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Due to the electronic nature of the procedure, the manuscript and the original figures will only be returned to you on special request. When you return your corrections, please inform us if you would like to have these documents returned. Introduction 60 The Mediterranean basin is one of the most sensitive 61 areas to climate fluctuations [START_REF] Giorgi | Climate change hot-spots[END_REF]. Future 62 climate change projections highlight the exposure of 63 the Western Mediterranean region to increased heat 64 and drought stress [START_REF] Solomon | Irreversible climate change due to carbon dioxide emissions[END_REF]Born et al. 65 2010). The Middle Atlas region is considered to be the 66 main water reservoir of Morocco. This region is host to 67 a variety of perennial and semi-permanent wetlands 68 including natural lakes, rivers and springs. These 69 water resources are relied upon to meet the agricultural 70 and domestic needs of the region. During recent 71 decades, numerous lakes of the karstified Middle Atlas 72 region experienced a significant water deficit as a 73 result of recurrent droughts and human overexploita-74 tion, including: Dayet Aoua [START_REF] Sayad | Impact de l'e ´volution du climat sur le niveau de Dayet Aoua dans le Moyen Atlas marocain[END_REF], 75 Aguelmam Sidi Ali [START_REF] Sayad | Effet des conditions climatiques sur le niveau du lac Sidi Ali (Moyen Atlas, Maroc)[END_REF], Ifrah Lake 76 [START_REF] Etebaai | Impacts climatiques et anthro-1147 piques sur le fonctionnement hydroge ´ochimique du Lac 1148[END_REF] and Aguelmam Azigza (Adallal 77 et al. 2019). Examining the past history of lakes in the 78 Middle Atlas region can elucidate the prospective impacts of combined climate change and anthropogenic activity on the hydrological behavior of these lacustrine systems. Lake sediments have the potential to allow investigation of temporal paleohydrological trends under various environmental conditions. Lacustrine sequences from Middle Atlas wetlands are ideally suited to understanding the response of Mediterranean semi-arid environments and hydrosystems to climatic changes because of the small size of their basins, and because their evolution and sedimentation are directly influenced by regional hydrologic changes [START_REF] Lamb | Vegetational response to 1221 Holocene climatic change: pollen and palaeolimnological 1222 data from the Middle Atlas, Morocco[END_REF]. Pioneering paleoenvironmental investigations have demonstrated the high potential of Middle Atlas lake sediments as archives of climate variability [START_REF] Martin | Le Moyen Atlas Central: e ´tude ge ´omorphologique[END_REF][START_REF] Lamb | An 18,000-Year record 1214 of vegetation, lake-level and climatic change from Tigal-1215 mamine, Middle Atlas, Morocco[END_REF]). The number of available paleoclimatic and paleoenvironmental reconstructions conducted on lacustrine sequences from the region has greatly increased in the last few decades. Most of these records cover the last glacial period [START_REF] Rhoujjati | Past environmental changes during the last 25,000 years in the Middle Atlas (Morroco): A record from lake Ifrah[END_REF][START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF][START_REF] Tabel | Environmental changes over the past 25000 years in the southern Middle Atlas, Morocco[END_REF]) and the early Holocene (Barker et al. 1994;[START_REF] Cheddadi | Holocene climatic change in Morocco: A quantitative reconstruction from pollen data[END_REF][START_REF] Lamb | Vegetational response to 1221 Holocene climatic change: pollen and palaeolimnological 1222 data from the Middle Atlas, Morocco[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. The last few millennia are particularly interesting owing to the fact that the main boundary conditions were similar to present-day climate configurations and detailed regional palaeoclimatic reconstructions can be compared to current climate change processes [START_REF] Corella | Climate and human impact on a meromictic lake during the last 6000 years (Montcorte `s Lake, Central Pyrenees, Spain)[END_REF]Brisset et al. 2019). However, records spanning the Mid-Late Holocene period are rather scarce in the Middle Atlas region [START_REF] Damnati | Sedimentology and geochemistry of lacustrine terraces of three Middle Atlas lakes: paleohydrological changes for the last 2300 cal BP in Morocco (western Mediterranean region)[END_REF][START_REF] El Bait | Climate change and ecosystems dynamics over the last 6000 years in the Middle Atlas, Morocco[END_REF][START_REF] El Bait | Climate change and ecosystems dynamics over the last 6000 years in the Middle Atlas, Morocco[END_REF] demonstrated that climate has remained relatively stable over the last 6000 cal. yr BP with a trend of aridity and warming towards the present. Results obtained from lacustrine terraces at three Middle Atlas lakes indicate high lake levels at about 2300 cal BP followed by a significant drop in lake level during the last millennium [START_REF] Damnati | Sedimentology and geochemistry of lacustrine terraces of three Middle Atlas lakes: paleohydrological changes for the last 2300 cal BP in Morocco (western Mediterranean region)[END_REF].

Most of the paleoclimate and environmental reconstructions in the Middle Atlas are based on fossil pollen assemblages from lake sediments. These studies revealed a common pattern: the limited presence of Cedrus atlantica Manetti pollen in the early Holocene, with the general expansion of the species from the Mid-Holocene which has been interpreted primarily as evidence of increased moisture availability (Lamb Article No. : 166 F et al. 1989;[START_REF] Cheddadi | Holocene climatic change in Morocco: A quantitative reconstruction from pollen data[END_REF][START_REF] Cheddadi | A history of human impact on Moroccan Mountain landscapes[END_REF][START_REF] Cheddadi | Human demography changes in Morocco and environmental imprint during the Holocene[END_REF][START_REF] Rhoujjati | Past environmental changes during the last 25,000 years in the Middle Atlas (Morroco): A record from lake Ifrah[END_REF][START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF][START_REF] Tabel | Environmental changes over the past 25000 years in the southern Middle Atlas, Morocco[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. However, a recent study demonstrated a Mid-to Late Holocene summer aridity in the Middle Atlas using stable carbon isotope analysis of isolated fossil Cedrus pollen (Bell et al. 2019). Furthermore, several studies detected a Mid-Late Holocene aridification trend from ecological or hydrological records in the western Mediterranean [START_REF] O R R E C T E D P R O O F U N C O R R E C T E D P R O O F ; Jalut | Holocene 1183 circum-Mediterranean vegetation changes: climate forcing 1184 and human impact[END_REF][START_REF] Carrio ´n | The historical origins of aridity and vegetation degradation in Southeastern Spain[END_REF][START_REF] Jime ´nez-Moreno | 1188 Impact of late-Holocene aridification trend, climate vari-1189 ability and geodynamic control on the environment from a 1190 coastal area in SW Spain[END_REF].
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In order to strengthen paleolimnological interpretations inferred from a single proxy it is important to combine as many records as possible in a technique known as a multi-proxy approach (Bradley 2015). Some investigations have reconstructed lake paleohydrology in the Middle Atlas region using multi-proxy analysis of lacustrine terraces [START_REF] Damnati | Sedimentology and geochemistry of lacustrine terraces of three Middle Atlas lakes: paleohydrological changes for the last 2300 cal BP in Morocco (western Mediterranean region)[END_REF] and of continuous sedimentary records [START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. For example, in Aguelmam Sidi Ali, [START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF] reconstructed the Western Mediterranean hydro-climatic variability, seasonality and forcing mechanisms during the last 12,000 year using a multi-proxy approach based on magnetic susceptibility, carbonate and total organic carbon content, core-scanning and quantitative XRF, stable isotopes of ostracod shells, charcoal counts, Cedrus pollen abundance, and diatom data. Only a few records span the Late Holocene period and more investigations and a regional review of the available lake records are needed. This would enable details of the contrasting spatial and temporal hydrodynamics of Middle Atlas lakes in response to climaterelated variability to be verified.

