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Zusammenfassung

Nematoden sind hochabundant und global die diverseste Gruppe der Bodenfauna. Es gibt
nur wenige Taxonomen fiir freilebende Nematoden und daher existieren weltweit nur eine
Handvoll Studien zu freilebenden Nematoden aus tropischen Gebieten. Der Artenreichtum
und die funktionelle Zusammensetzung von Nematodengemeinschaften In Vietnam sind
noch vollstindig unbekannt. Verdanderungen von Bodenfunktionen beeinflussen
Nematodengemeinschaften lange bevor chemische und physikalische Bodenparameter
messbar sind. Daher sind Nematoden exzellente Indikatoren von Bodenfunktionen und
Okosystemdienstleistungen.

Wir untersuchten die Nematodenfauna in Béden dreier Naturreservate in den Provinzen Cao
Bang, Lang Son und Cat Ba Provinces im Nordosten Vietnams im May 2013. Nematoden
wurden (wenn moglich) auf auf Artniveau bestimmt um die Zahl und Diversitat der
bekannten und unbekannten Taxa zu bestimmen. Basierend auf den trophischen Gruppen
wurden die Nematoden anschlieend funktionelle Gilden zugeordnet. Mit diesen Daten
wurden unterschiedliche 6kologische Indices errechnet, um zu beschreiben wie Anderungen
in der Landnutzung die Bodenfunktionen in Primadrwaldern, Sekundarwaldern, Brandrodung
und intensiv bewirtschafteten Akerflachen beeinflussten.

Insgesamt wurden mehr als 14 000 Individuen identifiziert. Diese Nematoden gehdrten zu
105 Genera, 42 Familien, und 9 Ordnungen. Davon gehorten 48 Genera und 13 Familien
allein zu der Gruppe der Dorylaimida. Die taxonomische Bearbeitung der Ordnung
Dorylaimda ist besonders anspruchsvoll da sie hochdivers ist, aber sich die einzelnen Arten
morphologisch wenig unterscheiden. Mehr als 1/3 der identifizierten Arten der Dorylaimiden
waren noch nicht beschrieben. Insgesamt wurden 12 neue Arten beschrieben, davon 3 Arten
im Genus Aporcelaimoides: A. brevistylum, A. minor, A. silvaticum; 3 Arten im Genus
Aporcelinus: A. falcicaudatus, A. paramamillatus, A. paraseychellensis, und 6 Arten im Genus
Sectonema: S. birrucephalum, S. buccociliatum, S. caobangense, S. ciliatum, S. tropicum und
S. vietnamense. Drei Arten konnten zum ersten Mal in Vietnam nachgewiesen werden:
Axonchium thoubalicum, Belondira murtazai and Oxybelondira paraperplexa. Eine Art in der
Cephalobus topali Gruppe wurde neubeschrieben und zu Acrobeloides transferiert.
Molekulare Daten bestatigten die geringe Kenntnis der Dorylaimiden; nur 5 Sequenzen aus
der Genbank Datei wiesen mehr als 95% Ahnlichkeit zu den sequenzierten Nematoden auf.
Die Nematodengemeinschaften unterschieden sich sigfnifikant zwischen den Regionen und
den Landnutzungsintensitaten. Nematodengemeinschaften von Primarwaldern beinhalteten
vor allem grolRle, langlebige Pradatoren und Omnivore (46-74%), im Vergleich zu einer

kontinuierlichen Zunahme von kurzlebigen Bacterivoren (5-15%), Pflanzenparasiten (11-24%)
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und Pilzfressern (3-15%) mit Zunahme der Landnutzung. Die Analyse der
Nematodengemeinschaften erwies sich damit als nitzlich um funktionelle Veranderungen
im Bodenokosystem vorherzusagen. Unterschiedliche 6kologische Indices (der Maturity
Index (MI), der Plant-Parasite Index (PPI), der Basal Index, Enrichment index, Structure index
und Channel Index) wurden in temperierten Okosystemen entwickelt um anhand der
Veranderungen in der trophischen Zusammensetzung von Nematodengemeinschaften
Anderungen in Bodenfunktionen und Okosystemdienstleistungen zu ermitteln. Wir testeten
ob dieselben Rahmenbedingungen auf tropische Boden angewandt werden konnen.
Insbesondere die Maturity Indices lieRen sich auf tropische Boden kaum anwenden. Darliber
hinaus zeigte sich, dass vergleichbare Veranderungen in der Landnutzung zu ganz
unterschiedlichen Verdanderungen der Bdden fuhrten. Zum Beispiel verdanderten sich die C/N
Verhaltnisse nicht wie erwartet mit steigender Landnutzung und auch Veranderungen der
Bodenmikroflora waren nicht mit der Landnutzung korreliert.

Insgesamt haben unsere Untersuchungen sehr zum Verstandnis der Funktion und den
Ursachen der Degeneration tropischer Bdden, als auch zur Kenntnis der Biodiversitat der
freilebenden Nematoden beigetragen. Diese Studie fand klare Belege fiir eine hoheren
Diversitat und einen hoéheren Artenreichtums der Nematoden in tropischen Regionen im
Vergleich zu temperierten Regionen. Zusammenfassend haben meine Arbeiten Uber
freilebende Nematodengemeinschaften in Vietnam gezeigt, dass 1) die Diversitat der
Nematodengemeinschaften in tropischen Boden stark unterschatzt wurde, 2)
Veranderungen der Landnutzung sich stark auf die Nematodengemeinschaften auswirkten,
und 3) Veranderungen der Nematodengemeinschaften entlang von Landnutzungsgradienten

nicht einfach durch abiotische Bodenfaktoren erklart werden konnten.
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Summary

Nematodes are highly abundant and globally the most diverse group of soil fauna. Due to
the lack of taxonomists, only a handful of studies exist on communities of free-living
nematodes in tropical areas worldwide. The true species richness and functional
composition of nematode communities in Vietnam are virtually unknown. Changes in soil
functioning affect nematode community composition long before adverse effects on
chemical and physical soil parameters are measurable. Consequently, nematodes are
excellent indicators of soil function and ecosystem services.

We investigated the nematode fauna in soils of three Nature Reserves in Cao Bang, Lang Son
and Cat Ba provinces in north-eastern Vietnam in May, 2013. First, we identified the
nematodes (if possible) until species level to estimate the numbers and diversity of known
and undescribed taxa. Then, based on the different trophic groups, nematode functional
guilds were determined. These data were used to calculate different ecological indices in
order to describe how changes in land use affected the functioning of soils in a gradient from
primary forest, secondary forests, slash and burn agriculture and intensive agricultural
management.

In total, more than 14,000 specimens were identified. These nematodes belonged to 105
genera, 42 families and 9 orders, of which 48 genera and 13 families belonged solely to the
order Dorylaimida. The Order Dorylaimida is taxonomically particularly challenging because
it is highly diverse, but species show only little differences in morphological characters. More
than 1/3 of the identified species of Dorylaims were new to science. Twelve new species
were described comprising three species of the genus Aporcelaimoides: A. brevistylum, A.
minor, A. silvaticum; three species of the genus Aporcelinus: A. falcicaudatus, A.
paramamillatus, A. paraseychellensis, and six species of the genus Sectonema: S.
birrucephalum, S. buccociliatum, S. caobangense, S. ciliatum, S. tropicum and S. vietnamense.
Three species were recorded for the first time from Vietnam: Axonchium thoubalicum,
Belondira murtazai and Oxybelondira paraperplexa. One species Cephalobus topali was re-
described and transferred to the genus Acrobeloides. Also molecular data confirmed that the
diversity of dorylaims is little known, only 5 sequences obtained from Genbank could be
assigned to the sequenced nematodes with a similarity higher than 95%.

The nematode assemblages and diversity were significantly different between different
regions and among four land use intensities. Nematode assemblages in primary forests were
composed mainly of large and long-lived predators and omnivores (46-74%), compared to a
successive increase of short-lived bacterivores (5-14%), plant parasites (11-24%) and

fungivores (3-15%) with land-use intensification. Our data indicated that nematode
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community analysis was a useful tool to predict functional changes in soil ecosystems.
Different ecological indices (i.e. the Maturity Index (MI), the Plant-Parasite Index (PPI), the
Basal Index, Enrichment index, Structure index and Channel Index) have been developed in
temperate ecosystems to describe shifts in soil functioning and ecosystem services based on
changes in the composition of nematode trophic groups. We tested whether this framework
could be applied to tropical soils. In particular the Maturity indices were hardly applicable in
tropical soils. Further it turned out that comparable change in land use led to very different
transformations of soil conditions. For example the soil C/N ratios did not change as
expected with increasing land-use and were not correlated with the composition of the soil
microflora.

Overall, our studies substantially contribute to our understanding of the functioning and the
causes of degradation of tropical soils and to the knowledge of the biodiversity of free-living
nematodes. This study found clear evidence corroborating the idea that the diversity and
species richness of nematodes from tropical regions is higher than temperate regions. In
conclusions, my studies of free-living nematodes communities of Vietham showed: 1) The
diversity of nematodes in tropical soils has been vastly underestimated; 2) Land-use intensity
had strong impacts on nematode communities; 3) Changes in nematode communities along
gradients of within increasing land use intensity could not be simply explained by abiotic soil

conditions.
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1. Introduction
1.1 Nematodes and their role in the environment

1.1.1 Nematodes as a zoological group

Nematodes (phylum Nematoda), are rounded, non-segmented worms, but despite their
comparatively simple body plan they evolved a very high taxonomic and functional diversity.
Free-living nematodes are found in the soil, freshwater or in the sea. They occur in virtually
all environments and are able to survive under extreme conditions. They are often highly
abundant and in grassland one square metre may contain twenty million nematodes
(Overgaard Nielsen 1949). In a square metre of littoral sand, Wierser (1956) found ten
million specimens. In a hectare of midland forest in Hungary, Andrassy (1955) estimated
around seventy billion nematodes. In addition to free-living nematodes, there are many
parasitic nematodes. They parasite nearly all groups of animals and plants, and some cause
serious damage to crops and livestock, and some are even pathogenic in humans (Brusca &
Brusca 1990). Wherever nematodes are found, they are the most abundant metazoan both
as individuals and numbers of species. In 1934, Filipjev counted 4600 nematodes species,
among them were 2,200 species free-living (nearly 1,000 continental and 1,200 marine) and
2,400 parasitic in animals (230 in invertebrates and 1,170 in vertebrates). Later, Andrassy
(1992) estimated the numbers of free-living nematodes to 12,000-13,000 species. According
to Hugot and colleagues (2001) 11,860 animal parasitic species were known, again doubling
the total numbers of the known valid species of free-living and parasitic nematode to
24,000-25,000 species. In respect to the numbers of known species, Nematoda are thus the
fourth greatest phylum after Arthropoda (1,105,000), Molllusca (50,000) and Vertebrata
(44,000) (Andrdssy 2005). Andrdssy (1976) estimated the total numbers of species to
500,000, suggesting that merely 5% of the extant nematode species have been described to

date. Characterizing nematode diversity is a true scientific challenge.
1.1.2 Nematodes as key organisms of the soil food web

Nematodes are an important component of the soil microfauna due to their abundance and
diversity (Bongers & Ferris 1999). It is suggested that free-living nematodes play an
important role in the decomposition pathways of soil food webs, and significantly contribute
to nutrient cycling (de Ruiter et al. 1998). Moreover, these nematodes interact, directly or
indirectly, with a variety of soil organisms, from bacteria (Traunspurger et al. 1997; de Mesel

et al. 2004; Moens et al. 2005), fungi and earthworms to arthropods and molluscas. Since
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trophic groups of nematodes can be distinguished by their feeding apparatus, nematodes
have been used to characterize functional changes in soil food webs and soil function (Ferris
et al. 2001). Bacterivores often have fast reproduction cycles (eg. 2-3 weeks in
Caenorhabditis elegans) (Marchant & Nicholas 1974), while predators and omnivores
reproduce slowly (eg. 3-4 months in Labronema ferox) and therefore they are sensitive to
disturbances (Korthals et al. 1996; Tenuta & Ferris 2004).

Nematode diversity studies historically focused on temperate regions and in 1998 only ten of
134 published ecosystem surveys were conducted in tropical forests (Boag & Yeates 1998).
Almost 20 years later, soil nematode assemblages of tropical forests are still largely
unexplored. Earlier studies suggested a peak of nematode diversity in temperate regions
(Boag & Yeates 1998), recent studies have shown that tropical nematode communities can
be extremely species rich. For example, Bloemer et al. (1997) investigating from 24 sites of a
tropical forest in Mbalmayo, Cameroon found 431 nematode species belonged to 194
genera. Very recently, Porazinska et al. (2010, 2012) found for tropical forest in South
America that total species richness was 300% higher in tropical than in temperate forests
and more than 90% of the identified species belonged to new forms. It is now suggested that
the low diversities reported earlier could be artefacts due to an inappropriate soil sampling
strategy in the tropics (Lawton et al. 1996; Powers et al. 2009). Although nematode diversity
is know from many study sites in the world, little attention has been paid to the question of
how local nematode diversity depends on regional species richness and how land use
intensity management affects the species richness and composition of trophic groups.
Because tropical rainforests on different continents are characterized by vastly different
abiotic and biotic conditions and evolved rather independently, we are not only lacking basic
knowledge on the species inventory, but more so on the regional drivers of diversity and
community assembly in these tropical regions (Corlett & Primack 2006; Kim & Byrne 2006;
Grainger 2010).

Due to their small size and low mobility, their ubiquity, high diversity and high numbers,
nematodes are ideally suited to investigate the drivers of community composition and food
web functioning. According to distinct morphological differences in their feeding apparatus,
nematodes are placed in five distinct functional groups (Yeates et al. 1993; Yeates & Bongers
1999): bacterivores, fungivores, herbivores, omnivores and predators (Yeates et al. 1993).

Bacterivorous nematodes have a buccal cavity with tubiform shape (Fig. 1a), while

10
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fungivorous nematodes have an apparatus with short needle-shaped stylet and a developed
median bulb (Fig. 1b). Herbivorous nematodes have a buccal cavity with a strong stylet,
distinct knobs and a weak median bulb; or they have buccal cavity with a long needle-shaped
stylet or odontostyle and a flask-shaped pharynx (Fig. 1c). Predator nematodes have an
opening barrel shaped with big teeth or with a wide odontostyle (Fig. 1 d). Omnivorous
nematodes differ from the other trophic groups by a variable buccal cavity with either small

teeth or a short narrow odontostyle (Fig. 1e)

TR T

LA

[T

3

FIGURE 1. Nematodes can be classified into different feeding groups based on the structure
of their mouthparts. a) bacterial feeder; b) fungal feeder; c) plant feeder; d) predator; and e)
omnivore. (Zaborski 2014)

Accordingly, nematodes can be found at very different trophic positions in the soil food web
(Fig. 2) where they rapidly respond to changing soil conditions. Several ecological indices
have been proposed to characterise changes in the functional composition of nematodes in
the soil food web (Bongers 1999; Wardle et al. 1995; Bongers & Ferris 1999; Mulder et al.
2009, 2011).

11
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FIGURE 2. Schematic representation of different taxonomic and trophic groups in a soil food
web. Arrows represent feeding links pointing to the consumer. TL = trophic level, R =
recalcitrant organic matter, L = labile organic matter, S = water soluble sugars and cr = crypto
stigmatic. (Holtkamp et al. 2008)

1.1.3 The nematode order Dorylaimida

The Dorylaimida (Pearse 1942) is a particularly diverse nematode order with many as yet
unknown taxa in soil. With their long generation times 3-4 months (McSorley 2012) and
production of few, but large eggs, dorylaimids can be classified as typical K-strategists, and
are regarded as very sensitive to soil disturbances (Bongers et al. 1997). Being highly diverse
and omnivorous, it has been proposed that they occupy key functions in microbial soil food
webs (Zullini & Peretti 1986; Yeates et al. 1993; de Goede & Bongers 1994; Bongers &
Bongers 1998).

Dorylaimida currently comprise 263 genera and 2637 recognized species (Andrassy 2009),
but many new taxa are being described every year. The diversity of dorylaimids has been
studied mostly in temperate regions, while their diversity and functional roles are poorly
explored in the tropics. South East Asia, a part of the Oriental region (Cox 2001), is
particularly understudied. Andrassy (1970) was the first author who recorded and described

four species of dorylaimids in Vietnam, but since then, free-living dorylaimid forms have
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received little attention. During the last 10 years, several nematological surveys have been
undertaken in the north of Vietnam to elucidate the diversity of this group.

From a morphological perspective, dorylaimids appear to be a well discriminable group,
characterized by the combination of a series of apomorphic or autapomorphic features: the
stoma is armed with a protruding structure, either a mural tooth or an axial odontostyle in a
bottle-like pharynx. A pre-rectum is present at the hindermost portion of the intestine; and
males possess a pair of ad-cloacal genital papillae, but caudal glands are absent. However,
the current classification system, based on morphological data, is not satisfactory (Jairajpuri
& Ahmad 1992; Pefia-Santiago 2006; Vinciguerra 2006; Andrassy 2009), since the available
molecular trees (e.g. Holterman et al. 2008) neither supports the traditional (morphological)
subdivision in super families and families nor do they as yet provide alternative models.
Therefore, further studies are urgently needed to clarify their evolutionary relationships in

Dorylaimids, to uncover their true biodiversity, and to investigate their ecological functions.
1.1.4 A brief historical outline of nematological studies in Vietham

The free-living dorylaimid nematodes have been little studied in Vietnam in comparison with
plant parasitic nematodes. Andrassy (1970) was the first nematologist who described and
recorded four species of dorylaims in Vietnam, namely Mesodorylaimus orientalis Andrassy,
Drepanodorylaimus brevicaudatus Andrassy, Actinolaimoides angolensis (Andrassy) and
Discolaimoides filiformis Das, Khan & Loof; most nematodes were collected from soil
samples in 1966 in the northern regions of Vietnam. Later, Andrassy (1988, 2007) described
two further species from the southern part of Vietnam: Crocodorylaimus dimorphus
Andrassy and Opisthodorylaimus cavalcantii (Lordello). More recently, Ahmad & Sturhan
(2000) described Dorylaimellus vietnamensis from Thanh Hoa Province, northern Vietnam,
and Gagarin & Nguyen (2003, 2004, 2005) reported several new species from freshwater
bodies in the Red River and Nhue River in North Vietnam: Dorylaimus parvus Gagarin &
Nguyen, Dorylaimellus vietnamicus Gagarin & Nguyen, Laimydorus oxurus Gagarin & Nguyen
and Mesodorylaimus lutosus Gagarin & Nguyen. Gagarin & Nguyen (2008a, b) recorded D.
parvus, L. oxurus, Mesodorylaimus lopadusae Vinciguerra & La Fauci, M. lutosus,
Crocodorylaimus flavomaculatus (von Linstow) and Aquatides thornei (Schneider). In a
monographic contribution on free-living nematodes of Vietham, Nguyen (2007) recorded
eight genera and 17 species of dorylaims for Vietnam. Later, Vu et al. (2010) described two

new species, namely Crassolabium aenigmaticum and C. vietnamense, in Nghe An and Ninh

13
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Thuan provinces, respectively. Recently, Nguyen (2011) counted in total 26 species, 15

genera and eight families of dorylaims from Vietnam.
1.2 The Vietnamese landscape
1.2.1 Geography and climate

The mainland area of Vietnam is about 325,000 km? with mountains and hills covering three
quarters of the country (Averyanov et al. 2003). The highest peaks of northern part in
Vietnam are Fan Si Pan (3,143 m), Ta Giang (3,096 m), Si Lung (3,076 m). Vietnam is divided
into eight geographical areas: the Northeast Region, the Red River Delta, the North Central
Region, the South Central Region, the Central Highlands, the Southeast Region, and the
Mekong Delta. Granite, an ancient metamorphous parent rock material and highly eroded
karst ecosystems on limestone parent rock material are typical and widely distributed in the
northeastern region of Vietnam (Averyanov et al. 2003; Sterling et al. 2006). Limestone karst
formations, which are found at altitudes from 0 to over 2,000 m a.s.l. account for almost
20% of the country’s surface area (Do, 2001). Averyanov et al. (2003) considered the Red
River as the boundary between the western and eastern regions of northern Vietnam.
Northeastern Vietnam contains both karst and granite formations: Ngan Son and Bac Son are
two large karst formations, stand at 1,000 m a.s.l.; Viet Bac, Tam Dao, and Yen Tu Massifs
are the largest granite formations, which lie on the edge of the delta. Other example of karst
formations at lower altitude is Cat Ba Island. The island is the center of a now mostly
submerged massif, which is visible only as scattered emergent hilltops of various heights. At
intermediate altitude, the Lang Son karst formations are normally at elevations of 300-700
m. Nearer to the border with China, in the Cao Bang Provinces (Averyanov et al. 2003) they
often reach over 1,600 m. The karst systems provide a variety of distinct microhabitats and

are noted for their high levels of endemism.

The north-eastern region is characterized by a monsoon tropical climate with cold winter
and summer rains (Averyanov et al. 2003). This coldness and seasonality is caused by the
northeast monsoon winds that bring cold air from the edge of the Tibetan Plateau into
northern Vietnam in the winter (from November to March) (Sterling et al. 2006). The hot
weather and rain in summer result from the arrival of south-western monsoon winds
blowing in from southerly oceans. Average annual temperature in the region are from 18°C

to 23.5°C, average annual rainfall varies considerably from 1,300 mm (in Cho Ra, Bac Kan
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Province) to 2,700 mm (in Huu Lung, Lang Son Province), and the average annual humidity
ranges between 81-84%.

TABLE 1. Climate stations in northeastern Vietnam

Temperature (°C) Rainfall (mm) Average
Elevation Range Range annual
Name Annual Annual .
(ma.s.l.) monthly monthly humidity
average average
average average (%)
Cao Bang >1000 22 14-27 1440 16-267 81
Lang Son 258 21 13-27 1400 23-255 82
Cat Ba 12 23 16-28 1800 20-330 85

http://www.weatherbase.com/weather/weather.php3?s=62884
1.2.2 Biodiversity

Vietnam’s biodiversity has been investigated by scientists for several reasons: the country
harbors a globally significant diversity of species; scientists have recently described an
unexpectedly large number of new species and a high proportion of its species are endemic
(Sterling et al. 2006). Vietnam is situated in the Indo-Burma ecological region, which is
known as one of the biodiversity hotspots of the world. It borders with the contiguous
territories of Laos, Thailand, Cambodia and China making up the eastern region of
Indochinese Peninsula, which hosts a great variety of vegetation types, rich plant
communities and a wide variety of habitats. The southern tip of Vietham meets the Gulf of
Thailand; Laos and Cambodia bound the country to the west and the East Sea lies to the east
(Sterling et al. 2006). Botanists estimate that 13,000 vascular plant species live in Vietnam,

yet fewer than 10,000 have been recorded so far.
1.2.3 Land use intensity (anthropogenic impact)

A major reason of concern for below-ground diversity is the impact of anthropogenic forcing
on tropical systems (Brook et al. 2008; Tylianakis et al. 2008). Deforestation and conversion
of forest land for agriculture has increased dramatically in Southeast Asia since the 1980’s
(Hansen & DeFries 2004). The current deforestation rates recorded in this region are the
highest worldwide (Achard 2002; Shearman et al. 2012). In Vietnam, data from the Forest
Resources Assessment (FAO 1993) reported the highest rates of deforestation during the last
decade, and illegal logging destroyed large regions of forest during 1990s. Deforestation was
considered as one of the main elements of the development crisis in Vietnam’s mountain

areas, becoming a serious social-economic problem (Jamieson et al. 1998). Local case studies
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have shown that large-scale agricultural areas increased at the expense of forest cover in
many regions in the country (D’haeze et al. 2005).

Ecologists focused mainly on the aboveground “visible” part of tropical ecosystems, largely
neglecting the enormous diversity and important functions of soil organisms (Beare et al.
1997; Swift et al. 1998; Wardle et al. 2004; Cock et al. 2012). Natural and planted forests,
and primary and secondary forests, provide important ecosystem services (Perz 2007). Land
use change from primary to secondary forest and to agriculture is known to result in drastic
qualitative and quantitative changes to soil biodiversity, function and nutrient cycling (Giller
et al. 1997). The major effects are due to clearing and burning of forest biomass, leading to
decreases in soil biota, soil organic matter content and nutrients, which are further

reinforced by conversion to cultivation (Lee & Pankhurst 1992).
1.3 Nematode community analysis

The last decade, numerous studies analyses nematode communities in soil environments. In
Sweden, several ecological studies on nematodes developed (e.g. Sohlenius 1973), Russia
(e.g. Tsalolikhin 1976), Poland (e.g. Wasilewska 1970), Italy (e.g. Zullini 1976), and in
Germany (e.g. Sudhaus 1981). In the USA, Coleman and colleagues led the ‘Man and the
Biosphere’ program at the National Resource Ecology Laboratory in Colorado Springs (e.g.
Yeates & Coleman 1982), and Crossley and colleagues (e.g. Stinner & Crossley 1982)
continued these studies at the Institute of Ecology of the University of Georgia. In the same
time period, Yeates developed a very productive program on the ecology of soil nematodes
in New Zealand (e.g. Yeates 1979). In the early 1980s, concerns regarding soil pollution and

its impact on the functioning of soils were increasing.

The idea of using nematode communities and ecological indices as indicators of ecosystem
quality (e.g. diversity, stability, and resilience) has received increased attention over the last
decade (de Goede & Dekker 1993; Freckman & Ettema 1993; Verschoor et al. 2001). Indices
may be useful tools because they not only provide quantitative means to characterize an
ecosystem, but also to compare different ecosystems. Different ecological indices (i.e. the
Maturity Index (Ml), the Plant-Parasite Index (PPI), the Basal Index, Enrichment index,
Structure index and Channel Index) have been developed in temperate ecosystems to
describe shifts in soil functioning and ecosystem services based on changes in the

composition of nematode trophic groups. To better understand the changes in the
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nematode fauna, de Goede et al. (1993) proposed a triangle which combined c-p groups 3-5
and plotting c-p = 1, c-p = 2 and c-p = (3-5). The triangles also provied very useful in

mornitoring study.

Bongers et al. (1989) finally characterized nematode into five trophic groups along a r-K
scale, and proposed the Maturity Index to evaluate the disturbance of the environment.
Nematodes can be considered to be “colonizers” (r-strategists) that rapidly increase in
number under favourable conditions. On the other hand, nematodes can be considered to
be “persisters” (K-strategists) that have low colonization ability and are sensitive to
disturbance (Bongers 1990; Bongers et al. 1991). Colonizer (c) and persisters (p) are assigned
on scale (c-p) from 1-5 respectively. Nematodes of c—p 1 have a short life cycle, high
fecundity, are tolerant to disturbance, and can be assigned to r-strategists. In contrast,
nematodes of c—p 5 produce few large eggs, have a long life cycle and are sensitive to
disturbance resembling K-strategists. The Maturity Index is calculated as the weighted mean

of the individual c-p values: MI =}, v(i) * f (7).

The particular cp-value is represented by v(i), while f(i) is the frequency of a particular taxon
(Bongers 1990). The low Ml indicates for the disturbed of environment and the high Ml show
the stable of the habitat. The Plant Parasite Index is similar to the Ml but calculated only for
the plant-feeding nematodes. The MI2-5 index is similar to the MI except that MI2-5
excludes the c-p1 enrichment opportunistic species. The ZMI2-5 index sums the MI values
for all nematodes in the c-p2-5 range.
Ferris et al. 2001 proposed further an Enrichment Index (El), Struture Index (SI) and Channel
Index (Cl) to characterize the food webs structure, enrichment, and decomposition channels.
These indices are calculated from the weighted abundance of nematode guilds. Bacterivores
(Bax), fungivores (Fux), predators (Cax), and omnivores (Omx) are considered as nematode
guilds ranging along the c—p scale from x = 1 to x = 5. The nematode fauna is comprised of
basal, enrichment and structural components (b,e,s)

b=(Ba2+Fu2)*W,, where W,= 0.8

e=(Bal*W)+(Fu2*W,), where W; = 3.2 and W,=0.8

s=(Ba,*W,+Ca,*W,+Fu,*W,+Om,*W,) where n=3-5, W3= 1.8, W,= 3.2, Ws=5.0

(W;1=3.2; W,=0.8; W3= 1.8, W,= 3.2, Ws=5.0)
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The Enrichment (El), Structure (SI), Basal (Bl), and Channel (Cl) indices are calculated from
the weighted faunal components (Ferris et al. 2001):

El =100*e/(e+b)

Sl =100*s/(s+b)

Bl = 100*b/(e+s+b)

Cl = 100 Fu2*W,/(Bal*W;+Fu2*W,).

Foodweb analysis: interpretation scheme

100%
«Disturbed *Maturing
«N-enriched *N-enriched
x «Low C:N *Low C:N
5 «Bacterial -Bacterial
f «Conducive *Regulated
=
2 50
I Degraded *Matured
£ *Depleted *Fertile
*High C:N *Mod. C:N
Fungal *Bact./Fungal
«Conducive *Suppressive
0
0 50 100%

Structure Index

FIGURE 3. Interpretation scheme of the soil food web and its environment based on
weighted nematode faunal analysis. Quadrats refer to faunal ordination in the faunal profile

(Nematode INdicator Joint Analysis: https://sieriebriennikov.shinyapps.io/ninja/)

Accordingly, the El describes whether a soil ecosystem is nutrient enriched (high El) or
depleted (low El). The Structure Index represents an aggregation of functional guilds with cp
values ranging from 3 to 5. The Sl describes whether a soil ecosystem is structured/matured
(high SI) or disturbed/degraded (low Sl). Faunal analyses based on these indices have been
shown to provide insights into changes in the food web structure and energy flows in soil
systems (Ferris et al. 2001), and allow the deduction of testable hypotheses based on the
relative enrichment and structure of the system (Fig. 3).

The Channel Index provides a means to estimate the relative flow of energy through the

fungal and bacterial decomposition channels. Indices of fungal and bacterial activity based
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on the relative abundance of fungal- and bacterial-feeding nematodes have been proposed
several times following the calculation of their relative proportions in grasslands, woodlands
and cultivated fields (Twinn 1974). The CI differs from the indices above by including

weighting parameters for the size and metabolic rates of the nematode indicators.
Aims

The nematode communities were compared in three spatially separated karst mountain
systems: Pia Oac Nature Reserve (Cao Bang Province), Huu Lien Nature Reserve (Lang Son
Province) in the mainland of north eastern Vietnam, and of Cat Ba National Park (Hai Phong
Province) island in the Gulf of Tonkin. The major aim of this study was to investigate how
local land-use intensification affects nematode diversity, community composition and their

functional roles in the soil food web. For this a series of hypotheses arise:

1. The taxonomic and genetic diversity of free-living nematodes species in tropical forest has

been vastly underestimated.

2. Land-use intensity (LUI) had strong impacts on nematode communities (i.e. functional
group level).
3. Changes in nematode communities along gradients of LUl were driven by abiotic soil

conditions.
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2. Material and methods
2.1 Study areas

The study was conducted in three sites: Pia Oac Nature Reserve (22032'— 22°40'N, 105°49 -
105057'E), Cao Bang Province; Huu Lien Nature Reserve (21037' - 21045'N, 106°19 -
106°29°E), Lang Son Province and Cat Ba National Park (20%44 — 20°51'N, 106°58 — 106°45 E)
Hai Phong Province. The field sites were situated in the north-east of Vietham, where the
climate conditions correspond to monsoon tropical with a mean annual temperature of 25°C
with the lowest temperature in January and the highest in July (Tordoff et al. 2000). A mean
of annual precipitation of approximately 1,433 mm and the relative ambient humidity of
81% are recorded (Sterling et al. 2006). Elevation ranges in Cao Bang, Lang Son and Cat Ba
are 1,931m, 638 and around 100m, respectively. The sites used were selected based on the
land use gradients in limestone karst areas of Cao Bang/Lang Son in the main land of
northeastern Vietnam and on Cat Ba Island in the Gulf of Tonkin (Fig. 4). The topography of
northeastern Vietnam is characterized by extensive karst features, visible in a variety of
formations, such as steep towers, cone shaped mountains and hills, caves and depressed

areas.

FIGURE 4. The study sites (marked with red dots) in the north-eastern part of Vietnam: 1)
Cao Bang; 2) Lang Son; and 3) Cat Ba. (Map was provided by Kevin Koy).
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Vegetation of study areas

The North-east of Vietnam belongs to the South-Chinese floristic unit, which also includes
the south-eastern areas of Yunnan, south and south-western areas of Guangxi, the coastal
area of Nanning to Macao, the Luichow Peninsula, and the island of Hainan. The flora in this
region has developed on very specific soil and environmental conditions from ancient, highly
eroded karst ranges, supporting a unique flora and vegetation. Tropical evergreen and semi-
deciduous, broad —leaved and mixed forest spread across areas of limestone rocky outcrops
mainly at elevations from the sea level up to 1,600 m a.s.l., although the main part of these
regions occur between 300-900 m a.s.l. The deciduous broad-leaved or coniferous forests
also occur along the highest ridges, sometimes between 1,400-1,700 m (Averyanov et al.
2003). The primary vegetation consists of dominant species of: Burretiodendron hsienmu,
Gleditchia sp., Symingtonia populnea. Lower subcanopy and undergrowth strata in these
forests are well developed and composed of numerous tree and shrub species from some of
the families such as: Annonaceae (Mitrephora), Clusiaceae (Calophyllum), Ebenaceae
(Diospyros), Euphorbiaceae (Trigonostemon), Moraceae (Dimerocarpus, Ficus, Streblus,
Teonongia), Oleaceae (Jasminum), Rosaceae (Eriobotyta), Rubiaceae (Canthium), Rutaceae
(Murraya), Sapindaceae (Xerospermum), Sapotaceae (Sinosideroxylon), Sterculiaceae
(Heritiera, Pterospermum) (Nguyen 1994, 1997a). The dominant species in these floristically
rich forests are subendemic coniferous trees: Pinus kwangtungensis, Pseudotsuga brevifolia,
and Tsuga chinensis (Nguyen 1998). Other rare gymnosperm species like Amenthotaxus
argotaenia, A. hatuyensis, A. yunnanensis; Cupressus torulosa, Taxus chinensis, and
Xanthocyparis vietnamensis are also more or less regular components of the limestone

forests within the Vietnamese part of the South-Chinese province (Averyanov et al. 2003).
2.2 Soil sampling

Three sites (Site 1, Cao Bang; Site 2, Lang Son; and Site 3, Cat Ba) were selected for soil
sampling in May 2013 (Fig. 4). Each site has four land-use types (Fig. 5): i) largely undisturbed
primary forest, ii) disturbed secondary forest, iii) cassava fields characteristic of slash and
burn, and iv) agriculture intensively managed agricultural fields (maize, rice). In each land-
use type, six bulk soil samples were taken. Each bulk soil sample was pooled by mixing 5 soil
cores in a crosswise grid design in a 10 m? plot. After removal of the litter layer, the soil

samples were collected from 0-10 cm depth with a 3.5 cm diameter soil corer. In total, 24
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composite soil samples were collected in each site as independent replicates. Each soil was
mixed and passed through a sieve with 2mm mesh size to remove small stones and roots. A
part of the soil was used for measurements of chemical properties (soil moisture, total C, N)
and the other part was used for nematode extraction. The nematodes were extracted
directly from the field. Nematodes were fixed in 4% formaldehyde for the morphological

analysis, and in DESS (Yoder 2006) for molecular phylogeny reconstruction.
2.3 Soil analysis

The C and N content and the carbon-nitrogen ratio (C/N) of the soil samples were measured.
The soil was dried and grinded with a vibration mill (MM 400, Retsch). 30 mg weight was
measured with a NC Soil Analyzer (Flash 2000, Thermo Scientific) following the instructions

by Thermo Scientific, USA.
2.4 Extraction, processing and mounting of nematodes

Nematodes were extracted from 100 fresh g of soil samples by extraction technique
(Bearmann, 1917) and Flegg’s (1967) sieving method. The extracted nematodes were
relaxed, killed by hot water (70°C), and fixed in 4% formaldehyde. Total nematode numbers
were counted under stereomicroscope (x50 magnification) and 200 individuals were picked
out randomly for indentification. The fixed individuals were gradually transfered to
anhydrous glycerol following De Grisse’s (1969) technique, and mounted on permanent glass
slides. The nematodes were identified to genus level by using the keys from Andrassy, 2009,

Ahmad & Jairajpuri, 2010.
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A B

FIGURE 5. Four different land use intensity habitats in Cao Bang: A. Primary forest; B.
Secondary forest; C. Slash and burn; and D. Intensive agriculture.
2.5 Morphological characterization of nematodes: LM and SEM

Light microscopy

The nematodes were identified to genus level by using several identification keys (Andrassy
2009, Ahmad & Jairajpuri 2010). Functional diversity of nematode assemblages was assigned
using individual trophic levels according to Yeates et al. 1993: 1) bacterivorous nematode
(Ba), 2) fungivorous nematodes (Fu), 3) herbivorous nematodes (Plant Parasitic Nematode)
(PPN), 4) omnivorous nematodes (Om), and 5) predator nematodes (Pr). Taxonomic groups
were also assigned to colonizer-persistors c-p values, according to Bongers (1990).
Measurements of specimens were taken using a light Olympus BH-2 microscope equipped
with differential interference contrast (DIC). Morphometrics included de Man’s indices and
most of the usual measurements. The location of the pharyngeal gland nuclei is expressed
according to Loof & Coomans (1970) and spicule terminology follows Pefa-Santiago et al.

(2014). Some of the best preserved specimens were photographed with a Nikon Eclipse 80i
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microscope and a Nikon DS digital camera. Raw photographs were edited using Adobe®

Photoshop® CS. Drawings were made using a camera lucida.

Scanning electron microscopy

After their examination and identification, a few specimens preserved in glycerine were
selected for observation under SEM following the protocol by Abolafia & Pefia-Santiago
(2005). The nematodes were hydrated in distilled water, dehydrated in a graded ethanol-
acetone series, critical point dried, coated with gold, and observed with a Zeiss Merlin SEM

microscope.
2.6 Molecular analysis of nematodes

DNA was extracted from single individuals using the proteinase K and Worm Lysis Buffer
protocol (William et al. 1992). Nematode was transferred to an 0.5 mL Eppendorf tube
containing 18 ul of Worm Lysis Buffer (WLB) (50 mM KCL, 10mM Tris pH 8.3, 2.5 mM MgCl,,
0.45% NP 40, and 0.45% Tween 20) and 2 pL proteinase K (600 ug ml™?) (Thermo Scientific).
The tubes were incubated at 65°C (1h) and then at 95°C (15 min). The PCR was performed in
a 30 L final volume containing 24,9 pL of sterile water, 0.6 uL of each PCR primer, 0.6 uL
dNTP, 0.3 uL Tag-polyerase, 3 uL Buffer 10x Thermo Scientific Green and 1 pL of DNA
extracted solution. The PCR amplification profile consisted of for min at 94°C, 35 cycles of 1
min at 94 °C, 1.5 min at 55°C and 2 min at 72°C, followed by a final step of 10 min at 72°C.
The primer used for amplification were D2A (5"-ACAAGTACCGTGAGGGAAAGTTA-3") and D3B
(5"-TCCTCGGAAGGAACCAGCTACTA-3") for amplification of D2-D3 region of 28S (Subbotin et
al. 2006).

The PCR products were purified using Exo-SAP PCR cleanup containing 7 pL of PCR product,
0.15 ul Exonuclease | (Exo), 0.9 ul Shrimps Phosphatase Alkali (SAP) and 1.95 ul sterile water
were incubated on 37°C for 20 minutes and then heated up to 85°C for 15 minutes, and then
the purified solution was diluted ten times. The sequencing reaction was performed with 1
puL of DNA purify template, 0.25 L BigDye v3.1, 2.25 uL 5x BigDye sequencing buffer, 0.25
puL of one primer. The mixture was heated up for 10 s at 96°C, 5s at 55°C repeated for 32
cycles followed by 4 min at 60°C. The sequencing was performed at the Cologne Center for
Genomics (CCG). The sequences obtained were submitted to the GenBank.

