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Fifty-ninc species of  ‘l’uhiticidac arc recorded from Bclizc o n  the Carihbcan side o f  Central 
America. Twcnty-tivc arc ncw t o  scicncc: Ain~idrilits gcwinir.s sp .n . ,  Heronidrilus gruvidus sp.n., 
H(wrodriIii,\ ,flcyuo.\us sl2.n.. Ii. rurus sp.n., t l ,  mor1estu.s sp.n., C‘orulliodrilus rugoms sp.n., C’. 
rrindyi y x n . ,  I’hullodrilus cornpac/u.c sp. 11.. 1’. singirluris sp.n. ~ P. vicinu.~ sp. n., P .  nusirtus sp.n., P.  
bipurtirus sp.n.. Inanidrilus rrginur sp.n.. Oluvius finirimus sp.n.. 0. vucuus sp.n. ,  0. (Olavius) 
pruvus sp.n., Huthydrilirs vetirstus sp.n.. 8. egeruis sp.n., Thula.s.sodrili~1e.s hruneri sp.n.. Limnodri- 
10ide.s unxius sp.n.. L .  major sp.n.. 1,. succitlus sp.n., I.. adversus sp.n., Smi/hsonidrilus apposirus 
sp.n., S. inro1urii.s sp.n. Phylogcnctic analyscs indicate that He/erodrilus Picrantoni, 1902, 
Tholussodrilides Brinkhurst & Raker. 1979, and Marcusaedrilus Kighi & Kanner, 1979, arc 
paraphylctic taxa as previously defined. Thcy arc thcrcforc rcviscd to include also apomorphic 
species c;irlier attributed to scparatc gcncra: in so  doing, Marcu.saedri1u.s bccomcs a junior 
synonym o f  .Smit~~.sonirlrilii.s Brinkhurst, 1966. Smifhsonidrilus pauper sp.n. (Peru), and S. 
miilti~1~iiidriluri.s sp.n. (Florida and Pucrto Kico) arc also dcscribcd, and Iziinnodriloides claviger 
ErsCus. 1982 is regarded as a synonym of L .  pieranronii (Hrabit, 1971). 
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Introduction 

Most o f  the marine species within the Oligochaeta belong 
to thc family Tubificidae, and this group has shown to be 
especially divcrsc and abundant in shallow subtropical 
and tropical waters. Parts of the Caribbean region, espc- 
cially Bermuda, Florida and Barbados, have been better 
studied than o t h c rs with regard to the taxonomy of 
marine Tubificidae (Brinkhurst 1966, 1986; Erseus 1978, 

1986cr-h, 19870, 19880, 1989~; ErsCus & Baker 1982; 
ErsCus & Milligan 19880; ErsCus & Loden 1981; Giere, 
1979; Helgason & ErsCus 1987; Lasserre & ErsCus 1976; 
Rismark & Erseus 1986), but information on the fauna of  
the  Caribbean coast of Central and South America is 
scarce (Erseus 1984a, 1987B, 1988a, 1989~; Righi & 
Kanncr 1979). 

The present account primarily deals with the tubificid 
fauna o f  the barrier reef off Belize in Central America, an 
arca that is biogeographically representative of a large 
part of the western Caribbean Sea. This reef is the longest 
continuous barrier reef in the Western Hemisphere, and 
it has been the site of intensive marine biological re- 
search, particularly since the establishment o f  the Smith- 
sonian Institution’s field laboratory at Carrie Bow Cay in 

1 97C)a-<’, 1 98Oa-h, 198 1 0 4 ,  1982~1-~, 1983a-h, 1 9 8 4 ~ - ~ ,  

1972. Carrie Bow (16”48’N, 88’05’W) is a t iny island, 
about 100 m long, situated on top of the barrier reef 
proper, about 20 km east of thc Belizean coast (Fig. 1).  
Results of studies on the ecosystems of Carrie Bow Cay 
and its surroundings have been compiled by Rutzler & 
Macintyre (1982). The area is suitable for studies on the 
diversity of marine fauna, because of its wide range of 
habitats within short distances. Within kilometres there 
are bathyal depths, barrier as well as patch reefs, exten- 
sive lagoonal bottoms, largely with seagrass, and man- 
grove systems. 

In April-May 1982, the late Dr Howard R. Baker of 
University of  Victoria, Canada, collected marine oligo- 
chaetes while acting as station manager at the Carrie Bow 
Cay laboratory. Unfortunately, he never had the oppor- 
tunity to publish any results on his study. After Dr 
Baker’s death in 1983, the material was forwarded to me 
and parts of it were included in a taxonomic study of the 
gutless general Inanidrilus and Olavius (Erseus 19846), 
the description of Bathydrilus formosus (Erseus 19866), 
and a revision of the Phallodrilus rectisetosus-complex 
(Erseus 1988~). The other species in Baker’s material are 
trcated in the present paper. 

The Belizean tubificid material was substantially sup- 
plemented by the author’s collections in November 1985. 
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I n  this paper, 59 species of Tubificidae, 25 of which are 
new t o  science, are reported from the area around Carrie 
Bow Cay, including also many samples collected at Twin 
Cays and Blue Ground Range (see Fig. 1 )  by Dr K.  
Fauchald and colleagucs (National Museum of Natural 
History. Smithsonian Institution, Washington D.C.) at 
earlier occasions. 

As many o f  the species found in  Belize occur also in 
collections received from other parts of the Caribbean, 
these other records are accounted for in this study as well 
(see Muterial and methods). 

Some tubificid genera and subfamilies-and probably 
the family Tubificidae itself (ErsCus 1990u)-arc, as cur- 
rently defined, paraphyletic rather than monophyletic 
taxa. The members of a paraphyletic taxon arc descend- 
ants of a common ancestor, but other descendants of the 
most recent common ancestor are excluded from the 
taxon. Two of the largest tubificid genera, Limnodriloides 
and Phallodriliis are most probably paraphyletic, but they 
will require an extensive splitting to achieve strict mono- 
phyly for each of the resulting genera (ErsCus in press). 
For some other groups, however, monophyly can be 
hypothesized by merging an assumedly paraphyletic ge- 
nus with those species that appear to be apomorphic 
members ofthe same lineage, but which to date have been 
kept in separate (often monotypic) genera. I n  the present 
paper, a cladistic analysis and re-classification is made of 
three such paraphyletic groups, which have members 
among the Belizean Tubificidae: Heterodrilus Pierantoni 
(enlarged to include Heterodriloides ErsCus and Girrei- 
drilus ErsCus), Thalassodrilides Brinkhurst & Baker 
(enlarged to include Kaketio Righi & Kanner), and Mar- 
cusuedrilus Righi & Kanner (becoming a junior synonym 
when merged with the apomorphic Srnithsonidrilus 
Brinkhurst). 

Two new species of Smithsonidrilus, from Peru and 
Florida/Puerto Rico, respectively, are also described 
herein, to make them available for the phylogenetic 
analysis o f  the genus. 

Finally, the type series of the Caribbean taxon Limno- 
driloida claviger ErsCus, 1982 is re-examined in this 
paper; the holotype of  L.  claviger appears identical to L.  
pierantonii (Hrabe, 1971). whereas the paratypes are 
identified as Smithsonidrilus minusculus (Erseus, 1983) 
com b . n . 

Material and methods 

Matt~riul.stiidit~d und it.\ prc>purmiioti. Most of the specimens studied were 
collected during ii three wccks stay at the Cnrric Bow Cay field station 
(November 1085). Eighty-seven stations. listed below, were visited and 
sampled qualitatively. Sand and mud samples of varying size were 
elutriatcd in the field. the animals and organic debris of the scdimcnt 
were collcctcd on a sieve with ii 0.2.5 mm mesh scrccn and brought to  the 
Inboratory. The oligochaetcs wcrc then sorted live under ;I dissecting 
niicro~copc, and (mostly sexually mature) specimens were fixed i n  
Bouin’s Huid and transferred into 70‘% ethanol after 1-2 days. 

Somc specimens collected in the same way, while visiting the Bcllairs 
Institute of  McGill University, in Barbados (in 1979), arc also included 
i n  this study. 

Additional Caribbean marine tubificids were obtained from a number 
o f  sources: ( I )  the collections of the late Dr H. R. Baker. Canada 
(material from Belize and British Columbia): (2) numerous samples 
collected by Dr K .  Fauchald eiu l . .  National Museum of Natural History 
(USNM), Washington D.C. (from mangrove cays in Belize); (3) 
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material of the K.V. Alpha Hclis el-uisc “CARIB I . ”  i n  1977. sorted by 
the Smithsonian Occnnographic Sorting Center. Washington L1.C. 
(from Belize. Panama and Nicaragua); (4) unidcntificd tubificids at the 
Institute of Taxonomic Zoology, Zoological Museum. University o f  
Amsterdnm (from various Caribbean islands; coll. P. Wiigcnaar Hum- 
melinck; scc Wagenaar Hummclinck 1977); (5) rcfcrcncc material from 
various benthic surveys, curated by Mr M. R. Millignn, Mote Marine 
Laboratory, Sarasota, Florida (from Florida and Pucrto Rico): (6) 
intertidal samples sorted by Dr N. Gourbault & Dr J .  Rcnaud-Mornant. 
MusCum National d‘tlistoirc Naturellc, Paris (from Guadeloupe); (7) 
one spccinicn from the Florida Department of Natural Resources 
Bureau of Marine Research, St Pctcrshurg. Florida (from Hutchinson 

ErsCus IYX6h); and (X) ;4 sample collected by Dr K. 
P. Higgins. USNM (from Ft Pierce, Florida). 

Included arc also a few specimens provided by Mr D. Davis. formerly 
i i t  Battellc New England Marine Research Laboratory, Duxhury. Mas- 
sachusetts (from off  North Carolina), Dr L. C. Schaffner. Virginia 
Institute of Marine Science. Gloucestcr Pt, Virginia (from Virginia). Dr 
M. L. Jones. USNM (from Ascension Island). and Dr E. Canahuirc C., 
Univcrsidad Nacional Mayor de San Marcos. Lima (from Peru). 

When not stated othcrwisc, the description\ arc based on whole 
specimens. f o r  most parts stained with paracarmine, c o m p i - e s d  and 
mounted i n  Canada h;ilsani. Spcciincns of some species collected by the 
author, however. were sectioned and stained with Aznn or with Hcicicn- 
hain’s hacmatoxylin and eosin. Generally. the sections are longitudinal 
through the genital region of the worm. A few large specimens of 
Thulu~sodri/irlc,.s inrri we re s t ai ncd i n  par;icarm i nc . cut i n  to  two halves 
i ind  the genital region clcarcd from gonadal products and intcstinnl 
structures, and the pieces s o  prepared mounted in Canada hals;im on 
slides. 

Somc type material and other old rcfcrcncc specimens in museum 
collections and author’s own collcction were re-examined. Such 
material was borrowed from CJSNM, I K C Z M  a n d  FSHC (acronyms 
ex pla i ncd be low ) . 

‘lypc specimens o f  the new spccics and other new rcfcrcncc material 
have hcen deposited in museums listed below. 

In the descriptions. length and width measurements rcfcr to fixed. 
whole-mounted. and slightly compressed specimens. Roman numerals 
denote scgmcnt number. 

I’hjlopwrtic um1ysc.s. ‘l’wo gcncric complexes (Hi~ir.ro-odrilusl 
Hc~icr~~rlr~lo~deslGierc.idrilrrs and Murctr .sac~i lr / l i~ .~/ .S~t /~i i .s~i t~~~lr~l i~.s)  wcrc 
analyscd for ingroup phylogcnctic relationships using Wagner parsi- 
mony, which minimizes (hut also accepts) all kinds of tionioplasy 
(convergence iis well i i s  rcvcrwlx) during the contruction of cladograrns. 
The program used for these analyses was PAUI’ (Phylogcnetic Analysis 
llsing Parsimony, version 2.4; Swofford 19x5). Taxa. characters and 
character states arc listed in ‘I’ahlcs 1-11 and VI-VII. Options sclcctcd in 
the PAUP package itre specified i n  cnptions o f  Figs 4 and 31 

The third complex revised (77iu/u.rsotlri / idc.s/K~1ki~/io) was cladisti- 
cnlly analyscd w i t h o u t  the aid of :I computer. 

Museum acronyms used in the text 

FSBC‘ Old abbreviation for ”Florida Statc Board ol‘ Conservation”, 
now Florida Department of  Natural Rcsourccs Bureau o f  
Miirinc Kcsearch. St Petcrsburg. Florida 

Indian Kivcr Coastal Zone Museum. Ft Pierce, Florida 
MusCuin National ti’Histoirc Nitturellc, Paris 
Swedish Museum of Natural History, Stockholm 
United States National Museum of Natural History, Smithso- 

Zoological Muscum. University of Amstcrd;un, Amsterdam 

IKC’ZM 
M N H N  
S M N H  
U S N M  

ZMA 
nian Institution, Washington D.C. 

Abbreviations used in the figures 

I( atrium 
uu atrial ampulla 
ud atrial duct 
cx copulatory gland 
Cl clitcllum 
c s  copulatory sac 
d diverticulum 
1’ cgg 
eud 
cc epidermal crypt 

entrance of atrial duct from other side o f  worm 
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ejaculatory duct 
cpidcrrnnl pad 
Ilap-like papilla 
gut 
gland aswciatcd with spcrmathecal scta 
muscles 
male bursa 
male papilla 
ovary 
penis 
papilla 
pscudopcni5 
prostatic pad 
pro\tatc gland 
anterior prostate gland 
posterior prostate gland 
penial scta 
penial scta o f  other side o f  worm 
rudimentary atrium 
spcrmathcca 
spci-ni;ithcc;il iimpulla 

spcrmathccal duct 
scta 
septum in atrial ampulla 
sperm funnel 
spcrmathccal gland 
spcrmathccal protuhcr;ince 
spcrn1;ithec;il sct;i 
spcrrnathecal vestibule 
spc r rnatoze ugrn ;i 
viis deferen\ 

spcl-m bundlc  

List of stations 

'l'hc following stations i n  tlic barrier recfoft Belize (Fig. I )  were sampled 
hy the author in Novcmhcr, 198.5. Carrie Bow Cay is alibi-eviatcd ( ' B C .  
'l'hc tubilicid specie\ cncoiiiitcrcd arc lktcd for c;ich station. Two \ t ; i t ion 
numhcrs (53. 63) arc omittcd from the list; thc s;implc\ \o dcnotcd 
yielded no tubificid oligochactcs. 

Stcitiori I .  N of inner end of dock, CRC. 0 . S  m, patch o f  heterogeneous 
medium to coarse sand (6 November 198.5): Heierodrilus flexuosus. H. 

, t i .  pentcheJJi, Phullodrilus deminiitius. P. mo1u.stir.s. Oluviics 
rritirilrrs turtlrr.v, Sniii1i.roriictrilu.s luteolir 

2. Under outer end o f  dock, CBC, I .5 m .  hctcrogcncous, somcwhnt 
muddy. mcdium t o  co;irsc sand ( 6  November 198.5); Phtrllotlrilus 
.sitigirluri.s. 1'. iuolesti is, Inunidri/ii.~ leirkotlerniutu.~, Huihytlri1ir.s formo- 
s u s ,  .Srtiitlis~~~~i~lrili~.s iipposiriis, S. hirmtnt~lin~~ki~ Tiihijicoirlcs hermiidue. 

.?. At N tip o f  CBC. 0.5 m. coiirse sand. gravel and rubble (6 November 
19x5) ; Ilett~rodrilus pciiicijiiscis. 

4. E side o f  N tip o f  CBC. 0.2 m. sand bar with loose. greyish, coarse 
sand (7 Novcrnhcr 1 9X.5): He/erotlrilrr.s ,flczuo.sirs, Duridrilii.\ /trrtfrrs. 

S. T h d ~ ~ ~ s ~ s i u  bed E of CBC. 0.3 m ,  hctcrogcncous. somewhat muddy 
sand and rubble (7 Novcmhcr 19x5); Hrtcrodrilits ,fle..yim\iis, 1~huI lodr i -  

big. I .  Map showing studiccl part of barrier reef of f  Belize. 

/ u s  nivlesriis. Iruinidrilus Ieukodermatus, Huthydrihrs fvrmosus. Smith- 
sonidri1u.s huninielinc~ki. 7ii  hificoides hermudue. 

h.About 25 m N of CBC. 0.5-0.8 in. coarse sand and rubble (7 
November 1985); Heterodrilus flesuvsus, €f. puucifuscis. Uuridrilus 
turdus, Sniitlisonidrilus 1ureolu.s. 

7. Sand bar at S tip o f  CBC. at high-water line (small depression in 
beach). medium sand (7 November 1985); t'hallodrilus hipurritus, 
Aktedrilus parvithecatus. 

8. lnsidc reef crest. E of CBC. 0.5-1 m. coarse to  medium Ilulimedu 
sand (8  November 1985); Heierodrili~s j&~xirosu.s, Oluviirs fenuissimus, 
Hrirhydrilu.~ /orniosu.s, Sniitlisoriidri1rA.s uppositus. 

9. About SO m N o f  CBC, 0.7 m, rubble hcd  with coarse t o  medium sand 
beneath rubble (8 November 198s): Heferodrilirs fl..uvsus, H. pent- 
cheM, Phullodrilus ileminutius, P. molesius, lnunidrilus leukodermatus, 
Duridrilus turdus, Bathydrilus egenus, R. Jormosus, Smithsonidrilus 
lutevliis. S .  uppositus, S. hummelincki, Tuhificoides hermudue. 

10. About 30 m N o f  CBC, 0.3 m ,  open sand fiat without rubble, mcdium 
to coarse sand with ripple marks (8 November 1985); ffeterodrilus 
, f l e . ~ i t o . \ ~ i ~ ,  H. petiteht~~fi, L)irritlrilus t u r d w ,  Sniirh.sorzidrili~,s liiteolus. 

11. About 10 in N of CBC, 0.5 m. coarse sand accumulatcd o n  lccward 
sidc o f  houlder (X November 1985); f l r~ir~rodr ih .s , f i i (~ .sus ,  H. puucvus- 
cis, H. modestus, H. penrehe@. Phullodrilus vicinus, Inanidrilus leuko- 
dermatus. 

12. W o f  N tip of CBC, 0.5 m, patch of  medium sand amongst scattered 
rocks and Thulussiu (8 November 198.5): Heterodrilus J7iwmsu.r. Phul- 
l o d r i l u ~  derninirtirrs, 1'. molesru.s, Smithwnidri1it.s 1irteoIu.s. 

13. W o f  S tip of CBC, 2 ni, sand patch with tine t o  medium sand ( 9  
Novcmber 19x5); I~eterodrilus jfexuosirs, H .  petirchc;fi, Phullodrihts 
rnolestus, Inunidrilits leirkodermutus, 1. seulprum3 Oluvius irnperftvtus, 
0. V N C U ~ I S .  0. (0.) ranticlus. 

14. About 1.5 m S of CBC, outer end of rubble zone, 0.5 m, medium to 
coarse sand (9 November 1985); Heterodrilus flexuosus, H. paucifasci.s, 
H .  modems, Inunidrilus Ieukodermutus. I .  uduncosetis, Oluvius ienuis- 
s i m i i s ,  Driritfrilus /urdrrs, Sriiitli.soriidriliis lureolits. 

1.5. 7'hulu.\.siu tied about 20 ni S o f  CRC. 0 . 2  in. rubble and sand (9 
November 1 9x5); He/t~roilrilirs pontchc.ffi, P. compuctu.\, I'hul1odrilu.s 
mole.stirs, luunidrilus i~irkodertnutu.s, Uuridrilus turdus. 

16. Patch reef E o f  S part of Blue Ground Range, 1 in, tine to medium 
sand with Thalussiu (9 November 198.5): Phullodrilus tnole.stu.s, Inunidri- 
lus Ieiikodertnutus, I. scdprum. Rathydrilus adriaticus, 1.imnodriloide.s 
.Scrc~culrr.s. 

17. Near mangroves on E sidc of  S part of Blue Ground Range, 0.3 m. 
smoll patch o f  sandy mud in ThtrlusJiu bed (9 November 1985); Thu1u.y- 
.sodrilrtle.s ,qiirw~irschi, T. /)runeti, 7'. iiirri, Tectidrilus hori. Lnnnodri- 
loides ru1)icrrnrlu.s. 

I N .  Hole in the ground, about 5 m from shore, S end o f  CBC, at  ground 
water Icvcl, medium to coarse sand with a lot of small roots (9 November 
1 985): Coralliodrilus rugosus, I'hallodrilirs nusutus. 

19. Inside breaker, E oflahoratory, CHC. 1 m, small patch o f  medium to 
coarse Hulimrdu sand ( I0 November 1985); 1lrrerotlrilii.s flex~rv,su.s, 
Stnithsoriidri1u.t uppositii,s, S .  involutio.  

20. Small sandy hcach, W side o f  Wee Wcc Cay, at high-water line, fine. 
somewhat muddy. sand ( 10 November 1985); I-ier~midri1u.s gruvidiis, 
A ktedrilus purvithcwctits. 

21. Near same beach (Station 20). 0 .3  m. tine sand with mud and roots 
( I0 November I 985); Tl~crlu.s.sotlrilirles gurwitschi, 1,irnnodrilvicles suc- 
cultr.,, L. rrrhicrrrrdrrs. 

22. Sand bore bctwccn CRC a n d  Wcc Wee Cay. I ni. heterogeneous 
griivcl and sand ( I0 Novcmbcr 19x5); Hc/e~o t l r i l i r s j l i~x i ro . s r~ . s ,  ff. rurus, 
Phulloilrihrs niolcs t i r . s ,  Inunidrilirs leukotfertrrnrti.s, 1. ,sculprum, 0luviii.s 

23. N of  dock. CBC. I m. line to medium sand and rubble ( 1 0  November 
1985): Hcter-od~-iliis /Ic-xuo.sii.s. Phullodrilus demiriririrrs. 1'. molestus, 
Inunidrilus leiikodermotiis. U(itli~drilit.sfbrrnosris, .Sn~iriisoniclrilu.s luieo- 
lii,s, S .  hrrmrndincki. 

24. Edge o f  7'hulussiu hcd, NE o f  N tip o f  CBC, 0.3 m. patch of well 
and ( 1  1 Novcmhcr 19x5); Heterodrilu.\ pentchc.lfi, Iluri- 

rlrilirs ttirdrrs. 

2.5. N tip of  CBC. at high-water line. coarse sand and gravcl a t  
groundwater lcvcl ( 1 I November 1985): Coralliodri1u.s rugosus. 

26. About I ( H )  m N of CRC. 1 m. heterogeneous. somewhat muddy sand 

(0.) /"""US. 
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( I 1 November 1985); I'htillotlr-iliis c'ompuc'iirs. P .  nioloius. lnutiidri/ii~s 
leitXotlart~iutii.s, 1. s(~111pri11n. Oluviiis  iniperJiwus, 0. vuciiiis. Buthydri- 
his ji)rtnosiis. .Smiilt.soriidrilii.s Iirteoliis, S .  hummelinckiq 7uhificoide.s 
bcrniittlric. 

27. NE of  N tip of CBC. 0.7 m. small depression with rubble bed. 

coarse sand with Hril inir t lu flakes ( 16 November 1085); H(q(,ro(lrili(,$ 
Jl~.xiio.si~s. 11. p~ircif ir .sc~is .  H. t?iotlesti.i.s, Pliollodrilits n i o l ~ ~ , s t ~ r , s .  

48. As Station 24. 0.3 ni, hut dccpcr (l).l-l).2 in) i n  sediment. grcykh 
(poorly oxygenated?) sand ( 16 November 19x5); H(,ic,t-odrilii,\ puuc~/a.s- 
cis. Sniith.soniilrilir.s 1ittc~olii.s. 

28. Thalu.s.siu bed NE of N tip of CBC. 0.2 m ,  medium t o  coarse \and ( I 1  .Sniiih.so~iit/rilii.\ h i i n i n i c 4 i n c ~ k i  
November 1985); Heterodrilus Jfexuosus, H. peritcliefji, Buthydri1u.s 
fiirniosiis. 

29. Beach above sca wall. E side o f  CBC, coarse sand at ground water 
level ( I ?  November 1985); Pliallo~/rilus hipurtitics. 

.W. Groove in rccf, SW o f  S tip o f  CBC, 1 .5-1.7 in. coarse Halirneda 
sand ( 12 November 1985); Heterodrilu.sfle~-uo.su.s. Smithsonidrilus hum- 
melincki. 

31. Edge o f  reef. near Thulussiri bed, SW of S tip of CBC, 2 m, 
heterogeneous sand ( 12 November 1985); Phullodrilus cornpncius. 1'. 
deminuiius. P. molestus. Inunidri1ii.s leiikotlc~rtiiutii,s, 1. helizensis, Olu- 
vius inperfectus, 0. finiiimus, 0. vucuus, 0. (0.) tunruliis. Ruthydrilus 
formosus. 

.?2. Inner end of  rubble zonc, S tip of CBC, 0.S m, muddy sand under 
rubble (slight smell of hydrogen sulfide) ( 12 November 1985); Iletero- 
drilus flexuostis. H .  modestus, H .  pentchef$, Phullodrilus molestus, 
1iiunidriIu.s Ieukudermutus, I. uduncosetis, Buthpdrilus Jormosus, Smitli- 
sonidrilus hummelincki. 

3.3. Inside reef 15G-200 m N of CBC, 1.5 m. heterogeneous sand (13 
November 1985); Phullodrilus molestus. Tiihificoides hermudue. 

34. About 40 ni NW o f  N tip of CBC, 0.5 m,  medium to coarse sand (13 
November 1985) ; Heterodrilus puucifuscis, Smithsoiiidrilus 1uieolu.s. 

35. Rubble zonc. S tip of CBC, 0.3 m ,  muddy coarse sand, with gravel 
and rubble ( 13 November 1985); lleterodriLusffexuo.sus, H .  peiitcheffi, 
1iiunidriIu.s leu kodermutus, Buihydrilus formosus. 

36. Sand flat at S tip of CRC, 0.2 m, greyish (poorly oxygenated) coarse 
sand from beneath surface (with smell of hydrogen sulfide) (13 
Novembcr 1985); Heterodrilus pexi.iosi.is, 11. pentchefi. Iluridriliis tur- 
dus. Ruthpdrilus vetustus. B. formusus. Smithsonidrihcs uppositus. 

37. N end o f  Big Dipper, Twin Cays, small depression in peat mat at 
edge of mangroves. 0 . 3  m, muddy fine sand with Ifalirnedu gravel (14 
November 1985); Smithsonidrilus uppo.situs, S. hummelincki, Tub+ 
coides Ourmudue. 

38. Outside entrance channel to Grouper Gardens. Lair Channel, l w i n  
Cays, I .2 m ,  muddy fine sand and Hulitneda gravel (14 November 1985); 
Litntiodriloides burnurdi. Tuhi$coirles bermudue. 

39. Inside reef crest SE of laboratory, CBC, 0.5 m, small pockets of  
heterogeneous sand ( 1  5 November 1 Y85); Ruihydrilu.s~i~rniosi.i.~, Smi th  
soni&ilu.s uppositus. 

40. Thrilussiu bed in front of laboratory, E of CBC, 0.3 m, hctcro- 
nd (15 November IYX5); Heterodrilits JIexiio~its, Buthydri1u.s 

formosus, Limnodriloides burnardi, Smithsonidrilus huninielincki. 
Tiihificoides hcrmiirlue. 

41. Open sand Hat W of dock, CBC, 1 m, medium to coarse sand (15 
November 1985); Heterodriliis ,pexiiosi.is. Phullodrili~.s molestiis, Inuni- 
driliis leukodertnutiis, Tiibificoides hermiidae. 

42. NW end of reef, N of CBC, 2.5 m, Hat inside reef crest with medium 
to coarse sand (15 November 1985; sediment coll. by C. Brunet); 
Heterodrilus pentchefi, Phallodrilus molestus, Inanidriliis ieukodermu- 
/us, ~iiric1rilii.s iardris. 

43. ltincr end o f  reef Hat. N E  part of South Water Cay, 0.1 ni, 
heterogeneous, somewhat muddy, sand (15 November 1985); PhuLlodri- 
/ u s  molestits, Thula.s,sodrilides brunet;, Smithsonidrilus huninielincki. 

44. Inner end of reef Hat, at N tip of South Water Cay, 0.1 m, rubble and 
heterogeneous, somewhat muddy. sand (15 November 1985); l'hullodri- 
1u.s conipactii.~, t'. molestus, Burhydrilus fbrmosiis. 

45. At dock of "University o f  Southwatcr Cay", 0.5 m ,  muddy (grey) 
medium to c o m e  sand (15 November 1985); .Smit~i.sonidriliis hiimmr- 
lincki. Tuhificoides hermudue. 

46. As Station 45. hut 1 m,  muddy fine to medium sand. with large 
mounts and shrimp burrows (15 November 1985); Heronidrilus gruv- 
dus, Limnodriloides hurnurdi, Tubificoides hermudue. 

47. Reef crest N E  of CBC, 1 m, patch of hetcrogencous medium to 

SO. Stccp slope on E side of large patch reef at N end of "sand bore" 
iii-cii. between C'HC and Wcc Wee Cay. I m .  sni;ill patches olsomcwhnt 
silty, medium to coarse sand ( I6 November 19x5); Hcvwiidri1ii.s gruvi- 
diis, 11etero~lrilu.s /lexi~osir.s. 11. ruriis, H .  qirti~lri/hvcaiu.s. 1'hcillodrili.i.s 
niolesiitr , 1ntitridrilii.s I~rrkodc~rrriuti i .~,  .Stnithsonidrillc,(soriidrilii.\ t i p p o s i i i r  5 ,  

51. As Station SO. slope of  reef ( E  side), but 3 m. heterogeneous finc to 
coarse sand. with Periicilliini and 11 few Thtilu.s.siu ( 16 November 19x5); 
Pliullotiri1u.s tnole~ius,  1utiriidrilir.s Ir~i~hod~~rriiiiiir.s. I. .v~~iilpritni, 1. heli- 

luvius (0. ) tutiiu1u.s. Stnit~isoiii~1rilii.s uppositiis, 

52. W side ol one of the middle group cays in Blue Ground Range, I m, 
coral ruhhle and finc. somewhat muddy, sand ( I7  Novcmbcr 1085); 
Rathydrilii.s utlriuiicii.s, I.itritioc/riloidc.s armxiii.s, l J .  barriurdi. I.. riihiciin- 
dus. Sniith.soiii~lrilir.s hirnmmelincki. 

54.  Small sandy beach on W side of one o f  the cays i n  the middle group of  
Blue Ground Range. at high-water line. heterogeneous sand and rubble 
at groundwater level (I7 November 1985); Akfedri/ir.s lori~itriAirlriri.~, 
Jomiesoiiidlu othecuiu. 

5.7. SE tip of the largest cay in Tobacco Range, facing Tobacco Cut, 
0.7 ni. siniill patch of somewhat inuddy and silty coiirse Hrtlinirdri sand 
near mangroves ( 18 November 1985): 7i.c.tidrihi.s hori. ~St~~ithsot~idrilit.s 
uppositiis, Tiihjficoides hertnirdue. 

56. N E  tip of the largc\t cay in Tobacco Range (i.c.. the most north- 
eastern point of the whole group). 0.7 m, patches of  muddy. very fine 
sand. inside Thulassiu bed ( 18 November 1985); I,ininotlriloitl~~.s rirhi- 
cundus. 

57. Back rccf, Send  of Columbus Rccf. N o f  Tobacco Cay, I ni, mcdiiiin 
to coarse \and ( 1  8 November 1985); Hc~tr~rot l r i l i t . s ,~~~xiros irs ,  H. niodrs- 
/us, H. pentchesfi. Phullodriliis molestus, Inuni~lriliis leukodermatiis. 1. 
bdizensi.s, O1riviir.s iwrporfeetii.s. 0. fitiirirniis. 0. vuciiii,s, l~urhydrilirs 
fortnosiis. .Sniithsortidrilu.s hi.irnmelinc~ki. 

S8. In front o f  laboratory. E of CBC, 0 .5  m ,  medium to coarsc sand and 
rubble under coral clumps ( I9  November 1985); HctrrotlriIirsf~ex.iio.si~\. 
ti. nlod~srus. 

59. S of dock, CBC. 0.5 in. greyish (poorly oxygenated) sand in  
Thulussiu bed ( I9 November 1985); Iriunidriliis leiikodemiutus. Tuhifi- 
coides hermudue. 

60. Rubble zone W of S tip of CBC. 1 in. sand ;ind rubble under coral 
heads ( 19 November 1985); Ileterodri1ii.s~~exiro.su.s. Phul1odrilu.s nioles- 
[us, 1riutiidrilir.s Irirkoder.muius, .Stiiiihsoiii~lrilii.~ in vo1iitir.s. 

61. At coconut palm tree near house. E side of South Point. Twin Cays. 
0.1 m ,  muddy fine to medium sand (19 November 1985; sediment coll. 
by C. Brunet); Tiiulu,ssodrilidr~s giirwitschi, 7'. hrutieti, I~irntiodriloidc~.~ 
unxius, L. uniumpiillutus. L. hurtiurcli, I-. riihicundus, Sniith.soiiiflri1u.s 
hiimnielincki. 

62. Sand trough on outer fore reef, N E  of  CBC, 24 m, finc to  medium 
sand (20 November 1985; sediment coll. by C .  Brunet, SCUBA); 
Hrtrrodrilir.s,fk.xi~o.sii,s. Inunidrilu ,ulprirni, 1. h ~ ~ I i x m i , \ ,  Sniithsonidri- 
1u.s hiteoh~s. 

64. Off breakers, SW of C'BC. 2.5 ni. tine sand (20 November 1985); 
Oluvius imperjectus. 0. (0. ) tuutiiliis. Liintiodriloides huriuirdi. 

6.5. 7%ulussiu bed on  reef flat, L! of N part of CBC. 0 .  I in. grcyish eoiirse 
sand (2 I November 19x5); Phullodri1u.s n ~ o I e . s ~ i ~ . s ,  i~it~iriodriloitlrs bur- 
nurdi, Smithsonidrilus cippositus, S. hummelincki. 

66. Flat on back reef, Curlcw Bank, 3 in. tine to medium sand (21 
November 1985): Heterodriius , J ~ X I I O . ~ I I S ,  Phullvdrihis molestus. Inmi- 
drilus leu kodermutus. Smith.sonirlrilirs Iiiteolirs. 

67. Curlew Bank, 1.2-1.5 m ,  hctcrogcncous sand (21 November 19x5): 
Heronidrilus gravidris, Heieruilrilus flexuosiis. Buthpdrilus 
Liniriodriloides burnurdi, Smit/i.soriidrilii.c 1uteolir.r , S .  upposiri 
melirrcki. 

68. Top o f  Curlcw Rank. 0.3 in, coarse sand and rubble (21 November 
198.5); Heterodrilus flexuosus, H .  puiicifu.scis, H.  niotiestirs, H .  ersei, 
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Olu\,iu.\ (0. ) l o n ~ i . s . s i r r ~ r ~ s .  

69. Channel S of CBC. 4.5 ni, well sorted medium sand (21 November 
19x5; sediment coll. by C. Brunet. SCUBA); Ilerc~rodrihcs modestus, I f .  
rrsei, I’hullotlrilus mo1rsr i i . s .  

70. As Station 69.4.5 m, but fine to medium sand (21 November 1Y85; 
sctiimcnt coll. by C. Brunet, SCUBA);  lletc~rodriIrr,s~exuosu.s. Phullv- 
r1rilu.s rnolestus, Sniith.sonitlri1u.s Iirtcwlus. 

71. As Station 68 (but 22 November 1985); Heterodriluspuircifascis, H. 

72. Small patch ree l  E o f  S end of middle group o f  cays, Blue Ground 
Range, I m, greyish (poorly oxygenated) medium sand (22 November 
1985) ; Phallodrilirs nroIr.stns, Inunidrilus leukoderrnutus. 

7.1. Off reef end, NW o f  CBC. 3.5 m, well sorted medium sand (22 
November I Y85) ; Heterot1rilu.s~eruosrrs. Smithsonidrilus hummelincki. 

74. A\ Station 17 (but 22 Novcmbcr 1985); Burhydriliis adriaticus, 
Tiialu.s.sodrilide.s ineri. Sttiit~i.sonidri1u.s hunimelincki. 

7.5. As Station 17. but 5-10 m further to  the north. 0.2 m, muddy fine 
sand (22 Novcmhcr 198.5); T~iulus,sodrilirl~,s gurwitschi, T .  hruneti, 
Lirnnodriloide.s uniampi:llatu.s. 1.. rubicundus. 

76. Hollows at foot of  buttress in spur and groove zon 
C‘BC. X-0 m .  coarse sand and ruhblc (23 Novcmbcr 1985 
by B. Kensley, SCUBA); Heterodrilus modestus. 

77. Rack reef, ahout 2 km N of South Water Cay, Tobacco Rccf. I .2 ni. 
fine t o  medium sand (23 November 1985); Hetr,rodrilu.s J C . Y I I ~ . S U S ,  H .  
modestus. H .  pentchefji. I’hullodrihis molestus, Inunidrilus leukodermu- 
t m ,  I .  sculprum. Oluvircs c*ucuus. Buthydrilus formosus, Smirhsorridrilus 
hrtrr~~nrlincki. 

78. As Station 77. but immediately behind breakers, 0.7-1 m. small 
patches of  heterogeneous sand with Hulimcdu flakcs (23 Novcmbcr 
10x5); Heronidrilus Krub’idtrs, IlcJterodrilus flcxuosiis, Itiuriidrilus leuko- 
dertnutrr.s. I. sculprum. Limnodriloides sacculus. Smithsonidrilus 
upposirrcs, S. hrrmnrdincki, S. involutus. 

70. As Station 77, back reef, but 0.7 m ,  medium sand (23 November 
1985) ; Pliullvdrilus molestu.~, Inundrilus leukodermutus, Smithsonidrilus 
Irttcolus. S .  upposilus, TuhiJicoides hermudue. 

KO. Back reef, about 200 m N of South Water Cay. Tobacco Kccf, 1 m, 
cmarse sand (23 November 1985); Ifeterodriluspexuosus, !I. penrchefl, 
Phallodrilrrs molestus, Inunidrilris leukodermutus. I .  sculprum, Oluvius 
imperfiwus, I~uridri1rt.s turdus, Buthydrilus Jbrmosus, Tu bificoides ber- 
niudoe. 

81. E o f  South Water Cay, 27 m. fine sand with Hulimrdu flakes (23 
November 19x5; sediment coll. by C. Brunet, SCUBA); Inanidrilus 
sculprum. Oluviiis tenuissimus, 0. (0.) tuntulus, Tectidrilus bori. 

82. As Station 81. but 16.5 m, medium sand with Huliniedu flakcs (23 
November 1985; sediment coll. by C.  Brunet, SCUBA); Phullodrilus 
molestus, Inundrilus leukodermutus, I. scalprum, Duridrilus turdus, 
Smith,sonidrilus luteolus, Tu bificoides purviductus. 

8.3. S end of Man of War. 0.7 m, mud (24 November 1985); Thulussodri- 
/ides gurwitschi, 7. ineri, Limnodriloides rubicundus. 

84. W side of N point, Man of War, lower intertidal, fine sand with some 
ruhblc (24 November 198.5); Limnodriloides unxius. 

