A new protocol for the collection and cataloguing of reference material for the study of fossil Cyperaceae fruits: the Modern Carpological Collection
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ABSTRACT

Fossil fruits of the species-rich family Cyperaceae (Poales) are frequently found in Cenozoic sediments of Europe and their taxonomical analysis is particularly difficult and poorly practised, because each fossil has to be compared with several tens of modern samples in order to pinpoint its nearest living relatives. This is only possible by using collections specifically prepared for archaeo- or palaeobotanical studies. We illustrate here the current status and organisation of one of these collections, developed in the frame of a more general “Modern Carpological Collection” (MCC) of the Turin University. Recent efforts in sampling, identifying and characterising cyperaceous fruits in Northern Italy permitted to gather 411 samples, covering 80% of the ca. 200 species spontaneously growing in this territory. Due to the still dynamic taxonomy, the large number of species and to the broad intraspecific variability of fruit morphology, we kept a very detailed trace of the sample's origin, by indicating whether and how they were related to herbarium material. Modern samples from soils and sediments have also been collected, being affected by taphonomic processes that make modern fruits more similar and readily comparable to palaeobotanical samples. In order to test the usefulness of the collection for the identification of fossils, we selected some fossil samples of Cyperaceae fruits extracted from Pleistocene and Holocene sediments and we compared them with all the MCC samples containing similar material. The result of this trial demonstrates the advantage in using a specimen-rich collections, such as the MCC, for the identification of fossils, against using only the literature and/or specimen-poor reference collections. We suggest that the procedures adopted for the MCC could become a standard protocol in collecting and cataloguing reference material for the study of fossil Cyperaceae fruits. Besides the possible future development of this relatively small and local collection, an even more promising perspective is seen in the networking activity among carpological collections, pointing to the compilation of a large worldwide list of comparative material available for archaeo- and palaeobotanical studies. Such an easy access to abundant reference material would certainly favour the progress of fruit morphological studies; moreover, the integration with molecular analyses would presumably yield a better definition of the phylogenetic history the Cyperaceae within a time context.
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1. Introduction

The family Cyperaceae (Poales) is the third species-richest among the monocots (Joppa et al., 2011), comprising approximately 5600 species, 40% of which belong to the genus Carex L., the most diverse angiosperm genus of the temperate zones (Escudero et al., 2012). The fossil record of Cyperaceae is very rich in the Cenozoic of Europe (see Kats et al., 1965; Van der Burgh, 1978; Mai and Walther, 1988; Velichkievich and Zastawniak, 2006; Smith et al., 2009; Mai, 2011; Jiménez-Mejías and Martinetto, 2013 and references therein). However, the taxonomic knowledge of these fossils is rather poorly developed in contrast to other families, usually much less species-rich (e.g.: Najadaceae, Potamogetonaceae: Velichkievich and Zastawniak, 2006), because the taxonomy of fossil remains is frequently done superficially (e.g.: Cavallo and Martinetto, 2001).

When working on Cenozoic fruits and seeds, the lack of adequate modern reference material is one of the major problems for the precise definition of the taxonomical position of ancient remains; this is particularly true for such a highly diverse and globally distributed family, in which carpological features are considered not as important as other characters (see below). Archaeobotanists and palaeobotanists are usually compelled to spend long time in several herbaria and the success in picking up significant fruit material is usually low (Nesbitt, 1990; Nesbitt et al., 2003), because botanical specimens are rarely collected at full ripening time (when the fruits tend to drop down). Of course, many extensive fruit and seed collections have been established for several purposes (e.g.: IBPGR, 1982; Linington, 1997; Nesbitt et al., 2003; Bacchetta et al., 2004) but, to our knowledge, none of them allows a quick simultaneous analysis of large quantities of Cyperaceae fruits, as often required during archaeo- and palaeobotanical analyses. A small reference collection of Cyperaceae fruits was also started, during the 1980s, at the University of Turin, in the frame of a general collection of Spermatophyte fruits and seeds referred to as “Modern Carpological Collection” (MCC, first cited by Jiménez-Mejías and Martinetto, 2013). This was established in parallel to the palaeocarpological collection CENOFITA (label CCN) developed in the same institution (Martinetto and Vassio, 2010). At first glance, this small collection (MCC) would seem to present a local solution (very specific to one laboratory) for the morphological analysis of Cyperaceae fruits. Conversely, we suggest that a deeper insight in the history and structure of the MCC would point out some intriguing solutions that, if applied worldwide, would considerably improve the results of fruit-morphological studies, particularly those carried out on fossils. One of the interesting aspects of the MCC is represented by the accurate collection protocol, which will be described below and suggested for application to analogous collections devoted to the study of Cenozoic fossil fruits.

Thus, the aims of the present paper are: 1) to exploit the experience gained in structuring the MCC collection in order to suggest a new approach for collecting and cataloguing modern carpological material (not necessarily cyperaceous). This will be based on the clear ranking of samples according to different collection procedures (see below type α -ζ samples), most of which require a strict connection between the carpological samples and the herbarium material. The reasons for such an apparently over-accurate cataloguing system are several, i.e. to assure a reliable and constantly updatable identification of the reference material, due to the still dynamic taxonomy, to permit the interpretation of fruit-morphological diversity (often high in the samples) as linked to individual, population-scale or intraspecific variation, to investigate the transformation of fruits in the transition from life to death assemblages, and finally to prepare an adequate collection for parallel, molecular and fruit-morphological, taxonomic studies; 
2) to illustrate which carpological characters useful for the taxonomy of the Cyperaceae have been so-far highlighted in the literature or have been detected by us when analyzing the material of the MCC, as well as other carpological collections; 3) to test the potential of the MCC material in identifying fossil specimens and to point out its strengths and weaknesses. The paper will also discuss the practical utility of different storage devices for a more straightforward comparison of fossil and modern materials; 4) to stimulate the collection and publication of accurately catalogued and specimen-rich cyperaceous fruit samples, in order to assure adequate reference material for the future characterisation of Cenozoic materials, in particular Neogene ones (nor treated in this paper).

2. Material and methods

2.1. Material collection

The reference plants of the MCC were collected mainly in Italy and only marginally across Europe (Belgium, Bulgaria, Finland, France including Corsica, United Kingdom, Greece, Poland, and Portugal). Additionally, several samples from other geographical regions were incorporated into the collection thanks to accessions coming from other institutions (Appendix 1). Voucher specimens collected in connection to a MCC fruit sample were identified by using specialized bibliography (Fournier, 1961; Hess et al., 1967 and 1972; Walters, 1980; Pignatti, 1982; Egorova, 1999; Aeschimann et al., 2004; Aeschimann and Burdet, 2005; Jermy et al., 2007; Luceño et al., 2008) and preferentially deposited into the herbarium TO, but a few samples were also deposited in MRSN, AO and UPOS (abbreviations according Thiers, 2013; see Appendix 1). Furthermore, the MCC also received a few fruit samples from ROV, UPOS and the private herbaria of C. Argenti, R. Řepka and A. Soldano. The contribution of several persons with a good knowledge of the local floras (see acknowledgements) has been fundamental for increasing the taxonomic coverage of the MCC.