The newly obtained sequences were aligned with other forty six D2-D3 expansion segments

of 28S rDNA gene sequences available in GenBank using ClustalX 1.83 (Thompson et al.
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1997). Outgroup taxa were chosen according to the results of previously published reviews
(Holterman et al. 2008; Alvarez-Ortega et al. 2013a). Sequence alignments were manually
edited using GenDoc 2.6.002 (Nicholas et al. 1997). The sequence dataset was analysed with
Bayesian inference (Bl) and Maximum Likelihood (ML) using MrBayes 3.1.2 (Huelsenbeck &
Ronquist 2001; Ronquist & Huelsenbeck 2003) and MEGA 6 (Tamura et al. 2013),
respectively. The best fit model of DNA evolution for Bl was obtained using the program
MrModeltest 2.2 (Nylander 2004) with the Akaike Information Criterion in conjunction with
PAUP* 4b10 (Swofford 2003). Bl analysis under the GTR+G+l model was initiated with a
random starting tree and run with the four Metropolis-coupled Markov chain Monte Carlo
(MCMC) for 10° generations. ML analysis was implemented under the best-fitting
evolutionary model (GTR+I+G), obtained using the program MEGA 6, and 1000 bootstrap
replications. The topologies were used to generate a 50% majority rule consensus tree.
Posterior probabilities (PP) are given on appropriate clades. The trees were visualized with

the program FigTree v1.4.0 and drawn with Adobe Acrobat XI Pro 11.0.1.
2.7 Statistical analysis

Statistical analyses were performed in R, version 3.2.2. The community data on the genus
level (and on the functional group level) based on Bray-Curtis similarity was analyzed to
assess the differences between the location and land-use intensity (LUI). Non-metric
multidimensional scaling (NMDS) was used to visualize the results. Analysis of Variance
(ANOVA) and subsequent Tukey Tests were used to analyze the effects of regions and LUl on
nematode taxa and trophic groups. Differences at the P < 0.05 level were considered to be
statistically significant. Additionally, a Permutation Multivariate Analysis of Variance
(PERMANOVA), Discriminant Function Analyses (DFAs) and Pearson product-moment

correlation (Pearson-correlation) were applied for the data.

Soil nematodes indices such as MI, PPI, Cl and Enrichment index calculated NINJA website

(Nematode INdicator Joint Analysis: https://sieriebriennikov.shinyapps.io/ninja/)

25


https://en.wikipedia.org/wiki/Pearson_product-moment_correlation_coefficient
https://en.wikipedia.org/wiki/Pearson_product-moment_correlation_coefficient

Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

3. Publications

Publication 1

New data of three rare belondirid species (Nematoda, Dorylaimida,
Belondiridae) from Vietnam, with the first record and description

of the male of Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979

Thi Anh Duong Nguyen
Tam Thi Thanh Vu
Michael Bonkowski

Reyes Pefia-Santiago

Biodiversity Data Journal, 2: e1156. DOI: 10.3897/BD)J.2.e1156.

26



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

Biodiversity Data Journal 2: 1156 O
doi: 10.3897/BDJ.2.61156

open

Taxonomic paper

New data of three rare belondirid species
(Nematoda, Dorylaimida, Belondiridae)
from Vietnam, with the first record and
description of the male of Oxybelondira
paraperplexa Ahmad & Jairajpuri, 1979

Duong Thi Anh Nguyen®# Tam Thi Thanh Vu™$, Michael Bonkowskil, Reyes Pefa-Santiago$

1 Institute of Ecology and Biological Resources, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Ha Noi,
Vietnam

1 Department of Terrestrial Ecology, Institute for Zoology, University of Cologne, Zilpicher Strasse 47b, D-50674 Cologne,
Germany

§ Departamento de Biologia Animal, Biologia Vegetal y Ecologia, Universidad de Jaén. Campus “Las Lagunillas”, s/n, 23071-
Jaén, Spain

| Department of Terrestrial Ecology, Institute for Zoology, University of Cologne, Ziilpicher Strasse 47b, 50674 Cologne,
Germany

Corresponding author: Duong Thi Anh Nguyen (nad2807 @gmail.com)

Academic editor: Vlada Peneva
Received: 13 Jun 2014 | Accepted: 31 Jul 2014 | Published: 11 Aug 2014

Citation: Nguyen D, Vu T, Bonkowski M, Pefia-Santiago R (2014) New data of three rare belondirid species
(Nematoda, Dorylaimida, Belondiridae) from Vietnam, with the first record and description of the male of
Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979. Biodiversity Data Journal 2: e1156. doi: 10.3897/
BDJ.2.e1156

Abstract

Three rare nematode species of the family Belondiridae, originally described from and only
known to occur in India are recorded for the first time in Vietnam: Axonchium thoubalicum,
Belondira murtazai and Oxybelondira paraperplexa. It is the first report of these three
genera in this country. The three species are described, including new morphological data,
morphometrics and light microscope pictures. The male of O. paraperplexa is collected and
described for the first time. It is characterized by its 1.54 mm long body, ad-cloacal pair of
genital papillae situated at 9.0 ym from the cloacal aperture, only one ventromedian
supplement located at 15 pm from the ad-cloacal pair within the range of spicules, spicules
slightly curved ventrad and 42 pm long (7 times as long as wide and 2 times as long as

© Nguyen D et al. 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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cloacal body diameter), and tail 100 ym long (¢ = 15, ¢’ = 5) and similar to that of the

female.

Keywords

Description, nematodes, new records, Oriental region, taxonomy

Introduction

Dorylaims, the representatives of the nematode order Dorylaimida, with more than 2500
valid species and more than 250 valid genera (Andrassy 2009), are one of the most
important taxa among Nematoda. Their diversity has been characterized with some
success in several temperate (Europe, New Zealand, South Africa and USA) and a few
tropical (Costa Rica and India) areas, but it remains poorly explored or nearly totally
unknown in many other territories. The study of dorylaimid fauna of southeast Asia, and
more particularly of Vietnam, has received little attention as only 25 species belonging to
15 genera were identified in this country until the end of the past decade in a total of 12
contributions (see Table 1 for a summary of available data). More recent studies
by Nguyen (2011), however, suggest that the Viethamese dorylaimid fauna is significantly

richer.

Table 1.

Previous records of dorylaims in Vietnam.

Species

Actinolaimoides angolensis (Andrassy, 1963) Siddiqi, 1982
Aporcelaimellus krygeri Heyns, 1965

A. obtusicaudatus (Bastian, 1865) Heyns, 1965

Aquatides thornei (Schneider, 1937) Heyns, 1968

Crassolabium aenigmaticum Vu, Abolafia, Ciobanu & Pefa-
Santiago, 2010

C. vietnamense Vu, Abolafia, Ciobanu & Pefia-Santiago, 2010
Crocodorylaimus dimorphus Andrassy, 1988

C. flavomaculatus (von Linstow, 1876) Andrassy, 1988
Discolaimoides filiformis Das, Khan & Loof, 1969
Dorylaimellus vietnamensis Ahmad & Sturhan, 2000

D. vietnamicus Gagarin & Nguyen, 2004

Dorylaimoides micoletzkyi (de Man, 1921) Thorne & Swanger,
1936

Dorylaimus parvus Gagarin & Nguyen, 2003

D. stagnalis Dujardin, 1845
Drepanodorylaimus brevicaudatus Andrassy, 1970

References

Andrassy (1970)

Nguyen (2007)

Nguyen (2007)

Gagarin and Nguyen (2008a)
Vu et al. (2010)

Vu et al. (2010)

Andrassy (1988), Nguyen (2007)

Nguyen (2007), Gagarin and Nguyen (2008b)
Andrassy (1970)

Ahmad and Sturhan (2000)

Gagarin and Nguyen (2004), Nguyen (2007)
Nguyen (2007)

Gagarin and Nguyen (2003), Gagarin and
Nguyen (2008b)

Nguyen (2007)

Andrassy (1970)
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Labronema neopacificum Rahman, Jairajpuri, Ahmad & Ahmad,  Alvarez-Ortega et al. (2010)
1986

Laimydorus oxurus Gagarin & Nguyen, 2005 Gagarin and Nguyen (2005), Nguyen (2007)
L. pseudostagnalis (Micoletzky, 1927) Siddigi, 1969 Nguyen (2007)

Mesodorylaimus derni Loof, 1969 Nguyen (2007)

M. lopadusae Vinciguerra & La Fauci, 1978 Nguyen (2007), Gagarin and Nguyen (2008b)
M. lutosus Gagarin & Nguyen, 2005 Gagarin and Nguyen (2005), Nguyen (2007)
M. mesonyctius (Kreis, 1930) Andrassy, 1959 Nguyen (2007)

M. orientalis Andrassy, 1970 Andrassy (1970)

Opisthodorylaimus cavalcantii (Lordello, 1955) Carbonell & Andrassy (2007)

Coomans, 1986

Prodorylaimus longicaudatoides Altherr, 1968 Nguyen (2007)

The information regarding the occurrence of members of the family Belondiridae Thorne,
1939 in Vietnam is especially poor as it is limited to the original description of two species
of the genus Dorylaimellus Cobb, 1913, namely D. vietnamensis Ahmad & Sturhan, 2000
and D. vietnamicus Gagarin & Nguyen, 2004. This contribution provides new data on three
known belondirid genera and species, which are recorded for the first time in the country.

Materials and methods

Nematological surveys were conducted in three locations of Northern Vietnam: Cuc
Phuong National Park, Ninh Binh Province, in August 2009; Phong Nha Ke Bang National
Park, Quang Binh Province, in July 2010; Huu Lien Nature Reserve, Lang Son Province, in
May 2013. Soil samples from each location consisted of 200 g of soil from up to 10 cm
depth. Soil samples were kept in plastic bags and brought to laboratory. Nematodes were
extracted by a modified Baermann funnel technique, killed by heat, fixed in hot
formaldehyde 4%, transferred to anhydrous glycerol according to Siddigi (1964), and
mounted on glass slides for further handling.

Microphotographs were taken with a Nikon Eclipse 80i light microscope provided with
differential interference contrast optics (DIC) and a Nikon Digital Sight DS-U1 camera.
Specimens were deposited in the collections of the Institute of Ecology and Biological
Resources (IEBR), Vietnam; the Andalusian Research Group on Nematology, University of
Jaén, Spain and the Institute for Zoology, Department of Terrestrial Ecology, University of
Cologne, Germany.

Taxon treatments

Axonchium thoubalicum Dhanachand & Jairajpuri, 1981

Material

a. country: Cuc Phuong National Park, Vietnam; stateProvince: Ninh Binh; verbatimLocality:
in soil around roots of Parashorea chinensis, karst forest; verbatimElevation: 300-400m;
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verbatimLatitude: 20°19°00” N; verbatimLongitude: 105°36°30” E; decimalLatitude:
20.316666; decimalLongitude: 105.6083333; eventDate: August, 2009; individualCount:
4; sex: 0 male, 4 females; recordedBy: Nguyen T. A. D; collection|D: Cuc Phuong 4.1 (7);
Cuc Phuong 4.1 (16); institutionCode: |IEBR; collectionCode: Nematode

Description

Specimens examined (n=4): Four females in good condition (Figs 1, 2).

Figure 1.
Axonchium thoubalicum Dhanachand & Jairajpuri, 1981 (Female, LM)

a: Entire

b: Anterior region in median view
c: Lip region in submedian view
d: Posterior genital branch

e: Vagina

f. Vagina
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Figure 2.

Axonchium thoubalicum Dhanachand & Jairajpuri, 1981 (Female, LM)

a: Oviduct-uterus junction
b: Caudal region

Measurements: See Table 2.

Table 2.

Morphometrics of Axonchium thoubalicum Dhanachand & Jairajpuri, 1981, Belondira murtazai
Siddiqi, 1968 and Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979 from Vietnam. All

measurements in ym except L in mm.

Species A. thoubalicum

Natural Reserve Cuc Phuong

Province Ninh Binh

n 49Q 344

Character

L 1.63+0.12 0.83+0.09
St (0.77-0.94)

a 353+17 411+%52

(33-37) (38-47)

b 25+03 4205
(2.2-28)  (3.9-4.8)

O. paraperplexa
Cuc Phuong
Ninh Binh

3 1299

1.54 1.55 +0.07
(1.46-1.68)

594 556+3.9
(50-62)

51 5101
(4.9-5.4)

Phong Nha Huu Lien

Quang Binh Lang Son

299 677

1.51; 177 1.44 +0.12

(1.43-1.45)

44, 52 4617
(45-48)

47,51 5202
(4.9-5.3)
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Lip region diameter

Odontostyle length

Odontophore length

Neck length

Pharyngeal

expansion length

Body diam. at neck base

Body diam. at mid-body

Body diam. at cloaca

Prerectum length

Rectum length

Tail length

Spicules length

Ventro median
supplements

Nguyen D et al.

59.9+10.5 50413.0

(50-70)

53+4.0

(47-57)

0.8+0.1
(0.7-1.0)

10.5+06
(10-11)

645 + 30

(630-690)

425 + 44

(400-490)

470+24

(45-50)

46014

(45-48)

33.0+24

(30-35)

160 + 8.7

(150-165)

27.8+1.5

(27-30)

27.5£2.9
(25-30)

(47-53)

42+98

(31-49)

11402
(0.9-1.3)

5

40+£1.0
(3-5)

198 +2.5

(19-200)

86.7+5.8

(80-90)

213106

(21-22)

203106

(20-21)

167106

(15-16)

16.7 2.9
(15-20)

20

15

302

150

28

26

20

100

42

17.3+4.1

(14-21)

3920

(36-41)

45111
(2.0-5.5)

306 + 11

(295-335)

157 £10

(145-175)

285+20

(25-32)

280124

(24-32)

19.8+06

(18-20)

120 £ 20

(80-130)

21728

(18-25)

96.8+63
(90-110)

14,17

37, 44

51,54

324, 348

170, 175

28

32

20

80, 100

20, 22

101, 108

163+£2.0

(14-18)

3913

(36-41)

51+09
(4.1-5.9)

280 + 95

(274-291)

155+ 5

(150-160)

277+25

(25-30)

3101

(30-32)

187 +1.1

(18-20)

65+ 13.2

(55-80)

400

(40-40)

95+ 12
(82-106)
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Female: Slender nematodes of medium size. Habitus very weakly curved ventrad upon
fixation. Body cylindrical, tapering towards both ends, but more so towards the anterior
one. Cuticle bearing fine transverse striations, about 2.0 ym thick at neck region, 2.0
pm at mid-body, and 8—10 um at tail. Lateral chords 7—-8 ym wide or occupying one-fifth
of mid-body diameter. Lip region cap-like, offset from adjacent body by a constriction,
twice as wide as high and less than one-fifth (16—18%) of body diameter at neck base;
lips separate, their inner portion forming liplets; papillae low, hardly protruding. Amphid
fovea cup-shaped, its opening at level of the cephalic constriction and occupying 6 pm
or ca three-fourths of lip region diameter. Odontostyle fusiform, as long as lip region
diameter, with aperture occupying one-third of its total length. Guiding ring simple but
distinct, located at 9 ym or 1.1 times the lip region diameter from the anterior end.
Odontophore simple, rod-like. Pharynxbipartite, consisting of a slender muscular
anterior section, which bears a minute (but perceptible) mucro at its beginning
(observed in the four specimens examined); a deep constriction separating both
sections; basal expansion nearly cylindrical, occupying 63-71% of total neck length
and surrounded by a distinct spiral muscular sheath. Cardia conoid to cylindroid.
Genital system mono-opisthodelphic, with the anterior branch reduced to an uterine
sac ca twice the body diameter long whereas the posterior one is well developed:
reflexed ovary does not reach the oviduct-uterus junction, oocytes first in two rows and
then apparently in a single row; oviduct joining the ovary sub-terminally and consisting
of a slender portion with prismatic cells and a moderately developed pars dilatata with
distinct lumen; conspicuous sphincter between oviduct and uterus; uterus long,
tripartite, consisting of a proximal wider region, narrower and longer intermediate
section and a nearly sphaerical distal part; vagina 20-23 pym long, extending inwards
ca one-half of body diameter, with pars proximalis surrounded by a very perceptible
sphincter, pars refringens totally absent and pars distalis well developed; vulva a
transverse slit. Prerectum long, 4.7-5.2 anal body widths long. Rectum shorter, 0.8—0.9
times anal body width. Tail short and rounded.

Male: Not found.

Distribution

Axonchium thoubalicum Dhanachand and Jairajpuri 1981 was collected in Cuc Phuong
National Park, in soil around roots of Parashorea chinensis in karst forest.

Taxon discussion

This species is known to occur onlyin India, from where it was originally described on
the basis of three females and one male, and later reported by Gambhir and
Dhanachand (1990), who provided measurements of two females and two males. The
Vietnamese material herein examined perfectly fits the general morphology of the type
material (females) (unfortunately, male was not collected in Vietnam), especially
concerning the genital system. Moreover, the morphometrics of the two Indian
populations and the Viethamese one largely overlap in spite of the few number of
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available specimens in the three cases. The ranges of several ratios and
measurements, however, are significantly widened, for instance ¢ = 50-70 vs 53-55 in
type material, V = 47-57 vs 52-54, etc. Thus, no reasonable uncertainty persists on
the identity of this material.

Notes

This is the first record of this genus and this species in Vietham, which might display a
Oriental biogeographical range.

Belondira murtazai Siddiqi, 1968

Nomenclature

syn. B. rafigi Suryawanshi 1972, by Ferris et al. (1983)

Material

a. country: Cuc Phuong National Park, Vietnam; stateProvince: Ninh Binh; verbatimLocality:
in soil around roots of Parashorea chinensis in karst forest.; verbatimElevation:
300-500m; verbatimLatitude: 20°19°28” N; verbatimLongitude: 105°39’30” E;
decimallatitude: 20.3244444; decimallLongitude: 105.6583333; eventDate: August, 2009;
individualCount: 4; sex: 3 males, 1 female; recordedBy: Nguyen T. A. D; collectionID: Cuc
Phuong 1.1 (38); Cuc Phuong 4.3 (23); institutionCode: IEBR; collectionCode: Nematode

Description
Specimens examined (n=4): One female and three males in good condition (Fig. 3).
Mesurements: See Table 2.

Adult: Slender to very slender nematodes of small size. Habitus upon fixation nearly
straight in female and slightly curved ventrad in males, especially in posterior body
region. Body cylindrical, tapering towards both ends, but more so towards the anterior
extremity. Cuticle thin, bearing fine transverse striations throughout the body. Lateral
chords 4 um wide, occupying ca one-fifth (20%) of mid-body diameter. Lip region
continuous, tapering, somewhat truncate, 1.7 times as wide as high and ca one-fourth
(25%) of body diameter at neck base; labial framework weakly sclerotized; lips
amalgamated, with low papillae. Amphid fovea difficult to observe in the specimens
examined. Odontostyle very short and narrow, but having perceptible lumen and
aperture. Guiding ring simple. Pharynx consisting of a slender and weakly muscular
anterior region which enlarges rather abruptly, pharyngeal expansion nearly cylindrical,
occupying about one-half of total neck length and surrounded by a weak but well
distinguishable spiral muscular sheath. Cardia rounded conoid, enveloped by the
intestinal wall.
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Figure 3.
Belondira murtazai Siddiqi, 1968 (LM)

a: Male entire

b: Female entire

c: Male anterior region

d: Male pharyngo-intestinal junction

e: Vagina and anterior uterine sac (ventral view)
f. Male posterior caudal region and spicules
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Female: Genital system mono-opisthodelphic. Anterior branch rudimentary, reduced to
a uterine sac up to 1.5 times the corresponding body diameter long. Posterior branch
well developed, but the detailed composition of its tract indistinguishable in the only
one specimen examined. Tail rounded, slightly clavate, with the outer cuticle layer
visibly thickened and showing radial striation.

Male: Genital system diorchic, with opposite testes. In addition to the ad-cloacal pair,
situated at 5 um from cloacal aperture, there are two ventromedian supplements, the
posteriormost of which is located out of the range of the spicules, at 45 ym from the ad-
cloacal pair. Spicules dorylaimoid, slightly curved ventral, 6.3 times as long as wide and
1.2 times as long as anal body diameter. Lateral guiding pieces difficult to observe. Tail
short and rounded, visibly concaveventrally, the outer cuticle layer less expanded than
in the female. Caudal pores, if present, obscure.

Distribution

Belondira murtazai Siddiqi 1968 was collected in Cuc Phuong National Park, in soll
around roots of P. chinensis in karst forest.

Taxon discussion

Above description fits very well the original one of this species by Siddigi (1968) and
the revised one by Ferris et al. (1983), the latter based on the study of type material. A
few minor differences, however, may be noted in the morphometrics of Indian and
Vietnamese populations, but their ranges widely overlap, for instance slightly smaller
general size (L = 0.77-0.94 vs 0.85-1.06 mm in type material as described by Siddiqi)
and somewhat longer odontostyle (3-5vs 3—-4 pm). A major tentative difference
between both populations is the length of the prevulval uterine sac (up to 1.5 vs 2.3—
3.0 times the body diameter); nevertheless, the morphometrics given by Siddiqi
certainly covers only a few out of the 12 female paratypes as Ferris et al., who
examined two female paratypes loaned by Siddiqi, stated (p. 26) that the “anterior
uterine branch is 1.7-2.0 body widths long”, and their Fig. 11E shows that this structure
is hardly more than 1.5 times the body diameter. Ferris et al. (op. cit.) regarded B. rafiqi
Suryawanshi, 1972, also recorded in India, as a junior synonym of B. murtazai, a
decision that seems to be well supported and is herein followed.

Notes

This is the first record of this genus and this species in Vietham, which might display a
Oriental biogeographical range.

36



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

New data of three rare belondirid species (Nematoda, Dorylaimida, Belondiridae) ... 11

Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979
Material

a. country: Vietnam; stateProvince: Cuc Phuong National Park in Ninh Binh, Huu Lien
Nature Reserve in Lang Son, Phong Nha — Ke Bang National Park in Quang Binh;
verbatimlLocality: Soil samples of karst forest; verbatimElevation: 300-500m; eventDate:
Ninh Binh: in August, 2009; Lang Son: in May, 2013; Quang Binh: in July, 2010;
individualCount: 21; sex: 1 male, 20 females; recordedBy: Nguyen T.A.D; collection|D:
Cuc Phuong 5.1 (10); Cuc Phuong 1.1 (20); Cuc Phuong 3.2 (11); Cuc Phuong 3.2 (15);
Huu Lien 15.1; PN-KB 27.1; institutionCode: IEBR; collectionCode: Nematode

Description

Specimens examined (n=21): Twenty females and one male in good condition (Figs
4, 5).

Mesurements: See Table 2.

Adult: Very slender nematodes of medium size. Habitus slightly curved ventrad after
fixation. Body cylindrical, gradually tapering towards both extremities, but more so
towards the posterior end. Cuticle thin, with fine transverse striations. Lateral chords 9—
12 pm wide, occupying ca one-third of mid-body diameter. Lip region continuous,
somewhat truncate, 1.7-2.0 times as wide as high and ca one-fifth (20%) of body
diameter at neck base; labial framework well developed, having distinct labial and post-
labial sclerotizations; lips amalgamated, with low papillae. Amphid fovea cup-shaped.
Cheilostom a truncate cone, lacking any differentiation. Odontostyle rather strong, 1.2—
1.4 times the lip region width long, with distinct lumen and aperture, which occupies ca
one-fourth of its length. Guiding ring simple, located at 7 um or one lip region diameter
from the anterior end. Odontophore rod-like, 1.3 times the odontostyle length. Pharynx
consisting of a slender part that enlarges gradually, and the basal expansion nearly
cylindrical, occupying 50-56% of total neck length and surrounded by a distinct spiral
muscular sheath. Cardia rounded conoid, as long as wide.

Female: Genital system mono-opisthodelphic. Anterior branch nearly lacking or
reduced to a very short, vestigial sac. Posterior branch well developed: ovary 72-90
pm long, reaching and occasionally surpassing the oviduct-uterus junction, with
oocytes first in several rows and then apparently in one row; oviduct joining the ovary
subterminally and consisting of a slender portion with prismatic cells and moderately
developed pars dilatata with distinct lumen; a marked sphincter separates oviduct and
uterus; uterus 60-70 pm long or 2.0-2.5 times the corresponding body diameter.
Vagina 13-16 pym long or extending inwards ca one-half of body diameter: pars
proximalis as long as wide, with somewhat sigmoid walls and enveloped by weak
circular musculature; pars refringens lacking; pars distalis well developed. Vulva a pre-
equatorial, transverse slit. Prerectum 6.3—-6.5 anal body widths long. Rectum as long as
one anal body width. Tail elongate, made of two sections of about equal length: the
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anterior onewider, and tapering gradually the posterior narrower and cylindrical, visibly
clavate at the end; hyaline portion one-third to two-fifths of tail length.

c d
:

Figure 4.

Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979 (LM)

a: Male entire

b: Female entire

c: Female anterior region in median view

d: Female anterior region in surface lateral view
e: Female enlarged section of the pharynx

f: Female pharyngo-intestine junction
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Figure 5.

Oxybelondira paraperplexa Ahmad & Jairajpuri, 1979 (LM)

a: Female vagina

b: Female genital system

c: Male spicules

d: Female posterior body region

Male: Genital system diorchic, with opposite testes. In addition to the ad-cloacal pair,
situated at 9 ym from the cloacal aperture, one ventromedian supplement within the
range of spicules, located at 15 um from ad-cloacal pair. Spicules dorylaimoid, slightly
curved ventrad and relatively slender, 7 times as long as wide and 2 times as long as
anal body diameter. Lateral guiding pieces not well seen. Tail elongate, made of two
sections of about equal length:anterior one wider and tapering gradually at both sides,
posterior narrower and cylindrical, visibly clavate at the end; hyaline portion one-third to
two-fifths of tail length.
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Distribution

Oxybelondira paraperplexa was collected in Cuc Phuong National Park and Huu Lien
Nature Reserve in North Vietham, and Phong Nha — Ke Bang National Park in central
Vietnam, collected in soil samples from karst forests.

Taxon discussion

This is the first record of O. paraperplexa after its original description from Manipur,
India by Ahmad and Jairajpuri (1979), the the male is described for the first time. The
Vietnamese females are identical to the type material, but new morphological data are
herein provided and the ranges of the morphometrics appreciably widened.
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Abstract

Three new species of Aporcelaimoides from natural habitats in Vietnam are studied, described and illus-
trated, including line drawings, LM and/or SEM pictures. Aporcelaimoides brevistylum sp. n. is characteri-
zed by its body 1.95-2.90 mm long, lip region offset by deep constriction and 17-18 pm broad, ventral
side of mural odontostyle 11-14 pm long with aperture occupying 62-71% of its length, neck 663-767
pm long, pharyngeal expansion occupying 58-66% of total neck length, uterus a simple tube 85-182
pm long, pars refringens vaginae absent, V = 55-63, tail short and rounded (34-46 pm, ¢ = 49-76, ¢’ =
0.6-0.8), spicules 67-86 pm long, and one ventromedian supplement out the range of spicules. Apoice-
laimoides minor sp. n. is distinguished in having body 2.09-2.61 mm long, lip region offset by deep
constriction and 19-20 pm broad, mural odontostyle 14-16 pm long at its ventral side with aperture
occupying 73-84% of its length, neck 579-649 pm long, pharyngeal expansion occupying 57-66% of
total neck length, uterus a simple tube 44-69 pm long, pars refringens vaginae well developed, V' = 48-56,
female tail very short, rounded conoid or truncate (14-26 pm, ¢ = 90-146, ¢’ = 0.3-0.6), and male un-
known. Aporcelaimoides silvaticum sp. n. is characterized by its body 2.09-2.60 mm long, lip region offset
by depression and 17-18 pm broad, mural odontostyle 11-12 pm long at its ventral side with aperture oc-
cupying 60-66% of its length, neck 597-720 um long, pharyngeal expansion occupying 58-64% of total
neck length, uterus a simple tube 128-243 pm long, pars refringens vaginae well developed, V= 58—60, tail

Copyright Sergio Alvarez-Ortega et al. 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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short and rounded (27-37 pm, ¢ = 67-94, ¢’= 0.6-0.7), spicules 64-75 pm long, and two or three widely
spaced ventromedian supplements bearing hiatus. The genus Aporcelaimoides is restored, its diagnosis
emended, and three species of Sectonema, namely S. amazonicum, S. haguei and S. moderatum, transferred
to it. An updated list of its species, a key to their identification and a tabular compendium with the most
important morphometric features are also presented.

Keywords
Description, morphology, morphometrics, new combinations, new species, taxonomy, Sectonema, SEM

Introduction

The genus Aporcelaimoides is an interesting aporcelaimoid taxon, created by Heyns
(1965) to accommodate two new species, namely A. probulbum (type species) and A.
californicum. It was originally characterized among other features by its “Spear dory-
laimoid, with a large dorsal aperture, but the basal part of the spear much narrower
than the lumen of the pharynx, and situated ventrally in the pharynx”. Later, Siddiqi
(1995) regarded it as a junior synonym of Seczonema Thorne, 1930, an action that,
several years later, was followed by Andrissy (2009). However, this taxonomical deci-
sion deserves further analyses since important morphological differences exist between
both genera, being especially important those affecting the nature of the stomatal pro-
trusible structure.

The study of dorylaimid fauna from Vietnam has received poor attention. Several
authors (Vu et al. 2010; Nguyen et al. 2011; Gagarin and Gusakov 2012 and 2013a,b;
Nguyen et al. 2014) discovered some new species and reported for the first time infor-
mation about other known species. It is suggested that Vietnamese dorylaimid fauna
might be highly diverse. This is the first contribution in a series devoted to study the
aporcelaimid fauna of this Asian country.

During a general nematological survey conducted during the last five years to
study the diversity of the Vietnamese nematode fauna, several specimens of the genus
Aporcelaimoides were collected from natural areas in Vietnam. Their detailed exami-
nation revealed they belonged to three unknown forms, which are herein described.
Besides, the study of this nematode material has confirmed relevant data to reconsider
the identity of the genus Aporcelaimoides.

Material and methods
Nematodes
Nematodes were collected from several natural areas in Vietnam, extracted from soil

samples using the methods of Baermann (1917) and Flegg (1967) somewhat modi-
fied, relaxed and killed by heat, fixed in 4% formaldehyde, and processed to anhydrous
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glycerine following Siddiqi’s (1964) technique. Finally, the specimens were mounted
on permanent glass slides to allow handling and observation under LM.

Light microscopy

Nematodes were measured using a light microscope. Morphometrics included de
Man’s indices and most of the usual measurements. The location of the pharyngeal
gland nuclei is expressed according to Loof and Coomans (1970) and spicule termi-
nology follows Pena-Santiago et al. (2014). Some of the best preserved specimens were
photographed with a Nikon Eclipse 80i microscope and a Nikon DS digital camera.
Raw photographs were edited using Adobe® Photoshop® CS. Drawings were made
using a camera lucida.

Scanning electron microscopy

After their examination and identification, a few specimens preserved in glycerin were
recycled to their observation under SEM following the protocol by Abolafia and Pena-
Santiago (2005). The nematodes were hydrated in distilled water, dehydrated in a
graded ethanol and acetone series, critical point dried, coated with gold, and observed
with a Zeiss Merlin microscope.

Taxonomy

Aporcelaimoides brevistylum sp. n.
http://zoobank.org/0D05FA79-C8FB-46A8-9496-02F6F9DSEGE7
Figs 1-3, 4A-E

Material examined. Twelve females and fourteen males from two localities, in variable
state of preservation.

Measurements. See Table 1.

Description. Adult. Moderately slender to slender nematodes of medium size,
1.95-2.90 mm long. Body cylindrical, distinctly tapering towards the anterior end,
less so towards the posterior one because the caudal region is rounded. Habitus regu-
larly (often strongly) curved ventrad after fixation, usually spiral-shaped. Cuticle three-
layered, especially distinguishable at caudal region, where it consists of thinner outer
layer bearing very fine transverse striation through the entire body, thicker interme-
diate layer with radial striation and thin inner layer; thickness 3—-5 pm at anterior
region, 4-7 pm in mid-body and 9.0-12.5 pm on tail. Lateral chord 8-20 pm wide
at mid-body, occupying one-cighth to less than one-fifth (12-18%) of mid-body di-
ameter. Three ventral and three dorsal body pores are usually present at level of mural
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odontostyle-odontophore, their corresponding ducts appearing especially thickened
beneath intermediate cuticle layer. Lip region offset by deep constriction, 2.7-3.3
times as wide as high and one-fifth to two-sevenths (18-30%) of body diameter at
neck base; lips (under SEM) amalgamated; labial papillae button-like, very percepti-
ble and protruding under LM, surrounded by a ring-like annulus (occasionally two
annuli), the inner ones at the margin of oral field; cephalic papillae larger than the
labial ones, with an oval transverse slit; oral aperture a dorso-ventral, slightly hexagonal
orifice, the lip region hence showing a biradial symmetry. Amphid fovea cup-shaped,
its opening occupying 9—11 pm or one-half to two-thirds (52-64%) of lip region di-
ameter. Cheilostom nearly cylindrical, lacking any differentiation. Mural odontostyle
attached subventrally and comparatively short, 4.1-5.4 times as long as wide, 0.6-0.8
times as long as lip region diameter, and 0.43-0.61% of body length; aperture 8-9
pm long or up to five-sevenths (62-71%) its length. Guiding ring simple, somewhat
plicate, at 0.6-0.8 lip region diameters from anterior end. Odontophore linear, rod-
like, 3.4-4.2 times the mural odontostyle length. Anterior region of pharynx enlarging
very gradually; basal expansion 9.5-12.6 times as long as wide, 4.6-7.2 times as long
as body diameter, and occupying 58-66% of total neck length; gland nuclei obscure
in most specimens examined, DN = 50 (n=1) and S N = 84 (n=1). Nerve ring located
at 154-185 pm from anterior end or 21-26% of total neck length. Cardia rounded
conoid, 10-14 x 14-18 pm; a ring-like structure is present surrounding its junction
to pharyngeal base. Tail short and rounded; inner core with irregular shape at tail end.
Caudal pores two pairs, one lateral, another sub-lateral.

Female. Genital system didelphic-amphidelphic, with both branches almost equal-
ly and well developed, the anterior 207-254 pm long or 9-10% of body length and
the posterior 233-300 pum long or 9-13% of body length. Ovaries moderately sized,
usually not surpassing the sphincter level, the anterior 95-365 pm, the posterior 106—
316 pm long; oocytes arranged first in two or more rows, then in a single row. Oviduct
96-124 pm long or 1.0-1.4 times the corresponding body diameter, and consisting
of a slender part with prismatic cells and a well developed pars dilatata bearing wide
lumen that often containing sperm cells inside. Oviduct-uterus junction marked by a
sphincter. Uterus a short, simple, tube-like structure 85-182 pum long or 1.0-2.1 times
the corresponding body diameter, most specimens with abundant sperm cells inside.
Uterine eggs ovoid, 153 (n=1) x 79, 85 (n=2) pm, 1.8 (n=1) times as long as wide.
Vagina extending inwards 43—57 pm or four-ninths to two-thirds (45-65%) of body
diameter: pars proximalis 32—44 x 28-34 pm, with somewhat sigmoid walls and sur-
rounded by weak musculature; pars refringens absent; and pars distalis well developed,
11-14 pm long. Vulva a post-equatorial transverse slit. Prerectum 1.8-2.6, rectum
1.0-1.2 anal body diameters long,.

Male. Genital system diorchic, with opposite testes. In addition to the ad-cloacal
pair, situated at 15-20 um from cloacal aperture, there is only one ventromedian sup-
plement located out the range of spicules, at 48, 58 (n=2) um from ad-cloacal pair.
Spicules distinctly robust and massive, especially in its posterior half, 3.4—4.6 times
its maximum width, 1.2-1.7 times the body diameter at level of the cloacal aperture:
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Figure 2. Aporcelaimoides brevistylum sp. n. (LM, type population). A Anterior region in surface, lateral view
B, E Anterior region in median, lateral view €, D Uterus, containing sperm cells inside F Pharyngo-intestinal
junction G Vagina H Spicule I, M Male, caudal region } Male, posterior body region K Female, posterior
body region L, N Female, caudal region. Scale bars: 10 pm (A, B, E, H, I); 20 pm (C, D, F, G, J-N).

dorsal contour regularly convex, ventral contour very weakly concave, with shallow or
weak hump and hollow; curvature 126-142° head occupying 7-21% of spicule total
length, its dorsal contour conspicuously curved at its anterior end and longer than the
ventral one, which is short and straight; median piece 7.2-10.9 times as long as wide,
occupying 35-50% of spicule maximum width, reaching the posterior tip; posterior
end 5-9 pm wide. Lateral guiding pieces 13—17 pm long, 3.5-5.1 times as long as
wide. Prerectum 2.9—4.4, cloaca 1.1-1.3 the corresponding body widths long.
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R
> |

Figure 3. Aporcelaimoides brevistylum sp. n. (LM, other population). A Anterior region in surface, lateral
view B, E Anterior region in median, lateral view € Pharyngo-intestinal junction D Pharyngeal expan-
sion F Female, posterior body region G Male, caudal region H Spicules | Female, caudal region. (Scale
bars: 10 um (A, B, E, G, H); 20 um (C, F, I); 50 pm (D).

Diagnosis. The new species is characterized by its body 1.95-2.90 mm long, lip
region offset by deep constriction and 17-18 pm broad, ventral side of mural odonto-
style 11-14 pm with aperture occupying 62-71% of its length, neck 663—767 pm long,
pharyngeal expansion 387-508 pm long or occupying 58-66% of total neck length,
uterus a simple tube and 85-182 pum long or 1.0-2.1 times the corresponding body di-
ameter, pars refringens vaginae absent, V= 55-63, female tail short and rounded (3546
pm, ¢ = 58-76, ¢’= 0.6-0.8), male tail similar to that of female (3442 pm, ¢ = 49-69, ¢’
= 0.6-0.8), spicules 67-86 um long, and one ventromedian supplement bearing hiatus.

Relationships. In having short mural odontostyle (11-14 pm at its ventral side)
and pars refringens vaginae absent, the new species is morphologically close to A. cali-

Sfornicum Heyns, 1965 and A. probulbum Heyns, 1965, but it can be distinguished
from both species in its smaller (Z = 1.95-2.90 vs L = more than 3) and less slender (2
= 25-35 vsa>41) body. Besides, A. brevistylum sp. n. difters from A. californicum in its
comparatively longer neck (& = 3.3-3.7 vs b = 7.6), larger mural odontostyle aperture
(occupying 62—71% vs one-half of its length), more posterior vulva (V= 55-63 vs V=
51), shorter uterus (85-182 pum or 1.0-2.1 times the corresponding body diameter vs
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Figure 4. Aporcelaimoides brevistylum sp. n. A=E and A. silvaticum sp. n. F=l (SEM, juvenile). A,
C, F Lip region in ventral view B, G, H Lip region in face view D, E, I Caudal region in lateral (D) or
subventral (E, F) view. Scale bars: 2 pm (A=C, F=H); 5 um (D, E, I).

about 430 pm long or about 5.3 times the corresponding body diameter), compara-
tively shorter female tail (¢ = 58-76, ¢’= 0.6-0.8 vs ¢ = 126, ¢’= 1.0), and male present
(vs absent). And from A. probulbum in its shorter neck (663-767 pm, b = 3.3-3.7 vs
883-1011 pm, & = 3.9-5.2), narrower lip region (17-18 s about 21 pm), and com-
paratively longer tail (¢ = 49-76 vs ¢ = 75-127).

