An update on morphology and distribution of Ruppia filifolia (Phil.) Skottsberg in Chile´s Austral archipelago
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Abstract: Vegetative and reproductive morphology of Ruppia filifolia (Phil.) Skottsberg is updated and completed by examining natural specimens, reviewing the literature and generating new iconography from waters across Chile´s Austral region. We expand current knowledge on morphology (rhizome–root, branching, foliage, inflorescence, fruit, habits) and geographical distribution of the taxon in Austral South America, with the addition of six new localities for R. filifolia. Our results are useful to identify this macrophyte and to distinguish it from R. maritima after some authors reported their co-occurrence in the Southern tip of South America leading to taxonomic confusion. Also, the new information on taxon distribution in Chile´s sub-Antarctic archipelago of the Austral, Magellan Region broadens the research on a neglected seagrass.
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Running Head: New data on Ruppia filifolia in Austral Chile 


Ruppia L. is a cosmopolitan genus of aquatic plants of the euryhaline group of Potamogetonaceae (Den Hartog, 1981).  The taxonomy of Ruppia species is not fully resolved because of an inherent high plasticity in morphology that results from frequent occurrence of hybrids and polyploids (Mannino et al., 2015).  Taxonomic confusion is also driven by the morphological plasticity resulting from acclimation to local environmental conditions (Mannino & Graziano, 2014) and by the prevalence of tradition when naming Ruppia plants in regional flora (Triest & Sierens, 2013), often without complete morphological descriptions and comparisons to specimens from other locations (Den Hartog, 1981).
Ruppia filifolia (Phil.) Skottsberg is distributed in ponds and rivers along the Andean mountain range from 26° to 55° South latitude (Ramírez et al., 1979, Pell et al. 2013). Freshwater and brackish coastal ponds, streams, lagoons and fjords are the habitats where R. filifolia has been found from 44° South latitude down to Tierra del Fuego and Falkland Islands (Moore, 1973, 1983; Álvarez et al., 2010; San Martín et al., 2011). Recent studies show that biomass and productivity of some R. filifolia perennial meadows in Chile´s sub-Antarctic region, are quite significant (Murcia et al., 2015), suggesting this species might play ecosystem roles as relevant as those played by seagrasses in other coastal areas.
The name Ruppia filifolia was proposed by Skottsberg (1916) and is the combination commonly used to refer to Ruppia-like plants in South Patagonia and the fjord system of Chile´s Austral region.  Older synonyms are Potamogeton filifolius (Philippi, 1860), Ruppia andina (Philippi, 1896 in Skottsberg, 1916) and Ruppia obtusa (Hagström, 1911).  The ancient morphological descriptions by Philippi (1860) and Hagström (1911) did not include an iconography of the taxon. Later morphological descriptions (Moore 1973, 1983) provided an illustration of plant habits only with details of the inflorescence and the fruit.  The available information did not prevent the use of the name Ruppia maritima for plants found near Punta Arenas, Austral Chile (Dusén, 1900) and only the genus name for plants in the nearby Skyring Sound (Mazzella & Gambi, 1993), surprisingly the locality studied by Hagström (1911) and Skottsberg (1916).  
Short et al. (2007) identify “Ruppia maritima” as the seagrass with the world’s southernmost distribution.  Moore (1983) considered that R. filifolia material from Tierra del Fuego island had a mixture of characters from R. maritima and R. cirrhosa according to Gamerro´s (1968) descriptions and suggested R. filifolia as a separate taxon until further studies would clarify its status.  Molecular phylogenetic studies of Ruppia, including material from Falkland Islands identified as R. filifolia, separate this entity from other Ruppia species but within the “R. maritima complex,” and suggest that R. filifolia might result from hybridization among yet unknown entities of the complex (Ito et al., 2010, 2013).  Hence, the available evidence supports the status of R. filifolia as a distinct taxon, but additional knowledge on the morphology and distribution of the taxon in the Sub-Antarctic tip of South America is needed.  In fact, there is a large knowledge gap on this species, which is classified as “data deficient” by the IUCN (2014). 
The objective of this study was to update and complete the morphological description of Ruppia filifolia in the Sub-Antarctic tip of South America by providing new iconography of key morphological characters that would facilitate the identification of the taxon. We used material collected in Skyring Sound (Hagström, 1911; Skottsberg, 1916) for this purpose.  Additional collections of plant material from new localities where the taxon was unknown to be present were also considered.

