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Introduction

Background and objectives

It is becoming increasingly evident that palaeoecology can effectively contribute to conservation biology and restoration ecology by providing long-term records of ecological changes and extending the ecological observations into longer decadal to millennial time scales [START_REF] Birks | Quaternary paleoecology and vegetation science: current contributions and possible future developments[END_REF][START_REF] Birks | Ecological palaeoecology and conservation biology: controversies, challenges, and compromises[END_REF][START_REF] Jackson | Ecological restoration in the light of ecological history[END_REF][START_REF] Willis | Biodiversity baselines, thresholds and resilience: testing predictions and assumptions using palaeoecological data[END_REF]. There are a number of ways palaeoecological data can aid the managers to conserve, maintain, and even restore the biodiversity, ecosystems, and resources [START_REF] Froyd | Emerging issues in biodiversity and conservation management: the need for a palaeoecological perspective[END_REF][START_REF] Jackson | Ecological restoration in the light of ecological history[END_REF][START_REF] Wingard | The role of paleoecology in restoration and resource management -the past as a guide to future decision-making: review and example from the Greater Everglades Ecosystem[END_REF]. Some common examples of palaeoecological applications in biological conservation are to (i) understand biological invasions [START_REF] St | Documenting natural and human-caused plant invasions using paleoecological methods[END_REF][START_REF] Froyd | Emerging issues in biodiversity and conservation management: the need for a palaeoecological perspective[END_REF], (ii) reconstruct biodiversity dynamics and dynamic equilibrium between extinction, migration, and persistence [START_REF] Jackson | Responses of plant populations and communities to environmental changes of the late Quaternary[END_REF][START_REF] Froyd | Emerging issues in biodiversity and conservation management: the need for a palaeoecological perspective[END_REF], and (iii) detect 'cold-stage refugia' or 'glacial refugia' as well as 'warm-stage refugia' or 'interglacial refugia' as priority conservation targets [START_REF] Willis | Biodiversity baselines, thresholds and resilience: testing predictions and assumptions using palaeoecological data[END_REF].

As an example, as far as the biological invasion is concerned, palaeoecological studies can establish if a particular species of conservation concern is native, non-native or 'alien' in a given ecosystem or landscape [START_REF] St | Documenting natural and human-caused plant invasions using paleoecological methods[END_REF][START_REF] Willis | What is natural? The need for a long-term perspective in biodiversity conservation[END_REF][START_REF] Birks | Ecological palaeoecology and conservation biology: controversies, challenges, and compromises[END_REF]. Such studies can further assess the long-term impact of 'alien' species on the structure and functioning of an ecosystem [START_REF] Froyd | Emerging issues in biodiversity and conservation management: the need for a palaeoecological perspective[END_REF]. Interesting examples of palaeoecology elucidating the origin of 'doubtful natives' and helping conservation management, can be found in oceanic islands colonized by humans during the last centuries with introduction of exotic species threatening the local fauna and flora [START_REF] Van Leeuwen | Fossil pollen as a guide to conservation in the Galápagos[END_REF][START_REF] Coffey | When is an invasive not an invasive? Macrofossil evidence of doubtful native plant species in the Galápagos Islands[END_REF].

There is however, another potential of palaeoecology to serve conservation biology which has so far been underexplored by both conservationists and palaeoecologists. The basic idea is that in rich biogeographical territories, such as biodiversity hotspots, in which the biodiversity is still not fully known, palaeoecological data can reveal the hidden taxa which presence has not yet been evidenced by scientists. These are almost certainly present in the ecosystem and are potentially of high conservation value. Palaeoecological records of recent past are particularly valuable to give promising evidence of such taxa still thriving in a given ecosystem.

To exemplify this, we use the liverwort genus Riella in continental SW Asia as our model (see below). The long-term ecological history of Riella can be inferred from its fossil spores trapped and preserved in wetland sediments (Djamali et al. 2008a, b). This study aims to present palaeoecological records of Riella in numerous published and unpublished pollen records from Iran. It will provide a spatio-temporal distribution pattern for the genus in one of the significant biodiversity hotspots of Northern Hemisphere. It will also demonstrate how palaeoecological insights can help design preventive strategies to conserve these liverworts and their habitat in an alarmingly changing world.

Geographical and bioclimatic setting

The study area is located in the continental interior of southwest Asia mainly corresponding to the Zagros Mountains, a NW-SE oriented high mountain system stretching > 1500 km from the Anatolian plateau to the Gulf of Oman (Figs. 1,2). This area is dominated by the 'Irano-Turanian bioclimate' which is a continental variant of the Mediterranean bioclimate with higher continentality, more marked precipitation seasonality and longer summer droughts [START_REF] Djamali | Application of the global bioclimatic classification to Iran: implications for understanding the modern vegetation and biogeography[END_REF](Djamali et al. , 2012a)). In the true Mediterranean world, this climate is equivalent to three rare bioclimatic types called 'Mediterranean pluviseasonal-continental', 'Mediterranean xeric-continental', and 'Mediterranean desertic-continental' according to the Global Bioclimatic Classification [START_REF] Rivas-Martínez | Worldwide bioclimatic classification system[END_REF]. A number of climate diagrams from the study area are illustrated in Fig. 1. A common feature of most of these diagrams is the long duration of the dry season defined as those months during which the precipitation (P) is less than two times the temperature (T) (P < 2 T), lasting from 5 to 8 months with precipitation mainly falling from October to April.