8.5. As Station 2 (but 24 November 1985); Buthydrilus adriuticus. 

86. As Station 9 (hut 24 November 1985); Heterodrilus~exuosu.~, H .  
pentcheJfi, Phullodrilus deminutius, P. molestus, Duridrilus turdus, 
Buth~drilrrs Jormosus. Smithsonidrilus luteolus. 

87. E o f  Man o f  War. 0.5 m. peaty Thulassiu bed with some fine sand (24 
November 1985); Phullodrilus compuctus, Bathydrilus adriuticus. 

i, Oluciirs (0. ) longissirnu.s. 

List of species treated in this paper 

(All except those niarkcd with an astcrisk arc recorded from Belize.) 

Subfamily Rhyacodrilinae: 
Ainirdrilus geminus sp.n. 
Heronidrilus gravidus sp.n. 
Iletervdrilr~sfIPxiIosus sp.n. 
Heterodrilus rarus sp.n. 
Heterodrilus puucifascis Milligan, 1987 
Heterodrilus modestus sp.n. 
Hetcwdrilus pentchefi Ersdus, 1Y81 
Ilererodrilus quudrithecatus (Erscus, 1981 ) comb. n, 
Heterodrilus ersei (Gicre, 1979) c0mb.n. 

Subfamily Phallodrilinac: 
Corullioclri1u.s riigo.su.s sp.n . 
Coralliodrilus rundyi sp.n. 
Phullodrilus cornpuctus sp.n,  
Phullodrilus singuluris sp.n,  
Phullodrilus deminutius ErsCus. 1979 
I’hallodrilus molestus ErsCus, 1988 
Phullodrilus vicinus sp.n. 
Phallodrilus numius sp.n. 
Phullodrilus bipurtitus sp.n. 
Akledriliis longiruhularis Finogenova & Shurova, 1980 
Aktedrilus purvirhecutus (ErsCus, 1978) 
Jamiesoniella athecata Erskus, 1981 
Inunidrilus 1oukodermutu.s (Gicre. 1979) 

Inanidrilils hclizensis Erskus, 1984 
Intmidrilus udirncosetis Ersdus. 1984 
Inanidrilii,s reginue sp.n. 
Okiviics imperfectus ErsCus, 1984 
0luviu.s tenuissimu.s ( ErsCus, 1 Y7Y) 
Oluvius finitimus s p .  n, 
Oluviw ~~ucuus sp.n. 
Okuvius (Okavius) tuntulus ErsCus, 1984 
Oluvius (Oluvius) pruvus sp.n. 
( h v i u s  (Oluvius) longissirnus (Gicrc, 1979) 
Ihridrilus tardils ErsCus, 1983 
Rathydrilus vetustus s p .  n. 
Buthydrilus (,genus sp.n. 
Buthydri1u.s adriuticus ( HrabE, 197 1) 
Rathydrilus Jormosus ErsCus, 1986 

Subfamily Limnodriloidinae: 
Doliodrilus puertoricensk E r s h s  & Milligan, 1988 
Thulussodrilides gurwitschi (Hrabi-. 1971) 
Thalassodrilides hruneti sp.n . 
Thulassvdrilides ineri (Righi & Kanner, lY7Y) c0mb.n. 
Tectidrilus gabriellae (Marcus, 1950) 
Tectidrilus bori (Righi & Kanncr, 1979) 
Lirnnodriloides muriothueus Cook, 1974 
Limnodriloides unxius sp.n. 
Litnr1odrik)ides mujvr sp.n. 
Limnodriloides uniampullutus Erseus, 1982 
Limnodriloides succulus sp.n. 
I.imnodriloides adversus sp. n .  
Limnodriloide,s hurnurdi Cook, 1974 
Limnodrilvides rubicundus ErsCus, 1982 
Limnodriloides pieruntvnii (Hrabe, 1971)* 
Smithsvnidriliis mirtusculus (ErsCus, 1983) comb. n. 
Smithsonidrilw. luteolus (ErsCus, 1983) c0mb.n. 
Smithsonidrilus uppositus sp.n. 
Srnithsonidrilus pauper 5p.n. * 
Smithsonidrilus hunzmelincki (Righi & Kanncr, 1979) comb.n. 
Smithsonidrilus murinus Bnnkhurst, 1966* 
Smithsonidribs westvni Ersdus. 1982, stat.n.* 
Smithsotiidrilus multiglundularis sp.n. * 
Smithsonidrilus involutus sp.n. 

Subfamily Tubificinae: 
Tubificoides hermudue Rismark & Ersdus, 1986 
Tubificoides purviductus Helgason & Erseus, 1987 

Descriptive part 

Subfamily Rhyacodrilinae 

Genus Ainudrilus Finogenova, 1982 

Remarks. This genus, with Vadicola Baker, 1983(a) as a 
junior synonym, was recently revised by ErsCus (1990b). 

Ainudrilus geminus spa.  (Fig. 2 )  

Holotype. USNM 127646. 
Type locality. West Bay, Twin Cays, Belize, 0-0.3 m ,  mud (6 April 

1981; coll. K. Fauchald et ul.).  
Puratypes. USNM 127647-1276.58, 12 specimens from type locality 
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Fig. -7. Ainrrtirih.~ ge:uniOtus sp.n.-A. Somatic seta.-B. Peiiial scta of paratype: dotted area Hat.-C. la teral  view of male genitalia in segment 
XI (holotypc).-I). Atrium of another specimen. 

(variousdatcs. March-Dcccmbcr 1980: coll. K. Fauchald t vu l . ) .  USNM 
1276.50. \pccinicn from W side of middle cay, Blue Ground Range, 
Beli7e. intertidal C'uirlerpci mat in mangrove (9 June 19x1; coll. K .  
Fauchnld t'r ( I / . ) .  

Ot/i(,r tnutr~rid. USNM 127660, specimen from Blue Ground Rmgc 
( a s  for paratype above). tentatively identified as A .  gcniinus (see 
Hemurk.s). 

Efymology .  The species epithet gtwtinu.s is Latin for 'of double nature' 
and 'twin', here referring to both the pcnial setae (generally one on each 
side of  worm. making one pair o f  pcnial setae), and the location of the 
type locality (Twin Cays). 

Descripfion. Length 2.8-5.2 mm, from about 27 to 40 
segments. Width at XI 0.22-0.35 mm. Prostomium vari- 
able: rounded and broad, or elongate and well set off 
from peristomium. Clitellum extending over fx-XII. 
Somatic setae (Fig. 2A) bifid, with upper tooth longer and 
slightly thinner than lower. Bifids 50-75 pm long, 2-3 pm 
thick, (2)3-6 per bundle anteriorly, (3)4-S per bundle in 
postclitellar segments. Penial setae (Figs 2B; C, ps)  l(2) 
per 'bundle', single-pointed, generally somewhat sig- 
moid, 45-1 10 pm long, 3-7 p m  wide, with indistinct ectal 
node and somewhat flattened ectal tip. Male pores paired 
in line with ventral setae, posteriorly in XI. Spcrmathecal 
pores d b sent. 

Pharyngeal glands generally in IV-VI, sometimes in- 
distinct. Gut distended, thick-walled in X. Coclomocytes 
abundant, globular, 7-12 p n  wide, granulated. Male 
genitalia (Figs 2C-D) paired. Vas defercns narrow, 
longer than atrium, entering latter at base of atrial 
ampulla. but not well visible in available material. Atrium 
erect or tilted over to posterior. 40-105 p m  long, some- 
what club-shaped, with round-to-oval ampulla, 25-70 p m  
wide, and short, indistinct duct, 14-21 p m  wide. Latter 
opening directly to exterior. pseudopenis (if present at 
all'?) very simple. Atrial ampulla histologically variable, 
but genera I I y h e avi I y granulated and with narrow 1 u m c n 
(Fig. 2C); see, however, Kumurks. Lining of atrium th in ,  
not muscular. External prostate glands absent. Sperma- 
thccac absent. 

Rrmurks. In some of the specimens with very small atria 
(note wide range in size above), one or two of the ventral 
setae of segment XI resemble the somatic (bifid) setae 
and are not penial setae of the kind found in more 
developed (fully mature) worms. It is therefore con- 
cluded that the ventral setae of XI first are normal bifids, 
and that these arc shed and replaced by modified (single- 
point and ectally flattened) penial sctae during sexual 
maturation . 

The non-type specimen from Blue Ground Range is 
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identified as A. geminus with some hesitation. It lacks 
penial setae on both sides (they may have been shed), and 
one of its atrial ampullae has thin walls (without granu- 
lation) and contains a broad bundle of sperm (Fig. 2D). 
The latter trait is a common condition for all other species 
of Ainudrilus, and may indicate that this single specimen 
has reached a later stage of  maturity than any of the other 
specimens of A .  geminus. However, there is a possibility 
that the worm represents a separate species. 

Regardless of this variation, A. geminus is easily separ- 
ated from its congeners by its (generally) single penial 
setae (in all others, penial setae at least two per bundle). 
and consistent lack of spcrmathecae. 

Distrihirrion und huhiiur. Known only from Twin Cays, Belize. Intcrtidal 
a n d  barely subtidal, muddy sedimcnt associated with mangrovca. 

Genus Heronidrilus Erseus & Jamieson, 1981 

Remarks. The definition of Heronidrilus was recently 
modified (Erseus, 1990h) to include Mucyuurid~iloicies 
Erseus Br Jamieson, 1981. See also Remurks for H .  
gruvidus sp.n. below. 

Heronidrilus gravidus sp.n. (Fig. 3) 

f {ohtype. USNM I2766 1 . 
Type loculiry. Curlew Bank. Belize. I .2-1.5 m (Station 67). 
Ptiru/jpe.s. USNM 127662-127663.2 specimens ( I o f  which sectioned) 

from type locality. USNM 127663. specimen from Station 7X. USNM 
127665. specimen from N of Carrie Bow Cay. ahout 1 m. poorly mixed 
coral sand under coral overhang (1X April 1982; coll. H .  R. Baker). 

Otliw niutc'rid (author's collection). Five \pecimcns from Belize: 1 
from near Carrie Bow Cay, shallow witc t - .  cdgc of 7hulus.siu l)cd (7 
April 10x2; coll. H. R. Baker); 2 from Station 46; and I (scxu;illy 
immature) from each of Stations 20 and SO. Threc specimens from 
Barhados (coll. C .  ErsCus): 1 from o f f  edge o f  Bellairs Reef. iiciir sandy 
beach at  Bellairs Rcscarch Institute of McGill University. St James. 1 -  
I ..5 m. tine sand (22 October 1070): :ind 2 ( 1  of which sectioned) from 
Carlisle Bay, at Bridgetown. 7 in. muddycoarsc sand (2.5 Octoher 1070). 

Erymology. The species cpithct gruvidcrs is Latin for 'pregnant'. here 
referring to the presence o f  large, yolky eggs in all clitcllatc specimens. 

Description. Length (only complete specimen) 10.7 mm, 
70 segments. Width at XI 0.254.45 mm. Prostomium 
gc n cr all  y pointed t ri an gu I ar . C I i t el 1 urn ex t en di n g over 
2X-iXII; well developed in all \exually mature specimens 
studied. Setae (Fig. 3A) bifid, 40-60 pm long, 2-4.5 p m  
thick at node, (1)2-4(5) per bundle anteriorly, (1)2(3) per 
bundle in postclitellar segments. Bifids with upper tooth 
distinctly thinner and shorter than lower, and with distinct 

1 



Marine Tuhificidae o f  Belize 249 

L 100 p m  J 

whit \p n -A Setd 4 1  Oblique section through clitcllar region, largely wgrncnt XI F i g  

I 20vm 

3 .  Heroriidrilus gru L 

nodes. Modified penial setae abscnt; ordinary bifid setae Genus Heterodrilus Pierantoni, 1902 
(1-2 per bundle) present or absent, ventrally in  XI. 
Rudimentary male pores sonietimes visible in line with 
ventral setae, posteriorly in XI.  Spermathecal pores ab- 
sent. 

Pharyngeal glands extending over 111-V, particularly 
well developed in IV. Oesophagus conspicuously 
enlarged in VIII. Coelomocytes hyaline, numerous. A 
pair o f  testes present anteriorly in X, but maturing or ripe 
sperm very fcw or absent. A pair of ovaries (Fig. 3B, ov) 
present anteriorly in XI; one paratype with a second 
second pair of ovaries in XII. A few large yolky eggs (Fig. 
3B, e )  present in clitellate specimens. Male efferent ducts 
(Fig. 3B) rudimentary in XI; non-functional spcrm fun- 
nels ( s f " ? ) .  vasa deferentia (visible in sections adjacent to 
that drawn in Fig. 3B) and poorly developcd (non- 
functional?) atria ( ra)  present in some clitellate speci- 
mens. Spermathecae absent. 

Remarks. The four previously known species of Heroni- 
drilus, all from the west Pacific Ocean, have well devel- 
oped male ducts consisting of ciliated vasa deferentia and 
tubular atria, latter with numerous prostate cells scat- 
tered over surface (Ersdus 1990b). The new species from 
Belize has rudimentary male ducts only, but is recognized 
as a Heronidrilus on the basis of its somatic characters 
(prostomium triangular; bifid setae with distinct nodes; 
pharyngeal glands particularly well developed in IV; 
oesophagus enlarged in segment VIII; coelomocytes nu- 
merous. hyaline; cf. Erseus & Jamieson 1981; Erseus 
1990h). 

Most of the specimens studied are sexually mature, 

Hc~trwrlrilus Picrantoni, 1902: 115-1 16: HrahC 1967: 351; Brinkhurst & 

(%'ieIlio Savigny (pur/ i )n);  Brinkhurst 1966: 29X-299; 1971: 571. 
Il~~tt~rociriloitlc~s ErsCus, 1981~: 125. 
Gierc~iclrilu.~ ErsCus. 1981~: 126. 

Baker 1979: 1567; Ersdus 19Xlu: 112. 

Emended definition (with assumed synapomorphies in 
italics). A group of largely tropical and subtropical mar- 
ine tubificids. Hair setae absent. At leust some cnterior 
setm trifid (suhtilis and hispidus regarded as having lost 
third tooth secondarily). Posterior setae bifid or single- 
pointed. Setue two per bundle in mosf segments anterior to 
clitellurn, only one seta representing euch bundle posterior 
to clitellum. Sctae often large and stout. Penial setae 
generally present in  XI. Spermathccal setae absent. Male 
pores paired or unpaired, in XI (occasionally in another 
segment). Spermathecal pores paired or unpaired, gener- 
ally in X; in one species (yuudrithecatus) often two pairs, 
normal pair in XII, supplementary pair rudimentary, in 
XI. Granulated, round coelomocytes generally abun- 
dant. Pharyngeal glands present in IV-V, generally also 
extending into VI. 

Male ducts paired in XI (occasionally in another seg- 
ment). Vasa deferentia ciliated, short or long, coiled into 
tight spiral in some species. Atria cylindrical, very long in 
many specics, bearing broadly attached, lobed prostate 
glands (?secondarily lost in some species). Atria ciliated 
in all but two species (ersei and inermis). Spermathecae 
paired or unpaired, ampullae containingsperm in loose or 
compact masses, or in loose bundles, often with charac- 
teristic granules of secretion. Spermatozeugmata not 
devcloped. 



250 C. ErsCus 

Table I .  ( 'huriiclcvs and churucterskites used for  Wugner unu1ysi.s iifthe species oJHeterodrilus (including rheformer members of Hctcrodriloidcs und 
Giercidrilu5). Churuc.tcm with (in ustwisk (.') wwc' left unor~lered. All chuructcr truri.sfr,rrr~utioii.s urc not givm iiniry weight: the factor 2.0 is applied to 
,soiiw ( . s c ~ u l .  highly tliugno.c.ric) feurures ussumed 10 he l e s s  homoplu.seou.c thurr other churucter.r. the Juctor 0.S t o  feutiires for which ut kus t  one of the 
trpo~n~irphic .siutc'.s u p p e u r ~  very likely to he homopluseoirs (e.g. loss oSpeniu1 .sctue or spc'rmuthecue). lSee text Jvr further remarks.] 

4. 

5." 

6 .  * 

7 .  

8 .  

II. 

12. 

13 

2.0 

0.5 

1 .o 

0.5 

I .o 

0.5 

1 .o 

1 .o 

0.5 

1 .I) 

Character Character states Weight 
~~ .~ .~ ~ ~~ ~~ 

I. 'Irifid sctae confined to prcclitcllar segments (0); 1 .o 
prcscnt also in some postclitcllar segments ( I )  

sonic 'trifid' setac moditicd, with third (lower) tooth indistinct. subdistally located (as in Figs 6t3, 7B) ( I ) ;  
no trifid sctac present, all anterior sctae bifid (as in Fig. 6A) (2) 

most posterior sctac with lower tooth mcrcly as a subdistal swelling (as in Figs 7C-D) ( 1 ) ;  
most posterior setac all single-pointed. dorsal sctae about as long as ventral ones (2); 
posterior sctac single-pointed, dorsal sctae distinctly larger than ventral ones (3) 

Pcnial s c t x  large ( 0 ) ;  
minute ( I )  

Pcnial sctae two (occasionally three) per hundlc ( 0 ) ;  
onc' pcr 'huncllc' ( I ) ;  
abscnt (2) 

I'cnial sctac straight. evenly thick (0); 
atraight. but with inner ends much wider than rest ( I ) ;  
with outer ends bent (2); 
curved (at middle). somewhat sigmoid (3); 
with hooked tips (4) 

Spermathecal pores paired (0);  
unpaired. mid-ventral ( I ) ;  
spermatheex absent (2) 

Vas dcfcrcw short ( 0 ) ;  
long. coiled, but not forming spiral (I); 
long. forming tight spiral (2) 

Vas dcfcrcns more o r  less cvciily wide throughout its length (0) 
distinctly widened at middle ( I )  

Atrium short (0); 
modcriitcly long, generally C-shaped ( 1  ): 
very long. generally M-shaped (2) 

Atrium ciliated throughout (0): 
n o t  ciliiitcd throughout ( I )  

Atrial musculature thin o r  only moderately developed (0); 
very thick ( I )  

I'rostntc glands a s  small lobes along atrium ( 0 ) ;  
absent. or very poorly dcvclopcd ( I ) ;  
as two large bodies, one on each side of atrium (2) 

with swelling ( I )  

distinct. pendent penis present ( I ) ;  
a t r ium ending in small slender 'peg' inside (glandular'!) simple pscudopcnis (2) 

2. Sctac in segments II-1X (or thcrcabout) all trifid ( 0 ) ;  

Postclitcllar sctac 'normal' bifids, with lower tooth at least as large a s  upper (see Figs SR, F) (0); 

2.0 

3. 2.0 

14. Ectal part o f  atrium (atrial duct) without swelling ( 0 ) ;  1 .o  

IS.* Copulatory organ simple, merely a pore (0 ) ;  I .o 

Remarks. In  a revision of tubificid species with trifid 
(anterior) setae (ErsCus, 1981~) three separate taxa were 
recognized: Heterodrilus, Heterodriloides and Giereidri- 
lus. The two latter are small genera, distinguished from 
the former, much larger genus by some unique, probably 
apomorphic features. Many specimens of the monotypic 
Heterodriloides have two pairs of spermathecae instead of 
one pair, and these spermathecae are located in segments 
XI-XII, not in X which otherwise is the normal position in 
Tubificidae. Giereidrilus was cstablished for two species 
with unpaired spermathecal and male pores. 

A cladistic analysis of this complex is summarized in 
Tables 1-11 and Fig. 4. The phylogenetic implication of 
the cladogram in Fig. 4, which is only one of many 
possible trees, is that Heterodriloides and Giereidrilus in a 
cladistic sense are advanced members of Heterodrilus 
rather than other taxa of the same rank; Heterodrilus as 
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previously defined (Erseus 1981~)  appears paraphyletic, 
not strictly monophyletic. I therefore suggest that all the 
species with trifid setae (or modified such setae) rather 
should be regarded as one large genus, Heterodrilus, of 
which Heterodriloides and Giereidrilus are junior syno- 
nyms. 

In an initial analysis (with PAUP) all Character trans- 
formations were given equal weight, but this resulted in a 
high number of equally parsimonious trees with very 
limited congruence in their branching patterns. More- 
over, some of the homoplasy suggested by these trees did 
not seem biologically feasible. Therefore, a second analy- 
sis, with a priori weighting of some characters (see Table 
I) was performed; it resulted in fewer, and very similar, 
cladograms, one shown in Fig. 4. The weighting was 
admittedly subjective, but as for all phylogenetic analyses 
(whether or not based on parsimony), a phylogenetic 
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'l'ahle 11. Dcim mutri.ufoir Wugner unuly.sis o f the  spi,cies of Hctcrodrilus (it~chrditig the /ormer mi,nh,r.s of' Hcterodriloidcs rmd <;icrcidrilus). For 
c'lrtrructer,s. chuructrr states rrtitl weighrs, ,see Tubkc 1. 7711. ourjirorrp is a hypolheticu( urmvtor ,  r i~sc~tnl~l i t~g .spc~iev of f l i p  , p i u s  Heronidrilus. hut with 
trifitl ,siVue in trritc,rior .sf'grnfwt.s; thc 1urtr.r Jiwtirre i.s rcgurtld u s  u v)n(ipo"io~/Jhy J i ~ r  Hctei-odrilus (sw t c x l ) .  N A not upplicub/P 

Character 
~ ~~ . ~~ -. 

