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Abstract

Despite its wide, almost worldwide distribution, the mayfly genus Cloeon Leach, 1815 (Ephemeroptera:
Baetidae) is restricted in the Western hemisphere to North America, where a single species is reported. In
the Neotropics, except for some species wrongly attributed to the genus in the past, there are no records
of Cloeon. Recently, however, specimens of true Clocon were collected along the coast of Espirito Santo,
Southeastern Brazil. In order to verify the hypothesis that this species was recently introduced to Brazil,
our aim was to identify the species based on morphological and molecular characters and to confirm the
presence of true representatives of the genus in the Neotropics. Our results revealed that the specimens
found in Brazil belong to the Afrotropical species C. smaeleni Lestage, 1924. The identity of the species,
its distribution, along with its previous absence in regularly sampled sites, is a clear sign that the specimens
of C. smaeleni found in Espirito Santo are introduced, well established, and that the colonization took

place very recently.
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Introduction

Aquatic insects, despite their dominance in terms of diversity in most freshwater eco-
systems, show a disproportional low number of invasive species when compared to
other freshwater macroinvertebrates (Karatayev et al. 2009). Among entirely aquatic
insect orders, there are no Plecoptera or Megaloptera and very few Trichoptera that
are invasive (de Moor 1992). In mayflies (Ephemeroptera), a single case is document-
ed, a Southeast Asia lentic species of the family Caenidae introduced accidentally in
Hawaii during WWII (Zimmermann 1957) and now well established (Smith 2000).
Among the necessary characteristics for invasive species, Kleunen et al. (2010) men-
tioned phenotypic plasticity, ability for uniparental reproduction, and fast growth in
disturbed habitats. Besides that, de Moor (1992) mentioned some important char-
acteristics in the case of invasive aquatic insects, such as: the generalist feeding, e.g.
detritivores, year-round breeding capacities, the ability to colonize peri-urban envi-
ronment and artificial waterbodies, and the climatic similarity of invaded and source
environments. The ability to colonize water bodies with low level of oxygen, such as
polluted streams and rivers or lentic habitats, can also be added to the characteristics
mentioned by de Moor (1992). Tolerant species are much more likely to find a suit-
able site, and pass through physiological filters, than those with high requirements
(see Karatayev et al. 2009).

Due to their diversity, abundance and role in nutrient cycling, mayflies are a criti-
cal component in freshwater ecosystems throughout the world, and most species are
good bioindicators of the water quality (Menetrey et al. 2008; Brittain and Sartori
2009). Around 3500 species are known over the world, the vast majority colonizing
running waters (Barber-James et al. 2008). Some species, however, are capable of colo-
nizing lentic habitats, eutrophic water bodies, and present most of the aforementioned
requirements for potential invaders.

The genus Cloeon Leach, 1815 (Ephemeroptera) is one of the most common and
most diversified genera of mayflies. It encompasses 75 species with 24 of them in the
Palaearctic realm, 23 in the Afrotropical and 20 in the Oriental. It is also present,
though less diversified, in the other realms, except the Neotropics where true Cloeon
have never been reported. Because of its long imaginal stage in females, ca 14 days for
mated (Degrange 1960) to 28 days for virgin ones (Ochme 1972), Clocon presents an
unusual potential for dispersion in mayflies; it is reported even from remote islands
such as the Azores in the Northern Atlantic Ocean (Brinck and Scherer 1961), La
Réunion in the Indian Ocean (Gattolliat 2004), or Vanuatu in the Pacific Ocean (Gat-
tolliat and Staniczek 2011).

Cloeon colonizes all kind of still and standing waters. It can be collected in the
riparian vegetation of streams, in ponds and lakes as well as artificial habitats. Larvae
feed on detritus and small algae. They swim rather rapidly and actively move their gills.
They support water of low quality, i.e. «—f3 mesosaprobic (Zelinka and Marvan 1961)
and even temporary anoxia (Nagell 1977). At least some of the species are recognized
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as being ovoviviparous [e.g. C. dipterum Linnaeus, 1761, C. smaeleni Lestage, 1924,
C. gambiae Gillies, 1980, C. perkinsi Barnard, 1932, and C. ¢ylindroculum (Kimmins,
1956) (Degrange 1959, Gillies 1985)] implying a long imaginal stage necessary for the
maturation of the eggs.

The genus Cloeon is characterized at the larval stage by double rounded gills on seg-
ments I to VI and gills VII simple; sclerotized spines on the lateral margins of the abdo-
men; segment III of labial palp apically tapered or falcate; legs long and slender, tarsal
claws elongated with two rows of numerous denticles; median caudal filament equal
to the cerci. In the imaginal stage: forewing with single intercalary veins; hindwings
absent; female forewing with costal and subcostal fields coloured in some species; male
with 3-segmented gonopods without lateral extensions, segment III reduced, genital
plate rounded or conical.

Historically, several species of Cloeon were described from the Western Hemi-
sphere, but all of them have been transferred to other genera. While the species from
the Neartic realm were transferred to Centroptilum Eaton, 1869 or Procloeon Bengts-
son, 1915 (McCafferty and Waltz 1990), those from the Neotropics were all trans-
ferred to other genera mainly Pseudocloeon Klapalek, 1905 - and subsequently to Amer-
icabaetis Kluge, 1992 (Ulmer 1920, Gillies 1990, Lugo-Ortiz and McCafferty 1999),
or to Callibaetis Eaton, 1883 (Gillies 1990).

The case of Cloeon dipterum (mentioned as C. cognatum Stephens, 1835 in
some papers) is of great interest; this widespread European species was first re-
ported from the U.S.A. based on a single female from Illinois (Burks 1953), but in
the succeeding years additional records were provided from several areas in U.S.A.
and Canada (Traver 1962, Flowers 1978, Burian and Gibbs 1991, Randolph et
al. 2002, McCafferty et al. 2008). Its presence in North America has long been
controversial, with some authors regarding the species as a non-native mayfly (Tra-
ver 1962, McCafferty 1996), while others sustaining an old Holarctic distribution
(Randolph et al. 2002). Therefore, since 1990, C. dipterum is considered the only
representative of the genus in the Western Hemisphere where it is restricted to
temperate North America.

Recently, unexpected adults and larvae of Cloeon were found in the State of Es-
pirito Santo, Southeastern Brazil. During the last seven years this state was one of the
most sampled and studied areas in Brazil regarding mayflies (e.g., Salles et al. 2010),
including some of the sites where Cloeon has been found now. This fact, along with the
previous absence of report of true Cloeon in South America (Dominguez et al. 2006)
and the ecology of the genus (i.e., tolerance to low water quality, ovoviparity), indicates
a recent introduction of a non-native species. In order to verify this hypothesis, our
aim is to identify the species based on morphological and molecular characters and to
confirm the presence of true representatives of the genus in the Neotropics. A brief
discussion on the significance of this finding to the origin of Cloeon dipterum in North
America is also provided, as well as the problems that may arise from the colonization
of this taxon in Brazil.
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Material and methods

Larvae were collected with the usual techniques for aquatic insects, such as surber
samples and other net sampling methods. Cloeon female adults were gathered mostly
inside houses, while male adults were obtained by rearing larvae in the laboratory. The
examined material is housed in the Colecio Zooldgica Norte Capixaba, Universidade
Federal do Espirito Santo, Sio Mateus, Brazil; Cole¢io Entomolégica Prof. José Alfre-
do Dutra, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil; and Musée
cantonal de zoologie, Lausanne, Switzerland. The geographic records of the species
were mapped with DIVA-GIS (version 7.17.2, http://www.diva-gis.org/) and then ed-
ited with Adobe Illustrator and Adobe Photoshop CS6.

For the specific identification, the most important morphological characters of
the genus were examined (e.g. Gillies 1980, Gattolliat and Rabeantoandro 2002, Gat-
tolliat et al. 2008): for the immature stage, the shape of the labial palp, the number
of segments of the maxillary palp, the number of abdominal segments with lateral
spines and the number of lateral spines, and the shape and denticulation of the tarsal
claws; for the imagos, the abdominal color pattern, the shape of the genital plate, the
coloration of the costal and subcostal fields of female fore wings. As no identification
key for all the species of Cloeon are available, several papers were consulted, such as:
Gillies (1980, 1985); Gattolliat and Rabeantoandro (2002) for Afrotropical species;
Sowa (1975), Bauernfeind and Humpesch (2001), Bauernfeind and Solddn (2012) for
Palaearctic species.

For the molecular analyses DNA was extracted from specimens stored in pure
alcohol using a Qiagen Extraction Kit. The 658 pb of a mitochondrial protein-cod-
ing gene fragment (cytochrome oxydase subunit I, or CO1) were amplified using
primers LCO 1490 (GGTCAACAAATCATAAAGATATTGG) and HCO 2198
(TAAACTTCAGGGTGACCA A AAAATCA) (Folmer et al. 1994). All laboratory
procedures, edition and alignment of sequences were conducted as described in Vuataz
et al (2011). The sequence divergence between haplogroups was calculated using the
Kimura 2-parameter as implemented in Mega 5.05 (Tamura et al. 2011). We consid-
ered 3% sequence divergence (K2P=0.03) as the maximal value for intraspecific diver-
gence (Hebert et al. 2003). GenBank accession numbers are provided for the material
in which DNA has been analysed.

Material examined

Cloeon smaeleni

Brazil
Concei¢ao da Barra, Parque Estadual de Itatnas, Alagado, 17/v/2012,
S18°24'34.66", W39°41'59.84", 54 larvae, 1 female subimago, 1 female imago, 3

male subimagos and 2 male imagos. Same data, 18/v/2012, 9 larvae (GenBank ac-
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cession numbers: HG935106 and HG935107). Sao Mateus: Meleira, 17/vi/2011,
S18°43'14.8692", W39°46'9.1302", 2 female imagos; Bairro Colina, 09/x/2012,
1 male imago; Chdcara do Cricaré, Rua Traira, 17 female imagos, 07/vi/2013,
S18°42'57.9162", W39°50'29.5902", 4 female imagos; Rio Preto, 31/x/2012 ,
S18°44'8.16", W39°47'47.0394", 4 larvae; Rio Preto, 25/ix/2012 , S18°44'8.16",
W39°47'47.03", 3 female imagos. Jaguaré: Cérrego Agua Limpa, 04/viii/2012,
S$18°55'40.3962", W39°59'9.8988", 7 larvae; Santa Maria, Cachoeira do Bereco, 22/
ix/2011, S18°53'4.45", W40°12'23.14", 2 larvae. Vitéria, Port Complex of Tubario:
impoundment on Carapina stream, 20°15'23.09"S / 40°14'57.95"W, 15.x.2009,
108 larvae. Same data, 16-17.xii.2009, 5 larvae. Impoundment on Carapina Stream,
20°15'45.89"S / 40°15'1.93"W, 15.x.2009, 7 larvae. Same data, 16—17.xii.2009,
9 larvae. Impoundment on Carapina Stream, S$20°15'32.71" W40°15'34.29",
14.x.2009, 4 larvae. Same data, 16-17.xii.2009, 54 larvae. Guarapari, Parque Es-
tadual Paulo César Vinha: Lagoa Feia, 03/v/2012 , S19°26'33.71", W40°24'7.2",
8 larvae; Lagoa Manilha, 02/v/2012, $19°23'40.92", W40°25'20.27", 3 larvae.
Bom Jesus do Norte, [lha do Vicente, Rio Itabapoana, 31/vii/2012, S21°6'53.59",
W41°41'30.90", 2 larvae.

Madagascar
Antananarivo, Atanandrano, 23/v/2003, 25 larvae. (GenBank accession numbers:

HG935104 and HG935105).

South Africa
§2125, Limpopo Prov., Louis Trichardt, Bass. Limpopo, Riv. Luvuvhu, Alt. 700m,
24/v/2003, 23°05'11"S, 30°10'29"E , 15 larvae.

Cloeon cf. smaeleni

Saudi Arabia
AR47, Al-Itnayn, dam, Alt. 2300m, 14/xi/2012, 18°01'21"N, 42°45'50"E, 10 lar-
vae, 5 female imagos and subimagos. (GenBank accession numbers: HG935108 and

HG935109).

Cloeon dipterum

Switzerland
Zurich, Kleinandelfingen, Riubrichsee, 15/v/2012, N47°36'46", E8°40'35", 2 larvae.
(Unpublished sequences from Sereina Rutschmann, IGB, Betlin).

Korea
(GenBank accession number: KC135930).
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Cloeon cf. dipterum

Canari Islands

GCO01: Gran Canaria, Telde, Barranco de los Cernicalos, 25/i/2009, N27°57'54",

W15°29'46", 6 larvae. (GenBank accession numbers: KF438141 and KF438144).
TF03: Tenerife, Igueste de St Andrés, Alt. 100m, 18/iii/2007, N28°32'21",

W16°09'26", 20 larvae. (GenBank accession numbers: KF438163 and KF438120).

Cloeon peregrinator

Madeira
Funchal, Alt. 270m., 17/iv/2006, 32°39'43"N, 16°53'44"O, 27 larvae
Funchal, Alt. 70m., 02/xii/2005. 32°38'30"N , 16°55'36"0O, 2 female imagos.

Cloeon praetextum (gr. simile)

Norway
Finnmark (GenBank accession number: PRJNA37833).

Cloeon spl

Saudi Arabia
AR44, Wadi Shahadan, Alt. 190m, 13/ii/2012, 17°27'7"N, 42°42'49"E, 20 larvae.
(GenBank accession number: KF438120).

Cheleocloeon soldani

Saudi Arabia
AR39, Wadi Damad, Alt. 260m, 11/ii/2012, 17°27'7"N, 42°42'49"E, 35 larvae.
(GenBank accession number: HG935111).

Results

Morphological, as well as molecular analyses revealed that the specimens found in
Brazil belong to the Afrotropical species C. smaeleni. The main diagnostic characteris-
tics were, as usual among Cloeon species, the color pattern of adults, especially the fore
wing (Figs 1, 2, 3 and 16) and abdominal sterna (Figs 1, 2 and 3), along with the color
of the fore legs (Figs 1, 2 and 3). In addition, the maxillary palp three-segmented
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Figures 1-5. Clocon smaeleni. 1 Male imago (lateral view of living specimen) 2 Female imago (lateral

view of living specimen) 3 Female imago (lateral view of living specimen) 4 Male larva (dorsal view)
5 Detail of male larval tergites VII to X.

(Fig. 10), the labial palp segment III clavate (Fig. 11), the lateral spines restricted
to segments VIII and IX (Figs 4 and 5), the teeth and shape of the tarsal claws (Figs
12 and 13), the spines on posterior margin of abdominal terga alternating one long
one short (Fig. 15), and the male genitalia with a conical genital plate (Fig. 17) were
crucial for the specific identification. Other morphological features such as labrum
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Figures 6—17. Clocon smaeleni: 615 larva morphology 6 Labrum 7 Right mandible 8 Left mandible
9 Hypopharynx 10 Maxilla I | Labium 12 Fore leg 13 Fore tarsal claw 14 Paraproct 15 Posterior margin
of abdominal tergum 16 and 17 adult morphology 16 Female fore wing 17 Male genitalia.



First alien mayfly in South America 9

200

kilometers

Google earth

Figures 18-21. Distribution of Cloeon smaeleni. 18 World map (gray, Brazil; dark gray, species distribu-
tion) 19 Map of Brazil subdivided in biomes, with detail of the State of Espirito Santo and collection sta-
tions (red circles) (st1, Conceigio da Barra; st2, Sio Mateus; st3, Jaguaré; st4, Vitéria; st5, Guarapari; st6,
Bom Jesus do Norte) 20 Satellite picture from the Tubardo Complex Port in Vitéria (red arrows indicate
collection stations) 21 General view of one of the stations at Parque Estadual de Itatnas.
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Table I. Sequences using the Kimura 2-parameter: Taxa: CS = Cloeon smaeleni or Cloeon cf. smaelen;
CD = Cloeon dipterum or Cloeon cf. dipterum; CL: Cloeon spl; CP = Cloeon praetextum; CHS = Chele-
ocloeon soldani. Countries: MA = Madagascar; BR = Brazil; SA = Saudi Arabia; CH = Switzerland; KO =
South Korea; TF = Tenerife (Canari Islands); GC = Gran Canaria (Canari Islands); NO = Norway.