The very seasonal distribution of annual precipitation and strong evaporation during the long summer months have given a very ephemeral character to Iranian wetland systems with a high amplitude of water-table fluctuations making them vulnerable ecosystems to ongoing global change (Mousaei-Sanjerani and Rundel 2016). Indeed, most of the Iranian internal lake systems are playa lakes with substantial annual, decadal, and longer-term hydrological fluctuations, alternatively flooding and exposing vast expanses of shallow lake environments in response to hydroclimatic variations [START_REF] Krinsley | Geomorphological and paleoclimatological study of the playas of Iran[END_REF][START_REF] Mousaei-Sanjerani | The future of Iranian wetlands under climate change[END_REF].

The study area falls into the western Irano-Turanian floristic region (Fig. 1: upper right inset map), one of the largest and richest phytogeographical regions of the world (Djamali et al. 2012a;[START_REF] Manafzadeh | Visions of the past and dreams of the future in the Orient: the Irano-Turanian region from classical botany to evolutionary studies[END_REF]. The vegetation in mostly composed of Irano-Turanian montane steppes and steppe-forests with Quercus brantii, Pistacia atlantica, Acer monspessulanum, and arboreal Rosaceae dominating [START_REF] Zohary | Geobotanical Foundations of the Middle East[END_REF].

Model taxon: Riella

The family Riellaceae (Marchantiophyta, Sphaerocarpales) consists of two genera, the monotypic Austroriella, known only from a single locality in Australia [START_REF] Cargill | A new terrestrial genus and species within the aquatic liverwort family Riellaceae (Sphaerocarpales) from Australia[END_REF] and Riella, with a world-wide distribution (except Antarctica) and 29 taxa [START_REF] Söderström | World checklist of hornworts and liverworts[END_REF], Table 1). The majority of the Riella populations are found in areas of Mediterranean-type and subtropical semi-arid climates with a marked precipitation seasonality and develop in seasonally flooded shallow lake and wetland environments [START_REF] Gradstein | Amphitropical disjunctive species in the complex thalloid liverworts (Marchantiidae)[END_REF][START_REF] Segarra-Moragues | An eco-physiological and biotechnological approach to conservation of the world-wide rare and endangered aquatic liverwort Riella helicophylla (Bory et Mont.)[END_REF]. Riella species have very small and disjunct populations mostly distributed in the Mediterranean bioclimatic areas of the world (e.g. Segarra-Moragues and Puche 2014; [START_REF] Segarra-Moragues | Riella heliospora (Riellaceae) a new monoicous species of Riella subgenuc Trabutiella from California[END_REF][START_REF] Cargill | A new terrestrial genus and species within the aquatic liverwort family Riellaceae (Sphaerocarpales) from Australia[END_REF][START_REF] Gradstein | Amphitropical disjunctive species in the complex thalloid liverworts (Marchantiidae)[END_REF]. Our knowledge on the taxonomy and conservation status of Riella is however, still limited due to rare sights of living species in nature and their poorly-known global spatial distribution [START_REF] Geissler | The phytogeography of Mediterranean bryophytes: progress and problems[END_REF]Segarra-Moragues et al. 2014). The latter fact is evident by description of several new species and new records over the last decade across the world [START_REF] Segarra-Moragues | Riella heliospora (Riellaceae) a new monoicous species of Riella subgenuc Trabutiella from California[END_REF][START_REF] Cargill | A new terrestrial genus and species within the aquatic liverwort family Riellaceae (Sphaerocarpales) from Australia[END_REF][START_REF] Puche | Riella bialata Trab. (Riellaceae, Marchantiophyta): a new addition to the European liverwort flora[END_REF]Segarra-Moragues and Puche 2014;Segarra-Moragues et al. 2019a, b).

Table 1 presents 29 taxa recognised at the species rank or below of the Riellaceae family [START_REF] Söderström | World checklist of hornworts and liverworts[END_REF]. Of these, eight taxa (27.6%) have been designated of having unresolved taxonomic status, indicating a significant gap of taxonomical knowledge. Such lack of knowledge extends also to their conservation status. The conservation status of 11 (37.9%) of the 29 taxa has not been assessed yet, whereas conservation assessments are available for 14 (48.3%) and 4 (13.8%) for their global and partial distribution ranges, respectively. Notwithstanding, eight (57.1%) out of the 14 globally assessed taxa have been assessed as Data Deficient (DD), indicating a significant lack of knowledge on the status of their populations. The remaining six taxa have been assessed as Extinct (R. spiculata), Critically Endangered (R. affinis), Endangered (R. bialata and R. echinata) and Vulnerable (R. heliospora and R. mediterranea, Table 1). Riella cossoniana, the only species which fossil/subfossil spores have so far been reported from SW Asia (Djamali et al. 2008b) is considered as DD globally, Nearly Threatened in its European range and as Vulnerable in Spain, where most of the currently known populations have been reported in recent times (Segarra-Moragues et al. 2014, Table 1). In summary, the conservation status of the majority of the Riella taxa remains still obscure because of the missing information on the population biology, ecology and distribution of their extant populations around the world (Table 1).

