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ABSTRACT
The genus Cyerce Bergh 1871 is a group of heterobranch sea slugs in the family
Caliphyllidae, characterized as having bifid rhinophores, enrolled oral tentacles, multiple
leaf-like cerata, and a transverse groove splitting the foot sole of the animal transversally.
Cyerce currently includes eight to eleven accepted species distributed throughout tropical
and subtropical areas of the Indo-West Pacific, Eastern Pacific, Northern Atlantic,
Caribbean, and Mediterranean. Species of Cyerce are stenotropic herbivores that possess
remarkable adaptations, such as aposematic coloration, synthesis of polypropionates, and
acquisition of plastids from their algal hosts. The evolution of these traits in Cyerce has
not been studied, although observed in other lineages within Sacoglossa. Cladistic
analyses have been performed on Sacoglossa, but species level phylogenetic analyses for
the genus Cyerce are lacking. Morphological studies have been used to distinguish
species of Cyerce in past studies, but the evolutionary relationships among these species
remain undetermined. The objective of this study is to produce a monographic review of
the genus Cyerce using both molecular and morphological data. In order to resolve the
evolutionary relationships among Cyerce species, two mitochondrial genes (CO1, 16S)
and a nuclear gene (H3) were sequenced from one hundred and fifty-four specimens
loaned from museums or collected in the field. Bayesian and Maximum Likelihood
analysis were used to generate phylogenetic trees. A species delimitation analysis with
ABGD was performed using CO1 aligned sequences to delineate species among the
clades recovered in the phylogenetic analyses. The internal anatomy of the Cyerce
specimens was studied to supplement molecular data. This included dissections of the
radula and male reproductive anatomy. A literature review was further conducted to
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investigate the validity of species. Twenty-four genetically distinct species of Cyerce
were recovered from the analyses with diagnostic in differences penial and radular
morphology between species. This study also resulted in novel findings, such as evidence
of fifteen new species of Cyerce. From the fifteen new species, several belong to cryptic
and pseudocryptic species complexes that, without the integration of molecular and
morphological data, would not have been discovered.
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INTRODUCTION
The sea slug genus, Cyerce (Bergh 1871) belongs to the Sacoglossa, a diverse
group of specialized herbivorous gastropods. Cyerce currently includes eight to eleven
valid nominal species, as well as several potentially undescribed species (Valdés and
Camacho-García, 2000; Gosliner et al., 2015). Current valid species of Cyerce include:
Cyerce antillensis (Engel, 1927), Cyerce bourbonica (Yonow, 2012), Cyerce cristallina
(Trinchese, 1881), Cyerce elegans (Bergh, 1871), Cyerce graeca (Thompson, 1988),
Cyerce kikutarobabai (Hamatani, 1976), Cyerce nigra (Bergh, 1871), Cyerce nigricans
(Pease, 1866), Cyerce orteai (Valdés and Camacho-García, 2000), Cyerce pavonina
(Bergh, 1888), and Cyerce verdensis (Ortea and Templado, 1990). However, Cyerce
nigra has been considered to be a color form of Cyerce nigricans (see Rudman, 1999).
Species of Cyerce are found in the subtropical and tropical regions of the Indo-West
Pacific, Eastern Pacific, Caribbean Sea, Mediterranean Sea, and West Africa. However,
the geographic range of individual species of Cyerce varies greatly, with some being
more widespread than others. For example, the geographic range of Cyerce elegans and
Cyerce nigricans cover large portions of the Indo-West Pacific, whereas other species
such as Cyerce orteai and Cyerce verdensis are more geographically restricted.
Additionally, various species of Cyerce have been found sympatrically in the same
geographic regions. Molecular studies of other sacoglossans and marine taxa have
hypothesized sympatric species are influenced by habitat selection and host ecology
(Munday et al., 2004; Krug et al., 2016). Clark and DeFreese (1987) in a Caribbean
ecological study found sacoglossans to be highly specialized in habitat selection.
However, very little is known about the behavior and ecology of most Cyerce species.
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Cyerce nigricans has been observed to be diurnal (Hay et al., 1989), whereas other
species such as Cyerce elegans have been observed to be nocturnal (Rudman, 1999;
Pittman and Fiene, 2003). A possible explanation for the diurnal behavior displayed by
Cyerce nigricans could be attributed to the aposematic coloration and ability to release
toxic polypropionates (Roussis et al., 1989; Cimino and Ghiselin, 1998; Gosliner, 2001).
More perplexing is the behavior of Cyerce cristallina, that is also capable of producing
toxic polypropionates, but has been reported to be nocturnal (Marzo et al., 1991; Marín
and Ros, 2004; Moses et al., 2004; Ortea et al., 2009; Rudman, 2003). Whether other
Cyerce species are capable of synthesizing polypropionates requires further investigation.
While most species of Cyerce are typically found beneath rocks, few are rarely found on
their host (Marcus and Marcus, 1968; Thompson, 1977; Perrone, 1983; Thompson, 1988;
Camacho et al., 2000; Pittman and Fiene, 2010; Gosliner et al., 2015; Kay, 1979). Some
species have been observed to feed on various Chlorophyte green algae, such as
Chlorodesmis, Halimeda, Udotea, and Penicillus (Jensen, 1993a; Jensen, 1993c;
Händeler and Wägele, 2007; Gosliner et al., 2015). Diet specialization has been
hypothesized to play a significant role in sacoglossan radiation and adaptation to new
ecological niches (Jensen, 1993a; Jensen, 1997). Clark (1994) found sacoglossans to be
stenotropic, typically co-occurring with their algal diet. Whether speciation of Cyerce is
being driven by ecological drivers such as diet needs to be further investigated.
Phylogenetic analyses using molecular and morphological data have been used to
reconstruct the evolution of Sacoglossa (Jensen, 1996; Händeler and Wägele, 2007;
Christa et al., 2015; Krug et al., 2015), but a species level analysis for Cyerce is lacking.
Cyerce have been hypothesized to form a monophyletic group (Christa et al., 2015), but a
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recent phylogenetic analysis by Krug et al. (2015) placed the monotypic genus Soghenia
within Cyerce, despite having a drastically different external morphology. Another
phylogenetic analysis (Händeler and Wägele, 2007) placed Cyerce edmundsi within
Cyerce despite the fact that this species has tubules of the digestive enter the cerata
(Thompson, 1977), which is not characteristic of Cyerce. Several undescribed specimens
have been considered to be color forms of Cyerce species but, without a species-level
analysis, we are unable to determine whether these constitute new species or variations of
other species. A taxonomic revision and phylogenetic reconstruction of Cyerce needs to
be conducted to fully understand the species diversity of this genus.
Historically, species of Cyerce have been classified and described using
morphological characters, such as the cerata, radula, and reproductive system (Jensen,
1996). Based on these morphological traits, some species of Cyerce have been
synonymized despite differing in host ecology. For example, the Caribbean species
Cyerce habanensis was synonymized with the morphologically similar species Cyerce
antillensis, despite the fact that they feed on different algal species (Marcus and Hughes,
1984; Ortea and Templado, 1988; Valdés et al., 2006). Although morphological analyses
can be informative, they cannot alone distinguish cryptic species or closely related taxa
(Ornelas and Valdés, 2012; Alexander and Valdés, 2013; Espinoza et al., 2014; Krug et
al., 2018); properly delineating species can only be completed through the integration of
molecular data with morphological characters w. Several studies that have used this
integrative approach have shown species with widespread distributions constituting
species complexes (Kienberger et al., 2016; Valdés et al., 2017; Ghanimi et al., 2020).
Using molecular and morphological data, Polybranchia viridis, a close relative to Cyerce,
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previously considered a single pan-topical species was found to be a species complex
with substantial cryptic diversity (Medrano et al., 2018). Whether the biodiversity of
Cyerce is much higher than assumed will be investigated here.
The objective of this study is to produce a monographic review of the genus
Cyerce using an integrative approach incorporating ecological, molecular and
morphological data. Phylogenetic analyses were conducted to determine the evolutionary
relationships among species of Cyerce and identify undescribed species. A literature
review was conducted to investigate the validity of described Cyerce species.
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Table 1. List of specimens that were sequenced and dissected in this study, with locality information, collection dates, museum voucher numbers, isolate
numbers, and GenBank accession numbers. Species in bold represent sequences obtained from GenBank.
Species

Cyerce sp.10
Cyerce sp.10
Cyerce sp.10
Cyerce sp.10
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Cyerce nigra
Cyerce nigra
Cyerce nigra
Cyerce nigra
Cyerce
nigricans
Cyerce
nigricans
Cyerce
nigricans

Locality

New
Caledonia
New
Caledonia
Madang,
Papua New
Guinea
Vanuatu
Madang,
Papua New
Guinea
Madang,
Papua New
Guinea
Madang,
Papua New
Guinea
Madang,
Papua New
Guinea
Inhambane,
Africa
Inhambane,
Africa
Inhambane,
Africa

Date
Collected

Voucher Number

Isolate

Dissected

GenBank accession numbers
H3

CO1

16S

11-Sep-18

KM202-AV251

AV251

–

Pending

Pending

Pending

29-Sep-18

KR644-AV684

AV684

R/P

Pending

–

Pending

29-Nov-12

CASIZ 191437

MM87

R/P

Pending

–

Pending

–

–

06Van01

–

KM086353

KM204193

13-Nov-12

CASIZ 191170-A

MM84A

P

KM04080
1
Pending

Pending

Pending

13-Nov-12

CASIZ 191170-B

MM84B

–

Pending

Pending

Pending

13-Nov-12

CASIZ 191170-E

MM84E

–

Pending

Pending

Pending

30-Nov-12

CASIZ 191487

MM91

R

Pending

Pending

Pending

6-Feb-08

CASIZ 176993

MM72

P

Pending

Pending

Pending

6-Feb-08

CASIZ 176994

MM73

–

Pending

Pending

Pending

6-Feb-08

CASIZ 176995

MM74

–

Pending

Pending

Pending

Cyerce
nigricans
Cyerce
nigricans
Cyerce
bourbonica
Cyerce
bourbonica
Cyerce
bourbonica
Cyerce
bourbonica
Cyerce
bourbonica
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Cyerce
pavonina
Cyerce orteai
Cyerce orteai
Cyerce orteai
Cyerce orteai
Cyerce orteai
Cyerce orteai
Cyerce orteai
Cyerce orteai

Madagascar
Madagascar
Bali, Indonesia
Maui,
Hawaiian
Islands
Maui,
Hawaiian
Islands
Marshall
Islands
Madang,
Papua New
Guinea
Luzon Island,
Philippines
Nayarit,
Mexico
Nayarit,
Mexico
Nayarit,
Mexico
Nayarit,
Mexico
Nayarit,
Mexico
Nayarit,
Mexico
Puntarenas,
Costa Rica
Puntarenas,
Costa Rica

30-Apr/6May-10
30-Apr/6May-10
25-Oct-00

CASIZ 194048

MM93

–

Pending

–

Pending

CASIZ 194083

MM94

–

–

Pending

Pending

CASIZ 142130

MM71

–

Pending

Pending

Pending

27-Nov-08

CASIZ 180338

MM75

–

Pending

Pending

Pending

1-Apr-10

CASIZ 182729

MM77

R/P

Pending

Pending

Pending

12-Apr-10

CASIZ 185099-A

MM78A

–

Pending

Pending

Pending

Nov/Dec-12

CASIZ 190808

MM83

–

Pending

Pending

Pending

18-May-14

CASIZ 202132

MM42

R/P

Pending

Pending

Pending

–

MM104A

–

Pending

–

Pending

MM104B

–

Pending

Pending

Pending

MM104C

–

Pending

–

Pending

MM104D

–

Pending

–

Pending

MM104E

–

Pending

Pending

Pending

17-Feb-08

LACM #153499A
LACM #153499B
LACM #153499B
LACM #153499B
LACM #153499E
LACM #175024

MM107

–

Pending

Pending

Pending

29-Jan-99

CASIZ 115230A

MM43A

–

Pending

–

–

29-Jan-99

CASIZ 115230A

MM43B

–

Pending

–

–

–
–
–
–

Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
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Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
Cyerce
cristallina
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis

Fort
Lauderdale,
Florida
Lauderdale By
the Sea,
Florida
Lauderdale By
the Sea,
Florida
Florida, USA

25-Jul-14

CPIC #01135

MM97

–

Pending

Pending

Pending

5-Jul-14

CPIC #01142

MM98

R/P

Pending

Pending

Pending

22-Jun-14

CPIC #01141

MM99

–

Pending

Pending

Pending

9-Jun-19

–

B91

–

Pending

–

Pending

Florida, USA

27-Jul-19

–

B94

–

Pending

–

Pending

Florida, USA

29-Jul-19

–

B99

–

Pending

–

Pending

Florida, USA

9-Aug-19

–

B101

–

Pending

–

–

Florida, USA

11-Aug-19

–

B103

–

Pending

–

–

Florida, USA

8-Aug-19

–

B108

–

Pending

–

Pending

Florida, USA

11-Aug-19

–

B109

–

Pending

–

Pending

Bocas del
Torro, Panama
Bocas del
Torro, Panama
Bocas del
Torro, Panama
Bocas del
Torro, Panama
Bocas del
Torro, Panama
Bocas del
Torro, Panama

25-Jul-15

CPIC #01436

MM51

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

–
27-Jul-15

CPIC #01441-A

MM56A
–

27-Jul-15

CPIC #01441-B

MM56B
–

27-Jul-15

CPIC #01441-C

MM56C
–

27-Jul-15
30-Jul-15

CPIC #01441-E
CPIC #01442

MM56E
MM57

–
–

Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce sp. 1
Cyerce sp. 1
Cyerce sp. 2
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Cyerce sp. 2
Cyerce sp. 2
Cyerce sp. 2
Cyerce sp. 3
Cyerce sp. 5
Cyerce sp. 5

Florida, USA

19-Jul-03

Netherlands
Antilles,
Caribbean Sea
Bahamas

16-Aug-04 to
25-Aug-04

LACM #200344.3
LACM #200494.9

–

Bahamas
Oahu,
Hawaiian
Islands
Maui,
Hawaiian
Islands
Madang,
Papua New
Guinea
Madang,
Papua New
Guinea
Romblon
Province,
Philippines
Viasayas,
Philippines
Romblon
Province,
Philippines
Madang,
Papua New
Guinea
Madang,
Papua New
Guinea

MM105

–

Pending

–

Pending

MM109A

P

Pending

–

Pending

0209Bah045

U4

–

Pending

Pending

Pending

–

0209Bah046

U5

–

Pending

Pending

Pending

25-Jun-18

CPIC 02301

KG02

R/P

Pending

Pending

–

–

–

MM26

R

Pending

Pending

Pending

19-Nov-12

CASIZ 191324

MM86

–

Pending

Pending

Pending

8-Dec-12

CASIZ 191605

MM92

–

Pending

Pending

Pending

3-Apr-17

CASIZ 222039

KM26

R/P

Pending

Pending

Pending

4-Apr-16

CASIZ 217329

KM29

–

Pending

Pending

Pending

–

CASIZ 222096

KM28

–

Pending

Pending

–

–

CASIZ 190784

MM82

R/P

Pending

Pending

Pending

17-Nov-12

CASIZ 191278

MM85

R/P

Pending

Pending

Pending

Cyerce sp. 5

26-Nov-12

CASIZ 191438

MM88

–

Pending

Pending

Pending

30-Nov-12

CASIZ 191487

MM90

–

Pending

Pending

Pending

6-Aug-07

CASIZ 181975

MM76

R/P

Pending

Pending

Pending

23-Sep-18

KM315-AV484

AV484

–

Pending

Pending

Pending

23-Sep-18

KM315-AV487

AV487

R

Pending

Pending

Pending

–

WAM 71546

WAM71546

_

Pending

Pending

Pending

Cyerce sp. 9

Madang,
Papua New
Guinea
Madang,
Papua New
Guinea
Marshall
Islands
New
Caledonia
New
Caledonia
Dampier,
Western
Australia
Red Sea

13-Oct-16

SIOBIC M15387

SIOM15387

–

Pending

Pending

Pending

Cyerce sp. 9

Red Sea

12-Oct-16

SIOBIC M15705

SIOM15705

–

Pending

Pending

Pending

Cyerce sp. 11

New
Caledonia
New
Caledonia
New
Caledonia
New
Caledonia
New
Caledonia
Luzon Island,
Philippines
Luzon Island,
Philippines
Madang,
Papua New
Guinea

9-Apr-18

KM260-AV16

AV16

–

Pending

–

Pending

9-Apr-18

KM200-AV17

AV17

R/P

–

Pending

Pending

9-Apr-18

KM301-AV162

AV162

–

Pending

Pending

Pending

9-Apr-18

KM301-AV163

AV163

R/P

Pending

Pending

Pending

9-Apr-18

KM301-AV165

AV165

–

Pending

Pending

–

30-Mar-17

CASIZ 222101

KM27

R/P

Pending

Pending

Pending

12-May-14

CASIZ199264

MM20

R/P

Pending

Pending

Pending

27-Nov-12

CASIZ 191446

MM89

R/P

Pending

Pending

Pending

Cyerce sp. 5
Cyerce sp. 6
Cyerce sp. 7
Cyerce sp. 7
Cyerce sp. 8
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Cyerce sp. 11
Cyerce sp. 11
Cyerce sp. 11
Cyerce sp. 11
Cyerce elegans
Cyerce elegans
Cyerce elegans

Cyerce sp. 12

30-Jul-18

CPIC 02305

KM55

–

Pending

Pending

–

2018

–

KM56

–

Pending

–

Pending

2018

–

KM65

–

Pending

Pending

–

2018

–

KM66

R/P

Pending

Pending

–

2018

–

KM67

–

Pending

–

–

2018

–

KM68

–

Pending

Pending

–

KM69

–

Pending

Pending

–

Cyerce sp. 2

Tampa,
Florida
Tampa,
Florida
Tarpon
Springs,
Florida
Tarpon
Springs,
Florida
Tarpon
Springs,
Florida
Tarpon
Springs,
Florida
Tarpon
Springs,
Florida
Guam

Sep-2001

–

09Gua01

R/P

KM086356

KM204196

Cyerce sp. 2

Guam

Sep-2010

–

09Gua10

–

KM04080
4
Pending

Pending

Pending

Cyerce nigra

Guam

Sep-2001

–

09Gua01

–

Pending

KM204194

Cyerce nigra

Guam

Sep-2007

–

09Gua07

R/P

KM04080
2
Pending

Pending

Pending

Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis

Dominica,
Caribbean Sea
Dominica,
Caribbean Sea
Dominica,
Caribbean Sea

Jul-2004

–

07Dom04

–

Pending

–

–

Jun-2004

–

06Dom04

–

–

Pending

–

Jun-2003

–

06Dom03

–

–

Pending

Pending

Cyerce
habanensis

Dominica,
Caribbean Sea

Jun-2001

–

06Dom01

–

–

Pending

–

Cyerce sp. 12
Cyerce sp. 12
Cyerce sp. 12
Cyerce sp. 12
Cyerce sp. 12
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Cyerce sp. 12

2018
–

Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis

11

Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis
Cyerce
habanensis

Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Little San
Salvador,
Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Bimini,
Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Dominica,
Caribbean Sea
Little San
Salvador,
Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas

Jul-2017

–

07Swe17

–

Pending

Pending

Pending

Jul-2013

–

07Swe13

–

KM086357

KM204197

Jul-2001

–

07SSal01

–

KM04080
5
Pending

Pending

Pending

Jul-2012

–

07Swe12

–

Pending

Pending

Pending

Jul-2014

–

07Swe14

–

Pending

Pending

Pending

Oct-2001

–

10Swe01

–

Pending

Pending

Pending

Oct-2003

–

10Swe03

–

Pending

Pending

Pending

Oct-2001

–

10Bim01

R/P

Pending

Pending

Pending

Jul-2011

–

07Swe11

–

Pending

Pending

Pending

Jul-2018

–

07Swe18

–

Pending

Pending

Pending

Oct-2002

–

10Swe02

–

Pending

Pending

Pending

Jun-2005

–

06Dom05

–

Pending

Pending

Pending

Jul-2001

–

07SSal01

–

Pending

Pending

Pending

Jul-2015

–

07Swe15

–

Pending

Pending

Pending

Oct-2004

–

10Swe04

–

Pending

Pending

Pending

Jul-2012

–

07Swe12

–

Pending

Pending

Pending

Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
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Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis

Little San
Salvador,
Bahamas
Dominica,
Caribbean Sea
Sweetings
Cay, Bahamas
Little San
Salvador,
Bahamas
Sweetings
Cay, Bahamas
Stirrup Cay,
Bahamas
Stirrup Cay,
Bahamas
Stirrup Cay,
Bahamas
Stirrup Cay,
Bahamas
Bimini,
Bahamas
Stirrup Cay,
Bahamas
Stirrup Cay,
Bahamas
Bimini,
Bahamas
Bocas del
Torro, Panama
Sweetings
Cay, Bahamas
Stirrup Cay,
Caribbean Sea

Jul-2004

–

07LSS04

R/P

Pending

Pending

Pending

Jul-2001

–

07Dom01

–

Pending

Pending

Pending

Jul-2009

–

07Swe09

–

Pending

Pending

Pending

Jul-2001

–

07LSS01

–

Pending

Pending

Pending

Jul-2004

–

07Swe04

–

Pending

Pending

Pending

Jul-2004

–

07Stir04

–

Pending

Pending

Pending

Jul-2009

–

07Stir09

–

Pending

Pending

Pending

Jul-2006

–

07Stir06

–

Pending

Pending

Pending

Jul-2010

–

07Stir10

–

Pending

Pending

Pending

Oct-2003

–

10Bim03

R/P

Pending

Pending

Pending

Jul-2005

–

07Stir05

–

Pending

Pending

Pending

Jul-2003

–

07Stir03

–

Pending

Pending

Pending

Oct-2002

–

10Bim02

–

Pending

Pending

Pending

Apr-2001

–

04Bocas01

–

Pending

Pending

Pending

Jul-2007

–

07Swe07

–

Pending

Pending

Pending

Jul-2004

–

07Stir04

–

Pending

Pending

Pending

Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce
antillensis
Cyerce sp. 12