Here we present continuous and high-resolution records of a sedimentary sequence recovered from ''Flowers Marsh'' (unofficial name), a karstic waterbody in the SW Middle Atlas, northern Morocco. The approach is based on radiometric techniques for dating, sediment geochemistry using XRF, sediment mineralogy using DRX, as well as biological indicators, including diatoms, coprophilous fungi spores, and ostracods. The overall aim of this paper is to provide a reconstruction of Flowers Marsh development in response to catchment changes and to regional climatic events during the Mid-to Late Holocene. Specifically, we will address the following questions:

(1) what was the hydrological behavior of Flowers Marsh during the Mid-to Late Holocene? (2) Is there 177 any synchronicity and/or validation between the proxy 178 records? (3) Are there any similarities with other 179 regional climatic archives? ( 4 Article No. : 166
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224 fluctuations especially precipitation [START_REF] Vidal | Past hydrological vari-1377 ability in the Moroccan Middle Atlas inferred from lakes 1378 and lacustrine sediments[END_REF]225 Adalall et al. 2019). From observations of paleoshore-226 lines in the catchment [START_REF] Flower | Climatic implications of recent 1152 changes in lake level at Lac Azigza (Morocco)[END_REF] The studied cores were recovered in 2016 from Flowers Marsh using a 50-cm-long Russian corer. Two lake-marginal cores were taken: AZA-SUP-1-A-16 and AZA-SUP-1-16. The length of each sequence is 300 cm and 250 cm, respectively. Sediment core stratigraphy was described on-site. The core segments were wrapped in Clingfilm and stored in a cold storage room at 4 °C. The two cores show a good visual agreement and a very similar lithologic and chemical succession (ESM1). Only the long core AZA-SUP-1-A-16 was selected for this study. In total, 21 subsamples were recovered at 15-cm intervals for particle size analysis. Subsamples were Article No. : 166
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analyzed using a Horiba LA-300 laser diffraction analyzer at the Georesources Laboratory (Marrakech, Morocco). Subsamples were not pretreated before analysis and measurements were made on the fine sediment fraction (\ 0.5 mm). The abundance of three grain size fractions was determined: clays (\ 2 lm), silts (2-67 lm) and sand ([ 67 lm).

To examine variations in sediment geochemistry, high-resolution X-ray fluorescence XRF) was undertaken on the fresh core using an Itrax core-scanner (Cox Analytical Systems) at CEREGE (Centre de Recherche et d'Enseignement en Ge ´osciences de l'Environnement), Aix-en-Provence, France. Sediment was analyzed with 500 lm spatial resolution and a molybdenum (Mo) tube at 30 kV, 40 mA and 15 s per interval analyzed. Relative abundance of elements (Fe, Ti, Mn, Si, K, Ca, Sr and Br) as well as incoherent and coherent X-ray backscatter were determined for the sedimentary sequence. Here we use the ratio of incoherent to coherent X-ray scatter (inc/coh) as a proxy for organic matter content in lake sediments, according to Brown et al. (2007). Elemental XRF intensity can be related to processes taking place within the lake. Titanium, K, Fe and Si can represent terrigenous sediment input linked to erosional parameters [START_REF] Croudace | ITRAX: description and evaluation of a new multi-function X-ray core scanner[END_REF][START_REF] Olsen | Variability of the North Atlantic Oscillation over the past 5200 years[END_REF]. In this research, K intensity is interpreted to reflect variations in detrital input (Aufgebauer et al. 2012). The Ca/Ti ratio mainly reflects Ca derived from within-lake processes and can be used to identify the occurrence of endogenic carbonate concretions in the sediments (Brown et al. 2007). Bromine (Br) has been regarded as a potential proxy for identifying relative variations in organic content in lake sediments [START_REF] Kalugin | 800-yr-long records of annual air 1200 temperature and precipitation over southern Siberia infer-1201 red from Teletskoye Lake sediments[END_REF][START_REF] Gilfedder | Bromine 1163 species fluxes from Lake Constance's catchment and a 1164 preliminary lake mass balance[END_REF]) and the Br/Ti ratio is an important proxy for productivity (Agnihotri et al. 2008). Manganese (Mn) contents may be related to changing redox conditions at the watersediment interface in the lake [START_REF] Davies | Micro-XRF core scanning in palaeolimnology: recent developments[END_REF] with high Mn content reflecting oxygenation of bottom waters [START_REF] Kylander | High-1210 resolution X-ray fluorescence core scanning analysis of Les 1211 Echets (France) sedimentary sequence: new insights from 1212 chemical proxies[END_REF]. Strontium (Sr) reflects aragonitic and evaporitic concretions (Arz et al. 2003).

The total carbon (TC%) and total organic carbon (TOC%) contents were determined for ten samples from the AZA-SUP-1-A-16 core with a FlashSmart NC Soil Thermo elemental analyzer at CEREGE. The standard deviation for standard carbonate materials was 0.07%, and the relative error of replicates was \ 2.29%. The TOC was measured following standard 300 procedures after acidification (to eliminate the car-301 bonate fraction). Total inorganic carbon (TIC) was 302 determined using the following equation (Espitalie ´303 et al. 1977 Article No. : 166
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presence of diatoms. Only 9 samples contained abundant diatoms. Wet sediment samples were treated using H 2 O 2 (33%) and HCl (10%) in order to remove organic matter and carbonates respectively. Slides were mounted in Naphrax and observed with an optical microscope (Nikon 80i 1000 9 magnification with Nomarski optics, n.a.= 1.32). Taxonomic identification and assignment of planktonic and benthic habitats were based primarily on [START_REF] Krammer | Bacillariophyceae. 1207 Su ¨sswasserflora von Mitteleuropa[END_REF][START_REF] Krammer | Bacillariophyceae. 1207 Su ¨sswasserflora von Mitteleuropa[END_REF] and [START_REF] Marciniak | Late glacial Fragilaria flora from lake 1240 sediments of the Tatra Mts. and the Alps[END_REF].