2 3 4  5 6  7 8 9 10 I I  12 13 14 I S  
~~~ .~ ~~ ~. 

Taxa I 
. ~ 

outgroup > 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 
ur~wico1u.s Pierantoni, 1 YO2 0 0 I 1 1 3  2 0 0 0 0 0 1 0 2 

0 0 0 I I 4  0 0 0 1 0 0 0 0 I 
0 0 0 0 0 0 0 0 0 I 0 0 ( I  0 0 

c~rre~ri.slantlic~irs (Jamieson. 1977) 0 0 0 0 0 2 0 I 1 1 0 0 0 0 0 
Inc~c~rtosus Ersdus, 1 9 8 1 ~  0 0 0 0 0 2 0 1 I 2 0 1 0 0 0 
scitits LrsCus, 1 9 8 1 ~  0 0 0 0 0 0 0 I 1 )  I 0 0 0 0 0 
ketvrutri ErsCus. I98la 0 0 0 0 0 0 0 1 1) I 0 0 0 0 0 
cluviatriatus ErsCus. 1 9 8 1 ~  0 0 0 0 0 I 0 1 0 I 0 0 0 0 0 

jumiesoni ErsCus. IY81a 0 1 I 0 0 0 0 2 0 1 0 0 0 0 0 
occicki~ntu1i.s ErsCus. 1 9 8 1 ~  0 I 2 0 0 I 0 2 0 2 0 0 0 1 0 
p c v i t c ~ h c . f J i  ErsCus, I O X l u  0 0 1 0 0 I 0 2 (1 2 0 0 0 0 0 
hidhiporus ErsCus. l9Xlrr  0 0 0 0 0 I 0 2 0 2 0 I 0 0 1 
tnuccuini ErsCus, 1985 0 1 0 0 0 I 0 0 0 I 0 0 0 0 0 
maiusculw ErsCus, 19886 0 I 0 0 0 0 0 2 0 1 0 0 0 0 0 
hi.spidu.s ErsCus, IYX61> NA 2 3 0 0 0 0 2 0 I 0 0 0 0 0 
perkitisi ErsCus, 1986h 0 0 0 I 0 4 0 0 0 2 0 I 0 0 I 
puucifuscis Milligan , I 9 87 0 I 3 0 0 0 0 2 0 I 0 0 0 1 0 
j7e.ruosu.s sp.n. 0 0 0 I 1 0 2 I 0 1 0 0 0 0 I 
rarus sp. n . 0 0 0 I 1 3  0 I 0 0 0 0 I 0 2 

quu(irithecutus ( ErsCus, 198 l a )  comh.n. 0 0 0 0 0 1 0 2 0 I 0 0 0 0 0 
t r w i  (Gicre. 1979) conib.n. 1 0 0 0 0 I I I 0 0 1 0 2 0 0 

suhtilis ( Picrantoni, 1917) NA 2 1 NA 2 NA 0 2 0 1 0 0 I 0 0 

niodestus sp.n.  0 I 2 NA 2 NA 2 I 0 0 0 0 I 0 0 

irwrniis (Ersdus, 198 l a )  comh.n. I 0 0 NA 2 NA 1 1 0 0 I 0 2 0 0 

---------l-- 
Fig. 4. One of thrcc equally parsimonious cladograms obtained with the 
PAUP program for the 24 ingroup taxa of Heferodrilus (fable II) and 
their IS characters (Table I ) .  Character weights arc applied (see Table 
1). Length of  tree 57.5 steps, consistency index 0.522. Rooting at the 
hypothetical ancestor (see head o f  Table 11). The two othcr trees differ 
only with rcgard t o  the internal topology of  the group marked with one 
asterisk (.*): hispidirs and paucifu. cannot be unambiguously rcsolvcd 
from modrsrus and occidentalis. The species previously placed i n  othcr 
genera arc marked with two astcrisks ('*; fleterudriloides) and thrcc 
asterisks (*** ;  Giereidrilus). respectively. Numbers to  the right o f  
symbols refer to characters (Table 1). numbers to  the left indicate 
transformations of character states (e.g. 112 means 'going from state I to  
state 2'). Filled rectangk represents autapomorphy; two parullel lines, 
convergence; cross. reversal of character state. 

The following options were selected for the execution of the I'AUP 
program: ADDSEQ=CLOSEST. SWAP=ALT. MULPAKS, O P T  
=FAKKIS. 

hypothesis always remains a hypothesis, and is always 
only one of several possible hypotheses. Furthermore, 

the purpose here is to show that Heterodriloides and 
Giereidrilus arc members of  Heterodrilus, not  to examine 
the phylogeny of  all species in detail. 

The description of the hypothetical ancestor of  Hetcr- 
odrilus (Table 11) is also based on the subjective assump- 
tion that the ancestor already had the trifid sctae today 
characterizing most members of  thc group, and that this 
feature has been sccondarily lost in the othcr members. 
This assumption, which is the most important support for 
the monophyly of Heterodrilus, may of  course be chal- 
lenged. 

Heterudrilus jlexuosus sp. n. (Figs 5 A-D ) 

Holotypc.  USNM 127666. 
T.vpe loculity. Columbus Kccl, Bclizc. I ni (Station 57). 
Purutypes. USNM 127667-127669.3 spccimcns ( 1 of which sectioned) 

from type locality. USNM 12767&127676,7 specimens, I from each o f  
Stations 6, 8. 19.22.40.73 and 78. 

Other tnureriul (author's collection). 147 specimens from several 
stations: 3 from type locality; 6 (2 o f  which scctioncd) from Station 6; 25 
(2  o f  which scctioncd) from Station 10; I0 ( 1  of which sectioned) from 
Station IS; I (sectioned) from Station 22; 6 ( 1  of which scctioncd) from 
Station 40; 1 from each of Stations I, 4. 13. 23, 27. 2X, 41, 
80; 2 from each of Stations 5 .  1 1 ,  60 and 73; 3 from each ( 
14,30,58 and 66; 4 from each of Stations 35.36, 50 and 62; 6 from cach of 
Stations 9 and 78; 7 from each o f  Stations 32 and 67: 8 from Station 47; 
and 11 from Station 8. 

Etymology. This species has long. 'tortuous' (Latin j7e.ruosii.s) vitsa 
dcfcrcntia (see Heniurks). 

Description. Length ( 8  specimens measured) 6.0-9.7 mm,  
44-65 segments. Width at XI 0.20-0.36 mm. Prostomium 
large, rounded. Clitellum extending over iX-XII. Setae 
of 11-(IX)X(XI) 2 per bundle, 'bundles' unisetal there- 
after. Anterior setae (in II-XII(XIII), or thereabouts) 

Zoologicu Scriptu 19 
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Table 111. Intrusyecific vurimtion in niirnher o f  yeniul .crtue "f Hctcrodri- 
lus flcxuosus sp.n. 

Number of penial sctac Number of  Percentage o f  
(two sides of worm) 5pccirnen total  specimens 

0 + 0 2 I 
I + o  19 13 
1 + 1  05 64 
2 +  I 23 16 
2 + 2  8 5 
2 + 0 I 1 

Tot ill : I48 99 

~~. ~~ ~~~ ~ ~- 

trifid (Fig. SA), with uppermost tooth thinner than 
middle and lower ones. Trifids 50-80 p m  long, 3.5-7 p m  
thick at node. Setae from XIII, XIV or thereabouts, bifid 
(Fig. 5B), with widely diverging, broad teeth. Bifids 40- 
75 p m  long, 3.5-7 p m  thick at node. Some somatic sctae 
with subdental ligament. Penial setae (Figs 5C; D, p s )  
single-pointed, small, l(2) (occasionally absent) at each 
male pore (variation shown in Table 111). Penials 3&45 
p m  long, 2.5-3.5 p m  thick, straight or very slightly curved 
(Fig. 5C). Male pores in line with ventral setae. pos- 
teriorly in XI. Spermathecal pores absent. 

Pharyngeal glands in IV-V(V1). Coelomocytes round, 

"" B? " 

5 0  um 
I ( A - C ,  €-GI' 

granulated, abundant. Male genitalia (Fig. 5D) paired. 
Vas deferens 8-19 p m  wide, much longer than atrium, 
tightly coiled in anterior part of XI and entering apical 
end of atrium. Atrium cylindrical, generally curved in the 
way shown in Fig. SD, 140-225 p m  wide, 19-23 p m  wide, 
with outer muscular lining thin but distinct, and inner 
epithelium ciliated and, at least in its ectal part, granu- 
lated. Prostate glands broadly attached to most of length 
o f  atrium. Atrium terminating in small, but distinct, 
penial papilla inside small copulatory sac. Spermathecae 
absent. 

Remarks. The genitalia are shifted one segment forward 
in the paratype from Station 19. 

Heterodrilus flexuosus is one of the most common 
tubificids in the coarse sediments o f  the reefs around 
Carrie Bow Cay. It was found in no less than 36 of the 87 
samples collected by the author. This new form has setae 
(including the minute penial setae) and atria that are 
virtually identical to those of  If. rnirzisetosus Erseus, 1981 1 
known from southeastern United States. Bahamas and 
Bermuda (Erseus 1981a, 1986h). Heterodrilus ffexuosus 
is, however, considercd as a separate species, an its vasa 

G 

L 

i: 

I 2 0 0  p m  I 

Fig. .i-A-D. Hercrodrilirs fkxiiosus 5p.n.-A. Anterior somatic scta--H. Posterior wn;i t ic  scta.-C'. Pcnial \ctilc of thrcc different 
specimens.-0. I,ateral view of inale genitalia 11: segment XI .-E-H. Hcrer.orlr.ilw wr i t s  sp.n.-&. Anterior somntic \cta.-F. Posterior \orii:itic 
scta.-G I'cnial c t a e  of three different spccimcns.-H. Lateral view o f  spcrmathecs and male genitalia i i i  segments X-XI 
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deferentia are consistently longer than the atria (vasa 
shorter than atria in minisetusus), and by its lack of 
spermathecae. More than 150 clitellate specimens of H .  
f1exuo.s~is were examined, but none had spermathecae. 

Spermathecae are, however, present in an additional 
species with minute penial setae, described below (see 
Remarks for H .  rurus sp.n.). 

/)i.strihiitiorr utirl huhitut. Known only from the barrier rccf off Belize. 
Subtidal. largely coarse, sands. to at least 24 m depth. 

Heterodrilus rarus sp.n. (Figs 5E-H) 

HulotylJe. USNM 127677. 
~).1Jf’lOCuli~~. Sand bore hctwccn Carrie Bow Cay a n d  Wcc Wcc Cay. 

I’urutypcs. IJSNM 127678-127080. 3 spccimcns from type locality. 
Oilier rriuferial (author’\ collection). One specimen from Station SO. 
Et!moiogy. This is, in comparison with  t h c  very similar If. , f l i~xi~o.s~rs 

described ahovc. an ‘uncommon’ (Latin rurcis) species in t h e  arcii 
investigated: i t  was only  found at two stations. 

Belize. 1 m (Station 22) .  

Description. Length (4 complcte specimens) 6.7-8.0 mm, 
65-72 segments. Width at XI 0.27-0.37 mm. Prostomium 
large, roundcd. CIitellum extcnding over Ix-XII. Setae 
of 11-X 2 per bundle. ‘bundles’ unisetal thercafter. An- 
terior setae (in 11-X) trifid (Fig. SE), with uppermost 
tooth thinner than middle and lower ones. Trifids 45-90 
pn i  long. 2.5-5 p m  thick at node. Setae from XJ, bifid 
(Fig. 5F) with widely diverging, broad teeth. Bifids 3-70 
pm long, 2-5 pm thick at node. Somc somatic setae with 
subdental ligament. Penial setae (Figs 5G; H,  p s )  single- 
pointed. very small, (invariably) I at each male pore. 
Penials 27-40 pm long, 2.5-3.5 pm thick. straight or 
(sometimes strongly) curved (Fig. SG). Male pores paired 
in line with ventral setae, posteriorly in XI. Spermathecal 
pores paired in line with ventral setae, anteriorly in X. 

Pharyngeal glands in IV-V(V1). Coelomocytes round, 
granulated, abundant. Male genitalia (Fig. 5H) paired. 
Vas defcrens 12-16 Fm wide, much longer than atrium, 
tightly coiled in anterior part of XI and entering apical 
end of atrium. Atrium cylindrical, 95-120 pm long, with a 
somewhat swollen ental part, 21-42 pm wide, outer 
muscular lining thin but distinct, and inner epithelium 
ciliated but not much granulated. Prostate glands not 
large, represented only by small cells scattered in a thin 
layer over atrial surface. Atrium terminating in a small, 
slender ‘peg’ inside simple pseudopenis, but peg not 
pendent within copulatory sac. Spermathecae (Fig. 5H. s) 
with distinct ducts, and oval ampullae; latter 55-95 pm 
long. 40M0 pm wide, and containing a few broad bundles 
of sperm. 

Remarks. The five specimens, described here as a separ- 
ate species ( H .  rurus), were initially sorted as the same 
taxon as the preceding species ( H .  Jiexuosus); the trifid, 
bifid and penial setae are very similar in the two forms. 
The two samples (from Stations 22 and 50), in which 
Heterodrilus rarus was found, contained also specimens 
of H .  flexuosus. 

Heterodrilus rarus is, however, discriminated from the 
latter by its shorter atria, less developed prostate glands 
(note that the specimens are clitellate, sexually mature), 
and its possession of spermathecae. Moreover, in all five 
specimens of H. rams the trifid setae occur only through 
segment X, whereas in H .  flexuosus they are generally 
present through segment XI1 or XIII. This character, 
however, may vary between different populations of the 
same species, and, therefore, the difference noted may 
not hold for other areas of  the distribution of the two taxa. 

As shown in Figs SC and G ,  the penial setae tend to be 
more curved in H .  raru,s than in N. Pexuosus, but the 
difference is hardly diagnostic. 

Heterodrilus rariis appears closely related to the Medi- 
terranean H .  arenicolus Pierantoni, 1902, the type species 
of thc genus. The latter has short atria ending in pseudo- 
penes identical to those of H.  rarus (see Pierantoni 1902; 
ErsCus 19Xla), and its pcnial setae are minute, sigmoid. 
There arc, however, discrepancies indicating that the two 
forms are different species: in H.  cwenicolus, the upper 
tooth of the bifid setae is much larger than the lower 
tooth, the vasa deferentia appear shorter and not as coiled 
as in H .  rarus, and spermathecae are absent. [The ab- 
sence of spermathecae in H .  arenicolus, noted by Pieran- 
toni (1902). was challenged by ErsCus (19810: 113). How- 
ever, now that both H .  ,flexuosus and H .  modestus sp.n. 
are known to lack spermathecae, Pierantoni’s statement 
appears more likely to be accurate.] 

The Heterodrilus species with minute penial setae 
(Table IV), including H .  flexuosus and H .  minisefosus 
discussed above, appear to constitute (or be parts of) a 
monophyletic subgroup within the genus. Monophyly is 
based on the assumption that the small, generally single 
(one per ‘bundle’) penial setae are synapomorphic for the 
four species in question; all other members of Heterodri- 
lus, except H .  subtilis (Pierantoni. 191 7 )  and H.  modestus 
sp.n. described below, which lack penial setae altogether, 
have two large penial setae at each male pore (see ErsCus 
1981u, 3986b: Milligan 1987). As for the internal phylo- 
geny of this group, however, the characters are not all 
compatible with each other. The pattern within the taxa 
indicate that at least some character states have evolved 
convergently. The most parsimonious interpretation of 
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the states shown in Table IV is that short atria, poorly 
developed prostate glands, and simple pseudopcnes are 
synapomorphies tor H .  urenicolus and H .  rurus, and that 
short vasa deferentia (characterizing H .  minisetosus) and 
lack of spcrmathecae (characterizing H .  ,f l~xuosus) occur 
by convergence also in H .  arenicolus. Thus, there is 
strong evidence for W. arenicolus being the sister taxon of  
H .  rarus, which is illustrated also in  Fig. 4 (phylogcnetic 
hypothesis of whole genus). The relationships of H .  
minisetosus and H .  Jlexuosus, however, are less clear and 
involve also the position ot the highly apomorphic H .  
prrkirzsi (included in Fig. 4). 

I)i.stririhiction a d  hahitur. Known only from the barrier reef off Belize. 
Subtidal medium t o  coarse sand,  I m depth. 

fleterodrilus puucifascis Milligan, 1987 (Fig. 6) 

Ifeterodrilus paurifasris Milligan. 1987: 48 1482. fig. 1.  

M u i e r i d  r e - (~xumimd.  USNM 101443-101445 (type series) and I 
spccimen in Milligan’s collcction. all from type locality. Pucrto Kico. 

NCW mute i - td .  USNM 127681, specimen from Station 48. USNM 
127682-127687. 6 specimens ( I  of which scctioncd) from Station (7. 
ZMA 2854, specimen from Drunkemens Key. Jamaica, 0-0.5 i n .  sandy 
dchris (15 Junc 1073: P. Wagcnaar Hummelinck. station n o  1683). M. 
R. Millignn collection: specimen from off Hollywood I3cach. Holly- 
wood, E coast of Florida. 36 m .  medium sand (22 Miirch 1989). Author’s 
collcction: 104 specimens; 8 f’rom Station 8.3 f r t i m  Station I .  4 f r o m  cnch 
o f  Stations 3 and 34. 36 from Stations h,21 (2 o f  which sectioned) from 
Station I I .  9 ( I  ofwhich sectioned) from Station 14. 1 from Station 47. I I 
from Station 68.  and 7 from Station 71. 

Description of material from Belize. Length (8 specimens 
measured) 8.5-12.3 mm, 64-80 segments. Width at XI 
0.33-0.48 mm. Prostomium round o r  rounded triangular. 
Clitellum extending over tX-XII. Setae of 11-IX 2 per 
bundle , som at i c b u n dles ’ un i se t a I the re after . Anterior 
sctae (to IX or thereabouts) bifid, with somewhat divcrg- 
ing teeth, and with upper tooth slightly shorter than lower 
(Fig. 6A); these setae 45-105 pm long, 3-5 p m  thick. 
Setac of 2-3 following segments with indistinct third tooth 
(merely a swelling) developing subdistally, and with 
upper tooth much reduced (Fig. 6B); these setae about 

90-100 pm long, about 5 pm thick. Postclitellar dorsal 
setae sharply single-pointed (Fig. 6C), up to 115 p m  long, 
7 p m  thick. Postclitellar ventral setac bifid with a very 
poorly developed lower tooth (Fig. 6D), these setae 
distinctly smaller than dorsal ones. Penial setae (Figs 6E; 
F, p s )  single-pointed, straight, 2 per bundle, 60-85 p m  
long, 3-3.5 pm thick. Penial bundles erect, with proximal 
ends of setae wider apart than distal ends. Male pores 
paired in posterior part o f  XI,  not far apart: on each side, 
male pore located approximately halfway between line of 
ventral (somatic) setae and mid-ventral line. Spcrma- 
thecal pores paired, ventral t o  lines o f  ventral sctae, 
anteriorly in X. 

Pharyngeal glands in (1II)IV-V. Coelomocytes round, 
granulated, abundant. Male genitalia (Fig. 6F) paired. 
Vas defcrens 11-17 p m  wide, longer than atrium, tightly 
coiled in anterior part of XI, entering apical end of 
atrium. Atrium cylindrical, C-shaped, 200-260 pm long, 
21-32 pm widc, with thin outer lining, and ciliated and 
granulated inner epithelium. Prostatc glands well devel- 
oped, as large lobes covering most of atrial surface. Ectal 
part of atrium with a bulbous swelling, but opening to 
exterior small and simple; penial apparatus absent. Spcr- 
mathecae (Fig. hF, s )  with up to about 100 p m  long, 30 
pm wide, ducts, and large, elongate ampulla; sperm 
random or arranged in large bundle in lumen o f  spcrma- 
thccae. Granules of secretion generally present in sper- 
mathecal walls. 

Brief description of specimen from Jumaica. Length 8.0 
mm, 70 segments. Width at XI 0.25 mm. Many setae 
hrokcn off, but those remaining intact with tips morpho- 
logically similar to those of  specimens from Belize. Sctae 
of  11-IX 2 per bundle, up to about 80 p m  long, 3 . 5 4  p m  
thick, setae 1 per ‘bundle’ thereafter. Dorsal pmterior 
setac sharply single-pointed, up to  about 90 pm long, S 
pm thick. Ventral posterior sctae bifid. up to about 75 pm 
long, 4.5 p m  thick, with poorly developed lower tooth (as 
in Fig. hD). Penial setae about SO pm long, 3 pm thick, 2 
per bundle. Male genitalia as described above, but some- 
what smaller. Spermathccae poorly dcvcloped. 

I (A - € 1 ,  50prn I 100ym 

Fig. 6. Hererodriliis prrucifii.sci.c Milligan.-A. Somatic seta o f  segment VI1.-B. Somatic seta of segment X.-CJ-D. Dorsal ( C )  and ventral (D) 
somatic setac o f  the same postclitellar segment.-E. Penial sctae.-F. Lateral view o f  spermathcca and male genitalia in segments X-XI. 
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Brief description of’ specimen from Florida. Length 
4.4 mm. 60 segments. Width at XI 0.21 mm. Setae o f  II- 
IX 2 per bundle, up to 40 p m  long, 2.5 pm thick. ‘Trifid’ 
setae (kind shown in Fig. 6B) present as far back as 
segment XVIII, thereafter both dorsal and ventral sctae 
somewhat bifid (as in Fig. 6D), to about XXXV; posterior 
to this, dorsal setae sharply single-pointed and clearly 
larger (about 55-60 p m  long, 2.5 pm thick) than ventral 
setac (only about 30 pm long, 2 pm thick). Penial setae 
about SO pm long, 3 pm thick, 2 per bundle. Male 
genitalia as described above. Spermathccae with ducts 40 
p m  long, 16 p m  wide, ampullae oval, 85-90 pm long, 
about 55 pm wide; sperm as large, coiled bundles. 

Rernarks. In one aberrant specimen from Belize (Station 
6), two pairs of male ducts are present. in segment XI1 as 
well as in (the normal) XI. In  this worm the clitellum 
extends over 4 ~ - X I I I .  

The new material of H.  paucijascis differs slightly from 
the original description by Milligan (1987). First, the 
specimens from Belize and Jamaica are larger than those 
from Puerto Rico; the latter were only 3.3-6.3 mm long, 
with up to 56 segments. Second, as indicated by the name 
paucifusci.s (“few bundles”), the original material had 
bisetal bundles in segments 11-VIII only, whereas in the 
present material, as in almost all other species of Hetero- 
drilus, these bundles invariably occur also in IX. How- 
ever, a one-segment variability of this kind has becn 
reported from within populations of other species. For 
instance. specimens of H. pentchefi from Bermuda have 
bisetal bundles in 11-VIII(TX, XI) (ErsCus 1981~: 122). 

Third. Milligan (1987) did not note any difference in 
size between the dorsal and ventral setae o f  the posterior 
parts o f  the body, all being described as somewhat bifid 
(with a “subdistal tooth”). In the new individuals. the 
dorsal setae of at least a majority of the postclitellar setae 
are in fact sharply single-pointed, and distinctly larger 
than the ventral setae in the same segments. 

1 therefore examined Milligan’s type specimens in the 
USNM, as well as the single specimen in Milligan’s 
collection (see Milligan 1987). The holotype is not com- 
plete, and very few postclitellar segments remain. The 
two paratypes, however, are complete; they have many 
posterior segments in which the dorsal setae are larger 
than the ventral ones. Moreover. in thesc segments, the 
dorsal sctae are often distinctly single-pointed, without 
any lower tooth developed. It is thus concluded that the 
new material from Belize, Jamaica and Florida reported 
on here is conspecific to N. puucifnscis from Puerto Rico. 

As already noted by the original author, H. paucifascis 
is very similar to the South Pacific H .  jamiesoni ErsCus, 
1981 (a), the only diagnostically useful difference being 
the more pronounced subdistal swelling (=third, lower 
tooth) on the prcclitellar setae from about segment V and 
onwards, as  well as on all postclitellar setae, in the latter 
species. In the original description of H. jurniesoni, the 
spermathecal ducts were characterized as “short. indis- 
tinct”. As pointed out by Milligan (1987), this appears to 
support the separate status of H. paucifa.scis, which has 
distinct such ducts. However, after re-examining speci- 
mens of H .  jumiesoni in my possession, I can conclude 

that their spermathecal ducts are virtually indistinguish- 
able from those of H. paucifuscis. 

I)i.sfrihrrtion unrl hahirut. Belize. Jamaica. SE Florida (new records), and 
I’uerto Rico. Subtidal. medium to coarsc sands, t o  at least 39 m depth. 

Heterodrilus modestus sp.n. (Fig. 7) 

Holorypr. USNM 127688. 
7 y p e  /ocu/ i~ j .  At S tip of Carrie Row Cay, Belize, 0.5 m (Station 32). 
l’urufypcs. USNM 127689, specimen from type locality. USNM 

12769(k12769I1 2 specimens from Station 47. USNM 127692. specimen 
from Station 57. 

Other muteriui (author’s collection). Twenty-nine Epccimens: 1 from 
each of Stations I I ,  14, 32 (type locality). 58. W and 77; 4 from Station 
17: 10 from Station 68; 7 from Station 71; and 2 from Station 76. 

Elymology. This species lacks penial setae, prostate glands and 
spermathccdc; the name niodesrus (Latin for ‘modcratc’, ‘keeping 
within bounds’) alludes to this. 

Description. Length (7 complete specimens) 3.8-6.0 mm,  
43-57 segments. Width at XI 0.28-0.37 mm. Prostomium 
round or rounded triangular. Clitellum extending over 
&X-XII. Setae of II-(VIII)IX 2 per bundle, ‘bundles’ 
unisetal thereafter. Anterior setae (to VIII or there- 
abouts) bifid, with somewhat diverging teeth, and with 
upper tooth slightly shorter than lower (Fig. 7A); these 
setae 45-85 p m  long, 2 . 5 4  p m  thick. Setae of 2-3 
following segments with indistinct third tooth (merely a 
swelling) developing subdistally, and with upper tooth 
more reduced than in anterior setae (Fig. 7B); these setae 
about 80-90 pm long, about 4 pm thick. Postclitellar 
setae bifid, with poorly developed lower tooth, or more or 
less single-pointed (Figs 7C-D); these setae up to 100 pm 
long, up to 7 pm thick, those of most posterior segments 
however much smaller (Fig. 7D). In postclitellar seg- 
ments, dorsal setae not larger than ventral ones. Penial 
setae generally absent (but see Remarks). Male pores 
paired, slightly ventral to lines of ventral setae, in pos- 
terior part of XI. Spcrmathecal pores absent. 

Pharyngeal glands in (1II)IV-V. Coelomocytes round, 
granulated, abundant. Male genitalia (Fig. 7E) paired. 
Vas deferens 8-13 pm wide, much longer than atrium, 
tightly coiled, entering atrium subapically. Atrium 
comma-to-club-shaped, 65-95 pm long, 23-33 pm wide, 
with thin, but distinct outer lining, and moderately thick 
inner epithelium; i.e. lumen of atrium wider than in most 
other species of Heferodrilus. Atrium epithelium ciliated, 
at least in ental part, and granulation restricted to ectal 
part. Ectally, atrium tapering and opening directly to 
exterior through simple pore; penial apparatus absent. 
Srn all eel I s. possibly represen ti ng undeveloped prosta ti c 
tissue, scattered over atrial surface, but typical prostate 
glands absent. Spermathecae absent. 

Remarks. In the paratype from Station 57, three small 
penial setae (two of which very short, appearing super- 
numerary) are developed on one side of the worm, and in 
the  specimen from Station 77, one small penial seta is 
present on both sidcs. In all other individuals, penial setae 
are absent. Penial setae are, however, present in speci- 
mens from Nicaragua described below. It is therefore 
concluded that their occurrence in a few worms in the 
Belize population of H. modestus is an atavism indicating 
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Fig. 7. He/c,rodrilu.s t~iodec.trt.s sp.n.. material from Belize.-A. Seta o f  segment VI1.-B. Sctn o f  segment X.-C. Postclitcllar setac.-D. Seta of 
posterior end of worm.--l;'. Lateral view of male genitalia in segment XI. 

the close phylogenetic relationship with forms always 
bearing such setae. 

Heterodrilus modestus appears closely related to H .  
paucifascis and If. jamiesoni; the morphology and 
arrangement of somaticsetae are similar in the three taxa. 
As most of the examined specimens of H .  modestus are 
clitellate, many also bearing well developed eggs, the lack 
of penial setae (except for one specimen noted above), 
prostate glands and spermathecae in this form justifies its 
specific status. The new species is probably apomorphic 
with regard to these characters, all of which seem to 
suggest that H. modestus is a uniparental form, reproduc- 
ing by parthenogenesis or self-fertilization. 

In the area studied here (barrier reef off Belize), H .  
modestus is consistently smaller (measured specimens not 
longer than 6.0 mm, with maximally 57 segments) than N. 
paucifuscis, which is at least 8.5 mm long, with at least 64 

segments. It is further discriminated from H .  paucifascis 
by having dorsal and ventral setae of about the same 
length in postclitellar segments. 

I~btn'butiun unrl huhilut. Belize and possibly Nicaragua (see below). 
Intertidal(?) and subtidal medium to coarsc sands, to  at least 9 m depth. 

Heterodrilus (?)modestus (Fig. 8 )  

Muterial. USNM 127693-127696, 4 specimens from about 30 km off 
Costa de Mosquitos (bctwcen Pucrto Cabo Gracias ri Dios and Punta 
Gorda), Caribbean Sea, Nicaragua. 11"34.2'N, X2"5X.O'W, lowcr inter- 
tidal, sediment unknown ( I 1  January 1977; CARIB I .  Alpha Helix 
Station no. MS-3Y-500). 

Description. Length (2  complete specimens) 4.9-S.2 mm, 
53-S4 segments. Width at XI 0.19-0.25 mm. Prostomium 
generally rounded triangular. Clitellum extending over 

, 20um , 
Fig, 8. He/crotlvillrs ( ? ) m o t k c t r i r . s  sp.n. ,  niatcrial from Nicaragua.--A. Somatic seta 0 1  segment 111.-El. Somatic scta 01 segment VII1.--C'. Dorsal 
postclitellar seta.--l). Ventral postclitcllar sctn.--E. Laterd view o f  inale genitalia in segment XI. 
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iX-XII. Setae of II-(VIII)IX 2 per bundle, ‘bundles 
unisetal thereafter. Anterior setae (to VII) bifid, with 
somewhat diverging teeth (Fig. 8A); these setae 45-85 
pm long, 2.5-4.5 pm thick. Setae of 2-3 following seg- 
ments with indistinct third tooth (merely a swelling) 
developing subdistally (Fig. 8B); these setae about 80-90 
p m  long, about 4 p m  thick. Postclitellar setae first (both 
dorsal and ventral setae) bifid, with poorly developed 
lowcr tooth, but after a varying number of segments, 
dorsal setae sharply single-pointed (Fig. 8C), ventral 
setae remaining bifid (Fig. 8D); these setae 75-95 pm 
long, 45-21 pm thick, dorsal setae tending to be somewhat 
larger than corresponding ventral ones (but not in all 
segments). Setae of most posterior segments all bifid, 
smallcr. Penial setae (Fig. 8E, p s )  straight, single- 
pointed, about 60 p m  long (oblique in all mounted speci- 
mens), 3.5 p m  thick, 2 per bundle. Male pores paired, in 
line with ventral somatic setae, in posterior part of XI. 
Spermathecal pores absent. 

Pharyngeal glands in IV-V. Male genitalia (Fig. 8E) 
paired. Vas deferens about 7-10 pm wide (difficult to 
see), much longer than atrium, tightly coiled, entering 
atrium subapically. Atrium comma-to-club-shaped, 
about 90-1 10 p m  long. entally 23-30 p m  wide, with thin, 
but distinct outer lining. and nioderately thick inner 
cpithelium; ciliation and granulation of epithelium not 
observed, but material not well preserved. Ectal part of 
atrium narrow; opening to exterior simple. Spermathecac 
absent. 

Remarks. In one of these four specimens from Nicaragua, 
the genitalia are shifted forwards two segments; the male 
pores are in segment IX instead o f  XI. 

This Nicaraguan form appears very closely related to 
H .  nioclestus from Belize (above). However, it differs 
from the latter by invariably having penial setae. As both 
forms lack spermathecae and thus may have an uniparen- 
tal mode of reproduction, they may be regarded as two 
different strains within the same species, the alternative 
preferred here. Otherwise, they could be considered as 
two different (morpho-)species. 

Heterodrilus pentcheffi Erseus, 1981 

(’lirdlio rrrerrico/ir.\ (parr im):  Gicrc 1979; hut not (‘litrllio urcrricolus 

Hrtcwrlr i lrrs  peurcheffi Eratua, 1981~: 121-123, fig. 12. table I ;  1984tl: 

He/croclrilits sp.; Ersdus 198111: 123-124, fig. 1.1. 

Picrantoni. 1902 ( = H e / c ~ r o r f r i / u s  uronicolits s . s / v . ) .  

106: I ‘ M / ) :  ZX9-?90. fig. 1 

New mu/erial. LJSNM 127607-127701. 5 specimens from Station 80. 
Author’s collection: 13 specimens; 3 ( I  of which sectioned) from Station 
13, I from each of Stations I .  9. 1 1 .  15, 24. 28 and 86; 2 from each of 
Stations 10. 27, 32. 12 and XO: 4 from each of Stations 35 and 36; 7 from 
Station 77; anti X from Station 57. 

Remarks. The new material fits within the variation noted 
in the previous descriptions (Erseus 1981a, 1086h). The 
bisetal bundles are generally located in 11-IX, but end in 
VII or VIII in specimens in which the genital organs are 
shifted correspondingly forwards. The penial bundles 
generally contain two setae, but in a few cases these 
bundles contain three or four setae. 

The spermathecal pores are located approximately 
midway between the lateral lines and the lines of the 
ventral setae. In this respect the Belize individuals re- 
semble the worms from the U.S. east coast (with pores 
“slightly ventral to lateral lines”) more than they do the 
material from Bermuda (with pores “in line with ventral 
setae”) (Erseus 1981a). 

Distrihurion und huhirur. Belize (new record), Bermuda, United States 
cast coast ( N e w  Jersey through Florida), Galapagos Islands (Pacific 
Occan); this is thus the only species of Hercrodrilus that has heen 
recorded from both sidcs of thc isthmus o f  Panama. Subtidal, largely 
coarse sands, to at Icast 39 m dcpth. 

Heterodrilus quadrithecafus (Erseus, 1981) c0mb.n. 

I~c,/c,rou‘riloitle.s q~i[i‘lrirh~,.c.u/lts Erstus, 1981~:  12.5-126. fig. IS. 

N w  murerid.  lJSNM 127702, specimen from Station 5 0  

Brief description of new material. Length 3.4 mm, 41 
segments. Width at XI 0.16 mm. Trifid setae in 11-IX, 2 
per bundle, 4&50 p m  long. Bifid setae from X, 1 per 
‘bundle’. 4G50 pm long. Penial setae 2 per bundle, about 
40 p m  long. Atrium about 85 p m  long, 12-14 pm wide, 
with about 1 p m  thick outer lining of muscles. Spermathe- 
cae in anterior part of XII, but poorly developed; sper- 
mathecae not observed in XI. 

Remarks. This species, the type species of the monotypic 
Heterodriloides, is now regarded as a cladistic member of 
Heterodrilus (see Remarks for genus above). 

The specimen from Belize is slightly smaller than the 
worms from Bermuda, but otherwise it conforms very 
well with thc original description (see Erseus 19810). 
Heterodrilus quadrithecatus is an aberrant tubificid as its 
spermathecac are located posterior to the normal position 
in segment X. In the  Bermudian individuals, there gener- 
ally were two pairs of spermathecae, one more or less 
rudimentary pair anteriorly in XI, the other (containing 
sperm) anteriorly in XII. The present worm appears to 
have spermathecae in XI1 only. 

I)isrrihiirion m r l  lwhiiot. Belize (ncw record) and Bermuda. Subtidal 
medium to coarsc sand. to at Icast IS m dcpth. 

Heterodrilus ersei (Giere, 1979) c0mb.n. 

Wiu1lodrilir.s erwi Gicrc. 1079; 309-3 12, figs. 5-7. 
Gicreidriliis ersei; Ersdus 1981~: 126127. figs. 1617. 

New niu/eriul. U S N M  127703-127704, 2 specimens from Station 71. 
Author’s collection: 4 specimens; I from each o f  Stations 68 and 71 ; and 
2 from Station 69. 

Remarks. This large tubificid (up to 25 mm long) was 
originally described, from Bermuda, as a member of the 
subfamily Phallodrilinae and placed in the genus Phallo- 
drilus Pierantoni by its author (Giere 1979). The system- 
atic position near Heterodrilus was recognized when the 
species was redescribed, as a member of a separate genus 
Ciereidrilus, by Erseus (1 9810). To render Heterodrilus a 
monophyletic taxon, Giereidriius is now considered as a 
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part of, and thus as a junior synonym of, it (see Remarks Coralliodrilus rugosus sp.n. (Fig. 9 )  

Holoiype. LJSNM 127705. 
for genus above). 

The setae of H .  ersei are similar to those of most species 7'vo(, loculir,., t i n  of Carrie Bow cav, Belize, a t  high.wi,tcr l i n e  I ,  
of Heterodrifus: there are bisetal bundles anteriorlv fol- (Station 25) .  . 
lowed by unisetal 'bundles' throughout the rest the 
worm, the anterior setae are trifid, and the penial bundles 

~ a r a t y p e s .  USNM 127706-127707. z specimens from type locality. 
&her marerid (author's collection). Spccimcn from Station 18. 
Eryrrrolony. Thc name rugosus i s  Latin for 'wrinkled', here rcfcrring . _  

each contain two large, straight, single-pointed setae. In  
H .  ersei and the closely related H .  inermis (ErsCus, 1981a) 

to the appearance of thc h&y wiill. Each segment hears a high nunib4 
snlal l  sccOrldnry i I n n u l l .  

comb.n., the atria are shorter than in most other species 
of Heterodrilus and lack cilia throughout most of their 
length (atria fully ciliated in all congeners). 

The new individuals from Belize conform well with the 
previous descriptions. but their penial setae are only 100- 
140 p m  long, i.e. slightly shorter than those of the worms 
from Bermuda (135-160 pm). 

Distribution and hahitat. Bclizc (ncw record) and Bermuda. Subtidal, 
largely coarse sand, to at least 9 m depth. 

Subfamily Phallodrilinae 

Genus Coralliodrilus Erseus, 1979 

Remarks. Coralliodrilus comprises phallodriline species 
that lack external prostate glands (an assumed synapo- 
morphy), but which possess a normal alimentary system; 
a few gutless species within Oluvius also lack prostate 
glands (ErsCus 19846). The definition of the genus was 

Description. Length (2 complete specimens) 3.2-3.4 mm, 
39-44 segments. Width at XI 0.32-0.39 mm. Prostomium 
short, rounded. Secondary annuli numerous. Clitellum 
extending over tX-XII. Somatic setae (Fig. YA) bifid, 
with upper tooth thinner and shorter than lower and with 
inconspicuous subdental ligament. Bifids 33-40 pni long, 
1.5-2.5 pm thick at node (which is well developed, 
particularly in postclitellar segments), (3)4-6 per bundle 
anteriorly, (2)3-5 per bundle in postclitellar segments. 
Penial setae (Fig. 9B; C , p s )  7-9 per bundle, very slender, 
straight or somewhat curved, 40-50 pm long, entally 
about 1.5 pm thick, ectally much thinner with single- 
pointed. curved tips. Male pores paired in linc with 
ventral setae, slightly posterior t o  middle of XI. Sper- 
mathccal pores paired in lateral lines, anteriorly in X. 

Pharyngeal glands in IV-V. Male genitalia (Fig. YC) 
paired. Vas deferens 9-1 1 p m  wide, slightly longer than 
atrium, coiled, entering apical end of atrium. Atrium 
bipartite, distinctly folded at middle, total length about 
100 pm. Ental half of atrium 28-47 p m  wide, with - 

recently modified by ErsCus (in press). 
- 

granulated inner epithelium, cctal part 26-33 pm wide, 

100 pm I 

Fig. 9. ( 'ordiodri lus  rugosus sp .n -A.  Somatic seta.-B. Pcnial seta.-C. Somewhat lateral view ot sperrnathcca and malc genitalia in segments X- 
X I .  
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without granulation; muscular lining nowhere thicker 
than about 1 pm,  lumen wide and ciliatcd throughout. 
Atrium opening to exterior through simple pore. Prostatc 
glands absent. Spermathecae (Fig. 9C, s) with 4 ( H 5  p m  
long, up to 28-35 p m  wide, ducts, and elongate, up to 
about 150 p m  long, about 40 p m  wide, thin-walled ampul- 
lae. Ectal part of spermathecal ducts narrow, with muscu- 
lar ‘sphincter’, middle part of ducts with roundish cavity. 
Sperm as large bundle in spermathecae. 

Kemrrrks. Four previously known species of Coralliodri- 
l i r s  havc bipartite atria similar to those o f  C. rugosus. The 
new species is, howevcr, distinguished from C. arrioh$- 
rlus ErsCus, 1981(c) by its slenderer and more numerous 
penial setae, shorter spermathecal ducts and longer spcr- 
mathccal ampulla; from C. oviarriatus Erseus, 1981(c) by 
its wider vasa deferentia, and much wider ectal part of the 
atria; from C. giacohhei Erseus, 1983(c) by its smaller 
number of  penial setae (about 20 per bundle in giacoh- 
hei), and wider ectal part of the atria; and from C. 
hnmnrifi.y Erseus, 1985 by its lack of penes. [Due to a 
typographical error a part o f  the description of the setae is 
missing in the description o f  the last-mentioned species 
(op. cir.); in C. hamatilis, t he  bifid, somatic setae are two 
to six per bundle in postclitellar segments, and the hooked 
penial setae are seven to n ine  per bundle.] 

The bulbous appearance of the spermathecal ducts (see 
Fig. YC) is a very charactcristic feature of C. rugosus, 
distinguishing it from all other members of the genus. 

f)i,sIrrhiition curd hohira!. Known only  from Cnrric Bow Cay, Bclizc. 
Uppcr intertidal ;ind subterranean marine waters. \and. 

Corulliodrilus randyi sp.n. (Fig. 10) 

Hi~l i~txpe.  USNM 127708. 
7:vpc locdiry. W sidc of  South Point. Twin Cays. Belize. 0.3 m, coarsc 

coral sand with snmc mangrove dchris ( 5  April 1082; coll. H .  R.  Raker). 
Eryniolog).. Named for thc late Dr H .  R.  (Randy) Baker. who 

collected the material but ncvcr had the opportunity tn describe it. 

Description. Length more than 1.6 mm, more than 20 
segments (specimen not complete), but clearly a very 
small species. Width at XI 0.13 mm. Prostomium rounded 
triangular, large, somewhat longer than wide. Clitellum 
well developed, extending over 4X-XII. Setae (Fig. 10A) 
bifid, with upper tooth thinner but about as long as lower. 
Anterior setae slender, 25-38 p m  long, about 1 p m  thick, 
3 4  per bundle. Postclitellar setae stouter, 24-28 p m  
long, about 1.5 pm thick, 3 per bundle. Penial setae 
absent. Male pores paired, in line with ventral setae, 
posteriorly in XI. Spermathecal pores, in line with ventral 
setac, in most antcrior part of X .  

Pharyngeal glands in IV-V(VI?), but not wcll devel- 
oped. Male genitalia (Fig. IOB) paired. Vas deferens 
4-5 pm wide, with a few coils, entering apical end of 
atrium. Atrium divided into slender, spindle-shaped 
ampulla, about 60 p m  long, 20 pm wide, and narrow ectal 
duct, about 25 pm long, 5.6 pm wide. Atrial ampulla with 
very thick (3-4 pm) outer lining of muscles; lumen 
narrow, but inner epithelium not particularly granulated. 
Atrial duct without muscular lining, terminating in small 
penial apparatus, about 20 pm long, 15 pm wide; how- 
ever. whether inner ‘core’ of apparatus is pendent within 
sac (i.e. whether it is a proper penis) cannot be ascer- 
tained. Prostatc glands absent. Spermathecae (Fig. 10B, 
s) slender, with 15 pm long, 10 p m  wide ducts, and 40 pm 
long, 10-12 p m  wide ampullae; sperm absent (specimen 
precopulatory). 

Remarks. The atria of C. randyi are similar to those of C. 
longiductus ErsCus, 1983, a meiobenthic species from 
bathyal depths off Angola in the South Atlantic (Erseus 
1983d). The new species is, however, discriminated from 
C. longiductus by its lack of penial setae, and by the 
morphology of its penial apparatuses (in longiductus, the 
atrial ducts terminate in small, muscular, protrusible 
pseudopenes in the lateral walls of male invaginations). 

Dismrihution arid habitat. Known only Twin Cays, Belize. Barely sub- 
tidal. muddy coarsc sand. 

fig. 10. C‘oruNiociri/ii,s rtinc!vi sp.n.-A. Free-hand drawing of  sets.-B. Somewhat lateral view of  spermathcea (one of  two) and male genitalia in 
segments X-XI: both atria shown. 

Zoologicu Scriptu I9 



260 C. Ersr‘us 

’ 5 0 p m  ’ 
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Fix.. I / .  I%c~llodrilii.s conipacrr~.~ sp.n.-A. Somatic set;].--R. Lateral 
view o f  spcrmathcca and male genitalia in scgmcnt XI.  

Genus Phallodrilus Pierantoni, 1902 

Retriarks. With over 70 species, Phullodrilus is the largest 
genus within the subfamily. The most recent definition of 
the genus was given by ErsCus (in press), but as noted 
before (Erseus 1984a, 1987c, in press) it is a paraphyletic 
taxon in need of a major revision. 

Phallodrilus compactus sp.n. (Fig. 11)  

H o l ~ t y p ~ .  USNM 127709. 
Type loculity. N tip of South Watcr Cay, Belize, 0.1 in (Station 34). 
Pururvpcs. USNM 12771(k127713. 4 spccimcns from type locality. 
Other rrruteriul (author’s collection). Four specimens: I from cach of 

Elfyriro/ogy. The species is namcd for the ‘compact’ (Latin conzpactrrs) 
Stations IS. 36 (specimen scctioned). 31 and 87. 

arrangcmcnt o f  its genitalia. 

Description. Length 2 . c2 .9  mm, 30-38 segments. Width 
at XI 0.22-0.41 mm. Prostomium and pygidium similar, 
rounded triangular, both well set off from rest of body, 
but pygidium generally somewhat smaller than prosto- 
mium. Secondary annulation inconspicuous. Clitellum 
extending over fX-$XII. Somatic setae (Fig. 11A) bifid, 
with upper tooth shorter and much thinner than lower, 
and with subdental ligament. Bifids 3 4 4 1  pm long. 2-2.5 
pm thick at node, (1)2-3 per bundle anteriorly, 2 per 
bundlc in postclitellar segments. Penial setae (Fig. 1 IB, 
p s )  1-2 per bundle, straight, single-pointed. 77-100 pm 
long, entally flat and 5-15 pm wide, ectally narrower and 
more solid. Tips of penial setae protruding into small 
copulatory chambers surrounded by thick-walled sacs. 
ZOOlOgiCU .%ripti! 19 

Male pores paired in line with ventral setae posteriorly in 
XI. Two transverse epidermal pads located mid- 
ventrally, one anterior and one posterior to lcvel of  male 
pores (cf. Fig. 1 1  B,  ep). Spermathecal porespaired in line 
with ventral setae in  most anterior part of XI. Discretc 
unpaired roundish protuberance (Fig. 1 lB,  sp) present 
mid-ventrally between spermathecal pores. 

Pharyngeal glands in IV-V(V1). Male genitalia (Figs. 
I lB)  paired. Vas deferens inconspicuous, up to about 10 
pm wide and entering apical end of atrium, but not 
observed in its full length in any of available specimens. 
Atrium club-shaped, erect, 115-140 pm long, entally 23- 
30 pm wide, with 1-2 p m  thick outer lining o f  muscles and 
thick inner epithelium, latter apparently lacking cilia, but 
granulated at least entally. ’Two large and compact pro- 
state glands present, but attachments to atrium not seen. 
Atrium ectally tapering and opening into copulatory 
chamber. Spermathecae (Fig. 1 l B ,  s) slender. 140- 
200 pm long, with long, ciliated(‘?), 17-28 Fm wide ducts, 
and shorter, thin-walled, 12-21 pm widc ampullae; each 
ampulla with loose bundle of sperm. 

Remarks. This species is unique within Phallodrilus hav- 
ing the spermathecae located in the same segment as the 
male duets, i.e. in segment XI. In the northeast Atlantic 
P. posrspermathec~~tus Ersdus, I98O(c), and the Italian, 
fresh-water P. cuspis ErsCus & Dumnlcka, 1988, how- 
ever, the spermathecae are shifted backwards even 
further, into segment XII, behind the male genitalia. The 
penial setae and atria of P. compactus bear some resem- 
blance to those of P.  parthenopaeus Pierantoni, 1902 (see 
ErsCus 1987~) and P. suhulosus ErsCus, 1979 (see ErsCus 
1979d), which may be two of its closest relatives among 
the known species o f  the genus. 

Di.sfr-ihrr/io/i mnd hahifur. Known only from the harrier rccf off  Belize. 
Suhtidal sand. to at least 2 m depth. 

Phallodrilus singularis sp.n. (Fig. 12) 

I ! o ~ u ~ ) ~ c ~ .  lJSNM 1277 14. 
Type locality. Outer cnd of dock at Carrie Bow Cay. Bclizc. I .S m 

Etyniology. The spccific name singitlaris, Latin mc;ining ‘with one 
(Station 2). 

only‘  alludes t o  the single pcnial sctac at cach nialc porc. 

Descriprion. Length more than 2.4 mm, more than 21 
segments (holotype not complete). Width at XI 0.25 mm. 
Prostomium rounded. triangular. Secondary annuli nu- 
merous. Clitellum extending over iX-XII, but not well 
developed. Somatic setae (Fig. 12A) bifid and slender, 
with upper tooth about as long as but thinner than lower, 
and with subdental ligament. Bitids 3340 pm long, 1-1 .5 
pm thick, (1,2)34(5) per bundle anteriorly, 1-3 pcr 
bundle in segments posterior to clitellum. Penial setae 
(Figs 12B; C, p s )  single-pointed, slightly curved, about 
50 pm long, entally 2.5 pm thick, ectally thinner, 1 on 
each side of worm. Tips of penial setac in holotype 
sharply bent (which, howcver, tnay be an anomaly for this 
single individual). Malc pores paired in line with ventral 
somatic setae in posterior part of XI. Spermathecal pores 
paired in line with ventral setae, in furrow between IX 
and X. 
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Fi'y. I.?. I'/iallodriliis .sirigrtlurI.~ sp.n.-A. Free-hand drawing of  somatic sctii.--B. Pcnial sctii (sharply bent tip may be an artifact).-C. Lateral view 
of spermiitheca and male genitalia in segments X-XI. 

Pharyngeal glands not observed. Male genitalia (Fig. 
12C) paired. Vas deferens 6-1s pm wide. very long and 
coiled, entering atrium subapically. Atrium erect, oval, 
about 50 pm long (both atria of holotype observed from 
i i n  oblique view), 40pm wide, with up to 4 pm thick lining 
of muscles, and ciliated and granulated inner epithclium. 
Prostate glands both subapical, attached to atrium 
opposite to each other. Spcrmathecae (Fig. 12C, s )  small, 
with short ducts and oval ampulla, probably not fully 
developed in holotype; sperm absent. 

Remurks. Among the few species of Phallo~1rilu.s possess- 
ing only one (or very few) penial seta per 'bundle', P. 
singultiris is unique in having erect, oval, heavily muscular 
atria. It is possible that additional specimens would prove 
to have. c.g. two penial setae per bundle, but this would 
not speak against it being separate from all other known 
species. 

/h l r ih i t f io t i  tuid huhirul. Known only from Carrie Bow Cay. Belize. 
Subtidal. somewhat muddv sand. 1.5 m. 

Phallodrilus deminutius Erseus, 1979 

/'~iii/I~i~lrilit.s i-ecti.wtosit.\ rlcmitirrriiis (purritn) 13rsdus. 1979d: I 9  1-19?. 

/'litrllodri/ir,s dciiziniriiii.~: E r s h s  I YXXu: 786-787. figs 2A-C. 4. 
fig. 7: Ihdus  1981~: table I .  

Mtiwrid. See LirsCus ( I9XXa).  Author's samples from Rclizc, X spcci- 
mcns (3 of which deposited in the USNM): 1 from cach of Stations I ,  9. 
31 a n d  X 6 :  and 2 froni cach of Stations 12 and 23. 

Rminrks. The Plzallodrilus rectisetosus-complex was 
ttcatcd in a recent taxonomic revision (ErTCus 19880). in 
which the deminutius form, previously regarded as a 
subspecies of P .  rectisetosus Erseus, 1079(d), was elev- 
ated to specific status. 

Phullodrilus deminutius is distinguished from the 
closely related P.  molestus (see below) by its smaller 
number of somatic setae (generally two per bundle an- 
teriorly, one per 'bundle' posteriorly) and greater number 
of  penial setae (four to eleven per bundle); P. molestus 
has almost invariably two setae in  all somatic bundles, but 
generally only three to five penial setae per bundle. 

This species is not as common in Belize as P. molestus, 
but wherever it occurs it appears to be sympatric with the 
latter. 

1X.tiributiori uiid kobiirri. Bermuda, Barbados and Rclizc, probably 
present throughout the Caribbean. Intertidal and subtidal sand, t o  at 
least I4 in dcpth. 

Phallodrilus molestus Erseus, 1988 

~ 'hu l lod~ i / i i~~  ri~c~ti.s~~ro.~ii.s tlc~nziniiiiu.s (purtim) ErsCus 197Yd: 19 1-1 92; 

l ' / ~ ~ ~ l l ~ ~ ~ l r i l i r ~ s  mo1c:rirt.s Ervhis. I988u: 787-78'). figs I B-D, 2D-F, 4. 
Ersdus 1981~: table I .  

Muterid. See Ersdus (I98Xu). Author's collection from Rclizc, 199 
specimens ( 5  of which deposited in the USNM) from fnllowing Stations 
(number of spccimcns eivcn in parentheses: Stations 1 ( 3 ) ,  2(typc 
locality)(2.5). S(?), 9(9). 12(9), 13(h). 15(5), 16(2). 22(4), 23(lO), 26(7), 
31(2). 32(1). 33(1). 41(10), 42(5), 43(1). 44(3), 47(1), 50(1), Sl(10). 
S7(6). 60(1). hS(2). 66(5).  69( I ) .  70(6), 72(5), 77(20), 79(1 I ) ,  "(23). 
X ? ( I ) .  andX6(1). 

Remarks. This species was described in the revision of the 
P. re~risc.to.sus-complex (ErsCus 19880). It is one of the 
most common tubiticids on the barrier reef off Belize. See 
also Rrmrrrks for P .  derninutius above. 

Di.s/rihuiimi und huhirur. Bcrmuda, Florida. Belize, Barbados, Hawaii. 
Great Barrier Rccf, Fiji, probably circumtropical. Lower intertidal and 
subtidal sand\. to at Ica\t 70 ni dcpth. 
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Fig. IS. I’liallodrilus vkinus sp.n.-A. Somatic seta-B. Penial scta.-C. Solnewhat lateral view o f  spermiitheca and miile genitalia in segments X- 
XI. 

Phallodrilus vicinus sp.n. (Fig. 13) 

flolotypc,. USNM 127715. 
Typeloculity. About 10 rn N ofC“-ic Bow Cay, Bcli,x, 0.5 In (Station 

1 I ) .  
Pururypes. USNM 127716-127718. 3 specimens from S tip of  Carrie 

Bow Cay. sand Rat, near rubble zonc, hardy subtidal, mcdium t o  coarse 
sand (7 April 1982; coll. H. R. Baker). 

0 t h  maferiul (iiu t hor‘s collcct ion ) . Three s peci in cns from locality o f  
paratypes. 

Efyniology. Thc name vicinus is Latin for ’ncighhouring, near’. which 
recognizes the spccics’ very closc relationship t o  I-’. cuviuiriuius (see 
Rcmurks hclow). 

DPscripfion. Length (2 complete specimens) 4.2-4.5 mm, 
38-39 segments. Width at XI 0.23-0.48 mm. Prostomium 
rounded triangular. Secondary annulation present in 
anteriormost segments. Clitellum extending over $X- 
$XI1 in holotype, poorly developed in paratypes. Somatic 
setae (Fig. 13A) bifid, with upper tooth thinner and 
shorter than lower, and with subdental ligament. These 
setae 3 5 4 8  p m  long, 2.5-3.5 pm thick at node, 2-3 per 
bundle anteriorly, (1)2 per bundle in postclitellar seg- 
ments. Penial setae (Figs 13B; C, ps ,  pso) ,  (6-8)9-13(14) 
per bundle, straight, 35-42 pm long, about 2 pm thick, 
ectally clubbed setae; each ‘club’ bearing a curved apical 
hook. Male pores paired in line with ventral somatic 
setae, posteriorly in XI. Spermathecal pores paired, 
located between lines of ventral setae and lateral lines, in 
most anterior part of X. 

Pharyngeal glands in IV-V, generally also extending 