Cyerce sp. 13

Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Sweetings
Cay, Bahamas
Panama,
Caribbean Sea
Tampa,
Florida
Plana Cays,
Caribbean Sea
Stirrup Cay,
Caribbean Sea
Sweetings
Cay, Bahamas
Jamaica

Cyerce sp. 13

Jamaica

Jun-2003

–

06Jam03

–

Pending

Pending

Pending

Cyerce sp. 13

Jamaica

Jun-2007

–

06Jam07

–

Pending

Pending

Pending

Cyerce sp. 13

Jamaica

Jun-2001

–

06Jam01

–

Pending

Pending

Pending

Cyerce sp. 13

Jamaica

Jun-2005

–

06Jam05

P

Pending

Pending

Pending

Cyerce sp. 13

Jamaica

Jun-2006

–

06Jam06

Pending

Pending

Pending

Cyerce sp. 13

Jamaica

Jun-2009

–

06Jam09

R/P

Pending

Pending

Pending

Cyerce sp. 14

Stirrup Cay,
Caribbean Sea
Summerland
Keys, Florida
Keys
Summerland
Keys, Florida
Keys

Jul-2001

07Stir01

–

Pending

Pending

Pending

12Sum02

–

Pending

Pending

Pending

12Sum01

–

Pending

Pending

Pending

Cyerce sp. 12
Cyerce sp. 12
Cyerce sp. 12
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Cyerce sp. 15
Cyerce sp. 15

Jul-2010

07Swe10

–

Pending

Pending

Pending

07Swe06

–

Pending

Pending

Pending

07Swe02

–

Pending

Pending

Pending

04Pan01

–

KM879893

KM204192

06Tam01

–

KM04080
0
Pending

Pending

Pending

07Pla01

R

Pending

Pending

Pending

07Stir02

R/P

Pending

Pending

Pending

–
Jul-2006
–
Jul-2002
–
Apr-2001
Jun-2001

–
–

Jul-2001
–
Jul-2002
–
Jul-2003

07Swe03

R/P

Pending

Pending

Pending

Jun-2004

–
–

06Jam04

–

Pending

Pending

Pending

–
Dec-2002
–
Dec-2001
–

Cyerce sp. 15
Cyerce sp. 15
Cyerce sp. 15
Cyerce sp. 15
Cyerce
bourbonica
Cyerce sp. 4
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Cyerce cf.
edmundsi
Cyerce sp.
Cyerce orteai
Cyerce sp. 3
Cyerce sp. 2
Cyerce sp. 1
Cyerce sp. 2
Cyerce sp. 1
Cyerce
nigricans

Summerland
Keys, Florida
Keys
Summerland
Keys, Florida
Keys
Geiger Beach,
Key West
Geiger Beach,
Key West
Lizard Islands,
Australia
Florida Keys,
USA
–

Dec-2003

12Sum03

–

Pending

Pending

Pending

12Sum04

–

Pending

Pending

Pending

–
Dec-2004
–
Sep-2001

09Gei01

–

Pending

Pending

Pending

Oct-2001

–
–

10Gei01

R/P

Pending

Pending

Pending

–

–

721_LIC

–

Pending

Pending

Pending

–

1460625

–

–

KF921425

KF921379

KF921324

–

483985

–

–

–

–

EU140842

Horsehoe Pit,
Spanish
Harbour Key
Nayarit,
Mexico
Guam

–

1582513

–

–

–

KM879891

–

–

1522327

–

–

KM086355

KM204195

–

1460392

–

–

KM04080
3
KF921428

KF921381

KF921313

Lizard Island/
Australia
Lizard
Island/Australi
a
Lizard
Island/Australi
a
Lizard Island/
Australia
Eagle Island,
Australia

12-Sep-2004

698690

–

–

–

GQ996659

EU140844

–

1460390

–

–

KF921426

KF921380

–

–

1460391

–

–

KF921427

–

–

25-Jul-2005

483989

–

–

–

–

EU140845

259548

–

–

–

DQ237995

EU140843

–

Mourgona
germainae
Polybranchia
orientalis

–

–

1460389

–

–

KF921429

KF921382

KF921326

–

–

483980

MM129

–

MH08718
3

MH087153

MH087124

Sohgenia sp. 1

–

Oct-2001

1524678

10Jap01

–

KM04091
1

KM086438

KM204297

Sohgenia
palauensis

–

Sep-2001

1522356

09Gua01

–

KM04091
0

KM08643

KM204296

–

380564

EE74

–

KF411406

KF411397

KF411385

Costasiella
ocellifera

Bahamas
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MATERIALS AND METHODS
Source of specimens
One hundred and fifty-four specimens of Cyerce were used in the analyses (Table
1). Thirty-five specimens were collected and preserved in the field and deposited at the
research collections of the California State University Los Angeles (LACM) and the
California State Polytechnic University, Pomona (CPIC). Additional specimens were
obtained from the collections at the California Academy of Sciences, San Francisco
(CASIZ), Natural History Museum of Los Angeles County (LACM), the Western
Australian Museum (WAM), and the Museum National d'Histoire Naturelle, Paris
(NHMN). Type material for described and/or synonymized species of Cyerce were
inquired from the following museum collections: Natural History Museum of London
(NHMUK), Natural History Museum of Denmark (ZMUC), Naturalis Biodiversity
Center of Leiden (ZMA/RMNH), University of Costa Rica [Instituto Nacional de
Biodiversidad de Costa Rica] (INBio), Senckenberg Museum of Frankfurt (SMF),
Scripps Institution of Oceanography (SIOM), Museo Nacional de Ciencias Naturales
(MNCN), Museo Insular De Ciencias Naturales of Tenerife (MUNA), Zoological
Museum of Hamburg (ZMH), and Smithsonian National Museum of Natural History
(NMNH) . Specimens loaned from museum collections were collected in the field and
preserved in 70–100% ethanol. Specimens that were preserved in Bouin’s formalin were
examined, however, molecular data could not be attained for these specimens. Sequences
of Cyerce were obtained from Genbank (NBCI) and were included in phylogenetic
analyses (Table 1). Type material of newly described species were deposited at the
CASIZ and NHMN.
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DNA Extractions
DNA extractions were conducted using a Chelex hot protocol. Approximately 2.0
mg of tissue from one ceras or the foot of each specimen was homogenized and placed in
1 ml of TE buffer for a maximum time of 24 hours. The homogenized tissue was
centrifuged and 975 µl of supernatant was removed from the sample. Once the remaining
supernatant was removed, 175 µl of 10% Chelex 100 Resin (Bio-Rad, CA) was placed
into the sample containing the pelleted tissue. Samples were incubated at 70 °C for 20
minutes and transferred to a heating block set at 100 °C for 8 minutes. The samples were
then stored in 20 °C and supernatant was used for polymerase chain reaction (PCR). The
DNA extraction protocol, EZNA Mollusc DNA kit (Omega Bio-Tek) was also used to
extract specimens that did not yield DNA when extracted with the Chelex hot protocol.
For EZNA extractions, the manufacturer's protocol was followed with the exception of
the tissue lysis step that was extended overnight.

Table 2. Nuclear (H3) and mitochondrial (CO1, 16S) genes used for phylogenetic and species delimitation
analyses. Forward and reverse primers used to amplify each gene.
Gene

Primer: Forward sequence

Primer: Reverse sequence

Cytochrome c
oxidase 1 (CO1)

LCO1490 (Folmer et al., 1994)
5’GGTCAACAAATCATAAAGAT
ATTGG-3’

HCO2198 (Folmer et al., 1994)
5’TAAACTTCAGGGTGACCAAAAA
ATCA-3

16S rRNA (16S)

16Sar-L (Palumbi, 1996)
5’CGCCTGTTTATCAAAAACAT3’

16Sbr-H (Palumbi, 1996)
5’CCGGTCTGAACTCAGATCACGT3’

Histone H3 (H3)

Hex AF (Colgan et al., 1998)
5’ATGGCTCGTACCAAGCAGAC
GGC-3

Hex AR (Colgan et al., 1998)
5’ATATCCTTGGGCATGATGGTGAC
-3’
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DNA amplification and sequencing
The two mitochondrial genes, cytochrome c oxidase I (CO1) and ribosomal RNA
(16S), and the nuclear gene histone H3 (H3) were amplified using universal primers
through polymerase chain reaction (PCR) (Table 2). Each PCR tube contained a total of
50 µl, that included: 0.25 µl of 5 mg mL-1 DreamTaq (ThermoFischer Scientific, CA),
5.00 µl of DreamTaq PCR Buffer (ThermoFischer Scientific, CA), 1.00 µl of 40 mM
deoxynucleotide triphosphates, 1.00 µl of 10 µm primer 1, 1.00 µl of 10 µm primer 2,
37.25 µl of deionized water, and 2.00 µl of extracted DNA. The reactions were run with
the following thermal cycler conditions for each gene. The thermal cycler conditions for
CO1 are as follows: initial denaturation of 95 °C for 3 minutes, 35 cycles of 94 °C for 45
seconds, 45 °C for 45 seconds, 72 °C for 2 minutes, followed by an elongation step of 10
minutes at 72 °C. The conditions for 16S are as follows: initial denaturation of 94 °C for
2 minutes, 30 cycles of 94 °C for 30 seconds, 44 °C for 30 seconds, 68 °C for 1 minute,
followed by an elongation step at 68 °C for 7 minutes. The conditions for H3 are as
follows: initial denaturation of 94 °C for 2 minutes, 30 cycles of 94 °C for 30 seconds,
57.2 °C for 30 seconds, 68° C for 1 minute, followed by an elongation step at 68° C for 7
minutes.
Agarose gel electrophoresis with ethidium bromide was performed to determine
whether the gene was amplified. PCR products with successful amplified DNA were
purified using the ThermoScientific geneJET PCR Purification kit (Thermo Fisher
Scientific, Inc., San Jose, CA) and quantified with a Nanodrop 1000 Spectrophotometer.
Purified PCR samples were sent to Source Bioscience laboratories (Santa Fe Springs,
CA) for sanger sequencing. The sequences retrieved from Source Bioscience were
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assembled and extracted using Geneious 11.1.5 (Kearse et al., 2012). Sequences were
aligned through Geneious using the built in Multiple Sequence Comparison by Log
Expectation (MUSCLE) (Kumar et al., 2016) program with default parameters.

Phylogenetic Analyses
Phylogenetic analyses were conducted using Bayesian Inference (BI) and
Maximum Likelihood (MI) methods, using a concatenated alignment of all three genes,
with Costasiella ocellifera as the outgroup. Although Costasiella ocellifera is not closely
related to Cyerce, it belongs in family Limapontiidae, which is sister to Caliphyllidae, the
family to which Cyerce belongs (Händeler and Wägele, 2007; Krug et al., 2015).
GenBank sequences for Sohgenia sp. 1, Sohgenia palauensis, Polybranchia orientalis,
and Mourgona germainae were also included in the analyses to investigate the
relationships between these closely related groups (Table 1). The Bayesian Inference (BI)
analysis was conducted with MrBayes 3.2 (Ronquist et al., 2012) with four chains run for
500000 Markov-chain Monte Carlo (MCMC) generations, and the GTR model for all
three genes. Trees were pooled from all runs, with the first 25% discarded (burn-in).
Posterior probabilities (PP) greater than or equal to 0.90 are considered supported
(Huelsenbeck and Rannala, 2004). The Maximum Likelihood (ML) analyses was with
RAxML 8.0 (Stamatakis, 2013) with 10000 bootstraps, and the GTR model for all three
genes. Bootstrap values (BS) greater than or equal to 70% are considered supported
(Hillis and Bull, 1993).

19

Species Delimitation Analysis
A species delimitation analysis was performed on the mitochondrial gene CO1
data using the Automated Barcode Gap Discovery (ABGD; Puillandre et al., 2012)
program. Approximately one hundred and twenty-three sequences of Cyerce were
included the analysis. Pairwise distances for CO1 were calculated using the Mega 7.0.16
(Kumar et al., 2016) program, applying the Tamura Nei (TrN) model. Mega output files
containing the pairwise distance matrices were uploaded to the ABGD program. For CO1
analyses, an initial value of pmin = 0.001, pmax = 0.1, and a modified minimum relative
gap width <1.3 was implemented (Krug et al., 2016; Berriman et al., 2018).

Morphology
The external morphology of between one to four specimens for each species,
depending on availability and quality of specimens, were examined (Table 1). Images of
the live specimens were used for species descriptions and were compared to one another
to identify morphological traits characteristic of each species. The buccal mass was
removed from the anterior portion of head and placed in 10% sodium hydroxide (NaOH)
for 1–3 days to remove any soft tissue surrounding the radula. The radula was then rinsed
with distilled water to remove the NaOH. If tissue surrounding the radula did not
completely dissolved, the remainders of the buccal mass were submerged in 200 µl of TL
buffer with 25 µl of proteinase K and placed into a heating water bath set at 56 °C and
left overnight. Any remaining tissue on the radula was removed manually, then the radula
was rinsed with distilled water, mounted on a stub and sputter coated for examination
under a LEO/Zeiss 1450 VP or a Jeol JSM-6010 variable pressure scanning electron
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microscope (SEM) at the California Academy of Sciences, San Francisco and the
California Polytechnic State University, Pomona, respectively.
The male copulatory organs of 40 preserved specimens were dissected and
subjected to a stain and mounting procedure in order to view the penial spine (Table 1).
Each penis was placed in an acid fuchsin stain solution created with 70% ethanol (EtOH)
for approximately 15 seconds until the tissue turned pink. This was followed by placing
the penis through a series of dehydrations in 95% and 100% EtOH. The penis was placed
in xylene for clearing before being mounted in mounting medium on a microscope slide
and photographed under a Nikon Eclipse E400 compound microscope.
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RESULTS
Phylogenetic Analyses
ML and BI analyses of the concatenated alignment of all three genes recovered 24
distinct lineages of Cyerce (PP ≥ 0.90, BS ≥ 70) (Fig. 1). Sohgenia sp. 1 and Sohgenia
paluaensis were recovered as closely related to Cyerce, but did not fall within the same
clade as Cyerce. Polybranchia orientalis and Mourgona germainae did form a clade
sister to Cyerce. The ML analysis did not resolve the relationships between Cyerce and
the other sacoglossan genera. Both BI and ML analyses supported three main clades in
Cyerce (Fig. 1). The first clade consists of lineages from the Indo-West Pacific. Within
this first clade, two well supported subclades were recovered. One subclade consisted of
two sister lineages: a lineage composed of a specimen from Western Australia and the
other lineage composed of specimens that had been identified as Cyerce bourbonica from
the West Pacific. The second subclade consisted of two sister lineages: a lineage
composed of a specimen from the Marshall Islands and the other lineage composed of
specimens from the West Pacific.
The second clade consists of several lineages from the Caribbean Sea and IndoPacific. Within this second clade, a subclade of lineages from the Indo-Pacific was
recovered. Within this subclade, specimens identified as Cyerce elegans formed four well
supported clades. These clades were recovered as the following: one clade composed of
specimens from the Red Sea; one clade composed of specimens from the West Pacific
(Vanuatu, Papua New Guinea, New Caledonia); one clade composed of specimens from
New Caledonia; and one clade composed of specimens from West Pacific (Papua New
Guinea, Philippines). Specimens identified as Cyerce pavonina constituted two distinct
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lineages: one lineage composed of a specimen from the Philippines and the other lineage
composed of specimens from Papua New Guinea. These two West-Pacific lineages form
a sister clade to two other distinct lineages from the Central and Eastern Pacific. The two
other distinct lineages include the following: a lineage composed of specimens from the
Hawaiian Islands and the other lineage composed of specimens that had been identified
as Cyerce orteai from the Eastern Pacific. Within the second clade, specimens identified
as Cyerce cristallina from the Caribbean were recovered as a well-supported clade, but
the relationship between Cyerce cristallina to all other lineages within this clade remains
unresolved. Within the second clade, a well-supported subclade of lineages from the
Caribbean Sea was recovered. Within this subclade, specimens identified as Cyerce
antillensis formed six distinct lineages. These lineages were recovered as the following:
one lineage composed of specimens from mainland Florida and the Bahamas; one lineage
composed of specimens from Jamaica; one lineage composed of a specimen from the
Bahamas; one lineage composed of specimens from the Florida Keys; one lineage
composed of specimens from Panama, Bahamas, and Dominica; and one lineage
composed of specimens from Panama, Dominica, mainland Florida, Florida Keys,
Curaçao, and the Bahamas.
The third clade contained lineages from the Indo-West Pacific. Within this third
clade, specimens that had been identified as Cyerce nigricans were recovered as three
distinct lineages. The lineages were recovered as the following: one lineage consisting of
specimens from New Caledonia; one lineage consisting of specimens from the Indian
Ocean (Madagascar, South Africa); and a lineage consisting of a specimen from the
north-eastern coast off Australia. A lineage composed of a specimen from the Philippines
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was recovered as distinct. Specimens that had been identified as Cyerce nigra from the
West Pacific were recovered as a well-supported clade.
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Figure 1. Bayesian concatenated tree of all three genes (16S, CO1, H3) recovered 24 distinct lineages of
Cyerce. Species of Mourgona, Polybranchia, and Sohgenia were included in BI and ML analyses. Posterior
probabilities (above branches) greater than or equal to 0.90 and ML bootstrap values (below branches)
greater than or equal to 70 considered well supported. Dashed lines are separating the three main clades
recovered within Cyerce. Costasiella ocellifera was used as the outgroup. Isolates color-coded by
geographical region.
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Species Delimitation Analysis
ABGD analysis of the mitochondrial CO1 sequences delineated 24 candidate
species, which correspond to the lineages recovered in BI and ML analyses (Table 3). An
additional candidate species was recovered by the ABGD analysis that was not initially
detected in phylogenetic analyses, specifically a specimen of Cyerce nigricans (GenBank
accession number DQ237995) from Australia. ABGD delineated this species as distinct
from Cyerce nigricans from the Indian Ocean and New Caledonia. The ABGD analysis
recovered Cyerce antillensis as six candidate species and Cyerce elegans as four
candidate species.

Morphological Analyses
There were consistent external morphological differences between most
clades/candidate species of Cyerce recovered by phylogenetic and species delimitation
analyses. Internal morphology was also distinct among candidate species with
reproductive and radular morphology revealing diagnostic differences. Morphological
characteristics are described below for each candidate species, along with a review of the
literature history on their systematics.
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Table 3. Candidate species recovered from ABGD analysis of CO1 sequences. Accession numbers that are
in bold represent CO1 sequences retrieved from GenBank.
Species

CO1

Cyerce nigra

09Gua01, 09Gua07, MM84B, MM91

Cyerce nigricans

MM74, MM72, MM94, MM73

Cyerce sp. 7

AV484, AV487

Cyerce sp. 3

KM28

Cyerce sp. 8

WAM71546

Cyerce sp. 2

09Gua01, 09Gua10, MM92, MM86, KM26, KM29, KF921381

Cyerce sp. 6

MM76

Cyerce bourbonica
Cyerce pavonina

LizIs721, MM75, MM78A, MM83, MM71, MM77, KF921380,
GQ996659
MM42

Cyerce sp. 5

MM82, MM90, MM85, MM88

Cyerce orteai

MM104B, MM104E, MM107

Cyerce sp. 1

MM26, KG02

Cyerce cristallina

MM97, MM98, MM99

Cyerce antillensis

07LSS04, 10Bim03, 04Pan01, 07Swe09, 07Stir03, 07Dom01, 07LSS01,
07Swe04, 07Stir06, 07Stir10, 07Stir09, 07Stir05, 10Bim02, 04Bocas01,
07Swe07, 07Stir04, 07Swe10, 07Swe06, 07Swe02
07Stir02, KM65, KM66, KM68, KM69, KM55, 07Pla01, 07Swe03,
06Tam01
06Jam05, 06Jam01, 06Jam03, 06Jam04, 06Jam06, 06Jam07,
06Jam08_09_10

Cyerce sp. 12
Cyerce sp. 13

Cyerce sp. 14

07Stir01

Cyerce sp. 15

09Gei01, 10Gei01, 12Sum02, 12Sum01, 12Sum03, 12Sum04

Cyerce habanensis

Cyerce elegans
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Figure 2. Stained and mounted penial stylets of Cyerce species. Black arrow indicating stylet on penis. [A]
Cyerce sp. 1, isolate KG02 (CPIC 02301). [B] Cyerce sp. 2, isolate KM26 (CASIZ 222039). [C] Cyerce sp.
3, isolate KM28 (CASIZ 222096). [D] Cyerce sp. 5, isolate MM85 (CASIZ 191278). [E] Cyerce sp. 6,
isolate MM76 (CASIZ 181975). [F] Cyerce sp. 8, isolate (WAM S110017). [G] Cyerce kikutarobabai,
(CASIZ 172614A). [H] Cyerce sp. 10, isolate AV684 (NHMH KR644-AV684). [I] Cyerce sp. 11, isolate
AV17 (NHMH KM200-AV17).
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Figure 3. Stained and mounted penial stylets of Cyerce species. Black arrow indicating location of stylet on
penis. [A] Cyerce antillensis, isolate 10Bim03. [B] Cyerce sp. 12, isolate KM66. [C] Cyerce sp. 13, isolate
06Jam05. [D] Cyerce habanensis, isolate 10Bim01. [E] Cyerce nigra, isolate 09Gua07. [F] Cyerce
nigricans, isolate MM72 (CASIZ 176993). [G] Cyerce bourbonica, isolate MM77 (CASIZ 182729). [H]
Cyerce cristallina, isolate B101. [I] Cyerce pavonina, isolate MM42 (CASIZ 202132).
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SYSTEMATICS
Family Caliphyllidae Tiberi, 1881
Genus Cyerce Bergh, 1871
Cyerce Bergh, 1871: 98. Type species: Cyerce elegans Bergh, 1871 (by monotypy).
Lobifera Pease, 1866: 206. Type species: Cyerce nigricans Pease, 1866 (by subsequent
designation).
Lobiancoia Trinchese, 1881: 116. Type species: Cyerce cristallina Trinchese, 1881 (by
subsequent designation).
Diagnosis
Foot bifurcated with transverse groove. Body oval, wider anteriorly, tapering posteriorly.
Pericardium elevated, oval, papillate or smooth. Anal papillae antero-medially situated
between right rhinophore and pericardium. Head with bifurcated rhinophores, and
ventral, enrolled oral tentacles shorter than rhinophores. Eyespots at base of rhinophores.
Several dorsal leaf-like cerata along both sides of body, lacking tubules of the digestive
gland; cerata able to autotomize and regenerate. Cerata morphology variable, from bold
to light coloration. Pharyngeal pouch attached to buccal bulb, variable in size. Radula
with single row of teeth, constituting a descending and ascending limb, ascus at the base
of descending limb. Ascus with several pre-radular teeth of variable sizes. Radular teeth
smooth, wide base. Radular teeth morphology variable from elongate and slim to short
and moderately wide. Teeth with two rows of denticles along either side. Penis with stylet
at opening.