Eight samples throughout the core were examined for coprophilous fungal spore abundances and treated according to [START_REF] Faegri | Textbook of pollen analysis[END_REF] at CEREGE. Lycopodium clavatum tablets were added to each sample allowing determination of spore concentrations [START_REF] Stockmarr | Tablets with spores used in absolute pollen analysis[END_REF]. Coprophilous fungi spores were identified according to the van Geel classification (2002). Identification was limited to the most abundant species: Delitschia-type, Sordaria-type, Tripterospora-type, UG-1138-type and focusing on Sporormiella-type. The latter is an ascomycete fungus used as a specific indicator of herbivore presence [START_REF] Davis | Sporormiella fungal spores, a 1125 palynological means of detecting herbivore density[END_REF][START_REF] Cugny | Modern and fossil nonpollen palynomorphs from the Basque mountains (western Pyrenees, France): the use of coprophilous fungi to reconstruct pastoral activity[END_REF]. Results are expressed as concentrations (spores cm -3 ).

The chronology of the lake core was constrained by 9 Accelerator Mass Spectrometry (AMS) radiocarbon analyses performed on organic bulk sediments at Beta Analytic Inc laboratory, Florida, USA. Over the 300 cm sequence, the age-depth relationship was constructed by linear interpolation of calibrated radiocarbon dates using the classical age modeling code (CLAM) for the statistical software R developed by Blaauw (2010), which also performs the calibration (using the SHCal13.14C, Reimer et al. 2013).

Multivariate statistical analyses were applied to the high resolution XRF dataset in order to extract and assess elemental correlations downcore. First, to attenuate non-linear matrix effects and constant sum constraints, the multivariate statistical analysis was applied after centered log-ratio (clr) transformation (Aitchison 1982;[START_REF] Weltje | Prediction of geochemical composi-1392 tion from XRF core scanner data: a new multivariate 1393 approach including automatic selection of calibration 1394 samples and quantification of uncertainties[END_REF] of the complete set of XRF measurements (n = 5684). This simple transformation provides a reliable basis for statistical analysis of XRF core scanning data, unlike element count intensities or element ratios [START_REF] Weltje | Prediction of geochemical composi-1392 tion from XRF core scanner data: a new multivariate 1393 approach including automatic selection of calibration 1394 samples and quantification of uncertainties[END_REF]. The following elements were considered for statistical analysis: Si, K, Fe, Ca, Ti, Mn, Sr and inc/coh. The Br was excluded because it frequently presents null values and dealing with clr transformation excludes 397 dealing with zeros. The clr transformation was carried 398 out using CoDaPack, a freely available Excel based 399 software for compositional data transformation ( Thio´-400 Henestrosa and Martı ´n-Ferna ´ndez 2006). As a second 401 step, a normality assumption test was first applied 402 using the Shapiro-Wilk test (Ghasemi and Zahediasl 403 2012) in order to determine the type of correlation 404 analysis to be used. Spearman's rank correlation 405 coefficient was then performed as a non-parametric 406 measure of correlation between the monitored vari-407 ables [START_REF] King | Statistics for biomedical engineers 1204 and scientists: how to visualize and analyze data[END_REF] in order to quantify 408 the strength of correlation between elements within 409 each lithological unit. The correlation matrix was 410 visualized as a heatmap with a dendrogram calculated 411 by hierarchical clustering analysis (HCA) using the 412 ''heatmap'' function implemented in the R package 413 corrplot [START_REF] Wei | Package 1389 'corrplot[END_REF]). The ''rcorr'' function in the 414 Hmisc package [START_REF] Harrell | Le paquet Hmisc[END_REF] Grain size analysis of AZA-SUP-1-A-16 showed that the sediments of Flowers Marsh consist predominantly of clay and silts in the lower part of the core (units A and B) while a sandy fraction dominates the upper part of the core (units C and D; Fig. 3). This sandy fraction results mainly from the presence of endogenic carbonate concretions called ''cauliflowers'' rather than from detrital sand from the watershed area. ''Cauliflowers'' were only detected in units C and D. The high endogenic carbonate content of units C and D is in good agreement with the TIC and the CaCO 3 content, underlining the strong carbonate precipitation in the upper part of the core. Highresolution images of these endogenic carbonates obtained by SEM yielded observation of their microstructures. The morphology of the calcite crystals is irregular having ''cauliflower'' shapes and Manganese contents show a variable pattern with higher peaks in unit A and B and in the uppermost layer of unit D (Fig. 3). Since changes in the core lithology reveal considerable variation in the lake status, correlation analysis and hierarchical clustering were constructed within each unit to quantify the strength of correlation between the lithology and geochemical composition (Fig. 5). The main detrital elements (K, Ti, and Fe) correlate strongly in all units (r = 0.58-0.96, pvalue = \ 0.0001). Silicon shows good correlations with the detrital elements in Unit A, B and D. This is not the case in the diatoms-rich unit C, where Si displays low correlations with these detrital elements. The inc/coh ratio shows a strong correlation with Ca in unit D (r = 0.84; pvalue \ 0.0001; n = 1760), a moderate correlation in unit C (r = 0.61; p value \ 0.0001; n = 1154) and unit B (r = 0.58;p- The TOC values of the Flowers Marsh sequence range 540 from 1% to 8% (Fig. 3). The organic content of units A 541 and B is relatively low and constant (oscillating 542 around 1%), increasing in the top of unit B (3.1%) and 543 reaching maximum values of 8.3% in the lower part of 544 unit C. The TOC remains relatively high in unit D 545 (values range between 5 and 7%) with a decreasing 546 trend towards the core top. The inc/coh ratio shows a 547 similar trend to TOC, suggesting it is a reliable proxy 548 for organic content in this system. Similarly, TIC 549 values show a general trend towards increasing values 550 from the bottom (unit A and B) to the top of the core 551 (unit C and D). The highest concentrations of up to 552 75% occur at 32 cm and the lowest (0.5%) at the base 553 of the core.