Moreover, in having short mural odontostyle (11-14 pm at its ventral side) the
new species resembles A. haguei (Hunt, 1978), comb. n., bur it differs in its smaller
general size (L = 1.95-2.90 and neck 663-767 pm long vs L = 4.67-5.42 and neck
1172-1178 pm long), less slender body (2 = 25-35 vs @ = 52-62), absence (vs pres-
ence of rows of minute denticles on stomatal wall, indeed a very relevant feature), pars
refringens vaginae absent (vs present), comparatively longer female tail (¢ = 49-76 vs ¢
= 99-118), and male present (zs absent).
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Type locality and habitat. Vietnam, Dak Lak province, Chu Yang Sin National
Park, where it was collected from soil of a pristine forest in October 2012.

Other locality and habitat. Vietnam, Lam Dong Province, Bidoup-Nui Ba Na-
tional Park, from soil of a pristine forest, collected in June 2013.

Type material. Female holotype and seven female and nine male paratypes depos-
ited in the nematode collection of the University of Jaén, Spain. One female and one
male paratypes deposited in the nematode collection of the Institute of Ecology and
Biological Resources, Vietnam.

Etymology. The specific epithet is a compound Latin term referring to the short
mural odontostyle that characterizes this species.

Remarks. The two populations examined are very similar in their morphological
features and morphometrics, but some minor differences have been also noted, which
are herein regarded as intraspecific variation. Thus, the population from Dak Lak prov-
ince shows a shorter mural odontostyle (ventral side 11-13 »s 13—14 pm, dorsal side
13-14 vs 14-17 pm, in females) and comparatively longer neck (& = 3.3-3.4 vs b =
3.5-3.7).

Aporcelaimoides minor sp. n.
http://zoobank.org/CD34503A-3436-4A63-A836-7B871E64AGOA

Figs 57

Material examined. Ten females from three localities, in good state of preservation.

Measurements. See Table 2.

Description. Female. Moderately slender to slender nematodes of medium size,
2.09-2.61 mm long. Body cylindrical, distinctly tapering towards the anterior end,
less so towards the posterior one as the caudal region is very short and rounded to
truncate. Habitus regularly curved ventrad after fixation, often spiral-shaped. Cuticle
three-layered, especially distinguishable at caudal region: thin outer layer bearing fine
transverse striation through the entire body, a much thicker intermediate layer with ra-
dial striation, and a thin inner layer; thickness 3.0-4.5 pm at anterior region, 4.5-6.5
pm in mid-body and 6.5-9.5 um on tail. Lateral chord 7-13 pm wide at mid-body, oc-
cupying one-tenth to less than one-sixth (9-15%) of mid-body diameter. Two ventral
and two dorsal body pores are usually present at level of mural odontostyle-odonto-
phore, their corresponding ducts appearing especially thickened beneath intermediate
cuticle layer. Lip region offset by deep constriction, 2.8-3.3 times as wide as high and
one-fifth to less than one-third (21-30%) of body diameter at neck base; lips mostly
amalgamated, somewhat angular; papillae perceptible, somewhat protruding. Amphid
fovea cup-shaped, its opening occupying 810 pm or up to one-half (44-50%) of lip
region diameter. Cheilostom nearly cylindrical, lacking any differentiation. Mural od-
ontostyle attached subventrally, 6.7-7.7 times as long as wide, 0.7-0.9 times as long as
lip region diameter, and 0.54-0.72% of body length; aperture 11-13 pm long or up to
six-sevenths (73-84%) its length. Guiding ring simple, somewhat plicate, at 0.6-0.8
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Figure 5. Aporcelaimoides minor sp. n. (Female, line drawing). A Lip region in surface, lateral view
B Anterior region in median, lateral view € Neck D Anterior genital branch and vagina E Posterior body
region F Vagina G Entire.
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Figure 6. Aporcelaimoides minor sp. n. (LM, female, type population). A Anterior region in surface,

lateral view B, E Anterior region in median, lateral view € Neck region D Genital system F Pharyngo-
intestinal junction G Vagina H Posterior body region I, J Caudal region. Scale bars: 10 pm (A, B, E-G,
1, J); 100 pm (C); 50 pm (D); 20 pm (H).

vs 17-18 pm), smaller mural odontostyle aperture (occupying 73-84% wvs 62-71%
its length), shorter female tail (14-26 pm, ¢ = 90-146, ¢’ = 0.3-0.6 vs 3546 pm, ¢
= 58-76, ¢’= 0.6-0.8), and male absent (us present). And from A. californicum in its
shorter (L = 2.09-2.61 vs L = 5.53) and less slender (2 = 23-33 vs a = 75) body, larg-
er mural odontostyle aperture (occupying 73-84% vs one-half of its length), shorter
uterus (44-69 pm long or less than one body diameter vs about 430 pm long or about
5.3 times the corresponding body diameter), and shorter female tail (14-26 pm, ¢’ =
0.3-0.6 vs 44 pm, ¢’= 1.0).

Type locality and habitat. Vietnam, Bac Giang Province, Tay Yen Tu Natural
Reserve, collected from soil in a pristine tropical forest, in July 2008.
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Figure 7. Aporcelaimoides minor sp. n. (LM, female, other populations). A, B, F (Population from Cao
Bang Natural Reserve) C=E, G, H (Population from Chu Yang Sin National Park) A, € Anterior region
in median, lateral view B Pharyngeal expansion D Anterior region in median, ventral view E Vulva in
ventral view F=H Caudal region. Scale bars: 10 um (A, C, D, E, H); 50 pm (B); 20 pm (F, G).

Other localities and habitats. Vietnam, Cao Bang Province, Cao Bang Natural
Reserve (GPS coordinates: 22°34'07"N and 105°52'34"), in a tropical evergreen forest
soil in association with Dipterocarpus sp. and Cinnamomum sp., collected in 2013. Dak
Lak province, Chu Yang Sin National Park, in October 2012.

Type material. Female holotype and one female paratype deposited in the nema-
tode collection of the University of Jaen, Spain. One female paratype deposited in the
nematode collection of the Institute of Ecology and Biological Resources, Vietnam.

Etymology. The specific epithet means ‘small’ and refers to the comparatively
small general size of the new species.

Remarks. In spite of it was collected from three localities, the material examined
is very similar in its main morphological features and morphometrics. Nevertheless,
some differences have been also observed, especially affecting the female tail shape as
some specimens show a short and rounded-conoid caudal region whereas it becomes
extremely short and truncate in other individuals.
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F

Figure 8. Aporcelaimoides silvaticum sp. n. (Line drawing). A Lip region in surface, lateral view B An-
terior region in lateral, median view € Neck D Female, posterior body region E Female, anterior genital
branch and vagina F Spicule G Lateral guiding piece H Vagina | Female, entire J Male, entire K Male,

posterior body region.
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103 um long; oocytes arranged first in two or more rows, then in a single row. Oviduct
99-107 pm long or 1.2, 1.3 times the corresponding body diameter, and consisting of
a slender part with prismatic cells and a moderately developed pars dilatata with visible
lumen but no sperm cell. Oviduct-uterus junction marked by a sphincter. Uterus a
short, simple, tube-like structure 128-243 pm long or 2.1, 2.8 times the correspond-
ing body diameter, one female containing abundant sperm cells inside. Vagina ex-
tending inwards 31, 32 pm or about three-eighths (36%, n=1) of body diameter: pars
proximalis 23, 24 x 25, 26 pm, with somewhat sigmoid walls and surrounded by weak
musculature; pars refringens with two small, triangular to drop-shaped pieces measur-
ing 5 x 4, 5 pm and with a combined width of 9, 10 pm; and pars distalis 1.0, 1.5 pm
long. Vulva a post-equatorial transverse slit. Prerectum 2.3, 2.5, rectum 0.8, 1.2 anal
body diameters long.

Male. Genital system diorchic, with opposite testes. In addition to the ad-cloacal
pair, situated at 16-19 pum from cloacal aperture, there is a series of two or three widely
spaced (22—42 pm apart) ventromedian supplements, the posteriormost of which lying
out the range of spicules, but very close to the spicules end, being situated at 42-63
pm from ad-cloacal pair. Spicules relatively robust, 3.5-4.6 times its maximum width,
1.3-1.6 times the body diameter at level of the cloacal aperture: dorsal contour regu-
larly convex, ventral contour bearing weak hump and hollow; curvature 140-143°;
head occupying 8-10% of spicule total length, with both contours nearly straight, and
its dorsal side longer than the ventral one; median piece 6.5-8.3 times as long as wide,
occupying 45-54% of spicule maximum width, reaching the posterior tip; posterior
end 5-6 pm wide. Lateral guiding pieces 19-23 pm long, 6.4-7.8 times as long as
wide. Prerectum 3.0-3.3, cloaca 1.2-1.4 times the corresponding body width long.

Diagnosis. The new species is characterized by its body 2.09-2.60 mm long, lip
region offset by depression and 17-18 um broad, mural odontostyle 11-12 pm long
at its ventral side with aperture occupying 60-66% of its length, neck 597-720 pm
long, pharyngeal expansion 353-452 pum long or occupying 58-64% of total neck
length, uterus a simple tube and 128-243 pum long or 2.1-2.8 times the corresponding
body diameter, pars refringens vaginae well developed, V= 5860, female tail short and
rounded to rounded conoid (31-37 pm, ¢ = 69-83, ¢’ = 0.7), male tail similar to that
of female (27-31 pm, ¢ = 67-94, ¢’= 0.6-0.7), spicules 64-75 pm long, and two or
three widely spaced ventromedian supplements bearing hiatus.

Relationships. The new species differs from its relatives by its lip region offset by
depression (us constriction). Besides, in having pars refringens vaginae and short mural
odontostyle (11-12 pm long at its ventral side), A. silvaticum sp. n. is morphologically
similar to A. haguei comb. n. and A. minor sp. n., but it can be distinguished from
them in its narrower lip region (17-18 vs equal or 19 um or more) and more posterior
vulva (V= 58-60 s Vup to 57). It also differs from A. haguei comb. n. in its smaller
general size (L = 2.09-2.60, neck 597-720 pum long vs L = 4.67-5.42, neck 1112—
1178 pm long), less slender body (2 = 28-33 vs 2 = 52-62), absence (vs presence) of
rows of minute denticles on stomatal wall), shorter female tail (31-37 vs 4647 pm),
and male present (s absent). And from A. minor sp. n. in its shorter mural odontostyle
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Figure 9. Aporcelaimoides silvaticum sp. n. (LM). A Female, entire B Male, entire € Anterior region in
surface, lateral view showing four lateral pores D, E Anterior region in median, lateral view F, G Anterior

region in surface, lateral view showing the amphid fovea H Pharyngo-intestinal junction I Vagina J Fe-
male, posterior body region K Male, posterior body region L Female, posterior genital branch M Male,
caudal region N Female, caudal region © Spicules P Sperm cells. Scale bars: 500 pm (A, B); 20 pm (C);
10 pm (D-F, H, I, M=P); 5 um (G); =50 pm (J-L).
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(11-12 vs 14-16 pm at its ventral side) with smaller aperture (occupying 60-66% vs
73-84% of its length), longer female tail (27-31 pm, ¢ = 67-94, ¢’= 0.6-0.7 vs 14-26
pm, ¢ = 90-146, ¢’= 0.3-0.6), and male present (s absent). Finally, the new species
also resembles A. brevistylum sp. n. in having short mural odontostyle, but it differs
from this in its well developed (vs absent) pars refringens vaginae and higher number of
ventromedian supplements (two or three s one).

Type locality and habitat. Northern Vietnam, Cuc Phuong National Park, where
the new species was collected from soil of a pristine tropical forest in 2009.

Type material. Female holotype and one female and three male paratypes, deposited
in the nematode collection of the University of Jaen, Spain. One male paratype deposited
in the nematode collection of the Institute of Ecology and Biological Resources, Vietnam.

Etymology. The specific epithet is a Latin term meaning ‘from the jungle’, and
refers to the habitat where the species dwells.

On the taxonomy of Aporcelaimoides

As mentioned in the introductory section, the identity of Aporcelaimoides has been mat-
ter of some controversy. In his original description of this genus, Heyns (1965) high-
lighted the differences between it and Sectonema, mainly based on the nature of the
stomatal protrusible structure, “a dorylaimid spear which is set ventrally ... similar in
position to the mural tooth of Sectonema”, putting hence emphasis on the existence of
a large dorsal aperture in the protrusible structure of Aporcelaimoides and the absence
of a such aperture in the mural tooth of Sectonema. Heyns (0p. cit.) also noted that “the
basal part of the spear (is) much narrower than the lumen of the pharynx (stoma)” [text
between brackets incorporated by the authors]. Subsequent contributions by Andrissy
(1976) and Jairajpuri and Ahmad (1992) assumed Heyns’ point of view. Siddiqi (1995),
however, stated (p. 99) that “...Since there is a great variation in the mural tooth of
Sectonema (see Siddiqi 1984), there is no justification for holding Aporcelaimoides as a
valid genus”. And, later, Andréssy (2009) followed Siddiqi’s opinion.

Very recently, Pena-Santiago and Alvarez—Ortega (2014a) redescribed S. ventrale
Thorne, 1930, the type species of Sectonema, and conclude that (p. 1103) “the pro-
trusible structure of Sectonema, as observed in its type species, is not a typical mural
tooth as seen in nygolaims, but a reduced odontostyle with its base occupying most (if
not whole) the stomatal lumen”. It means that mural odontostyle of Aporcelaimoides
significantly differs from the reduced odontostyle of Seczonema. Thus, Siddigi’s (1995)
action might be not well supported as there are morphological arguments to separate
both genera and to restore Aporcelaimoides as valid genus. Unfortunately, there is no
molecular information of the latter, which would be especially useful to confirm the
morphological data.

A revised diagnosis of Aporcelaimoides as well an updated list of its species, three of
them transferred from Sectonema, and a key to their identification are given in the fol-
lowing. Besides, a compendium of their main morphometrics is presented in Table 3.
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Other valid species
Aporcelaimoides amazonicum (Siddiqi, 1995), comb. n.

= Sectonema amazonicum Siddiqi, 1995

Aporcelaimoides brevistylum sp. n.
Aporcelaimoides californicum Heyns, 1965

= Sectonema californicum (Heyns, 1965) Siddiqi, 1995

Aporcelaimoides haguei (Hunt, 1978), comb. n.

= Sectonema haguei (Hunt, 1978) Andrissy, 2009
Nygolaimium haguei Hunt, 1978

Aporcelaimoides minor sp. n.
Aporcelaimoides moderatum (Siddiqi, 1995), comb. n.

= Sectonema moderatum Siddiqi, 1995

Aporcelaimoides silvaticum sp. n.

Remarks on some species

A. amazonicum: The nature of the stomatal protrusible structure, a mural odontostyle,

supports its inclusion in Aporcelaimoides rather than in Sectonema.

A. haguei: Andrissy (2009) transferred this species to Sectonema from Nygolaimium,

but the mural odontostyle that characterized this species justifies its transference
to Aporcelaimoides.

A. moderatum: The general morphology of this species, very especially that of the sto-

matal protrusible structure, fits the updated concept of Aporcelaimoides and justifies
its transference to this genus.

Key to identification of Aporcelaimoides species

1

[ o]

W

Lip region nearly continuous with the adjacent body......... silvaticum sp. n.
Lip:tegion oHtset by CoNSOICHON wuwsunsmmmmanmmssmsaimmssmimanin 2
Pars refringens vaginae aDSENT ..........cc.ovuevevuereruiriinieniirierceceiescsecse e 3
Pars refringens Vaginae PrESENT.........ccueeueveeueruerueruesuerueruesuesuessessessessessessessens 5

Larger (body 5.53 mm long) and more slender (2 = 75) nematodes; neck
comparatively shorter (4 = 7.6); mural odontostyle aperture occupying one-
lialfits lengthy maleabsentosunsasnmnusmmnmammsa e californicum
Smaller (body up to 4.75 mm long) and less slender (2 up to 63) nematodes;
neck comparatively longer (4 up to 5.4); mural odontostyle aperture occupy-
ing 62-71% its length; male present........c.ccoccovvviiiiiiiiiiiiiiiiiii, 4
Body 1.95-2.90 mm long and less slender (2 = 25-35); shorter neck (663—
767 pm long, & = 3.3-3.7); lip region 17—18 um wide; comparatively longer
61 R L B T — brevistylum sp. n.
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Abstract. Two new species of the genus Secfonema from natural habitats of northern Vietnam are studied.
This paper includes their descriptions, measurements, line illustrations, and light microscope (LM) and
scanning electron microscope (SEM) pictures. Sectonema tropicum sp. nov. is characterized by a 2.56—
3.24 mm long body, 19-21 um broad lip region, odontostyle 20-21 um long at its ventral side, 730—
834 um long neck, pharyngeal expansion occupying 52-59% of total neck length, uterus a simple tube-like
structure 150-242 pum long or 1.2-2.5 times the body diameter, pars refringens vaginae present, V'=48-52,
short (31-40 pum, ¢ = 70-91, ¢ "= 0.5-0.6) and rounded tail, 91-97 um long spicules, and only one weakly
developed ventromedian supplement. Sectonema vietnamense sp. nov. is characterized by its slender (¢ =
33-49) and 2.71-4.25 mm long body, 14-16 um broad lip region, odontostyle 8-9 um long at its ventral
side, 716-918 um long neck, pharyngeal expansion occupying 63-67% of total neck length, uterus simple
and 209-242 pm long or 2.5-2.9 times the corresponding body diameter, pars refringens vaginae absent,
V=54, short (34-39 pum, ¢ = 70-115, ¢'= 0.6-0.8) and rounded tail, 59-75 um long spicules, and three or
four irregularly spaced ventromedian supplements bearing hiatus. Both species are also characterized by
their nearly continuous lip region, an atypical feature in this genus. Molecular analysis of S. tropicum sp.
nov. confirms that Sectonema is a natural (monophyletic) taxon, very close to Metaporcelaimus.

Keywords. D2-D3 expansion segments of LSU ribosomal DNA, morphology, morphometrics,
taxonomy, SEM.

Nguyen T.A.D., Abolafia J., Bonkowski M., Pefia-Santiago R. & Alvarez-Ortega S. 2016. Two atypical new
species of the genus Sectonema Thorne, 1930 (Nematoda, Dorylaimida, Aporcelaimidae) from Vietnam. Luropean
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Introduction

This contribution presents partial results of two nematological projects that overlap in their objectives.
On the one hand, it is the second in a series of papers devoted to studying the nematode diversity of
aporcelaims (family Aporcelaimidae Heyns, 1965) from natural areas of Vietnam, the first one (Alvarez-
Ortega et al. 2015) dealing with the representatives of the genus Aporcelaimoides Heyns, 1965. On the
other hand, it is part of a general revision of the taxonomy and systematics of this dorylaimid group,
in which the genera Aporcelaimellus Heyns, 1965, Metaporcelaimus Lordello, 1965 and Sectonema
Thorne, 1930 have already received some attention (see for instance, and respectively, Alvarez-Ortega &
Pefia-Santiago 2013; Alvarez-Ortega ef al. 2013a; Pefia-Santiago & Alvarez-Ortega 2014a).

Interesting material belonging to the genus Sectonema was collected by the first author during several
nematological surveys conducted in natural areas of Vietnam over the last years. The specimens are
characterized by a nearly continuous lip region, indeed a rather atypical feature in Sectonema. Its detailed
study revealed it to belong to two unknown forms, which are herein described.

Material and methods

Nematodes

Nematodes were collected from pristine areas in Northern Vietnam, extracted from soil samples using the
methods by Baermann (1917) and Flegg (1967), relaxed and killed by heat, fixed in 4% formaldehyde,
and processed to anhydrous glycerine following Siddiqi’s (1964) technique. Finally, the specimens were
mounted on permanent glass slides to allow handling and observation under LM.

Light microscopy

Specimens were measured using a light Olympus BH-2 microscope equipped with differential
interference contrast (DIC). Morphometrics included de Man’s indices and the usual measurements.
The location of the pharyngeal gland nuclei is expressed according to Loof & Coomans (1970) and
spicule terminology follows Pefia-Santiago er al. (2014). Some of the best preserved specimens were
photographed with a Nikon Eclipse 801 microscope and a Nikon DS digital camera. Raw photographs
were edited using Adobe® Photoshop® CS version 8.0.1. Drawings were made using a camera lucida.

Scanning electron microscopy

After examination and identification, a few of the preserved specimens were selected for observation
under SEM following the protocol by Abolafia & Pefia-Santiago (2005). The nematodes were hydrated
in distilled water, dehydrated in a graded ethanol and acetone series, critical point dried, coated with
gold, and observed with a Zeiss Merlin microscope.

DNA extraction, PCR and sequencing

DNA was extracted from individuals using the proteinase K protocol. Nematode material was transferred
to an 0.5 ml Eppendorf tube containing 18 ul of Worm Lysis Buffer (WLB) (50 mM KCL, 10 mM Tris pH
8.3, 2.5 mM MgCl,, 0.45% NP 40, and 0.45% Tween 20) and 2 pl proteinase K (600 pg ml") (Thermo
Scientific). The tubes were incubated at 65°C (1 h) and then at 95°C (15 min). The PCR was performed in
a 30 pl final volume containing 24.9 ul of sterile water, 0.6 ul of each PCR primer, 0.6 ul dNTP mixture,
0.3 ul 7aq polyerase, 3 ul Buffer 10x Thermo Scientific Green and 1 pl of DNA extracted solution. The
PCR amplification profile consisted of four min at 94°C, 35 cycles of 1 min at 94°C, 1.5 min at 55°C and
2 min at 72°C, followed by a final step of 10 min at 72°C. The primers used for amplification were D2A
(5'-ACAAGTACCGTGAGGGAAAGTTG-3") and D3B (5'-TCGGAAGGAACCAGCTACTA-3") for
amplification of D2-D3 region of 28S (Subbotin e a/. 2006).
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The PCR products were purified using Exo-SAP PCR cleanup containing 7 ul of PCR product, 0.15 pl
Exonuclease I (Exo), 0.9 ul Shrimps Phosphatase Alkali (SAP) and 1.95 ul of sterile water. They were
incubated at 37°C for 20 min and then heated up to 85°C for 15 min; then the purified solution was
diluted ten times.

The sequencing reaction was performed with 1 pl of DNA purified template, 0.25 pl BigDye v3.1,
2.25 ul 5x BigDye sequencing buffer, 0.25 ul of one primer. The mixture was heated up for 10 s at 96°C,
5s at 55°C repeated for 32 cycles followed by 4 min at 60°C. The sequencing was performed at the
Cologne Center for Genomics (CCG). The sequences obtained were submitted to the GenBank database
under accession numbers KT868957 and KT868958.

Phylogenetic analyses

The newly obtained sequences were aligned with other forty two D2-D3 expansion segments of 28S
rRNA gene sequences available in GenBank using ClustalX 1.83 (Thompson ef al. 1997). Outgroup
taxa were chosen according to the results of previously published data (Holterman e al. 2008; Alvarez-
Ortega et al. 2013b). Sequence alignments were manually edited using GenDoc 2.6.002 (Nicholas et al.
1997). The sequence dataset was analysed with Bayesian inference (BI) and Maximum Likelihood (ML)
using MrBayes 3.1.2 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) and MEGA 6
(Tamura et al. 2013), respectively. The best fit model of DNA evolution for BI was obtained using the
program MrModeltest 2.2 (Nylander 2002) with the Akaike Information Criterion in conjunction with
PAUP* 4b10 (Swofford 2003). BI analysis under the GTR + G + I model was initiated with a random
starting tree and run with the four Metropolis-coupled Markov chain Monte Carlo (MCMC) for 10°
generations. ML analysis was implemented under the best-fitting evolutionary model (GTR + I + G),
obtained using the program MEGA 6, and 1000 bootstrap replications. The topologies were used to
generate a 50% majority rule consensus tree. Posterior probabilities (PP) are given on appropriate
clades. The trees were visualised with the program FigTree v1.4.0 and drawn with Adobe Acrobat XI
Pro 11.0.1.

List of abbreviations

a = body length / greatest body diameter

b = body length / distance from anterior end to pharyngo-intestinal junction

¢ = body length / tail length

c’ tail length / tail diameter at anus or cloaca

DN = distance from body anterior end to the nucleus of pharyngeal dorsal gland expressed as percentage
(%) of total neck length

DO = distance from body anterior end to the outlet of pharyngeal dorsal gland expressed as percentage

(%) of total neck length

overall body length

n = number of specimens on which measurements are based

S N, = distance from body anterior end to the anterior nucleus of first pair of ventro-sublateral pharyngeal
glands expressed as percentage (%) of total neck length

SN, = distance from body anterior end to the posterior nucleus of the first pair of ventro-sublateral
pharyngeal glands expressed as percentage (%) of total neck length

S,N = distance from body anterior end to the nuclei of the second pair of ventro-sublateral pharyngeal
glands expressed as percentage (%) of total neck length

V = distance from body anterior end to vulva expressed as percentage (%) of the body length.

|
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Results

Phylum Nematoda Cobb, 1932
Class Enoplea Inglis, 1983
Order Dorylaimida Pearse, 1942
Family Aporcelaimidae Heyns, 1965
Genus Sectonema Thorne, 1930

Sectonema tropicum sp. nov.
urn:lsid:zoobank.org:act:014CA9CB-57EE-43BB-BBFE-0C1A7EBDS522D

Figs 1-4; Table 1

Diagnosis

The new species is characterized by a 2.56-3.24 mm long body, lip region hardly offset by very weak
depression and 19-21 wm broad, odontostyle 20-21 pm long at its ventral side and 6.6—7.1 times as long
as wide, 730-834 pm long neck, pharyngeal expansion 403-470 um long or occupying 52-59% of total
neck length, uterus a simple tube-like structure 150-242 um long or 1.2-2.5 times the body diameter,
pars refringens vaginae present, } = 48-52, short (32-39 um, ¢ = 70-88, ¢’ = 0.5-0.6) and rounded
female tail, male tail similar to that of female (31-40 pum, ¢ = 73-91, ¢’ = 0.5-0.6), 91-97 um long
spicules, and only one weakly developed ventromedian supplement.

Etymology
The specific epithet refers to the tropical area where the new species was collected.

Type material examined

Holotype
VIETNAM: 2. in acceptable state of preservation, Northern Vietnam, Cao Bang Province, Pia Oac
Natural Reserve, 22°36°28 N, 105° 52715 E, tropical evergreen forest soil associated with Machilus
sp. and Dimocarpus sp., deposited in the nematode collection of the University of Jaén, Spain.

Paratypes
VIETNAM: 4 99, 3 4, in acceptable state of preservation, same data as holotype; 1 @, 1 &, in
acceptable state of preservation, same locality, deposited in the nematode collection of the Institute of
Ecology and Biological Resources, Hanoi, Vietnam; 1 &', same locality, used for SEM.

Description

Adult
Moderately slender to slender nematodes of medium to big size, 2.56-3.24 mm long. Body cylindrical,
distinctly tapering towards the anterior end, less so towards the posterior end as the caudal region is
short and rounded. Habitus curved ventrad after fixation, especially in posterior body region, C-, G- or
spiral-shaped. Cuticle 3.0-4.5 um thick at anterior region, 5-6 um in mid-body and 8-10 um on tail;
consisting of three layers, especially distinguishable at caudal region: thinner outer layer bearing very
fine transverse striation across the entire body, thicker intermediate layer with radial striation, and thin
inner layer. Lateral chords 13-21 pum wide at mid-body, occupying about one-sixth (13—18%) of mid-
body diameter. Two ventral and two dorsal body pores often present at level of odontostyle-odontophore.
Lip region hardly offset from the adjacent body by weak, but perceptible depression, 2.8-3.0 times
wider than high and up to one-fourth (17-25%) of body diameter at neck base; lips (under SEM) mostly
amalgamated, but their perioral part distinctly separated by the existence of six radial, interlabial, deep
incisures delimiting six perceptible liplets; button-like labial papillae, the inner ones located at the margin
of the oral field and surrounded by two or three concentric annuli, whereas the outer papillae, located
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Fig. 1. Sectonema tropicum sp. nov. (Line). A. Lip region in lateral surface view. B. Anterior region in
mid-optical level, lateral view. C. Neck region. D. @, anterior genital branch. E. Vagina. F. &, posterior
body region. G. @, posterior body region. H. @, entire. I. &, entire. J. Lateral guiding piece. K. Spicule.
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Fig. 2. Sectonema tropicum sp. nov. (LM). A, C, E. Anterior region in lateral, median view. B. Lip region
in lateral, surface view. D. Neck region. F. Pharyngo-intestinal junction. G. Vagina. H. @, anterior
genital branch. 1. Vagina and anterior uterus containing sperm cells inside. J. Uterine egg. Scale bars:
A-B,E,G=10 um; C, F, I-J =20 um; D, H = 50 pm.
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a little behind the inner papillae, are surrounded by only one annulus; cephalic papillae pore- rather
than button-like, also surrounded by only one ring-like annulus; oral aperture a dorso-ventral, slightly
hexagonal orifice, the lip region hence showing a bi-radial symmetry. Amphid fovea cup-shaped, its
opening occupying 9—10 um or less than one-half (43-49%) of lip region diameter. Cheilostom nearly
cylindrical, without any differentiation. Stomatal protruding structure apparently a reduced odontostyle
6.6-7.1 times longer than wide (see: Remarks), its ventral side 1.0—1.1 times longer than lip region
diameter and 0.65-0.83% of body length. Guiding ring simple, plicate, at 0.8-0.9 lip region diameters
from the anterior end. Odontophore linear, rod-like, 1.7-1.9 times the odontostyle length, somewhat
irregular at its base and with (in lateral view) the ventral side slightly longer than the dorsal one (Fig.
2A). Anterior region of pharynx enlarging very gradually; basal expansion 7.1-10.7 times longer than
wide, 3.6-5.6 times as long as body diameter, and occupying 52-59% of total neck length; gland nuclei

Fig. 3. Sectonema tropicum sp. nov. (LM). A. &, posterior body region. B. @, posterior body region.
C. 9, caudal region. D. 4, caudal region. E-G. Spicules, E-F also showing the lateral guiding piece.
Scale bars: A—B = 20 um; C—G = 10 um.

71



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

European Journal of Taxonomy 171: 1-20 (2016)

often obscure, located as follows: DN =60-62 (n=4), S N =75 (n=2); S N, = obscure; SN = obscure.
Nerve ring located at 182-216 um from anterior end or 25-26% of total neck length. Cardia rounded
conoid, 13-17 x 13—17 um; a weak ring-like structure is present surrounding its junction to pharyngeal
base.

Female
Genital system didelphic-amphidelphic, with almost equally and well developed branches, the anterior
320442 pum or 12-15% of body length and the posterior 348, 440 um (n = 2) or 14, 16% of body
length (447, 509 pum or 15, 17% bearing one uterine egg inside). Reflexed ovaries well developed,
often surpassing the sphincter level, the anterior 182-319 um, the posterior 207-380 wm long; oocytes
arranged first in two or more rows, then in a single row. Oviduct 124-174 um long or 1.1-1.8 times the

Fig. 4. Sectonema tropicum sp. nov. (SEM, &). A. Lip region in ventral view. B. Lip region in frontal
view. C. Lip region in lateral view. D. Lip region in sublateral view. E. Posterior body region in ventral
view. F. Posterior body region in lateral view. G. Caudal region in sublateral view. Scale bars: A-D =
5 um; E-F =20 um; G = 10 um
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corresponding body diameter, and consisting of a slender part made of prismatic cells and a moderately
developed pars dilatata, with visible lumen and often containing sperm cells inside. Oviduct-uterus
junction marked by a sphincter. Uterus a simple, tube-like structure 150-190 pum long or 1.2—1.7 times
the corresponding body diameter [223, 242 um (n = 2) long or 2.2, 2.5 times the corresponding body
diameter, with one uterine egg inside; and 231, 240 um (n = 1) long, with two uterine eggs], always
containing abundant sperm cells inside. Vagina extending inwards 52-57 um or one-half to four-
sevenths (48-57%) of body diameter: pars proximalis 33—43 x 23-28 um, with somewhat sigmoid walls
surrounded by weak musculature; pars refringens with two trapezoidal pieces measuring (in optical
section) 13—16 x 7-9 um and with a combined width of 24-28 um; pars distalis 5.5-7.0 um long. Vulva
a nearly equatorial transverse slit. Prerectum 2.0-2.4, rectum 0.7-1.0 anal body diameters long. Tail
short and rounded; two pairs of caudal pores, sublateral and close together.

Male

Genital system diorchic, with opposite testes. In addition to the ad-cloacal pair, situated at 18-21 um
from cloacal aperture, one weakly developed ventromedian supplement, lying out the range of retracted
spicules and located at 80-131 pum from the ad-cloacal pair. Spicules distinctly robust and massive,
especially in its posterior half, 3.6-4.2 times its maximum width, 1.4-1.6 times the body diameter at
level of the cloacal aperture: dorsal contour regularly convex, ventral contour slightly concave, with
distinct hump and hollow; curvature 121-124°; head occupying 11-16% of spicule total length, its
dorsal side visibly curved at its anterior end and longer than the ventral one, which is shorter and almost
straight; median piece 5.4-6.2 times longer than wide, occupying 51-59% of spicule maximum width,
reaching the posterior tip; posterior end 7-8 um wide. Lateral guiding pieces 23-29 um long, 5.3—
7.1 times longer than wide. Prerectum 3.2—4.6, cloaca 0.9—1.3 times the corresponding body width long.
Cloacal aperture, as seen under SEM, a curved anteriad, transverse slit. Tail similar to that of female;
caudal pores two pairs, one lateral, another subdorsal.

Relationships

In having a long stomatal protruding structure (20-21 pm at its ventral side) and short (¢’ up to 1.0) and
rounded tail, S. tropicum sp. nov. is morphologically very similar to S. demani Altherr, 1965, S. heynsi
Altherr, 1968, S. rotundicauda Goodey, 1951, S. septentrionale Peia-Santiago & Alvarez-Ortega,
2015 and S. sica Clark, 1964, but it can be distinguished from all of them in its smaller general size
(body length 2.56-3.24 mm, neck 730-834 pum long vs more than 5 mm, more than 1000 pum long,
respectively), nearly continuous lip region (vs offset by a more or less deep constriction) and stomatal
protruding structure of different nature (a reduced odontostyle vs a mural tooth; see Remarks). Besides,
the new species differs from S. demani (see recent re-description by Pefia-Santiago & Alvarez-Ortega
2014b) in its less slender (¢ = 21-36 vs a = 48-56) body, narrower (19-21 vs 27-28 um broad) lip
region, shorter pharyngeal expansion (occupying 52—59 vs 68-69% of total neck length), shorter female
tail (32-39 vs 51-55 um, ¢’ = 0.5-0.6 vs ¢’ = 0.7-0.8), and male present (vs absent). It differs from S.
heynsi (see recent re-description by Pefia-Santiago & Alvarez-Ortega 2014b) in its narrower (19-21
vs 28 um broad) lip region, circumoral area lacking (vs bearing) cilia- or setae-like structures, shorter
pharyngeal expansion (occupying 52-59 vs 68% of total neck length), shorter (32-39 vs 54 um, ¢’ =
0.5-0.6 vs ¢’ = 0.7) female tail, and male present (vs absent). It differs from S. rorundicauda in its
less slender (a = 21-36 vs a = 80) body, narrower (19-21 vs about 28 pum broad) lip region, shorter
(31-40 vs 64 um) male tail, fewer (one vs four) ventromedian supplements, and shorter (91-97 vs about
155 um) spicules. It differs from S. seprentrionale in its less slender (¢ = 21-36 vs a = 47-64) body,
narrower (19-21 vs 25-29 pum broad) lip region, shorter (occupying 5259 vs 60-73% of total neck
length) pharyngeal expansion, uterus simple (vs tripartite) and shorter (150-242 um or 1.2-2.5 times
the body diameter vs 370-493 pum or 2.9—4.3 times the corresponding body diameter), shorter (31-40 vs
40-62 um, ¢'=0.5-0.6 vs ¢ "= 0.6-0.8) tail, fewer (one vs 5-11) ventromedian supplements, and shorter
(91-97 vs 100-145 um) spicules. Finally, it differs from S. sica in its narrower (19-21 vs about 24 um
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Table 1. Morphometrics of Sectonema tropicum sp. nov. Measurements in um (except L, in mm), and in
the form: mean = standard deviation (range).

Cao B;"ing Province (Pia Oac Natural Reserve)
Ropelation Holotype Paratypes
Character ) o
Q 599 53848

L 3.04 2.81+0.19(2.57-3.05) 2.87+0.31(2.56-3.24)
a 31 249+4.7(21-31) 29.0 +5.9(23-36)
b ? 3.7+£0.2(3.4-3.9) 3.7+ 0.3 (3.4-3.9)
¢ 87 79.4 + 6.5 (70-88) 81.3+7.0(73-91)
¢’ 0.6 0.6 +0.0(0.5-0.6) 0.6+0.1(0.5-0.6)
\% 50 50.6 + 1.5 (48-52) -
Lip region diam. 20 20.1 £ 0.6 (20-21) 20.1 £ 0.6 (19-21)
Odontostyle length at ventral side 21 20.6 £ 0.6 (20-21) 20.7 £+ 0.5 (20-21)
Odontostyle length at dorsal side 23 22.5+0.5 (22-23) 22.5+0.4 (22-23)
Odontophore length 36 36.0+1.0(35-38) 353+ 0.7 (34-36)
Guiding ring from ant. end 17 174+ 0.6 (17-18) 18.1+0.1(18-18)
Neck length ? 764 + 23 (730-790) 801 + 49 (745-834)
Pharyngeal expansion length ? 427 £ 29 (403-468) 448 + 19 (436-470)
Diam. at neck base 99 103 £ 12 (91-116) 95+ 11 (84-111)

at midbody 99 114 £ 14 (98-130) 101 + 12 (90-118)

at anus 60 64.4+45(61-72) 61.2+2.1(60-65)
Prerectum length 143 136 £ 9 (126-150) 228 +37 (189-277)
Rectum/cloacla length 54 53.8+3.0(52-59) 66.3 + 8.8 (53-77)
Tail length 35 35.5+3.3(32-39) 35.4+3.0(31-40)
Spicule length - - 92.5+2.6(91-97)
Ventromedian supplements - - 1£0(1-1)

broad) lip region, shorter (occupying 52-59% vs two-thirds of total neck length) pharyngeal expansion,
more posterior ()= 48-52 vs /= 40) vulva, shorter (32-39 vs 54 um, ¢’ = 0.5-0.6 vs ¢’ = 0.7) female
tail, and male present (vs absent).

Moreover, in having a lip region nearly continuous with the adjacent body, the new species resembles
S. mucrodens Siddiqi, 1984 and S. rruxum Siddiqi, 1984, but it can be easily distinguished from these by the
more anterior position of the stomatal protruding structure (its anterior tip in front of the level of guiding ring,
just behind the base of lip region vs its anterior tip distinctly behind the level of guiding ring, far from the lip
region base) and pars refringens vaginae well (vs faintly) developed. Moreover, it differs from S. mucrodens
by its shorter (730-834 vs 10861157 um) neck, shorter (occupying 52-59 vs 69% of total neck length)
pharyngeal expansion, shorter (32-39 um, ¢’ = 0.5-0.6 vs 44-50 um, ¢ "= 0.7) female tail, and male present
(vs absent). It differs from S. t72cum in its narrower (19-21 vs 24 pum broad) lip region, shorter (730-834 vs
837-1070 um) neck, more anterior (J'=48-52 vs /= 54-56) vulva, and male present (vs absent).

