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Abstract

We undertook a paleolimnological study on the Holocene evolution of the
Albufera de Valencia, the largest coastal oligohaline lake in the Iberian Peninsula,
enclosed in the Albufera Natural Park. The lake has been the focus of many
studies during the last century; however, the origin and the evolution of the
lake remained unknown. Subfossil ostracod remains preserved in lake sediments
were considered as the most suitable bioindicators owing to the significant
relationships between the species distribution and shell chemistry (trace
elements and isotopes) of ostracods and water physical and chemical variables.
The paleolimnology of coastal lakes is a complex and difficult task; hence,
prior to this we undertook a study to calibrate the euryhaline ostracod target
species Cyprideis torosa as a quantitative paleoenvironmental proxy. The results
showed that the combination of both shell nodes and 80 provided an accurate
quantitative model for salinity reconstruction. On the other hand, C. forosa
shell Sr/Cawas highly correlated with water Sr/Ca, allowing the possibility to
reconstruct past water Sr/Ca in a quantitative manner. Additionally, we support
the previous findings that §3Cpic can be inferred from ostracod shell 3C. These
results, together with classical paleoecological analyses and interpretations
based on ostracod paleoassemblages and sediment characteristics were applied
to study three sedimentary sequences from lake Albufera of various lengths (850
cm, 240 cm and 63 cm). The longest two cores provided information about the
main transgressive phases occurred during the mid to late Holocene. However,
a typical marine ostracod fauna was not recorded at a certain unit of the core,
suggesting that the lake was not totally open to the sea during this period. The
highest resolution of the shorter two cores, allowed to establish that the main
desalinization of the Albufera took place later than thought before, probably
in the last quarter of the XIX" century, when an important rice field expansion
took place around the lake. The untreated sewage waters and the change of rice
cultivation methods from surrounding towns increased the nutrient load onto
the lake favoring a drastic eutrophication process during the mid to late XX
century. The dense macrophyte cover disappeared from the lake by the end of
1960 resulting in marked sediment differences (disturbed and anoxic sediment
layer). Furthermore, the uncontrolled spills from the nearby industries and
probably also the increasing hunting activities since the beginning of the XIX™
century increased the heavy metals load remaining in the sediment.
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Resumen

El presente estudio paleolimnoldgico se centra en la evolucion Holocena de la Albufera
de Valencia, el mayor lago costero oligobalino de la Peninsula Ibérica, enclavado en el Parque
Natural de la Albufera. Este lago costero ba sido el punto de mira de numerosos estudios
durante el ultimo siglo, sin embargo, se sabia muy poco sobre el origen 'y evolucion del mismo.
Se utilizaron los restos subfosiles de ostrdcodos como los mejores bioindicadores ambientales
debido a sus conocidas relaciones entre la distribucion de las especies, la composicion
geoquimica de sus valvas (metales traza e istopos) y las variables fisico-quimicas del agua.
Los estudios paleolimnoldgicos en lagos costeros son complicados y dificiles de interpretar, por
ello, primero se emprendio un estudio basado en la calibracion de una especie de ostrdcodo
euribalino clave, Cyprideis torosa, como indicador paleoambiental. Los resultados
mostraron que la combinacion de los nodos de las valvas junto con los isotopos de oxigeno
(8"0), nos proporcionaba un modelo cuantitativo certero para reconstruir salinidades. Por
otro lado, el Sr/Ca de las valvas de C. torosa estaba altamente correlacionado con el Srl
Ca del agua, permitiendo asi la posibilidad de reconstruir el SrlCa de aguas pasadas de
una manera cuantitativa. Ademds, se reafirmd que el 83Cpic puede ser inferido a partir del
&3C del ostrdacodo, como mostraban estudios previos. Estos resultados, junto con las técnicas
de andlisis paleoecologicos se aplicaron en tres secuencias sedimentarias de la Albufera con
distintas longitudes (850 cm, 240 cm'y 63 cm). Los sondeos mds largos aportaron informacion
sobre las principales transgresiones marinas que se produjeron durante el Holoceno. Sin
embargo, no se encontrd ninguna asociacion tipicamente marina, sugiriendo ast que el lago no
estuvo totalmente abierto al mar durante este periodo. Los sondeos cortos se estudiaron con una
alta resolucion, permitiendo ajustar mucho mds en eventos puntuales. Los resultados mostraron
que la desalinizacion de la Albufera se produjo mds tarde de lo postulado en estudios previos,
probablemente en el ltimo cuarto del siglo XIX, época en la que se produjo la gran expansion
del cultivo del arroz en los alrededores del lago de la Albufera. Las aguas no tratadas de la
de las ciudades de alrededor y el cambio de los métodos de cultivo del arroz incrementaron
la carga de nutrientes en el lago provocando un proceso drdstico de eutrofizacion durante
la mitad vy la parte final del siglo XX. La densa pradera de macrdfitos que poblaba el lago
desaparecio hacia finales de los afios 6o, produciendo un cambio en el registro sedimentario
(capa de sedimento andxico). Asi mismo, los vertidos incontrolados de las industrias de
alrededor del lago y probablemente el incremento de las actividades cinegéticas en el lago,
desde principios del siglo XIX, incrementaron la carga de metales pesados que todavia hoy
permanecen en los sedimentos de la Albufera
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General introduction and objectives

I. General introduction

General context: Mediterranean climate, vegetation and
limnological changes

The mathematician M. Milankovitch suggested that variations in
eccentricity axial tilt, and precession of the Earth’s orbit determined climatic
patterns on Earth, resulting in 100000-year ice age cycles (Berger, 1988). The
Holocene is the most recent period of the Earth’s history which encompasses
the last 12000 years BP and it is considered, in general trends, a much milder
period than the most part of the previous glacial one, the Pleistocene. During
the late Pleistocene, the ice caps covered most part of northern North America
and Europe. At the end of this period, the rapid warming drove the consequent
ice cover melting, however, it was interrupted by a brief cold period (between
12.7 and 11.5 kyrs BP) called Younger Dryas (Lambeck et al., 2002), that was
characterized by cold-dry weather. In general trends, the beginning of the
Holocene started with a sub-humid climate characterized by the arboreal
expansion of Betula and Pinus (between 10 and 9,5 kyrs BP) and deciduous
Quercus later on (between 9,5 and 8,6 kyrs BP). Pinus and mixed forests were
progressively displaced by deciduous forests between 8,5 and 6 kyrs BP. This
is the case of the north-western Mediterranean and particularly in the Gulf of
Lyon area, where temperate deciduous forests dominated the region including
Alnus, Betula, Populus, Salix, Carpinus and Fagus (Jalut et al., 1997). There was a
decline in vegetation at around 6 kyrs BP for most of the species, accompanied
by an increase of herbaceous taxa. At 4.2 kyrs BP the climate changed abruptly,
dryness increased in general, but with imbedded short wetter periods. Generally,
deciduous forests were successively replaced by garrigue (Jalut ef al., 2000) and
the first traces of desertification, arid soils and salinity increases were observed
at the irrigated lands. Different data point to the period at around 4 kyrs BP
as the begging of the anthropogenic degradation for most part of the eastern
Iberian Peninsula (Carrién et al., 2000).

At present, the Mediterranean climate is characterized by two main
seasons: wet winters, where most of the precipitation is concentrated (rainfalls
occur mostly in spring and autumn) and dry arid summers with almost no
precipitations (Bolle, 2003). The sustainability of Mediterranean aquatic
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ecosystems depends largely of rainfall seasonality, because the functioning of many
aquatic ecosystems is controlled by groundwaters, which are feed by these local
rainfalls (Alvarez-Cobelas ef al., 2005; Naselli-Flores and Barone, 2005). Changes
in rainfall mark the water level changes suffered by these systems, which may
cause heavy disturbances, leading to state shifts and affecting the functioning of
the biotic components of the aquatic systems (Naselli-Flores and Barone, 2005;
Romo et al., 2005; Beklioglu et al., 2006). Particularly, dry summers or summer
drought may cause stress in shallow lakes, increasing evapotranspiration and
reducing water discharges into the lakes (Alvarez-Cobelas ef al., 2005; Beklioglu
et al., 2007). Additionally, the complex Mediterranean orography induce other
extreme climate characteristics, such as flood events and heavy storms that are
commonly observed (Sdnchez et al., 2004), or heat or cold waves (Easterling et al.,
2000), which can highly affect the functioning of the biotic components of the
aquatic systems (Bolle, 2003).

Sea level changes during the last glacial maximum and
the Holocene

Sealevel is not static and has experienced wide variations along the Earth’s
history. The available geomorphological, sedimentological, palacontological,
archaeological and geochronological data from different Mediterranean
locations: Israel (Sivan et al., 2001), Nile (Omran, 1992), Tunisia (Jedoui et al.,
1988), Ebro delta (Somoza et al., 1998) and Atlantic-Mediterranean Spanish
linkage area (Zazo et al., 2008), suggest successive melting pulses and sea level
rising along the Holocene.

Around 21 kyrs BP, during the period of maximum ice cover of the last
glaciations, the sea level was much lower (=-130 m) than at present (Pirazzoli,
2005; Zazo et al., 2008). The melting of ice caps drove several episodes of rapid
rising sea level, known as melt water pulses, which have been happening since
the last glacial period (Zazo et al., 2008). Particularly a short duration plateau in
sea level rise may have occurred at 12.5-11.5 cal kyrs BP, corresponding to the
Younger Dryas (Lambeck ef al., 2002). The sea level increased at different rates,
but generally it started slowly (3 mm y™) and increased the rate during the last
pulses (16 mm y™). Around 7 kyrs BP, the ocean level was approaching the actual
one (Lambeck ef al., 2002). According to Pirazzoli (2005), who studied different
Mediterranean areas (France, Sardinia, Tunisia, Italy, Greece, Turkey, Syia and
Lebanon), the maximum sea level occurred around 6000—5000 radiocarbon years
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BP (2 meters above the actual sea level) and was probably followed by a gradual
sea-level fall to the present situation (at a rate of 0.4 mm y”). Zazo et al. (2008)
based on coastal archives of the last 15 kyrs BP in the Atlantic—-Mediterranean
Spanish linkage area suggested that the postglacial rise of sea level took place
in two phases: a rapid rise until 6500 cal BP, and a second phase, later on, with
minor oscillations, when sea level fell. High frequency sea-level fluctuations
during the last 4000 years were relatively minor, fluctuating by less than 1 m.

Coastal lagoons origin and human impacts

According to Kjerfve (1994), “coastal lagoons are inland water bodies, found
on all continents, usually oriented parallel to the coast, separated from the ocean
by a barrier connected to the ocean by one or more restricted inlets...A lagoon may
or may be not subject to tidal mixing, and salinity can vary from that of a coastal
fresh-water lake to hypersaline lagoon depending on the hydrological balance”.

These systems are highly influenced by climatic forcing factors (flood
events, storms, river runoff, droughts) that canalter their ecological characteristics
(Viaroli ef al., 2007). Despite the multitude of coastal zones around the world and
their particular histories, all systems have suffered similar trajectories along the
last 2500 ys BP (Halpern ef al., 2008). During the last 100 years, these systems
have been subject to human impacts through fishing, aquaculture, agriculture,
hydrology management and tourism and urban development (Lotze et al., 2006;
Halpern et al., 2008). These human activities varied in their intensity of pressure
on the ecological communities, being the coastal zones near the Poles largy
unaffected (Halpern et al., 2008).

The human influence by hidrological modifications, industrial discharges
and/or domestic sewage onto shallow Mediterranean lakes appears to increase
southward in Europe (Moss et al., 2004). The nutrient balance in these perturbed
ecosystems may disrupt the macrophytes dominance to phytoplankton
dominance (Romo ef al., 2004). Eutrophication and the deterioration of water
quality in Mediterranean coastal wetlands are the main consequences of human
activities in these ecosystems (Alvarez-Cobelas ef al., 2005; Beklioglu et al., 2007).
The eutrophication of coastal lakes drives the consequent habitat degradation
and loss of biodiversity (Poquet et al., 2008). Research on the changes of state
in aquatic systems has been really productive in the last decade and, indeed,
general advances on theoretical ecology have been postulated in relation to the
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system stability properties (Jeppensen ef al., 1998, Scheffer, 1998). One of the
ideas that emerged from these studies is the theory that these lakes can show
in two alternative states: clear with macrophytes dominance or turbid without
submerged plants (Scheffer et al., 1993; Scheffer and van Nes, 2007). However,
numerous restoration attemps during the last decade trying to recover the
previous clear states with macrophyte dominance in shallow lakes, showed that
this is an extremely difficult task.

Palaeolimnology in coastal lagoons

Humans try to organize and archive all kind of information. Since the
origin of the human culture, highly increased recently with the outset of the new
technologies, we try to collect, to organize and to order all kind of information
that we have around us. But this kind of task is not new; it has been done by
lakes since lakes origin. Lakes store highly valuable old Earth’s information,
encompassing some millions of years of source information. The lakes receive
the information and the sediments hold the archives where this information is
saved (Cohen, 2003). All lakes are under diverse influencing factors, extrinsic
or intrinsic variables which regulate the history of the Lake (Cohen, 2003),
including climate, water composition, watershed bedrock, tectonics, vegetation,
aquatic biota and human activities among others. The history of all these variables
is commonly approached using paleolimnological techniques.

Sediment coringis the most common technique to obtain paleolimnological
information in the vertical dimension. A wide array of questions can be studied
using paleolimnological approaches. Additionally, monitoring recent systems
helps us to better understand the old systems functioning, particularly using
transfer functions to reconstruct different variables such as temperatures, sea
level changes and many other climatic and biotic variables (Birks and Gordon,
1985). From biological proxies (pollen, diatoms, ostracods, lipids...) to geological
ones (mineralogy, isotopes, sedimentology...), we can approach with relatively
high detail on dilated time scales, records of climate, tectonic and biotic
evolution.

The study of the evolution of coastal systems is a complicated task, because
there are many factors that can affect the information that sediments keep.
Coastal lake sediments can be influenced by wind effects, wash of sediments
by heavy rains or flood events, high sedimentation rates, burrowing activities
by animals and human’s activities, among others. Paleolimnological studies
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on coastal lakes have been especially applied to reconstruct sea level changes,
hydrological dynamics and eutrophication processes during the last decades
(Cohen, 2003).

Ostracods

Ostracods are huge sources of biological and chemical information on
their surrounding habitats. They are bivalved crustaceans that are found in
many aquatic systems, from ponds to deep lakes to marine waters (Meisch, 2000)
and even some species have semi-terrestrial abilities (Schornikov, 1969). All
ostracods secrete a carapace composed of low-magnesium calcite. Their shells
are commonly found as fossils or subfosils in Quaternary sediments giving an
extraordinary potential as paleoenvironmental indicators (Griffiths and Holmes,
2000). For that reason the study of paleoecological ostracod assemblages and
geochemistry can give essential information about past environments.

In fact, several studies were carried out to build transfer functions based
on ostracods on the last decade, mainly focused on temperature and water
chemistry (Mezquita et al., 2005, Viehberg, 2006; Mischke ¢t al., 2007; Horne and
Mezquita 2008) and the relationships between geochemical (trace elements and
isotopical ratios) and environmental data (Xia et al 1997a,b; von Grafenstein ef al.,
1999). Water chemistry (solute composition and concentration) and temperature
are some of the factors to which non-marine ostracod species respond in a more
clear and consistent way (Mezquita et al., 2005; Horne and Mezquita, 2008).
Thus, ostracod paleoassemblages can provide useful information about the water
chemistry and solute composition at the time they lived. Trace elements ratios,
especially Mg/Ca and Sr/Ca, have been used to infer variations in water salinity
and ionic composition (Chivas ef al., 1985, 1986a,b; Ensgtrom and Nelson, 199r;
De Deckker et al., 1999; Holmes and Chivas, 2002) and temperatures (Chivas
et al., 1986a,b; Wansard, 1996a,b; Xia ef al., 1997b). However, the conventional
application of these proxies in paleolimnology studies most frequently overlooked
the complex processes involved with the solute evolution, hydrological
changes, physical chemistry and ostracod biological aspects, for that reason,
the interpretation of those results should be done carefully (Ito and Forester,
2009). Isotopical ratios (*0O/*“O and 3C/*C) from ostracod shells can provide
information about hydrology of the lake (from oxygen isotopes), affected by P/E
processes and salinity changes (Chivas ef al., 2002 ) and about the carbon cycle
from carbon isotopes (Durazzi, 1977; Von Grafenstein ef al., 1992,1999; Xia ef al.
1997b).
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II. Thesis structure and objectives

This thesis is structured in two main parts. In the first part (Chapter I)
we test the possibility to use ostracods of the species C. forosa as a quantitative
paleoenvironmental proxy based on various shell characteristics. The second
part is divided in three chapters (Chapters II, III, and IV) where we reconstruct
the Holocene history of Albufera de Valencia (sea level influences, salinity and
hydrological changes, increasing pollution and other human impacts).

In the first chapter (Chapter I) we try to test if ostracod shell morphological
and geochemical variables could be good indicators of water chemical changes.
We therefore study recent Cyprideis torosa specimens to test if salinity or other
physical and chemical variables have some intra-specific influence on its life
cycle, shell morphology and geochemical composition. We chose Cyprideis
torosa because it is a common euryhaline ostracod, well distributed in the study
area and in the fossil record. We undertake an extensive study that covers 17
places (sampled once) where the same species is found, but with different water
chemistry characteristics. These sites are distributed over a wide salinity and
environmental gradient, covering from springs to coastal lagoons and hypersaline
salt pans, allowing the use of the obtained data in a statistical procedure to
build regressions that could be used as transfer functions to reconstruct past
environmental variables from subfossil C. forosa ostracod shells, as we did in the
next chapters.

In addition, we monitored C. forosa populations in three different coastal
lakes (in a salinity gradient) monthly for a year analyzing its life cycle, shell
morphology, and the geochemical composition of the shells (trace elements and
isotopical ratios). Cyprideis torosa shell variables were compared with changes in
water chemistry, temperature, water isotopes and other environmental factors
to find out if any significant pattern emerges that could relate ostracod shell
traits to environmental features.

The second part of the thesis is subdivided in three chapters. We chose
the Albufera de Valencia system as an example of a coastal lagoon that has been
formed during the Holocene due to sea level rising and has suffered from human
impact in the last decades.

In Chapter II, we analyze a long core (850 cm) extracted from the sandy
littoral bar (Palmar core) that allows us to interpret the mid Holocene history of
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Albufera de Valencia and the beach barrier system evolution (sea level changes,
P/E processes and sand bar evolution). However, the most detailed recent
evolution of the lake is best recorded at the central lake sediments. In Chapter
III, we present the study of a two meters long core (core Center) extracted from
the center of Lake Albufera. Core Center encompasses the last 3400 yrs BP,
i.e., the late Holocene evolution of the lake. We undertook a multidisciplinary
study of this sequence, including image analysis, sediment geochemical analyses,
nutrients analysis and ostracod paleoecology and geochemistry to approach
sea level changes, salinity variations, and flood and storm events. According
to historical sources, the recent evolution of the lake was highly influenced by
humans, at least during the last 100 years. In Chapter IV, we study L’Antina core,
a short core (63 cm) extracted in a central location different than the previous
one. Ostracod paleoecology and geochemistry techniques were applied with
higher resolution than in the case of core Center. Correlations with the previous
core support the previous results about hydrological lake changes, salinity
variations and eutrophication processes, detected with more accuracy in the
study of this shorter core.
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Emprical shell morphology and chemistry calibration of
Cypridies torosa (Jones, 1850) (Crustacea: Ostracoda)
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Chapter I Introduction

1. Introduction

Since the first suggestion made by Chivas ef al. (1983), numerous attempts
have been made to use the stable isotope and cation chemistry of ostracod
valves to reconstruct paleoclimate and to delineate relation between water and
shell chemistry (e.g., Griffiths and Holmes, 2000; Ito et al., 2003). In particular,
multiple experimental and empirical studies have sought to calibrate the uptake
of O, Mg and Sr by different species of ostracods into low-Mg calcite valves
(Engstrom and Nelson, 1991; Von Grafenstein ef al., 1992, 1999; Xia ef al., 1997a,
b; Wansard ef al., 1998; Palacios-Fest and Dettman, 2001; Ito et al., 2002). Based
mainly on the observed relation between non-marine ostracod valve chemistry
and water chemistry of Australian saline lakes coupled with the consideration of
Mg and Sr incorporation into inorganic calcite, Chivas et al. (1983, 1985, 1986a, b,
2002), and De Deckker et al. (1988, 1999) suggested that for each different species
or genus there may be a systematic fractionation of Mg and Sr as functions of
water chemistry and for Mg also as a function of temperature. Additionally, these
authors suggested that there may be a similar systematic fractionation of oxygen
isotopes as functions of temperature and 80 of water in which the ostracod
moulted and hence the tandem use of 8*0, Mg/Ca and Sr/Ca of fossil ostracod
valves may enable both the paleotemperature and paleosalinity of water to be
reconstructed.

During the last 20 years, a few studies have pointed out that ostracods
calcify low-Mg calcite valves even in waters that are endogenically precipitating
aragonite or high-Mg calcite, so that considerable metabolic costs must be
involved (Xia et al., 1997a, b; Wansard et al., 1998; Ito et al., 2003) and because
of that Mg, Sr and 6O incorporation may not be systematic. De Deckker et
al. (1999) studied the species Cyprideis australiensis in in vitro experiments and
suggested that there is not a systematic one-to-one relationship between
salinity and the shell Mg/Ca and Sr/Ca ratios. For example, Mg uptake by C.
australiensis shows systematic temperature dependence within a certain range
of Mg/Ca of host water, but in waters of low (<1) or high (>30) Mg/Ca, C.
australiensis will not take up Mg in accordance with the calculated temperature
dependent Mg/Ca_
temperature dependence of the Mg uptake by Cypridopsis vidua deduced from a
study of a Mexican irrigation pond gave unreasonable (negative) temperatures
when applied to C. vidua living in water of similar Mg/Ca but very different
Ca concentration. These recent studies suggest that the uptake of Mg and Sr

IMg/Ca,___ratio. Ito and Forester (2009) showed that
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by ostracods is more complex than originally thought and that vital effects or
the effects that depend on the metabolic cost of shell calcification may exert
significant control. Hence, if shell chemistry of ostracods is to remain useful
in reconstructing paleoenvironment and paleoclimate, all factors that affect
the calcification process may need to be examined to distinguish those that are
significant and must be considered in interpreting (fossil) shell chemistry from
other that may be minor and thus can be ignored. However, further delineation
of effects of various factors on ostracod valve chemistry has been hampered by
lack of calibration studies that involve time-series monitoring of several sites
with widely differing salinities and ionic compositions. A time-series monitoring
at sufficient temporal resolution is necessary because ostracods moult and calcify
valves in less than 24 hours (Turpen and Angell, 1971) to a few days (Chivas et
al., 1983; Roca and Wansard, 1997) and many non-marine water bodies undergo
significant seasonal temperature and salinity changes.

Under certain circumstances, deep lake water 60 (8®°0O,) can be
reconstructed by benthic ostracod shell and information gained can be
combined with endogenic carbonate §*O to reconstruct 8*O, and temperatures
(Von Grafenstein ef al., 1999). However, the full potential of this proxy cannot be
exploited so far, because how ostracod shell calcification process (e.g. calcification
rate, cation uptake (and elimination), C and O isotope fractionation) changes in
different physicochemical conditions is not fully understood.

Given the inconsistent results on ostracod valve chemistry investigations
found at present in the literature, we planned a field survey encompassing a
hydrochemical gradient as wide as possible but controlling for species effect by
using a single taxa that is also common in sedimentary records. Target species
Cyprideis torosa (Jones, 1850), is both widely distributed and commonly found
in the paleoecological literature (e.g. Bronshtein, 1947; Mischke, 2001; Meisch,
2000) and tolerant of a wide range of salinities from dilute springs to estuaries
and salt evaporation ponds (Heip, 1976; Van Harten 1975, 1996, 2000; Mezquita,
et al., 2000).
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2. Material and Methods

2.1 Study sites

Twenty coastal water bodies were sampled on the eastern Iberian Peninsula
(Fig. 1.1). Seventeen of these 20 were sampled just once during March 2004
and will be referred as broad-survey samples (BSS). Three sites were sampled
monthly for 1 year, from March 2001 to March 2002, and will be referred as
monthly survey samples (MSS).

Hot (> 24°C) dry summers (July and August) and mild (9-11°C) dry
winters (January and February) characterize the climate of the region. Annual
precipitation varies between 200 mm south of Alicante and as high as 8oo mm near
Gandia, with most of precipitation occurring between September to November
(Fig. 1.2). A secondary, much weaker wet season occurs in spring (March to May).
Single storm events can bring nearly 50% of annual precipitation (Martin-Vide
and Lopez-Bustins, 2006).

Most of the study sites are located in Quaternary and Neogene basin
fills except in the areas between Gandia and Alicante where Cretaceous and
Tertiary carbonate rocks (part of the External Betics deformed by the Alpine
Orogeny) crop out or are very close to the surface (Gibbons and Moreno, 2002).
Most river waters and ground waters of the region are hard water and originate
in Cretaceous and Tertiary carbonate-rich rocks, but in some cases Tertiary
evaporites strongly influence the ionic composition of aquifers.

The majority of the sampled sites are part of wider wetland systems
protected as Natural Parks (Fig. 1.1). Five sites are natural springs (Eo1, Eo7, E28,
E7o and Ur). E53 and Eg8 are located in the Natural Park “Prat de Cabanes-
Torreblanca wetland”; Eo1, Eo2, Eo6, and Eo8 are in the “Pego-Oliva wetland
Natural Park”; and E21, E28 and RAog are in “Albufera de Valencia Natural
Park”. Eight of the sampled sites, E38, E38bis, E39, E3gbis, E45, E46, P5 and Py
are in the Natural Park of “Santa Pola wetland”; many of the Santa Pola wetlands
are associated with coastal evaporative systems used for salt production.

Monthly survey samples were collected from sites Pg, P7, and Ur (Fig.
1.1). Ur (Ullal Fosc), located near Gandia is a spring (area: 225 m? depth: 1,5 to
2m) discharging ground water probably originating in karstic Massif Monduver
immediately to the west. Because ground water in karsts typically flows through
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dissolution features in limestone and because the massif is close-by, its residence
time is expected to be short and to show some seasonal variation. P5 (Charco Lis,
Santa Pola) is in the middle of a chain of coastal evaporation ponds used for sea
salt production. P7 (Las Cuadretas, Santa Pola) although close to Ps, is not part
of this chain and mainly receives water from a canal that originates in another
series of inner wetlands (Fondo d’Elx) related to the hydrological system of River
Vinalopé. The water levels in these wetlands are artificially controlled. Both Pg
and P7 are on the average about 5ocm-deep but have large surface areas (ca. 96
hectares and 17 hectares, respectively).

2.2 Water Samples

Field water variables were measured in situ at all the sampling sites.
Conductivity, salinity, pH, dissolved oxygen and water temperature were
measured with a multi-sensor (Multiline P4; WTW®) probe. Water samples
were taken at the same time. Filtered water (0.7um Whatman®GF/F) for ionic
composition was taken in 1ooml HDPE (high density polyethylene) bottles.
Cation water samples were fixed with 1 ml 60% HNO_ and bottles were kept
at 4°C. Cation analyses for major and minor elements (Na, Mg, Ca, Sr), were
performed by ICP-MS (Thermo Elemental PQ-Excell) with an accuracy of 2%.
Anions (Cl, SO, *) were analyzed by ion chromatography on a Dionex instrument
calibrated daily to 5 standard solutions per ion at the University of Minnesota.
Total inorganic carbon (TIC) was measured in the field by titration to pH of 4.5
and speciated to HCO " and CO_* according to field measured pH.

Between 100 and 1000 ml of water was filtered in the field using
Whatman®GF/F filter (0.7um) and filters were stored at -20°C until being used
for chlorophyll extractions (following Shoaf and Lium, 1976). Chlorophyll a
concentration was calculated following Jeffrey and Humphrey (1975). Unfiltered
water was kept in 50 ml borosilicate Polyseal®-capped bottles for 0O, &°H and
d3C analyses. These water isotopic values were measured at Mountain Mass
Spectrometry (Boulder, CO, USA). Each sample was analyzed twice and average
values are reported in d notation relative to the VSMOW (Vienna Standard Mean
Ocean Water) standard. The total analytical error is x1%o for 6°"H and +0.1%o0
for 8%0. Phreeqcel program (version 2.14.2) with Waterq4F (for diluted waters)
and Pitzer (for saline and hypersaline waters) databases, was used to calculate
free ions concentration, ions activities and saturation indices.
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2.3 Ostracods

Ostracod samples were collected at each site with a 100 um mesh size
hand-net, sampling the superficial area of the sediment to a maximum substrate
depth of 2 cm. For the MSS, the samples were taken from the same especific
sampled point, sampling the same area (aprox. 600 cm®) and the same particular
habitat every month. The samples were fixed in the field with ethanol (70%).
Live-collected ostracods belonging to the species Cyprideis torosa (Jones, 1850)
were picked under a binocular microscope using a fine-tipped paintbrush. For
identification of juvenile stages we followed Heip (1976), Weygoldt (1960) and
Mezquita et al. (2000). Ostracod were counted and abundances expressed as
individuals/too cm?. In the case that ostracods were highly abundant subsamples
were taken, otherwise the whole sample was processed.

Cyprideis torosa morphological variables were taken into account for the
different analyses. Lengths for females and males were measured for this study.
Heip (1976), Van Harten (1975, 1996), and Mezquita, ef al. (2000) studied C.
torosa in different ecosystems and found that adults have smaller shells sizes in
waters with high salinities. Moreover, Mezquita et al. (2000) observed shells size
variations along the year and suggested that this may be due to low temperatures
and/or by seasonal salinity variations during the year

Additionally C. forosa noding was measured for females, males and juveniles,
as a categorical variable, noded or not noded, and expressed as the frequency of
noded valves per sample (Pn). Adults of both sexes and all juvenile stages were
considered together. One-sample Kolmogorov-Smirnov test indicated that
data on frequency of noded individuals (Pn) were not normally distributed. Pn
was transformed to Arcsin(VPn) with the objective to normalize the data. Non-
parametric bivariate correlation (Spearman) was calculated between arcsin(VPn)
and the physico-chemical variables. Many authors have studied this phenomenon
in the literature (see Sandberg, 1964; Kilenyi, 1972; Vesper; 1972a,b, 1975; Van
Harten, 1975, 1996, 2000; Keyser, 2005). This variable was well studied by Vesper
(1972b) and Van Harten, (1975), their findings showed the negative effect of
salinity on noding. However, Keyser (2005) demonstrated that nodes appear
when a deficiency of calcium in the surrounding waters.

Ostracods were separated according to sex and developmental instars:
adult females (f), adult males (m) and juveniles (j: from A-8 to A-1), and a subset
of each group was measured for shell length. Only adults and late-instar juveniles
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Figure 1.2: Daily precipitation (Bars), maximum and minimum monthly average
temperatures (°C) and water temperatures (°C) for the three sites sampled monthly (MSS).
Meteorological data from observatories in Alicante (P5 and P7) and Gandia (Ur) during March-or
to April-o2.

Figura 1.2: Precipitaciones diarias (barras), temperaturas medias mdximas y minimas del aire

(°C) y temperaturas del agua para los tres puntos muestreados mensualmente (MSS). Datos mensuales de los
observatorios de Alicante (Ps and Py7) y Gandia (Uz) desde Marzo-or hasta Abril-o2.
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(A-1and A-2) were used for geochemical analyses. For samples collected monthly
from P5, P7 and Ut the number of individuals belonging to each different growth
instar of C. torosa was counted in order to assess population dynamics that might
indicate the main calcification period for each stage.

