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ABSTRACT

Distinguishing the various Recent taxa of the pteropod genus Cresets, especially the nominal species Cresets
acteula (Rang, 1828), C. clava (Rang, 1828), C. virgula (Rang, 1828) and C. conica Eschscholtz, 1829, has
long been problematic. Based on misinterpretations of the shell morphology, some of these were deemed
to represent subspecies or forms, or were synonymized with other species in this group. Shell-morphologic-
al and nomenclatural evidence has recently been provided demonstrating that C. ¢lava and C. acicula in
fact represent a single species, for which the name C. clava is valid. Both C. conica and C. virgula represent in-
dependent species, and the same is true for C. chierchiae (Boas, 1886). This study recapitulates the back-
ground to the taxonomic problem, presents a summary of previously published morphological characters
to identify species, provides diagnoses of these species and analyses new and previously published
sequences from the cytochrome oxidase I barcoding gene, thus showing the utility of this gene to identify
species. The data demonstrate that four Recent species should be recognized: C. clava, C. conica, C. virgula
and C. chierchiae, but the last of these and its f. constricta, although clearly differing by shell-morphological
characteristics, should be studied further by molecular techniques. Hyalocylis striata (Rang, 1828) and
Styliola subula (Quoy & Gaimard, 1827), traditionally included in the Creseidae, are easily recognized on

shell characteristics. A key to the identification of members of this family is provided.

INTRODUCTION

Shelled pteropods are a group of holoplanktonic gastropod mol-
luscs belonging to the order Thecosomata. They are adapted to
life in the plankton by having their foot modified into a pair of
wing-like structures (parapodia) that function for swimming
(Lalli & Gilmer, 1989). Their current taxonomy relies largely
on the form of their aragonitic shell. Much information about
this group has been recovered from the fossil record (Janssen,
2007a, b, 2012 and references therein) and fossil pteropods in
Quaternary sequences are sometimes used for palacoclimatic re-
construction. Living assemblages are covered by a wide range of
literature based on plankton surveys (van der Spoel, 1967; Bé &
Gilmer, 1977; van der Spoel & Dadoén, 1999 and references
therein; Panchang et al., 2007). The group is widely distributed
and has distinct distributional patterns depending on tempera-
ture, salinity, ocean currents and diel cycles. Because of their
sensitivity to environmental changes, they have been proposed
as indicators of oceanographic conditions, including ocean acid-
ification (Blank, 2007; Comeau et al., 2009; Roger et al., 2011).
The family Creseidae is a group that has recently been revised
with genetic tools and the results of Klussmann-Kolb &
Dinapoli (2006) and Corse et al. (2013) suggest that this taxon is
polyphyletic. In this study, we focus on the genus Cresers Rang,

1828. On the basis of molecular data presented here, we recog-
nize three valid nominal taxa: C. ¢lava (Rang, 1828), C. virgula
(Rang, 1828) and C. conica Eschscholtz, 1829. In addition, and
based on shell-morphological characters, we discuss C. chierchiae
(Boas, 1886), C. virgula constricta Chen & Bé, 1964, Hyalocylis
striata (Rang, 1828) and Swyliola subula (Quoy & Gaimard,
1827), all traditionally included in the Creseidae.

This genus has a particularly complex taxonomic history
(Janssen, 2007b). Since their original descriptions, species of
Creseis have been successively synonymized or separated into spe-
cific, subspecific or infrasubspecific forms by different authors
(see Janssen, 2006, 2007b, 2012). They have been reported in
the literature as, for example, C. acicula, C. acicula (f.) acicula,
C. clava, C. acicula (f.) clava, C. conica, C. virgula, C. virgula (£.) clava,
C. virgula (1) conica, C. virgula (£.) constricta, C. virgula (£.) virgula,
C. chierchiae and|or C. chierchiae (1) constricta. In the classic litera-
ture these species and (infra) subspecific forms were distin-
guished mainly by patterns of morphologic and morphometric
characters, including the shape and general proportions of the
shell and protoconch, its curvature, apical angle and surface
ornamentation (Tesch, 1913; van der Spoel, 1967; van der
Spoel & Dadon, 1999 and references therein). Recent shell-mor-
phological studies (Janssen, 2007a, b, 2012) have solved a
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number of questions concerning systematics and nomenclature
and led to the conclusion that four Recent species should be
recognized within the genus Creseis: C. chierchiae, C. clava, C. conica
and C. virgula. Apart from the first of these, all are common and
distributed in tropical and subtropical water masses worldwide.
It is, however, a group with a very complicated systematic
history and in need of molecular evidence to test current sys-
tematics. In the present paper, we show that the cytochrome
oxidase I (COI) barcoding gene effectively delimits these species
and can be used to identify damaged specimens.

