TEREBRIDAE

A quest for the
grand unifying theory
beyond the standard model
A drop into the Event Horizon or
can the three forces be unified?

Yves Terryn



Definition of the Family
TEREBRIDAE Bruguiere, 1789

slender, pointed, multi-whorled and
dextrally coiled shells ranging in size from a
few mm’s to 274 mm (WRS Oxymeris
maculata).

Sculpture ranges from smooth to complex
structures of spiral and/or axial sculpture.

Protoconch can consist of 1-5 whorls but no
consistent direct relationship to dispersal.

Fossils date back to the Eocene (56-34 mya)




Look-alikes

Cerithids Potamids

Turritellidae

Turrids Columbellidae
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Habitat

subtropical to tropical regions, from 0 to about
1000 m

intertidal areas in sand (Hastula, Euterebra,
Duplicaria) to continental slopes and seamounts

largest biodiversity in the tropical coral triangle
between 0 and 200 m in sand/coral(rubble)/mud

most are vermivore: in most cases a wide range
of species feed on a limited number of worms e.g.
Vietham, 100 x 100 m transect: 22 species feeding
on 3 types of worms having 5 types of feeding
mechanisms



Taxonomic situation of the Family

e broad spectrum molecular data suggests
inclusion as subfamily into the Turridae s.s.

e but as the group is well-defined,
recognizably uniform, historically treated as
a family and yet very different in venom

aspects from other turrids
= maintained as family by consensus



Taxonomic History of the Terebridae

Author Genera Subgenera

Bruguiere 1789 1 0

H. & A. Adams 1853 1 4

Troschel 1866 4 0

E. A. Smith 1873 1 4

Cossmann 1896 5 5

Dall 1908 3 6 use of ‘sections’
Wenz 1943 7 +20

Kuroda & Habe 1952 4 0

Oyama 1961 8 0

Burch 1965 3 0

Miller 1971 3 2 feeding types (5)
Bratcher & Cernohorsky 1987 4 2 grouped species

Terryn 2007 14 0 informal groups

. Retaining Dall’s sections and Bratcher’s ‘groupings + introduction of new groupings

Aubry & Gargiulo 2013 10 2

Present 2017 ? ?

400 valid species (Worms, 2016) but estimates go towards 5-600 species



Miller’s feeding types (1971)

radula, poison gland presence and foregut anatomy
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FiG. 1.—Schematic representation of Miller’s foregut anatomy of the Terebridae. The three types of foregut anatomy Miller used to define feeding
strategies within the Terebridae are depicted (Types I, II, and III). Anatomical features are labeled and highlighted in color: yellow = salivary glands
(sg), red = buccal tube (bt), green = venom bulb (vb) and radular sac (rs), and blue = accessory feeding organ (afo). Also labeled are the proboscis (p),
found only in Type II terebrids, and the labial tube (It) (after Miller 1970).




Bratcher & Cernohorsky (1987)

Hastula: Hastula s.s. & Hastula (Impages) = Hastula (DNA)
Duplicaria
Terenolla

Terebra = all others
subgrouping in Terebra is artificial and

virtually impossible

Shells are too varied within the ‘genus’
B&C, 1987: 33



Terryn (2007-2008)

Hastula

Impages

Duplicaria

Acus (2008: preoccupied, replaced by Oxymeris)
Terenolla

Terebra

Myurella

Cinguloterebra

Hastulopsis

Pristiterebra

Pellifronia (2008)

+ various, unnamed informal groupings = very artificial



Current developments - MNHN

« 2000: study on shell morphology only, on mostly dry material from both
historical and recent collecting, only a single paper on anatomy

« 2004 : start of barcode-project (Panglao’04, AURORA, EBISCO, etc)
« 2009 : first results with 100" s of samples
« 2012 : expanded results with 1000+ samples

Map showing localities sampled for Terebridae study. AU, Queensland, Australia; CH, Coral Sea; FI, Fiji; SMA, South Madagascar; MO, Mozambique; NMA, North
Madagascar; NNC, North New Caledonia; PA, Pacific Panama; PH, Philippines; SNC, South New Caledonia; SO, Solomon Islands; TA, Tahiti; VA, Vanuatu.
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IM200717922 Conus nereis
IM200717685 lotyrris cingulifera

IM200910908 Duplicaria bernardi
IM200910112 Euterebra fuscolutea
IM200910111 Duplicaria sp. 1 F
IM200910162 Duplicaria albofuscata
IM200910164 Duplicaria sp. 2