CS-MA | CS-BR | CS-SA | CD-CH | CD-KO | CD-TF | CD-GC | CL-SA | CP-NO
CS-BR | 0.02
CS-SA 0.12 0.11
CD-CH| 0.19 0.20 0.18
CD-KO | 0.21 0.21 0.19 0.08
CD-TF | 0.21 0.22 0.20 0.10 0.09
CD-GC| 0.22 0.23 0.21 0.11 0.10 0.10
CL-SA | 0.19 0.19 0.20 0.17 0.17 0.18 0.20
CP-NO | 0.23 0.23 0.21 0.21 0.20 0.21 0.20 0.19
CHS-SA| 0.24 0.25 0.23 0.20 0.20 0.22 0.23 0.21 0.23

(Fig. 6), mandibles (Figs 7 and 8), hypopharynx (Fig. 9), and paraproct (Fig. 14) are
also illustrated as they may be useful to separate Cloeon from other Neotropical genera
especially Callibaetis Eaton, 1881 and Callibaetoides Cruz, Salles & Hamada, 2013.

There is no genetic distance between the Brazilian specimens and they are highly
supported as sister group to Afrotropical haplotypes of Cloeon smaeleni (Table 1). The
genetic distance between Brazilian and Afrotropical haplotypes clearly corresponds to
intraspecific variation (K2P distance = 0.02). We also sequenced material from Saudi
Arabia morphologically similar to C. smaeleni. These haplotypes appear as sister group
to the Afrotropical + Brazilian clade, but present interspecific distance with this clade
(K2P distance > 0.11). Brazilian haplotypes are not genetically related to any Palaearc-
tic species including Cloeon dipterum s.l. (K2P distance > 0.20).

The specimens examined were found exclusively in the State of Espirito Santo,
Southeastern Brazil. They have been reported from at least six localities, most of them
along the coast of the state (Figs 18 and 19) and always in low altitude areas (from
the sea level to 65 meters above it). In Vitéria (st4), Guarapari (st5) and Conceicio
da Barra (st1) (Fig. 19), larvae were collected in ponds very close to the shoreline. In
Vitoria (st4), larvae were gathered in artificial impoundments colonized by Pistia spp.
or Typha spp. macrophytes on the final section of the Carapina stream. All impound-
ments are located inside the Port Complex of Tubario (Fig. 20), the biggest iron ore
export port in the world. In Sao Mateus (st2), larvae were found in Rio Preto, a small
black water tributary (Fig. 19) of the main river of the region, the Rio Sdo Mateus or
Cricaré. Female adults were caught inside a house very close to a large tributary of the
Cricaré, the Rio Mariricu, suggesting that the species might also be present there. At-
tempts to collect material at the Rio Cricaré, however, were unsuccessful. Jaguaré (st3)
and Bom Jesus do Norte (st6) are located more distant from the Ocean coast (around
100 km); in these localities, specimens were collected in approximately five meter wide
streams. In the streams or rivers, larvae were found exclusively in areas with slow or no
current, among organic substrates, such as roots, macrophytes or leaf litter.
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Discussion

Cloeon smaeleni is a widespread species (Fig. 18) originally described from a female
imago from Katanga, Congo. Subsequently, all ontogenetic stages of C. smaeleni were
described (Gillies 1980, Gattolliat and Rabeantoandro 2002) and this species was re-
ported from the whole Afrotropical Region: Central Africa (Lestage 1924), South-
ern Africa (Demoulin 1970), West Africa (Gillies 1980), East Africa (Gillies 1985),
Madagascar (Gattolliat and Rabeantoandro 2002), and La Réunion (Gattolliat 2004).
Cloeon smaeleni was also reported from the Arabian Peninsula (Gillies 1985). Our mo-
lecular (Table 1) and morphological analyses (unpublished results) established that in
fact Arabian populations constitute a new undescribed species related to C. smaelen.

Larvae of C. smaeleni are found in many types of slow waters: temporary ponds,
rice fields, reservoirs, slow moving streams and the margins of lakes (Gillies 1980),
sometimes associated with hydrophytes (Petr 1968). Imagos, as well as other species of
the genus, are ovoviviparous (Gillies 1985).

The identity of the species, its distribution, along with its previous absence in regu-
larly sampled sites, is a clear sign that the specimens of Cloeon smaeleni found in Espirito
Santo are introduced, well established, and that the colonization took place very recently.
It is not possible to ascertain where or how this event has occurred, or even if there was a
single or multiple entrances. The presence of larvae of Cloeon smaeleni in a port, though
highly speculative, suggests that they may have arrived in by ship traveling from Africa.

It is also difficult to predict the impact caused by the presence of Cloeon smaeleni in
Brazil. In its original habitats, this species feeds on detritus contributing to the recycling
of organic matter. It is often the eudominant species but generally co-occurs with other
Cloeon species. As this species is not a predator and has no significant economic impor-
tance, the impact is probably more related to its competition with other native species at
the same trophic level (or controphics species, according to Davis 2003). In the case of
the mayfly community, species of the genus Callibaetis occupy a very similar ecological
niche when compare to those of Cloeon (Dominguez et al. 20006). Callibaetis gustatus
Navis, 1915, for example, is found along the Brazilian tropical coast (Da Silva 1991,
Salles et al. 2010, Lima et al. 2012) and is a common species in the sites where Cloeon
smaeleni was collected. Based on our observations in the north of Espirito Santo, at least
for now, larvae of Callibaetis are more abundant than those of Cloeon. Following Davis
(2003), competition from introduced species is not likely to be a common cause of ex-
tinctions of long-term resident species. However, a study on the population dynamics
of both species would be interesting in order to monitor the potential impact of Cloeon
smaeleni on a resident species, especially because the sites where the species was found in
Conceigao da Barra (st1) and Guarapari (st5) are located in nature reserves, the Parque
Estadual Paulo Cesar Vinha and the Parque Estadual de Itatnas (Fig. 21).

Our finding raises again the idea, put forward by earlier authors (e.g. Traver 1962,
McCafferty 1996, McCafferty and Mauremootoo 2001), but contested by Randolph et al.
(2002), that Cloeon dipterum is also an exotic species in the Western Hemisphere. Whereas
C. smaeleni is a tropical species that encountered a suitable area for reproduction along the
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coast of Brazil, similar to its native habitat, the same is also plausible for C. dipterum in
North America. This result also has important implication on the insular populations of
Cloeon that are often considered as endemics but may be in fact recent natural coloniza-
tions or introductions related to human activities (McCafferty and Mauremootoo 2001,
Gattolliat and Staniczek 2011, Gattolliat 2013). On the other hand, Cloeon dipterum is not
the only species of mayfly, or even Baetidae, with a Holarctic distribution. Kjaerstad et al.
(2012), for example, listed 10 species found in Norway and North America. Besides these
species, the CO1 sequences of Clocon praetextum Bengtsson, 1914 studied by these authors
are highly similar to those of Proclocon mendax (Walsh, 1862) from northern Canada (less
than 1%) and, therefore, they maybe conspecific. The historical processes that lead to the
presence of unlikely invasive species in both realms, such as those listed by Kjaerstad et al.
(2012), could be the same that lead to the Holarctic distribution of C. dipterum.
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Abstract

Most species of Parnara and Pelopidas (Hesperiidae) are important pests of rice. In this study, the antennal
morphology, types of sensilla, and their distribution of four skipper butterflies, including Parnara guttata
(Bremer & Grey), Pa. bada (Moore), Pelopidas mathias (Fabricius) and Pe. agna (Moore), were observed
using a scanning electron microscope. Six distinct morphological types of sensilla were found on the an-
tennae of all of these species: sensilla squamiformia, sensilla trichodea, sensilla chaetica, sensilla auricillica,
sensilla coeloconica, and Béhm sensilla. The sensilla trichodea are the most abundant sensilla among the
four skipper butterflies, and the sensilla auricillica are confirmed on the antennae of butterflies for the
second time. In addition, the possible functions of these sensilla are discussed in the light of previously
reported lepidopteran insects, which may provide useful information for further study of the function of
these antennal sensilla and for related pests control by applying sex pheromones.
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Introduction

The antennae of insects have various types of sensilla that play important roles in
insect behaviors, including host location, feeding, mate attraction and oviposition
(Zacharuk 1980; Skiri et al. 2005). Antennal sensilla have been extensively recorded
in many insect groups (Amer and Mehlhorn 2006; Sukontason et al. 2004; Bleeker
etal. 2004). Although the structure and function of antennal sensillae in Lepidoptera
have been well known for decades (Anderson et al. 2000), little research has involved
butterflies, especially some important pest species.

Parnara guttata (Bremer & Grey), Parnara bada (Moore), Pelopidas mathias
(Fabricius) and Pelopidas agna (Moore) are among the most important pests of rice
in China. The larvae of these four species feed on the leaves of rice, causing con-
siderable damage and great loss of rice production. So far, the control of rice plant
skippers chiefly relies on the use of chemical insecticides, which in turn causes many
negative consequences. Biological controls, including the application of sex phero-
mones, have become increasingly important. Consequently, research of pest anten-
nae has immediate application to the suppression of pests (Smith and Wall 1998).
In order to better understand their olfactory system related to the biological control
of these four skippers, we researched the type, size, and distribution of antennal
sensilla of Pa. guttata (Bremer & Grey), Pa. bada (Moore), Pe. mathias (Fabricius)
and Pe. agna (Moore).

Materials and methods

Insects

All insects studied are specimens in the entomological museum of Northwest A&F
University. More specific information is provided in Table 1.

Table I. Material localities and collection dates.

Species Collection location Collection date
Huxian County, Shaanxi Province 2009.08.15
Lantian County, Shaanxi Province 2012.08.15
Pa. gutata (Bremer & Grey) Fuzhou Cit}tl,yFujian Province 2006.07.01
Zhenkang County, Yunnan Province 2007.07.09
Ding’an County, Hainan Province 2002.08.08
Pa. bada (Moore) Fuzhou City, Fujian Province 2005.11.19
Jinghong City, Yunnan Province 2007.07.21
Hanzhong City, Shaanxi Province 1993.07.23
Pe. mathias (Fabricius) Fuzhou City, Fujian Province 2003.12.28
Minging County, Fujian Province 2005.10.21
Pe. agna (Moore) Wuzhi Mountain, Hainan Province 2007.05.20
Luxi County, Yunnan Province 2005.08.19
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Scanning electron microscope

The antennae of 10 adults of each of the four species were removed under a microscope
(Nikon SMZ1500) by using sharp blades. The antennae were washed for 20 s (four
times, each for 5 s) in 70% ethanol solution in an ultrasonic cleaner (KH-250DB;
15°C, 50HZ). After critical point drying, the specimens were attached to a holder us-
ing electric adhesive tape, sputter-coated with gold, examined and photographed with
a S-4800 SEM (at 10 kV-15 kV).

Results
Antennal morphology
The antennae of the four studied species of skipper butterflies are located between the

compound eyes, and each consists of three components: a basal scape, pedicel, and an
elongated flagellum. The first two components consist of a single short segment each one

$-4800 10.0kV 9.5mm x50 1.00mmfl S-4800 10.0kV 9.5mm x350

Figure 1. SEM photomicrographs of Pa. guttata. (@) the scape and pedicel of Pa. guttata and location
of the Bshm sensilla (b) the Bohm sensilla on the scape of antenna (c) profile of the flagellum with scales
(d) profile of last flagellar subsegment of the antenna and the sensilla chaetica, sensilla trichodea and
sensilla coeloconica. S Scape; P Pedicel; BS Bohm sensilla; Sc Scales; SCh sensilla chaetica; ST sensilla
trichodea; SCo sensilla coeloconica.
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$-4800 20.0kV 9.5mm x3.00k

$-4800 10.0kV 9.7mm x3.00k 10.0um J S-4800 10.0kV 9.6mm x3.00k

Figure 2. (a) sensilla squamiformia on the flagellum of Pa. guttata (b) sensilla squamiformia of Pa. bada
() sensilla squamiformia of Pe. mathias (d) sensilla squamiformia of Pe. agna. SQ sensilla squamiformia.

of them (Fig. 1a). The third component, the flagellum, consists of many subsegments.
The typical flagellum is thin basally and becomes gradually thicker and curved, covered
with scales (Fig. 1¢). More types of sensilla are observed on the curved hook (Fig. 1d).

Types of antennal sensilla

In total, six types of sensilla were observed on the antennae of these four skippers:
sensilla squamiformia, sensilla trichodea, sensilla chaetica, sensilla auricillica, sensilla
coeloconica, and B6hm sensilla.

Sensilla squamiformia (SQ)

This type of sensillum is scale-like and elongated with a distal end tapering, found
along the base or center flagellum among the scales (Fig. 2a—d). The length of the sen-
silla squamiformia is 43.5+4.0pm (Pa. guttata), 48.5+6.7 pm (Pa. bada), 47.5+5.8 pm
(Pe. mathias), 46.3+3.8 pm (Pe. agna). The number of sensilla is 1-4 per flagellomere,
with the terminal flagellomeres without any among the four skipper butterflies.
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Figure 3. (a) The sensilla chaetica, sensilla trichode and scales on the flagellum of Pa. guttata (b) the sen-
silla chaetica, sensilla trichode and sensilla coeloconica on the flagellum of Pa. bada (c) the sensilla chaet-
ica and sensilla trichode on the flagellum of Pe. mathias (d) the sensilla chaetica and sensilla trichode on
the flagellum of Pe. agna. Sc Scales; SCh sensilla chactica; ST sensilla trichodea; SCo sensilla coeloconica.

Sensilla trichodea (ST)

The sensilla trichodea are hair-like, tapering apically. They occur along the distal seg-
ments on the ventral surface (Figs 1d and 3a and b). The surface of the cuticular wall
of sensilla trichodea is smooth and the wall pores are not seen with scanning electron
microscope (Fig. 3c and d). These sensilla (range 27.1+3.2 um—28+1.5 pm) are the
most abundant with about 32-69 per flagellomere in the four species.

Sensilla chaetica (SCh)

The sensilla chaetica have a straight needle-like appearance with a grooved surface (Figs
1d and 3a—c). Each sensilla arise from a round socket, is wide at the base and sharp
at the distal end (Fig. 3d). These sensilla (range from 29.5+4.1 pm to 39.5+7.5 pm)
are distributed evenly (1-3 per flagellomere) among the scales at the base and center
of the flagellomere and among the sensilla trichodea along the flagellum. 4-7 larger
sensilla chaetica (80.3+5.8 pm) are distinct and can be found on the terminal segment

of flagellum.
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4.00um § S-4800 10.0kV 9.5mm x10.0k

S$-4800 10.0kV 9.5mm x15.0k 3.00um § S-4800 10.0kV 9.3mm x7.00k

Figure 4. The sensilla auricillica of Pa. guttata (@) Pa. bada (b) Pe. mathias (c) and Pe. agna (d).

Sensilla auricillica (SAu)

The sensilla auricillica are short and ear-shaped with a blunt and rounded tip. The sur-
face of the cuticular wall of ear-shaped sensilla is covered with small pores (Fig. 4a—d).
These sensilla are only scattered along the distal end of the flagellum. These sensilla
(about 6-14 per flagellomere) are very similar and the length varies from 12.8+3.4 um
to 15.5+0.3 um among all four skipper butterflies.

Sensilla coeloconica (SCo)

The sensilla coeloconica consist of a submerged central peg with a grooved surface
and blunt tip surrounded by a ring of cuticular spines (Figs 3b, 5a—d). They are found
on the distal end of the flagellum (about 6-12 per flagellomere) in the four species
(Fig. 1d). In Pe. mathias and Pe. agna, these sensilla are also found occasionally on the
base or center of the flagellomere as they are difficult to discern since the scales will
conceal them (Fig. 5c and d).

Boéhm sensilla (BS)

Bohm sensilla are spine-like structures with smooth cuticles. Bshm sensilla, in clusters,
are inserted to the base of scape and pedicel segments only (Fig. 1a and b). Each cluster
has approximately 56, 59, 34 and 32 sensilla respectively among Pa. guttata, Pa. bada,
Pe. mathias and Pe. agna.
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d
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Figure 5. The sensilla coeloconica of Pa. guttata (@) Pa. bada (b) Pe. mathias (c) and Pe. agna (d).
SCo sensilla coeloconica

Discussion

Sensilla squamiformia are commonly present in lepidopteran insects (Faucheux 1999). The
sensilla squamiformia found in this study are similar in shape and distribution to those
reported in two other butterfly species, Zéinopalpus aureus Mell and Heliophorus phoenico-
paryphus (Holland) (Jiang et al. 2000; Xu and Wang 2013); but the shape and distribution
of these sensilla are different from several reported moth species, Synanthedon scitula (Har-
tis), Coleophora sp. and Zamagiria dixolophella Dyar (Frank et al. 2010; Faucheux 2011;
Gébmez et al. 2003) and also different from Coleoptera (Hix et al. 2003; Gao et al. 2013).
These aporous sensilla are inferred to have a mechanoreceptive function (Schneider 1964).