2.2. Storage of MCC material
 The fresh MCC fruit samples were enclosed in a porous paper envelope and left to dry in a warm environment (20-30 °C) for at least two weeks. Subsequently, each sample was enclosed in a single transparent box or resealable polyethylene bag. Actually, over time, several storage media have been employed for the MCC fruit and seed samples: glass tubes, paper envelopes, plastic boxes, slides for micropalaeontological preparations, and some specimens from several samples were glued on thick paper. The suitability of these different storage media for the study of fossil materials will be discussed below. We will not deal with the strategies for long-term preservation, since this has been the object of several papers (IBPGR, 1982; Nesbitt, 1990; Linington, 1997; Nesbitt et al., 2003; Bacchetta et al., 2004 and references therein).

In the period between 1985-2000 carpological samples were inserted only into plastic boxes, without carefully controlling the moisture degree. Fungal infestation, affecting a few of these samples, has been attributed to incomplete dehydration before the closure of the boxes. Conversely, animal infestation was only detected in fresh material and probably disappeared soon after the closure of the sample into the box, because of oxygen depletion. Recently, all the samples have been moved from boxes to resealable polyethylene bags. Each sample has been split into two parts in order to facilitate both long-term preservation and analysis of materials: a protected subsample and a consultable subsample (Fig. 1). Detailed information about each sample has been collected in a database (Appendix 1), which is kept in two departments of the Turin University (Earth Sciences and Life Sciences/Systems Biology), and will be available on the website www.dst.unito.it, soon after the issue of the present paper.

It should be noted that the MCC purposes do not require keeping the material viable as in germoplasm banks (IBPGR, 1982; Linington, 1997; Bacchetta, 2004). In some cases, a moderate decay of a part of the sample was specifically favoured in order to obtain material similar to waterlogged fossil samples, the most common preservation type in the European Cenozoic. This effect can be obtained by adding water collected in natural environments into a plastic box or resealable bag where diaspores are left to macerate for a period ranging from a few months to several years (see Carex nigra (L.) Reichard in Plate I, 5). This process can be simulated with quicker chemical treatments (Thomlison, 1984; Nesbitt et al., 2003; Birks, 2013), e.g. by means of sodium hypochlorite. Another useful preparation of the consultable subsamples concerned the cleaning of achenes by hand-rubbing and needle-preparation, the last one being very important to preserve the style for all its length (see Jiménez-Mejías and Martinetto, 2013). The preservation of delicate preparations (e.g.: cross-sections) from compression was obtained by inserting a small and rigid plastic box into the resealable bag.
2.3. Carpological characters in Cyperaceae 
Mesoscopic carpological characters, cited as taxonomically useful in Cyperaceae (Walters, 1953; Nilsson and Hjelmquist, 1967; Berggren, 1969; Egorova, 1999; Browning and Gordon-Gray, 2000; Pignotti, 2003; Cappers et al., 2006; Bojňanský and Fargašová, 2007; Hroudová et al., 2007; Ferreira and Eggers, 2008; Hefler and Longhi-Wagner, 2008; Luceño et al., 2008; Smith et al., 2009; Jiménez-Mejías and Martinetto, 2013), have been exhaustively compiled. Also the variation recorded in the plates of Ercole et al. (2012) has been considered. We re-examined representative fruit and utricle (see detail in Fig. 2) samples of the MCC collection to check the consistency of these characters among different species. In those cases where a complete voucher was lacking, the re-examination was performed to revise the identification.
The foregoing analyses were carried out by means of a Wild M3B stereomicroscope with x20 and x40 magnification. Plates’ pictures have been obtained by using a Leica M205 C optical microscope integrated with Leica Microsystems’ Leica DFC290 HD digital camera and Leica Application Suite software.

2.4. Other carpological collections

In order to assess the present status of carpological collections, in particular those dedicated to palaeobotanical studies, we collected data available in the internet (see Discussion). Only some of these collections were personally consulted by the authors, in other cases we collected, directly from the respective curators, information about the storage conditions and consultability of the carpological material, which will be discussed below.
2.5. Fossil samples and method of identification
The fossils selected for the test of taxonomic usefulness of the MCC – limited to achenes or utricles of Cyperaceae - are represented by Pleistocene and Holocene material of the CENOFITA collection (Martinetto and Vassio, 2010; Vassio, 2012), sampled in Northern-Central Italy and previously studied by Vassio (2012). Hence, 13 fossil samples (Table 1) were singled out in order to compare them to the MCC samples (and a few MRSN samples) and to evaluate their usefulness for the identification of fossils. Each fossil sample was re-analysed by evaluating the absence/presence of relevant characters (see Results and Table 2), according to a 3-step procedure:

- step 1: observation of a fossil sample at the stereomicroscope and consultation of the iconography (Nilsson and Hjelmquist, 1967; Berggren, 1969; Cappers et al., 2006; Ercole et al., 2012; Birks, 2013; etc., see above), thus creating a list of morphologically similar species (up to 20 species); 

- step 2: rapid comparative analysis of fossil samples with consultable MCC samples (consultable subsamples prepared in resealable plastic bags), selected according to the list of morphologically similar species (Fig. 1). This process ends with the selection of the modern species (normally a few samples) showing the best fit to fossils, according to the most stable and diagnostic characters. Due to the possible high intraspecific variability (see Plate I, 1-5), the comparison is also carried out between the fossil(s) and all the MCC samples of each similar modern species (up to 40 MCC samples); 
- step 3: fine-scale comparison of fossil fruits with those of the MCC samples showing the best fit, extracted from the resealable bags.
Finally, the taxonomy was proposed on the basis of the detection in the fossils of the same characters (or character variation) seen in one or a few modern species.

3. Results 

3.1. Storage media and easiness of comparison between fossil and modern materials
In several collections mentioned by us (directly and indirectly consulted: see Table 2), the storage media used were: glass tubes, paper envelopes, plastic boxes and slides for micropalaeontological preparations. The trial of all of these storage media for MCC samples allows us to discuss their usefulness degree when comparing fossil and modern materials.

Modern reference samples preserved in glass tubes, paper envelopes and most types of plastic boxes need to be extracted and placed close to the fossil for an accurate morphological comparison. As for the Cyperaceae fruits, two peculiarities must be highlighted: 1) there are very small morphological differences between fruits of several species, that often compel the analyst to match a fossil fruit sample with up to 10-30 extant species; 2) the morphological variability of fruits from different populations within the same species may be very large (see Berggren, 1969, Egorova, 1999; Ercole et al., 2012), which implies that several modern fruit samples (see Plate I, 1-5) of an individual species have to be placed side by side to the fossil specimens (Plate I, 6) for the detection of the most similar ones.

Both of the foregoing operations imply a considerable risk of sample mixing. In our experience, the use of transparent resealable polyethylene bags facilitates the simultaneous observation of several fruit samples either belonging to different species (Fig. 1) or to different populations of a single species (Plate I, 1-5). Moreover, this storage method avoids the extraction of fruits (even for observation under the stereomicroscope) at least in the first two steps of the identification process employed by us (see above), right when there is a major risk of sample mixing. It also makes easier the periodical control of samples’ conservation status (animal and fungal parasites).
3.2. Sample collection and cataloguing: the MCC protocol
The final result of the preparation of several hundreds of modern fruit samples, and the constant need to improve their adequacy in the identification of fossils, is represented by the assessment of the protocol which is described here. In the MCC each fruit sample is designated by a catalog number (e.g.: MCC0001), which is also marked on its related herbarium sheet, with the addition of the letter “h” (i.e.: MCC0001/h). The quantity of material collected for each sample was as abundant as possible (with the exception of rare plants), in order to permit destructive preparations and various analyses, and to keep also aside some catalogued material for scientific exchanges. The main peculiarity of the MCC protocol consists in keeping a very detailed trace of the sample's origin, also indicating whether and how each of them is related to herbarium material. The reasons for this need of accuracy have been stated above. We defined six different types of samples on the basis of their origin and the existence of complete voucher material for reference (Table 2). Samples from living plants linked to a voucher specimen (Fig. 2), presumably belonging to a single genetic specimen (genet), are considered “type α” samples (in short, α-MCC). Given that, the voucher and the MCC sample would indeed represent the production of a single genome, with an obvious advantage for parallel molecular and fruit morphological studies.