554 Biological proxies 555 The occurrence of ostracod shells is limited to the 556 upper 166 cm of the Flowers Marsh sequence (166-557 143 cm and 25-79 cm); no shells were found in units 558 A and B. When ostracods were observed, Candona neglecta and Illyocipris gibba were the most abundant species. Diatom content is low throughout most of the record, and diatom remains are poorly 382 preserved. Diatoms present a sharp contrast with the abundance of ostracods. Units A and B were sterile in regards to diatoms. Unit C (150 -90 cm) is dominated by epiphytic species such as Epithemia adnata (Ku ¨tzing), Sellaphora laevissima (Ku ¨tzing) and Gomphonema pumilum (Grunow) and by benthic species represented mainly by Halamphora veneta (Ku ¨tzing) and Cocconeis placentula (Ehrenberg) (ESM5). In the upper 90 cm, the diatom assemblage is still dominated by benthic forms, except at 47-48 and 38-39 cm where the centric Cyclotella distinguenda (Hustedt) dominates the assemblage (ESM5).

The occurrence of coprophilous fungi species and spore concentration throughout the core were examined. The lowest units A and B (280, 250 and 174 cm) present low concentrations and poor preservation of coprophilous fungi spores. The boundary between units B and C (141 cm) is characterized by an increase in values of coprophilous fungi spores with a better preservation and high abundances of the UG-1138 species. In unit C (101 cm), continuation of the high values of UG-1138 is recorded. The exclusive occurrence and high values of Tripterospora-type and a 6 displays the relationship between d 13 C and 606 d 18 O for all of the carbonate species analyzed in this 607 study. The d 13 C in the studied samples of endogenic 608 carbonates from Flowers Marsh sediments vary con-609 siderably and range from -11.3 to -2.3% VPDB, 610 whereas d 18 O of the same samples range from -6.8 to 611 -0.5% VPDB. The dominant controls on the d 18 Oo f 612 lacustrine endogenic carbonates is controlled are the 613 temperature of its formation and the isotopic compo-614 sition of the water in which it precipitates (Epstein 615 et al. 1953;[START_REF] Craig | Stable isotopes in oceanographic studies and palaeotemperatures[END_REF]). The 13 C content of lacustrine 616 carbonates mainly reflects the composition of the 617 TDIC in the lake water and the effects of biological 618 fractionation related to aquatic photosynthesis (Stu-619 iver 1970;[START_REF] Mckenzie | Carbon isotopes and productivity in the lacustrine and marine Environment[END_REF]. 620 Discussion 621 Paleoenvironmental interpretation of the deposited 622 sediments requires an accurate understanding of the 623 proxy significance. In the following, different proxies 624 are discussed to provide a reliable paleohydrological 625 reconstruction of Flowers Marsh. A possible connec-626 tion with Aguelmam Azigza hydrological behavior is 627 discussed so as to understand the hydrological func-628 tioning of these hydrosystems at the catchment scale. 629 Finally, comparisons between the regional records are proposed in order to demonstrate the local hydrological differences and the common patterns in response to regional climatic drivers. Flowers Marsh hydrological development during the last 6000 years Four main phases were distinguished following the lithologic units, the geochemical zonation derived from the l-XRF data, the mineralogy and the recurrence of biomarkers (Fig. 4): (A) ephemeral waterbody, (B) flooding and permanent shallow water conditions, (C) medium to deep waterbody and (D) shallow water level.
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Unit A-Ephemeral waterbody (6-2.3 cal. kyr BP)

The oldest sediments present in the Flowers Marsh sequence are characterized by a high intensity of Ti, K, Si which are grouped together with Sr and Fe (Fig. 5). These detrital elemental intensities may mostly track high clay and phyllosilicate contents that are deposited during heavy rainfall and thus be related to a relatively high lake level, or they may correspond to evidence of arid conditions and thus be related to lake desiccation. Article No. : 166 Article No. : 166
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675 indicate oxygenation of the bottom sediment with 676 increasing preservation of Mn as oxides (Davies et al. 677 2015). Sedimentological, geochemical and biological 678 evidence from unit A sediments indicates hydrological 679 scenarios that fluctuate between a very shallow and an 680 ephemeral waterbody. This interpretation is consistent 681 with results from other lake sediments with no organic 682 matter content and a high clastic content that were 683 related to periods of shallow lake levels (Valero-684 Garce ´s et al. 2000;[START_REF] Gonza ´lez-Sampe ´riz | Vege-1170 tation changes and hydrological fluctuations in the Central 1171 Ebro Basin (NE Spain) since the Late Glacial period: saline 1172 lake records[END_REF]685 Corella et al. 2011;[START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF].