Materials and methods

Palaeoecological archives

In this paper we present 10 palaeoecological records of Riella spores extracted from pollen diagrams (Fig. 2; Table 2). All diagrams come from western highlands of the Iranian plateau (Fig. 2 inset map). The presence of Riella spores has been so far reported and published from only three sites i.e. Lake Urmia (Djamali et al. 2008b;[START_REF] Talebi | The Late-Holocene climate change, vegetation dynamics, lake-level changes and anthropogenic impacts in the Lake Urmia region, NW Iran[END_REF], Lake Parishan [START_REF] Djamali | Olive cultivation in the heart of the Persian Achaemenid Empire: new insights to agricultural practices and environmental changes reflected in a late Holocene pollen record from Lake Parishan, SW Iran[END_REF], and Lake Maharlou [START_REF] Ghavi Andam | Vegetation history of Maharlou Lake basin (SW Iran) with special reference to Achaemenid period[END_REF]. Most of the fossil spore data presented in this paper are thus, the first records of Riella from the

Table 1

The 29 recognised taxa of the Riellaceae. For each taxon its taxonomic status, original country of description, known distribution, conservation status and references dealing with their assessment are mentioned Taxon 2). Pollen and spores have been extracted from wetland sediment cores using the classical extraction technique described in [START_REF] Moore | Pollen analysis[END_REF] and Riella spores have been counted and identified under ×500 magnification. Representative samples were also observed and photographed by Scanning Electron Microscopy (SEM) following the procedures described in Segarra-Moragues et al. ( 2014) on a Hitachi S-4800 at the Servei Central de Suport a la Investigació Experimental (SCSIE) at the University of Valencia. Their percentage values have been calculated over the sum of the pollen of aquatic plants (hydrophytes and helophytes) and plotted against an absolute chronological scale. The percentages of Riella spores in Urmia BH3 core were calculated on total pollen of terrestrial plants to be comparable with data presented in the original publication (Djamali et al. 2008b). All sediment cores have been dated by radiocarbon dating except for the site of Pasargadae which has been dated by Optically Stimulated Luminescence (OSL) dating [START_REF] Munnia | Analyse palynologique d'une séquence sédimentologique provenant du site du Pasargades (Iran)[END_REF]. The radiocarbon ages of the sites 3, 4, 5, 9, and 10 can be found in Supplementary Materials (S1) and those of Maharlou and Parishan records (7 and 8 in Fig. 2) can be found in [START_REF] Brisset | Late Holocene hydrology of Lake Maharlou, southwest Iran, inferred from high-resolution sedimentological and geochemical analyses[END_REF] and [START_REF] Djamali | Olive cultivation in the heart of the Persian Achaemenid Empire: new insights to agricultural practices and environmental changes reflected in a late Holocene pollen record from Lake Parishan, SW Iran[END_REF], respectively. Age-depth model of Holocene Urmia U6 record (2 in Fig. 2) has been provided by Dr. Arash Sharifi, University of Miami, USA. For the long core of Urmia BH3, a re-tuning of the record was performed by correlating the arboreal pollen variations (Djamali et al. 2008b) to a recently published high resolution speleothem stable isotope record covering the whole Marine Stable Isotope Stage 5 [START_REF] Mehterian | Speleothem records of glacial/interglacial climate from Iran forewarn of future water availability in the interior of the Middle East[END_REF]. Absolute concentrations of Riella spores were calculated using Lycopodium spore counts following [START_REF] Stockmarr | Tablets with spores used in absolute pollen analysis[END_REF]. All age-depth models have been established or re-established in 'clam' package [START_REF] Blaauw | Methods and code for "classical" age-modelling of radiocarbon sequences[END_REF] in RStudio version 3.5.3 (RStudio Team 2015).

Results

Riella, a significant bryophyte in the late Quaternary flora of Iran

Subfossil spore records of Riella presented in Figs. 2 and 3 cover a wide spatio-temporal scale (Fig. 2). Spatially, they are found in 10 sites spread along a 1300 km transect from northwestern corner of Iran in hypersaline lake Urmia to the southernmost part of the country in the Persian Gulf (Fig. 2). Temporally, the records go back at least to 195,000 years ago at the very end of the Marine Isotope Stage 7 (Fig. 3) and end at contemporaneous sediments in Rouzian wetland (4 in Fig. 2) as well as in Lake Urmia [START_REF] Talebi | The Late-Holocene climate change, vegetation dynamics, lake-level changes and anthropogenic impacts in the Lake Urmia region, NW Iran[END_REF]).