99/1

10071
IM200730395 Pellifronia jungi A

IM20099979 Oxymeris cerithina
IM200730445 Oxymeris felina

IM200730389 Oxymeris maculata
IM200730490 Oxymeris chlorata B
IM200730373 Oxymeris dimidiata
IM200730371 Oxymeris areolata
IM200730494 Oxymeris crenulata

89/1

IM200730404 Triplostephanus triseriatus
IM200730544 Triplostephanus jenningsi
IM20097106 Terebra laevigata
IM200730394 Terebra funiculata
IM200730483 Terebra subulata
IM200715724 Triplostephanus fujitai
IM200910076 Triplostephanus fenestratus C
IM200730383 Terebra argus
IM200730382 Terebra cingulifera
IM20097116 Terebra quoygaimardi
z IM200730375 Terebra babylonia
971 IM200730552 Triplostephanus anilis

7571

IM200910106 Hastula stylata

IM20099952 Duplicaria raphanula
IM200730407 Hastula hectica

IM200730438 Hastula albula

IM20097097 Hastula solida D
IM200730542 Hastula penicillata
IM200730535 Hastula lanceata
IM200730435 Hastula strigilata
IM200910143 Hastula strigilata

IM200730439 Myurella affinis

IM200730498 Myurella nebulosa

IM200910121 Terenolla pygmea

IM200730465 Myurella flavofasciata E1
IM200730463 Hastulopsis conspersa

IM200730388 Hastulopsis pertusa

IM200730488 Hastulopsis amoena

98,

100/1 IM200910118 Hastulopsis minipulchra
IM20099954 Hastulopsis pseudopertusa
IM200730598 Myurella columellaris

IM200730459 Myurella kilburni E5
IM200730620 Myurella undulata

77/.96! IM200910090 Myurella sp.

99, IM200730455 Clathroterebra poppei E3
—"IM200716731 Terebra succincta

IM200910122 Duplicaria sp. 3
IM200910158 Strioterebrum nitidum
84199 991 1M20099973 Duplicaria baileyi
IM200730609 Strioterebrum sp. 1
IM200730440 Terebra succincta
IM200730424 Terebra trismacaria E2
IM200730635 Myurella lineaperlata
IM200730474 Terebra textilis
IM200730618 Terebra sp. 3
IM200910088 Terebra textilis

88/1= IM200910095 Terebra textilis
0.1 subs./site

Likelihood phylogenetic tree obtained with 63 specimens sequences for the COI, 12S, 16S and 28S genes.
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Fig. 6. Likelihood phylogenetic tree for the clades E1-E5. Boostraps and Posterior Probabilities are indicated for each node (when B > 70% and PP > 0.90 respectively). For

clarity purposes, intraspecific support values are not shown.
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Fig. 7. Illustration of some specimens in each clade. From left to right: clade A: Pellifronia jungi IM_2007_30539; clade B: Oxymeris maculata IM_2007_30370, Oxymeris
crenulata IM_2007_30377, Oxymeris dimidiata IM_2007_30379; clade C: Terebra argus IM_2007_30383, Terebra guttata IM_2007_30387, Terebra funiculata IM_2007_30394,
Triplostephanus fujitai IM_2007_30482, Terebra cingulifera IM_2007_30485, Terebra tricolor IM_2007_30493; clade D: Hastula strigilata IM_2007_30416, Hastula hectica
IM_2007_30426, Hastula albula IM_2007_30437; clade E1: Terenolla pygmaea IM_2009_10121, Hastulopsis pertusa IM_2007_30388, Clathroterebra fortunei IM_2007_30391,
Myurella affinis IM_2007_30415; clade E2: Terebra fijiensis IM_2007_30423, Terebra succincta IM_2007_30433, Terebra textilis IM_2007_30451, Myurella lineaperlata
IM_2007_30471, Duplicaria sp. 3 IM_2009_10151; clade E3: Terebra succincta IM_2007_16731, Myurella orientalis IM_2007_30515; clade E4: Terebra elata IM_2007_42111,
Terebra larvaeformis IM_2007_42113, Terebra puncturosa IM_2007_42116, Terebra berryi IM_2007_42144; clade E5: Myurella undulata IM_2007_30384, Myurella paucistriata
IM_2007_30453, Terebra sp. 5 IM_2007_30946; clade F: Euterebra fuscolutea IM_2009_10112, Duplicaria albofuscata IM_2009_10162.