into VI. Male genitalia (Fig. 13C) paired. Vas deferens 
not seen in its entire length in available material, but 

entering apical end of atrium. Atrium cylindrical, about 
130-140 pm long, ectally sharply bent, with very thin 
outer lining of muscles and thick inner epithelium; latter 
ciliated but not granulated. Ental part of atrium 28-35 pm 
wide, ectal part much narrower and terminating in incon- 
spicuous penis; latter enclosed in small copulatory sac in 
immediate vicinity of penial setae (for clarity, pcnial sctae 
of other side of worm depicted in  Fig. 13, pso). Prostate 
glands large (at least of same size as atrium), but attach- 
ments to atrium not seen. Spermathecae (Fig. 13C, s) 
with short, in some specimens bulbous, ducts, and large 
ampullae. Latter of variable shape and size, containing 
somewhat bundled sperm; in holotype wall and lumen of 
ampullae also with globules of secretion. 

Remarks. This species is closely related to P. cuviutriutus 
Erseus, 1984, known from a lower intertidal (possibly 
somewhat brackish) habitat in Barbados (ErsCus 1984~) .  
With regard to non-genital characters and the penial 
setae, the two forms are virtually identical, the new 
species having on average fewer penial setae per bundle 
(range 6-14 as opposed to about 13-18 in P. cuviatriutus). 
However, the atria are fundamentally different in the two 
species. those of P. caviatriatus are heavily muscular 
(muscle layer 5-9 p m  thick) and have a thin inner epi- 
thelium rendering the lumen very wide (epithelium thick 
and lumen narrow in P. vicinus). In addition, the prostate 
glands are much larger in P. vicinus. 

Lhstrihurion arid huhitul. Known only  from Carrie Bow Cay. Bclizc. 
Barely suhtidal, rather loosc send. about 0.S m. 
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,10pm I 50pm , 
f i g .  14. Pliu1lotlrilri.s nrisuius sp.n.-A. Anterior somatic seta-B.  Dorsal somatic scta o f  posterior end of worm.-C. Pcniol seta.-f). Lateral view 
ofspcrinathcca and male genitalia in segments X-XI. 

Phallodrilus nasutus sp.n. (Fig. 14) (described below) are closely related and share a number 

Ilo/of?.pe. MNHN MA I .  
7 ) ' p ~  loc.trlify. Ansc Lahorde. N part 0 1  GI-and-Tcrrc, Guadcloupc, 

I(i"29.2'N. hI"30.3'W. intertidal, \and (9 December 1982; col l .  N .  
Goulhault). 

I'uruf~pu. USNM 127719, spccimcn from Station 18 (Belize). 
Ofhcr niucwial (author's collcction). Spccinicn from 1.a Gourde 

lwach. t part of Gr;indc-Tcrrc, (;u:idcloupc. 16"15.7'N, 6l012.7'W, 
high intertidal. coiirsc sand (November 10x4; co l l .  J .  Rciiaurl-Mornant 
& N. <iourbsult). 

Erytwlogy .  The namc t~u,s~itus is Latin for 'large-nosed', here rcfer- 
ring to the species' prominent prostomiurn. 

Ilescr-ipfion. Length 1.9-2.0 mm, 24-29 segments. Width 
at  XI 0.10--(). 14 mm. Prostomium elongate, snout-like. 
Secondary annulation indistinct. Clitellum extending 
over fX-XII. Somatic setae 23-45 pm long, 1-1.5 pm 
thick, 4-7(8) per bundle anteriorly, ( 3 ) M  per bundle in 
postclitcllar segments. Anterior and ventral posterior 
setae (Fig. 14A) bifid, with upper tooth thinner and 
shorter than lower; dorsal setae of posteriormost seg- 
ments (Fig. 14B) sharply single-pointed. Penial setae 
(Figs 14C; D,  pso) straight, 13-17 per bundle, 25-50 p.m 
long, 1 .S-2 p m  thick. bifid, with upper tooth thinner, but 
as long as, lower. Penial setae in fan-shaped formation 
within bundle, with posterior half of bundle 'tilted over' in 
a characteristic way and anterior sctae of bundle distinctly 
longer than posterior ones (for clarity, penial setae of 
other side, not side of atrium shown, are drawn in Fig. 
14D). Male and spermathecal pores paired in line with 
ventral somatic setae, posteriorly in XI, and in most 
anterior parts of X, respectively. 

of characters which appear apomorphic: (1) an elongate, 
snout-like prostomium, (2) a large pharynx cavity (prob- 
ably their feeding biology is different from that of most 
other members of Phallodrilus), ( 3 )  granulated sperma- 
thecae with very small ampullae, and (4) numerous bifid 
penial setae, each bundle of which shows a clear tendency 
of breaking up into two groups of setae, in P. bipurtitus 
more so than in P. nasutus (cf. Figs 14D, 1%). Moreover, 
both species have been found in ground water near or 
above the high-water line. 

In addition to the differences in the arrangements of  the 
penial setae, P. nasutus is distinguished from P. bipartitus 
by its possession of sharply single-pointed sctae in pos- 
terior dorsal bundles and thc larger size of its penial setae. 

These two new species are in some respects similar to P .  
scirpiculus ErsCus, 1985 (see also Erskus 19896) from 
Saudi Arabia. The latter species also has a snout-like 
prostomium, simple atria, and a clear granulation in the 
spermathecae. Phnllodrilus scirpiculus, however, has 
very characteristic penial setae, distinguishing it from all 
congeners. Each bundle o f  penial setae tend to be 
arranged in a ring, with one seta very large and strongly 
hooked, followed by 5-6 gradually smaller, and not as 
hooked, setae (Erseus 1985: fig. Sb). 

IXstrihution urid huhitui. C;uadcloupe and Belize. Intertidal and subtcr- 
rancan water: sand. 

Phallodrilus bipartitus sp.n. (Fig. 15) 
Pharynx cavity large and ciliated. Pharyngeal glands 

well developed- in Iv-vr. Male genitalia (Fig. 14D) 
paired. Vas deferens not seen in its entire length, but 

a t r ium subapically, ~~~i~~ sma l l ,  erect, some- 
what pcar-shaped, 26-33 +m long, 19-28 pm wide, with 
very thin outer lining and granulated and ciliated inner 

Holotype. USNM 127720. 
Typrkoculify. Bcach abovc sea wall. E side of Carrie Bow Cay. Bclize, 

Purufypes. USNM 127721-127722,2 specimens from Station 7. 
Olher muteriul (author's collection). Two  spccimcns from Station 7. 
Etymology. The name hipurtiriis is Latin for 'in two parts', 'in two 

ways', and rcfcrs to  the very unusual arrangement of thc penial sctac. 

at groundwater level (Station 29). 

epithelium. Prostate glands large, both subapical, 
attached to atrium almost opposite to each other. Atrium 
opening into copulatory sac, latter also containing tips of 
penial setae. Spermathecae club-shaped, 47-63 pm long, 
15-19 p m  wide, with elongate, granulated ducts, and very 
short, thin-walled ampulla; sperm random in spermathe- 
cae of 1 specimen. 
Remarks. Phallodrilus nasutus and P. bipartitus sp.n. 

Description. Length of 2 complete specimens 3.2-3.6 
mm, 32-33 segments; a third specimen, lacking posterior 
end, more than 3.8 mm long, more than 33 segments. 
Width at XI 0.25-0.34 mm. Prostomiurn elongate, snout- 
like. Secondary annulation indistinct. Clitellum extend- 
ing over X-XII. Somatic setae (Fig. 1SA) all bifid, with 
upper tooth somewhat thinner than lower, and with 
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Fig. IS. Phullodrilus hipurritus 5p.n.-A. Free-hand drawing of wnntic  setn.--H. Free-h;ind drawing o f  penial scta.-C'. Somcwhat liitcriil view of 
apcrmatheca and male genitalia in segments X-XI. 

inconspicuous subdental ligament. These setae 35-50 pm 
long, about 2 pm thick, 5-7 per bundle anteriorly, MJ per 
bundle in postclitellar segments. Penial setae (Figs 1 SB; 
C ,  ps) more or less straight, bifid, with teeth closer 
together than in somatic setae, 263.5 pm long, 1.5-2 p m  
thick, arranged in two separate bundles at each male 
pore: one with about 8-1 7 setae (exact number sometimes 
difficult to establish) located near atrium, another with 2- 
5 setae located halfway down copulatory sac. Setae of 
larger bundle forming a semicircular, those of smaller 
bundle a straight, row. Male pores close together ven- 
trally, slightly posterior to middle of XI, between two 
flap-like papillae (Fig. 1SC. fp). Spermathecal pores 
paired in line with ventral setae, anteriorly in X .  

Pharynx cavity large and ciliated. Pharyngeal glands 
well developed, in IV-VT. Male genitalia (Fig. 15C) 
paired. Vas deferens not seen in its entire length, but 
entering atrium subapically. Atrium small, erect, some- 
what pear-shaped, 24-40 pm long, 2&28 pm wide, with 
very thin outer lining and sparsely granulated and 
ciliated(?) inner epithelium. Prostate glands very large, 
both subapical, attached to atrium opposite to each other. 
Atrium appear to open into deep copulatory sac, but 
details not clear in available material. Spermathecae 50- 
80 pm long, 20-35 p m  wide, consisting of elongate, partly 
granulated ducts, and short, thin-walled ampullae; latter 
with some random sperm in postcopulatory specimens. 

Retnarks. See Remarks for P. nusutus above. 
Zoologicu Scripta 19 

IXsrrihuriiori u r i d  kuhifuf. Known only from Carric R o w  Cay. Hclizc. 
Uppcr intertidal and subtcrrancan water; sand. 

Genus Aktedrilus Knollner, 1935 

Remarks. Almost 30 of the meiobenthic species of  Tubifi- 
cidae living in intertidal habitats of sandy beaches are 
members of Aktrdrilus. The genus was most rcccntly 
revised by Erseus ( 1 9 8 7 ~ ) .  Subsequent additions of 
species are those by Erseus (1990h, in press). 

Aktedrilus longitubularis Finogenova & Shurova, 1980 
(Fig. 16) 

Akfc&i/u.s longifirhitlor-is Finogcnova 61 Shurova, 1080: 6 5 4 9 .  figs 1-8: 
Ersdus I98Yh: 17, figs 2q-r; ErsCus 19UOh: 270-280, fig. 6 .  

N r w  iriuforiuI. USNM 127723. spccimcn from Station 54. 

Description of new material. Length 2.5 mm. 34 segments. 
With at XI 0.12 mm. Epidermal glands not observed. 
Clitellum extending over $X-XII. Setae (Fig. 16A) all 
bifid, with upper tooth thinner and shorter than lower and 
with inconspicuous subdental ligament. Setae about 30 
pm long, about 1 .5 pm thick, 3 4  per bundle anteriorly, 
(2)3 per bundle in postclitellar segments. Spermathecal 
pore mid-dorsal, anteriorly in X. 

Pharyngeal glands in IV-VI. Male genitalia (Fig. 16B) 
paired. Vas deferens about 8 p m  wide, not observed in its 
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F7g. 16. Aktedrilus 1ongifubulari.s Finogenova & Shurova.-A. Freehand drawing of seta.-B. Lateral view of spermatheca and Inale genitalia in 
acgments X-XI. 

entire length. but entering apical end of atrium. Atrium 
about 115 p m  long, strongly curved, tubular, bipartite, 
ciliated and with very thin outer muscular lining. Ental 
part of atrium 10-16 pm wide, ectal part 18 pm wide, 
latter more granulated than ental part. Penis curved and 
elongatcd funnel-shaped, with cuticular sheath, inner end 
of which forming asymmetrical collar at base. Penis about 
80 p m  long, diameter 26 pm at base, about 5 p m  at middle 
and tip, enclosed in deep penial (copulatory) sac. An- 
terior prostate gland very large. Posterior prostate 
smaller, partly as a glandular pad in anterior wall of 
copulatory sac. Spermatheca (Fig. 16B, s) cylindrical, 65 
pm long, 21 pm wide, with duct much longer than 
ampulla; sperm absent (specimen precopulatory). 

Remarks. This species is now known from all major 
oceans (ErsCus 19896, 1990b, present paper). The single 
specimen from Belize fits the original description by 
Finogenova & Shurova (1 980) remarkably well consider- 
ing that their material was from the Sea of Japan. Except 
for some dimensional differences (the original specimens 

Aktedrilus parvithecatus (Erseus, 1978) 

Racescuellu parvithecatu ErsCus, 1978: 264-265, fig. 2, tablc I :  ErsCus 
1980~:  106-107, fig. 10B; ErsCus 1984d: 19s-196; ErsCus & Cantu- 
Martinez 1984: 183-184, fig. 2. 

Bacescuellu pilicrepus ErsCus, 1084~: 15-154, fig. 1 1 .  
Aktcdrilus parvithccatus; ErsCus 1987~:  1 17-1 19, fig. 6 ;  ErsCus 198Yh: 

17-18, figs 2s-t; 1990h: 281. 

New marerial. U S N M  127724-127726, 3 specimens from Station 7. 
Author's collection. 7 specimens: 6 from Station 7; and 1 from Station 
20. MNHN MA 2, specimen from Ansc Pctitc Rivihrc. La DCsirade. 
Guadeloupe, 16"10.9'N, 6l0O0.4'W, intertidal, sand (28 March 1983; 
coll. N. Gourbault). Author's collection, specimen from same locality 
(GUddClOUpC). 

Remarks. This species, which appears to have a circum- 
tropical distribution (ErsCus 1987u), was originally de- 
scribed from Bermuda, but has not been reported from 
the Caribbean proper to date. The worms from Belize are 
2.6-3.0 mm long (36-40 segments), those from Guade- 
loupe 2.1-2.3 mm (both 36 segments). Three of the 
Belizean specimens bear roundish external spermato- 
phores, 14-16 pm in diameter. 

were somewhat larger), the only more fundamental dis- 
crepancy between the original and the present description 
i s  that Finogenova & Shurova did not note any subdental 

Disrribution und habitat. Bclizc and Guadeloupe (new records), Ber- 
muda, pacific coast of Mexico, Galapagos, Hang Kong. Saudi 
and France. Intertidal and barely subtidal sand. 

ligaments on the setae. Such ligaments were reported for 
material from Hong Kong (Erskus 19906), but were not 
seen in worms from Saudi Arabia (Erseus 19896). This 
difference is not considered as sufficient to  suggest that 
two species are involved. 

Aktedrilus rnurtiniquensis Erseus, 1983e, however, is 
regarded as a separate species, despite the fact that it has 
male genitalia that are virtually indistinguishable from 
those of A .  fongiruhuluris. The former, known from 
Martinique and Guadeloupe. is discriminated from the 
latter by its sharply single-pointed posterior setae (Erseus 

spermathecal ampulla. 

Genus Jamiesoniella Erseus, 1981 

Remarks. The definition of Jamiesoniella ErsCus, 1981 (c )  
was recently modified by Erseus (1990b). The genus 
contains three meiobenthic, littoral species, 

Jamiesoniella athecatu Erseus, 1981 (Fig. 17) 

1983c: fig. 3B) and, also, by its slight]y longer Jamiesoniellc arhecara ErSCUS, 1981c: 28-20. figs 27-20. 

New material. USNM 127727, spccimen from Station 54. 

IXstriburion und liuhitut. Sea o f  Japan (Pacific U.S.S.K.). South China 
Sca (Hone Kone). Saudi Arabia. and Belize (new record). lntcrtidal O f n e w  materid- Length more than 1.3 mm, 

~ L L I  

smd. more than 15 segments (specimen not complete). Width 
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at XI 0.15 mm. Prostomium round, not large. Clitellum 
extending over fX-XII. Setac (Fig. 17A) bifid with upper 
tooth as long as but thinner than lower. Setae 28-35 p m  
long. 1-1 .S p m  thick. (1-)3-S per bundle anteriorly, 2-3 
per bundle in postclitellar segments. Ventral setac o f  XI 
absent. Male pores paired in line with ventral setac, 
posteriorly in XI. Spermathccal pores and spermathecac 
absent. 

Pharyngeal glands in (1II)lV-V(V1). Male genitalia 
(Fig. 17B) paired. Vas deferens longer than atrium. wider 
ectally (about 1 0  pm) than entally (cntal parts poorly 
visible in specimen). Atrium somewhat ovoid, about 
S O  p m  long, about 30 p m  wide, with very thin outer lining 
and thick inner epithelium; lumen narrow. Compact 
prostate gland attached to ectal end of atrium. Atrium 
opening into small copulatory sac, at base of flap-like, 
somewhat triangular papilla; papilla and wall of sac 
granulated. 

Remarks. This species was originally described from Aus- 
tralia's Great Barrier Reef (ErsCus 1981c), from a habitat 
similar to that of the present material. The new and the 
old specimens are remarkably similar even in dimensional 
features. Another species, J .  hahamensis Erseus, 1981, is 
known from Bahamas (ErsCus 1981d), and one would 
have expected this species rather than the South Pacific , I .  
urhecatu t o  occur in Belize. However, the Belizean 
material of Jamiesoniellu does not have curved and hea- 
vily muscular atria, and large copulatory sacs, which 
characterize J .  hahamensis. 

The wide geographic separation of the two records 
indicates that J .  arhecata is a widely distributed. possibly 
ci rcumtropical, species. 

Distrihution and habitat. Belize (new record) and Great 
Barrier Reef. Intertidal, largely coarse, sand. 

Genus Inandrilus Erseus, 1979 

Remarks. This genus, as well as Olavius (treated below). 
comprise a large group of aberrant Tubificidae, viz. those 
lacking a normal alimentary system, but instead bearing 

Zoologiiu Scrrptu 14, 

symbiotic bacteria in their body wall (Giere & Langheld 
1987). Innnidrilus and Olavius were defined in a revision 
of these gutless species by Erseus (1984h). 

Inanidrilus leukodermatus (Giere, 1979) 

Phu//oi /r i /us / c i iko t l [ .minlrr . s  Gicrc. 1070: 307-309. tig. 4: (iierc I W I :  
3.53-356. figs 1-8: ErsCus 1981~: tablcs 11-111: ErsCus Kr f3akcr 1982: 
tig. 3A.  

Iriuriitlr.i/rcs /ertkotlcr,irirrirc.; Er.;l.us I984 / J :  240-241 . fig. I . 

Ncw niurcrid USNM 127728-127732, 5 spcciinciis from Station 13. 
Author's collection, 179 \pccimcri\ from 31) diffcrcnt stations: 59 from 
Station 13: 20 from Station 22: 27 from Station S I :  23 Irom each of 
Stations 26 and 77: 20 from Station S7; I0 from ciicli of Stations 27, 31 
and 72; 9 from each o f  Stations 14 and XO: 6 Irom c x h  olStation.; 35 and 
66; 4 from each o f  Stations 2 ,  16 and 60; 3 from each of Stations 15, 41. 
42. SO ancl  70: 2 Irom cach o f  Stations 0 and 32: and I Irom each of 
Stations 5. 1 1 .  23.49. 59. 7X and X?. 

Remarks. lnariidrilus leukorlermatus, which was de- 
scribed first from Bermuda (Giere 1979) and later from 
Belize (ErsCus 1984h), is the most common gutless 
species in the present material. It occurred at 30 of the 
stations sampled and sometimes in high numbers (see 
above). This is similar to  the situation in Bermuda, where 
the species sometimes reaches densities o f  about 85.000 
ind. m-' (Giere et U I .  1982). 

The penial setae arc vcry characteristic, sickle-shaped 
with conspicuous ectal hooks, and arranged in bisctal 
bundles (ErsCus 19X4h: fig. I ) .  

Distrihurion and hahifur. Bermuda. Bclizc. Various kinds of  intertidal 
and suhtirlal sands. to at least 16.5 111 depth. According to  Gicrc PI a/ .  
(1982) the species prefer the reduced layers of the carbonate sediments. 

Inanidrilus scalprum Erseus, 1984 

Inuriidrilrr,~ .sc.a/pruni Erseus. 19X4h: 247. fig. 9 

New tnatuial. LJSNM 127733. specimen Irom Station 27. lJSNM 
127734. spccimcn from Station 7X. Author's rollcction, 16 specimens: 5 
from Station 62; 2 from each of Stations 26 and 27; and 1 from each of 
Stations 13, 16, 22,  51. 80, 81 and X2. 

Remarks. This species was originally described from very 
shallow bottoms near Carrie Bow Cay (Erseus 1984h), 
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but has now also been found off the reef crest down to 
27 m depth. The penial setae are characteristic, somewhat 
chisel-shaped. and the spermathecal ampullae are oval; 
otherwise the species is similar to I .  hefizensis. Seven 
worms of thc present material are complete, they are 7.5- 
10.9 mm long, with 53-66 segments. This extends the 
known size range of the species (original material: 7.1-8.3 
mm, 6 1 4 3  segment). 

The two worms from about 100 m N o f  Carrie Bow Cay 
(Station 26) lack penial setae, but are otherwise clearly 
attributable to I .  scalprum. 

/)i,vrihution und huhitur. Belize. Subtidal coral sand, to at lcast 27 m 
dcpth.  

Inanidrilus belizensis Erseus. 1984 

Inunidrilus 6elizrn.si.s ErsCus, 19846: 248. fig. 10 

NEW niuieriul. USNM 127735. specimen from Station 57. USNM 
117736, spccimcn from Station 62. Author's collection: 1 specimen from 
each of Stations 3 I and 5 1. 

Remarks. lnanidrilus belizensis, characterized by sickle- 
shaped penial setae with bifid tips, and very short sper- 
mathecal ampullae, was originally described from Belize 
(ErsCus 1084h). The new specimens, up to 8.8 mm long 
with up to 69 segments (the old worms were 6.2-6.6 mm 
long, with S O 4 8  segments), fit the original description 
well. 

Diwihurion und huhirur. Relizc. Subtidal coral sand, to at lcast 24 m 
depth. 

Znanidrilus aduncosetis Erseus, 1984 (Fig. 18) 

Inurritirilus utiiincoc.etis ErsCus. 1984h: 248-249, fig. 1 1 

New muterial. IJSNM 127737-127738, 2 spccimcns from Station 14. 
Author's collcction, 5 spccimcns: 3 from Station 51; I from Station 32; 
and I from reef flat N of Carrie Bow Cay. 1.2 m, poorly mixed medium 
coral sand in small sand grooves ( I S  April 1982; eoll. H. R. Baker). 

Description of new material. Length (2 complete speci- 
mens) 10.8-13.4 mm, 81-84 segments. Width at XI 0.17- 
0.28 mm. Prostomium elongate, rounded. Clitellum 
extending over 4XfXII. Secondary annuli 7 per (postcli- 
M a r )  segment. Bifid setae (Fig. 18A) with upper tooth 
thinner and slightly shorter than lower, and with subden- 
tal ligament. Bifids 30-45 pm long, 1.5-2pm thick, (1)2-3 
per bundle anteriorly, (1)2 per bundle in postclitellar 
segments. Penial setae (Figs 18B; C, p s )  2 per bundle, 
resembling fish-hooks, sharply single-pointed, about 
50 pm long, 4.5-6 pm thick. Male and spermathecal pores 
in line with ventral setae. 

Alimentary canal absent. Male genitalia (Fig. 18C) 
paired. Vas dcferens 7-9 pm wide, much longer than 
atrium, with thin but distinct muscular lining for most 
parts. Atrium erect, somewhat pear-shaped, 60-70 pm 
long. 35-42 pm wide, with 1-2 p m  thick outer muscular 
lining, and thick granulated inner epithelium. Prostate 
glands very large. Spermathecae (Fig. 18C, s) with (1) 
'vestibules' at pores, (2) spindle-shaped, thick-walled 
ducts, 125-130 pm long, 35-55 p m  wide, and (3) oblong, 
thin-walled ampullae, 70-1 10 pm long, 33-51 pm wide, 
containing large bundle of sperm. Spermathecae com- 
pletely lined with 1-2 Fm thick layer of muscles. 

Remarks. This species was previously known only from 
Bermuda, where it was found in coarse coral sand at 8 m 
depth (ErsCus 1Yk4b). The specimens from Belize basi- 
cally conform to the original description, but there are 
some dimensional differences; the new worms are smaller 
with regard to setae, male ducts and spermathecae. A 
more qualitative difference is that their secondary annuli 
are seven per segment, not six as in the material from 
Bermuda. The differences are not regarded as specific, 
but as geographic variation. 

Disfrihution und hahirut. Belize (new record) and Bermuda. Various 
kinds of subtidal coral sand, to at least 8 m dcpth. 

I 100 vrn I 
Fig. 18. Inunidrilus uduncoseris Erseus.-A. Somatic seta.-B. Penial setae.-C. Lateral view of spcrmathcca and male genitalia in segments X-XI. 
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Fig. 19. inanidriius reginae sp.n.-A. Pcnial sctae.-B. Free-hand drawing o f  somatic seta.-C. Lateral view of spcrmatheca and male genitalia in 
segmcnts X-XI. 

Inanidrilus reginae sp.n. (Fig. 19) 

Holotype.  USNM 127739. 
Type Iocalily. Thalussia bed E of N tip of Carrie Bow Cay, Belize, 

Paratype. USNM 127740, specimen from type locality. 
Elymology. Namcd for Ms Regina Lewis (Dangriga, Belize), for 

many years a most appreciated cook at the held laboratory on Carrie 
Bow Cay. 

0.2 m (Station 49). 

Description. Length more than 2.7 mm, more than 25 
segments (specimen not complete). Width at XI 0.22- 
0.24 mm. Prostomium pointed triangular. Secondary 
annuli 7 per (postclitellar) segment. Clitellum extending 
over iX-XII. Somatic setae (Fig. 19B) bifid, with upper 
tooth somewhat thinner than but about as long as lower, 
and with indistinct subdental ligament. Bifids 25-35 p m  
long, about 1 pm thick, 2-3 per bundle anteriorly, 2 per 
bundle in postclitellar segments. Penial setae (Figs 19A; 
C, p s )  2 per bundle, slightly curved, each bundle consist- 
ing of: (1) a large seta, 95-100 p m  long, 4-5 p m  thick, 
with curved inner end, and grooved outer part ending in 
small hook; (2) a smaller seta, 58-66 p m  long, 3.5-4 pm 
thick, with straight inner end and rounded, somewhat 
spoon-shaped outer tip. Male pores paired, inconspi- 
cuous, in line with ventral setae, posteriorly in XI. Sperm- 
athecal pores paired in line with ventral setae, anteriorly in 
X. 

Alimentary canal absent. Male genitalia (Fig. 19C) 
paired. Vas deferens about 5 ,urn wide, very long, coiled, 
ectally with distinct muscular lining. Atrium about 70 pm 
long, maximally 19-26 p m  wide, somewhat spindle- 
shaped but abruptly bent 4 from inner end, with 1-2.5 pm 
thick outer lining of muscles and ciliated and partly 
granulated inner epithelium. Large prostate gland (prob- 
ably homologous to posterior prostate in related spp.) 
communicating with atrium at point of bend; anterior 
prostate gland not observed. Spermathecae (Fig. 19C, s) 
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slender, 110-125 pm long, with narrow, maximally 13-16 
pm wide ducts (most ectal part of ducts very narrow, 
appearing ‘stretched’), and oblong, 25-30 pm wide 
ampullae, latter with loose bundles of sperm; epithelium 
surrounding spermathecal pores thickened. 

Remarks. Inandrilus reginae belongs to a group of apo- 
morphic species within Inandrilus, namely those with 
elongated, folded atria and anisomorph penial setae (see 
ErsCus 19846). Other species with this combination of 
characteristics are 1. munae Erseus, 1984(h), I .  fafcifer 
ErsCus and Baker, 1982, and I .  renaudue Erseus, 1984(b). 
These others possess structures that at least have been 
interpreted as anterior prostate glands, although in the 
case of I. falcifer and I .  munae, the ‘glands’ are associated 
with the vasa deferentia rather than the proper atria 
(Erskus 19846). N o  anterior prostate gland could be 
established to occur in I .  reginae, but developing eggs of 
the ovaries are sometimes located among the coils of the 
vasa deferentia and may erroneously be interpreted as 
prostates. 

The detailed morphology of the penial setae and the 
spermathecae distinguishes I .  reginae from the other 
species: the smaller penial setae are ending with rounded, 
somewhat spoon-shaped tips, not with hooks, and the 
spermathecal ducts are not muscular as in 1. munae, 1. 
falcifer and 1. renaudae. 

Distribution and habitut. Known only from the barrier rccf off Belize. 
Barely subtidal sand with seagrass, 0.2 m depth. 

Genus Olavius Erseus, 1984 

Remarks. See Remarks for Inandrilus above. 
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fig. 30. Ola~sirr.~ imper f k tus  ErsCu\.-A. Posterior end of  worm showing pygidium (top) and three segments.-B. Somatic s e t a . 4 ‘ .  f’enial sets,- 
I). Lateral vicw of bpermathcca and male genitalia in segments X-XI. 

Olavius imperfectus Erseus 1984 (Fig. 20) 

0luviu.s iniprrfi.ctus ErsCus. 19846: 25.5-256, fig. 18 

NCW niuierirrl. USNM 127741-127742, 2 specimens from Station 31. 
Author’s collection, 3X specimens: 16 from Station 64; IS from Station 
31; 3 from Station 13; 2 from Station 26; and 1 from each of Stations 57 
and 80. M .  K. Milligan collection, 2 spccinicns from 2 km W of mouth o f  
Withlacoochee River, wcst coast of Florida, 4 m ,  coarse sand with shell 
hash (Novcmbcr 1984; coll. M. R. Milligan, for South West Florida 
Watcr Managcmcnt District). 

Amended description. Length ( 8  complete specimens 
measured) 5.6-8.6 mm, 42-57 segments; 1 specimen, with 
undifferentiated posterior end, only 3.6 mm long, about 
31 segments. Width at XI 0.14-0.1Y mm. Prostomium 
rounded. Pygidium (Fig. 20A) slender, generally much 
longer than wide. Secondary annuli generally 7 per (post- 
clitellar) segment. Small, roundish gland(?) cells scat- 
tered in epidermis throughout body; not visible in all 
specimens. Clitellum extending over $X-XII, well devel- 
oped in some specimens. Somatic setae (Fig. 20B) bifid, 
with upper tooth thinner and shorter than lower, and with 
subdental ligament. Bifids 30-35 pm long, 1-1.5 pm 
thick, 2-3 per bundle anteriorly, (1)2 per bundle in 
postclitellar segments. Penial setae (Figs 20C; D, ps )  
(2)3(4) per bundle, straight and more or  less parallel, 30- 
45 pm long, about 2 p m  thick, with single-pointed and 
strongly curved tips. Male pores paired posteriorly in XI. 
Spermathecal pores paired, slightly dorsal to lateral lines 
anteriorly in X. 

Alimentary canal absent. Male genitalia (Fig. 20D) 
paired. Vas deferens 5-9 p m  wide, ectally with distinct 
muscular lining, entering apical end of atrium. Atrium 
elongate oval, somewhat curved, 40-52 p m  long, 23-35 
pm wide, with up to 4.5 pm thick (generally much 
thinner) outer lining of muscles, and granulated and 
ciliated inner epithelium. Prostate glands large, anterior 
one attached to ental end of  atrium near entrance of vas 
deferens, posterior one stalked and attached to ectal part 
of atrium. Atrium ectally tapering and opening into small 
copulatory sac; latter with a few folds, at least in some 
specimcns. Spermathecac (Fig. 20D, s) elongate, 70-105 

p m  long, each with ectal, duct-like, thick-walled and 
partly granular portion, 26-34 pm wide, and ental oval 
and more thin-walled ampulla, 16-25 pm wide; sperm fcw 
and scattered in spermathecae, often partly embedded in 
wall of ampullae. 

Remarks. Olavius imperfectus was originally described o n  
the basis of a single, incomplete specimen from Columbus 
Reef, Belize (Erseus 1984h). The old description fits the 
new material rather well, but it has now been amended to 
include some of the variation noted. 

In six of the 42 new specimens studied, the penial setae 
are two at one side, but three (the normal number) at the 
other side of the worms. In another specimen, there are 
four setae in one of the penial bundles. The stalk of the 
posterior prostate gland generally appears longer than is 
shown in Erseus’ (1984h) fig. 18B. 

Distribution and habitat. West coast of Florida (new record) and Rclizc. 
Subtidal sand, to a t  lcast 8 m depth. 

Olavius tenuissimus (Erseus, 1979) (Figs 21A-F) 

Phallndrilus tenuissimus ErsCus. 1979d: 199-200, fig. 20; ErsCus IY81c: 

Olavius tenui.ssimus (partim); ErsCus 19846: 259; Davis 198.5: 166-167. 
tables 11-111. 

New material. USNM 127743, specimen from Station 8. USNM 
127744, specimen from Station 81. Author’s collcction: 2 specimens 
from Station 14. 

Description of new rrzaterial. Length ( 3  complete speci- 
mens) 4.4-9.5 mm, 2 4 4 7  segments. Width at XI 0.12- 
0.16 mm. Prostomium and pygidium elongate, rounded. 
Clitellum extending over $X-XII. Secondary annulation 
irregular. Bifid setae (Fig. 21A) with upper tooth shorter 
and distinctly thinner than lower, and with subdental 
ligament. Bifids 35-50 pm long, 1.5-2 pm thick, 3 per 
bundle throughout body (occasionally 2 per bundle in 
postclitellar segments). Penial setae (Figs 21B; F, ps )  1 at 
each side, slender, 63-70 p m  long, 2.5-3.5 pm thick, 
almost straight but with somewhat bent, single-pointed 
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tips. Male pores paired ventrally in posterior part of  XI. 
Spermathecal pores paired, located between lines o f  
dorsal setae and lateral lines, immediately anterior to 
dorsal setae in X. 

Alimentary canal absent. Male genitalia (Fig. 21F) 
paired. Vas deferens about 5-7 pm wide, much longer 
than atrium. Atrium small, pear-shaped, 30-35 p m  long, 
20-25 pm wide, with very thin outer lining and thick, 
granulated inner epithelium, opening into inner part of 
very large, folded copulatory sac. Prostate glands small, 
anterior one attached at entrance of vas deferens into 

atrium, posterior one located immediately posterior to 
copulatory sac and attached to middle-to-ectal part of 
atrium by long stalk. Spermathecae (Fig. 21F, s) with 
short, discrete ducts and elongate ampulla, latter 125-145 
pm long, 30-42 p m  wide and filled with random sperm. 

Remarks. This species was originally described from the 
east coast o f  Florida, North Carolina and Bermuda, as a 
member of f'hallodrilus (Erseus 1979d). In  the revision of 
the gutless Phallodrilinae (Erseus 1984h), it was trans- 
ferred to Olavius and was recorded from the Gulf of 

i H 21 n 

Fig 2I.-A-F Olavruc. !enu~Jhrwiu\ (ErsCus) -A Somatic x t d  -B-E. Penial 5etilc of specimen\ troin Belize ( B ) ,  Gull of Mexico ( C ) ,  New Jersey 
( U )  m d  Bcrnmuda (t) -F. L<itcr,il view of sperindtheca and male genitalia in scgments X-XI - G I .  Ola!,irrtfrnrtrmu~ sp n 4;. Somatic wtd  - H .  
Penial \etac ot various specimen\ (from Belize) --I Somewhat lateral view of spcrmatheca and male genitalia in ,egment\ X-XI 
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Mexico. Davis (19x5) found the species a s  far north as 
from off Massachusetts. Two specimens from Belize col- 
lectcd by H. R. Baker were also identitied as 0. tcwuissi- 
m i s  by Ers6us ( I9X4h). but upon re-examination these 
norms proved to belong to the new species 0. finirimi4.s 
described below. Thc presence of 0. tetzui.ssimu.s in Belize 
is ncvertheless confirmed by the new material collected b y  
the present author. The new specimens have penial setae 
and spermathecae morphologically vcry similar to those 
of the worms from more northern populations of 0. 
rerirri,nisirnrr.s (cf. Figs 21 C-E). Two individuals collected 
w a r  Rosenticl School of Marine and Atmospheric Sci- 
cncc, Miami, Florida, with pcnial setac only 4 1 4 4  p n  
long. and which were identitied as tenuissimus by ErsCus 
( N 7 9 t l )  actually neither represent that spccies nor 0. 
fi~ii t inius,  h u t  most probably yet another new form that 
cannot be described in detail until additional material 
becomes available. Thus, the known range of the length 
of thc pcnial setiie of 0. tenuissinzus is 45-74 p m  in the 
populations of the southeastern United States and Ber- 
muda. which overlaps with the range noted for the four 
specimens from Belize (63-70 ,urn). Still, however, the 
worms reported from off Massachusetts by Davis (1985) 
have somewhat shorter penial setae (38-5 I pm).  

The distinction between 0. tcviuissimus and 0. jiniri- 
m r s  is discussed in Remarks for the  latter species. 

IX.siri/ir~iioti urrtl huhitur. Lis t  coast o f  U.S.A. (Massachusetts through 
Florida). G u l l o f  Mcxico, Hci-much ;ind H e l i x  Subtidal a;ind, t~ at least 
111 m tlcpth. 

Ofaviuspnitimus sp.n. (Figs 21 G-I) 

0 l c r t . i r r s  rcvruixsimrc.s (purrinr): Ersdus 1984h: 25'9 

H o l o i y x , .  lJSNM 127745. 
7;rpi~ l ocu l i i~ .  Edge 0 1  reef. near 7hulussiu bed. SW of  S tip o f  Carrie 

Puruiypes. USNM 1?774&127717, 2 specimens from Station 57. 
Oihrr nwfcv-iul (author's collcction). Five specimens: 2 from type 

locality: and 3 from area near pcrmancnt study transcct, N o f  Carric 
How C;iV. I m .  sand with some organic matter (April 1982; coll. H. K. 
Hakcr). 

Eiyrtiology. Thc niimc ,firiitinzrrs is Latin meaning 'conncctcd with'. 
'nearly rclatcd' and alluclcs to  the species' close relationship to 0. 
iiwiri,s,sitmis. 

Bon Cay, Belize. 2 m (Station 31). 

Description. Length (1 complete specimen) 6.6 mm, 40 
segments. Width at XI 0.1S&0.20 mm. Prostomium and 
pygidium elongate, rounded. Secondary annulation 
irregular. CIiteIIum extending over ;x-XII. Somatic 
setae (Fig. 21G) bifid, with upper tooth shorter and 
distinctly thinner than lower, and with subdental liga- 
ment. Bifids 3545  p m  long, 2-2.5 pm thick, (2)3 per 
bundle anteriorly, 2(3) per bundle in postclitellar seg- 
ments. Penial setae (Figs 21H; I ,  p s )  curved and some- 
what flattened, with single-pointed tips. Penial setae 40- 
S O  pm long, 3-4.5 p m  thick (but 'thickness' depending on 
from which angle seta is viewed; cf. variation in Fig. 21H). 
Male pores paired ventrally in posterior part of XI. 
Spermathecal pores paired in line with, and immediately 
anterior to, dorsal setae in X. 

Alimentary canal absent. Male genitalia (Fig. 211) 
paired. Vas deferens 6 8  pm wide, much longer than 
atrium. Atrium small, pear-shaped, 30-40 pm long, 25- 

30 p m  wide, with vcry thin outer lining and thick, granu- 
lated inner epithelium, opening into inner part of  large, 
folded copulatory sac. Prostate glands small, anterior one 
attached at entrance ofvas defercns into atrium, posterior 
one  located immediately posterior to copulatory sac and 
attached to middle-to-ectal part of atrium by long stalk. 
Spcrmathecae (Fig. 211, s) with discrete, about 15 pm 
wide ducts, and ampullae characteristically divided into 
an outer narrow part and an inner distended, oval-to- 
spherical part; latter 50-75 p m  wide and containing ran- 
dom sperm. 

Remurks. This form was first identified as 0. fenuissimus 
by the author. However, the seven specimens studied 
(including the two reported by ErsCus 1984h) all have 
slightly curved penial setae (which also appear stouter 
than those of 0. feituissimus) and more roundish sper- 
mathecal ampullae than the material of 0. fenuissimus 
from northern areas (see Remarks for tenuissimus above). 
As other specimens from Belize (with slender and straight 
pcnial setac, and elongate spermathecal ampullae) are 
clearly attributable to tennissimus, it was concluded that 
the  whole material in fact consists o f  two, very closely 
related species. In  addition to the discrepancies noted in 
the morphology of  the penial setae and spermathecae, the 
two forms are, in  the Belizean material, distinguished by 
the number of postclitellar setae: these sctae are com- 
monly three per bundle in  the four specimens of 0. 
fenuissirnus, but almost invariably two per bundle in the 
seven individuals of 0. finitimus. However, when com- 
paring the Belizean 0. Jinitimus with 0. tenuissinzus from 
other areas, there is n o  longer such a clear difference; 
many specimens of the northern populations of the latter 
species also have bisetal postclitellar bundles. 

Additional material of this complex from various parts 
of the Caribbean is needed for a more definite settlement 
of the status of the two forms. It is possible that 0. 
fitzifimus is a southern species that is sympatric with 0. 
trnui.s.simris in Central America, but which does not occur 
further north. 

Di.ssfrihrriiorr m r z d  huhitut. Known only from Bclizc. Subtidal w n d ,  1-2 m 
depth. 

Olavius vacuus sp.n. (Fig. 22) 

Oluvius sp. A; ErsCus 1'986h: 308. 

Holotype. USNM 127748. 
Type /oculiiy. Rack reef. S e n d  of  Columbus Reef, N ofTobaeco Cay, 

Belize, 1 m (Station 57). 
I'urufvpes. USNM 127749-127750, 2 specimens from type locality. 

LJSNM 127751-1277.52, 2 specimens from Station 26. FSBC 1 37860. 
specimen from off  Hutchinson Island, E cnast of Florida, 27"21.6'N, 
XO"13.1'W. 1 1 3  m, clean shell hash. very coarse to cnarsc sand with 
granule-sized shell (5 July 1972; coll. R.  Gallaghcr ei d.).  

OthIpr mutwiul. Author's collection, 10 specimens: 3 from Station 13; 
1 from each of  Stations 1 .  31. 57 (typc locality) and 77; 2 from near 
Carric Bow Cay (exact locality unknown), ahout 1 m ,  sand (15-16 April 
1982; coll. H. K. Raker); and 1 from offshore of the army base Fort 
Monroe. southcrn Chcsapeakc Hay. Virginia, 37"OI'N, 76"17'W. 3 m, 
sand, salinity range about 25-30 ppt (27 June 1988; coll. L. C .  
Schaffncr). M .  R. Milligan collection. 11 specimens: 5 from southwest 
shelf of Florida, 26"4S'SO''N, 82"45'11"W, 24.4 m, fine sand (Novcmbcr 
1980; coll. for Bureau of Land Management); I from ramc source and 
collection. but 24"47'07'", 83"13'OS"W, 58.5 m, fine sand (November 
19x0): and 5 from 2 km W o f  mouth of Withlacoochcc River. west coast 
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1 100 pm J 

B! 20 pm 

C 

Fig. 22. ~ / a v i u s  vacuiis sp.n.-A. Posterior end o f  worm with prolonged pygid~un~.--R. Scta-C. Lateral view o f  spermatheca and male genitalia in 
segments X-XI. 

of Florida, 4 m ,  coarse sand with shell hash (November 1984; coll. M. K. 
Milligan, for South West Florida Water Management District). 

Etymology. The species name vacuu.s is Latin for "void, empty, 
lacking", here alluding t o  the lack o f  both an alimcntary canal a n d  pcnial 
setac. 

Description. Length 3.G20.4 mm, 53-132 segments. 
Width at XI 0.15-0.28 mm. (Body not flat; see Remarks.) 
Prostomium elongate with rounded apex. Pygidium with 
long filiform process (Fig. 22A), sometimes however lost. 
Secondary annulation conspicuous, irregular, 4-7 
annules per segment. Epidermal glands scattered along 
body, but not always visible. Clitellum extending over 
$X-XII. Somatic setae (Fig. 22B) bifid, with upper tooth 
thinner and shorter than lower, and with subdental liga- 
ment. Setae 30-60 pm long, 1.5-3 pm thick, (2)3(4) per 
bundle anteriorly, (1)2(3) per bundle postclitellar seg- 
ments. Penial setae absent. Male pores paired in  line with 
ventral setae posteriorly in XI. Spermathecal pores 
paired anteriorly in X, at some distance from septum 
between IX and X ,  in line with dorsal setae or slightly 
ventral to this line. 

Alimentary canal absent. Male genitalia (Fig. 22C) 
paired. Vas deferens longer than atrium, 7-14 pm wide, 
entering atrium more or less apically. Atrium somewhat 
oval, tapering ectally, 30-60 p m  long, 15-28 p m  wide, 
with thin muscular lining and thick, granulated inncr 
epithelium. Atrium opening into anterior face of large, 
convoluted and generally heavily muscular copulatory 
sac; one 'fold' of sac often appearing as pendent papilla. 
Prostate glands two per atrium, anterior one large and 
lobed. Spermathecae (Fig. 22C, s) consisting of short 
ducts and slender ampullae, latter 50-1 15 pm long, 13-42 
pm wide, thin-walled and containing large bundle of 
sperm. 

Remarks. Oluviiis vacuus is closely related to 0. lutus 
Erseus, 1986b, a flat species known only from Hutchinson 
Island, Florida. It is, however, easily distinguished from 
the latter by its round body shape, its lack of penial setae, 
its low number of somatic setae (only 3 per bundle 
anteriorly, 2 per bundle posteriorly, as opposed to up to 4 
anteriorly and up to 3 posteriorly in 0. latus), and its 
smaller spermathecae (those of 0. latus 155-185 p m  long 
including ducts, and with bipartite ampullae). 
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Di.strihution and habitat. Virginia, cast and west coasts of Florida. 
Belize. Subtidal sand, to at least 58.5 m depth. 

Olavius (Olavius) tantulus Erseus, 1984 

Olavius (Olavius) tantulus ErsCus, 1984h: 261-262. fig. 24 

New maferiul. USNM 127753, specimen from Station 51. USNM 
127754, specimen from Station 64. Author's collection, 16spccimcns: 12 
fromStation 13;2fromStation4Y:and I fromeachofStations31 and81. 

Remarks. Four of the new specimens are complete and 
they are 6.0-7.9 mm long and consist of 46-55 segments. 
They are thus larger than the original material described 
from Belize (ErsCus 19848; 4.5-5.8 mm, 44-45 seg- 
ments). In all other respects, however, they fit the original 
description. The penial setae, which are very small (up to 
about 25 pm long) in this species, are consistently two per 
bundle in all new specimens. 

Dicfrihurion and huhirur. Known only from Belize. Subtidal. largely fine 
sands, to at least 27 m depth. 

Olavius (OZavius) pravus span. (Fig. 23) 

Holofype. USNM 127755. 
Type localit)?. Sand borc bctwcen Carrie Bow Cay and Wcc Wee Cay, 

Paratype. USNM 127756, specimen from type locality. 
Other muterial (author's collection). One specimen from type local- 

ity. 
Etymology. The name pravus is Latin for 'crooked, distorted, de- 

formed'. here referring to the appearance o f  thc pcnial sctac (in 
comparison with those of closcly related species). 

Belize. 1 m (Station 22). 

Description. Length 5.7-7.2 mm, 41-44 segments. Width 
at XI 0.20-0.21 mm. Prostomiurn pointed triangular. 
Secondary annuli generally 7 per (postclitellar) segment. 
Clitellum poorly developed in available material. Pygi- 
dium elongate with rounded tip in paratype, damaged in 
holotype. Somatic setae (Fig. 23B) bifid with upper tooth 
thinner than lower, and with subdental ligament. Bifids 
32-37 pm long, about 2 p m  thick, (2)3 per bundle 
anteriorly, 2 per bundle in postclitellar segments. Penial 
setae (Figs 23A; C, ps) blunt, aburptly bent near ectal 
ends, 125-150 p m  long, 4.5-7.5 pm thick, 3 per bundle, 
with small roundish depressions in tips. Pcnial setae more 
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Fig, 3. 0 0 r t ~ i i r . s  ( O h 1 i 1 4 , S )  pnrvus sp.n.-A. Peninl setae.--U. Somatic scta.-C’. Latcr;il vicw of spermatheca and male gcnitalia in scgments X-XI; 
spccimcn wmewhat distorted at spcrmathccal porc 

or less parallel within bundle, oriented along long axis of 
worm, ental ends to the anterior. Male pores (=atrial 
openings) in walls of unpaired, large, complex, folded 
male bursa, ventrally and posteriorly in XI. Spermathecal 
pores paired, immediately ventral to lateral lines, open- 
ing on unpaired pad extending up along lateral sides of 
worm, anteriorly in X. Round and distinct epidermal 
crypt present mid-dorsally and anteriorly in X. 

Alimentary canal absent. Male genitalia (Fig. 23C) 
paired. Vas deferens 21-23 pm wide, ectally with very 
thick layer of (circular) muscles, about as long as atrium, 
entering apical end o f  atrium. Atrium slender, 23CL250 
p m  long, maximally 3 3 4 2  p m  wide, with up to 6 7  pm 
thick muscular lining; inner epithelium of atrium ciliated, 
ental (wide) part granulated; ectal part of atrium long, 
narrow, somewhat coiled duct. Anterior prostate gland 
attached to ental end of atrium, near entrance of vas 
deferens; posterior prostate with very long, somewhat 
coiled stalk, attached at transition between wide and 
narrow parts of atrium. Spermathecae (Fig. 23C, s) very 
slender, about 190-210 p m  long; ducts not muscular, 
ectally only 5-7 pm wide, middle part of spermatheca 
(probably a part of duct too) 19-23 p m  wide, hollow; 
ampullae small, oblong and curved, but without sperm 
(not fully developed? ; specimens precopulatory). 

Remarks. In  the revision of the gutless Tubificidae 
(ErsCus 1984h), the nominate subgenus Oluvius was de- 
tined to include three highly modified species, 0. (0.) 
kongissimus (Giere, 1979), 0. (0.) alius ErsCus, 1984(h) 
and 0. (0.) tuntulus ErsCus 1984(h), all with heavily 
muscular vasa deferentia, an unpaired male bursa, slen- 
der spermathecae, and a dorsal epidermal crypt (in seg- 
ment X). The new species appears intermediate between 
0. (0.) 1ungissimuslO. (0.) alius (spermathecal pore in 
line with dorsal setae; penial setae oriented along long 
axis of worm; penial setae of two different kinds; tips of 

penial setae somewhat clubbed) and 0. (0.) tantulus 
(spermathecal pores ventral to lines of ventral setae; 
penial setae obliquely pointing towards mid-ventral line 
of worm, and less modified, of one kind only). Olavius 
(0.) pravus is distinguished from all the others by its 
abruptly bent penial setae, and its non-muscular, ectally 
very narrow, spermathecal ducts. 

Distribution und hubitaf. Known only from type locality. Belize. Subti- 
dal sand and gravel, 1 m depth. 

Olavius (Olavius) longissirnus (Giere, 1979) 

Phallodrdus longissirnus Gicrc, 1979: 305-307. fig. 3, platc 3; ErsCus 

0luviu.s (Olavius) longissimus; Ersdus 1984b: 262-263, figs 25,26A-C. 
1981~:  tables 11-111. 

New niutcriul. U S N M  127757-127758, 2 specimcns from Station 71. 
Author’s collection, 6 specimens: S from Station 71; and 1 from Station 
hX . 

Remarks. This species was originally described from Ber- 
muda by Giere (1979), subsequently from Belize by 
Erseus (1984h). The penial setae of 0. (0.) longissirnus 
are oriented along the long axis of the worm (ectal ends of 
setae pointing toward\ posterior), each bundle consisting 
of (2)3(4) straight setae of which one is larger than the 
other two. The species was named for its great length; 
Giere reported a range of 2 0 4 0  mm with up to 155 
segments. One of the new specimens from Curlew Bank is 
(fixed) 46 mm long and consists of about 184 segments, 
but its posterior end is still not fully differentiated, which 
indicates that the species can attain even greater lengths. 
The greatest seta within the penial bundles is up to 215 pm 
long in the present material, which extends the size range 
for this character (up to 190 pm in the old material). 

Disrribufion und hubitur. Bcrmuda and Bclize. lntcrtidal and subtidal 
sand. to at least 2 111 depth. 
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Genus Duridrilus Erseus, 1983 

Rmiarks. The definition of Duridrilus was recently modi- 
fied by Erseus (in press). The g e n u  comprises a few 
phallodriline \pccies with more or Ic\\ papillatcd body 
wall. 

Duridrilus tardus Erseus, 1983 

Dirrirlriltcs rordris ErxCus, I9X3h: 29-32, figs 1-2; 1990h: 285-287. fig. 10; 
Milligan 1987: 48U85 .  fig. 3 .  

N C W  nturrc,riu/. lJSNM 127759-127762, 4 specimens from Station 6. 
Author's collection. 26 specimens: 10 ( I  o f  which scctioncd) from 
Station 6; 4 f'rom Station 24; 2 from Station 9; and I from each of Stationa 
1 (sectioned specimen). 4. 10. 14, IS. 36,42. 80, 82. 86. 

Rtvnarks. This stiff and sluggish, often characteristically 
pinkish (when alive), species is known from scveral parts 
of the Caribbean area (ErsCus 1083h: Milligan 1087), but 
also recently reported from the West Pacific (ErsCus 
1000h). The new material fits the previous descriptions 
well. 

Disrrihution and huhircir. Belize (new record), Bermuda, Puerto Kico, 
Barbados. Hong Kong. Subtidal, medium to coarse sand, to at lcast 30 m 
dcpth. 

Genus Bathydrilus Cook, 1970 

Remarks. Buthydrilus, as  defined by ErsCus (IYglc), is a 
large genus with about 25 species, about half of  which 
constitutes a uniform group of shallow-water forms, 
whereas the other half, as the generic name implies, is a 
deep-sca group. 

Rathydrilus vetustuv sp.n. (Fig. 24A-C) 

l lo loryp .  USNM 127763. 
7ypy loculiry. West Bay, Twin Cays, Bcl~zc. ObO.3 ni, mud ( 1  I April 

1981: coll. K. Fauchald PI ul.). 
t'rcrurypes. USNM 127764, specimen from type locality (type date). 

USNM 127765-127767. 3 specimens from Station 36. 
Oilier rrrort,riul. USNM 127768-127782, 15 yxxirncns from type loca- 

l i t y  (wrious dates. October 1979-April I O X I  : coll. K. Fiiuchald ( I / . ) .  

Author's collection. specimen from SW of Holctown. Barbados, 6 m, 
silty sand and coral rubble (25 October 1979; coll. C. ErsCus). 

Etwiology.  This spccics is considered as 'ancienl. old-fashioned' 
(Latin w m r s )  with regard t o  the position of the spcrmiithccnl porcs 
;ind the ;ippenrancc o f  the male ducts (see Remarks). 

Description. Length (4 complete specimens) 9.6-12.2 
mm, 60-73 segments. Width at XI 0.2241.31 mm. Prosto- 
mium rounded, not elongate. Clitellum extending over 
~X-XII(fXII1). Epidermal glands present in most seg- 
ments, in four distinct patches per segment, one patch 
around each bundle of setae. Setae 32-55 pm long, 2-2.5 
p m  thick, 2 per bundle in 11-IX, thereafter 'bundles' 
unisetal for most parts of body, bisetal bundles becoming 
increasingly common again in posterior end of worm. 
Anterior setae (Fig. 24A) bifid with upper tooth much 
thinner and shorter than lower, most of postclitellar setae 
(Fig. 24B) rather bluntly single-pointed. Penial setae 
absent. Male pores paired in line with ventral setac, 
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posteriorly in XI. Spcrmathccal pores paired in line with 
ventral setae. anteriorly in X. 

Pharyngeal glands inconspicuous, extending into VII 
or thcreabouts. Male genitalia (Fig. 24C) paired. Vas 
dcfcrens 7-12 pm wide, with thin walls, much longer than  
atrium, coiled. Vas appears to  attach to middle of anterior 
face of atrium. but runs outside atrium proper to apex, 