The occurrences and frequency changes of Riella spores follow a very fluctuating pattern. While some records such as Lake Parishan (Record 7 in Fig. 2, Table 1) reveal Riella spores in most of the studied spectra, others display Riella spores in only a few spectra (e.g. 3, 4, and 5 in Fig. 2). Currently, the common feature of most of the above palaeoecological sites is the presence of shallow water environments with high water-table fluctuations (Table 2). Some of the sites are large brackish water to saline lake systems with substantial annual or interannual water level fluctuations (e.g. Lake Urmia, Lake Maharlou, Lake Parishan, Dasht-e Arjan Wetland; Djamali et al. 2008a, b;[START_REF] Jones | Human impact on the hydroenvironment of Lake Parishan, SW Iran, through the late Holocene[END_REF][START_REF] Aubert | A major hydrobiological change in Dasht-e Arjan Wetland (SW Iran) during the late glacialearly Holocene transition revealed by subfossil chironomids[END_REF][START_REF] Brisset | Late Holocene hydrology of Lake Maharlou, southwest Iran, inferred from high-resolution sedimentological and geochemical analyses[END_REF]. Although the main water bodies are saline to hypersaline, there are abundant freshto brackish water shallow wetlands formed on the fluvio-lacustrine environments, formed at the entrance of river systems or along the springs fed by karstic systems or seepage from alluvial fan fringes [START_REF] Frey | Vegetationszonierung an Süsswasserquellen des Maharlu-Salzsees bei Shiraz (Iran)[END_REF]Djamali et al. 2008aDjamali et al. , 2009a;;[START_REF] Brisset | Late Holocene hydrology of Lake Maharlou, southwest Iran, inferred from high-resolution sedimentological and geochemical analyses[END_REF]. Others are shallow wetlands mainly fed by karstic springs e.g. Rouzian [START_REF] Djamali | Karstic-spring wetlands of the Persepolis Basin, SW Iran: unique sediment archives of Holocene change and human impact[END_REF], Hirom, and Mamassani (Fig. 2). Rouzian is one of the numerous carbonate wetlands formed at the emerging point of karstic springs creating a wetland complex composed of a patchy landscape of subaerially exposed and inundated areas [START_REF] Djamali | Karstic-spring wetlands of the Persepolis Basin, SW Iran: unique sediment archives of Holocene change and human impact[END_REF]. Some smaller wetlands and ponds form due to seasonal flooding by snowmelt and surface runoff e.g. in Pasargadae. The Riella spores found in a Persian Gulf core indicate the presence of Riella in the wetland systems frequently formed on the fluvio-deltaic environments in southern Mesopotamia in Iraq and southwestern plains and lowlands in Iran (Fig. 1). Higher abundance of Riella spores in the early Holocene sediments of the Persian Gulf (10 in Fig. 2) may indicate that Mesopotamian fluvio-deltaic environments were located much further to the east closer to the coring site when the Persian Gulf floor was still partially exposed before the global sea level rise [START_REF] Uchupi | Late Quaternary stratigraphy, paleoclimate and neotectonism of the Persian (Arabian) Gulf region[END_REF].

The longest record of Riella in Iran comes from Lake Urmia, a permanent hypersaline lake in northwestern Iran in which Riella spores have been found in 83 over 131 pollen spectra covering the last 200,000 years (Djamali et al. 2008a, b). The record has already been published and discussed in Djamali et al. (2008b) but is here reanalysed with the addition of spore concentration values (Fig. 3). Riella spore percentages display their highest peaks during the penultimate (MIS 6) and last glacial periods (MS 3) with lowest values mostly corresponding to interglacial and interstadial intervals (e.g. MIS 5e) (Fig. 3). This fact suggests that populations of Riella in Urmia have not been very sensitive to lower temperatures of the last glacial periods but, have mostly been controlled by hydrological variations (Djamali et al. 2008b). Absolute concentration values (total number of spores per gram of dry sediment) also showed a similar trend with higher concentrations correlating to higher percentages. This correlation indicates that spore production was truly higher during the above intervals with some samples containing > 100 spores/g which in turn suggests dense populations of the liverwort colonizing abundant shallow wetland environments. One sample peaking at around 6000 years ago surprisingly contained > 500 Riella spores while presenting only 2.7% of total terrestrial pollen. Such examples indicate that the presence of these liverworts Fig. 3 Riella spore percentages and concentrations in a 200,000 years old sediment core from Lake Urmia, NW Iran. Note that higher concentrations do not necessarily correspond to higher percentages and that highest peaks occur during the glacial periods rather than interglacial periods may be underestimated if one only judges on the relative frequency changes of the spores. In BH3 pollen record, Riella spore percentages almost perfectly covary with pollen percentage values of freshwater to brackish water aquatic plants (Sparganium, Typha, and Cyperaceae) indicating that the suitable habitats for Riella have been provided during periods of higher lake levels and less saline environments on the vast seasonally flooded shallow lake environments and wetland systems (Djamali et al. 2008b). More recently, Riella spores have also been recorded in late Holocene sediments from a small spring-fed wetland merging into the SW shores of the lake [START_REF] Talebi | The Late-Holocene climate change, vegetation dynamics, lake-level changes and anthropogenic impacts in the Lake Urmia region, NW Iran[END_REF]. Youngest spore occurrences date back to less than one century, strongly suggesting that the species may still be thriving in similar environments.

Outside the SW Asia, the few pre-Quaternary findings of Riella spores go back to Eocene to Miocene sediments of Iberian Peninsula and Argentina showing the presence of this plant in the wetland environments of both European and American continents [START_REF] Cavagnetto | Preliminary palynological data on floristic and climate changes during the Middle Eocene-Early Oligocene of the eastern Ebro Basin, northeast Spain[END_REF][START_REF] Quattrocchio | Formación anta (mioceno temprano/medio), subgru-poMetán (grupoorán), en el río piedras, pcia. de salta, datos palinológicos[END_REF]. The Quaternary record of Riella spores is also rare and is limited to a few pollen records from Spain, Asia and South America. One example is a recent publication from Doñana National Park in southern Spain in which Riella spores (cf. R. helicophylla and R. cossoniana) have been identified in a Holocene pollen record [START_REF] Manzano | Early to mid-Holocene spatiotemporal vegetation changes and tsunami impact in a paradigmatic coastal transitional system (Doñana National Park, southwestern Europe)[END_REF]. However, that record has not been commented by the authors. A single peak of Riella spores has also been recorded in a pollen diagram from Southern Tibet (China) and has been interpreted as indicator of soil salinisation caused by ineffective irrigation of cereal fields [START_REF] Miehe | Palaeoecological and experimental evidence of former forests and woodlands in the treeless desert pastures of Southern Tibet (Lhasa, A.R. Xizang, China)[END_REF]). It has also been reported, with limited occurrence, in one Argentinian pollen diagram [START_REF] Prieto | Briofitas y pteridofitas en sedimentos del Holoceno de la Provincia de Buenos Aires, Argentina[END_REF]. Riella in the above fossil pollen records shows similar patterns to Iranian records in that the spores appear as sporadic discontinuous curves with very variable abundances.