-
Ruppia filifolia was collected in several sites in the north and south shores of Skyring Sound (52°32’46.80”S, 71º56’49.10”W; Fig. 1), a brackish (18 psu) water body (Kilian et al., 2007) of Chile´s Austral archipelago, where this taxon is abundant according to ancient (Hagstrom, 1911; Skottsberg, 1916) and recent reports (Mazzella & Gambi, 1993, Mansilla et al., 2013, Murcia et al., 2015).  Additional collections of R. filifolia include samples from Tierra del Fuego areas reported by Moore (1983), as well as non-systematic collections from different shallow water bodies throughout the archipelago (see Results). Water salinity of the surveyed sites was recorded in-situ using a digital refractometer (Hannah Instruments Inc., HI 96822). Meadow location was registered in a handheld GPS (Garmin GPSMAP 64st).
Samples were carefully collected by hand to obtain complete plants (i.e., with all plant organs: rhizome, roots, vertical stem, leaves, flowers, fruits). Where necessary, samples were obtained by SCUBA diving.  The collected material was placed in plastic bags and maintained fresh at ambient air temperature for examination and measurements within the following < 24 hours.  Direct observation and measurements of vegetative and reproductive structures were performed with dissecting and optical microscopes equipped with micrometers to examine the morphological characters of the collected specimens and to compare them with the morphological descriptions of the taxon in the literature. Fernald & Wigand (1914), Gamerro 1968, Haynes (1978), Novelo & Lot (1994) and Ramírez-García (2013) were used for general description of the genus Ruppia in the American continent. Philippi (1860), Hagström (1911), Skottsberg (1916) and Moore (1973, 1983) were used for description of R. filifolia. The specimens were pressed, dried and placed in the herbarium of the Laboratory of Antarctic and Sub-Antarctic Marine Ecosystems of the University of Magallanes, Punta Arenas, Chile.  Samples of flowers and fruits were also preserved in 70% ethanol.

-
Ruppia filifolia is a perennial, rooted, submerged aquatic plant, with terete stems of dimorphic branching (Fig. 2a).  The stems remain above the substrate, erect, with foliage and floral structures present.  The stems within the substrate are rhizome-type with unbranched roots.  The leaves are sessile, alternate, with a stipule adnate to the leaf base, which wraps the stem (Fig. 2b).  The leaf blade is linear with a margin, the apex acute, obtuse or rounded with unicellular trichomes (Fig. 2d).  The inflorescence is present at terminal or axillary spikes, stalked (up to 8 cm in-length, first straight but curved after fruiting, sometimes spiral), covered by a hyaline spathe 1 cm in length.  Two flowers without bracts or perianth, and two sessile stamens with bilocular anthers, 1.6 mm to 1.2 mm long by 0.9 mm to 0.8 mm wide (Fig. 3); four sessile carpels (Fig. 2c).  The fruits (1 to 6) are asymmetrical, dorsally rounded, 2.4 mm to 2.6 mm long by 1.9 mm to 2.1 mm wide, with pedicel of 0.1 mm to 0.2 mm or absent, with no rostellum, sometimes with a remnant capitated stigma (Fig. 2e, 3i), and one seed.
Areas of Ruppia filifolia presence in Tierra del Fuego (Fig. 30h in Moore, 1983) were surveyed with little success. We found R. filifolia in Laguna Verde Pond, Lapataia Bay of the Argentinean sector (see below), which we consider a likely, or close to, one of the localities identified by Moore (1983).  Ruppia filifolia was collected anew in six other localities (Fig.1): 
1. Última Esperanza (Lit. Last Hope) Sound, Antonio-Varas Peninsula, Puerto Natales, Chile, 250 km North of the regional capital city of Punta Arenas (Fig. 1); 51° 33' 43.80" S, 72° 55' 30.80" W; depth 2–6 m, patchy meadows, seawater (18 psu) fjord, 7 May 2016 [fr].
2. Última Esperanza Sound, Antonio-Varas Peninsula, Puerto Natales, Chile, 250 km North of the regional capital city of Punta Arenas (Fig. 1); 51º 45´41.68” S, 72º 50´ 29.71” W; depth 3–4 m, patchy meadows, seawater (19 psu) fjord, 8 May 2016 [fr].
3. (Skyring Sound, described above; Fig.1)
4. Cabeza de Mar (Lit. Sea Head), Brunswick Peninsula, Chile; 52° 48' 05.80" S, 70° 59' 58.03" W (Fig.1). Shallow (1–2 m depth), patchy meadows, seawater (21 psu) inlet connected to the Strait of Magellan, 45 km North of the regional capital city of Punta Arenas, 16 Apr 2016 [fl, fr].
5. Ainsworth pond, Marinelli Fjord, Tierra del Fuego Island (Chile´s side); 54° 24' 16.1" S, 69° 37' 22.3" W.  Shallow (1 m depth), brackish water pond (20 psu), near the base of Marinelli Glacier, Austral Magellan (Magallanes) Region of Chile, 13 Mar 2016 [fl, fr].
6. Pía pond, Pía Fjord, Tierra del Fuego Island (Chile´s side); 54° 47' 28" S, 69° 35' 46" W. Shallow (< 1 m depth), brackish water (11 psu) pond in the North–East arm of the Pía Fjord, near the base of Pía Glacier, Austral Magellan Region of Chile, 14 Mar 2016 [fl, fr].
7. Verde (Lit. Green) pond, Lapataia Bay, Tierra del Fuego Island (Argentina´s side); 54° 50' 42.00" S, 68°34' 39.36" W.  Shallow (0.5–1m depth) freshwater pond draining into Lapataia Bay and the Beagle Channel, 26 Mar 2012 [fl, fr].