Remarks
Bergh (1871) first introduced the genus Cyerce for the new species Cyerce nigra Bergh,
1870 and Cyerce elegans Bergh, 1871. However, a few years earlier Pease (1866) had
described a new species as Lobifera nigricans, closely resembling the specimen of
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Cyerce nigra described by Bergh, 1871. Pease (1866) had introduced the genus Lobifera
for replacement of the genus Polybranchia and assigned the genus name to two
additional species, one of which was Lobifera nigricans. However, Pease (1871) later
reverted the genus name of Lobifera to Polybranchia to describe specimens with lobes of
the digestive gland entering the cerata, a trait not described for Lobifera nigricans. Bergh
(1871) introduced the genus Cyerce to describe specimens with a dorsal anus, armed
penis, short crop, elongated oral teeth, a foot with transverse groove, and cerata without
tubules of the digestive gland. Although, the description of Lobifera nigricans by Pease
(1866) was short and lacking details of the internal anatomy, significant external
morphological traits such as the presence of a transverse groove across the foot and fanlike cerata suggests this species belongs to Cyerce. Comparisons of the external
morphology of Cyerce nigricans Pease, 1866 and Cyerce nigra Bergh, 1870 are further
elaborated under the Cyerce nigricans Pease, 1866 species description below. Trinchese
(1881) introduced the genus Lobiancoia for a new species, Lobiancoia cristallina
collected from the Mediterranean. Trinchese (1881) described Lobiancoia cristallina as
having bifid rhinophores, head angled with ‘auriform tentacles’, a transverse groove
dividing the foot, compressed dorsal papillae along both sides of the animal without
‘lobes of the liver’ or ‘cnidosacs’, and an anal papilla located to the right and front of the
pericardial hump. Pelseneer (1892) had also described a new species from the
Mediterranean as Cyerce jheringi, suggesting the specimen belonged to the genus Cyerce
Bergh, 1871. However, Pruvot-Fol (1954) synonymized the genus Cyerce to Lobifera,
despite Pease (1871) having synonymized Lobifera with the genus Polybranchia. PruvotFol (1954) further supported Lobiancoia as a new genus. Portmann (1958) also found a
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specimen from the Mediterranean he hypothesized to be Lobiancoia cristallina and
suggested both Cyerce jheringi and Lobiancoia cristallina belonged to the same species.
Portmann (1958) kept the species name ‘cristallina’ based from Trinchese’ (1881)
original description. However, Portmann (1958) replaced the genus name with Lobifera
(unaccepted, Pease 1866), following the taxonomic revisions by Pruvot-Fol (1954).
A revision of the literature confirms the genus Cyerce Bergh, 1871 as a valid name for
species of Sacoglossa that have a transverse groove ventrally along the foot, anal papillae
antero-medially between the right rhinophore and pericardium, bifurcated rhinophores,
enrolled oral tentacles, cerata without tubules of the digestive gland, and a penis with a
penial stylet.
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Figure 4. Images of live animals of Cyerce. [A] Cyerce antillensis, Sweetings Cay, Bahamas, isolate
07Swe01. Image: Dr. Patrick Krug. [B] Cyerce sp.15, Geiger Beach, Florida Keys, isolate 10Gei01. Image:
Dr. Patrick Krug. [C] Cyerce sp. 12, Tarpon Springs, Florida. Image: Dr. Michael Middlebrooks. [D]
Cyerce habanensis, Curaçao, isolate MM109A (LACM 2004-94.9). Image: Dr. Ángel Valdés. [E] Cyerce
elegans, Philippines, isolate MM20 (CASIZ 199264). Image: Dr. Ángel Valdés. [F] Cyerce sp. 9, Red Sea,
isolate SIOM15387 (SIOBIC M15387). Image: Dr. Nerida Wilson. [G] Cyerce sp. 10, New Caledonia,
isolate AV251 (NHMN KM202-AV0251). Image: Dr. Ángel Valdés. [H] Cyerce sp. 11, New Caledonia,
isolate AV17 (NHMN KM200-AV0017). Image: Dr. Ángel Valdés. [I] Cyerce sp. 5, Papua New Guinea,
isolate MM90 (CASIZ 191487). Image: Dr. Terrence Gosliner.
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Figure 5. Images of live animals of Cyerce. [A] Cyerce orteai, Nayarit, Mexico, isolate MM107 (LACM
175024). Image: Dr. Terrence Gosliner. [B] Cyerce pavonina, Philippines, isolate MM42 (CASIZ 202132).
Image: Dr. Terrence Gosliner. [C] Cyerce sp. 1, Hawai’i, USA, isolate KG02 (CPIC 02301). Image:
Kimberly García. [D] Cyerce sp. 3, Philippines, isolate KM28 (CASIZ 222096). Image: Dr. Terrence
Gosliner. [E] Cyerce bourbonica, Marshall Islands, isolate MM78A (CASIZ 185099). Image: Dr. Terrence
Gosliner. [F] Cyerce cristallina, Pompano, Caribbean Sea, isolate B91. Image: Ariane Dimitris. [G] Cyerce
sp. 8, Western Australia, isolate WAM71546 (WAM 71546). Image: Dr. Patrick Krug. [H] Cyerce sp. 2,
Papua New Guinea, isolate MM86 (CASIZ 191324). Image: Dr. Terrence Gosliner. [I] Cyerce sp. 6,
Marshall Islands, isolate MM76 (CASIZ 181975). Image: Dr. Terrence Gosliner.
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Figure 6. Images of live animals of Cyerce. [A] Cyerce kikutarobabai, Indonesia, isolate MM41A (CASIZ
172614). Image: Dr. Terrence Gosliner. [B] Cyerce nigra, Papua New Guinea, isolate MM91 (CASIZ
191510). Image: Dr. Terrence Gosliner. [C] Cyerce sp. 7, New Caledonia, isolate AV484 (NHMN KM315AV0484). Image: Dr. Ángel Valdés. [D] Cyerce nigricans, South Madagascar, isolate MM94 (CASIZ
194083). Image: Dr. Terrence Gosliner.

Cyerce nigricans (Pease, 1866)
Lobifera nigricans Pease, 1866: 206–207.
Cyerce nigra Bergh, 1871: 113–118, pl. 16, figs. 27–28, (in part).
Cyerce nigra var. ocellata Bergh, 1873: 19–22, pl. 9, figs. 8–9, pl. 11, figs. 13–26, pl. 12,
figs 2–3.
Type material
Lobifera nigricans Pease, 1866– No type material known to exist, not found at the
ZMUC, NMNH. Type locality: Pacific Islands.
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Cyerce nigra Bergh, 1871– Holotype: Palau Isles (ZMUC GAS-002150), 1 June 1862/30
June 1862, not examined.
Cyerce nigra var. ocellata Bergh, 1873– No type material known to exist, not found at
the ZMUC. Type locality: Samoa Islands.

Material examined
“Crique fond rocheux et gazon d’algues” = rocky bottom cove and seaweed meadow,
Pointe Evatra, South Madagascar, Madagascar, 30 April/6 May 2010, one specimen 15
mm preserved length, (CASIZ 194049). Pandane Beach, Jangamo, Inhambane Province,
Mozambique, 6 February 2008, one specimen preserved, isolate MM72 (CASIZ 176993).

Range
Madagascar, Mozambique (present study), Palau Isles (Bergh, 1871), Samoa Islands
(Bergh, 1873), Pacific Islands (Pease, 1866), probably Indo-West Pacific.

Description
External Morphology: Preserved specimen body color black with light banding running
along both sides of the body; black line down the middle of the body. Pericardium oval
shaped, elevated, color black spotted. Head color black with orange band running down
medially between eyes. Rhinophores colored black, outlined with approximately two
orange striations running across. Tentacles colored black with similar pattern as
rhinophores. Cerata inflated, fan shaped, color black, covered with elevated orange-
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yellow dots scattered on both sides. Cerata margin outlined by white band. Orange band
situated infra-marginally of cerata.
Internal Morphology: Twenty-four teeth could be identified for a 15-mm specimen
(CASIZ 194049). Radular teeth are moderately thin, with a wide base and thinner tooth
tip. Tooth tip with small, sharp projection, located medially between first pair of
denticles. Appromixately two rows of fifteen denticles along either side of tooth.
Denticles are recurved, triangular shaped. Denticle size varies along tooth, smaller near
base, larger towards the middle of the tooth, and smaller at the tooth tip. Buccal mass
smaller than 5 mm. Buccal bulb and pharyngeal pouch similar in size. Thick dark tissue
surrounding penis. Penial stylet at opening of penis, longer than 200 µm (Fig. 3F). Penial
stylet cylindrical, straight, with oval opening, pointed triangular tip; wide base (Fig. 3F).

Ecology
Feeds on the green algae Chlorodesmis. Typically diurnal.

Remarks
The original description of Cyerce nigricans by Pease (1866) did not include details of
the internal morphology, therefore we could not compare the anatomy of this specimen to
that of the specimens described by Bergh (1870, 1873) or the specimens examined
herein. Pease (1866) described Cyerce nigricans as having cerata with a yellow inframarginal band and covered with yellow dots. This description differs to the Cyerce nigra
specimen described by Bergh (1870). In Bergh’s (1870) description, the underside of the
cerata had multiple black horizontal stripes extended across, whereas there is no mention

37

of these stripes in Pease (1866) description. Bergh (1873) described another specimen
that he called Cyerce nigra but this specimen closely resembled the specimen described
by Pease (1866). The external morphology of our specimens also closely resembled the
specimen described by Pease (1866), having the similar yellow spots on both sides of the
cerata and a yellow-orange infra-marginal band.
Bergh’s (1870) description of Cyerce nigra was based on illustrations and the
examination of two specimens. The illustrations of the male reproductive system of one
specimen was analyzed by Bergh (1870), in his description he describes a short penial
stylet with an oval opening and pointed tip. The penial stylet of this specimen closely
resembles our specimen of Cyerce nigricans. However, as mentioned earlier the external
morphology of a specimen described by Bergh (1870) is distinct to other Cyerce
nigricans specimens. We hypothesize that two distinct specimens were mistakenly
described as Cyerce nigra by Bergh (1870) and one of the specimens was Cyerce
nigricans. Our specimens of Cyerce nigra closely resemble the description of the external
morphology by Bergh (1870) and have the distinct horizontal black stripes across the
cerata. However, the penial stylet of our specimens of Cyerce nigra is long and curved
with a pointed tip, differing to the penial stylet described by Bergh (1870). This further
supports our hypothesis that Bergh (1870) in his original description of Cyerce nigra
perhaps examined one specimen of Cyerce nigra and another of Cyerce nigricans.
Phylogenetic analyses recovered Cyerce nigricans constituting three distinct clades:
Cyerce sp. 7, Cyerce sp. 16, and Cyerce nigricans (Fig. 1) and the species delimitation
analysis further supported these candidate species (Table 3). Morphological analyses of
Cyerce sp. 7 and Cyerce nigricans reveal these species share several external
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morphological traits such as the black cerata with orange spots and yellow-orange band
along the margin. However, the pattern of the head of Cyerce sp. 7 differs to the pattern
observed in Cyerce nigricans. Cyerce nigricans has a medial orange line along the head
of the animal whereas Cyerce sp. 7 has two orange transverse patches on the head. Our
specimens of Cyerce sp. 7 were also juveniles and therefore could not conclude as to
whether they are similar anatomically to Cyerce nigricans. Cyerce sp. 16 (Australia) was
recovered as more closely related to Cyerce nigricans (Indian Ocean) despite Cyerce sp.
16 and Cyerce sp. 7 being sympatric in the West Pacific (Fig. 1). We were also unable to
obtain specimens of Cyerce sp. 16 for morphological analyses. However, based on online
images of specimens of Cyerce sp. 16 from the Lizard Islands, Australia they closely
resemble the external morphology of Cyerce nigricans. Bergh (1873) also described a
specimen of Cyerce nigricans from the Samoa Islands as having a penial stylet with a
circular opening and no pointed tip. The penial morphology differing to the specimen
from Bergh’s (1870) description and our specimens of Cyerce nigricans. This further
supports the hypothesis that Cyerce nigricans constitutes a species complex.
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Figure 7. Cyerce elegans, isolate MM20 (CASIZ 199264), radular SEM micrographs. [A] Radula with
ascending and descending limb. Ascus attached to end of descending limb. [B] Clean tooth from ascending
limb. [C] Complete ascus slightly encapsulated with tissue.

Cyerce elegans Bergh, 1871
Cyerce elegans Bergh, 1871: 99–113, pl. 1, fig. 9, pl. 9, figs. 13–17, pls. 13–15, pl. 16,
figs. 23–25.
Cyerce elegans var. Bergh, 1888: 769–771, pl. 77, figs. 6–7, pl. 78, figs. 8–9.
Type material
Cyerce elegans Bergh, 1871–Syntype: “Palaos- oder Pelew-Inseln” (=Pelew Islands,
Palaos, Pacific Ocean) (ZMUC GAS-002149), September 1859, not examined.
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Material examined
Riwo Island, Madang Province, Papua New Guinea, 27 November 2012, one specimen
6.5 mm preserved length, isolate MM89 (CASIZ 191446). Luzon Island, Batangas
Province: Verde Island Passage Coast, “Deep sand”, Philippines, 12 May 2014, one
specimen preserved, isolate MM20 (CASIZ 199264)

Range
Philippines, Papua New Guinea (present study), Palau Isles (Bergh, 1871). Probably
Indo-West Pacific (Rudman, 2008; Gosliner et al., 2015).

Description
External Morphology: Foot color pale yellowish-cream, greyish hue. Dorsally, body
outlined by reddish brown band with grey base. Body pale green to cream, few white
speckling. Pericardium elevated, smooth, oval shaped, color cream; clear tubules
extending from pericardium throughout body; tubules do not enter cerata. Anal papillae
anterior of pericardium, color cream. Head color cream. Rhinophores elongated,
translucent white. Tentacles translucent white. Cerata inflated, obovate, translucent white,
with minute white speckling throughout. Cerata peduncle creamish-pink. One to two
fluorescent blue to green spots on cerata; one spot located basally, second typically above
first. Cerata margin outlined by reddish-brown band; triangular clusters of white specks
distributed throughout.
Internal Morphology: Eleven total number of teeth for preserved specimen (Fig. 7A).
Teeth slim, slightly bent, elongate, larger than 100 µm in length; tooth tip concaved,
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blunt (Fig. 7B). Tooth with two rows of approximately twenty-three triangular denticles
along either side. Size of denticles varies along tooth, reduced near the base, larger
towards the middle, reduced at tooth tip. Ascus with more than seven pre-radular teeth
(Fig. 7C).

Ecology
Feeds on the green algae Halimeda.

Remarks
Bergh (1870) described Cyerce elegans as having clear ‘yellowish-white’ body,
translucent cerata with a ‘one or more green spots’ at the base and ‘reddish-brown’
margin with large spots. These external morphological traits were also observed in our
specimens of Cyerce elegans. However, in our specimens a fluorescent green or blue spot
was located at the base of the cerata. Bergh (1870) also described the presence of an
‘elongated horseshoe-shaped arch’ on the dorsal side of the body, from which branches
extend to the base of the cera. Bergh (1870) was most likely describing the pericardium
with tubules extending across the body as observed in our specimens. Bergh (1870)
described the radular teeth as having a blunt tip, wide base, ‘slightly bent, tapered’ tooth,
denticles ‘directed backwards’ that became smaller and ‘crowded’ at the tooth tip. These
radular traits are also observed in our specimens of Cyerce elegans. Although the penis
was dissected from our specimens, we were unable to observe the penial stylet and
therefore could not compare the male reproductive system to the specimens described by
Bergh (1870).
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Bergh (1888) described a specimen of Cyerce elegans from the Indian Ocean, as being
light brown in color, rhinophores and tentacles with white spots, ‘translucent lightbrown’ cerata with ‘yellowish-white triangular spots’ along the margin; from these spots
are connecting ‘white veins’ and lines throughout; green to blue ‘cells’ at the base.
According to Bergh (1871) the ‘cells’ at the base of the cerata appear green and blue
when exposed to light. This could explain why we observed a fluorescent blue or green
spot at the base of the cerata in our specimens of Cyerce elegans. Our specimens also
have the triangular spots along the margin of the cerata as described by Bergh (1888).
However, our specimens of Cyerce elegans are lacking the radiating ‘veins’ and lines
from these spots.
Phylogenetic analyses recovered Cyerce elegans to constitute four distinct clades: Cyerce
sp. 9, Cyerce sp. 10, Cyerce sp. 11, and Cyerce elegans (Fig. 1). Species delimitation
analyses further supported these candidate species (Table 3). The specimens of Cyerce
elegans species complex share several similar traits of the cerata such as having
triangular clusters of small white specks along the margin and fluorescent spot at the base
that varies from green, blue, to light brown. However, the specimens of Cyerce elegans
clade all exhibit the ‘reddish-brown’ margin that was described by Bergh (1870). A trait
that was not observed in Cyerce sp. 9, Cyerce sp. 10, and Cyerce sp. 11, suggesting this
could be a pseudocryptic species complex. Cyerce elegans was recovered as sister taxon
to Cyerce sp. 11, forming a well-supported subclade within the Cyerce elegans species
complex. The external morphology differs between Cyerce elegans and Cyerce sp. 11,
with the cerata of Cyerce sp. 11 being slightly more inflated, and translucent with faint
vein-like striations extending from the the triangular clusters along the cerata margin. The
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triangular clusters along the margin are larger and deeper in Cyerce sp. 11 than in Cyerce
elegans. In specimens of Cyerce sp. 11, the fluorescent spot at the base was either green
or light brown. The radula of Cyerce sp. 11 was damaged during dissection. However,
from what could be observed the radula of Cyerce sp. 11 and Cyerce elegans both have
elongated, slightly bent teeth with a concaved tip. The denticles are also similar in both
species as being short and conical in shape. Further morphological analyses of the radula
have to be conducted for Cyerce sp. 11 in order to conclude whether they share any other
radular traits with Cyerce elegans.
Cyerce sp. 10 and Cyerce elegans have an overlapping geographic distribution in Papua
New Guinea. However, Cyerce sp. 10 was recovered as a sister clade to Cyerce sp. 11
and Cyerce elegans. Cyerce sp. 10 have white vein-like striations throughout the cerata,
also observed in Cyerce sp. 11 but not in Cyerce elegans. The triangular clusters along
the cerata margin of Cyerce sp. 10 have specks of brown and are much deeper and larger
than in Cyerce elegans. The cerata of Cyerce sp. 10 is also more inflated and translucent
than in Cyerce elegans. The radular morphology of Cyerce sp. 10 is similar to Cyerce
elegans, as having elongated, slim tooth with a concaved tip. The denticles along the
radula of Cyerce sp. 10 are also similar to Cyerce elegans as being triangular. However,
the teeth of Cyerce sp. 10 appear to have a pointed tip between the first pair of denticles,
a trait not observed in Cyerce elegans. We could not obtain specimens of Cyerce sp. 9 for
morphological analyses, therefore we could not compare the internal morphology to our
specimens of Cyerce elegans. However, based on images of live specimens of Cyerce sp.
9, the cerata is more pale–yellow and inflated than in Cyerce elegans. As mentioned
earlier, the penial stylet of our specimens of Cyerce elegans could not be observed and
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therefore we could not make comparisons of the penis to that of the other specimens from
the Cyerce elegans species complex.

Figure 8. Cyerce nigra, isolate MM84A (CASIZ 191510A), radular SEM micrographs. [A] Radula with
descending and ascending limb. Ascus attached to end of descending limb. [B] Clean tooth from
descending limb. [C] Complete ascus encapsulated with tissue.

Cyerce nigra Bergh, 1870
Cyerce nigra Bergh 1871: 113–118, pl. 9, fig. 10, pl. 16, figs. 6–7 (in part).
Type material
Holotype: Palau Isles (ZMUC GAS-002150), 1 June/30 June 1862, not examined.
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Material examined
Kanaman, Madang Province, Papua New Guinea, 13 November 2012, one specimen 11
mm preserved length, isolate MM84A (CASIZ 191170). Madang Province, Papua New
Guinea, 3 December 2012, one specimen 2 mm preserved length, isolate MM91 (CASIZ
191510A). Guam, September 2007, one specimen 10 mm preserved length, isolate
09Gua07.

Range
Papua New Guinea, Guam (present study), Palau Isles (Bergh, 1871), probably IndoWest Pacific.