Taxonomic diversity of fossil Riella in Iran

Light microscopic and Scanning Electron Microscopy of the Riella spores extracted from Iranian samples surprisingly revealed at least three different species (Fig. 4), namely R. cossoniana, R. echinata and R. helicophylla. So far, only one subfossil species i.e. R. cossoniana had been described from Lake Urmia (Djamali et al. 2008a). In this study we add R. echinata (Fig. 4D-F) and R. helicophylla (Fig. 4G-L) new to the Iranian subfossil flora. Riella echinata is a rare species, so far known from the Western Mediterranean (Mainland Spain, Balearic Islands, and Morocco) and the Canary Islands (Segarra-Moragues et al. 2014). Therefore, our results may suggest either a broader distribution in the Mediterranean area or alternatively a relict status of the current populations in the western Mediterranean. In Lake Hirom, the spore morphology matches Riella helicophylla (Fig. 4G-L). This species includes var. macrocarpa P. Allorge, a variety that has been barely recognised in reports following its description (Allorge 1929) and that needs further taxonomic study. Notwithstanding, the spore morphology observed here matches that taxon. Riella helicophylla has a broad distribution in the Mediterranean area with most of its records concentrated in the western Mediterranean. Few, mostly old records have been reported from Israel [START_REF] Lipkin | Notes on the subgenus Trabutiella of the aquatic liverwort Riella (Riellaceae, Sphaerocarpales)[END_REF] and Turkey [START_REF] Kürschner | Bryophytes of Turkey: an annotated reference list of the species with synonyms from the recent literature and an annotated list of Turkish bryological literature[END_REF]. Thus, the Iranian record may indicate this species could be much more widespread in Asia, than previously thought, as reported for R. cossoniana and R. affinis (Segarra-Moragues et al. 2014).

Discussion

Each year, approximately 2000 new plant species are added to the flora of our planet, which is estimated by 2016 as > 374,000 (Christenkusz and Byng 2016). These additions come mostly from biodiversity hotspots around the world [START_REF] Joppa | Biodiversity hotspots house most undiscovered plant species[END_REF]. In low latitudes in particular, most of the plant biodiversity is found in biodiversity hotspots coinciding with semi-arid mountain regions (Noroozi et al. 2019a). Many wetland systems found within these regions, sometimes called 'green islands', display a very high species richness and contain many endemic and relict species [START_REF] Naqinezhad | Floristic characteristics of the wetland sites on dry southern slopes of the Alborz Mts., N. Iran: the role of altitude in floristic composition[END_REF][START_REF] Kidane | Deae end for endemic plant species? A biodiversity hotspot under pressure[END_REF]. These wetland habitats are under serious threats by anthropogenic activities and global climate change and do not benefit from appropriate conservation management measures, primarily due to lack of data and documentation on their distribution and conservation status [START_REF] Naqinezhad | Habitat and floristic peculiarities of an isolated mountain mire in the Hyrcanian region of northern Iran: a harbour for rare and endangered plant species[END_REF]. The data presented in this paper demonstrates that Riella has played a significant role at least in Quaternary history of wetland flora of the Irano-Anatolian biodiversity hotspot. Thank to its morphologically characteristic and resistant spores, Riella seems to be one of the rare liverworts which ecological history can be traced back in lake and wetland sedimentary archives. Occurrence of Riella spores in topmost sediment layers of several sites, strongly suggest that it may be still thriving in some of these wetlands, and most probably in many other wetlands with analogous basin physiography and hydrology. Any attempt to discover Riella populations in situ necessitates the organisation of botanical field excursions at the right season and right place. However, sampling of soil sediments at promising sites for later laboratory cultures has proven a successful strategy (Segarra-Moragues and Puche 2014;Segarra-Moragues et al. 2019a). Recent progress in laboratory culture and the required physico-chemical conditions of spore germination provides unique opportunity to discover the species occurrence by cultivating the sediments taken from potentially suitable areas [START_REF] Segarra-Moragues | An eco-physiological and biotechnological approach to conservation of the world-wide rare and endangered aquatic liverwort Riella helicophylla (Bory et Mont.)[END_REF]. The combination of the two methods can thus, increase the possibilities to discover both new populations and species.

Wetland ecosystems of SW Asia, similar to many other wetland systems worldwide, are under threat by intensified human intervention exacerbated by current climate change (Junck et al. 2013). In Iran, many wetlands have been profoundly affected by recent global climate change but particularly mismanagement of water resources. Construction of many dams on the drainage basin of internal lake systems and wetlands e.g. Lake Urmia has caused the shrinkage and sometimes almost total desiccation of these ecosystems. In Lake Urmia region where vast alluvial plains and fluvio-lacustrine environments are home to an extremely rich biodiversity and endemism of halo-tolerant and halophytic species [START_REF] Ghorbanalizadeh | Vegetation patterns of a rapidly drying up salt lake ecosystem: Lake Urmia, NW Iran[END_REF], the recent falling of water levels have caused the disappearance of many aquatic habitats. Many of these habitats are actually compatible with the ecological niches of Riella in the Mediterranean, including flat areas and shallow depressions seasonally flooded during spring time. The loss of such habitats is thus, catastrophic for many species, including those yet to be discovered and that would otherwise contribute to increase the biodiversity of the Irano-Anatolian hotspot.