Molecular characterisation

Two sequences of the D2-D3 28S rRNA gene were obtained from one female and one male. Both
sequences are very similar (99%) and differ by two nucleotides only. The evolutionary relationships
of the new species with representatives of the order Dorylaimida are presented in Figs 5-6. The two
S. tropicum sp. nov. sequences are clustered together with other available sequences of Secronema
representatives and form a highly supported clade together with members of the genus Metaporcelaimus,
thus confirming previous results (Alvarez-Ortega ef al. 2013a, b).
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Remarks

The nature of the stomatal protruding structure in the new species is difficult to interpret and deserves
further explanation. The specimens examined bear a reduced odontostyle (comparable to that described
in the type species S. ventrale Thone, 1930; see recent description by Pefia-Santiago & Alvarez-Ortega

Crassolabium sp. (AY593041)
Crassolabium circulifer (AY593039)
Crassolabium circulifer (AY593038)
Crassolabium sp. (AY593040)
Epidorylaimus lugdunensis (AY 593035)
Epidorylaimus lugdunensis (AY593036)
Eudorylaimus sp. (AY593037)
Enchodelus sp. (EF207240)
= Longidorella sp. (AY593043)
Longidorella cf. macramphis (AY 593042)
Longidorella sp. (AY593044)
Microdorylaimus miser (AY 593046)
Eudorylaimus minutus (AY593048)
Microdorylaimus modestus (AY593049)
w| Pungentus silvestris (AY593052)

ﬂﬁl’ungenms silvestris (AY593053)

Pungentus engadinensis (AY 593050)

w— Ivlencholaimus cf. teres (EF207243)
E Tylencholaimus mirabilis (AY593027)

Tylencholaimus mirabilis (EF207242)

—— Tylencholaimus sp. (AY593028)
_mu{ Aporcella simplex (JQ778274)

Aporcella simplex (JQ778273)
100 Discolaimus cf. major (EF207239)

4"'"“ Discolaimus major (AY593025)

Discolaimus major (AY593026)

\o[ Carcharodiscus banaticus (AY593024)
‘”‘ [_- Carcharodiscus banaticus (AY593023)
Discolaimoides symmetricus (EF207238)

o [ Sectonema barbatoides (AY 593030)
B Sectonema barbatoides (AY593031)
Sectonema barbatoides (AY593032)
2t L Sectonema sp. (AY593033)
wl | o Sectonema tropicum sp. nov. (KT868958)
Sectonema tropicum sp. nov. (KT868957)
Metaporcelaimus marinensis (JQ927439)

o] Metaporcelaimus ovogranulosus (JQ927441)
""'| !Metaporce[aimus ovogranulosus (JQ927440)
Metaporcelaimus capitatus (JQ927438)

100

|

100

100

ﬂ{ Clavicaudoides trophurus (EF207236)
Clavicaudoides trophurus (EF207237)
_.o<.| Clavicaudoides clavicaudatus (EF207235)
Clavicaudoides clavicaudatus (EF207234)
Nygolaimus cf. brachyuris (AY593061)

Fig. 5. Bayesian 50% majority rule consensus trees as inferred from D2-D3 expansion segments of 28S
rRNA gene sequence alignments under the GTR + I + G model. Posterior probabilities are given for
appropriate clades. Newly obtained sequences are indicated by bold letters.
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2014a) rather than a mural tooth as the base of its dorsal side is visibly sclerotized and seems to join the
dorsal stomatal wall (vs dorsal side not scletorized at the base, somewhat sigmoid and not joining the
dorsal stomatal wall). Nonetheless, some doubt persists in this matter.

ml: Tvlencholaimus cf- teres (EF207243)
% Tvlencholaimus mirabilis (AY593027)

_.1: Tylencholaimus mirabilis (EF207242)
Tylencholaimus sp. (AY593028)

100 IAporcelIa simplex (JQ778274)
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| Discolaimus cf- major (EF207239)
—""" Discolaimus major (AY593025)
Discolaimus major (AY593026)

we[ Carcharodiscus banaticus (AY593024)

% L Carcharodiscus banaticus (AY 593023)
Discolaimoides symmetricus (EF207238)

n Sectonema barbatoides (AY593030)

=|Sectonema barbatoides (AY593031)

12% Sectonema barbatoides (AY593032)
L] Sectonema sp. (AY593033)

wo| Sectonema tropicum sp. nov. (KT868958)

Sectonema tropicum sp. nov. (KT868957)
Metaporcelaimus marinensis (JQ927439)

.ml Metaporcelaimus ovogranulosus (JQ927441)
Metaporcelaimus ovogranulosus (JQ927440)

Metaporcelaimus capitatus (JQ927438)
Crassolabium sp. (AY593041)
Crassolabium circulifer (AY593039)
9% Crassolabium sp. (AY593040)
Crassolabium circulifer (AY593038)
10 wo[ Epidorylaimus lugdunensis (AY593035)
»| - Epidorylaimus lugdunensis (AY593036)
Eudorylaimus sp. (AY593037)
Enchodelus sp. (EF207240)

Longidorella sp. (AY593044)
o [—— Microdorylaimus miser (AY593046)
m[ Longidorella sp. (AY593043)
T Longidorella cf. macramphis (AY593042)
————— Eudorylaimus minutus (AY593048)
Microdorylaimus modestus (AY 593049)

i

wo| Pungentus silvestris (AY593052)
J‘jszgenlus silvestris (AY593053)

Pungentus engadinensis (AY593050)

wo| Clavicaudoides clavicaudatus (EF207235)
w | Clavicaudoides clavicaudatus (EF207234)
wo| Clavicaudoides trophurus (EF207236)

L Clavicaudoides trophurus (EF207237)
Nvgolaimus cf. brachyuris (AY593061)

Fig. 6. Maximum Likelihood tree as inferred from D2-D3 expansion segments of 28S rRNA gene
sequence alignments under the GTR + I + G model. Bootstrap values are given for appropriate clades.
Newly obtained sequences are indicated by bold letters.
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Sectonema vietnamense sp. nov.
urn:Isid:zoobank.org:act: AF58451E-D7A7-4E49-8A18-9F3998EF4A87
Figs 7-9, Table 2

Diagnosis

The new species is characterized by a slender (¢ = 33-49) 2.71-4.25 mm long body, lip region offset by
depression and 14-16 um broad, odontostyle 8-9 um long at its ventral side, 716-918 um long neck,
pharyngeal expansion 463-618 pum long or 63-67% of total neck length, uterus simple and 209-242 um
long or 2.5-2.9 times the corresponding body diameter, pars refringens vaginae absent, J = 54, short
(36 um, ¢ = 105, ¢’ = 0.7) and rounded tail in female and slightly more conoid (34-39 um, ¢ = 70—
115, ¢’ = 0.6-0.8) in male, 59-75 um long spicules, and three or four irregularly spaced ventromedian
supplements bearing hiatus.

Etymology
The specific epithet refers to the geographical origin of the species.

Type material examined

Holotype
VIETNAM: @, in good state of preservation, Northern Vietnam, Cuc Phuong National Park, pristine
tropical forest, deposited in the nematode collection of the University of Jaén, Spain.

Paratypes
VIETNAM: 4 4, 3 juvs, in good state of preservation, same data as holotype; 1 &, in good state
of preservation, same locality, deposited in the nematode collection of the Institute of Ecology and
Biological Resources, Hanoi, Vietham; 14, 1 juv., same locality, used for SEM.

Other material examined

VIETNAM: 2 43, in acceptable state of preservation, Northern Vietnam, Thai Binh province, intensively
cultured field, deposited in the nematode collection of the University of Jaén, Spain.

Description (type population)

Adult
Very slender nematodes of big size, 3.13-4.25 mm long. Body cylindrical, distinctly tapering towards
the anterior end, less so towards the posterior one as the caudal region is rounded. Habitus regularly
curved ventrad after fixation, to a more or less open C, occasionally more curved at posterior body
region. Cuticle 2.0-2.5 um thick at anterior region, 3.0-4.5 um in mid-body and 8-10 um on tail;
consisting of three layers especially distinguishable at caudal region: thinner outer layer bearing very
fine transverse striation through the entire body, thicker intermediate layer with radial striation, and
thin inner layer. Lateral chords 6-12 um wide at mid-body, occupying up to one-sixth (8-15%) of
mid-body diameter. Two ventral and two dorsal body pores often present at level of stoma, and four
distinct lateral pores 6-20 pm apart visible behind the amphid fovea. Lip region nearly continuous (a
shallow depression is, however, often perceptible), weakly angular, visibly narrower than adjacent
body, 2.1-2.3 times wider than high and about one-fifth (18-23%) of body diameter at neck base; it
appears (under SEM) marked by radial (oral field) or longitudinal (remaining lip region) incisures, with
amalgamated lips and protruding, pore-like labial and cephalic papillae, all of them surrounded by a
ring-like annulus, and the inner labial papillae visibly larger than the outer ones; oral field perceptibly
hexagonal, oral aperture a dorso-ventral slit, the lip region hence showing a bi-radial symmetry. Cup-
shaped amphid fovea, its opening at level of cephalic depression and occupying 10-11 um or 68-72% of
lip region diameter. Nearly cylindrical cheilostom, without differentiation. Odontostyle comparatively
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Fig. 7. Sectonema vietnamense sp. nov. (Line). A. Anterior region in median, lateral view. B. Lip region
in surface, lateral view. C. Neck region. D. Vagina. E. @, anterior genital branch. F. &, entire. G. 2,
entire. H. &, posterior body region. I. @, posterior body region. J. Spicule. K. Lateral guiding piece.
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short and occupying the whole stomatal lumen, its ventral side 0.5-0.6 times longer than lip region
diameter and 0.20-0.29% of body length. Guiding ring simple, somewhat plicate, at 0.5 times the
lip region diameter from anterior end. Odontophore linear, rod-like, 3.7-4.2 times the odontostyle
length. Tripartite pharynx, consisting of an anteriorly thickened section behind the odontophore base,
a perceptible narrower intermediate section with the nerve ring surrounding it, which enlarges very
gradually into the basal expansion 9.9-15.0 times longer than wide, 6.7-7.3 times longer than body

Fig. 8. Sectonema vietnamense sp. nov. (LM, type population). A. &, entire. B-C. Anterior region in
lateral, median view. D. @, anterior genital branch. E. &', posterior body region. F. Oviduct-uterus junction.
G. Lip region in lateral, surface view. H. Vagina. I. &, caudal region. J-K. Spicules. L. @, caudal region.
Scale bars: A= 500 um; B-C, H =10 um; D = 100 um; E-F = 50 um; G = 5 pm; I-L = 20 pm.
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diameter and occupying 63-67% of total neck length; gland nuclei mostly obscure, only SN are
visible, at 77-78% (n = 3) of total neck length. Nerve ring located at 147-178 pum from anterior end or
19-22% of total neck length. Cardia rounded conoid, 15-19 x 12—17 pum; a ring-like structure is present
surrounding its junction to pharyngeal base.

Female
Genital system didelphic-amphidelphic, with almost equally and well developed branches, the anterior
473 um long or 13% of body length and the posterior 387 pum long or 10% of body length, each branch
bearing one uterine egg. Moderately sized ovaries, not surpassing the sphincter level, the anterior
191 pm, the posterior 141 um long; oocytes arranged first in two or more rows, then in a single row.
Oviduct 117, 142 um long or 1.4, 1.7 times the corresponding body diameter, and consisting of a slender
part made of prismatic cells and a well developed pars dilatata with wide lumen and sperm cells inside.
Oviduct-uterus junction marked by a sphincter. Uterus a simple, tube-like structure 209, 242 um long or
2.5, 2.9 times the corresponding body diameter, containing abundant sperm cells and one uterine egg.
Vagina extending inwards 36 um or about three-sevenths (44%) of body diameter: pars proximalis 23 *
28 um, somewhat sigmoid walls and surrounded by weak musculature; pars refringens absent; pars

Fig. 9. Sectonema vietnamense sp. nov. (SEM, A = juvenile and B-J = ). A. Lip region in ventral
view. B-C. Lip region in lateral view. D. Posterior body region in ventral view. E. Lip region in frontal
view. F. Detail of a ventromedian supplement. G. Caudal region in lateral view. H. Caudal region in
subventral view. I. Detail of the ad-cloacal pair of supplements. J. Caudal region in ventral view. Scale
bars =A-C,E=2um; D =20 ym; F, [ = 1 ym; G-H = 10 um; J = 5 um.
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Table 2. Morphometrics of Sectonema vietnamense sp. nov. Measurements in um (except L, in mm),
and in the form: mean + standard deviation (range).

. Cuc Phuong National Park Thai Binh Province
Chaikétes Eogmixtioe Holotype Paratypes
677 33

L 3.79 3.57+0.49 (3.13-4.25) 3.02,2.71
a 46 459+3.0(41-49) 5,33
b 46 45+02(43-47) ?
c 105 96.9 + 11.4 (86-115) 83,70
¢ 0.7 0.7+0.1(0.6-0.8) 0.8,0.7
\% 54 - -
Lip region diam. 14 149+ 0.5 (14-16) 16 (n=2)
Odontostyle length at ventral side 9 88+03(8-9) 9(n=2)
Odontostyle length at dorsal side 10 9.5+0.2(9-10) 10(n=2)
Odontophore length 32 342+ 1.3(33-36) 33(n=2)
Guiding ring from ant. end 7 73+0.6(7-8) 9(n=2)
Neck length 820 790 = 84 (716-918) ?
Pharyngeal expansion length 534 521+ 65 (463-618) /4
Diam. at neck base ? 72.0 £ 8.6 (63-85) 80, 74

at midbody 82 77.7 + 8.3 (68-89) 87,82

at anus 50 50.6 + 4.3 (46-58) 48,55
Prerectum length 149 237 £ 40 (210-297) 199, ?
Rectum/cloaca length 45 58.8+9.3 (47-71) 66, 62
Tail length 36 36.8+ 1.8 (34-39) 36,38
Spicule length - 67.7+ 5.3 (59-75) 73,70
Ventromedian supplements - 3.7+05(34) 4(n=2)

distalis well developed, 15 um long. Vulva a post-equatorial transverse slit. Prerectum 3.0, rectum 0.9
anal body diameters long. Short and rounded tail, its inner core with a finger-like projection at tail end;
two pairs of caudal pores, one sub-lateral, another sub-dorsal.

Male

Genital system diorchic, with opposite testes. In addition to the ad-cloacal pair, situated at 14-19 pm
from cloacal aperture, there is a series of three or four irregularly spaced, 15-48 um apart, ventromedian
supplements, the posteriormost of which lying out the range of retracted spicules, at 76-91 pum from the
ad-cloacal pair. Spicule robust and massive, especially in its posterior half, 3.6-4.6 times its maximum
width, 1.3—1.4 times the body diameter at level of the cloacal aperture: dorsal contour regularly convex,
ventral contour slightly concave, with distinct hump and hollow; curvature 125-136°; head occupying
13-19% of spicule total length, its dorsal contour distinct curved at its anterior end and longer than the
ventral one, which is short and almost straight; median piece 5.9-7.1 times longer than wide, occupying
52-65% of spicule maximum width, reaching the posterior tip; posterior end 6-7 pum wide. Lateral
guiding pieces 15—17 um long, 5.3-6.5 times longer than wide. Prerectum 4.3-5.7, cloaca 1.0-1.3 times
the corresponding body width long. Rectal glands and their ducts (¢f. Coomans & Loof 1986) very well
perceptible (Fig. 8K). Cloacal aperture, as seen under SEM, a somewhat curved anteriad, transverse
slit; the two supplements of the precloacal pair distinctly separated. Tail a little more conoid than that of
female; two pairs of caudal pores, one almost lateral, another sub-dorsal.
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Relationships

The new species is easily distinguishable from its congeners in the unique combination of these features:
narrow and nearly continuous lip region, very short odontostyle, absence of pars refringens vaginae and
short and rounded tail. Nonetheless, it resembles S. barbatum Heyns, 1965 in its general morphology,
but it can be distinguished from this because of its oral field lacking any setae-like structure (vs bearing
numerous short forwardly pointing setae), narrower (14-16 vs about 22 um broad) lip region, shorter
(89 vs 16 um) odontostyle, pars refringens vaginae absent (vs present), shorter (36 um, ¢ = 105, ¢’ =
0.7 vs 48 um, ¢ = 81, ¢’ = 1.0) female tail, and male present (vs absent). In having a comparatively small
body size and nearly continuous lip region, S. vietnamense sp. nov. is close to S. mucrodens and S. truxum,
from which it differs in its narrower (14—16 vs more than 20 pm broad) lip region, shorter stomatal
protruding structure (8-9 vs more than 20 wm) located as usual (vs the anterior tip distinctly behind the
level of guiding ring), and pars refringens vaginae absent (vs consisting of two small pieces). Sectonema
vietnamense sp. nov. is also similar to S. pseudoventrale Heyns, 1965 in having a short odontostyle, but can
be distinguished from this by its narrower (14-16 vs 21-23 um broad) lip region, shorter (209-242 um or
2.5-2.9 times the corresponding body diameter vs 123 pm or 1.3 times the corresponding body diameter)
uterus, shorter (36 um, ¢ = 105, ¢’ = 0.7 vs 4663 pum, ¢ = 82—130, ¢ '= 0.8-1.0) female tail, shorter (59—
75 vs 90-95 um) spicules, and fewer (three or four vs six or seven) ventromedian supplements. Finally,
the new species also resembles S. frropicum sp. nov., but it can be distinguished from this by its narrower
(14-16 vs 19-21 um broad) lip region, shorter (8-9 vs 20-21 pm at its ventral side) odontostyle, longer
(occupying 63-67 vs 52-59% of total neck length) pharyngeal expansion, more posterior vulva (/= 54
vs V' =48-52), pars refringens vaginae absent (vs present), shorter (59-75 vs 91-97 um) spicules and
higher number of ventromedian supplements (three or four vs one).

Remarks

The two males from Thai Binh are very similar to those of the type population, but some minor
morphometric differences have been also noted: somewhat smaller (2.71, 3.02 vs 3.13—4.25 mm long)
and more obese (a = 33, 35 vs @ = 41-49) body. Such differences have been regarded as instraspecific
variation as the number of specimens examined is low and the main morphological and morphometric
features are coincident.
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Summary - Three new species of the genus Sectonema collected from natural habitats in Vietnam are studied, described and illustrated,
including line drawings, LM and/or SEM pictures. Sectonema birrucephalum sp. n. is characterised by its 2.73-4.35 mm long body.
lip region 18-20 zem broad and offset by deep constriction, odontostyle 10.0-11.5 zem long on its ventral side, 659-989 pem long neck,
pharyngeal expansion occupying 63-68% of total neck length, uterus a simple tube, 221-277 pem long, pars refringens vaginae present,
V = 54-56, tail short (31-43 pum, ¢ = 85-111, ¢’ = 0.6-0.8) and rounded. spicules 72-75 jum long, and four or five irregularly spaced
ventromedian supplements beyond the range of the spicules. Sectonema buccociliatum sp. n. is distinguished by its 2.00-2.46 mm
long body, lip region offset by constriction, 19-20 yzm broad and bearing perioral cilia-like structures, odontostyle 13-14 y¢m long
at its ventral side, 530-625 pzm long neck. pharyngeal expansion occupying 62-69% of total neck length, uterus a simple tube, 116-
152 pum long, pars refringens vaginae present, V.= 56-62, tail short (23-31 pm, ¢ = 72-104, ¢’ = 0.6-0.8) and rounded, spicules
56-68 pum long, and 3-5 spaced and weakly developed ventromedian supplements beyond the range of the spicules. Sectonema ciliatum
sp. n. is characterised by its 2.79-3.13 mm long body. lip region offset by constriction, 21-22 yem broad and bearing perioral cilia-like
structures, odontostyle 14-15 pm long at its ventral side, 699-722 em long neck, pharyngeal expansion occupying 60% of total neck
length, uterus a simple tube, 201-244 pum long, pars refringens vaginae present, V.= 52-53, tail short (33-35 pum, ¢ = 82-92, ¢/ = 0.6-
0.7) and rounded, spicules 70-72 yem long, and three or four spaced and weakly developed ventromedian supplements beyond the range
of the spicules. Molecular data obtained for S. ciliatum sp. n. and the derived evolutionary tree show a close phylogenetic relationship
with other species of the genus.

Keywords — D2-D3, description, L.SU ribosomal DNA, molecular, morphology, morphometrics, phylogeny, Sectonema birrucephalum
sp. n., Sectonema buccociliatum sp. n., Sectonema ciliatum sp. n., SEM., taxonomy.

This is the third in a series of contributions devoted to (typical) pattern of Sectonema, which, among other fea-
the study of species of Aporcelaimidae Heyns, 195')5 from tures, is currently defined on the basis of a lip re-
natural areas of Vietnam. The first contribution (Alvarez-
Ortega et al., 2015) dealt with three new species of
Aporcelaimoides Heyns, 1965 whilst the second (Nguyen
et al., 2016) included two atypical species of Sectonema
Thorne, 1930 characterised by having a nearly continuous

gion offset by a deep constriction and the stomatal pro-
truding structure being either a reduced odontostyle or
a mural tooth (see detailed discussion on this matter
by Pefia-Santiago & Alvarez-Ortega, 2014a). A detailed

lip region, an unusual feature in this taxon study of available material revealed it consisted of three
gion, i

Nematological surveys conducted during the last 5 unknown species of the genus, these being described
years yielded several specimens that fitted the general herein.

* Corresponding author, e-mail: saortega @ujaen.es
=

© Koninklijke Brill NV, Leiden, 2016 DOI 10.1163/15685411-00002974
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Materials and methods

NEMATODES

Nematodes were collected from natural areas in Viet-
nam, extracted from soil samples using the methods of
Baermann (1917) and Flegg (1967), relaxed and killed
by heat, fixed in 4% formaldehyde, processed to anhy-
drous glycerin following Siddiqi’s (1964) technique, and
mounted on permanent glass slides to allow handling and
observation under light microscopy (LM).

LIGHT MICROSCOPY

Measurements of specimens were taken using a light
Olympus BH-2 microscope equipped with differential
interference contrast (DIC). Morphometrics included de
Man’s indices and most of the usual measurements. The
location of the pharyngeal gland nuclei is expressed ac-
cording to Loof & Coomans (1970) and spicule terminol-
ogy follows Pena-Santiago er al. (2014). Some of the best
preserved specimens were photographed with a Nikon
Eclipse 80i microscope equipped with DIC and a Nikon
DS digital camera. Images were edited using Adobe®
Photoshop® CS. Drawings were made using a camera lu-
cida.

SCANNING ELECTRON MICROSCOPY

After their examination and identification, a few speci-
mens preserved in glycerin were selected for observation
under SEM following the protocol of Abolafia & Pena-
Santiago (2005). The nematodes were hydrated in dis-
tilled water, dehydrated in a graded ethanol-acetone se-
ries, critical point-dried, coated with gold, and observed
with a Zeiss Merlin microscope.

DNA EXTRACTION, PCR AND SEQUENCING

Fresh material for molecular analyses was first avail-
able for only one of the three species and no new spec-
imens were collected in later field surveys. DNA was
extracted from single individuals using the proteinase
K protocol. A nematode specimen was transferred to a
0.5 ml Eppendorf tube containing 18 1 of Worm Ly-
sis Buffer (WLB) (50 mM KCL, 10 mM Tris pH 8.3,
2.5 mM MgCl,, 0.45% NP 40, and 0.45% Tween 20)
and 2 pl proteinase K (600 jug ml~') (Thermo Scien-
tific). The tubes were incubated at 65°C (1 h) and then
at 95°C (15 min). PCR and sequence protocols were as
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described in detail by Nguyen et al. (2016). The primers
used for amplification of D2-D3 region of 28S rRNA gene
were D2A (5'-ACAAGTACCGTGAGGGAAAGTTG-3)
and D3B (5-TCGGAAGGAACCAGCTACTA-3') (Sub-
botin et al., 2006). The sequences obtained were submit-
ted to the GenBank database under accession numbers
KU589226 and KU589227.

PHYLOGENETIC ANALYSES

The newly obtained sequences were aligned with other
46 D2-D3 expansion segments of 285 rRNA gene se-
quences available in GenBank using ClustalX 1.83
(Thompson et al., 1997). Outgroup taxa were chosen ac-
cording to the results of previous published data (Holter-
man et al., 2008; Alvarez-Ortega et al., 2013a). Sequence
alignments were manually edited using GenDoc 2.6.002
(Nicholas et al., 1997). The sequence dataset was anal-
ysed with Bayesian inference (BI) and Maximum Like-
lihood (ML) using MrBayes 3.1.2 (Huelsenbeck & Ron-
quist, 2001; Ronquist & Huelsenbeck, 2003) and MEGA
6 (Tamura et al., 2013), respectively. The best fit model
of DNA evolution for BI was obtained using the program
MrModeltest 2.3 (Nylander, 2004) with the Akaike Infor-
mation Criterion in conjunction with PAUP* 4b10 (Swof-
ford, 2003). BI analysis under the GTR + G + I model
was initiated with a random starting tree and run with
the four Metropolis-coupled Markov chain Monte Carlo
(MCMC) for 10° generations. ML analysis was imple-
mented under the best-fitting evolutionary model (GTR +
I + G), obtained using the program MEGA 6, and 1000
bootstrap replications. The topologies were used to gener-
ate a 50% majority rule consensus tree. Posterior probabil-
ities (PP) are given on appropriate clades. The trees were
visualised with the program FigTree v1.4.0 and drawn
with Adobe Acrobat XI Pro 11.0.1.

Results

Sectonema birrucephalum’ sp. n.
(Figs 1-3)

MATERIAL EXAMINED

Six females and five males, from two locations, in
acceptable state of preservation.

* The specific epithet is a composite derived from the Latin root
birrus = beret, and the Greek root kephalé = head, and refers to

the lip region morphology.
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Fig. 1. Sectonema birrucephalum sp. n. A: Lip region in lateral surface view; B: Anterior region in lateral median view; C: Pharynx;
D: Female, anterior genital branch; E: Female, posterior body region; I': Male, entire: G: Male, posterior body region; H: Spicule: I:
Lateral guiding piece: J: Female, entire; K: Vagina.
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Fig. 2. Sectonema birrucephalum sp. n. (LM, type population). A: Female, entire: B: Anterior region in median view:; C: Female,
anterior genital branch: D: Female. posterior body region: E: Lip region in lateral surface view: F: Female. oviduct-uterus junction: G:
Vagina: H: Male, posterior body region: I: Lateral guiding piece: J: Spicule: K: Female, caudal region. (Scale bars: A = 500 pzm: B =
S pum; C =100 gm: D, E, G, I = 10 ggm: F, H = 50 pm: J, K = 20 pzm.)
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Fig. 3. Sectonema birrucephalum sp. n. (SEM, male from Thai Binh province). A: Lip region in frontal view; B: Lip region in ventral
view; C: Posterior body region in ventral view; D: Lip region in sublateral view: E: Caudal region in sublateral view. (Scale bars: A, B,
D=25um;:C=10pum:E =35 um.)

MEASUREMENTS

See Table 1.

DESCRIPTION

Adults

Slender to very slender nematodes of medium to large
size, 2.73-4.35 mm long. Body cylindrical, distinctly ta-
pering towards anterior end, less so towards posterior be-
cause caudal region is rounded. Habitus regularly curved
ventrad after fixation, to a more or less open C, occa-

Vol. 18(5), 2016

sionally more curved in posterior body region, and spiral-
shaped in single male specimen. Cuticle three-layered,
especially visible at caudal region, consisting of thinner
outer layer bearing very fine transverse striations over en-
tire body, thicker intermediate layer with radial striation
and thin inner layer, thickness 3-4 y¢m in anterior region,
4.0-5.5 pum in mid-body and 7-10 p«m on tail. Lateral
chord 7-16 pm wide at mid-body, occupying one-tenth
to one-sixth (9-16%) of mid-body diam. Body pores com-
paratively large, two ventral and two dorsal pores often
present at level of stoma, their corresponding ducts ap-
pearing especially thickened beneath inner and intermedi-
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Table 1. Morphometrics of Cuc Phuong (type) and Thai Binh populations of Sectonema birrucephalum sp. n. All measurements are in

pm (except L, in mm), and in the form: mean + s.d. (range).

Character Cuc Phuong National Park Thai Binh Total range
Female Male Female Male Female Male
Holotype Paratypes Paratypes
n - 1 4 4 1 6 -1
L 3.89 4.09 3.08 £ 0.30 3.79 £ 0.36 4.35 3.45-4.29 2.73-4.35
(2.73-3.33) (3.45-4.29)
a 38 42 44.0 +£3.9 41.6 + 1.4 51 38-43 40-51
(40-48) (40-43)
b 4.3 4.6 45+ 04 41403 4.8 3.8-4.6 4.1-5.0
(4.1-5.0) (3.8-4.3)
¢ 1110 101.0 948 +£7.7 95:9+7.9 109 85-111 87-109
(87-105) (85-102)
¢t 0.6 0.7 0.7+ 0.0 0.7 £ 0.0 0.7 0.6-0.8 0.7-0.7
0.7-0.7) 0.7-0.8)
\% 55.0 55.0 - 54.8 + 0.6 - 54-56 -
(54-56)
Lip region diam. 19.0 19.0 18.8 £ 0.5 19.5 £ 0.2 20 19-20 18-20
(18-19) (19-20)
Odontostyle length (ventral) 10.5 10.0 11.0 £ 0.5 1.1 +£04 11 10-12 10-12
(10.0-11.5) (10.5-11.5)
Odontostyle length (dorsal) 11.0 11.0 11.6 £ 0.5 11.8 + 0.4 12 11-12 11-12
(11-12) (11-12)
Odontophore length ? 43 45 44 + 0.9 44 43-45 44-45
n=1) (43-45)
Guiding ring from ant. end 7.0 8.0 11.0 9.5402 10.0 7.0-10.0 10.0-11.0
(n=1) (9-10)
Neck length 902 893 693 + 49 930 + 57 904 864-989 659-904
(659-749) (864-989)
Pharyngeal expansion length 602 572 459 + 44 602 + 47 592 561-651 430-592
(430-510) (561-651)
Diam. at neck base 96 83 714 3.2 88 + 6.0 87 82-96 68-87
(68-74) (82-96)
at mid-body 101 96 71+4.2 91+75 85 84-101 68-85
(68-76) (84-101)
at anus 56 56 47 +£2.6 54 +£4.7 54 49-60 45-54
(45-50) (49-60)
Prerectum length 175 163 209 + 24 165 + 10 235 153-175 186-235
(186-234) (153-172)
Rectum length 52 47 64 + 3.9 52425 71 47-55 59-71
(59-69) (50-55)
Tail length 35 41 32+1.2 40 + 3.9 40 34-43 31-40
(31-34) (34-43)
Spicule length - - 72,75 - 73 - 72-75
(n=2)
Ventromedian supplements - - 45406 - 4 - 4-5
(4-5)
522 Nematology
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ate cuticle layers. Lip region rounded or somewhat cap-
like, offset by deep constriction, 2.7-3.0 times as wide
as high and one-fifth to two-sevenths (19-28%) of body
diam. at neck base, apparently (under SEM) marked by
radial (oral field) or longitudinal (remaining lip region) in-
cisures, with amalgamated lips and protruding, pore-like
labial and cephalic papillae, all surrounded by a ring-like
annulus, oral field perceptibly hexagonal, oral aperture a
dorso-ventral slit, lip region therefore showing bi-radial
symmetry. Amphid fovea cup-shaped, its opening occu-
pying 11.5-12.5 pem or three-fifths to two-thirds (61-66%)
of lip region diam. Cheilostom nearly cylindrical, lack-
ing any differentiation. Stomatal protruding structure in
form of a reduced odontostyle 0.5-0.6 times as long as lip
region diam. on its ventral side and 0.24-0.42% of body
length. Guiding ring simple, somewhat plicate, located at
0.4-0.5 lip region diam. from anterior end. Odontophore
linear, rod-like, 3.7-4.2 times odontostyle length. Anterior
region of pharynx enlarging very gradually, basal expan-
sion 9.1-11.7 times as long as broad, 6.2-7.4 times as long
as body diam., occupying 63-68% of total neck length.
Pharyngeal gland nuclei located as follows: DO = 41-43
(n = 4); DN = 45-48 (n = 5); SN, = 57, 58 (n = 2);
SiN> = 66-67 (n = 3): SHN = 78-80 (n = 6). Nerve ring
located at 144-207 pum from anterior end or 20-22% of
total neck length. Cardia rounded conoid, nearly as long
as wide, 12-18 x 12-19 pum, a weak ring-like structure
present surrounding its junction with pharyngeal base.

Female

Genital system didelphic-amphidelphic, with both
branches almost equally and well developed, anterior 420-
491 pem long or 11-13% of body length (484, 509 ;um
(n = 2) long or 11, 12% of body length with one uter-
ine egg inside), and posterior 407-537 pum long or 11-
14% of body length (574 um (n = 1) long or 14% of
body length with two uterine eggs inside). Ovaries vari-
ably sized, usually reaching sphincter level, anterior 106-
245 pum, posterior 107-230 pem long, oocytes arranged
first in two or more rows, then in a single row. Oviduct
120-150 pem long or 1.3-1.7 times corresponding body
diam. (273 pm (n = 1) long or 2.7 times correspond-
ing body diam. with one egg inside), and consisting of
a slender part made of prismatic cells and a well devel-
oped pars dilatata. Oviduct-uterus junction marked by a
sphincter. Uterus a simple tube-like structure 221-277 um
long or 2.2-3.3 times corresponding body diam. (248,
282 pm long (n = 2) or 2.6, 2.8 times corresponding
body diam. with one egg, and 340 yem (n = 1) long or 3.5
times corresponding body diam. with two uterine eggs),

Vol. 18(5), 2016

usually containing abundant sperm cells inside. Uterine
eggs ovoid, 121-133 x 69-75 pum, 1.6-1.9 times as long
as wide. Vagina extending inwards 43-49 pm or about
half (45-50%) of body diam., pars proximalis 28-34 x
24-28 pum, with somewhat sigmoid walls surrounded by
weak musculature, pars refringens with two drop-shaped
pieces measuring 9-11 x 6-8 um and with a combined
width of 14-18 pum, pars distalis 4-6 pm long. Vulva a
post-equatorial transverse slit. Prerectum 2.8-3.2 and rec-
tum 0.8-1.0 anal body diam. long. Tail short and rounded,
inner core bearing a finger-like projection at tail end. Two
pairs of caudal pores, one lateral, another subdorsal.

Male

Genital system diorchic, with opposed testes. In addi-
tion to adcloacal pair, situated at 15-19 gzm from cloacal
aperture, a series of four or five irregularly spaced, 13-
38 pum apart, ventromedian supplements, posteriormost of
which lying out of range of spicules at 63-95 m from
adcloacal pair. Spicules robust (n = 3), 3.9-4.0 times their
max. width long, 1.4-1.5 times body diam. at level of cloa-
cal aperture, dorsal contour regularly convex, ventral con-
tour concave, with shallow hump and hollow, curvature
132-135°, head occupying 9-11% of spicule total length,
its dorsal side longer than ventral, median piece 5.6-6.4
times as long as wide, occupying 57-63% of spicule max.
width, reaching posterior tip, posterior end 7 pem wide.
Lateral guiding pieces 20 «m (n = 3) long, 6.3-7.1 times
as long as wide. Prerectum 4.1-4.7 and cloaca 1.3-1.4
times corresponding body diam. long. Rectal glands and
their ducts (cf., Coomans & Loof, 1986) very clear. Cloa-
cal aperture (under SEM) a curved anteriad, transverse
slit. Tail similar to that of female. Two pairs of caudal
pores, one lateral, one subdorsal.

TYPE HABITAT AND LOCALITY

Soil from a pristine tropical forest with Dracontomelum
sp. and Tetrameles sp. as dominant plant species, Cuc
Phuong National Park, Ninh Binh Province, Northern
Vietnam (GPS coordinates: 20°19'00”N, 105°36'40"E).

OTHER HABITAT AND LOCALITY

Rhizosphere of Zea mays L., Thai Binh Province,
Northern Vietnam.

TYPE MATERIAL

Female holotype and three male paratypes deposited
in the nematode collection of the University of Jaén,
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Spain. One female and one male paratype deposited in
the nematode collection of the Institute of Ecology and
Biological Resources, Hanoi, Vietnam.

DIAGNOSIS AND RELATIONSHIPS

The new species is characterised by its 2.73-4.35 mm
long and slender (a = 38-51) body, lip region offset by
deep constriction and 18-20 ¢m broad, odontostyle 10.0-
11.5 pem long on its ventral side, neck 659-989 ;¢m long,
pharyngeal expansion 430-651 y«m long or occupying 63-
68% of total neck length, uterus a simple tube-like struc-
ture 221-277 pum long or 2.2-3.3 times the corresponding
body diam., pars refringens vaginae present, V. = 54-56,
female tail short (34-43 jum, ¢ = 85-111, ¢’ = 0.6-0.8) and
rounded, male tail similar to that of female (31-40 y¢m,
¢ = 87-109, ¢’ = 0.7), spicules 72-75 ;«m long, and four
or five irregularly and well-spaced ventromedian supple-
ments lying outside the spicule range.

In having a short, reduced odontostyle (10.0-11.5 pm
on its ventral side) and short tail (¢’ = 0.6-0.8) the new
species is morphologically close to S. brevicauda Heyns,
1965, S. macrospiculum (Altherr, 1958) Heyns, 1965,
S. pseudoventrale Heyns, 1965 and S. ventrale Thorne,
1930, but can be distinguished from all of them by its
narrower lip region (18-20 vs >20 pum). In addition, S.
birrucephalum sp. n. differs from S. brevicauda by its
smaller general size (L = 2.73-4.35 vs 7.73 mm, neck
659-989 vs 1333 ;um long), more posterior vulva (V =
54-56 vs 51), longer female tail (31-40 um, ¢ = 87-
109, ¢/ = 0.7 vs 28 um, ¢ = 280, ¢’ = 0.4), and male
present vs unknown. From S. macrospiculum (see recent
redescription by Pefia-Santiago & Alvarez-Ortega, 2014b)
by its more slender body (a = 38-51 vs 35-37), shorter
odontostyle (10.0-11.5 vs 15 pm on its ventral side),
comparatively longer uterus (2.2-3.3 vs 1.9-2.1 times
corresponding body diam.), shorter (31-43 vs 58-62 jtm)
and rounded vs convex conoid to conoid tail, shorter
spicules (72-75 vs 107 ;¢m), smaller lateral guiding pieces
(20 vs 25 um), and fewer ventromedian supplements (four
or five vs nine). From S. pseudoventrale by its longer
odontostyle (10.0-11.5 vs ca 8.5 jum on its ventral side),
longer uterus (221-277 vs 123 pm, 2.2-3.3 vs 1.3 times
corresponding body diam.), comparatively shorter female
tail (¢’ = 0.6-0.8 vs 0.8-1.0), shorter spicules (72-75 vs
90-95 pem), smaller lateral guiding pieces (20 vs 28 jum),
and fewer ventromedian supplements (four or five vs six
or seven); and from S. ventrale (see recent redescription
by Pefia-Santiago & Alvarez-Ortega, 2014a) by its smaller
general size (L = 2.73-4.35 vs 7.09-10.42 mm, neck 659-
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989 vs 1180-1474 pum), shorter odontostyle (10.0-10.5
vs 12-14 pum on its ventral side), pharyngeal expansion
(63-68 vs 68-73% of neck length), uterus (221-277 vs
363-623 jum), female tail (31-40 vs 47-71 pum), spicules
(72-75 vs 120 pm) and lateral guiding pieces (20 vs
33 um), and fewer ventromedian supplements (four or
five vs eight or nine). Moreover, the new species also
resembles S. vietnamense Nguyen, Abolafia, Bonkowski,
Pefia-Santiago & Alvarez-Ortega, 2016, but differs from it
in the wider lip region (18-20 vs 14-16 ;¢m) offset by deep
constriction vs depression, and pars refringens vaginae
well developed vs absent.