Description
External Morphology: Foot color dorsally outlined with orange-yellow band. Body color
black with scattered orange spots, outlined with orange-yellow band along margin.
Pericardium oval, color black, slightly elevated. Head color orange with black striation
running medially between eyes. Eyes covered by thick tissue. Approximately 2-3 black
striations from eyes extending to rhinophores. Rhinophores long, pointed; color semitranslucent with orange patching, speckled with minute white dots. Forehead outlined
with alternating orange and black transverse striations. Tentacles with similar pattern as
rhinophores. Cerata inflated, fan shaped, color semi-translucent black; one side of cerata
with scattered elevated orange-yellow spots; opposite side with horizontal black striations
and minute white to fluorescent green specks forming striations. Both sides of cerata with
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infra-marginal light orange band, covering several scattered white specks. Cerata margin
outlined by black band.
Internal Morphology: Seventeen total teeth on the radula for a 2-mm specimen (Fig. 8A).
Approximately nine teeth on descending limb, eight teeth on ascending limb (Fig. 8A).
Radular teeth are moderately thin, smooth, with wide base, thin tip. Leading tooth longer
than 20 µm in length, with approximately two rows of nine denticles along either side of
tooth (Fig. 8B). Denticles rhomboidal shape, with some blunt. Denticle size varies along
tooth, becoming larger as they ascend towards tooth tip. Ascus with more than four preradular teeth (Fig. 8C). Buccal mass smaller than 2 mm. Buccal bulb and pharyngeal
pouch similar in size. Thick tissue covering penis. Penial stylet at opening of penis,
longer than 200 µm in length (Fig. 3E). Penial stylet cylindrical, thin, curved, with oval
opening; pointed triangular tip (Fig. 3E).

Ecology
Feeds on the green algae Udotea.

Remarks
Bergh’s (1870) original description of Cyerce nigra was based on two specimens that
were potentially two distinct species. The specimen that was used to describe the external
morphology by Bergh (1870) closely resembles our specimens of Cyerce nigra, as having
an infra-marginal yellow band, orange yellow spots on one side and black horizontal
stripes on the opposite side of the cera. Bergh (1870) also mentions the presence of
several yellow transverse bands on the forehead similarly seen in our specimens. As
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mentioned earlier, our specimen of Cyerce nigra is externally and internally
morphologically distinct to Cyerce nigricans Pease, 1866. The specimen Bergh (1873)
described as Cyerce nigra is most likely a species belonging to the Cyerce nigricans
Pease, 1866 species complex.
Specimens of Cyerce nigra have been observed to consume the green algae, Udotea
(Gosliner at al., 2015). However, a molecular analysis conducted by Christa et al. (2014b)
with plastid DNA barcodes identified several types of green algae consumed by
specimens of Cyerce nigra, excluding Udotea. The specimens for the Christa et al.
(2014b) study were included in my phylogenetic analyses and were recovered within the
Cyerce nigra clade. Whether Cyerce nigra has a much broader diet type needs to be
further investigated. However, Krug et al. (2016) also observed a discrepancy between
the diet type reported by Christa et al. (2014b) for a specimen of Elysia papillosa. Krug et
al. (2016) found the plastid sequences that were used to identify the diet type reported by
Christa et al. (2014b) could similarly correspond to several other different types of green
algae. Therefore, raising the issue of inferring diets via phylogenetic analyses produced
with plastid DNA sequences (Krug et al., 2016). Phylogenetic analyses recovered Cyerce
nigra as a distinct clade from the Western Pacific (Fig. 1) and species delimitation
analyses further supported this candidate species in clade 3 (Table 3). Although Cyerce
nigra was recovered as closely related to Cyerce nigricans, they are not sister taxa
according to phylogenetic analyses (Fig. 1). Cyerce nigra was recovered within clade 3,
but several species from clade 1 such as Cyerce sp. 2, Cyerce sp. 8, and Cyerce sp. 6 have
long, curved penial stylets that resembles the penial stylet of Cyerce nigra (Fig. 1).

48

Regardless, the species from clade 1 are very different in external and internal
morphology to species from clade 3.

Figure 9. Cyerce cristallina, isolate MM98 (CPIC 01135), radula SEM micrographs. [A] Radula with
descending and ascending limb. Ascus not present. [B] Leading tooth from descending limb.

Cyerce cristallina (Trinchese, 1881)
Lobiancoia cristallina Trinchese, 1881: 116.
Cyerce jheringi Pelseneer, 1892: 19–21, fig. 1; Swennen, 1961: 53–58, figs. 8–10.
Lobiancoia cristallina (Trinchese, 1881) – Pruvot-Fol, 1954: 175–179.
Lobifera cristallina (Trinchese, 1881) – Portmann, 1958: 407–410, fig. 2; Haefelfinger,
1960: 329–333.
Cyerce cristallina (Trinchese, 1881) – Marcus and Marcus, 1968: 29–30, figs. 39–43;
Thompson, 1977: 134–135, figs. 31, pg. 121 fig. 22h, pl. 1, fig. b; Schmekel and
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Portmann, 1982: 288, fig. 7.98; Perrone, 1983: 145–149, figs. 1–2; Clark, 1984: 91–92,
figs. 30–31; Thompson, 1988: 165–169, fig. 6, p. 163, fig. 4d; Minniti et al., 1989: 293–
294, fig. 1; Ortea et al., 2009: 113–115, pl. 2d.
Type material
Cyerce cristallina Trinchese, 1881 – Holotype untraceable, not at Centro Musei delle
Scienze Naturali e Fisiche, Italy. Type locality: Secca della Gaiola, Italy, Mediterranean
Sea, 9 April 1881, 4 mm in length.
Cyerce jheringi Pelseneer, 1892 – Holotype untraceable. Type locality: Naples, Italy, 8
March 1879, depth 120 m, 35 mm in length.

Material examined
Lauderdale by the Sea, Florida, USA, 5 July 2014, one specimen preserved, isolate
MM98 (CPIC 01135). Florida, USA, 9 August 2019, one specimen 12 mm preserved
length, isolate B101. Florida, USA, 11 August 2019, one specimen 13 mm preserved
length, isolate B103.

Range
Florida, USA (present study; Marcus and Marcus, 1968), Curaçao (Marcus and Marcus,
1968), Jamaica (Thompson, 1977), Bermuda (Clark, 1984), Canary Islands (Ortea et al.,
2009), Mediterranean Sea (Portmann, 1958; Haefelfinger, 1960; Swennen, 1961;
Schmekel and Portmann, 1982; Perrone, 1983; Thompson, 1988; Minniti et al., 1989).
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Description
External Morphology: Dorsally, foot color translucent white with minute white specks
along the margin; foot longer and wider than body of animal; triangular tail. Body pale
green to cream with burgundy patching; several bright orange spots outlining dorsal
vasculature extending from pericardium. Pericardium oval shaped, elevated, color cream
white with burgundy patch; few scattered bright orange spots throughout. Anal papillae
bright orange. Head color cream with burgundy patching outlining eyes. Rhinophores
translucent white, with burgundy coloration on outer surface, small minute white specks
throughout. Tentacles translucent white with some burgundy coloration at tips. Cerata
inflated, fan shaped, color translucent white, with several opaque dots throughout;
scattered bright orange spots throughout; two distinct burgundy patches, one located
basally of cerata, the second situated dorsal-medial to the first. Cerata margin outlined by
several white glands.
Internal Morphology: Eleven total number of radular teeth for specimen (Fig. 9A). Seven
teeth on descending limb, five teeth on ascending limb (Fig. 9A). Teeth are elongated,
slightly curved. Leading tooth longer than 100 µm in length, with approximately two
rows of seventeen denticles along either side of tooth (Fig. 9B). Denticles rhomboidal
shape, some appear chipped. Denticle size varies along tooth, smaller near base, larger
towards the middle of the tooth, smaller at the tooth tip. Ten total teeth for 12 mm
specimen (isolate B101). Six teeth on descending limb, four teeth on ascending limb. Ten
teeth for 13 mm specimen (isolate B103). Six teeth on descending limb, four teeth on
ascending limb. Ascus contains more than seven pre-radular teeth. Buccal mass
approximately 5 mm in length. Pharyngeal pouch short, sides curved upward. Penial
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stylet at opening of penis (Fig. 3H). Penis with penial stylet at opening. Penial stylet
cylindrical, slightly curved, less than 100 µm in length, with oval opening; pointed tip
(Fig. 3H).

Ecology
Diet unknown. Typically found under rocks, nocturnal.

Remarks
Trinchese’ (1881) original description of Cyerce cristallina included several significant
morphological characteristics that distinguish this species from other Cyerce. However,
Trinchese’ (1881) description does not include other morphological traits that have been
identified in specimens of Cyerce cristallina from the Mediterranean and Western
Atlantic. Specifically, Trinchese (1881) described Cyerce cristallina as having yellow
spots scattered over the pericardium, similar to the description by Ortea et al. (2009).
However, Marcus and Marcus (1968) and Thompson (1988) described Cyerce cristallina
as having yellow spots scattered over the cerata, but do not mention the yellow spots over
the pericardium. The specimens from our present study exhibit both forms, having no
yellow-orange spots on the cerata and others exhibiting bright yellow-orange spots
throughout the cerata, pericardium, and body of the animal. Despite exhibiting variation
in external morphology, molecular analyses recovered Cyerce cristallina as belonging to
a single clade (Fig. 1) and species delimitation analyses further supporting this candidate
species (Table 3). Trinchese’ (1881) description of Cyerce cristallina also included the
observation of a ‘defenseless penis’, whereas in the description by Swennen (1961),

52

Marcus and Marcus (1968), and Perrone (1983) there is the presence of a bent stylet at
the opening of the penis. The penial stylets illustrated and described by Swennen (1961)
and Marcus and Marcus (1968) closely resembles the penial stylets observed in our
specimens. A morphological trait that is described consistently for Cyerce cristallina is
the bright orange-yellow color of the anal papillae that is located between the
pericardium and right rhinophore of the animal (Trinchese, 1881; Thompson, 1988; Ortea
et al., 2009), a trait that is also observed in the specimens of Cyerce cristallina examined
herein. The specimen of Cyerce cristallina described by Marcus and Marcus (1968)
closely resembles our specimens both internally and externally. The buccal mass
illustrated in Swennen (1961) and Marcus and Marcus (1968) closely resembles the
buccal mass from our specimens. The radula of our specimens also closely resembles
Swennen’s (1961) specimen’s radula, as being elongated with recurved square denticles
and blunt tip. The only difference was the anterior articulation knobs from the radula of
the specimen described by Swennen (1961) had an an additional projection differing to
the articulation knobs of the radula for our specimens.
Phylogenetic analyses recovered Cyerce cristallina as a distinct clade (Fig. 1) and the
species delimitation analysis further supported this candidate species (Table 3). The
evolutionary relationships between Cyerce cristallina to all other Cyerce species was
unresolved in phylogenetic analyses. Phylogenetic analyses also did not recover Cyerce
cristallina as forming a clade with the other Caribbean species, Cyerce habanensis and
Cyerce antillensis in clade 2 (Fig. 1). We were unable to obtain specimens of Cyerce
cristallina from the Mediterranean Sea and could not study the evolutionary relationships
among these populations.
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Figure 10. Cyerce pavonina, isolate MM42 (CASIZ 202132), radular SEM micrographs. [A] Radula with
descending and ascending limb. Ascus not present. [B] Leading tooth from descending limb. [C] Clean
tooth from descending limb.

Cyerce pavonina Bergh, 1888
Cyerce pavonina Bergh, 1888: 764–769, pl. 77, figs. 3–5, pl. 78, figs. 10–18, pl. 79, figs.
22–25.
Type material
Holotype untraceable, not at ZMUC. Type locality: “Ile aix Fouquets” (=Fouquets Island,
Mauritius, Indian Ocean), 6 October 1874, 4–5 mm in length.
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Material examined
Verde Island Passage Coast, "The Deep Blue", Calatagan, Batangas Province, Luzon
Island, Philippines, 18 May 2014, one specimen 11 mm preserved length, isolate MM42
(CASIZ 202132). “Under rock in nip shoreward of accretion platform”, Diamond Head,
Oahu, Hawaii, USA, 1 October 2000, one specimen preserved, (CASIZ 163778).

Range
Philippines (present study), Mauritius, Indian Ocean (Bergh, 1888). Probably Indo-West
Pacific (Rudman, 2008; Gosliner et al., 2015).

Description
External Morphology: Dorsal side of the foot light brown, foot sole greenish grey. Body
color light brown. Rhinophores light brown, covered with white flecks scattered
throughout. Pericardium raised, circularly shaped, lighter than rest of body. Cerata
inflated, obovate; outer side dark brown with translucent tubercles and white flecks; inner
side lighter brown with cream patch, two dark dorso-medial brown spots, one brown spot
located below ceratal margin, another spot located beneath first. Cerata margin outlined
with dark yellowish to orange band, with white tubercles appearing to give cerata
dentate-like structure.
Internal Morphology: Total number of radular teeth unknown in 11 mm long specimen
(Fig. 10A). Six teeth on descending limb (Fig. 10A). Teeth elongate, smooth, with small
concaved tip, wide base. Leading tooth larger than 200 µm in length, with approximately
two rows of twenty-four triangular denticles along either side of tooth (Fig. 10B). Size of
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denticles vary along tooth, smaller near base, larger towards middle of tooth, then smaller
again at tooth tip (Fig. 10B, C). Ascus not observed. Buccal mass larger than 1 mm in
length. Pharyngeal pouch much larger than buccal bulb. Penis with penial stylet at
opening (Fig. 3I). Penial stylet cylindrical with oval opening, less than 200 µm in length
(Fig. 3I).

Ecology
Found with the green algae Halimeda.

Remarks
Bergh’s (1888) original description of Cyerce pavonina was based from preserved
specimens and field notes provided by Karl Möbius. The main diagnostic characteristics
of Cyerce pavonina described by Bergh (1888) was written in Latin and is translated here
as having a ‘yellow-brown’ head color, dorsal ‘yellow-brown’ cerata covered with
‘whitish’ warts, and grey foot sole. Bergh (1888) further described the cerata of Cyerce
pavonina as being leaf-shaped with both sides covered by tubercles that have a brown tip
and white base. Bergh (1888) also described the outer side of the cerata having a darker
brown color than the inner side of the cerata that was ‘white’ or lighter in color. The
following morphological traits described by Bergh (1888) closely resembles our
specimens studied herein. The illustration of Cyerce pavonina by Bergh (1888) also had
two dorso-medial brown spots, a trait that closely resembles the two dorso-medial brown
spots present on the cerata of our specimens. The radular morphology was also described
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by Bergh (1888) as having teeth with a blunt tip, whereas the leading tooth of our
specimens had a concaved tip.
Kay (1979) described a specimen as Cyerce nigricans from Hawaii that closely resembles
Cyerce pavonina. The description of the cerata color by Kay (1979) is very similar to our
specimen of Cyerce pavonina, as being translucent brown with an orange yellow band
along the margin. Kay (1979) also mentioned the cerata as dark brown with white spots
on one side of the cerata and white pustules with blue spots on the other, a trait that we
did not observed in our specimens. Rudman’s (2008) morphological description of a
specimen of Cyerce pavonina from Tanzania closely resembles our specimen studied
herein. However, Rudman’s (2008) specimen appeared to have a light brown band across
the head of the animal, a trait we cannot confirm in our specimens. Based on online
images of Cyerce pavonina from the Philippines, upon observation these specimens have
a light brown band across the head of the animal. Whether the specimen described by
Rudman (2008) and our specimens belongs to the same species would require further
investigation.
Cyerce pavonina was recovered from phylogenetic analyses as sister lineage to Cyerce
sp. 5 (Figure 1). Cyerce pavonina differs from Cyerce sp. 5 in cerata color and radula
morphology. The cerata color of Cyerce sp. 5 are more translucent, light brown with no
tubercles throughout. However, the cerata of Cyerce sp. 5 do have similar white specks
and a prominent brown spot located dorso-medially of the cerata just like in Cyerce
pavonina. The radula of Cyerce sp. 5 are shorter and wider than that of Cyerce pavonina.
The penial stylet of both species is similar in structure and are less than 200 µm in length.
Bergh (1888) mentioned the penial stylet of Cyerce pavonina appeared to be similar
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morphologically to Cyerce nigra, but shorter in length. The penial stylet of Cyerce nigra
(Bergh 1870) is cylindrical with an oval opening, however, the stylet has a sharp, pointed
tip differing that to the penial stylet of Cyerce pavonina. According to my phylogenetic
analyses, Cyerce pavonina falls within a larger subclade consisting of Cyerce sp. 5,
Cyerce orteai, and Cyerce sp. 1 (Fig. 1). Although Cyerce pavonina and Cyerce orteai
are not sister taxa, they do share similar internal and external morphological
characteristics despite being found on opposite sides of the Pacific Ocean. The radula of
both Cyerce pavonina and Cyerce orteai are very similar in shape, being long and slender
with a concaved tip and short triangular denticles. The curvature of the radula of Cyerce
orteai is also similar to Cyerce pavonina. The cerata of Cyerce orteai have similar
transuclent tubercles observed in Cyerce pavonina. However, the tubercles are larger and
more pronounced in Cyerce orteai. Cyerce pavonina also has two dorso-medial brown
spots on the inner face of the cerata, Cyerce orteai did not have brown spots on either
side of the cerata. The orange-yellowish band with white tubercles along the margin of
the cerata are similar in both species. The radular morphology in Cyerce pavonina is also
very similar to Cyerce sp. 1, also having long, slender teeth with a concaved tip. The
penial stylet of Cyerce pavonina also closely resembles Cyerce sp. 1, being small and
cylindrical in shape. Regardless of these similar morphological traits, Cyerce pavonina
was recovered as a distinct lineage to Cyerce sp. 1 and Cyerce orteai (Fig. 1, Table 3).
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Figure 11. Cyerce antillensis, isolate 10Bim03, radular SEM micrographs. [A] Radula with descending and
ascending limb. Ascus attached to descending limb. [B] Leading tooth damaged. [C] Complete ascus
encapsulated in tissue.

Cyerce antillensis Engel, 1927
Cyerce antillensis Engel, 1927: 117-118, fig. 38.
Cyerce antillensis (Engel, 1927) – Clark and Defreese, 1987: 259–279; Jensen, 1993a:
157; Clark, 1994: 906.
Type material
Cyerce antillensis Engel, 1927 –Syntype : Tobago, Caribbean Sea
(ZMA.MOLL.137581), 1914–1916, not examined. Four syntypes : (ZMUC GAS001551), 1 April/30 April 1916, not examined.
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Material examined
Little San Salvador, Bahamas, Caribbean Sea, July 2002, one specimen 4 mm preserved
length, isolate 07LSS02. Bimini, Caribbean Sea, October 2003, one specimen preserved,
isolate 10Bim03.

Range
Panama, Bahamas, Dominica (present study), Tobago (Engel, 1927).

Description
External Morphology: Body color pale green with few minute burgundy specks scattered
throughout. Pericardium irregularly surfaced, circular shaped. Head color pale green,
with minimal burgundy patching between eyes, extending to rhinophores; forehead
frosted with several white specks. Rhinophores translucent, frosted with several white
specks. Tentacles color pattern same as rhinophores. Cerata inflated, elongated, oval
shaped; color translucent with small burgundy patch at base; white speckling throughout.
Irregular small, white spiral-like structures inside cerata; not part of digestive. Cerata
margin dentate-like, covered with several white specks.
Internal Morphology: Eight teeth on descending limb for one specimen (Fig. 11A). Teeth
moderately wide, slightly curved, dorsally flattened, with blunt tip. Approximately two
rows of rectangular denticles along either side of tooth (Fig. 11B). Ascus with more than
eight pre-radular teeth (Fig. 11C). Seven teeth on descending limb (isolate 07LSS02).
Leading tooth more than 20 µm in length. Ascus with more than twelve pre-radular teeth.
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Penial stylet at opening of penis, larger than 50 µm in length (Fig. 3A). Penial stylet
cylindrical, long, slightly curved, with oval opening (Fig. 3A).

Ecology
Feeds on the green algae Penicillus.

Remarks
Engel’s (1927) original description of Cyerce antillensis was based from several
preserved specimens, some of which were mutilated. Engel (1927) was unable to make
comparisons to other species of Cyerce as all coloration was lost in the preserved
specimens. Therefore, the original description of Cyerce antillensis lacked several details
of the external morphology that allow us to compare our specimens to the specimens
described as Cyerce antillensis by Engel (1927). Regardless, the overall general
morphology of these specimens clearly indicates they belong to Cyerce. Engel (1927)
described these specimens as having a transverse groove across the foot, bifurcated
rhinophores, enrolled oral tentacles, penis located at the base of the right rhinophore,
dorso-medially placed elevated pericardium, and the anal papillae situated anteromedially between the pericardium and right rhinophore. Engel (1927) also described
Cyerce antillensis as having a distinct penial stylet at the opening of the penis. An
illustration of the penial stylet by Engel (1927) is similar to the stylet observed in our
specimens of Cyerce habanensis. However, a description of the penial stylet is lacking in
Engel (1927), therefore we cannot conclude whether our specimens of Cyerce habanensis
belong to the same species. Another possible explanation to similarities in penial stylet
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could be Engel (1927) possibly unknowingly at the time examined specimens of Cyerce
antillensis and Cyerce habanensis, as both species have been observed to have
widespread geographic distirbutions in the Caribbean (Fig. 1).
The illustration of the radular teeth of Cyerce antillenis (Engel, 1927) indicates a tooth
that is moderately slim with a wide base, small denticles, and blunt tip. The description
and illustration of the radula are different to Cyerce cristallina, a species also found in the
Caribbean Sea, that have long, slender radular teeth. The radula morphology described by
Engel (1927) also differs to the radula of Eastern Atlantic species, Cyerce verdensis.
Cyerce verdensis teeth are more curved than the illustration of Cyerce antillensis. This
suggests Cyerce antillensis (Engel, 1927) is morphologically distinct from these other
Cyerce species from the Atlantic.
Cyerce antillensis was recovered as five distinct lineages: Cyerce sp. 12, Cyerce sp. 13,
Cyerce sp. 14, Cyerce sp. 15, and Cyerce antillensis (Fig. 1). Species delimitation
analysis further supports these as candidate species (Table 3). According to my
phylogenetic analyses, Cyerce antillensis has a widespread geographic distribution in the
Caribbean. Cyerce sp. 12, Cyerce sp. 14, and Cyerce antillensis have overlapping
geographic ranges, with the exception of Cyerce sp. 13 that appears to be endemic to
Jamaica and Cyerce sp. 15 that also appears to be endemic to the Florida Keys. Three of
the five species from the Cyerce antillensis species complex did not exhibit distinct
external morphological differences among species. However, since image data was not
available for all species, we could not conclude whether the candidate species
constituting the Cyerce antillensis species complex are cryptic. There are differences in
penial morphology among three of the five species. The penial stylet of Cyerce antillensis
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appears to be curved and long with an oval opening whereas the penial stylet of Cyerce
sp. 13 is shorter and straight with a triangular opening. The penial stylet of Cyerce sp. 12
appears to have a similar oval opening as observed in Cyerce antillensis. However, the
base of the stylet of Cyerce sp. 12 could not be observed as it was deeply embedded into
the penis. The overall shape of the radula of Cyerce antillensis closely resembles that of
Cyerce sp. 12, Cyerce sp. 13 and Cyerce sp. 15. However, in Cyerce sp. 13 the tooth tip
has a small sharp projection not observed in Cyerce antillensis. The denticles along the
radula of Cyerce sp. 12 are also more elongated and square shaped than the wide and
rectangular denticles in Cyerce antillensis. The denticle shape is similar between Cyerce
antillensis and Cyerce sp. 15.
The Cyerce antillensis complex was recovered as a sister clade to Cyerce habanensis
(Fig. 1). Although these two species were synonymized, phylogenetic analyses recovered
these as distinct clades despite being sympatric in the Caribbean (Fig. 1). The species
delimitation analysis further supported these candidate species (Table 3). Specimens of
Cyerce antillensis complex were observed to consume the green algae, Penicillus
whereas specimens of Cyerce habanensis were observed to consume the green algae,
Halimeda. The external morphology also differs between species, as the cerata of Cyerce
antillensis is more translucent white and elongated than the cerata of Cyerce habanensis
that is typically translucent yellow and wide. The radular morphology is also distinct
between the two species, as the teeth are shorter and wider in Cyerce habanensis than in
Cyerce antillensis. The penial stylets are also distinct, with Cyerce habanensis having a
short penial stylet with pointed tip whereas the stylet in Cyerce antillensis is elongated,
curved with a circular opening.