We identified only one type of sensilla trichodea among the four skipper butter-
flies. However, studies of other moth species have shown those sensilla can be divided
into more subtypes according to their size and pore density (Faucheux 1999). For
example, three subtypes of these sensilla are found on Synanthedon scitula and Ostrinia
nubilalis (Hibner) (Frank et al. 2010; Hallberg et al. 1994). Furthermore, the number
of these sensilla in Bombycidae, Tortricidae, Tineidae and Pyralidae is significantly
different between male and female antennae (Steinbrecht 1973; George and Nagy
1984; Faucheux 1987; Wang et al. 2008). The accumulated studies have shown that
multiporous sensilla trichodea are associated with olfactory reception of sex phero-
mones (Hansson et al. 1995; Ebbinghaus et al. 1997; Ma and Du 2000).
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Sensilla chaetica found in this study are similar in structure to those reported for
the Lycaenidae: Chilades pandava (Horsheld) and Heliophorus phoenicoparyphus (Jian
etal. 2011; Xu and Wang 2013). These sensilla have also been observed in many other
moth species, viz, Cydia nigricana (Fabricius), Bactra furfurana (Haworth), and Zama-
giria dixolophella (Wall 1978; Razowski and Wojtusiak 2004; Gémez et al. 2003). Sev-
eral studies noted that these uniporous sensilla to be contact chemoreceptors (Altner
and Prillinger 1980; Hallberg et al. 1994).

Although the sensilla auricillica have been easily observed in the months, these
sensilla on the antenna of butterfly was described for the first time in Pieris rapae L.
(Faucheux 1996, 1999). Our observations on the Hesperiidae confirm their presence
in the butterflies. Several studies on moth species considered multiporous sensilla au-
ricillica as olfactory receptors for plant volatiles (Boekh et al. 1965; Kaissling 1971).
Others suggest they respond to sex pheromone compounds (Ebbinghaus et al. 1997;
Anderson et al. 2000; Faucheux 20006).

In this study, the multiporous sensilla coeloconica closely resemble those observed
in many other Lepidoptera. This type of sensilla is considered to have a humidity and
temperature sensitive function (Altner et al. 1977). Pophof (1997) reported that in
Bombyx mori L., they are sensitive to plant volatiles and are possibly involved in the
selection of oviposition sites. Sensilla coeloconica were found under the scales on the
antennae of Pe. mathias and Pe. agna, as has not been reported in other insects.

Bohm sensilla observed here are morphologically similar to those presented in
other families of Lepidoptera, e.g., Pyralidae, Tortricidae, Sesiidae (Gémez et al. 2003;
Gémez and Carrasco 2008; Frank et al. 2010). The absence of dendrite in the sensil-
lum lumen and the presence of a tubular body at the base of the hair, observed in the
Bshm sensilla of Tineola bisselliella Humm. (Faucheux 1987) are characteristic of the
mechanoreceptors with a proprioceptive function (Schneider 1964; Faucheux 1999).

In summary, we identified six different types of sensilla on the antennae of Pa. guz-
tata, Pa. bada, Pe. mathias and Pe. agna. The external morphology and distribution of
these sensilla among Parnara and Pelopidas, is very similar and also somewhat similar to
other reported Lepidoptera. However, documents on morphology of antennal sensilla
in butterfly species are still very limited yet. Further exploration on antennal sensilla of
these group need merits to be conducted, which may provide useful information for
taxonomy and phylogeny of Lepidoptera, and for further studies on the function of
antennal sensilla and related pests control by application of sex pheromones.
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Abstract
The genus Eubroncus Yoshimoto, Kozlov & Trjapitzin is first recorded from China, and three species,
E. hani sp. n., E. tibetanus sp. n. and E. vertexus sp. n. are described as new. A key to the six described

species is given, with photomicrographs to illustrate morphological characters.

Keywords
Chalcidoidea, Mymaridae, Enbroncus, taxonomy, new species, China

Introduction

Yoshimoto et al. (1972) established the new subfamily Eubroncinae, including two
genera, Eubroncus and Stomarotrum, based on prominent mandibles that were almost
as long as the head height. Eubroncus was erected for the type species E. orientalis
Yoshimoto, Kozlov & Trjapitzin (male) from Malaysia, and Stomarotrum was erected
for the type species S. prodigiosum Yoshimoto, Kozlov & Trjapitzin (female) from
the Russian Far East. Triapitsyn and Huber (2000) synonymized Stomarotrum with

Copyright Xiang-Xiang Jin, Cheng-De Li. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Eubroncus. Triapitsyn and Berezovskiy (2002) redescribed E. prodigiosus (Yoshimoto,
Kozlov & Trjapitzin) and keyed males of the two known species based on color of
mesosoma and whether the pronotum is divided or not. Viggiani (2003) described the
male genitalial structure of E. prodigiosus from Japan. Lin et al. (2007) recorded an uni-
dentified species from Australia. Hayat and Khan (2009) described the third species,
E. indicus Hayat & Khan, from a single female from India. Here we report the genus
from China and describe three new species.

Materials and methods

Specimens were collected from Xizang Province (Tibet) and Yunnan Province (South-
west China) using yellow pan traps.

Specimens were dissected and mounted dorsally or laterally in Canada balsam on
slides following the method described by Noyes (1982) and modified for the Mymari-
dae by Huber (1988).

Photographs were taken with a digital CCD camera attached to an Olympus BX51
compound microscope, and most measurements were made from slide-mounted spec-
imens using an eye-piece reticle. Total body length excluding ovipositor was measured
mostly with an eye-piece reticle from alcohol-preserved specimens before being dis-
sected, but sometimes from slide-mounted specimens (meso- and metasoma, without
head). All measurements are given in micrometers (um).

Morphological terminology and abbreviations are those of Gibson (1997) and
Huber (2012), as follows (with some additions):

YPT Yellow pan trap

OD  Mid ocellar diameter

POD DPost ocellar diameter

OOL Ocular-ocellar length

OCL Least post ocellus-occipital margin length
LOL Least ocellar length

POL Postocellar length

MOL Least mid ocellus-occipital margin length
Fl_ Flagellar segment

Mps Multiporous plate sensilla

Gt, Gastral tergum

Gs,  Gastral sternum

Specimens studied are deposited in the following institution:

NEFU  Northeast Forestry University, Harbin, China.
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Taxonomy

Genus Eubroncus Yoshimoto, Kozlov & Trjapitzin, 1972
htep://species-id.net/wiki/Eubroncus

Eubroncus Yoshimoto, Kozlov & Trjapitzin, 1972: 879. Type species: Eubroncus orien-
talis Yoshimoto, Kozlov & Trjapitzin, 1972, by original designation.

Stomarotrum Yoshimoto, Kozlov & Trjapitzin, 1972: 879. Type species: Stomarotrum
prodigiosum Yoshimoto, Kozlov & Trjapitzin, 1972, by original designation; syn-
onymy by Triapitsyn and Huber 2000: 603.

Diagnosis. Head strongly angular (or subtriangular) in lateral view. Vertex (Figs 1, 10,
20, 28) with a pair of placoid sensilla in front of post ocelli. Mandibles (Figs 2, 11, 21)
not crossing medially, extremely long and narrow, with strong apical teeth and rows of
denticles on ventral margin. Female antenna with funicle 6-segmented and clava 1-seg-
mented. Pedicel distinctly longer than ﬂl, ﬂl without mps, ﬂz—fl6 and clava each with
numerous mps. Hind wing (Figs 6, 15, 25, 30) relatively wide with broadly rounded
apex, disc begins at wing’s base, submarginal vein striped by alternating hyaline and
infuscate areas. Tarsi 4-segmented. Protibial spur (Figs 7, 16, 26) comb-like. Male an-
tennal flagellum (Fig. 29) 11-segmented.

(Note: this diagnosis applies to examined species from China because authors have
not examined any other material of this genus. Hosts of all Eubroncus are unknown)

Key to species of Eubroncus of the world
(Note: females are not known for orientalis; males are not known for indicus, hani, and
tibetanus)

1 Q: flagellum clavate, funicle 6-segmented and clava 1-segmented (Figs 3,
L2, 22 ettt ettt ettt et e bt e ebeeeneeeat 2
- J' flagellum filiform, 11-segmented (Fig. 29) .....ccvvverivernieerniernieinienniennes 6
2 Pronotum entire, without longitudinal carina medially (Yoshimoto et al.
2 T s 3
- Pronotum with a faint longitudinal carina medially (Figs 4, 13, 20) ........... 4
3 Scape about 3.0x as long as wide; Gt, with prominent carinae; eye circular ..
.............................................................................................. E. prodigiosus

- Scape about 5.5x as long as wide; Gt, without prominent carinae; eye oval ..
..................................................................................................... E. indicus
4 Hind wing without a group of long setae on disc behind the distal part of mar-
ginal vein (Fig. 25); petiole with short and blunt spine-like projections antero-
laterally (Fig. 27); vertex entirely covered with conspicuous scale-like sculpture
(Fig. 20); ovipositor 0.87-0.90x as long as mesotibia............ E. vertexus sp. n.
- Hind wing with a group of notably long setae on disc behind the distal part
of marginal vein (Figs 6, 15); petiole with relatively long spine-like projec-
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tions anterolaterally (Figs 8, 19); vertex only partly covered with conspicuous
sculpture or the sculpture inconspicuous; ovipositor 0.66—0.68x as long as
MESOTIDIA 1. 5
5 Vertex with conspicuous scale-like sculpture in anterior half, smooth in pos-
terior half or nearly so (Fig. 10); propodeum with distinct reticulate sculpture
medially (Fig. 13); scutellum with transverse row of fovea extending to lateral

margins (Fig. 13) c.ccooiiiiiiiiicc E. tibetanus sp. n.
- Both vertex and propodeum with fine reticulate sculpture (Fig. 1); scutellum
with short transverse row of fovea medially (Fig. 4) ................ E. hani sp. n.
6 Pronotum entire, without longitudinal carina medially.......... E. prodigiosus
- Pronotum with a faint longitudinal carina medially..........cccccocoeiinnninnn. 7
Forewing with a notch on basal third of posterior margin (Yoshimoto et al.
1972, Fig. 4) coveiciiiieecceeee e E. orientalis

- Forewing without a notch on basal third of posterior margin (Fig. 30).........
.......................................................................................... E. vertexus sp. n.

Eubroncus hani Jin & Li, sp. n.
http://zoobank.org/OEE9C19F-A59C-4D9A-A984-F2A09F13A2FA
htep://species-id.net/wiki/Eubroncus_hani

Figs 1-9

Holotype. @ China, Yunnan Province, Lijiang City, Mt. Yulongxueshan, 3000m, 8-9.
VII. 2012, Xiang-Xiang Jin, Hui-Lin Han, Hui Geng, Chao Zhang (NEFU), YPT.

Paratypes. With same data as holotype (39 @, NEFU).

Diagnosis. Vertex with light reticulation; pronotum with a faint longitudinal ca-
rina medially; scutellum with short transverse row of fovea medially; hind wing with a
group of notably long setae on disc behind the distal part of marginal vein; petiole with
relatively long spine-like projections anterolaterally.

Description. Female. Body length 1.08-1.15 mm. Head black with ocelli and
mandibles brown and eyes pinkish. Antenna dark brown with apical part of radicle
brown and scape yellowish-brown. Mesosoma blackish with pronotum dark brown.
Wings infuscate with base of forewing dark brown, largely less infuscate behind the
marginal vein and apical part of submarginal vein. Legs brown except protibial spur,
trochanters, basal three tarsal segments light brown. Metasoma brown with ovipositor
light brown.

Head (Fig. 1) 1.11-1.15x as long as wide. Eye subtriangular, with relatively long
setae, each seta longer than the diameter of a facet. Vertex 1.1-1.3x as long as wide,
with light reticulate sculpture. Ocelli in an obtuse triangle; mid ocellus oval, MOL
1.2-1.8x as long as OD; post ocellus oval, OCL approximately as long as POD; POL
about 4.7-5.1x as long as OOL. Mandibles (Fig. 2) 0.68-0.78x as long as head and
1.0-1.1x as long as vertex in dorsal view. Antenna (Fig. 3) with radicle 0.2-0.4x as
long as scape; scape with light reticulate sculpture, 4.0-5.4x as long as wide; pedicel
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Figures 1=9. Eubroncus hani sp. n., holotype female: | head, dorsal 2 mandibles 3 antenna 4 mesosoma,

dorsal 5 forewing 6 hind wing 7 legs 8 metasoma, dorsal 9 ovipositor. Scale bars = 100 pm.

1.6-2.0x as long as wide, 2.5-2.8x as long as ﬂl; {'12—1'16 each with 2 mps; clava a little
shorter than scape, 2.2-2.5x as long as wide, with 6-8 mps.

Mesosoma (Fig. 4) 1.80-2.07x as long as wide. Pronotum 0.61-0.76x as long as
wide, with a faint longitudinal carina medially, each lobe with about 24-33 setae dor-
sally. Mesoscutum 0.41-0.47x as long as wide, and 0.72-0.83x as long as pronotum.
Scutellum 0.83-0.96x as long as mesoscutum, with short transverse row of fovea medial-
ly; distance between placoid sensilla 1.4—1.6x as long as their own diameter. Propodeum
0.85-1.00x as long as mesoscutum, 1.0—1.1x as long as scutellum, with light reticulate
sculpture, with one pair of tooth-like projections posterolaterally and 23 fine setae.
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Forewing (Fig. 5) 3.86—4.10x as long as wide, longest marginal setae about 0.25—
0.34x as long as greatest wing width. Beneath or on the submarginal vein with 9-12
setae. Marginal vein with 8-11 setae along anterior margin. Hind wing (Fig. 6) 7.6—
8.0x as long as wide, longest marginal setae about 0.86-0.93x as long as greatest wing
width, with 1 long seta and 1 short seta on marginal vein, and a group of notably long
setae on disc behind the distal part of marginal vein.

Petiole (Fig. 8) 1.22-1.45x as long as wide, with relatively long spine-like pro-
jections anteriolaterally. Gaster oblong, 0.90-1.05x as long as mesosoma; Gt, and
Gs, with numerous prominent and sclerotized carinae; ovipositor (Fig. 9) not or only
slightly exserted; about 0.66x as long as mesotibia (Fig. 7).

Measurements (length/width, mm): head 0.30-0.35/0.26-0.30, scape 0.180—
0.220/0.048-0.054, pedicel 0.067-0.072/0.036-0.038, fl, 0.024-0.031/0.031-
0.036, fl, 0.024-0.034/0.038-0.043, fl, 0.024-0.031/0.036-0.043, fl, 0.024—
0.029/0.038-0.048, fl, 0.024-0.034/0.036-0.048, fl, 0.024-0.036/0.045-0.055, cla-
va 0.192-0.211/0.084-0.091, forewing 1.00—1.20/0.24-0.29, longest marginal setae
0.063-0.082, hind wing 0.94-1.10/0.12-0.14, longest marginal setae 0.102-0.125,
ovipositor 0.16-0.17.

Relative measurements. OD 16-18, OCL 16-18, OOL 16-18, POL 82-84, LOL
36, POD 14-16.

Male. Unknown.

Etymology. The species is named for Dr. Hui-Lin Han, Northeast Forestry Uni-
versity, China.

Eubroncus tibetanus Jin & Li, sp. n.
http://zoobank.org/ CF35CCDO0-1196-4672-A46B-7B805D804554
http://species-id.net/wiki/Eubroncus_tibetanus

Figs 10-19

Holotype. @ China, Xizang (=Tibet), Linzhi County, Pailong Village, 2000m, 22-23.
IX.2011, Hui-Lin Han (NEFU), YPT.
Paratypes. With same data as holotype (49 @, NEFU).

Diagnosis. Vertex with distinct scale-like sculpture in anterior half, smooth or
almost smooth in posterior half; pronotum with a faint longitudinal carina medially;
hind wing with a group of notably long setae on disc behind the distal part of marginal
vein; petiole with relatively long spine-like projections anterolaterally.