DNA barcoding based on the analysis of the COI mitochon-
drial gene has been a useful, reliable tool for separating closely
related or morphologically similar species in different taxa of
marine plankton including molluscs (e.g. Jennings et al., 2010;
Bucklin, Steinke & Blanco-Bercial, 2011; Maas, Blanco-Bercial
& Lawson, 2013). In these three works and in a recent study by
Corse et al. (2013), genetic data are provided for some Creseis
species, but the validity of names used for Creseis species was not
evaluated. Based on the COI analysis of specimens collected
from the western Caribbean Sea and on a comparative analysis
of sequences from GenBank (Jennings e/ al., 2010), we provide
molecular evidence to evaluate recent statements (Janssen,
2012) that the taxa C. acicula and C. c¢lava in fact represent the
same species and that C. conica and C. virgula are distinct. We
had no fresh material available for (. chierchiae, but this taxon is
easily distinguished on shell-morphological evidence.

T axonomic history of Creseis species

The genus Creseis was introduced by Rang (1828) who considered
it a subgenus of Cleodora and included nine nominal species, five of
which were new. Several of the species included in Creseis by Rang
have since been referred to other genera. Creseis gadus (Montagu,
1803), for instance, is now recognized as a scaphopod (genus
Cadulus), while others are included in the genera Vaginella, Styliola,
Cuvierma and Hyalocylis. Only Rang’s (1828) C. acicula, C. clava
and C. virgula have remained in the genus Creses. A fourth species
was introduced shortly afterwards, as . conica Eschscholtz, 1829.
There has been some uncertainty about the type species of Creseis
(see Janssen, 2012), but recently it was found that Pelsencer
(1888: 45) designated C. acicula as the type species.

Discriminating between Creseis species has been hampered by
uncertainties and incorrect interpretations, partly the result of
vague original descriptions. For example, Rang (1828: 318)
described his €. acicula as “plus gréle” than the foregoing species
(C. ¢lava) and reaching only half the size. Both these characters
were erroneously interpreted in later papers, where C. acicula was
generally considered to be larger and more slender than C. clava.
The word ‘gréle’ does not mean ‘slender’, but ‘irregular’ or
‘pock-marked’, which agrees with the illustrations given by
Rang, which show no difference in shell width between the two,
but just a slight irregularity in the shell of C. acicula.

The general confusion in the literature led Boas (1886) to con-
clude that C. acicula and C. virgula were “most probably” one and
the same species. He found them reasonably easy to distinguish in
the Atlantic, but found intermediate forms in the Indian and
Pacific Oceans. He ignored the taxon C. conica, while C. clava was
interpreted as a synonym of C. acicula (Boas, 1886: 59), although
Rang (1828) had clearly stated that he considered C. acicula
“plutot une variété” (“rather a variety”) of C. clava. Additionally,
Boas (1886: 62) introduced another species, C. chierchiae, differing
in having clear annulations, absent in the other species.

Tesch (1904) recognized three species as valid, C. acicula,
C. conica and C. virgula, but stressed the occurrence of intermedi-
ate forms among all three. Contrary to Boas (1886), he consid-
ered C. clava to be a synonym of C. wvirgula. The species
C. chierchiae apparently was not present in his material. Later on,
the same author (Tesch, 1913) advocated a different taxonomy,
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distinguishing three species: (. virgula, C. acicula and C. chierchiae.
Contrary to his earlier opinion he no longer treated C. ¢lava as a
synonym of C. wvirgula, but believed it to be a subspecies of
C. acicula, while stating differences in size and shape between
these two that contradicted Rang’s original descriptions. Creseis
conica was treated there as a subspecies of C. virgula, whereas C.
chierchiae was accepted as a separate species. A further species,
mentioned by Tesch (1913) as C. caliciformis Meisenheimer,
1905, was much later recognized as a juvenile shell of Cuvierina.