63

Cyerce kikutarobabai Hamatani, 1976
Cyerce kikutarobabai Hamatani, 1976: 283–286, pl. 1, figs. 1A-C, figs. 2A-C
Type Material
Holotype untraceable. Type locality: Yoron Island, Amami Islands, Japan, 1 April 1975,
9 mm in length.

Material examined
Bali, Tulumben, Indonesia, 1 October 2001, one specimen preserved, isolate MM41A
(CASIZ 172614A).

Range
Indonesia (present study), Japan (Hamatani, 1976), Probably West Pacific (Gosliner et
al., 2015).

Description
External Morphology: Pericardium inflated, located antero-dorsally of body. Anal
papillae situated antero-medially between right rhinophore and pericardium. Head color
translucent, with burgundy hue; darker burgundy mask-like patch surrounding eyes.
Rhinophores long, translucent, burgundy hue, with few white spots concentrated near
tips. Tentacles translucent, burgundy hue. Cerata inflated, obovate; color pale cream, with
dorso-medial reddish-brown patch; circular pale yellow to cream spots, irregularly sized,
covering reddish-brown patch. Cerata margin outlined with yellow-orange band.
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Internal Morphology: Teeth moderately wide, slightly curved, larger than 40 µm in
length, with blunt tip. Two rows of approximately twenty rhombous shaped denticles
along either side of tooth. Size of denticles vary along tooth, reduced towards the base,
larger as they ascend, small at the tip; denticles consecutive along tooth. Buccal mass
larger than 1 mm. Buccal bulb smaller than pharyngeal pouch. Penial stylet at opening of
penis, longer than 100 µm in length (Fig. 2G). Penial stylet short, slightly curved, oval
opening, with curved blunt tip (cup-like) (Fig. 2G).

Ecology
Feeds on the green algae Cualerpa racemosa.

Remarks
Hamatani’s (1976) original description of the external and internal morphology of Cyerce
kikutarobabai closely resembles our specimens examined here. Hamatani (1976)
described the cerata of Cyerce kikutarobabai as having reddish-purple coloration (more
towards the cerata margin), yellow–orange irregular round patches on either side of the
cerata, and a yellow-orange band outlining the cerata margin. These morphological traits
of the cerata described by Hamatani (1976) closely resembles the cerata of our
specimens. Hamatani (1976) also describes the color of the rhinophores and tentacles as
reddish-purple, similarly observed within our specimens. However, Hamatani (1976) did
not describe white spots on the rhinophores as observed in our specimens. A reddishpurple pattern surrounding the eyes was also described by Hamatani (1976) and
resembles the ‘mask-like’ pattern on the head of our specimens. Hamatani (1976) also did
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not describe a penial stylet for his specimens. However, our specimens do exhibit a penial
stylet suggesting our specimens could potentially be distinct to those examined by
Hamatani (1976) or the stylet was potentially retracted into the tissue at the time of
examination. The internal and external morphology of Cyerce kikutarobabai differs to
other Cyerce species. However, we could not obtain molecular data for our specimens of
Cyerce kikutarobabai and therefore could not study the evolutionary relationships
between this species to all other Cyerce.
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Figure 12. Cyerce habanensis, isolate MM109A (LACM 2004-04-9A), radular SEM micrographs. [A]
Radula with descending and ascending limb. Ascus not present. [B] Clean teeth along ascending limb. [C]
Image of live specimen.
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Cyerce habanensis Ortea and Templado, 1988
Cyerce habanensis Ortea and Templado, 1988: 11–13, figs. 1–2.
Cyerce sp. 4 Christa et al., 2014a: 26–32.
Cyerce sp. Christa et al., 2014a: 26–32.
Cyerce cf. edmundsi (Thompson, 1977) – Händeler and Wägele, 2007: 233–238.
Type material
Holotype: La Habana, Cuba (MNCN 15.05/1063), 17 July 1988, depth 1 m, 13 mm in
length, not examined. One paratype: (MNCN 15.05/1063), 17 July 1988, depth 1 m, 11
mm in length, not examined. One paratype: private collections of Jesús Ortea, 26 June
1988, depth 1 m, 8 mm in length, not examined.

Material examined
Netherlands Antilles, Caribbean Sea, 16 August/25 August 2004, one specimen
preserved, isolate MM109A (LACM 2004-04-9A). Bimini, Bahamas, Caribbean Sea,
October 2001, one specimen 5 mm preserved length, isolate 10Bim01.

Range
Panama, Dominica, Florida, Bahamas, Curaçao (present study), Cuba (Ortea and
Templado, 1988).

Description
External Morphology: Dorsally, foot color translucent white with white speckling along
margin. Body color pale green. Pericardium raised, irregularly shaped, color white. Head
color pale yellow with greyish patching outlining eyes. Rhinophores pale yellow covered
with greyish burgundy covering; speckled with white dots; white dots concentrated at
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tips. Tentacles similar pattern as rhinophores. Cerata inflated, fan shaped, semitranslucent to pale yellow, with scattered white specks; some cera internally filled with
pale yellow to green organelles. Cerata base with burgundy patch; burgundy spot
typically located dorso-medially of cerata. Cerata margin dentate-like, outlined with light
yellow and several white specks.
Internal Morphology: Twenty-one total number of radular teeth in one specimen (Fig.
12A). Eleven teeth on descending limb and ten teeth on ascending limb (Fig. 12A). Teeth
are moderately thin, slightly curved inward, short, less than 100 µm in length (Fig. 12B).
Leading tooth with approximately two rows of eleven square denticles along either side
of tooth; denticles distributed evenly along tooth. Twenty-one total number of radular
teeth in 5 mm specimen (isolate 10Bim01). Ten teeth on descending limb and eleven
teeth on ascending limb. Leading tooth with approximately two rows of twelve square
denticles along either side of tooth. Ascus with more than ten pre-radular teeth. Buccal
mass smaller than 1 mm in length. Pharyngeal pouch much larger than buccal bulb. Penis
with penial stylet at opening (Fig. 3D). Penial stylet cylindrical, with oval opening,
pointed triangular tip, shorter than 50 µm in length (Fig. 3D).

Ecology
Feeds on the green algae Halimeda. Nocturnally active.

Remarks
Ortea and Templado (1988) described Cyerce habanensis as having ‘transparent’ cerata
with two ‘reddish–brown’ spots, one at the base and the other above the first. The cerata
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of our specimens also exhibit these traits, but some of our specimens exhibit only one
‘reddish–brown’ spot at the base. Ortea and Templado (1988) also described the margin
as being slightly angled with ‘white pigmentation’, a trait also observed in our specimens.
Ortea and Templado (1988) described the digestive gland appearing dark green through
the body and the pericardium as being ‘light brown’ in color with ‘white papillae’, traits
also observed in our specimens. Ortea and Templado (1988) further described the
rhinophores as having ‘superficial white pigmentation’, a trait also observed in some of
our specimens. The tentacles described by Ortea and Templado (1988) as being
pigmented with ‘brown’, whereas in our specimens the tentacles are either a pale yellow
to light brown with white specks. The radular morphology of the specimens described by
Ortea and Templado (1988) closely resembles the radula dissected from our specimens,
such as having similar wide and short teeth with a blunt tip. The curvature of the radular
teeth illustrated in Ortea and Templado (1988) also closely resembles that of our
specimens. Although Ortea and Templado (1988) did not describe the shape of the
denticles, based on the illustrations they appear to be short, blunt, and consecutive along
the tooth. Whereas the denticles in the radula of our specimens are more elongated,
square, and less consecutive. Ortea and Templado (1988) did not describe a penial stylet
for their specimens, therefore we could not compare the penial morphology to our
specimens.
Several specimens that have been described as ‘Cyerce antillensis’ in the Caribbean were
observed to be associated with the green algae, Halimeda (Marcus and Marcus, 1963;
Marcus, 1974; Clark and Defreese, 1987). Clark and Defreese (1987) observed specimens
of ‘Cyerce antillensis’ to consume Halimeda and Penicillus from the coastal margins of
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Bermuda, specifically one specimen consuming Halimeda discoidea, a specimen
consuming Halimeda tuna, and another specimen consuming Penicillus dumetosus. Our
specimens that were originally identified as ‘Cyerce antillensis’ from Florida were also
observed to be associated with Halimeda. Ortea and Templado (1988) described Cyerce
habanensis to be associated with Halimeda opuntia from Cuba. Based from my
phylogenetic analyses, Cyerce antillensis was recovered as six distinct clades, with one of
the clades consisting of specimens that that have been observed to consume, Halimeda
(Fig. 1). Molecular and morphological analyses reveal this is a distinct species and we
assigned this clade as Cyerce habanensis. Cyerce habanensis appears to be endemic to
the Caribbean Sea with a widespread geographic range (Fig. 1).
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Figure 13. Cyerce orteai, isolate MM104C (LACM 153499C), radular SEM micrographs. [A] Radula with
descending and ascending limb. Ascus attached to descending limb. [B] Leading tooth on descending limb.
[C] Complete ascus encapsulated in tissue. [D] Image of live specimen (LACM 175024).

Cyerce orteai Valdés and Camacho-García, 2000
Cyerce orteai Valdés and Camacho, 2000: 445–456, figs. 1–5.
Type material
Holotype: Playa Cabuya, Cabuya, Cóbano, Puntarenas, Costa Rica (INBio
CRI001500521), 29 January 1999, 13 mm preserved length, not examined. Three
paratypes: (INBio CRI001500644), 29 January 1999, 8–16 mm preserved length, not
examined. Two paratypes: isolates MM43A/B (CASIZ 115230A/B), 29 January 1999,
12–14 mm preserved length, used for molecular analyses.
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Material examined
Punta Mita, Nayarit, Mexico, [insert date], one specimen preserved, isolate MM104C
(LACM 153499C). El Anclote, Nayarit, Mexico, 17 February 2008, one specimen
preserved, isolate MM107 (LACM 175024).

Range
Nayarit, Mexico (present study), Pacific coast off Costa Rica (Valdés and Camacho,
2000).

Description
External Morphology: Foot color white with white specks, Body color light cream to
olive green. Pericardium white with light brown striations forming web-like pattern.
Head color light cream, covered by dark reddish-brown, mask-like band, with few white
specks. Rhinophores light cream with dark reddish-brown markings, white specks
scattered throughout. Ceratal peduncle light cream. Cerata inflated, obovate; color
translucent white with dark brown striations forming weblike pattern around translucent
tubercles; tubercles with centered minute white spot, scattered throughout cerata. Cerata
color varies by specimen size; bolder dark reddish-brown striations in larger specimens.
Cerata margin outlined with dark yellow thick band and pronounced white spots dorsally.
Dense white specks beneath ceratal margin.
Internal morphology: Ten total number of radular teeth in one specimen (Fig. 13A). Six
teeth on descending limb and four teeth on ascending limb (Fig. 13A). Teeth thin,
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elongated, slightly curved with concaved tip. Leading tooth larger than 300 µm in length,
with approximately two rows of twenty conical denticles along either side (Fig. 13B).
Denticles are blunt and reduced, size varying along tooth. Denticles deeply reduced near
base, slightly enlarged towards middle of the tooth, reduced at the tooth tip. Ascus
contains more than six pre-radular teeth (Fig. 13C).

Ecology
Diet unknown. Found beneath rocks.

Remarks
The original description of Cyerce orteai by Valdés and Camacho (2000) closely
resembles our specimens from Nayarit, Mexico. Valdés and Camacho (2000) described
several morphological characteristics such as having a dark brown mask-like pattern on
the head, dark brown cerata with elevated translucent tubercles, and white spots along the
cerata margin that is also present in our specimens. The radula described by Valdés and
Camacho (2000) also closely resembles the radula dissected from our specimens, such as
having similar elongated teeth with recurved conical denticles. Although not mentioned
by Valdés and Camacho (2000), the images of the radular teeth have a distinct concaved
tip very similar to what we observed in our specimens. Valdés and Camacho (2000)
describe the presence of tubercles along the rhinophores and tentacles, a trait not
observed in our specimens. Regardless of this distinction, phylogenetic analyses
recovered our specimens and the specimens described by Valdés and Camacho (2000) as
belonging to a single clade of Cyerce orteai (Fig. 1).

73

Cyerce orteai was recovered as the sister clade to Cyerce sp. 1 in phylogenetic analyses
(Figure 1). Both species are externally and internally morphologically similar. The radula
shape in Cyerce orteai is long and slender, with a concaved tip, also observed in Cyerce
sp. 1. The denticles are more spread apart along the radula in Cyerce sp. 1 differing to the
radula of Cyerce orteai. The general morphology of the cerata in Cyerce orteai is similar
to Cyerce sp. 1 with some morphological distinctions. Cyerce sp. 1 lacks the translucent
tubercles on the cerata observed in Cyerce orteai. The thick yellow-orange band outlining
the cerata margin in Cyerce orteai is not observed in Cyerce sp 1. The juvenile specimen
of Cyerce orteai described by Valdés and Camacho (2000) closely resembles Cyerce sp.
1. However, the juvenile specimen was also described as having several tubercles
covering the rhinophores and oral tentacles, whereas there are no tubercles on the
rhinophores or oral tentacles of Cyerce sp. 1.
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Figure 14. Cyerce bourbonica, isolate MM78A (CASIZ 182729A), radular SEM micrographs. [A] Radula
with descending and ascending limb. Ascus not present. [B] Clean teeth from descending limb.

Cyerce bourbonica Yonow, 2012
Cyerce bourbonica Yonow, 2012: 16-19, pl. 14, pl. 15.
Cyerce sp. 2 Händeler and Wägele, 2007: 233–238.
Cyerce sp. Händeler and Wägele, 2007: 233–238.
Cyerce sp. 1 Christa et al., 2014a: 26–32.
Type material
Holotype: Etang Salé, La Réunion, Indian Ocean (SMF 337104), 14 December 2009,
depth 1 m, 12 mm in length, not examined. Two paratypes: (SMF 337103; SMF 337205),
14 December 2009, depth 1 m, 12 and 10 mm in length, not examined.
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Material examined
Hekili Point, Maui, Hawai’i, USA, 1 April 2010, one specimen 3 mm preserved length,
isolate MM77 (CASIZ 182729). Ennubuj-Ennylabegan Reef, Ennubuj Island, Kwajalein
Atoll, Marshall Islands, 12 April 2010, one specimen 3 mm preserved length, isolate
MM78A (CASIZ 185099A).

Range
Hawaiian Islands, Bali (Indonesia), Marshall Islands, Lizard Islands (Australia), Papua
New Guinea (present study), La Réunion, Indian Ocean (Yonow, 2012). Indo-West
Pacific Ocean.

Description
External Morphology: Dorsally, foot color light cream with white pustules and bright
yellow spots scattered throughout. Body color light cream to pale green. Head color light
cream to pale green, with white pustules throughout. Tentacles and rhinophores light
cream with pale green irregular patching; white pustules with translucent halo at base
scattered throughout; few bright yellow spots at tips; small black dots along rhinophores.
Ceratal peduncle greyish, darker than cerata. Cerata inflated, lobate; color translucent
white to light cream, with pale green irregular patches; white pustules and specks
scattered throughout. Cerata color varies by locality; lighter brown to grey cerata. White
specks concentrated below cerata margin. Cerata margin outlined with cream band and
uniformly distributed bright yellow spots; few black dots sub-marginally on both sides of
cera. Translucent defense gland sacs embedded in tissue beneath cerata margin.
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Internal morphology: Radula with more than seven teeth for a 3-mm specimen (Fig.
14A). Teeth are moderately thin, smooth, with blunt tip slightly curved downward. Teeth
contain two rows of approximately thirteen blunt and rhomboidal-shaped denticles along
either side; denticles distributed evenly across tooth (Fig. 14B). Size of denticles differ
along tooth, smaller near base, larger more anteriorly placed. Buccal mass smaller than 1
mm. Both buccal bulb and pharyngeal pouch small, similar in size. Penis with embedded
penial stylet (Fig. 3H). Penial stylet cylindrical with oval opening (Fig. 3H).

Ecology
Found on the green algae Halimeda. Typically found beneath rocks.

Remarks
Yonow’s (2012) original description of the external and internal morphology of Cyerce
bourbonica closely resembles our specimens examined in this study. Yonow (2012)
described several morphological traits such as semi-translucent beige to green “angular”
cerata, minute papillae on surface of cerata, the cerata margin pigmented with orange and
sub-marginal black spots that is also observed in our specimens. Yonow (2012) also
described basal dark globular patches inside the cerata that were also observed in our
preserved specimens. The radula described by Yonow (2012) closely resembles the
radula in our specimens as being curved, slender, and straight. However, the description
lacks specific details such as the shape of the denticles. Based from images of the radula
(Yonow 2012), the radula has similar square-shaped denticles that are observed in our
specimens. Yonow (2012) also describes the penis of her specimens as having no penial
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stylet, whereas in our specimens there is the presence of a stylet. However, the penial
stylet is deeply embedded in the penis of our specimens, this could potentially explain
why Yonow (2012) was unable to view the penial stylet in her specimens.
Cyerce bourbonica was recovered from phylogenetic analyses as sister lineage to Cyerce
sp. 6 (Fig. 1). Morphological analyses of Cyerce bourbonica and Cyerce sp. 6 reveal
these species are internally and externally distinct. The cerata of Cyerce bourbonica is
lobate compared to the fan-shaped cerata of Cyerce sp. 6. The cerata color also differs
between the species, with the cerata being light cream to greyish in Cyerce bourbonica
(depending on locality) whereas the cerata of Cyerce sp. 6 is a much darker shade of
brown. However, there are some morphological characteristics such as the yellow spots
outlining the margin of the cerata and small white pustules throughout the cerata
observed in both species. Cyerce sp. 6 also have dark brown reticulated striations
throughout the cerata, head, and rhinophores, a trait not observed in Cyerce bourbonica.
There is also a dark grey band that outlines the margin of the cerata, foot, and head in
Cyerce sp. 6, that is only faintly observed along the cerata of Cyerce bourbonica. The
yellow spots are also present on the dorsal side of the foot in Cyerce sp. 6 that were seen
in Cyerce bourbonica. The radula of Cyerce bourbonica is much shorter and wider than
that of the radula of Cyerce sp. 6. The denticles along the radula of Cyerce sp. 6 are more
triangular in shape than that of the denticles in Cyerce bourbonica. There are also several
more denticles present along the radula in Cyerce sp. 6 than in the radula of Cyerce
bourbonica.
According to our phylogenetic analyses, Cyerce bourbonica falls within clade 1 with
Cyerce sp. 6, Cyerce sp. 2, and Cyerce sp. 8 (Fig. 1). Although these species are

78

genetically distinct, they do share some similar morphological traits. Cyerce bourbonica,
Cyerce sp. 6, Cyerce sp. 2, and Cyerce sp. 8 all have a small pharyngeal pouch that is
approximately the same size as the buccal bulb. There is also the presence of yellow spots
along the margin of the cerata in all four candidate species. Regardless of these
morphological characteristics, Cyerce bourbonica differs from Cyerce sp. 2 in radula and
cerata morphology. The radula of Cyerce bourbonica is smaller and wider than that of
Cyerce sp. 2. The denticle shape in Cyerce bourbonica closely resembles the denticles in
Cyerce sp. 2. However, the edges of the denticles are more jagged than that of the
denticles observed in Cyerce bourbonica. The radula of Cyerce bourbonica is much
shorter and wider than that of Cyerce sp. 8. There is also the presence of sharp triangular
denticles along the tooth of Cyerce sp. 8, differing to the blunt denticles present on the
radular teeth of Cyerce bourbonica.
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Figure 15. Cyerce sp. 1, isolate KG02 (CPIC 02301), radular SEM micrographs. [A] Radula with
descending and ascending limb. Leading tooth missing. Ascus attached to descending limb. [B] Clean teeth
from ascending limb. [C] Complete ascus encapsulated with tissue.

Cyerce sp. 1
Material examined
Waikiki, Honolulu, O’ahu, Hawai’i, USA, 25 June 2018, one specimen 11 mm preserved
length, isolate KG02 (CPIC 02301). Maui, Hawai’i, USA, one specimen preserved,
isolate 16Mau69.
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Range
Hawaiian Islands (present study).