In case of less fruit-productive plants (e.g.: Carex pauciflora Lightf.) the collection was made by gathering a few neighbouring specimens and/or fruiting stems. These samples are considered “type β” samples (β-MCC). At the light of the current phylogeographic knowledge, this type of MCC samples may include fruits of plants with significantly different genomes, as demonstrated to happen in contact (genome-merging) areas of different lineages of several Carex species (Schönswetter et al., 2008; Escudero et al., 2010; Jiménez-Mejías et al., 2012b): and this is to be considered for the interpretation of fruit-morphological variation within the sample.

In case of absence of a voucher specimen straight-linked to the fruit sample, we define two additional sample types: "type γ" (γ-MCC), fruit specimens of taxa documented by herbarium material collected in the surroundings of the γ-MCC sampling site (not further than 10 km apart), and "type δ" (δ-MCC), when only the fruits of a given individual or monospecific population have been collected (Table 3), being the whole plant identified in the nature or in cultivation.

The “type ε” samples (ε -MCC) comprise fruit specimens which have been collected from the soil, the litter or the sediment closely linked to a living plant individual or standing population, from which a voucher should be collected.
The “type ζ” samples (ζ-MCC) are recovered from plant material transported far-away from the mother plant (not detectable), often in sediments or soils. The few ζ-MCC samples so-far catalogued originate from modern concentrations of fruits and seeds (Vassio, 2002; Vassio and Martinetto, 2012; Bertolotto et al., 2013) collected along brooks, rivers and lakeshores. Their identification only relies upon the fruit-morphological characterisation, but the circumscription of the local flora facilitates assignment to a definite species, detected in the surroundings of the collection place.
The usefulness of type ε and type ζ samples (Plate II, 3) in the study of fossils (Plate II, 4 and 5) is due to the fact that they have already been affected by decay processes (Smith et al., 2009; Vassio, 2012; Vassio and Martinetto, 2012), which also occur in the first steps of the fossilization. Therefore, type ε-ζ sample fruits (Plates I, 3 and II, 3) are readily comparable to analogous fossil specimens (Plates I, 6 and II, 5), even as for the fine details of the cell structure. Conversely, the appearance of fruits from type α-δ samples (Plate II, 1 and 2) is always rather different with respect to the homologous fossils (Plate II, 4 and 5) because it is conditioned by the presence of decay-prone elements. It should be noted that the utricle is rarely preserved at the fossil state (Godwin, 1956; Nilsson and Hjelmqvist, 1967; Dickson, 1970) and, when present (Plate II, 4), it is so brittle to be frequently destroyed by the preparation methods which require sediment dissolution or removal.
The use of a short code (α-MCC, β-MCC, etc.) for each fruit sample type is very useful for a quick and precise labelling of new carpological samples collected in the field.
3.3. Present status of the MCC
Presently, the MCC contains 2039 carpological samples representing 1473 taxa, belonging to 668 genera and 164 families. The collection is rich in Cyperaceae, Rosaceae, Hypericaceae, Ranunculaceae and Lamiaceae species, because they are commonly found in those late Cenozoic carpological assemblages for whose identification the MCC was built up.

Most of the material has been collected from living plants, either spontaneous or in cultivation, and a minor quantity of accessions to the MCC have been obtained through collaboration with other institutions yielding carpological collections, namely the CNR-IDPA research institute of Bergamo (Consiglio Nazionale delle Ricerche - Istituto per la Dinamica dei Processi Ambientali) and the Natural Science Museum of Turin (Museo Regionale di Scienze Naturali). All of these accessions are invariably δ samples. Regarding the family Cyperaceae, the MCC presently includes 411 catalogued samples (plus ca. 100 not yet catalogued), represented by 154 type α samples, 97 type β, 35 type γ, 114 type δ, 5 type ε and 6 type ζ. The implementation of the MCC in the last four years permitted to catalogue 80% of the Cyperaceae species occurring in the North Italian flora (ca. 200 species after Conti et al., 2007), most of which are represented by type α, β or γ samples (associated to a voucher), since only 10 species are exclusively represented by type δ samples (not associated to a voucher). For the remaining 20% of the north Italian species, the situation is such that either the material has been collected, but not yet catalogued, or it has been impossible to collect material because a few species are rare and have a very localized distribution (e. g., Carex dioica L., C. stenophylla Wahlenb., C. supina Wahlenb., Cyperus michelianus (L.) Delile). The refinement of the collection protocol also permitted to gather a larger number of specimen-rich samples, so that 165 samples have been classified as available for scientific exchanges (Appendix 1), without causing a significant loss to the bulk of the collection.
The account of the collection sites points out that most of the MCC samples (80%) were collected in Italy, and the 18% in the rest of Europe. A very subordinate part (2%) originated from other sites outside Europe (Canada and Japan). In the European context, Italy is the most species-rich country regarding Carex (Jiménez-Mejías et al., 2012b), and also for the rest of Cyperaceae genera, as up to 18 out of the 20 native European genera are present in the Italian territory (Jiménez-Mejías and Luceño, 2011).

3.4. Taxonomic value of carpological characters in Cyperaceae and evaluation in the fossil record
Characters detected as taxonomically useful in our bibliographical revision are showed at Table 2. Indeed, the joint use of the works of Kats et al. (1965), Nilsson and Hjelmquist (1967), Berggren (1969), Cappers et al. (2006), Velichkievich and Zastawniak (2006), Bojňanský and Fargašová (2007), Ercole et al. (2012) and Birks (2013) already allows assessing the affinity of an unidentified cyperaceous fruit sample with a restricted number of taxa from Europe, either modern or fossil.

The integration and revision of the mesoscopic fruit and/or utricle characters reported in such relevant literature revealed in some cases a really clear-cut characteristic morphology (e.g.: C. leporina L., Plate III, 1; C. umbrosa Host, Plate III, 4; C. caryophyllea LaTourr., Plate III, 5; C. pseudocyperus L., Plate III, 8; Schoenoplectus lacustris (L.) Palla, Plate III, 12). However, in most cases, the characters difference between similar species is so faint, and characters are so variable within each species, that further analyses on fruit samples would be required to ensure a definitive taxonomical assignment only on a carpological. The work of Jiménez-Mejías and Martinetto (2013) on European members of Carex sect. Phacocystis Dumort. illustrates those needs to be covered: 1) to observe fine morphological details, not so apparent in the above-cited papers, such as the cell structure or the style fracture; 2) to include a larger number of specimens simultaneously, in order to quantify the variability of characters at the scale of the individual, the population and the taxon (e.g.: the inconstant presence of spines on the utricle beak of Carex rufina Drejer: Plate II, 6a and b).