Description. Female. Body length 1.00-1.32 mm. Head black with ocelli and
mandibles brown and eyes pinkish. Antenna dark brown with radicle yellowish-brown.
Mesosoma black. Wings infuscate with base of forewing dark brown. Legs brown ex-
cept protibial spur, trochanters, basal three tarsal segments light brown. Metasoma
brown with apex fading to brown to yellow brown.

Head (Fig. 10) 1.1-1.2x as long as wide. Eye subtriangular, with relatively long
setae, each seta distinctly longer than the diameter of a facet. Vertex 1.10-1.25x as
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Figures 10-19. Eubroncus tibetanus sp. n., holotype female: 10 head, dorsal Il mandibles 12 antenna
I3 mesosoma, dorsal 14 forewing 15 hind wing 16 fore leg 17 middle leg 18 hind leg 19 metasoma,
dorsal. Scale bars = 100 um.

long as wide, its posterior margin 1.6-2.0x as long as anterior margin, with conspicu-
ous scale-like sculpture in anterior half, almost smooth in posterior half. Ocelli in an
obtuse triangle; mid ocellus round, MOL approximately twice as long as OD; post
ocellus oval, OCL about as long as POD; POL about 3.8—4.0x as long as OOL. Man-
dibles (Fig. 11) 0.7x as long as head and 1.0-1.1x as long as vertex in dorsal view.
Antenna (Fig. 12) with radicle 0.25-0.30x as long as scape; scape 3.8—4.7x as long as
wide; pedicel 1.6-1.8x as long as wide, 2.5-3.0x as long as ﬂl; ﬂz—ﬂ6 each with 2 mps;
clava slightly shorter than scape, 2.00-2.35x as long as wide, with 7 mps.

Mesosoma (Fig. 13) in dorsal view 1.6-1.8x as long as wide. Pronotum 0.6-0.8x
as long as wide, with a faint longitudinal carina medially, each lobe with about 29-33
setae dorsally. Mesoscutum 0.7—0.8x as long as pronotum. Scutellum about as long as
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mesoscutum, with transverse row of fovea extending to lateral margins; distance be-
tween placoid sensilla about 1.6-2.2x as long as their own diameter. Propodeum with
strong reticulate sculpture medially, less conspicuous laterally, about as long as mes-
oscutum, with one pair of tooth-like projections posterolaterally and 2-3 fine setae.

Forewing (Fig. 14) 4.0-4.2x as long as wide, longest marginal setae about 0.20—
0.25x as long as greatest wing width. Beneath or on the submarginal vein with 8-13
setae. Marginal vein with 8-10 setae along anterior margin. Hind wing (Fig. 15) 7.2—
7.6x as long as wide, longest marginal setae about as long as greatest wing width, with
1 long seta and 1 short seta on marginal vein, and a group of notably long setae on disc
behind the distal part of marginal vein.

Petiole (Fig. 19) about 1.5x as long as wide, with relatively long spine-like projec-
tions anterolaterally. Gaster oblong, 0.86-1.05x as long as mesosoma; Gr, and Gs,
with numerous prominent and sclerotized carinae. Ovipositor not or only slightly ex-
serted, about 0.68x as long as mesotibia (Fig. 17).

Measurements (length/width, mm): head 0.35-0.39/0.30-0.32, scape 0.192—
0.214/0.043-0.058, pedicel 0.060-0.070/0.036-0.043, fl, 0.024-0.026/0.034—
0.043, fl, 0.024-0.034/0.036-0.048, fl, 0.024-0.034/0.041-0.053, fl, 0.022—
0.031/0.041-0.050, fl, 0.022-0.036/0.041-0.050, fl, 0.024-0.036/0.048-0.055, cla-
va 0.192-0.197/0.079-0.094, forewing 0.98—1.00/0.23-0.25, longest marginal setae
0.049-0.061, hind wing 0.90-0.95/0.12-0.14, longest marginal setae 0.122-0.129,
ovipositor 0.15.

Relative measurements. OD 16, OCL 15-18, OOL 20, POL 80, LOL 32-36,
POD 16.

Male. Unknown.

Etymology. The specific name is derived from the name of the collection locality
of the type species.

Eubroncus vertexus Jin & Li, sp. n.
http://zoobank.org/795F2E2F-1D12-4B09-BBD4-4E4697E0235F
http://species-id.net/wiki/Eubroncus_vertexus

Figs 20-31

Holotype. @ China, Yunnan Province, Baoshan City, Tengchong County, Laifengshan
National Forest Park, 16-19.VIIL. 2012, Xiang-Xiang Jin, Hui-Lin Han, Hui Geng,
Chao Zhang (NEFU), YPT.

Paratypes. CHINA. Yunnan Province. Longchuan County, Zhangfeng Town,
26-27.1V.2013, Xiang-Xiang Jin, Hui-Lin Han, Guo-Hao Zu, Chao Zhang (39 2,
NEFU), YPT; Lincang City, Yongde County, Yongkang Town, 23-24. IV.2013, Xi-
ang-Xiang Jin, Hui-Lin Han, Guo-Hao Zu, Chao Zhang (19, 2d'd, NEFU), YPT.

Diagnosis. Vertex entirely covered with conspicuous scale-like sculpture; prono-
tum with a faint longitudinal carina medially; propodeum with strong reticulate sculp-
ture medially, less conspicuous laterally; hind wing with 3-6 long setae and 1 short
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Figures 20-27. Eubroncus vertexus sp. n., holotype female: 20 head and pronotum, dorsal 21 mandi-
bles 22 antenna 23 mesosoma (except pronotum) 24 forewing 25 hind wing 26 legs Paratype female:
27 metasoma. Scale bars = 100 pm.

seta on marginal vein, disc uniformly setose; petiole with relatively short spine-like
projections anterolaterally; ovipositor 0.87-0.90x as long as mesotibia.

Description. Female. Body length 0.9-1.1 mm. Head black with ocelli and man-
dibles brown and eyes pinkish. Antenna dark brown with radicle yellowish-brown.
Mesosoma black with pronotum dark brown. Wings infuscate, with base of forewing
under the venation dark brown, and two transparent spots, one on the behind the api-
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Figures 28-3 1. Eubroncus vertexus sp. n., paratype male: 28 head, dorsal 29 antenna 30 wings 31 genitalia.
Scale bars = 100 pm.
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cal part of submarginal vein and the other on base of marginal vein. Legs brown except
protibial spur, trochanters, basal three tarsal segments light brown. Metasoma brown
with ovipositor light brown.

Head (Fig. 20) 1.1x as long as wide. Eye subtriangular, 1.8-2.0x as long as wide,
finely setose, each seta about as long as the diameter of a facet. Vertex about as long as
wide, with conspicuous scale-like sculpture entirely, its posterior margin 1.6-1.7x as
long as anterior margin. Ocelli in an obtuse triangle; mid ocellus oval, MOL shorter
than OD; post ocellus oval, OCL approximately a little shorter than POD; POL about
3.4—4.0x as long as OOL. Mandible (Fig. 21) 0.6x as long as head and 0.8x as long as
vertex in dorsal view. Antenna (Fig. 22) with radicle 0.15-0.25x as long as scape; scape
4.5-5.3x as long as wide; pedicel 1.4—1.7x as long as wide, and 2.4-2.7x as long as ﬂl;
fl —fl, each with 2 mps; clava shorter than scape, 2.4-2.7x as long as wide, with 8 mps.

Mesosoma (Fig. 23) 1.5-2.0x as long as wide. Pronotum (Fig. 20) 0.5x as long as
wide, with a faint longitudinal carina medially, each lobe with about 18-22 setae dor-
sally. Propleuron with reticulate sculpture. Prepectus with strong reticulate sculpture.
Mesoscutum 0.8x as long as pronotum. Scutellum about 1.0-1.1x as long as mesos-
cutum, with short transverse row of fovea medially, distance between placoid sensilla
1.6x as long as their own diameter. Propodeum 0.83-0.97x as long as mesoscutum, and
0.86-0.93x as long as scutellum, with strong reticulate sculpture medially, less conspic-
uous laterally, with one pair of tooth-like projections posterolaterally and 2—4 fine setae.

Forewing (Fig. 24) 3.55-3.85x as long as wide, longest marginal setae about 0.25x
as long as greatest wing width. Beneath or on the submarginal vein with 6-8 setae.
Marginal vein with 6-8 setae along anterior margin. Hind wing (Fig. 25) 7.5-8.4x
as long as wide, longest marginal setae about 0.8—1.2x as long as greatest wing width,
with 3-6 long setae and 1 short seta on marginal vein; disc uniformly setose, without
a group of long setae behind the distal part of marginal vein.

Petiole (Fig. 27) 1.25-1.45x as long as wide, with relatively short spine-like pro-
jections anterolaterally. Gaster oblong, 0.86—1.05x as long as mesosoma; Gt and Gs,
with numerous prominent and sclerotized carinae. Ovipositor not or only slightly ex-
serted; 0.87—0.90x as long as mesotibia (Fig. 26).

Measurements (length/width, mm): head 0.20-0.30/0.20-0.26, scape 0.173—
0.228/0.038-0.055, pedicel 0.046-0.060/0.034-0.036, fl, 0.022-0.034/0.024—
0.036, fl, 0.022-0.034/0.034-0.043, fl, 0.019-0.034/0.036-0.043, fl, 0.019-
0.024/0.038-0.043, fl, 0.019-0.024/0.038-0.046, f, 0.019-0.026/0.038-0.048, cla-
va 0.156-0.206/0.050—0.091, forewing 0.98—1.00/0.19-0.26, longest marginal setae
0.055-0.063, hind wing 0.67-0.93/0.12-0.14, longest marginal setae 0.087-0.098,
ovipositor 0.14-0.19.

Relative measurements. OD 12-18, OCL 6-10, OOL 16-20, POL 64-74, LOL
28-30, POD 14-18.

Male. Body length 1.1 mm. Similar to female except for normal sexually dimor-
phic characters and the following. Head (Fig. 28) about 0.91x as long as wide. POL
about 5.4x as long as OOL. Antenna (Fig. 29) with all the flagellar segments longer
than wide, each with several mps. Distance between placoid sensilla 2.0-2.4x as long
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as their own diameter. Forewing (Fig. 30) relatively wider than in female, 3.29-3.31x
as long as wide. Hind wing (Fig. 30) 7.60—7.68x as long as wide. Genitalia (Fig. 31)
simple, phallobase without parameres.

Measurements (length/width, mm): head 0.30/0.33, scape 0.228-0.235/0.048—
0.058, pedicel 0.046-0.060/0.034-0.0306, ﬂ1 0.070-0.084/0.036-0.041, ﬂ2 0.077-
0.084/0.036-0.041, ﬂ3 0.082-0.084/0.036-0.041, ﬂ4 0.079-0.082/0.036-0.041, ﬂ5
0.079-0.084/0.036—0.041, ﬂ6 0.082-0.084/0.036-0.041, ﬂ7 0.084-0.086/0.036—
0.041, ﬂ8 0.084/0.036-0.041, ﬂ9 0.086/0.036-0.041, ﬂ1o 0.089-0.094/0.036—0.041,
ﬂ11 0.089-0.096/0.036-0.041, forewing 1.22-1.24/0.37-0.38, hind wing 1.10-
1.17/0.14-0.15, genitalia 0.12—0.14.

Relative measurements. OD 24, OCL 6, OOL 14, POL 76, LOL 30, POD 26.

Etymology. The specific name refers to the vertex entirely covered with conspicu-
ous scale-like sculpture.
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Abstract

We describe the composition and distribution of bivalve molluscs from the sandy and rocky intertidal and
the shallow subtidal environments of Bahfa de Mazatldn, México. The bivalve fauna of the bay is repre-
sented by 89 living species in 28 families, including 37 new records and four range extensions: Lithophaga
hastasia, Adula soleniformis, Mactrellona subalata, and Strigilla ervilia. The number of species increases
from the upper (44) and lower intertidal (53) to the shallow subtidal (76), but only 11 (17%) have a wide
distribution in the bay (i.e., found in all sampling sites and environments). The bivalve assemblages are
composed of four main life forms: 27 epifaunal species, 26 infaunal, 16 semi-infaunal, and 20 endolithic.
A taxonomic distinctness analysis identified the sampling sites and environments that contribute the most
to the taxonomic diversity (species to suborder categories) of the bay. The present work increased signifi-
cantly (31%) to 132 species previous inventories of bivalves of Bahfa de Mazatldn. These species represent
34% of the bivalve diversity of the southern Golfo de California and approximately 15% of the Eastern

Tropical Pacific region.
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Introduction

Studies on molluscs from Bahia de Mazatldn, located in the Mexican Pacific, have
focused mainly on the conspicuous species of gastropods and bivalves from the rocky
intertidal (Arreguin-Romero 1982, Sdnchez-Vargas 1984, Olabarria et al. 2001, Ca-
macho-Montoya et al. 2007, Vega et al. 2008, Rendén-Diaz 2010) and rocky-sandy
subtidal environments (Parker 1963, Orozco-Romo 1980, Sinchez-Vargas 1984). Al-
together these studies have reported 83 species of bivalves. However there has never
been a complete inventory, as there are many inconspicuous infaunal, semi-infaunal,
and endolithic forms which have been recorded elsewhere in the Mexican Pacific re-
gion (Keen 1971, Keen and Coan 1974, Hendrickx and Toledano-Granados 1994,
Hendrickx and Brusca 2002, Rios-Jara et al. 2008), but not collected yet in Bahia de
Mazatldn. For example, Parker (1963) recorded 380 bivalve species only in the Golfo
de California; Coan (1968) recorded 75 species in Bahia de los Angeles, located in the
northern portion of this gulf; Hendrickx et al. (2007) recorded up to 565 species; Keen
(1971) listed 567 species for the Panamic Province.

According to Bouchet et al. (2002), mollusc species richness has been frequently
underestimated in ecological studies mainly because of an inadequate coverage of the
spatial heterogeneity and sampling effort. This is particularly important in the case of
bivalves because they possess a wide variety of life forms and exploit a large number of
habitats, which require specialized sampling techniques. Thus, special consideration
should be given to the complexity of the environment and to sampling techniques in
order to obtain a better understanding of the structure of the assemblages.

Many studies on marine biodiversity have used species accumulation curves (i.e.,
sample-based rarefactions) to evaluate the sampling effort; this technique indicates
when a sufficiently large percentage of species has been observed with a definite num-
ber of samples with respect to a theoretical expected total number of species of a given
community (Magurran 2004). The evaluation of sampling effort is particularly impor-
tant in the case of molluscan assemblages, which often contain a large number of rare
species, including unique (recorded in only one sample) (Bouchet et al. 2002) and
duplicate species (recorded only in two samples). Therefore, the use of different estima-
tors has been recommended when many unique and duplicate species are found in a
large set of samples since they have complementary characteristics (Escalante-Espinoza
2003, Magurran 2004).

Marine biodiversity has been evaluated with the taxonomic distinctness approach
(Warwick and Light 2002, Clarke and Gorley 2006), which integrates the species rich-
ness and all taxonomic categories of an assemblage of species. The average taxonomic
distinctness measures the extent to which the species in a sample are taxonomically
related. This is the average taxonomic distance between all pairs of species across a
taxonomic tree. This analysis determines the extent to which certain taxa contribute
to the total diversity of a certain environment or site using only the species presence-
absence data, and it is insensitive to differences in sampling effort and sampling tech-
niques used across different scales (Clarke and Warwick 1999). The assessment of
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biodiversity at a regional scale is occasionally difficult, but the taxonomic distinctness
parameter facilitates this measurement (Warwick and Light 2002). Furthermore, the
average taxonomic distinctness indexes (A* and A*) are an easy-to-use tool to measure
biodiversity in the time and space scales(Warwick and Clarke 1998), as confirmed in
studies on fish communities (Roger et al. 1999), macrobenthic communities (Mistri et
al. 2000), marine nematodes (Clarke and Warwick 2001), assemblages of empty mol-
luscan shells (Warwick and Light 2002, Smith 2008), freshwater organisms (Heino et
al. 2005), and aquatic insects (Heino et al. 2008).

Bahia de Mazatldn is located in the southern portion of Golfo de California. The
alternating warm and temperate seasons of this region create conditions that favor the
development of a very diverse marine biota composed by species from both Golfo de
California and the Mexican Tropical Pacific biogeographic subprovinces (Brown and
Lomolino 1998). In this work we describe the taxonomic composition of the bivalve
communities inhabiting the intertidal and shallow subtidal (depths 3-10 m) environ-
ments from four rocky and two sandy shores of Bahia de Mazatldn. Bivalve specimens
were collected using various sampling techniques and during different seasons of the
year to obtain a good representation of the epifaunal, infaunal, semi-infaunal, and en-
dolithic species of the bay. Species accumulation curves were used to evaluate the sam-
pling effort performed during the study period, and to predict the theoretical expected
total number of bivalve species of these environments. We also provide a comparative
analysis of previous inventories performed in the bay, the new records and the geo-
graphical range extensions. Finally, the taxonomic composition is analyzed using the
average taxonomic distinctness index and its variation to evaluate the variability in the
composition and distribution of the different taxonomic categories from the species to
the subordinal level.