Clade E5

Clade D

Fig. 3. Hypodermic (A-O) and semi-enrolled (Q) teeth in Terebridae. Clade C (A-G): A and B - Terebra cingulifera (IM_2007_30382); C - Triplostephanus fenestratus
(IM_2007_30418); D-E - Triplostephanus triseriatus (IM_2007_30404); F-G - Terebra guttata (IM_2007_30376); clade E5 (H-I) - Myurella kilburni (IM_2007_30461); clade D
(J-P): J-K - Hastula hectica, Philippines, Panglao Island; L — Hastula lanceata (IM_2007_30535); M-N - Hastula penicillata (IM_2007_30540), N - central part of the radular
membrane; O-P - Hastula strigilata (IM_2007_30607); Q - Hastula stylata (IM_2009_10106). Scale bars: 50 um (except E, G, P - 10 um).



Fig. 2. Radula teeth of Terebridae. Duplex (A-C). Flat (D-E). Solid recurved (F-G). (A) Pellifronia jungi (IM_2007_30591), ventral view of radular membrane, only half shown;
(B) Clathroterebra poppei (IM_2007_30546), ventral view of radular membrane; (C) Terebra succincta (IM_2007_30582), separate marginal tooth; (D) Terebra trismacaria
(IM_2007_30579), ventral view of radular membrane; (E) Myurella lineaperlata (IM_2007_30635), group of teeth attached to the subradular membrane; (F) Euterebra
fuscolutea (IM_2009_10133), ventral view of radular membrane, only half shown; (G) Duplicaria sp. 2 (IM_2009_10164), ventral view of radular membrane, only half shown.
Scale bars — 10 pm.