Indeed, Riella is not the only hidden representative of the flora of Irano-Anatolian Biodiversity Hotspot. Three other examples are worth mentioning, all revealed through detailed morpho-taxonomic examination of subfossil pollen and macroremains in peat sediments. Two examples are from a late Holocene pollen and macrofossil record from a highaltitude peat bog (Lake Almalou, 2500 m) in NW Iran (Djamali et al. 2009a). This record revealed a semi-continuous pollen curve for the carnivorous plant Drosera never reported alive from the Iranian flora. The youngest pollen grains of this plant in Almalou record date back to almost contemporaneous sediments. The pollen record further revealed a spore type described as HdV-31A identified as testate amoeba Archerella flavum (= Amphitrema flavum, see the official website of the Non-Pollen Palynomorphs: http:// nonpo llenp alyno morphs. tsu. ru/ detail_ type. html? Id= HdV-31A& lang= ru-RU). This spore type is associated with the moss genera Meesia and Sphagnum [START_REF] Van Geel | Palaeoecology and stratigraphy of the Lateglacial type section at Usselo (The Netherlands)[END_REF] suggesting that these moss genera were present in the Little Ice Age (LIA) in the region. None of these genera have then been reported alive for Iran. However, examination of the macroremains of the LIA aged interval actually revealed abundant Meesia triquetra Ångstr. remains a cool-temperate moss species considered as a 'glacial relict' in the flora of SW Asia [START_REF] Kürschner | Meesia Hedw. (Meesiaceae, Bryophyta) in Iran-evidence from a Quaternary subfossil record[END_REF]. Another example of subfossil evidence of 'glacial relicts' is the Sphagnum squarrosum which macroremains have been reported all along a 2000-year long palaeoecological record from Tuska Tchal peat bog in northeastern Iran [START_REF] Kürschner | A late Holocene subfossil record of Sphagnum squarrosum Crome (Sphagnopsida, Bryophyta) from NW Iran[END_REF]. Once again, the search for Sphagnum remains was stimulated by the finding of both spores and associated Non-Pollen Palynomorphs. Living populations of another species of Sphagnum, i.e. S. girgensohnii has recently been reported for the first time in Iran adding it to the modern bryophyte flora of Iran [START_REF] Faridi | New moss genera for the moss flora f Iran. -7th Plant Life of South West Asia Symposium, Program book of abstracts and participant list[END_REF].

The potential use of palaeoecology to discover new plant taxa has so far been paid less attention because most of the palaeoecological literature on wetlands is from Europe and North America, where the modern and fossil wetland flora are much better studied. At low latitude areas such as the Irano-Anatolian Biodiversity Hotspot, the floristic surveys of wetland systems are still in their exploratory phase [START_REF] Naqinezhad | Floristic characteristics of the wetland sites on dry southern slopes of the Alborz Mts., N. Iran: the role of altitude in floristic composition[END_REF]) and can benefit from the palaeoecological insights to expose hidden species [START_REF] Kürschner | A late Holocene subfossil record of Sphagnum squarrosum Crome (Sphagnopsida, Bryophyta) from NW Iran[END_REF]. Wetland palaeoecology can thus, contribute to better characterize the plant biodiversity (both vascular and non-vascular taxa) in wetland systems and aid botanists to design target-based explorations for undiscovered species. This is particularly helpful for those species such as Riella spp. which show population fluctuations with intervals of demographic blooms interrupted by intervals of total absence in the ecosystem, often for decades, [START_REF] Studhalter | The elusive ruffle plant, Riella[END_REF][START_REF] Proctor | The genus Riella in North and South America: distribution, culture and reproductive isolation[END_REF][START_REF] Martinez | Riella cossoniana Trab. (Riellaceae, Marchantioophyta) new to France[END_REF]. Their sporadic growth and ephemeral development make them hardly visible to field botanists. Among bryophytes, the liverworts have one of the best fossil records dating back to Palaeozoic time [START_REF] Wellman | Fragments of the earliest land plants[END_REF]. Such fossil records provide a unique opportunity to attribute absolute ages to nodes within their phylogenetic trees [START_REF] Forrest | Unraveling the evolutionary history of the liverworts (Marchantiophyta): multiple taxa, genomes and analyses[END_REF]. The possibility of precise taxonomic identifications of Riellaceae based on spore morphology (Segarra-Moragues et al. 2014) is particularly interesting in terms of future molecular dating of the phylogeny of the family which is still poorly known (but see [START_REF] Forrest | On Monocarpus (Monocarpaceae, Marchantiopsida), an isolated salt-pan complex thalloid liverwort[END_REF]. Riellaceae are mostly found in small shallow wetlands and seasonal temporary ponds with a rich fauna and flora adapted to harsh ephemeral conditions and cycles of flooding and desiccation [START_REF] Gradstein | Amphitropical disjunctive species in the complex thalloid liverworts (Marchantiidae)[END_REF]. Many plant and animal species of these environments may have been extirpated due to very recent intensification of anthropogenic activities. Palaeoecological investigation of their subsurface sediments can reveal the very recent occurrences and decline of such species, which is important if the restoration efforts are made, including their re-introduction [START_REF] Buldrini | Can palynology contribute to plant diversity conservation activities? The wetland plants in southern Po Plain as a case study[END_REF]. Botanical field excursions accompanied with surface sediment sampling for laboratory cultures and sub-surface coring for palaeobotanical search for past populations can together be a powerful tool to help discover the new habitats with recent past or presentday occurrence of Riella species. This will help better define the ecosystems of higher conservation priority.