Material and methods

Study Area. Bahia de Mazatldn is located at the mouth of the Golfo de Califor-
nia (23°15'-23°11'N, 106°29'-106°25'"W) (Figure 1). The bay has a total extent
of approx. 3,500 hectares and a coastline of 13.5 km. There are three major islands
(Venados, Pdjaros, and Lobos), located approximately 1.5 km off the coast. These
islands are protected as ecological reserves for migratory birds and marine animals
and plants, and part of the “Islands of the Golfo de California Protection Area”
(CONABIO 2012).

The bay belongs to the Cortesian Eco-Region included in the Warm-Temperate
Northeast Pacific Province (Spalding et al. 2007). It is seasonally influenced by the
California Current with cold water from the north, the North-Equatorial Counter-
current with flow of warm tropical waters, and the temperate waters from Golfo
de California itself (Wyrtki 1966, Zamudio et al. 2001, Alonso-Rodriguez 2004).
The climate is tropical-subtropical with two very distinct seasons (Bell and Carballo
2008). The wet season occurs from July to October, and the dry season, with little
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Figure I. Study area and sampling sites at Bahfa de Mazatldn, México.

or no rainfall, occurs from November to June (Montafo-Ley 1985). The sea surface
temperature ranges from 13-21 °C in the dry season and from 28-31 °C in the wet
season (Wilkinson et al. 2009).

Fieldwork. Six sampling sites protected or exposed to wave action conditions were
established along Bahia de Mazatldn: four rocky beaches and two sandy beaches. Three
environments were considered in each site: upper intertidal (UI), lower intertidal (LI),
and shallow subtidal (SS) (3-10 m depth) adjacent to each beach. The intertidal zones
were defined according to the natural zonation of benthic invertebrates (Peres 1982,
Sdnchez-Vargas 1984, Esqueda et al. 2000).

Some of the general characteristics of these beaches are: 1) Olas Altas (OA), a
partially-protected beach with a well-developed rocky area of approx. 150 m long and
smaller areas of medium-to-coarse sand; 2) Los Pinos (LP), a protected rocky beach
approx. 100 m long, with some areas of medium-to-coarse sand; 3) Casa del Marino
(CM), a semi-protected to exposed rocky beach approx. 250 m long mixed with small
sandy areas of fine-to-medium size grains; 4) Venados Island (VI), the east side of the
island has an extensive protected sandy beach approx. 850 m long and 30-60 m wide
with medium-to-coarse sand; towards the northern part of the beach there is a rocky
beach approx. 200 m long with many tidal pools and boulders; 5) Malecon (MA),
an exposed and very dynamic sandy beach approx. 400 m long of medium-to-coarse
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sand and pebbles. The beach runs along the urban sector of the city of Mazatlén and
it is frequently visited by locals and tourists; and 6) Zona Dorada (ZD), a protected
beach of medium-to-fine sand approx. 300 m long located in the tourist hub of the city
just in front of hotels and extensively visited by tourists. The adjacent shallow subtidal
environments of all these beaches include mixed substrates composed by coarse and
fine sand, rocky reef areas, and many shell fragments. In Venados Island and Los Pinos
small patches of live coral are also frequent.

Different sampling techniques (transect-quadrats, dredges, and direct searches)
were applied during four expeditions in December 2008, and March, June, and Au-
gust 2009. The transects (15 m long) were set parallel to the coastline, two in each
environment (UL, LI, SS) of each beach. Two to four (x = 3) quadrats (0.5 m?) were
placed equidistant along each transect and all bivalves found in each quadrat identi-
fied in situ or collected for taxonomic identification in the laboratory. In the shallow
subtidal, sampling was performed during SCUBA diving. The total sampling effort
was 126 quadrats (63 m?) in the rocky intertidal and 52 quadrats (26 m?) in the
sandy intertidal. A total of 90 quadrats (45 m?) were sampled in the shallow subtidal
environments of all beaches. Additionally, in order to increase the inventory of bi-
valves, the specimens found in the areas immediately adjacent to the quadrats were
also identified 77 situ or collected during direct searches in the intertidal and shallow
subtidal environments. Dredges (24) were carried out in the shallow subtidal zone
(8-15 m depth) of the six beaches, using a naturalist’s dredge (mesh size = 2.5 cm,
cod-end mesh size = 1.3 cm) (English et al. 1997) during 15 min. at an approximate
speed of 2 knots.

Laboratory methods. A detailed examination of each sample was conducted to search
for bivalves. Only living specimens were considered. Endolithic specimens (i.e., those
growing within rocks or other hard substrates) were obtained by breaking rocks and
shells, coral fragments, polychaete tubes, and rodoliths. Epifaunal specimens (i.e., spe-
cies attached to a hard substrate) were obtained by scraping the surface of rocks. Semi-
infaunal specimens (i.e., partially buried in the sediment but protruding above it) and
infaunal specimens (< 4 mm) (i.e., those living buried in soft substrate) were obtained
by screening the sandy sediment (Levinton 2001). A stereo microscope was used for
examining soft and hard substrates in search of specimens < 10 mm and for taxonomic
determination. The following references were used for the taxonomic identification of
bivalves: Abbott (1974), Keen (1971), Morris (1980), and Coan and Valentich-Scott
(2012). Previous inventories, additions, and taxonomic changes which include records
from Bahia de Mazatldn were also reviewed (Parker 1963, Keen 1971, Orozco-Romo
1980, Arreguin-Romero 1982, Sdnchez-Vargas 1984, Skoglund 2001, Olabarria et
al. 2001, Hendrickx et al. 2005, Camacho-Montoya et al. 2007, Rendén-Diaz 2010,
Coan and Valentich-Scott 2012).

The absolute frequency of every species in each environment and site was esti-
mated by calculating the ratio between the number of sites where that species was
recorded and the total number of sites. A reference collection was set up with all the
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locality information in the Laboratory of Marine Ecosystems and Aquaculture at the
Department of Ecology, University of Guadalajara, México. Voucher specimens were
also deposited in this laboratory.

Analysis of the data. Only specimens recorded with the transect-quadrat method
in the rocky intertidal and the adjacent shallow subtidal zones were used to evaluate
sampling effort. Species accumulation curves were based on the cumulative number
of species per quadrat. The expected richness was calculated using the nonparametric
estimators Chao 2, Jackknife 1, and Jackknife 2. Plots were constructed with 10,000
non-replacement iterations based on samples for each site and environment, using the
software EstimateS v8 (Colwell 20006).

A species presence-absence matrix was constructed using information from the
records obtained from the transect-quadrats, dredges, and direct search techniques on
the rocky beaches (Olas Altas, Los Pinos, Casa del Marino, and Venados Island). Six
taxonomic levels (species, genus, family, superfamily, order, and superorder) were con-
sidered based on the classification schemes of Coan and Valentich-Scott (2012) (spe-
cies to family) and Bouchet and Rocroi (2010) (superfamily to superorder). These taxa
were weighted according to Warwick and Clarke (1995), as follows: w1, species within
the same genus; w2, species within the same family but in different genera; w3, species
within the same superfamily but in different family; w4, species within the same order
but in a different superfamily; and so on. The average taxonomic distinctness A* and
its variation A* were estimated for each site, environment and site-by-environment
combination. Models were made with 95% confidence intervals, and the statistical sig-
nificance of A* and A* were tested using 1,000 permutations in the program PRIMER
v6 + PERMANOVA (Clarke and Gorley 20006).

Results

Species accumulation curves

The species accumulation curves show a trend towards an symptote in all environments
(Figure 2). The observed species representativeness with respect to the estimators Chao
2, Jackknife 1, and Jackknife 2 ranged between 64 and 80%, with Jackknife 1 always
estimating the lowest expected richness, while Jackknife 2 always estimating the high-
est values. The species accumulation curves revealed a similar and more evident trend
in the four sampling sites (Figure 3). The observed species representativeness ranged
between 64 and 85% with respect to the estimators, with Jackknife 2 being the esti-
mator that yielded the highest expected richness. Los Pinos and Casa del Marino pos-
sessed the highest species representativeness (= 79%), while Olas Altas had the lowest
value (68-75%). A large number of unique (12-17) and duplicate (6-9) species were
obtained in the three environments and the four sites (Table 1).
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Figure 2. Observed and expected bivalves species accumulation curves, with nonparametric indices
Chao 2, Jackknife 1, and Jackknife 2, in the three environments of Bahfa de Mazatldn (a—c). Plots were
constructed with 10,000 non-replacement iterations.

Richness, composition, and distribution of species

A total of 21,694 live bivalve specimens was recorded, representing 28 families, 55
genera, and 89 species (Table 2). The most diverse families were Mytilidae (14 spe-
cies), Veneridae (10), and Arcidae (8). Ten families (35%) included only one species.
The number of species increased from the upper (44) and lower intertidal (53) to the
shallow subtidal (76). In addition, the numbers of unique species were 7 (upper), 4
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Figure 3. Observed and expected bivalves species accumulation curves, with nonparametric indices
Chao 2, Jackknife 1, and Jackknife 2, of four sites of Bahfa de Mazatldn (a—d). Plots were constructed
with 10,000 non-replacement iterations.

Table . Rarity of species in four sites and three environments in Bahia de Mazatlin, México.

Sites Environments
Rarity of . Casa Venados Upper Lower Shallow
species Olas Aleas | Los Pinos Marino Island | intertidal | intertidal | subtidal
Uniques 16 12 12 15 15 15 17
Duplicates 6 9 7 8 6 9 8

(lower), and 18 (subtidal). The species richness was similar in the adjacent shallow
subtidal zone of all beaches (28-36 species) except for Venados Island (55 species),
which had the highest number of species restricted to this island (7) (Table 3).

Several species of small size (5-10 mm) were recorded in rocky and sandy sub-
strates: Crassinella coxa, Crassinella nuculiformis, Liralucina approximata, Ctena mexica-
na, Kellia suborbicularis, Neolepton subtrigonum, Nutricola cf. humilis, Pitar cf. omissa,
Sphenia fragilis, Chioneryx squamosa, and Transennella cf. puella. Only three species
were collected in the sandy intertidal environment: Swigilla cicercula, Strigilla dicho-
toma, and Donax punctatostriatus.
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Table 2. Systematic list of species and sampling method used in the different environments of Bahia de

Mazatldn, México. Q = quadrat & transect, D = dredge, DS = direct search, I = infaunal, E = epifaunal, S =

semi-infaunal, En = endolithic; * = geographical range extensions; ** = species in only one environment;

+ = new record for the bay.

Environments Life

Species Upper Lower Shallow forms

intertidal | intertidal | subtidal
Mytilidae
1. Brachidontes adamsianus (Dunker, 1857) Q Q Q, DS E
2. Brachidontes semilaevis (Menke, 1849) Q Q Q E
3. Gregariella coarctata (P. P. Carpenter, 1857) Q Q Q,D,DS | En
4. Lioberus salvadoricus (Hertlein & Strong, 1946) - - Q, DS E
5. Lithophaga (Diberus) plumula (Hanley, 1843)+ Q Q Q, D, DS En
6. Lithophaga (Labis) attenuata (Deshayes, 1836) Q Q Q, DS En
7. Lithophaga (Myoforceps) aristara (Dillwyn, 1817) Q Q Q,D,DS | En
8. Lithophaga (Rupiphaga) hastasia Olsson, 1961 *, + - - Q, DS En
9. Adula soleniformis (Olsson, 1961)*, + - - Q, D, DS En
10. Botula cylista S. S. Berry, 1959 - Q Q, D, DS En
11. Leiosolenus spatiosus . P. Carpenter, 1857 - Q Q, D, DS En
12. Modiolus americanus (Leach, 1815) - - Q,D E
13. Modiolus capax Conrad, 1837 - Q Q E
14. Septifer zeteki Hertlein & Strong, 1946+ - - Q E
Arcidae
15. Arca mutabilis (G. B. Sowerby 1, 1833) Q Q D E
16. Arca pacifica (G. B. Sowerby I, 1833)+ - - Q E
17. Acar bailyi Bartsch, 1931 Q - - E
18. Acar gradata Broderip & G. B. Sowerby I, 1829 Q Q Q, D, DS E
19. Acar rostae (S. S. Berry, 1954) Q Q Q,D, DS E
20. Barbatia reeveana (d’ Orbigny, 1846) - Q - E
21. Barbatia illota (G. B. Sowerby I, 1833)+ - - D E
22. Anadara formosa (G. B. Sowerby I, 1833) - - D, DS S
Noetiidae
23. Arcopsis solida (G. B. Sowerby 1, 1833) Q | Q |qQbDs| E
Pteriidae
24. Pinctada mazatlanica (Hanley, 1856) Q ‘ Q ‘ Q, DS ‘ E
Isognomonidae
25. Isognomon (Melina) janus P. P. Carpenter, 1857 Q Q Q, D, DS E
26. Isognomon (Melina) recognitus (Mabille, 1895)+ - Q - E
Ostreidae
27. Ostrea conchaphila P. P. Carpenter, 1857 Q Q Q, DS E
28. Saccostrea palmula (P. P. Carpenter, 1857) Q Q Q, D, DS E
29. Striostrea prismatica (J. E. Gray, 1825) Q Q Q, D, DS E
Plicatulidae
30. Plicatula penicillata P. P. Carpenter, 1857 Q - Q,D, DS E
31. Plicatulostrea anomioides (Keen, 1958) Q Q Q, DS E
Limidae
32. Limaria pacifica (d’ Orbigny, 1846) - ‘ Q ‘ Q, DS ‘ E
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Environments £