Description
External morphology: Foot wider than body, with elongated tail; dorsally, foot color light
cream to translucent white, with burgundy hue along the edges. Body color light cream to
pale green with white specks throughout. Pericardium color creamy white and irregularly
shaped, located dorso-medially of body. Head color light cream with few white specks
scattered throughout; dark burgundy patch covering rhinophores and surrounding eyes.
Rhinophores midsized, bifurcated, color cream with small white specks scattered sparsely
throughout. Oral tentacles translucent white with white specks scattered throughout.
Cerata bulbous, obovate, translucent white with web-like burgundy striations forming
hexagonal patterns; white specks scattered throughout. Cerata margin covered with white
specks forming elevated clusters. Cerata are able to autotomize and regenerate.
Regenerating cerata are translucent clear with light burgundy striations.
Internal morphology: Ten total number of radular teeth in 11 mm long specimen (Fig.
15A). Six teeth on descending limb (leading tooth broken), four teeth on ascending limb
(Fig. 15A). Teeth slim, elongated, with concaved tip. Denticles small, triangular, spaced
broadly along tooth (Fig. 15B). Size of denticles vary along radula, small near base,
larger towards middle of the tooth, irregularly sized at tooth tip. Ascus contains more
than four pre-radular teeth (Fig. 15C). Buccal mass larger than 3 mm in length. Buccal
bulb smaller than pharyngeal pouch. Penial stylet deeply embedded into penis (Fig. 2A).
Penial stylet short, cylindrical (Fig. 2A).
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Ecology
Diet unknown. Found beneath rocks.

Remarks
Phylogenetic analyses recovered Cyerce sp. 1 as a distinct clade (Fig. 1) and the species
delimitation analysis further supported this candidate species (Table 3). Phylogenetic
analyses recovered Cyerce sp. 1 as sister clade to Cyerce orteai from the Eastern Pacific
Ocean (Fig. 1). As mentioned earlier, both species share similar external and internal
morphological traits. However, Cyerce sp. 1 is morphologically distinct to Cyerce orteai
by not having tubercles throughout the cerata, rhinophores, or tentacles. Cyerce sp. 1 was
recovered as belonging to a well supported clade consisting of Cyerce pavonina, Cyerce
orteai, Cyerce sp. 5, and Cyerce sp. 1 (Fig. 1). However, Cyerce sp. 1 is morphologically
distinct from Cyerce orteai and Cyerce sp. 5 as lacking the two brown spots located
dorso-medially in the cerata that is present in these species. The burgundy web-like
striations on the cerata of Cyerce sp. 1 is also not observed in Cyerce pavonina or Cyerce
sp. 5. Cyerce sp. 1 is morphologically distinct to all other species of Cyerce, as this is the
only species having white specks throughout the entirety of the animal and translucent
cerata with web-like burgundy striations that are lacking tubercles.
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Figure 16. Cyerce sp. 2, isolate 09Gau01, radular SEM micrograph. [A] Radula with descending and
ascending limb. Leading tooth damaged. Ascus damaged, attached to descending limb. [B] Leading tooth
from descending limb.

Cyerce sp. 2
Cyerce sp. 3 Christa et al., 2014a: 26–32.
Material examined
Guam, September 2001, one specimen 7 mm preserved length, isolate 09Gua01. Tirso
Dive site. N of Three P. Reef, Romblon Island, Romblon Province, Philippines, 03 April
2017, one specimen 7 mm preserved length, isolate KM26 (CASIZ 222039).
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Range
Papua New Guinea, Guam, Philippines (present study). Probably West Pacific Ocean.

Description
External morphology: Dorsally, foot color cream white with few brown dots scattered
throughout; margin outlined by pale yellow band. Body color cream white to greyish.
Head color cream white with reticulated dark brown striations; dark brown spots
outlining head margin. Rhinophores long, color translucent white with approximately two
rows of reticulated dark brown striations throughout; few light yellowish-cream patches
present, concentrated near rhinophore tips. Cerata bulbous, oblong; color ranges from
beige to translucent white, with reticulated dark brown striations; small white papillose
structures scattered throughout cerata. Elevated circular clusters scattered throughout
cerata; cluster color varies from whitish to tan to bright yellow; few clusters outlined by
circular brown band. Whitish-fuschia patch and several minute white specks beneath
cerata margin, located on both sides of cerata. Cerata margin wave-like, outlined with
pale yellow spots.
Internal morphology: Twelve total number of radular teeth in 7 mm long specimen (Fig.
16A). Seven teeth on descending limb (two broken, including tip of leading tooth) and
five teeth on ascending limb (Fig. 16A). Teeth slim, elongate, longer than 200 µm with
blunt tip. Denticles rhombous shaped, distributed evenly along radula. Size of denticles
vary along tooth, larger as they ascend; distinct small denticles at tooth tip. Ascus tissue
encasing was torn, revealing more than fifteen pre-radular teeth (Fig. 16A). Ten total
number of radular teeth in 7 mm specimen (CASIZ 222039). Approximately two rows of
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twenty-seven denticles along either side of tooth. Ascus containing more than five preradular teeth. Penis with penial stylet at opening. Penial stylet elongated, curved,
cylindrical with slanted oval opening (Fig. 2B). Stylet tip with distinct small hook (Fig.
2B).

Ecology
Diet unknown. Found beneath rocks.

Remarks
Phylogenetic analyses recovered Cyerce sp. 2 as distinct clade (Fig. 1) and the species
delimitation analysis further supported this as a candidate species (Table 3). Phylogenetic
analyses recovered the Cyerce sp. 2 clade as sister taxa to Cyerce sp. 8. Cyerce sp. 2 and
Cyerce sp. 8 share similar morphological traits such as bright yellow-white pustules that
are scattered throughout the cerata and outline the cerata margin. The penial stylet is also
very similar in both species, being long and curved, with a distinct small hook at the tip
of the stylet. The radular morphology of Cyerce sp. 2 also closely resembles the radula
of Cyerce sp. 8, as being long and straight with recurved rhomboidal denticles. Although
Cyerce sp. 2 and Cyerce sp. 8 share several morphological traits, there are also distinct
differences. The rhinophores are also much more elongated in Cyerce sp. 2 than in
Cyerce sp. 8. Cyerce sp. 2 has translucent white to beige cerata with reticulated brown
spots, this pattern is not observed in the cerata of Cyerce sp. 8. The cerata in Cyerce sp. 8
has distinct infra-marginal banding of black, fuschia, and orange, this pattern is not
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observed in Cyerce sp. 2. However, specimens of Cyerce sp. 2 do have a single fuschia
infra-marginal band on the cerata.
Phylogenetic analyses recovered Cyerce sp. 2 as belonging to clade 1 with Cyerce sp. 8,
Cyerce bourbonica, and Cyerce sp. 6 (Fig. 1). Cyerce sp. 2 shares some morphological
characteristics with Cyerce sp. 6 and Cyerce bourbonica, such as having small white
pustules scattered throughout the cerata. Cyerce sp. 2 and Cyerce sp. 6 both have the
reticulated brown striations throughout the cerata and yellow spots outlining the cerata
margin. The penial stylet in Cyerce sp. 6 is long, curved with a pointed tip similar to the
stylet in Cyerce sp. 2. However, the cerata in Cyerce sp. 6 is much darker and is lacking
the fuschia infra-marginal band that is present in Cyerce sp. 2. Cyerce sp. 2 is
morphological distinct to all other Cyerce species, as this is the only species that has
translucent white cerata with reticulated dark brown striations, elevated white pustules
and circular clusters, an infra-marginal band of fuschia and white overlaying white
specks.
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Figure 17. Cyerce sp. 3, isolate KM28, (CASIZ 222096), radular SEM micrographs. [A] Radula with
descending and ascending limb. Ascus attached to descending limb. [B] Clean teeth from ascending limb.
[C] Complete ascus encapsulated with tissue.

Cyerce sp. 3
Material examined
Kati, Romblon Province, Philippines, one specimen 12 mm preserved length, isolate
KM28 (CASIZ 222096).

Range
Philippines (present study). Probably West Pacific Ocean.

Description
External Morphology: Body color light grey to cream with dark grey lines creating
geometric pattern throughout dorsum. Head color light grey with dark grey web-like
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striations throughout; two gold patches near base; small gold spots at forehead.
Rhinophores long, bifurcated with minute white specks scattered along margins; color
translucent, light grey. Oral tentacles with similar color pattern to rhinophores, ventrally
located. Pericardium near center of body, with anal papilla located anteriorly. Cerata
lobate, inflated, translucent light grey with dark grey web-like striations forming
polygons; silvery small white pustules at center of each grey polygon and clustered near
the margins of cerata; small gold to dark yellow spots randomly scattered across surface.
Cerata increase in size towards posterior end of body; anterior-most cerata lack grey
lines. Cerata margin outlined with grey margin and gold spots; presence of clear defense
glands beneath margin.
Internal Morphology: Sixteen total number of radular teeth in 12 mm long specimen (Fig.
17A). Eight teeth in descending limb and eight teeth in ascending limb (Fig. 17A). Teeth
elongate, straight, slightly bent, with approximately two rows of nine denticles along
along either side of tooth (Fig. 17B). Denticles are square, curved inwards with pointed
ends. Ascus with more than seven pre-radular teeth (Fig. 17C). Buccal mass smaller than
2 mm. Buccal bulb and pharyngeal pouch similar in size. Penial opening directly beneath
right rhinophore. Penis with penial stylet at opening (Fig. 2C). Penial stylet hollow,
approximately 400 µm long, elongate, slightly curved near the apex, wider at the base
(Fig. 2C).

Ecology
Diet unknown.
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Remarks
Phylogenetic analyses recovered Cyerce sp. 3 as a distinct clade (Fig. 1) and species
delimitation analysis further recovered this as a candidate species (Table 3). Cyerce sp. 3
was recovered as sister lineage to the clade comprising of Cyerce sp. 7, Cyerce nigricans,
and Cyerce sp. 16 (Fig. 1). The internal morphology of Cyerce sp. 7 could not be
analyzed and we cannot conclude whether these species share any internal traits with
Cyerce sp. 3. However, Cyerce sp. 7 and Cyerce sp. 3 are externally morphologically
distinct. The cerata of Cyerce sp. 7 is black with an orange inframarginal band, whereas
the cerata in Cyerce sp. 3 is translucent grey with no presence of an orange inframarginal
band and white band along the margin. Cyerce sp. 3 is also internally and externally
morphologically distinct to Cyerce nigricans. The cerata of Cyerce nigricans is black
with a yellow-orange inframarginal band and white band along the margin, differing to
Cyerce sp. 3. The penial stylet in Cyerce sp. 3 is wider at the base, slightly curved, and
with a blunted tip whereas the penial stylet in Cyerce nigricans is straight with a pointed
triangular tip. The radular morphology of Cyerce sp. 3 also differs from Cyerce
nigricans, as the tooth tip is flatter with denticles that have a wider edge than the base.
The denticles are also more square-shaped in Cyerce sp. 3 than triangular, as seen in the
radular teeth of Cyerce nigricans. The cerata of Cyerce sp. 3 is more oval, than the fanshaped cerata observed in Cyerce nigricans and Cyerce sp. 7. Lastly, the head of Cyerce
sp. 3 does not have any of the orange-yellow banding across the rhinophores or head as
observed in Cyerce nigricans or Cyerce sp. 7. Regardless of these morphological
distinctions between Cyerce sp. 3 to these species, Cyerce sp. 3 does have yellow gold
spots scattered throughout the cerata that is also observed in Cyerce nigricans and Cyerce
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sp. 7. Cyerce sp. 3 is morphologically distinct to all other Cyerce species, as this is the
only species to have web-like grey striations forming polygons throughout the animal,
cerata with scattered white pustules and gold spots throughout, and two distinct gold
patches at the base of the head.

Figure 18. Cyerce sp. 5, isolate MM82 (CASIZ 190784), radular SEM micrographs. [A] Radula with
descending and ascending limb. Ascus not present. [B] Leading tooth from descending limb.

Cyerce sp. 5
Material examined
Cement Mixer Reef, Madang Province, Papua New Guinea, 11 December 2012, one
specimen 4.5 mm preserved length, isolate MM82 (CASIZ 190784). Madang Province,
Papua New Guinea, 17 November 2012, one specimen preserved, isolate MM85 (CASIZ
191278).
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Range
Papua New Guinea (present study).

Description
External Morphology: Foot longer than body, dorsally color translucent with several
white specks and light brown striations. Body color olive green with reddish brown
markings. Pericardium oval shaped, color white with small elevated bumps. Anus
anterior of pericardium, color white. Head color cream with light brown markings
outlining eyes, extending to rhinophores. Rhinophore color translucent white with small
white clusters, concentrated at tips. Tentacle color translucent white with white specks
scattered throughout. Cerata inflated, oblong; color translucent white with small white
specs scattered throughout; one light dorso-medial brown spot on both sides of cerata.
Cerata margin outlined with faint reddish band; elevated small white clusters give cerata
dentate-like appearance. Several small white clusters concentrated beneath cerata margin.
Internal Morphology: Fourteen total number of radular teeth in 4.5-mm long specimen
(Fig. 18A). Eight teeth in descending limb, six teeth in ascending limb (Fig. 18A).
Leading tooth less than 200 µm in length, short, slightly curved near tip; approximately
two rows of eighteen denticles along either side of tooth (Fig. 18B). Denticle shape varies
along tooth, from triangular to square shaped; denticle size varies along tooth, smaller
near base. Buccal mass larger than 1 mm in length. Pharyngeal pouch larger than buccal
bulb. Penis with small penial stylet at opening (Fig. 2D). Penial stylet short, smaller than
200 µm in length, cylindrical shaped with oval opening (Fig. 2D).
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Ecology
Diet unknown.

Remarks
Phylogenetic analyses recovered Cyerce sp. 5 as distinct clade (Fig. 1) and species
delimitation analysis further supported this as a candidate species (Table 3). Cyerce sp. 5
was recovered as sister taxon to Cyerce pavonina (Fig. 1). As described earlier, Cyerce
pavonina and Cyerce sp. 5 do share similar traits of the penial stylet and cerata. The
penial stylet of Cyerce sp. 5 closely resembles the penial stylet of Cyerce pavonina, as
being short, cylindrical, with an oval opening. The cerata of Cyerce sp. 5 also have a
dorso-medial brown spot and elevated white clusters along the margin that is also present
in Cyerce pavonina. The rhinophores, tentacles, and cerata are also speckled in white in
both species. However, Cyerce sp. 5 is lacking the translucent tubercles throughout the
cerata that is observed in Cyerce pavonina. The cerata color is darker in Cyerce pavonina
than the translucent brown cerata in Cyerce sp. 5. The radula morphology is different
between Cyerce pavonina and Cyerce sp. 5. The radula is long, slim, with reduced
triangular denticles in Cyerce pavonina whereas the radula in Cyerce sp. 5 is slightly
curved and moderately wide with larger triangular denticles. The tooth tip is also distinct
in Cyerce pavonina, as it is bent downward with several reduced denticles, whereas the
tooth tip in Cyerce sp. 5 is blunt. Cyerce sp. 5 is morphologically distinct from all other
Cyerce species as having a translucent cerata with white speckling, a dorso-medial brown
spot, and elevated white clusters outlining the margin. Cyerce sp. 5 is morphologically
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distinct to all other Cyerce species, as this is the only species to have translucent light
brown cerata with a dorso-medial brown spot and white clusterss along the margin.

Figure 19. Cyerce sp. 6, isolate MM76 (CASIZ 181975), radular SEM micrographs. [A] Damaged radula
with fragments of descending and ascending limbs. [B] Clean tooth from unknown limb.

Cyerce sp. 6
Material examined
Bigej-Meck Reef, Kwajalen Atoll, Marshall Islands, 06 August 2007, one specimen 7
mm preserved length, isolate MM76 (CASIZ 181975).

Range
Marshall Islands (present study).
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Description
External Morphology: Dorsally, foot color beige with light brown vein-like striations;
foot margin with light grey and scattered bright yellow spots. Head color beige with light
brown striations; light grey banding outlining eyes, extending to rhinophores.
Rhinophores beige with light brown to burgundy reticulated striations throughout;
scattered yellow spots at tips. Cerata flat, slightly inflated, obovate; color greyish with
vein-like light brown striations throughout; outer side of cerata scattered with small
elevated white minute specks; inner side of cerata scattered with black to dark brown
elevated spots. Cerata margin outlined with several elevated bright yellow spots create
dentate-like structure; two dark grey bands along either side.
Internal Morphology: Teeth elongated, with short triangular denticles (Fig. 19A, B).
Buccal mass larger than 1 mm in length. Buccal bulb short, similar in size as pharyngeal
pouch. Penis with small penial stylet at opening (Fig. 2E). Penial stylet curved, longer
than 200 µm in length, cylindrical shaped with oval opening (Fig. 2E). Penial stylet tip
pointed, extending past oval opening (Fig. 2E).

Ecology
Found on the green algae Halimeda.

Remarks
Phylogenetic analyses recovered Cyerce sp. 6 as a distinct clade (Fig. 1) and the species
delimitation analysis further supported this as a candidate species (Table 3). Cyerce sp. 6
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was recovered as sister taxon to Cyerce bourbonica in phylogenetic analyses (Fig. 1).
Although comparisons of the morphology between Cyerce bourbonica and Cyerce sp. 6
were discussed earlier under the Cyerce bourbonica description, we briefly review them
here again. The cerata of Cyerce bourbonica is lobed with light cream to grey coloration
whereas the cerata of Cyerce sp. 6 is fan-shaped and colored a darker shade of brown
with dark brown reticulated striations throughout. The reticulated dark brown striations
are also present throughout the head and rhinophores of Cyerce sp. 6 that is not observed
in Cyerce bourbonica. A dark grey band outlines the margin of the cerata, foot, and head
in Cyerce sp. 6 that is only observed along the cerata margin of Cyerce bourbonica.
Cyerce bourbonica and Cyerce sp. 6 share morphological characteristics such as the
presence of small white pustules throughout the cerata and yellow spots outlining the
cerata margin. The dorsal side of the foot in both species is also outlined with yellow
spots. Radular morphology is also distinct between Cyerce bourbonica and Cyerce sp. 6,
as the radular teeth of Cyerce bourbonica are much shorter and wider than that of Cyerce
sp. 6. The quantity and shape of the denticles also differs between these species, as there
are several more triangular denticles in Cyerce sp. 6 than Cyerce bourbonica. Cyerce sp.
6 is morphological distinct to all other Cyerce species, as this is the only species to have
greyish cerata with light-brown reticulated striations, white elevated specks on the outer
side, and black to dark brown elevated spots on the inner side.
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Cyerce sp. 7
Material examined
New Caledonia, 23 September 2018, one specimen preserved, isolate AV487 (NHMN
KM315-AV487).

Range
New Caledonia (present study).

Description
External Morphology: Foot wider than body. Dorsally, foot color black with greyish
margin; margin with white speckling. Tail extends further than body, pointed. Body color
olive green to black. Pericardium elevated, oval, light orange with white speckling. Head
color light grey, with black Y-shaped band extending from base of head to rhinophore
tips; two dark orange patches along either side of head, another at forehead. Rhinophores
long, dark grey to black with two striations formed by green to orange fluorescent dots.
Tentacles with similar pattern as rhinophores. Cerata inflated, fan-shaped, black scattered
with few elevated bright orange spots; few white and fluorescent speckling. Cerata submarginally outlined with red-orange to bright orange band on both sides; sub-marginal
band covering several small white clusters. Cerata margin outlined with white band and
several minute white specks; bordered by two black bands.
Internal Morphology: Further examination required.
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Ecology
Diet unknown.

Remarks
Bergh (1873) described a specimen of Cyerce nigricans as having an orange patch along
the forehead of the animal, a trait we observed in our specimens of Cyerce sp. 7.
However, Bergh (1873) also describes yellow longitudinal striations along the body of
his specimens that we observe in our specimens of Cyerce nigricans from the Indian
Ocean but not in Cyerce sp. 7. Specimens of Cyerce sp. 7 were originally described as
Cyerce nigricans from New Caledonia. However, phylogenetic analyses recovered these
specimens as a distinct clade to the specimens of Cyerce nigricans from the Indian Ocean
(Fig. 1). Our specimens from New Caledonia were juveniles and therefore we could not
conclude whether reproductive and radular morphology is similar to the specimens from
the Indian Ocean. However, Cyerce sp. 7 and Cyerce nigricans do share similar external
morphological characteristics such as having black cerata with elevated orange spots, an
infra-marginal yellow-orange band on the cerata, and white band outlining the margin of
the cerata. However, the head pattern is different between species, as Cyerce nigricans
has a bold medial vertical orange band on the head with two bold orange striations
extending across the rhinophores, traits not observed in Cyerce sp. 7.
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Figure 20. Cyerce sp. 8, (WAM S110017), radular SEM micrographs. [A] Radula with descending and
ascending limb. Ascus attached to descending limb. [B] Clean tooth from ascending limb. [C] Complete
ascus encapsulated in tissue.

Cyerce sp. 8
Material examined
Dampier Archipelago, Western Australia, 29 March 2017, one specimen 10 mm
preserved length, (WAM S110017).

Range
Western Australia (present study).
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Description
External Morphology: Dorsally, foot color white with scattered black spots throughout.
Body oval, wider than foot. Head color white, scattered with black spots throughout;
base of head with greyish black patch; small greyish patch at forehead. Rhinophores
white with black spotting, black patches at tips. Tentacles short, color white, with
scattered black dots throughout. Body with scattered black dots throughout. Cerata
inflated, obovate, translucent white, with scattered black spots, few elevated pale yellow
and white pustules throughout. Cerata with infra-marginal banding of fuschia and orange;
black spots clustering beneath orange band. Cerata margin slightly undulating, outlined
with pale yellow to black to pale yellow band; clear defense glands present.
Internal Morphology: Teeth moderately thin, slightly bent, longer than 50 µm in length;
blunt tip (Fig. 20A, B). Denticle shape rhomboidal, recurved backward (Fig. 20B). Ascus
with more than three pre-radular teeth (Fig. 20C). Buccal mass approximately 4 mm in
length. Buccal bulb approximately similar in size of pharyngeal pouch. Penial stylet at
opening of penis (Fig. 2F). Penial stylet cylindrical, curved, very long, longer than 100
µm in length, with oval opening at tip; tip is pointed, with small distinct hook (Fig. 2F).