Curiously, Tesch (1946) distinguished C. virgula and C. acicula,
but treated (. clava, again contrary to his earlier opinion, as a
variety of C. virgula, while ignoring C. conica. Only 2 years later
the same author agreed “with all authors” that virgula, conica
and clava all belong to one and the same species, for which the
name (. virgula was considered valid (Tesch, 1848). The accom-
panying illustrations of C. clava (Tesch, 1948: fig. 5L, M),
however, are very different from Rang’s original illustrations of
that species and those labelled C. conica (Tesch, 1948: fig. 5H-K)
represent typical C. virgula.

Subsequently, Frontier (1965) succeeded in demonstrating a
distinct biometrical difference between C. conica and C. virgula,
but still considered them to be different only at subspecific level.
Apparently basing his opinion on the existing literature, he sup-
posed that C. acicula and C. clava “ne semblent pas étre réunies
par une série d’intermédiaires” (“do not seem to be connected
by a series of intermediate forms”) (Frontier, 1965: 14) and
therefore considered both to be valid species.

These various misunderstandings and erroneous interpretations
were reflected in the monograph of the pteropods by van der
Spoel (1967), as he explained in his introduction to the creseids
(van der Spoel, 1967: 57). He followed the concepts of Tesch
(1913) and therefore distinguished: C. acicula with forms acicula
and clava, and C. virgula with forms virgula and conica. Cresets chierch-
tae was interpreted as the larval shell of /. striata (Rang, 1828), an
opinion later demonstrated to be erroneous by Richter (1976),
but still retained by van der Spoel & Dadoén (1999). van der
Spoel (1976: 189) also designated lectotypes for C. acicula and C.
clava. The forms distinguished by van der Spoel (1967) were
widely accepted by later authors, although sometimes interpreted
as subspecies (e.g. Pastouret, 1970; Almogi-Labin & Reiss, 1977;
Bé & Gilmer, 1977; van der Spoel & Dadon, 1999).

That the taxonomy of Cresers was still unsatisfactory is clear
from the more recent paper by Rampal (1985), who again dis-
cussed the genus. Although she still interpreted C. clava, against
Rang’s original description, to be smaller and less slender than C.
acteula, she was the first to doubt a specific distinction between
these two taxa. She not only pointed to differences in adult shell
shapes for the other species, but also in the protoconchs, conclud-
ing that there were four valid species: C. acicula, C. virgula, C. conica
and C. clierchiae, without accepting subspecies or forms. Her con-
clusion, however, was not generally accepted, as is clear from the
list of recognized species given by Lalli & Gilmer (1989: 151) in
which C. conica is not mentioned. Later on, Rampal (2002) main-
tained the four taxa she had recognized in her 1985 paper, con-
tinuing to suggest that C. ¢lava was not a valid species. In a
discussion on the acicula/clava problem her erroneous interpretation
of the original statements of Rang (1828) was repeated (Janssen,
2007b: 71) and the validity of the taxon C. ¢lava remained unre-
solved. She introduced two new subspecies, C. conica falciformis
Rampal, 2002 and C. virgula frontier: Rampal, 2002. The former
represents the slightly curved morph of C. conica and was rejected
by Janssen (2006). The latter subspecies was based on full-grown
specimens in which the shell shows a slight dorsal curvature. Both
occur sympatrically with the typical form of the species.