686 Unit B-re-flooding and shallow water conditions 687 (2.3-2 cal. yr BP)

688 Unit B is a transitional phase between the clastic 689 material of Unit A and the laminated organic-rich 690 sediment of the top of the core. It represents a 691 progressive transition towards a shallow wetland 692 environment with calcite formation marked by peaks 693 in Ca/Ti. The high sedimentation rate underlines the 694 increase in carbonate deposition (Fig. 4). This phase is 695 characterized by the appearance of ostracods, espe-696 cially benthic species (C. neglecta and I. gibba). Their 697 high abundance indicates that the lake-bottom condi-698 tions were predominantly aerobic during this interval 699 [START_REF] Meisch | Freshwater Ostracoda of western and central Europe[END_REF]. The abundance of charophytes and 700 gastropods also indicates a shallower littoral environ-701 ment (Benkaddour 1993;[START_REF] Soulie | Charophytes, indicateurs de pale ´obathyme ´trie du lac Tigalmamine (Moyen Atlas, Maroc)[END_REF]. 702 The decline of terrigenous element contents can be 703 explained by the stability of the watershed as 704 confirmed by the forest cover expansion during this 705 period [START_REF] Lamb | Lake evolution in a semi-arid mountain 1218 environment: response to catchment change and hydrocli-1219 matic variation[END_REF][START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF]. 706 Unit B deposits characterize the re-flooding of the 707 waterbody marked by changes in the depositional 708 mode which most likely resulted from climate ame-709 lioration in the region. Slight fluctuations of ostracod 710 d 18 O values in this unit probably point to a shallow and 711 steady water level (Fig. 4). et al. 2009). This unit is characterized by a major change in grain size distribution from clay-silt to sand as the dominant particle sizes, associated with an increase in sedimentation rate (Figs. 3 and4). This sandy fraction is related to the massive endogenic carbonate precipitation indicated by peaks in Ca/Ti (Fig. 4). These carbonate concretions are related to the occurrence of ''cauliflowers'' irregularly shaped carbonate concretions that have been described as being of algal origin [START_REF] Magny | Se ´dimentation et dynamique de comblement 1229 dans les lacs du jura au cours des 15 derniers mille ´naires[END_REF]. They reflect deposition in a shallow-water environment with mobilization to the deep basin during periods of higher runoff. In this unit, endogenic carbonates record the highest isotopic values (Fig. 6). Enriched isotopic values relative to the TDIC values may be related to high productivity (diatom and algal) in the littoral zone [START_REF] Stuiver | Oxygen and carbon isotope ratios of freshwater carbonates as climatic indicators[END_REF][START_REF] Mckenzie | Carbon isotopes and productivity in the lacustrine and marine Environment[END_REF]. The absence of ostracods during this interval is not due to calcite dissolution processes, as indicated by the presence of endogenic calcite. Most likely, diatom blooms, anoxic conditions and limited water circulation in the lake bottom as indicated by laminated sediments inhibited the survival of benthic ostracods (Valero-Garce ´s 2003). This unit is also characterized by negative shifts in Ti, K, Fe and Si indicators for allochthonous detrital input (Fig. 3,ESM4). This decrease could be related to the stability of the watershed by forest development and to dilution of the allochthonous input by precipitated calcite as indicated by the negative correlations of Ca with the detrital elements in unit C (Fig. 5). Silicon shows a low correlation with the detrital elements in this unit (Fig. 5), which highlights an additional source (biogenic) of Si provided by diatoms. Article No. : 166
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767 of unit C, could be related to more arid conditions 768 (Fig. 4). Also, the replacement of diatoms by ostra-769 cods points to a major shift in the lake level toward 770 shallow waters (Benkaddour 1993). A transitory 771 increase in the deposition of organic matter (high Br/ 772 Ti) and calcite precipitation (high Ca/Ti) between 650 773 and 150 cal. yr BP points to a period of enhanced 774 biological productivity that allowed the precipitation 775 and preservation of endogenic calcite concretions 776 (Fig. 4). The diatom record is dominated by Cyclotella 777 distinguenda which indicates an enhanced lake level 778 and the dominance of a period of stable stratification 779 [START_REF] Interlandi | Limiting resources and the 1180 regulation of diversity in phytoplankton communities[END_REF]. A drop in ostracod d 18 O 780 values may reflect a short phase of more humid 781 conditions during this period (Fig. 4). Since 150 cal. 782 yr BP, another phase characterized by indicators of 783 lower productivity (decreases in TOC, inc/coh and Br/ 784 Ti ratio) and increases in clastic input to the lake 785 occurred (Fig. 3). Stronger reduction of the waterbody 786 prevailed during this period as revealed by the high 787 Mn content indicating oxygenation of the lake bottom. 788 More arid conditions leading to enhanced littoral 789 erosion and sediment delivery to the pond may explain 790 the increase in detrital element contents. Nevertheless, 791 these trends could also be related to the anthropogenic 792 degradation of the landscape by increased farming or 793 land use practices including high pastoralism activi-794 ties. An anthropogenic effect is supported by the 795 presence of anthropogenic markers such as the high 796 concentrations of Sporormiella [START_REF] Cugny | Modern and fossil nonpollen palynomorphs from the Basque mountains (western Pyrenees, France): the use of coprophilous fungi to reconstruct pastoral activity[END_REF]797 Williams et al. 2011;[START_REF] Curra ´s | Climate change and human impact in central Spain during Roman times: high-resolution multi-proxy analysis of a tufa lake record (Somolinos, 1280 m asl)[END_REF] in recent 798 sediments (recorded at 180 cal. yr BP). This reflects an 799 increase in livestock grazing activity which is the main 800 anthropogenic pressure on soils in the area (Campbell 801 et al. 2017). Given the low temporal resolution of this 802 part of the core, the sub-millennial variability should 803 be interpreted cautiously in this part of the record.

804 Connection between Flowers Marsh and Aguelmam 805 Azigza 806 The Flowers Marsh paleohydrological reconstruction 807 reveals interesting links to Aguelmam Azigza. The 808 flooding at 2.3 cal. kyr BP may be interpreted as a 809 period of enhanced surface and groundwater flux to 810 the pond. Earlier and recent studies from the nearby 811 Aguelmam Azigza indicate metric water level fluctu-812 ations at interannual and decadal scales (Flower et al. 813 1989;Adalall et al. 2019;[START_REF] Jouve | Recent hydrological variability of the Moroccan 1195 Middle-Atlas Mountains inferred from micro-scale sedi-1196 mentological and geochemical analyses of lake sediments[END_REF]. Precise geomorphological mapping of the watershed shows that a connection existed between the two waterbodies owing to a lake level increase at Azigza of about 15 meters, a level that was also reached in the late 1960s [START_REF] Jouve | Recent hydrological variability of the Moroccan 1195 Middle-Atlas Mountains inferred from micro-scale sedi-1196 mentological and geochemical analyses of lake sediments[END_REF]. We suggest that the re-flooding period evidenced at the Flowers Marsh could correspond to an equivalent Azigza lake-level high stand at about 2.3 kyr BP. This would imply that the highest Azigza lake level was probably reached at that time.

Precise geomorphological observations of the basin catchments are consistent with a past high stand [START_REF] Jouve | Recent hydrological variability of the Moroccan 1195 Middle-Atlas Mountains inferred from micro-scale sedi-1196 mentological and geochemical analyses of lake sediments[END_REF].

Comparison with Mid-Late Holocene regional records In Europe and in the Mediterranean region, the Holocene period reveals diverse spatial and temporal patterns of climate variability induced by large-scale changes in atmospheric circulation and complex interactions of various forcing factors [START_REF] Rita | Holocene forest dynamics in central and 1133 western Mediterranean: periodicity, spatio-temporal pat-1134 terns and climate influence[END_REF]. The linkage between phases of aridity and humidity on a sub-regional to regional scale is highly challenging (Carrio ´n 2002). The Moroccan Middle Atlas is part of this Mediterranean periphery and has also demonstrated local and regional sensitivity in the response of lakes to climatic variation.