Conclusions

Palaeoecology can be a complementary tool in the hands of biologists to reveal a hidden part of the biodiversity contained especially in biodiversity hotspots, the fauna and flora of which are still poorly known. For this, high taxonomic precision in fossil identifications is an asset to increase the chances to discover new species or new records. Recent sub-fossil records are of particular interest as there is an increased possibility that particular species are still thriving in a given ecosystem, when their traces are found in the recent past of that ecosystem.

Wetland systems at high elevations and temporary seasonal wetlands seem to be invaluable targets to use palaeoecology in combination with modern ecology in search for new species and records and provide excellent ground for collaboration between palaeoecologists and conservation biologists. Shallow wetlands with significant annual or interannual water-table fluctuations under seasonal Mediterranean climates seem to provide optimal conditions for the growth and thriving of the Riellaceae. Many of these environments are under serious threat by anthropogenic interventions exacerbated by global climatic change and may already have lost the last populations of these rare and endangered liverworts. Our detailed analysis of fossil spores from sediment cores, indicated that they could involve at least three species of Riella, with biogeographical implications for the genus. Botanical surveys complemented by late Holocene palaeoecological study of these environments can help to identify and then protect not only Riellaceae but also numerous other organisms adapted to their narrow ecological niches. Many Riella habitats are currently located in coastal areas and/or wetland systems of drylands, and are threatened by ground and surface water overexploitation, development of urban and industrial zones, and water pollution due to agricultural pesticides and fertilizers (Martínez et al. 2014). These ecosystems must be urgently pinpointed, ecologically characterized and subjected to ecological restoration in the light of the ecological and historical plaeoecological studies.

