of recognized members of the genus Rhabderemia based on

cladistic analysis of the character matrix of Table 2. Numbers refer to characters and character states

listedd in Table 2 and discussed i the text. Black squares represent synapomorphies. black dots arc
homaoplasie (syn)apomorphies. and open circles are reversed character states.

irrcgular or asymmetrical. and therefore the presence
is considered apomorphous (18b) for the three spe-
cies concerned: R. toxigera, R, spinosa. and R. soro-
kinae. Because of conflicting character distributions
for only two of these (R. roxigera and R. spinosa).
they can be considered a synapomorphy. with a ho-
moplasic autapomorphy in K. sorokinae. Again. it is
possible that some species have secondarily lost their

346 R.W.M. VAN SOEST and LN A HOOPER

toxa. in which case they could be considered an un-
derlying synapomorphy for a larger group. including
the three species mentioned. In this analysis. howe-
ver. absence is treated as plesiomorphic (18a).

19. Thraustoxea: The possession of thraustoxea is
a unique feature of (some) Rhabderemia. They re-
semble the thraustosigmata to some extent. particu-
larly in R. coralloides. but also the microstyles, par-
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ticularly in R. muuans. Possibly they are not all homo-
logous. but this will be difficult to prove. so we decid-
ed to consider them all alike here. They are found
(19b) in R. coralloides. R. mutans. R. cuernei, and R.
Jascicularis. Absence is plesiomorphic (19a).

20. Pigment granules: Two species were found to
share a particular concentration of pigment granules
in the subectosomal region. and this is considered a
synapomorphy (20b) for the two: R. acanthostvia and
R. wruguaiensis. Absence is plesiomorphic.

The character states are scored against the species
in the matrix of Table 2. Character analysis using
PAUP 3.0 (MaclIntosh version) vielded over 100
cqually parsimonious trees of 40 steps each (un-
weighted, characters 1. 6. 8. 12, 17 were treated
unordered: characters 9 and 10 were treated as “Dol-
lo™: characters 2. 3. 4.5, 7. [1. 13. 14, 15, 16. 17. I8,
19. and 20 were treated as irreversible). Consensus
trees (strict, semistrict, Adams. and 50% majority)
all yielded polytomies to such an extent that trees
were rendered of limited value as a hypothesis of the
evolutionary development within Rhabderemia. Sub-
sequent assignment of potential synapomorphies to
groups within the polytomies (using MACCLADE
option) yielded a 40-steps tree with only two trichoto-
mies. and with a Consistency Index of .65, This tree

(Fig. 45) is considered the best estimate of the phylo-
eenetic relationships within Rhabderemia.

The tree differs considerably from HOOPER's
(1990) carlicr attempt. but in view of the large num-
ber of newly recognized taxa included here and the
morce extensive observations of type material and ul-
trastructure ol the microscleres, it is not useful to
make a close comparison between the two trees.

BIOGEOGRAPHY

The distribution of the genus as a whole (Fig, 46)
shows it to be widespread but relatively rare (of the
26 species recognized. 13 are known only from single
records). The genus is remarkable for occurring in
tropical shallow waters, Antarctic waters. and the
deeper-slope waters. Perhaps for that reason, it is
slightly more diverse than the marine sponge genus
Acarnus (21 species), which shows the same geo-
graphic distribution. except that it does not occur in
Antarctica (VAN SOEST e al.. 1991),

Rhabdostyles of a type found in Rhabderemia are
known at least from the Oligocene (HINDE and
Hormes, 1891) onward. The geographic position of
these remains (New Zealand). in combination with
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— Arcagram ol the genus Rhabderemia made by inducing the distributions ol the

species into the cladogram ol Fig. 45,

the recent distribution. strongly suggest that the ge-
nus was already widespread in the Early Tertiary.

In accordance with recent advances made in bio-
geographic methodology (HumpHRIES and PARENTI.
1986: LADIGES er al.. 1991). the distributions (see
Figs. 4. 8. 12, and 15) were introduced in the cla-
dogram of Fig. 45 to arrive at a taxon-arcacladogram
VAN SOEST and 1N AL HOOPER
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(or arcagram) (Fig. 47). This may be regarded as rep-
resenting the subsequent geographic events that gave
rise to the present diversity of Rhabderemia species
from a past ancestor. Unfortunatelv. in the absence
ol a general areacladogram of marine arcas, it is not
possible to objectively separate the potential recent
dispersal of individual species over large distances



from passive geographic speciation or past extine-
tions. Thus. detailed hypotheses of evolutionary sce-
narios that have given rise to present-day diversity
cannot be built on solid ground. Some trends, however.
may be observed in the arcacladogram of Fig. 47.