3.5 Intraspecific variation of achenes and utricles
Interestingly, the observation of rich MCC samples has revealed broader variability as that so far described in the literature for several taxa, which undoubtedly can affect the taxonomic interpretation of fossil samples (see Discussion). The availability of different samples of a same taxon allows assessing which characters are species-specific, rather than limited to a single individual, population or local type. Ercole et al. (2012) and Jiménez-Mejías and Martinetto (2013) already showed in their plates a good number of fruit specimens from a single sample, and the morphology within a sample ranged from very constant (e.g.: achenes of Cyperus eragrostis Lam. in Ercole et al., 2012) to extremely variable (e.g.: achenes of Carex liparocarpos Gaudin or utricles of C. limosa L. in Ercole et al., 2012; see also Plate II, 1-5 as for Carex nigra).

The preparation of several MCC samples from a single species allows a quick estimation of the intraspecific fruit and utricle variation (Pl. I, 1-5). Carex nigra, whose high genetic diversity is well-known (Jiménez-Mejías et al., 2012), constituted a good example to illustrate the intraspecific variability of achene and utricle morphology. Remarkably, due to its abundance and wide distribution, it is also the species with the highest number of catalogued MCC samples (20) from several parts of Europe. Plate I represents the variability detected in a selection of four achenes and four utricles of five modern samples (Plate I, 1-5) from three distinct geographic areas (Spain, Western Alps, Apennines). This modern material is used for a morphological comparison with Pleistocene achenes (catalog number CCN5610) from the NW Italian locality Boca (Plate I, 6; Table 1), recognized as similar to some populations of C. nigra. Utricle morphology is known to be quite variable, as can be inferred from the contrast of the descriptions of different local floras (e.g.: Great Britain: Jermy et al., 2007; Iberian Peninsula: Luceño and Jiménez-Mejías, 2008; Russia: Egorova, 1999). Regarding achenes, the analysis of the α-MCC samples demonstrated that a definite (and preservable in fossils) character, such as the contorted style of sample MCC1899 (Plate I, 1b, 1d), can be present just in a single individual; in fact this was detected neither in other specimens from the same site (Plate I, 2a-2d) nor in those from neighbouring sites (e.g.: Plate 1, 5a-5c). Jiménez-Mejías and Martinetto (2013) already noted a considerable variation in outline and size among the different C. nigra samples from different sites. They reported the not-jointed style (Plate I, 2a, 2b), that tends to break into an acute shortly conical remain (Plate I, 5b), and the conspicuous, mostly thick, callus bearing utricle remains (Plate I, 5d) as the best diagnostic features. Variation of the selected modern utricles and achenes from the MCC samples is in agreement with these observations (Plate I, 1-5). When compared, the fossil achenes are in the mean slightly smaller than modern ones (post-burial alteration), more or less heavily deformed and with sticking sand grains (white spots). The style is poorly preserved, excepted one specimen (Plate I, 6a) which bears a more conspicuous remain of a progressively attenuated, non-jointed style. The style base varies from a small papilla (Plate I, 6c, see 4b as a modern analog) to shortly conical and somewhat acute (Plate I, 6d),to robust and broadly conical (Plate I, 6f), as also present in modern specimens (Plate I, 3a and 3c). The considerable variation of the style base dimensions observed in modern individuals (Plate I, 4b and 4c) is apparent in the fossils too (Plate I, 6f and 6g). On the contrary, the callus is preserved at the base of most of the fossil achenes, being rather thick in three specimens (Plate I, 6a, 6e and 6g), whereas other specimens bear a smaller callus (Plate I, 6b and 6c). The utricle remains are mostly not preserved due to the taphonomic process, although scanty traces are still noticeable in two specimens (Plate I, 6d, 6e). The outline of the fossil achenes is considerably diverse, as it can be observed within single modern populations (Plate I, 2a-2d, 5a-5c).

After these observations, it can be concluded that variation in dimensions and outline of the fossil achenes, together with the non-jointed style preserved in some specimens, the style-base shape of most specimens, and the presence of a thick callus, permit to assign the fossils achenes to the C. nigra-type. Additionally, by considering the range of variability of the fossil population, the geographic position, and the Pleistocene age, we definitely assign the fossils (Plate I, 6a-6h) to Carex nigra. The broad variation of outline, style base and basal callus in different specimens does not mean that they belong to different species, because an analogous variation has been observed in achenes from single modern individuals (Plate I, 4a-4d, 5a-5c).

3.6. Identification test of selected fossil samples

As stated above, one of the aims of the present work is represented by the preparation of adequate modern reference material to be used for the morphological characterisation of Neogene and Quaternary fossils, exemplified by the Buronzo locality specimens shown in Plate II, 4 and 5 (CCN0695, Table 1). The identification of pre-Quaternary materials is complicated by the demonstrated occurrence of extinct taxa before 1 Ma (see Jiménez-Mejías and Martinetto, 2013, and references therein). In the present paper we tested the usefulness of the MCC as reference material for the identification of 13 fossil samples (see Table 1 for localities and ages), dating back to not more than 1 Ma, and therefore presumably belonging to still living species. For each of the analysed samples we describe in detail the methodological steps of fossil identification by comparison to the morphological characters and character variation of the MCC samples.

Fossil sample 1 (Plate IV, 1) 

The two biconvex achenes available (catalog number CCN5942) are characterised by elliptic outline, with style base (“beak”) long ¼ of the achene length, jointed to a poorly lignified style. The overview of the literature indicated that biconvex achenes with jointed style (Jiménez-Mejías and Martinetto, 2013) are characteristic of subgen. Vignea, Furthermore, a style base (“beak”) long ¼ of the achene length by and an elliptic outline such broad as in the fossils have been detected only in achenes of Carex leporina L., for example those figured by Cappers et al. (2006), Bojňanský and Fargašová (2007) and Ercole et al. (2012). Cappers et al.’s achene differs for having the maximum width ¼ from the base, whereas it is at 3/4 in our fossils. In sample MCC2198 of C. leporina we detected nearly identical achenes (Plate II, 1), with maximum width at 3/4 from the base, mixed with achenes with maximum width at ¼ from the base, in the same α-MCC sample. This is a clear indication that the position of achene's maximum width is variable within a single individual in C. leporina.
In Europe (north) there is only another species closely related to C. leporina (sect. Ovales Kunth): C. macloviana d'Urv., which differs from the fossils, based on data of Berggren (1969), for a definitely shorter style base. The similar achenes of Carex bohemica Schreb, judging from the variation observed in sample MCC0219, are always smaller and narrower. However, fossil achenes as broad and large as our specimens were assigned to C. bohemica by Velichkievich and Zastawniak (2006: pl. 55, figs. 8-15, so that a verification of achene variation in a larger number of modern samples would be desirable.
The several American and East-Asian species of sect. Ovales, which may well have morphological affinities with our fossils(Hoshino and Masaki, 2011; eMonocot Team, 2013), have not been considered for comparison.

Diagnosis: Carex leporina.