Species Upper Lower Shallow fi:;s
intertidal | intertidal | subtidal

Lucinidae
33. Liralucina approximata (Dall, 1901) - Q - S
34. Ctena mexicana (Dall, 1901)+ Q Q QD S
Carditidae
35. Carditamera affinis (G. B. Sowerby 1, 1833) Q Q Q, D, DS 1
36. Cardites laticostatus (G. B. Sowerby I, 1833) Q Q Q, DS I
Crassatellidae
37. Crassinella coxa Olsson, 1964+ - - Q S
38. Crassinella ecuadoriana Olsson, 1961 - Q Q S
39. Crassinella nuculiformis S. S. Berry, 1940+ - Q Q S
40. Crassinella aff. pacifica (C. B. Adams, 1852)+ Q Q Q S
Cardiidae
41. Laevicardium substriatum (Conrad, 1837)+ Q ‘ - ‘ - 1
Chamidae
42. Chama buddiana C. B. Adams, 1852 Q Q Q, D, DS E
43. Chama coralloides Reeve, 1846+ Q Q Q, D, DS E
44. Chama sordida Broderip, 1835 Q Q Q, DS E
45. Chama cf. frondosa Broderip, 1835 - - D E
Lasaeidae
46. Kellia suborbicularis (Montagu, 1803)+ - Q ‘ Q, D, DS En
Mactridae
47. Mactrellona subalata (Morch, 1860) *, + - - D I
48. Mulinia pallida (Broderip & G. B. Sowerby I, 1829)+ - - D I
Tellinidae
49. Strigilla (Strigilla) cicercula (R. A. Philippi, 1846) - Q Q, D, DS 1
50. Strigilla (Strigilla) dichoroma (R. A. Philippi, 1846) Q Q Q 1
51. Strigilla (Strigilla) ervilia (R. A. Philippi, 1846) *, + Q - - I
52. Tellina (Laciolina) ochracea P. P. Carpenter, 1864+ - - Q I
53. Tellina (Moerella) coani Keen, 1971+ - Q Q,D I
54. Tellina (Moerella) felix Hanley, 1844 - Q D I
Donacidae
55. Donax (Chion) punctatostriatus Hanley, 1843+ Q Q - I
56. Donax (Paradonax) gracilis Hanley, 1845 - Q D I
Semelidae
57. Cumingia lamellosa G. B. Sowerby I, 1833 Q Q - I
58. Semele (Semele) cf. bicolor (C. B. Adams, 1852) Q - - 1
59. Semele (Semele) californica (Reeve, 1853)+ - - Q I
60. Semele (Semele) flavescens (A. A. Gould 1851)+ - Q - I
G61. Semele jovis (Reeve 1853)+ Q - - I
62. Semele hanleyi Angas, 1879+ Q Q Q I
Ungulinidae
63. Diplodonta orbella (A. A. Gould, 1851)+ Q - Q, D, DS En
64. Diplodonta (Pegmapex) caelata (Reeve,1850) - Q Q, D, DS En
65. Diplodonta (Timothynus) inezensis (Hertlein & Strong,
1947)+ - - Q En
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Environments
. Life
Species Upper Lower Shallow forms
intertidal | intertidal | subtidal
Veneridae
66. Chione subimbricata (G. B. Sowerby I, 1835) Q Q QD S
67. Chione undatella (G. B. Sowerby I, 1835)+ - - Q S
68. Chioneryx squamosa (P. P. Carpenter, 1857)+ Q Q Q S
69. Paphonotia elliptica (G. B. Sowerby, 1834) Q - - S
70. Periglypta multicostata (G. B. Sowerby, 1835)+ Q - - S
71. Megapitaria squalida (G. B. Sowerby, 1835) - - Q I
72. Nutricola cf. humilis (P. P. Carpenter, 1857) - - D S
73. Pitar cf. omissa (Pilsbry & Lowe, 1932) - - Q I
74. Transennella modesta (G. B. Sowerby, 1835)+ - - Q S
75. Transennella cf. puella (P. P. Carpenter, 1864) - - Q,D S
Neoleptonidae
76. Neolepton (Neolepton) subtrigonum (P. P. Carpenter, 1857) ‘ - ‘ Q ‘ Q, D, DS ‘ S
Myidae
77. Sphenia fragilis (H. & A. Adams 1854)+ . Q@ | Q | QDDs] En
Corbulidae
78. Caryocorbula biradiata (G. B. Sowerby I, 1833) Q Q Q I
79. Caryocorbula marmorata (Hinds, 1843)+ Q Q Q, DS I
80. Caryocorbula nasuta G. B. Sowerby 1, 1833 Q - Q,D I
81. Juliacorbula bicarinata G. B. Sowerby I, 1833 Q Q Q I
Petricolidae
82. Choristodon robustus (G. B. Sowerby I, 1834)+ - - D En
83. Petricola (Petricola) linguafelis (P. P. Carpenter, 1857)+ - Q Q, D, DS En
84. Petricola ( Petricolirus) californiensis Pilsbry & Lowe, 1932+ - DS En
Phadidae
85. Parapholas calva (G. B. Sowerby I, 1834)+ - - Q En
86. Pholadidea (Hatasia) melanura (G. B. Sowerby I, 1834) - - D En
Hiatellidae
87. Hiatella arctica (Linnaeus, 1767) ‘ Q ‘ Q ‘ Q,D, DS ‘ En
Gastrochaenidae
88. Lamychaena truncata (G. B. Sowerby I, 1834) ‘ - ‘ - ‘ Q,D ‘ En
Lyonsidae
89. Entodesma brevifrons (G. B. Sowerby I, 1834)+ - Q Q,D, DS I
76
Total sampling species richness (**) 44 (7) 53 (4) %:6442((17(;) i
DS =38 (1)
Total infaunal species richness - 26
Total semi-infaunal species richness - 16
Total endolithic species richness - 20
Total epifaunal species richness - 27
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More species were recorded with the quadrat-transect technique in the shallow
subtidal (64 species) than with either dredges (42 species) or direct searches (38 spe-
cies). However, the species composition was different since some were collected only
with quadrat-transects (10 species), dredges (7) or direct searches (1). The life-forms
recorded included epifaunal (27), infaunal (26 species), endolithic (20), and semi-
infaunal (16). Endolithic species were found in various hard substrates such as sedi-
mentary rocks, corals, polychaete tubes, bivalve shells, and rodoliths. The rock-drilling
bivalve Parapholas calva was found only in sedimentary rocks; all other species were
found in two or more types of hard substrates.

Compared to previous studies in the region, this study includes 37 new records for
Bahia de Mazatlin (Table 1), and geographic range extensions for four species: Lizh-
ophaga hastasia, Adula soleniformis, Mactrellona subalata, and Strigilla ervilia.

Twelve (13.5%) of the 89 species recorded were widely distributed in the bay (e.g.,
found in six sites), and 11 were recorded at three of the environments (UI, LI, and
SS): Acar rostae, Carditamera affinis, Gregariella coarctata, Hiatella arctica, Lithophaga
aristata, Lithophaga plumula, Leiosolenus spatiosus, Ostrea conchaphila, Saccostrea pal-
mula, Striostrea prismatica, and Sphenia fragilis. However, a large number of species
(27) were unique to one environment and sampling site. Only nine species were re-
corded in the three environments and in five or six sampling sites: Acar rostae, Arcopsis
solida, Brachidontes adamsianus, Carditamera affinis, Isognomon janus, Ostrea conchaph-
ila, Plicatulostrea anomioides, Saccostrea palmula, and Striostrea prismatica (Table 3).

There are several distribution patterns revealed by the life forms recorded in the
different environments of Bahia de Mazatldn. Epifaunal bivalves were more frequent in
the upper and lower rocky intertidal (12—17 species), followed by the endolithic spe-
cies (1-8), whereas the number of infaunal species was very similar in all six sites (4-5),
except for Venados Island. Similarly, epifaunal species dominated the shallow subtidal
and intertidal zones (10-22), followed by the endolithic (7-14), infaunal (3-8) and
semi-infaunal species (2—-10) (Table 3).

Taxonomic distinctness

The average taxonomic distinctness analysis revealed complementary information on
the bivalve assemblages recorded in the sampling sites and in the environments. The
values of A* for Los Pinos and Olas Altas fell within the probability funnel (e.g. with-
in the confidence intervals of 95%, p>0.05), indicating a greater contribution to the
mean taxonomic diversity of Bahfa Mazatlan. However, values of A* fell within the
probability funnel for the four sites, suggesting that these are significantly representa-
tive of the bay’s bivalve assemblage (Figures 4a—b). On the other hand, the values of A*
for the SS zone and the values of A* of the UI and SS fell within the confidence funnel,
close to the bay’s mean taxonomic inventory (Figures 4c—d). Finally, in the case of the
site-by-environment analysis, most sites fell within the A* probability funnel (p>0.05),
except for Olas Altas upper intertidal zone and Los Pinos and Venados Island lower
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Figure 4. Average taxonomic distinctness (A*) and variation in taxonomic distinctness (A*) of bivalves as-

semblages in the four sites (a and b), in the three environments (¢ and d) and in the sites by environments

of Bahifa de Mazatlin (e and f). The continuous line shows confidence intervals at 95% and the dashed

line shows values A* & A". The statistical significance of A* & A* were tested using 1,000 permutations.
Abbreviations as in Table 3.

Table 4. Number of bivalve species, genera, families, superfamilies, orders and superorders registered in
four sites in Bahia de Mazatldn, México. Sites: OA = Olas Altas, LP = Los Pinos, CM = Casa del Marino,
VI = Venados Island. Environments: Ul = upper intertidal, LI = lower intertidal, SS = shallow subtidal.

Classification levels Taxon oA LP ™ Vi

Ul | LI |SS | UI LI |SS|UI|LI|SS | UI| LI SS
1 Species 30 | 28 | 28 | 25 | 32 | 34 |22 |22 | 36|17 | 33|53
2 Genera 25 122 |24 |19 |26 |28 |16 | 18 | 26 | 15| 27 | 39
3 Families 14 | 14 | 17 |13 | 19 | 14 | 11 | 13 | 19 | 11 | 18 | 24
4 Superfamilies | 11 | 12 | 13 | 11 | 15 | 14 | 10 | 12 | 15 | 10 | 14 | 19
5 Orders 9 9 9 8 9 10 | 9 10 | 10 | 7 | 10 | 12
6 Superorders | 2 | 2 | 2 | 2 | 2 | 2 |2 |2 |2 ]2]|2]2
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intertidal zone (Figure 4e). Also the A* values of all sites and environments fell within
the funnel, i.e., all sites contribute significantly to the bay’s total taxonomic diversity

(Figure 4f; Table 4).

Discussion

The present work increased significantly (31%) the inventory of bivalve species of
Bahia de Mazatldn to an updated total number of 132 species, including 37 new re-
cords (Table 5). According to these figures, the bay contributes 34% to the bivalve
diversity of the southern Golfo de California (390 species) (Hendrickx et al. 2007),
and approximately 15% to the Eastern Tropical Pacific region (890 species) (Coan and
Valentich-Scott 2012). The intensive sampling strategy applied during this survey con-
tributed considerably to the thoroughness of the inventory. In the subtidal zone, the
Van Veen dredge and trawl net that had been used in previous studies failed to collect
many epifaunal and endolithic life forms that we obtained during SCUBA diving in
all six sites of the bay. Also, the number of species previously recorded in the intertidal
zone (9-19) by using a single sampling technique, either quadrats, quadrat-transects,
transects, or direct searches (Arreguin-Romero 1982, Sanchez-Vargas 1984, Cama-
cho-Montoya et al. 2007, Vega et al. 2008, Rendén-Diaz 2010), was increased to 63
by using a combination of techniques during the four sampling expeditions through-
out the year. The distribution patterns of bivalves in the two main environments of
the bay, the intertidal and shallow intertidal, are also extended with the records of
eight species previously known only from the subtidal zone and recorded for the first
time in the intertidal zone of the bay: Caryocorbula biradiata, C. nasuta, Donax gra-
cilis, Gregariella coarctata, Strigilla cicercula, S. dichotoma, and Parvilucina aproximata
(Orozco-Romo 1980, Sinchez-Vargas 1984); and the records of 16 bivalve species in
the shallow subtidal, previously reported only in the intertidal zone (Arreguin-Romero
1982, Sinchez-Vargas 1984, Olabarria et al. 2001, Camacho-Montoya et al. 2007,
Rendén-Diaz 2010).

Our surveys yielded a substantial increase in the number of infaunal (29%) and
endolithic (23%) species of bivalves; most of them (67%) not recorded previously in
the bay. This is particularly important since frequently the species richness of molluscs
has been underestimated in ecological investigations due to two main factors that,
alone or combined, contribute to incomplete inventories (Bouchet et al. 2002). The
first factor is inadequate coverage of the spatial heterogeneity, due to inappropriate
sampling techniques. These limitations result in missing specialized species that live
in a limited or specific area or habitat. The second factor is the overvaluation of mac-
romolluscs (i.e., collection only of conspicuous species): studies that include species
inventories tend to focus on large species (> 10 mm) and ignore the small ones. One
reason for excluding molluscs less than 10 mm in size is the difficulty for taxonomic
determination. Another factor that contributes to the exclusion of small molluscs from
ecological studies is the failure of a detailed review of the sediments where bivalves in
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this size range are common. Therefore, it was important to address these factors for a
more complete inventory of bivalves.

We also report range extension of four species previously known in other regions
of the Eastern Pacific coast: Lithophaga hastasia (from Bahia de Banderas, Jalisco, to
Pert); Strigilla ervilia (from Bahia de Tenacatita, Jalisco, to Salinas, Ecuador); Mactrel-
lona subalata (from La Pefiita, Nayarit to Tumbes, Pert); and Adula soleniformis (El
Lagartillo, Los Santos, Panam4 to Paita, Perti) (Coan and Valentich-Scott 2012).

A total of 83 additional species were collected during field work; these are not re-
ported here because they were not living specimens however they were identified from
complete and well preserved shells. Interestingly, most of these species (64) have not
been recorded previously in the bay, thus raising the total inventory (living specimens
plus empty shells) to 196 species. Many ecological investigations include the species
recorded from empty mollusc shells assuming that they are components of the regional
community (i.e., Warwick and Light 2002, Smith 2008). However, at the local scale
(i.e., sites, environments), most authors exclude them, arguing that empty shells may
be transported by both currents and invertebrates (i.e. hermit crabs) so their presence
may be incidental and there is no guarantee that these empty shells are part of the
community at the time of collecting (Bouchet et al. 2002). Thus, on a regional scale
(i.e., Bahfa del Mazatldn) this complete inventory (196 species) including empty shells
and live specimens may be taken into consideration. However, since the composition
of the assemblage is described here in a more detailed way and it was associated with
sampling sites and specific environments, we decided to exclude the empty shells and
define the assemblage of bivalves in a conservative way using only live specimen associ-
ated with a narrow vertical distribution range which includes two adjacent intercon-
nected environments of the bay: the intertidal and shallow subtidal (< 10 m depth).

Some implications that emerge from the taxonomic identification of five bivalve
taxa classified here as “cf.” (from the Latin confer which means “compare with”, that
is, similar to and probably the same as, the parent taxon) are worth mentioning. These
specimens corresponded to juvenile stages (Chama cf. frondosa, Semele cf. bicolor, Nu-
tricola cf. humilis, Transennella ct. puella, and Pitar cf. omissa), which restricts their tax-
onomic determination because the keys and photographs in the literature consistently
refer to adult specimens (i.e., Keen 1971, Coan and Valentich-Scott 2012). However,
the juvenile specimens collected displayed certain distinctive features that prove their
resemblance to that species. The specimens of Crassinella aft. pacifica, collected in Ve-
nados Island, have all the characteristics of the species, although some of them display
a slight variation in the beak that does not correspond to the taxon. Therefore, for
practical purposes all individuals collected in this study in all sites were determined as
C. aff. pacifica. Nonetheless, these specimens warrant a detailed examination to rule
out a potential new species (Figure 5A-E).

Some specimens of the rock oyster Striostrea prismatica did not show the thick
lamellae on the outer shell surface which characterize this species. Instead, they ex-
hibited tubular spines as Ostrea tubulifera. The spines are located on the outer edge of
the shell, and the features of the inner surface match those of S. prismatica. If only the
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Figure 5. Crassinella aff. pacifica. Length = 4.92 mm A Exterior of right valve B Exterior of left valve
C Interior of right valve D Interior of left valve E Dorsal view of both valves joined. Scale = 1 mm. Venados
Island, Bahia de Mazatldn, México. LEMA-BI-14. Photography credit: Paul Valentich-Scott.

analysis of morphological traits is considered, the problem could be explained as either
hybridization between the two species—as this phenomenon is very common among
oysters (Leitdo et al. 2007), or an atypical species trait, or ontogenetic variation. Only
a genetic analysis could resolve the true identity.

According to the different projections obtained with species accumulation curves,
the expected total numbers of species is 32% (for the intertidal zone) and 57% (for the
subtidal zone) higher than the number of species we actually collected. This difference
relates to the large number of rare species recorded and it is a good estimator of the po-
tential number of species expected in these environments at Bahia de Mazatldn. Even
s0, the species accumulation curves confirmed that our sampling effort was sufficient
to calculate the theoretical total number of bivalve species in the bay.

Although different sampling techniques were used in the bay’s different environ-
ments, the sampling effort was estimated only for the quadrat-transect technique.
Thus, whether all the bivalve species that inhabit the bay were collected in this study
was not satisfactorily demonstrated. Some bivalves may be present either only in some
seasons or impermanently, so these will not be recorded irrespective of the sampling
intensity, which in turn is reflected in the sampling effort outcome (Figures 2, 3).

The high marine biodiversity of Golfo de California has been related to its ir-
regular coastal geomorphology (i.e., open and protected bays and inlets, rocky and
sandy beaches, estuaries, and numerous islands), the local dynamics of the surface
currents and the seabed heterogeneity (Hendrickx and Brusca 2002, Hendrickx et al.
2005). According to Roy et al. (2000), there is a remarkable increase in infaunal and
epifaunal bivalve species in the northeastern Pacific coast, between latitudes 5°N (i.e.,
Punta Paita, Perti) and 23°N (i.e., Bahia de Mazatldn, México). The bivalve species
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Table 5. Previous studies in Bahia de Mazatldn, México. * = Species list not provided.