About 25 ostracod geochemical analyses were usually performed per MSS
collection. One adult carapace (2 valves) or 2 late-instar juvenile carapaces (4
valves) were used for each analysis. Out of these 25 analyses, 9-10 analyses were
carried out on females, 9-10 analyses on males and 5 analyses on juveniles (A-1
and A-2). Five to nine analyses were carried out on ostracod samples collected
from BSS. For each analysis, 1 to 2 adult animals or 2 to 3 late-instars juvenile
animals were used. Juveniles were only used when the number of adults collected
was not sufficient to obtain 5 analyses per site. Adult and juvenile valves were
never mixed together to obtain an analysis, and neither were male and females
valves. At 3 sites (Eo1, Eo2, E70), sample collection was undertaken on several
visits because of very low abundance of living animals. Even then, it was not
possible to obtain more than 1 analysis each from Eor and Eoz, and 2 from E7o.

Ostracod valves were cleaned for geochemical analysis using the method
described in Ito (2001). Cleaned valves were analyzed using a Kiel-II online
carbonate preparation device coupled to a Finnigan MAT 252 stable isotope
ratio mass spectrometer at the University of Minnesota. The isotope results
are reported in standard & notation with respect to VPDB (Vienna Pee Dee
Belemnite) and the analytical error (10) is <0.1%o0 for both oxygen and carbon.

Carbonate dissolution was accomplished with ultra-pure H PO, and the
acid-residue remaining after the isotope analysis was analyzed for Ca, Mg and
Sr concentrations by a Thermo Elemental PQ-Excel Quadrupole ICP-MS at
the University of Minnesota with a mean precision of 2%. Because the acid—
reaction residue was diluted to a known mass, it allowed us to calculate the
weight of CaCO, in each sample which in turn allowed us to estimate Ca content
per carapace (Ca__ ). Mg/Ca and Sr/Ca ratios are presented as molar ratios.

LL

2.4 Statistical methods

Bivariate correlations were calculated between ostracod variables
and water physico-chemical data. Parametric (Pearson) and non-parametric
correlations (Spearman) were used when appropriate. Two-way ANOVA
and the parametric Games-Howell analyses, specific for lack of homogeneity
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between variances were also performed for comparison of lengths (CL),

calcium content per carapace (Ca Mg/Ca, Sr/Ca, ostracod molar ratios,

i)
&¥OvepB and §3CvpDB between samples. Multiple comparisons (with Bonferroni
correction) so as comparisons within the subcategories (females-males) and
comparisons between sexes and samples were also performed. The normality
of data was checked with Kolmogorov-Smirnov tests. In order to compare our
ostracod data between and within water bodies, we selected only water bodies
with =4 measured shells (consequently Eo1, Eo2 and E38 were removed from
the analysis) to minimize the influence of samples with low number of analysis.
In addition, for these comparisons, juvenile data was not considered because we
did not analyze juvenile shells in most of the BSS sites. The geochemistry data
of one of the main moulting periods for MSS (P5-P7-Ur) were used considering
that those results will reflect better the water chemistry for those places, when
compared with the BSS samples. Particularly, 13 samples of the 20 sampled
places (BSS + MSS) were selected for statistical comparisons. In the case of CL
comparisons, animals measured from July-o1 of P5 and April-o1 of P7 were used
for the analysis. Data on Ur shell lenght was lost, then, it was not possible to use
it to do any comparison.

To assess the possibility of using geochemical ostracod variables
as paleoenvironmental tools for the paleolimnological reconstruction of
hydrochemical variables of interest, we carried out (multivariate) regressions
using the best subsets of ostracod explanatory variables, as evaluated with
the Akaike Information Criteria (AIC) implemented in Statistica v.7.0. These
multivariate regressions were carried out using our BSS data set to calculate
equations for the reconstruction of salinity, TDS, Sr/Ca, Mg/Ca, pH, Alkalinity,
SO, and &®0. The multivariate regressions used water hydrochemistry variables
as dependent variables and ostracod shell data (trace elements, isotope ratios,
length, nodes) as independent variables. Finally, we used our MSS dataset (using
the averages of adults) to apply these equations and validate the best fitted
regression models obtained.
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3. Results

3.1. Water Chemistry

The TDS (total dissolved salts) range represented by sampled sites (Appendixes
r.rand1.2)islarge, from (0.2 to 65.9 g/L). Due mainly to either direct sea water influences
or geological setting, chloride was the most dominant anion in all waters, except in
the two most dilute samples (E7o and Ur) which were dominated by bicarbonate
(Appendixes .1 and 1.2; Figure 1.3). Waters of all 20 study sites lie on the carbonate
alkalinity-depletion trend of Eugster and Jones (1979) and span a wide range of ionic
and stable isotopic compositions (Appendixes 1.1 and 1.2, Figures 1.3 and 1.4).

EXPLANATION

P5

P7

Ul

Sea water

17 sampled points

20 sampled points

@ <10

® 139mg/l

‘ 65910 mg/L

%)

+ & 2- - -
Ca Na + K CO; +HCO, Cl

Figure 1.3: Ionic composition of the 20 sampled sites, including P5-P7-Ur. Symbol
size is proportional to the total dissolved solids concentration (TDS).

Figure 1.3: Composicion ionica de los 20 puntos muestreados, incluyendo Ps, Pz y Ur. El tamafio
del simbolo es proporcional al valor de concentracion de los solidos disueltos totales (TDS).

The alkalis (Na* + K*) were more abundant than the alkali metals (Ca*+
Mg*) (in meq) except in E7o and Ui (Fig. 1.3 and Appendixes 1.1 and 1.2). The
range of Mg/Ca molar ratios was between 0.5 and 6.4 and Sr/Ca was between 1.2
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x 103and 20 x 103. Mg/Ca increases with TDS (Figure 1.4b) and SO4/ Cldecreases

with TDS (Fig. 1.4d). The range of water 8*O was between -6.9 and 3.9%o0 and
&°H between -51 and 15%0 (Appendix r.1and 1.2, Figure 1.6a). Water temperature
at the time of sampling varied between g and 33°C. The monthly values for MSS
water samples are shown in Appendix 1.2 and Fig. 1.2. Water temperatures during
the sampling period in Ps5 varied between 11.8 and 28.9 °C, in P7 between 13.3
and 32.9°C and in Ut between 16 and 28.3°C. TDS varied between 40 and 65,9
g/L for Ps5, between 3,1 and 9,5 in P7 and between 0,14 and 0,23 in UL

Ps5 showed peaks of Mg/Ca and Sr/Ca in April-September during the hot
and dry late spring summer period and low values from November to March
during the cooler and wetter months (Appendix 1.2). In P7, Mg/Ca and Sr/Ca
also increased from spring to summer recording the highest values in July and
August. Highest ratios of Mg/Ca and Sr/Ca in Ur occur during June through
August, but salinity maintained low values suggesting precipitation of carbonates
due to photosynthetic activities of macrophytes. The 6°H for Pg varied between
o and 32%o and 80 between 0.2 and 3.9%o. In P7 &H and 0O were lower
than in P5, ranging between -30 and -8%o and -4.5 and -2.9%o, respectively. Ul
had the lowest values with 8°H between -51 and -26%o0 and 6O between -7.0
and -5.5%o. §3C of DIC (Dissolved Inorganic Carbon) for Ps varied from -5.3 to
-0.3%o0, for P7 from -10.9 to -3.5%o0, and for Ut from -12.2 to -9.3%o0. The annual
range of Mg/Ca molar ratio in P5 was between 5.1 and 6.4, between 1.4 and 1.9 in
P7, and between o.5 and 0.7 in Ur. The Sr/Ca molar ratios for P5 were between
8.2x10% and 11.2X1073, between 13.8x103 and 19.6x107° for P7, and between 1.6x1073
to 3.2x107% for Ul

Principal Component Analysis (PCA) was carried out to summarize the
hydrochemistry of 20 sampled sites (Fig. 1.5). P5, P7 and Ut were included using
the annually averaged values. The first PCA axis (Factor 1; 50% of variance
explained) relates to a gradient from low Mg/Ca, low TDS waters to chloride-
dominated, high Mg/Ca, &*0, &H and TDS. The second PCA axis (Factor
2; 18%) singled out the two carbonate- and sulphate-dominated dilute spring
waters. Overall, the sampled sites can be separated into 3 groups. Group I: dilute
carbonate and sulphate dominated springs (E7o and Ur), Group II: high TDS,
high Mg/Ca seawater evaporation ponds of “Salinas de Santa Pola” (E38, E38bis,
E39, and P5), and Group III: comprised of the remaining 14 sites, all of which are
located on Quaternary alluvial deposits, with relatively low TDS, low Mg/Ca,
and relatively high-medium Alk/Ca.
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Figure 1.5: PCA (Principal Component Analyses) results for the twenty coastal

places and all the physico-chemical variables. a) the physico-chemical variables; b)
PCA samples scores.

Figure 1.5: PCA (Andlisis de Componentes Principales) de los 20 puntos estudiados y sus

variables fisico-quimicas. a) Ordenacion de las variables fisico-quimicas; b) Resultados del PCA
para las muestras.
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The oxygen and hydrogen isotope analyses of the waters are presented as a

30— 0D plot (Fig. 1.6a). The studied lakes and ponds are mainly fed by meteoric
precipitation. The samples that are located on an evaporation trend line below
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Figure 1.6: Isotopic composition in natural waters
corresponding to BSS and MSS samples. a) Plot of oxygen and
hydrogen isotopes (80 and &H) in the BSS and MSS. The values used
for MSS correspond to the average value for all year. The line indicates
the Meteoric water line obtained by Craig and Gordon (1961); b) Plot
of oxygen and carbon isotopes (80 and §C) in MSS.

Figure 1.6: Composicion isotopica de las aguas correspondientes al BSS
y MSS. a) Isétopos de oxigeno e hidrigeno (8*0 and 8H) en BSS y MSS. Los
valores usados para el MSS corresponden con el valor medio anual. La linea
indica la linea Metedrica del agua obtenida por Craigy Gordon (1961); b) Isdtopos
de oxigeno y carbono (&*0 y §%C) del MSS.
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the Global Meteoric Water Line correspond with the Group II waters. The
samples associated with Group III are above or on the GMWL indicating they
are little affected by evaporation. Group I (E7o and Ur) samples have the lowest
&®0 and &°H values and lie on the GMWL indicating spring discharge from
unevolved sources. §3C of DIC (DIC-83C) is only available for the MSS; its
relationship with 8O is shown in Fig. 1.6b and show large differences in DIC-
&3C between MSS sites. The data values for 83C ranged between -0,3 and -5,3%o0
for Psg, the results were slightly lower for P7 and Ui, between -3,5 and -10,9 in
P7 and between —9,3 and -12,2 in Ur. §3C water was positively correlated with
d*Ovsmow (Fig. 1.6b).

3.2 Cyprideis torosa life cycle and morphological and
geochemical variables

3.2.1 Population structure

The densities dynamics of adults and last juvenile instars of C. forosa in the
3 sites covered by the MSS (P5-P7-Ui) can be seen in figure 1.7. The interest of
these results lie on the potential of identifying main moulting periods that could
allow establish relationships between valve traits and environmental variables
at the precise time when shell calcification took place. However, for our results
it is difficult to establish particular calcification periods, because these are very
broad, taking place during several months and generations of adults overlap one
another. As surrogates for adult recruitment periods, we took a combination of
adult’s densities peaks (but this can vary for other reasons) together with sex-
ratios peaks (M:F) and occurrence of last juvenile instar peaks.

In the case of Ps5 (Fig. 1.7), one adult cohort increases densities (coming
from A-1 juveniles) between June and July-o1r and the second one, between
October (where a sex ratio peak is also observed), November and January. Most
adults are long-lived, but two main periods of decreasing adult populations
(dying adults) appear to happen between August and September (where sex-
ratio decreases) and between January and March. Main moulting periods to
adulthood seem to happen at rising temperatures in spring and decreasing
temperatures and photoperiod in fall. In addition, in late autumn-early winter
the recruitment period coincide also with an increasing trophic level (Chla) and
pH and decreasing TDS (Appendix 1.2).
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Figure 1.7: C. forosa densities and temporal variations of the late instars A-2, A-1 and adults
for Ps5, P7 and Ur during the studied period, March-or to March-o2. Gray columns indicate the main
moulting periods to adulthood and the graphics located on the right the monthly male:female sex ratio
for each sampled site.

Figura 1.7: Densidades poblacionales de C. torosa y variaciones mensuales para los iiltimos estadios A-2, A-1
vy adultos en Ps, P7 'y Ur durante el periodo de estudio desde Marzo-or hasta Marzo-oz. Las columnas grises indican los
principales periodos de muda a adulto y los grdficos colocados a la derecha la proporcion sexual macho:hembra mensual
para cada sitio de muestreo.
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In P7 (Fig. 1.7), C. torosa also seems to have two (overlapping) generations
per year. One adult cohort increases between March and April. The second occur
in September-October, when sex ratio increases too. An observed isolated peak
in June for juvenile densities does not follow with increasing adult densities.
However, this coincides with the highest increase in adults sex-ratios, suggesting
this is a third moulting period to adulthood that is not reflected in increasing
number of adults probably due to mortality of old animals. These periods would
be coincident with the mains peaks of adults observed in Ps.

In Ur (Fig. 1.7) two overlapping generations are also observed. One
moulting period seems to happen between March and April (sex-ratio close to 1,
high adult, A-2 and A-1 densities are also observed). At this time, increase both
in temperature and Chla and a decrease in pH and TDS is recorded. The second
moulting period is more evident between November and December (high
number of adults, increasing sex ratio and densities of A-1 and A-2). This period
is also characterized by a decrease in temperatures and consistent showers.

In general, densities of C.torosa adults and juvenile individuals are variable
through the year but clear adult recruitments period cannot be undoubtfully
established due to the lack of synchrony between A-1 juveniles and adult peaks.
However with the present data it seems that C. forosa can have two (even three)
overlapping adult cohorts thought the year. Main moulting periods to adulthood
take place in early summer, mid autumn and even late winter-early spring.
Principal population declines occur in late summer and late winter at the period
of most extreme temperatures.

3.2.2 Nodes

High correlations were found between arcsin(V/Pn) and log TDS (mg/L)
and water Ca (meq/L), Sr (meq/L) and they were statistically significant (p<o.or;
r: -0.74, -0.74 and -0,83 respectively). When data from other published works
were included (Vesper, 1972b and Van Harten, 1975), the arcsinVPn with the
log Salinity and log _Ca content of water presented normal distributions. Pearson
bivariate correlation was calculated between arcsin(VPn) and log Salinity and
log Ca  _; resulting in significant (p<o.or) values for both cases (r: -0.809

and -0.605; respectively). Linear regression analysis between log salinity and
arcsinVPp resulted in the equation shown in figure 1.8.
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log Salinity: 1.22-0.833*arcsinVPn
§ 7 0.65 X BSS
{ O Vesper (1975)
B vanHarten (1975)

log, ,Salinity (g/L)

20,5 1

-1,0 T T T T T T T T

arcsin (V7n )

Figure 1.8: The figure shows the linear regression between log Salinity and the
arcsinV Pn, including data from Vesper (1975) and Van Harten (1975) and own data (BSS).

Figura 1.8: La figura mucstra la regresion linear entre log Salinity y el arcsinV' P, incluyendo los

datos de Vesper (1975) y Van Harten (1975) v datos propios (BSS).

3.2.3 Shell size and Ca content

Levene’s test of equality of variances for carapace lengths (CL) showed
no homogeneity of variances among BSS sites (p<o.o1; F: 2.816). Consequently,
the Games-Howell non-parametric test was applied to these data, obtaining
significant differences in adults CL between sites (p<o.05) for pairwise
comparisons. Considering sexes separately, both females and males showed
significant differences in CL for the 13 sites analyzed. The mean differences
(based on estimated marginal means) between sexes (f-m) within samples, and
applying Bonferroni adjustment, were significant (p<o.o5) in all the places. Males
were biggest regarding to CL (m>f) for all the places. Overall, CL measurements
for females was CL= 969+76.6 um (n=175) and for males CL= 1067.8 +93.4 um
(n=147). Regarding intra-annual variability (MSS), animals were not measured,
except for the two months mentioned above, and therefore it was not possible to
compare the CL statistical differences between months.
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CL data, showed normal distribution but we used Spearman correlation to
compare with other variables because these did not show normal distributions.
The only exception was the correlation with Ca__  that also showed normal
distribution, where Pearson correlation was applied. As we explained above
female CL was different from Male CL (fxrm), so we considered both separately.
Significant correlation values were found between CL (both females and males)

and log salinity and between CL and water Ca.
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13004 m = J ®  Van Harten_.males
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Figure 1.9: The graph shows C.torosa lengths with salinity (g/L) for our sampled places
for both males and females. Moreover values coming from another works are also placed
(Titterton 1978; Carbonnel, 1983; Van Harten 1996).

Figure 1.9: El grdfico muestra las longitudes de C .torosa, para machos y hembras, en relacion con
la salinidad (g/L) para nuestros lugares de estudio. Los datos de otros autores encontrados en la bibliografia
también fueron incluidos (Titterton 1978; Carbonnel, 1983; Van Harten 1996).

To see if CL was related to environmental factors, we first used the
data from the literature (Heip, 1976; Titterton, 1978; Carbonnel, 1983; Van
Harten 1996; Mezquita et al., 2000) together with our information (Fig. 1.9). We
tested again the normality of the data and the data showed normality for both
variables (salinity and CL) in this case. Pearson correlation showed significant
correlations for females (p<o.oor; r:-0.34) and for males (p<o.oo01; 1: -0.522)
although the correlations were weak. CL decrease when salinity increases (Fig.
1.9), at salinities over 20g/L. most animals are smaller than 1100 um for males and
1060 um in the case of females. Negative correlation between CL and salinity
was significant for both females and males (Fig. 1.9). Other significant Pearson
correlations (p<o.o1) were found between females CL and Ca__ and water Sr/
Ca (r: 0.58; -0.49, respectively) and also for males (r: 0.64; -0.53, respectively).
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As Ca__ was positively correlated (p<o.o1) with CL, both in females
and males, linear regressions were carried out (see figure 1.10). Females showed
slightly lower r* than males. Ca__ for females and males, increased with CL.
A few data were obtained in the case of juveniles and we did not apply any
regression, but the few results indicated that juveniles followed the same trend

than that found in adults.

50 L L L

® females

O males

V¥ juveniles

females regression (r:: 0.44)
males regression (*: 0.56)

40

Cags (ugCa/Carapace)

20 A

10 A

300 1000 1200 1400

length (mm)

Figure 1.10: Relationship between Ca content per carapace (Ca__ ) and C. torosa
carapace length for our 20 sampled places. Females are represented by black circles, males
by gray circles, and juveniles by triangles. Outliers were excluded.

Figura 1.10: El grdfico muestra la relacion entre la concentracion de Calcaparazin (Ca_ )y
la longitud, para nuestros 20 puntos de estudio. Las hembras estdn representadas con circulos negros, los
machos con circulos grises, y los juveniles con tridngulos. Los outliers fueron excluidos.

Comparing statistically Ca__between BSS sites showed no homogeneity
of variances (p<o.o1). So, an alternative non-parametric test (Games-Howell)
was applied to these data, obtaining significant differences between sites for
adults Ca__ , where 13 of the 16 places analyzed, showed significant differences

SHELL:
(p<o.05) with each other.
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Figura r.11: Evolucion de la Alcalinidad!Ca'y concentracion de Ca por caparazon (Ca ;ugCalcarapace)
para Ps-P7-Ur durante el periodo de estudio (Marzo-or hasta Marzo-o2). Las lineas representan la regresion LOESS
aplicada a los datos con un factor de 2o.
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When we considered males and females separately, females showed
significant Ca__ differences in 15 places compared to others and males Ca__
were different in 14 places. The mean differences (based on estimated marginal
means) between sexes (f-m) within samples, applying Bonferroni adjustment,
were significant (p<o.05) in seven places Eo6, Eo7, E21, E28, E53, P7 and UL
Generally, females (on average) were heaviest regarding to Ca__(f>m) for all
the sites except in E21. Overall female Ca__ varied between 5.1and 37.2 ug, with
the highest variance observed in Ur. Male Ca__ varied between 5.1 and 35.8 ug,
with the widest range also seen in Ur (Fig. r.1r; Appendix 1.3 and 1.4).

Regarding to intra-annual variability during monthly monitoring in
3 sites (MSS), Levene’s test showed no homogeneity of variances comparing
Ca__ months and instars. Consequently, multiple comparisons were carried out
between months, applying Bonferroni adjustment. Males and juveniles did not
show any statistical difference between months in the three cases, neither females
from P7 and Ui Only females from Ps-January-o2 were statistically different
to other months. Games-Howell post-hoc tests were applied to compare the
differences between instars. The results showed statistical differences (p<o.05)
between females, males and juveniles for P5, P7 and Ur. Females were always

heaviest regarding to Ca content (f>m>j)

BSS results show no clear relationship between water Alk/Ca and Ca__
(p>0.05). Even with high divergences in water Alk/Ca among the 3 studied sites
in the MSS (Fig. r.11), ostracod Ca__ did not show such strong differences. In
general the three places showed statistical differences in Ca__ between them
although the temporal variability of the data does not present a clear pattern. In
Ut the trend of Ca__ seems to follow the changes in Alk/Ca of the host water
for both females and males (Fig. r.11). High Alk/Ca waters seem to be the optimal
water for higher calcium content. On the other hand and taking into account all
sampled sites, Ca_ =~was on average higher at sites with low SO */CI" and Sr/
Ca ratios (Fig. 1.12).
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3.2.4 Mg/ Ca and Sr|Ca ratios

The Mg/Ca molar ratios of all analyzed shells fall within a relatively
narrow range of values between 0.003 and 0.025, nearly independently of Mg/
Ca or TDS of water, consistent with the mineralogy of the ostracode shells,
low-Mg calcite (Fig. 1.13). No correlation of Mg/Ca with water temperature was
seen in two of the MSS sites, P5 and P7, but there is a hint for such correlation
in Ut for late-instar juveniles (Fig. 1.14). However, the monthly variation in water
temperature and Mg/Ca has a similar pattern in Ur. The Sr/Ca molar ratio fit in
the range of values between <o.001 and o.o11 and is loosely correlated with Sr/
Ca of water regardless of TDS (Figure 1.15). The Mg/Ca and Sr/Ca ratios of late-
instar juveniles in dilute spring U1 showed good correlation with the Mg/Ca and
Sr/Ca of water (Fig. 1.14 and 1.16).

Statistical analysis showed that Mg/Ca molar ratios of ostracod shell
obtained in the BSS and MSS sites did not show homogeneity of variances
(p<o.o1). Games-Howell test showed that nine places (Eo6, Eo7, Eo8, E21, E45,
E46, Ps, P7 and Ur) had significant differences (p<o.or) regarding to adult Mg/
Ca content compared to some of the other 11 sites, but in all the cases they only
differed in one or two pairwise comparisons. Three places presented significant
differences (p<o.05) for females (E46, P5 and Ur) and two for males (RAog and
Ur) in a small number of comparisons. The mean differences (based on estimated
marginal means) between sexes within samples, applying Bonferroni adjustment,
were significant (p<o0.05) in just two places: P7 and RAos, where males had higher
Mg/Ca values than females in both sites. Mg/Ca ratio of ostracods sampled in
the MSS, showed no homogeneity of variances (p<o.05) for the three places.
Bonferroni adjustment was applied as described above. P5 showed significant
differences (p<o.05) when we compared females, males or juveniles collected
in Sepetember-o1 with those collected in other months. P7 showed significant
differences only among juveniles sampled in three different months, Ur showed
statistical differences among juveniles from five different dates, and also between
males of September-o1r and those from January-o2. Mg/Ca also showed no
homogeneity of variances (p<o.05) for the three places comparing males with
females and juveniles. Post-hoc Games-Howell test indicated that shell Mg/Ca
in P5 was not significantly different between females, males and juveniles, so we
accepted the equality of shell Mg/Ca among instars and adult sexes (f=m=j). In
P7 significant differences were found comparing Mg/Ca of juveniles with males
(j+m), whereas no differences were found in the other comparisons (m=f and j=f).
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Figure 1.14: Water Mg/Ca molar ratios and C. forosa Mg/Ca molar ratios for MSS
during the sampled period (March-or to March-02). a) Water Mg/Ca along the year for the
three sites; b) C. torosa Mg/Ca shows adults (empty symbols) and juveniles (filled symbols), lines
were calculated as LOESS regression using 20 points.

Figure 1.14: Mg/Ca del agua Mg/Ca,, para MSS durante el periodo de estudio (Marzo-or a
Marzo-02). a) Mgl Ca agua a lo largo del afio; b) Mgl Ca,.  — mensual para P5-P7-Ut, muestra adultos
(simbolos vacios) y juveniles (simbolos rellenos). Las lineas indican la regresion LOESS usando un factor de
20 puntos.
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In June and the end of July juveniles in P7 presented higher Mg/Ca values
whereas in the other months males had higher Mg/Ca. In Ui, we found just
significant differences (p<o0.05) only between males and females and between
males and juveniles (m+f and m+j), males always presented higher Mg/Ca values.
In addition, Ut is the monitored site where ostracod Mg/Ca values, particularly
in juveniles, seem to follow changes in water Mg/Ca.

Ostracod Sr/Ca molar ratios obtained in the BSS did not show homogeneity
of variances among sites (p<o.o1) according to a Levene’s test. Games-Howell
tests showed that adults Sr/Ca presented significant differences (p<o.05) among
almost all the sites. Taking sexes separately, both females and males presented
significant differences (p<o0.05) among almost all the places. In addition, the mean
differences (based on estimated marginal means) between sexes within samples
(applying Bonferroni adjustment), indicated that males and females were not
different in Sr/Ca valves (f=m) except for two sites (E38BIS and E45) were males
presented higher Sr/Ca molar ratios. In the case of the MSS, Sr/Ca variances
where not homogeneous (p<o.05) for the different months, and therefore the
same procedure was applied as explained above. Monthly comparisons showed
only three isolated significant differences between months in the case of P5 for
females and males. In the case of juveniles, those from July-o1 showed significant
differences with 7 months in P7. Similarly, in Uz, Sr/Ca from March-o1 showed
significant differences with all the months for males and juveniles. We did not
find any statistical difference between female Sr/Ca and male Sr/Ca for the
three places neither with juveniles except for Pg, were females and males were
significantly different (p<o.05) for juveniles (fxy; m+y) with respect to Sr/Ca.
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Figure 1.16: Water Sr/Ca molar ratios and C. forosa Sr/Ca molar ratios for MSS during the sampled
period (March-o1 to March-o2). a) water Sr/Ca evolution along the year is indicated by different symbols
(Ps:black circles, Py: gray triangles and Ur: gray squares); b) C. torosa Sr/Ca for adults (empty symbols) and
juveniles (filled symbols), lines were calculated as LOESS regression using 20 points. Note In graphic Ur
ostracod Sr/Ca Loess regression was calculated excluding outliers and the inset graph in the lowermost
figure is the augmented graph for Ut

Figure 1.16: Sr/Ca del aguay SriCa,, para MSS durante el periodo de estudio (Marzo-or a Marzo-02). a)
SrlCa agua a lo largo del afio(Ps:circulos negros, P7: tridngulos grises and Ur: cuadrados grises); b) SrlCa,,  —~mensual
para Ps-P7-Ur, muestra adultos (simbolos vacios) y juveniles (simbolos rellenos). Las lineas indican la regresion LOESS
usando un factor de 20 puntos. Notar que en U la regresion LOESS se realizo excluyendo outliers y el grdfico insertado es

el mismo aumentado.
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3.2.508%C and 8“0

B

83C,,p,, and 00, . of C. torosa valves from all sites (Fig. r17a) are
loosely correlated as might be expected for ostracods calcifying in water bodies
dominated by evaporation process (Talbot, 1990). The differences between
the valve-83C and DIC-83C for the MSS sites largely occupy the same range

regardless of TDS (Fig 1.17b).

The time series for 63C values of DIC and ostracod valves for the three
MSS sites are shown in Fig. 1.18 and 80 values of water and the valves are shown
in Fig. 1.19. In broad sense, the DIC &3C and valve 83C values are similar, and
the water 80 and valve 8O values are similar. The valve 83C and &0 values
for any collection date shows a wide range likely because these animals had
calcified some days before the sampling date. For adults, this could be weeks to
months ago. Even for the juveniles, they may have calcified several weeks before
they were harvested. The range of valve 83C values are small for Ut reflecting its
hydrochemical environment (Appendix 1.4). The range is larger for P5 and P7
both of which showed a large seasonal change in DIC &3C.

The 80 values of adults in Ur appears to show the effects of water
temperature with higher than expected values in cooler winter months
(November-December moult, sampled in January and February) and lower than
expected values for those that moulted in March-April and harvested in summer
through fall. The outliers seen for March 2001 valves were formed at some earlier
time before the study started.

Regarding to statistical analyses, BSS data on &3CvepB did not show
homogeneity of variances (p<o.or) according to Levene’s test. Games-Howell
tests showed that adults from any site had significant differences (p<o.05) in
d3CvppB with almost any other BSS site. Both females and males presented
significant differences (p<o.05) between the majority of sites. Differences in &3C
between sexes (based on estimated marginal means) within samples, applying
Bonferroni adjustment, were significant (p<o.05) only for four places (Ear,
E38BIS, E39, RAosg), were females showed high &3C, except in RAos, where
males had higher values. In the case of MSS, 83CvprpB showed no homogeneity
of variances among months and Games-Howell test was applied. In P7, females
and males did not show significant differences between months. In P5, some
significant differences were found in four months for females and six months for
males. In Ur, only June-o1r males showed some significant differences with males
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from other months. In the case of juvenile &C we did not find any significant
difference between months. In P5 and P7 juveniles from April-o1 were different
from those of July-or Juveniles from March-or were significantly different
from those from other months. Females, males and juveniles did not show any
significant difference among them in P5 and Ui (f=m=y). It was not the case of P7
were males and females were statistically different (p<o.o5) between them (f#m),
but not from juveniles (j=m; j=f). In P7, female’s §3CvppB values were higher
than males. BSS 8*Ovpps did not show homogeneity of variances among sites
(p<o.o1; 3.136) according to Levene’s test. Games-Howell test showed that all
adults, except those from E38BIS, had significant 80O differences (p<o.05) with
adults from almost any other site.
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Figure 1.18: 83C calculated from DIC (Dissolved Inorganic Carbon) and §3Cvpps from C.
torosa either for adults or juveniles during the sampled period from March-o1 to March-o2. a) §3Cpic
along the year is indicated filled symbols; b) §3Cvpps from C. forosa shows adults (empty symbols) and
juveniles (filled symbols), lines were calculated as LOESS regression using 20 points.

Figure 1.18: 83C del DIC (Carbono Inorgdnico Disuelto) y 83Crrps de C. torosa tanto para adultos como
Juveniles durante el periodo de estudio, desde Marzo-or a Marzo-o2. a) 83Cpic a lo largo del afio para Ps-P7-Uz;
b) 83Crrps de C. torosa muestra adultos (simbolos vacios) y juveniles (simbolos rellenos). Las lineas indican la
regresion LOESS calculada usando un factor de 20.
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Both females and males separately presented significant differences in 8O
(p<0.05) between all sites in pair wise comparisons. The mean differences (based
on estimated marginal means) between sexes (f-m) within samples, applying
Bonferroni adjustment, were significant (p<o.05) for only two sites in the case
of females (E38BIS vs Ur) and only one in the case of males (RAos). In general,
females and males showed similar values (f=m) at any site, but females showed
higher 80O values in E38BIS and Ur, whereas in RAog males had higher values.
The monthly comparisons (MSS) showed significant differences in &0 only in
P5 (March-o2 vs April-or and March-o2 either for males, females as juveniles).
In P7 we found only two statistical differences with respect to juveniles between
July-o1 and February and March-o2. In Ut no less than 2 significant differences
either in male, female and juvenile 8O were found for any month, except in
April-or where only the juveniles were significantly different from juveniles
from March-o1. Post-hoc Games-Howell showed no significantly different
from juveniles from March-o1. Post-hoc Games-Howell showed no significant
differences in 80 between females, males and juveniles (f=m=j=f) in P7 and Ur.
Only in Ps, significant difference (p<o.05) between male and juvenile (m#j) was
found, where males showed higher §*OvpDB values.