During the Mid-Holocene (6000-2300 cal. yr BP), Flowers Marsh records ephemeral water conditions with recurrent desiccation periods. This picture contrasts with evidence of a moister climate recorded in the Middle Atlas region. Humid conditions were highlighted by the arrival and expansion of cedar after * 6 cal. kyr BP, recorded in Aguelmam Sidi Ali [START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF], Lake Tigalmamine [START_REF] Lamb | Lake evolution in a semi-arid mountain 1218 environment: response to catchment change and hydrocli-1219 matic variation[END_REF], the Ras El Ma marsh [START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF], and the Ait Ichou marsh [START_REF] Tabel | Environmental changes over the past 25000 years in the southern Middle Atlas, Morocco[END_REF]. This Mid-Holocene expansion of Cedrus was related to increasing available moisture and suggests a climatic transition toward generally cooler and more humid conditions with reduced summer drought [START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. However, other Middle Atlas paleohydrological studies have detected a striking mismatch between the local hydrological water balance and plant available moisture reflected by the abundance of Cedrus pollen. For instance, a maximum in plant available moisture recorded at Lake Tigalmamine coincides with low lake levels [START_REF] Lamb | Vegetational response to 1221 Holocene climatic change: pollen and palaeolimnological 1222 data from the Middle Atlas, Morocco[END_REF]. Equally, the Cedrus pollen in the 
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Aguelmam Sidi Ali record indicates more humid conditions during the Late Holocene, while the majority of the lake level proxies point to a general lake level lowering trend during this period [START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. The authors interpreted Cedrus pollen increases not as an indicator of more precipitation but rather as an indicator for more available moisture that may be the result of lower summer temperatures [START_REF] Lamb | Lake evolution in a semi-arid mountain 1218 environment: response to catchment change and hydrocli-1219 matic variation[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. The low lake level recorded in Flowers Marsh sediments during the Mid-to Late Holocene may be related to a reduction in winter precipitation which would have significantly reduced groundwater recharge. During the Mid-Holocene, arid conditions were recorded in lake sediments in the Middle Atlas region [START_REF] Rhoujjati | Palaeoenvironmental context inferred from Holocene deposits of lake Iffer (Middle Atlas, Morocco)[END_REF][START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]Bell et al. 2019), and also in more distant sites from the northern Iberian Peninsula [START_REF] Saadi | History of vegetation during the Holocene in the Courel and Queixa Sierras, Galicia, Northwest Iberian Peninsula[END_REF][START_REF] Morello ´n | Holocene palaeohydrology and climate variability in Northeastern Spain: the sedimentary record of lake Estanya (Pre-Pyrenean range)[END_REF].

For instance, most of the saline lakes in the Central Ebro valley (northeastern Spain) were desiccated or ephemeral during the Mid-Holocene (Gonza ´lez-Sampe ´riz et al. 2008). In Arreo Lake, the presence of coarse alluvial facies at the base of the sequence points to more arid conditions prior to 2250 BP [START_REF] Corella | A 2500-year multi-proxy reconstruction of climate change and human activities in northern Spain: the Lake Arreo record[END_REF].

The Late Holocene is characterized by a transitional phase towards a sustainable water supply to the pond with a higher water level at Flowers Marsh (2300 cal. yr BP-1800 cal. yr BP), particularly evident in lamination preservation and in organic matter increase. Wet conditions during this period were also recorded in Lake Iffer as indicated by an increase in lake productivity and rising lake level [START_REF] Damnati | Sedimentology and geochemistry of lacustrine terraces of three Middle Atlas lakes: paleohydrological changes for the last 2300 cal BP in Morocco (western Mediterranean region)[END_REF]. At Tigalmamine Lake, increased precipitation at about 2600 year BP, with equivalent troughs in winter and summer temperatures were reconstructed from pollen records [START_REF] Cheddadi | Holocene climatic change in Morocco: A quantitative reconstruction from pollen data[END_REF]. Higher lake levels are documented by the dominance of aquatic plants (Typha L., Potamogeton Linn., Myriophyllum L. and Cyperaceae) in the pollen diagram from Ras El Ma marsh, with a high stand between 2000 and 1400 cal. yr BP (Fig. 4) [START_REF] El Bait | An 18 000-year pollen and sedimentary record from the cedar forests of the Middle Atlas, Morocco[END_REF]. A relative increase in TOC around 2,200 cal. yr BP was also recorded in Aguelmam Sidi Ali indicating a high lake level and high productivity [START_REF] Zielhofer | Atlantic forcing 1409 of Western Mediterranean winter rain minima during the 1410 last 12,000 years[END_REF]. This period coincides with the wetter Iberian Roman period in the northern Mediterranean. A humid phase during the Iron Age and the Roman Optimum from 2700 to 1600 year, inferred from lake and fluvial 910 records [START_REF] Macklin | Past hydrological events reflected in the Holocene 1227 fluvial record of Europe[END_REF]Martı ´n-Puertas et al. 911 2008), has been found in the Iberian Peninsula. 912 Furthermore, a decrease in temperature around 913 2000 cal. yr BP was identified at a global scale 914 [START_REF] Marcott | A reconstruction of regional and global temperature for the past 11,300 years[END_REF].

915 The shallowing water level recorded at Flowers 916 Marsh since 1.4 kyr cal. BP coincides with decreasing 917 tree pollen abundance at other regional Lakes, such as 918 Aguelmam Sidi Ali where there was a reduction in the 919 arboreal/non-arboreal pollen ratio (AP/NAP) after 920 1300 cal. yr BP (Cambell et al. 2017). Most of the 921 Middle Atlas records reflect forest cover degradation 922 during this period, which might be related to more arid 923 conditions. This stage coincides with the Medieval 924 Climate Anomaly (MCA) which was marked by a 925 global increase in temperature [START_REF] Marcott | A reconstruction of regional and global temperature for the past 11,300 years[END_REF]. It 926 has also been described in previous paleoclimatic 927 reconstructions across the Mediterranean Basin 928 [START_REF] Magny | Holocene climate variability as reflected by 1232 mid-European lake-level fluctuations and its probable 1233 impact on prehistoric human settlements[END_REF][START_REF] Moreno | The Medieval climate anomaly in the Iberian Peninsula reconstructed from marine and lake records[END_REF]. Aside from the 929 increase in arid conditions, the intensification of 930 anthropogenic activity during this period also had a 931 strong impact on the forest and the environmental 932 variability in the region [START_REF] Reille | Analyse pollinique de se ´diments postglaciaires dans le Moyen-Atlas et le Haut-Atlas marocains: premiers re ´sultats[END_REF]Benkaddour 933 1993) where significant anthropogenic alteration of 934 forest cover was recorded, especially in the last two 935 millennia [START_REF] Cheddadi | A history of human impact on Moroccan Mountain landscapes[END_REF]. However, coprophi-936 lous fungal spore evidence in the Flowers Marsh 937 record did not indicate increased anthropogenic pres-938 sure during this period. A high stand period was 939 recorded at Flowers Marsh from 650 to 150 cal. yr BP. 940 Considering the uncertainties of the chronological 941 model for this time interval, this phase could coincide 942 with the Little Ice Age (LIA), a generally cold period 943 [START_REF] Mann | Global 1237 signatures and dynamical origins of the Little Ice Age and 1238 Medieval Climate Anomaly[END_REF]). This short humid phase is 944 synchronous with decreased drought stress in the 945 Middle Atlas documented in Cedrus atlantica ring 946 width data [START_REF] Esper | Long-term drought severity variations in 1140 Morocco[END_REF]) and in speleothem 947 records [START_REF] Wassenburg | 1384 Moroccan speleothem and tree ring records suggest a 1385 variable positive state of the North Atlantic Oscillation 1386 during the Medieval warm period[END_REF] 
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  is an intracontinental mountain 184 chain in northern Morocco (Fig. 1a). It exhibits a large 185 synclinal trough extending 250 km with a SW-NE 186 trend. The geology of the region ranges from Palaeo-187 zoic to Quaternary and is dominated mainly by 188 Triassic red beds covered by karstified Liassic lime-189 stones and dolomites, Palaeozoic sandstone, schist, 190 quartzite and doleritic basalt (Martin 1981). The 191 geomorphology and structural features of the region 192 favor the formation of natural permanent or seasonal 193 lakes. The genesis of these wetlands is a product of 194 subsidence related to an intense fault network and 195 karstification of dolomites (Hinaje and Ait Brahim 196 2002). The climate in the region is a mountain 197 Mediterranean type with sub-humid to cold winters. 198 The mean annual precipitation in the area approaches 199 900 mm year -1 , mostly occurring between October 200 and April (Martin 1981) and the average monthly 201 temperature varies between -2 °C and 31 °C (Chil-202 lasse et al. 2001). Evergreen oak (Quercus rotundifo-203 lia) and Atlantic cedar (Cedrus atlantica) are the main 204 forest vegetation (Flower et al. 1989). 205 The studied site, Flowers Marsh (32°59'04''N, 206 5°27'13''W), is a small pond lying about 1554 m 207 above sea level (asl) in the Middle Atlas Mountains, in 208 the High Oum Er-rbia catchment (Fig. 1a). The 209 waterbody's name comes from the floating hydro-210 phytes that cover the water surface. The surface area of 211 Flowers Marsh varies between 6 and 12 ha depending 212 on the season. During wet climatic periods and high 213 aquifer phases, water levels in Flowers Marsh may be 214 controlled through sub-surface inflows and/or through 215 local rainfall. During low stands, this pond is mainly 216 controlled by the surface runoff. Flowers Marsh is 217 located near Aguelmam (Fig. 1d), one of the largest 218 lakes in the Middle Atlas region (55 ha). Aguelmam 219 Azigza and Flowers Marsh belong to the same basin 220 with a catchment area of 1020 ha (Jouve et al. 2019). 221 Hydrological results from Aguelmam Azigza reveal 222 that lake levels were closely linked to subsurface 223 circulation with a high sensitivity to climate 123