Fossil sample 2 (Plate IV, 2) 
Also the achenes of this sample show the characteristic features of subgen. Vignea (see above), but here the style junction is very close to the base. Specimens with nearly identical shape and dimensions as the three biconvex achenes of this sample (CCN6438) have been figured by Cappers et al. (2006: Carex remota L.) and Ercole et al. (C. praecox Schreb., C. remota). The analysis of all the materials of these species in the MCC and in MRSN suggests that the fossils are identical to achenes of C. remota (Plate III, 2), whereas they differ from the very similar achenes of one sample of C. praecox (MRSN-SPER-2006) for a narrower style base. Berggren (1969) and Cappers et al. (2006) figured achenes of C. praecox, which differ more consistently from our fossils for a distinctly stipitate base. All the MCC samples of other species with similar achenes have been checked without evidence of a complete morphological agreement with the fossils.

Diagnosis: Carex remota.
Fossil sample 3 (Plate IV, 3a, 3b)

It is represented by two biconvex and narrowly elliptic achenes (CCN5811), whose characters, in particular the rough surface, broad and flat style base and the broad truncated base with a narrow basal angle (20-30°), were only detected in the achenes of Carex mucronata All. figured by Ercole et al. (2012)(see also Plate III, 3a). However, the dimensions are considerably smaller and the style base is conical and attenuated instead of broad and flat with an abrupt termination. In a first time the overview of all the MCC samples with biconvex achenes showed only another species with moderately similar achenes, C. pulicaris L., which was excluded for the definitely narrower style base and smoother achene surface. The examination of the recent accessions into the MCC permitted to detect nearly identical achenes (Plate III, 3b), also as for cell pattern, in a sample of Carex nigra from the Apennines (MCC2197, see Plate I, 6). It should be pointed out that the C. nigra achenes depicted in the literature (Nilsson and Hjelmquist, 1967; Berggren, 1969; Cappers et al., 2006; Bojňanský and Fargašová, 2007; Ercole et al., 2012) are always definitely broader, so that only the availability of sample MCC2197 permitted to assign the fossils to C. nigra, a species for which a broad phenotypic plasticity is well-known (Jiménez-Mejías and Martinetto, 2013).
Diagnosis: Carex cf. nigra; the open nomenclature is cautiously used because of the unusual outline of these fruits. A more detailed analysis (e.g. by means of the SEM.) could provide additional diagnostic elements.

Fossil sample 4 (Plate IV, 4) 

The affinity of these fossils (CCN6443) with Carex umbrosa (Plate III, 4) was detected by comparison to the plates of Ercole et al. (2012), whereas achenes with this characteristic morphology are not treated by Nilsson and Hjelmquist (1967), Berggren (1969) and Cappers et al. (2006). Fresh achenes of C. umbrosa show a typical disc on the style, but this was not preserved in the fossils, and we verified in a ζ-MCC sample of this species (MCC2201) that the loss of style already occurs during early decay into the sediment. These remaining diagnostic features were considered: dimensions, shape, acute stipeless base, faces poorly folded, raised and clear-coloured edges, and a notch at the base of the missing style (a definite clue for the original presence of a broad decay-prone style base). After an overview of all the MCC samples with trigonous achenes of similar shape, we consider in particular this last character as typical for sect. Mitratae Kük. (also characterised by raised and clear-coloured edges), Hallerianae (Arch. & Graebn.) Rouy and Digitatae (Fr.) H. Christ. Apart C. umbrosa, other two European species of sect. Mitratae (C. caryophyllea, C. depressa) differ from the fossils for a circular ridge at the achene's top (see below as for its transformation in the fossil state). Members of sect. Hallerianae and Digitatae have been excluded for the lack of raised and clear-coloured edges and the presence of a stipitate base.
Diagnosis: Carex umbrosa.
Fossil sample 5 (Plate IV, 5) 

For this trigonous achene (CCN6419) with a flat platform at the apex we found no match in the literature, however, identical achenes were obtained by macerating with sodium hypochlorite the fruits of C. caryophyllea (MCC2033). So, the typical apical ridge that surrounds the style base in the achenes of this species (Plate III, 5) is possibly not preserved in the fossils. Thus, the identification has to be based on the broad platform, which is left at the achene's top. Indeed, we suspected that this was the aspect of partly decomposed achenes of this species, because analogous fruits were found in a modern sediment sample (ζ-MCC; Plate IV, 5) collected in a place where C. caryophyllea is common (Vassio, 2012). We also checked in the MCC all the other species of sect. Mitratae, Hallerianae and Digitatae (appendix 2), but only C. depressa Link., had a similar apical ridge and its smaller size could not leave such a large platform as observed in the fossil. The two MCC samples of C. depressa also show the achene's faces abundantly folded, unlike the fossil.
Diagnosis: Carex caryophyllea.
Fossil sample 6 (Plate IV, 6)

It is represented by two achenes, enriched by the presence of utricle remains (CCN6284), which seem to tightly envelope the achene, and have a longitudinal vein in the middle of each of the three faces. With the additional character of a stipitate base of the achene, this sample could easily be characterised as belonging to sections Digitatae (Fr.) H.Christ. or Clandestinae G.Don. At this point a problem arises: the very small dimensions of the fossil achenes would exclude Carex digitata L., C. humilis Leyss., C. ornithopoda ssp. ornithopoda Willd., and C. pediformis C.A. Meyer (lacking into the MCC, but whose achenes’ size is described as larger by Bojňanský and Fargašová, 2007). Among the European taxa checked, it could only match C. ornithopoda ssp. ornithopodioides (Hausm.) Nyman. Yet, the thin and cylindrical style base of the fossil is absolutely not compatible with the thick and conical one of C. ornithopoda ssp. ornithopodioides. The study of ε-MCC samples provided the solution of the problem: the soil sample MCC2176 of C. pendula Huds, with utricles originally broad and inflated (see the α-MCC in Fig. 2), displays the utricle “tightly enveloping” the achene due to post-burial alteration. The control of all the other characters (dimensions, proportions, stipe, sharp edges, apparent cell pattern, etc.) confirmed that sample CCN6284 was identical to the C. pendula achenes (Plate III, 6). Many other species have very similar achenes (e.g.: C. atrata L., C. magellanica Lam. ssp. irrigua (Wahlenb.) Hiitonen, C. parviflora Host, but a careful analysis of their MCC samples did not provide evidence of a complete morphological agreement with the fossils.

Diagnosis: Carex pendula.
Fossil sample 7 (Plate IV, 7)
The over 30 achenes of this sample (CCN6346) lack highly diagnostic characters, and the general morphology resembles several species: Carex distans L., C. hostiana DC., C. mairei Coss. et Germ., C. pallescens L., C. pendula, C. punctata Gaudin (see Plate III, 7) and, to a lesser extent, C. binervis Sm., C. flacca L., C. laevigata Sm., C. sylvatica Huds (only MCC2000). The mean achene dimensions of sample CCN6346, the width and length of style base, the convex faces, the cell size and relief, the obtuse apical angle and thickness/curvature of the light-coloured edges, match only those of the modern achene populations of Carex pallescens (best fit to MCC2180). In cases like the present one, when several tens of achenes are available from a single fossil sample (Table 1), its comparison to rich samples of all those modern species, which bear similar achenes, is decisive. In this way, even poorly apparent characters, detected after the examination of a large amount of the sample, can be identified as constant and diagnostic for a particular species.
Diagnosis: Carex pallescens.
Fossil sample 8 (Plate IV, 8) 

The trigonous nutlets of this sample (CCN6370), with a narrowly elliptic (lenticular) outline have two features which are shared by a few modern European species: maximum width in the middle or slightly below, very thin non-jointed and attenuate style. The consultation of the literature permitted us to find achenes with the same characters in six species: C. capillaris L., C. microcarpa Bertol., C. pallescens, C. pendula, C. pseudocyperus, and C. strigosa Huds. The detailed comparison of the MCC material excludes five of this species for the following main characters: presence of stipe (C. pendula, C. microcarpa, C. strigosa), style base too short (C. capillaris, C. extensa Gooden., C. microcarpa, C. pallescens, C. pendula). Therefore, the achenes match a single modern European species, and, when also the utricle is considered, the determination is even easier because only C. pseudocyperus (Plate III, 8b; CCN 6372) has a robust, many-nerved utricle.