We examined the apparent oxygen-isotope fractionation factor vs. water
temperature from the previous month assuming those values are closer to when
the valves calcified (Fig. 1.20). Due to the absence of clear moulting signal in our
MSS study sites, it is impossible to know the actual water 80 and temperature
at the time the analysed ostracods moulted. C. torosa in Pg, P7 and Ur shows
different apparent ®0O/*O fractionation behaviour. P7 and Ur animals do not
appear to show strong temperature dependence, showing a positive offset of
1-1.5%o from the water 8®0. The offset of 1 to 1.5%0 has been reported for
many Candonids and other benthic ostracods (Von Grafenstein ef al., 1999). Psg,
however, shows a trend similar to inorganic calcite (indicated by the line in Fig.
1.20a), indicating temperature dependent fractionation.
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Figure r.19: O80vsmow and O OveDB from C. forosa either for adults as juveniles during the sampled
period from March-or to March-o2. a) O0Ovsmow along the year; b) O0OveDE from C. forosa shows adults
(empty symbols) and juveniles (filled symbols), lines were calculated as LOESS regression using a factor
of 20.

Figure 1.18: O0vsmow yy O%0repp de C. torosa tanto para adultos como juveniles durante el periodo de
estudio, desde Marzo-or a Marzo-o02. a) O*0vsmow a lo largo del aiio para Ps-P7-Uz; b) O®Orrps de C. torosa mucstra
adultos (simbolos vacios) y juveniles(simbolos rellenos), las lineas indican la regresion LOESS usando un factor de 2o.
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3-3 Multiple regressions for hydrochemistry reconstruction

The response variable for species traits can be a function of a single
environmental variable, or more frequently respond to more than one variable.
Multiple regressions are commonly used in biology to understand biological
species traits, but we applied the same procedure in the other way round, with
the aim to reconstruct past water abiotical variables from ostracod shell data.

After application of AIC, we selected the most parsimonious subsets
of ostracod variables with no more than three variables to reconstruct water
hydrochemical variables. After this selection, we calculated linear multivariate
regressions and and those equations with the high explanatory power were chosen
(r*> 0,7). Consequently, we show here only the results for the reconstruction of
salinity and water Sr/Ca. We use salinity (g/L) instead TDS (g/L) because of
the highest r* observed. We do not provide equations to reconstruct Mg/Ca,
pH, Alkalinity, and SO * because of low r*. However, we show the results for
salinity reconstructions, despite its r*>0,69, because of the general interest in
this variable. Moreover, we carried out the multiple regressions between females
and males and adults (females+males) separately. In any case, regressions with
adults values were highly correlated especially in log salinity models.

The table 1.1 shows the calculated equations for salinity and Sr/Ca derived
from ostracod data, together with inferred minimum, maximum and mean
values calculated from MSS data and compared with the observed data range
of these variables in the field. All salinity regressions include the percentage
of noded individuals (Pn), as the highest explanatory variable, and this can be
combined with either trace elements or isotope ratios. Inferred values for MSS
data are approximate to real values only in the case of P7, using either Pn alone or
together with isotope ratios. The equations to infer water Sr/Ca have the highest
r* and the inferred values are very close to real ones, especially for Ur and P7,
but slightly low in the case of P5. As we saw, salinity is one of environmental
factors that affects the ostracod morphology and geochemical composition
of the shells. The percentage of noded animals (Pn) was chosen by AIC in all
cases. It could be explained by the strong correlation that we found between
this variable and salinity as it was discussed in many previous studies (Vesper,
1972b and Van Harten, 1975). These studies point to salinity as the main variable
affecting node formation but none of them developed an exhaustive study to
check it. Other variables, as isotopes, were included in the regressions, probably
due to the good correlations between them and salinity separately. As we can see
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the use of the first equation (Table 1.1) which only take into account the P, can
be a good to tool to asses salinities below 20 g/L. P5 reconstructed salinity does
not fit well, because probably C. torosa does not calcify well at high salinities,
driving poor calcified shells with lighter isotopic composition. The anomalous
high values obtained for P7 and Ut can be due to the fact that we only measured
node formation in one month of P7 and neither in Ul If we assume 100% noding
at Ur the inferred values fit well with the real ones. For that reason, we consider
that at the time to apply these equations, the whole C. torosa node year frequency
from each particular place should be take it into account to improve better and
significant results of node proportion.
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4.-Discussion

The hydrochemical range and the type of water bodies in this study are
very broad and are well suited to investigate possible effects of factors such as
TDS, ionic compositions, and habitat. Our sites are similar in their hydrochemical
characteristics to those reported for other coastal evaporative areas of the world
(Bowling and Tyler, 1984; Geddes and Butler, 1984; Radke et al., 2002, 2003), and
are typical of waters in the Spanish Mediterranean region (Lépez and Tomas,
1989). Because C. torosa is widely distributed (e.g. Bronshtein, 1947; Mischke,
2001, Meisch, 2000), our findings that (1) TDS, (2) Alk/Ca (3) water Ca are the
key habitat variables affecting its cation uptake, will have broad application in

paleolimnological reconstructions.

4.1 Shell size and Ca uptake

Heip (1976), Van Harten (1975, 1996), and Mezquita, ef al. (2000) studied
C. torosa in different ecosystems and found that adults have smaller shells sizes in
waters with high salinities. In agreement with those authors our data set shows
that when solute concentration increases, the length of our specimens decrease
(Fig. 1.9). Both males and females are smaller at high TDS waters (P5, E39,
E38bis, and E38). Moreover, Mezquita et al. (2000) found that the adults that
moulted in winter were longer than those that moulted in the summer period.
They suggested that this may be due to low temperatures and/or by seasonal
salinity variations during the year.

Our results show that the differences in size between males and females
are statistically significant and differences between places comparing either
males or females from different populations are also significant. Moreover
these statistical differences can be found when we compare different systems,
indicating that water chemistry has strong influence in the final length (Fig.
1.9). Combining our data on C. torosa CL, together with data from the literature,
we observed that in water bodies with salt concentration over 20g/L, males
were always smaller than 1100 um in CL and females were always smaller than
1060 um. TDS seems to have strong influence in the final CL of C. forosa adults
shells, however no strong correlation was found when we compared the size of
both females and males with salinity, as only male CL correlated weakly but
significantly with salinity, showing that males are smaller with increasing solute
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concentration. So, we suggest that other variables besides genetic constraints
and salt content may be involved in adult CL, such as SO4 concentration or Sr/
Ca (see below). Importantly, we found that C. forosa CL is correlated with the
amount of calcium of the shell (Fig. 1.10). The longest animals have higher Ca
content indicating that the Ca concentrations of the carapace will depend of
the final size or vice versa. Those parameters will be mostly controlled by the
composition of the surrounding water and calcification time (Mezquita ef al.,
1999; Wansard and Roca, 1997). Shell size has a clear relationship with TDS,
but no just TDS is influencing sizes. For instance, temperatures (Mezquita et
al., 2000) and other possible factors such as food can be also involved. Hence
size shell variations along a sedimentary sequence could be a good indicator
that some environmental changes happened in the history of a lake (mainly
solute composition) and supported by other proxies it could be a good tool
for paleoenvironmental assessment. In particular, according to our data, if C.
torosa individuals from a core are not longer than 1100 um for males and 1060
um for females, it probably could indicate that salinity at the time, where those
specimens were living, was higher than 20 g/L.

The calcification process occurs by the reaction:
Ca»+HCO3—CaCO3+H*

in which bicarbonate is provided either directly from the external solution or
by hydration of metabolic CO_. Turpen and Angell (1971) demonstrated that
the majority of calcium that forms the carapace is obtained directly from the
surrounding water. In addition Keyser and Walter (2004) proved that ostracods
prior to moult accumulate a huge amount of calcium phosphate together with
chitin precursors in granules located at the outer epidermal cells, which are
supposed to contribute significantly on the future composition of the carapace
but not to be enough to build the whole ostracod shell. Crustaceans incorporate
bicarbonate from the surroundings waters through a HCO /CI antiport pump
(Pequeux, 1995). Consequently, we should take into account that the final calcium
concentration in the ostracod carapace must depend of Ca and HCO, content
in the host water and the availability to capture those elements by ostracods.
The availability of calcium depends on the composition of the water where
ostracods live. Ca pumps in freshwater crustaceans work at the maximum rate
when external calcium content surpasses 0.5-immol/l (Neufeld and Cameron,
1993). So, calcium concentration in our study sites does not seem to be limiting
factor (Appendixes 1.1 and 1.2).
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Cyprideis torosa has a preference for living (calcifying) in waters with Alk/
Ca<1 (Mezquita ef al., 2005). We saw that Alk/Ca ratio becomes lower with
solute concentration in our systems (Fig. 1.4a) and C. torosa individuals living
at high Alk/Ca waters are those with the highest Ca content (both males and
females) and consequently also bigger regarding to CL (Fig. r.10). The absence
of correlation between ostracods Ca content and alk/Ca, indicates that neither
is limiting directly the Ca uptake. So, the limitation factor may be HCO "as it
was mentioned by Mezquita ef al. (1999), where they suggested that HCO ® could
be the limiting factor for the calcification of Herpetocypris intermedia cultured in
different water types. In this framework of interaction effects between ionic
regulation and calcification processes in ostracods, C. torosa should be considered
as a hyper-hyporegulator organism (see Pequeux, 1995). As an hyperosmotic
organism in freshwater systems, C. forosa animals need to introduce more CI
inward their bodies to maintain the hyperosmosis with respect to the surrounding
water, most probably through a HCO “/CI antiport pump. When HCO " and CI
concentrations are high enough in freshwaters they do not represent a problem
to calcify the shells. But if the ostracods live in a hypersaline environment
they function as hyposmotic system, trying to keep the maximum amount of
water inside the body. Under these stressful conditions, calcification might be
less efficient because it results in a trade-off between Ca** uptake and H* exflow,
giving an extra metabolic cost in calcification. Capturing Ca means losing H O
(the proton that Ca*/H* antiporter use). So, less efficient calcifications could
explain the lower Ca content at hypersaline environments.

We must also take into account the influence of other cations such as Mg
and Sr (see below), and anions that can be involved in the calcification processes.
For instance, in the case of SO42' regulation, our results did not show a clear
correlation between CL, Ca, = and SO */Cl (Fig r.13a,b) although at high SO*/
CI' waters animals seem to be smaller. SO * regulation has just been described
in hepatopancreas epithelium for crustaceans, where the SO */Cl- and SO */
Oxalate antiporter plays a role (Ahearn ef al., 1999). But the importance of both
gills and antennal glands, or during moulting processes in sulfate regulation
remain to be established in crustaceans and nothing has been studied about
ostracods so far. Nevertheless, ecophysiological studies with C. forosa (Jahn
et al, 1996) showed that C. torosa has high resistance to hypoxia and hydrogen
sulphide concentrations. The ostracod is indeed able to oxidize the penetrating
sulphide to non-toxic thiosulphate and to eliminate the oxidation products
rather quickly (Jahn ef al, 1996). These authors concluded that C. torosa can use
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anaerobic pathways and can tolerate high sulphate concentrations but reducing
the metabolism at places with high SO * concentrations. Consequently the
capacity to moult and then to calcify must be negatively affected. Our water
bodies suffer an increase in SO */Ca with TDS (Appendix 1.1 and 1.2), and
although we cannot conclude that increasing SO * drives smaller shells during
calcification processes (Fig. 1.12a,b), it might reduce the metabolism of C. torosa.
However, in vitro experiments should be done to test if sulphate concentrations
have influence on the final shell’s size and Ca

SHELL®

4.2 Nodes

Variable noding in C. torosa is a phenomenon that has commonly been
used in paleoecological studies as a salinity indicator. Different studies have
been made about noding (see Sandberg, 1964; Kilenyi, 1972; Vesper; 1972b, 1975;
Van Harten, 1975, 1996, 2000; Keyser, 2005). We did not find any animal that
present nodes in salinities over 20 g/L (Fig. 1.8). Van Harten (2000) suggested
that another factor (called factor X) could be involved in the noding process.
He suggested that Ca concentration could be the main factor affecting node
formation. A few years later, Keyser (2005) demonstrated that C. forosa needs
Ca in the demosomas junctions to maintain the carapace structure at the time
of moulting to avoid nodding, but they did not test what happens at different
salinities in relation to the relative availability to uptake this Ca, or how much
time the ostracods use to calcify at different salinities. So, focusing on these
variables we found that the strongest correlation was between arcsinvPn and
salinity (Fig. 1.8). C. torosa probably needs more availability of Ca* available in
the water when it is moulting. The low availability of this Ca** plus low salinities
favour the possibility that nodes appear. We observed that animals living in
waters with low Ca* content present nodes but are those with the highest
Ca__ per carapace. This apparently contradictory result could be explained
by salinity limitation. We suggest that salinity might be one of the main factors
affecting the calcification process. The osmoregulative cost to keep body water
at high salinities and introduce HCO_~ against a force to exclude it through
HCO /Cl antiport drives the ostracod to calcify less efficiently (lower Ca_ )
and in addition to reduce the possibility of nodes formation as Ca content is
high enough to moult (for demosomas junctions) in those waters (Appendixes 1.1
and 1.2). Therefore the cation an anion composition of the surrounding waters
drives to calcify in a narrow window of time at higher salinities. In freshwater
environments the availability of Ca could be lower at the time of moulting but
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enough to built well calcified shells if the ostracods do not stop calcification
process immediately and can incorporate more Ca into their shells along a longer
period of time. Our results confirm the appropriated use of a morphological tool
to reconstruct past salinities based on the percentage of noded valves (Pn) in C.
torosa, and a more accurate equation is given in the present study to estimate
salinities from sedimentary sequences.

4.3 Mg uptake

Mg incorporation into low-Mg calcite in water of constant Mg/Ca is
strictly a function of temperature (Mucci and Morse, 1983; Morse and Bender,
1990). This has been used to reconstruct sea surface temperature from Mg/Ca
of foraminifers assuming seawater Mg/Ca has remained constant over glacial-
interglacial scales (e.g. Elderfield ef al., 1996). Wansard (1996a,b) attempted to
apply this idea to a lacustrine setting. However, as shown by De Deckker et al.
(1999) in their culture study of Cyprideis australiensis, the effect of changing water
Mg/Ca, for example, by evaporation, on valve Mg/Ca may be far larger than
the temperature effect. Furthermore, in continental settings waters with similar
Mg/Ca may have different TDS and ionic compositions and waters with similar
TDS may have different Mg/Ca (Ito and Forester, 2009).

The TDS of our sites varied from <1oomg/1 to >70g/l and Mg/Ca co-varied
with TDS increasing from o.5 to 6.5 (Fig. 1.4¢). The observed valve Mg/Ca ratios
were between 0.05 and 0.3 seemingly independent of water temperature and
Mg/Ca at the time of sampling, with the exception of adults and late-instar
juveniles collected in September 2002 from Ps, a seawater evaporation pond,
that show ratios up to o.1 (Fig. 1.14a, b). In general C. torosa, which was found in
waters Mg/Ca < 6.5 in our study, seems to hold constant shell Mg/Ca along this
chemical gradient, with high values (close to high-Mg calcite) observed only at
the highest limit of water Mg/Ca. C. forosa seems to control the osmoregulative
cost to built shells of low Mg calcite at waters with low Mg/Ca. However,
particularly species from the same genus (De Deckker ef al., 1999) could built
shells with Mg/Ca up to o,1 in waters with high Mg/Ca (Fig. 1.13c). Concretely,
De Deckker et al (1999) showed a strong relationship between ostracods Mg/Ca
and water Mg/Ca (Fig. r.13c). As this author suggested, the ostracods that live in
waters with high Mg/Ca (over 20) cannot exert a control in Mg incorporation
to built low-Mg Calcite shells and the therefore values of ostracod Mg/Ca are
relatively high. Our interpretation is that C. forosa exert a tight control of shell
Mg/Ca, but Mg incorporation can be out of control at the extreme range of
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living conditions, chiefly when Mg/Ca ratios and temperatures are very high.

At ambient temperature conditions, low-Mg calcite contains < 6mol%
MgCO3 (Goldsmith and Newton, 1969), so the valve with Mg/Ca of o.1 is
not a low-Mg calcite. These high-Mg valves may contain especially high Mg
concentration in the early calcified sections (Ito et al., 2003), or have some high-
Mg calcite overgrowth that precipitated inorganically over the biogenically
formed valve. C. forosa is too fragile to be analyzed by laser-ablation technique,
but the possibility of high-Mg carbonate overgrowth should be tested by XRD.
The possible metabolic cost of calcification in waters of high Mg/Ca has been
discussed by several workers (Xia et al. 1997b; De Deckker et al. 1999). This
is consistent with the known poisoning effect of Mg on calcite precipitation
(Reddy and Wang, 1980).

4.4 Sr uptake

Low-Mg calcite has no solid solution with Sr carbonate mineral (Deer et
al., 1996) so that Sr incorporation is assumed to be strictly a function of Sr/Ca
of the solution from which it crystallizes and be independent of temperature.
Some studies have focused on this and have used Sr/Ca of ostracod valves to
reconstruct paleosalinity under the erroneous assumption that Sr/Ca of water
will increase during solute evolution primarily driven by evaporation. However,
in many waters, aragonite (with complete solid solution with SrCQO3, strontianite)
becomes a stable phase as both the TDS and Mg/Ca increase (Miiller ef al.,
1972; Eugster and Jones, 1979) and Sr/Ca decreases with increasing TDS or Sr/
Ca can increase in low salinity waters because of water reverse back to calcite
precipitation. Our data confirm that Sr uptake is independent of temperature
(Fig. r.152). Most of our data show a correspondence between Sr/Ca of water
and Sr/Ca of valves (Fig. r.15b) and follow the general trend that was observed
for C. torosa collected from other locations (Wansard et al. 1998) and in culture
experiments with C. auraliensis (De Deckker et al. 1999; Fig. 1.15¢). However, a
good one-to-one relation is not observed for our samples. Animals harvested
in March 2001 from Ur have valves with higher than expected Sr/Ca, and those
from Pg5 show a large scatter. P7 animals show a lower than expected range of
Sr/Ca ratios compared to all other samples (Fig. 1.14c). Xia ef al (1997b) noted
a possible relation between Mg and Sr incorporation into ostracode valves but
the observed pattern for P5 is the opposite of what would be expected from the
crystallographic argument they gave. The general correlation between the Sr/
Ca of water and Sr/Ca of the valves of the genus Cyprideis can be quantified, but
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because Sr is a minor to trace constituent of most waters and is not governed
by aqueous mineral equilibrium, the knowledge of Sr/Ca of water will provide
information on hydrochemical changes but not directly for TDS absolute values
reconstruction (Fig. 1.4c). The positive correlation between ostracod Sr/Ca
and water Sr/Ca holds at any conditions (e.g. at high TDS stressful conditions),
suggesting that Sr uptake is not governed by ostracods in any instance. This can
be also related to the fact that Sr concentration of the shell shows no variations,
in spite of strong variability for other metals (Ito, 2003). This indicates that shell
Sr concentration is independent of moulting time or stressful physiological
conditions.

4-5 613 CVPDB

The 0%C of carbonates is not highly influenced by temperature variations
but is rather understood to respond to changes in the isotopic ratio of the total
dissolved inorganic carbon (TDIC) from which the carbonates precipitated
(Deines, 1974). Commonly, changes in water 3C are attributed to changes in
carbon and productivity within the system (Schwalb, 2003; Leng and Marshall,
2004). Rates of exchange of CO_with the atmosphere, photosynthesis/respiration
of aquatic organisms, organic decay, and bacterial processes are the main
controlling factors for the 83C of TDIC (Von Grafenstein et al. 1999; Schwalb,
2003; Leng and Marshall, 2004). We only analyzed ostracod 03C in MSS, see
figures 1.17 and 1.18 (not BSS), and observed a slight correlation with 63C water
(Fig. 1.6b) indicating that 3C__ . can reflect §3C from the host water. Host
water has different origins, as Ur is a spring (groundwater §3C), P7 water is
coming from runoff from a wetland inland with high macrophyte coverage and
eutrophic waters and P5 water originate from the seawater evaporation pathway.
In general, C. torosa 03C is -2%o lower than water &3C, suggesting that animals
are moulting under pore water 03C of the DIC in the interstitial environments,
where 03C is expected to be lower than our measured water 83C values, because
of the decay of organic matter (Ito, 2003).

In addition the pattern drew by Cyprideis §3C at different MSS sites shows
seasonal changes, suggesting that the intrannual variations in the §3C TDIC
might have a strong influence (Fig. 1.18). The juvenile population shows more
clear seasonality of 3CvpDB because of their shorter life duration.
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Changes in water 83C in the three sites don’t show a common pattern
because of independent hydrology and productivity. High values are generally
observed in spring summer most probably because of increasing photosynthetic
activity (either by macrophytes Ur and P5 or phytoplankton in P7) and low rain,
drops in September for P5-P7 seem to be related to quick response to heavy
rains (Fig. 1.2) and in the spring-fed Ui the response to rains is delayed about one
month. However, recovery of high values in Pg after the rain event is getting §3C
to constant values because of inflow of water of sea origin controlled by humans.
In Py, after the rainy period the recovery of phytoplankton production probably
promotes a gradual increase in §3C. In U, even changes are not as wide as in
Ps5 or P7, there is a marked decline in early winter that can be caused by the
delayed effect of previous rains through increase of low 6C CO, coming from
groundwaters.
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4.08°0
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In contrast to the results of precipitation of synthetic calcite by Kim and
O’Neil (1997), several studies published during the last ten years show that the
ostracod oxygen isotopic fractionation differ from thermodynamic equilibrium
with water, ostracods take up more ®*O compared with inorganic calcite (Xia
et al., 1997a, b; Von Grafenstein ef al., 1999a; Keatings ef al., 2002; Wetterich ef
al., 2008). In the present study we show that the euryhaline Cyprideis torosa has
different vital offsets in different hydrochemical habitats. Similarly, Chivas et
al. (2002) found high variability of vital offsets under variable experimental
conditions of temperature and salinity for 4. robusta.

Animals in P5 have poorly calcified shells, and vital offsets of o to 0.5%o0
(Fig. 1.20). Animals in Pg calcify under suboptimal conditions (high salinity),
consequently they may accomplish /less effective calcifications; animals at higher
salinities are poorly calcified and they show temperature dependence close
to inorganic calcite precipitation without almost any vital offset. This may be
related to fast calcification under stressful environmental conditions (e.g. ionic
regulation, extreme temperatures), as it was observed at the present study for
the other studied variables (e.g. high Mg/Ca values and high temperatures in Ps)
and the wide range of temperatures when they moulted (Fig. 1.2 and 1.7).

The highest a values in P7 and Ut (Fig. 1.20), together with the apparent
absence of thermodependence can be explained by the low range of temperatures
at the time of moulting (spring-autumn) (Fig. 1.2 and 1.7). On the other site,
apparent thermodependence of 80O in Pjg is explained by the wider range of
water temperature between the two periods where adults calcified (summer-
winter) (Fig. 1.2 and 1.7). In addition populations in Ur at a particular sampling
occasion are composed of various animals overlapping generations of adults
that moulted under different water 8O conditions (Fig. 1.2 and 1.7). In P5 the
differences between juveniles and adults 80O is not as long as in Ur (Fig. r.19)
suggesting shorter life time for adults. In P7 the pattern of ostracod 8O is not
clear where more near constant values both in water and ostracod 80, and
in particular some extreme high values cannot be explained. It is possible that
human regulation at particular short time periods provoked strong 8O changes
(e.g. throw evaporation) that are not seen in snapshot water samples but are
reflected by long-lived adult shell geochemistry.
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In our study the &*OvrDB is correlated with the increase of *Owater and
TDS, especially until values of §*Owater 0%o (approximately 20g/L of salinity).
Evaporation removes “O and therefore more concentrate waters (high TDS)
through evaporation in Mediterranean or semi-arid conditions also present
high &0 (Craig and Gordon, 1965). Therefore, *Owater is indirectly related
to TDS changes, and then, C. forosa 8O can reflect those changes. However,
in some cases, the vital offsets of *OvppB are highly negative with respect to
water 8®*OsMow especially at high TDS sites (Ps, E38bis and E3g). Chivas ef al
2002 suggested that poorly calcified shells result in low 80 while good calcified
shells show high §°0. In agreement with those assumptions and due to worse
environmental conditions at high salinity sites, the ostracods cannot built their
shells discriminating well between O and *“O and they incorporate more “O
into their shells, which also present the lowest values in Ca__and smallest
sizes (Fig. 1.20d) (less effective calcifications). Also Xia et al. (1997a) suggested,
thermodynamically **O is preferred by calcite over *O. This is may be because
80 provides higher calcite stability to calcite (Ito et al. 2003), and ostracods
at optimal conditions increase the discrimination against “O (higher 6*0). If
the conditions are not favourable (less effective calcification) the discrimination
between ®O and O decrease and more O is fixed into the shell (lower 6®0).

Zeebe (1999) proposed that calcite-water fractionations could be
influenced by the response of carbonate water equilibrium variability in relation
to changes in pH, being the isotopic 8O content of HCO/ higher than in
CO, If we compare our results with other studies (Fig. 1.20b) the ostracod
isotope fractionation decrease with increasing pH at a pH range below 7 when
the concentration of HCOS’ decreases (as discussed by Zeebe). However under
the range of pH values in our study (7,2-9,8), HCO_" is highly dominant and
the variability of o values (Fig. 1.20b) with pH is so wide that no clear pattern
emerges only from our results with C. forosa except that this variability is lower
at low pH (below 8). As Chivas et al. (2000) suggested, and our results confirm, it
is not just the temperature that is affecting isotopic fractionation, more variables
can be involved: the pH of the surrounding water at the time of calcification,
the possibility that ostracod regulate the surrounding pH microhabitat and the
speed of calcification or even evaporation. Faster calcifications under suboptimal
conditions (either low temperatures or high salinities) that are close to the
species’ tolerance limits, may provoke /ess effective calcifications, resulting in poorly
calcified shells and oxygen-isotope fractionations lower than expected (small
vital effects).
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The assumption of the possibility to reconstruct water O from the
d®Qostracod has not a straightforward applicability in coastal environments;
even taking into account that C. torosa 80O is well correlated with water §°O
until water values of 0%o. Water 8O increases with TDS through oxygen
isotope fractionation accompanying evaporation (except in very high TDS).
However, this relationship between water 0 and TDS is not unique and
cannot be applied in a general context (Ito and Forester, 2009).

4.7 Hydrochemistry reconstruction

According to our multiple regressions analyses, TDS cannot be
reconstructed from ostracod shell geochemical data alone. A combination of shell
morphology (noding) and isotope data provide a rough quantitative estimation
of salinity (TDS) but reconstructed values deviate more at high salinity (Table
1.1). This occurs because i) the model is built on a logarithm scale; ii) noding is
restricted to the low salinity range and iii) because ostracod 6O fractionation
at high salinities shown a deviation from the general pattern due to stressful
calcification. Further studies including more data on noding percentage and
isotope data from a similar hydrochemical environment setting may improve
the model performance. In addition, if ostracod samples are not representative
in terms of time averaging and number of individuals studied, reconstructions
based on nodes may incorporate a wide error component.

Reconstruction of water Sr/Ca from C. forosa shells Sr/Ca has a high
statistical fit which improves when isotope information is added. The use of
equations where ostracod Sr/Ca and either 8O or §3C are combined referred
because these are the most fitted and simplest models (Table 1.1). The resulting
model for waters Sr/Ca reconstruction from ostracod Sr/Ca provides the best
of the tested models for quantitative reconstruction of a hydrochemical variable
from ostracod shell geochemistry. Further research is needed to check if the
relationship holds for other species and waters of different hydrochemical trends.

Reconstruction of water 8O from ostracod &0 is possible with certain
error but at high salinities the error becomes bigger, probably because of stressful
condition during calcification.

We consider that the obtained regression equations, together with other
paleolimnological proxies can help paleolimnologists to quantify and reconstruct
past salinities and water Sr/Ca along sedimentary sequences when C. torosa (or
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other Cyprideis species with similar hydrochemical requirements) is present.
However, when studying fossils shells, these equations should not be applied
before study shell size, morphology, Ca__  or other indicators of possible
stressful conditions.

SHELL

5. Conclusions

C. torosa populations show overlapping adult generations through the year
in the studied sites. Because of this, it is not possible to know with enough con-
fidence the right time and environmental conditions when moulting and cal-
cification occurred. Juveniles shell traits, however, might reflect better water
changes, due to their shorter life span.

Animals with the longest shells are also the heaviest regarding to shell Ca
content. In addition, shell size is correlated with water chemistry; both males and
females are smaller at higher salinities. C. forosa Ut shells show higher Ca_ in
their shells than those for P7 and P5 (Ur>P7>Ps), although, statistically (U1=P7)
+ P5. The low salinities and water Alk/Ca between 1 and 2 in our studied waters

ratio seems the optimal to build more calcified shells.

As discussed in previous studies, the proportion of noded individuals of
C. torosa may be one of the best proxies for salinity reconstruction. This can
be combined with geochemical data (particularly isotope ratios) to better
estimate past salinities using C. torosa shells. According to our results salinity
reconstruction cannot be done by geochemistry alone and needs information
from shell morphology (noding).

In general for the isotopic and trace metal ratios analyzed in C. forosa
shells there are no differences between males and females. Consequently
in paleoecological studies there is no need to analyze separately sexes when
using these geochemical variables. However, the use of size and Ca__ as

SHELL

paleoenvironmental proxies should take into account sex differences.

No effects of either temperature or water Mg/Ca is observed on Mg/Ca
assimilation in the ostracod C. forosa, in waters within a Mg/Ca ratio below 6.
C. torosa makes shells with low Mg/Ca in a wide gradient of salinity. In other
studies that involve higher water Mg/Ca ratios a direct relationship between
these and ostracod Mg/Ca are observed for other particular species De Deckker
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et al (1999), Wansard (1996a).

Ostracod shell Sr/Cain C. torosa is strongly and significantly related to water
Sr/Ca. In fact, regression analyses show that reconstruction of water Sr/Ca from
ostracod Sr/Ca is the most accurate (in statistical terms) paleoenvironmental
proxy using C. torosa shells.

d3C in C. torosa shells are 2%o lower than expected from §3Cbic reflecting
that calcification taking place in the infaunal environment.

In C. torosa there is a significant positive relationship between ostracod
80 and water 8"0O. However, at high salinities (> 20 g/L) more 'O is incorporate
into the shell as observed in previous works for other stressful conditions (Chivas
et al., 2002; Xia et al., 1997a).