Fig. 1

 1 Fig. 1 Location of the studied area. A: Simplified map showing the major geological provinces of Morocco. (modified from[START_REF] Saadi | History of vegetation during the Holocene in the Courel and Queixa Sierras, Galicia, Northwest Iberian Peninsula[END_REF] and the location of the study site (FM) and other paleoclimate studies cited in the text: 1, Ait Ichou Marsh[START_REF] Tabel | Environmental changes over the past 25000 years in the southern Middle Atlas, Morocco[END_REF]; 2, Lake Tigalmamine[START_REF] Cheddadi | Holocene climatic change in Morocco: A quantitative reconstruction from pollen data[END_REF][START_REF] Lamb | Vegetational response to 1221 Holocene climatic change: pollen and palaeolimnological 1222 data from the Middle Atlas, Morocco[END_REF][START_REF] Lamb | Vegetational response to 1221 Holocene climatic change: pollen and palaeolimnological 1222 data from the Middle Atlas, Morocco[END_REF][START_REF] Cheddadi | Holocene climatic change in Morocco: A quantitative reconstruction from pollen data[END_REF] 3, Aguelmam Sidi Ali (Campbell et al. 

  diffraction (XRD) with a SmartLab SE at CAC 308 (Centre d'Analyse et de Caracte ´risation), Marrakech. 309 Relative mineral abundance was determined using 310 peak intensity with PANalytical X'Pert HighScore 311 Plus software. The main minerals occurring are 312 expressed as percentages. 313 The microstructures and element content of endo-314 genic carbonates were determined using a scanning 315 electron microscope (SEM) equipped with an energy 316 dispersive spectrometer (EDS) at the CAC. The 317 microscope was operated at 10 kV with a magnifica-318 tion of 116. The SEM and EDS allow the acquisition 319 of photographs and elemental content. 320 Stable isotope analyses were carried out on fossil 321 ostracods retrieved from Flowers Marsh sediments. 322 Core AZA-SUP-1-A-16 was sampled at 1 cm inter-323 vals. The samples were sieved through a 63 lm mesh 324 under tap water. Ostracods were only present in the 325 upper 166 cm of the core and were handpicked from 326 each sediment subsample using a binocular micro-327 scope and washed in deionized water. Carbon and 328 oxygen isotopic analyses were performed on the two 329 most abundant species separately: Candona neglecta 330 and Illyocipris gibba. Adult ostracod shell material 331 from C. neglecta species was used for C and O 332 stable isotope analyses. In addition, stable isotopes 333 were analyzed on the total dissolved inorganic carbon 334 (TDIC) of Aguelmam Azigza water (lake and spring) 335 and on modern ostracods (C. neglecta and I. gibba). 336 The isotopic composition of endogenic carbonates 337 extracted from the bulk sediment of the Flowers Marsh 338 sequence was also analyzed. Measurements were 339 performed using a Finnigan Delta Advantage mass 340 spectrometer coupled to a Kiel III Device at CEREGE. 341 The isotopic results were reported relative to the 342 Vienna Peedee Belemnite (VPDB) standard. Analyt-343 ical precision of d 18 O and d 13 C was 0.07% and 344 0.05%, respectively. 345 The AZA-SUP-1-A-16 core was subsampled for 346 diatom analysis at CEREGE. Sediment samples were 347 prepared for smear slide analysis to determine the 123
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  Four sedimentary units were defined on the basis of 435 variations in described sediment lithology and micro-436 scopic observation (Fig.3). The basal A unit (bottom-437 180 cm) comprises massive minerogenic sediments 438 with a compact, gray-to-light-reddish, clayey-silt 439 facies with poor preservation of biologic indicators 123 J Paleolimnol Journal : Medium 10933 Dispatch : 18-1-2021 Pages : 19Article No. : 166h LE h TYPESET MS Code : JOPL-D-19-00075R2 h CP h DISK U N C O R R E C T E D P R O O F U N C O R R E C T E D P R O O F440 and eroded pollen. The sediment of this unit has the 441 highest proportion of siliciclastic minerals (quartz, 442 phyllosilicates, goethite), and the lowest proportion of 443 calcite (Fig. 3). Unit B (between 180 and 150 cm) 444 represents a transitional interval between the predom-445 inantly massive lower unit A and the upper laminated 446 unit C. This unit B is characterized by a high 447 proportion of siliciclastic minerals (quartz) and a 448 gradual increase in carbonate content (Fig. 3). It is 449 also characterized by well-preserved or fragmented 450 ostracod shells, gastropods and charophytes. Unit C 451 (150-90 cm) is formed of massive to faintly-lami-452 nated, black to dark-gray, organic-rich facies with 453 abundant diatoms. It shows a marked up-core increase 454 in carbonate content. XRD results clearly indicate that 455 calcite is the dominant carbonate mineral (Fig. 3). 456 Finally, unit D (the upper 90 cm) is dominated by 457 laminated brown sediment. It is characterized by high 458 calcite content and the recurrence of ostracod shells. 459 Dark laminated facies with abundant diatoms, similar 460 to unit C facies, are observed in the upper part of this unit (10-20 cm). Siderite and rhodochrosite, absent in the lowermost units A and B, are present within units C and D in low percentages (Fig. 3).