where it joins actual lumen of atrium. Atrium somewhat 
club-shaped. 1.10-165 p m  long, maximally 26i16 pm 
wide, with apex tilted over to posterior. Outer (muscular) 
lining of atrium very thin, inncr epithelium granulated, 
lumen narrow. Ectal part of atrium tapering into short, 
narrow duct leading to inconspicuous malc pore. Latter 
surrounded by somc tissue, forming a small bulb, but no 
pseudopenis formed. Prostatc glands small, anterior one 
attached to middle of anterior face of atrium, posterior 
one to apex of atrium. Spermathecae (Fig. 24C, s) consist- 
ing of distinct ducts, 45-00 p m  long, 23-28 p m  wide, and 
ampullae o f  variable shape. 70-100 p m  long, 40-75 Frn 
wide. Spermathccal ampullae containing a mixturc of  
loose sperm, skein-like balls of sperm and droplets of 
secretion. 

Remarks. Three othcr shallow-water species of Rathhydri- 
lus lack penial setae: B. torosus Baker, 1983 ( b ) ,  R. 
edwardsi ErsCus, 1084(t.) and R. egenus sp.n. Bathydrilus 
vefustus differs from a11 of thcse by its fewer setae (an- 
terior bundles generally with three, posterior bundles 
with two setae, in the other three), and by the more 
ventral position of its spermathecal pores (these pores in 
lateral lines in the others). Moreover, i t  is distinguished 
from R.  torosus by its lack of thick atrial musculature, 
from B.  edwardsi by having posterior single-pointed setae 
(all setae bifid in edwardssi), and from B. egenus by its 
slenderer atria and smaller prostate glands (cf. descrip- 
tion o f  egenus below). 

Although it has bccn noted for several other species of 
Bathydrilus that the vas deferens runs under the muscular 
lining of the atrium to join the proper atrial lumen at apex 
of the atrium (Ersdus 1981~; Baker 1983h), this part of the 
vas nowhere seems to be as superficial as in B. vefustus. In 
the new species, the terminal end of the vas merely 
attachcs to the atrial surface (Fig. 24C). This condition 
supports the view that Buthydrilus and Duridrilus are very 
closely rclated genera (Erseus in press), and R. vetustus is 
with regard to atrial fcatures intermediate between a new 
species of Duridrilus simultancously described from Aus- 
tralia (ErsCus in press) and thc other species of Bathydri- 
l irs .  This neither refutes the assumed monophyly of Dur- 
idrilus (with body wall papillation and prolongation of 
vasa deferentia as two apomorphies), nor that of Bathyd- 
rilus (with the apomorphic incorporation of the vas defer- 
ens in the atrium), but it  suggests that B. vetusfus is a 
plesiomorphic member of the latter. 

The ventral location of the spermathecal pores in B. 
vefustus is probably also an additional assumed plesio- 
morphic trait (shared with the  majority of phallodrilines); 
in most other shallow-water species of  Bathydrilus, the 
spermathccae open in the lateral lines. 

fhrrihutior~ u r i d  huhitrir. Belize and Barbados. Subtidal sand, t o  at lcast 
6 m dcpth. 
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Fig. 2J.-A-C'. Uuthydrilus wfustiis sp.n.-A. Free-hand drawing o f  anterior seta-U. Frcc-hand drawing of postclitcllar scta-('. Lateral view of 
sperma t heca and male ge nit alia in segments X-XI .-ll-F. Rtr/hythilrc.\ cg 'n us sp . n .--I). Frcc- hiin cl d riiw i ng of a 11 t c rior sc t 2 1 ,  -E. Frcc- hand 
drawing of postclitcllar setnc.--F. Lntcral view of spcrmathcc:i and male genitalia in scgincnts X-XI. 

Bathydrilus egenus s p a  (Figs 24D-F) 

Holurype. USNM 127783. 
Tvpr locality. About SO rn N of Carrie Bow Cay. Belize, 0.7 m (Station 

Paratypes. USNM 127784127786, 3 specimens from type locality. 
Other marerial (author's collection). Sevcn spccimens: 5 from type 

locality; and 2 from near Carrie Bow Cay (exact locality unknown), 1.2- 
l . X  m. sand with Haliniedu flakes ( 1 6 1 8  April l Y X 2 ;  coll. H. R.  Baker). 

Erymology. Thc epithet egerzus is Latin for 'needy, in want', arid 
alludes here t o  thc spccies' lack of pcnial setac. 

9. 

Description. Length (only 1 complete specimen) 20.0 
mm, 113 segments. Width at XI 0.30-0.50 mm. Prosto- 
mium somewhat elongate. Clitellum extending over X- 
$XIII. Epidermal glands present, arranged in rings, one 
per segment, at level of setae. Setae 35-55 pm long, 2-2.5 
pm thick, (2)3-4 per bundle anteriorly, 2 per bundle in 
postclitellar segments. Anterior setae (Fig. 24D) bifid 
with upper tooth thinner and shorter than lower, pos- 

terior setae (Fig. 24E) variable, with upper tooth more or 
less reduced, some setae being single-pointed. Penial 
setae absent. Male pores paired in line with ventral setae, 
posteriorly in XI. Spermathecal pores paired in lateral 
lines, anteriorly in X. 

Pharyngeal glands in IV-VII (VIII). In some speci- 
mens, a few round or oval, granulated coclomocytes 
present. Male genitalia (Fig. 24F) paired. Vas deferens 
14-19 pm wide, somewhat longer than atrium, entering 
anterior face of atrium somewhat ental to middle; narrow 
canal of vas running under atrial lining to join widc lumen 
of atrium proper at apex of latter. Atrium large and erect, 
oval, 115-150 pm long, 70-95 pm wide, with 1-2 p m  thick 
outer lining of  muscles, and thick, ciliated, and for most 
parts granulated, inner epithelium. Atrium ectally taper- 
ing, ending in very simple (eversible) pseudopenis. Pro- 
state glands large, anterior one attached to middle of 
anterior face of atrium, posterior one subapically to 
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posterior face, almost opposite to entrance of anterior 
prostate. Spermathecae (Fig. 24F, s) consisting of short, 
somewhat triangular ducts, and oval ampullae; latter 140- 
230 p m  long, 95-1 15 pm wide, with ducts opening into 
middle, and containing sperm, mostly as skein-like sperm- 
atozeugmata. 

Remarks. As noted for B.  vetusrus above, this new taxon 
is also one of  the few species within Bathydrilus that lack 
penial setae. Among the other species without such setea, 
B. edwardsi is the one most similar to B .  egertus. How- 
ever, B .  edwurdsi has bifid (somatic) sctae throughout the 
body, and its vasa deferentia enter a more ectal part of the 
atria (see ErsCus 1984e). 

With regard to the arrangement of the vasa deferentia- 
atria, B.  egenus rather resembles B.  si~periovu.satus 
Erseus, 1981(c), from the Great Barrier Reef in Queens- 
land, Australia, and B. munitus Erseus, 199O(c), recently 
described from Victoria, Australia. Particularly the latter 
species, which has single-pointed setae in posterior 
bundles, may be closely related to B. egenus. However, 
both B. superiovasatus and B.  munitus possess penial 
setae and are thus readily distinguished from R. egenus. 

I>istrihii/ion rind hahitut. Known only  from Belize. Subtidal sand, 0.7- 
1 .8 m depth. 

Bathydrilus adriaticus (Hrabii, 1971) 

Phallodrilus udriaticus HrabC. 1971~: 220-221. figs 19-25, 
Huthydrilus adriaticus adriaticus; ErsCus 1979~: 145. 
Hotkydrilus adriaticus trisetosus ErsCus. 1979~: 145-146. fig. 10. 
Phallorlriliu adriaticus curaihicus Kighi & Kanncr, 1979: 62-64, tigs 48- 

Bathydrilus udriaticus; ErsCus 1985: 134-136, fig. 2; 1987d: 75-76; 
51. 

Erskus CG Davis 1989: 7677 ,  figs 2A-C. 

NCW material. ZMA 2855. specimen from sandy beach, 30 m from N 
shore, Awa di Oostpunt, Curaqao (Lesser Antilles), 0.14.3 m, sand on 
limestone. with scattered Thalussia (22 November 1970; coll. P .  Wage- 
naar Hummelinck, station no. 1666). USNM 127787-127791, 5 spcci- 
mens from northeast (Caribbean) coast of Panama (Archipelago dc San 
Blas). OH”54.7’N. 77”41 .O’W, lower intcrtidalibarcly subtidal (29 June 
1977; CARIB I. Alpha Helix station no. 22-2000). USNM 127792- 
127794, 3 specimens (1 of which sectioned) from SW of Holetown. 
Barbados, 6 in, silty sand and coral rubble (25 October 1979; coll. C. 
ErsCus). USNM 127795-127796.2 specimens from English Bay. Asccn- 
sion Island (S Atlantic), sand from outer tidepool (12 July 1976; coll. M. 
L. Jones et ul .) .  USNM 127797-127818, 127820k127885, 88 specimens 
from numcrous samples, West Bay, Twin Cays. Belize, M1.3 m, mud 
(various dates, October 1979-May 1984; coll. K. Fauchald ef ul . ) .  
USNM 127819, 127886127887.3 specimens from W side of middle cay, 
Blue Ground Range, Belizc. 0--(-0.5 m, mud (November 1979-June 1981; 
coll. K.  Fauchald e ta l . ) .  Author’s collection. 10 specimens from Belize: 
5 ( 1  of which sectioned) from Station I6,2 from Station 74, 1 from cach 
of Stations 52, 85 and 87. Author’s collection, 10 specimes from 
Barbados (all coll. C. ErsCus): I from Carlislc Bay, at Bridgetown, 7 m, 
muddy coarse sand (25 October 1979); 1 from same bay and depth, but 
silty sand (25 October 1979); 5 (1 of which sectioned) from SW of 
Holetown, 9 m. patch of silty sand and coral rubble (25 October 1979); 
and 3 from Bellairs Reef, of f  Coral Reef Club, St James. 13-20 m,  coarse 
sand (29 October and 1 November 1979). 

Remarks. The Caribbean form of B.  adriaticus was first 
described as a separate subspecies trisetosus, as the penial 
setae of all available specimens were three per bundle, a 
consistent discrepancy vis-u-vis the Mediterranean 
(nominate) form invariably having two penial setae per 
bundle (ErsCus 1979~).  The species is, however, now 
regarded as a single taxon, as material from other areas 
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(Saudi Arabia and Hawaii) shows variation in this charac- 
ter, the number varying between two and four per bundle, 
even within the same population (Ersdus 1985; Erseus & 
Davis 1989). 

Previous Caribbean records of R. adriaticus are from 
Bermuda, Florida, Bonaire, and possibly Puerto Rico 
(discussed by Erseus 197%: 146). The new range exten- 
sions for Curaqao and Belize reported here are thus not 
surprising . 

Eighty-three of the 90 (=92%) fully mature specimens 
from Belize, as well as all individuals from Panama and all 
but one from Barbados, have three penial setac in both 
penial bundles. However, in three worms from Twin Cays 
(Belize), as well as in the single individual from Curaqao, 
the pcnial bundle of one side contains only two sctae, the 
bundle of other side being ‘normal’ with three setae. 
Finally, in four other specimens from Twin Cays, and in a 
single worm from Barbados, there are four penial setae 
on  one side, three on the other. This demonstrates that 
the Caribbean form of B. adriaticus also vary somewhat 
with regard to the number of penial setae. 

On the barrier reef off Belize, Buthydrilus adriaticus 
appears particularly common in sediments immediately 
adjacent to mangrove cays, whereas its congener, B. 
formosus (see below), is a characteristic member of the 
sand fauna associated with the more exposed, coral-line 
cays with few or no mangroves. 

The two specimens from Ascension Island represent 
the first record of B. adriaticus from the South Atlantic. 
The worms are rather small (6.6-8.2 mm long, 56-71 
segments), with small penial setae (up to about 65 pm 
long; 3 per bundle) and atria (about 75 pm long, 25 p m  
wide). 

Dismribution and habitat. Belize, Panama. Curapo ,  Barbados. Ascen- 
sion Island (new records), Bermuda, Florida, (?)Pucrto Rico, Bonairc, 
Mediterranean Sea, Persian Gulf, Hawaii; apparently circumtropical. 
Intertidal and subtidal, often muddy, sand, to at least 32 m depth. 

Bathydrilus formosus Ershs, 1986 

Buthydrilus f o r ~ ~ o . ~ u s  ErsCus, 19866: 302-303, fig. 10; Fcrraguti et a/. 
I 989: 77-79. figs 24-32. 

Nt,w murerial. USNM 127888-127890, 3 specimens from Ft Pierce, 
cast coast o f  Florida, 17 m, coarse sand with Branchiuslornu (4 October 
1983; coll. R. P. Higgins). USNM 127891-127896, 6 specimens (1  of  
which sectioncd) from Station 9. Author’s collection, YO specimens: 5 
from Station 9; 16 (3  of which sectioned) from Station 2; 9 (2 of which 
sectioned) from Station 5; 3 from cach of Stations 8 (2 specimens 
sectioned), 31 and 57; I6 from Station 36; 9from Station 44; 5 from each 
of Stations 32 and 67; 4 from each of Stations 35 and 39; 2 from Station 
77; 1 from each of Stations 23, 26, 28, 40, 80 and 86. 

Remarks. This species was described by Erseus (1986h) 
on the basis of material from Belize and Florida. The full 
description is thus not repeated here, but a few aspects of 
the morphology of the species deserve attention. 

The worm is generally deep red when alive. It is 
characterized by large, rather stout somatic setae, three 
per bundle anteriorly, two per bundle in postclitellar 
segments, and generally bifid [(?)upper tooth not always 
visible], somewhat curved penial setae. The latter are two 
per bundle in a majority of thc specimens (in 75 of the 88 
whole-mounted specimens examined), but occasionally 
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the bundle of one side contains three (nine specimens) or 
even four (one specimen) penial setae. Penial setae are 
completely missing in two specimens, which however do 
not  appear to have reached full sexual maturity. 

One feature of B. formosus was not noted in the 
original description: an unpaired epidermal papilla, with 
a small invagination in the middle, is located mid- 
ventrally in the anterior end of segment X. Such ‘anchor- 
ing crypts’ (discussed by Giere 1979) are known also from 
other tubificids with large penial setae [e.g. Oluvicis (0.) 
pruvus sp.n.: Fig. 23C, ec; 0. (0.) longissimus (Giere, 
1979: fig. 3B); 0. (0.) alius ErsCus, 1984b: fig. 27B; and 
Heterodrilus jamiesoni ErsCus, 1981~:  fig. IOD]. 

The spermatozeugmata are unusually large and con- 
spicuous in this species. The ultrastructure of them was 
recently described by Ferraguti el al. (1989). 

Buthydrilus formosus is apparently the most common 
species of Bathydrilus on the barrier reef off Belize. In 
places, particularly where the sediment consists of coarse, 
somewhat muddy, sand, it occurs in very high numbers. 

Uistribrction unti hahirut. Belize and Florida (cast and west coasts). 
Subtidal sands, to at least 20 m depth. Ersdus (lY86b) stated 0.5- 
I I in depth. but this cxcludcd by mistake the record from 20 m in N E  
G u l f  of Mcxico (BrsCus 19Xhh: 302). 

Subfamily Limnodriloidinae 

Genus Doliodrilus Erseus, 1984 

Remarks. This genus accommodates three species de- 
scribed by Erseus (1984e, 1985) and ErsCus & Milligan 
(1088h). Some details in the definition of Doliodrilus as 
defined by Erseus (1985) were modified by Erseus & 
Milligan (19886). 

Doliodrilus puertoricensis Erseus & Milligan, 1988 

1)oliorlrilr~s prtrrroriwnsis ErsCus & Milligan. 1988h: 12-14, fig. 2 

New niureriul. USNM 1278Y7-137908. 12 specimens from Wcst Bay, 
Twin Cays. Belize, barely suhtidal. mud (68 April 1981; coll. K. 
Piiuchald er ul . ) .  

Brief description o f  new material. Length ( 5  intact speci- 
mens) 5.6-8.7 mm, 47-52 segments. Setae bifid, up to 
about 60 pm long, about 2.5 pm thick, (1)2-4(5) per 
bundle anteriorly, (1)2-3 per bundle in postclitellar seg- 
ments. Oesophagus dilated, barrel-shaped in IX. Male 
ducts paired, small. Vas deferens 7-12 pm wide. Atrium 
about 105-125 pm long, entally and ectally 9-17 pm wide, 
at prostatic pad 19-25 p m  wide. Spermathecae small, 
with ducts 21-28 pm long, 14-19 pm wide, and (round) 
ampullae 21-32 pm in diameter. Sperm as small curved 
bundles in postcopulatory specimens. 

Remarks. This species was previously known only from a 
brackish-water lagoon (Laguna Joyuda) in Puerto Rico 
(Erseus &L Milligan 1988h). The specimens from Belize fit 
the original description well, even in almost all dimen- 
sional features; the atria were, however, somewhat 
longer (about 165 pm) in the type material. 

I>isrrihirtioiz und huhirut. Belize (ncw record) and Pucrto Rico. Subtidal 
mud, to at least 2.5 m depth; in I’uerto Rico subject to fluctuating 
salinities. 

Genus Thalassodrilides Brinkhurst & Baker, 1979 

T~iulu.s.rodri1ide.s Brinkhurst & Bakcr. 1979: 1564-1565 
C‘uracuodrilus Righi & Kanncr, lY79: 51-52. 
Kuketio Righi d Kanner, 1979: 55. 

Emended definition (with assumed synapomorphy in ital- 
ics). Brackish water or marine tubificids. All setae bifid, 
hair setae absent. Modified genital setae absent. Male 
pores paired in segment XI. Spermathecal pores paired in 
anterior part of X, or absent. Coelomocytes, if present, 
small and sparse. In segment IX, oesophagus widened 
and thick-walled, with reticulate blood plexus. 

Vasa deferentia wide, ciliated, entering apical end of 
atria. Atria more or less club-shaped, terminating in 
complex, muscular, eversible pseudopenes. Prostate 
glands lobed, broadly attached to glandular tissue in 
ventral part of atrial ampullae; in one species (ineri) this 
glandular part separate from rest of ampulla, forming a 
large diverticulum. Spermathecae present (paired) or 
absent; if present, sperm random, or (in ineri) aggregated 
in one large spermatozeugma in each spermatheca. 

7j?l,r species. Limnodriloides gurwilschi HrabC, 1971. 

Other species. T.  helli (Cook, 1974) 
T. hruneti sp.n. 
T. ineri (Righi Kr Kanncr. 1979) comb.n. 
(?)T.  rnillc~i Brinkhurst & Baker, 1979 sp.dub 

Remarks. Thalassodrilides was revised once before 
(Erseus 1981b). At that time the species ineri was kept as 
in its original genus, Kaketio, due to its unique traits (see 
also ErsCus 1980h). However, the elaboration of the atria 
and the copulatory organs of K .  ineri is very easy to 
conceive as an apomorphic condition of the basic features 
of Thalassodrilides: (1) the prostate-bearing diverticulum 
on the atrium most certainly is derived from a single 
glandular pad in the ventral wall of the atrial ampulla, 
such as the one present in, for instance, T. hruneri (see 
Fig. 25B; in the atrium of hruneti the separation of a 
prostatic diverticulum appears foreshadowed by the thin 
septum, sa); and (2) the highly complex pseudopenes are 
not basically different from those of T. gurwitschi, T. helli 
and T. hruneti, merely larger and with longer ducts inside 
(cf. Fig. 25B with Righi & Kanner 1979: fig. 43). More- 
over, the strange spermatozeugmata of K .  ineri are as far 
as known an autapomorphy for this species and do not 
indicate a relationship to any other species outside Tha- 
lassodrilides. 

Therefore, to render Thalassodrilides monophyletic in 
a cladistic sense, the species ineri is now regarded as the 
most apomorphic member of this genus. Thalassodrilides 
was established in the same year as its two synonyms 
Kaketio and Curacnodrilus, but it takes priority as the 
publication by Brinkhurst & Baker (1979) was circulated 
a few months before the one by Righi & Kanner (1979). 
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Thalassodrilides gurwitschi (Hrabi?, 1971) 

I , i r i i i i o ~ f r i / ~ i i f / ~ ~ , s  prwit.schi Hrabi.. 1971h; 33-34, fig. 1 .  
‘lhulu,s,sorlrilirs xi~rwir,schi: Hrabd 1971~: 32.1-225. figs 27-35; 1075: I 10, 

T~iLlla.s.sotlri1itle.r ,yrrrwifschi; Rrinkhurat & Baker 1070: 1564; ErsCus 
IYXlh: 335-338, fig, I: 1984<,: 157-1511. tig. 14; 198s: 143-144, fig. 9 
(see Krinurks); in press: ErsCus CG Davis 1989: 89. 

(’urucuodri1u.s gurwirschi; Righi Clc Kanncr 1979: 5 1-52. 
C’rrrucuodrilus sinus Righi Clc Kanncr, 1979: 53-54, figs 36-38. 

fig. I?. 

New nzufcriul. USNM 127YOY-127Y12. 4 specimens (1 of which scc- 
tioncd) from Station 61. USNM 127Y13-127914,2 spccimcnsfrom West 
Bay. Twin Cays, Belize. barely subtidal, mud (8 April 19x1; coll. K .  
Fauchald et ul . ) .  Author’s collection, I6  spccimcns: 3 ( 1  of which 
sectioned) from Station 21; 9 (2  of which scctioncd) I‘rom Station 75: 2 
from Station 61: I from Station 17; and 1 (scctioncd) from Station 83. 

Brief description o f  new material. Length ( 5  specimens) 
6.3-7.5 mm, 41-45) segments. Width at  XI 0.48-0.65 mm. 
Setae up to  about 75 p m  long, 3.5 p m  thick, (1)2-4(5) per 
bundle anteriorly, (1)2(3) per bundle in postclitellar seg- 
ments. Atrial ampullae at least about 100 p m  long, about 
35 p m  wide. Copulatory sac heavily muscular, 140-160 
p m  long, about 120 p m  wide. Pseudopcnes everted and 
protruding from male protuberances on body wall in most 
(preserved) specimens. Male protruberances still present 
when pseudopenes are withdrawn. Spermathecae absent. 

Remarks. This circumtropical species has bccn recorded 
from many parts o f  the world. A very similar form, but 
with smaller body size and with less developed muscu- 
lature around the pseudopenes, is overlapping in distri- 
bution with T. gurwitschi in the area studied in Belize. It is 
described as a new species, T. bruneti, below. 

Material from the Persian Gulf coast of Saudi Arabia 
was identified as T. guvwitschi by ErsCus (1985). It has 
somewhat intermediate pseudopenes and possibly be- 
longs to T. hruneti too (see Remarks for bruneti below). 

Disfrihufion and habifuf. Widcsprcad in the Caribbean (Aruba, Cura- 
p o ,  Ronairc. Panama. Pucrto Rico, Florida: new rccord from Belize); 
also Black Sea, Mcditerrancan Sea, (?)Persian Gulf (scc Remarks). 
southern China. Hawaii. Western Australia; apparently circumtropical. 
lntcrtidal and subtidal, gcncrally muddy sediments. Marine and 
brackish-water. 

A 

, 2 0  pm \ 

B 

Thalassodrilides bruneti sp.n. (Fig. 25) 

Ilolofypt.. LJSNM 127915. 
Ty/w Io(,uliry. E side o f  South Point. Twin Cays, Belize, 0. I m (Station 

61). 
Purutypc,,s. USNM 127916-I2792O,S spccimcns ( 1  of which sectioned) 

from type locality. 
O//icr rnu/(viul. %MA 28.56, 2 specimens from sandy beach, 30 rn from 

N shore, Awa di Oostpunt, Curaqao (Lesser Antilles), 0.1-0.3 m. sand 
on limcstonc. with scattered ‘I%ulussiu (22 November 1970; coll. P. 
Wagcnaar Hummclinck. station no. 1666). USNM 127921. spccimcn 
from southern part of barrier rccf, Belize. 16O43.8”. XT52.O‘W. lower 
intertidal. sediment unknown (15 July 1977; CARIB I .  Alpha f f e h  
station no. MS-54-500). Author’s collection, 54 specimens: 46 ( I  of 
which scctioncd) from type locality: 6 ( 2  of which sectioned) from 
Station 17; 1 f rom Station 43; and I (scctioncd) from Station 75. 

Etymology. Named lor Dr Carlos Brunct (University o f  Howton. 
Texas), who collcctcd the sediment saniplc from the type locality. and 
who in many other ways a tcd me during the field work at Carrie Bow 
Cay. 

Description of material f rom type locality. Length (6 
specimens) 4.6-5.3 mm, 33-44 segments. Width at XI 
0.46-0.56 mm. Prostomium somewhat triangular. Clitel- 
lum extending over XI-XII. Setae (Fig. 25A) bifid, with 
upper tooth thinner and shorter than lower. Setae 35-60 
p m  long, 2.5-3 p m  thick, (1)2-4per bundle anteriorly, 1- 
2(3) per bundle in postclitellar segments, but absent 
ventrally from XI. Male pores paired in line with ventral 
setae, posteriorly in XI. Spermathecal pores absent. 

Pharyngeal glands in IV-V. Oesophagus in IX 
enlarged, thick-walled and with conspicuous blood 
plexus. Male genitalia (Fig. 25B) paired. Vas deferens 
19-25 p m  wide, about as long as, and entering apical end 
of atrium. Atrial ampulla somewhat spindle-shaped, 55- 
80 p m  long, 25-50 p m  wide, with thin outer lining and 
rather wide lumen, latter partly divided by thin, horizon- 
tal septum, into dorsal and ventral compartments. Pros- 
tatic pad inconspicuous, but extending along most of 
length of atrial ampulla. Prostate gland small, lobed. 
Atrial duct slender, slightly longer than ampulla, running 
inside somewhat pear-shaped, moderately muscular, 
copulatory sac; inner part of duet granulated. outer part 
forming eversible pseudopenis. Male pores not on pro- 
tuberances when pseudopenes are withdrawn. Sperm- 
athecae absent. 

Q. 2.5. T/iulu.s.sodrilides hruneri sp.n.-A. Setae, showing variation in t c e t h . 4 3 .  Somewhat lateral view of male genitalia in segment XI. 
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BrieJ‘ clesuiptiotz o f  muterial from Curapo.  Length ( I  
intact specimen) 9.0 mm. about 33 segments, width at XI 
0.30--().37 mm: worms thus less contracted than those 
from Belize. Setac up to 70 p m  long, 3 pm thick. 2-5 per 
bundle anteriorly, 2(3) per bundle in postclitellar seg- 
ments. Atrial ampullae about 80 p m  long, 33 pm wide. 
Copulatory sac IOS-130 pm long, 55-65 p m  wide. 

Rrniark.s. This species is virtually identical to T. gurwit- 
s r h i  in tcrms o f  somatic characters, and also in most 
features o f  the male ducts. The copulatory sacs of T. 
hruneti are, however, not as heavily muscular as those of 
T. gurwifschi, and T.  hruneti lacks the male protuber- 
ances that generally are prominent in the other species. 

The specific separation o f  T. gurwitschi and T.  hruneti is 
supported by the fact that they occur at the same localities 
in Belize (Stations 17.61 and 75) and still are two distinct 
forms. Tlzalassodrilides hrirneti is smaller than T. gurwit- 
srhi (cf. brief description of latter above), but it is not 
likely to he a younger stage o f  that species, as most of  the 
specimens examined are clitellate and bear wcll devel- 
oped eggs. 

However, when comparing with material from other 
parts of the world, the discrimination of T.  hruneti may 
appear less clear. Both thc body size and the copulatory 
sacs of T. gitrwitschi show considerable gcographic vari- 
ation. For instance, the matcrial identified as T. gurwir- 
sthi from Saudi Arabia (ErsCus 1985) has copulatory 
organs that are intermediate in comparison with those of 
the two species in Belize. The Arabian form may in fact be 
T. hruneti, or possibly a third species. 

f)i,srrihrtriorr und huhirur. Belize and Curaaio. Intertidal or barely 
whtidal. iiiticldy sediments. 

1979). and in mated specimens the spermathccae contain 
conspicuous spermatozeugmata of a kind unique for the 
Tubificidae. The ultrastructure of thcsc sperm aggregates 
was recently described by Ferraguti et al. (1989). 

As discusscd by Erseus ( I  981 h ) ,  Thalassodrilides mil- 
leri Brinkhurst & Baker, 1979, from Delaware (eastern 
U . S . A . ) ,  is very similar, possibly identical, to T. ineri. 
However, whether the  two are the same species cannot be 
settled until  new material of the former (preferably from 
the type locality) becomes available. If they prove to be a 
single taxon, the specific epithet nzifleri will take precc- 
dence as it was published a few months before the publi- 
cation of Kuketio ineri (see Erscus 198lb: 333). 

Originally described from Bonaire in the southern 
Caribbean Sca (Righi &L Kanncr 1979), T. ineri has also 
been reported from Florida and Bermuda by ErsCus 
(1980h), who concluded that the species can be expected 
to occur throughout the Caribbcan area. The new records 
strongly support this. 

Distribution und huhiruf. Belize, St. Martin, BarbUdd, Curaqao (new 
records). Bonairc. Florida and Bermuda. Lower intertidal and subtidal 
mud. t o  at least about 2 m depth. 

Genus Tectidrilus Erseus, 1982 

Remarks. Tectidrilus ErsCus, 1982(h) is a coherant, prob- 
ably monophyletic taxon; its members show at least a 
tendency towards body wall papillation (not always true 
for T.  bori) and a shortening of the clitellum, both 
assumed apomorphic traits. The definition of the genus 
was recently modified (ErsCus 1989h). 

Tectidrilus gabriellae (Marcus, 1950) 

Thalassodrilides ineri (Righi & Kanner, 1979) c0mb.n. I’c~/o,sc~olc~.~jiuhric~//rrr Marcus. 1950: 1-3, figs 13; Righi Kr Kanncr 1979: 
46. 

NCM. t?iurcriul. ZMA 7x57. 4 specimens from sandy beach, 30 m from 
N shorc, Awa di Oostpunt, Curapo (Lesser Antilles). 0 . 1 4 . 3  m, sand 
on limestone, with scattered Thulussiu (22 November 1970; coll. P. 
W;ipcn;i:rr Ilummclinck. station no. 1666). ZMA 2858, specimen from 
W 4iorc of Flamingo Pond, Simwn B>iy I ~ g o o n ,  St Martin. Leeward 
Islands (Lesser Antillcs). lower intertidal. sand and soft mud with 
cclgrnss ( 8  June 1049; coll. P .  Wagcnaar Hummclinck. station no. 
I132A). ZMA 2x5‘)-2860. 5 spcciniens from N o f  Castle Landing, Great 
1-agoon. Barbuda, Ixcward  Islands (Lcsscr Antillcs). ( - 0 . 5  m .  so l t  mud 
with Khizophoru (94 July 1967; coll. P. Wagcnxir Hummcliiick. station 
nos. 1539. IS39A). USNM 177922-127923. 2 specimens ( 1  of  which 
wctioncd) from Station 17. USNM 127924-127929. 6 specimens from 
West Bay, Twin Cays. Belizc. barely subtidal, mud (various dates. 
October 1979-December 1980: coll. K.  Fauchald erul . ) .  USNM 12793(k 
127939. 10 specimens from W side of middle cay, Blue Ground Range, 
Belize, 0.2-0.5 ni, mud (9-1 1 November 1979; coll. K .  Fauchald rt d.). 
Author‘s collcction. 7 specimens: 3 (2 of which scctioncd) from Station 
74; and 4 ( I  sectioned. 3 di 

Tuuhificoides gubriellue (purtim); Brinkhurst & Raker 1979: 1556 
Tecti~lrilus gabrielhe; ErsCus lY82b: 255-258. figs 3 1-32. 

N c w  mutc,riul. USNM 127940, spccinien from West Bay. Twin Cays, 
Belize, depth and sediment unknown (date unknown; coll. K .  Fauchald 
et u l , ) .  USNM 127941-127Y42, 2 specimens from north (Caribbean) 
coast of Panama: 1 from OX”S4.7’N, 77”41 .O’W, intcrtidal (29 June 1977; 
CARIB I .  Alphu H d i x  station no.  MS-21-500); and 1 from 0Y032.8’N, 
7X059.S’W, 5 m (30 June 1977; CARIB I .  AIphu Ifelix station no. ND- 
24-500). ZMA 2861, 2 spccimcns froin S part of  Lagocn, Bonaire 
(Lesser Antilles), 0.5-2 ni. aandy sediment. near Hhizuphoru (19 Sep- 
tember 1967; coll. P. Wagcnaar Hummclinck, station no. 1%‘)). 

Remarks. Peloscolex gabriellae Marcus was long confused 
with various papillate species of the genus Tubificoides 
(subfamily Tubificinae), but it was redescribed and 
selected as the type species of the limnodriloidine genus 
Tectidrilus (Erskus 1982h). 

The new material from Belize, Panama and Bonaire fits 
the re-description of T. gabrieflue (which was based on 
material from Barbados and Bermuda; see Erseus 1982h) 
in all respects, even in dimensional terms. Righi & Kan- 
ncr (1979) found specimens agreeing with Marcus’ (1950) 
original description in material from Aruba and Curaqao; 
that record from the Netherlands Antilles is now corro- 

Rem(irk.~. As discussed in Remarks for Thalassodrilides 
above, Kuketio ineri is herewith transferred to that genus. 

Thnfrs.sodrilidc~s ineri is a large and rather stout marine 
tubificid: the largest intact specimen from Belize is 17.3 
mm long, 0.75 mm wide at clitellum, and consists of 90 
segments. The species has complex male genitalia, includ- 
ing large, eversible pseudopenes (see Righi & Kanner 
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borated by my specimens from Bonaire, the third island in 
the group. 

Distrihufion und hahirut. Belize. Panama. Ronairc (new records), 
Aruba. Curacao. Barbados, Bermuda and Brazil. Subtidal muddy silt 
and sand. to at lcast 9 m dcpth. 

1078; coll. H .  K. Baker). Author’s collection: specimens from Califor- 
nia (Santa Barbara). from Gulf of Mexico, Bcrmuda. o f f  Florida (19Om 
dcpthj, North Carolina, M;irylantl. a n d  New Jcrscy (see LrsCus 1982b): 
specimens from ncar Miami, Florida (listed by ErsCus 1982h). cxccpt 

below); from Hutchinson island, Florida ( ~ ~ ~ d ~ ~  1y86h); and 
singlc specimen from Newport Kivcr (W of Gallant Point), ncar Beau- 
fort, North Carolina [most other specimcns from North Carolina listcd 
by ErsCus ( 1982h) ai-c prccopulatory, with poorly developed spcrmathc- 
cac; they may be either L .  monothecrrs or  I - .  anxius: sec H I S O  material 
under latter]. 

from R~~~ Cut (now identified as L. anxius sp,n,; 

Tectidrilus bori (Righi & Kanner, 1979) 

Iimnodriloides bori Righi & Kanner. 1979: 47-49, figs 27-30. 
7ectidrilus hori; ErsCus 1982b: 258-260, fig. 33; ErsCus tk Davis 1989: 

Y&9S, fig. 14. 

NCW muieriul. USNM 127943, specimen from Station 17. USNM 
127944-127Y45.2 specimens from West Bay, Twin Cays, Belize, depth 
and sediment unknown (date unknown; coll. K .  Fduchald et a l . ) .  
Author’s collection. 2 specimens: 1 from Station 55; and 1 (sexually 
immature) from Station 81. 

Remarks. This species has very characteristic copulatory 
glands located immediately posterior to the male pores. 
Originally described from Bonaire by Righi & Kanner 
(197Y), T. hori is known from several parts o f  the Carib- 
bean area (Erseus 1982h), as well a s  from Hawaii (Erseus 
& Davis 1989). 

Distribution und hahifat. Belize (new record), Bermuda. Florida, Bar- 
bados, Curaqao and Hawaii. Intertidal and subtidal, generally muddy 
sands, to at lcast about 70 m depth. 

New material. USNM 127946-127Y49, 4 specimens from W side of 
middle cay. Blue Ground Range, Belize, 0.2 m,  mud (Y November 1Y7Y: 
coll. K .  Fauchald ~ t u l .  j. USNM 127950, specimen from West Bay,’I‘win 
Cays. Belize, barely subtidal. Thulussiu roots and Hulimedu rubble (7 
December 1980; coll. K.  Fauchald et ul.).  Author’s collection: 2 speci- 
mens (1 of which sectioncd) from Station 49 (Belize); 0 specimcns from 
Victoria, British Columbia (further data unknown; coll. H. K. Baker): 
and specimcn from off North Carolina. S83 m dcpth (date unknown; 
courtesy D. Davis). 

Brief description of material from Belize. Length (2 com- 
plete specimens) 6.5-9.2 mm, 53-62 segments. Setae 
bifid, 35-62 p m  long, 2-3 p m  thick, ( 1 ) 2 4  per bundle 
anteriorly, absent from (X)XI, 1-2 per bundle thereafter. 
Spermathecal pore unpaired, mid-dorsal in X.  Vas defer- 
ens 16-21 p m  wide. Atrial ampulla 60-80 pm long, 21-35 
p m  wide. Atrial duct long and slender, ental part some- 
what granulated, 16-25 pm wide; ectal part 12-16 p m  
wide, not granulated, but with thin outer lining of 
muscles. Pseudopenial sac 105-120 pm long, 40-55 pm 
wide. Spermatheca (Fig. 26A) an unpaired, very slender, 
ampulla, 315450 pm long, maximally 35-60 pm wide; 
inner end much narrower. Ratio length/width of sperm- 
atheca 6.2-1 1.4 ( X  = 8.8; coefficient of variation = 25%; 
n = 5 ) .  Spermatozeugmata a few to (at least) 9 in number, 
about 205-230 pm long; length 20-30x width. 

Genus Limnodriloides Pierantoni, 1903 

Remarks. This large, probably paraphyletic (see ErsCus in 
press), genus was re-defined by ErsCus (19826). I then 
recognized three different species-groups within Limnod- - -  
riloides, for diagnostic rather than phylogenetic purposes. 
Of the species treated in the present paper, L. monothe- 
cus, L. anxius sp.n., L.  major sp.n., L. saccu1u.s sp.n., and 
L.  uniampullutus may be regarded as members within the 
“L.  ugnes-group” (characterized by a strong tendency 
towards very long atrial ducts, and a dorsal location of the 
spermathecal pores), L. adversus sp.n. and L. barnardi 
within the “L. winckelmanni-group” (characterized by 
modified genital setae), and, finally, L.  ruhicundus and L.  
pierantonii within the “L. apI~endiculntus-group” (which 
contains the less derived species within the genus). 

Limnodriloides monothecus Cook, I974 (Figs 26A-H) 

Lininotlriloides monothrcus Cook, 1974: 131-132, fig. 3; Brinkhurst & 

Rohudschiu monofhecu Hrdbf, 1975: 112-1 14, figs 1-3 (but status 

Litnnodriloides monotliecrrs @urtim); ErsCus 1 Y82h: 25C253, figs 28- 

N K  1,i~rrriodriloitie.s nionothrcus; ErsCus 1987h: 274 ( = I , .  anxius sp.n. 

Baker IY79: 1564; ErsCus 1988~: 67. 

uncertain). 

2Y; IYH6b: 3OY. 

dcw-ibcd below) 

l y p c  niuti~riul and i y p  loculity. USNM 4528.5 (holotype). USNM 
45286 (six paratypes), and National Museum of Natural Sciences, 
Ottawa, NMC 347.5 (one pardtype); all from Bahia dc San Quintin, Baja 
California. Pacific coast of Mexico (Cook 1Y74). The USNM material 
w a s  cxamincd by  ErsCus (1082h). 

Mu/crrul re-numined. IRCZM 5 1 :004-5 I :005, 2 spccimcns from 
Indian Kiver. Florida (scc ErsCus I982h). FSBC 1 331875, specimen 
from Hutchinson Island, Florida (scc ErsCus 1986h). USNM 96823- 
YhX31. 1.5 specimens from Ardtoe Fish Farm, Ardtoe, Scotland (2 June 
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Remurks. Limnodriloides monothecus was originally de- 
scribed from the Pacific coast of Mexico (Cook 1974). It 
was subsequently reported from many geographical areas 
o n  both sides of North and Central America, and the 
Mediterranean taxon Rohudschiu monothmu by HrabC 
(1975) was regarded as both a synonym and a homonym 
for Cook’s form (Erseus 1982b). 

In my previous study of this complex (Erseus 1982h), 
with access to a large amount of material. I noted con- 
siderable geographical variation in the morphology of the 
male ducts (granulation and width of ental part of atrial 
duct), spermatheca and spermatozeugmata. I also put 
forward the possibility that specimens from Barbados 
may belong to a species separate from L.  monothecus 
s.str. 

In the present study of material from Belize, several 
Limnodriloides specimens with unpaired, dorsal sper- 
mathecae were found. This time the variation, particu- 
larly in the size and shape of the spermathecae, proved to 
be even greater than noted before. This initiated a re- 
appraisal of the taxonomy of L. monothecus, and n o  less 
than five different species belonging to this complex were 
recognized in the material from Belize: L. monothecus 
s.str., L. anxius sp.n., L. major sp.n., L. uniumpullatus 
Erseus, 1982, and L. sacculu.~ sp.n. 

Cook’s original material of I , .  monothecus has very 
slender spermathecae and spermatozeugmata, as have all 
other East Pacific and a majority of the West Atlantic 
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Ff,q. 26. Spermathecae o f  various specimens helonging t o  the Lirnfiot/ri/oit/ec f~iofio//icc~~rs-coiiiplcs. all drawn t o  the siiiiie sciik-il-ff. 
Litririotlri/oit/cs rr ior io i1 irwr .s  Cook. specimens from Twin Cays, Belize ( A ) :  Biscaync Bay. Florida ( R ) :  Hutchinson Island, Florida (C): 0 1 1  NCH. 
Jcrscy. 171 111 depth ( D ) :  o f f  North Caroliixi. S83 111 depth (I;); Bermuch ( V ) :  C'alilorni;r ((;): and British Columbia (H).--I-O. I ~ r , r i r i o t l r i / o r t / ~ ~ s  
cur.viits sp.n.. \pccimcns from Carrie Bow Cay. Bclizc ( I ) :  Twin Cays. B c l i x  ( . I ) :  VencLuelii ( K ) :  Bonaire. 1.csscr Antilles ( L ) :  13;ii-h;idos (M-A'): 
and North Carolina (O) . -P .  Litnni)t/~il(jiil~,.s m i j o r  sp. II., llolotype (Bclix).-Q-'f'. L/)titio~I~i/(~ii/~,.\ ~ ~ t i ~ i ~ t ~ i ~ ~ i i l l i i ~ i i . ~  ErsCus, spccimen~ from Belize 
(Q-S):  and Bonairc. Lesser Antilles (T).-U-W. Lifnnodriloides sricciilir.~ sp.n., specimens from Belize. St;ition\ I6 ( U )  and 78 (V-W) .  
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specimens prcviously identified as this species by me. 
These worms are therefore all considered as the same 
species (morzorlzecus s.str.), at least for the time being, 
although there is some variation in size and extension of 
the spermathecae when worms from different geographi- 
cal areas are compared (Figs 26A-H). Specimens with 
other kinds of spermathecae and spermatozeugmata (Figs 
261-W) are recognized as other taxa. 

I n  most of the American individuals of L. monorhecus 
s m . ,  the ental part of  the atrial duct appears to be only 
moderately granulated and swollen; this may be an addi- 
tional character discriminating L. monorhecus from other 
species within the complex (see below), particularly L. 
arzxius sp.n. and L.  major sp.n. described below. A 
complication here is that Hrabe’s taxon Bohudschiu 
monotheca, dcscribed on  the basis of a single specimen 
from Yugoslavia (examined and depicted by Erseus 
19826), has slender spermathecae as well as heavily 
granulated atrial ducts. The status of Hrabe’s European 
form vis-2-vis the American L. monothecus is thus not 
sc ttled . 

Other European material of L. morzorhecus, from Scot- 
land. collected by the late Dr H .  R. Baker (Victoria, B. 
C., Canada) is deposited at the USNM (see material 
above). The specimens, which never have been reported 
in thc literature before, were examined by me while at this 
museum. Fifteen of the 18 individuals initially identified 
(by Baker) as L.  monorhecus are morphologically very 
similar to the material from the west coast of North 
Amcrica (e.g. spermatheca very slender, similar to those 
shown in Figs 2%-H). Baker’s rccord from Scotland is 
thus reported here. [The three remaining worms on 
Baker’s slides are representatives of other tubificid 
species; onc is a Lirnnodriloides with modified sperrnath- 
ecal setae (possibly L.  scandinavicus ErsCus, 19826), the 
other two are TuhiJicoides spp., one with and one without 
hair setae.] 

IXstrihution and habitat. East Pacific: Mcxico through British Colum- 
bia. West Atlantic: Belize (new record), Gulf of Mcxico, Bermuda, 
Florida through New Jcrscy. NE Atlantic: Scotland (new rccord). 
(‘!)Mcditcrranean Sea: Yugoslavia. Subtidal sand and mud. to  at least 
583 m depth; also brackish water. 

Limnodriloides anxius sp.n. (Figs 261-0,27A-D) 

Lirnnodri/oides monothcw~s (purtim); ErsCus 1082b: 2.50-253 (nec figs 

Limnodriloicles monorhecus; Erseus 1987h: 274. 
2X-29); 1986b: 309: necsensu Cook 1974. 

tlolotypc,. USNM 12795 I .  
Type locality. West Bay. Twin Cays, Belize, barely subtidal, Thalussiu 

and Hafimeda rubble (6 Dccembcr 1980; coll. K. Fauchald e t a / . ) ,  
f’urutypes. USNM 127952-127954. 3 spccimens from type locality 

(hut variousdatcs, Novcmber l979-Aprill98l;coll. K. Fauchaldetal.). 
Other new materiui. USNM 127955-127957. 3 specimcns from type 

locality (October 1979). Z M A  2862, specimen from Puito, northeast 
part of Lac, Bonairc. Lcsscr Antillcs, 0.5 m ,  mudtlat with Thulussiu and 
C’odukiu ( I  1 March 1979; P. Wagcnaar Hummelinck, station no. 
1577Aa). Author’s collection: 11 specimens from Belize (2 from Station 
52; 6 from Station 61; I from Station 84; and 2 from W of S end of  Carric 
Bow Cay. 0.3 m, hcterogcneous, poorly oxygenatcd sand (4 April 1982. 
coll. H.  R. Baker); and 1 sectioned spccimcn from Rivcr Bay (inner cnd 
of bay at river mouth), N E  part of Barbados, lower intertidal, probably 
with frequent brackish conditions. coarse sand (27 October 1979; coll. 
C. ErsCus). 

Materiul re-examined, previously identified as L. rnonothccus by 
ErsCus (19826. 1986b. 1987b). FSBC 1 37861, specimen from off 
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Hutchinson Island, cast coast of Florida, 27”21.6’N, XO”13. I’W, 10.9m. 
shell hash (Station 2 in Erskus 1986b) (4January 1973: coll. R. Gallagher 
P [  d . ) .  Author’s collcction: 6 spccimcns from Chesapeake Bay, Virgi. 
nia, U . S . A .  ( 3  from eastern shore, 3 from York Rivcr); 1 spccimcn from 
Ncwport River ( N  of Gallant Point). near Beaufort, North Carolina; 1 
specimen from Rcar Cut, Miami, Florida; 7 spccimcns (plus some 
prccopulatory individuals probably of the samc species) from Barbados 
(diffcrent stations); and 1 specimen from Bahia dc Amuay, Vcnczuela. 

Etymology. Named unxius (Latin for ‘troublesome’), to indicate the 
taxonomic confusion caused by the great variation in some charactcrsof 
this spccics. 

Description ofrype material (Figs 27A, C-D). Length (3 
complete specimens) 7.8-8.8 mm, 69-70 segments. Width 
at XI 0.21-0.27 mm. Prostomium variable in shape. 
Clitcllum poorly developed. Setae (Fig. 27A) bifid, with 
upper tooth thinner and shorter than lower. Setae 28-60 
p m  long, 1-2.5 p m  thick, (1)2-4 per bundle anteriorly. 
absent from (X)XI, (1)2(3) per bundle thereafter, except 
for some segments at posterior end, in  which ‘bundles’ are 
unisetal. Male pores paired in line with ventral setae, 
posteriorly in XI. Spermathecal pore unpaired, mid- 
dorsal in middle of X.  

Pharyngeal glands in IV-V. Oesophageal diverticula 
present in IX. Male genitalia (Figs 27C-D) paired. Vas 
deferens 1 4 1 9  pm wide. appearing shorter than atrium, 
entering atrium subapically (see Fig. 27D). Atrial 
ampulla oblong, 60-70 pm long, 2 6 3 5  pm wide; prostatic 
pad elongate, ventral in ampulla. Prostate gland lobed, 
large. Atrial duct slender, totally 220-330 pm long, con- 
voluted. Ental part of atrial duct 50-75 pm long, 23-26 
pm wide, with thick inner epithelium. Ectal part of atrial 
duct 16&260 pm long, 16-20 pm wide, with distinct 
muscular lining, 1-3 p m  thick, but thin and not granu- 
lated inner epithelium. Duct terminating in pseudopenial 
papilla inside copulatory sac; sac 60-75 p m  long, 37-50 
p m  wide. Spermatheca (Fig. 27C, s) elongate pear- 
shaped, 100-160 pm long, maximally 40-85 p m  wide (i.e. 
about 2-3x longer than wide), with inner epithelium 
thicker in ectal than in ental part. Sperm arranged as 1-2 
spindle-shaped spermatozeugmah in spermatheca. Sperm- 
atozeugmata 80-90 pm long, 11-16 pm wide; length thus 
about 6-8~ width. 

Notes on other material (Figs 261-0, 27B). The total 
material identified as L. anxius comprises 37 specimens, 
from several different geographical areas. The worms 
exhibit a great morphological variation (summarized for 
some characters in Table V), and some of the non-type 
individuals are only tentatively regarded as members of 
L.  anxius. The type material has been restricted to four 
specimens from basically the same locality. They are so 
similar to each other (but clearly different from the other 
known species of the L.  monothecus-complex) that it is 
unlikely that future studies will have to challenge the 
status of the paratypes vis-a-vis the holotype. 

Most of the other specimens from Belize are smaller 
(five complete specimens: 51.4-6.1 mm long, 44-61 seg- 
ments) than the individuals of the type series. The single 
worm from Station 84 is, however, exceptionally large 
(12.2 mm, 81 segments). The specimens from Station 52 
and 61 have maximally two setae per bundle in anterior 
segments, lack setae completely in both segments X and 
XI, and have unisetal ‘bundles’ in all postclitellar seg- 
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Fig 27.-A-D. Limnadribides anxius sp.n.-A. Scta.-B. Lateral view of spermatheca and malc genitalia in scgmcnts X-XI, specimen from 
Station 61 .-C. Obliquc view of spcrmathcca and malc gcnitalia (in X-XI), holotype.-D. Lateral view of male genitalia (in XI), paratypc.-E-F. 
Limnodriloides major sp.n.-E. Seta.-F. Lateral view of spermatheca and malc genitalia in X-XI. 
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ments, whereas specimens from other localities in Belize 
resemble the types with regard to the setal numbers. 
Some worms (particularly those from Station 61; see Fig. 
27B) have more slender atrial ducts than those of the type 
series. The spermathecae are generally somewhat 
elongate, pear-shaped (Figs 267-5, 27B), as in the type 
series (Fig. 27C), but the spermatozeugmata vary in 
slenderness. 

The very large worm from Station 84 (mentioned 
above) diifers from all other Belizean specimens in that its 
spcrmatheca is oval (length only 1 . 2 ~  width), with the 
sperm not forming spermatozeugmata, but randomly 
arranged in ampulla. The same applies to the specimen 
from River Bay, Barbados (Fig. 26N). The spermathecae 
of the individual from Bonaire (Fig. 26L) is also oval, but 
contains very large, spindle-shaped spermatozeugmata. 

All specimens previously recorded as L. motzothecus 
from Chesapeake Bay (Ersdus 1982h), Barbados (ErsCus 
1982h), and Venezuela (ErsCus 1987h), are now regarded 
as L. nrzxius (Figs 26K, M). In the old matcrial from 
Florida (Erseus 1982h, 39866) and Beaufort, North Caro- 
lina (ErsCus 1982h), both L. monorhecus and L.  unxius 
are present (Figs 26B-C. 0). 

Remarks. The setal arrangement and male genitalia are 
both highly variable characters in L.  monothecus and L. 
unxius, and it  appears very difficult to use them for a 
specific discrimination of the taxa. However, the spcrm- 
athecae, which are never as slendcr in L. anxius (Figs 261- 
0)  as they arc in L. morzofhecus (Figs 26A-H), clearly 
distinguish the two species. 

f~I.srrih~c/ion und huhirur. As far as known restricted t o  thc west Atlantic: 
Beli7.e. Ronairc. Venezuela, Barbados. Florida through Virginia. 
Lower intertitlal and suhtidal. generally muddy, sand. t o  at least 20 rn 
depth: also iii hr;ickish-water('?). 

Limnodriloides major sp.n. (Figs 26P, 27E-F) 

I l o l o r y p .  USNM 1270.58. 
T ~ p c  /o(,u/IIF. 1.: side o f  South Point. Twln Cays. Belize, barely 

subtidal('!). somewhat muddy, heterogeneous coral sand (exposed t o  
wavcs from NE) (9 April 19x2: coll. H .  K. Baker). 

L-rwro/ocqy. Named trzujor (Latin for 'largcr') 11s i t  appears largcr than  
the other taxa  within the L. t i~or~otliecr~.s-complex. 

Ilescriprion. Length more than 7.8 mm, more than 37 
scgments (holotype not complete). Width at XI 0.51 mm. 
Prostomium somewhat triangular. Clitellum poorly 
developed. Setac (Fig. 27E) bifid, with upper tooth thin- 
ner and shorter than lower. Setae 3 7 4 2  pm long. 2.5-3.5 

pm thick, 2(3) per bundle anteriorly, totally absent from 
X-XI, 1 per 'bundle' thereafter. Male pores paircd in line 
with ventral setae, posteriorly in XI. Spermathecal pore 
unpaired, mid-dorsal in middle of X. 

Pharyngeal glands in IV-V. Oesophageal diverticula 
present in IX. Male genitalia (Fig. 27F) paired. Vas 
deferens 23-30 pm wide, about { X  length of atrium; 
entrance into atrium not observed. Atrial ampulla small. 
oval, about 60 p m  long, 45 p m  wide; prostatic pad not 
observed. Prostate gland large, lobed. Atrial duct very 
long, about 0.9 m m ,  convoluted. Ental part of atrial duct 
about 215 pm long, 65-70 p m  wide, with very thin outer 
lining, and thick, granulated inner epithelium. Granu- 
lated part abruptly terminating in slenderer ectal part; 
latter 2 8 4 3  pm wide, with up to 12 p m  thick muscular 
lining. Muscular lining thinning towards end of duct, 
which terminates in large pseudopenial papilla inside 
voluminous copulatory sac; sac 160 p m  long, about 60 ,urn 
wide. Spermatheca (Figs 26P; 27F, s) an oblong, some- 
what curved ampulla, 260 +m long, 90 pm wide (about 3x 
longer than wide), with thin, but distinct outer muscular 
lining; inner epithelium evenly thick. Sperm arranged as 
slender spermatozeugmata in inner end of ampulla. Sperm- 
atozeugmata about 20 in number, up to about 150 p m  long; 
up to about 3 0 ~  longer than wide. 

Remarks. This large form is very distinct in comparison to 
all other members o f  the L. morzothecus-complex; this is 
the reason why a single specimen has been assigned to a 
separate taxon with confidence. It is distinguished from its 
closely related congeners by the great length of the 
granulated parts o f  its atrial ducts, and by the high 
number of spermatozeugmata in its spermatheca. The 
thickness of the atrial duct musculature varies in the other 
taxa, and is sometimes great also in specimens of L. 
rnonothecus and  L .  unxius. The muscle layer is, however, 
nowhere as thick (12 pm) as in the specimen of L. major 
described hcrc. 

Limnodriloides uniampullatus Erskus, 1982 (Figs 26Q-T) 

Llni~odri/oides irniumpullurirs Ersdus, I982h: 248-250. fig. 27; 1984~: 
169. fig. 23: 1990h: 302. 

Ncw, mu/criul. LJSNM 127959-1279hO. 2 spccimcns from W side of 
middlc cay. Blue Ground Kangc, Bclizc. barely suhtidal (9  June I W I :  
coll. K.  Fauchald PI d.).  USNM 1279hl. specimen from West Hay. Twin 

Character 

Body length ol fixed, cornplctc wornis (mm) 
Number o f  segments 
Atrial ampulla. Icngth/width 
Granulated part of  atrial duct, Icngth/width 
Non-granulated part of atrial duct, lcngthlwidth 
Muscular layer of ditto. thickness (pni)  
Spcrniathcca, Icngthimaximum width 
Number of  spcrni~itozeugmata in spcrmathcca 
Spcrmatozcugmata, Icngth/width 