Multiple regressions help us to reconstruct past hydrochemistry from
ostracod shells, supported by other proxies. The given equations can assess
salinities and other water variables (Sr/Ca) in a quantitative manner

78



PART II
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CHAPTER 11

Paleolimnology of the Albufera de Valencia based on ostracod
assemblages and geochemical analyses: sea level changes and
climatic influences during the mid Holocene
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Chapter II Introduction

1. Introduction

Reconstructing the evolution of Mediterranean coastal systems using
palacoenvironmental methods is complicated and a difficult task. The mix of
waters of diverse origins produces complex ecosystems. Several attempts have
been made in the past 20 years to reconstruct variables such as temperature
using sedimentological, geochemical, palacoecological and isotopic techniques
(Hazel, 1988; Barbieri ef al., 1999). However, the complexity of the system and
the lack of good proxies to reconstruct temperature in such of habitats has
limited their success. Nevertheless, other climatic and environmental variables
such as sea-level changes, effective moisture, and salinity can be reconstructed
using multiproxy studies, combining indicators such as sedimentology,
mineralogy, diatoms, pollen and ostracods. In this study, we combine ostracod
palaeoecology, shell morphology and geochemistry in order to reconstruct the
paleoenvironmental evolution of Lake Albufera.

The Albufera de Valencia is the largest coastal oligohaline lake in the
Iberian Peninsula. It is located 17 km to the South of the town of Valencia in the
Albufera Natural Park., has an area of 2320 ha and it is separated from the sea
by a sand bar of 30 km long and between 500 and 1200 m wide and with dune
systems of 3-5 m a.s.l. nowadays (Sanjaume, 1985). The Albufera is located on
Quaternary silt deposits (Fig. 2.1). Sediments deposited from North to South,
formed the different sand bars, which contributed to the closing of the present
lake (Roselld, 1995; Carmona and Ruiz, 1999, Santiesteban ef al., in press). Two
rivers “surround” the Albufera of Valencia, the Turia River and the Jucar River.
Taria River is located to the North of the lake and is the main influence on the
formation of the sandy bar that currently separates the lake from the sea. Jtcar
River is located in the Southern end of the ancient lagoon and probably had a
big influence on the closing of the sand bar at the southernmost part and on the
final isolation of the lake from the sea over the last 500 years (Ruiz and Carmona,
2005; Santiesteban ef al., in press). In addition, the same sea level and climatic
changes in the Mediterranean Spanish coasts suggested by several authors
(Somoza et al., 1998, Zazo et al., 2008) will also have influenced the Holocene
history of the Albufera and the formation of the sand bar. These changes during
the transgressive phase are well recorded in the sedimentary infilling of the
nearby estuaries (Somoza et al., 1998), whereas during the phase of high standing
sea waters (HST) they are best recorded in beach—barrier environments (Zazo
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et al., 2008). The Holocene sea level rise in the western Mediterranean took
place in two phases: a rapid rise until 6500 cal yrs BP, and a second phase of
relative stability with minor oscillations of metre-scale magnitude during the
late Holocene. During these two phases different authors identified different
highstand events (HST; b1, b2, b3, b4, hs) of maximum sea level, composed
by aggrading units and prograding units (H1 to H6 or dr to ds, repectively)
(Somoza et al., 1998; Zazo et al., 2008) throughout the Holocene. There are no
temperature reconstructions for the coastal zones of southern Spain, although it
is thought that after 7—5 cal kyrs BP, the general climatic trend towards aridity
was punctuated by several centennial-scale episodes of increased aridity that
occurred with millennial intervals, often coincident with cooling events and in
some cases accompanied by reduced sea surface temperatures (Zazo et al., 2008).
There were minimal anthropogenic effects on vegetation composition of the
area until 2000 cal yrs BP (Zazo et al., 2008) suggesting that the observed coastal
shifts were largely natural.

Previous studies of Lake Albufera are mainly concerned with its ecology
(Arévalo, 1916; Pardo, 1942; Blanco, 1973; Boira, 1987; Miracle ef al., 1984, 1987;
Alfonso and Miracle, 1990 Vicente and Miracle, 1992; Romo and Miracle, 1994;
Soria, 2006; Blanco and Romo, 2006; Romo et al., 2008 ) and the recent Holocene
evolution of the surrounding alluvial areas and coastal zones (Sanjaume ef al.,
1996; Chapria, 1999, Ruiz and Carmona, 2005): paleoecological information is
very scarce (Margalef and Mir, 1973; Robles ef al., 1985).

The aim of this study is to reconstruct the Holocene evolution of Albufera
of Valencia, including salinity changes and possible climatic influences within the
framework of a multidisciplinary project (VARECOMED) focused on Holocene
salinity changes, sea level influences, hydrological changes and human influences
in the Spanish Mediterranean area. We combine information from ostracod
paleoecology, shell morphology, shell preservation and shell geochemistry in
order to reconstruct Holocene history and evolution of Lake Albufera.

We focus on ostracod remains as the main source of paleoenvironmental
information. First, the ecological interpretation of fossil ostracod assemblages
may help to decipher past changes in salinity or water chemistry, and their
seasonal variability (Boomer and Eisenhauer, 2002; Griffiths and Holmes, 2000;
Anadoén, 2005). Moreover, the ecological preferences of the modern ostracods of
Lake Albufera and other nearby wetlands are well known (Mezquita et al., 2005;
Rueda et al, 2006; Poquet ¢t al., 2008). Secondly, we use a detailed morphological
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study of the shells of Cyprideis torosa, a euryhaline ostracod that is very common
in coastal systems. Owing to its abundance and its tolerance of high salinity
variation, it has been the subject of many studies into the morphological variations
of its shells and their relationships with salinity (Vesper 1972a,b; Harten, 1975).
In addition, Marco-Barba et al. (Chapter I) carried out a calibration of variations
in size and morphology of C. torosa shells across a wide salinity gradient.

Third, we will pay also attention to shell preservation, since this is a good
taphonomical indicator. The state of preservation (SP), either as the grade of
broken valves or the fragments ratio are good indicators, especially as a means
of assessing the presence of reworked material. Finally, we will use ostracod
shell geochemistry (trace elements and stable isotopes) as a proxy for water
composition (De Deckker and Forester 1988; Holmes and Chivas, 2002; Schwalb,
2003; Leng and Marshall, 2004).
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2. Material and Methods

An 18.5 meters long core (Palmar core) was recovered in July 2000 using
a 15 cm diameter corer from a location on the shore of the channel “Carrera
de la Reina Nova” near to El Palmar village (UTM: 30S 07310/43548) in the
marshland of Albufera Natural Park (Fig. 2.1). The composition of the sediment
matrix was described and subsampled down to 8.5 m; below this, the presence
of red-coloured carbonate sediments suggested the existence of Pleistocene
terrestrial conditions and so was not relevant to this study.

2.1 Core subdivision

The core was subdivided into 17 units based on lithology (Fig. 2.2;
Santiesteban ef al., in press). In most cases, three samples were taken from each
unit for subsequent analysis, one each from the top, middle and bottom, although
only one or two samples were taken for very thin units (<13 cm). In total, sixty-
five samples were obtained for different analysis (geochemistry, mineralogy,
phosphorus content, and micropalaeontological studies), resulting in an average
sampling interval of 10 cm. An aliquot subsample was taken to determine dry
weight per sample. The water content of each subsample was determined by
drying a subsample at 105°C for one hour. The organic carbon and carbonate
contents were then determined by heating the dried sediment at 460°C for 7.5
hours and 950°C for 8 hours, respectively.

Ostracod subsamples were processed following the method of Griffiths
and Holmes (2000); 10-15 g of wet sediment were weighed, air dried and then
wet-sieved through 400 and 250 um mesh sieves for several minutes and then,
air dried once again. After each sieving, the sieve was cleaned with water and
introduced in a solution of methylene blue (to control the contamination of
possible left over remains from one sample to another) and washed again. We
avoid the treatment with acids or peroxides to prevent the influence of these
substances on the preservation of biogenic remains and their geochemical
composition. Therefore, only mechanical treatments were used to disaggregate
the sediment; in the case that washing with water was not enough to disaggregate
all the sediment, we applied a mechanical protocol that consisted in one or
several cycles of drying-wetting-drying-sieving until all the sediment was totally
disaggregated. If this protocol did not work, we applied the freeze-unfreeze-
sieve procedure following Griffiths and Holmes (2000).
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Figure 2.r: This figure shows the Palmar core location and the geological composition of the
studied area. Figure adapted from Santiesteban ef al. (in press).

Figura 2.1: La figura muestra la localizacion del sondeo Palmar y la composicion geoldgica del drea de estudio.
Figura adaptada de Santiesteban et al. (in press).
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Microfossils were picked from the coarse, dried residues with a ‘oo’ paint
brush under low power magnification using an Olympus SZX 12 stereoscope
microscope and stored in micropalaeontological slides. The total number of
ostracod valves was counted per sample, and the abundance expressed as
number of valves per 10 g dry weight (1og dw™). Species identifications followed
Athersuch et al. (1989), Meisch (2000) and Poquet et al. (2008).

2.2 Preservation state

We assigned each ostracod shell to one of three preservation classes: A:
well preserved remains with no holes or other mechanical damage; B: partially
broken (no more than half) and/or presence of some holes; C: totally re-
mineralised valves or broken in pieces smaller than one half of a valve. Only
valves falling into preservation classes A and B were considered well enough
preserved for inclusion into the multivariate statistical analyses (cluster and
ordination analysis, see below).

) Litology
507 Facies
] L5 1 (Lp): boulders-gravel-sands
Tl L’)9 2 (P): backshore sediments
4(L): lagoon-barrier sediments
L8
% sandy-mud
Lp? —
= “iii o sands
) I
3
13
450 1
L3 Figure 2.2: Sedimentary
12 Palmar core column, showing
lithological and facies descriptions
P4 based on Santiesteban et al. (in
press).
P3
) Figura 2.2: Columna
P11 sedimentologica del sondeo Palmar,
4 D donde se pueden ver las facies y la
800 1 litologia basadas en Santiesteban et al.
5 11 (in press).
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For geochemical analysis, each ostracod valve that was previously classified
as A+B was further separated in a gradient from 1 to 7 based on valve transparency
state of preservation (VPI), under the binocular microscope (Griffiths and
Holmes, 2000). However, for the other analyses and graphics we simplified the
assigned codes in two classes: valves that ranged from 1 to 4 (both included) were
considered as transparent and valves that ranged from g to 7 were considered
as opaque. Valves in pristine conditions are transparent, whereas valves that
have undergone some alteration become opaque (Keatings ef al., 2007). This
state of preservation was applied because this method is more accurate than
A-B-C (classification explained above), to choose the best preserved material
for geochemical analysis. Ostracod fragments were defined as parts of shells
that could not be identified: the total number of fragments was counted in each
sample and expressed as per 10 gdw™ sediment. The fragment ratio (FR), used to
assess the energy at the time of deposition, is defined as follows: FR = (number of
fragments + number of valves in SP type C)/(total valves + fragments).

2.3 Morphology of C. torosa shells

Particular attention was paid to the shells of Cyprideis torosa. Lengths of
female and male C. torosa valves were measured, and the proportion of noded
valves per sample was calculated, in order to apply the known association
between salinity and the different morphotypes: i.e. the tendency of noded
forms to occur in freshwater and smooth valves in saline and hypersaline water
(Van Harten, 1975; Chapter I). Sieve-pores morphology in C. forosa was used as
a further salinity indicator (Rosenfeld and Vesper, 1976). The shells of C. torosa
are punctured by filtering pores, through which pass the sensory bristles (setae),
that are assumed to transfer information about the external environment to the
animal (Bronshtein, 1947). The size and shape of sieve pores appears to vary with
salinity. Here, sieve-pore morphology was determined using images produced
by a scanning electron microscope and image analysis software (Image pro-
plus) was used to measure them. We measured the size, shape and area of pores
(between 2 and 52 nodes/per valve) from a total of 115 ostracod valves picked
from 13 selected samples. The selection of those samples was based on downcore
variations in ostracod assemblages and shell chemistry. Around 179 valves with
good preservation (transparent) were picked up from the different samples but
only 115 were used, because the remaining valves, in spite of being transparent
(regarding to preservation state-VPI- Griffiths and Holmes, 2000), presented
some alterations, mainly calcareous deposits over the shells, or in some cases
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the calcite was corroded. The results were expressed as percentage of rounded,
elongated and irregular pores.

2.4 Geochemical analysis

Fifteen ostracod shells of Cyprideis torosa were initially selected from each
sub sample placed into a preservation class and then cleaned with distilled water
and a oo paintbrush. Between eight and ten valves from each level were taken
to determine Ca, Mg and Sr using ICP-AES. Analysis were generally performed
on single valves, although bulked samples of 2-3 shells were used for some
samples of juveniles (A-1 and A-2 and in a few cases A-3) were pooled in groups
of two or three. The subfosils which had the two valves stuck were subject to
ultrasounds to separate the valves, in some cases the two shells were broken
and then the fragments were recovered and cleaned carefully, and then, used
for the analytical process. Cleaned valve material was placed into sterile sml
polypropylene transport tubes and dissolved in sml 6 M HCI. Aristar™ HCl
and 18mQ water from an Elgastat™
solvent acid. The Ca, Mg, Sr content of ostracod valves was determined using
a Horiba JY Ultima 2C ICP-AES at Kingston University, UK, calibrated using
multi-element (Ca, Mg, Sr) standards. The data were corrected for instrumental
drift using an external drift monitor run after every ten samples, and blank-
corrected for any contamination from the solvent acid. An ‘in-house’ standard
(UCL-calcite) was also analyzed to assess instrument precision and to normalize
the results of samples run on different occasions. Based on the relative standard
deviation (RSD) of this standard, the analytical precision was estimated as +1.1%
for Ca, 2.2% for Mg and *2.5% for Sr.

RO deioniser were used to produce the

For isotope analysis (*O/*“O and 3C/*C), we used between 2-3 adult
valves and 4-5 juveniles A-1 and A-2 late instars and at least 5 analyses (3-4 adults
analysis and 2-3 juveniles analyses) were performed at each statigraphic level.
Adults and juveniles were never mixed together for the analysis. Ostracods
were analyzed at University College London (UCL) or University of Michigan
using a Finnigan MAT 253 (UCL) or MAT251 (Michigan) mass spectrometer,
both connected to a Kiel carbonate preparation device. The *O/*O and 3C/C
ratios were converted to 0O and 0 3C versus VPDB, based on calibration of
the laboratory standard against NBS-18 and NBS-19. Analytical precision was
typically <0.1%o0 for both 83C and 8®0. Ostracods analyzed at University of
Michigan were previously cleaned following Ito’s (2001) protocol. We run
samples from the same statigraphical levels in the two different labs and therefore
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we can ensure that the different cleaning and analytical protocols did not affect
the results. The cleaning protocol (Ito, 2001) consists of two parts: bleaching
and cleaning. Bleaching consists in sinking the 2-3 ostracod shells in sodium
hypochlorite 2.5% for 24 hours. After that, these valves are cleaned with o.5L
of distilled water (Cleaning), dried with 100% pure ethanol and stored in ultra-
clean vials (cleaned in advance with HNO3 10%).

2.5 Diversity indices, Cluster analysis and Statistical methods

The Shannon-Wiener index (‘H-value’: Shannon and Weaver, 1963) was
used to calculated the diversity of ostracods assemblages. It is given by

S

H=-Y plogp, (Eq. 5)

i=1

Where p, = proportions of species i; and S is the number of species present.
Evenness E (Margalef, 1974) was also calculated as

E-H/Hmax (Eq. 6)

In addition we used the index of fluctuation D_ formulated by Dubois
(1973) as Taylor’s expansion of the diversity index H around the reference state:

S

D, =3 plog,(p,/p) (Eq.7)

i=1

Where p, = mean p.. D is a function of time representing the deviation of
the species proportions through time from an average state.
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A data matrix was constructed (Appendix 2.1), consisting of the
log (number of valves+r) transformation of the original ostracod concentration
data: adults and juveniles were not separated in this exercise. To analyze the
changes in composition of ostracod assemblages through the core sequence, a
constrained cluster analysis was performed applying the CONISS method and
the Edwards and Cavalli-Sforza distance (Grimm, 1993). In addition, we used
unconstrained cluster analysis for the study of ostracod species association
excluding minority species (L. rhomboidea, D. stevensoni, and Hemicypris sp.) and
with two samples with only the most common species (per variables) and per
samples, because 14 samples with fewer than 12 of the most common species,
were excluded from the analysis. In this classification analysis, we used the single
UPGMA (Unweighted Pair Group Method Average) method and the Pearson
correlation coefficient distance index. The transformed data matrix, as used in
CONISS, was also analysed by means of Detrented Correspondence Analysis
(DCA) (Hill and Gauch, 1980) in order to obtain an ordination of samples for a
better evaluation of ecological similarities among them.

Correlations between C. forosa valve lengths, Mg/Ca, Sr/Ca molar
ratios, and isotope values ratios (&*OvppB and 03CvpDB) were analysed using
either Pearson (for normally distributed data) or Spearman (for non-normally
distributed data) correlation techniques.

The equations obtained in the C. torosa calibration study by Marco-Barba
et al., (Chapter I) were used to reconstruct salinity changes and water Sr/Ca. We
used the following equation:

Sr/Ca_ _=429+0202*8°0, +0228*83C, +1371*Sr/Ca, (Eq. 4)

to reconstruct past water Sr/Ca in all the samples for which all three variables
were analyzed. However, for the samples without isotopic information (112, 233,

245, 274, 288, 355, 360, 385, 420, 436, 451, 503, 643, 655, 666, 709, 717, 726, and
745 cm), an equation that uses only ostracod Sr/Ca was applied:

Sr/Ca, =15513*(Sr/Ca

C. torosa

) + 0.00236 (Eq. 3)
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We used the following equation to reconstruct past salinities:

log salinity=1.237—0.0129 * (P1*100) + 0.0279 * 6O, (Eq.2)

Where Pn: percentage of noded valves, in all the samples for which the both
variables were analyzed. For the samples lacking isotope data, we reconstructed
past salinities with the following equation:

Log Salinity = 1.227-0.01464*Pn (Eq.1)

In both reconstructions the mean and the respective standard error values were
estimated.

2.6 Radiometric dating

Due to the lack of dateable organic material in this core, radiocarbon
dating was undertaken on pollen concentrates. Five sediment samples were
selected to obtain pollen concentrates for radiocarbon measurements. These
samples were concentrated at the Palynology laboratory of Prehistoric area at
Universidad Rovira i Virigili (Tarragona-Spain). They were checked to confirm the
absence of other remains in order to avoid hard-water error (Fontes and Gasse,
1991). Four of the obtained samples (88, 319, 398, 503 cm) were processed by the
AMS *“C Facility in Florida, Miami, USA by Beta Analytic Radiocarbon. One
sample (118 em depth) was dated in Pozna’n Radiocarbon Laboratory, Poland.
The radiocarbon measurements (BP) were converted to calendar years (cal yrs
BP), using Cal.5.0 program and linear depth age interpolations were made using
the INTCAL 98 Radiocarbon age calibration (Stuiver ef al., 1998) and corrected
subtracting 390 years to the calibrated date in accordance to the Mediterranean
reservoir effect (Siani et al., 2000).
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3.-Results

3.1. Radiocarbon dates

Low organic content precluded any dating whatsoever below 600 cm in
the core. Of the five dates obtained from the upper part of the core, three were
used to construct an age model (Table 2.1): the other two dates, which were
believed to contain reworked material, were excluded.

Table 2.1: Radiocarbometric dates for Palmar core, indicating the material used and the
laboratory that carried out the analysis.

Tabla 2.1: Dataciones radiocarbométricas del sondeo Palmar, el material usado para datar y el
laboratorio estdn indicados.

Correcting
Core Depth (cm)  years BP cal.(zy:;)B P factor Material Laboratory lab. Code
(-390 yr)
PALMAR 88 3220 +40 3425465 3035465 pollen concentr. Beta Analytic ~ Beta-215488
118 7660 =50 8464485 8074485 pollen concentr. Rag;f;igon Poz-18289
319 10960 +60 12695+25 12305+25 pollen concentr. Beta Analytic Beta - 208372
398 6250 40 7140+120 67504120 pollen concentr. Beta Analytic Beta - 208373
503 6600 +50 7505+75 7115+75  pollen concentr. Beta Analytic Beta - 204241

3.2 Ostracod analysis of core Palmar: relationships with
lithological facies

Ostracods were absent from two of the 65 samples examined from the
Palmar sequence, and 9 samples had only one species present. Almost half of the
samples, mainly located in the lower part of the core and with high concentrations
of valves (up to 3383 x10g dw”) contained the 2 or 3 most frequently occurring
species. In contrast, the highest numbers of species (up to 9) were found in the
samples at the top of the core. Approximately 17500 ostracod valves, representing
12 species from 11 genera, were identified (Appendix 2.1). Two of these taxa were
only identified to genus level, mainly due to the low number of valves found.
SEM images of the 12 taxa are presented in plates 1.1,1.2 and 1.3.

The states of valve preservation (SP) varied along the core and between
species (Fig. 2.3). We only took into account the valves with states of preservation
A+B (13364 valves) for the calculation of diversity indexes and for carrying out
cluster and ordination analyses. Cyprideis torosa and Loxoconcha elliptica were the
two most abundant species along the core (Fig. 2.3). In addition, Aurila arborescens
and Candona angulata were also abundant, especially in the upper part, followed
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by Cypridopsis vidua and Xestoleberis nitida. Loxoconcha rhomboidea, Pontocythere
sp., Hemicypris sp., Darwinula stevensoni and Ilyocypris gibba appeared in very low
abundances.

Three lithofacies (1, 2 and 4; Fig. 2.2) were clearly distinguished by
Santiesteban ef al. (2009). Facies 1 (depositional lobes=L,)) was characterized by
a mix of inland water, brackish and euryhaline ostracod species, where C. torosa
dominated, followed by L. elliptica and X. nitida. In facies 2 (backshore-swamp
sediments=P) ostracods were very rare or absent (Fig. 2.2); when present, the
species found were C. torosa, with occasional L. elliptica and some marine species
(mainly Aurila arborescens). Freshwater species were very rare. In facies 4 (lagoon
sediments=L; Fig. 2.2) ostracods assemblages varied between units. Ostracods
were very scarce or absent at L3 and L4. However L1 and L2 were dominated by
C. torosa accompanied with the brackish species mentioned for facies 1, whereas
Ls is the richest level, including all the species indicated for facies 1, but with
a higher proportion of freshwater species compared to both facies 1 and 2. For
more detailed lithological descriptions see Santiesteban et al. (2009).

3-2.1 Cluster analysis and DCA

Application of stratigraphically-constrained cluster analysis to the ostracod
assemblages (Fig. 2.3) showed the differentiation of 3 main biostratigraphical
zones that could be further subdivided onto 6 further zones or subzones. Zone
I (844 to 5ux cm) is subdivided into subzones 1a and 1b. Subzone 1b is further
subdivided into 1b_and 1b. Subzone 1a (844 to 713 cm) corresponds to facies
type 4, was mainly dominated by C. forosa and Loxoconcha elliptica at the bottom,
with a very few samples with low abundances of Aurila arborescens and scattered
presence of L. rhomboidea, Cypridopsis vidua and Candona angulata. Valve numbers
at the base of the subzone are at a maximum for the core as a whole, although
abundances decrease towards the top.

The lower part of subzone 1b (713 to 577cm; 1b ) corresponds to facies type
2. It is characterized by an increase of C. forosa valves in the lower part. Peaks
in abundance of L. elliptica and A. arborescens coincide with those of C. torosa.
The upper part of subzone 1b (577 to 511 cm; 1b ) corresponds to a facies type
1 and 4. It is characterized by an increase of C. torosa valves in the lower half,
together with L. elliptica and A. arborescens. A few valves of the freshwater species
C. angulata, C. vidua, I. gibba and of species with marine affinities (Pontocythere sp.),
were also found.
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Zone 2 (511 to 409 cm) is strongly depleted of ostracod valves; it presented
the lowest densities along the core and C. torosa was the only species found. The
states of preservations were dominated by B forms. It corresponds to facies type
Dgy.

Zone 3 was subdivided in three subzones. Subzone 3a (409 to 228 cm) is
characterized by a large number of species. The base of this subzone was marked
by the presence of Cypridopsis vidua, changing to a mixed assemblage of C. torosa,
L. elliptica and A. arborescens towards the centre, with increasing numbers of
Candona angulata. There is a drastic reduction in the number of valves of almost
all the species at 274 cm, followed by a recovery in the upper part, involving
the aforementioned dominant species as well as the appearance of the brackish
species, Xestoleberis nitida. The repeated appearance of the freshwater species
such as I. gibba, C. vidua and Hemicypris sp., as well as the marine taxon Pontocythere
sp., is also noted.

In subzone 3b (228 to 78 cm) high abundances of C. torosa and L. elliptica
are recorded, together with C. vidua, X. nitida, C. angulata and A. arborescens.
The number of valves of 4. arborescens was reduced towards the top of the zone,
whereas X. nitida increases along with freshwater species such as C. angulata and
C. vidua. In the top of this subzone, Heterocypris salina appears for the first time
along with other freshwater species (D. stevensoni and Hemicypris sp.). At 112 cm
all the species decreased and then immediately recovered their abundances: C.
vidua reached its highest abundance for this species along the core. X. nitida and
H. salina reached their highest abundances at 88cm and 100 cm respectively.
Subzone 3c, was composed of two samples characterised again by a smaller
number of species, all of which are amongst the most commonly-occurring in
the whole profile, namely C. torosa, L. elliptica and A. arborescens.

Unconstrained cluster analysis of the ostracod abundance data (Fig. 2.4)
resulted in two main assemblage groups (A and B). Group A included the most
typical coastal euryhaline species and species with marine affinities, namely C.
torosa, L. elliptica, X. nitida and Aurila arborescens as well as the inland water species
C. angulata which can tolerate slight salinity variations (Meisch, 2000). However,
the marine A. arborescens was separated from the other species suggesting that
it may have differing environmental preferences, or alternatively that its valves
were reworked from the coast. Group B included strictly continental species; it
was composed of C. vidua (the most common in the subgroup) plus I. gibba and
H. salina, although the last mentioned is quite tolerant of high salinity and was
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further separated from the other two. The marine species Pontocythere sp. was
separated from the two main groups.

UPGMA

Pontocythere sp.

Heterocypris salina

Ilyocypris gibba LA

Cypridopsis vidua

Aurila arborescens

Xestoleberis nitida

Candona angulata | B

———Loxoconcha elliptica

Cyprideis torosa

I T T
0.04 0.2 0.36 052 068 084 1
Pearson coefficient

Figure 2.4: Unconstrained cluster analysis applied to transformed data
(log (x+1)), using UPGMA method and Pearson correlation coefficient. The most
frequent species are typed in bold italic; the main groups are also indicated.

Figura 2.4: Andlisis de agrupacion sin constreiiir por profundidad aplicado sobre los datos
transformados (log (x+1)), usando el método UPGMAy el cocficiente de correlacion de Pearson. Las
especies mds frecuentes estdn subrayadas en negro, y los principales grupos estdn indicados.

The results of DCA are shown in figure 2.6. Factor 1 (F1) accounted for
40.5% of the total variance and the Factor 2 (F2) for 17.7%. The species with
higher axis 1 weights are C. angulata and X. nitida (negative) and C. forosa (positive).
L gibba and C. vidua were the most important species for axis 2 (negative) and
Pontocythere sp. (positive) (Fig. 2.6). The samples were grouped on the DCA graph
according to the zones obtained with the constrained cluster analysis. Zone 1
is located at higher end of the DCA factor 1. This zone is composed of samples
dominated by brackish species such as C. torosa and L. elliptica. The second main
subzone (Zone 3b), at the higher end of factor 2, was characterized by samples
with the presence of C. torosa and L. elliptica but altogether with high abundances
of A. arborescens and X. nitida and the presence of inland water species C. angulata
and C. vidua and occasionally other species. Zone 3a seems to be a transitional
zone located between the zone 1 and zones 3c and 3b. It shows large scatter:
moreover, some samples were included in the other two groups in the ordination
diagram, but mainly it has higher affinities with the assemblages of Zone 1.
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3.2.2 Ostracod Abundances and Diversity indices

Ostracod abundance changes show some relationships with the zones
established by the constrained cluster analysis (Fig. 2.6). The basal part of
zone 1a shows the highest abundances for the whole core, but values decrease
upwards. Zone 1b_presented reduced but variable abundances in the lower part
that corresponded with facies type B, described above. Subzone 1b_ had higher
abundances. Zone 2 presented the lowest abundances of the core, with samples
containing only C. forosa: some levels were barren. Zones 3a, 3b and 3c, presented
generally high abundances, with the exception of the base and top of zone 3a.

Diversity indices (Fig. 2.6) are generally low and most samples were
dominated by two or three species. However, minimum values clearly correspond
to zones of changing conditions. Two distinct patterns are clearly differentiated.
First, in the lower half of the core (from zone 2 downward) diversity values are
low with recurrent minimum values related to a low number of valves and the
absence of most species: i.e. a clear inverse relationship between diversity and
absolute abundances and the intervals of lowest diversity marked by monospecific
occurrence of C. forosa. Second, higher and more stable diversities occur in the
upper parts of the core (zone 3). Maximum diversity values occur at 355 and 112
cm (1.58 and 1.63 bits/ind respectively).

The D, index indicates deviation of the community from a reference
state, defined as the average species proportions in the whole sequence. The
zones that showed D_ closer to zero were zones 3a and 3b. D reaches maximum
values at depths where C. torosa dominance was reduced, such as at 288cm (at
the top of zone 3a) and n8cm (top of zone 3b), the latter coinciding with the
maximum evenness value reached in zone 3b. The sample at 288cm has the
highest values of L. elliptica and low number of valves, and the peak at 118cm
(zone 3b) corresponds to the sample in which C. angulata reached the maximum
abundance. D show the third highest peak at 355 cm, also corresponding with
a diversity peak (1.63). This peak also coincides with the maximum abundance
of C. vidua. The changing values of H and D_ within zones 1a and 1b (1b, and 1b )
indicates instability in the ostracod assemblage during these periods. In contrast,
the zones 3a, b, ¢ showed higher and more stable H and E values. Zones with
D, values close to zero indicated periods closest to average state with shared
dominance of the most abundant species, C. torosa and L. elliptica altogether with
the marine 4. arborescens and some freshwater species. Where C. torosa is the only
species, D_show intermediate values.
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Figure 2.6: Diagram of total abundances of ostracods for Palmar core per 1og dry
weight sediment, together with community indices: Shannon diversity index H, evenness index
H/Hmax, Dubois fluctuation index D . The total number of valves is expressed as log _ (total
number of valves+1).

Figura 2.6: Diagrama de abundancias totales de los ostrdcodos del sondeo Palmar (expresados en
10g de sedimento seco), junto con los indices de las comunidades: indice de diversidad de Shannon H, indice de
equitabilidad H|Hmax, indice de fluctuacion de Dubois D . El mimero total de valvas esta expresado como
log, (mimero de valvas+1).

3.2.3 Ecophenotypic responses of C. torosa

A total of 922 ostracods (707 females and 215 males) were measured in
the 65 subsamples, (Fig. 2.7; Appendix 2.2). LOESS regression was applied to
female and male specimens separately and showed that both followed the same
stratigraphical pattern of variations in the biozones 1a and 1b where the number
of measured valves was similar. Valve lengths exhibited a negative correlation
with shell chemistry (Mg/Ca) for the whole sequence (r: 0.11; p<0.05; and r: 0.19;
p<o.05; for females and males respectively), more markedly so near the base of
the core, in zone 1a (females: r: 0.33; p<o.or1 for Mg/Ca; and r: 0.23; p<o.05 for
Sr/Ca; males: r: 0.76; p<o.o1 for Mg/Ca). The lengths of female and male shells
were positively correlated with calcium content per carapace (Ca__ ) for the
whole sequence (r: 0.38; p<o.o1 and r: 0.5; p<o.o1 respectively) and individually
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in each zone. Moreover female valve lengths were positively correlated with 63C
in subzone 1a (r: 0.55; p<0.05) and male valve lengths with Sr/Ca in subzone 3b

(r: 0.47; p<0.05;).