Environments Sampling method Total species| Shared species Reference
Subtidal (10—15m) Grab (Van Veen) 3 2 Parker (1963)
gttzj:ll (3.5-27m) Grab ;:iill:een) 422 111 Orozco-Romo (1980)
Rocky intertidal Quadrats & transects 15 14 Arreguin-Romero (1982)
Middle rocky intertidal Direct search 4 4
Lower rocky intertidal Direct search 12 11 Sénchez-Vargas (1984)
Shallow subtidal (1-5m) | Grab (Van Veen) & trawls 22 12
Rocky— sandy intertidal Quadrats 7 5 Olabarria et al. (2001)
Rocky— sandy intertidal Quadrats 13 Camacho-Montoya (2007)
Intertidal Quadrats & transects 9 - Vega et al. (2008)*
Rocky— sandy intertidal Transect band 19 13 Rendén-Diaz (2010)
Total species previous studies 83
Total shared species 40
f:::g;:landy Quadrats & transects 60
Sandy intertidal Quadrats & transects 3

" This study
Subtidal (4-10 m) Quadrats & transects 64
Subtidal (8-15 m) Naturalist’s dredge 42
Subtidal (4-10 m) Direct search 38
Total species present study 89
Total species in Bahia de Mazatlin 132

richness in Golfo de California has been documented by Parker (1963) who reported
380 species; Hendrickx et al. (2007) who reported 565 species; and Zamorano and
Hendrickx (2007) who reported 137 species. Therefore, Bahia de Mazatlin has ap-
proximately 23% of the bivalve species reported for this region. Coan (1968) re-
corded 75 bivalve species in Bahia de los Angeles, which has a similar size to Bahia de
Mazatldn and it is located in the northern portion of the Golfo de California. Many
of the bivalves from Bahia de los Angeles are infaunal forms mostly associated with
sandy-silt substrates which prevail in this bay. A detailed review of the malacological
fauna of these bays indicates that they are quite different with only 12 bivalve species
shared. According to Hendrickx et al. (2007), invertebrate diversity generally tends to
decrease from south to north in the Golfo de California. Actually, these authors docu-
ment a reduction in the number of bivalve species along a south-to-north latitudinal
gradient of the gulf. The region is generally considered to be warm temperate with a
combination of elements from two adjacent provinces and ecoregions: the Cortezian
Ecoregion, in the southern end of the Warm Temperate Northeast Pacific province
and the Mexican Tropical Pacific Ecoregion, in the northern part of the Tropical
Eastern Pacific province (Spalding et al. 2007).

The characteristics of the Bahfa de Mazatldn coastline provide a variety of benthic
habitats to support a large number of bivalve species. A number of studies on the Mexican
Pacific coast have shown that the high species richness and diversity of bivalve life forms
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are related to substrate heterogeneity, wave exposure and particle size of the sediments in
the intertidal and shallow subtidal environments (Parker 1963, Coan 1968, Esqueda et al.
2000, Gonzdlez-Medina et al. 2006, Hendrickx et al. 2007, Rios-Jara et al. 2008, Vega et
al. 2008, Lépez-Uriarte et al. 2009, Rios-Jara et al. 2009). Bahia de Mazatldn comprises
islands, rocky reefs, small aggregations of coral, rocky and sandy shores, all of which in-
crease the heterogeneity and availability of marine habitats. In addition, there are two well-
defined seasons throughout the annual cycle — the dry season and the wet season — with
major changes in primary productivity, nutrients, and phytoplankton (Alonso-Rodriguez
2004). This environmental heterogeneity contributes to the presence of numerous bivalve
species and life forms, and contrasts with the low richness observed by Parker (1963) in
deeper bays (> 10 m) with more homogeneous soft bottoms (Orozco-Romo 1980).

Our analysis combined data from three different sampling techniques, which was a
major advantage, as the average taxonomic distinctness analysis is not affected by the vari-
ous techniques and sampling effort used (Warwick and Clarke 2001, Leonard et al. 20006).
With this method we identified the sites and environments that, according to their spe-
cies taxonomic composition, are within the 95% probability funnel of average taxonomic
distinctness (A*) and its variation (A*). Their inclusion within the probability funnel
indicates that they involve a good representativeness of the bay’s taxonomic diversity.

In this study, the combination of sites and environments provided better values of
A+ and A* when rocky shores and shallow subtidal adjacent zones were taken into con-
sideration. This is because, although the three environments are clearly different from
each other, all the sites contribute towards the taxonomic diversity of the bay. For exam-
ple, Venados Island and Casa del Marino had the highest number of taxa in the shallow
subtidal zone; Los Pinos and Venados Island, in the lower intertidal zone; and Olas Al-
tas, in the upper intertidal zone. Theoretically, populations with a high genetic diversity
have a high evolutionary potential or ability to adapt to changing environmental condi-
tions (Price 2002). Further comparative studies among regions, clades, and functional
groups are needed to understand the bivalve assemblage of Bahia de Mazatldn.

Conclusion

The present work demonstrates that the bivalve fauna in Bahia de Mazatldn is well
represented by various life forms (epifaunal, infaunal, semi-infaunal, and endolithic)
in all the sites studied. Venados Island is an area protected by two government agen-
cies; this is significant because it displayed high species richness and a large number
of unique species. Since the bay is now a popular destination for tourists, efforts to
preserve its ecosystems and species are essential, including those bivalves of economic
importance such as the rock oyster Striostrea prismatica and the pearl oyster Pinctada
mazatlanica. The latter species is on the Mexican Official List of Protected Species
(NOM-059-SEMARNAT-2010).

The information on bivalve assemblages in Bahia de Mazatldn should be supple-
mented with analysis including an assessment of «, y, and § diversity in order to de-
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termine their relative distribution at different spatial scales. A quantitative analysis
investigating the relationship between bivalve assemblage structure and local and sea-
sonal environmental parameters is also required. Such an analysis, would contribute
to a comprehensive framework on the ecology of these bivalves, which is essential for
further studies on the conservation of the bay.
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Abstract

The morphological and anatomical simplicity of soil dwelling animals, such as earthworms, has limited
the establishment of a robust taxonomy making it sometimes subjective to authors criteria. Within this
context, integrative approaches including molecular information are becoming more popular to solve the
phylogenetic positioning of conflictive taxa. Here we present the description of a new lumbricid species
from the region of Extremadura (Spain), Eiseniona gerardoi sp. n. The assignment to this genus is based
on both a morphological and a phylogenetic study. The validity of the genus Eiseniona, one of the most
controversial within Lumbricidae, is discussed. A synopsis of the differences between the type species and

the west-European members of the genus is provided.
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Introduction

Earthworm fauna is still poorly known within vast areas of the Iberian Peninsula. The
available data indicate the common presence of cosmopolitan species such as Aporrec-
todea trapezoides (Duges, 1828) or A. rosea (Savigny, 1826). In contrast, other species
show more restricted distributions but are locally abundant (Dfaz Cosin et al. 1992,
Rodriguez et al. 1997). The region of Extremadura is one of the best documented,
thanks to the work by Sdnchez et al. (1998, 1999). These authors found that A. zrape-
zoides and A. rosea are the dominant species, while other species can be locally important
in river sides and flooded areas, such as the species of the complex Allolobophora molleri
Rosa, 1889 sensu Barros et al. (1992) that was placed in Eophila by Blakemore (2008).

An intensive earthworm sampling campaign was accomplished between 2009 and
2012 in the surroundings of Plasencia (North of Cdceres, Extremadura, Spain) within
the European Project “BioBio, Biodiversity Indicators for European Farming Systems,
Indicators for Biodiversity in Organic and Low Input Farming Systems”. The Span-
ish team within this project studied the potential use of soil fauna as bioindicators in
debesas (i.e., Mediterranean grazed open woodlands of Quercus ilex Linné and olive
groves under different types of land management. Among the several thousands of
earthworm specimens collected during this sampling campaign, nineteen individuals
sampled close to El Bronco (Ciceres, Spain) are of special taxonomical interest as they
represent a new species as described in the present study.

The taxonomical assignment to a genus level in earthworm lumbricid taxonomy is
confusing and varies regarding the criteria used by the different authors. In addition, it
lacks robustness because it is not necessarily based on phylogenetic relationships. The
number of genera proposed for the family Lumbricidae varies from five when reviewed
by Michaelsen (1900) (Eiseniella, Eisenia, Helodrilus —with four subgenera — Octolasium
and Lumbricus) to 44 proposed by Blakemore (2008) or 45 considered by Qiu and Bou-
ché (1998a), including 29 subgenera. Some of these genera are well-defined and charac-
terized by consistent and stable characters. A good example is the genus Lumbricus, with
a tanylobic prostomium, paired chaetae and reddish body colour. Unfortunately, this
is not the case in the great majority of the other genera, as often overlapping or slightly
variable characters are used to define them. Therefore, the proper assignment to the level
of genus is challenging and sometimes even subjective, but should nevertheless comply
with ICZN requirements to be consistent with its type-species.

Soil dwelling animals are subject to a series of limitations in their corporal design.
This is reflected in earthworms that present a very simple body externally without
many differential morphological characters. The position of clitellum and tubercula
pubertatis, type of prostomium, pigmentation, chaetal arrangement, number and po-
sition of spermathecae, seminal vesicles, Morren’s glands, nephridia or typhosole are
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some of the most widely-used morphological characters in earthworm systematics.
Nevertheless, these characters may probably have evolved as adaptations to a particular
soil environment or independently in several phylogenetic lineages, therefore hinder-
ing establishment of a robust taxonomical system based on morphology. The solution
to this taxonomical chaos would be the phylogenetic resolution of earthworms based
on molecular and morphological studies. This would allow the generation of stable
and robust phylogenies in which systematic classifications are properly defined. Un-
like earthworms from the family Hormogastridae (e.g., Novo et al. 2011), only some
attempts have been done to study the phylogenetic relationships of lumbricids (e.g.,
Briones et al. 2009). Nonetheless, these studies are limited because of incomplete sam-
pling or limited number of genes sequenced. Fortunately, a multigene phylogeny of
lumbricid earthworms represented by a high number of species and genera is about to
be published (Pérez Losada et al., pers. comm.) and hopefully it will help to convert
lumbricid systematics into a more stable system.

In the context of this controversial classification of genera in lumbricid earth-
worms, one of the most conflictive ones is Eiseniona (Omodeo, 1956). This genus was
established by Omodeo (1956) and was accepted by some authors (Alvarez 1970; Qiu
and Bouché 1998a, d; Omodeo and Rota 2004; Rota 2013) but rejected by others
(Bouché 1972; Zicsi 1982; Easton 1983; Mrsic 1991 and Blakemore 2008). Most of
the species included in Eiseniona are distributed in Italy, Greece and other countries
of Central or Eastern Europe. Some examples of species described in Western Europe
are E. paradoxa (Cognetti, 1904) and E. gavarnica (Cognetti, 1904) in France [both
retained in genus Orodrilus Bouche, 1972 by Blakemore (2008)] and in the Iberian
Peninsula Eiseniona oliveirae (Rosa, 1894), Eiseniona carpetana (Alvarez, 1970) and
Eiseniona albolineata Diaz Cosin et al., 1989 [the former retained in Allolobophora
Eisen, 1874 and the latter two retained in genus /beroscolex Qiu & Bouche, 1998 by
Blakemore (2008)].

Despite the extended use of morphological and anatomical characters in earth-
worm taxonomy, during the last years the concept of integrative taxonomy as a tool
to describe and delimit species has become more popular. This concept, consisting of
a multidisciplinary approach including the morphological, molecular, ecological and
geographical available data, has been applied to earthworms (e.g., Novo et al. 2012 for
hormogastrids, Blakemore and Kupriyanova 2010, Blakemore 2010, Blakemore et al.
2010, Blakemore and Grygier 2011 and Blakemore 2012a for lumbricids) The imple-
mentation of molecular techniques has allowed presumption of a high cryptic diversity
in earthworms completely unknown when based on traditional systematic methods
(e.g. King et al. 2008, Novo et al. 2009, 2010, Dupont et al. 2011, Ferndndez et al.
2011), but see critique in Blakemore et al. (2010). In addition, molecular barcoding
has become a widely used technique for taxonomical evaluation, allowing interesting
discoveries such as the proposed separation of L. terrestris and L. herculeus (James et al.,
2010), but see correction by Blakemore (2013).

In this context, this manuscript aims to describe a new lumbricid species (E. gerardoi
sp. n.) based on morphological, molecular and ecological data.
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Material and methods

Earthworm specimens and sampling points

Nineteen individuals were collected at four different but geographically-close sampling
points nearby El Bronco (Ciceres, Extremadura, Spain). Soil was a sandy-loam on
underlying slate (Figure 1); collectors G. Moreno, E. Judrez.

D4 Lel: 2 ex. (1 adult, 1 subadult) (40°12'42.76"N, 6°19'0.68"W). Altitude 430
m. Grazed debesa with Quercus ilex. Mean precipitation 876 mm. Present plant spe-
cies: Eleocharis palustris, Pulicaria paludosa. Other earthworm species: A. molleri 1 ex.
0.75 g).

D4 R2: 2 ex. (2 adults) (40°12'45.22"N, 6°18'39.22"W). Altitude 414 m. Grazed
debesa with Quercus ilex. Mean precipitation 876 mm. Present plant species: Anthox-
anthum aristatum, Isoetes hystris. Other earthworm species: A. molleri 8 ex. (6.72 g), A.
trapezoides 16 ex. (4.96 g).

D4 S1: 2 ex. (2 subadults) (40°12'41.51"N, 6°19'1.20"W). Alticude 430 m.
Grazed dehesa with Quercus ilex. Mean precipitation 879 mm. Present plant species:
Festuca ampla, Trifolium dubium. Other earthworm species: A. molleri 2 ex. (2.02 g),
A. trapezoides 3 ex. (2.01 g).

D5 P2: 13 ex. (5 adults, 8 subadults) (40°13'38.80"N, 6°18'36.04"W). Altitude
428 m. Grazed dehesa with Quercus ilex. Mean precipitation 923 mm. Present plant
species: Juncus bufonius, Conyza sp. Other earthworm species: A. molleri 6 ex. (5,32 g),
A. rosea 4 ex (1.05 g), A. trapezoides 32 ex (18,91 g).

Molecular sequencing and analyses

The following molecular regions were amplified by the methods described in Novo
et al. (2011): mitochondrial subunit I of cytochrome ¢ oxidase (COI), 16S rRNA
and tRNA Leu, Ala, and Ser (16S5-tRNAs), two nuclear ribosomal genes (complete
18S and a portion of 28S) and two nuclear protein-encoding genes (histones H3
and H4).

In order to have an evaluation of the selection of species to include in the mo-
lecular analyses, M. Pérez-Losada and J. Dominguez (Universidad de Vigo) kindly
compared the sequences of 16S and 28S rRNA from the specimens included in
this study with an unpublished database that includes most lumbricid genera. This
comparison provided the first evidence indicating that the new species was closely
related to E. albolineata and E. oliveirae. As a second method, we collected some
individuals belonging to E. albolineata and sequenced the mitochondrial gene COL.
In addition, we retrieved from GenBank all available COI sequences from as many
different lumbricid species as possible to date (Table 2), although many of these
have their identities unconfirmed. We excluded from the analyses the sequenced
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Figure |. Map showing the position of sampling points.

Table I. Paragenetypes (sensu Chakrabarty 2010) of Eiseniona gerardoi sp. n. paratypes, with GenBank
accession numbers. As a consequence of the UCM scientific collections restructuring, the earthworms are

now deposited within UCMLT (Universidad Complutense de Madrid Lombrices de Tierra).

Voucher COI 16S-tRNAs | 185 rRNA | 28S rRNA H3 H4
UCMLT 60001 | KF737142 | KF737134 | KF737140 | KF737148 | KF737150 | HG780373
UCMLT 60002 | KF737143 | KF737135 | KF737141 | KF737149 | KF737151 | HG780374
UCMLT 60007 | KF737144 | KF737136 KF737152 | HG780375
UCMLT 60013 | KF737145 | KF737137
UCMLT 60015 | KF737146 | KF737138
UCMLT 60017 | KF737147 | KF737139

genes in the public databases for which information is scarce and biased. Bayesian
phylogenetic inference was then explored with the COI sequences as described in
Ferndndez et al. (2012).

Uncorrected pairwise differences were calculated between these species with Arle-
quin 3.5 (Excoffier et al. 2005).

Data resources

The data underpinning the analysis reported in this paper are deposited in the Dryad
Data Repository at doi: 10.5061/dryad.5k76¢
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Table 2. Taxa and specimens included in the molecular analysis. GenBank accession numbers are indi-
cated. Species names were literally taken from GenBank. The correct name [after Blakemore (2008)], of
the species marked with asterisk is, Bimastos parvus, Allolobophoridella eiseni and Iberoscolex albolineatus.