Fig. 2

 2 Fig. 2 Chronological model of Flowers Marsh core (AZA-SUP-1-A-16) based on a linear interpolation of calibrated radiocarbon dates

Fig. 3

 3 Fig.3Physical and lithological properties of Flowers Marsh core sediment. From left to right: Core image, X-ray radiography, schematic lithology, sedimentary units, grain size distribution (clay, silt and sand), X-ray Fluorescence (XRF) core scanner data expressed as intensity (Mn, K, Ti), Ca-XRF and

Fig. 4

 4 Fig. 4 Spearman correlation matrix and hierarchical clustering of the main XRF elements for the four lithological units (A, B, C and D). Red colors indicate positive correlations and blue colors indicate negative correlations. The color gradient indicates the

Fig. 5

 5 Fig. 5 Crossplot of d 13 C versus d 18 O for the studied endogenic and biogenic carbonates (ostracods) from Flowers Marsh, modern ostracods and TDIC from Aguelmam Azigza and

  However, the highly clastic nature of unit A made up of clay minerals, phyllosilicates and quartz particles (as determined by XRD and microscope observations) with a very low sedimentation rate suggests that the sediments were originally deposited in a shallow, littoral lacustrine setting. Furthermore, the minimum carbonate values (TIC, DRX calcite and Ca intensities) point to an absence of dissolved calcite from surrounding rocks, as a consequence of CO 2 -poor groundwater associated with weakly developed soil and vegetation and/or to low detrital carbonate input as a consequence of decreased runoff. The complete absence of biological fauna with non-preservation of coprophilous fungi spores and eroded pollen also supports oxic conditions typical of a shallow environment with frequent periods of subaerial exposure (Gonza ´lez-Sampe ´riz et al. 2008). The low accumulation of organic matter (extremely low TOC content) may indicate a barren landscape with sparse vegetation and low productivity in the waterbody (low Br/ Ti). The absence of endogenic calcite (low Ca/Ti) indicates that conditions were not adequate for endogenic calcite precipitation and/or preservation in the sediments. In addition, the relatively high Mn contents 123

Fig. 6

 6 Fig.6Selected Flowers Marsh proxies (lower part) compared with other regional and global records (upper part) for the last 6 cal. kyr BP. In the lower section, from bottom to top: calibrated radiocarbon dates, paleoenvironmental reconstruction for the different units (A-B-C-D), sedimentation rate (mm yr -1 ), K-XRF, Ca/Ti ratio, Br/Ti ratio, d 18 O record from C. neglecta and the relative lake-level curve construction using different proxies mentioned in the text. In the upper section: Ras
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  Unit C-Medium to deep waterbody (2-1.4 cal. kyr 713 BP) 714 This unit was deposited under relatively deep water 715 conditions as indicated by the preservation of lamina-716 tion, the highest TOC values (up to 8%) and diatom-717 and organic matter-rich facies, indicative of high 718 biological productivity and organic matter preserva-719 tion in the lake (Martı ´n-Puertas et al. 2011). The low Mn content and the well preservation of pollen and spores point to deposition in a relatively anoxic deep lake (Brauer 2004; Zolitschka 2007; Martı ´n-Puertas

  Unit D-Fluctuating and shallow pond (After 1.4 cal. kyr BP) During this period, Flowers Marsh sediments reflect the change from dark laminations (unit C) to brownwhite laminations and several productivity proxies point to a slight decrease (TOC, inc/coh, Br/Ti and diatom abundance). A minor drop in carbonate precipitation also occurred, extending until * 650 cal. yr BP. This decline in primary productivity and carbonate production together with more positive ostracod d 18 O values, compared to the onset 123
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  586 decrease inUG-1138 values occur in unit D (39 cm). 587 The topmost part of this unit (19 cm) is characterized 588 by the highest values of Sporormiella-type and a 589 relatively high abundance of Delitschia-type.

	590 d 13 C and d 18 O of Flowers Marsh carbonates
	591 The oxygen isotopic composition values of biogenic
	592 carbonates derived from the benthic ostracod species
	593 C. neglecta were in the range -5.34 to -1.09%.
	594 These values are in agreement with ostracod d 18 O
	595 records measured on the same species in the larger
	596 lake Aguelmam Azigza (this study) and with records
	597 carried out on modern ostracods from Lake Tigal-
	598 mamine (Benkaddour et al. 2005). The d 18 Oo f
	599 ostracods is mostly affected by the isotopic composi-
	600 tion of lake water and water temperature at the time of
	601 its formation (Xia et al. 1997). In semi-arid, closed
	602 small lake settings, ostracod d 18 O reflects primarily
	603 the local hydrologic balance (Roberts et al. 2008;
	604 Develle et al. 2010).
	605	Figure

  956 carried out on the Flowers Marsh sedimentary 957 sequence from the Middle Atlas region, provides a 958 paleohydrological and paleoenvironmental recon-959 struction (of the area) since 6000 cal. yr BP, inter-960 preted in terms of climate and environment variability. 961 This study demonstrates the ability of a pond such as 962 Flowers Marsh to show significant palaeohydrological 963 evolution and confirms the high sensitivity of Middle 964 Atlas hydrosystems to climatic changes in the 965 Mediterranean region as highlighted in previous 966 studies.967 The Flowers Marsh record shows arid conditions 968 prior to 2300 cal. yr BP represented by highly clastic 969 sediments and poor preservation of bioproxies. A large 970 increase in water availability, marked by enhanced 971 organic matter and endogenic calcite preservation was 972 recorded during the wetter Iberian-Roman period, 973 particularly between 2000 and 1400 cal. yr BP and 974 during the Little Ice Age (650-150 cal. yr BP). Lower 975 lake levels, a response to increasing regional aridity, 976 were recorded during the Medieval Climate Anomaly 977 (1400-650 cal. yr BP). Intensification
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