Noded valves. The pattern of occurrence of noded valves (Fig. 2.7) falls into
two parts: the valves found at the lower parts of the core (zones 1 and 2) were
smooth, with the percentage of noded forms increasing at the top of zone 1b
(1b,). The upper part of the core, zone 3, showed alternating phases of noded and
smooth forms, but with a higher proportion of noded valves overall, reaching a
maximum in those samples in which C. forosa was found together with freshwater
ostracods.

Sieve pores. 3403 pores were counted and measured from 115 well preserved
valves (Fig. 2.7). Rounded pores dominate in almost all the samples, with just a
few samples dominated by shells with elongate and irregular pores, mainly at the
base of zone 1a and the top of subzone 3b, suggesting that conditions, especially
salinity, changed at those points. Two samples selected in each of the subzones
1a and 1b showed similar frequencies of rounded, elongate and irregular pores
presented quite for each pair of samples (Fig. 2.7). The percentages of rounded
pores in subzone 1b were higher than in subzone 1a. In zone 3a there is an
increase in the frequency of irregular pores with respect to zone 1. This increase
is generally associated to a decrease in the frequency of round pores as in the top
of subzone 3b and a sample in zone 3a.

3.3 Trace elements

Mg/Ca ratio for C. torosa (Fig. 2.8) ranged from 0.007 to 0.048 (mean 0.018)
whereas Sr/Ca ratios ranged from 2.52 X103 to 12.14 X103 (mean 4.39 x1073). Mg/Ca
showed low variability at the bottom of zone 1a (Table 2.2). Shell Sr/Ca and Mg/
Ca values were positively correlated (r: 0.15; p<o.o1) along the whole sequence,
but especially within zones 1a and 1b that followed the same trend, suggesting
that probably they were controlled by the same factor. Mg/Ca was negatively
correlated with 8%CvpDB (r:0.23; p<o.or) and with Ca__ (r:0.21; p<o.o1). The
mean and the variability between samples of both ratios was low at the base of
the zone 1a, increasing to the middle of zone 1b and then decreasing in subzone
IC.
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Few analyses were performed for zone 2, owing to scarcity of ostracods.
The results were similar to those for the top of zone 1b.

In subzone 3a, Mg/Ca and Sr/Ca were not correlated (p<o.05; r: 0.01),
suggesting that they were controlled by different factors. Mg/Ca shows slightly
higher values than in the other zones and peaks around 350 cm. The Sr/Ca ratio
shows low variability.

In subzone 3b, as in zone 3a, Mg/Ca and Sr/Ca were not correlated (p<o.05
; I 0.01). Mg/Ca displayed lower variability than zones 1b and 3a: Sr/Ca showed
low variability at the base, increasing towards the top reaching values close to
those for zone 1b. Zone 3¢ was composed only of two samples. Mg/Ca presented
a low variability, but Sr/Ca was highly variable.

Table 2.2: Mean, maximum and minimum values of Mg/Ca and Sr/Ca molar ratios from
C. torosa valves in the different established bio-zones along the Palmar core.

Tabla 2.2: Valores minimos, mdximos y medios de los ratios molares de elementos traza (Mgl Cay Sr/
Ca) de C. torosa en relacion con las biozonas de ostrdcodos.

Mg/Ca Sr/Ca

7ZONES min mediatSD max min mediatSD max
4 0,009628  0,013704 = 0,0025 0020838  0,002615 0,004715 + 0,0014 0,007003
3b 0,007118  0,016601 = 0,0047 0027487  0,002679 0,004568 + 0,0015 0,009203
3a 0,006863 0,019349 = 0,0067 (048290 0,002517 0,003984 + 0,0010 (,006861
2 0,012590 0,016457 = 0,0018 (018198 0,003127 0,003446 + 0,0002 (,003633
1b 0,009406  0,019152 + 0,0062 0036837  0,002744 0,004929 + 0,0074 (012140
1a 0,006933  0,016234 = 0,0050 0033676 0,002964 0004427 + 0,0009 0007720
3.3 Stable Isotopes

The isotope values for C. forosa shells ranged from -10.2%0 to -0.3%o0
(mean -5.46%o0 = 1.81) for 6°C and -6.36%o to 4.39%o0 for 80O (mean value of
-0,15+1,79%0) for the core as a whole (Fig. 2.8, Table 2.3). Both &3C and §*0O
showed low variability, between samples, in the lower part of zone 1a and high
variation at the top of this zone. 83C and §®*Ovalues were positively correlated
throughout the core as a whole (r: 0.2; p<o.01) but especially so in zone 1a (r: 0.64;
p<o.o1). The variability of the isotopic values was greater in subzone 1b and the
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correlation between oxygen and carbon much weaker (r: 0.01; p>0.01): moreover,
variability increased towards the top of the zone. There are no isotope values for
zone 2 owing to low abundance and poor preservation of C. torosa.

Very low 83C and 60O values (-8.86%o0 and -6.36%o0 respectively) are
found at the base of zone 3a, but values increase upwards within the zone to values
similar to those in zone 1b. 83C and &*0O values are positively correlated (p<o.05;
r: 0.31). In zone 3b, 03C values are quite similar results to those reported for the
previous zone, whereas 80 values showed decreased variability and limited
statigraphic change leading to weak correlation between the two isotopes
(p>0.05; 0.28). Few analyses (4) were performed for the zone 3¢ and the results
were not very different to those reported for the zone 3b, but with slightly lower
mean values.

Table 2.3: Minimum, maximum and mean values for isotopical variables
(6‘3CVPDB and 6‘8OVPDB) according to ostracod bio-zones.

Tabla 2.3: Valores minimos, mdximos'y medios de las variables isotdpicas ( 05 Crepp
and 6‘£OVPDB) en relacion con las biozonas de ostrdcodos.

d ISCVPDB 3 "*Oyepa
ZONES min meant SD  max min  meant SD  max
3¢ 919 -608+218 -422 212 002+ 148 127
3b 807 -481+1,68 -030 2194 076+098 276
3a 886 541+ 1,42 064 636 0,17+1,96 439
1b -10,18 707+ 1,89  -425 524 024+ 1,75 360
la 818 -472+122 281 527 <125+ 175 207

We compared Palmar core isotope values with the data obtained by Marco-
Barba et al., (in prep), in C. torosa from different biozones (see figure 2.9). Some
of the results inform the Palmar core follow the same trend as that in the data of
Marco-Barba et al. (Chapter I), but many values from subzones 1a, 1b and 3 are
displaced from the trend, with higher 3C values.
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Figure 2.9: Stable isotopic composition (&3C and 6‘80; VPDB notation) of C. forosa
calcite valves. The established ostracods biozones are plotted above Marco-Barba ef al.,
(Chapter I) C. torosa actual data (Broad survey: BSS and Monthly survey: P5-P7 and Ur).

Figura 2.9: Composicion isotdpica de la calcita de las valvas de C. torosa (1 0%C and 0°0; VPDB
notacion). Las muestras de las biozonas establecidas para los ostrdcodos estdn dibujadas sobre los datos
actuales de C. torosa (Capitulo I) (Estudio extensivo: BSS y estudio mensual: Ps-P7y Ur).

3.4 Sr1Ca_ and salinity reconstructions
warer

h

Both past water Sr/Ca and past salinity were inferred from C. torosa
morphological and geochemical results applying the equations of Marco-Barba
et al. (Chapter I) shown in methods. Past water Sr/Ca was reconstructed based
in ostracod Sr/Ca and isotopic results, and salinity reconstruction was based in
the percentage of C. torosa noded forms and 6®*Ovrps. The past water chemistry
reconstructions are shown in figure 2.10. Water Sr/Ca was negatively correlated
with salinity at subzones 3a (r: 0.57; p<0.05) and 3b (r: 0.79; p<o.o1). Although
in some depths there is a positive relationship such as in the bottom and top of
subzone 1a and some peaks of 3a and 3b.
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Figure 2.0: Inferred water Sr/Ca and salinity from multiple regressions
(equations in methods). The line indicates the mean estimated variable and the shadow
parts the minimum and maximum errors. The ostracod established biozones are show in

the right column.

Figura 2.10: Sr/Ca y salinidad del agua inferidas a partir de las regresiones miiltiples
(ecuaciones de los métodos). La linea indica la media estimada y las zonas sombreadas los errores

minimos y mdximos. Las zonas de ostrdcodos establecidas se muestran en la columna de la derecha.

108



Chapter II Discussion

4.-Discussion

There is good agreement between the Palmar core ostracod assemblage
zones and the sediment facies. As we discuss below, the distribution of ostra-
cods assemblages in the different bio-zones are mainly due to changes in solute
composition of the ancient lake, sea level changes, storms events and freshwater

inputs from rivers, gullies or springs.

The sand bar, from where the core was extracted, has probably suffered
movements and transformations due to sea level changes, storm events and
changing patterns of sediment deposition. For that reason, the study of ostracod
remains has been carried out carefully using the taphonomical indicators to help
us to elucidate the energy of the environment where the assemblage was formed
and the possibility of reworking.

In this section, we first discuss the paleoenvironmental interpretation
for each bio-zone based on our multi-proxy data, and then place the Holocene
evolution of the lake in the general context of environmental change in the
Western Mediterranean region.

4.1 Core interpretation

4.1.1 Zone 1

The ostracod paleoassembalges and geochemical analyses throughout zone
I (850- 51rcm) represent a widely fluctuating environment, varying between an
open Albufera influenced by marine waters during times of Holocene marine
transgressions, to a mixture of waters derived from freshwater inputs related to
wetter periods.

Subzone 1a

Subzone 1a (850-713 cm) is clearly dominated by a brackish ostracod
assemblage. C. forosa and L. elliptica are dominant in this level appearing in high
abundances and with high SP. These species are usually found establishing
assemblages that tolerate high salinity fluctuations (transitional environments),
mainly in estuaries and coastal lakes with muddy sediments enriched in sands
(Ruiz et al. 2000a,b, 2006). Slight changes in L. elliptica abundances can be noted
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withrespectto C. forosa. C. torosais a species that prefers low-energy environments,
whereas L. elliptica is more adapted to higher energy levels (Carbonel, 1980; Ruiz
et al., 2000b), suggesting more fluctuating and higher energy events at the start
of the subzone 1a. The sporadic occurrence of species such as C. angulata and 4.
arborescens, C. vidua and L. rhomboidea also indicates widely-varying conditions,
although the shells these species are probably reworked, as suggested by their
low abundance and poor preservation (EP mostly type B). The reduced numbers
and poorer preservation of shells of C. forosa towards the top of the subzone point
to the onset of a higher-energy environment (Fig. 2.11).

Diversity indices (Fig. 2.6) indicated wide environmental fluctuations
along the zone, with events where only C. forosa with low abundance was found.
Slight variations can be seen in the percentage of noded forms of C. torosa and
only a little increase could be seen at the top of the zone indicating possible
freshwater influence (Fig. 2.7). However, the decrease in shell weight and C.
torosa valve lengths to the top suggested increasing salinities (Fig. 2.7), although
the upper part of this subzone shows a discontinuity.

Covariance of carbonates 8O and §3C usually occurs in lake sediments
under the condition of hydrological closure for time periods of the order of
5000 y or longer (Li and Ku, 1997). We found a weak but significant correlation
between these variables within subzone 1a (r*: 0.47); the 6O values at the bottom
of subzone indicate brackish to hypersaline waters similar to those reported at
the Santa Pola salt pans (Marco-Barba et al., Chapter I) and 80 values similar
to those of ostracods living in freshwater conditions at the top. The correlation
can be explained by a relatively closed lake; probably a coastal lagoon system
influenced by marine waters and evaporation processes that were getting
gradually isolated from the sea and progressively fresher the lake, due to inland
water inputs increase to the top of the subzone. These assumptions correlated
with the sedimentology of the deposits that suggests a subaerial floodplain and
the ostracod assemblages that point to brackish-water marshes with seasonal
drying.
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Mid Holocene history of Albufera Chapter II

The application of different transfer functions to reconstruct past salinities
and past Sr/Ca waters based on C. torosa (Marco-Barba ef al., in prep.) suggest
brackish waters along the zone (between 10 to 18 g/l) with a decrease in salinity
in the middle part and an increase in the very top (17 g/1), whereas reconstructed
water Sr/Ca values are quite similar for those reported of sea water (Renard,
1985; Weinbauer and Velimirov, 1995; de Villiers., 1999) at the bottom of the
subzone. However, the increase of water Sr/Ca and the decrease of 8O values
to the top indicate a mixed source of water due possibly to freshwater inputs. The
Sr/Ca ratios and 0O values indicate high salinities (estimated 15 g/1; brackish
water) towards the middle of the zone and a coincident trend from the bottom
of the zone 1a (possibly due to freshwater inputs) and in the upper part salinity
increase again. The Sr/Ca_
Sr content in the freshwater sources. The Jicar River, located at the southern
end of Albufera, cross zones dominated by Keuper (Triassic) materials. One of
the typical rocks from this Triassic formation is gypsum, which usually has high
Sr content (Anaddén and Julid, 1990). Moreover, high Sr contents/anomalies
have already been reported by Miiller in lake Constance (Miiller 1968, 1969),
by Anadén and Julid (1990) at the locality of Baza (SE Spain), and by Marco-
Barba et al. (Chapter I) at the nearby zones of the region of Valencia. Particularly,
Marco-Barba et al. (Chapter I) studied localities with salinities below sea water,
which presented Sr/Ca values higher than those reported for the sea.

. increase may be explained by anomalously high

Subzone 1b

The lower part of subzone 1b (713-577c¢m; 1b) shows a low number of
valves but is characterized by an increase in brackish and marine species with
the occasional occurrence of the freshwater species C. angulata. Low diversity
indices and large fluctuations in D_ mark events of change only in C. forosa,
suggesting a peculiar environment with less dominance of this species. Brackish
and marine species are well preserved (Fig. 2.11) whereas C. torosa valves showed
poor preservation, with types A, B and C in equal same proportions. Marine
species are mainly represented by A. arborescens; this phytal ostracod is commonly
found in shallow marine and estuarine environments (Athersuch et al., 1989) and
its presence suggests marine influence. The percentage of opaque valves and
the fragment ratio of C. forosa fluctuate along the zone (Fig. 2.11), but in general
both decrease to the top, suggesting a shift to a low-energy environment. The
sedimentology of the deposits suggests three backshore events (indicated by
Facies 2) and inferred salinity points to a brackish environment. Overall, the
various proxies indicate that the lower part of subzone 1b (1b ) represents a period
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with relatively high salinity and limited fluctuations, especially in the lower half.

At the upper part of subzone 1b (577-511 cm; 1b ), two inferred storms
events coincide with the rises of the preservation type C, the percentage of
opaque valves, and the fall of diversity indices and D_ values. Inferred salinity
values fluctuate suggesting that there were more freshwater periods than the
lower part of subzone 1b. Sr/Ca is not related with marine influence in this
section of the core but contrarily it seems more related to fluvial inputs, due to
the same causes mentioned above. However minor increases in Sr/Ca_  values
coupled with stable or rising salinity can be explained by arid periods where the
temperature increase could favor calcium carbonate precipitation and then, Sr/
Ca increases due to Ca depletion.

Most of the C. torosa morphological variables increased, including the
percentage of noded forms, the dominance of rounded pores and the increase
in shell length and weight also suggest fresher-water environments. Overall this
period had lower and more variable salinity than the lower part of subzone. D_
values were low in this subzone, indicating that this community is similar to the
theoretical average assemblage characteristic of the depositional lobes.

4.1.2 Zone 2

This zone (511 to 409 cm) marks a clear regressive period between zones
1 and 3, with the sedimentology of the deposits suggesting a predominantly
subaerial environment. The zone is characterized by few ostracods valves and
very low diversity with reworking of pre-existing sediments to form a prograding
bar.

4.1.3 Zone 3

Zone 3 shows a return to lacustrine conditions as well as important changes
in ostracod assemblages. Diversity increased with species other than the two
dominant brackish-water taxa. Xestoleberis nitida is restricted to this zone. Valve
numbers are much higher in this zone than in the rest of the core except for
the bottom of subzone 1a. D  values were low in this subzone (as in most of the
top half of zone 1), suggesting that this community is similar to the theoretical
average assemblage characteristic of the depositional lobes.
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Subzone 3a

In Subzone 3a (409 to 228 cm), C. torosa and L. elliptica remain the most
common species but there is an increase in A. arborescens and appearance of
Pontocythere sp. Marine influence is seen in some samples, whereas the freshwater
species C. angulata and C. vidua appear in a few levels. C. vidua is a cosmopolitan
freshwater species that can tolerate a wide type of habitats; while C. angulata
prefers permanent freshwater water bodies but can tolerate some salinity
variations (Meisch, 2000). H shows an increasing trend to the middle of the
zone whereas evenness showed higher and more fluctuating values at the start
of the zone, with changes in the composition of the species reflecting varying
habitats in this complex wetland ecosystem. Both the percentage of opaque
valves and the fragment ratio are coincident with high relative abundances of
brackish and marine species with SP type B and C, suggesting that they are
reworked. The freshwater species present, however, are better preserved and
show a negative correlation both with marine species and the aforementioned
ratios. The percentage of C. torosa with noded valves and rounded pores, together
with carapace lengths and weights were more or less correlated, and we infer
that lower-salinity water was associated with the samples with higher values.
Inferred salinity values were generally below 10g/l, with occasional maxima
as high as 15g/l. Water Sr/Ca was relatively low and constant suggesting more
stable water, however the main peaks coincide with drops in salinity (negatively
correlated), indicating that Sr/Ca increases could have resulted from freshwater
inputs. Moreover, lithology and the SP of marine and brackish species plus
taphonomical indices indicate that most of this material was reworked and
deposited at this zone probably by the storms events, but an autochthonous
community of freshwater species was able to thrive for short periods of more
stable conditions.

Subzones 3b and 3¢

Subzone 3b (228 to 78 cm) differs from subzone 3a by the increase of the
number of valves, the decrease of marine species and the increase of freshwater
species towards to the top. C. angulata is the most common species. The brackish
Xestoleberis nitida usually linked to macrophytes (Athersuch ef al., 1989) appears
almost exclusively in this zone and following a similar profile as C. torosa and
L. elliptica. On the other hand, C. angulata is negatively correlated to C. vidua
as in subzone 3a. C. vidua is associated in the upper part of this subzone with
the presence of H. salina, which is a typical association of temporary ponds on
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the back of dunes (Rueda ef al., 2006). In the uppermost part of this subzone,
a peak of C. vidua and other freshwater species common in temporary waters
coincides with a peak of 4. arborescens. This event coincides with L9, where a
storm event suggests the possibility of a mixture of waters and reworked material
(see the increase of fragments ratio). With the exception of this upper part, the
percentage of opaque valves and the fragment ratio remain fairly constant along
this zone. C. forosa carapace lengths tend to increase, but the SP seems to be in
the same proportions of the three types suggesting possible reworking events
for the SP type B and C. Nevertheless, the freshwater species show very good
preservation, with SP type A the most abundant.

The percentage of noded valves of C. forosa as well as the length of shells
of this species, increased towards the top of the subzone. There is an increase
in valve weight and in the percentage of rounded pores, but with variability
in both, suggesting periods of mixed-source water interrupting the freshwater
environment. Inferred salinity and Sr/Ca values suggest elevated salinity (1o-
12g/1) at the start of the subzone followed by a decrease and then a sharp increase
during the aforementioned storm event in the upper part of the zone.

Subzone 3¢ consists of only two samples, both with low diversity and
strong dominance of C. forosa as in zone 1. The percentage of noded specimens
of C. torosa, as well as the presence of other morphological features suggestive of
low salinity, point to a relatively fresh environment, an inference supported by
the occurrence of some freshwater species.

4.2 The mid Holocene history of the Albufera Lake

The lower half of the Palmar core is characterized by sediments typical of
a lagoon-barrier system, which suggests that the main Holocene transgression
reached the maximum below the eastern limit of the present Albufera of Valencia
(Santiesteban et al., in press) at that time. The initial part of this transgression
was described as a prograding beach-barrier system that grew above Pleistocene
sediments in most of the studied Mediterranean coastal systems (Goy et al., 1987).
Goy et al. (1996) described the existence of early Holocene surface above the
Pleistocene that lies at the marine platform and it is characterized by overlapping
beach systems. According to Vita-Finzi’s (1972) curve of sea level changes, the
early Holocene transgressive sequence should be dated before 13000 cal yrs BP
and the maximum regression should have occurred between 13000 and 11000 cal
yrs BP.
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We estimate that in our core the contact between the Pleistocene and
the first Holocene deposits in this locality are represented at 8.5 m depth by
a discontinuity, in which there is evidence of exposure, including paleosols
and root traces. If our age model is correct, we hypothesize that at this depth
corresponds to the period before of the maximum transgression that should have
occurred before 6600 yrs BP (7115 +75 cal yrs BP) that we found about 7 m (Fig
2.12).

Our inferred salinity changes correlate with sea level changes (eustatic
fluctuations), indicated in other Holocene Mediterranean coastal studies. For
example, Somoza ef al. (1998) described how high frequency global sea-level
fluctuations have affected the Ebro River Delta over the last 8ooo yrs BP. Zazo
and Goy (2000) have interpreted high stands as warm events and intervals of
high mean sea level (MSL) (see figure 2.12). These events were followed by
cold periods, with lower MSL, which allowed progradation of the main delta
complexes (‘d-episodes’ and Hi, H2, H3). If these assumptions are true, we
can establish a concordance with other studies along the Spanish coast, and
hypothesize that we registered the bz, b2 and b3 high stand events relative to the
maximum flooding stages of Ebro peat developments and the progradational
eventsd ,d and d_ of the Ebro Delta and Hi, H2 and H3 of Goy et al. (2003).

Part of event d_ can be identified at the bottom of Palmar core (Fig. 2.12),
covering an episode represented within the core between 850-750 cm that
coincides with our ostracod zone 1a. The high ostracod abundances, the well
preserved shells of C. forosa and L. elliptica and the lithology descriptions of the
lower part of subzone 1a suggest a more stable environment, permanent waters
and moderate salinities. However, evidence of more unstable environments is
found at the end of this zone, indicating that the lake was shallower, hydrologically
open and subject to alternating periods of desiccation and flooding.
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The marine highstand hr was described by Zazo et al. (2008) on the basis
of progradational deposits that postdate the Holocene maximum mean sea level,
and is associated with high rates of sedimentations. An analysis of sedimentation
rates during the Holocene in estuaries in the southwestern coast of the Iberian
Peninsula (Dabrio et al., 1999; Lario ef al., 2002) demonstrated that these rates
varied from the first phase between 10000 and 6500 cal yrs BP, with rates of
sedimentation of 5 mm a” to a second during highstand (6500 cal yrs BP to
present) with rates of sedimentation of 1.5-2 mm a™. This episode coincides with
the thick sediment unit from 750-325 cm in the Palmar core. This period was also
characterized by high rates of sedimentation in our core, encompassing part of
our zone 1b, zone 2 and the bottom part of the zone 3a. Based on the lithological
descriptions, we suggest backshore sediments (Facies 2/P) and storm events
(Facies L) (Fig. 2.2; Santiesteban et al., in press) throughout zones 1b and zone 2,
whereas the first part of zone 3a is interpreted as lagoon barrier sediments (Facies
4/L). The brackish-marine ostracod assemblages and the peaks in inferred Sr/Ca
that occur throughout these zones suggest a mixture of fresh and marine waters.
The changes in SP, in the fragment ratio and the large oscillations of diversity
indices indicate high energy (low stability) and fluctuating environments. We
can recognize three maximum levels of salinity that are coincident with the
highstands peaks of hr during this period (Fig. 2.12) and the drops in salinity
(within hr) that would coincide with progradation intervals (d intervals). The
progradation events (d) can be interpreted as cold events that occurred due
to the oscillations during marine high stands (HST). The progradation event
associated with the Maringoun regression (Fig. 2.12) can be identified between
the first increase in salinity and the second; the Bayou Téche regression occurs
between the second and third peak.

Events b2 and h3 are represented by a thinner accumulation of sediment
due to reduced sedimentation rates. They correspond with the top of zone 3a
and zone 3b. Between hr and h2 we can identify an interval of several salinity
maxima but a mean value that is lower compared with hr event. The presence
of well-preserved shells of freshwater species coincident with Sr/Ca peaks and
inferred salinity minima suggest freshwater influences. This Sr/Ca anomaly
could be explained by fluvial inputs in a period of erosion and dissolution of
evaporite-rich soils (Keuper) (Anadén and Julia, 1990). This interval correlates
well with the regressive phase corresponding to d_that further correlates with
the Maringouin complex (between 6150-5350 yrs BP).
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The d, phase corresponds with the decrease in salinity between 200-100
cm in the Palmar core and correlates with the Téche delta complex (4400-
3600 yrs BP). It is located between h2 and h3 and is where we estimated the
lowest salinities along the core, where the freshwater species reach the highest
abundances and the MSL is the lowest for the study period. The h3 event can be
recognized because (3220 yrs BP= 3035+65 cal yrs BP) fits well with sediments
type (lagoon-marsh), the inferred salinity peak, the increase in well-preserved
brackish species and a fragment ratio that is consistent with a high energy
environment and our datation at 88 cm.

5.- Conclusions

According to earliest historical records (from the middle ages and more
reliably from 17th century), the Albufera of Valencia was an ancient enclosed bay
that was connected to the sea (Sanchis Ibor, 2001), probably by a wide channel
located at the south of the present coastal plain. The morphological and sedi-
mentary study (Santiesteban et al., in press) shows the formation of four indivi-
dual bars that were progressively separating the lake from the sea. These bars
developed from the North to the South, starting at the mouth of Tdria river, as
a consequence of the sediments deposited by this and other rivers (e.g. the Pa-
lancia) due to high frequency sea level oscillations since the maximum flooding
surface of the Flandrian transgression (Ruiz and Carmona, 2005). The study of
the Palmar core is supported by three radiocarbon dates, lithological descrip-
tions, paleoecological indices, fossil assemblages and geochemical analyses that
helps to understand the Holocene evolution of the Albufera de Valencia, as well
as the influence of sea level changes that could be correlated to Ebro Delta de-
positional sequence.

The global Holocene rise in sea level is particularly well recorded in
Atlantic estuaries (Zazo et al., 2008). Nevertheless, small fluctuations during the
Holocene are best recorded in beach, barrier systems, and sometimes in deltas
such as the case of the Ebro Delta (Somoza et al., 1998). Two steps can be seen in
these kinds of sedimentary records, a first rapid rise in sea level between =13000
and 7000-6500 cal yrs BP that resulted in rapid vertical aggradations, and a
second phase of deceleration dominated by lateral progradation (Zazo et al.,
2008). These two steps can be well recognized on the Palmar sequence. The first
set of backshore sediments is of almost 3 meters thickness, where an unstable
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environment can be recognized by the increase in the Albufera salinity (brackish
waters with some freshwater oscillating periods) and high energy environments.
Second, two sedimentary sets that correspond to the progradation phase that
include two Holocene periods (H2 and H3) are intercalated with more humid
events that introduced more freshwater into the lake, as shown by the ostracod
assemblages and ostracod geochemistry.

The Palmar sequence can be interpreted as a sediment sequence over the
main marine transgression and the immediately prograding phase that occurred
along the Mediterranean Spanish Holocene, in concordance with other studies
on coastal Holocene evolution. However, other cores should be extracted to
the eastern part of the sandy bar and in the middle of the lake to corroborated
our interpretations on the upper part of the Holocene, the bar evolution and to
know how the last marine transgressions affected the coastal lagoon/marshlands.
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The late Holocene evolution of Albufera de Valencia
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Chapter IIT and IV General introduction

1.-General introduction and study
site of chapters III and IV

Lagoons, estuaries and coastal wetlands ecosystems are ecotones located at
the transitional zones between continental and marginal marine environments.
These environments can be natural, seminatural or human dominated ecological
systems, which altogether cover an average of 6% of the Earth’s land surface
(Gonenc and Wolflin, 2004). These systems play important biogeochemical
roles such as nutrient cycling, nutrient production, decomposition of organic
matter, and fluxes of material (e.g. nutrients, water, particles and organisms)
between the land, the sea and the atmosphere (Levin ef al., 2001; Viaroli et al.,
2007). Coastal lagoons are dynamic and open systems with particular features
such as shallowness and the presence of characteristic physical and ecological
boundaries. Shallowness provides usually lighted bottom and facilitates wind
effects over the entire water column, promoting resuspension of materials,
nutrients, and small organisms from the sediment to the surface layer (Goénenc
and Wolflin, 2004). Furthermore, seawater mixes with fluvial or groundwater
sources produce subsaline or brackish water bodies, although some of these
systems may be more saline than sea water as a result of evaporation processes
(Cohen, 2003).

Coastal lakes are sensitive indicators of sea level and human influences,
mainly changes in hydrology, water chemistry, and eutrophication processes.
Hence, paleolimnological studies can help to understand lake evolution
through time, climatic and anthropogenic impacts on it, and also to detect
important historical events that remain not clear on historical archives. The
different processes that can be involved on the limnological characteristics of
these systems are usually linked to climatic and dynamic factors such as sea
level rising, evaporation/precipitation cycles, floods and storms events before
man’s influence. Most of the coastal lagoons were formed during the Holocene
or Pleistocene as a consequence of rising sea levels. During the late Holocene
(last 4000 years), sea-level fluctuations (HST= high stand sea level; h events)
were relatively minor, compared with the HST that occurred during the early
Holocene (between 12000 and 4000 years BP), fluctuating by less than 1 m (Zazo
et al., 2008). However, different authors identified different high stands (53, h4, b5
even h6) recorded in estuaries or beach barrier systems at Spanish Mediterranean
coasts during the last 4000 years (Somoza et al 1998; Zazo et al., 2008).
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The first paleolimnological study carried out by Margalef and Mir (1973)
based on a study of diatom remains from three short cores extracted in the
Albufera de Valencia Lake (two of them of 35 cm depth and another of 42.5 cm
depth) showed the previous brackish stage of Albufera de Valencia. The same
stage was observed by Robles et al. (1985) in his study about the gastropod fauna
of three cores (maximum length 8o cm) located at the littoral zone of the lake,
close to the sandy bar. In both studies, these authors concluded that Albufera
(presently oligohaline) presented an earlier brackish stage that changed to
a freshwater one. Nevertheless, in any of these studies the sediments were
dated, and only Robles ef al. (1985) suggested the possibility that the change
from brackish to freshwater probably took place during the XV century. This
deduction was based on one radiocarbon date carried out in a previous work.
However, large uncertainity about how historical human activities affected the
hydrology and solute composition of this lake remain unanswered. Later on,
Sanjaume et al. (1992) carried out another palaeolimnological study focused on
the rates of sedimentation of Albufera de Valencia. These authors analysed 7
short cores (maximum length 215 ¢cm), but they focused only on the lithological
and granulometric exploration of these sequences. They calculated different
rates of sedimentation based on two radiocarbon dates (on mollusks) and
one cesium analysis. Despite this was one of the firsts approximations to the
sedimentological evolution of Albufera de Valencia supported by radiocarbon
dates, they did not take into account the reservoir effect that the dated material
(frequently older) usually shows (Stuiver ef al., 1986; Stuiver and Becker 1993;
Siani et al., 2000).