REMARKS

Although the specimens examined were collected from
two different locations they are very similar morphologi-
cally and morphometrically and no remarkable difference
was found between them.

Sectonema buccociliatum” sp. n.
(Figs 4-6)

MATERIAL EXAMINED

Five females and five males from one location, in
acceptable state of preservation.

MEASUREMENTS

See Table 2.

DESCRIPTION

Adults

Slender to very slender nematodes of medium size,
2.00-2.46 mm long. Body cylindrical, distinctly tapering
towards anterior end, less so towards posterior as caudal
region is rounded. Habitus regularly curved ventrad af-
ter fixation, C- or G-shaped, occasionally more curved
in posterior body region, spiral-shaped in only one fe-
male specimen. Cuticle three-layered, especially distin-
guishable in caudal region, consisting of thinner outer
layer bearing very fine transverse striation through entire
body, thicker intermediate layer with radial striation and

The specific epithet is a compound term referring to the
presence of cilia-like structures in the anterior part of the stoma.
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Fig. 4. Sectonema buccociliatum sp. n. A: Lip region in lateral surface view: B: Anterior region in lateral median view:; C: Pharynx:
D: Female, anterior genital branch; E: Vagina; F: Female, posterior body region; G: Male, posterior body region; H: Spicule; I: Lateral
guiding piece: J: Male, entire: K: Female. entire.
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Fig. 5. Sectonema buccociliatum sp. n. (LM). A: Female and male, entire; B, C: Anterior region in lateral median view; D, E: Lip region
in lateral surface view: F: Pharyngo-intestinal junction; G, H: Anterior uterus; I: Female, posterior genital branch; J: Neck region: K:
Spicule; L: Vagina: M: Female, posterior body region; N: Male, posterior body region: O: Male, caudal region and spicule. (Scale bars:
A =200 pm: B-F, K, L, O = 10 gm; G, H, M, N = 20 pum; I, J = 50 pem.)
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Fig. 6. Sectonema buccociliatum sp. n. (SEM). A, C: Lip region in sublateral view; B: Lip region in lateral view; D: Female, caudal
region in sublateral view: E: Lip region in ventral view: F: Detail of oral aperture, showing cilia-like structures at anterior end of
cheilostom (arrows). (Scale bars: A-C,E =3 pum; D =5 pum: F = 0.5 pum.)

thin inner layer, thickness 4-5 pm in anterior region, 4-
6 pm in mid-body and 8-10 p«m on tail. Lateral chord 6-
13 ;#m wide at mid-body, occupying one-tenth to one-fifth
(10-21%) of mid-body diam. Two ventral and two dorsal
body pores usually present at level of odontophore, their
corresponding ducts appearing especially thickened be-
neath intermediate cuticle layer. Lip region offset by con-
striction, 2.6-2.9 times as wide as high and one-fourth to
less than two-fifths (27-37%) of body diam. at neck base,
lips (under SEM) mostly amalgamated, but their perioral
part distinctly separated by existence of six radial, inter-
labial, marked incisures, button-like and protruding labial
papillae, all of them surrounded by a ring-like annulus,
cephalic papillae pore- rather than button-like, showing
a short transverse slit-like opening, and also surrounded
by a ring-like annulus, oral field visibly hexagonal, with
dorso-ventral aperture showing presence of short cilia-like
structures at anterior part of cheilostom. Amphid fovea
cup-shaped, its opening occupying 11-12 ¢m or ca three-
fifths (56-63%) of lip region diam. Cheilostom nearly
cylindrical, with cilia-like structures at its anterior part.
Odontostyle typical of genus, its ventral side 0.7 times as
long as lip region diam. or 0.54-0.68% of body length.
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Guiding ring simple, somewhat plicate, at 0.4-0.5 lip re-
gion diam. from anterior end. Odontophore linear, rod-
like, 1.8 (n = 1) times odontostyle length. Anterior region
of pharynx enlarging very gradually, basal expansion 7.5-
10.9 times as long as broad, 5.7-7.2 times as long as body
diam., occupying 62-69% of total neck length. Pharyngeal
gland nuclei located as follows (n = 1): DO = 46, DN =
50, SiN; = 68, SN, = 77, S;N = 86. Nerve ring lo-
cated at 127-139 pm from anterior end or 21-25% of total
neck length. Cardia rounded conoid, 13-15 x 10-14 ;tm,
prominent ring-like structure surrounding junction to pha-
ryngeal base.

Female

Genital system didelphic-amphidelphic, with both
branches almost equally and well developed, anterior 221-
281 pum long or 10-12% of body length and posterior 219-
269 pm long or 9-11% of body length. Ovaries variably
sized, anterior 69-123 pm, posterior 60-119 pm long,
oocytes arranged first in two or more rows, then in a sin-
gle row. Oviduct 71-95 y¢m long or 1.1-1.6 times corre-
sponding body diam., consisting of a slender part made
of prismatic cells and a well-developed pars dilatata with
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Table 2. Morphometrics of Sectonema buccociliatum sp. n. and S. ciliatum sp. n. All measurements are in zzm (except L, in mm), and
in the form: mean + s.d. (range).

Character S. buccociliatum sp. n., Moc Chau S. ciliatum sp. n., Cat Ba
National Park
Female Male Female Male
Holotype Paratypes Paratypes Holotype  Paratypes  Paratypes

n - 4 5 - 1 2
2 2.46 2.26 £ 0.18 (2.00-2.39)  2.22 £ 0.12 (2.09-2.37) 298 3.03 3.13,2.79
a 40.0 35.8 4 2.6 (33-38) 40.8 £ 7.3 (33-51) 34 34 41,35
b 39 3.9+ 0.2(3.7-4.1) 4.0+ 0.1(3.8-4.2) 43 ? 43,7
c 93.0 93.9 + 7.1 (87-104) 78.1 £ 7.9 (72-89) 88 92 89, 82
(4 0.8 0.6 £ 0.0 (0.6-0.7) 0.7 £ 0.0 (0.7-0.8) 0.6 0.6 0.7,0.7
\Y 57.0 58.1 + 2.8 (56-62) - 52 53 -
Lip region diam. 19.0 19.3 + 0.3 (19-20) 19.5 + 0.5 (19-20) 22 22 22,22
Odontostyle length (ventral) 13.0 13.2 £ 0.2 (13.0-13.5) 13.4 £+ 0.5 (13-14) 15 14 15, 15
Odontostyle length (dorsal) 14.0 13.9 + 0.3 (13.5-14.0) 14.1 £ 0.4 (14-15) 16 15 16, 16
Odontophore length ? 24(n=1) ? 28 29 27,27
Guiding ring from ant. end 9.4 8.5+ 0.4 (8.0-9.0) 8.4 1+ 0.3 (8.0-9.0) 13 12 11,11
Neck length 625 583 + 26 (546-605) 557 + 25 (530-589) 699 ? 722,7
Pharyngeal expansion length 403 379 + 43 (314-403) 363 + 32 (333-400) 421 ? 434,7
Diam. at neck base 56 59 £ 7.4 (52-70) 56 £ 2.6 (53-59) 72 79 71,69

at mid-body 61 63 £ 6.4 (58-73) 56 £ 9.5 (41-65) 88 88 77, 80

at anus 33 39 + 2.7 (35-41) 40 + 1.9 (37-42) 55 55 35,34
Prerectum length 115 95 + 15.7 (84-106) 134 + 11.2 (126-142) 200 200 7,200
Rectum length 38 41 £ 3.0 (37-44) 43 + 1.1 (42-44) 46 40 2,64
Tail length 26 24 + 1.3 (23-26) 28 + 2.0 (26-31) 34 33 35,34
Spicule length - - 60 =+ 4.8 (56-68) - - 72,70
Ventromedian supplements - - 3.6 £ 0.9 (3-5) - - 3.4

visible lumen. Sphincter present at oviduct-uterus junc-
tion. Uterus a simple tube, 116-152 pm long or 1.8-2.5
times corresponding body diam., three specimens bearing
abundant sperm cells inside. Vagina extending inwards
for 30-34 ;um or ca one-half (46-55%) of body diam.,
pars proximalis 20-23 x 19-23 pum, with somewhat sig-
moid walls and surrounded by weak musculature, pars re-
fringens with two, drop-shaped pieces measuring 9-10 x
6-7 um and with a combined width of 18-20 pum, pars
distalis 3-4 jum long. Vulva a post-equatorial transverse
slit. Prerectum 2.4-3.5, rectum 1.0-1.2 anal body diam.
long. Tail short and rounded, inner core usually bearing
a small finger-like projection at tail end. Anus, as seen un-
der SEM, a curved anteriad transverse slit. Two pairs of
caudal pores, one lateral, one subdorsal.

Male

Genital system diorchic, with opposed testes. In addi-
tion to adcloacal pair, situated at 11-14 pm from cloa-
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cal aperture, a series of 3-5 irregularly spaced, 9-36 ;«m
apart, ventromedian supplements, posteriormost of which
lying outside range of spicules and situated at 47-56 ;#m
from adcloacal pair. Spicules robust, 3.8-4.6 times their
max. width, 1.4-1.7 times body diam. at level of cloa-
cal aperture, dorsal contour regularly convex, ventral con-
tour weakly concave, with distinct hump and hollow, cur-
vature 127-136°, head occupying 11-20% of spicule to-
tal length, its dorsal contour slightly curved at anterior
end and longer than ventral, which is shorter and almost
straight, median piece 7.5-9.1 times as long as wide, oc-
cupying 39-46% of spicule max. width, reaching pos-
terior tip, posterior end 4-6 pum wide. Lateral guiding
pieces 15-17 pum long, 6.0-7.3 times longer than wide.
Prerectum 3.0, 3.8 (n = 2), cloaca 1.0-1.1 times cor-
responding body diam. long. Tail similar to that of fe-
male. Two pairs of caudal pores, one lateral, one sublat-
eral.
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TYPE HABITAT AND LOCALITY

Soil from a natural forest in the Moc Chau highlands,
Son La Province, Northern Vietnam.

TYPE MATERIAL

Female holotype, two female and four male paratypes
deposited in the nematode collection of the University of
Jaén, Spain. One male and one female paratype deposited
in the nematode collection of the Institute of Ecology and
Biological Resources, Hanoi, Vietnam.

DIAGNOSIS AND RELATIONSHIPS

The new species is characterised by its 2.00-2.46 mm
long body, lip region 19-20 ;um broad and offset by a
constriction, cheilostom bearing cilia-like structures in its
anterior part, odontostyle 13-14 ;m long on its ventral
side, 530-625 pum long neck, pharyngeal enlargement
314-403 pem long and occupying 62-69% of total neck
length, uterus a simple tube-like structure 116-152 pm
long or 1.8-2.5 times the body diam., pars refringens
vaginae present, V = 56-62, short (23-26 j«m, ¢ = 87-104,
¢’ = 0.6-0.8) and rounded female tail, male tail similar
to that of female (26-31 um, ¢ = 72-89, ¢’ = 0.7-0.8),
spicules 56-68 p«m long, and 3-5 spaced ventromedian
supplements beyond the range of the spicules.

The new species can be distinguished from its con-
geners by its small size, the smallest within the genus. In
having a small body (L = 2.00-2.46), short odontostyle
(13-14 pom on its ventral side) and short tail (¢’ = 0.6-
0.8), S. buccociliatum sp. n. is morphologically close to
S. macrospiculum, S. pseudoventrale and S. vietnamense,
from which it differs in its smaller general size (body
2.00-2.46 vs >2.7 mm long) and the presence of cilia-like
structures in the anterior cheilostom. In addition, it can
be distinguished from S. macrospiculum by its narrower
lip region (19-20 vs 27-28 jum), shorter neck (530-625 vs
823-935 yum), shorter uterus (116-152 vs 270-297 pum),
more posterior vulva (V = 56-62 vs 53), shorter tail (23-
31 vs 58-62 ;um), lateral guiding pieces (15-17 vs 25 jum)
and spicules (56-68 vs 107 ;¢m), and fewer ventromedian
supplements (3-5 vs eight). From S. pseudoventrale by its
narrower lip region (19-20 vs 21-23 ;um), longer odon-
tostyle (13-14 vs 8.5 ;zm on its ventral side), shorter neck
(530-625 vs 850-1072 pum), more posterior vulva (V =
56-62 vs 50-56), shorter lateral guiding pieces (15-17 vs
28 pum), tail (23-31 vs 37-63 ;em) and spicules (56-68 vs
90-95), and fewer ventromedian supplements (3-5 vs six

Vol. 18(5), 2016

or seven); and from S. vietnamense by its lip region off-
set by a constriction vs depression and wider (19-20 vs
14-16 y¢m), longer odontostyle (13-14 vs 8-9 pum on its
ventral side), shorter uterus (116-152 vs 209-242 ;um or
1.8-2.5 vs 2.5-2.9 times body diam.), pars refringens vagi-
nae present vs absent, more posterior vulva (V = 56-62 vs
54), and shorter tail (23-31 vs 34-39 um).

Sectonema buccociliatum sp. n. also resembles S. ani-
sonchum Siddiqi, 1984 and S. basilgoodeyi Heyns, 1965,
but can be separated from both by its smaller size (L =
2.00-2.46 vs >3.9 mm), anterior part of cheilostom bear-
ing vs lacking cilia-like structures, and the nature of the
stomatal protruding structure (a reduced odontostyle vs
a mural tooth). Moreover, the new species differs from
S. anisonchum by its longer odontostyle (13-14 vs 10.0-
10.5 p«m on its ventral side), shorter neck (530-625 vs
960-1040 p¢m), female tail (23-26 vs 34-42 pm) and
spicules (56-68 vs 84-96 jum), longer lateral guiding piece
(15-17 vs 13-14 pum), and fewer ventromedian supple-
ments (3-5 vs seven or eight); and from S. basilgoodeyi by
its narrower lip region (19-20 vs ca 23 jum), shorter neck
(530-625 vs 874-924 pum), shorter uterus (116-152 pm
long or 1.8-2.5 times the body diam. vs ca 366 j¢m long
or 3.4 times the body diam.), tail (23-31 vs 55 jzm) and
spicules (56-68 vs 110 y«m), and fewer ventromedian sup-
plements (3-5 vs eight).

Sectonema ciliatum” sp. n.
(Figs 7-10)
MATERIAL EXAMINED
Two females and two males from one location, in
acceptable state of preservation.
MEASUREMENTS

See Table 2.

DESCRIPTION

Adults

Slender to very slender nematodes of medium to large
size, 2.79-3.13 mm long. Body cylindrical, distinctly ta-
pering towards anterior end, less so towards posterior
as caudal region is short and rounded. Habitus curved

“The specific epithet refers to the presence of cilia-like
structures in the anterior part of the cheilostom.
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Fig. 7. Sectonema ciliatum sp. n. A: Anterior region lateral median view: B: Pharynx: C: Female. posterior genital branch: D: Lip region
in lateral surface view: E: Vagina: F: Female, entire; G: Male, entire; H: Female, posterior body region: I: Male, posterior body region:
J: Spicule: K: Lateral guiding piece.
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Fig. 8. Sectonema ciliatum sp. n. (LM). A: Female, entire; B: Male. entire: C, F: Lip region in lateral surface view; D, E: Lip region
in lateral median view: G: Pharyngo-intestinal junction: H: Vagina; I: Uterine egg: J: Neck region; K: Female, caudal region; L: Male,
caudal region; M: Female, posterior genital branch; N: Male, posterior body region; O: Spicule. (Scale bars: A, B = 200 um; C-H, L,
O=10pm: LK, N =20 pm:;J.M = 50 pum.)
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w| Clavicaudoides clavicaudatus (EF207235)
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Nygolaimus cf. brachyuris (AY593061)

e Crassolabium sp. (AY593041)
Crassolabium circulifer (AY593039)
Crassolabium circulifer (AY593038)
Crassolabium sp. (AY593040)

wof Epidorylaimus lugdunensis (AY593035)

Eudorylaimus sp. (AY593037)
Enchodelus sp. (EF207240)
wo Longidorella sp. (AY593043)
Longidorella cf. macramphis (AY593042)
Longidorella sp. (AY593044)
Microdorylaimus miser (AY593046)
Eudorylaimus minutus (AY593048)
Enchodorus dolichurus (KR184124)
Heterodorus youbertghostai (KR184127)
Microdorylaimus modestus (AY593049)
wo| Pungentus silvestris (AY593052)
wl | Pungentus silvestris (AY593053)
Pungentus engadinensis (AY593050)

Tylencholaimus cf. teres (EF207243)
Tylencholaimus mirabilis (AY593027)
Tylencholaimus mirabilis (EF207242)
Tylencholaimus sp. (AY593028)
wof Aporcella simplex (JQ778274)
Aporcella simplex JQT78273)
Discolaimus cf. major (EF207239)
i Discolaimus major (AY593025)
Discolaimus major (AY593026)
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w| Sectonema barbatoides (AY593030)
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w0 Metaporcelaimus ovogranulosus (JQ927441)
Metaporcelaimus ovogranulosus (JQ927440)
Metaporcelaimus capitatus (JQ927438)

Fig. 9. Bayesian 50% majority rule consensus trees as inferred from D2-D3 expansion segments of 288 rRNA gene sequence alignments
under the GTR + I + G model. Posterior probabilities are given for appropriate clades. Newly obtained sequences are indicated by

bold letters.
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Fig. 10. Maximum Likelihood tree as inferred from D2-D3 expansion segments of 285 rRNA gene sequence alignments under the
GTR + I + G model. Bootstrap values are given for appropriate clades. Newly obtained sequences are indicated by bold letters.
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ventrad after fixation, especially in posterior body re-
gion, J-shaped in female, G-shaped in male. Cuticle
three-layered, especially distinguishable in caudal region,
consisting of thinner outer layer bearing very fine trans-
verse striation throughout entire body, thicker intermedi-
ate layer with radial striation and thin inner layer, thick-
ness 3.5-4.5 pum in anterior region, 4.5-5.0 xm at mid-
body and 8-9 yum on tail. Lateral chord 15-17 pum wide
at mid-body, occupying ca one-fifth (18-21%) of mid-
body diam. Three ventral and three dorsal body pores
often present at level of odontophore. Lip region offset
by deep constriction, 2.9-3.2 times as wide as high and
one-fourth to less than one-third (27-32%) of body diam.
at neck base, lips mostly amalgamated, rounded, papillae
distinct, somewhat protruding. Amphid fovea cup-shaped,
its opening occupying 12.0-12.5 pm or five-ninths (55-
57%) of lip region diam. Cheilostom nearly cylindrical,
bearing cilia-like structures in its anterior part. Odon-
tostyle typical of genus, its ventral side 0.7 times as long
as lip region diam. or 0.47-0.52% of body length. Guiding
ring simple, plicate, at 0.5-0.6 lip region diam. from ante-
rior end. Odontophore linear, rod-like, 1.8-2.0 times odon-
tostyle length. Anterior region of pharynx enlarging very
gradually; basal expansion 10, 12 (n = 2) times longer
than wide, 5.8, 6.1 (n = 2) times longer than body diam.
and occupying 60% (n = 2) of total neck length. Pharyn-
geal gland nuclei obscure in most specimens examined
and their location only observed in one specimen: DO =
49, DN = 54, S|N; = 72, §;N, = 81, S;N = 88. Nerve
ring located at 169-191 pem from anterior end or 24, 26%
(n = 2) of total neck length. Cardia rounded conoid, 23 x
12 pm (n = 1), a conspicuous, somewhat asymmetrical
ring-like structure present surrounding junction with pha-
ryngeal base.

Female

Genital system didelphic-amphidelphic, with both
branches almost equally and well developed, anterior not
measured (not totally extended in one specimen and bro-
ken in another), posterior 375, 443 um (n = 2) or 13,
15% of body length. Ovaries moderately sized, usually
reaching sphincter level, anterior 182 pum (n = 1), pos-
terior 169, 238 yum long, oocytes arranged first in two or
more rows, then in a single row. Oviduct 126, 138 pum
long or 1.4, 1.6 times corresponding body diam., consist-
ing of a slender part made of prismatic cells and a well-
developed pars dilatata. Oviduct-uterus junction marked
by a sphincter. Uterus apparently a simple tube-like struc-
ture, 201 or 211 pm long, or 2.3 or 2.4 times correspond-
ing body diam. (244 jum long or 2.8 times correspond-
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ing body diam., with one uterine egg inside), uterine eggs
ovoid, 144-148 x 54-60 pm, 2.5-2.7 times as long as
wide. Vagina extending inwards for 40 ;tm or less than
one-half (45, 46%) of body diam., pars proximalis 27,
30 x 20 pum, with somewhat sigmoid walls surrounded by
weak musculature, pars refringens with two, drop-shaped
to trapezoidal pieces measuring 9, 10 x 7 pm and with
a combined width of 14 or 15 pm, pars distalis 2.5 or
3 pumlong. Vulva a post-equatorial transverse slit. Prerec-
tum 3.7, rectum 0.7-0.8 anal body diam. long. Tail short
and rounded. Two pairs of caudal pores, both nearly sub-
lateral.

Male

Genital system diorchic, with opposed testes. In addi-
tion to adcloacal pair, situated at 14, 15 pom from cloacal
aperture, a series of three or four widely spaced, 32-38 um
apart, and weakly developed ventromedian supplements,
posteriormost of which lying beyond range of spicules
and 99, 100 pm from adcloacal pair. Spicule robust, 4.6,
4.7 times its max. width, 1.4 (n = 2) times body diam.
at level of cloacal aperture, dorsal contour regularly con-
vex, ventral contour slightly concave, with shallow hump
and hollow, curvature 127, 136°, head occupying 9, 11%
of spicule total length, its dorsal contour hardly curved at
anterior end and longer than ventral one, which is shorter
and almost straight, median piece 8.0, 8.3 times as long
as wide, occupying 51, 53% of spicule max. width, reach-
ing posterior tip, posterior end 7 (n = 2) pm wide. Lateral
guiding pieces 19, 20 ;um long, 6.9, 7.2 times as long as
wide. Prerectum 4.0 (n = 1), cloaca 1.3 (n = 1) times cor-
responding body diam. long. Tail similar to that of female.
Two pairs of caudal pores, one lateral, one subdorsal.

TYPE HABITAT AND LOCALITY

Soil from a secondary forest with Cinnamomum sp.
as dominant plant species, Cat Ba National Park, Hai
Phong Province, Northern Vietnam (GPS coordinates:
20°47'45"N, 107°00'40"E; 170 m a.s.1.).

TYPE MATERIAL

Female holotype and one female and two male paraty-
pes deposited in the nematode collection of the University
of Jaén, Spain.

DIAGNOSIS AND RELATIONSHIPS

This new species is characterised by its 2.79-3.13 mm
long body, lip region 21.5-22.0 um broad and offset by
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constriction, anterior part of cheilostom bearing cilia-like
structures, odontostyle 14-15 jem long on its ventral side,
neck 699-722 pm long, pharyngeal enlargement 421-
434 pum long or occupying 60% of total neck length,
uterus apparently a simple tube-like structure 201-244 ;¢m
long or 2.3-2.8 times the body diam., pars refringens
vaginae well developed, V = 52-53, short (33-35 jum, c =
82-92, ¢’ = 0.6-0.7) and rounded tail, spicules 70-72 tm
long, and three or four widely spaced ventromedian
supplements beyond the range of the spicules.

The new species is very similar to S. buccociliatum sp.
n., but differs by its larger general size (L = 2.79-3.13 vs
2.00-2.46 mm, neck = 699-722 vs 530-625 ptm), wider
lip region (21-22 vs 19-20 z¢m), more anterior vulva (V =
52-53 vs 56-62), and inner core lacking vs usually bearing
a finger-like projection at tail end.

In having a small body, short odontostyle (14-15 j¢m
on its ventral side) and short tail (¢ up to 1.0), S. ciliatum
sp. n. is close to S. macrospiculum, S. pseudoventrale and
S. vietnamense, but differs from all by the presence vs
absence of cilia-like structures in the anterior cheilostom.
In addition, it can be distinguished from S. macrospiculum
by its smaller general size (L = 2.79-3.13 vs 4.07-
5.06 mm, neck = 699-722 vs 823-935 pm), narrower
lip region (21-22 vs 27-28 pm), shorter pharyngeal
expansion (60 vs 67-68% of total neck length), tail (33-35
vs 58-62 ;em) and spicules (70-72 vs 107 jem), and fewer
ventromedian supplements (three or four vs eight); from
S. pseudoventrale by its smaller general size (L = 2.79-
3.13 vs 3.72-5.92 mm, neck = 699-722 vs 850-1072 pum),
longer odontostyle (14-15 vs ca 8.5 em on its ventral side)
and uterus (201-244 vs 123 pm long or 2.3-2.8 vs 1.3
times body diam.), shorter tail (33-35 vs 46-63 jzm) and
spicules (70-72 vs 90-95 ;¢m), and fewer ventromedian
supplements (three or four vs six or seven); and from S.
vietnamense by its wider lip region (21-22 vs 14-16 j¢m)
offset by constriction vs depression, and pars refringens
vaginae present vs absent.

Sectonema ciliatum sp. n. also resembles S. anisonchum
and S. basilgoodeyi, but can be distinguished from both
by its smaller body (L = 2.79-3.13 vs >3.90 mm), and the
presence of cilia-like structures in the anterior cheilostom.
Moreover, it differs from S. anisonchum by its longer
(14-15 vs 10.0-10.5 zem long on its ventral side) odon-
tostyle (vs a mural tooth), shorter neck (699-722 vs 960-
1040 y¢m) and pharyngeal expansion (60 vs 70% of to-
tal neck length), more anterior vulva (V = 52-53 vs 54-
58). comparatively longer tail (c = 82-92 vs 100-125),
shorter spicules (70-72 vs 84-96 j¢m), longer lateral guid-
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ing pieces (19-20 vs 13-14 ;tm), and fewer ventromedian
supplements (three or four vs seven or eight); and from
S. basilgoodeyi by its less slender body (a = 34-41 vs 49-
53), shorter neck (699-722 vs 874-924 ;¢m), uterus shorter
(201-244 vs ca 366 pum or 2.3-2.8 vs 3.4 body diam. long)
and a simple tube-like structure vs apparently tripartite,
and more anterior vulva (V = 52-53 vs 58), shorter tail
(33-35 vs 55 pem) and spicules (70-72 vs 110 pem), and
fewer ventromedian supplements (three or four vs eight).

MOLECULAR CHARACTERISATION

Two 750-bp sequences of the D2-D3 of 28S rRNA
gene were obtained from one female and one male. Both
sequences were identical. The evolutionary relationships
of the new species with several representatives of the
order Dorylaimida are presented in Figures 9 and 10.
The molecular data and their derived phylogenetic trees
show similar phylogenetic relationships and topology to
those obtained in previous studies (Alvarez-Ortega et al.,
2013a, b; Nguyen, er al., 2016). The two S. ciliatum sp.
n. sequences clustered together with its congeners, very
close to S. rropicum Nguyen, Abolafia, Bonkowski, Pefa-
Santiago & Alvarez-Ortega, 2016, another species of the
genus from the same geographical origin (Vietnam), in
a well-supported clade (posterior probabilities: BI = 100
and ML = 98).
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Abstract

Recently, specimens of Cephalobus topali, collected from an agricultural area from northern Vietnam, are described, in-
cluding SEM study. They are characterized by their its 306-347 um long body in females, lateral field with two alae or 3-
4 longitudinal incisures, lip region with three pairs of asymmetrical conoid lips, three low and rounded labial probolae
separate from the corresponding pair of lips by an incisure, U-shaped primary axils without guard processes, V-shaped
secondary axils without guard processes, pharyngeal corpus slightly fusiform and 2.6-3.1 times the isthmus length, sper-
matheca and postvulval sac poorly developed, female tail conoid (18-24 um, ¢ = 12.7-17.0, ¢’ = 1.8-2.7) with rounded
terminus ending in an acute or wart-shaped mucro, phasmid at 29-34% of tail length, and male unknown. SEM pictures
reveal that lip region pattern significantly differs from that found in members of Cephalobus and fits that observed in Ac-
robeloides, so that the species is transferred to this genus. Cephalobus quadrilineatus is provisionally maintained as dif-
ferent from C. topali.

Key words: Acrobeloides, cephalobids, Cephalobus, morphology, new combination, rhabditids, SEM, taxonomy

Introduction

The order Rhabditida Chitwood, 1933 has been studied for more than a century in many regions of the world,
especially in temperate areas. However, for many areas there is still little information on the order. Knowledge of
rhabditid taxa from Vietnam is limited to the work of Andrassy (1970), who recorded and described six species,
namely Ablechroiulus dudichi Andréassy, 1970, Cephalobus topali Andréassy, 1970, Heterocephalobus loofi
Andréssy, 1968, Heteropleuronema unum Andrassy, 1970, Panagrocephalus baloghi Andrassy, 1968 and
Stomachorhabditis vietnamicus Andrassy, 1970.

Several nematological surveys were conducted in Vietnam in the last few years and yielded some rhabditid
specimens, which will be studied in the future. Six females and eight larvae of C. topali were collected, a species
only known to occur in Vietnam and originally described on the base of one female. An attempt was made to re-
examine this female, but, unfortunately, the material had deteriorated so much that this was not possible. Here we
present a re-description of the species, expanding its taxonomic characterization.

Material and methods

Extraction and processing of nematodes. Nematodes were collected from soil samples taken alongside the Pia
Oac Nature Reserve, Cao Bang Province, Vietnam, extracted using the Baermann’s funnel (1917) technique and
Flegg’s (1967) sieving methods, relaxed and killed by heat, fixed in 4% formaldehyde, processed to anhydrous
glycerol following De Grisse’s (1969) technique, and mounted on permanent glass slides.
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Light microscopy (LM). Drawings were made using a drawing tube (camera lucida) attached to a Leitz
Laborlux S microscope. Measurements were taken using an ocular micrometer and/or a curvimeter from drawings
of the corresponding organ or structure. Micrographs were taken with a Nikon Eclipse 80i light microscope
provided with differential interference contrast optics (DIC) and a Nikon Digital Sight DS-Ul camera.
Micrographs were edited using Adobe® Photoshop® CS.

Scanning electron microscopy (SEM). A specimen preserved in glycerol was selected for observation using
SEM following the protocol of Abolafia (2015). The nematode was hydrated in distilled water, dehydrated in a
graded ethanol-acetone series, critical point dried, coated with gold, and observed with a Zeiss Merlin microscope
(5kv).

The terminology used for the morphology of stoma and spicules follows the proposals of De Ley e al. (1995)
and Abolafia & Pefia-Santiago (2006), respectively.

Taxonomic results

Cephalobus topali Andrissy, 1970
(Figs 1-3)

Material examined. Six females and eight larvae from Pia Oac, Vietnam, in acceptable state of preservation.

Morphometrics. See Table 1.

Description. Female: Body 0.31-0.35 mm long. Habitus straight or sigmoid after fixation. Cuticle distinctly
annulated, annuli 2 mm thick at mid-body. Lateral field occupying 15-24% of mid-body diameter, with two alae
(three or four longitudinal incisures, depending on either alae are slightly separate or not) arising at pharyngeal
corpus level and fading away at phasmid level, appearing only one incisure posteriorly. With SEM, anterior region
seen to comprise three pairs of asymmetrical conoid lips, and three low and rounded labial probolae separated from
the corresponding pair of lips by an incisure; primary axils deep. U-shaped, lacking guard processes; secondary
axils shallow, V-shaped, lacking guard processes. Sensillae papilliform, six labial and four cephalic. Amphids slit-
like, with thickened margin. Stoma cephaloboid: cheilostom with rounded rhabdia; gymnostom narrower than
cheilostom, and as wide as stegostom, the latter with small rhabdia. Pharynx also cephaloboid: slightly fusiform
corpus, 2.6-3.1 times the isthmus length, with procorpus longer than metacorpus; isthmus narrower than corpus;
basal bulb pyriform, bearing well developed valves at its middle. Cardia hemispheroid, surrounded by intestinal
tissue. Intestine lacking specialization; its lumen often sigmoid. Nerve ring located at 56-76% of neck (stoma +
pharynx) length, at level of the posterior part of corpus, near its junction to isthmus. Excretory pore at 61-87% of
neck length, 44-48 annuli from the anterior end, at level of corpus-isthmus junction, in front of hemizonid. Deirid
at 63-81% of neck length, 49-53 annuli from the anterior end, at level of basal bulb. Reproductive system
monodelphic-prodelphic: ovary posteriorly directed, with or without a double flexure posterior to vulva level;
oviduct short, difficult to distinguish; spermatheca poorly developed, 0.3-0.4 times the corresponding body
diameter in length; uterus tube-like, as long as the corresponding body diameter, consisting of a shorter proximal
part with thin walls and distinct lumen and a longer distal section having thick walls and small lumen; post-vulval
sac 0.2-0.4 times the corresponding body diameter in length; vagina extending inwards to one-third of body
diameter. Rectum 1.3—1.7 anal body widths in length. Tail conoid, with 11-13 annuli on the ventral side; terminus
rounded, ending in an acute or wart-shaped mucro. Phasmid situated at 29—34% of tail length.

Male: Unknown.

Diagnosis (based on the 6 specimens studied). This species is characterized by its body length (306-347 um
in females), lateral field with two alae or 3—4 longitudinal incisures, lip region with three pairs of asymmetrical
conoid lips, three low and rounded labial probolae separate from the corresponding pair of lips by an incisure, U-
shaped primary axils without guard processes, V-shaped secondary axils without guard processes, pharyngeal
corpus slightly fusiform and 2.6-3.1 times the isthmus length, spermatheca and post-vulval sac poorly developed,
female tail conoid (1824 um, ¢ = 12.7-17.0, ¢’ = 1.8-2.7) with rounded terminus ending in an acute or wart-
shaped mucro, and phasmid at 29-34% of tail length. Males are unknown.

Locality and habitat. Pia Oac (GPS coordinates: 22°36'28"N and 105°52'15"E, elevation 1150 m), Cao Bang
Province, Vietnam, collected from the rhizosphere of Zea mays L. growing in an area of intensive agricultural crops
alongside the Pia Oac Natural Reserve.
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TABLE 1. Morphometrics of Cephalobus quadrilineatus Eroshenko, 1968 and C. topali Andrassy, 1970. Measurements
in um and in the form: mean + standard deviation (range) where appropriate.

Species C. topali C. quadrilineatus

Locality/District Pia Oac Yen So, Hanoi Pogranichny and
Khankaysky

Province Cao Bang Hanoi Primorsky Krai

Country Vietnam Vietnam Russia

Habitat Maize Grass Wheat

Reference Present paper Andrassy (1970) Eroshenko (1968)

n 69% Y 1399

Body length 317.7 £ 14.4 (306-345) 310 310-387

a 17.6 + 1.4 (15.9-19.2) 17.0 13.8-18.7

b 3.1+£0.2(2.9-3.3) 3.1 3.2-3.7

c 144+ 1.5(12.7-17.0) 15.0 13.0-14.7

¢ 2.1+0.3(1.8-2.7) 1.7 2.1*

\Y 64.3 + 1.4 (62-65) 65 61-68

Labial probolae 1.0£0.1(1.0-1.2) 1.4* ?

Lip region width 6.0+ 0.6 (5-6) 7 2

Stoma length 10.5+0.6 (10-11) 13 ?

Pharyngeal corpus 56.5+3.0 (51-59) 62* ?

Isthmus 20.0+ 1.6 (18-22) 21* ?

Bulbus 15.2 +2.3 (14-20) 14 ?

Pharynx length 94.0 + 5.0 (83-96) 97* ?

Nerve ring - anterior end 76.0 + 7.4 (60-77) 67* ?

Excretory pore - anterior end 68.0 + 7.3 (57-72) 58% ?

Deirid - anterior end 75.0 + 6.0 (65-78) 71%+ ?

Neck length 104.5 + 5.4 (93-107) 105* 95%%

Cardia 45+0.8(4-6) 4* 2

Annuli 1.0+ 0.2 (1.0-1.4) 1.3 2

Cuticle at midbody 0.8+0.0(0.8) 0.8 2

Body diameter at neck base 18.5 + 1.5 (16-20) 20** ?

Body diameter at midbody 18.5+ 1.9 (16-20) 18%* 22

Lateral field width 4.0+0.5((34) 3* ?

Anterior ovary 58.0 + 16.9 (57-96) 108* 2

Spermatheca 6.5+0.6 (6-7) 0? ?

Anterior uterus length 19.5+2.6 (18-24) 47* 2

Postvulvar sac 6.5+1.3(4-7) 8*

Vagina length 5.0+ 0.0(5) 4*

Vulva - anterior end 201.8+11.8 (189-224) 210** 192**

Rectum length 15.0+ 1.9 (14-19) 13%* ?

Anal body diameter 10.5+ 1.5 (9-13) 13** ?

Tail length 23.0+£2.3(18-24) 22 25**

Phasmid - anus distance 8.5+ 1.0(7-9) g** 2

* Measurements from drawings, ** from other measurements.
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FIGURE 1. Acrobeloides topali (Andrassy, 1970) n. comb. (female, in lateral view). A: Anterior end. B: Lip region. C, D:

Reproductive system. E: Lateral field. F: Entire female. G-1: Posterior end.
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FIGURE 2. Acrobeloides topali (Andrassy, 1970) n. comb. (female, light micrographs). A: Anterior end (white arrow
indicates the excretory pore, black arrow pointing at the deirid). B: Stoma. C: Hemizonid (arrowed). D: Reproductive system.
E. F, H: Tail (arrows pointing at the phasmid). G: Deirid (arrowed). 1, J: Lateral field.
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FIGURE 3. Acrobeloides topali (Andrassy, 1970) n. comb. (female, scanning electron micrographs). A-D: Lip region (right
lateral, left subventral, frontal and right subventral, respectively). E: Lateral field. F, G: Posterior end (arrows indicate the
phasmid).
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Discussion. Cephalobus topali was originally described from only one female and three larval specimens. The
material herein studied perfectly fits Andrassy’s (1970) description. The SEM observations reported here provide
additional information that raises doubt about the position of this species. For example, instead of connecting the
corresponding adjacent pairs of lips, a typical diagnostic feature of the genus Cephalobus Bastian, 1865 (see
Abolafia & Pefia-Santiago 2009), the labial probolae of the specimen examined here are clearly separated from the
lips by an incisures (Fig. 3A—C). This fits the pattern observed in representatives of the genus Acrobeloides (Cobb,
1924) Thorne, 1937 (see Abolafia & Pefia-Santiago, 2003). Consequently, this species is transferred to the genus
Acrobeloides as A. topali (Andrassy, 1970) comb n.

Andréssy (1984) regarded C. ropali as identical to and a junior synonym of Cephalobus quadrilineatus
Eroshenko, 1968, only known to occur in Russian Far East Territories. Both species have similar morphology and
morphometry (see comparison in Table 1), and both have an acute mucro at the tail tip. Later, however, Andréassy
(2005) maintained both species as valid, but examination of specimens of the Russian species is necessary to
confirm it. Provisionally, we accept that the two species are valid as differences between them were noted: isthmus
size (as long as vs one-third of the corresponding body diameter), excretory pore location (at level of the corpus-
isthmus junction vs at isthmus posterior portion, near the basal bulb), presence of a short vs absence of a post-
vulval sac, and rectum length (as long as vs shorter than the corresponding body diameter).