~~~ ...___-. ._ 
X CV 
-- 

6. I X  3J'% 
53.9 25% 
2.35 23% 
3.15 33% 

13.0 3 I '%, 
2.43 65%) 
1.95 27% 
3.97 30'%, 
7.60 43% 

rnin 

3 7  

1.59 
2.04 
X.9 
0.5  
1 .07 
1 .o 
3.92 

~~ ~~ 

35 

~~ 

max I1 

I2 2 17 
X I  17 
3.33 IS 
5.65 13 

25.0 15 
7 (1 35 
3 17 26 
S.0 3.3 

16.7 3X 

-~ ~ 
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C;i!~s. Bclizc, 0.1 in, mud (11 May 1984; coll. K. Fauchald el ul . ) .  
.Author's collection: 1 specimen from each of Stations 61 a n d  75. ZMA 
2865. spccimcn from S part of I ~ g o c n .  Bonoirc (Ixsscr Antillcs). 0.5-2 
111. sandy sediment. near Khizophom ( 19 Scptcinhcr 1967: coll. P. 
W q e n n n r  Hurnmclinck. station no. 1559). 

Brief &scription of new materid. Length ( 3  complete 
specimens) 3.34.0 mm, 3 1 4 0  segments. Setae bifid, 28- 
50 p m  long, 1.5-2.5 pm wide, (1)2-3 per bundle an- 
teriorly, absent from XI, or (in 1 specimen) from X-XI, 
( I ) ?  per bundle thereafter, except for some segments of 
posterior cnd, in which 'bundlcs' are unisetal. Spermathe- 
cal pore unpaired, mid-dorsal in  X. Vas deferens 9-1 6 pm 
wide. Atrial ampulla 3540  pin long, 14-23 pm wide. 
Atrial duct long and slender, cntal part (30-70 p n i  long) 
yanulnted, 12-24 p m  wide; ectal part, 7-12 p m  wide, not 
granulated but with thin lining of  muscles. Pscudopenial 
sac 35-105 pm long, 22-30 pm wide. Spermatheca (Figs 
360-T) unpaired, small, globular or somewhat oval, 34- 
-17 p m  long, 26-44 pm wide; containing a few simple, 
curved spcrniatozeugmata, about 35-40 pm long, in post- 
copulatory specimens. 

Krni(irks. This species was previously known only from 
the Indo-west Pacific region (Queensland and Hong 
Kong) ,  and its presence in the Caribbean is thus some- 
what surprising. Still, however. the new material fits the 
original description (ErsCus 198%) well, even in dimen- 
sional features. 

The male ducts of L. urzimrnp~rllutus are very similar t o  
those of 1,. sacc~dzc.s sp.n. (see Fig. 28R). However, the 
spermatheca of  L. unimnpuflntus (Figs 260-T) is more or  
less spherical and very small, never elongate as in the 
other species (Figs 26U-W). 

I>is/rihirtion and hahirut. West Atlantic: Bclizc. Bonairc (new records): 
wcst Pacific: Grcat Barrier Kccf, southern China, Subtidal sands, to at  
least 6 in depth. 

Limnodriloides sacculus sp.n. (Figs 26U-W, 28) 

Ilolorypc.. USNM 127963. 
Type locality. Near sandy beach. W side of  Wcc Wee Cay. Bclizc. 0.3 

rn (Station 21). 
I+tmrypcs. LJSNM 12796.1-1 27965. 2 spccimcns from Station 78. 

IJSNM 127966. spccimcn from West Bay, Twin Cays. Bclizc, 0.3 in. 
mud (6 Dcccmbcr 1980; coll. K .  Fauchald ct a / . ) .  

Other rnari,rial (author's collection). One specimen from cach of 
Stations 16 a n d  40. 

E / y n i o / o g y .  The spccics i s  named for the ahapc o f  its spcrrnathcca; 
.srrccrilir.s is 1,atin for 'small sack, hag'. 

Description. Length ( 3  complete specimens) 3.94.8 mm, 
40-46 segments. Width at XI 0.20-0.29 mm. Prostomium 
generally triangular; rounded in 1 specimen. Clitellum 
extending over XI-XII. Setae (Fig. 28A) bifid, with upper 
tooth thinner and shorter than lower. Setae 3 2 4 7  pm 
long, 2-2.5 p m  thick, (1)2-3 per bundle anteriorly, totally 
absent from X-XI, (1)2 per bundle thereafter, except for 
some segments at posterior end, in which 'bundles' are 
unisetal. Male pore4 paired in line with ventral 4etae, 
posteriorly in XI. Spermathecal pore unpaired, mid- 
dorsal in middle of X. 

Pharyngeal glands in IV-V. Oesophageal diverticula 
present in IX. Male genitalia (Fig. 28B) paired. Vas 
deferens about 1 0  p m  wide, appearing slightly shorter 
than atrium, entering atrium subapically. Atrial ampulla 
oblong, about 55-60 pm long, 19-26 pm wide; prostatic 
pad elongate, ventral in ampulla. Prostate gland lobed, 
small. Atrial duct \lender, about 215 pm long (measured 
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i n  2 specimens), convoluted. Ental part o f  atrial duct 55- 
60 p m  long, 19-27 p m  wide, with thick, granulated inner 
epithelium. Ectal part of' atrial duct 155-160 p m  long, 
only 7-1 1 wide, with very thin, but distinct muscular 
lining. Duct terminating in pseudopcnial papilla inside 
voluminous copulatory sac; sac 65-100 p m  long, 25-40 
p m  wide. Spermatheca (Figs 26U-W; 28B, s) an elongatc 
ampulla (duct absent), 80-95 p m  long, 26-47 p m  wide 
(i.e. 2 . 0 - 3 . 6 ~  longer than wide); inner epithelium evenly 
thick. Sperm arranged as straight, slender spermatozeug- 
niata in  spermathcca. Spcrmatozeugmata 2-4 in number, 
about 50MO p m  long; about 7-12X longer than wide. 