In the following chapters we study the recent evolution of Albufera with
another approach based on Ostracoda. Their usefulness, as has been said from
its shell morphology, shell geochemical composition and species assemblages,
provides important clues for paleoenvironmental reconstructions (De Deckker
and Forester, 1988). Geochemical shell composition has been used in different
paleolimnological studies to reconstruct past salinities (Anadén and Julid
1990), water Sr/Ca (see Chapter II of this Thesis), temperatures, precipitation/
evaporation processes (Anadén and Julid 1990; Holmes et al, 1998; Von
Grafenstein et al., 1999a,b) and water total dissolved inorganic carbon (TDIC)
(von Grafenstein ef al., 1999; Leng and Marshall, 2004). The aim of our studies
on the sedimentary sequences of the Albufera de Valencia is to reconstruct the
ecological evolution of the lake during the past 3500 years, based on the knowledge
and open questions resulting from the oldest sequence analysed in this thesis
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(see Chapter II). Our objective is to analyse how the last marine transgressions
affected the solute composition of the lake, how the Albufera de Valencia became
progressively more isolated from the sea and how rice fields expansion and
human hydrological management affected the lake salinity evolution. This work
was carried out in the framework of a multidisciplinary project (VARECOMED)
focused on Holocene sea level rise, hydrological changes and human influences in
the Spanish Mediterranean area. In addition, we want to see how the increasing
use of fertilizers and the change of rice cultivation practices which drove the
lake to a eutrophic stage, affecting the ostracod fauna of the lake. We combine
information from ostracod paleoecology, shell morphology, preservation and
geochemistry using updated ostracod calibrated data in order to reconstruct the
late Holocene history of Lake Albufera.

In the next two chapters, we focus on ostracods paleoecology and
geochemistry. As a first proxy, we will use the paleoecological application of
ostracod assemblages to approximate salinity changes and water chemistry
(Griffiths and Holmes, 2000; Boomer and Eisenhauer, 2002; Anadon ef al., 2002)
taking into account previous knowledge of ostracod assemblages from Spanish
Mediterranean wetlands (Mezquita ef al., 2005, Rueda et al, 2006; Poquet et al.,
2008). Secondly, we will pay also attention to ostracods preservation, sex ratio,
valve/carapace ratio and juveniles/adults ratio since they are good taphonomical
indicators. The state of preservation (SP), either as the grade of broken valves
or the fragments ratio (FR) are good indicators to assess the proportion of
reworked material (Whatley, 1988; De Deckker, 2002 and Chapter II). Third,
we will apply the known association between morphology of the target species
C. torosa and habitat salinity (Vesper, 1972b, Van Harten 1975; Chapter I) to infer
past salinities and water chemistry variations. Fourth, we will use ostracod shell
geochemistry (trace elements and isotope composition) and multiple regressions
(ChapterI) as a proxy for paleoenvironmental lake reconstructions (De Deckker
and Forester, 1988; Griffiths and Holmes, 2000; Ito, 2001; chapter I). Finally,
we will use instrumental data of lake salinity, lake chemistry and chemical
composition of the surrounding rivers, arid and wet periods obtained from
WEMOI index (Martin-Vide and Lopez-Bustins, 2006), plus historical data of
river floods obtained from the bibliography and databases to discuss our salinity
approximations and historical human management of the Albufera Lake.
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Study area and historical setting

The Albufera de Valencia is a shallow polimictic and hypereutrophic Lake.
As it was described on the previous chapter the lake is enclosed in the Albufera
Natural Park that comprises an area of 21000 ha, most of them dedicated to
rice farming. The morphology and dimensions of the lake were described at
the previous chapter (see chapter II for further details). Jicar and Turia rivers
(and perhaps also R. Palancia) contributed to the formation of the different sand
bars and probably to the formation of the last sand bar over the last 500 years
(Roselld, 1995; Ruiz and Carmona, 2005; Santiesteban et al., in press and Chapter
IT). Santiesteban ef al. (2009) postulated that the last sand bar was formed during
the last marine regression that took place over the last 500 years and probably
and triggered the lake closing. But the real lake closing and the consequent
fresher of the lake remain unknown.

The Albufera de Valencia concession to the Spanish central government by
the queen Isabel II (1865AD) allowed the progressive expansion of rice farming,
which started at the 2™ half of the XIX century (from 1865 to 1927) and provoked
a reduction of the Lake surface (5000 Ha) (Sanchis Ibor, 2001). It is well known
that the Lake was covered by a dense submerged macrophyte meadow in the
1950-60s (Docavo, 1979). Due to the use of fertilizers and pesticides and sewage
increases, the macrophytes disappeared and the Lake arrived to an eutrophic
stage in the 1970s (Romo et al., 2008). The hydrological Lake level is currently
controlled by the hydrological cycle of the rice and by three lockgates that
connect the Lake to the sea through three channels. In addition to the intensive
rice agriculture development, the Albufera de Valencia is currently surrounded
by small villages, an important town and several industries. Currently, the
Albufera de Valencia is dominated by dense phytoplankton populations, mainly
cyanobacteria (Romo and Miracle, 1993, 1994; Villena and Romo, 2003), the
macrophytes are absent or very rare at present and the Lake conductivity vary
between 1 and 3 mS cm™ (Villena and Romo, 2003).
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The late Holocene evolution of Albufera de Valencia based
on ostracod assemblages and geochemical analyses: sea level
changes and anthropogenic influences
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Chapter III Material and Methods

2. Material and Methods

2.1 Core extraction and whole core examination (imaging
and XRF)

A 240 centimetres core (core Center) was taken in July 2006 from a point
in the middle of Albufera Lake (UTM: 30S728065/4357504, Fig 3.1). The core was
extracted using a Livingstone corer with 8 cm liner inner diameter and keptin a
polyethylene tube. The core was analyzed every o.5 cm for density and magnetic
susceptibility (MS) with a GEOTEK core logger at the Limnological Research
Center (LRC), and then, the core was subdivided in two halves. One halve was
used for imaging (DMT core scanner) color, grain-size descriptions and ITRAX
XRF core scanner, the other one was sample for fossil content, geochemical and
Nitrogen/Phosphorous analyses.

The main geochemical elements Al, Si, P, S, Cl, Ar, K, Ca, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Ba and Pb were analyzed every 5 mm
from the bottom to 66 cm depth and every 2 mm from 66 cm to the top of the
core by using the ITRAX XRF core scanner in the Large Lakes Observatory of
the University of Minnesota (Duluth, USA) using 30 seconds count time, 30 kV
X-ray voltage and an X-ray current of 20 mA. The obtained values are given as
relative concentrations, however, high correlations have been found between
ICP-OES and XRF-scanner data for some elements in different studies, such as
Boyle (2000). The stratigraphy of the core was described and then, subsamples
were collected (see below).

2.2 Core subdivision and analysis of subsamples

The core subdivision was carried out at approximately 2 cm intervals at
the bottom meter and every 1 cm (high resolution) at the upper meter. In total,
72 samples were obtained for different analysis (geochemistry, mineralogy and
micropalaeontological studies). An aliquot subsample weighting between 0.3
and o.7 g was taken to determine dry weight per sample. These aliquots were
weighed, dried at 105°C during 1 hour and weighed again to determine water
content and dry weight per gram of fresh sample.
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Figure 3.r: This figure shows the core Center location and the geological composition of the
studied area. Figure adapted from Santiesteban ef al. (in press).

Figura 3.1: La figura muestra la localizacion del sondeo Centro'y la composicion geoldgica del drea de estudio.
Figura adaptada de Santiesteban et al. (in press).
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The remaining sediment was dried at 460°C during 7.5 hours to determine
organic matter content (LOI) and later on at 950°C during 8 hours to obtain the
concentration of carbonates per sample. Subsamples were also taken to measure
total nitrogen (TN) and phosphorus (TP) content. To follow a simultaneous
oxidation of both compounds, samples were digested according to Valderrama
(1981) modified for sediments. Given that reaction starts at pH 9.7 and ends at
pH 5-6, this method results appropriate for a combined digestion. This is because
nitrogen oxidation requires alkaline conditions to yield suitable results, whereas
oxidation of phosphorus compounds must be performed in acidic medium.
However, to check a possible disagreement between methodologies, samples
were also submitted to a conventional digestion procedure with sulphuric acid
and potassium persulphate for phosphorus analysis. Once oxidized, the nitrogen
and phosphorous content in all samples was determined spectrophotometrically;
orthophosphate concentrations were quantified by the ascorbic acid method
(APHA 1992; method 4500E), and nitrogen amounts were measured as nitrate
applying the second derivative UV /visible spectroscopy technique (Ferree and
Shannon, 2001).

The ostracod subsamples were processed following the method suggested
by Griffiths and Holmes (2000) and explained in detail in Chapter II of this
Thesis; 10-15g of wet sediment were weighted, air dried and then wet-sieved
through 400 and 250 um pore size using a water flux during 30 minutes. For
further descriptions of the method see chapter II.

Biogenic remains were picked from the sieved sediment with a “00’
paintbrush under a low power Olympus SZX 12 stereo microscope and stored
in micropalaeontological slides. Ostracod valves were counted for each sampled
depth and the abundance expressed as number of valves per 10 g dry weight
(1og dw™). The different species were identified following Athersuch et al. (1989),
Meisch (2000) and Poquet et al. (2008).

2.3 Ostracoda preservation states

The preservation states for ostracod remains were analyzed in the same
way as in chapter II, to have an indication of the proportion of reworked valves.
Different studies (e.g. Danielopol and Handl, 1990) showed the differences
between valves that were deposited in quiet environments and valves that
suffered strong flows and turbulences previously to deposition. In quiet sites the
number of well preserved shells was significantly higher than in the high energy
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environment. For that reason, the application of a preservation index could be a
good taphonomical tool to assess the grade of reworking.

We used the states of preservation (SP, see chapter II) A-B-C plus the
ostracod fragments and the fragments ratio (FR= (fragments+PE type C)/n°Total
valves+fragments) to assess the energy of the environment at the time of deposition
(see chapter II for further details). Once more, valves falling into preservation
states A and B were considered well enough preserved and consequently these
were the valves included into the multivariate analysis (cluster and ordination
analysis, see below). For geochemical analyses each ostracod valve that was
previously classified as A or Bwas further assigned to a category in a gradient from
I to 7 based on valve transparency state of preservation (Griffiths and Holmes,
2000) and only valves that ranged between 1 and 4 were used for geochemical
analyses. For further details of these indices see chapter II.

2.4 Morphology and preservation of C. torosa shells

Particular attention was paid to Cyprideis torosa remains. Between 1 and 137
C. torosa adults per sample (adult females and males) were measured for carapace
length. The percentage of noded animals per sample (Van Harten, 1975; this
thesis, Chapters 1, 2, 3) was also calculated. In addition, C. forosa male:female
(M:F) sex ratio, single/double valves ratio (VCR) and juveniles/adults (J/A) ratio
were taken into account in order to assess C. forosa autocthonous or alocthonous
populations origin and the energy at the time of deposition of these populations
(Kilenyi, 1969).

The taphonomical processes taking part during deposition after an animal
die affect the number and type of valves that are preserved in the sediment. Thus,
the study of the sex ratio, Juveniles/adults ratio or valve/carapace ratio of each
C. torosa assemblage can give us relevant information about the conditions at the
time of deposition (Van Harten, 1975; Whatley, 1983a), and indirectly these data
may be of great value in interpreting the recent evolution of the lake.

Sex ratio (M:F). Sex ratio is the unique variable that is recorded in the fossil
record to assess the reproductive strategy of the species at that time (Boomer
and Eisenhauer, 2002). Additionally, the study of the living populations gives us
information about the type of reproduction and the theoretical sex ratios of each
species, consequently, variations from the theoretical value on dead populations
could give an indication on the degree of stability of the environment at the
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time of deposition. Different studies have been performed about the life cycle
and population structure of C. forosa (Heip 1976; Mezquita et al., 2000; this Thesis
Chapter I). In that way, the use of a species such as Cyprideis torosa that present
living populations with sex ratio very close to 11 can be very helpful, because
variations from this theoretical value in dead populations could inform on the
stability of the environment where paleoassemblages were formed.

Juveniles/adults ratio (J/A). Whatley (1983a,b, 1988) developed this very
useful tool for paleoenvironmental reconstructions. The observation of the
age structure of valves and carapaces that accumulate in habitats where living
populations exist can provide good tools to assess the energy where the
assemblage was formed (Whatley, 1988; De Deckker, 2002). In high energy
environments, such as shallow costal lakes, where bottom currents, wind effect,
floods and storms play an important role, the small juvenile valves can more
easily be transported away from the place where they died. Thus, J/A ratio vary
between r:1 and 1:4 at high energy environments (Danielopol ef al., 2002), because
the population structure is mainly represented by adults and a few juveniles of
the late instars. Note that we calculated the J/A ratio only for samples where
adults were present.

Valvel carapace ratio(VCR ratio). Ostracod valves become disarticulated very
rapidly after death. In a slow sedimentation process and with optimal conditions
after the animal die, the putrefaction processes and bacteria activity facilitates
that valves become disarticulated (De Decker, 2002). Once the valves are open,
other small organisms can eat the soft body parts and the valves become separated.
But, if we found complete carapaces, we can assume that other possible processes
happened. These processes can be summarized in three possibilities (modified
from De Deckker, 2002). First, if the animal dies due to rapid sedimentation
rates and is trapped in the sediment, the process mentioned above cannot be
completed, then, complete carapaces can be found. Second, if the animal dies
in anoxic sediment conditions, those conditions prevent further activities of
bacteria disarticulating the valves after death. Third, if a dead animal is exposed
to a high energy post-mortem environment valves became disarticulated. Thus,
depending on the amount of single valves or complete carapaces that we found in
the sediment and combined with other paleoecological indices we can estimate
if these valves have suffered post-mortem transportation, rapid burial or slow
deposition over the sediment (Kilenyi, 1969).
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2.5 C. torosa geochemical analysis

Between four and twenty Cyprideis torosa valves were analysed per sample
of core Center. Analyses were usually performed on single adult valve, or at least
3 adult valves; however, sometimes juveniles of late growth instars (A-1 and A-2)
were pooled in groups of 4 or 5 valves. Adults and juveniles were never analyzed
together and males and females were always analyzed separately.

Between 2 and 10 analyses per sample were carried out to determine
isotopical ratios *O/*O and 3C/C. Ostracod valves were cleaned for geochemical
analysis using the method described in Ito (2001) and in the previous chapters of
this thesis (2 and 3). Cleaned valves were analyzed mostly using a Kiel-II online
carbonate preparation device coupled to a Finnigan MAT 252 stable isotope ratio
mass spectrometer (University of Minnesota) and a few samples (60 samples=159
valves) using a MAT 251 (Michigan) mass spectrometer, both connected to a
Kiel carbonate preparation device. Analytical precision was typically <0.1%o for
both §3C and 8*0. For further details see chapter II where the same procedure
was applied. We run samples from the same levels in the two different labs and
therefore we can ensure that the different analytical protocol did not affect the
results.

2.6 Diversity indices and statistical methods

Several diversity indices were used to calculate diversity of ostracod
assemblages; we employed the Shannon-Wiener index (Shannon and Weaver,
1963) to estimate diversity (H; equation 1) and Evenness (E; equation 2), in
order to know how the species were distributed per sample (Margalef, 1974). In
addition, we used the index of fluctuation (D ; equation 3) formulated by Dubois
(1973) to assess ostracod community fluctuations with respect to the average state
calculated for the whole sequence. High values indicated major fluctuations of
the community and maximum deviations from the state to which the structure of
the community is approaching (Miracle, 1978). For more detailed explanations
of the Diversity indices and D_ see chapter II.

The XRF results for each element were transformed to sample percentages
with respect to the whole sequence and the transformed (arcsine of the square
root of proportions) data matrix was analysed by means of PCA (Principal
Component Analyses) in order to obtain an ordination of elements (Jongman et
al., 1995) for a better evaluation of geochemical similarities among them. Calcium
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was excluded from the PCA analysis due to the high amount of calcareous shells
that were found along the sequence

A data matrix was constructed (Appendix V), with the number of valves
per 10 grams of dry weight of each ostracod species for each core sample (N= 70).
Number of valves was log transformed (log _(number of valves+1)) for statigraphical
analysis. Adults and juveniles were not considered as separated variables in the
matrix. To analyze the changes in composition of ostracod assemblages through
the core sequence, a constrained cluster analysis was performed applying the
CONISS method and the Edwards Cavalli-Sforza distance (Grimm, 1987).

In addition, we used unconstrained cluster analysis for the study of
ostracod species association with the number of valves expressed sample
proportions and arco sine square root transformed (arcsinVp; p: proportion).
Two samples with no ostracod remains (at 3 cm and 19.6 cm depth) and six
occasional species (Leptocythere sp., Cypria ophtalmica, Ilyocypris gibba, Herpetocypris
sp., Limnocythere stationis, Potamocypris sp.) were excluded from the analysis. In this
classification analysis, we used the UPGMA (Unweighted Pair Group Method
Average) method and the Pearson correlation coefficient distance. The whole
transformed data matrix (same as used in CONISS) was analysed by means of
Principal Component Analysis (PCA) (Jongman et al., 1995) in order to obtain
an ordination of samples for a better evaluation of ecological similarities among
them.

Correlations between C. forosa shell lengths and isotopes ratios (§*OvrDB
and 03CvppB) were analysed using either Pearson (when data was normally
distributed) or Spearman (not normally distributed data) correlation techniques.

The equation obtained in the C. forosa calibration study by Marco-Barba et
al., (Chapter I) was used to reconstruct salinity changes. We used the following
equation:

log sal=1.237-0.0129*(Pn*100)+0.0279*&*0 ,  : (Eq. 2)

(where Pn: proportion of noded valves), in all the samples were both variables (Pn
and 8°0,, ) were analyzed. The mean and the corresponding standard error

values were estimated.
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2.7 Radiometric dating

>°Pb and ¥’Cs analyses were performed at St. Croix Watershed Research
Station (Minnesota), by D. Engstrom on a twin core that was extracted at
the same place only exclusively to carry out these analyses. *°Pb activity was
measured for 1-6 x 105 s with ion-implanted surface barrier detectors and an
Ortec alpha spectroscopy system. Unsupported *°Pb is calculated by subtracting
supported activity from the total activity measured at each level; supported *°Pb
is estimated from the asymptotic activity at maximum depth (the mean of the
lowermost samples in a core). Dates and sedimentation rates are determined
according to the c.r.s. (constant rate of supply) model (Appleby and Oldfield,
1978) with confidence intervals calculated by first-order error analysis of
counting uncertainty (Binford, 1990). Cesium-137 activity was measured for 1-2 x
105 seconds using an EG and G Ortec high-resolution germanium well detector
and multichannel analyzer (same instrumentation used for **Pb above).

Three sediment samples were selected at the mid and the bottom of the core
(135, 229 and 233 cm) for the concentration of pollen remains to be used to obtain
radiocarbon measurements. These samples were processed at the Palinology
laboratory of the Prehistoric Area at the Universitat Rovira i Virgili (Tarragona-
Spain). Although these samples were checked to ascertain the absence of aquatic
remains to avoid hard—water error, they contain organic carbon from aquatic
plants, which is not possible to eliminate completely with chemical treatments
(Fontes and Gasse, 1991). These samples were dated in Poznan Radiocarbon
Laboratory. The radiocarbon measurement (‘BP’) was calibrated to calendar
years (“cal. BP’) using OxCal v3.10 software (Reimer et al., 2004; Bronk Ramsey,
2005) and corrected subtracting 390 years to the calibrated date in accordance
to the Mediterranean reservoir effect (Siani ef al., 2000).
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3.-Results

3.1. Radiometric dates

Three radiocarbometric dates were obtained from different pollen
concentrates, selected from lacustrine phases with high organic matter content,
although one of them, which gave an anomalous result was excluded (Table 3.1).
However the other two datations, even being on the corresponding age range
gave apparently older ages than those expected when fitting the hydrological
and historical events to sediment facies. The reason of that can be explained
because pollen concentrates contain left over organic carbon from aquatic
plants that give older ages, due to hard-water error. Consequently, we applied
the mollusc correcting factor of 390 years for Mediterranean reservoir effect
(Siani et al., 2000) to fit these results (Table 3.1), althought we think that for the
coastal lagoon conditions the correcting factor should be higher to avoid the
influence of hard-water error.

Table 3.r: Radiocarbometric dates for Center core, indicating the material
used and the laboratory that carried out the analysis.

Tabla 3.1: Dataciones radiocarbométricas del sondeo Centro, el material usado para
datary el laboratorio estdn indicados.

cal. vr BP Correcting
Core Depth (cm)  years BP '(2y(5) factor ~ Material Laboratory lab. Code
(390+85)
ollen Poznan
C-CENTRO 135 2655 +30 2794+55 2404+55 P Radiocarbon Poz-19788
concentr.
Lab.
Poznan
pollen .
229 3520 +35 3789+£100  3399+100 Radiocarbon Poz-18865
concentr.
Lab.
ollen Poznar
233 22260 £140  22265+285 218754285 P Radiocarbon Poz-18288
concentr. Lab
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Two different models were applied to the *°Pb data (c.r.s and cf:cs models)
and we decided to choose the c.r.s. (constant rate of supply) model, which
assumes a constant flux of *°Pb to the core site (Figure 3.2, Appendix 3.1) and
calculates dates based on the inventory of excess *°Pb in the core. This model
was chosen because it fits better with the ¥Cs results and yields a good age
model until 30 cm, fitting well with historical data on Turia and Jacar floods.
However we observed an unreasonably old date of 1838 AD at 41 cm, probably
due to the observed additional excess of *°Pb below 41 cm, but it cannot be
discerned because dilution processes and high rates of sedimentation diluted Pb
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Figure 3.2: Radionuclide activities (pCi/g) of *°Pb (gray straight line), *4Pb
(red circles) and ¥Cs (black squares) from core Center. Note that supported activity
is also placed.

Figura 3.2: Actividades radionuclectidas de *°Pb (Iinea gris), **Pb (circulos rojos) y
57Cs (cuadrados negros) del sondeo Centro. Notar que la supported activity se muestra tambicn
en el grdfico.



Chapter III Results

3.2 Lithological facies, magnetic susceptibility (MS),
LOI, carbonates, N:P ratio and XRF results

Two sedimentary units and five lithological facies (A, B, C, D, and E)
were identified at the Albufera core Center, after visual inspection (Fig. 3.3);
the integration of data on magnetic susceptibility (MS), LOI, percentage of
carbonates and X-ray fluorescence (XRF) analysis helps to better define these
facies. Unit 1 was identified between the bottom part of the core and 72 cm and
unit 2 between 72 cm and the top of the core. Facies A is made up by levels with
different thickness varying between 3 cm and 18.5 cm (A1 to A6). This facies
is formed by gray sandy silt sediments, carbonate grains and plant fragments.
Bioclasts of gastropods and bivalves, mainly Cerastoderma glaucum valves, and
also foraminifers could be found. Facies B is formed by homogeneous fine silt
sediments with gray coloration (Fig. 3.3). It is characterized by very low sand
content, plant fibre remains of variable length and microscopic carbon particles.
Bioclasts of molluscs and articulated valves were usually absent (facies Bz,
Bg, B6 and B7) or scarce. Seven levels were described at this lithofacies (B to
B7) with different thickness (between 4 cm and 30 cm). Facies C is formed by
homogeneous ochre fine silt sediments, highly enriched on plants remains. Three
levels were identified at this lithofacies (C1, C2 and C3) with different thickness,
usually narrow layers (between 3 cm and 12 cm). Facies C1 and C3 (between
186 and 189 cm and between 76,5 cm and 85 cm core depth respectively) were
composed by plant remains of different lengths, bioclasts of molluses and
articulated valves of Cerastoderma glaucum. Facies Ag5/C2 showed the typical
sediment composition of facies C although highly enriched in sands. Facies D
is formed by heterogeneous dark gray silt sediments, without plant and mollusc
remains. Five levels were identified as lithofacies D1 to D5, always consisting of
very thin layers (between o.5 cm and 3 cm thick). The majority of these levels
coincide with MS increases (Fig. 3.4), mainly at D4 and D5, suggesting that this
material was reworked, transported into the lake, probably due to flood events.
The basis of this assumption comes from to the high content of detritic elements
as titanium, potassium or aluminum (Cohen, 2003; Lopez-Buendia et al., 1999).
D2 and D3 were located immediately above facies Cr and Cz; but it was not the
case for D4 that was located below facies C3. Facies D5 (between 30 cm and 33
cm core depth) correlated with the highest MS peak accounting for the entire
core, suggesting an important flood event. Facies E was characteristic of unit 2,
located at the top of the core and composed by fine silts and without or with a
very low amount of plant or mollusc remains. Three levels were identified at this
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lithofacies (E1, E2 and E3) with different thickness (between 7 cm and 36 cm).
The bottom of facies E1 (between 39 and 73 cm depth) marks a big discontinuity
in sediments composition between the bottom part of the core (unit 1) and the
upper part (unit 2).This facies Er is composed by soft pink mud sediments with
carbonate grains.

Depth (cm)

o

Magnetic
Susceptibility LOI Carbonates N/P
- T T T N T | T T T T A | T N T T A | || I T |
=
- FrrrrTrrrTi 11T T rFrrrrr1rr1 71 T TT17TTT1
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SI (%) (molar)

Figure 3.4: Sedimentary Core Center column, showing lithological facies descriptions, MS,

LOI (460°C) , % carbonates (950°C) and Total Nitrogen/Total Phosphorus ratio.

Figura 3.4: Columna sedimentaria del sondeo Centro, mostrando las descripciones litoldgicas de las facies,

MS, LOL % carbonatos y el ratio Nitrdgeno total | Fsforo total.
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Figure 3.3: Lithological descriptions and visual remains of Core Center. The symbols are
shown in different frequencies regarding to the next code: x: presence; xx: abundant; xxx: very
abundant; xxxx: highly abundant. Interrogation symbol means no identified remains. Munsell soil
colors are also indicated with Munsell’s codes on the right.

Figura 3.3: Descripciones litologicas vy restos visuales del sondeo Centro. Los simbolos estdn representados en
distintas frecuencias segun el siguiente codigo: x: presente; xx: abundante; Xxx: muy abundante; Xxxx: altamente
abundante).El simbolo de interrogacion se refiere a restos no identificados. Los cddigos de colores establecidos en la tabla
de colores geologicos de Munsell se sitiian a la derecha.
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We describe hereafter the main features of each of the two main sedimentary
units.Unit 1 is located at the bottom part of the core sequence (between 240 and
73 cm) and comprised most of the previously described facies (A, B, C and D).
MS showed variable peaks along this unit, following a possible cyclic pattern
being the highest peak observed at 85 cm (Fig. 3.4), which coincides with the
lithological facies D4, and with a decrease in LOI and carbonates content. LOI
showed small changes with a mean value of 7% along the unit and generally
correlated with the percentage of carbonates. Carbonate content showed wider
variations, increasing towards the top of this unit, except between 215 cm and
200 cm depth where a marked decrease was observed. N:P ratio (Fig. 3.4) and
TN and TP separately (Fig. 3.16) showed relatively low values and small changes
along the unit, except at the top (between 105 cm and 75 cm) where a slight
increase was observed for TN.

Unit 2 encompasses the upper part of Albufera lake sequence (between
73 cm and o cm). This unit is composed by facies D and E. The coincidence of
low values of MS, high percentage of carbonates and the highest LOI and N:P
peaks at the mid part of facies Ei1 is remarkable. The observed high percentage
of carbonates was relatively constant until the very top of facies E2 where it
decreased markedly, coinciding with the highest MS peak observed along the
core. LOI and N:P ratio decreased following the same pattern from the mid part
of facies E1 to E2. TN followed the same trend as observed for the N:P ratio,
however TP increased from 50 cm towards the top of the sequence. Facies E3
and D6 are located at the very top of the core sequence coinciding with a MS
decrease, a carbonates increase and slightly increasing LOL

The high-resolution record of the most significant geochemical elements
obtained by the XRF analysis is plotted in figure 3.5. A marked pattern was
observed for Cl, an element that remained above its mean core value from the
bottom to 118 cm, suggesting sea water influence; since 118 cm to the top of
the core showed values below the general core mean. Ti, Fe and K were highly
positively correlated with MS (r>o0.7; p<o.o1r) along the core, and negatively
correlated with LOI and the proportion of carbonates (r>-0.4; p<o.o1 and r>-0.7;
p<o.o1 respectively) suggesting that these elements, due to its detritic character,
could be considered as allocthonous and probably were mostly deposited into the
lake by flood events. A reverse pattern in Sr is detected along the whole record
(Fig. 3.5). Sr was positively (but weekly) correlated with LOI and carbonates
(r=0.3; p<o.o1 and r=0.38; p<o.or1 respectively) and negatively with the Ti, Fe and
K (p<o.01).
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Principal Component Analysis (PCA) was performed on the transformed
(%) XRF geochemical data. The results (Fig. 3.6) confirm the above mentioned
opposite trends of two groups of elements, one comprising those of detrital origin
and characteristic of high erosive periods and the other more characteristic of
autogenic stable periods. The analysis confirms as well the salinity variation along
the sequence. The species with higher weight on Axis 1 are Ti, Fe and K (group 1:
Ti, Fe, K, Co, Rb, Si, S and Al) on the positive part and Sr (group 2: Sr, Zr, Ni, Cr,
Pb, Ba and Ar) on the negative one (Fig. 3.6). Axes 2 did not contribute highly
to the total amount of variance (3.3 %) but an interesting pattern was observed.
The species with higher weight on Axis 2 were Zn and Cu (group 3) on the
positive part and Cl and As (group 4) on the negative one (Fig. 3.6). Due to the
proximity of the lake to the sea, Cl and As variations indicate salinity variations
and sea water influence along the core. Cl was positively correlated with MS
(r=0.59; p<o.o1) and negatively with the proportion of carbonates (r=-0.69;
p<o.01), suggesting that sea water played an important role on the geochemical
composition of the lake sediments at the bottom half of the core, due to sea
water inputs. In addition, carbonates precipitation probably took place when sea
water had less influence on the lake water composition (at the top of the core).

Copper (Cu) (and other members of group 3), positively correlated with
elements of group 2, mostly with Pb and Cr (r=0.6; p<o.o1). Zn was negatively
correlated with LOI (r=-0.7; p<o.01). These elements (usually related to chemical
industrial activities) are more important at the very top of the core. The weak
correlation between Sr and Cu and Zn probably indicates that these elements
came from different sources as for example direct spills into the Lake (see
discussion below). Lead showed constant values along the bottom part of the
core until 73 cm where we noted a sharp increase coinciding and correlating
with increasing carbonates content (r=0.48; p<o.01).

The amount of Ca could be related to many factors beside the bioclasts
content, such as the amount of calcium carbonates accumulated in the sediments,
either coming from surrounding limestone, or from endogenic processes in the
lake, mainly due to high photosynthetic rates. Only at the very top of the core,
the variation of the proportion of calcium carbonates could be related with
endogenic processes in the lake, due to the scarce number of carbonate shells
that were found at this part. At the top 50 cm, the increase in Ca could be
associated to a high primary production period. However, the presence of many
layers with high amounts of carbonated shells prevents any further detailed
analysis at the bottom of the core.
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Figura 3.6: Andlisis de Componentes Principales (PCA) de los datos transformados (%) del andlisis XRE y
excluyendo Ca para el sondeo Centro. a) Elementos geoquimicos posicionados en los dos primeros ejes del PCA. b) Las

muestras ordenadas por profundidad ordenadas en los dos primeros ejes del PCA.
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3-3 Ostracod analysis and relationships with lithological
facies

We identified 100952 ostracod valves, representing 18 species of ostracods
from 15 genera (Appendix 1). SEM images of the 18 taxa are presented in plates
3.1, 3.2, 3.3. Due to the low number of valves found from four of these genera they
have been only identified to genus level. The states of valve preservation (SP)
varied along the core and between species.