Diagnosis: Carex pseudocyperus.

Fossil sample 9 (Plate IV, 9) 
The sample (CCN6374) is represented by 95 achenes whose shape would seem typical for achenes of C. hirta L., based on Nilsson and Hjelmquist (1967), Berggren (1969), Cappers et al (2006) and Bojňanský and Fargašová (2007). Only Ercole et al. (2012) figured similar, narrowly obovate achenes, with robust style base, for another species: Carex vesicaria L. In our opinion the determination of the material was not possible on the basis of the literature alone, so we accurately analysed the MCC samples of achenes of C. hirta, C. vesicaria and other similar species (C. riparia Curtis, C. rostrata Stokes). The result was that we found the best fit of the fossils with specimens of C. vesicaria (Plate III, 9). As contrasting characters in C. hirta versus C. vesicaria we propose the cylindrical vs. trigonous stipitate achene base and the roundly trigonous vs. circular section of the style base. When the style is preserved completely the distinction is very easy (Nilsson and Hjelmquist, 1967), since in C. hirta it is abruptly constricted (and often broken) at ca. 1/2 of the achene length, in C. vesicaria it is progressively attenuated and often longer than the achene (Plate III, 9). These characters were stable in the four MCC samples of C. hirta and in the two samples of C. vesicaria (Appendix 2).

Diagnosis: Carex vesicaria.
Fossil sample 10 (Plate IV, 10)
The characteristic morphology of this fossil (CCN5926), with winged edges at the base, did not match any figure available on atlases (Nilsson and Hjelmquist, 1967; Berggren, 1969; Cappers et al., 2006; Bojňanský and Fargašová, 2007). After long-lasting examination of all samples with trigonous achenes in the MCC, nearly identical achenes were found as unripe specimens among a modern sample of Carex riparia (Plate III, 10). The large cylindrical style base is an additional character pointing to this species. All the samples of other species with similar achenes have been checked without evidence of this morphology.

Diagnosis: Carex cf. riparia. The open nomenclature is justified by the interpretation of the achene as a sterile one; we would prefer to confirm the report of this species on the basis of normally developed achenes.

Fossil sample 11 (Plate IV, 11) 

These achenes (CCN6076) are characterised by obovate shape, stipitate base, cell pattern larger than in the majority of Carex achenes. The style base is also very characteristic: robust and conical. Based on these characters, the identification of these fossils as Bolboschoenus maritimus (L.) Palla would have been possible also without comparison to the MCC material. The appearance of the epidermis of modern fruits (Plate III, 11) is completely different from the fossils: shining, smooth, light brown. However, it has been demonstrated for several waterlogged fossil fruits that a shining light surface turned into dull and darker; unfortunately, no ε -MCC or ζ-MCC is available to confirm if such transformation already occurs at the stage of fruit burial into the soil.

Diagnosis: Bolboschoenus maritimus sensu lato
Fossil sample 12 (Plate IV, 12) 
This sample (CCN6375) is represented by abundant achenes (Table 1) assignable to the genus Schoenoplectus subgenus Schoenoplectus on the basis of the following character combination: obovate outline, acute base and largely obtuse apex, flat on one face and convex on the other; wall very thick; epidermal cells small-sized and sub-rectangular. The presence of a longitudinal, blunt carina on the convex side of the majority of the fossil fruits is highly diagnostic for S. lacustris (Plate III, 12), but a few ones lack the carina and would agree with the descriptions (Berggren, 1969; Pignotti, 2003) of S. tabernaemontani (C.C. Gmel.) and S. triqueter (L.) Palla. Here, the role of the MCC material has been determinant in understanding fruit variation in our fossil sample: in each α-MCC of S. lacustris one could single out a few fruits with a S. tabernaemontani -like and S. triqueter-like shape. We suggest that the detection of a characteristic S. lacustris-morphology in ca. 80% of our fossil sample provides a reliable assignment at species level.

Diagnosis: All the fossil achenes would represent Schoenoplectus lacustris, and, given the broad intraspecific variation observed in MCC samples, there is no clear evidence for the occurrence of other species in this rich assemblage.

Fossil sample 13 (Plate IV, 13) 

The sample (CCN6455) is made up by nine achenes (Table 1), and one of them has preserved a part of stylopodium, which points to the genus Eleocharis. The lack of perianth bristles, can be attributed to damage due to taphonomical processes. The dimensions of these biconvex fruits, the outline, the epidermal cell pattern, and the width of the stylopodium attachment admit only three European species for comparison: E. austriaca Hayek, E. mamillata (H. Lindb.) H.Lindb and E. palustris (L.) Roem. & Schult (Plate III, 13). E. ovata (Roth) Roem. & Schult. is also similar, but smaller, and with broader stylopodium base; E. uniglumis (Link) Schult. has larger achenes and coarser cell pattern. The modern achenes of E. mamillata, E. austriaca and E. palustris are easily separated based on stylopodium shape (Berggren, 1969). Yet, this structure, in the single fossil achene where it was preserved (Plate IV, 13), is distinctly incomplete. We obtained a similar condition by macerating achenes of E.austriaca (MCC1976) and E. palustris (MCC0506, MCC1977) in sodium hypochlorite (10 hours), then removing the softened stylopodium by needle preparation (Plate III, 13). Therefore, our interpretation is that the stylopodium of the fossil was destroyed for most of its length.

The modern sample with the best fit to the fossils is MCC1977 (E. palustris). The sample of E. austriaca differs for the broader achenes and narrower stylopodium attachment. In addition, the fruits of E. mamillata illustrated by Berggren (1969) have achenes definitely broader than the fossils. Unfortunately this species is still lacking into the MCC, and it is possible that a direct comparison of the fossil to the modern material will provide clues for a definite determination.
Diagnosis: Eleocharis palustris vel E. mamillata.
4. Discussion