Renzcirks. The male ducts of this new species are virtually 
identical t o  those o f  I , .  utiiampuflrrtus reported above; 
both taxa are sindl forms within the I,. monofhecus- 
complex. The spcrmatheca o f  L.  succulus (Figs 26U-W), 
however, i s  clearly more elongate than that o f  L.  utziam- 
pitllutns (Figs 26Q-'I'), although it is not as long and 
slender as the one in L. morzothecus (Figs 26A-H). 
Moreover, it is distinguished from L. anxizis by the size 
and shape o f  its spermatheca; in L. anxius the spermath- 
ecii is larger. and spherical t o  pear-shaped (Figs 261-0). 

I)i,sfrrhrrrio,i trnd huhifuf.  Known only from Belize. Subtidal. often 
muddy. tine to medium sands. 0.2-1 m depth. 

Limnodriloides adversus sp.n. (Fig. 29) 

I l o / o r y p .  USNM 127067. wholc-mounted specimen. 
Q ~ J C  /oc.rr/ity. N (Caribbean) coast of Panama, 09"32.H'N, 7XoS9.S'W, 

5 m (30 June 1977: CARIB 1. Alpha Helix station no. NU-24-1000). 
Pururye.  USNM 127968. specimen from West Bay. Twin Cays. 

I3clizc. 0.9 m, mud (37 October 1079; coll. K. Fauchald ef ul.). 
E r p o l o g ! .  The spccics epithet adversus is Latin for 'turned towards', 

'opposite'. which refers to the direction of thc spcrmathccdl scta; in this 
spccics thc large sctii is directed against the posterior, which is contrary 
to the situation in the closely rcl;tted L. liusfurits and L.  paruha.sfu/us (see 
he low ) . 

Description. Length of  paratype 4.0 mm, 41 segments 
(holotype not complete). Width at  XI 0.14-1.17 mm. 
Prostomium somewhat elongate, well set off from peris- 

tomium. Clitellum extending over XI and most of XI1 in 
paratype, poorly developed in holotype. Somatic setae 
(Fig. 29A) bifid, with upper tooth almost as long as, but 
clearly thinner than lower. Setae 35-47 p m  long, 1-2 pm 
thick, 2-3 per bundle anteriorly, 2 per bundle in postcli- 
tellar bundles. Setae totally absent from XI. absent dor- 
sally from X. One  large spermathecal seta (Fig. 29C, ss) 
present ventrally in X; at one side only, in holotypc with 
tip near mid-ventral line of worm. This seta 77-98 pm 
long, about 7 p m  wide, with inner end curved, and with 
long groove along most of its length; seta almost parallel 
with long axis of worm, tip pointing towards posterior. 
Spermathecal seta enclosed in deep muscular sac, outer 
part of which glandular, inner part bearing small glandu- 
lar body on its outside (Fig. 29C, gs) (in paratype, such a 
glandular body also present on side of worm which is 
devoid of spermathecal seta). Male pores paircd, in line 
with ventral setae, posteriorly in XI. Spermathccal pores 
paired, in line with ventral somatic setae, somewhat 
posterior to middle of X. 

Pharyngeal glands conspicuous in IV-V. In IX, a pos- 
terior, short portion of oesophagus thick-walled and glan- 
dular (Fig. 29B); diverticula absent. Male genitalia (Fig. 
29C) paired. Vas deferens up to 14-16 p m  wide, shorter 
than atrium, entering latter more or less apically (difficult 
to see in available material). Atrial ampulla slender, 75- 
85 p m  long, up to about 25 p m  wide (at prostatic pad), for 
most parts with thin inner epithelium, and thin, but 
distinct outer lining of circular muscles; prostatic pad 
distinct, in ventral lump in most ectal part of ampulla. 
Prostate glands moderately large, lobcd. Atrial duct 50- 
70 p m  long, 18-21 p m  wide, with granulated middle part; 
muscular lining very thin, indistinct. Atrial duct tcrminat- 
ing in simple pseudopenis. Spermathecae (Fig. 29C, s) 
with very short, triangular ducts, and oval-to-pear-shaped 
ampullae, 60-65 pm long, 40-57 p m  wide; latter contain- 
ing one or a few spindle-shaped bundles of sperm 
(=poorly preserved spermatozeugmata?). 

Remarks. Limnodriloides adversus is closely related to  L.  
hustatiis Erseus, 1982(b), from the Gulf of  Mcxico coast 

f'ig. 20. L;~,iriodriloirlet.-j/~)i~/f,.s advc,r.sus sp.n.-A. Sew-B. Oesophagus in segment IX. showing thickened, glandular. posterior part.-C. Lateral view of 
spcrmatheca. spermathecal scta and male genitalia in segments X-XI. 

Zoolo~ic~rr Suipru I Y  
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of Florida, and L .  parahastatus ErsCus, 1985 from the 
Persian Gulf coast of Saudi Arabia; all three species have 
short glandular portions in segment IX (instead of oeso- 
phageal diverticula, which otherwise characterize Lim- 
norlrifoides). and very large, grooved, spermathecal setac 
in segment X. The spermathecal setae are, however, 
paired (one at each side of worm) and directed towards 
the anterior in L .  hastatus and L.  parahastatus; in both 
specimens of the new form, the spermathecal seta is single 
(but whether this is invariably so in this species needs to 
becorroborated by additional material), with its tip facing 
the opposite direction. Moreover, in neither of the other 
two taxa is the groove extending along such a long part of 
the seta as in L.  adversus. 

Di.c.rrihu/iorr untf hahitur. Caribbean coast of  I'anama and Bclize. Subti- 
dal. to iit lcast 5 m tlcpth. 

Limnodriloides barnardi Cook, 1974 (Fig. 30) 

Lifrinot/rik,irle.s hurnardi Cook, 1974: 13413.5, fig. 5 ;  Erstus 19826: 

Limnodri1oide.s hurnardi (partim); ErsCus 1976: 32-33, nec fig. 3.  
Lirnnotlriloitfes winckelmunni Michaelscn. 19 I4 (parrim); Jamicson 

232-234, fig. 13; Davis 1985: 171-172. 

1977: 338, nec fig. 2 ;  Brinkhurst & Baker 1979: 1564. 

A h  rnafcriul. USNM 127969, specimen from N (Caribbean) coast of  
Panama, OY"34.6'N. 78V3.2'W. 0.4 m (30 Junc 1977; CARIB 1. Alpha 
I/di,t- station no.  23-3331149). USNM 127970~127972,3 specimens from 
Same area, 0Y032.9'N, 78"5YS'W, 5 m (30 Junc 1977; CARIB I. Alpha 
H& station n o .  ND-24-500/1000). USNM 127973-127976, 4 spccimcns 
Irom Bclizc. Station 52. MNHN MA 3, spccirncn from Lcs Raisins clairs 
(lagoon), Grand-Terrc, Guadeloupe. 1.5 m ,  reduced fine sand (date 
unknown;  coll. G. Bouchcr & N. Gourbault). Author's collection, 14 
spccimcns: 2 from Station 67: 3 ( 1  o f  which scctioncd) from Station 38; 4 
from Station 53: and 1 from cach of Stations 40, 46, 61, 64 and 65. 

Brief description of material from Belize. Length (5  com- 
plete specimens) 3.8-6.2 mm, 39-52 segments. Setae 
bifid, 35-50 pm long, 1.5-2.5 pm thick, 2-4 per bundle 
anteriorly, (1)2 per bundle in postclitellar segments. Bifid 
setae absent from X-XI. Ventral sctae of X (when pres- 

cnt), one at each spermathecal pore, modified into slen- 
der, walking-stick-shaped spermathecal setae (Figs 30A; 
B, ss); these setae 55-70 p m  long, 2-2.5 pm thick, with 
groove extending along about ectal half of seta. Sper- 
mathecal and male pores paired, in line with ventral 
setae. Oesophageal diverticula in IX. Male genitalia (Fig. 
30B) paired. Vas deferens about 14 p m  wide in onc 
specimen (not visible in other specimens), entering 
atrium more or less apically. Atrial ampulla 60-82 p m  
long, 35-47 pm wide (at prostatic pad); ental half thin- 
walled with spacious lumen (containing sperm in speci- 
men depicted in Fig. 30B), ectal half with large, round 
prostatic pad; pad generally bulging considerably. Pro- 
state gland large, lobed. Atrial duct 75-160 pm long, 20- 
33 pm wide at middle (granulated) part. Duct terminating 
in lateral papilla in wall of pseudopenial sac. Spermathe- 
cae (Fig. 30B, s) with short, but distinct, ducts, and 
round-to-pear-shaped ampulla; latter with several sper- 
matozeugmata in postcopulatory specimens. 

Brief description of material from Puriuma. No complete 
specimen. Setae 30-4s p m  long, 1 .5-2 pm thick, 2-3 per 
bundle anteriorly. 1-2 per bundle in postclitellar seg- 
ments. Spermathecal setae 66-68 pm long, 2-3 p m  thick; 
groove of varying length, in two specimens extending 
over about 4 of seta. Atria as in Fig. 30B, but slightly 
smaller (ampullae 63-77 p m  long, ducts about 70 pm 
long). Spermathecae slender, smaller than those of Beli- 
zean specimens. 

Remarks. The single worm from Guadeloupe conforms 
well to the other material, but it has somcwhat larger 
spermathecal setae (96-08 pm long, 3 pm thick). 

In some of the present specimens, the atrial ducts are 
more slender than in the original (type) material, but as 
there is much variation in this feature even within the 
populations, this difference is rcgardcd a s  intra-specific. 

In this species, the spermathecal setae are occasionally 
located anterior to the spermathecal pores (normally, 

1 100 um I 

Fig. 3). Limnudriluide.s burncrra'i Cook.-A. Spermathecal scta.--B. Oblique view of sperinatheca, spermathccal seta and malc gcnitalia in 
scgmcnts X-XI. 

zook@ca Scripta 19 



postcrior to the pores: as in Fig. WB), or absent at one or 
both sides of the worm. 

Lirnnodrduides bmrnarcfi was originally described from 
the Pacific coast of Mexico (Cook 1974), and sub- 
sequently recorded from a number of areas in the North- 
west Atlantic (Erseus l982b; Davis 1985). 

/li.s/rihirriori u r i d  lirrhi/a/. Belize, Panama, Guadcloupc (all new rc- 
cords). Bahmnas. Bermuda. cast coiist o f  the U.S. (Florida through 
Massachusetts). Pacific coast o f  Mexico. Suhtidal sand, to at least 150 m 
depth. 

Lirnnodriloides rubicundus Erseus, 1982 

/.itiitrot/riloidr,\ ruhic.irndu.s t rsdus,  19x21): 226-228. fig. 10: 19X7b: 273- 
274: Ersdus Kr Davis 19x9: 93-94, fig. 13. 

NeM' rnaferiul. LJSNM 127977-127979. 127981-127990, 13 specimens 
from West Bay. 'l'win Cays, Belize, harcly subtidal. mud (various dates. 
October 1979-Novcniher 19x3; coll. K. Fauchelti c,tul.). lJSNM 127YXO. 
127YY-127U93. 3 specimens from W side of middle cay. Bluc Ground 
Kaiigc. Belize, barely subtidal. mud (November 1970, June 19x1; coll. 
K. Fauchald el d.). Author-s collection, 40 spccimens froin Rclizc: 5 ( I  
o f  which sectioned) from Station 56; 12 from Station X3: 7 from Station 
75: I I from Station 61: 2 from each o f  Stations 17 and 52; and I from 
Station 21. Author's collection. 3 specimens from Barbados (all coll. C. 
ErsCus): I from Carlisle Bay. mouth o f  Carccnegc. Bridgetown. cstuary 
o f  Constitution River. 1 m, organically polluted, muddy silt (24 October 
1979): I from Bcllairs Rccf, St James. 4.5 m, muddy silt (24 October 
1'979); and I from SW o f  Holctown. 9 m, silt (25 October 1079). 

Remarks. This species was described o n  the basis of a 
large material from Eastern U.S.A. ,  Bahamas and Ber- 
muda (ErsCus 1982h), and was recently found also in 
Hawaii (ErsCus Kr Davis 1989). I t  resembles L. adversus 
sp.n. described above by having a short glandular portion 
of the oesophagus i n  segment IX, and very slender atrial 
ampullae with ectally located prostatic pads; L. ruhiccrn- 
dirs. however, lacks spermathecal setae. The new 
material conforms well to the original description. 

/ ) i , \ fr / /u/ / ioti  utrd k r r h i r r r t .  Hcli7c. Harhxlos (new records). Vcnczucla. 
l3iihania\. Bermuda, east coast o f  thc U.S. (Florida through Del;iwarc). 
Habvaii. Intertidal a n d  subtidal. muddy, gcncr;illy fine. scdimcnt. to at 
Icnst 74 in depth. 

Limnodriloides pierantonii (Hrab6, 1971) 

Rcrnurks. To date, L. pierontonii has only been recorded 
from the Mediterranean and Black Seas (ErsCus 19876.). 
However. the discovery of ciliation in the atria of some 
type specimens o f  L. clnviger initiated a re-appraisal o f  
this species' identity. [Bermudian specimens of'"c1aviger" 
with ciliated and very narrow atrial ampullae (all para- 
types plus a single specimen in author's collection) are 
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now identified as Smith.sonidrilris nzinuscu1u.s (Erskus 
19831) comb.n. (see below).] 

The holotype of L. claviger, from Barbados, has clearly 
club-shaped atria and lacks cilia on the inner epithelium 
of the atrial ampullae (although a few cilia extends into 
the lumen from the ends of the vasa deferentia). More- 
over, in this worm the sperm in the spermathecae are 
aggregated in somewhat torch-shaped spermatozcug- 
mata, not bundled or random as in the individuals from 
Bermuda. These features (ciliated, club-shaped atria, and 
spermatozcugmata) also characterize the European L. 
pierantonii, which was previously distinguished from L.  
clavigcr primarily on the basis of its possession of pseudo- 
penes (cf. ErsCus l982h: figs S-6). Upon re-examination, 
the cluviger holotype now also appears to have pseudo- 
penes, although they are not as elaborate as in the 
European form. It therefore seems likely that L. clnviger 
( s . s t r . )  in fact is a junior synonym to L. pic9ratztonii. 

The presence of L. pierarzrorzii in the Caribbean area is 
supported by a single specimen from Venezuela? 
recorded as L. cluviger by Erseus (1987h): it is now 
identified as L. pierrmtonii too. As shown already in my 
illustration of that specimen (ErsCus 19876: fig. l),  it has 
both pseudopenes and spermatozeugmata. 

Specimens from Hawaii, tentatively identified as L. 
claviger by ErsCus 6i Davis (1 989), are now regarded as S. 
rninusculus (see Erscus in press), which further demon- 
strates how confused the taxonomy of  these species has 
been. 

Ili.vfri/~irr/otr utitl hubifu/.  Rarhados, Vcnczucla (new records). Yugosla- 
via, I t a ly .  Turkey a n d  Roumania. Subtidal, muddy sands. t o  a t  least 200 
in depth 

Genus Srnithsonidrilus Brinkhurst, 1966 

Stnilh.corritlrilu.s Brinkhurst. 1966: 300: ErsGus 1982~:  4X. 
Marc.ir.~uedri/rr.s Righi &i Kanncr, 1979: 49; ErsCus l0X.30: 25-76: in 

p rcu  

Enzended definiriorz (combined after Erseus 1982~: Snzith- 
sunirlrilus; and ErsCus in press: Marcu.saedri1u.s) (with 
assumed synapomorphy in italics). Marine tropical and 
subtropical tubificids. All setae bifid; hair setac and modi- 
fied genital sctae absent. Male pores, paired or unpaired, 
in segment XI. Spermathecal pores, paired or unpaired, 
in middle of X .  Coelomocytcs. if present. small and 
sparse. Pharyngeal glands generally well developed in 
IV-V. A pair of oesophageal diverticula present an- 
teriorly in  1X. 

Vasa defcrentia ciliated, entering atria apically or 
slightly subapically. Each atrium consists ol' ( I )  u17 atrid 
arnpulla, which is en t d l y  ciliated (ci I i at i o n inconspicuous 
i n  some species), and which cctally bcars H lobed, broadly 
attachcd, ventral prostate gland connected with a distinct, 
heavily granulate 'prostatic pad' within thc inncr atrial 
epithelium, storing the secretory products of the prostate 
(in some apomorphic species, prostatic pad modified into 
clongate diverticulum); (2) a slender atrial duct, at least 
partly granulated. In  some species, atrial ducts ectally 
united to form unpaired ejaculatory duct. Pseudopenes 
present, paired or unpaired; when unpaired, often elab- 
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orate (with many internal folds) and sometimes bearing 
large. compact. copulatory glands. Spermathccae paired 
or unpaired: ampullae with sperm in loose balls, rings, 
bundles o r  slender spermatozcugmata; ducts in most 
species divided into two parts, o f  which outer part often 
appearing as a secondary invagination of body wall (a 
'vcstibulc') . 

Rernnrks. The definition of the genus Murcusuedrilus 
sc11.714 Erseus (1983~) was recently modified to accommo- 
date M. peruarzus (Erseus in press). It was pointed out in 
these previous accounts, however, that the highly derived 
Stnifli.sorzirfri1u.s probably has evolved from an ancestor 
which would have been classified as a Marcusaedrilus, and 
t h a t  thc latter genus (if excluding Smithsonidrilus) may be 
parap h ylet ic. 

The present study approaches the phylogenetic re- 
lationships of Marcusaedrilus and Srnithsoriidrilus more 
specifically again (Tables VI-VII, Fig. 31). This time 
parsimony is applied to establish a hypothesis (Fig. 31), 
which indeed suggests that Smithsonidrifins is an apomor- 
phic lineage within Marcusaedrilus. Thus, to keep the two 
as separate taxa would be to accept paraphyly of the 
latter. Consequently, the two genera are herewith unitcd 
into one, which by priority will be named Srnithsorzidrifus. 
The ciliation o f  the atrial ampullae is regarded as the 
synapotnorphy o f  all species included (character 2 in Fig. 
31). whereas the spermathccal vestibules constitute a 
second synapomorphy for all species except S. peruanus 
and S. mitin.scirlcrs (character 9 in Fig. 31). 

Smithsonidrilus rninuscuEus (Erseus, 1983) comb.n. (Fig. 
32) 

/.;r,rrrodriloiclc..(/ri/~);[/[,~\ c / i i t + p  (purtini. ticc holotypc): ErsCus IY82h: 22 1-22. 
ttcc lie. 6 [holotypc. I.. c /u~~igcr s.srr. = I . .  p icvurifoi i i i  (Hrabf .  
lO7lu)l; Ersius Kc Davis 19159: 92-93, tig. I?. 

.Llr/rc ir,suc4ri/ris tjii///i,s(,ir/u,s Ersdus, IOX3o: 30-3 I . tig. 5 ;  i n  press: fig. 17. 

Murerid ri,-c,,i-uiiiiirc.r/. USNM 7303 1-73933, pariitypcs of  Litnrioclri- 
/oidt,.\ cln*igcv, from Bermuda (sce ErsCus IYX2h). Author's collection: 
;iddition;il hpccinien o f  " I . .  cYui~igc,r" from Bcrniud;i (ErsCus 1082h); and 
\peciniens from Qucensland, Wcytcrn Australia and Hawaii (see ErsCus 
I'J83tr. i n  press: Lrseus & Davis 1989). 

. X w  ttccttc~rirrl. USNM 13-79Y1, specimen from West Bay. Twin Cays. 
Belize. harcly suhtidal. dense Ifdiniedrr w i t h  Hrrliriietlrr ruhl?lc ( 8  
I)cccmber 19x0: coll. K .  I~iitichald PI d . ) .  

Description of specimen from Belize. Length more than 
2.3 mm, more than 28 segments (specimen not intact, 
lacking both anterior and posterior ends). Width at XI 
0.18 mm. Clitellum extending over XI-XII, poorly devel- 
oped. Setae (Fig. 32A) bifid, with upper tooth thinner and 
shorter than lower. Setae 3GSO p m  long, 1.5-2 p m  thick, 
3 per bundle immediately anterior to clitellum, 2 per 
bundle in postclitellar segments. Ventral setae absent 
from X-XI. Male and spcrmathecal pores paired in line 
with ventral setae, posterior to  middle of XI and X, 
respectively. 

Oesophageal diverticula in anterior part o f  IX. Male 
genitalia (Fig. 32B) paired. Vas dcferens 5-8 p m  wide, 
slightly longer than atrium, entering latter somewhat 
subapically. Atrium slender, club-shaped, totally about 
80 p m  long, ampulla about 20 p m  wide, duct 12 p m  wide. 
Atrial ampulla with thin outer lining and entally ciliated 
inner epithelium; prostatic pad ventral, inconspicuous. 
Atrial duct partially granulated, ending in small pseudo- 
pcnial papilla. Prostate gland small. with a few lobes. 
Spcrmathecae (Fig. 32B, s) small, round, 35-37 p m  in 
diameter, with very short. indistinct ducts; sperm as 
broad bundle in each spermatheca. 

Remarks. The segmental numbers used to indicate the 
position of clitellum, genital pores and oesophageal diver- 
ticula in this description are based on the assumption that 

t13 Y4 
Fig. 31. The most parsimonious cladogram obtained with the PAUP 
program f o r  the 17 ingroup taxa of.Sinirhsonidri/u.s (Table VII) and their 
13 characters (Table VI). All character transformations arc of unity 
weight. Length of tree 20 steps, consistency index 0.15.5. Rooting at the 
hypothetical m x s t o r  ( w e  head of 7'ablc V11). The typc species of 
S~~ri/l?.sonirlr;irr.s is inarked with one asterisk ( 'I:  S. murinus), the one of 
the junior synonym Mrrrcrtsuc~drilu.~ with two astcrisks (*"; S. ininimc- 
lincki). Numbers to  the right o f  the symbols refer to characters (Table 
VI). number5 to the left indicate transforniations of character statcs 
(c.g. 1/2 means 'going from stiitc I to state 2'). Fi/ /drccwnglcJ  represcnts 
autopomorphy; two puri iM fines, convergence; cross, reversal of 
character state. 

The following options were sclcctcd for the execution o f  the PAUP 
program: ADDSEQ=CI,OSEST, SWAP=ALT, MUI,PARS, OPT 
= FARRIS. 
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Table VI. characters and character stares used for Wagner analysis of ihe 
species of Smithsonidrilus (including the former members of Marcusacd- 
rilus). All multistate characters are considered as ordercd (0-1-2); .xfate 2 
i.r assumed to be upomorphic vis-a-vis .slate I 

Character 

I .  

2. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

Character states 

Male and spcrmathecal pores paired (0); 
unpaired ( 1  ) 

Atrial ampulla without cilia ( 0 ) ;  
with ciliated inncr cpithelium, at least in most cntnl part 

Prostatic pad located inside atrial ampulla proper (0 ) :  
bulging out from ampulla as  a diverticulum (1) 

Granulated part of atrial duct short (0); 
long (1)  

Non-granulated part of atrial duct short (0): 
long, paired ( I ) ;  
long, unpaired (2) 

(Primary) copulatory sac simple (0);  
bulbous, complex (1); 
very large, with many folds (2) 

Secondary copulatory sac absent (0); 
present ( I )  
Copulatory glands absent (0); 
present (1) 

Spermathccal vestibule absent (0); 
present, but simple (1); 
present. large, folded (2) 

Spermathecal glands (associated with vestibule) abscnt 

present 

Spermathecal ampulla round or oval (0); 
slender, but not bipartite ( I ) ;  
bipartite, inncr part much narrower than outer part ( 2 )  
Wall of spcrmathecal ampulla not granulatcd ( 0 ) ;  
with numerous granules of secretion ( I )  

Copulatory apparatus without penis (0); 
with true penis (1) 

.. . -~ .~ 

(1) 

(0)  ; 

Table VII. DUIU matrix for Wagner analysis oJ the species of Smithsonidrilus (including the former members of 
Marcusdedrilus). For characters and character states. see Table VI.  The outgroup is u hypothetical ancestor, resembling 
species of the genus Limnodriloides. ? missing value 

Characters 
. . . _ _ _ _ _ _ _ . ~  _____ ~ 

Taxa 1 2  3 4 5 6 7 8 9  10 I I  12 13 
.... ~~ _ _ _ _ _ _ . - ~ _ _ _ _ _ . . ~  .~ .~ ~~~ 

outgroup 0 0 0 0 0 0 0 0 0 0 '? 0 0 
marinus Brinkhurst I 1 1 0 2 2 0 1 2 1 2 0 0  
involutus sp.n. 1 1 1 0 2 2 0 1 2 1 2 0 0  
westoni ErsCus, stat.n. 1 1  1 0  2 2 0 1 2  1 2 0 0 
multiglandularis sp.n. l I 1 0 2 2 0 1 2 0  2 0 0 

luteolus (Erseus) c0mb.n. 0 1 0 1 0 1 0 0 1 0 0 0 0 
grandiculus (ErsCus) c0mb.n. 0 1 0 1 0 1 0 0 ' ? 0  1 1  1 
minusculus (Erseus) c0mn.n. 0 1 0 0 0 0 0 0 0 0 0 0 I? 

tuber (Erseus) c0mh.n. 0 1 0 0 0 1 0 0 1 0  0 0 0 
capricornae (ErsCus) comb.n. 0 1 0 0 0 1 1 0 1 0 1  0 0  
sacculatus (ErsCus) comb.n. I 1 0 0 1 1 1 0 1 0 1  0 0  
irregularis (Erseus) c0mb.n. 1 I 0 0 0 1 1 D 1 0  1 0  0 
vesiculatus (ErsCus) comb. n. 0 1 0 1 0 1 0 0 I 0  1 0  1 
peruanus (Finogcnova) c0mb.n. n I o o o o o o o o o o 
assirnilis (Erseus) c0mb.n. 0 1 0 1 0 1 0 0 1 0  1 1  1 
appositus sp.n. 0 1 0 1 0 1 0 0 1 0 0 0 0 
pauper sp.n. 0 ? 0 0 0 1 0 0 1 0  1 0  1 

hummelincki(Kighi & Kanner) c0mb.n. I 1 1 0 2 I 0 0 1 0 0 0 0 
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the specimen is a normal tubificid with regard to these 
features; if so, the individual lacks the prostomium, the 
first seven segments, and the posterior end (beyond 
segment XXVIII). 

As discussed in Remurks for Limnodriloidespierantonii 
above, the taxonomy of S .  minuscuius and Limnodri- 
loidrs claviger has been much confused. A re- 
examination of old as well as new material revealed that 
two different species appear to have been identified as L. 
clrvigrr, and that both can be attributed to other names. 
The paratypes of the original, Caribbean, material of L. 
clrviger (see Erseus 1982h) are difficult to distinguish 
from what was subsequently described as Murcusaedrilus 
minusculus from the South Pacific (ErsCus 1 9 8 3 ~ ) ~  
whereas L. claviger s. str. (holotype and a worm from 
Venezuela) is likely to be a junior synonym of L. pierunto- 
nii (see above). 

The spermathecal ducts of S .  minusculus are somewhat 
variable in shape. In the Australian material the ducts are 
slender, with a constriction near middle (ErsCus 1983~:  
fig. 5B; in press: fig. 17B), whereas the Hawaiian and 
Caribbean specimens have shorter ducts and seem to lack 
this constriction. The new specimen from Belize appear 
to have the shortest ducts of all (see Fig. 32B). The shape 
of the spermathecal ampullae vary too, from spherical to 
pear-shaped, with the sperm arranged as bundles, rings or 
random masses inside. 

Disfrihutiori und habitat. Bermuda, Bclizc (new records), Grcat Barrier 
Rccf, Western Australia, Hawaii. Intertidal and subtidal sand, to  at 
least I S  ni dcpth. 

Smithsonidrilus luteolus (Erseus, 1983) c0mb.n. (Figs 
33A-C) 

Marcusuedrilus liireolus ErsCus, I983a: 27-29, fig. 3; 1986b: 309-3 10, 
fig. 14. 

New mutrriul. USNM 127995, I spccimen from barrier reef off Belize, 
17"10.O'N, 87"56.1'W, 20 m, sediment unknown (15 June 1977; CARIB 
I .  Alpha Helix station no. PD-61-500). USNM 127996127997, 2 spcci- 
mcnb from Station 82. Author's collcction, 40 specimcns: 1 from each of 
Stations 1, 10. 14, 26, 27,48, 62,70 and 82; 2 cach of Stations 6.66 and 
67; 3 from each of Stations 9, 12 and 34; S from each of Stations 79 and 
86; and 6 from Station 23. 

Brief description of new material. Length (3 complete 
specimens) 8.3-8.6 mm, 67-76 segments. Setae bifid, 45- 
70 p m  long, 2-3.5 pm thick, ( 1 ) 2 4  per bundle anteriorly, 
(1)2 per bundle in postclitellar segments. Ventral setae 
absent from XI. Male genitalia (Fig. 33A) paired. Vas 
deferens 14-22 pm wide, entering atrial ampulla subapi- 
cally. Atrial ampulla 70-145 p m  long, with ental (heavily 
ciliated) half 3&80 pm wide; muscular lining of this part 
distinct, but thin. Prostate gland large, lobed. Atrial duct 
about 190-225 pm long, 28-47 p m  wide. Pseudopenial 
sac with folded wall. Spermathecae (Figs 33B-C) variable 
in shape and size, totally 130-270 pm long, with ectal 
swelling 55-75 pm wide, duct (sometimes present merely 
as a constriction) 19-33 pm wide, ampulla 65-95 pm 
wide; sperm as somewhat spindle-shaped spermatozeug- 
mata (with one end narrower than the other). 

Remarks. Most of the specimens examined have well 
developed seminal vesicles, sometimes reaching a few 
segments behind clitellar region; sperm production thus is 
high in this species, contrary to the situation in M .  
uppositus sp.n. (described below). 

Originally described from Florida and Barbados, M .  
Iuteolus was expected to occur throughout the Caribbean 
(Erseus 1983~) .  The new record corroborates this. 

Distribution und habirut. Bclizc (new rccord), Barbados, Florida. Subtl- 
dal mud and sand, to at least 24 m depth; in present study common at 
stations with mcdium to coarse sand. 

A 0 

I 100 urn I 

Fig. 32. Sinitlisoriidrilus niiniisculus (Erseus) comb.n.-A. Sets.-B. Oblique view of spermathccae (of both sides) and male genitalia (of one side) 
in segments X-XI. 
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loourn I ( A - C ,  E - F )  

Fig. .L{.-f4-C’. .Siiiitlr.sonidrilrrs 1urc~olu.s (ErsCus) co1nh.n.-A. Iiiteral view of male genitalia in segment X.-B-C‘. Spcrmathccac o f  hpcciinens from 
Stations 83 ( U )  and 6 (C).-D-F. .S/ni/hsoiii~lrilus uppositrrs sp.n.--Il. Seta.-E. I.atcral view olsperinathcca and male genitalia in segments X-XI. 
holotype.--F. Spermatheca of paratypc from Station SO. 

Smithsonidrilus appositus spa .  (Figs 33D-F) 

Holof~pc. U S N M  117998. 
? y p  /oculi/y. Inside reef crcst SE of laboratory. Carrie Bow Cay, 

Belize. 0.5 m (Station 39). 
I’wutypcs. USNM 12709’9, sectioncd specimen from Station 5 I . 

LJSNM I1SOOO-l28003, 4 spccimcns, from Stations 2,  S, I 9  and 50.  
rcspcctivcly. 

0rhe.r iirrrreriul (author’s collection). Seventeen specimens: I from 
each o f  Stations 1.3.  X. 9.36.37.50.5 I .  65, 67.78 and 79; 2 from Station 
55; and 3 from Statioii 19. 

Description. Length (2 complete specimens) 5.3-5.9 mm, 
52-58 segments. Width at XI 0.19-0.31 mm. Prostomium 
short, rounded. Clitcllum extending over {X-XII. Setae 
(Fig. 33D) bifid, with subdental ligament, and upper 
tooth thinner and shorter than lower. Setae 35-57 pm 
long, 2-3.5 p m  thick, 2-4(5) per bundle anteriorly, 2(3) 
per bundle in postclitcllar segments. Ventral sctae of XI 
absent. Male pores paired. in line with ventral setae, 
posterior to middle of XI. Spermathecal pores paired, in 
line with ventral setae, in middle o f  X. 

Pharyngeal glands in IV-V. Oesophageal diverticula in 
IX, very large. Male genitalia and spermathecae small 
(see Fig. 33E), paired. Vas dcferens 11-14 pm widc, 
about as  long as atrium, entering latter subapically. Atrial 
ampulla slender, 55-70 pm long, entally 21-26 pm wide, 

Zoologicci Scripta I!, 

with ciliation in ental half, and somewhat cup-shaped 
prostatic pad, 19-26 p n  long, in ectal half. 
Prostate gland small, lobed. Atrial duct 65-105 p m  long, 
19-28 pm wide, with indistinct granulation along most of 
its length. Muscular lining o f  atrium thin throughout. 
Atrial duct opening at inner end of round-to-oval pseudo- 
penial sac; latter with somewhat folded inner wall. Spcrm- 
athecde (Figs 33E. s; 33F) totally 73-80 p m  long, consist- 
ing of (1) round-to-oval ectal swelling (vestibule), 30-43 
p m  wide, (2) very short duct (in many specimens merely a 
constriction at middle of spermatheca), and ( 3 )  small, 
round-to-oval ampulla, 3OM1 p m  wide; latter with a few 
spermatozoa in postcopulatory specimens. 

Remrrrks. Most of the specimens examined arc clitellatc 
and contain several mature eggs. Spcrm, howcver, devel- 
oping stages in the coelomic cavity a s  well as mature cells 
at the sperm funnel and in the sperniathccae, are not 
numerous. This is a striking feature, especially when 
comparing S. cippositus with the closely related S .  l i r t c d u s  
(see above). It probably indicates that the two species 
have different reproduction strategies, the new species 
possibly being a parthenogenetic form. 

Smithson idrilirs uppositus is fur t h cr d i s t i n guis he d fro rn 
S. luteofi.rs by its clearly smaller genital organs (see Figs 
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33A. E, in which male ducts and spertnathecae of both 
species are drawn to the same scale), and the less devel- 
oped ental ciliated part of its atrial ampullae (this part is 
distcnded and somewhat muscular in luteolus). 

oped into a prostatic pad. Latter communicating with 
very large, lobed prostate gland. Atrial duct slender, 1 2 C  
140 pm long, maximally 2840 pm wide, for most parts 
with thick, heavily granulated inner epithelium, ectally 
tapering and ending in a small penis-like papilla inside a 

copulatory sac. Spermathecae (Fig. 34E) with short, but 
distinct ducts opening into small roundish vestibules, and 

Dbrrihrttion c r n d  hubitat. Known only from Belize. Subtidal medium to 
coarse sand, t o  at least 3 in depth. 

bulbous, muscular(?), round and rather conspicuous 

Smithsonidrilus pauper sp.n. (Fig. 34) 
(when fully developed) pear-shaped ampullae, latter up 
to 170 pm long, up to 80 pm wide, and with wall much 

Ilescriptiotz. Length more than 5.6-7.4 mm, more than 
28-33 segments (specimens not complete). Width at XI 
0.274.29 mm, anterior part of worm even wider. Prosto- 
mium narrow, slightly longer than broad, clearly set off 
from peristomium. Clitellum not developed in available 
specimens. Setac (Figs 34A-C) bifid, with somewhat 
variable tips, but upper tooth generally slightly narrower 
and shorter than lower. Teeth tend to be more divergent 
in anterior setae than in posterior ones (cf. Figs 34A, C). 
Setae 40-55 p m  long, about 2.5 p m  thick, (1)2 per bundle 
in scgmcnts 11-VIII, 1 (occasionally 2 )  per 'bundle' there- 
after. Ventral sctac absent from X-XI. Male and sperm- 
athecal pores paired in line with ventral setae, in posterior 
parts of XI and X,  respectively. 

Pharyngeal glands present in IV-V. Oesophageal 
diverticula present anteriorly in IX, but much distorted in 
available specimens. Male genitalia (Fig. 34D) paired. 
Vas deferens 12-20 pm wide, shorter than atrium, enter- 
ing apical end of latter. Atrium elongated club-shaped, 
with ampulla heavily muscular (muscular lining 3 4  p m  
thick). Atrial ampulla 95-1 10 p m  long, 40-60 p m  wide, 
entally with ;I few long cilia around entrance of vas 
deferens, ectally with a part of  inner epithelium devel- 

Remarks. This species appears closely related to the 
South Pacific S. grandiculus (Erseus, 1983) comb.n., as 
indicated by the similarities in  setae (shape as well as 
numbers), atria (few cilia in ampullac and long, granu- 
lated ducts), copulatory organs (penis-like papillae in 
conspicuous, roundish copulatory sacs), and spermathe- 
cae (ampullae with wide, thick-walled outer part, and 
narrow, thin-walled inner part) (see Erseus 1983~). 
Sntithsonidrilus vesiculatus (Erseus. 1984) comb.n., from 
Hong Kong, belongs to the same assemblage, although it 
has a greater number of setae (up to  3, sometimes 4, per 
bundle anteriorly, generally 2 per bundle posteriorly) 
(see E r d u s  1984~).  The new species is easily dis- 
tinguished from the other two by its heavily muscular 
atrial ampullae, from S .  grmdiculus also by its less fili- 
form inner part of the spermathecal ampulla. 

Smithsonidrilus peruunus (Finogenova, 1986) comb.n., 
described o n  the basis of ;I single individual from 50 m 
depth off the Peruvian coast, is clearly different from S. 
puuper; it has up to three setae per bundle, its atrial 
ampullae are not muscular, its atrial ducts not granulated, 
its copulatory organs very small and inconspicuous, and 
its spermathecal ampullae are ovoid and thin-walled. 
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Distriburion und huhitut. Known only from Bahia Independencia in 
Peru. Subtidal sand, 37.5 m depth. 

Smithsonidrilus hummelincki (Righi & Kanner, 1979) 
c0mb.n. (Fig. 35) 

Murcusaedri/u.s hummelincki Righi & Kanner, 1979: 49-51, figs 31-35; 
ErsCus 1983~: 26-27, fig 1. 