Finally, the question of whether C. acicula and C. clava can
indeed be distinguished or not was answered by Janssen (2007b:
69, fig. 7) who illustrated the lectotypes of these taxa, concluded
that they were synonyms and adopted C. clava as the valid name.
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Current identification
in Gen Bank

revised
identification

Creseis virgula HM385050
Creseis virgufa HM385051

71} Creseis virgulaHM385049

Creseis virgufa conica FJB76892
Creseis virgula conica =J876891
Creseis virgula HM385048
Creseis virgula KC774046
Creseis chierchiae KC774043
Creseis virgula KC774050

o8 Creseis virgula KC774047

8

Creseis virgula KCT74049
Creseis virgula KC774048
Creseis virgula KC774045
Creseis virgula conica KC774041
- Creseis virgula conica KC774040
77 || Creseis conica HM385057
Creseis conica HM385056
Creseis conica HM385059

g3| 7q Creseis conica HM385058

81

Creseis virgulavirgula FJ876889
Creseijs virgula conica KC 77403 |
Creseis conica HM3850560
Creseis virgula virgulaFJ876890
Creseis virgula conica KC774042
Creseis acicula KC774054
Creseis acicula FJ876888

98 Creseis acicula KC774051

Creseis acicula KC774052

S Creseis clava HM385036

0.2

95

100

Creseis clava HM385038
100 | Creseis clava HM385039
Creseis acicula KC774053
Creseis clava HM385035
Creseis clava HM385037
—— Creseis chierchiae KC77044
Styliola subula KF200175
97 L Styliola subula KF200174

Hyalocylis striata FJ876921
Hyalocylis striata FJ876922
Hyalocylis striata FJ876919
Hyalocylis striata KF200173
Hyalocylis striata KF200172
Hyalocylis striata FJ876920

—— Corolla spectabilis FJ876935

100

Figure 1. Maximum-likelihood tree based on K2P distance, including the species names as given in GenBank and (for new samples beginning HM and KF)

el

Gleba cordata FJ876934
Gleba cordata FJ876933

as identified by us. Corrected species names are given to the right. BS support, if above 70%, is shown on branches.

So, based on morphological evidence we conclude that there are
four valid Recent species in the genus Creseis, each with well-
defined shell characters, as follows:

Cresets clava

37

Creseis virgula

Creseis conica

Creseis clava

Hyalocylis striata

(Fig. 2C): shell straight or slightly irregular, not
curved; apical angle ¢. 3% protoconch hardly or
not separated; shell surface with growth lines only
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Table 1. Specimens used in the molecular analysis. Specimens with codes beginning HM and KT were newly sequenced and identified according to
the criteria in Appendix 1; those with codes beginning FJ were published by Jennings et al. (2010) and those with codes beginning KC by Corse et al.

(2013).