4.1. Role of the MCC in the identification experiment of fossil materials
Among the thirteen fossil samples selected for the identification experiment, four samples (C. leporina, C. remota, C. umbrosa, B. maritimus s.l.) match the morphology reported for extant species in the literature (see above) and would have been correctly identified without the MCC material. Other four samples (C. caryophyllea, C. pseudocyperus, C. cf. riparia, S. lacustris) would have left, in our opinion, considerable perplexities as for a precise specific assignment, without consulting the MCC reference samples (but obviously also analogous material available in other collections). On the other hand, the correct interpretation of the remaining five fossil samples (C. cf. nigra, C. pallescens, C. pendula, C. vesicaria, E. palustris vel mamillata) by comparison to the literature would have been either problematic or hardly possible, and the comparative study of the MCC material has been decisive in these cases. It is true that for two of these five species we were unable to provide a definite determination, but it should be considered that, in the first case, the MCC material avoided a misinterpretation (as C. mucronata, by comparison to Ercole et al., 2012); in the second case (uncertainty E. palustris/mamillata), the lack of MCC material of E. mamillata possibly had a detrimental effect.
4.2. Applications and relevance of the MCC 
The MCC has been used for palaeobotanical investigations (Cavallo and Martinetto, 2001; Martinetto, 2009; Martinetto et al., 2012; Vassio, 2012), including taphonomical studies (Martinetto and Vassio, 2010; Vassio and Martinetto, 2012; Bertolotto et al., 2013) and for the preparation of an atlas of Cyperaceae fruits (Ercole et al., 2012). In general, for modern and late Quaternary achene samples, for which the present flora of the territory fixes definite constraints in searching the living relatives, our observations confirmed the views of previous authors (Nilsson and Hjelmquist, 1967; Berggren, 1969; Latałowa, 1999; Mai, 2010) who concluded that the morphological characterisation of Cyperaceae achenes usually permits assignment to a precise species. This is promising for the use of Cyperaceae fruit collections in research fields beyond archaeo-/palaeobotany, especially in ecological (e.g.: Figuerola et al., 2010) and forensic sciences (see below).

At the present state the MCC is clearly a collection of regional value, even if rich enough for comprehensive studies pointing at the characterisation of fruits at sectional and species level within Cyperaceae. The main strength that we see in the MCC, regardless of its sample richness, is represented by its structure, expansibility and fitness for the identification of Cyperaceae fruit samples, in particular the fossil ones. The new MCC protocol could solve the usual and variable difficulties in finding adequate reference material in herbaria and conventional carpological collections (Nesbitt, 1990): scarce or unripe material, strict limits to sampling of vouchers, origin of the sample not clear, determination not reliable and up-to date, fruits not prepared for analysis, storage media hampering the simultaneous observation of several samples, etc. Of course, our protocol can be improved and implemented with other useful techniques (e.g.: Nesbitt et al., 2003; Birks, 2013).
A very elementary solution applied to the MCC, i.e. the mounting of consultable samples in transparent polyethylene bags, constitutes an enormous advantage for the comparison of fossil samples to the modern ones and can promote the taxonomic interpretation of a large amount of vaguely assigned fossil samples, which are waiting to be included in the systematic framework for phylogenetic purposes.

At this moment, most published studies on the diversification of Cyperaceae are based on indirect estimates (mutation rates: Hipp et al., 2010; Escudero et al., 2010; secondary calibrations: Escudero et al., 2009; geological events: Dragon and Barrington, 2009), being just the study of Escudero et al. (2012) calibrated using the age of a fossil. Perhaps, the MCC is not rich enough yet to perform the taxonomic assessment at species level in large and problematic sections, but probably suitable for assignation at supraspecific level in most Cyperaceae groups (e.g.: Carex sect. Phacocystis, Jiménez Mejías and Martinetto, 2013). In any case, the consultation of the wide network of institutional herbaria and carpological collections (Table 4) will always constitute an essential support for the thorough success of such studies. The lack of a large worldwide reference collection (or network of collections) of comparative material is indeed one of the reasons why the identification of the extensive cyperaceous fossil fruit record is often disregarded from rigorous taxonomic treatment, and rarely included in phylogenetic studies (Smith et al., 2009; Jimenez-Mejias and Martinetto, 2013). The progress of fruit morphological studies and their integration with molecular data will presumably yield a better definition of the phylogeographic history of those taxa with a good fossil record, as well as a better understanding of the phylogenies, with subsequent feedback to the palaeobotanical studies (Smith et al., 2010).

The broad array of modern reference samples already available in the MCC allows assessing the extent of the intraspecific variability in modern samples, evaluating variation in fine-scale characters, and, more important, to pinpoint the constant characters which are more significant for taxonomic/phylogenetic studies. However, also the definition of fruit or utricle variability in each modern species is an important taxonomic tool, and one of the main guides that palaeobotanists may use for species delimitation in rich fossil fruit samples (Velichkievich and Zastawniak, 2006). Following this line, several “extinct” species (morphospecies) have been characterised on the basis of fine morphological differences with respect to the nearest living relatives (see Cyperus glomeratoides, Schoenoplectus lacustroides in Velichkievich and Zastawniak, 2003): in these cases characteristic morphological details have been interpreted as time-dependant and linked to the taxon’s evolution. Such results can be very useful in biostratigraphic/biochronologic studies, which can have an important geological application, as the approximate dating of fossil-bearing deposits.

In forensic investigations the availability of a carpological collection is equally important as a pollen collection. Pollen grains are quite well studied and such botanical evidence has long been considered a useful tool when used for determining where a person or an object may have been (Montali et al., 2006). Seeds and fruits or their parts are often collected at crime scenes, especially when cadavers are located on the ground or buried (Lombardi, 1999). A correct identification of seed and fruit evidence could directly associate environments with people, whether they are suspects or victims (Miller Coyle, 2004). In particular, both in the literature (e.g.: Janyszek et al., 2008) and in our own observations (see Plate I), it has been pointed out that local populations of Cyperaceae fruits may show peculiar morphological traits. Therefore, the provenance of fruit material found at crime scenes would require the comparative analysis of several conspecific samples from various localities, which is partly feasible by means of the MCC right now, and will possibly be even easier in the perspective of a future development. The other carpological collections with reference material presently available in Italy (Table 4) do not seem to fulfil all the needs for forensic investigations (e.g.: the rapid and simultaneous analysis of prepared samples for many species, and several different localities). When considering seeds and fruits in a forensic context the collaboration with specialised researchers, actively working on carpological collections such as the MCC, is of paramount importance. This type of botanical collection will not only be useful for current crime scene investigations, but also in numerous cold cases involving botanical evidence (Magni et al., 2012).