The distribution of 4. topali appears to be restricted to the north of Vietnam, associated with modified soils.
Andréssy (1970) found it among grass roots in the municipal cemetery of the district of Yen So (Hanoi), and here it
is reported from further north, in agricultural plots opened in the rain forest, close to the Pia Oac Natural Reserve.
In the last two years, several hundred specimens of nematodes have been examined from this area but, only a few
specimens of this rare species were found, and none came from natural, unaltered areas.
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Abstract

Two new species of Aporcelinus from Vietnamese natural habitats are studied, described and illustrated, including line
drawings and light microscope (LM) pictures. Aporcelinus paramamillatus sp. n. is characterized by its 1.71-2.14 mm
long body, lip region 21-22 pum broad, odontostyle 22-24 um long at its ventral side, neck 451-503 pm long, uterus tri-
partite and 71-94 pum long, V= 53-54, tail conical with finely rounded tip, ending in a short peg-like terminus, occasion-
ally slightly re-curved dorsad (24-34 pum, ¢ = 50-77, ¢’ = 0.6-0.9) and unknown male. Aporcelinus paraseychellensis sp.
n. is distinguished by its 1.20-1.46 mm long body, lip region 16-18 pum broad, odontostyle 20 um long at its ventral side,
neck 354-368 um long, uterus tripartite and 176-241 um long, V= 52-54, tail conical with acute tip and hardly re-curved
dorsad, spicules 62 um long, and 12 regularly spaced ventromedian supplements lacking hiatus.

Key words: Aporcelinus, description, morphology, new species, taxonomy, Vietnam

Introduction

Andrassy (2009a) erected the genus Aporcelinus to accommodate two new species, A. altitudinalis and A.
mediterraneus, and seven previously known taxa that were transferred from Allodorylaimus Andrassy, 1986,
Aporcelaimellus Heyns, 1965, and Eudorylaimus Andréassy, 1959. A few other species were later added by Andrassy
(2009b, 2012), Alvarez-Ortega & Pefia-Santiago (2011, 2013) and Vinciguerra et al. (2014), bringing the total
number of species to 18. Aporcelinus was originally classified under Aporcelaimidae Heyns, 1965, Aporcelaimellinae
Andrassy, 2009, but also compared to Allodorylaimus in Qudsianematidae Jairajpuri, 1965, Qudsianematinae
Jairajpuri, 1965. It was separated from the aporcelaimid genera Aporcelaimellus and Makatinus Heyns, 1965 by its
thinner cuticle at tail (vs distinctly thickened), absence (vs presence) of cervical lacunae, presence (vs absence) of a
dorsal lobe at the pharyngo-intestinal junction, absence (vs presence) of a hiatus, and conical (vs mostly short and
rounded) tail with pointed (vs rounded) tip; and from A/lodorylaimus by its three-layered (vs two-layered) cuticle,
aporcelaimoid (vs typical dorylaimoid) guiding apparatus and tail not curved ventrad (vs distinctly curved ventrad).
More recently, Vinciguerra er al. (2014) raised some doubt about the classification of Aporcelinus under
Aporcelaimidae due to features also shared with members of Qudsianematidae.

Abundant material of Aporcelinus was collected in natural and cultivated areas of Vietnam in several
nematological surveys conducted during the last three years. Detailed studies revealed that this material might
contain several unknown species. The description of two of them is presented in the following paper. This
contribution is part of a series of papers (see Vu ez al., 2010; Alvarez-Ortega et al., 2015) devoted to explore the
diversity of Vietnamese dorylaims.
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Material and methods

Sampling. Soil samples were collected from natural areas of Vietnam and temporarily stored in plastic bags.
Nematodes were extracted using Baermann’s (1917) and Flegg’s (1967) methods, relaxed and killed by heat, fixed
in 4% formaldehyde, processed to anhydrous glycerine following Siddiqi’s (1964) technique, and mounted on

permanent glass slides to allow handling and observation under the light microscope.

Light microscopy. Specimens were measured, drawn and identified under light microscopes. Morphometrics
include Demanian ratios and other measurements. The location of the pharyngeal gland nuclei is expressed
according to Loof & Coomans (1970) and spicule terminology follows Pefia-Santiago et al. (2014). Line
illustrations were made with an Olympus BX51 light microscope equipped with a series of objectives (4x, 10x,
20x, 40x. and 100x oil immersion), differential interference contrast optics (DIC) and drawing tube. Drawings

were made using a camera lucida.

Microphotographs were taken with a Nikon Eclipse 80i light microscope provided with DIC and a Nikon

Digital Sight DS-U1 camera. Raw photographs were edited using Adobe® Photoshop® CS.

Taxonomic results

Aporcelinus paramamillatus sp. n.
(Figs 1-2)

Material examined. Six females from one location, in good condition.

Morphometrics. See Table 1.

TABLE 1. Morphometrics of Aporcelinus paramamilatus sp. n. Measurements in um (except L, in mm), and in the form:

mean + standard deviation (range).

Locality Cat Ba National Park (Hai Phong Province)
Habitat Cinnamomum sp. Maize
Character n Holotype () Paratypes (45 ) ®
L 1.71 1.98 £ 0.20 (1.71-2.14) 1.86
a 25 23.4+1.7(21.1-25.1) 26
b 3.8 4.1+0.3(3.8-4.5) 4.1
c 55 64.7 +13.2 (50.2-76.8) 77
¢ 0.8 0.7+ 0.1 (0.6-0.9) 0.6
\Y 54 53.4+0.5(52.9-53.9) 54
Lip region diam. 21 22+0.5(21-22) 21
Odontostyle length at ventral side 24 23.5+1.0(22-24) 24
Odontophore length 45 48.5+ 1.9 (4549) 45
Neck length 451 474.0 £ 21.3 (451-503) 457
Pharyngeal expansion length 183 239.0 £ 13.3 (219-251) 234
Diam. at neck base 67 74+ 4.6 (70-81) 69
at midbody 69 84.5+7.5(75-92) 71
at anus 39 42.5+3.9(39-47) 37
Prerectum length 73 82.5+3.3(77-84) 80
Rectum length 41 48 +3.0 (44-51) 44
Tail length 31 31.5+3.6(27-34) 24
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D

200 pm
E

FIGURE 1. Aporcelinus paramamillatus sp. n. (Female). A: Lip region in surface, lateral view. B: Anterior region in median,
lateral view. C: Neck region. D: Anterior genital branch. E: Entire. F, G: Posterior body region.
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FIGURE 2. Aporcelinus paramamillatus sp. n. (Female, LM). A: Entire. B, C: Anterior region in lateral, median view. D:
Pharyngeal expansion. E: Pharyngo-intestinal junction. F: Anterior genital branch. G: Anterior region in lateral, surface view.
H: Vagina. I: Uterine eggs. J: Posterior body region. K, L: Caudal region. (Scale bars: A =200 um; B, C, G H, K, L = 10 pm;
D,F,1=50 pm; E, J =20 pm.)
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Description. Female: Moderately slender (¢ = 21-26) nematodes of medium size, 1.71-2.14 mm long.
Habitus visibly curved ventrad upon fixation, C-shaped. Cuticle two-layered, 4 pum thick at anterior region and
mid-body and 4-7 pm on tail; inner layer thicker and more refractive than the outer layer. Lateral chords 10-14 pm
broad or 12-19% of mid-body diameter. Body pores often obscure, but two cervical dorsal and two ventral are
sometimes distinct at the level of the odontophore. Lip region somewhat angular, offset by weak constriction,
2.6-2.8 times as wide as high and 26-31% of body diameter at neck base; lips moderately separated, with
protruding labial and cephalic papillae. Amphid fovea cup-shaped, its opening 10-12 pm broad or about one-half
of lip region diameter. Cheilostom nearly as long as wide, with no specialization. Odontostyle strong, slightly
(1.1-1.2 times) longer than lip region diameter, 5.2-6.5 times as long as wide and 1.1-1.5% of total body length;
aperture 12 um or 46-50% of its total length. Guiding ring simple but distinct and somewhat plicate, located at
12-13 pm or 0.5 times the lip region diameter from the anterior end. Odontophore rod-like, 1.7-2.0 times the
odontostyle in length. Pharynx consisting of a slender but muscular anterior section enlarging very gradually into
the posterior expansion that is 6.4-8.3 times as long as wide, 2.7-3.4 times the corresponding body diameter long,
and occupies 47-56% of total neck length; gland nuclei located as follows (n = 1): DO = 58, DN = 62, SN, = 75,
S N,= 79, S,N = 92. Nerve ring at 163-212 um or 31-35% of total neck length from the anterior end. Pharyngo-
intestinal junction bearing a distinctly developed dorsal lobe; cardia conical, 12-18 x 8-15 pm. Genital system
didelphic-amphidelphic, with both branches almost equally and moderately developed, 157-224 um long or
9-12% of total body length: ovaries 57177 um long, surpassing the oviduct-uterus junction; oviduct 65-106 pum
long or 0.9-1.4 times the body diameter, and consisting of a slender portion and a moderately developed pars
dilatata; a narrowing separates oviduct and uterus; uterus 71-94 um long or 1.0-1.6 times the corresponding body
diameter long, tripartite, consisting of a short and wider proximal region, a narrower intermediate section with no
lumen, and a nearly spherical distal part; uterine egg 90 x 55 pm, with irregular shell; vagina extending inwards
26-32 um or 32-43% of body diameter, with pars proximalis 16-22 x 18-22 um and somewhat sigmoid walls
surrounded by weak musculature, pars refringens consisting of two drop-shaped pieces 6-7 x 4-6 pum and a
combined width of 9—12 pm, and pars distalis 3-5 pm long and visibly refractive; vulva a transverse slit.
Prerectum 1.8-2.2, rectum 1.0-1.2 times the anal body diameter long. Tail conical with finely rounded tip, dorsally
and ventrally convex, ending in a short peg-like terminus, occasionally slightly re-curved dorsad; hyaline portion
very short; caudal pores two pairs at the anterior part of tail, one subdorsal, the other sublateral.

Male: Unknown.

Diagnosis. The new species is characterized by its 1.71-2.14 mm long body, lip region offset by weak
constriction and 21-22 pum broad, odontostyle 22-24 pum at its ventral side or 1.1-1.2 times the lip region diameter,
neck 451-503 pum long, pharyngeal expansion 183-251 um long or 46-56% of total neck length, uterus tripartite
and 71-94 um long or 1.0-1.6 times the corresponding body diameter long, V= 53-54, tail conical (27-34 um, ¢ =
50-77, ¢’ = 0.6-0.9) ending in a peg-like terminal portion and not visibly re-curved dorsad, and male absent.

Relationships. This species is very similar to 4. mamillatus (Williams, 1959) Alvarez-Ortega & Pefia-
Santiago, 2011 in its general morphology and many morphometrics, but it can be distinguished by several
significant differences: broader lip region (21-22 vs 19-20 pm), smaller odontostyle (22-24 vs 25-29 pm, 1.1-1.2
vs 1.3-1.5 times the lip region diameter, n=9) with shorter aperture (46-50 vs 57-61% of its total length), more
posterior S,N (92 vs 83-86) and more posterior vulva (V= 53-54 vs V= 49-52).

Type locality and habitat. Northern Vietnam, Cat Ba National Park, Hai Phong Province (GPS coordinates:
20° 47'45" N and 107° 00'40"E, elevation 170 m), in soil of a secondary forest with Cinnamomum sp. as the
dominant plant species. One female was collected near the same location in the rhizosphere of Zea mays L.
growing in an area of intensive agricultural crops alongside the National Park.

Type material. Female holotype and four females paratypes deposited in the nematode collection of the
University of Jaén, Spain. One female paratype in the nematode collection of the Institute of Ecology and
Biological Resources (IEBR), Hanoi, Vietnam.

Etymology. The specific epithet means ‘near mamillatus’ as the new species resembles A. mamillatus in many
aspects.
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Aporcelinus paraseychellensis sp. n.
(Figs 3-5)

Syn. Aporcelinus seychellensis apud Vinciguerra et al. (2014), nec Andrassy (2009)

Material examined. Three females and one male from two locations, in acceptable condition.
Morphometrics. See Table 2.

TABLE 2. Morphometrics of Aporcelinus paraseychellensis sp. n. Measurements in pum (except L, in mm).

Locality Cat Ba National Park Huu Lien Natural Reserve
(Hai Phong Province) (Lang Son Province)
Habitat Cinnamomum sp Machilus sp. and Dimocarpus
Holotype Paratypes sp.
Character n 9 Q ad Q
L 1.46 1.31 1.40 1.19
a 17 18 20 16
b 4.1 3.7 3.8 33
c 45 38 33 34
¢ 0.9 1.0 1.2 0.9
VIT 54 52 53 53
Lip region diam. 17 18 16 17
Odontostyle length at ventral side 20 20 20 20
Odontophore length 36 37 - 35
Neck length 354 354 368 363
Pharyngeal expansion length 175 175 186 184
Diam. at neck base 77 66 65 56
at midbody 88 74 69 73
at anus 35 34 35 37
Prerectum length 72 59 80 54
Rectum length 46 42 60 43
Tail length 33 34 42 35
Spicule length - - 62 -
Ventromedian supplements - - 12 -

Description. Adult: Stout (¢ = 16-20) nematodes of medium size, 1.20-1.46 mm long. Habitus variably
curved ventrad upon fixation, C-shaped in female, G-shaped in male. Cuticle two-layered, 3—4 um thick at anterior
region, 3.5-5.0 pm in mid-body and 4.0-6.5 pm on tail; inner layer thicker and more refractive than the outer layer.
Lateral chord 9 um broad or 10-13% of mid-body diameter. Body pores often obscure, but two cervical pores are
visible on both dorsal and ventral sides at level of odontostyle plus odontophore. Lip region angular, offset by
constriction; lips high, separated, with protruding labial and cephalic papillae. Amphid fovea cup-shaped, its
opening 9-11 pm broad or 53-63% of lip region diameter. Cheilostom nearly as long as wide, with no
specialization. Odontostyle strong, 1.1-1.4 times longer than lip region diameter, 6.2-7.7 times as long as wide and
1.4-1.9% of total body length; aperture 10—-11 um or 46-48% of its total length. Guiding ring simple but distinct,
somewhat plicate, located at 9—10 um or 0.5-0.6 times the lip region diameter from the anterior end. Odontophore
rod-like, 1.5-1.8 times the odontostyle length. Pharynx consisting of a slender but muscular anterior section
enlarging very gradually in the posterior expansion, which is 5.4—6.8 times as long as wide, 2.8-3.3 times the
corresponding body diameter and occupies 49—-51% of total neck length; gland nuclei located as follows (n = 1):
DO = 58, DN = 62, SN, = 75, S N,= 82, S,N = 90. Nerve ring at 113 um or 31% of total neck length from the
anterior end. Pharyngo-intestinal junction bearing a distinctly developed dorsal lobe; cardia conical, 1014 x 11-12
um. A dorsal cell mass is present at level of the pharyngo-intestinal junction.
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FIGURE 3. Aporcelinus paraseychellensis sp. n. A: Lip region in surface, lateral view. B: Anterior region in median, lateral
view. C: Neck region. D: Female, anterior genital branch. E: Female, posterior body region. F: Female, entire. G: Male, entire.

H: Male, posterior body region. I: Spicule. J: Lateral guiding piece.
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FIGURE 4. Aporcelinus paraseychellensis sp. n. (Female, LM). A: Entire. B: Anterior region in lateral median view. C:
Pharyngeal expansion and pharyngo-intestinal junction. D: Posterior genital branch. E: Lip region in lateral surface view. F, G,
L: Vagina. H-J: Caudal region. K: Posterior body region . (Scale bars: A =200 um, B, E-J, H, L = 10 pm; C, D = 50 um; K =
20 um.)

Female: Genital system didelphic-amphidelphic, with both branches equally and moderately developed,
176-308 um long or 17-21% of total body length: ovaries very variably sized, 79-236 pum long; oviduct 55-94 um
long or 0.8-1.1 times the body diameter and consisting of a slender portion made of prismatic cells and a
moderately developed pars dilatata with perceptible lumen; a narrowing separates oviduct and uterus, but a distinct
sphincter is lacking; uterus 176-241 pum long or 2.4-2.7 times the corresponding body diameter, tripartite,
consisting of a short and wider proximal region, a longer and much narrower intermediate section with no lumen,
and a nearly spherical distal part; vagina extending inwards 33-36 pum or 40-47% of body diameter, with pars
proximalis 22-25 x 15-20 um and somewhat sigmoid walls surrounded by weak musculature, pars refringens
consisting of two drop-shaped or trapezoidal pieces 7-8 x 4-5 pm and a combined width of 9-10 um, and pars
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distalis 5-7 pm long and visibly refractive; vulva a transverse slit. Prerectum 1.5-2.0, rectum 1.2-1.3 times the
anal body diameter in length. Tail conical with acute tip, ventrally nearly straight or slightly convex, and dorsally
first convex and then concave, the tail being slightly re-curved dorsad; cuticle extending until the tail tip, so that a
hyaline portion is not observed; caudal pores two pairs, at the middle of tail, one subdorsal, the other lateral.

i

FIGURE 5. Aporcelinus paraseychellensis sp. n. (Male, LM) A: Entire. B: Pharyngo-intestinal junction. C: Pharyngeal
expansion. D: Male, posterior body region. E, F: Spicule. G: Caudal region. (Scale bars: A =200 um; B =20 um, C, D =50
um; E-G =10 um.)

Male: Prerectum 2.3, cloaca 1.7 times the body diameter at the cloacal aperture. Genital system diorchic, with
opposite testes. In addition to the adcloacal pair, located at 9 pm from the cloacal aperture, there is a series of 12
low, regularly spaced (10-16 pm apart) ventromedian supplements, the most posterior three located within the
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range of spicules. Spicules dorylaimid, 4.6 times longer than wide and 1.8 times longer than body diameter at the
cloacal aperture: dorsal side regularly convex and ventral side with barely perceptible hump and hollow; curvature
136° head 8 x 7 um, with the dorsal side somewhat longer than the ventral one and weakly curved; median piece
occupying less than one-third (29%) of maximum spicule width, reaching the posterior end of the spicule and with
a visibly furcate tip; posterior end of spicules 6 pm wide. Lateral guiding pieces 17 um long or 6.1 times as long as
wide, slightly sigmoid and tapering posteriorly. Tail straight ventrally, dorsally first convex and then very weakly
concave.

Diagnosis. The new species is characterized by its 1.20—-1.46 mm long body, lip region offset by constriction
and 16-18 pm broad, odontostyle 20 pum at its ventral side or 1.1-1.4 times the lip region diameter, neck 354-368
um long, pharyngeal expansion 175-186 pm long or 49-51% of total neck length, a dorsal cell mass present at the
pharyngo-intestinal junction, uterus tripartite and 176-241 um, or 2.4-2.7 times the corresponding body diameter,
long, V' = 52-54, tail conical with acute tip and slightly recurved dorsad (3342 pm, ¢ = 33-45, ¢’ = 0.9-1.2),
spicules 62 um long, and 12 regularly spaced ventromedian supplements, three of them within the range of
spicules.

Relationships. The new species is very similar to 4. seychellensis Andrassy, 2011 in its general morphology
and morphometrics, but differs from the type population of that species in its larger general size (body length
1.20-1.46 (n = 4) vs 0.92-1.07 mm (n=4); neck length 354-368 vs 272-330 pm), much larger genital branches
(17-21% vs 7-13% of total body length each), more posterior vulva (V= 52-54 vs V' = 45-52), shorter female tail
(32-36 vs 36-40 um, ¢ = 33-45 vs ¢ = 25-29) and male present (vs absent). Especially relevant in the type
population are the very short female genital branches, probably because the uterus is short and simple.

Vinciguerra et al. (2014) studied two A. seychellensis populations from Ecuador that differ from the type
populations in their larger general size [body 1.08-1.55 (n=26) vs 0.92-1.07 (n = 4) mm long] and comparatively
shorter female tail (¢ = 29-42 vs ¢ = 25-29). Besides, the female genital branches are larger (12-22 vs 7-13% of
total body length), but lower values in the Ecuador material may be due to the convoluted, tripartite uterus. Leaving
aside the fewer ventromedian supplements (7-9 vs 12; two vs three situated within the range of spicules) in males
from Ecuador, there is no significant difference between this material and the Vietnamese specimens herein
studied. Taking into consideration that only one male of the new species has been collected, the differences in
number and arrangement of ventromedian supplements are provisionally regarded as intraspecific variability and,
consequently, we consider the specimens from Ecuador and Vietnam to be conspecific.

Type locality and habitat. Northern Vietnam, Cat Ba National Park, Hai Phong Province (GPS coordinates:
20°47'45" N and 107° 00'40"E, elevation 170 m), collected from soil in a tropical forest with Cinnamomum sp. as
dominant plant species.

Other locality and habitat. Northern Vietnam, Huu Lien Natural Reserve, Lang Son Province, (GPS
coordinates: 21°42'51" N and 106° 21'48"E, elevation 502 m), in soil of the forest where the dominant plant species
were Machilus sp. and Dimocarpus sp.

Type material. Female holotype, female paratype and male paratype deposited in the nematode collection of
the University of Jaén, Spain. One female paratype deposited in the nematode collection of the Institute of Ecology
and Biological Resources (IEBR), Hanoi, Vietnam.

Etymology. The specific epithet means ‘near seychellensis’ as the new species resembles 4. seychellensis in
many aspects.
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Sectonema caobangense sp. n. from Vietham
(Nematoda, Dorylaimida, Aporcelaimidae)

2 94 ) 9
SERGIO ALVAREZ-ORTEGA," THI ANH Duone Nouyew, ' %? Joaquin ABOLAFIA," MICHAEL BONKOWSKI,?
AND REYES PENA-SANTIAGO

Abstract: Sectonema caobangense sp. n. from evergreen forest soil in Vietnam is described, including scanning electron micrograph
(SEM) observations and D2-D3 LSU rDNA analysis. The new species is characterized by its 3.12 to 5.80 mm long bodly, lip region offset
by deep constriction and 21 to 23 wm broad, mural tooth 13 to 14 pm long at its ventral side, 940 to 1,112 pm long neck, pharyngeal
expansion occupying 61% to 69% of total neck length, uterus a long simple tube-like structure 292 to 363 wm long or 2.7 to 2.9 times
the corresponding body diameter, pars refringens vaginae well developed, V=48 to 56, short (36-51 pm, ¢=77-132, ¢’ = 0.5-0.8) and
rounded tail, 87 to 99 pm long spicules, and four or five irregularly spaced ventromedian supplements bearing hiatus. Sectonema
caobangense sp. n. differs from the typical pattern of Sectonema in the nature of the stomatal protrusible structure, bearing a mural
tooth attached to the ventral side of the stoma. Molecular data obtained and the derived evolutionary trees support a close phylo-

genetic relationship with other Sectonema species.

Key words: Bayesian inference, description, LSU ribosomal DNA, maximum likelihood, morphology, morphometrics, SEM,

taxonomy.

The genus Sectonema Thorne, 1930 is a remarkable,
free-living nematode taxon, whose representatives
are characterized, among other biological features,
by their comparatively large size and predator be-
haviour (Heyns, 1965). It includes nearly 30 species
from many countries and territories, mainly dwellers
of terrestrial habitats. The taxonomy of the genus is
somewhat intricate as its species are often separated

by small differences, for instance the morphology of

lip region, the nature of the stomatal protruding
structure, tail shape, etc.

Several nematological surveys have revealed that
Vietnamese nematode faunais very rich in members
of the family Aporcelaimidae Heyns, 1965, in-
cluding many nondescribed species (for instance,
sce Alvarez- ()ltcga et al.,, 2015), some of them be-
longing to Sectonema (Nguyen et al., 2016). The
study of a new population containing both females
and males, collected from natural areas in the
northern region of Vietnam, resulted in the dis-
covery of an unknown species of Sectonema, which is
described in the following. For additional in-
troductory information, see the previous contribu-
tions already mentioned.

Rv('cn'(-d for publication January 5, 2016.
'Departamento de Biologia Animal, Biologia Vegetal y
de ].u n, Campus ‘Las Lagunillas’ s/n, Edificio B3, 23071

‘l)q)dllnu nt of Terrestrial Ecology, Zoological Institute, University of Cologne,
Ziilpicher Straie 47b, D-50674 Cologne, Germany.

*Institute of Ecology and Biological Resources, Vietnam Academy of Science
and Technology, 18 Hoang Quoc Viet, Hanoi, Vietnam.

The authors are especially grateful for issuing relevant permits from the di-
rector of Cao Bang nature Reserve and the financial support received from the
project entitled Aporcelaimidae Mundi: Revision de la familia Aporcelaimidae Heyns,
1965 (Nematoda, Dorylaimida) (ref. CGL2012-33239; co-financed EU-FEDER), the
German Academic Exchange Service (DAAD) (PKZ: 91540366), the Zoological
Institute (University of Cologne), Germany and Idea-Wild (United States of
America). SEM pictures were obtained with the assistance of technical staff
and equipment of ‘Centro de Instrumentacion Cientifico-Técnica (CICT) from
University of Jaén.

E-mail: saortega@ujaen.es.

This paper was edited by Sergei Subbotin.

slogia, Umu rsidad

MATERIAL AND METHODS

Nematodes: Nematodes were collected from natural
areas in Vietnam, extracted from soil samples using the
methods of Baermann (1917) and Flegg (1967), re-
laxed and killed by heat, fixed in 4% formaldehyde,
processed to anhydrous glycerine following Siddiqi’s
(1964) technique, and mounted on permanent glass
slides to allow handling and observation under light
microscope (LM).

Light microscopy: Measurements of specimens were
taken using a light Olympus BH-2 microscope equipped
with differential interference contrast. Morphometrics
included de Man’s indices and usual measurements.
The location of the pharyngeal gland nuclei is ex-
pressed according to Loof and Coomans (1970) and
spicule terminology followed Pena-Santiago et al.
(2014). Some of the best preserved specimens were
photographed with a Nikon Eclipse 80i microscope and
a Nikon DS digital camera. Raw photographs were ed-
ited using Adobe Photoshop CS. Drawings were made
using a camera lucida.

Scanning electron microscopy: After their examination
and identification, two specimens preserved in glycer-
ine were selected to their observation under SEM fol-
lowing the protocol by Abolafia and Pena-Santiago
(2005). The nematodes were hydrated in distilled water,
dehydrated in a graded ethanol-acetone series, critical
pointdried, coated with gold, and observed with a Zeiss
Merlin scanning electron microscope.

DNA extraction, PCR, and sequencing: DNA was extracted
from a single individual using the proteinase K protocol.
Nematode material was transferred to an 0.5-ml Eppen-
dorf tube containing 18 pl of worm lysis buffer (50 mM
KCL, 10 mM Tris pH 8.3, 2.5 mM MgCly, 0.45% NP 40,
and 0.45% Tween 20) dlld 2l proteinase K (600 pg/ml)
(Thermo Scientific). The tubes were incubated at 65°C
(1 hr) and then at 95°C (15 min). PCR and sequence pro-
tocols were as described in detail by Nguyen et al. (2016).
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The primers used for amplification of D2-D3 region of
28S rRNA gene were D2A (5-ACAAGTACCGTGAGG-
GAAAGTTG-3") and D3B (5-TCGGAAGGAACCAGC-
TACTA-3") (Subbotin etal., 2006). The sequence obtained
was submitted to the GenBank database under accession
number KX018821.

Phylogenetic analyses: The newly obtained sequences
were aligned with other 48 D2-D3 expansion segments

I,J
Fc. 1.

of 28S rRNA gene sequences available in GenBank us-
ing ClustalX 1.83 (Thompson et al., 1997). Outgroup
taxa were chosen according to the results of previous
published data (Holterman et al., 2008; Alvarez-Ortega
et al., 2013). Sequence alignments were manually ed-
ited using GenDoc 2.6.002 (Nicholas et al., 1997). The
sequence dataset was analysed with Bayesian inference
(BI) and maximum likelihood (ML) using MrBayes

Sectonema caobangensesp. n. (Line). A. Lip region in lateral surface view. B. Anterior region in mid-optical level, lateral view. C. Neck

region. D. Female, posterior genital branch. E. Female, posterior body region. F. Male, posterior body region. G. Female, entire. H. Male, entire.

I. Spicule. J. Lateral guiding piece.
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3.1.2 (Huelsenbeck and Ronquist, 2001; Ronquist and
Huelsenbeck, 2003) and MEGA 6 (Tamura et al., 2013),
respectively. The best-fit model of DNA evolution for Bl
was obtained using the program MrModeltest 2.3
(Nylander, 2004) with the Akaike Information Criterion
in conjunction with PAUP* 4bl0 (Swofford, 2003).
Bayesian inference analysis under the GTR + G + I model
was initiated with a random starting tree and run with
the four Metropolis-coupled Markov chain Monte

Carlo for 10° generations. Maximum likelihood anal-
ysis was implemented under the best-fitting evolu-
tionary model (GTR + I + G), obtained using the
program MEGA 6, and 1,000 bootstrap replications.
The topologies were used to generate a 50% majority
rule consensus tree. Posterior probabilities are given
on appropriate clades. The trees were visualized with
the program FigTree v1.4.0 and drawn with Adobe
Acrobat XI Pro 11.0.1.

Fic. 2.

Sectonema caobangensesp. n. (Female, LM). A, E. Lip region in lateral, surface view. B-D. Anterior region in lateral, median view.

F. Pharyngeal expansion. G. Pharyngo-intestinal junction. H, J. Vagina. I. Vagina and uterine egg. K, N, O. Caudal region. L. Posterior
body region. M. Posterior uterus, containing sperm cells inside. (Scale bars: A-C, E, H, ], N, O = 10 pm; D, G, I, K= 20 pm; F = 100 pm;

L, M =50 pm).
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Fic. 3.

Sectonema caobangense sp. n. (Male, LM). A. Spicule and caudal region. B, D. Posterior body region. C. Ventromedian supplements

arrangement. E. Spicule. F. Lateral guiding piece. G, H. Caudal region. 1. Sperm cells. (Scale bars: A-C = 20 pm; D = 50 pm; E-I = 10 pm).

ResuiTs

Sectonema caobangense sp. n.
urn:lsid:zoobank.org:act:6C8D8A69-DF2B-48 1 E-905A-
913649522473

(Figs. 1-4; Table 1)

Material examined: Six females and six males from
Vietnam, in variable state of preservation.

Description

Adult: Moderately slender to slender nematodes of big
size, 4.02 to 5.80 mm long in females, 3.12 to 4.21 mm long
in males. Body cylindrical, distinctly tapering toward the an-
terior end, less so toward the posterior end as the caudal
region is rounded. Habitus regularly curved ventrad after

fixation, C- or Gshaped, more curved at posterior body re-
gion in males, and occasionally spiraHike. Cuticle 4.0 to
4.5 wm thick at anterior region, 5 to 7 m in mid-body and
8.5 to 120 wm on tail; threelayered, especially distinguish-
able at caudal region, where it consists of thinner outer layer
bearing fine transverse striation through the entire body,
thicker intermediate layer with radial striation, and thin
inner layer. Lateral chord 10 to 18 pm wide at mid-body,
occupying one-tenth to onesixth (9-16%) of mid-body di-
ameter. Two ventral and two dorsal body pores are usually
present at level of odontophore. Lip region offset by deep
constriction, 3.0 to 3.4 times as wide as high and less than
onefourth (19-23%) of body diameter at neck base; lips
(under SEM) low, mostly amalgamated, each with four or
five concentric striations; labial papillae, both inner and
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Fic. 4.
in lateral view. (Scale bars: A-C = 3 pm).

outer, button-like, surrounded by a small ringlike incisure
cach, and bearing a pore at its center; cephalic papillac not
swrrounded by any ringlike incisures and with a short,

ansverse, slitlike opening; oral field visibly hexagonal, de-
limited by short radial incisures; oral aperture a large
dorsoventral slit, the lip region hence showing bilateral
symmetry. Amphideal fovea cup-shaped, its opening oc-
cupying 9 to 12 pm or two-fifths to three-fifths (43-59%)
of lip region diameter. Cheilostom nearly cylindrical,
lacking any differentiation. Mural tooth attached sub-
ventrally, 3.4 to 3.7 times longer than its maximum width,
0.6 times as long as lip region diameter and 0.24% to
0.43% of body length; dorsal side always distinctly
longer than the ventral one and with more or less
sigmoid in contour. Guiding ring simple, somewhat
plicate, at 0.5 to 0.6 lip region diameters from anterior
end. Odontophore linear, rod-like, 3.3 to 3.7 times the
mural tooth length at its ventral side. Anterior region
of pharynx enlarging very gradually; basal expansion

TaeLe 1. Morphometrics of Sectonema caobangense sp. n. Measure
deviation (range).

Sectonema caobangensesp. n. (SEM). A. Juvenile, lip region in sublateral view. B. Juvenile, lip region in ventral view. C. Male, lip region

12.6 to 16.2 times as long as wide, 5.5 to 7.0 times as

long as body diameter, and occupying 61% to 69% of

total neck length; gland nuclei (obscure in most
specimens) located as follows: DN = 49 (n = 1) and
SoN = 79-81 (n = 3). Nerve ring situated at 200 to
229 wm from anterior end or 19% to 21% of total neck
length. Cardia rounded conoid, 15-20 X 17-18 pm;
a ring-like structure is present surrounding its junc-
tion to pharyngeal base.

Female: Genital system didelphic-amphidelphic, with
both branches almost equally and well developed, the
anterior 698, 743 pm (n=2) long or 15% of body length
bearing one uterine egg inside and the posterior 545 to
630 wm long or 11% to 14% of body length (709 wm
long or 14% of body length bearing one uterine egg
inside). Ovaries variably sized, usually not surpassing the
sphincter level, the anterior 111 to 442 pm, the posterior
115 to 435 wm long; oocytes arranged first in two or
more rows, then in a single row. Oviduct 274 to 224 wm

‘ments in pm (except L, in mm), and in the form: average * standard

Cao Bang Natural Reserve

Spicule length -

- 94.5 * 4.5 (87-99)

Population Holotype Paratypes
Character n ¥ 59% 633
L 4.96 4.88 *= 0.67 (4.02-5.80) 3.64 = 0.47 (3.12-4.21)
a 42 42.1 * 6.6 (32-50) 34.1 = 5.1 (29-42)
b 4.5 45,564 (n=2) 4.0 = 0.3 (3.7-4.2)
¢ 113 111 = 14 (98-132) 84.1 = 5.5 (77-93)
g 0.6 0.6 = 0.0 (0.5-0.6) 0.7 = 0.1 (0.6-0.8)
Vv 55 51.8 = 2.8 (48-56) 54.7 = 3.0 (51-60)
Lip region diameter 23 22,4 *+ 0.9 (21-23) 22.4 = 0.4 (22-23)
Odontostyle length at ventral side 14 13.6 = 0.3 (13-14) 13.4 = 0.3 (13-14)
Odontostyle length at dorsal side 16 16.4 = 0.8 (16-17) 16.3 = 0.4 (16-17)
Odontophore length 50 47.1 = 1.7 (4549) 47.0 = 1.4 (45-49)
Guiding ring from anterior end 12 11.9 = 1.0 (11-13) 11.1 £ 0.6 (11-12)
Neck length 1,100 1,075, 1,112 (n=2) 983 = 38 (940-1011)
Pharyngeal expansion length 745 652, 766 (n=2) 649 = 15 (632-662)
Diameter at neck base 117 107 = 11 (91-118) 102 = 5 (95-109)
At midbody 117 117 = 11 (101-128) 107 = 5 (99-113)
At anus 76 74.8 * 4.0 (71-81) 66.2 = 3.5 (60-71)
Prerectum length 253 202 * 50 (150-270) 282 + 47 (250-363)
Rectum length 51 59.5 = 9.2 (49-66) 68.6 = 3.4 (66-74)
Tail length 44 43.9 = 2.3 (40-46) 43.3 = 4.9 (36-51)
i

Ventromedian supplements -

- 4.7 + 1.0 (4-6)

132



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

100 Jowrnal of Nematology, Volume 48, No. 2, June 2016

w| Sectonema tropicum (KT868957)
Sectonema tropicum (KT868958)
Sectonema caobangense sp. n. (KX018821)
| Sectonema ciliatum (KU589227)
Sectonema ciliatum (KU589226)
Sectonema barbatoides (AY593030)

| Sectonema barbatoides (AY593031)

ls

s

Sectonema barbatoides (AY593032)
Sectonema sp. (AY593033)
Metaporcelaimus marinensis (JQ927439)

w | Metaporcelaimus ovogranulosus (JQ927441)
—|“m I Metaporcelaimus ovogranulosus (JQ927440)
Metaporcelaimus capitatus (JQ927438)

wp— Iyvlencholaimus cf. teres (EF207243)
_w':t Tylencholaimus mirabilis (AY593027)

|«

ls

B

2[ Clavicaudoides trophurus (EF207236)
Clavicaudoides trophurus (EF207237)
_.m| Clavicaudoides clavicaudatus (EF207235)
Clavicaudoides clavicaudatus (EF207234)
Nygolaimus cf. brachyuris (AY593061)

Fic. 5.
under the GTR + I + G model. Posterior probabilities are given for
letters.

long or 1.5 to 2.0 times the corresponding body di-
ameter, and consisting of a slender part with prismatic
cells and a well-developed pars dilatata bearing wide lu-
men that often contains sperm cells inside. Oviduct-uterus

Tylencholaimus mirabilis (EF207242)
—— Tylencholaimus sp. (AY593028)

lw[ Aporcella simplex (JQ778274)
Aporcella simplex (JQ778273)

!Discolaimus ¢f. major (EF207239)

wl Discolaimus major (AY593025)
Discolaimus major (AY593026)

wof Carcharodiscus banaticus (AY593024)
_l“" [: Carcharodiscus banaticus (AY593023)

Discolaimoides symmetricus (EF207238)
e Crassolabium sp. (AY593041)
Crassolabium circulifer (AY593039)
Crassolabium circulifer (AY593038)
Crassolabium sp. (AY593040)
wo[ Epidorylaimus lugdunensis (AY593035)
Epidorylaimus lugdunensis (AY593036)
Eudorylaimus sp. (AY593037)
Enchodelus sp. (EF207240)
wof Longidorella sp. (AY59304)
Longidorella cf. macramphis (AY 593042)
Longidorella sp. (AY593044)
Microdorylaimus miser (AY593046)
Eudorylaimus minutus (AY593048)
Enchodorus dolichurus (KR184124)
Heterodorus youbertghostai (KR184127)
Microdorylaimus modestus (AY593049)

wo| Pungentus silvestris (AY593052)
) ! Pungentus silvestris (AYS593053)

Pungentus engadinensis (AY593050)

Bayesian 50% majority rule consensus trees as inferred from D2-D3 expansion segments of 28S rRNA gene sequence alignments
appropriate clades. Newly obtained sequences are indicated by bold

junction marked by a sphincter. Uterus a long, simple,
tube-like structure 292 to 363 pum long or 2.7 to 2.9
times the corresponding body diameter (335, 341 wm
long or 2.8 times the corresponding body diameter
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1o Sectonema tropicum (KT868957)
Sectonema tropicum (KT868958)

1o Sectonema ciliatum (KU589227)
Sectonema ciliatum (KU589226)
Sectonema caobangense sp. n. (KX018821)
wf Sectonema barbatoides (AY593030)

Sectonema barbatoides (AY593032)
Sectonema sp. (AY593033)
Metaporcelainmus marinensis (JQ927439)

.wl Metaporcelaimus ovogranulosus (JQ927441)
4

Metaporcelaimus ovogranulosus (JQ927440)

|is

Metaporcelacapitatus (JQ927438)

i Tylencholaimus cf. teres (EF207243)
o Tylencholaimus mirabilis (AY593027)
&) Tylencholaimus mirabilis (EF207242)
Tylencholaimus sp. (AY593028)

ml Aporcella simplex (JQ778274)
Aporcella simplex (JQ778273)
s Discolaimus cf. major (EF207239)

Discolaimus major (AY593025)

Discolaimus major (AY593026)

wof Carcharodiscus banaticus (AY593024)
Carcharodiscus banaticus (AY593023)

Discolaimoides symmetricus (EF207238)
« Crassolabium sp. (AY593041)
Crassolabium circulifer (AY593039)

19t Crassolabium sp. (AY593040)
Crassolabium circulifer (AY593038)
Enchodelus sp. (EF207240)

o[ Epidorylaimus lugdunensis (AY593035)
Epidorylaimus lugdunensis (AY593036)
Eudorylaimus sp. (AY593037)

Longidorella sp. (AY593044)
o— Microdorylainmus miser (AY593046)
wo[ Longidorella sp. (AY593043)
Longidorella cf. macramphis (AY593042)

Eudorylaimus minutus (AY593048)
Enchodorus dolichurus (KR184124)
Heterodorus youbertghostai (KR184127)
Microdorylaimus modestus (AY 593049)

o Pungentus silvestris (AY593052)
wof  Pungentus silvestris (AY593053)
Pungentus engadinensis (AY593050)

wo| Clavicaudoides clavicaudatus (EF207235)
Clavicaudoides clavicaudatus (EF207234)
| Clavicaudoides trophurus (EF207236)
Clavicaudoides trophurus (EF207237)

Fic. 6.