We only took into account the valves with states of preservation A+B
(albeit valves with SP type C were very scarce) for the calculation of diversity
indexes and for carrying out multivariate statistical analyses. In the Albufera
core Center sequence, ostracods were absent from two of the 7o samples (at
the top of the core), and 6 samples had only one species present. The highest
number of valves (up to 9631 per rogdw™) was found at 88.6 cm depth with five
species. The highest number of species (up to 9) was found in samples located
at the half top of the core. However, almost half of the samples, mainly those
located at the bottom and the uppermost zone of the core, contained only 2 or 3
species. In spite of the low species richness, the samples located at the bottom of
the core had higher number of valves than those at the top.

Cyprideis torosa together with Loxoconcha elliptica and Xestoleberis nitida were
the most abundant species along the core (Fig. 3.7). In addition, Aurila arborescens,
Candona angulata and Darwinula stevensoni were also abundant, especially the first
one in the lower part of the sequence. C. angulataand D. stevensoni were abundant in
the upper part and Paralimnocythere psammophila, Cypridopsis vidua and Limnocythere
innopinata appeared with lower abundances. On the other hand, Leptocythere sp.,
Cytherois cf stephanidesi, Limnocythere stationis, Potamocypris sp., Ilyocypris gibba,

Herpetocypris sp. and Cypria ophtalmica were very scarce.

The previously described lithofacies (A, B, C, D and E) were clearly
distinguished in this sequence (Fig. 3.3). The associated ostracod fauna in each
facies are described below. Facies A: The ostracod fauna at facies A1 (between
167 cm and 174 cm) presented high abundances, mainly composed by the
euryhaline ostracod Cyprideis torosa, the brackish species Loxoconcha elliptica and
the marine species Aurila arborescens and Loxoconcha rhomboidea. The presence of
the brackish-water ostracod Xestoleberis nitida is also remarkable.
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The highest ostracod abundances were found at facies A2 and A3 (between
156 and 139 cm and 139 cm and 127 cm respectively), at the bottom half of the
core. These facies A2 and A3, as well as facies A5/Cz2 (between 98 cm and 109
cm) showed the same ostracod species mentioned at facies Ar. However, A3
presented the highest abundances for the marine species through the entire
core. At facies A4 (between 114 cm and 118 cm) a rapid decrease of all ostracod
abundances is observed. At Facies A6 (between g1 cm and 96 cm), very high
abundances of mollusc bioclasts and plant remains were found as well as a high
number of articulated bivalves and entire gastropods. We observed in this facies
the highest abundances for the brackish ostracods L. elliptica and X. nitida through
the entire core. C. torosa and A. arborescens also presented high abundances and a
small proportion of the brackish Cytherois cf. stephanidesi was found.

Facies B. Br, located at the bottom of the core, was composed and
dominated by C. forosa and L. elliptica remains. Facies B2 presented very low
ostracod abundances and was dominated by the last mentioned species, however
in some samples only C. torosa was present. Facies B3, B4, Bg, B6 and By were
located alternately between facies Arand A6. C. forosa and L. elliptica were also the
dominant species at facies B, and the marine species that were highly abundant
at facies A were present in very low abundances too.

At facies C, C. torosa and X. nitida, followed by L. elliptica, dominated the
ostracods association, together with the scattered presence of A. arborescens.
At facies D, the ostracod fauna found was mainly the same as the observed in
nearby facies

Facies E was characterized by freshwater species such as Candona
angulata, Darwinula stevensoni, Paralimnocythere psammophila, Cypridopsis vidua and
Limnocythere inopinata, which dominated in the middle part of this facies. It should
also be noticed the presence of other freshwater species such as Limnocythere
stationis, Potamocypris sp. Ilyocypris gibba, Cypria ophtalmica and Herpetocypris sp.
Nevertheless, C. torosa dominated at the top and bottom of this facies.
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3.3.1 Cluster analysis and PCA

Application of a statigraphically-constrained cluster analysis to the
ostracod assemblages (Fig. 3.7) allowed the differentiation of 4 main statigraphical
zones that could be further subdivided onto 7 different subzones. The first zone
(zone 1) covered from 234 to 181 cm depth and could be further subdivided in
two more subzones: subzone 1a and subzone 1b. Subzone 1a (from 234 to 181 cm)
corresponds mainly to facies type B, although very thin layers of facies C and D
were also present. This subzone was mostly dominated by the euryhaline C. torosa
and the brackish species L. elliptica. It should be remarked the scattered, scarce,
and not coincident presence of Aurila arborescens and Loxoconcha rhomboidea. The
abundances of ostracods remains (total number of valves) decreased drastically
at the mid part of this subzone.

Subzone 1b covered from 176 to 108 cm depth. This subzone presented
higher ostracod abundances and higher number of ostracod species than the
previous subzone. We recorded a rapid increase of the marine ostracods A.
arborescens and L. rhomboidea at the bottom half of this subzone, which immediately
diminished drastically their abundances towards the mid part and disappeared
completely in the case of L. rhomboidea. Afterwards, both species increased again
in the upper half of the subzone and reached the highest abundances for the
entire core. The scattered presence of some valves of X. nitida in this subzone
should also be noticed, and C. torosa and L. elliptica were also very abundant.
Moreover, it is remarkable that the total number of ostracod valves followed the
same trend as it was observed for the most abundant species C. torosa, L. elliptica
and A. arborescens. The last two species decreased drastically towards the top of
the subzone until they disappeared. It should also be noted that A. arborescens
had a peak prior to disappearance at the top of this subzone and that at the top
limit of the subzone (108 cm) there is a discontinuity where C. forosa was the
only species present, which showed an slight increase, altogether with the total
number of ostracod remains, both entire valves and fragments.

The second zone (zone 2) covered from 106 to 74 cm depth. It is
characterized by the increase of abundance of X. nitida, which showed several
peaks following the same profile than L. elliptica and C. torosa abundances. 4.
arborescens abundances were high at the bottom half, but decreased drastically
from the mid part, disappearing at the top sequence. A few valves of two species,
with affinity for marine waters, rarely occurring in Albufera cores, appeareing
at the top of this subzone: Cytherois cf stephanidesi, and Leptocythere sp. The total
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number of ostracod valves and fragments followed similar trends until the mid
part of this zone, reaching at this depth (89 cm) the highest number of ostracod
valves in the entire core.

Zone 3 (71-40 cm) was subdivided in two subzones. Subzone 3a (from 71 to
61 cm) was characterized by the dominance of species most typical of freshwaters,
particularly Candona angulata, Darwinula stevensoni and Paralimnocythere psammophila
whereas the brackish waters species C. forosa, L. elliptica and X. nitida showed
a rapid fall. Another unidentified Candona species occurred in much lower
numbers. Other inland water species such as Cypridopsis vidua, Potamocypris sp. and
Ilyocypris gibba were also present in lower numbers. The total number of ostracod
valves and fragments followed the same trend and the ostracod fragments
reached the highest number for the whole sequence in this subzone. At subzone
3b (from 59 to 40 cm), C. angulata showed the highest peak at the bottom half
of this subzone accounting for the whole sequence, but decreased towards the
top. D. stevensoni was also very abundant and its pattern of change was similar to
C. angulata but delaying the last reduction in number of remains with respect to
C. angulata. Paralimnocythere psammophila, Cypridopsis vidua, Limnocythere inopinata
and Limnocythere stationis were characteristic of this subzone, especially the first
one which was very abundant and exclusive of this part of the core. We want to
indicate also the presence of the freshwater species Cypria ophtalmica at the top of
this subzone that corresponded to the only occurrence along the core.

Subzone 4 covered from 37 to o cm. In this subzone ostracod valves were
very scarce and no fragments were found. It was subdivided in two subzones
(42 and 4b). Subzone 4a (from 37 to 24 cm) and presented very low ostracod
abundances that decreased towards the top of the subzone. C. torosa, suffered
a drastic decrease in abundance, but it still was the most abundant species and
followed the same trend as the total number of ostracod valves at this subzone.
Candona angulata, D. stevensoni, and C. vidua also decreased and even disappeared
in the case of the first one, showing some isolated peaks at the very top of this
subzone for the other two species. L. inopinata presented some isolated peaks at
the bottom half and at the top of this subzone. Subzone 4b (from 22 cm to the
top) was strongly depleted of ostracod valves and presented the lowest densities
of ostracod valves and fragments along the core. However, C. torosa was still being
present in most of the samples. A few valves of Candona sp. C. vidua, D. stevensoni,
and L. inopinata were detected in this subzone.
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Figure 3.8: Unconstrained cluster analysis of species found in core Center, applied for
transformed data (arcsinVp) using UPGMA method and Pearson coefficient distance. The most
frequent species are typed in bold italic; the main groups are also indicated.

Figure 3.8: Andlisis de agrupacion sin constreiiir por profundidad, aplicado sobre los datos
transformados (arcsinVp), usando el método UPGMA y el cocficiente de correlacion de Pearson. Las especies mds
[frecuentes estdn subrayadas en negro, y los principales grupos estdn indicados.

Unconstrained cluster analysis applied to the ostracod abundances (Fig.
3.8), resulted in two main assemblages, A and B, which could be divided in three
further groups each. Group Arincluded the euryhaline species C. torosa, separated
from the other two groups of brackish water species (A2 and A3) probably due
to its wider salinity tolerance (see discussion below). A2 was composed by the
phytophylous brackish-marine species L. elliptica and the littoral and shallow
sublittoral marine species A. arborescens and L. rhomboidea. A3 included the
brackish and phytophylous species Xestoleberis nitida and Cytherois cf. stephanidesi.

Assemblage B included the freshwater species and was subdivided in
three groups (Br, B2 and B3). Br was composed by C. angulata, D. stevensoni and
P. psammophila. B2 included the freshwater species Candona sp. and L. inopinata.
These species were probably more separated from this subgroup because its low
occurrence along the core, suggesting that probably this material was reworking.
On the other hand, subgroup B3 included only the freshwater species C. vidua,
probably due to its wide tolerance limits to many environmental variables that
give to this species its condition of eurioic species.
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Figure 3.9: Principal component analysis (PCA) of ostracod samples and species for core Center.
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marked with polygons. The arrows indicate the chronological zone evolution along the core.

Figure 3.9: Anlisis de componentes principales (PCA). a) PCA para las especies de ostrdcodos. b) PCA para
las muestras representadas por su profundidad (cm). Los grupos establecidos en el CONISS estdn marcados con poligonos.

Las flechas indican la evolucion cronoldgica de las zonas a lo largo del sondeo.
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The PCA results are shown in figure 3.9. The first factor (F1) accounted
for 53.7% of the total variance and the second (F2) for 19.7%. The first axis can
be regarded as a salinity gradient. The second axis separates mainly the samples
rich in freshwater species of zone 3 from the rest of the core. The species with
higher weight on Axis 1 are L. elliptica, C. torosa, A. arborescens and X. nitida on the
positive part and C. vidua and D. stevensoni on the negative one. D. stevensoni and
C. angulata are the most important species for Axis 2 on the positive part and A4.
arborescens and L. rhomboidea on the negative one (Fig. 3.9).

Samples were grouped on the PCA graph according to the zones obtained
with the constrained cluster analysis. Axis 1 separated zones 1 and 2 on the positive
part, which corresponded to the brackish and brackish-marine assemblages,
from zones 3 and 4 on the negative one, which corresponded to the freshwater
assemblages. Zone 2 is ordered on the positive part of Axis 1 and mostly on the
positive part of Axis 2. Axis 2 separated mainly zone 3 from the other zones and
especially from zone 4. The main reason of the different ordination of these
two zones (3 and 4) fall on the reduced number of ostracod remains and species
richness found at zone 4. However, we observed one isolated sample from zone
4 located at the positive part of axis 2 (37 cm) which correspond with the sample
with the highest abundances of ostracods remains accounting for all the samples
of this zone.
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3-3.2 Ostracod abundances and diversity indices

The total amount of ostracod valves varied along the core and between
zones (Fig. 3.10). Subzone 1a presented high abundances at the bottom of
the subzone, decreasing to the mid part and increasing upwards. Ostracod
abundances increased towards the mid part of subzone 1b showing higher values
than those observed at the previous subzone. Subzone 2 showed the highest
ostracod abundances for the whole core. At the mid part of subzone 3a ostracod
abundances showed a marked fall that would continue steadily with this trend
until the top of the core. Thus, subzones 4a and 4b presented the lowest
abundances, but only two samples (located at the bottom and the top of subzone
4b) were barren.

Diversity indices (Fig. 3.10) were generally low; the minimum values
corresponded to zones of changing conditions where only one or two species
were present. We should emphasize that the highest diversities (2.28 bits/ind was
the maximum value) were not located where the highest number of valves were
counted, but in subzone 3b, where the species richness was highest.

Diversity (H) and evenness (E) were moderately high at the bottom of
subzone 1a; but showed a drastic fall at the mid part of this subzone where the
number of ostracod valves decreased too. These values recovered until similar or
slightly higher values in subzone 1b. Diversity did not varied along subzone 1b,
however a drastic fall was observed at the last sample of this subzone, because
only one species (C. forosa) was found at this particular sample. The D_ index
was close to o and did not varied along subzones 1a and 1b suggesting that
there were not ostracod assemblages fluctuations with respect to the average
core state in these subzones. H and E showed two steps of change along zone 2.
The samples located at the bottom of this zone showed similar values to those
reported at subzone 1b,and D_ was close to o, suggesting that they presented
ostracod assemblages close to the average state. However, the top half of zone 2
was characterized by higher values of H, E, and D , indicating that the ostracod
community changed from the average state to a more complex community.
A drop of the values of these indexes indicated changing conditions between
zone 2 and subzone 3a. Even though the number of species increased, diversity
indices showed a drastic fall at the very bottom of subzone 3a, probably because
C. torosa valves increased significantly. At subzone 3b, diversity indices showed
the highest values of the entire core. However, abrupt diversity changes and
high D displacement from the average stage was observed at the mid part of
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the subzone, suggesting changing environmental conditions. Abrupt shifts in
diversity indices indicated fluctuating conditions along subzones g4a and 4b.
However, D presented generally values close to o, due to the impoverished
ostracod community in recent years, dominated by C. forosa remains.
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Figure 3.10: Diagram of total abundances of ostracod valves (log(x+1)) for core Center, together
with community indices: Shannon diversity index H, evenness index E=H/Hmax, Dubois fluctuation index
D.

o

Figura 3.10: Diagrama de abundancias totales de los ostrdcodos del sondeo Centro (expresados en 10g de sedimento
seco), junto con los indices de las comunidades: indice de diversidad de Shannon H, indice de equitabilidad HI Hmax, indice
de fluctuacion de Dubois D . El niimero total de valvas esta expresado como log, (mimero de valvas+1).

3.3.3 C. torosa ecophenotypic responses

A total of 2110 C. torosa valves (994 females and 1116 males) were measured
from 57 subsamples (Fig. 3.11; Appendix 3.3). LOESS regression was applied
separately to female and male size changes through the core and showed that
both followed the same variations of carapace length with depth in all the
biozones; the greater length was observed for zone 3.
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All counted valves of C. torosa were checked for the presence of nodes (Fig.
3.11). The valves found at the bottom of the core, subzone 1a and 1b were smooth.
Zone 2 showed smooth valves in all the samples except in one sample near the
top of this subzone where a low proportion of noded valves was observed. At
Subzone 3a the percentages of noded valves increased rapidly towards the top
of this subzone; however, these percentages decreased at the boundary with the
next subzone. At Subzone 3b the percentage of noded valves increased again
towards the center of the subzone and decreased at its top, following a similar
trend as in the previous subzone and reaching the highest percentages of C.
torosa noded individuals for the entire core. At Zone 4 the percentage of noded
C. torosa was never higher than 20%, but these values should be interpreted
cautiously due to the low values of ostracod abundances. As a general trend, the
percentages of C. torosa noded forms increased at subzone 3a and 3b, suggesting
an important salinity decrease; furthermore, smooth valves of some samples in
zone 3 and most samples of zone 4 should be interpreted as transported and
reworked remains.

3-3-4- C. torosa population structure

Sex-ratio (M:F) of C. torosa in the samples of subzone 1a showed values
below one, (Fig. 3.12), but at the mid part of subzone 1b some samples presented
values displaced to males dominance. Zone 2 was highly variable with respect to
M:F sex-ratio , which was highly displaced in favor to males in most of the zone,
except at the bottom and top, where it was closer to one. These variations were
probably affected by the possible reworked events which affected the number
of C. torosa valves (see below juvenile/adults ratio). Subzone 3a, 3b, 4a and 4b
(Fig. 3.12) showed highly variable sex ratios, probably due to the low number
of ostracod valves (Fig. 3.7). Sex ratio was positively correlated with the total
number of C. forosa valves (r=0.8; p<o.o1), with juveniles/adults ratio (r=0.69;
p<o.o1), valve/carapace ratio (r=0.65; p<o.o1) and FR (r=o0.27; p<o.05) when the
entire core was considered. However, when these data was analyzed separately
by biozones, no significant correlations were found.

Juveniles/adults ratio (J/A ratio). The J/A ratio at core Center (Fig. 3.12)
showed low values at subzone 1a and still low but higher at 1b suggesting only
slightly higher proportions of juveniles with respect to adults. Zone 2 showed
high values of this ratio, although very variable. Subzone 3a showed high values
in its mid part but in subzone 3b the ratio was low at the bottom and increased
towards the top. At subzones 4a and 4b no adult valves were found. J/A ratio was
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Figure 3.1x: C. torosa measured lengths for females and males and percentages
of noded C. forosa valves. LOESS regressions were applied for length values (using
average scale of 1o for females and for males).

Figura 3.11: Medidas de longitudes de C. torosa hembras y machos y el porcentaje de
valvas nodadas de C. torosa. La regresion LOESS se aplico a los datos de longitudes (usando un
factor de escala de 10 para ambos sexos).

positively correlated with total number of valves (r=0.69; p<o.o1), FR (r=0.69;
p<o.o1) and valve/carapace ratio (r=0.67; p<o.o1) taking into account the entire
core. When the analysis was applied separately for each biozone, we found a
strong positive correlation with valves/carapace ratio (r=0.78; p<o.o1) at zone 2.

Valvelcarapace ratio (VCR ratio). Variations in VCR ratio are shown in Fig.
3.12. We observed a peak of VRC ratio about the middle of subzone 1a, thus
suggesting possible rework events. Nevertheless, the ratio decreased at the very
top of this subzone. Subzone 1b showed very low values, except for two peaks,
one at the bottom half and the other at the limit with zone 2. The later was
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the highest peak for this ratio in the entire core. Zone 2 showed relatively low
ratios with some variations. We observed very few samples with carapaces at
subzones 3a and 3b and the samples from the zone 4 did not presented carapaces,
suggesting changing depositional conditions along these subzones. VCR ratio
was positively correlated with sex ratio (r=0.65; p<o.o1) and juvenile/adult ratio
(r=0.67; p<o.01) accounting for the entire sequence. Moreover this variable was
positively correlated with juveniles/adults ratio (r=0.78; p<o.o1) at zone 2 and
negatively with total number of valves (r=-0.7; p<0.05) at subzone 1a.
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Figure 3.12: Fossil population structure of the ostracod C. torosa, and FR (fragments
ratio) for the whole ostracod paleoassemblage. Ostracod grouped zones are located on the right
column. There were not found adults valves or carapaces in zone 4, for that reason the relevant
ratios were not calculated at this zone.

Figura 3.12: Estructura de la poblacion fosil de C. torosa y el FR (ratio de fragmentos) para todo el
paleoensamblaje de ostrdcodos. Las zonas agrupadas por CONISS para los ostrdcodos se sitiian en la columna
de la derecha. No se encontraron valvas de adultos o caparazones de adultos en la zona 4, consecuentemente no
se calcularon los ratios relevantes.
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Fragment ratio (FR= (fragments+EPtypeC)/n°Total valves+fragments). FR at
subzone 1a increased towards the mid part and immediately decreased to the
top of this subzone. Subzone 1b, zone 2 and subzone 3a showed very low ratio
values, except one isolated low peak at the bottom of subzone 3a. Subzone 3b
presented also low values; however, we observed the highest peak at the mid
part of this subzone accounting for the entire sequence. FR remained low at
subzone 4a and 4b except in the top sample. FR was correlated with sex ratio
(r=0.27; p<0.05) and juvenile/adults ratio (r=0.39; p<o.01), taken into account the
entire core, as was mentioned above. When subzones were separately analyzed,
FR was negatively correlated with total number of valves (r=-0.59; p<o.o1) for
subzone 1b and positively (r=0.97; p<o.o1) for subzone 3a.

3.4 Isotope results

The isotope values for C. torosa shells ranged between -10.06%o0 and 2.33%o0
(mean value -5.45%o0=1.61) for 83C and between -4.98%o0 and 3.29%o0 (mean
value of -0.18%o=1.71) for 8*0 along the core (Fig. 3.13; Table 3.2). For the entire
sequence, these two variables were not correlated, however, 83C exhibited a
weak positive correlation with valve lengths of C. forosa females (r=0.28; p<o.o1)
and 0O was negatively correlated with valve lengths for both sexes (r=-o0.2;
p<o.o5 for females and r=-0.33; p<o.o1 for males).

Table 3.2: Minimum, maximum and mean values for isotopical variables (6’3CVPDB
and 0"OveDB) according to ostracod bio-zones.

Tabla 3.2: Valores minimos, mdximos 'y medios de las variables isotdpicas (&sCrepp and
&XOVPDB) en relacion con las biozonas de ostrdcodos.

3"C (%) 350 (%)
biozones min MEAN=+SD max min MEAN=+SD max
4a 7,18 -6,71%0,67 6,23 2,92 2,75+0,24 2,58
3b -9,17 -4,72+1,72 -0,06 -4,98 -2,63+0,91 0,31
3a -10,06 -4,88+2,67 233 -4,68 1,4141,84 2,21
2 -8,12 -5,28+1,54 0,53 -3,24 1,06+1,16 3,19
1b -8,65 -5,85+1,18 -2,57 -1,98 0,82+0,92 3,16
1a -9,04 -5,85+1,25 -3,22 -1,26 0,63+0,95 3,29
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Both 83C and 8®0 showed high variability among individual valves at
the bottom and at the top of subzone 1a and low variability at the mid part of
this subzone. Both variables were positively correlated at this subzone (r=0.34;
p<o.o1). A high variability, as that observed at the bottom of the previous subzone,
was again observed for 8O at the bottom of subzone 1b, however, 80 and its
standard deviation (SD) decreased upwards within the subzone. On the other
hand, 63C showed a slight increase at the bottom but then (contrarily to §*0)
decreased softly to the mid part of this subzone and increased again from there
towards the top. There was no correlation between these two variables at this
subzone. However, 83C exhibited a positive correlation with C. forosa valve
lengths (r=0.527; p<o.o1) in the case of females.
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Figure 3.13: Isotopic change ratios (3C/*C and *O/"0O) along the sedimentary
sequence of core Center, geochemical analysis performed on C. torosa valves. Loess
regression was performed for both ratios using average scale of 10.

Figure 3.13: Cambios en los ratios isotdpicos (*C172C and *0170) a lo largo de la secuencia
sedimentaria del sondeo Centro realizados sobre las valvas de C. torosa. La regresion LOESS se
aplico para ambos ratios usando un factor de escala de ro.
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We observed important variations for 8O at zone 2. Two marked increases
were observed at the bottom and the top of this subzone with a decrease in the
middle, but values did not differ too much from those in the previous zone 1. §3C
increased towards the mid part of this zone (decreasing significantly its SD) and
increased again at the top end of this subzone. Despite both variables seemed
to have opposite trends at this subzone, no significant correlations were found.
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Figure 3.14: Stable isotopic composition (83C and &%0; VPDB notation) of C.
torosa calcite valves. The established ostracods biozones samples (1a, 1b, 2a, 2b, 3a, 3b,
4a) are plotted over C. forosa actual data (Chapter I) recent data (Broad survey: BSS and
Monthly survey: P5-P7-Ur).

Figure 3.14: Composicion isotdpica de la calcita de las valvas de C. torosa (§3C and §°0;
VPDB notacion). Las muestras de las biozonas establecidas para los ostrdcodos (1a, 1b, 2a, 2b, 34,
3b, 4a) estdn dibujadas sobre los datos actuales de C. torosa (Capitulo I) (Estudio extensivo: BSS y
estudio mensual: Ps-P7y Ut).

Important changes were observed for both variables at subzone 3a (Fig.
3-13). 8®O decreased fast and markedly towards the mid part of the subzone,
reaching very low values for 8®0. §3C was also decreased upwards but not so
drastically. No correlation was found between both variables at this subzone. At
subzone 3b, 0®®0 values were kept as low as at the top of zone 3a and showed
little variation. 0¥C was highly variable at subzone 3b, ant the few isotopic shell
analyses (2) performed for zone 4a gave values that were somehow lower (but
still in the range) than those reported at subzone 3b. No correlations were found
between both variables.
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Figure 3.14 shows the isotopic results together with data on C. forosa recent
shells isotopes analyzed in chapter I for comparison. Our established ostracod
zones I and 2 fitted well with the typical brackish and hypersaline sites studied
in the mentioned chapter. On the other site, results on 8*0 for zones 3 and
4 correspond to low salinity environments as compared with previous data on
recent ostracods (Fig. 3.14, Chapter I). However, points in the graph are displaced
from the expected trend because their §3C values are higher (than expected for
their 80 values) in comparison with recent data.

3.5 Salinity reconstructions

Past salinity was inferred from C. forosa morphological and geochemical
results applying Marco-Barba et al. equation (Chapter I), presented in the
methods section of this chapter. Salinity reconstruction was based on the
percentage of C. torosa noded forms and 8O shell values.
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Figura 3.15: Salinidad del agua
inferida a partir de las regresiones miiltiples
2 (ecuaciones de los métodos). La linea indica la
media estimada 'y las zonas sombreadas los errores
minimos 'y mdximos. Las zonas de ostrdcodos
establecidas se muestran en la columna de la
derecha.
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The past water salinity reconstructions are show in figure 3.15. In general,
salinity did not vary highly along zones 1 and 2 (brackish waters around 17 to 19
g/L were estimated), although the maximum error value was highly variable.
However, a rapid salinity decrease was observed at the bottom of subzone 3a
(average 3.5 g/L) and a low salinity was maintained until the top. Two secondary
salinity peaks were observed at the very bottom of subzone 3b (10.4 g/L) and at
the top (9.8 g/L), although we inferred the lowest salinity values (0.2 g/L) at the
mid part of this subzone.

4.-Discussion

The previous chapters showed that Albufera was an ancient bay highly
influenced by sea level changes, storms events, floods and humid and warm
periods during the mid Holocene (between c. 8ooo and 3000 cal yrs BP).
However, these studies did not cover the events that occurred along the time
frame of the last millenniums. The two meters length of Core Center helped us
to resolve some of the questions remaining from the previous chapter (Chapter
IT). Two radiocarbometric dates with pollen concentrates at the bottom of
the core showed that the sediment of core Center covered the last 3400 cal
yrs BP (corrected). However, the *°Pb age model at the top indicates that this
sediment must be more recent. Dating sediments with “C in these kinds of lakes
can be problematic due to the presence of organic matter other than terrestrial
remains (e.g. aquatic plants), which can be included in the pollen concentrates.
In addition, many factors that can affect the sediments structure, such as
bioturbation, floods, storm events, dissolving processes and high sedimentation
rates, make historical and paleoclimatic reconstructions very difficult and these
should be carried out with great caution.

In this section, we first discuss the interpretation of the different
paleoenvironmental events that took place on the lake at each bio-zone, based
on our multi-proxy data. Afterwards, we place the Holocene evolution of the
lake in the general context of sea level changes and human management.
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4.1 Core interpretation

4.1.1. Zone 1

As we discuss below, the ostracod paleoassembalges and geochemical data
throughout zone 1 (234 cm to 108 cm) represent the changes that took place at
Albufera de Valencia, from a brackish environment at subzone r1a, influenced
by precipitation/evaporation processes and storm events, to an open brackish-
marine environment derived from a mix of waters at the mid and the top half of
subzone 1b, related to sea level rising.

Subzone 1a

The sedimentary composition of subzone 1a (234-181 ¢cm) corresponds
mainly to facies type B, a homogeneous silt with low amounts of bivalve fragments
and fibre plant remains. The ostracod fauna, dominated by a brackish ostracod
assemblage composed by C. torosa and L. elliptica indicates that sediments came
from transitional marine environments such as a brackish coastal shallow lake.
This association, characterized by low species richness with high densities, has
also been described as typical from sandy silt substrates at other localities (e.g.
Ruiz et al., 2000a,b; Smith and Horne, 2002; Ruiz et al., 2006). Cyprideis torosa
is a highly halotolerant ostracod species (salinity range=o.2-59 g/L) (Heip,
1976; Mezquita ef al., 2000, 2005; this Thesis, Chapter I) that is usually found
in sandy substrates and forming assemblages with L. elliptica. Loxoconcha elliptica
is a brackish (salinity range=8-25 g/L; Mezquita ef al., 2005) and leaf-dwelling
ostracod species with oval cross-sections and legs with hooked claws which aid
them in climbing (Smith and Horne, 2002). These species can stand living in
sandy substrates and places where the hydrodynamic processes (waves, wind
effects) and daily salinity variations, play an important role (Carbonel, 1980;
Ruiz et al., 2000b; Smith and Horne, 2002).

The scattered occurrence of species more typical of marine environments
such as A4. arborescens and L. rhomboidea (Athersuch et al., 1989) at the bottom and
the top of subzone 1a, suggests that the lake was in some way connected to the sea
in some periods. The low abundances of these species and the high taphonomical
ratios (valve/carapace ratio and FR) at these levels may indicate high energy
at the time of deposition, probably due to storms events that reworked this
marine material onto the lake. Nevertheless, C. torosa sex ratio values close to
one and J/A ratio with values between 1.5 and 9.0 are good indicators that the
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assemblages represent a natural living population (Kilenyi, 1969; Heip, 1976).
Thus, ostracods species and taphonomical indicators suggest stable conditions
for the most common species and the majority of the zone, except at the interval
located between 200 and 212 cm. Especial attentions should be done for this
particular event, because no mollusc fragments or entire shells were found and
the substrate was not the typical sandy sediment coming from marine influence.
Additionally, MS and the geochemical elements from group 1 (Ti, K...) at this
depth increased and carbonates and Sr were relatively low compared with the
previous centimetres. Altogether, the type of sediments, the absence of mollusks
remains, the ostracod taphonomical ratios, the high MS, the increase of detritic
elements from group 1 (e.g. Ti) and the Sr reduction suggest external deposition in
this interval (200-220cm); thus, we can suggest that probably this corresponds to
an important flood event that brought different water and sediment composition
into the lake.

Regarding to diversity indices (Fig. 3.10), these indicated constant
environmental conditions along this subzone except for the slight variations
observed at the bottom half, probably due to the last mentioned flood event.
Constant D values close to o, suggest no ostracod assemblages fluctuations with
respect to the average stage. These transitional environments (coastal lagoons)
with high fluctuations and gradients (salinity, high hydrodynamic effects...) do
not favour ostracod species survival, for that reason, only a few tolerant species
can survive in these habitats (Dorgelo, 1976). This explains the low number of
species, the high ostracod abundances and the constant D at this zone, coming
from the special features of this kind of systems.

C. torosa valve lengths exhibit a slight increase at the bottom and at about
200 c¢m depth, mainly observed in males’ size, and not so much in females. This
slight increase in valve lengths could indicate some water chemistry changes,
probably a mix of waters with freshwater input, but not important and not
trespassing threshold points since the % of noded valves did not varied along
the zone. Possibly the 200-212 ecm depth event discussed above was related to
increased precipitation and therefore more freshwater input allowed C. forosa
individuals to grow slightly bigger carapaces (see Chapter I).