Fig. 1

 1 Fig. 1 The study area limited to the Zagros Mountains in western Iran (see Fig. 2 for the location of the study sites). Upper-right inset map presents the location of the Irano-Anatolian biodiversity hotspot (in blue) within the Irano-Turanian floristic region (After Manafzadeh et al. 2016). IT: Irano-Turanian. Note the Mediterranean precipitation regime reflected in climate diagrams of Zagros with increasing tropical character moving from northwest to southeast. Climate diagrams are created in 'Climatol' package (Guijarro 2019) in RStudio (RStudio Team 2015) based on data from Iran Meteorological Organisation. In climate diagrams, the left Y-axis represents the temperature in °C and the right Y-axis represents the precipitation in mm. Next to the X-axis, mean daily maximum temperature of the warmest month and mean daily minimum temperature of the coldest month are also written. Blue and red curves represent the precipitation and temperature, respectively. Blue-shaded areas represent the wet season (P > 2T) and red-shaded areas show the dry season (P < 2T). Blue bars on X-axis show the months with likely frost
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 4 Fig. 4 Light and Scanning Electron Microscopy (SEM) images of fossil Riella spores from Iranian core sediments. A-C, Riella cossoniana. D-F. Riella echinata. G-L, Riella helicophylla. A, D, G, I, spores in distal view, L, spore in proximal view, B, C, E, F, H, J, K, detail of distal spines. A-C, E, F from Lake Urmia, D, from Parishan, G-L, from Hirom
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	Table 1 (continued) Table 1 (continued)	Taxonomic status in checklist of liver-worts Type origin Distribution Conservation status References for conservation assessment Taxon Taxonomic status in checklist of liver-worts Type origin Distribution Conservation status References for conservation assessment Riella notarisii Austroriella Accepted Italy, Sardinia Unclear: Mediterranean VU [B2ab(ii, iii, iv) Spain]** ,1 , NT (Europe)** ,2 Austroriella salta Accepted Australia Endemic: Western Australia N/A N/A , N/A else-where Riella Brugués and González-Man-cebo (2014) **, 1 , Sérgio and Puche (2019b) 2 Riella numidica Subg. Riella Unresolved Algeria Western Mediterranean: Algeria, Tunisia Riella alatospora Accepted South Africa Endemic: South Africa DD Cholo and Foden (2010a) N/A N/A Riella pampae Riella americana Accepted USA USA, Mexico, Argentina G2 (EN, USA), N/A else-where NatureServe Explorer (https:// explo rer. natur eserve. org/) Accepted Argentina Endemic: Argentina N/A N/A Riella parisii Accepted Algeria Western Mediterranean: Algeria, mainland Spain, Riella battandieri Unresolved Algeria Unclear: Western Mediter-ranean N/A N/A 1 Riella bialata Accepted Algeria Western Mediterranean: Algeria, mainland Spain EN [B1ac(ii) + 2ac(ii), global range]/ 2 DD (Europe) Puche and Segarra-Moragues (2013) 1 /Sérgio et al. (2019a) 2 Tunisia RE (Spain), N/A elsewhere Sérgio and Puche (2019c) Riella purpureospora South Africa Endemic: South Africa DD Cholo and Foden (2010d) Riella reuteri Unresolved Switzerland Unclear: Western Mediter-ranean Riella capensis Accepted South Africa Endemic: South Africa DD Cholo and Foden (2010b) EX (type locality) Studhalter (1932) Riella sersuensis Riella choconensis Accepted Argentina Endemic: Argentina DD Segarra-Moragues et al. (2019a) Unresolved Algeria Unclear: Western Mediter-ranean N/A N/A Riella spiculata Riella cyrenaica Unresolved Libya Endemic: Eastern Mediter-ranean, Libya N/A N/A Accepted Australia Endemic: Australia EX [A1a, B2a + b] Threatened Bryophyte Advi-sory Group (2015) Riella trigonospora Riella echinospora Accepted South Africa Southern Africa: Namibia, South Africa DD Cholo and Foden (2010c) Accepted South Africa Endemic: South Africa DD Segarra-Moragues and Puche (2014) Riella undulata Riella gallica Unresolved France Unclear: Western Mediter-ranean N/A N/A Accepted Argentina Endemic: Argentina N/A N/A Subg. Trabutiella Riella affinis Riella halophila Accepted Australia Endemic: Australia LC/DD https:// lists. ala. org. au/ Accepted Spain/Canary Islands Old World: Algeria, mainland Spain and Canary islands, Riella helicophylla var. helicophylla Accepted Algeria Unclear: Mediterranean EN [B2ab(ii, iii, iv), Spain]* ,1 , NT (Europe) 2 , N/A elsewhere Brugués and González-Man-cebo (2014) *,1 , Sérgio and Puche (2019a)* ,2 Israel, India, South Africa VU D2 (Algeria) 1 , DD (India, Israel and South Africa) 1 ; CR [B2 b(i + ii + iii) c(i + ii + iii) 2 , Spain and global range] Riella helicophylla var. macrocarpa Unresolved Mainland Spain Unclear: Mediterranean N/A N/A Segarra-Moragues et al. (2014) 1 ; Segarra-Moragues et al. (2019b) 2 Taxon Taxonomic status in checklist of liver-worts Type origin Distribution Conservation status References for conservation assessment Riella cossoniana Accepted Algeria Mediterranean-Central Asia VU D2 (Algeria) 1 , VU [B2ab(iii,v)c(iv), Spain] 1 , 1 DD (France, India, Iraq, Israel, Jordan, Kazakh-stan and Uzbekhistan), 1 DD (Global range); 2 NT (Europe) Segarra-Moragues et al. (2014) 1 ; Sérgio et al. (2019b) 2 Riella echinata Accepted Morocco Western Mediterranean: mainland Spain, Balearic and Canary islands, Morocco CR [B1ab(iii) + B2ab(iii,v), mainland Spain] 1 , VU D2 (Canary Islands) 1 , DD (Balearic Islands and Morocco), EN [B2ab(iii,v) Global range] 1 ; EN (Europe) 2 Segarra-Moragues et al. (2014) 1 ; Sérgio and Puche (2019d) Riella heliospora Accepted USA Endemic: USA, California VU (D2) Segarra-Moragues et al. (2014) Riella gamundiae Accepted Argentina Endemic: Argentina CR B1ab(ii) + B2ab(ii) Segarra-Moragues et al. (2014) Riella mediterranea Accepted Spain Mediterranean EN [B2ab(ii)c(v) Spain] 1 , DD (Malta and Israel) 1 , VU [B2ab(ii)c(v), global range] 1 ; DD (Europe) 2 Segarra-Moragues et al. (2014) 1 ; Campisi and Cogoni (2019) 2 EX Extinct, RE Regionally Extinct, EN Endangered, CR Nearly Threatened, DD References Unpublished/Djamali et al. (2008b) Unpublished Master thesis (Munnia 2019) Unpublished Unpublished Aubert et al. (2019); Hosseini et al. (2017) Data Deficient, G2 = EN from NatureServe Bioclimate type Mediterranean pluviseasonal-continental Mediterranean xeric-continental Mediterranean xeric-to pluvisea-sonal-continental Mediterranean pluviseasonal-continental Mediterranean xeric-continental Least Concern, NT Wetland type Shallow permanent hypersaline lake Temporary pond formed in a seasonally flooded depression Karstic spring carbonate wetland complex Karstic spring carbonate wetland complex Shallow freshwater lake season-ally evolving to a densely vegetated marsh Critically Endangered, LC category, VU Vulnerable, N/A Not Available No. Palaeoecological site Geographical coordinations 3 Pasargadae 4 Rouzian 5 Mamassani 6 Dasht-e Arjan 7 Parishan 1-2 Urmia U6/Urmia BH3 37°47ʹ33.4ʺ N; 45°22ʹ27.6ʺ E; 1268 m 30°11ʹ55.6ʺ N; 53°10ʹ40.5ʺ E; 1849 m 29°54ʹ42.3ʺ N; 53° 5ʹ30.5ʺ E; 1633 m 30°20ʹ57.5ʺ N; 51°20ʹ7.1ʺ E; 788 m 29°37ʹ41.7ʺ N; 51°58ʹ58.6ʺ E; 1995 m 29°31ʹ15.2ʺ N; 51°48ʹ9.7ʺ E;	Riella indica Unresolved Pakistan Endemic: India and Pakistan N/A N/A

*Conservation assessment data does not separate subspecific taxa thus, should be considered for R. helicophylla s.l **Conservation assessment data considered for R. notarisii s.l., as taxa considered in this complex (R. battandieri, R. cyrenaica, R. gallica, R. indica, R. reuteri, R. sersuensis)

have unresolved taxonomic status Table
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