Collection date Original identification Corrected name Lat Long Ocean region Cruise
HM385035 21-Jan-2007 Creseis aciculaf. acicula Creseis clava 18.79N 87.14 W Caribbean GU0701
HM385036 23-Jan-2007 Creseis aciculaf. acicula Creseis clava 18.76 N 87.76 W Caribbean GU0701
HM385037 19-Jan-2007 Creseis aciculaf. acicula Creseis clava 20.08 N 87.25W Caribbean GU0701
HM385038 18-Jan-2007 Creseis aciculaf. acicula Creseis clava 20.00N 87.23W Caribbean GU0701
HM385039 26-Jan-2007 Creseis aciculaf. acicula Creseis clava 19.12N 87.06 W Caribbean GUO0701
HM385048 24-Jan-2007 Creseis virgulaf. conica Creseis virgula 18.71N 87.66 W Caribbean GU0701
HM385049 25-Jan-2007 Creseis virgulaf. conica Creseis virgula 17.90N 87.47W Caribbean GU0701
HM385050 25-Jan-2007 Creseis virgulaf. conica Creseis virgula 16.91N 87.66 W Caribbean GU0701
HM385051 29-Jan-2007 Creseis virgulaf. conica Creseis virgula 18.12N 87.81 W Caribbean GU0701
HM385057 15-Jan-2007 Creseis aciculaf. clava Creseis conica 20.98N 86.77 W Caribbean GUO0701
HM385058 18-Jan-2007 Creseis aciculaf. clava Creseis conica 19.60 N 87.37 W Caribbean GUO0701
HM385060 27-Jan-2007 Creseis aciculaf. clava Creseis conica 16.57 N 87.98 W Caribbean GU0701
HM385059 27-Jan-2007 Creseis aciculaf. clava Creseis conica 16.49N 87.95W Caribbean GU0701
HM385056 14-Jan-2007 Creseis aciculaf. clava Creseis conica 21.51N 86.27 W Caribbean GU0701
KF200174 29-Jan-2007 Styliola subula Styliola subula 18.18 N 87.75W Caribbean GU0701
KF200175 24-Jan-2007 Styliola subula Styliola subula 17.89N 87.88 W Caribbean GUO0701
KF200172 16-Jan-2007 Hyalocylis striata Hyalocylis striata 20.81N 86.18 W Caribbean GUO0701
KF200173 23-Jan-2007 Hyalocylis striata Hyalocylis striata 18.25N 87.00 W Caribbean GU0701
FJ876919 19-Apr-2006 Hyalocylis striata Hyalocylis striata 24.99N 59.99 W NW Atlantic RHB0603
FJ876920 11-Nov-2007 Hyalocylis striata Hyalocylis striata 3.21N 146 W NE Atlantic PS-ANT-24-1
FJ876921 11-Nov-2007 Hyalocylis striata Hyalocylis striata 3.21N 14.6 W NE Atlantic PS-ANT-24-1
FJ876922 17-Nov-2007 Hyalocylis striata Hyalocylis striata 13.428S 0.65W NE Atlantic PS-ANT-24-1
FJ876888 17-Nov-2006 Creseis acicula Creseis clava 16.02S 119.32E SE Indian Galathea_2006
FJ876889 23-Apr-2006 Creseis virgula virgula Creseis conica 19.76 N 54.61 W NW Atlantic RHB0603
FJ876890 16-Apr-2006 Creseis virgula virgula Creseis conica 29.88N 70.07 W NW Atlantic RHB0603
FJ876891 17-Nov-2007 Creseis virgula conica Creseis virgula 1S 9.01W SE Atlantic PS-ANT-24-1
FJ876892 17-Nov-2007 Creseis virgula conica Creseis virgula 3.21N 14.06 W NE Atlantic PS-ANT-24-1
KC774039 * Creseis virgula conica Creseis conica * * Mediterranean ANTEDON
KC774040 * Creseis virgula conica Creseis conica * * Mediterranean ANTEDON
KC774041 * Creseis virgula conica Creseis conica * * Caribbean ECOSUR
KC774042 * Creseis virgula conica Creseis conica * * Mediterranean TARA St 18
KC774043 * Creseis chierchiae Creseis virgula * * Indian Ocean TARA Stn 42
KC774044 Jan 2007 Creseis chierchiae * * Caribbean GU0701
KC774045 * Creseis virgula Creseis virgula * * Caribbean ECOSUR
KC774046 * Creseis virgula Creseis virgula * * Red Sea TARA St. 34
KC774047 * Creseis virgula Creseis virgula * * N Indian Ocean TARA St 42
KC774048 * Creseis virgula Creseis virgula * * Red Sea TARA St. 34
KC774049 * Creseis virgula Creseis virgula * * Red Sea TARA St 34
KC774050 * Creseis virgula Creseis virgula * * Red Sea TARA St. 32
KC774051 * Creseis acicula Creseis clava * * Indian Ocean TARA St. 52
KC774052 * Creseis acicula Creseis clava * * Gulf of Aden TARA St 41
KC774053 * Creseis acicula Creseis clava * * Caribbean CER2
KC774054 * Creseis acicula Creseis clava * * Mediterranean ANTEDON
FJ876935 14-Nov-2006 Corolla spectabilis 16.44 S 119.92E Indian Ocean Galathea 2006
FJ876934 19-Apr-2006 Gleba cordata 24.99N 59.99 W NW Atlantic RHB0603
FJ876933 19-Apr-2006 Gleba cordata 25N 59.95 W NW Atlantic RHB0603

“Not available.