e m esnpadopnasd &“&Ewmx — ..m (7]
esnyadopnasd sisdojnjser O eyomndiui sisdojnjser oo c o
A esnuedopnasd sisdomser| —E T exomdut sisdomse Co0TE] < m 2 WUNGIDY eljainAyy wemmmos S5 % c
eayojndiuiw sisdojniseH ooy [=] [ winqppy ejfainAyy D——S8.J O @ Q BJefo eiqale) DY ®
m 1uInqy ejeinf ) mummmos) (o) ) © ejefe eiqaia) b 173 o) —: esoinpund eiqaiel WGyl oY =
ejefe eiqgess) DO = esoinpund eiqaio | g o o ™ ejebaLIeA *Jo BIqGaI8) T o O
esoinjund eiqess | oLy, 5 =] ejebaLeA "Jo BIqasa) ﬂlJPrmm o Qo MM 1Aui8q eiqalaL ool = S e
~ ejebauen ‘Jo eiqese) o1 df o m 1AU6q eIqala] TOY " s ejejads eiqass) mmmmml O — W.
s8] 1huieq eiqase | coo— =2 S o 8jej1oads eiqoso) mumm—Lf O (7] BjouIoNs eiqass) ©
ejejads eiGess ] pr—r}8. O~ © BJOUIOONS BIGEIS] — reddod e.qasejoNyElD WGy _U - S
N ©0U100nS ©Iq8IE | c taddod eiqasejoiyied Cee On o BLBOBWISL) BIG8IE] =
m teddod eiqesejoIyeD mugy D - ) BLBOBWSL) BIGRIS] 7] SijXe) eiqeloL mu -
eupORWSL) BIGRIS) > syyxe) eIGaIe ) OCQE [e] BJOUIOONS BIGEIE) mmm.
Sijx8) ©1G010 | mug £)0ulooNs eiqela) o) ejepiadeaul] BlfaINAN (/)]
(o] 8)oUl0oNs eIqase | oL, - ejepadeauy) ejfeinky [<) wnpRIu WniqassjoL)s .
m ejepiadeaul] ejanAp N wnpu wnigasaloms = ¢ ‘ds eueandng ©
wnpRIu wniqesslous e ¢ 'ds eueaydng o euaowe sisdojnjser 5
¢ “ds eueaydng, Q eusowe sisdojnjser BjIoSEBjONBY BljINAN T, Q
eusowe sisdojnser] - ejejosejoney elfainf CieT—] W.. esiadsuoo sisdojnse p—00) -
ejelosejoney ejjainfy oceT) © essadsuoo sisdojnjser oc—00k g o eoewWOAd Bljousia] (3]
—  esiedsuoo sisdojnser o—00k ]| m eoewbAd BljouaIa) ‘esoinqeu elainAiy A ©
m eoewbAd ejousie) o——09 '] ] esojnqeu ejjanAp =71 [ siye ejjainAyy pg——————96'| -
esojngeu ejenfyp————541"] = siuye ejjainfyy wn—SCK » eIoihIs BIysery ©
siuye ejjainfyyp—————96'[ ejeif)s enser [} 8990y €jnjSer mwy =
eseifis einjser (&) o108y EInISEH OCLE [z} ejeaoue| ejnjse %)
2908y E[njSEH mm), ejeaoue] ejnjseH 01 | o ejeybuys ejmser  wgol
D Bjeasue| ejnjser| 001 ejeybLys enjseH OCEH. A ejejpoed ejnjser wmmmBo) r
eje)|ibLs ejnjser mag epejouad ejnjser) D—88. e ejeynb eiqeso).
ejejpoued ejnjse mummmBt) 1 ejeynb eiqaio) <t eJejngns eiqgeso) wg
ejeynb eiqass) BejNgns eigaia) DCpE-T
EJE[NGNS eiq8.8] snjessausy snueydesojdLL _u“nP_wIN_ N eihsobie eiqese)
snjessaus) snueyde)sojdu | memmme! eisoble eiqaia 9 snjeussLy snueyda)sojdii o8}
© Siksolie vigese snjeuast) snueydajsojduy 0 epenoluny exqaiel |
snjeussi) snueydasojdu | BJejnoIuNy BIqaIa] © esopnbuid eiqale) mmmm—-r! 00l
eje|nolury eiqals | mgp) eJsjnburd eiqasa) A BUIfe) SUBWAXO w
esaynbud eiqese | mummmO)! o0l eulje) SUSWAXO © ejejnoew suWAXO mEgg)
euyey suewAxo (11} epejnoBw suswAXQ OCogT ] = e)epIWp SUOWAXO wmmmOo)
m ejejnoew suswAxo ocggT—) ejepiup suswAxo oc—00%. %) | ds eueoydng
ejeipiuip suswAxO o—004; | “ds eueoydng eajnjoosny eiqaian3 wyp)
L 9 R 56 eajnjoosny eigaiang Cooi-I 2 ‘ds BUeoydng wemmmts
£8jnjodsny e1qa18)n3 ooy 2 'ds eueoydng ML|_ n pieweq eusoydng
23} 2 "ds eueoydng, DHL|;mﬂm.J ) ipiewaq eueoldng 48 4 | iBunf
1pseuIsq eeoldng L6 = gunf C 1 SLAIO]
< unf Bualiyo 8 10 SLLIAIO] O = : eyfayoind 0
d ¢ iU st 1940
7] 4 ejleyond en 0 O J slaJou snuod
@ ejjayoind “ 181U SNUOD OC rewefifey edreH
Spalou Scs reweAifey edier OC
S rewefiley ediep oc [ {
(&) B =
C -— esnpadopnesd sisdojnjser
i ) esnpadopnesd sisdojnjseH «c O ewyoinduw sisdojnjser ooy 2 o ..n.u.
v esnyedopnesd sisdojnjser — - eayondiunu sisdojnjseH ﬂcO.—Ll_ = e o anqy m=®~:\¢< ma— o) m e
m engnduiw sisdomseH ooy, CoOo o nungyy ejjeinAy o——38. Q »n eJejo eIGals) .m = 8
nquy efeInAy wammmas) Dy 0 ejejo e " no < esounpound eiGeie] orgg & o2 =
e eigese) Dy O esompund eiqaia) ocog. o< Q ejebaueA Jo BIqaIa) oL T O ©
esoinjpund eiqeie] maggl QO o o ejebalien ‘1o eiqela) o o Q o 1Ausq eiqase) coot W o 8
<t ejeboLien 1 eiqele) oL o Q o 1Ausq eIqeio] CopLI] i ol N ejeyads eiqais] pr—I%8. e QL 3
m 1Ausq eigese) o £ "ITE ejeyads eiqess) o—r8. O« ¢© ejoutoons exqass] T O .W, =
ejey|ioeds eiqeio) pr——}8. O~ o B)oUI20NS BIGaIe) we—. _H_ - (=] 1addod eiqaijoigie|d pegy = ® 2 o
Se] epuroNS e1qeI0) om 1addod ocggd k<} euROBWISLY) BIGRIS] g o =
m 1eddod eiqesel01/1elD magy . ‘ouBBWSY] £1G6I0) o sipe) egaio] oegg e} -
euBoBLISL) BiGale b S/1)X8) ©1GeiaL WG epouioons eiGaiol oL ©
SI1X8] ©Iq/0L mug) — BjouI0ns BiqaIe] D—LY. . ejepiodesul) eljiniy u“om@ Om N c
8\l Siouoons eiqelo]. wammeli (] epepiadeauy ejiniy © wnpyys wnigesejous ce—=55['] =
ejejiedeeul) ejleiniyy - R - ¢ "ds eueoydng - T D
o -
wnpiu wniqessiou)s ¢ ‘ds eueaydng o it wacupy £ D
€ ds eueaydng m eusowe sisdojnjser| -’ ejeiosej0nsy Bll@INAN OCFET [0 b ©
o yedrer; © eJeIoSEjoABY EfjainAY DCFET ] o Bsiadsuoo sisdomyser o—00y 2 5 =
ejeiosejoney elaunin o) = esiadsuoo sisdonjser o—00)T " © eoowbAd ejousio) L] £ 3=
v esuedsuod sisdoinjseH pr—004T ] eoewbAd ejjousio) n-“ooj esojnqau ejjainAp pr———— _l_ © O
m eoewb/d ejousie) nﬂow@ (8] esojngau ejjaInA Ot . _wm_ © stuiye ejfeinfy p——————96'[ © X =
ssongeu geﬁs o _Um suye ejjainfyy oe————96 | = ejeihis einser = ] mw
we ejfainAy pr——————90 [ eeifls BImsel Q 20199y BINSEH WM o= 9
ejeidys einiser 0108y ejNjse OC/ ejeaoue] Binjsel a0l 6329 O
s wcr . E1e20uB) BINISSH D gy e)eybLys ejnjseH wag co o g
D ejesoue| ejnjser ejelbuys enjseH o ag! ejejoiuad ejnjse mummmeo) i 2 hud
©IelIIDLIS BiNiSeH ejejouad ejnjser D—! ejeynb eiqaso) O ©
ejejoued ejniseH mamman " ejeynb eiqalo). BJBINGNS BIGEIS) WA u| D =
ejeyns eiqese, ejeinqns eigesa] OCEET—] snpesseusy snueyde)sojdi wammS O o
eieinqns eiqelo,. wag| smegsausy snuetdeysordi Ee=Ee.L'] ‘eifsobie eiGee]
smesseus, snueydsjsojdu. wamme! eifisobue eiqaiaL smeuasiy snueyde)sojdu 08)
Q 645008 Giqasel snjeueswy snueyda)sojdiL 08
smjeesu) snueyde)sojdi 08} 3