4.3. Future
The availability of MCC material already provided a valuable help in the difficult study of fossil fruits of Cyperaceae (Martinetto et al., 2012; Vassio, 2012; Bertolotto et al., 2013; Jiménez-Mejías and Martinetto, 2013). The abundance of specimens in each modern sample and the preparation of multiple samples of the same species provided us with new tools in pinpointing the close living relatives of fossil samples. Future developments of the collection will be addressed towards finding materials of the European taxa which are now lacking in the MCC, possibly focusing on type α and β samples, in order to build up a large collection of European cyperaceous fruits, hopefully in synergy with other European institutions dealing with carpological collections (Table 4). Likewise, new accessions of those species which are currently represented only by type γ or δ samples (Appendix 1) will be encouraged. We also recognized a definite practical utility in the direct comparison of fossils and ε-MCC/ζ-MCC samples (see above for Carex caryophyllea and C. pendula), which are regrettably scarce in the MCC and should be increased for more species in the future.
The experience gained in NW Italy during the past few years has shown that spontaneous contributions by researchers which are active in the field (see acknowledgements) can permit, in a short time span, to assemble a large regional collection of fruits, focused on the Cyperaceae in our case. With this paper we also want to stimulate research centres operating in other continents to apply the MCC (or similar) protocol, thus moving the first steps towards the construction of a network of collections which would facilitate the study of Cyperaceae fruits all over the world. The exchange and physical assemblage of materials worldwide is not a compulsory action in this process (and often not allowed by the laws against alien species invasions/disease diffusion), because the gathering of high-quality images (e.g.: Hoshino and Masaki, 2011; Myrbo et al., 2011; Ercole et al., 2012) of MCC-like samples (i.e.: abundant material, well assessed provenance) would represent an acceptable compromise against the physical assemblage of a worldwide collection. Adequate websites to host this material already exist, as eMonocot Cyperaceae (eMonocot Team, 2013), and we believe that the simple use of the facilities presently available would be sufficient to build up, in a short time, a worldwide list of taxa whose carpological materials and/or images would be available to the advantage of archaeo- and palaeobotanical studies. The possible result of this network could be a global "virtual" collection, formed by merging the contributions from several large or small institutions.
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Figure 1 - Morphological comparison (step 2 of the identification process, see Material and methods) between four MCC fruit samples stored into resealable polyethylene bags and, at the junction of the modern preparates, a fossil fruit sample to be identified: CCN5610, Boca, NW Italy, Pleistocene. A. Carex elata subsp. elata, San Carlo Canavese, NW Italy, MCC2071; B. Carex atrata subsp. aterrima, Locana, NW Italy, MCC1946; C. Carex canescens, Locana, NW Italy, MCC2128; D. Carex nigra, Locana, NW Italy, MCC2065. Scale bar: 5 mm.
Figure 2 - Example of a plant of Carex pendula in the ripening season, from which the voucher and the fruit sample (α-MCC) have been collected (Ventimiglia, NW Italy: MCC2175). In the right bottom corner a detail of a fresh utricle of this plant, opened by means of needle preparation, is shown. Thus the trigonous fruit (achene), with a distinct basal stipe ("carpophore") and the complete style (broken) at the apex, has been exposed; scale bar: 1 mm.
Table 1. List of selected fossil samples (Plates I, II and IV) from the CENOFITA collection (Martinetto and Vassio, 2010; Vassio, 2012), which have been compared to the modern reference material of the MCC (Plates I, II and III).

Table 2. Main characters and states (if applicable) observed for the morphological characterization of the achenes and utricles of Cyperaceae samples. The very distinct characters for Cladium are not included: stone-fruit with longitudinal sutures, rough and lustreless surface, surrounded by the coriaceous-fleshy pericarp. Compiled from Walters (1953), Nilsson and Hjelmquist (1967), Berggren (1969), Egorova (1999), Browning and Gordon-Gray (2000), Pignotti (2003), Hroudová et al. (2007), Ferreira and Eggers (2008), Hefler and Longhi-Wagner (2008), Luceño et al., (2008), Smith et al., (2009) and Jiménez-Mejías and Martinetto (2013), including also additional characters from the variation observed in the plates of Ercole et al. (2012).
Table 3. Distinction of six types of fruit and seed samples (α-ζ) of the Modern Carpological Collection (MCC) of the Turin University. This classification is proposed also for application to other carpological collections.

Table 4. Examples of carpological collections reported on websites.

Plate I - 1-6. Examples of utricle (1-5, lower rows) and achene variation in Carex nigra. Figures 1a, 3a and 3d show needle-prepared achenes inside the utricles. 1. α-MCC sample from Lac Falin, Usseglio, NW Italy, MCC1899. The extraction of achenes by hand-rubbing (60 sec.) did not work with this sample, so that needle preparation was employed; the contorted style (arrow) is a peculiar feature of this individual. 2. Achenes from a soil sample (ε-MCC) collected under a dense population of C. nigra, Lac Falin, Usseglio, NW Italy, MCC1964. The partial decay, which produced the naturally cleaned achenes of the upper row, sometimes did not affect the long, non-jointed, attenuated style (arrow in 2a). 3. Pania di Corfino, Apennines, N Italy, MCC2197 4. Avila, Spain, MCC2063; notice the smaller length/width ratio in comparison to 3a-3h. 5. Specimens macerated in water for 20 years in an airtight box, subsequently rubbed by hands to expose the achenes, whose appearance became similar to fossil ones (compare 5c and 6d), Pian della Mussa, NW Italy, MCC0252. Notice the narrowly conical style base (arrow in 5b) and the stipeless base with callus in 5d (arrow). 6. Fossil achenes assigned to C. nigra from a Pleistocene sediment sample, Boca, NW Italy, CCN5610; Scale bars= 1 mm.
PlateII - 1-3. Carex elata ssp. elata, aspect of fruit samples in different ripening and decay conditions: 1. Unripe achene inside the utricle, MCC2040, type α sample (α-MCC); 2. Ripe achene, MCC2202 (α-MCC); 3a,b. Views of the two sides of a decayed achene in a modern fluvial deposit, MCC2191 (ζ-MCC); 4, 5. Fossil Carex cf. elata, Buronzo, NW Italy, Early Pleistocene, CCN0695; 4. utricle still hold by the original sediment; note the impression of the achene outline inside. 5. Achene with apparent similarities to the modern specimes 3b; 6. Carex rufina, MCC2040 (α-MCC): (a) utricle without prickles; (b) utricle with prickles at the upper right margin.

Plate III - Modern fruits and utricles. 1. Carex leporina, achene, MCC2198; 2. Carex remota, achene, MCC2178; 3a. Carex mucronata, achene, MCC2195. 3b. Carex nigra, achene, MCC2197; 4. Carex umbrosa, achene, MCC1866; 5. Carex caryophyllea, achene from a sediment sample (ζ-MCC)-MCC2196; 6. Carex pendula, achene (ζ-MCC)-, MCC2176; 7. Carex pallescens, achene, MCC2180; 8. Carex pseudocyperus: (a) achene and (b) utricle, MCC0294; 9. Carex vesicaria, achene, MCC0316; 10. Carex riparia, achene, MCC0300; 11. Bolboschoenus maritimus, MCC1996; 12. Schoenoplectus lacustris, dorsal view, MCC1104; 13. Eleocharis palustris, MCC1977. Scale bars = 1 mm.

Plate IV - Fossil achenes and utricles from the CENOFITA collection (code CCN), see Table 1 for locality data. 1. Carex leporina, CCN5942; 2. Carex remota, CCN6438; 3a-b. Carex cf. nigra: two specimens from the same sample, CCN5811; 4. Carex umbrosa, CCN6443; 5. Carex caryophyllea, CCN6419; 6. Carex pendula, achene with traces of utricle, CCN6284; 7. Carex pallescens, achene, CCN6346; 8. Carex pseudocyperus: (a) achene, CCN6370 and (b) utricle, CCN6372; 9. Carex vesicaria, CCN6374; 10. Carex cf. riparia, immature or sterile achene, CCN5926; 11. Bolboschoenus maritimus “sensu lato”, CCN6076; 12. Schoenoplectus lacustris, dorsal view, CCN6375; 13. Eleocharis palustris vel mamillata, CCN6455. Material revised after Vassio, 2012. Scale bars = 1 mm.

Appendix 1 (online supplementary material) - List of the Cyperaceae fruit samples recorded into the database of the Modern Carpological Collection of the Turin University, updated November 15th, 2013.

Appendix 2 - List and taxonomic overview of the Cyperaceae taxa represented into the Modern Carpological Collection of the Turin University (MCC). See Appendix 1 for details on the materials.