Ecology
Found on the green algae Udotea and Halimeda.

Remarks
Phylogenetic analyses recovered Cyerce sp. 8 as a distinct clade (Fig. 1) and the species
delimitation analysis further supported this candidate species (Table 3). Cyerce sp. 8 was
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recovered as sister taxon to Cyerce sp. 2 in phylogenetic analyses (Fig. 1). Although both
species were compared to one another under the species description of Cyerce sp. 2, we
briefly review them here again. The cerata of Cyerce sp. 8 is translucent white with black
spotting and yellow to white pustules, whereas the cerata of Cyerce sp. 2 is translucent
white with reticulated brown striations and elevated cream to yellow spots. The head,
rhinophores, and tentacles of Cyerce sp. 8 are also white with black spotting whereas in
Cyerce sp. 2 these structures are outlined with reticulated brown striations. The inframarginal band of the cerata of Cyerce sp. 8 is also distinct to Cyerce sp. 2, as having
fuschia and orange bands with black spotting beneath the orange band, distinct to the
single fuschia infra-marginal band of Cyerce sp. 2. The rhinophores are also shorter in
Cyerce sp. 8 compared to Cyerce sp. 2. The radular morphology of Cyerce sp. 2 and
Cyerce sp. 8 are very similar, having recurved rhomboidal denticles and a blunt tip.
However, the radula of Cyerce sp. 8 is not as elongated or curved as the radula of Cyerce
sp. 2. The penial stylets of Cyerce sp. 8 and Cyerce sp. 2 are both very long with a
distinct hook at the tip. However, the penial stylet of Cyerce sp. 8 is much longer than the
penial stylet of Cyerce sp. 2. Cyerce sp. 8 is externally morphologically distinct to all
other species as having translucent white cerata with black spotting, yellow to white
pustules, and an infra-marginal banding of fuschia, orange, followed by black spotting.

Cyerce sp. 9
Material examined
Al-Fasar Reef, Red Sea, 13 October 2016, one specimens preserved, (SIOBIC M15387).
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Description
External morphology: Foot color translucent white. Body color beige, dorsally with dark
brown patches running along both sides of body. Head color beige. Rhinophores long,
translucent beige, with white speckling at tips. Tentacles beige. Cerata inflated, obovate,
translucent with white speckling throughout; light green fluorescent spot at base of cera.
Cerata margin with evenly distributed large clusters of white specks; row of white
defense glands along margin.
Internal Morphology: Material could not be obtained for examination of internal
morphology.

Range
Red Sea (present study).

Ecology
Diet unknown.

Remarks
As mentioned earlier, Bergh’s (1871) original description of Cyerce elegans included
details of the external morphology such as a ‘yellowish-white’ body, translucent
‘yellowish-white’ cerata, green spot at the base of the cerata, and a ‘reddish-brown’ band
outlining the cerata margin with large spots. The specimens of Cyerce sp. 9 closely
resembles this description, but are lacking the ‘reddish-brown’ margin. The specimens of
Cyerce sp. 9 could not be obtained for examination of the internal morphology and could
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not be compared to the specimens described by Bergh (1871) or our specimens of Cyerce
elegans. As mentioned earlier, Bergh (1888) described another specimen of Cyerce
elegans from the Indian Ocean, that although closely resembles the specimen from Bergh
(1871), is distinct in having ‘white veins’ and lines throughout the cerata. This trait is
also not observed in specimens of Cyerce sp. 9.
Phylogenetic analyses recovered Cyerce sp. 9 has a distinct clade (Fig. 1) and the species
delimitation analysis further supported this candidate species (Table 3). Cyerce sp. 9 was
recovered as a sister taxon to a clade consisting of Cyerce sp. 10, Cyerce sp. 11, and
Cyerce elegans (Fig. 1). Cyerce sp. 9 closely resembles the external morphology of these
species as having long rhinophores with white speckling, translucent white cerata with a
fluorescent green spot at the base, and white clusters along the cerata margin. The cerata
margin in Cyerce sp. 9 also had the small white specks outlining the cerata margin,
similarly observed in Cyerce sp. 10 and Cyerce sp. 11. The cerata in Cyerce sp. 9 do not
have any of the ‘white vein’ or lines across the cerata as observed in our specimens of
Cyerce sp. 10 and Cyerce sp. 11. The cerata in Cyerce sp. 9 is much more inflated and
translucent than in Cyerce elegans.

Cyerce sp. 10
Material examined
Wongat Island, Madang Province, Papua New Guinea, 29 November 2012, one specimen
3 mm preserved length, Isolate MM87 (CASIZ 191437). New Caledonia, 29 September
2018, one specimen 10 mm preserved length, isolate AV684 (NHMN KR644-AV684).

102

Range
Vanuatu, Papua New Guinea, New Caledonia (present study).

Description
External Morphology: Rhinophores translucent white with white speckling at tips. Cerata
resemble leaf-like structure. Cerata inflated, obovate; translucent, with white vein-like
striations throughout; green fluorescent spot at base; some cera with red hue. Several
brown organelles inside cerata; not part of digestive gland. White vein-like striations
connect to infra-marginal white clusters along cerata margin; white clusters with brown
speckles. Cerata margin outlined with minute white specks.
Internal Morphology: Ten total number of radular teeth in 10 mm specimen (NHMN
KR644-AV684). Five teeth on descending limb (leading tooth tip broken off) and five
teeth on ascending limb. Teeth slim, elongate, slightly bent, longer than 200 µm; pointed
tip between first pair of denticles; tooth tip concaved. Approximately two rows of fifteen
denticles along either side of tooth. Denticles short, blunt, triangluar shaped. Denticle size
varies along tooth, smaller at the base, larger as they ascend. Ascus containing more than
five pre-radular teeth. Buccal mass longer than 1 mm in length. Pharyngeal pouch larger
than buccal bulb. Thirteen total number of radular teeth in 3 mm specimen
(CASIZ191437). Eight teeth on descending limb and five teeth on ascending limb. Penial
stylet embedded in penis (Fig. 2H). Penial stylet short, curved inward, extended tip
pointed downward, less than 100 µm in length (Fig. 2H).
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Ecology
Diet unknown.

Remarks
Bergh’s (1870) original description of Cyerce elegans did not mention vein-like
structures trhoughout the cerata as observed in our specimens of Cyerce sp. 10. However,
the specimen of Cyerce elegans described by Bergh (1888) from the Indian Ocean did
exhibit the white ‘vein-like’ striations along the cerata as observed in our specimens.
Bergh (1888) also describes the penial stylet as being a ‘sharp-angled’, ‘tapered hook’
and refers to the illustration of the penial stylet from his original description of Cyerce
elegans Bergh, 1871, suggesting these two specimens potentially had similar penial
stylets. The penial stylet of our specimens of Cyerce sp. 10 closely resembles the stylet
described by Bergh (1870), as being short, recurved, with an oval opening and pointed
tip. Bergh (1888) also described the radular morphology of the specimen from the Indian
Ocean as similar to the radula of Cyerce elegans Bergh, 1871 from Palau. The radula of
our specimens of Cyerce sp. 10 also closely resembles the radula described by Bergh
(1871, 1888).
Phylogenetic analyses recovered Cyerce sp. 10 as a distinct clade (Fig. 1) and the species
delimitation analysis further supports this candidate species (Table 3). Cyerce sp. 10 was
recovered as a sister clade to Cyerce sp. 11 and Cyerce elegans (Fig. 1). As mentioned
earlier, Cyerce sp. 10 has white ‘vein-like’ striations throughout the cerata, that are also
observed in Cyerce sp. 11 but not in Cyerce elegans. The white clusters along the cerata
margin also closely resembles those of Cyerce sp. 11 as being larger and deeper than in

104

Cyerce elegans. The radular morphology closely resembles that of Cyerce sp. 11 and
Cyerce elegans. However, Cyerce sp. 10 has a distinct pointed tip between the first pair
of denticles along the tooth.

Figure 21. Cyerce sp. 11, isolate AV17 (NHMN KM200-AV17), radular SEM micrograph. [A] Damaged
radula with fragments of descending and ascending limb. [B] Complete ascus encapsulated in tissue. [C]
Clean tooth from unknown limb.

Cyerce sp. 11
Material examined
New Caledonia, 9 April 2018, one specimen 9 mm preserved length, isolate AV17
(NHMN KM200-AV17). New Caledonia, 9 August 2018, one specimen 8 mm preserved
length, isolate AV163 (NHMN KM301-AV163).
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Range
New Caledonia (present study).

Description
External Morphology: Body color beige to light cream. Pericardium elevated, oval, light
brown. Anal papillae light brown. Head color beige with some greyish tint. Rhinophores
long, translucent white, with white speckling at tips. Cerata inflated, obovate; translucent
brown, with faint white vein-like striations throughout; small single white to fluorescent
green spot at base of cera. Cerata margin outlined with white specks, faint thin light
brown band; submarginally, several large clusters of white specks evenly distributed
along margin; margin wavy.
Internal Morphology: Teeth slim, elongate, slightly bent, larger than 100 µm in length;
tooth tip concaved (Fig. 21A, C). Approximately two rows of seventeen short, triangular
denticles (Fig. 21C). Denticle size varies along tooth, smaller at the base, larger as they
ascend, significantly reduced at tooth tip (Fig. 21C). Ascus with more than nine preradular teeth (Fig. 18B). Buccal mass larger than 4 mm in length. Pharyngeal pouch
much larger than buccal bulb. Penial stylet embedded in penis (Fig. 2I). Penial stylet
short, curved inward, with oval opening; tip pointed, extended downward (Fig. 2I).

Ecology
Diet unknown.
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Remarks
The original description of a specimen of Cyerce elegans by Bergh (1888) closely
resembles Cyerce sp. 11, as having ‘translucent light-brown’ cerata with white vein-like
striations and white clusters along the margin. However, the vein-like striations in Cyerce
sp. 11 are fainter and do not extend towards the middle of the cerata as observed in the
illustration by Bergh (1888) and our specimens of Cyerce sp. 10. The penial stylet and
radular morphology of our specimens of Cyerce sp. 11 also closely resembles the
specimen described by Bergh (1888). Phylogenetic analyses recovered Cyerce sp. 11 as a
distinct clade (Fig. 1) and the species delimitation analyses further supported this
candidate species (Table 3). According to our phylogenetic analyses, Cyerce sp. 11
appears to be an endemic to New Caledonia. Cyerce sp. 11 and Cyerce elegans were
recovered as sister clades according to phylogenetic analyses (Fig. 1). Although
comparisons between Cyerce sp. 11 and Cyerce elegans were described earlier, we
briefly review them here again. The cerata of Cyerce sp. 11 is slightly more inflated with
faint white vein-like striations extending from the white clusters along the cerata margin.
The color of the spot at the base in Cyerce sp. 11 also ranges from fluorescent green to
light brown whereas it appears fluorescent blue or green in Cyerce elegans. The radula is
similar among both species, as having elongated, slim teeth with a concaved tip.
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Figure 22. Cyerce sp. 12, isolate 07Stir02, radular SEM micrograph. [A] Radula with descending and
ascending limb. Ascus attached to descending limb. [B] Leading tooth from descending limb. [C] Ascus,
slightly damaged, encapsulated in tissue.

Cyerce sp. 12
Material examined
Stirrup Cay, Bahamas, one specimen preserved, isolate 07Sitr02. Plana Cay, Bahamas,
one specimen preserved, isolate 07Pla01. Sweetings Cay, Bahamas, one specimen
preserved, isolate 07Swe03. Tarpon Springs, Florida, 2018, one specimen preserved,
isolate KM66.
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Range
Bahamas, Florida (present study).

Description
External Morphology: Refer to Cyerce antillensis species description.
Internal Morphology: Twelve total number of radular teeth for mm specimen (Fig 22A).
Seven teeth on descending limb and five teeth on ascending limb (Fig. 22A). Teeth flat,
moderately slim, wider at base, larger than 50 µm in length; dorsal inward groove at tip
(Fig. 22B). Leading tooth with approximately two rows of fourteen elongated, square
denticles along either side of tooth (Fig. 22B). Denticles with small indentation along
margin; size varies along tooth, smaller at base, larger as they ascend. Ascus with more
than seven pre-radular teeth (Fig. 22C). Buccal mass smaller than 1 mm. Buccal bulb
slightly larger than pharyngeal pouch. Penial stylet embedded in penis (Fig. 3B). Penial
stylet cylindrical, with oval opening, larger than 50 µm in length (Fig. 3B).

Ecology
Feeds on the green algae Penicillus.

Remarks
As mentioned earlier, Engel (1927) described several traits of Cyerce antillensis that
indicates this species belongs to the genus, Cyerce. However, Engel (1927) was not able
to provide details of the external morphology as all coloration was lost in his specimens
and several were lacking their cerata. Whether our specimens and Engel’s are the same

109

species, would need to be further investigated. Phylogenetic analyses recovered Cyerce
sp. 12 as a distinct clade (Fig. 1) and species delimitation analysis further supports this
candidate species (Table 3). Cyerce sp. 12 was recovered as sister clade to Cyerce sp. 13,
Cyerce sp. 14, Cyerce sp. 15, and Cyerce antillensis. The external morphology of Cyerce
sp. 12 closely resembles Cyerce antillensis as having translucent, elongated cerata
speckled with white and a cerata margin frosted with white forming elevated clusters.
Cyerce sp. 12 and Cyerce antillensis both exhibit a small burgundy spot at the base of the
cera, close to the body. The head is also very similar in Cyerce sp. 12 to Cyerce
antillensis, as having a light brown T-shaped patch that extends to the rhinophores,
although it is much thinner in Cyerce antillensis. The body of Cyerce sp. 12 and Cyerce
antillensis is also pale green with an elevated pericardium. Although the pericardium in
Cyerce sp. 12 is darker in color. The rhinophores and tentacles are also translucent,
speckled with white in both species. However, the rhinophores appear more elongated in
Cyerce sp. 12 than in Cyerce antillensis. As described earlier, the penial stylet of Cyerce
sp. 12 has a similar oval opening as observed in Cyerce antillensis. However, the entirety
of the stylet could not be viewed as it was deeply embedded into the tissue. The radular
morphology is very similar between Cyerce sp. 12 and Cyerce antillensis, but the
denticles are more elongated and square than in Cyerce antillensis.
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Figure 23. Cyerce sp. 13, isolate 06Jam09, radular SEM micrograph. [A] Radula with descending and
ascending limb. Ascus attached to descending limb. [B] Clean teeth from ascending limb. [C] Complete
ascus encapsulated in tissue.

Cyerce sp. 13
Material examined
Jamaica, June 2005, one specimen preserved, isolate 06Jam05b. Jamaica, June 2009, one
specimen preserved, isolate 06Jam09.

Range
Jamaica (present study).
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Description
External Morphology: No images available for external morphology.
Internal Morphology: Teeth slightly bent, moderately slim, wider at base, larger than 20
µm in length; tooth tip flat with sharp minute projection (Fig. 23A, B). Tooth with
approximately two rows of square denticles; denticles wider at margin (Fig. 23B). Size of
denticles vary along tooth, smaller at tip, larger towards the middle (Fig. 23B). Ascus
with more than five pre-radular teeth (Fig. 23C). Buccal mass smaller than 1 mm. Buccal
bulb larger than pharyngeal pouch. Penial stylet at opening of penis (Fig. 3C). Penial
stylet cylindrical, straight, larger than 50 µm in length; triangular opening at pointed tip;
wide base (Fig. 3C).

Ecology
Feeds on the green algae Penicillus.

Remarks
Cyerce antillensis Engel, 1927 was originally described from Tobago, an island located
in the Eastern Caribbean. Whereas according to phylogenetic analyses, Cyerce sp. 13
appears to be endemic to Jamaica (Fig. 1). Whether our specimens and Engel’s are the
same species, would need to be further investigated. Phylogenetic analyses recovered
Cyerce sp. 13 as a distinct clade (Fig. 1) and the species delimitation analysis further
supported this as a candidate species (Table 3). Cyerce sp. 13 was recovered as a sister
clade to Cyerce sp. 14, Cyerce sp. 15, and Cyerce antillensis (Fig. 1). We do not have
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images of the live specimens of Cyerce sp. 13, therefore we could not conclude as to
whether these species resembles other specimens from the Cyerce antillensis complex.
The radular teeth of Cyerce sp. 13 closely resembles that of Cyerce sp. 12, Cyerce sp. 15,
and Cyerce antillensis. However, Cyerce sp. 13 has a distinct sharp projection at the tip
of the tooth not observed in the other radular teeth of Cyerce sp. 12, Cyerce sp. 15, and
Cyerce antillensis. The denticles in Cyerce sp. 13 are also distinct as having a wider edge
than in Cyerce antillensis. The penial stylet is also distinct as being straight differing to
the long and curved penial stylet of Cyerce antillensis. The opening of the penial stylet in
Cyerce sp. 13 is also triangular compared to the penial stylet of Cyerce sp. 12 that
appears to have a circular opening.

Cyerce sp. 14
Material examined
Stirrup Cay, Bahamas, July 2001, one specimen preserved, isolate 07Stir01.

Range
Stirrup Cay, Bahamas (present study).

Description
External Morphology: No images available for external morphology.
Internal Morphology: Requires further examination.
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Ecology
Feeds on the green algae Penicillus.

Remarks
Phylogenetic analyses recovered Cyerce sp. 14 from the Bahamas as a distinct lineage
(Fig. 1) and the species delimitation analysis further supported this candidate species
(Table 3). Cyerce sp. 14 was recovered as sister taxon to Cyerce sp. 15 from the Florida
Keys, forming a subclade (Fig. 1). We do not have images of the live specimen of Cyerce
sp. 14, therefore we could not conclude as to whether this species resembles the other
specimens from the Cyerce antillensis complex. We were also unable to examine the
internal morphology of Cyerce sp. 14 and could not conclude as to whether there are any
shared internal morphological traits with the other specimens from the Cyerce antillensis
complex.
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Figure 24. Cyerce sp. 15, isolate 10Gei01, radular SEM micrograph. [A] Radula with descending and
ascending limb. Ascus attached to descending limb. [B] Leading tooth from descending limb. [C] Ascus,
slightly damaged, encapsulated in tissue.

Cyerce sp. 15
Material examined
Geiger Beach, Florida Keys, USA, October 2001, one specimen preserved, isolate
10Gei01.

Range
Florida Keys (present study).
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Description
External Morphology: Refer to Cyerce antillensis species description.
Internal Morphology: Fourteen total number of radular teeth for mm specimen
(06Jam09). Eight teeth on descending limb and six teeth on ascending limb (Fig. 24A).
Teeth flat, moderately slim, slightly curved, wider at base, larger than 20 µm in length;
blunt tip, with small sharp projection. Leading tooth with two rows of approximately ten
square denticles along both sides of tooth (Fig. 24B). Size of denticles vay along tooth,
smaller at base, larger as they ascend. Ascus with more than eight pre-radular teeth (Fig.
24C).

Ecology
Feeds on the green algae Penicillus.

Remarks
As mentioned earlier, Cyerce antillensis Engel, 1927 was originally described from
Tobago whereas according to our phylogenetic analyses, Cyerce sp. 15 appears to be
endemic to the Florida Keys (Fig. 1). Whether our specimens and the specimens
described by Engel (1927) belong to the same species would need to be further
investigated. Phylogenetic analyses recovered Cyerce sp. 15 as a distinct clade (Fig. 1)
and the species delimitation analysis supported this candidate species (Table 3). As
mentioned earlier, Cyerce sp. 15 was recovered as sister lineage to Cyerce sp. 14,
forming a subclade that is sister taxon to Cyerce antillensis. Although the Florida Keys
are a few miles from mainland Florida, the specimens from the Florida Keys were
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recovered as more closely related to specimens from the Bahamas. The radular teeth of
Cyerce sp. 15 closely resembles that of Cyerce sp. 12, Cyerce sp. 13, and Cyerce
antillensis. However, the denticles are more elongated and closer together along the tooth
in Cyerce sp. 12 than in Cyerce sp. 15. The edge of the denticles are wider in Cyerce sp.
13 than that in Cyerce sp. 15. The penial stylet could not be observed for Cyerce sp. 15;
therefore, we could not conclude whether there were any similarities to the penial stylet
of the other specimens from the Cyerce antillensis complex.

Cyerce sp. 16
Material examined
Material could not be obtained for examination. Genbank (TXID 259548) sequence used
for molecular analyses (Klussman and Dinapoli, 2006; Händeler and Wägele, 2007).

Range
Eagle Island, Lizard Islands, Australia (present study).

Ecology
Diet unknown.

Remarks
Phylogenetic analyses recovered Cyerce sp. 16 as a distinct lineage (Fig. 1) and the
species delimitation analysis further supported this as a candidate species (Table 3). We
were unable to obtain the specimen of Cyerce sp. 16 for morphological analyses. We also
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do not have images of the specimen for external morphology. However, images of live
specimens of ‘Cyerce nigricans’ obtained from the Lizard Island research station of
Australia, closely resembles our specimens of Cyerce nigricans from the Indian Ocean.
The evolutionary relationships between Cyerce sp. 16 and Cyerce nigricans requires
further investigation.

Additional species of Cyerce
The species described below could not be obtained for molecular and morphological
analyses. Based on their original descriptions, the following species appear to be distinct
from other Cyerce species, but their validity could not be confirmed.

Cyerce edmundsi T.E Thompson, 1977
Cyerce edmundsi Thompson, 1977: 136–137, figs. 22i, 22j, 24d.
Type material
Holotype: Discovery Bay, Jamaica, Caribbean Sea (NHMUK 19776), February 1976, 5–
8 mm in length, not examined.

Range
Jamaica (Thompson, 1977).