Cresets conica

Cresets virgula

(Fig. 2A): shell straight or gently curved through-
out its length; apical angle somewhat variable,
up to 117 protoconch very slightly swollen; shell
surface with growth lines only

(Fig. 2B): shell strongly curved for its posterior one
third; apical angle initially more than 10° to ¢. 15°
but decreasing to almost 0° (i.e. cylindrical) towards
aperture; protoconch slightly swollen with 2 weak
constrictions; shell surface with growth lines only

38

Cresets
chierchiae

(Fig. 3C, D): shell straight or (rarely) very slightly
curved; apical angle of teleoconch ¢. 15°% proto-
conch swollen, clearly separated from teleoconch;
teleoconch surface completely or partly covered
with annulations [if annulations are totally missing
(£ constricta Chen & Bé, 1964; Fig. 3D) the species
is easily recognized by the shape of the protoconch]

A key to the species of Creseidae is presented in Appendix 1.
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Figure 2. Photographs of the specimens analysed. A. Creseis conica
(height (H) = 4.5 mm). B. C. virgula (H=3.2 mm. C. C. clava (H=
9.3 mm). D. Hyalocylis striata (H=5mm). E. Styliola subula (H=
5.7mm). These are all subadult specimens (Photographs by Ana

Parra-Flores, ECOSUR).

MATERIAL AND METHODS

We examined zooplankton samples collected on January 1430,
2007 during an oceanographic survey by R/V Gordon Gunter
(GU0701 MASTER Cruise, NOAA) from the Caribbean coast

of Mexico. A total of 18 complete, undamaged specimens of

pteropods of the species Creseis clava, C. virgula, C. conica, Styliola
subula and Hyalocylis striata (See Appendix 1 for characters used
for identification) were selected and processed for genetic ana-
lysis. An ecological analysis of material from this same cruise was
previously published by Parra-Ilores & Gasca (2009), using the
names C. virgula f. conica, C. acicula f. clava and C. acicula t. acicula
for the species here named C. virgula, C. conica and C. clava.

A small piece (about 1 mm?) of tissue was removed from each
specimen and placed in 100% ethanol. The remainder of each
organism was kept as a reference voucher in the Zooplankton
Collection of El Colegio de la Frontera Sur, Chetumal Unit
(ECO-CH-Z). DNA barcoding was carried out in the
Biodiversity Institute of Ontario using standard protocols
(Hajibabaei et al., 2005). Tissue samples were digested overnight
at 56°C in invertebrate lysis buffer with proteinase K. Genomic
DNA was subsequently extracted using a membrane-based ap-
proach (Ivanova, de Waard, & Hebert, 2006) and an AcroPrep
96 1 ml filter plate with 1.0 pm PALL glass fibre media
(Ivanova et al., 2006). The primer pairs dgl.CO-1490_t1 and
dgHCO-2198_t1 were used to amplify a DNA fragment of the
mitochondrial COI gene. The 12.5 ul PCR reaction mixture
included 6.25 pl of 10% trehalose stabilizer, 2 pl of ultrapure
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water, 1.25 pl of 10x PCR buffer, 0.625 of MgCl, (50 mM),
0.125 pl of each primer (0.01 mM), 0.0625 ul of each dNTP
(0.05 mM), 0.625 pl of Taq polymerase (New England Biolabs
or Invitrogen) and 2.0 pl of DNA template. Amplification pro-
tocols followed those described in earlier publications (Ward
et al., 2003). PCR amplicons were sequenced bidirectionally
using the BigDye© Terminator v. 3.1 Cycle Sequencing Kit
(Applied Biosystems), as described by Hajibabaei et al. (2005),
on an ABI 3730 capillary sequencer. Sequence data, electro-
pherograms, primer details, photographs and collection local-
ities for specimens are available within the project Pteropods
from Caribbean Sea [THEC] on the Barcode of Life Data
System (see http://www.barcodinglife.org).

COI sequences were edited using the SeqApp v. 1.9 sequence
editor and aligned with CLUSTAL W (using default para-
meters). Sequence data are available from the BOLD project and
GenBank; accession numbers for GenBank specimens are pro-
vided in Table 1. Additional GenBank sequences identified as
H. striata, C. acicula, C. virgula t. virgula and C. virgula conica (from
Jennings et al., 2010) and C. virgula conica, C. chierchiae, C. acicula
and C. virgula (from Corse et al., 2013) were used in the analysis.
Sequences of two specimens of Gleba cordata Forsskal in Niebuhr,
1776 and one of Corolla spectabilis Dall, 1871 (from Jennings et al.,
2010), both belonging to the family Cymbuliidae, were included
as the outgroup in the analysis (Table 1). Based on these data, a
maximum-likelihood tree was constructed using the Kimura two-
parameter (K2P; Kimura, 1980) model (Saitou & Nei, 1987) and
MEGAS software (Kumar, Tamura & Masatoshi, 2004).
Selected specimens were photographed and deposited in the col-
lection of Zooplankton at El Colegio de la Frontera Sur,
Chetumal, Mexico (ECO-CH-Z).