The morphology of Ruppia filifolia specimens examined is consistent with former descriptions of the taxon by Philippi (1860), Hagström (1911) and Moore (1973, 1983).  Moore (1983) considered R. filifolia a separate taxon with a mixture of characters from R. cirrhosa (Petag.) Grande and R. maritima L. according to the descriptions provided by Gamerro (1968) for those taxa. The molecular phylogenies of Ruppia (Ito et al. 2010, 2013) reveal that R. filifolia is close to R. maritima albeit maintaining significant differences with other taxa of the genus.  Consequently, we support Moore´s (1983) proposal of maintaining the status of R. filifolia as a separate taxon until in-depth morphological, caryological and phylogenetic analyses are completed on a comprehensive collection of specimens from all localities where this taxon is found.  Meanwhile, our results are useful to identify R. filifolia and particularly to distinguish it from R. maritima given that some authors consider that they co-occur in the Southern tip of South America (Ramírez et al., 1979) and that taxonomic confusion remains (Mazzella & Gambi, 1993; Short et al., 2007).  The main differences we found between R. maritima and R. filifolia are in the leaf´s apex and the fruit´s pedicel.  The leaf apex in R. filifolia shows no pluri-cellular denticels, but unicellular trichomes, and the fruit pedicel is tiny or absent.  These key characters were included in the taxon descriptions by Hagström (1911) and Moore (1983). 
The records of Ruppia filifolia in Laguna Verde, in Pía and Marinelli fjords, and in Cabeza de Mar and Última Esperanza Sound aid in reducing the current taxonomic uncertainty that characterizes most records of this taxon in its subpolar range.  Indeed, Ruppia-like plants that did not conform to R. filifolia morphology were never observed during our collection surveys.  Interestingly, the finding of R. filifolia in ponds of recent formation after glacier retreat (Arróniz-Crespo et al., 2014) suggests that the geographical distribution of the taxon is expanding throughout the Sub-Antarctic tip of South America likely mediated by bird transport.  Further efforts are underway to improve the resolution of the geographical distribution and genetics of the taxon in the region. The complex coastline in the Chilean sub-Antarctic fjord system makes access to sites rather challenging in the short-term but under consideration in the author´s ongoing research on aquatic macrophytes in the region.
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Figure legends
Figure 1.  Localities in sub-Antarctic Chile and Argentina, southern tip of South America, where Ruppia filifolia was found in this study: (1-2.) Última Esperanza Sound; (3.) Skyring Sound, mark refers to one of several sites from prior studies (e.g., Murcia et al. 2015); (4.) Cabeza de Mar; (5.) Ainsworth Pond in Ainsworth Fjord; (5.) Pía Pond, at the base of Pía Glacier; (6.) Laguna Verde Pond in Lapataia, Argentina. The star marks the Magellan regional capital city of Punta Arenas; open circle marks the Argentinean regional capital city of Ushuaia on the Island of Tierra del Fuego.

Figure 2.  Ruppia filifolia from Skyring Sound (sub-Antarctic Chile): (a.) vertical stem with infrutescence, (b.) stipule at the leaf base, (c.) inflorescence with two flowers, the anthers are observed, as well as the four carpels of a flower (flowers in opposite position), (d.) the leaf apex showing its trichomes or strands on its edge, and (e.) two fruits, in one of which the remnant capitate stigma is observed.

Figure 3.  Ruppia filifolia in Skyring Sound (sub-Antarctic Chile): (a.) Natural meadow, (b.) Apical section of horizontal rhizome, (c.) Vertical stem, (d.) Inflorescence partly wrapped by leaf sheaths, (e.) Inflorescence with two flowers, four peltate stigmas are seen between the two reniform anthers of the distal flower, (f., g.) Infructescence with curved stalk, (h., i.) Infructescence with ovoid fruits without pedicle.
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Title: An update on morphology and distribution of Ruppia filifolia (Phil.) Skottsberg in Chile´s Austral archipelago
Título: Actualización de la morfología y distribución de Ruppia filifolia (Phil.) Skottsberg en el archipiélago austral de Chile