Nygolaimus cf brachyuris (AY593061)

Maximum likelihood tree as inferred from D2-D3 expansion segments of 28S rRNA gene sequence alignments under the GTR +1+G

model. Bootstrap values are given for appropriate clades. Newly obtained sequences are indicated by bold letters.

bearing an uterine egg inside), usually containing
abundant sperm cells inside. Uterine eggs ovoid, 145,
160 (n=2) X 74,84 (n=2) pm, 1.7,2.2 (n=2) times as
long as wide. Vagina extending inward 56 to 67 pm or

one-half to three-fifths (46-57%) of body diameter:
pars proximalis 37 to 51 X 25 to 34 pm, with somewhat
sigmoid walls and surrounded by weak muscula-
ture; pars refringens in lateral view consisting of two
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triangular to drop-shaped pieces measuring 10 to 13 X
8 t0 9 pm and with a combined width of 17 to 22 pm;
pars distalis 3.5 to 7.0 pm long. Vulva a transverse slit.
Prerectum 2.0 to 3.7, rectum 0.7 to 0.9 anal body di-
ameters long. Tail short and rounded. Caudal pores
two pairs, one lateral, another sub-dorsal.

Male: Genital system diorchic, with opposite testes. In
addition to the ad-cloacal pair, situated at 18 to 20 pm
from cloacal aperture, there is a series of four or five
irregularly spaced, 13 to 56 pwm apart, ventromedian
supplements, the posteriormost of which lying out the
range of spicules and situated at 54 to 103 pm from the
ad-cloacal pair. Spicules robust and massive, especially
in its posterior half, 3.6 to 4.2 times its maximum width,
1.3 to 1.6 times the body diameter at level of the cloacal
aperture: dorsal contour regularly convex, ventral
contour very weakly concave, with distinct hump and
hollow; curvature 125 to 133°% head occupying 11% to
20% of spicule total length, its dorsal contour con-
spicuously curved at its anterior end and longer than
the ventral one, which is short and straight; median
picce 5.3 to 6.3 times longer than wide, occupying 53%
to 60% of spicule maximum width, reaching the pos-
terior tip; posterior end 7 to 9 pm wide. Lateral guiding
picces 24 to 29 pm long, 5.4 to 6.0 times longer than
wide. Prerectum 3.8 to 5.5, cloaca 1.0 to 1.2 the corre-
sponding body widths long. Tail similar to that of fe-
male. Caudal pores two pairs, one sub-lateral, another
sub-dorsal.

Molecular data: One D2-D3 28S rRNA gene sequence
in length of 801 bp was obtained. The evolutionary
relationships of the new species with several repre-
sentatives of the order Dorylaimida are presented in
Figs. 5 and 6.

Diagnosis: The new species is characterized by its 3.12
to 5.80 mm long body, lip region offset by deep con-
striction and 21 to 23 wm broad, mural tooth 13 to
14 pm atits ventral side and 15.5 to 17.0 pum at its dorsal
side, neck 940 to 1,112 pm long, pharyngeal expansion
632 to 766 pm long or occupying 61% to 69% of total
neck length, uterus a simple tube-like structure 292 to
363 m long or 2.7 to 2.9 times the corresponding body
diameter, pars refringens vaginae well developed, V= 48
to 56, female tail short and rounded (40-46 pm, ¢= 98-
132, ¢ =0.5-0.6), male tail similar to that of female (36—
51 wm, ¢ = 77-93, ¢ = 0.6-0.8), spicules 87 to 99 wm
long, and four or five irregularly spaced ventromedian
supplements bearing hiatus.

Relationships: In the morphology of its stomatal pro-
truding structure (mural tooth-like), the new species
resembles, S. anisonchium Sidiqqi, 1995, S. basilgoodeyi
Heyns, 1965 and S. transsilvanicum Popovici, 1978. It
differs from S. anisonchium in its longer mural tooth
(13-14 vs. 10-10.5 pm at its ventral side) having its
dorsal side slightly (vs. distinctly) longer than the ven-
tral one, rounded tail (vs. convex-conoid with broadly
rounded terminus), comparatively longer male tail

(¢="77-93 vs. c= 105-125), longer lateral guiding piece
(24-29 vs. 13-14 pm), and lower number of ven-
tromedian supplements (four or five vs. seven or eight).
From S. basilgoodeyi in its longer mural tooth (13-14 vs.
12 pm at its ventral side), longer neck (940-1112 vs.
874-924 pwm), more anterior vulva (V= 48-56 vs. V=
58), uterus a simple tube-like structure (vs. tripartite)
and comparatively shorter (2.7-2.9 vs. about 3.4 times
the corresponding body diameter), shorter spicules
(87-99 vs. 110 pm), and lesser ventromedian supple-
ments (four or five vs. eight). And from S. transsilvanicum
in its narrower lip region (20-23 vs. 25-26 pwm broad),
shorter uterus (292-363 pm long or 2.7-2.9 times the
corresponding body diameter vs. about 385 pm long or
3.5 times the corresponding body diameter), and
shorter spicules (87-99 vs. 100-114 pm).

Molecular analyses and the derived trees (Figs. 5, 6)
show that the new species forms a well-supported clade
with other Sectonema species, especially with S. ciliatum
/—(Ivarcz—OrLega, Nguyen, Abolafia, Vu, Bonkowski, and
Pena-Santiago, 2016 and S. tropicum Nguyen, Abolafia,
Bonkowski, Pena-Santiago and A]varcz-Orlcga, 2016,
two species that, however, significantly differ from S.
caobangense sp. n. in relevant morphological features
such as the nature of the stomatal protruding structure
(mural tooth-like vs. a reduced odontostyle). Thus,
further studies (more taxa and/or genes) should be
conducted to clarify the taxonomy of the genus.

Type locality and habitat: Northern Vietnam, Cao Bang
Province, Cao Bang Natural Reserve (GPS coordinates:
22°34'07" N and 105° 52'34" E), in a tropical evergreen
forest soil with Dipterocarpus sp. and Cinnamomum sp. as
its dominant plant species.

Type material: Female holotype and four female and
four male paratypes deposited in the nematode col-
lection of the University of Jaén, Spain. One female and
one male paratypes deposited in the nematode collec-
tion of the Institute of Ecology and Biological Resources,
Hanoi, Vietnam.

Etymology: The specific epithet refers to geographical
origin of the species.
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A Third New Species of Aporcelinus Andrassy, 2009 (Dorylaimida,
Aporcelaimidae) from Vietnam, with the First SEM Study of a
Representative of the Genus

2
Tu1 ANH Duonc N(;l'n:j,]"’3

5 9 - 2
JoaQuin ABOLAFIA,” MICHAEL B()NK()\\'SK[,] AND REYES PENA-SANTIAGO

Abstract: A new species, the third one from Vietnam, of the genus Aporcelinus is described from natural areas. Aporcelinus falci-
caudatus sp. n. is characterized by its 1.28 to 1.63 mm long body, lip region offset by weak constriction and 16 to 18 pwm broad,
odontostyle 18 to 21 pm at its ventral side, neck 354 to 406 um long, uterus tripartite and 61 to 95 pm long, V=50 to 55, tail strongly
recurved dorsad and conical (23-31 pm, ¢ = 43-58, ¢’ = 0.7-0.9) with finely rounded tip, and male absent. Scanning electron
microscope (SEM) study, the first of a representative of the genus, shows a lip region pattern significantly different from that

observed in the typical aporcelaimid taxa.

Key words: aporcelaims, description, free-living nematodes, southeast Asia, taxonomy.

The genus Aporcelinus Andrassy, 2009 is a worldwide dis-
tributed, freeliving nematode taxon, mainly dwelling soils
of both natural and agricultural habitats and, more excep-
tionally, freshwater sediments too. It hitherto contains 18
valid species, but many of them certainly remain to be dis-
covered. This is the second contribution in a short series
devoted to studying the abundant material of this genus
collected in Vietnam, the first one (Nguyen et al., 2016)
focused on the description of two new species, namely
Aporcelinus paramamillatus and Aporcelinus paraseychellensis.

Recently, Vinciguerra et al. (2014) raised some doubt
about the taxonomy of Aporcelinus. It was originally
classified under Aporcelaimidae Heyns, 1965, but also
shows some morphological affinities with representa-
tives of Qudsianematidae Jairajpuri, 1965. The study of
a nondescribed species, the third one from Vietnam,
with the first available SEM pictures of a representative
of the genus, will probably provide additional evidence
to clarify its taxonomical position.

MATERIALS AND METHODS

Sampling: Soil samples were collected in a natural
area on Cat Ba Island of northern Vietham and tem-
porally stored in plastic bags to transport them to the
laboratory. Nematode extraction was made following
the methods by Baermann (1917) and Flegg (1967).
Then, the worms were relaxed and killed by heat, fixed
in 4% formaldehyde, processed to anhydrous glycerol
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according with Siddiqi’s (1964) technique, and moun-
ted on permanent glass slides for their handling and
observation under light microscope.

Light microscopy: Measurements, line drawings, and
pictures were taken using a Nikon Eclipse 80i light
microscope provided with differential interference
contrast optics, a Nikon Digital Sight DS-U1 camera and
a drawing tube. Morphometrics include Demanian ra-
tios as well as other relevant measurements, and are
presented in Table 1. Raw photographs were edited
using Adobe Photoshop CS.

Scanning electron microscopy: After their examination
and identification, one specimen in good condition was
selected to its observation under SEM following the
protocol by Abolafia (2015). The nematode was hy-
drated in distilled water, dehydrated in a graded etha-
nol and acetone series, critical point dried, coated with
gold, and observed with a Zeiss Merlin microscope.

REsvLTS

Aporcelinus falcicaudatus sp. n.
(Figs. 1-3; Table 1)

Material examined: Nine females, in variable state of

preservation.
Description

Female: Moderately slender (a=23-28) nematodes of
medium size, 1.28 to 1.63 mm long. Habitus visibly
curved ventrad on fixation, C- or G-shaped. Cuticle two-
layered, 3 to 4 pum thick at anterior region and midbody
and 6 to 7 pm on tail; outer layer thin and bearing fine
but conspicuous transverse striation throughout the
body, specially visible under SEM; inner layer thicker
and more refractive than the outer layer. Lateral chord
4 to 9 pm broad or 5% to 13% of midbody diameter.
Body pores often obscure, but two cervical pores are
visible at both dorsal and ventral sides at level of
odontostyle plus odontophore. Lip region angular,
offset by a shallow constriction, 2.7 to 3.0 times as wide

‘[,'m:lsid:z:x)l);mk.org:;lcl:gl CD2CA748094D27-89E0-F3C61 FO10EB5.
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Morphometrics of Aporcelinus falcicaudatus sp. n. measurements in pm (except L, in mm), and in the form: mean * standard

Cat Ba National Park(Hai Phong Province)

Secondary forest

Population Holotype (%) Paratype (7%%) Primarv forest 7
L 1,554 1.41 = 0.12 (1.28-1.62) 1,508
a 27 25.8 = 3.5 (16.8-27.9) 23
b 4.3 3.7+ 0.2 (3.64.3) 37
c 52 48.8 * 5.2 (42.7-58.1) 50
c 0.8 0.8 = 0.1 (0.7-0.9) 0.9
V/T 54 53.1 = 1.9 (50.2-55.3) 51
Lip region diameter 16 17 £ 0.7 (16-18) 16
Odontostyle length at ventral side 20 20 = 1.0 (18-21) 21
Odontostyle length at dorsal side 22 21.5 = 1.1 (20-23) 22
Odontophore length 37 39.5 £ 5.6 (37-53) 39
Guiding ring from anterior end 10 10.5 = 0.7 (10.0-12) 11
Neck length 360 374 * 18.4 (354-406) 411
Pharyngeal expansion length 200 200 = 14.1 (177-218) 183
Diameter at neck base 51 525 = 4.1 (46-57) 59
At midbody 58 56 = 8.8 (50-77) 67
At anus 37 35 = 2.4 (33-39) 35
Prerectum length 51 40 + 9.2 (33-59) 62
Rectum length 41 37 = 1.7 (35-40) 35
Tail length 30 29 = 2.5 (23-31) 35

as high and 27% to 37% of body diameter at neck base;
lips (under SEM) moderately separated by marked in-
terlabial depressions; labial papillae somewhat pro-
truding, the inner ones a little bigger than the outer, all
of them button-like, each surrounded by a ring-like
incisure; cephalic papillae less protruding than the la-
bial papillae, bearing a short transverse opening and
not surrounded by a ring-like incisure; oral field poorly
demarcated, with coarse radial incisures (striations)
starting at the oral field and running along the inter-
labial depressions. Amphideal fovea cup-shaped, its
opening 10 to 12 pm broad or more than one-half of lip
region diameter. Cheilostom nearly as long as wide,
with no specialization. Odontostyle strong, 1.2 to 1.4
times longer than lip region diameter, 5.8 to 7.3 times
as long as wide, and 1.29% to 1.72% of total body
length; aperture 9 to 10 wm or 43% to 50% of its total
length. Guiding ring simple but distinct and somewhat
plicate, located at 10 to 12 pm or 0.6 to 0.7 times the lip
region diameter from the anterior end. Odontophore
rod-like, 1.7 to 2.3 times the odontostyle long. Pharynx
consisting of a slender but muscular anterior section
enlarging very gradually in the posterior expansion that
is 7.3 to 10.0 times as long as wide, 3.3 to 4.3 times the
corresponding body diameter and occupies 49% to
56% of total neck length; gland nuclei located as fol-
lows (n=1): DO =57, DN =61,5;N; =71,5;Ng=78,SoN =
88. Nerve ring at 114 to 143 pm or 30% to 39% of total
neck length from the anterior end. Pharyngo-intestinal
junction bearing a distinctly developed dorsal lobe;
cardia conical, 10 to 13 X 11 to 16 pm; a dorsal cell
mass is present at level of pharyngo-intestinal junction.
Genital system didelphic-amphidelphic, with both

branches equally and moderately developed, 122 to
214 pm long or 9% to 13% of total body length: ovaries
variably sized, 41 to 183 pm long, often surpassing the
oviduct-uterus junction; oviduct 45 to 94 pm long or
0.8 to 1.6 times the body diameter, and consisting of
a slender portion and a moderately developed pars di-
latata; a narrowing separates oviduct and uterus; uterus
61 to 95 pm long or 1.0 to 1.7 times the corresponding
body diameter long, tripartite, that is consisting of
a short and wider proximal region, a narrower in-
termediate section with no lumen, and a nearly spher-
ical distal part; vagina extending inward 24 to 30 pm or
40% to 51% of body diameter, with pars proximalis 15 to
20 X 14 to 18 pm and somewhat sigmoid walls sur-
rounded by weak musculature, pars refringens consisting
of two drop-shaped to trapezoidal pieces 4 to 6 X 4 to
6 pm and a combined width of 8 to 13 pm, and pars
distalis 3 to 5 pwm long and visibly refractive; vulva
a transverse slit. Prerectum 1.1 to 1.6, rectum 0.9 to 1.1
times the anal body diameter long. Tail conical with
rounded tip, ventrally convex, dorsally first convex, and
then concave, always strongly recurved dorsad; cuticle
at ventral side much thicker than at dorsal side, bearing
a small space (lacuna) between the cuticle layers at the
anterior part of the dorsal concavity; hyaline portion
easily perceptible in most specimens, up to 10 wm long;
caudal pores two pairs, subdorsal, at the middle of tail.

Male: Unknown.

Diagnosis: The new species is characterized by its 1.28
to 1.63 mm long body, lip region offset by weak con-
striction and 16 to 18 pm broad, odontostyle 18 to
21 pm atits ventral side of 1.2 to 1.4 times the lip region
diameter, neck 354 to 406 pm long, pharyngeal
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Aporcelinus falcicaudatus sp. n. (Female). A. Lip region in surface, lateral view. B. Anterior region in median, lateral view. C. Neck

region. D. Anterior genital branch. E. Entire. F-H. Posterior body region.

expansion 177 to 218 pm long or 49% to 56% of total
neck length, a dorsal cell mass present at the pharyngo-
intestinal junction, uterus tripartite and 61 to 95 pm
long or 1.0 to 1.7 times the corresponding body di-
ameter long, V=50 to 55, tail (23-31 wm, ¢=43-58, ¢’ =
0.7-0.9) strongly recurved dorsad and conical with
finely rounded tip, and male absent.

Relationships: The new species is easily recognizable by
the morphology of its caudal region (Fig. 2H-N): strongly
recurved dorsad, cuticle at ventral side much thicker than

at dorsal side, the presence of a hyaline small space (la-
cuna) between the two cuticle layers at level of the dorsal
concavity, and a conspicuous terminal hyaline portion.
In its general morphometrics (medium-sized body, lip
region up to 18 wm broad, odontostyle ca. 20 um long)
and caudal region with a distinct dorsal concavity, this
species resembles A. #rritans (Cobb in Thorne and Swanger,
1936) Andrdssy, 2009, A. jiaonanensis (Zhao and Zhao,
2010) Almrcz—Oncga and Pena-Santiago, 2013, and A.
seychellensis (Andrassy, 2011) Andrassy, 2009, but it differs
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Aporcelinus falcicaudatus sp. n. (Female, light microscopy). A. Entire. B. Anterior region in median view. C. Pharyngeal expansion and

Fic. 2.
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pharyngo-intestinal junction. D. Posterior genital branch. E. Lip region in lateral, surface view. F. Vagina. G. Oviduct-uterus junction,

H. Posterior body region. I-N. Caudal region. (Scale bars:

from these in its strongly (vs. not distinctly) recurved
dorsad caudal region. Besides, it can be distinguished
from A. irritans, a poorly known species, in its broader lip
region (16-18 vs. 14-15 pm) and much shorter caudal
region (23-31 pm, ¢ = 47-58, ¢’ = 0.7-0.9 vs. 39-42 um,
¢ =36, ¢ = 1.3-1.4); from A. jiaonanensis in its much
shorter caudal region (23-31 pm, ¢=47-58, ¢ = 0.7-0.9 vs.
38-46 wm, ¢=32-40, ¢ = 1.1-1.4); and from A. seychellensis
in its shorter caudal region (23-31 pm, ¢ = 47-58 vs.
33-43 pm, ¢ = 25-42) with rounded (vs. very acute) tip.
Type locality and habitat

Holotype: Northern Vietnam, Cat Ba National Park,
Hai Phong Province (GPS coordinates: 20° 47'45" N

A =200 pm; B, E, F, I-N

10 pm; C =50 pm; D, G, H = 20 pm.)
and 107° 00'40"E, elevation 170 m), in soil of a sec-
ondary forest with Cinnamomum sp., Machilus sp., and
Dimocarpus sp. as dominant plants. Deposited on slide
Cat Ba 13.02 in the nematode collection of the Uni-
versity of Jaén, Spain.

Paratypes: Same locality and habitat that holotype.
Seven paratypes deposited on slides Cat Ba 13.01 and
13.02 in the nematode collection of the University of

Jaén, Spain. One paratype on slide Cat Ba 22.02 in the

Institute of Ecology and Biological Resources (IEBR),
Hanoi, Vietnam.

Iitymology: The specific epithet is a compound Latin
term meaning “sickle-shaped tail.”
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DiscussioN

As mentioned in the introductory section, Andrdssy
(2009) originally classified Aporcelinus under Aporcelai-
midae, an action that has been recently questioned by
Vinciguerra et al. (2014). The first SEM study of a repre-
sentative of Aporcelinus is herein provided. Its results show
that the lip region pattern significantly differs from that
observed in the typical aporcelaims, which is characterized
by having a biradial symmeury, oral aperture a large, dor-
soventral, hexagonal slit, and a distinctly demarcated oral
field (for instance, see Almr(‘z()m‘gn et al. [2012] for
Aporcelaimellus communis; Nguyen et al. [2016] for Sectonema
spp.). Then, Vinciguerra et al.’s opinion is herein sup-
ported. Nevertheless, further data should be obtained, es-
pecially molecular analyses, to solve definitively the matter.
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Abstract

Increasing land-use intensity has likely strong impacts on soil biodiversity and fertility in the
tropics. Nematodes are known to respond rapidly to soil disturbance and changing
resources. Therefore the functional composition of the nematode community offers a
reliable measure for the biological assessment of the quality and functioning of tropical soils.
In Northern Vietnam, we investigated the nematode community structure with the land use
intensity in soils of undisturbed primary forest, soils under secondary forests, soils affected
by slash and burn agriculture, and intensively managed agricultural land with rice and corn
crops in Pia Oac Natural Reserve, Cao Bang Provinces. First, we identified the nematodes
soil fauna until the species level (if possible) to get estimate on the numbers and diversity of
known and undescribed taxa. In total, more than 4800 specimens were identified belonging
to 77 genera. Then, based on the nematode trophic group, we determine how the land used
type affect to the nematode community by using different ecological indices and food web
analysis. Remarkably, the diversity index showed the higher diversity of nematode
community in intensive agriculture land than in the forest while the total nematodes
abundance was not significant different. In this context, the Maturity Index, Channel Index
and Plant Parasitic Index clearly indicated the different nematodes community composition
in intensive agriculture with others. Furthermore, we proposed the network structure for
nematode community which can be explain the shift in land use. Finally, the abiotic factor

such as the C/N ratio did not affect the nematodes community.
Keywords: Land use type, nematodes community composition, tropical soil, Vietnam

1. Introduction

Deforestation and conversion of forest land for agriculture has increased dramatically in
Southeast Asia since the 1980’s (Hansen and DeFries, 2004). The current deforestation rates
recorded in this region are the highest worldwide (Achard, 2002; Shearman et al., 2012). In
Vietnam, data from the Forest Resources Assessment (FAO, 1993) showed the highest rates
of deforestation during the last decade and illegal logging destroyed large forest regions
during the 1990s.

Nematodes are important components of soil microfauna. Millions of nematodes per square
meter can be found in any kind of natural (but also agro-) system, and there are several

dozens of species in a handful of soil (Bongers and Ferris, 1999). The free-living soil
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nematodes play an important role in the decomposition pathways of soil food webs (de
Ruiter et al., 1998). Moreover, these nematodes interact, directly or indirectly, with a variety
of soil organisms, from bacteria (Traunspurger et al., 1997; de Mesel et al., 2004; Moens et
al., 2005), fungi and earthworms to arthropods and molluscs. Especially, predators and
omnivore nematodes are sensitive to any kind of changes (Korthals et al., 1996; Tenuta and
Ferris, 2004). These biotic interactions as well as their relationships with abiotic factor of
their environment favor their potential use to characterize the state of soil microfauna and

the general condition of their soil habitat.

Nematode diversity studies have historically focused on temperate regions and only ten of
134 published ecosystem surveys represented tropical forests (Boag and Yeates, 1998).
Almost 20 years later, soil nematode assemblages of tropical forests are still largely
unexplored. Despite earlier studies suggested a peak of nematode diversity in temperate
regions (Boag and Yeates, 1998), recent studies have shown that tropical nematode
communities can be extremely species rich. Bloemer at al., (1997) investigating from 24 sites
of the tropical forest in Mbalmayo, Cameroon found 431 species belonging to 194 genera
and from individual soil cores contained a minimum of 61 species and maximum of an
average 89 species. Very recently, Porazinska et al., (2010, 2012) found for tropical forest in
South America that total species richness was 300% higher in tropical than in temperate
forests and more than 90% of the identified species belonged to new forms. The low
diversities reported earlier could be artefacts due to an inappropriate soil sampling strategy
for the tropics (Lawton et al., 1996; Powers et al., 2009). Although nematode diversity is
know from many study sites in the world, little attention has been paid to the question of
how local nematode diversity depends on regional species richness and how land use
intensity management affect to natural species richness. Because tropical rainforests on
different continents are characterized by vastly different abiotic and biotic conditions and
evolved rather independently, we are not only lacking basic knowledge on the species
inventory, but more so on the regional drivers of diversity and community assembly in these

tropical regions (Corlett and Primack, 2006; Kim and Byrne, 2006; Grainger, 2010).

Different nematode genera and species are specialized to use very different food resources.
Based on the natural structure of their feeding apparatus, nematodes are placed in five

distinct functional groups (Yeates, 1993; Yeates and Bongers, 1999): bacterivores,
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fungivores, herbivores, omnivores and predators (Yeates et al., 1993). Several ecological
indices base on trophic group of nematodes such as: Maturity Index (Ml), MI2-5, ZMI2-5, PPI,
Basal index, Enrichment index, Structure index and Channel Index can be used to measure
the shift of the nematode community in functioning and services ecosystems. Major aims of
this study were: 1) To investigate the taxonomic diversity of free-living nematodes species in
tropical forest along land use gradients. 2) To determine how increasing land-use intensity

effects their functional roles in the soil food web (i.e. functional group level).

2. Materials and Methods

2.1. Study area

The study was conducted in Pia Oac Nature Reserve (22032'— 22°40'N, 105°49 — 105057'E),
Cao Bang Province in the north-east of Vietham. The climate conditions correspond to
subtropical with a mean annual temperature of 25°C and the lowest temperatures in January
and the highest in July. The mean of an annual precipitation is approximately 1400 mm and
the relative ambient humidity of 80% (Sterling et al., 2006). Tropical forests in Pia Oac are
situated on limestone karst mountains at elevations of 1000 — 1931 m. Study sites were
selected in these areas of Pia Oac Nature Reserve and each comprised primary forest,
secondary forest, former slash and burn agicultural land and intensively managed agriculture

land with rice and maize cultivation.

2.2. Soil sampling

At each study site, soil nematode samples have been taken in May, 2013 (Fig. 1) in four
different land use types: i) largely undisturbed primary forest, ii) disturbed secondary forest,
iii) cassava fields characteristic of slash and burn, and iv)agriculture intensively managed
agricultural fields (maize, rice). In each land-use type, six bulk soil samples were taken. Each
bulk soil sample was pooled by mixing 5 soil cores in a crosswise grid design in a 10 m? plot.
After removal of the litter layer, the soil samples were collected from 0-10 cm depth with a
3.5 cm diameter soil corer. In total, 24 composite soil samples were collected in each site as
independent replicates. Each soil was mixed and passed through a sieve with 2mm mesh size
to remove small stones and roots. A part of the soil was used for measurements of chemical

properties (soil moisture, total C, N) and the other part was used for nematode extraction.

2.3 Nematode community analysis
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Nematodes were extracted from 100 fresh g of soil samples by extraction technique
(Bearmann, 1917) and Flegg’s (1967) sieving method. The extracted nematodes were
relaxed, killed by hot water (70°C), and fixed in 4% formaldehyde. Total nematode numbers
were counted under stereomicroscope (x50 magnification) and 200 individuals were picked
out randomly for indentification. The fixed individuals were gradually transfered to
anhydrous glycerol following De Grisse’s (1969) technique, and mounted on permanent glass
slides. The nematodes were identified to genus level by using the keys from Andrassy, 2009,

Ahmad & Jairajpuri, 2010.

Functional groups of nematodes were assigned according to Yeates et al., 1993: 1)
bacterivore nematode (Bax), 2) fungivore nematode (Fux), 3) herbivore nematode (Plant
parasitic nematode) (PPI), 4) omnivore nematode (Omx), and 5) Predator (Cax). Colonizer-

persistor c-p values were assigned to taxonomic group according to (Bongers, 1990).

The data were presented according to the following parametters: total abundance, trophic
group. Taxonomic diversity was calculated using the total number of genera (S) in a sample,

Shannon-Wiener diversity index (H’), Pielou’s eveness (J’).

Maturity index (MI) and Plant Parasitic Index (PPI) was calculated according to Bongers
(1990). M1 (or PPI) = X1, v(i) = f (i), where v(i) is the c-p (coloniser-persister) value of free-
living (or plant-feeding) nematode taxon i; f(i) is the frequency of free-living (or plant-
feeding) nematode taxon i in a sample. Low values Ml and PPI indicating disturbance or a
succession stage with dominance of r-strategists. The MI2-5 index is similar to the Ml except

that MI2-5 excludes the c-p1l enrichment opportunistic species.

Ferris et al. (2001) proposed the Enrichment Index (El), Struture Index (Sl) and Channel Index
(Cl) to evaluate food web characteristic. These indices are calculated from the weighted
abundance of nematode guilds. Bacterivores (Bax), fungivores (Fux), predators (Prx), and
omnivores (Omx) are considered as nematode guilds ranging along the c—p scale from x = 1
to x = 5. The nematode fauna is comprised of basal, enrichment and structural components

(b,e,s):
b=(Ba2+Fu2)*W,, where W.= 0.8,

e=(Bal*Wj)+(Fu2*W,), where W; = 3.2 and W,.=0.8
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s=(Bap*W,+Ca,*W,+Fu,*W,+Om*W,) where n=3-5, W3.= 1.8, W;.= 3.2, W5s=5.0

The Enrichment (EI), Structure (Sl), Basal (Bl), and Channel (Cl) indices were calculated from

the weighted faunal components (Ferris et al., 2001; Berkelmans et al., 2003):
El =100*e/(e+b)
Sl = 100*s/(s+b)
Bl = 100*b/(e+s+b)

Cl = 100 Fu2*W,/(Bal*W;+Fu2*W,).

2.4. Soil analysis: Carbon and nitrogen content
The C and N content and the carbon-nitrogen ratio (C/N) of the soil samples were measured

from dried and mineral soil with a NC Analyzer (Flash 2000, Thermo Scientific), USA.

2.5. Statistical analysis

Statistically analyses were performed in R, version 3.2.2. The community data on genus level
(and on the functional group level) based on Bray-Curtis similarity was analysed to assess the
differences between the location and land-use intensity (LUI). Non-metric multidimensional
scaling (NMDS) was used to visualize the results. Analysis of Variance (ANOVA) and
subsequent Tukey Tests were used to analyse the effects of regions and LUl on nematode
taxa and trophic groups. Differences at the P < 0.05 level were considered to be statistically
significant. Additionally a Permutation Multivariate Analysis of Variance (PERMANOVA),
Discriminant Function Analyses (DFAs) and Pearson product-moment correlation (Pearson-

correlation) were applied for the data.

Soil nematodes indices such as MI, PPI, Cl and Enrichment index calculated NINJA website

(Nematode INdicator Joint Analysis: https://sieriebriennikov.shinyapps.io/ninja/)
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Results

3.1. Nematode diversity

A total of 77 nematode genera were found in our study (Appendix. 1). Herbivores and
bacterivores were predominant in the agroecosystem while fungivores, omonivores and
predators dominated in the natural forests. Three omnivorous nematodes: Eudorylaimus,
Mesodorylaimus and Oriverutus were the most abundant genera in primary forest and
secondary forest, and together represented 47% and 44% of total nematode abundance. In
primary forest, the nematode genus Alaimus was dominant (16%) among the bacterivore.
The fungivorous genera: Aphelenchoides, Aphelenchus and Filenchus dominanted in the
slash and burn and intensive agriculture. Helicotylenchus was the most dominant of
herbivores nematode in intensive agriculture. The genera: Rotylenchus, Psilenchus,
Filenchus, Acrobeloides, Eucephalobus and Ironus were only found in soil of slash and burn

and intensive agriculture (Table 1).

The total abundance of nematodes ranged between 380 and 2400 ind./100 g soil was not
different between land use types (F=1.97, P = 0.15). Nematode abundance was highest in
the secondary forest (2400ind./100 g) followed by primary forest (1800ind./100 g) while it
was lowest in the intenisive agriculture (380ind./100 g). The abundance of plant parasitic
nematodes was highest in intensive agriculture. The abudance of omnivores and predators
nematode showed a general decline from the forest, reflecting dominance by plant parasitic

nematodes in intensive agriculture.

In our study, a phylogenetic tree was constructed based on 67 sequences (Fig. 1) of the large
28S subunit (LSU) of the ribosome (rDNA) in nematodes from Cao Bang associated with
mineral soil. However, only 5 sequences obtained from Genbank could be assigned to the
sequenced nematodes with a similarity higher than 95%. This clearly demonstrated that the

molecular diversity of dorylaimids in Vietnam is completely undiscovered
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Figure 1. Phylogeny tree of 67 sequences (28S rDNA) based on pair wise. Different colours of
taxa indicate different feeding types of nematodes according to Yeates et al. (1993). Black =
Omnivores; Pink = Predators; Brown = Bacterivores; Green = Herbivores; Blue = Fungivores;
Purple = Unknown feeder. From the 67 specimens, 62 individuals with were determined
according to morphology, giving 41 putative species of 18 genera belonging to 9 families of
the order Dorylaimida, but 5 individuals could not be assigned to known taxa.
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Table 1: Mean relative density of common and rare nematode genera (ind./100g soil) in

different land use intensity. Values are means and standard deviation, (n=6). F and P values

of the effect of LUI are presented. (Significant of effect: P< 0.5: *’; P < 0.1, ‘*’; p< 0.05 **’;

p< 0.001 “***).

Primary Secondary Slash and Intensive

forest forest burn Agriculture
Genera (n=6) (n=6) (n=6) (n=6) F P

Mean Stdev Mean Stdev Mean Stdev Mean  Stdev
Bacterivores
Acrobeloides 0 0 0 0 0 0 14.8 155 5.5 0.06**
Alaimus 143 86.2 67.8 79.2 61.7 46.2 54.2 79.1 1.9 0.16
Daptonema 154 17.8 7.0 10.1 5.0 8.9 0.8 2.0 1.8 0.17
Eucephalobus 0 0 0 0 1.0 2.4 95.8 98.3 5.7 0.05%*
Fungivores
Aphelenchoides 6.1 12.1 25.1 22.2 9.7 14.0 102 74.1 7.7 0.001**
Filenchus 0 0 0 0 4.3 4.7 54.0 30 18.1 <01***
Herbivores
Belondira 2.5 6.1 3.7 6.1 3.7 6.7 18.5 25.6 1.8 0.17
Helichotylenchus 0 0 27 57 31 53 10 14 0.8 0.5
Psilenchus 0 0 0 0 2.5 3.9 18.8 22.7 3.7 0.02 *
Rotylenchus 0 0 1.3 3.2 0 0 11.3 13.3 3.8 0.02 *
Tylenchus 1.2 2.9 12.2 10.7 9.3 14.8 12.3 23.2 1.8 0.17
Xiphinema 2.2 3.5 319 253 4.9 7.8 3.6 6.8 6.4 0.003 **
Predators
Ironus 0 0 0.9 2.2 1.2 2.0 51.3 55.0 5.1 0.09 **
Mylonchulus 8.8 21.6 584 50.1 4.7 6.9 14.8 19.3 43 0.01*
Paractinolaimus  18.6  42.0 6.8 7.3 1.1 1.7 4.2 104 0.7 0.54
Tobrilus 0.6 14 0.5 1.3 8.0 8.0 14 2.3 4.4 0.1*
Omnivores
Crassolabium 3.7 4.2 181 253 588 457 7.9 17.1 5.0 0.009**
Eudorylaimus 182 154 111 105 180 115 65 119 1.2 0.32
Mesodorylaimus 202 211 276 155 7.2 8.8 91 51 4.8 0.01*
Oriverutus 155 137 234 214 31.8 30.8 311 76 33 0.04 *
Prodorylaimium 100 107 11.6 285 0 0 2.6 6.4 4.5 0.14*
Sectonema 9.3 2.7 25.7 30.7 214 13.0 2.8 6.9 2.3 0.10

152



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

3.2. Nematode community composition

The community composition of nematodes differed between primary forest and intensive

agriculture (F[4,18]=4.24, p< 001) with communities of 2 forests and slash and burn grouping

in between. (Fig. 2)

NMDS2
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I I

05

=10

NMDS1

Figure 2. NMDS plot of nematode communites from mineral soils. LUl had a strong impact

on the composition of nematode communities. (95% conf. interval) on Bray-Curtis distances

of species data F[4,18]=4.24, p< 001)
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Figure 3. Omnivores dominated in primary forests, and bacterivores in intensively managed

agricultural land in Cao Bang
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Figure 4. Omnivores dominated in primary forests, and bacterivores in intensively managed

agricultural land in Cao Bang

3.3. Changes in soil nematodes community indices

Comparing values of nematode diversity indices among the four different habitat types,

significant differences were found in genus richness (S), Shannon and J index, and Eveness.

Genus richness was significantly (P< 0.05) higher in the intensive agriculture, followed by

slash and burn, secondary forest and it was lowest in primary forest. The Shannon diverisity

and the Eveness index showed a similar trend where diversity was highest in intensive

agriculture followed by slash and burn. In primary forest, the Shannon and Eveness index

was lowest (Table 3)

Table 2: Nematode fauna diversity indices in diferent land use intensity. Values are mean

with + S.E (n=6). F and P values of the effect of LUl are presented. (Significant of effect: P<

0.5:7; P<0.1, *; p< 0.05 **’; p< 0.001 ***').

Primary Secondary Slash and Intensive
Indices forest forest burn Agriculture F P

(n=6) (n=6) (n=6) (n=6)
Total 11604426  1221#675a  648+257a 1078+335a 1.98 0.15
abundance
J.index 0.7t0 b 0.8+0 ab 0.810 ab 0.8t0 a 3.377 04*%*
Shannon.index 2.0+0.2 a 2.31+0.2 ab 2.4+0.2 bc 2.610.2 c 10.85 0001 ***
Species 15.742.9¢  19.3#21bc  21.3#48ab 26.3+29a 10.92 0001 ***
richness
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Maturity Index of the nematode communities in Cao Bang exactly reflected a strong gradient
of increasing disturbance of sites with increasing land use intensity. The maturity index (Ml)
was significantly (P<0.05) different among land use types. The highest Ml was recorded in
the forests (primary and secondary) (4.0) while the lowest was in intensive agriculture (2.9).
MI was higher in the forests compared to slash and burn. The maturity index MI25 (omit the
cp 1 species) was also similar with Ml, higer in natural forest when compared to other land
use types. Plan parasitic index was also variable among the land use type, being higest in the
primary forest and lowest in the intensive agriculture. Plant Parasitic Index reflected a shift
towards root- endo parasitic nematode taxa with increasing agricultural land use (Fig. 5,
Table 3).