v eJejnoun) eiqaie) mp)
eje|nojuny eiqesd) CooL-T—)
ejejnony eiqele wy

esoynbuio eiqase) mmmmmOS] 00 9.1
Blojinburo eiqase) O—0S: 00} 9 eulfe) sUOWAXQ E”__J|_
eseynbuIo eIq8I8) ool BuIfe) SUBWAXO BJBINoBW SUSWAXO ocggT) (1]
e sl ejejnoews suWAXo OC0BT ] C ejepiup suawAxQ o—00k
ereinoeus suewko oegg I < ejepiup suawAxo De—00%
ejepiup suewAxo or—004

“ds eueayjdn
| 'ds eueoydng 3 iang

/m | “ds eueoydng
" — sawposy msw_mﬁ noo_m.m.jr_
Ba)Njoosn) esqaiong Z "ds eueoydng oo ||
= es)njoosny eiqessin3 nco.thm Z ‘ds eueoyjdng memmmE6] . Iplewaq eueo)dng pem====.6]
Z 'ds euedydng p— Td ipsewiaq eurdldng bunf -
ipieuseq eueaydng = ant p S0/ 8
< 1Bunf eroyyad oyInBud SLA| eyeyomd e 0t
7y esaynbuto SuIAjo] eyeyond 0 Sfasau snuoy
15 eyeyoind 14200 sjat8u snuoY X rewefifey edier] oc
=1 Siesou snuog reweAifey edier :
= reweAfex edier| reweA
&)