New material. MNHN MA 4, specimen from SW point. 116t Fajou, 
Grand Cul-de-Sac, Guadcloupe, 16“20.7‘N, 61°35.5’W, barely subtidal. 
medium coralline sand with ripple marks (3  April 1979; coll. J. Renaud- 
Mornant & N. Gourbault). ZMA 2863, specimen from Puito, northeast 
part of Lac, Bonairc. Lesser Antilles, 0.5 ni, mudfat with Thulussiu and 
Codakia (11 March 1979; coll. P. Wagenaar Hummelinck, station no. 
1577Aa). USNM 128004. specimen from Aruba, Lesser Antilles, 
12”30.3’N, 7W02.7’W. at low-water line, sediment unknown (26 June 
1977; CARIB 1. Alpha Helix station no. MS-17-5(K)). USNM 128005, 
specimen from N (Caribbean) coast of Panama, 09”34.6‘N, 7H043.2‘W, 
0-4 m. sediment unknown (30 June 1977; CARIB 1. Alpha Helix station 
no. 23-333/140). USNM 128006. specimen from barrier reef off Belize, 
17”IO.O’N. 87”56.1’W, 20 m, sediment unknown (IS July 1977; CARIB 
I .  Alpha Helix station no. MS-60-500). USNM 128007-128054, 49 
specimens from West Bay. Twin Cays, Belize, barely subtidal, mud 
(various dates, October 1979-March 1981; coll. K. Fauchald et ul.). 
USNM 128055-128058, 4 specimens from W side of middle cay, Blue 
Ground Rangc, Belize, barely subtidal, mud (various dates, November 
1970-August 1980; coll. K. Fauchald et ul.). Author’s collection, 66 
specimens: 1 from each of Stations 2 (specimen sectioned), 30, 32, 49, 
57,61.73,74,77 and 78; 2 from each of Stations 26.65 and 67; 3 from 
each of Stations 9 and 52; 1 I (2 of which sectioned) from Station 5; 8 (1 of 
which sectioned) from each of Stations 23 and 40; 8 from Station 43; 5 ( I  
of which sectioned) from Station 37; and 4 from Station 45. 

Remarks. This common Caribbean tubificid was 
thoroughly described by Righi & Kanner (1979) and 
ErsCus (1983~). It is the type species of Murcusaedrilus, 
now a junior synonym of Smithsonidrilus (see Remarks 
for genus above). 

Smithsonidrilus hummelincki has an unpaired, rather 
complex, pseudopenial apparatus, and an unpaired, ven- 
tral, spermatheca. The latter (Fig. 35) is tripartite, gener- 
ally slender, and with sperm loose (Fig. 3 3 3 ,  or, more 
often, as (rather small) spermatozeugmata (Figs 35A, B, 
D). 

Distrihrction und habitut. Guadcloupe, Bonaire, Aruba, Panama, Belizc 
(all new records), Bermuda. Florida. Bahamas, Puerto Rico. Virgin 
Islands, Barbados and Curaqao. Intertidal and subtidal mud and sand, 
to at least 21 m depth. 

Smithsonidrilus marinus Brinkhurst, 1966 

Smirhsonidrilus murinus Brinkhurst, 1966: 300-302, fig. 2 (purtim); 

Smithsonidrilus marinus marinus: Erskus 1982~:  4RS1, figs 1 4 .  
Brinkhurst 1071: 571. fig. 8.40A-E O,urtim). 

Material re-examined (see Ersi-us 1982~).  USNM 6866348666, 10 
specimens from St Petersburg and Miami areas. Florida. Author’s 
collection, 8 apccimcris from Miami. 

Remarks. A re-examination of thc material of the norni- 
nate form of S .  marinus showed that the walls of the 
spermathecal vestibule (at least in some specimens) in 
fact bears one, possibly two, glandular bodies, similar to 
the gland described for S .  involutus sp.n. below (see Fig. 
36F, s g ) .  The homologies of the various parts o f  the 
spermatheca should also be re-interpreted: what was 
called the spermathecal duct in 5’. marinus (ErsCus 1982~7: 
fig. 2B, sd)  is probably for most parts the basal end of the 
spermathecal ampulla, the “ampulla” in  the earlier 
account (ErsCus 1982a: fig. 2B, sa) being homologous to 
the diverticulum described for S .  multiglandularis sp.n. 
and S.  involutus below (see Figs 36B, F). A proper duct 
appears poorly developed in .all these highly derived 
species, but it is discernible in S.  involutus (Fig. 36F, s d ) .  

When S. marinus was redescribed (Erseus 1982a), two 
subspecies were recognized, S.  marinus marinus and S.  
marinus westoni. The two were distinguished from each 
other with regard to three features: ( 1 )  westoni lacks the 
large (glandular?) mass surrounding the ectal part of the 
spermathecal “duct” (now re-interpreted as a part of the 
ampulla) in marinus; (2) the sperm “bundles” (they 
appear in fact to be proper spermatozeugmata) are slen- 
derer in westoni than in the nominate form; and (3) the 
spermathecal vestibule is more developed in westoni than 
in marinus. As there now are additional species in this 
complex (multiglandularis and involutus), it is more con- 
sistent to regard s. westoni as a taxon of the same rank. 

Distribution und habitat. Western and southern Florida. Subtidal sand, 
to at least 3 m depth. 

Smithsonidrilus westoni Erseus, 1982, new rank 

Smith.tonidrilu> marinus watoni Erscus, 1982u: 52-53, fig. 5. 

D 

Fig. 35. Smithsonidrilus hummelincki (Righi & Kanner) comb.n., spermathecae.-A-C. Specimens from Belize.-D. Specimcn from Panama. 
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Mutrriul rc+cTxumined. Material in the USNM and author's collcction. 
from Bcrmuda, Bahamas and cast coast of thc United States (see Erseus 
I982U). 

Remarks. As discussed in Remarks for S. marinus above, 
this form is now regarded as a separate species. 

A sectioned specimen of S. westoni from Bermuda 
(USNM 89661) has a gland attached to the spermathecal 
vestibule, as described for S. involutus below (see Fig. 
36F, sg) and noted for S. marinus above; this feature thus 
appears to characterize all three species. Moreover, the 
various parts o f  the spermathecal ampulla are now inter- 
preted in the same way for S. westoni as for s. marinus 
(see Remarks for marinus). 

Distribution und hubirut. New Jersey through North Carolina (cast coast 
of thc U.S.), Bahamas and Bermuda. Subtidal sand. to at least 200 m 
depth. 

Smithsonidrilus multiglunduluris sp.n. (Figs 36A-C) 

Holutype. USNM 128059. 
Type loculily. Southwest shelf of Florida, 26"45'50"N, 82"45' Il"W, 

25.4 m, finc sand (November 19x0; coll. for Burcau of Land Manage- 
mcnt: courtesy M. R. Milligan). 

Purutypes. USNM 128060, 2 specimens from typc locality (mounted 
o n  same slide as holotype). USNM 128061. specimen from near type 
locality. but 26"45'32'", 84"00'08"W, 90.8 m ,  coarse sand (same date 
and sourcc as other type specimens). 

Other muterial. M. R. Milligan collection, 3 spccirncns: I from typc 
locality; 1 from samc area, but 25"46'01"N. 82"23'4YW, 26 rn. very fine 
sand (same date and source as for typcs); and 1 from 2 kin offshore, 
Aguadilla Bay, west coast of Puerto Rico, 38.8 rn, coarse sand and shell 
(18 April 1985; coll. A .  Stoner. for Center for Energy and Environmen- 
tal Research at the University of  Pucrto Rico). 

Etymology. Named rnultiglandcdaris for its many conspicuous copu- 
latory glands (see Fig. 36'2. cg). 

Dcwription. Length (4 complete specimens) 15.6-20.5 
mm, 72-83 segments. Width at XI 0.23-0.36 mm. Prosto- 
mium elongate. Clitellum extending over XI-$XII. Setae 
(Fig. 36A) bifid, with upper tooth thinner and much 
shorter than lower. Setae 45-70 p m  long, 3-5 p m  thick, 
2-3(4) per bundle anteriorly, totally absent from XI, (1)2 
per bundle thereafter. Male pore unpaired, located mid- 
ventrally and posteriorly in XI. Spermathecal pore 
unpaired, mid-ventral, near middle of X.  

Pharyngeal glands in (1V)V. Oesophageal diverticula, 
in IX, large. Male ducts (Fig. 36C) complex, filling a great 
part of XI, and generally also extending into XII. Vasa 
deferentia through granulated part of atrial ducts paired, 
ejaculatory duct (non-granulated part of atrial duct) and 
pseudopenis (copulatory sac) unpaired. Vas deferens not 
clearly visible in available material, but appearing shorter 
than atrium; entrance into atrium not seen. Atrial 
ampulla somewhat club-shaped, thin-walled, about 190- 
210 p m  long, entally 3 ( M 0  pm wide, with ciliated inner 
epithelium; muscular lining of ampulla thin. Prostatic pad 
modified into elongate diverticulum, 75-100 p m  long, 
attached to most ectal part of atrial duct. This diverticu- 
lum bearing large, lobed prostate gland. Ental (paired) 
part of atrial duct shorter than atrial ampulla, 23-32 p m  
wide, with very thin outer muscular lining, and thick, 
granulated inner epithelium. Ectal to union of granulated 
ducts of both sides of worm (Fig. 36C, ead), atrial duct 
modified into an unpaired, very long, convoluted, 30-42 

p m  wide, ejaculatory duct; ental part of this duct gener- 
ally heavily muscular. Ejaculatory duct opening into very 
large, complex, pseudopenis (copulatory sac). Latter 
sometimes confined to segment XI,  but generally extend- 
ing into XI1 (as shown in Fig. 36C). Pseudopenis with 
much folded inner wall. (4)5(6) large, compact copu- 
latory glands attached to inner part of pseudopenis; these 
glands round-to-pear-shaped, 55-80 p m  long, with dis- 
tinct outer muscular lining. Spermatheca (Fig. 36B) 
unpaired, complex, consisting of (1) large spermathecal 
sac (vestibule), with folded, somewhat muscular, wall; (2) 
a large oval spermathecal ampulla, 165-280 p m  long, 
105-230 p m  wide, with inner lining of rather tall epithelial 
cells, particularly tall in inner end of ampulla (this 
ampulla confined to segment X); and (3) a slender diverti- 
culum, 2 6 W 5 0  p m  long, 55-95 p m  wide, with thin wall 
and containing numerous, very long spermatozeugmata 
(this diverticulum, which tends to attach somewhat sub- 
apically on ampulla proper, situated within segment XI). 

Remarks. This remarkable tubificid appears to be the 
most advanced member of the S. marinus-complex, hav- 
ing very elaborate male ducts' and spermatheca. The 
copulatory glands of S. multiglandularis are very similar 
in shape and size to those of S. marinus and S. westoni, but 
they generally are five in number, not two as in the other 
two species. 

Distribution and hubitat. West c0a5t of Florida, Puerto Rico. Subtidal 
sand, to at least 90.8 m depth. 

Smithsonidrilus involutus sp.n. (Figs 36D-F) 

lfololype. USNM 128062. 
Type locality. Immediately behind breakers, about 2 km N of  South 

Water Cay, Tobacco Reef, Belize, 0.7-1 rn (Station 78). 
Purutypes. USNM 128063-128065, 3 specimens from type locality. 

USNM 128066, specimen from Station 60. 
Other muterial. ZMA 2864, specimen from Drunkcmans Key. 

Jamaica, 0-0.5 m, sandy debris (15 June 1973; coll. P. Wagenaar 
Hummelinck, station no. 1683). Author's collection, 2 specimens from 
Station 19. 

Etymology. The genitalia in this species. as well a s  in the closely 
related S. marinus, S. wc,stoni and S. multiglunduluris, are very 'intri- 
cate' (Latin, involutus). 

Description of material f r o m  Belize. Length (4 complete 
specimens) 6.2-10.1 mm, 45-58 segments. Width at XI 
0.32-0.52 mm. Prostomium pointed or rounded triangu- 
lar. Clitellum extending over XIL-fXII. Setae (Fig. 36D) 
bifid, with upper tooth thinner and (more or less) shorter 
than lower. Setae 50-70 p m  long, 3-5 p m  thick, 2-3(4) 
per bundle anteriorly, totally absent from XI, (1)2 per 
bundle thereafter. Male pore unpaired, located mid- 
ventrally and posteriorly in XI. Spermathecal pore 
unpaired, mid-ventral, near middle of X.  

Pharyngeal glands in (1II)IV-V. Oesophageal diverti- 
cula, in IX, large. Male ducts (Fig. 36E) complex, filling a 
great part of XI. Vasa deferentia through granulated part 
of atrial ducts paired, ejaculatory duct (non-granulated 
part of atrial duct) and pseudopenis (copulatory sac) 
unpaired. Vas deferens 1 6 2 1  p m  wide, shorter than 
atrium, entering latter subapically. Atrial ampulla some- 
what club-shaped, thin-walled, 155-210 p m  long, entally 
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Fig. .?6.-A-C'. Sini/trsorrir/rilus ctiirltijil~/nciir/uri.~ sp.n.-A. Seta.-B. L;iteral view of  spcrmathecu in segments X-XI (male gcni1ali;i not drawn in 
Xl).--C', Lateral view o f  malc genitalia in XI-XII.--D-I;. Strii//i.~onicl/i/rr.s i rr iwlr / / i r s  sp.n.--ll. Setac.-E. Lateral vicw ot imle genitalia in  Xl.-F. 
Spcrcnatheca. 

35-70 pm wide, with ciliated inner epithelium; muscular 
lining of ampulla thin. Prostatic pad modified into 
elongate diverticulum, 55-105 pm long, attached to most 
ectal part of atrial duct. This diverticulum bearing large, 
lobed prostate gland. Ental (paired) part of atrial duct 
shorter than atrial ampulla, 21-30pm wide, with very thin 
outer muscular lining, and thick, granulated inner epi- 
thelium. Ectal to union of  granulated ducts of both sides 
of worm (Fig. 36E, ead) ,  atrial duct modified into an 
unpaired, very long, convoluted, somewhat muscular, 
ejaculatory duct; width approximately same as that of  
%oologiccr ,S(,riptci 19 

granulated duct. Ejaculatory duct opening into large, 
complex, pseudopenis (copulatory sac). Latter generally 
erect in segment XI, 210-280 pm tall, 85-1 IS p m  wide, 
with much folded inner wall. At least one small, oval 
copulatory gland, 25-35 pm long, appears to be attached 
to pseudopenis in most specimens examined, but glands 
probably easy to overlook; in one paratype (at  least), a 
second such gland present. Spermatheca (Fig. 36F) 
unpaired, complex, consisting of (1) largc spermathecal 
sac (vestibule), with folded wall and with a distinct, 2640  
pm long, oval-to-round glandular body (similar to gland 
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attached to pseudopenis), attached to approximately 
middle of vestibule (see Fig. 36F); (2) a very short duct- 
like part, generally merely a constriction between vesti- 
bule and ampulla; and (3) a large bipartite, thin-walled 
mpulla. Ectal part of ampulla 80-145 pm wide, round or 
elongated oval, often somewhat twisted (indicated in  Fig. 
36F): this part generally containing loosely arranged 
spcrm. Inner end of ampulla, a long finger-like diverticu- 
lum, 16-49 p m  wide, somewhat sub-apically attached to 
wide part of ampulla, generally containing sperm 
arranged in very slender spermatozeugmata; spermathe- 
cal diverticulum observed in all but one specimen 
(occasionally missing‘?). 

Spacimen from Jurnuica. Length 6.6 mm, 39 scgments. 
Conforms in essential parts to description above, but 
miik genitalia and spermatheca smaller; for instance, 
pseudopenis only 1 15 pm tall. Spermathecal diverticulum 
not observed, but spcrmathecal segment damaged. 

Remarks. This new species from Belize and Jamaica 
appears morphologically intermediate between S .  hum- 
melincki and the other members o f  the s. marinus- 
complex (marinus, westorii and multiglunduluris) (see 
cladogram in Fig. 31). Smithsonidrilus involutus has the 
atria. ejaculatory duct and pseudopenis also characteristic 
of the three last-mcntioned species, but it has less devel- 
oped copulatory glands and a more thin-walled spermath- 
ecal ampulla (ectal part of ampulla very thick in marinus, 
wesroni and multiglundiiluris: erroneously interpreted as 
the spermathecal duct in rrzurinus and westoni by ErsCus 
1982a). 

Di.sfribt~io17 oiir//7uhifuf. Belize and Jamaica. Subtidal sand. to at least I 
rn depth. 

Subfamily Tubificinae 

Genus Tubijicoides Lastockin, 1937 

Rrmmrks. The majority o f  the brackish-water and marine 
species o f  the subfamily Tubificinae belong to this genus, 
the most recent definition of which was provided by 
Erseus ( 1989n). 

Tub$coides bermudue RIsmark & Erskus, 1986 (Fig. 
37A) 

Tirhificoides bc~rrnrrtluc~ Rismark Kc ErsCus, lOX6: 012-615. figs 1-2 

N a w  rtrurcriu/. USNM 1280(~7-128071. 5 specimens from Station SO. 
Author‘s collection, 87 spccimens: 20 (3 o f  which sectioned) from 
Station 2; 1 (I  o f  which sectioned) from Station 5 ;  1 from Station 38; 2 
from cach olStations 33. 37, 40, 36 and 5 5 ;  3 from each o f  Stations 41 and 
5Y; 5 from Station S I ; 6 from Station 26; 7 from each of Stations 9 and 79, 
10 from Station 80;  and I 1 from Station 45. 

Remnrks. This species appears common in muddy sand 
bottoms on the barrier reef off Belize. It was originally 
reported from similar habitats in Bermuda and Bahamas 
(Rismark & ErsCus 1986). Five of the  new specimens 
wcre more closely examined than the rest; they conform 
well to the  original description, even in dimensional 

I 1 0 0 m  , 25um I 
I 

Fig. 37.-A. Tubifcoides h(wnitdae Rlsmark & ErsCus, penis sheaths o f  
three different specimens.-B-D. Tubificoides purvic1uctu.s Hclgason Br 
ErsCus.-B. Dorsal setii of  segment V1.-C. Ventral scta of VI.-D. 
Ventral seta o f  XIII. 

features. They are 1 1.1-14.6 mm long, consist of up to at 
least 63 segments (posterior end not fully differentiated), 
and have two or three bifid setae per bundle in anterior 
segments, one or two (similar) setae per bundle in post- 
clitellar segments. 

The characteristic, cuticular, penis sheaths (Fig. 37A) 
are, in the new material, 50-75 p m  long, basally 6@6S pm 
wide, distally 25-35 p m  wide. 

Disfnhution and hubiful. Belize (new record), Bermuda and Bahamas. 
Intertidal and subtidal, oftcn muddy. sand, to at least IS m depth. 

Tubificoides parviductus Helgason & ErsCus, 1987 (Figs 
37B-D) 

7irhificoide~purviductu.s Helgason & Erseus, 1987: 164-165, figs 4-5. 

New nruferiul. USNM 128072, scxually immature spccimcn from 
Station X2. 

Remarks. Although this single specimen is not sexually 
mature, the morphology and arrangement of its setae 
strongly suggest that it is identical to T. parviductus, 
previously known from Bermuda and Barbados (Helga- 
son & Erseus 1987). 

In  the dorsal bundles of segments IT-VIII, there are 
two long hair setae and two (occasionally one) bifid setae 
(Fig. 37B), the latter with very small, more or less parallel 
teeth that almost make the tip appear single-pointed. 
From segment XI, the dorsal setac are smaller, and from 
X, each bundle generally contains only one hair and one 
bifid seta. The ventral setae are more normal bifids (Figs 
37C-D), three per bundle in segments TI-VII, thereafter 
two per bundle (except for X and XII, in which ventral 
‘bundles’ are unisctal and absent, respectively). The 
upper tooth of the ventral setac is larger (in relation to 
lower tooth) in anterior segments (Fig. 37C) than in 
postclitellar segments (Fig. 37D) 

Disrrihuiinn unil huhirut. Rclize (new record), Rcrinuda and Barbados. 
Medium to coursc, often muddy, sand, 6-21 in depth. 

Ecological notes on the Tubificidae of the barrier reef off 
Belize 

Although the author’s samples from Belize were not 
quantitative, and the stations not randomly distributed, 
the  present study gives an indication of at least three 
subgroups within the marine tubificid fauna of the area 
studied, each recognized with reference to the habitat 
preferences of its constituent species. 

Zoologica Scripla 19 
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Six species, all meiobenthic members of the  subfamily 
Phallodrilinae. were exclusively found in  high intertidal 
habitats (Stations 7, 20, 25 and 54) o r  in saline ground- 
water at some distance from the shore (Stations 18 and 
29). These species are: Corulliodrilus rugosus, Phallodri- 
lirs t i ~ s i i t i ~ s ,  P. hiimiy, Aktedrilus longituhuluris, A .  p i r -  
~~itlzec~citus and J~miesoniella athecatu. 

A second group comprises species largely restricted to 
sediments with a high organic content, in particular the 
bottoms associated with mangrove cays (Stations 17, 37, 
38,52,55,56,61,83 and 87; plus the stations at Twin Cays 
and Blue Grange Range intensively sampled by K.  Fau- 
chald et (11.). Most species in this group belong to the 
Limnodriloidinae: Doliodrilus pircrtoric.pti.sis, T/icilrissod- 
rilides spp., Trctidrilus spp., Lirnnodriloides spp. . and 
some Smithsonidrilus spp., especially S .  hummelincki 
(latter species euryoecious, occurring also in less muddy 
sediments). However, Rinudrilus geminus (Rhyacodrili- 
nae). Rathydrilus adriaticus and probably B.  ~ ~ " t i ~ s t i ~ s  

(Phallodrilinac) were also characteristic o f  these organi- 
cat 1 y enriched habit at s . 

The remaining taxa, the majority o f  species treated in 
this paper, form the third group. With regard to habitat it 
is more difficult to define. It includes Heronidrilus gmvi- 
dus. Meterodrillis spp., most of the Phallodrilinae includ- 
ing all gutless forms, Smithsoriidrilus spp. and Tubifi- 
cwides spp., which occurred in  varying comhinations in 
the sandy sites on the barrier reef proper. Further subdiv- 
ision of these habitats is difficult to makc, a s  the collecting 

ecological data. In the list of the 87 stations above, the 
sediments are merely described in a qualitative way, 
based on field obscrvations of grain size, content of  mud, 
associated plants, etc. Thirteen species in this group 
occurred at ten o r  more of the stations. This, however, 

procedure was not designed for obtaining quantit- <I t' tve 

does not  necessarily imply they are the commonest 
species in the area; the selection of sampling sites was not 
randomized. In Table VIII. the co-occurrences of  these 
thirteen specics are tabulated in a two-dimensional way; 
the number of stations at which any particular species is 
co-occurring with any other is givcn. For instance, it is 
shown that the four species that arc most frequent in the 
collection , t f t~ teror lr i lu . s~e .~i~o.s i~ .s  (36 stations) , Phrrllodri- 
l i r s  riiolestirs (33 stations), ~rirrnidrI~i~s 1t~i~kodcrmritu.s (30 
stations). and Rritl?ydrilus jbrrriosirs (19 stations), also 
commonly occur together. All four were found at seven 
different stations: east, north. wcst and south o f  Carrie 
Bow Cay (Stations 5 ,  9, 23 and 32) ,  and back recfs of 
Columbus Reef (Station 57) and Tobacco Reef (Stations 
77 and 80). At another six stations, the three first- 
mentioned species were present together (i.e. without H .  
fortnosus). A It ho ugh not q uan t i t at ivel y concl u sivc , it 
scems possible that these species are the most character- 
istic tubificids o f  the  barrier recl o f f  Belize. 

Biogeography and faunal diversity 

The present material has increased the taxonomic and 
distributional information about the riiarinc shallow- 
water Tubificidac in the  Caribbean area considerably. 
[The area referred to here is the 'Caribbean province' in a 
broad sense (Valentine 1973); other authors (e.g. Briggs 
1974) divide it further in to  the Caribbean (smsu stricto), 
West Indian and Brazilian provinces.] Fifty-nine species 
of marine Tubificidae tire now recorded from Belize, a 
high diversity in comparison with the results of  similar 
studies elsewhere in the Caribbean (Fable IX). 

Bermuda is a satellite group of islands in relation to the  
tropical west Atlantic. Although located at 32" North. it is 
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Tablc I X .  Fuirrrul composition o] rnuritii~ C‘ririhhi~un Tirl$cidur, N c~ornprri.rorr of f o u r  re.trrictc~1 googruphicul urcus 
surnplctl hy author, in Hcwnridn, nrur Miumi (soltrhcust Florida), in Bc4ize (prewnt  .study) atid R n r l d o s .  For euch uriw, 
the sumpling cqfiwt i.s t w w  or three weeks field work (including sorlirrg in luhorutory). hut udditionul specimens from other 
,soirrce.s urt, inchrded. Spccies not known from Miumi. hut Jrvm other parts of Florida, are iridicutc4 in Remurks. E. = 

Eosc‘lts 

~ 

Tax;~ 
. 

Bermuda Miami Rclizc Barbados (Kcmarks) 
. ~ ~~~ ~~~ 

Khyacodrilinac: 
Iletc~rodrilrc.> minisc~tosirs E.. I9X I u 
H. Idhiporus E.. I9Xlu 
/ I .  pentcheJfi E.. 198Iu 
H. yuudrithc~cutus ( E . .  I9Xla) 
11. er.sei (Gicre. lY7Y) 
t f ,  puuc.iJusc.i.s Millig;ui, IY87 
/I. /lo.ruo\ i1.5 sp. n . 
H. ruriis sp.n 
H. modestus sp.n. 
Ainuc1rilit.s gi~miniis sp.n. 
Ilr~ronidri1rr.s grubridus sp.n. 

Phallodrilin:ic: 
C’orulliodrilirs 1cviutr.iutii.s E..  1 9 7 9 ~  
(’. ryqosir, sp.n. 
C‘, runclyi sp.n.  
1’tiullvdrilrr.s mo1e.stu.s E.. 1 YXXu 
1’. detnimitius E., I979d 
I’. e.riqi4ii.s E. . I970d 
1’. mucmustmw E.. I986u 

P .  cornpuctii,\ sp.n,  
1’. . s in~i t l t i r . i . r  sp.n.  
P. vieinus sp. t i .  
P .  nusiirirs sp . n . 
P. hipartitiis sp. n . 
1’. curiutriutos E.. 1YH4u 
Adi~1odrihi.s mugnithcwitus E., I Y7Yh 
Hi,rmiidril~i~ prriiatus E., I979h 
Aktcdrilr~s loc.yi E..  I9XOu 
A , r n  on osp errnu rh iw i s  Kno I I ti c r . I 9 35 
A.  purvithccutus ( E., 1978) 
A .  floridensis E., 19XOu 
A. longinihuluris Finogcnova Kr Shurova, 19x0 
Jumiesotiirllu uthecutu E., 1 9 8 1 ~  
Inunitlri1u.s l(~rikot1ermutit.s (Gicrc. 1970) 
1. uduncosrtis E . ,  lYX4h 
1. triurrgulutii.s E . ,  I984h 
1. e.utrcmir.s (E . .  lY7Yd) 
1. bu1ho.sus E. ,  IY7Ye 
1. sculprum E.. 19X4h 
1. helizensis E. ,  198411 
1. rcginue sp.n. 
1. sparoi E..  IYX4h 
1. gu.yruiwmi E., lYX4h 
1. fdci fer  E. Nr Rakcr, I982 
Oluviir.\ plutlus (E..  lY7Yd) 
0. (0.) ulius E.. 19846 
0. rrriirissimics ( E . ,  1979~1) 
0. (0.) longissinitis (Gicrc, 1979) 
0. cuidutus (E.. lY79rl) 
0. vucuiis sp.n.  
0. irnprr/i,ctu.s E. ,  I9X4h 

1’. ,SUhU/o.\lI.\ E. ,  lY7Yd 

0. (0.) pruws  sp.n. 
0. pellucidus E., lY84h 
Duridrilus turtius E.. 1983h 
Brrrhydri1u.s adriaticus ( Hrabi., I Y7 I N )  

U .  formo.su.s E. ,  1986h 
B. egt~nus sp.n. 
H. vr’tu.stir.s sp.n. 

Lirnnodriloidinae: 
Thulussodrilides belli (Cook, 1974) 
T. ineri (Righi & Kanner. 1979) 
T. gurwirschi (Hrabi., 1971h) 
T. hruneri sp.n. 
Purukuketio 1ongipro.stutus E. ~ 1Y82c 
Doliodrilus puertoricensis E .  & Milligan, 198x1) 
Tectirlrilus hori (Righi & Kanncr. 1979) 

X X 

X Florida 
X X X 
X X 
X X 

X Florida 
X 

X 
X 

X 
X X 

X 

X 

X 
X X X X 

X X X 

X 
X 

X 

X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

Florida 

X 
X X 

X 
X 
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X 

X 

X 
X 

X 
X 
X 

X 
X 
X 

X X 

X 
X 

X 
X 
X 
X 
X 

X 

X X 
X X X 

X 
X 
X X 

FI ori d a 
Florida 

Florida 

X 
X 

Florida 
X X 

X 
X 

X 

X 
X X X X 

Tablc IX. Continued 
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'l'ablc 1x. ( ' o n l i r r r i e t l  

T. guhriellue (Marcus, 1950) X X X 
7 :  sc/iiUl;rlu.5 E.. 10821~ X 
Litririot1r;loirle.s hurnurcli Cook. 1974 X X X 

L. triotrotliec~iis Cook, I074 X X X 

1.. riihicrmilus E. ,  19826 X X X X 
1.. ivsperiirriis E..  IO82h X 

I . .  0clc~liltitfi.c t., 1082h X 
L.  Urlxilr., sp.11 X X X 
1.. niujor sp.n. X 

L. irniurnpiillurris E., IY82h X 

1.. .racculii.s sp.n. X 

L. al1t~c~r.s~i.s sp. I1 X 
1.. pierurironri ( H r a h t ,  1971~)  (=L. duvigcr) 
. S ~ ~ ~ i ~ k . s o r i i d r r l ~ . s  wo,s~oni E..  1 9 x 2 ~  X 
S .  hiimrridirrcki (Righi di Kanncr .  1070) X X X X 
S .  niinii.scu/ii.s I., 1983~ X X 
S. niuritiiis Brinkhurst. I966 X 
S. 1rrteoIir.s E.. I YX3u X X X 

s. u/~/~o"it~r.\ sp . 11. 
S .  i t ivolriri i . \  \p.n X 

Tiihific.oic1e.s herr?iidoe Riimark  di E.. 1986 X X 
T. porvic1irc.tu.s Hclgason & E.. 1087 X X X 

T. niotei Rrinkhurst. 1986 X 

7'. u~u.s.sc4~i Rrinkhurst & Bakcr. 1979 X 

T.  i m p s  E. ,  IOX% X 

X 

X 

Tubificinue: 

'Totill n o .  o f  species pcr iircii 35 2 h 59 21 
(;i l l  iirciis. 92 spccics) 

strongly influenced by the warm Gulf Stream, and many 
marine species present in the West Indies proper are also 
found in Bermuda (Briggs 1974; Sterrer lY86). Bermuda 
may thus be used as a reference area for (primarily) the 
northeastern fauna of the Caribbean region. The marinc 
Tubificidae of Bermuda have been treated in several 
papers (ErsCus 1978, 1 9 7 9 ~ 4 ,  1980a, 1 9 x 1 ~ 4 ,  1YX2a-h, 
1983u-h, 1984h, 198ha, 1988~ ;  Giere 1979; Helgason & 
ErsCus 1987; Lasserre & Erseus 1076; Rasmark & ErsCus 
1986). which include records of totally 35 different species 
(Table IX). A majority of these were collected by me, 
while visiting Bermuda twice in 1Y77, during a total of 
three weeks. Although involving only 46 stations, the 
sampling effort in Bermuda is thus somewhat comparable 
with that in Belize (present paper). Moreover, the Ber- 
muda and Belize studies involved approximately the same 
range of  habitats, with the slight discrepancy that some 
species, found in very shallow bottoms near the mangrove 
cays in Belize, were instead collected in muddy sand at 4- 
6 m depth in protected areas o f  the Bermudian archipe- 
lago (Erseus 19826. 1 983~). 

Two other collection endeavours by the present author, 
each with a duration of two weeks. were undertaken in 
the Biscayne Bay area, at Miami, Florida (1977; 17 
stations), and in Barbados (1979; 23 stations). They did 
not  cover as much habitat variety as the Bermudian and 
Belizean studies, which may partly explain why fewer 
taxa were rccorded (Table IX). Twenty-six species were 
found in Miami (Erseus 1979c-e, 19X0a-h, 19810, 19x2~- 
c,  19X3n, 1984h. I9HXri. present paper; Brinkhurst 19X6), 
21 in Barbados (ErsCus 19826, 1983u-h, 1 9 8 4 ~ 4 ,  1987~. 
1988a, lY8Yu,  present paper; Ersdus & Baker 1982). 

'The data in Table IX are not conclusive with regard to 
biogeographical patterns; much more information from 
the Caribbean region as a whole is needcd. Unless a very 
careful search has been undertaken, a negative 'score' 
from one area sampled does not at all tell that a species is 
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not there. In addition, the 92 species listed exclude others 
that have becn described from Florida (most of which 
listed by ErsCus IY86h), the Gulf of Mexico, Pucrto Rico, 
Martinique, Guadeloupe and Panama (ErsCus 1982h. 
1983e, 1984h, 1988c, 1989a, c; Erseus & Milligan 1Y88u- 
h,  1Y89; Shirley & Loden l982), which are members of 
largely the same fauna. Nevertheless, some aspccts of the 
comparative data in Table IX deservc attention. 

Returning to those four areas investigated more closely 
by the author, it shows that the barrier reef off Belize 
harbours n o  less than 64% of the total number of  species 
for all areas, and probably has a good representation of 
the Caribbean marinc turbificid fauna as a whole. Bclizc 
and Bermuda show the greatest overlap in species compo- 
sition o f  any possible comparison between two o f  the 
areas: 22 species (31%) of the combined number of 
species in Belize and Bermuda. This relatively high dc- 
gree of ovcrlap may have been biased by the similarity in 
habitat variation that was noted for these two areas (see 
above), but at the same time it still may be an undcresti- 
mation of the true overlap. In the other comparisons, the 
overlap ranges between 16% (Belize versus Miami) and 
22% (Bermuda versus Miami). 

Five spccics have been found in all four arcas: Phullo- 
drilus rnolestus, Buthydrilus udriaticus, Tectidrilus hori, 
Lirnnodriloides ruhicundirs and Srnithsonidrilus hurnrne- 
lincki. The four first-mentioned have been rccorded from 
other oceans a s  well and may bc circumtropically distrib- 
uted (see c.g. Erseus 19x8~:  Erseus & Davis lY89). Other 
species, not  recorded from all areas considered herc, but 
known also from the Pacific Ocean, Indian Ocean, or the 
east Atlantic (including the Mediterranean), are .Iurnieso- 
n i e h  athecutu, Duridrilus turdus, Thul(issodri1ides gur- 
witschi, Limnodriloides monothecus, lJ .  unicimpullutus, 
L.  pieruntonii, S .  minusculus, and all Aktedrilus cxccpt A. 
jforidensis. They appear to be additional members of the 
large group of species that tend to turn up anywhere in the 



tropical or subtropical waters of the world. Heterodrilus 
pentchefl, Thulussodrilides helli, Limnodriloides har- 
narrli, Tuhificoides motei and T. wasselli have so far only 
been found on both sides of the isthmus of  Panama, also 
including temperate regions on both sides of North Amer- 
ica (see Brinkhurst 1986; Cook 1974; ErsCus 1984d), and 
i t  is still possible that they are restricted to the Americas. 

Nine species (Heterodrilus minisetosus, H .  hidhiporus, 
Phallorlrilus subulosus, Adelodrilus magnithecutus, 010- 
iius teniiissimus, 0. vacuus, Limnodriloides haculutus, L.  
anxius and Snzith.sotzidrilus westoni) appear restricted to 
the west Atlantic, but they extend their ranges north- 
wards into the temperate zone along the east coast of the 
United States. For instance, Olavius tenuissimus has been 
collected as far north as Georges Bank, off Massachusetts 
(Davis 19x5). 

The remaining 62 species in Table IX. plus Smithsonid- 
vi1rr.s hunirnelirzcki that was mentioned above, havc to 
date only been recorded from within the Caribbean area. 
They are thus the candidates for the true Caribbcan 
elements in the fauna considered here. Some indeed seem 
to be present throughout the Caribbean (Phallodrilus 
ckminutiirs, Tectidrilus gnhriellae, Smithsonidrilus hteo- 
/us, S. hunzmelincki, Tuhificoides parviductus), but most 
of them are known only from one or two areas, and much 
inore information is required to establish their full gco- 
graphical ranges. 

Phullodrilirs denzinutius has been regarded iis more 
endemic than its close relatives, P. rnolrsfus, P .  rectiseto- 
s11.s Erskus. 1979, and P. heronensis ErsCus, I981 (Erskus 
19XXa). TectidriEus guhriellue is the  only species o f  the 
present study that also is known from the most southern 
part of  the 'Caribbean province', the State of Sao Paulo, 
Brazil (Marcus 1950). 

A Caribbean origin of the most apomorphic group 
within Smithsonidrilus (S. marinus through S. midtiglun- 
du1uri.s in the cladogram; Fig. 31) is highly probable, 
considering that they appear to constitute the sister group 
of S. hunzmrlincki and that none o f  them have been found 
outside the west Atlantic. 

As noted in Remarks for Olavius finitimus in the taxo- 
nomic section above, the barrier reef of Belize may 
represent an overlap zone between southern and north- 
ern species in Central America. In Belize, 0.finitirniis co- 
occurs with the exceedingly similar 0. tenuissimus, but it 
has not been found anywhere else within the distribution 
of the latter. Ohvius  tenuissimus is the Caribbean gutless 
species that extends the farthest to the north (mentioned 
above); 0. ,finitimus may be its southern counterpart. 

Otherwise, the degree of regional endernism within the 
Caribbean province is difficult to establish on basis of the 
present information. One pattern is, however, emerging 
with regard to the many gutless species within thc Phal- 
lodrilinae (genera Inanidrilus and olavius). In Table Ix, 
22 gutless species are included, but if other species of this 
group from Florida and Guadeloupe (but not found in 
Bermuda, Miami, Belize or Barbados) arc added ( I .  
i ~ i c i v i i s  ErsCus, I9X4h, 1. ermsti Erskus, I984t.1, 1. rerzaii- 
(tar ErsCus. 1984h, I .  mexicanus Erseus & Baker, 1982. 
0. latus ErsCus, 1986h, 0. rnucer Erskus, 1984h), a total 
of 28 species are known from the Caribbean. A few o f  
these gutless forms are evidently more widely distributed 

(1.  Ieukodermatu.s, I .  aduncosetis, 0. tenuissimus, 0. (0.) 
longissimus, 0. vacuus, 0. imperfectus, 0. pellucidus), 
but each o f  the rest is so far only known from one 
restricted area: two species are unique to Bermuda, nine 
to Florida, six to Belize, three to Barbados, and one to 
Guadeloupe. This strongly suggests that the gutless 'I'ubi- 
ficidae havc undergone a (recent?) radiative evolution in 
the tropical west Atlantic (as well as in other parts of the 
world; see ErsCus 1984h), perhaps more so than any other 
group of marine 'Tubificidae. One reason for this probably 
relates to the unusual ecophysiological adaptation of 
these curious animals. Due to the nutritional require- 
ments of the worms' symbiotic, subcuticular bacteria, the 
population maxima of Inanidrilus and Olavius arc gener- 
ally located at oligoxic or  anoxic depths around the redox 
discontinuity layer in the mostly carbonate sediments 
(Giere rt al. 1982, 1984). This may make gutless tubificids 
more sessile than other marine oligochactcs, restricting 
the possibilities of dispersal by currents, rafting, other 
animals, etc. Furthermore, the Caribbean offers many 
gaps of deep water between the patches of shallow bot- 
toms around islands and land masses. acting as geo- 
graphic barriers that reduce the gene flow between differ- 
ent populations. Some of the gutless species that are 
known from only one area to date will certainly prove to 
have wider distributions, but it can also be predicted that 
many additional new taxa will be discovered in various 
parts of  the Caribbean in rhe future. 
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