Ecology
Diet unknown.
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Remarks
Thompson (1977) originally described Cyerce edmundsi from the Caribbean as having
cerata that are ‘flattened, oval’ with ‘pearl-like’ glands along the margin and having
branches of the digestive gland. Thompson (1977) also described Cyerce edmundsi as
covered with ‘white pigment specks’, ‘white’ bifurcated rhinophores, and oral tentacles.
Thompson (1977) also briefly described the radular morphology of Cyerce edmundsi as
being ‘elongated’ ‘spoon-like’, with trifid and bifid denticles. According to Thompson
(1977), the penis of Cyerce edmundsi did not have a penial stylet. Thompson (1977) also
did not mention a transverse groove across the foot in his description of Cyerce
edmundsi. Cyerce verdensis shares similar morphological traits with other Cyerce species
such as having bifurcated rhinophores and leaf-like cerata. However, the lack of a
transverse groove ventrally along the foot, the presence of tubules from the digestive
gland entering the cerata, and shape of the denticles along the tooth described for Cyerce
edmundsi suggests this specimen does not belong to the genus Cyerce Bergh, 1871.
Hamatani (1994) and Marcus (1982) also suggested Cyerce edmundsi belongs to
Mourgona germainae Marcus and Marcus, 1970, but this would have to be further
investigated. A previous molecular study (Händeler and Wägele, 2007) described a
specimen as Cyerce cf. edmundsi. However, when this specimen was included in our
phylogenetic analyses, it was recovered within the Cyerce habanensis clade (Fig. 1).
Morphological examination of the cerata revealed specimens of Cyerce habanesis do not
have tubules of the digestive gland in the cerata, suggesting the specimens studied by
Händeler and Wägele (2007) are distinct to the specimens of Cyerce edmundsi described
by Thompson (1977).
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Cyerce graeca T. E Thompson, 1988
Cyerce graeca T.E Thompson, 1988: 166–170, figs. 7–9.
Type material
Holotype: Kilini, Ionian Sea, Mediterranean Sea (NHMUK 1987037), 3 June 1986, 10
mm in length, not examined.

Range
Greek Ionian Sea, Mediterranean Sea (Thompson, 1988).

Ecology
Feeds on the green algae Udotea petiolata.

Remarks
Thompson (1988) described Cyerce graeca from the Mediterranean as having transverse
groove ventrally along the foot, enrolled oral tentacles, bifurcated rhinophores, and cerata
lacking tubules of the digestive gland. An illustration of the specimen by Thompson
(1988) shows the anal papillae is situated antero-medially between the pericardium and
right rhinophore. Thompson (1988) described the body of the animal as being
‘translucent white’ pigmented with ‘chocolate brown’, the head with brown pigmentation
creating a T-shaped pattern extending to the rhinophores. According to Thompson
(1988), the cerata of Cyerce verdensis is translucent white with ‘superficial white
speckling’, ‘opalescent glands’, and ‘dark brown’ along the cerata margin, capable of
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autotomizing and regenerating. Thompson (1988) described the radular teeth of Cyerce
graeca as elongated with ‘short, blunt’ denticles along the tooth. Thompson (1988)
described the pharyngeal pouch of Cyerce graeca as bulbous, larger than in Cyerce
cristallina Trinchese, 1881. Cyerce cristallina Trinchese, 1881 was also described from
the Mediterranean, but this species differs to Cyerce graeca as having a distinct yellow
anal papilla and cerata with burgundy patches and (occasionally) yellow spotting.
Thompson (1988) did not describe a penial stylet for his specimens of Cyerce graeca,
whereas Cyerce species have a penial stylet. However, other Cyerce species were
originally described to lack a penial stylet but upon further examination we identified a
penial stylet for those species. Whether this is a similar case in Cyerce graeca would
have to be further investigated. The general morphological traits of Cyerce graeca
suggests this species belongs to the genus, Cyerce Bergh, 1871 and is distinct to other
Cyerce species. However, whether this species genetically distinct to other Cyerce
species would require further investigation.

Cyerce verdensis Ortea and Templado, 1990
Cyerce verdensis Ortea and Templado, 1990: 203–205, figs. 1–3.
Type material
Holotype: Salamanca Bay, San Vicente Island, Cape Verde Archipelago (MUNA
MO/0092), 18 August 1985, depth 0–2 m, 16 mm in length, not examined. Four
paratypes: (MNCN 15.05/1033), 29 August 1985, 13, 12, 10, and 5 mm in length, not
examined.
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Range
Cape Verde Islands, North Africa (Ortea and Templado, 1990).

Ecology
Feeds on the green algae Halimeda.

Remarks
Ortea and Templado (1990) described Cyerce verdensis from the Cape Verde Islands as
having a transverse groove ventrally along the foot, an anal papilla situated anteromedially between the pericardium and right rhinophore, inrolled oral tentacles, and
rhinophores that are bifurcated. Ortea and Templado (1990) described the body of the
animal as being ‘ochre’ and the tubules of the ‘dark brown’ digestive gland not entering
the cerata. According to Ortea and Templado (1990), the cerata of Cyerce verdensis is
leaf-shaped, ‘translucent’ covered with ‘papillae’ and granulated with white and redbrown specks on both sides; the margin of the cerata with white granules. Ortea and
Templado (1990) described a ‘brownish’ pericardium with ‘white papillae’, ‘translucent’
tentacles with white dots, and rhinophores with ‘brown’ and ‘white’ pigmentation, and
‘pale crème’ papillae. The external morphology of Cyerce verdensis is distinct to other
species of Cyerce, as having papillae and granules throughout the cerata and rhinophores.
The radular morphology of Cyerce verdensis was described as elongate by Ortea and
Templado (1990). However, based from the illustration by Ortea and Templado (1990),
the radula appears moderately wide and shorter than other radular teeth observed in
species of Cyerce such as Cyerce elegans or Cyerce pavonina. Although Ortea and
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Templado (1990) did not describe the morphology of the denticles, the illustration of the
denticles along the tooth appear to be elongate, blunt, and consecutive along the tooth. A
‘nail-like’ stylet was also described for Cyerce verdensis (Ortea and Templado, 1990)
and approximately 10 µm in length. These morphological traits suggest this species
belongs to the genus, Cyerce Bergh, 1871 and is distinct to other Cyerce species.
However, whether this species genetically distinct to other Cyerce species would require
further investigation.
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DISCUSSION
Prior to this study, there were eight to eleven valid nominal species of Cyerce.
However, with the integration of molecular and morphological data we have recovered
twenty-four candidate species of Cyerce. From these twenty-four candidate species,
fifteen are new species. Unfortunately, in this study we are lacking specimens from the
Mediterranean and West Atlantic, specifically specimens of Cyerce cristallina, Cyerce
graeca, and Cyerce verdensis. We were also unable to obtain specimens of Cyerce
edmundsi for morphological or molecular analyses. However, Marcus (1982) and
Hamatani (1994) synynomized Cyerce edmundsi with Mourgona germainae Marcus and
Marcus, 1970. Specimens that were called Cyerce cf. edmundsi from previous studies
(Händeler and Wägele, 2007) were recovered within the Cyerce habanensis clade (Fig.
1). Upon examination of the cerata of specimens that fell within this clade, the specimens
do not have tubules of the digestive gland entering the cerata. This suggests these
specimens are distinct to the specimens originally described as Cyerce edmundsi by
Thompson (1988). Whether Cyerce graeca, Cyerce verdensis, and Cyerce edmundsi are
valid species of Cyerce will have to be further investigated. Although we were able to
morphologically examine a specimen of Cyerce kikutarobabai, we were unable to obtain
molecular data and therefore could not study the evolutionary relationships between this
specimen and other Cyerce species. The species, Cyerce habanensis Ortea and Templado,
1990 that was considered to be a synonym of Cyerce antillensis Engel, 1972 (Valdés et
al., 2006) was recovered as a distinct species. ML and BI analyses did not resolve the
evolutionary relationships between Cyerce to the other sacoglossan genera, Sohgenia,
Polybranchia, and Mourgona. However, prior molecular analyses that included several
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more representatives for the following sacoglossan genera recovered Cyerce and
Sohgenia as a monophyletic group (Krug et al., 2015).

Species complexes
Cyerce elegans was recovered as four distinct clades in the phylogenetic analyses
(Fig. 1) and species delimitation analysis further supported these clades as candidate
species (Table 3). Cyerce sp. 10, Cyerce sp. 11, and Cyerce elegans are sympatric species
with overlapping geographic ranges in Papua New Guinea, Philippines, and New
Caledonia, with Cyerce sp. 11 appearing to be an endemic to New Caledonia. There are
few external morphological differences among these species, although these were not
apparent until molecular analyses were conducted, suggesting they are pseudocryptic.
The presence of a distinct reddish band outlining the cerata margin was observed in
specimens of Cyerce elegans, a trait described by Bergh (1870) and not observed in the
other clades. We could not compare the internal morphology among all four species, as
the penial stylet from specimens of Cyerce elegans was either missing or deeply
embedded into the tissue requiring further examination. We were also unable to obtain
specimens of Cyerce sp. 9 for anatomical examination. The diet and larval development
of Cyerce sp. 9, Cyerce sp. 10, and Cyerce sp. 11 are not known.
Cyerce nigricans was recovered as three distinct lineages (Fig. 1) and species
delimitation analysis further supported these as candidate species (Table 3). The nominal
‘Cyerce nigricans’ was recovered as three distinct species, Cyerce sp. 7, Cyerce sp. 16,
and Cyerce nigricans. Although Cyerce sp. 7 and Cyerce sp. 16 are found along the West
Pacific, Cyerce sp. 16 was recovered as more closely related to Cyerce nigricans from the
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Indian Ocean. For this study, we were unable to obtain specimens of Cyerce sp. 16 for
morphological examination. The specimens that were also examined for Cyerce sp. 7
were juveniles and require further investigation. Regardless, external morphological traits
of Cyerce sp. 7 closely resembles those of Cyerce nigricans. Online images of specimens
we hypothesize are Cyerce sp. 16 from Lizard Islands, Australia also closely resembles
Cyerce nigricans from the Indian Ocean. We would need to conduct further molecular
and morphological analyses with specimens from the west Pacific to determine whether
this is a cryptic or pseudocryptic species complex.

Ecology and Biogeography
My phylogenetic and species delimitation analyses recovered genetically distinct
species of Cyerce having sympatric ranges. Species of Cyerce form three clades
comprised of several species with overlapping geographic ranges in the Indo-West
Pacific (Fig. 1). Specifically, clade 2 consists of species from the Indo-West Pacific,
Eastern Pacific, and Caribbean Sea. The Eastern Pacific species (clade 2) being more
closely related to Indo-Pacific clade rather than a Caribbean clade (Fig. 1). My results
differ from biogeographic patterns observed in previous studies of sea slugs that
recovered Indo-Pacific species forming a monophyletic group that is sister clade to
Eastern Pacific and Atlantic species perhaps as a result of vicariant events (Gosliner and
Johnson, 1999; Ornelas-Gatdula et al., 2012; Valdés, 2004; Ghanimi et al., 2020),
suggesting other mechanisms could had affected the speciation of Cyerce.
Within the three clades there are consistent morphological differences in the
shape of the buccal mass. The buccal mass of species in clade 1 closely resembles the
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buccal mass of species from clade 3, as having a small, roundish pharyngeal pouch that is
approximately similar in size to the buccal bulb. Whereas in clade 2 most species posses
a pharyngeal pouch twice the size than the buccal bulb, with the exception of the Cyerce
antillensis species complex that exhibits the same buccal mass morphology as clades 1
and 3. The function of the pharyngeal pouch has been hypothesized to assist the radula to
penetrate the algal cell walls, specifically in calcified algae such as Halimeda, Penicillus,
and Udotea (Jensen, 1993a; Jensen, 1993b; Jensen, 1993c). Previous research of other sea
slug lineages speculated the buccal bulb could play a role in the host specialization of a
species (Valdés, 2001). The radular morphology also differs among Cyerce species
regardless of clade. There are similarities in algal diet type among species such as Cyerce
sp. 8 (clade 1) and Cyerce nigra (clade 3) that have been observed to consume the green
algae Udotea (Gosliner et al., 2015) (Fig. 1). Also, the species Cyerce sp. 6 (clade 1),
Cyerce bourbonica (clade 1), Cyerce pavonina (clade 2), Cyerce elegans (clade 2), and
Cyerce habanensis (clade 2) have been observed to consume the green algae Halimeda
(Ortea and Templado, 1988; Gosliner et al., 2015; Pittman and Fiene, 2003), despite
having distinct radular morphology (Fig. 1). A potential explanation could be some
sacoglossans have been observed to feed occasionally on algae that is not their primary
diet, depending on locality or availability of the host (Christa et al., 2015). Within clade
2, the Cyerce elegans species complex forms a sister clade to Cyerce pavonina, Cyerce
sp. 5, Cyerce sp. 1, and Cyerce orteai (Fig. 1). From these clades, Cyerce pavonina and
Cyerce sp. 5 are sympatric with Cyerce sp. 10 and Cyerce elegans. There are some
similar radular morphological traits among species, such as the radula of Cyerce
pavonina, Cyerce sp. 1, Cyerce orteai, and Cyerce elegans that all have a distinct
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concaved tip. However, Cyerce sp. 5 that is sister taxon to Cyerce pavonina has a
differing radular morphology from the rest, a possible explanation could be the host
ecology of this species is different but this is speculative and cannot be confirmed as we
do not have records of their diet (Krug et al., 2018). Our phylogenetic hypotheses support
several radiations of Cyerce, possibly as a result of host ecology. Previous studies have
also suggested host use in sacoglossans is closely associated to the adaptive evolution of
the radular morphology and pharyngeal musculature of the buccal mass (Jensen, 1993a;
Jensen, 1993c; Krug et al., 2016; Berriman et al., 2018). Radular traits such as tooth
shape and functionality of those traits have also been hypothesized to covary with algal
host use, suggesting these characters could be attributed to host ecology (Jensen 1997;
Krug et al., 2018). Whether adaptations of the buccal mass and radular morphology are
related to host specialization within Cyerce needs to be further investigated.
Though host specialization could potentially explain the initial radiation of Cyerce
between the three clades, this is less likely to explain the biogeographical pattern
observed among species of clade 2. Clade 2 is composed of Cyerce species from the
Caribbean, Indo-West Pacific, and Eastern Pacific, suggesting a common ancestor that
once had a widespread geographic distribution. Previous studies of other sacoglossan
lineages have discovered Eastern Pacific species to be more closely related to a western
Pacific clade rather than a Caribbean clade (Krug et al., 2015; Krug et al., 2016;
Berriman et al., 2018; Medrano et al., 2018). This pattern is also observed in clade 2 with
the sole Eastern Pacific species, Cyerce orteai, recovered as more closely related to its
Central Pacific sister taxon, Cyerce sp. 1 than one of the Caribbean species. It has been
hypothesized the formation of the Isthmus of Panama inhibited gene flow between
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Caribbean and East Pacific populations, leading to a vicariant event resulting in sister
species distributed on either side of the Isthmus (Knowlton, 1993; Leigh et al., 2014).
One possibility is that the formation of the Isthmus of Panama led to a vicariant event of
a once widespread Cyerce, followed by the extinction of Cyerce on the Eastern Pacific,
and the recolonization of the Eastern Pacific from an Indo-Pacific ancestor (Medrano et
al., 2018). Furthermore, the divergence of Cyerce orteai to its sister taxon, Cyerce sp. 1
from the Central Pacific could be attributed to interrupted gene flow caused by the East
Pacific Barrier (ECP). The ECP is an extensive stretch of deep water, limiting
colonization of taxa and reducing larval exchange between the eastern Pacific to the rest
of the Indo-West Pacific (Briggs, 1961; Lessios et al., 1999; Valdés, 2004). Although
genetically distinct, Cyerce orteai and Cyerce sp. 1 were recovered as a sister clade to the
Indo-West Pacific species, Cyerce pavonina and Cyerce sp. 5 (Fig. 1). Previous studies
have suggested the isolation of the Hawaiian Archipelago could serve as a barrier to gene
flow among populations from the Indo-Pacific (Scheltema and Williams, 1983; Bowen et
al., 2016; Crandall et al., 2019). Whether this geographic barrier is playing a role in the
divergence of these two clades requires further investigation as other Cyerce species,
such as Cyerce bourbonica that has a widespread range from the West Pacific to the
Hawaiian Islands does not appear to follow this pattern. Previous studies have
hypothesized the formation of geographic barriers could be associated with the speciation
of marine taxa in the Indo-West Pacific (Crandall et al., 2019). An example of a
geographic barrier in the West Pacific is the deep trench between the Vanuatu
archipelago and New Caledonia (Valdés, 2001), which could have led to the breakdown
of the range of the ancestral species, resulting in the restricted ranges and divergence of
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Phyllidiopsis (Valdés, 2001). However, we do not see this pattern occurring within the
Cyerce elegans species complex, as Cyerce sp. 10 was collected from Vanuatu, New
Caledonia, and Papua New Guinea. The entirety of the geographic ranges of several
Cyerce species are not known as we lack representatives from the Indo-West Pacific,
Atlantic, and Mediterranean. Molecular data of specimens from the East Atlantic and
Mediterranean would need to be included into my phylogenies and could potentially
provide further insight as to the underlying mechanisms resulting in speciation of Cyerce.

Sexual Selection
Anatomical examinations of the male reproductive system in species of Cyerce
revealed distinct penial stylets. Gascoigne (1974) suggested there are two different types
of stylets in sacoglossans: ‘penetrant’ and ‘coupling’ that differ functionally in the
administration of sperm transfer during copulation. Gascoigne (1974) decribed
‘penetrant’ stylets as ‘rigid’ and ‘slightly curved’ or ‘straight’ as observed in Cyerce
nigricans. Whereas, ‘coupling’ stylets according to Gascoigne (1974) can be short, ‘teapot spout’ shaped or ‘long and flexible’ that is mostly observed in bivalved gastropods.
The penial stylet has been hypothesized to be a plesiomorphic within Sacoglossa,
independently evolved within some sacoglossan lineages (Jensen, 1997b; Smolensky et
al., 2009). Species of Cyerce exhibit both ‘coupling’ and ‘penetrant’ stylet types. Some
species have long, curved penial stylets, such as Cyerce sp. 8 (clade 1), Cyerce sp. 2
(clade 1), Cyerce sp. 6 (clade 1), Cyerce antillensis (clade 2), and Cyerce nigra (clade 3).
Whereas other species such as Cyerce pavonina (clade 2), Cyerce sp. 1 (clade 2), and
Cyerce sp. 5 (clade 2) have short, straight stylets. Sexual selection followed by formation
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of reproductive barriers could potentially explain the radiation of Cyerce, a pattern that
has been observed in other sacoglossans and marine taxa (Krug et al., 2016; Munday et
al., 2014). Sexually selective traits such as genital morphology could play a role in
speciation of sympatric taxa (Churchill et al., 2013; Krug et al., 2016). Furthermore,
selective traits such as the penial stylet could potentially be related to the establishment of
reproductive isolated species (Gascoigne, 1993; Jensen, 2001).
Cyerce habanensis and Cyerce antillensis were recovered in clade 2 as forming a
well-supported subclade (Fig. 1). Cyerce habanensis has an overlapping geographic
range with Cyerce antillensis in the Caribbean Sea, but has been observed to specialize
on the green algae Halimeda. Whereas, specimens from the Cyerce antillensis species
complex have been observed to consume the green algae Penicillus. The penial stylets of
both species are also distinct, suggesting host partitioning possibly resulted in the
divergence of these two species followed by reproductive isolation (Krug et al., 2016).
Cyerce antillensis further subdivides into five genetically distinct species (Fig. 1).
Specimens that constitute the Cyerce antillensis species complex were collected from the
same host, suggesting ecological speciation is not likely to be playing a role in
divergence of these clades (Ornelas and Valdés 2012; Krug et al., 2016). This pattern has
been observed in previous studies of other sacoglossan lineages from the Caribbean Sea,
suggesting selection on genital morphology could play a role in the reproductive isolation
of these species (Krug et al., 2016). However, this has to be further investigated as we
were unable to observe the reproductive morphology of all the candidate species
belonging to the Cyerce antillensis species complex.
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Other potential mechanisms of speciation such as larval development and
dispersal should be taken into account for divergence of Cyerce species. However, the
larval development of very few species of Cyerce is known. Species such as Cyerce sp. 2,
Cyerce habanensis, and Cyerce elegans have been observed to exhibit planktotrophic
development whereas Cyerce antillensis exhibits lecithotrophic development (Krug et al.,
2015). The planktotrophic development of these species could explain their widespread
geographic distribution, as planktonic larvae can be capable of dispersing large distances
maintaining gene flow among populations (Pechenik, 1999; Bradbury et al., 2008).
Whereas, species with lecithotrophic development undergo a brief larval period, that is
more likely to result in shorter dispersal distances and locally adapted populations (Krug
et al., 2015). Whether larval development and dispersal are playing a role in speciation of
Cyerce requires further investigation.

Concluding remarks
The integration of molecular and morphological analyses revealed twenty-four
candidate species of Cyerce, almost doubling the biodiversity of this genus. Phylogenetic
analyses recovered several species complexes within Cyerce, suggesting crypsis and
pseudocrypsis is occurring within this genus. My results could have several implications
in prior research as Cyerce nigricans from Lizard Islands, Australia has been studied to
be aposematically colored and able to synthesize toxic polypropionates (Gosliner, 2001;
Roussis et al., 1989). Whether other specimens of Cyerce nigricans are capable of
synthesizing polypropionates requires further investigation. Cyerce cristallina has also
been observed to synthesize de novo polypropionates (Marzo et al., 1991; Marín and Ros,
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2004; Moses et al., 2004). However, my phylogenetic analyses recovered the Cyerce
nigricans species complex and Cyerce cristallina as belonging to separate clades (Fig. 1).
Whether this trait arose in Cyerce cristallina and Cyerce nigricans as a result of
convergent evolution or other Cyerce species also have these similar polypropionate
properties needs to be further investigated. Biogeography, host specialization, and sexual
selection appear to play a significant role in speciation of Cyerce. However, we are
lacking representatives of Cyerce species from the Indo-West Pacific, West Atlantic, and
Mediterranean that could provide further insight on potential mechanisms of speciation
within Cyerce.
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