Abstract: Vegetative and reproductive morphology of Ruppia filifolia (Phil.) Skottsberg is updated and completed by examining natural specimens, reviewing the literature and generating new iconography from waters across Chile´s Austral region. We expand current knowledge on morphology (rhizome–root, branching, foliage, inflorescence, fruit, habits) and geographical distribution of the taxon in Austral South America, with the addition of six new localities for R. filifolia. Our results are useful to identify this macrophyte and to distinguish it from R. maritima after some authors reported their co-occurrence in the Southern tip of South America leading to taxonomic confusion. Also, the new information on taxon distribution in Chile´s sub-Antarctic archipelago of the Austral, Magellan Region broadens the research on a neglected seagrass.
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Resumen: Actualizamos la morfología vegetativa y reproductiva de Ruppia filifolia (Phil.) Skottsberg y la completamos revisando la literatura, examinando especímenes naturales y generando nueva iconografía para la región Austral de Chile.  Ampliamos el conocimiento actual sobre la morfología (rizoma-raíz, ramificación, follaje, inflorescencia, fruto, hábitos) y sobre la distribución geográfica del taxón en Suramérica, con la adición de seis nuevas localidades para R. filifolia.  Nuestros resultados son útiles para identificar este macrófito y diferenciarlo de R. maritima después de que algunos autores publicaran su co-ocurrencia en el extremo sur de Suramérica, resultando en la confusión taxonómica entre ambas especies.  Además, la nueva información sobre la distribución del taxón en el archipiélago subantártico de Chile, región austral de Magallanes, amplía la investigación sobre un ignorado pasto marino.

Palabras clave: Pasto marino, iconografía, asignación geográfica, subantártida
Titulo resumido / Encabezamiento: Nuevos datos sobre Ruppia filifolia en el Chile Austral
Figure legends 
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Figure 1.  Localities in sub-Antarctic Chile and Argentina, southern tip of South America, where Ruppia filifolia was found in this study: (1-2.) Última Esperanza Sound; (3.) Skyring Sound, mark refers to one of several sites from prior studies (e.g., Murcia et al. 2015); (4.) Cabeza de Mar; (5.) Ainsworth Pond in Ainsworth fjord and glacier; (5.) Pía Pond, at the base of Pía glacier; (6.) Laguna Verde Pond in Lapataia, Argentina. The star marks the Magellan regional capital city of Punta Arenas; open circle marks the Argentinean regional capital city of Ushuaia on the Island of Tierra del Fuego.
Figura 1. Localidades en Chile y Argentina subantárticos, en el extremo sur de Suramérica donde se encontró Ruppia filifolia en este estudio: (1-2.) Seno Última Esperanza; (3) Seno Skyring, la marca muestra uno de varios sitios de estudios previos (Murcia et al., 2015); (4) Cabeza de Mar; (5.) Laguna Ainsworth en fiordo y glaciar Ainsworth; (5.) Laguna Pía, en la base del Glaciar Pía; (6.) Laguna Verde en Lapataia, Argentina.  La estrella marca la capital de Magallanes, Punta Arenas; el círculo abierto marca la capital argentina de Ushuaia en Isla Grande de Tierra del Fuego.

Figure 2.  Ruppia filifolia from Skyring Sound (sub-Antarctic Chile): (a.) vertical stem with infrutescence, (b.) stipule at the leaf base, (c.) inflorescence with two flowers, the anthers are observed, as well as the four carpels of a flower (flowers in opposite position), (d.) the leaf apex showing its trichomes or strands on its edge, and (e.) two fruits, in one of which the remnant capitate stigma is observed.
Figura 2. Ruppia filifolia de Seno Skyring (Chile subantártico): (a.) tallo vertical con infrutescencia, (b.) stipula en la base de la hoja, (c.) inflorescencia con dos flores, se observan las anteras, así como los cuatro carpelos de una flor (flores en posición opuesta), (d.) el ápice de la hoja que muestra sus tricomas o hilos en su borde, y (e.) dos frutos, en uno de los cuales se observa el estigma capitado remanente.

Figure 3. Ruppia filifolia in Skyring Sound (sub-Antarctic Chile): (a.) Natural meadow, (b.) Apical section of horizontal rhizome, (c.) Vertical stem, (d.) Inflorescence partly wrapped by leaf sheaths, (e.) Inflorescence with two flowers, four peltate stigmas are seen between the two reniform anthers of the distal flower, (f., g.) Infructescence with curved stalk, (h., i.) Infructescence with ovoid fruits without pedicle.
[bookmark: _GoBack]Figura 3. Ruppia filifolia de Seno Skyring (Chile subantártico): (a.) Pradera natural (b.) Sección apical del rizoma horizontal, (c.) Tallo vertical, (d.) Inflorescencia parcialmente envuelta por vainas foliares, (e.) Inflorescencia con dos flores, se observan cuatro estigmas peltales entre las dos anteras reniformes de la flor distal, (f., g.) Infrutescencia con tallo recurvado, (h., i.) Infrutescencia con frutos ovoides sin pedículo.
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