The Channel Index was also variable among the land uses, the highest value was in slash and
burn (85) and it was lowest in intensively cultivated land (48). Channel Index showed a
strong shift towards the bacteria-based decomposer channel in agricultural sites compared
to a more stable energy transfer through the 'slow' fungal decomposition channel in forest
habitats (Fig. 5)

Table 3. Nematode fauna ecological indices in diferent land use intensity. Values are mean
with £ S.E (n=6). F and P values of the effect of LUl are presented. (Significant of effect: P<
0.5:°; P<0.1, "*; p<0.05 **’; p< 0.001 “***’),

. Intensive
) Primary forest Secondary Slash and .
Indices Agriculture  F P
(n=6) forest (n=6) burn (n=6)
(n=6)
M 4.040.1 4.040.1 3.840.2 2.9+0.6 17.89 <001 ***
MI25 4.040.1 4.040.1 3.840.2 3.140.5 15.61  <001***
Plant Parasitic .1 7, 4.1+0.7 a 3.6+1.0 a 33t08a 29 s
Index a
Chanel Index  60+56.6 a 82.2439.8a  85.4+325a  482+408a 1.0 0.4
IEn”J'ecthe”t 15.3422.6 45.9+26.3 25.0+17.6 61.0421.1 4.87 01*%
ﬁf;‘g”re 99.4+0.5 99.240.5 97.0+3.6 79.0412.6  13.52  <Q01***
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Figure 5. Indicator analyses of nematode communities in mineral soils along a land-use
gradient in Cao Bang. a) Maturity Index clearly indicates the high disturbance of sites with
intensive agriculture; b) Plant Parasitic Index reflects a shift towards root-endo parasitic
nematode taxa with increasing LUI; c) High Channel Index in forest habitats indicates a
higher proportion of energy transformed through the 'slow' fungal decomposition channel
compared to agricultural sites.

156



Community structure and ecological niches of free-living terrestrial nematodes in north-eastern Vietnam

3.4. Soil C/N ratio.

The soil C/N ratio did not change significantly with increasing land-use (Fig. 6)

Soil carbon-nitrogen ratio in Cao Bang
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ol A A A A
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Soil C/N ratio
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Figure 6. The soil C/N ratio did not change significantly with increasing land-use

4, Discussion

Global nematode diversity patterns are equivocal and certainly much higher than currently
proposed (Yeates et al., 2009). The number of known species is consisting a proportion of
the true diversities as many new forms are described every year. Several studies show that
tropical ecosystems have a lower nematode diversity than temperate region (Procter, 1984;
Groombridge, 1992; Giller, 1996; Maraun et al., 2007), while other studies have reported in
tropical rain forest in India and Cameroon with relatively higher nematode diversity
(Pradhan & Dash, 1987; Bloemers et al., 1997). They recorded 204 morphospecies from 1009
individuals, and estimated and average samples contain 72 species. Based on morphological
taxonomic identification revealed so far, our study showed a relatively high diversity of free-
living terrestrial nematodes from Vietnam on genus level. In total, more than 4.800
specimens were identified belonging to 77 genera. Our results had twofold higher than study

of Zhang et al, 2012 and equal with study of Price and Siddigi (1994).
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Appendix
Appendix 1. Mean relative abundance of nematode genera (%) in soils at different land use

intensity.

Land use type

a b
Nematode genera ¢p PP Primary Secondary Slash Intensive
Value Value .
forest forest agriculture
burn

Herbivores-ectoparasites
1  Amplimerlinius 0 3 0.0 0.0 0.3 0.3
2 Axonchium 0 5 0.0 0.0 0.0 1.1
3 Belondira 0 5 0.2 0.3 0.3 13
4  Criconema 0 3 0.0 0.0 0.0 0.1
5  Discocriconemella 0 3 0.0 0.0 0.5 0.1
6  Longidorus 0 5 0.0 4.9 0.0 0.0
7  Trichodorus 0 4 0.0 0.0 0.1 0.0
8  Xiphinema 0 5 0.2 2.2 0.3 0.3
Herbivores-semi endo parasites
9  Helicotylenchus 0 3 0.0 1.9 0.7 2.2
10 Rotylenchus 0 3 0.0 0.1 0.0 0.8
11 Scutellonema 0 3 0.0 0.0 0.0 0.1
Herbivores-migratory endo parasites
12 Hirschmanniella 0 3 0.0 0.0 0.0 0.9

Herbivores-epidermal/root hair feeder
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13
14

Psilenchus
Tylenchus

Fungivores

15
16
17
18
19
20
21
22
23

Aphelenchoides
Aphelenchus
Dorylaimoides
Filenchus

Funaria
Leptonchus
Proleptonchus
Tylencholaimellus
Tylencholaimus

Bacterivores

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Acrobeles
Acrobeloides
Alaimus
Amphidelus
Anaplectus
Aphanolaimus
Bicirronema
Caenorhabditis
Cephalobus
Chiloplacus
Daptonema
Eucephalobus
Geomonhystera
Mesorhabditis
Microlaimus
Panagrolaimus
Prismatolaimus
Pseudacrobeles
Steinernema
Theristus
Wilsonema

Predators

45
46
47
48
49
50
51
52
53
54
55
56

Clarkus
Cobbonchus
lotonchus
Ironus
Laevides
Mononchus
Mylonchulus
Oxydirus
Paractinolaimus
Prionchulus
Tobrilus
Trypila

Omnivores

57

Actinolaimus

o

NN FRPNWERERE WEFENNMNMNNMNNNNERRONDPSPENMNDN AP PPN BENDN

w w oo ps~ppoopbddpdpS

N

O OO O OO o oo

O OO0 0O 0O 0000000000 O0OO0oOOoOOo oo

O OO OO0 O0OO0OOoOOoOOoOo

0.0
0.2

0.4
0.0
4.3
0.0
0.0
0.0
0.0
0.0
4.6

0.0
0.0
15.9
2.2
0.0
0.0
0.1
0.1
0.0
0.0
1.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.4
0.0

1.8
0.0
0.2
0.0
0.0
0.0
0.5
0.0
1.3
0.7
0.1
0.0

0.0

0.0
0.9

1.8
0.0
1.8
0.0
0.0
0.5
0.3
0.8
0.1

0.0
0.0
4.8
0.0
0.0
0.0
0.3
0.1
0.0
0.0
0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.1
0.0
1.2
0.1
0.0
0.6
4.1
0.0
0.5
0.3
0.0
0.3

0.0

0.2
0.7

0.7
0.1
0.0
0.3
0.1
0.4
0.0
0.0
0.0

0.0
0.0
4.3
1.0
1.3
0.1
0.0
0.0
0.1
0.0
0.3
0.1
0.1
0.1
0.0
0.0
0.1
0.1
0.0
0.4
0.4

0.2
0.3
3.6
0.1
0.0
0.2
0.3
0.0
0.1
0.7
0.6
0.4

0.1

1.3
0.9

7.2
4.4
0.2
3.8
0.0
0.3
0.0
0.1
0.0

0.1
1.0
3.8
1.9
0.3
0.3
0.0
11
0.0
0.3
0.1
6.7
0.1
2.7
0.3
1.7
0.1
1.0
0.2
0.5
0.0

0.0
0.1
3.2
3.6
0.1
0.4
1.0
0.2
0.3
0.0
0.1
0.2

0.0
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

Aporcelaimellus
Aporcelaimus
Aporcelinus
Coomansus
Crassolabium
Dorylaimus
Enchodorus
Epidorylaimus
Eudorylaimus
Labronema
Labronemella
Mesodorylaimus
Mylodiscus
Opisthodorylaimus
Oriverutus
Prodorylaimium
Prodorylaimus
Rhyssocolpus
Sectonema
Tyleptus

(O R S I VAN R R R R R L L L YA BV BV

4

O OO 0O 0O O00O00O0O0O0O0OO0OO0oO oo oo

0

0.0
0.0
0.0
4.0
0.4
0.3
3.9
1.1
15.2
0.0
0.0
17.6
0.0
0.3
14.1
7.6
0.2
0.0
1.0
0.2

0.1
0.2
0.0
0.0
1.3
0.0
2.0
0.1
7.8
5.0
0.2
19.4
0.0
2.3
16.5
0.8
0.0
0.0
1.8
0.1

0.2
0.0
0.0
0.0
4.1
2.7
0.4
0.7
12.6
0.6
0.1
0.5
0.0
0.0
2.2
0.0
0.0
0.0
1.5
0.1

0.4
0.5
0.6
0.1
0.6
2.7
0.0
0.0
4.6
0.2
0.0
6.4
0.1
0.5
2.2
0.2
0.0
0.1
0.2
0.0

dColonizer-persister scale 1-5 where cp 1 are colonizers characterized by short generation
time and cp 5 are persisters characterized by long generation time (Bonger, 1990).
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4, Discussion

4.1 Species richness of free-living nematodes in tropical forest

Global nematode diversity patterns are ambigous and the species richness is certainly much
higher than currently proposed (Yeates et al. 2009). The number of known species accounts

for only a small proportion of existing taxa as many new forms are described every year.

Several light microscopy studies indicated that tropical ecosystems have a lower nematode
diversity than temperate regions in Europe (Procter 1984; Groombridge 1992; Giller 1996;
Maraun et al. 2007), while other studies have reported relatively higher nematode diversity in
tropical rain forest in India and Cameroon (Pradhan & Dash 1987; Bloemers et al. 1997). Price
& Siddiqi (1994) found 119 genera of nematodes in 23 samples taken from the rooting zones
of trees in the Koroup National Park, Cameroon while an investigation of a temperate forest in
China by Zhang et al. 2012 identified only 62 genera. However comparisons of tropical and
temperate studies must keep in mind the high variation in results from tropical systems.
Based on morphological taxonomic identifications revealed so far, our study showed a
relatively high diversity of free-living terrestrial nematodes from Vietnam on the genus level.
In total, more than 14.000 specimens were identified (see. Appendix 1). These nematodes
belonged to 105 genera, 42 families and 9 orders. Which studies are giving a more accurate
account? First it is important to examine the differences caused by methodological artefacts.
The number of studies from the tropics is far lower, so it is difficult to establish a meaningful
consensus. Some studies use Bearmann funnel techniques (Baermann 1917) (base on avtive
migration of nematodes), others use sugar centrifugation (Freckeman & Virginia 1993) (based
on passive separation due to density differences of nematode and soil particles) or the
Oostenbrink elutriator (Oosternbrink 1960) techniques. As centrifugation includes dead
nematodes it will likely yield higher numbers than Bearmann funnel collections or other
methods that rely on active nematodes (McSorley & Parrado 1987; McSorley & Walter 1991;
McSorley & Frederick 2004). Most studies from temperate regions utilise the Osternbring
technique which is more efficient but also more expensive to establish, while in the tropics,
and in our study, modified Bearmann funnel techniques are employed. In Bearmann funnel
approaches it is usually only possible to extract nematodes from 10 grams of soil, but
modifications of this approach use a larger surface area from which the nematodes can be

extracted, increasing the numbers found. Zhang et al. 2012 utilised a modified cotton wool
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approach which is essentially similar to the modified Bearmann funnel approach we used, so
the higher yield from tropical soils in our study is in this context robust. Some studies focus
only on the litter or mineral layer of the soil, whereas others include both. It has been shown
that for nematodes, like other soil organisms, large differences in richness occur between the
first 10cm and lower soil layers. In some cases, such as in intensive agriculture, litter layers are
not present. It is therefore important that only litter layer and mineral soil richnesses are
directly compared. Many studies of both temperate and tropical soils collected a small
number of samples, often 24 samples (Bloemer et al. 1997), and do not include species
accumulation curves to give an indication of how many new species would be found with
increased sampling affact. It is not clear to what extent scale and and sampling interrelate,
changes in the richess of nematodes could occur at smaller scales, based on habitat
heterogeneity. Whether sampling regimes were conducted according to local patterns of
species richness is not clear, in some cases distant locations are chosen and in others samples
are taken close by one another. Most studies identify the nematodes to genus level
(Groombridge 1992; Giller 1996; Neher et al. 2005; Zhang et al. 2012), in some cases only to
family level (Neher et al. 1995). Often particular groups, such as the order Dorylamida are left
out due to the difficulties of their morphological identification. In our case, we made a closer
inspection of the Dorylamida, down to species level, so that we could really gain species
richness estimations for the tropics. The incredible new diversity we identified at species level
gives some indication of the weakness in comparisons to studies estimating richness at the

genera level.

This study is the first contribution to our understanding of free-living terrestrial nematodes
diversity in limestone karst tropical forests of Vietnam. The Dorylaimida is probably the most
diverse nematode order as they make up nearly 50% of the total nematode genera. Our
morphological study recorded 48 genera and 13 families of the Order Dorylaimida, more
than ten, five and three times the number of genera found by the study from Andrassy
(1970), Nguyen (2007) and Nguyen (2011), respectively. The nematode fauna in 12 plots
(primary and secondary forests) in Huu Lien Nature Reserve, Lang Son Province in Vietham
was examined. Nematodes in the order Dorylaimida were identified to species level in order
to get an estimate on the numbers and diversity of known and undescribed taxa. More than
300 specimens of 30 species, 20 genera and 9 families have been examined and

characterized. The catalogue of the species shows that its nematode fauna consists of four
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major components. The dorylaimid fauna of this area consisted of a few (8%) cosmopolitan
species (Aporcelaimellus obtusicaudatus, Tylencholaimus teres and Mesodorylaimus
clavicaudatus), some (8%) Paleotropical forms (Longidorella xenura, Proleptonchus aestivus
and Tyleptus projectus), a series (51%) of species which presumably belong to the Oriental
realm/region (Axonchium thoubalicum, Belondira murtazai, Labronema glandosum, L.
neopacificum, Oriverutus parvus, Oxybelondira paraperplexa...), and a good number (33%) of
forms belonging to non-described species of the genera Aporcelinus, Aporcelaimoides,
Oriverutus and Sectonema. It is especially remarkable that more than one-third of the
dorylaimids species examined certainly represent unknown taxa, a proof of the much

understudied nematode diversity in the poorly explored natural areas of Southeast Asia.

The study of Vietnamese dorylaims allows not only their characterization and identification
but, very often, to obtain new relevant data on the taxonomy including discovery of new
taxa. The most remarkable cases refer to the genera Aporcelaimoides Heyns, Aporcelinus

Andrassy, Sectonema Thorne.

The genus Aporcelaimoides is an interesting aporcelaimoid taxon, which was erected by
Heyns (1965) to accommodate two new species namely A. probulbum (type species) and A.
californicum. Thirty year later, Siddigi (1995) regarded it as a junior synonym of Sectonema
and in 2009, Andrassy also followed Siddigi’s opinion. Therefore, the identity of
Aporcelaimoides has been a matter of some controversy. Very recently, Pefia-Santiago &
Alvarez-Ortega (2014) redescribed S. ventrale the type species of Sectonema, and concluded
that “the protrusible structure of Sectonema, as observed in its type species, is not a typical
mural tooth as seen in nygolaims, but a reduced odontostyle with its base occupying most (if
not whole) the stomatal lumen”. It means that mural odontostyle of Aporcelaimoides
significantly differs from the reduced odontostyle of Sectonema. Unfortunately, there is no
molecular information available to confirm the morphological data. With three new species
from Vietnam: Aporcelaimoides brevistylum, A. minor, A. silvaticum and three species

transferred from Sectonema, the genus Aporcelaimoides was restored as valid genus

making a total of 8 valid species in the genus Aporcelaimoides (See pulication 2).

Thorne (1930) classified Sectonema new genus under the family Dorylaimidae. Later (1935),
the same author created the subfamily Nygolaiminae under Dorylaimidae to accommodate

the genera Nygolaimus and Sectonema. Heyns (1965) proposed the new family
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Aporcelaimidae to accommodate the genus Sectonema and revised a genus Sectonema, with
ten valid species. Fifty years after, the classification of Sectonema under Aporcelaimidae has
not been modified. Nevertheless, new species were subsequently described or transferred
to Sectonema by Altherr (1965), Jairajpuri & Baqri (1966); Popovici (1978); and Siddiqi (1984,
1995), making the total current number of valid species to 24. More recently, Pefia-Santiago
& Alvarez-Ortega (2014) re-described S. ventrale, the type species of the genus, providing
new relevant information about the nature of the protruding stomatal structure, rather than
a reduced axial odontostyle than a mural tooth. We recoreded five new species of the genus
Sectonema: S. birrucephalum, S. buccociliatum, S. caobangense, S. ciliatum, S. tropicum and
S. Vietnamense and provided the molecular phylogeny tree for S. caobangense, S. ciliatum,
S. tropicum (see publications 3, 4 and 7)

Andrassy (2009a) proposed the new genus Aporcelinus to accommodate two new species, A.
altitudinalis and A. mediterraneus, as well seven previously known than were transferred from
Allodorylaimus. Aporcelinus was originally classified under Aporcelaimidae, Aporcelaimellinae,
compared to Aporcelaimellus, Makatinus and Allodorylaimus in Qudsianematidae,
Qudsianematinae. It was separated from Aporcelaimellus and Makatinus by its thinner cuticle
at tail (vs. distinctly thickened), absence (vs. presence) of cervical lacunae, presence (vs.
absence) of a lobe at pharyngo-intestinal junction, presence (vs. absence) of hiatus, and conical
(vs. short and rounded to conical) tail with pointed (vs. rounded tip if the tail is conical); and
from Allodorylaimus in its three-layered (vs two-layered) cuticle, guiding ring plicate (vs typical
dorylaimoid) and tail not ventrad curved (vs. distinctly curved ventrad). More recently,
Vinciguerra et al. (2014) raised some doubt about the classification of Aporcelinus under
Aporcelaimidae due to its features also shared with members of Qudsianematidae. We recored
three new species of the genus Aporcelinus: A. falcicaudatus, A. paramamillatus, A.
paraseychellensis, making the total number of Aporcelinus species to 24 valid species (see
publications 6, 8).

The discussion of the taxonomy/systematics of these three genera is an intricate matter and
particularly challenging because it is highly diverse and species show only little differences in

morphological characters.

Furthermore, we also recorded new data of three rare belondirid species from Vietnam with

the first record and description of the male of Oxybelondira paraperplexa Ahmad & Jairapuri
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(see Publication 1). Based on the new evidence of the SEM pictures (Fig. 3 in Publication 5),

we re-described of Cephalobus topali Andrassy and transfered to Acrobeloides (Cobb).

In additionally, comparative genetic surveys of nematode richness in tropical and temperate
regions have only just started. Databases of sequences of nematodes from tropical regions
are still extremely poor. Comparisons therefore are very likely to find little overlap, as only a
small number of species from each location are detected. A recent study by Porazinska et al.
(2012) found almost no nematode species shared between a temperate and tropical forest,
in the United States of America and Costa Rica, though in light of how little species are
known from either location this not surprising. In our study, we sequenced 67 dorylamid
individuals, however of these 67 different sequences only 5 could be matched with those
from the Genebank database at the 95% level (Fig. 1, Publiaction 9), which is only proxy for
even genus level differences. Porazinska et al. (2012) did however also find a threefold
higher species richness in the tropical samples than in the temperate. Comparisons between
different tropical habitats are for same reasons also problematic. Porazinska et al. (2012)
found 214 observed species whereas another study conducted in Costa Rica by Powers et al.
(2009) recored 167 observed species. Both studies found that in a tropical rainforest of Costa
Rica, 66% and 80% respectively, of the overall nematode genetic diversity existed in the litter
and understory habitats (based on MOTU and OCTU, respectively. We found that mineral
soil habitats can also harbor a high species richness and more studies are required to assert

whether soil or litter in the tropics contain a higher number of species.

In conclusion, the diversity of soil nematodes in Vietnam was extremely underestimated and

hypothesis 1 was confirmed.

4.2 Impact of land use intensity on nematode communities

Nematode community composition

A Non-Metric Multidimensional Scaling analysis indicated that nematode community
composition differed between regions and different land-use intensity levels. The nematode
community composition in Cao Bang, Cat Ba and Lang Son (Fig. 6) differed, suggesting an
affect of geographical distribution although these localitions have similar limestone habitats.
We expected that the nematodes from Cat Ba Island would differ from the others because
the Island is isolated. However, our statistical analysis distinguishes the nematode

community in Cao Bang from the other two locations. The forest in Cao Bang is more
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pristine, with less historical anthropogenic disturbance, and the average elevation of the
areas sampled there is higher than in the other locations. Even within the subtropical forest
habitats in these three locations, we see such large differences in the nematode community.
The geographical barrier of the sea is of course impermanent as the sea level fluctuates, but

it is interesting to see that these historical effects have perhaps less impact in our case.
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FIGURE 6. NMDS plot of nematode communities at genus level in the upper layer of mineral
soils show clear differences in community composition between three regions: Cao Bang and

Cat Ba and Lang Son (ellipses show 95% conf. interval)

Our study clearly indicated that the species richness and the divesity in Cao Bang in the
primary forest were higher than in the secondary forest and in the intensive agricultures.
That could be due to several factors: 1) the soil in the primary forest was not disturbed. This
stable evironment provides a suitable habitat for some specialist K-strategy nematode
genera. 2) The higher diversity of vegetation in the forest may be linked to the soil nematode
abundance and diversity. 3) Agricultural intensification is usually associated with increased
disturbance of the soil through tillage, indiscriminate use of mineral fertilizers and
pesticides, manipulation of organic residues and planting, this lead to decrease in the

diveristy and species (Yeates et al. 1999).

Land-use intensity (LUI) also had distinct impacts on the nematode community (Fig. 2 in

Publication 9). With increasing LUI, dominance patterns in nematode communities changed
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and we observed colonization of new taxa especially the fungivores and the plant parasitic
nematodes in intensive agriculture land. Our data clearly indicated the significant different
of trophic group (bacterivores, fungivores, omnivore and predator) within the increasing of

land use intensity and among the regions.

My study suggested several possible causes that drive soil nematode community structure
with the increasing the land use intensity. First, the high number of predator-omnivores
component in ther primary forest was one of the important channels of the soil nematode
food web (Sanchez-Moreno et al. 2011) and the interactions caused by this nematode
trophic or functional group was one of the major driving in the below-ground ecosystem.
This can strongly affect soil nematode communities (Cesarz et al. 2013). Albers et al. (2006)
suggested that the shift of nematode community from the forest to the intensive
agriculture. Further, with different LUI, vegetation properties change in forests and in

intensive agricultures, in turn, also influences nematode communities.
Ecological indices

We tested whether different nematode ecological indices could be applied to our tropical
soils. There is a lack of comparable studies investigating ecological indices in pristine
habitats, and so we were unsure which would likely prove robust. Many of these tests were
designed for temperate communities which usually contain a higher proportion of
bacteriovores or fungivores than we expected to see in a tropical soil. The Ml was developed
by Bonger (1990) for temperate systems and assigns values based on an r-k spectrum, where
higher trophic groups get higher scores. Studies in temperate regions yielded a Ml of 2.01 —
2.13 for conifer forests (de Goede & Dekker 1993), 2.40-2.43 for grasslands (Yeates et al.
1997) and 2.01 — 2.13 for intensive agriculture (McSorley & Frederick 1996). In our case, the
much higher numbers of omnivores and predators increased the Ml dramatically to 4 or 4.11
in subtropical forests or 2.9 in intensive agriculture. The fact that we identify more predators
and omnivores is also strongly influenced by our inclusion of the Dorylamida, and contains a
high proportion of omnivores and predators. In our case the MI may still function for finding
evidence of disturbance in communities, but direct comparisons with temperate systems

with entirely differently structured communities may not be possible.
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Plant parasitic index was also variable among the land use type, being higest in the primary
forest and lowest in the intensive agriculture. In particular Plant Parasitic Index reflected a
shift towards root- endo parasitic nematode taxa with increasing agricultural land use.

The Channel Index showed a strong shift towards the bacteria-based decomposer channel in
agricultural sites compared to a more stable energy transfer through the 'slow' fungal

decomposition channel in forest habitats.

The changes in nematode fauna structure were visualized and indicated the shifts of
nematode community from the forest to intensive agriculture (from the stable environment
to stress habitats) by the cp- triangules. The result of the shifts in nematode community was
indicated that the nematode community in intensive agriculture was expressed by a shift to
the upper left, stress to the lower left and the stable environmental to the right. Analysis of
data clearly indicated the interpretation of patterns in the nematode community due to the
changes in land-used intensity. In comparision with the data from temperate region (de

Gooede et al. 1993), we can see clearly the different between two communities.
Total abundance nematodes

In our study, the total abundance of nematodes per 100gr of fresh soil showed no significant
differences between the land use intensities and the three forests. Though no statistical
tests could confirm a difference in the treatments in terms of abundance, the highest
recorded abundance was in the primary forest with an average of 1537ind./100gr. These
values are quite similar to the 1290ind./100g reported in the mineral soil of a pine forest in
temperate region in the Netherlands by de Goede & Dekker (1993). If the abundances of
nematodes per gram soil are similar across continents, it emphasizes the higher diversity of

nematodes per gram soil in the tropics.
Trophic groups

We found that very high proportion of omnivores and predators were the dominant feeding
type (46-74.1%) in primary forest of three regions. Comparing with other groups,
Dorylaimida is one of the most diverse order in terms of numbers of genera as well as
abundance. Due to the high degree of environment stability of the forests in those regions,
which have been undisturbed by human activities. Comparing with other continental,
Sohlenius & Wasilewska (1984) also reported that populations of dorylaimids are sensitive to

disturbance. Therefore they can be used as indicators of environmental disturbances. One
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possibility is that they are sensitive to changes in the abundance or community structure of
their food resources. Dorylaimids and mononchids may also be more directly sensitive than
other nematode groups to disturbance-induced changes and to the physio-chemical
conditions of the soil environment. It is also indicated that the resolution of the omnivores
and predators nematodes group may appropriate in defining undisturbed soil ecosystem
status. Base on the natural morphology of the group and their functional assemblage, so
that they can reveal a response to specific pattern of the environmental. As typical K-
strategists, omnivores and predators, unlike bacterivores, display more or less similar
preferences of habitats. They often adapt with the response slower than other trophic
groups therefore they can be especially sensitive to disturbances in soil ecosystems (Bongers
& Bongers 1998; Ferris et al. 2001). In our study, the most dominant genera of omnivores
were recorded in all sites: Eudorylaimus, Mesodorylaimus, Aporcelaimellus and Oriverutus.
Eudorylaimus is an omnivore that can exploit a variety of food sources (Yeates et al. 1993).
Our study strongly compliments with others studies from Florida and Europe (Mcsorley
2012). Ecological studies that included numerical data on these genera were reviewed to
determine key aspects of their ecology and behaviour. These three genera: Eudorylaimus,
Mesodorylaimus, Aporcelaimellus were also the dominant omnivores in many parts of
Europe and Florida (USA), and often occurred together. Multiple species within the same
genera may be present in one sample and we call this co-occurence species. Although the
omnivores were present in high number of all habitats however the greatest numbers were
reached in primary forests. We also recorded the dominant predator genera of mononchids

group: Clarkus, lotonchus, Mylonchulus, Paractinolaimus, and Prionchulus.

The bacterivores were highest 14% in intensive agriculture while the slash and burn
contained only 5%. In our study, the most dominant genera of bacterivores were recorded in
all habitats: Alaimus, Amphidielus, Mesorhabditis, Eucephalobus, Panagrolaimus, Theristus,
and Daptonema. Ferris et al. (1997) provided evidence for different contributions of
bacterivorous nematode species to N-mineralization. Different responses of constituent
species in the nematode community may indicate their unique and thus critical participation
in nutrient and energy flow on a temporary scale.

The fungivores were highest 15% in intensive agriculture while the slash and burn contained
only 3%. The pattern formed by fungivorous nematodes was shaped by Aphelenchus. Again,

higher abundance of Aphelenchus overshadowed the response trend formed by
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Aphelenchoides and other fungal-feeding nematodes. Lack of data on precise feeding
preferences of these nematode species and their contributions to nutrient cycling limits our
understanding of the roles of these fungivores. Based on findings of Ferris et al. (1997),
however, we speculate that fungivores, like bacterivores, differ in their ability to mineralize
nitrogen, thus information on the individual genera or even species seems more
appropriate.

The herbivores (plant parasitic nematodes) were highest 24% in intensive agriculture while
in the primary forest contained only 11%. In particular the plant parasitic nematodes
reflected a shift towards root- endo parasitic nematode taxa with increasing agricultural land
use. We recorded some of the herbivores-ectoparasites genera: Discocriconemella,
Hemicriconemoides, Paralongidorus, Trichodorus and Tylenchorhynchus, some of the
herbivores-semi endo parasites: Helicotylenchus, Hoplolaimus, Rotylenchus, Scutellonema
and herbivores-migratory endo parasites: Hirschmanniella, Pratylenchus which only
appeared in secondary forest, slash and burn and intensive agrilucture land. In primary
forest, only the herbivores-ectoparasites nematodes were recorded: Axonchium, Belondira,

Criconema, Longidorella, Longidorus, Metaxonchium, Oxybelondira, and Xiphinema.

In conclusion, the land use intensity had a strong impact on the nematode communities, the

hypothesis 2 was confirmed.

4.3 The relationships of nematode community composition and soil C/N ratio

The C/N ratio analysis showed that soil organic carbon and total nitrogen were relatively not
important in influencing soil nematode communities among the soil's environmental factors.
However, the proportion of variance explained by soil properties indicated that soil
nematode communities are only partially controlled by other environmental factors. The soil

C/N ratio did not change significantly with increasing land-use. Therefore, changes in

nematode communities along gradients of within increasing land use intensity could not be

simply explained by abiotic soil conditions, the hypothesis 3 was not verified.
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6. Appendix

APPENDIX 1. Mean relative abundance of nematodes per 100gr in soils at different land use

intensity.
Land use type
Nematode Functional c-p° P-P . Slash .
genera group Value Value Primary Secondary and Int'enswe
forest forest agricuture
burn
Order Alaimida Siddiqi, 1983
Family Alaimidae Micoletzky, 1922
1 Alaimus Bacterivores 4 0 54.3 254 27.0 24.0
Family Amphidelidae Andrassy, 2002
2  Amphidelus Bacterivores 4 0 7.3 0.8 5.5 9.2
Order Aphelenchida Siddiqi, 1980
Family Aphelenchidae Fuchs, 1937
3 Aphelenchus Fungivores 2 0 0 0 0.4 32.7
Family Aphelenchoididae Skarbilovich, 1947
4 Aphelenchoides  Fungivores 2 0 25.7 32.6 12.0 43.1
Order Araeolaimida De Coninck & Schuurmans Stekhoven, 1933
Family Aphanolaimidae Chitwood, 1936
5 Aphanolaimus Bacterivores 3 0 0 0.1 0.3 1.5
Family Plectidae Orley, 1880
6 Anaplectus Bacterivores 2 0 0 0 6.4 1.2
7  Plectus Bacterivores 2 0 3.2 0 0.1 0.9
8 Tylocephalus Bacterivores 2 0 0 0 0.1 0
9 Wilsonema Bacterivores 2 0 0 0 2.0 0
Order Chromadorida Chitwood, 1933
Family Chromadoridae Filipjev, 1917
10 Chromadorina Bacterivores 3 0 3.3 0 3.5 0
11 Punctodora Omnivores 4 0 0 0 2.7 0
Order Diphtherophorida Loof, 1991
Family Trichodoridae Thorne, 1935
12 Trichodorus Herbivores- 4 0 3.5 3.2 0.4
ectoparasites
Order Dorylaimida Pearse, 1942
Family Actinolaimidae Thorne, 1939
13 Paractinolaimus  Predators 5 0 54.4 19.0 31.0 2.2
14 Actinolaimus Omnivores 4 0 0.4 0.4 0.6 0
Family Aporcelaimidae Heyns, 1965
15 Aporcelaimellus  Omnivores 5 0 58.5 19.1 25 24.9
16 Aporcelaimoides Omnivores 5 0 0 0.4 0 2.6
17 Aporcelaimus Omnivores 5 0 1.9 1.8 1.8 9.3
18 Aporcelinus Omnivores 5 0 2.8 0 0 0
19 Sectonema Omnivores 5 0 7.0 10.6 7.5 1.9
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20

21

22

23
24

25
26

27

28
29
30

31
32
33
34

35

36

37

38

39
40

41
42

43
44
45
46
47
48
49
50
51
52

Family Belondiridae Thorne, 1939

Axonchium Herbivore‘s- 0
ectoparasites
Belondira Herbworef ] 0
ectoparasites
Metaxonchium Herbivore§- 0
ectoparasites
Oxybelondira Herblvore§ j 0
ectoparasites
Oxydirus Predators 5
Family Dorylaimidae de Man, 1876
Dorylaimus Omnivores 4
Laimydorus Omnivores 4
Ssrepanodoryla/m Omnivores 4
Mesodorylaimus Omnivores 4
Prodorylaimium  Omnivores 4
Prodorylaimus Omnivores 4
Family Leptonchidae Thorne, 1945
Funaria Fungivores 4
Leptonchus Fungivores 4
Proleptonchus Fungivores 4
Tyleptus Omnivores 4
Family Longidoridae Thorne, 1935
Longidorus Herblvore§ ] 0
ectoparasites
Paralongidorus Herblvore§ } 0
ectoparasites
Xiphinema Herblvore.s— 0
ectoparasites
Family Mydonomidae Thorne, 1964
Dorylaimoides Fungivores 4
Family Nordiidae Jarajpuri & Siddiqgi, 1964
Enchodorus Omnivores 4
Longidorella Herb|vore§ ]
ectoparasites
Oriverutus Omnivores 4
Rhyssocolpus Omnivores 4
Family Qudsianematidae Jarajpuri, 1965
Allodorylaimus Omnivores 4
Crassolabium Omnivores 4
Discolaimium Predators 5
Discolaimoides Predators 5
Discolaimus Predators 5
Labronema Omnivores 4
Labronemella Omnivores 4
Epidorylaimus Omnivores 4
Eudorylaimus Omnivores 4
Microdorylaimus Omnivores 3

o

O oo o oo

o O O o

oo » O

O O O O O o o o o o

42.1

39.7

255

12.1

60.8

22.6

70.8
33.9
12.5

1.8

6.9

5.7

61.0

17.5

18.8
4.0
80.6

9.6
89.9
0
0
0
20.1
2.9
4.4
265.5
0

1.8

4.3

0.4

7.4
0.6

45.6

4.1

102
3.8
2.7

2.3
1.2
3.0

26.9

2.9

43.0

9.7

9.3
2.9

86.2
0.3

4.0
28.4
0
0
0.3
46.3
2.5
0.6
61.68
0

5.8

9.9

7.6

6.7
0.7

80.9

8.2

14.2
7.1
2.8

0.7
1.7

0.9

7.6

63.2

0.1

2.0
1.2
19.3

6.5
47.1
0.6

27.0
1.6
3.2

117.4

8.0

26.3

0.5

4.0
3.1

26.2
0.1

0.2

40.7
0.8
0.5

13

9.8

0.4

8.3

0.7

0.4

12.5
0.2

6.2
31.25
0.4
13
0.6
1.52

145.9
1.2
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53

54
55

56

57

58

59

60

61

62

63

64

65

66
67

68

69
70
71
72
73
74
75

76

77

Mylodiscus Omnivores 4
Family Thornenematidae Siddiqi, 1969
Coomansinema  Omnivores 4
L(l)f/sthodorylalm Omnivores 5
Family Tylencholaimidae Filipjev, 1934
Tylencholaimus ~ Fungivores 4
Family Tylencholaimellidae Jairajpuri, 1964
Tylencholaimellu 4

S Fungivores

Order Nygolaimina Ahmad & Jairajpuri, 1979
Family Nygolaimidae Thorne, 1935

Laevides Predators 5
Nygolaimus Predators 5
Nygolaimellus Predators 5

Order Enoplida Filipjev, 1929
Family Ironidae de Man, 1876

Ironus Predators 4
Family Prismatolaimidae Micoletzky, 1922
Prismatolaimus  Bacterivores 3
Family Tobrilidae De Coninck, 1965
Tobrilus Predators 3
Family Tripylidae de Man, 1867

Trypila Predators 3

Order Monhysterida De Coninck & Schuurmans Stekhoven, 1933

Family Monhysteridae de Man, 1876

Geomonhystera  Bacterivores 2
Family Xyalidae Chitwood, 1951

Daptonema Bacterivores 2
Theristus Bacterivores 2

Order Mononchida Jairajpuri, 1969
Family Anatonchidae Jairajpuri, 1939

lotonchus Predators 4
Family Mononchidae Filipjev, 1934
Actus Predators 4
Clarkus Predators 4
Cobbonchus Predators 4
Coomansus Predators 4
Judonchulus Predators 4
Mononchus Predators 4
Prionchulus Predators 4
Family Mylonchuilidae Jairajpuri, 1969
Mylonchulus Predators 4
Order Rhabditida Chitwood, 1933
Family Bicirronematidae

Bicirronema Bacterivores 1

o

0

o o

O O O O o o o

9.8
10.7

22.2

2.4
0.5
3.3

94.8

23.2

1.2

5.3

3.0

36.7

28.9
8.4

43.1

7.2
3.1

43.5

0.4

0.7

0
30.5

23.5

3.6

0.9

0.1

13.6

2.6

1.2

3.0

0.9

186.5

0.5
15.1

0.7

2.9
13

177.9

1.6

1.2
85.7

6.1

3.6

0.3

0.6

1.2

48.7

0.3

9.2

1.7

0.6

1.6
2.7

61.6

1.0
1.2
2.4
5.96
11
3.2

16.9

0.4

99.6

1.3

0.2

1.9

30.6

0.4

5.4

0.8

0.6

0.2

2.2

26.8

8.3

0.4

0.5

3.0

15.9
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78
79
80
81
82
83
84
85
86

87
88

89

90

91

92

93

94

95

96

97

98

99

Family Cephalobidae Filipjev, 1934

Acrobeles Bacterivores 2
Acrobeloides Bacterivores 2
Acrolobus Bacterivores 2
Cephalobus Bacterivores 2
Chiloplacus Bacterivores 2
Eucephalobus Bacterivores 2
Pseudacrobeles  Bacterivores 2
Zeldia Bacterivores 2

Family Diplogastridae Micoletzky, 1922
Diplogaster Bacterivores 1
Family Mesorhbditidae Andrassy, 1976

Cruznema Omnivores 4
Mesorhabditis Bacterivores 1
Family Panagrolaimidae Thorne, 1937
Panagrolaimus Bacterivores 1
Family Peloderidae Andrassy, 1976
Caenorhabditis ~ Bacterivores 1

Order Tylenchida Thorne 1949

Family Criconematidae Taylor, 1936
Herbivores-
ectoparasites

Discocriconemell Herbivores-

Criconema

a ectoparasites
Hemicriconemoid Herbivores-
es ectoparasites
Family Hoplolaimidae Filipjev, 1934
Herbivores-
Helicotylenchus  semiendo 0
parasites
Herbivores-
Hoplolaimus semi endo 0
parasites
Herbivores-
Rotylenchus semi endo 0
parasites
Herbivores-
Scutellonema semi endo 0
parasites
Family Psilenchidae Paramonov, 1967
Herbivores-
Psilenchus epidermal/ro 0

ot hair feeder
Family Pratylenchidae Thorne, 1949
Herbivores-
migratory
endo
parasites
Herbivores-

Hirschmanniella

100 Pratylenchus 0

migratory

O O O O o o o o

o o

O O O O o

o -

0.5

8.8
20.8

1.6

5.9

11

o O O O O

0.1

6.9

13

0.3

12.5

0.8

15.6

2.0

0.3

2.3

0.4

0.1

4.0

4.1

6.2

20.1

15.0

11.5

12.7

0.8

15
6.1
2.9

1.2
32.
5.7
1.7

19.2

11.7

33.6

0.4

4.0

23.8

39.5

17.8

3.7

0.5

6.2

41

0.2
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endo
parasites
Family Steinernematidae
101 Steinernema 1 0 0 0 2.5 0.9
Family Telotylenchidae Siddiqi, 1960
102 Amplimerfinius | erPvores- 0 3 0 0 1.2 1.4
ectoparasites
103 Tylenchorhynchu Herbivore§- 3 0 43 901 26.0
s ectoparasites
Family Tylenchidae Oerley, 1880
104 Filenchus Fungivores 2 0 0 3.7 1.9 67.3
Herbivores-
105 Tylenchus epidermal/ro 0 2 17.6 4.0 9.2 38.

ot hair feeder

®Colonizer-persister scale 1-5 where cp 1 are colonizers characterized by short generation
time and cp 5 are persisters characterized by long generation time (Bonger, 1990).
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