A rather distinet division was found between
warm-subtropical areas and cold-water southern a-
reas. At the diverging point A in Fig. 47, predom-
inantly shallow-water distributions in tropical/subtro-
pical areas are gathered, which when mapped form a
circumtropical belt (West Indies-tropical West Afri-
ca-Mediterrancan-western Indian Ocean-central In-
dian Ocean and Indo-West Pacific). The distribution
ol R. uruguaiensis in the southwestern Atlantic is ad-
jacent to tropical waters and may also be considered
part of this circumtropical warm-water belt. One dis-
tribution —namely. that of R. profunda— does not
seem to fit in this belt. At diverging point B in Fig.
47. predominantly cold-water/deep-water distribu-
tions are gathered. which when mapped show con-
centrations in the mid-North Atlantic (Azores) and
the South Pacific (Australia-New Zealand-Antarcti-
ca). The distribution of R. forcipula does not seem to
fit in this group.

Possibly, as in Acarnus (see VAN SOESt et al..
1991). this result again points to both a previous
Tethyan distribution of marine shallow-water orga-
nisms. and a Gondwanan distribution of organisms
more adapted to cold water, which in this case seems
to include also deeper waters. Inexplicable results at
present are the Azorean-southern Ocean relation-
ships. represented by the group of Rhabderemia spe-
cies with thraustoxeas. thraustosigmata. and heavily
spined rhabdostvles. Particularly difficult to explain
in accordance with the ruling paradigm of geographic
speciation is the sympatric cluster of related species
in deep water around the Azores (R. nuuans. R.
guernet. R. fascicularis, and R. intexta). 1t will be very
difficult to devise scenarios for vicariant events re-
sulting in this particular pattern of distribution and
phvlogenetic relatedness.

In view of several other strongly disjunct sister-
relationships (West Indian R. minuiula-Indian Ocean
R. prolifera. Indian Ocean R. acanthostvla-Southwest
Atlantic R. wruguaiensis. Azorcan R. intexta-South
Australian R. mammillata and Azorean R. mutans-
and New Zealand R. coralloides). it seems likely that
widespread extinctions have taken place in the histo-
ry of the genus. Such disjunctions are also observed
in Acarnus.

Other observed disjunctions are fairly easily ex-
plained by historical events: R. mona and R. destituta
are separated by the Isthmus of Panama, which was

&

an open passage as recently as 3 million vears ago.
Both are hypothesized to have differentiated after
the closure of the isthmus. During the Miocene. an
open connection between the Atlantic Ocean. Medi-
terrancan. and the Indian Ocean was present. allo-
wing a continuous distribution of the ancestors of R.
africana and R. bistylifera. as well as R. gallica and R.
burtoni. The meeting of the continents of Africa and
Europe presumably severed these connections and
allowed different species to evolve. R. spirophora
and R. indica have adjacent distributions. which can
casily be explained as the result of a relatively recent
vicariant event involving the relative positions of
Africa and South Asia.

DISCUSSION

Itis tempting to try to combine the present results
with those obtained with Didiscus (cf. HiEmsTrA and
VAN SOEST. 1990) and Acarnus (cf. VAN SOEST erf al. .
1991). to arrive at a general sponge arcacladogram
(for which methods are available: BPA [WiLky,
1988], CAFCA [ZaNpEE and Roos. 1987]. and
COMPONENT [PAGE, 1990]). However. there are
still not enough data to expect a successful attempt in
the marine shallow waters (compared. for example.
with the attempts in terrestrial areas by CRIsC ef al. .
1991, and OOSTERBROEK and ARNTZEN. 1992): fur-
thermore. the results for marine arcas are ecither
uninformative or confusing. Several other marine ar-
cacladograms are available (DE WEERDT, 1987; Cha-
linid sponges: HOEKSEMA. 1989: mushroom corals:
Brum. 1989: Chaetodontid fishes: HOwWES. 1990: Mu-
racnolepid fishes: R, 1990: Littorinid gastropods:
MoLLER ANDERSEN, 1990: water striders). but often
these concern either only northern marine areas
(REID. 19900 GUIRY and GARBARY. 1990) or even
more restricted arcas (DE WEERDT. 1987: Mol ER
ANDERSEN, 1991), and thus cannot be easily com-
bined with the present circumtropical and southern
areas. More areacladograms are currently being con-
structed, and these studies will no doubt eventually
lead someone o attempt to arrive at a general area-
cladogram of marine arcas of endemism.
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