RESULTS

The 18 newly sequenced specimens analysed yielded five clades,
corresponding to the species Hyalocylis striata, Styliola subula and
three species of Cresers: C. conica, C. virgula and C. ¢lava (these are
the specimens distinguished by the codes HM and KF in Fig. 1
and Table 1). The cluster here identified as C. virgula (Fig. 2B)
also contains specimens previously published as C. virgula f. conica
(Jennings et al., 2010), plus a specimen possibly misidentified as
C. chierchiae from the Indian Ocean (Corse et al., 2013) and has
a bootstrap (BS) value of 98%. The second cluster, identified
as €. conica (Fig. 2A; BS = 77%), also includes specimens origin-
ally published as C. virgula f. virgula (Jennings et al., 2010) and
C. wvirgula conica (Corse et al., 2013) (Table 1). Specimens
grouped in the first cluster are separated from the second cluster
by an average K2P genetic distance of 0.062 (Table 2). The
third group of Creseis in the tree is C. clava (Fig. 2C; BS = 99%)
and includes specimens originally published as C. acicula
(Jennings et al., 2010; Corse et al., 2013). This third group
includes four singletons from the Mediterranean and Indian
Ocean, each of them showing K2P genetic distances above 0.09
with respect to each other and C. clava. A fourth lineage includes
the only other specimen available in GenBank identified as
C. chierchiae and was originally published by Corse et al. (2013).
Two more clusters were obtained, one including two sequences
identified as S. subula (Fig. 2E; BS = 97%) and the other six
sequences of H. striata (Figs 2D, 3A, B; BS = 100%). In the out-
group, Gleba cordata and Corolla spectabilis were separated, as pub-
lished originally by Jennings et al. (2010).

DISCUSSION

Recent surveys of the pteropod fauna of the Caribbean Sea and
adjacent areas of the northwestern Atlantic (Suarez-Morales,
1994; Suarez-Morales & Gasca, 1998; Parra-Flores & Gasca,
2009), as well as from other geographical regions (Oliveira &
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Table 2. Average K2P genetic distances using COI sequence data. Pairwise comparisons between groups of specimens of Creseidae.

C.cl C.co C.vi C.ch C.54 C.52 C.51 C.88 S.s H.s G.c
Creseis clava
Creseis conica 0.196
Creseis virgula 0.195 0.062
Creseis chierchiae 0.204 0.2 0.217
Creseis acicula KC774054 0.12 0.169 0.172 0.208
C. acicula KC774052 0.093 0.159 0.157 0.21 0.119
C. acicula KC774051 0.14 0.215 0.206 0.248 0.122 0.112
C. acicula FJ876888 0.117 0.17 0.181 0.207 0.107 0.083 0.122
Styliola subula 0.309 0.346 0.343 0.314 0.353 0.286 0.363 0.326
Hylaocylis striata 1.286 1.391 1.401 1.288 1.379 1.268 1.425 1.282 1.214
Gleba cordata 1.794 1.813 1.784 1.792 1.843 1.672 1.805 1.866 1.736 1.821
Corolla spectabilis 1.6 1.743 1.77 1.661 1.658 1.542 1.821 1.666 1.551 1.799 0.213

=]
=
o
=

5

0.

Figure 3. A, B. Hyalocylis striata from the Red Sea. C. Cresers chierchiae from the Red Sea. D. C. chierchiae f. constricta from the Red Sea. (SEM images by A.W. Janssen

from material in Naturalis Biodiversity Center, Leiden, The Netherlands, registration numbers RGM 540429, 540430, 540419, 540421, respectively).