Species COI GeneBank accession number
Allolobophora chlorotica GU013806
Aporrectodea longa JN850544
Aporrectodea rosea FJ214232
Aporrectodea trapezoides JF313567
Aporrectodea tuberculata JN869877
*Bimastus parvus EF077605
Dendrobaena attemsi FJ214224
Dendrobaena octaedra GU013836
Dendrobaena veneta FJ214233
Dendrodrilus rubidus GU013839
Eisenia andrei DQ914619
*Eisenia eiseni AY874488
Eisenia fetida EF077596
*Eiseniona albolineata KF746384
Helodrilus oculatus FJ374775
Hormogaster elisae EF653905
Lumbricus festivus FJ937290
Lumbricus rubellus GU206189
Lumbricus terrestris JN869936
Octodrilus juvyi HEG611693
Octolasion cyaneum JQ909144
Octolasion lacteum DQ092909

Results

The specimen with voucher number UCMLT 60000 is the designated holotype. The
paratypes bear the numbers UCMLT 60001 to 60018.

Morphological description

The specimens were sketched using an Olympus binocular microscope with digital
camera, dissected, and described.

Taxonomic results

Phylum Annelida Lamarck, 1802

Subphylum Clitellata Michaelsen, 1919

Class Oligochaeta Grube, 1850

Order Haplotaxida Michaelsen, 1900

Family Lumbricidae Rafinesque-Schmaltz, 1815
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Genus Eiseniona Omodeo, 1956

Type-species. Allolobophora handlirschi Rosa, 1897 by original designation.

Eiseniona gerardoi Diaz Cosin, sp. n.
http://zoobank.org/E14BF86D-EFF1-47E7-BE5B-6F59ACCDCD4B
http://species-id.net/wiki/Eiseniona_gerardoi

Material examined. Holorype. Adult (Catalog # UCMLT 60000), 40°13'38.80"N,
6°18'36.04"W (“spanish dehesa” mediterranean grazed open woodlands of Quercus
ilex), near El Bronco (Ciceres, Spain), leg. G. Moreno, E. Judrez, April 2010.

Paratypes. 18 specimens (Catalog # UCMLT 60001 to 60018), leg G. Moreno, E.
Judrez, April 2010.

Morphological description. External morphology (Figures 2, 3). Length of mature
specimens: 21-40 mm, x: 28mm, SD: 5.6 mm, holotype: 31 mm. Diameter: clitellar x
: 2.5 mm, SD: 0.4 mm, holotype: 2.5 mm, postclitellar x: 1.8 mm, SD: 0.2 mm, holo-
type: 1.7 mm. Body cylindrical in the anterior part, wider at clitellum and trapezoidal
or rectangular in postclitellar region, with chaetae in the corners. Number of segments:
89 to 124, x: 109.5, SD: 10.7, holotype: 117. Weight (fixed specimens): 38 to 64 mg,
X : 52 mg, SD: 13 mg, holotype 62 mg.

Colour: When alive, the anterior part is red-brownish showing noticeable antero-
posterior and dorso-ventral gradients. Cream-coloured or whitish clitellum. After a
long period within alcohol the red pigment is gradually lost and transformed into
brown of different intensities (Figure 2).

Prostomium epilobic +1/3. No longitudinal lines are noticeable in segments 1
and 2. First dorsal pore in (3/4) 4/5. Nephridial pores inconspicuous in a row slightly
above 4. Spermathecal pores at intersegments 9/10 and 10/11, at the level of chaetae
cd (Figure 3).

Male pores as vertical grooves in the segment 15 between chaetae 4 and ¢ show-
ing small porophores with whitish areolae shape. Female pores in 14 slightly above 6.
Chaetae paired, interchaetal ratio at segment 40, aa: 16, ab: 1.4, be: 7, cd: 1, dd: 24.
Chaetae are simple with a wider base and a sharp and bent distal end. (Figure 4).

Clitellum white or cream-coloured, saddle-shaped extending over 22,23-29,30, in
the holotype 1/n 22, 23-29. When well developed it invades the ventral area and the
intersegmental lines are hard to distinguish. Tubercula pubertatis extended as a belt in
23-(27)28,29, in the holotype in 23-29. Occasionally they appear folded or wrinkled.
No noticeable papillae are present in any of the specimens.

Internal anatomy. Slightly thickened anterior septa. Last pair of oesophageal hearts
in 11. Morren’s glands with small diverticula in 10 and little lamellae in 11 and 12.
Crop in 15,16, gizzard in (17)18,19. First section of the intestine is not dilated. Simple
typhlosole pleated, which begins in 20, 21 and ends near the anus leaving only 10-15
atyphlosolate segments.
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Figure 2. External view of the anterior part of the body of E. gerardoi.

Figure 3. Schematic view of the external morphology of E. gerardoi.

100 pm

Figure 4. Chaetae a6 from segment 40-41 (DIC Nomarski).
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)phridfal vesicle

Figure 6. White tissue associated with the dorsal vessel.

Fraying testes and iridescent and very large seminal funnels in 10 and 11. Three
pairs of seminal vesicles in 9, 11 and 12. The last pair is very large pushing back the
septum 12/13. Large ovaries and female funnels in 13, ovarian receptacles (ovisacs) in
14. Two pairs of very large and iridescent spermathecae in segments 10 and 11.

In the posterior region of the body the nephridia are much enlarged , the nephrid-
ial bladders are curved and J-shaped with curved section 1/3 of total length. (Figure 5).

An important characteristic is the presence of dense white glands on top of the dor-
sal vessel initially around segment 20 and externally visible as a whitish line extending
to the end of the body. (Figure 6).

Distribution. Known only from its type locality.

Etymology. The species is dedicated to Prof. Gerardo Moreno from Centro Uni-
versitario de Plasencia, Universidad de Extremadura, Spain. He is the PI for the Bio-
Bio program in Spain and collected the specimens described in this paper.
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Figure 7. Bayesian inference tree based on COI sequences of E. gerardoi and other lumbricids repre-
sented in GeneBank. E. gerardoi (see UCMLT codes in Table 1) clusters with E. albolineata.

Molecular characters. Sequences of the used genes have been deposited in Gen-
Bank (see Table 1). According to Drs. Pérez Losada and Dominguez (pers. comm.),
the 16S and 28S sequences of E. gerardoi clustered with the two species classified as
Eiseniona, E. albolineata and E. oliveirae.

The phylogenetic tree presented here, based on the COI gene and including some
of the available species in GenBank (Figure 7), shows that E. gerardoi specimens form
a highly supported group (1.00 posterior probability, 0.99 bootstrap) with E. alboline-
ata. The two species share the presence of whitish glands on top of the dorsal vessel.
COI genetic divergence (uncorrected p-distances) between E. albolineata and E. gerar-
doi is 14.09%, and the intraspecific variability of the latter is 2.81% showing a very
close relationship.

Habitat and ecological characters. All the soils from sampling sites have been de-
veloped on slates and are sandy-loams. Precipitation corresponds to the typical values
of intermediate semi-humid Spain. The associated species A. molleri is always present
and this species is bound to terrains that are flooded during several months per year.
Additionally, the presence of plants typical from wetlands, such as Eleocharis palustris,
Pulicaria paludosa or Juncus bufonius indicates that in these sites there is enough hu-
midity during most of the year, which supports hygrophile communities. Neverthe-
less they could be desiccated in the summer, which would force the earthworms to
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undergo aestivation in order to survive to these dry periods, resuming activity when
humidity is restored. All these details are compatible with the diagnosis of the genus by
Omodeo (1956) as he highlighted the semiaquatic characteristics of Eiseniona.

Discussion

Eiseniona genus was created by Omodeo (1956) for the inclusion of five earthworm
species presenting small to medium sizes, number of segments inferior to 170, closely
paired chaetae, Morren’s glands with lateral bags in segment 10 and red or light pink
subepidermic pigment (absent in some instances). Their clitella start between segments
23 and 27 and tubercula pubertatis appear as continuous bands. Male pores lack the
glandular atrium (but show a small atrium in some instances) and papillae are present
in segments near the spermathecae and male pores. They show three or four pairs of
seminal vesicles, the last reaching to segments 13 or 14. Their habitat is semiaquatic.
Omodeo and Rota (2004) subsequently added or specified other characters such as:
“body central and posterior parts with trapezoidal cross section, with the pairs of chae-
tae at the four corners, nephridial bladders as an inverted J with the ental limb orient-
ed backward, typhlosole cylindrical “en accordéon” spermathecae large, intracoelomic
with openings in 9/10 and 10/11, three pairs of seminal vesicles in IX, X, XI the latter
being very large, protruding in XIII”.

The species originally included in this genus were E. handlirschi (Rosa, 1897) [the
designated type, now placed in Aporrectodea according to Blakemore (2008) and Csu-
zdi (2012)], E. oliveirae (Rosa, 1893), E. intermedia (Michaelsen, 1901), E. paradoxa
(Cognetti, 1904) and E. sineporis (Omodeo, 1952). Two new species from Spain were
included afterwards, E. carpetana Alvarez, 1970 and E. albolineata Diaz Cosin et al.
1989, Qiu and Bouché (1998a, d) accept the genus Eiseniona in which they include
17 species or subspecies, most of them distributed in the Balkans. However, they place
albolineata and carpetana within the genus lberoscolex; gavarnica and paradoxa within
Orodrilus and oliveirae within Koinodrilus Qiu and Bouché (1998b, c). The diagnosis
of Eiseniona by these authors is slightly different from the one by Omodeo and Rota
(2004), mainly regarding details such as pigment absence, pinnate typhlosole or the
presence of four pairs of seminal vesicles in 9, 10, 11 and 12.

Blakemore (2008) did not accept the genus Eiseniona and considered it as a
synonym of Aporrectodea. This author highlighted that it was neither accepted by
Bouché (1972), who included hemiandric forms such as paradoxa and gavarnica
within the genus Orodrilus and the remainder within Allolobophora. Neither was it
accepted by Zicsi (1981, 1982b) nor Mrsic (1991), who note that “the diagnosis of
this genus is deficient (the species are hard to distinguish from those of the genus
Aporrectodea), so 1 ignore it.” It is evident that the validity of Eiseniona is controver-
sial and in this sense Blakemore (2008) stresses that "These issues need to be thor-
oughly resolved, with reference to types, before we can consider restoration of either
Eiseniona or Koinodrilus”.
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Phylogenies recovered by molecular methods can aid to solve this problem by pro-
viding key information to support systematics and therefore approaching a natural
system (Novo et al. 2011). On this topic Blakemore (2012a) states the need of basing
the molecular analyses on the types of the genera. A molecular comparison with the
type species E. handlirschi could not be carried out in this study due to lack of material.
However, in the phylogenetic trees we present here, E. gerardoi clustered together with
E. albolineara and it is clearly differentiated from the other genera. The assignment of
this new species to the genus Eiseniona is further supported by the fact that analyses
with 16S and 28S regions place it near E. albolineata and E. oliveirae within an unpub-
lished phylogeny of lumbricids that includes most of their genera (Pérez Losada and
Dominguez pers. comm.). Hence, the new species can be located within an explicit phy-
logenetic context, near albolineata and oliveirae regardless of their generic assignment.

Some of the features of our specimens, such as the lack of papillae or the presence
of porophores in segment 15, are different from the ones described for most Eiseniona.
However male porophores of E. gerardoi are relatively small and Omodeo’s (1956)
indicates in its diagnosis that in some instances small porophores might be present in
the genus. Apart from that, most of the traits of E. gerardoi are compatible with those
originally diagnosed as the generic features of Eiseniona. Moreover E. gerardoi shares
with E. albolineata the white tissue developed on the dorsal vessel.

Considering all this data, we opt to include this new species, at least provisionally,
within Eiseniona because it is the less troublesome position within the current genera
system for Lumbricidae. This is suggested not only by morphological and ecological con-
siderations but also by the molecular data placing it near E. albolineata and E. oliveirae.

The phylogeny of species historically included within Zberoscolex, Koinodrilus and
Eiseniona will need to be thoroughly revised in the future, in order to clarify whether
they represent good genera and to find a robust grouping of the species within genera,
which does not seem possible exclusively with morphological tools. It is also notewor-
thy that within Eiseniona there is a group of species from Southern France and Iberian
Peninsula and another one from Italy, Greece and Central and Eastern Europe. Future
studies will unravel whether these two groups constitute independent phylogenetic
units susceptible to be taxonomically divided.

A considerable effort is still necessary to establish a robust genera system based on
phylogeny within lumbricids. This system should integrate the study of mitochondrial
and nuclear markers with morphological characters and include representatives from
all the proposed genera and type species. Until the moment when such big picture is
available controversy on lumbricids’ genera system will continue and different authors
will apply subjective criteria.

Differences with other species of the genus

The most similar species to E. gerardoi regarding clitellum position and tubercula puber-
tatis is £. intermedia, but the last has a much greater size, its tubercula pubertatis start in
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Table 3. Comparison of species living in the western part of the geographic range of Eiseniona. The type

species E. handlirschi is included and the hemiandric E. paradoxa and E. gavarnica are excluded.

E. albolineat. E. carpet. E. oliveirae E. gerardoi E. handlirschi
85-110* 50-60*
Length (mm) | 78-122 matures 52-74 30-86** 21-40 50-170**
45%** 50-95***
167 * 120-130*
Segments 138-172 129-150 (77) 100-131** 89-124 115-163**
125%** 78-119***
: *
Light ﬂeslT toni . . Colourless*
. . Brown or violet “in | Red-brownish “in o
Grey, posterior white . o . o . Colourless
Colour ) Rose violet vivo”, greyish when | vivo”, posterior )
line S Pale reddish***
fixed** white line
Brown, red***
Closely paired*
Separat 6.7-13-62-1- Paired Closely paired
Chewe |, Izpaz“; | 5| Separate 11.8 16-14-7-1 | 8-1.15-6-1
oo Closely paired 9 — 1.5 — -24 — 20+
7.5-1-18"*

First dorsal 4/5* From 4/5 , usually
St cors (4/5) 516 4/5 (4/5) 5/6** (3/4) 4/5 19/20%
pore 516+ 17/18 to 23/24***

10, 11,1 3 .
Spermathecae | 1011 Pores 9/10, | 10, T pores |10, 1, pores 9/10 iri(fcscem a;ieres 9, 10, pores in 9/10
10/11 near 4 9/10, 10/11 ¢ 10/11 near ¢ 9/10, 10/11 e 10/11
*
Annular in (1/2 24-30* 52 6?26;322 (33
Clitellum (24)25-30(31) 24)25-1/2 (23)24-29(30)** 22,23-29,30 ?
31631) 2429+ 25,26@27)-
(32)33**+*
29-32*
24-30*
1/227,28)29-30
T. pubertatis | 1/n 26 —28(1/2 29) 25-30 24-29,30** 23-(27)28,29 ( (371 32))*3 3
- Skokok b
1/225-28 1/n 28-31,32***
10-13 diverticula in
Gld. M 10-12, diverticula 11- 12, no 10** 10,11,12 small Diverticula in 10
-vorren in 10 diverticula 11-14, no diverticula in 10 10-13%+*
diverticula***
Nephridi
P _ndlal S - shaped ? Curved, reclined*** J - shaped Inverted J***
vesicle
Circular,
Bifid initially , I ’
Typhlosole ifid m,mal Y ater ? Simple Simple, pleated transversally
simple
pleated***
Seminal 9,11,12* 9,11,12*
L 9,10,11,12 9,10,11,12 9,10,11,12* 9,11,12 9,(10),11,12%
e 9,11,12°% 9,11,12°
*
l?osa a ?94) o *Rosa (1897)
. ** Diaz Cosinetal. | White tissueon | )
White tissue on top Bouché (1972)
Others (1985) top of the dorsal
of the dorsal vessel. . , ***Omodeo and
*** Qiu and Bouché vessel Rota (2004)
(1998b)

a more posterior segment and presents four pairs of seminal vesicles. In addition, it was
only found in Bashkiria (Bashkortostan, Russia) (data from Omodeo 1956). The differ-
ences of E. gerardoi with the remaining species included within Eiseniona by Omodeo
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(1956) and Qiu and Bouché (1998a, d) are clear in terms of the beginning of clitellum
in segments 22,23 and the tubercula pubertatis in segment 23. A comparison of some
characters of the species living in the western part of the geographic range of Eiseniona
is shown in Table 3, excluding the hemiandric E. paradoxa and E. gavarnica.

Genetic divergence between E. gerardoi and E. albolineata (COI, uncorrected dis-
tances) is 14.09%, which is within the interval of uncertainty proposed by Chang and
James (2011), but still near the 15% that these authors consider as indicative for dif-
ferent species in earthworms. Nevertheless there are enough morphological characters
that permit the separation of the two species.
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