Larrazabal, 2002; Larrazabal & Oliveira, 2003; Nigro & Seapy,
2008; Bucklin et al., 2010; Angulo-Campillo, Aceves-Medina &
Avedano-Ibarra, 2011; Corse ¢t al., 2013) have often used out-
dated, invalid or misspelled names. This is also true of the
widely used reference site/database WoRMS (accessed March
2013). Hopefully, the evidence reviewed and presented here
should clarify some of the confusion surrounding the genus
Cresets. Correction of taxonomy also implies that ecological and
biogeographic interpretations (i.e. patterns of distribution,
abundance and vertical migration) of these species may need to
be reevaluated. In pteropods, among other zooplankters, allo-
patric speciation on a geographical scale has been proposed
within some apparently widely distributed morphospecies (e.g.
Hunt et al., 2010; Jennings et al. 2010). However, in the tree
resulting from our analysis (Fig. 1; Table 1) Creseis specimens
from different geographical areas including the Atlantic Ocean,
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Mediterranean Sea, Indian Ocean, Red Sea and Gulf of Aden
grouped closely together in the species-level clusters. An excep-
tion to this pattern was the singletons within the third group,
identified as C. acicula. It is considered unlikely that each of these
divergent samples represents a different species. This situation
could be the result of sequencing errors, but further analyses will
be required to investigate these divergences. Since we detected
no interoceanic differences among the available specimens, dif-
ferentiation of these widespread species among ocean basins is
not supported by the molecular data so far available, although
this is a topic that deserves further study.

Combining the morphological data provided by Janssen
(2007a, b, 2012) and the present results from the barcode ana-
lysis allows us to state that the correct name for specimens
usually identified as C. acicula f. acicula (following van der Spoel,
1967 and van der Spoel & Dadoén, 1999: fig. 6.44) is C. clava
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(Rang, 1828). Creseis acicula f. clava (as depicted by van der Spoel
& Dadon, 1999: figs 6.45, 6.49) and C. virgula f. virgula (van der
Spoel, 1967: fig. 32) should be known as C. conica. Specimens
illustrated as C. virgula f. conica by van der Spoel (1967: fig. 31)
and by van der Spoel & Dadon (1999: fig. 6.47) are C. virgula.

The DNA sequences obtained were useful for the classification
of these species and confirm the results of shell-morphological
studies. These sequences can now be compared with those of
additional museum specimens, thus allowing further advance-
ment in the taxonomic and ecological study of this widespread
and ecologically important group of zooplankters.
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APPENDIX

Key to the Recent species of Creseidae

1A Shell straight, apical angle c. 12—15°, with obliquely situated dorsal furrow (sulcus) forming a

rostrum at apertural margin; protoconch well separated, sharply pointed
1B Shell straight or curved, no dorsal furrow; protoconch with rounded tip

Styliola subula (Quoy & Gaimard, 1827) (Fig. 2E)

2

2A  Shell slightly curved in posterior third, elliptical in transverse section and aperture, with annulated
ornament on teleoconch surface; protoconch usually absent; height to 8 mm

2B  Shell straight or curved, circular in transverse section, surface unornamented or with transverse
annulations (in latter case height < 3 mm); height to 35 mm

3A  Shell small, height <3 mm; apical angle of teleoconch c. 15°; protoconch clearly separated and
swollen

3B  Shell much larger; unornamented (apart from growth lines); protoconch not clearly separated or
swollen

4A  Shell partly or completely ornamented with annulations

4B Shell without annulations

5A  Shell needle-shaped, apical angle c. 3°; height to > 30 mm

5B  Shell apical angle > 3°

6A  Shell straight or gently curved throughout its height, apical angle somewhat variable, to ¢. 11°

6B Shell curved in posterior third only, apical angle > 10° to almost 15°, shell becoming almost

cylindrical towards aperture in adults

Hyalocylis striata (Figs 2D, 3A, B)

Creseis chierchiae (Boas, 1886) (Fig. 3C)

C. chierchiaef. constricta Chen & Bé, 1964 (Fig. 3D)
Creseis clava (Rang, 1828) (Fig. 2C)

6

Creseis conica Eschscholtz, 1829 (Fig. 2A)

Creseis virgula (Rang, 1828) (Fig. 2B)
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