165



Chapter III

late Holocene evolution of Albufera

5004143 ap 03504 152 vavd Jg s4K £ vlpd ] Ud SOPYZYPI0] $03UQ S0] DAV JE SAK DI U POPI IP DIPIVSI 2y, JE “SOUD 000¥ SOULL]N SO dJUDIND
SDILPY200]Dd SIUOLINLISUOI2L DO K 0.GFT (9P DIJAP [0 Ud SOPDSDQ ADUL 2P [201 9P SOLD SOIUIQD SO] SPULLISUOIAL SDILDISN SIUOLID]I0S0 S| 109 0ppandiui0d 0fja 0po ], DpLdfur pypiuyvs
£ s0011nboa3 soppp sopoap.iso ap svuozoiq svj ua sopvsvq (F p) uowvpnasosd ap sopvprun & (Eg-1q) 4wt [op [patu [ap S0j[v Saja0U S0 AP DALDIUI] UOWINLSUOIRY :9T°€ 2INST,]

*s2anS1j SUTUTEWI 3Y) J0f J¢ SIA PUEB X0q 93 UI PAJLIO] SIUIAD 93 J0J J¢ SIA [8d ur 9[eds 99e ¢, Jq
*s1894 000¥ 1SE[ 913 JOAO SUOTIONIISTOIAT dNIBWI[D0ed I9I0 PUE 0IQY [P BIAP UO Paseq SSUIMS d1IeIsna onew [d Aouanbaij-ydny pajonnsuodsal oy3 yim paredurod
pue AJUI[ES POLISJUT PUR BIBP [BIIYD093 ‘s0U0Z POOBIISO UO PIskq SIUN (F ‘P) I[P () SIU2AD pueIsydIy Jojua)) 2100 dUIDO[OF] 18] 2ANEIUIT, :91°€ 2anSr,y

:.BPB_QE&

3 IN -Mp,S01 SAAIIR[AI 0

264291 8 0 009,008 O 000Y8 000SE 000¥ 000Z O OZE 09+ O 0034008 0 00 004 O 00960087 0 00L 09 0Z 00) 09 0Z 00 09 0Z 00) 09 OZ
Llelell bbbl Lebebed bbblh] bbbbbl bbbl Lol bbbl Lbbbh] bbbl bbbl bbbl oz
000t I F
€H & e[ m
000€ [S== 0005 oo
 y S— 12q1ung cp it Zieieieipihed _—— = = = = = = = =  — — — |- — — — 4 — — — e
¥H - ‘ F ozt
- F ogt
_ Eost
oo = 000 qar k ,
-~ L ors 16 gozz
SH 1Y [ o) 89 HOKT
— — F ozt
0001 Tt~ 4 E ot
0001 ~ oo
||||| R LT I e . SU - R — T E
008 P ﬂ. [ % vopr
arosst L og A
OH o¢ Co
g g 4 a@ b
=" =3 L
g g <v -~ a
S|z |2 |z avosel = w b
8 =3 =] =3 L
g§ |2 |g |2 -
= & = e r
q L
+dd (100 (8002 | b
00z . [T [T PTTTT AT A IO ey AT T A e e
o “mioomz)  (£00T 8661 “70 12 ©Z0U0S o D 1 uz ) a GTRTED soApe sou0z
“wiopwog) spouad PP 4op) (euoSene]) [eS (j-Mpssojoui) I LOIDMYSAL]  QULIDPY  YSDODAG  DSOI0] )
: vIpq 0197 pauajup 4 Bl

SIUAAT Plo) Aypuy  BHOWIY

166



Chapter III Discussion

Despite a somehow wide scatter for 8O until the mid of this subzone,
suggesting mix of waters, the reduced variability of 80 and §%C from the mid
to the top, together with a slow increase of Sr and Cl in the sediment of this
subzone indicates minor salinity increase probably due to sea level rising (Fig.
3.16). 83C and &®O isotopic ratios were positively correlated at this subzone,
albeit the correlation was weak (r: 0.34). As it is well known carbonates from
hydrologically open lakes typically show poor correlations between precipitated
carbon and oxygen isotopes (Talbot, 1990), as observed here. The Albufera de
Valencia was an open coastal lake connected to the sea as it is shown by the
ostracod isotopic composition at this time. However, the high 80 variability,
the inferred salinity (17-19 g/L) and the absence of an established marine species
assemblage indicate that this subzone was most probably a shallow lagoon under
the effects of seasonal processes, including high evaporation and freshwater
inputs. On the other side, the reduced 8O variability and the increasing marine
species abundances at the top limit of subzone 1a and at the bottom of the next
subzone indicates salinity increasing most probably due to marine influence (see
below). Moreover, the isotopical results at subzone 1a correspond to brackish
waters influenced by high evaporation processes and/or by mixing of continental
and marine waters compared with the results shown in chapter I (Fig. 3.14 of this
chapter).

Subzone 1b

The lithological composition of subzone 1b (176-108 c¢m) was mainly
represented by facies type A, i.e. with an important component of sands. The
ostracod fauna showed a marked increase of species richness and abundance,
compared with the previous subzone. This subzone was characterized by a
typical brackish-marine ostracod assemblage. The dominant brackish species C.
torosa and L. elliptica were maintained, but accompanied by high abundances of
the marine species A. arborescens and L. rhomboidea (salinity tolerance: 20-30 g/l
and >5 to 30 g/l respectively; Wagner 1957; Neale, 1964; Athersuch et al., 1989),
suggesting an important marine influence. In addition, another brackish species
X. nitida (salinity tolerance: 8-29 g/l; Athersuch et al., 1989; Mezquita et al., 2005)
appeared periodically. Nevertheless, the two previously mentioned marine
species and the brackish L. elliptica and X. nitida decreased and disappeared
at the top of the subzone, and the total number of valves was highly reduced,
suggesting a drastic environmental change.
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The increase in the number of ostracod species and ostracod abundances
coincides with lithological facies A, where a typical sandy substrate was found.
Marine ostracod valves abundances, especially for 4. arborescens, were particularly
high in facies type A. Marine species such as 4. arborescens and L. rbomboidea are
adapted to inter-mareal environments where sandy substrates are found. Species
from the same genus were found at the artificial outlets and marine channels
of Melah Lagoon and the Tunisia platform (Ruiz ef al., 2006). The association
of C. torosa and L. elliptica is common in sites with high salinity variations and
sandy silt substrates (Ruiz et al., 2000a). L. elliptica and Xestoleberis species are
more adapted to high hydrodynamic gradients such as estuarine places, where
a high algae concentrations such as macroalgae (Ulva sp.) could be present and
be an important food supply for these phytophylous species (Ruiz ef al., 2000a).
Finally, the decrease in ostracod species richness and abundances at the top of
the subzone coincides with a lithological change from sandy silt to fine mud
sediments (between facies B6 and Ag).

MS, LOI, Cl and Sr did not show wide variations at subzone 1b, suggesting
constant sea water supply along the subzone. However the maximum peak of
carbonates (at ¢. 140 cm depth) and a sudden change in CI content coincide
with the maximum ostracod abundances. Below this depth, the content of
detrital elements (group 1; Ti, K, etc.) was generally higher than at the top half
of this subzone. Aluminum (Al) is usually related with rainfall events, but the
interpretation of Al profiles is complicated due to its increased solubility under
acidic (pH<4.5) conditions (Cohen, 2003) and the lesser solubility under alkaline
conditions (found as hydroxide in soils). Acid rain dissolves salts in soils, and
transports these to water sources, this may cause an increase of aluminum
concentrations in rivers and lakes. In addition, Al was well correlated with
elements from group 1 of Ti, suggesting an association with detrital components.
The high proportions of these elements could be probably related to more humid
periods or increase of precipitation patterns. Furthermore, previous works
based on the study of the geochemical components in organic rich coastal peat
marshes at nearby zones of Valencia (Castellén, Valencia) also demonstrated the
relationship of Al, K and other elements with a detrital origin of the sediments
(Lépez-Buendia et al., 1999).

Ifwe take into account that FR was in general low and negatively correlated
with the total number of ostracod valves at subzone 1b, J/A and M:F ratios were
relatively high, and the VCR ratio only presented two anomalous values, then,
the ostracod fauna could be considered as autocthonous along this subzone.
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In addition, diversity indices (Fig. 3.10) indicated constant environmental
conditions along the subzone, being in agreement with the last approximations
except at the top sample of the subzone (at the transitional zone between Facies
B6 and Ay).

In this subzone C. torosa valve lengths (particularly males) seem to be good
indicators of minor salinity changes. These increased when the proportion of
marine species decreased, and vice versa. Moreover, valve lengths exhibited a
negative correlation with 6®O and the slight valve length increase at the bottom
of the subzone coincides with the wide scatter observed for 8*0, suggesting
salinity decrease at the middle of the bottom half and at the top of the subzone.
However, the percentage of noded forms did not show any clear change along the
subzone, therefore salinity values were kept in the brackish range, as indicated
by our salinity reconstruction.

Isotopic variables showed similar values to those reported at the previous
subzone (1a), suggesting similar hydrology, salinity and trophic state. 6O
increased, suggesting salinity increases probably due to sea level rising (see
below; Fig. 3.16). Both isotopic variables were not correlated at this subzone
suggesting an open lake (Talbot, 1990). Reconstructed salinity also indicated low
variation maintaining the mesohaline conditions (17-19 g/L) of the last subzone.
Nevertheless, the maximum salinity variation (maximum error) indicates that
at this period the salinity of the lake attained values probably close to seawater,
higher than in the previous subzone.

The different taphonomical indices suggest constant environmental
conditions along the subzone. However, ostracod species assemblages,
lithological composition and isotopic signatures indicate possible mix of waters
at the bottom and the top and a salinity increase at the mid part of this subzone,
possibly related to sea level rising (see below).

4.1.2. Zone 2

The ostracod species composition, the increase in submerged plants
remains, the isotopical values of ostracod shells and the sedimentary composition,
all suggest important changes with respect to zone 1, as well as salinity variations
and important floods events along this zone.

Salinity changes are clearly indicated by a marked CI decrease with
respect to the previous zone, suggesting a salinity decrease related to sea level

169



late Holocene evolution of Albufera Chapter III

variations (see below). On the other hand, Sr showed a important variations
suggesting different water supply or at least mixing of waters of different origin.
The plant remains increase (Fig. 3.3) and the positive correlation between LOI
and N:P ratio, suggest that the mixing of waters favored macrophyte meadow
development towards the top of this zone.

This zone is characterized by the high abundance of Xestoleberis nitida and
high concentration of plant remains. C. torosa, L. elliptica and X. nitida (a typical
brackish water ostracod assemblage) increased their abundances following
parallel trends and reaching the highest abundances for X. nitida, which is
almost exclusive of this zone. X. nitida is a mixohaline species commonly found in
estuaries and lagoons at places rich in vegetation (Athersuch et al., 1989; Smith and
Horne, 2002). The presence of some valves of the brackish Cytherois cf. stephanidesi
and Leptocythere sp., the marine A. arborescens and inland water species such as C.
angulata, Candona sp., D. stevensoni, C. vidua and Herpetocypris sp. at the top of the
subzone should be remarked. The presence of these species should be interpreted
carefully due to the low abundances, perhaps originating from the channel that
connected the lake to the sea or from the nearby springs, rivers or gullies in
the case of the inland water species. However, sex-ratio, J/A ratio, and VRC
ratio suggest no reworking material for the C. forosa population. Furthermore,
diversity indices (Fig. 3.10) H and E showed that ostracod assemblages at the
bottom samples were similar to those reported at the previous zone. However,
the assemblages changed (D increase) throughout the mid part (due to rise in
X. nitida abundances) and to the top of this zone (increase of freshwater species)
suggesting changing environmental conditions (salinity reduction).

Two flood events (facies D3 and D4) occurred in this zone, as indicated by
a sharp decrease in the number of valves of the marine species 4. arborescens and
a slight decrease on C. torosa, L. elliptica and X. nitida abundances. In addition,
MS and the XRF elements from group 1 (Ti, Fe, K, and Al; detritic elements)
increased markedly and Sr decreased at facies D4 suggesting possible flood
events and different water supply (similar patterns were observed at all D facies).
Sex ratio and J/A ratio in general suggest low energy depositional environments
in this zone, but the extreme high peaks at the mid part of the zone may suggest
reworking (Kilenyi, 1969) perhaps in relation to the flood event.

Regarding marine species, these reached the maximum number of valves
at Facies A6, after the D3 facies event, where we also observed high number
of marine gastropods and bivalves and plant remains. Mediterranean storms
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can produce violent precipitation extremes at the end of the summer season
(Trigo et al., 2002). These storms could provoke important floods and transport
of reworked material both from the continent and from the coast (e.g. sea water,
sand, gastropods, ostracods...), introducing this material into an adjacent coastal
lagoon, such as the Albufera de Valencia.

C. torosa valve lengths increased towards the top of this subzone although
with a big scatter, suggesting mixing waters and decreasing salinities. 8"*O varied
along this subzone correlating with the presence of marine species, suggesting
salinity decrease to the mid part of the zone, followed by an increase to the
top half and again a reduction at the top limit of this zone. At the D3, 80
values decreased suggesting freshwater input, which is in agreement with the
increase in the total number of ostracod valves and the decrease of 4. arborescens
abundances. 0%C increases from the bottom to the mid part and again at the top
of the zone. This slight increase coincides with carbonates and N/P increases,
suggesting enhanced productivity.

At this zone, shell isotopic values were positioned generally at the same
range as in the previous zones for the wide C. torosa isotopic scatter (Fig. 3.14),
suggesting similar salinity conditions. Nevertheless, we observed some samples
with 08C higher than for the studied living populations, suggesting a period of
enhanced productivity (Leng and Marshall, 2004). Inferred salinity was similar
to the values calculated for the previous subzones; however a slight decrease was
estimated at the middle of this subzone (=17 g/L).

4.1.3. Zone 3

The most important changes along the core were observed at this zone.
The ostracod species composition, isotopic values and sedimentary composition
suggest a sudden and drastic salinity reduction with important chemical changes,
probably related to human hydrological management and pollution.

Subzone 3a

The constant low values of Cl indicate constant low salinity, independently
it was corroborated by our salinity reconstruction (see below). LOI and N:P
increased, and mainly N (see Fig. 3.15) suggesting macrophyte proliferation,
which increased dead organic matter on the sediments (high LOI). The high
correlation between LOI and nitrogen indicates that most of this organic
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material corresponds to macrophyte remains; this is also supported by the
observed high concentration of plant remains and high values of N and LOL
The mixing of waters favored macrophyte proliferation, which in turn facilitated
high carbonate precipitation and consequently an increase of carbonates in the
sediment of this zone. It should also be emphasized the increase of Pb values (Fig.
3.15), probably due to pollution of atmospheric origin and also to the increase of
hunting practices at this time in the Albufera (discussed below).

The dominance by a brackish ostracod assemblage observed at previous
zones, changed to a freshwater assemblage at this subzone. L. elliptica and X.
nitida decreased rapidly at the bottom of this subzone. C. forosa increased at the
interfase layer, at the lower limit of this subzone, reaching the highest abundances
but immediately after decreased constantly towards the top. On the other hand,
the increasing number of inland water species (mainly, C. angulata, Candona sp.
and D. stevensoni) confirmed the salinity decrease throughout the subzone.

C. torosa valve lengths increased importantly to the top of this subzone, as
well the percentage of noded forms also suggesting a change from a brackish to a
more diverse freshwater environment.. The salinity reduction is also in agreement
with the sharp decrease of 8*O. However, §3C increased and showed a wide
scatter from the mid part of the previous zone to the bottom of this one, however,
immediately decreased towards the top. This 03C increase can be related the
high density of plants and enhanced photosynthesis (that preferentially utilize
»C). However, the sudden decrease could be explained by different factors, such
as the respiration of the sinking organic matter or by carbonates precipitation
(Leng and Marshall, 2004). Both processes take CO_ from the water and produce
the inverse process (leading to a low 83C in the T-DIC). Most of the samples
showed oxygen ostracod shell isotopic values which corresponded to mesohaline
water bodies (10g/L), compared with the samples studied in Chapter I (Fig. 3.14).
However, these samples were displaced outside of the C. torosa scatter due to the
observed high 03C values, which could be explained by the different processes
that can be involved on the 83C of T-DIC water content, as explained above.

Inferred salinity showed a marked decrease from the bottom to the top,
with salinities that ranged from g to 3 g/L which coincided with the important
historical transformations taking place during this period in Albufera de Valencia.
The Spanish crisis (by the beginning of XX" century) and the changes on the
property of the surrounding land leaded to an intensive agriculture expansion
and to a strong hydrological control of the Albufera de Valencia.
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Subzone 3b

The most important changes along this subzone relate to the increase in
nutrient load, indicated by a rise in phosphorous, and the drastic reduction of
the macrophyte cover indicated by a decrease in LOI and N and the absence of
mollusks and plants remains (Fig. 3.16). On the other hand Sr, Cland Pb remained
constant along the subzone suggesting similar water supply and constant lead
pollution by hunting or industrial activities.

The number of ostracod valves decreased considerably with respect to the
previous subzone. This subzone is dominated also by freshwater species, such
as C. angulata, Candona sp., P. psammophila and D. stevensoni (salinity tolerance:
0.2 to 15 g/L for the Candoninae species, 0.2-1.7 g/L for P. psammophila and 0.3
to 2.1 g/L, even up to 15 g/L for D. stevensoni; Meisch, 2000; Mezquita et al.,
2005). At the top of this subzone, other freshwater species appeared such as
the cosmopolitan species Limnocythere inopinata. L. inopinata can tolerate either
permanent or temporary water bodies and is usually found in muddy to sandy
substrates with a wide salinity tolerance (0.8 to 3.7 g/L up to 18 g/L) (Meisch,
2000; Mezquita, ef al., 2005). The high relative abundance of cosmopolitan,
eurytopic and phytophilous species C. vidua (salinity tolerance: 0.3 to 2.3, up to 8
g/1; Meisch, 2000; Mezquita ef al., 2005), may indicate high vegetation cover but
also fluctuating trophic conditions.

Taphonomical indices in this subzone are highly variable and sometimes
contradictory because high proportions of juveniles indicate low energy
depositional conditions, but this coincides with low sex-ratios and varying FR
values. Diversity of ostracods, particularly the Shannon index, show the highest
mean values for the whole sequence, suggesting the presence of a rich community
in a relatively stable, not stressful environment. D_ varied considerable at the
bottom half and at the top half due to the increase of freshwater ostracods, a
community far from the C. torosa dominated assemblage common through most
of the sequence.

A few C. torosa adult valves were measured and the lengths were quite
similar to those reported at the last samples of subzone 3a, suggesting similar
mesohaline conditions. The percentage of noded valves showed a slight increase
at the bottom and high percentages at the mid part, suggesting salinity still was
decreasing towards the mid part of this subzone.
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80 showed similar values to those reported at the top of the previous
subzone, suggesting similar freshwater conditions. 03C showed also a scatter of
values similar to subzone 3a (and with maximum values higher than in zones 1 and
2), in suggesting also high variability of photosynthetic and respiration activities,
as discussed above. The pattern of inferred salinity is similar to the previous
zone, with average values in agreement with the known salinity tolerance of the
species found.

4.1.4. Zone 4

Again PT increased throughout the zone, suggesting important nutrient
inputs to the lake in this recent period (Fig. 3.16). The decrease of TN and LOI
and the increase of TP is most probably related to the loss of macrophytes
meadows and the eutrophication of the lake in the last 50 years (Fig. 3.16)
(Miracle et al., 1987). Cu, Zn and Cr content was very high along this zone,
suggesting a growing industrial contamination. On the other hand, MS did not
varied markedly except for one isolated high peak (facies D5), accounting for the
highest peak along the core, which may correspond to the extreme Turia river
flood event that took place in 1957 (Carmona and Ruiz, 2000).

The sediment of this zone and also of subzone 3b, was characterized by fine
mud sediments, absence of mollusks and plant remains and a very low number of
ostracods valves. Subzone 4a was characterized by a poor mesohaline ostracod
assemblage, dominated by C. forosa, but this species decreased its abundances
towards the top of the subzone. Other species such as C. vidua, Candona sp., D.
stevensoni or L. inopinata showed a scattered presence along this subzone. No
C. torosa adults or entire carapaces were found, and most of the taphonomical
ratios could not be calculated. The low number of remains also prevents a
strong inference of paleoenvironmental conditions from ostracod valves. Only
two isotopical analyses were performed at this subzone, resulting in 8O and
03C values similar to those reported at the previous subzone, suggesting similar
salinity and T-DIC isotopic composition. Inferred salinity gave salinity values
slightly lower than those obtained at the top of subzone 3b.

At subzone 4b very few ostracod valves were found. C. torosa was present in
almost all the samples, and when other species were present they were composed
by the cosmopolitan C. vidua and L. inopinata and Candoninae species.
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The ostracod disappearance and the absence of plant and mollusk
remains could be explained by human impact on the Lake. The uncontrolled
watersheds, agricultural residues and industrial spills into the lake modified
the natural conditions of the system driving it to an hypereutrophication state,
added to pollution by heavy metals, and consequently to the loss of biodiversity
(particularly of ostracods; Poquet et al., 2008) and to the currently low water
quality (Romo et al. 2008).

4.2 The late Holocene history of the Albufera de Valencia

The study of the Palmar core in the Chapter II accounted for the
environmental changes of the Albufera lake for most of the mid part of the
Holocene; however, the late Holocene was lost from that sequence and it is here
studied in detail. The two radiocarbometric dates, calibrated and corrected for
the reservoir effect, provide an indication of the period interval studied in this
sediment sequence of Albufera de Valencia. In addition, the *°Pb age model and
the main Turia and Jucar rivers floods allowed us to approximate a useful age
model for the last 200 years.

Based on ostracod paleoassemblages and geochemistry, sedimentology,
MS and geochemical XRF results, we were able to infer salinity changes for the
Albufera system and correlate these variations with sea level changes (eustatic
fluctuations) proposed for other Mediterranean coastal areas during the late
Holocene. In the preceding chapter we discussed Zazo and Goy (2000), Goy
et al. (2003) and Zazo et al. (2008) description of sea level fluctuations with
prograding periods (H-H,) on the Spanish Mediterranean coasts that were
interpreted as cold events. Furthermore, the study of Somoza et al. (1998) at the
Ebro river delta described prograding events (d episodes), interpreted as cold
periods corresponding to reducing mean sea level (MSL), and agrading events
(a episodes) of increasing sea level, attaining maximum values of sea level rise at
highstands (hz-hs). We discuss the links between our results and these sea-level
changes that could have shaped the history of coastal Lake Albufera.

Part of Zazo et al. (2008) H_ prograding period may be identified at the
bottom of Albufera core Center, encompassing an episode of approximately 28
cm (between 238 and 210 cm) that coincides with the bottom of our ostracod
subzone 1a. The high ostracod abundances, the typical brackish assemblage
(inferred salinity=17 g/1), the good preservation and the lithological descriptions
suggest a relatively stable environment. The small variation of Srand Cl suggested
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a constant supply to the lake from the same water source. Even so, the lake was
poorly connected to the sea at this time, since the marine ostracod assemblage
was not established. Storm events and evaporation processes likely played an
important role in the salinity of the lake. At subzone 1b, important changes in
the ostracod paleocommunity that become enriched in marine species suggest
higher sea water influence, probably related to a marine transgression, that
could attain the maximum influence at Somoza et al. (1998) h3 or h4 highstand at
around 3000 yrs BP, or the transition between H, and H, prograding events (Zazo
et al. 2008). CI content and the inferred salinity did not show wide variations,
suggesting a brackish environment with higher marine influence. In summary:
(1) the sandy silt sediments (facies A; marine influenced), (2) the Sr increase
(suggesting different water supply), (3) the 80 increase (salinity increase) and
the (4) typical brackish-marine assemblages indicates that the lake was open to
the sea, probably due to a sea level rising that might have taken place from the
top of our ostracod subzone 1a to the top of subzone 1b (between around 3400 and
2400 cal yrs BP). This event correlates with the high stand period h4 described
by Somoza et al. (1998) and with the time between H and H, prograding periods
described by Goy et al. (2003) at Almeria coasts.

We hypothesize that the dg regressive phase at the Ebro delta (dated
between 1110 AD and 1550 AD) may probably correspond with the decrease of
salinity and reduced dominance of marine species assemblages between 9o and
100 cm at the top of ostracod zone 2 when the ostracod assemblage change from
brackish-marine to brackish, and Sr and CI decrease. In addition, the facies D3
may correspond with the Turia flood event that took place in 1589 (Carmona
and Ruiz, 2000). However, this event should be interpreted carefully due to the
relatively low MS compared with the other flood events (facies D4 and Ds) and
the poor reliability of dating at this level.

The inferred flood event at facies D4 coincides with the second highest
peak of MS, and could be correlated with the main Jdacar flooding that took
place in 1864 (Carmona and Ruiz, 2000). From this flood event (D4) towards
the top, we observed a salinity increase that correlates with the last marine
transgression that occurred during the last 500 years (hs in Somoza et al., 1998).
But most importantly, different authors suggest that the subsequent marine
regression ds (Somoza ef al., 1998) was one of the main factors involved in the
development of a sand bar that drove the isolation of lake Albufera de Valencia
from the sea (Santiesteban ef al., in press). Ostracod marine species disappeared
and C. forosa significantly decreased in abundance; however, the brackish species
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(mainly X. nitida) and plants remains increased notably, suggesting brackish
waters and vegetation growth. In addition, Total Nitrogen and LOI increased
with parallel trends throughout the zone (Fig 3.4 and 3.16), suggesting that most
of the deposited organic matter corresponded to macrophyte meadows. It is
well known that Albufera de Valencia was highly influenced by human activities
especially since medieval times. Historical archives demonstrated that humans
undertook important hydrological management since the beginning of the
XV century (Sanchis Ibor, 2001). For instance, the lake was used for intensive
fishermen activities since 1600. Especially from 1600 to 1680 fishermen used to
build an artificial dam (called Parada Fija) in the channel located at the southern
part of the lake that closed and isolated the lake from the sea. The reason for this
particular activity during those years came from the idea of using the lake for
extensive fish culturing.

At zone 3 inferred salinity and Cl decreased markedly, the brackish species
decreased almost disappearing, and freshwater species increased steadily. If we
take into account the historical archives of the history of Albufera de Valencia
we estimate that the age at the bottom of this zone could be around 1888 AD
(correlating with the increasing hunt use of Pb at this date, see below). Different
authors (Robles ef al., 1985, Santiesteban ef al., in press) suggested that the main
salinity reduction occurred around 500 years ago, which drove the Albufera from
a brackish stage to the present freshwater conditions due to the regressive phase
occurred at this time that closed and isolated the lake from the sea. However,
despite the Albufera suffered important hydrological changes (explained above)
since medieval times, we observed that the phenomena of desalination did not
occur until most probably later than the end of the XVIII or the beginning of the
XIX century. Between 1864 AD and 1927 AD, humans undertook a strong control
of the Albufera resulting in numerous modifications. In 1865, Spain was under
a drastic economic crisis. This crisis and the high economic expenses involved
in the management of the Albufera de Valencia was the reason why the queen
Isabel IT decided to transfer the property of Albufera of Valencia to the Spanish
government (Sanchis Ibor, 2001). This facilitated the agricultural expansion of
the region, specifically the expansion of rice fields. The rice fields’ capacity for
water retention resulted in increased hydrological control of the area. Between
1865 an 1927, the open lake surface was strongly reduced, and waters coming
from rivers Jucar and Turia were diverted for irrigation of the surrounding areas
of the lake. The increasing water input from irrigation surpluses draining into
the lake modified its water chemistry, most notably its salinity, Sr, and T-DIC
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concentrations. Furthermore, salinity reduction allowed the development
of macrophyte meadows that drove the colonization of these new habitats by
freshwater ostracod species. Proxies such as LOI, N and carbonates increased in
this subzone and reached the highest peaks at 59 cm where we also recorded the
maximum freshwater ostracod species abundance and the highest 83C values.
Macrophytes increase habitat diversification and provide food and protection to
freshwater ostracods. As a result, the increase in macrophyte coverage correlated
well with freshwater ostracods, which exhibited a high diversity in the ostracod
subzone 3a. Following this, the increase of macrophytes could also lead to very
high §3C T-DIC values, mainly due to preferential uptake of *C by aquatic
plants during photosynthesis (Leng and Marshall, 2004), and high carbonate
precipitation. Moreover, TN concentration increase could also be related to
organic matter enrichment due to macrophyte detritus.

The abundant macrophyte meadows became depleted due to intense
urbanization of the lake surroundings, its coupled untreated sewage diversion
to the lake, and the increased use of fertilizers, herbicides, and pesticides since
1950s (Vicente and Miracle, 1992). Urban development followed by the use of
fertilizers increased the phosphorous load to the lake, which consequently favored
the phytoplankton development and started the eutrophication processes. On
the other hand, N and LOI decreased progressively probably related to the
macrophyte meadows’ degeneration. Untreated domestic sewage waters and
agricultural pollution brought the lake to an hypereutrophic state, which has
switched to a complete dominance of phytoplankton, and macrophytes were
wiped out from the lake since the last years of the 1960 decade.

The most recent sediments (mainly last century) showed an increase of
heavy metals similar to many lakes around the world, mainly at our ostracods
zone 4. One of the main metals was Pb. The Pb concentration increased
markedly after 1864. One of the main traditional activities at Albufera de
Valencia since medieval times is hunting. The local council allowed the hunting
expansion at Albufera in 1888 due to the great demand of this activity in the
area. The use of lead in ammunition is one of the main problems at wetlands
around the world, due to lead toxicity and has been registered in Albufera
sediments and local hunters continue to use lead ammunition with the local
government permission. Furthermore, important quantities of lead might have
been deposited into the lake through atmospheric deposition, as registered in
other Iberian areas (Martinez-Cortizas et al., 1997). Other metals such as Cr,
Cu and Zn also increased (Fig. 3.5) since the beginning of the XX century and
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more intensely since the middle of it. The presence of industries around the lake
suggest that the lake and catchment soils were increasingly contaminated by
aerial transport of emissions or direct water spills of Cr, Cu and Zn into the lake
as a result of industrial activity. Albufera de Valencia represents since the last
years of the 1970’s decade a hypereutrophic state (Vicente and Miracle, 1992)
with a consequent loss of ostracod communities (Poquet ef al., 2008). Several
studies have been carried out during the last years about hydrology (Soria and
Vicente, 2002; Soria, 2006), nutrient loads and eutrophication processes (Soria et
al., 1987), and phytoplankton tendencies (Romo et al., 2008) which demonstrated
the negative effects of humans in the lake, thus, calling for effective water
management and the reduction of the inflow of polluted waters.

5.-Conclusions

According to the previous studies (Santiesteban et al., in press and chapter
IT of this Thesis) the Albufera de Valencia was strongly influenced by sea level
changes along the Holocene and these changes are well recorded on the Albufera
lake sediments. Core center sediment sequence spans a period accounting for
approximately the last 3400 years. Sedimentological composition, ostracod
assemblages and geochemical analyses interpretations are in concordance
with other studies on Spanish coastal Holocene evolution. We recognized the
marine transgressions h3 and b4 (Somoza et al., 1998) occurred during the late
Holocene because these were recorded by the ostracod fauna and the salinity
proxies. However, the last marine transgression that occurred during the last 500
years (hs) is not clear in this record because the lake was highly controlled and
exploited by humans during these years. During the last 200 years, the Albufera
de Valencia show the typical patterns observed for this kind of systems around
the world (Halpern et al., 2008). The high human pressure mainly based on the
hydrological control of the lake, rice field expansion and hunting affected the
whole system droving the lake to a highly deteriorated system. The untreated
sewage from Valencia city and the surrounding towns increased the nutrients
load onto the lake favoring a drastic eutrophication process. Additionally the
uncontrolled spills from the nearby industries increased the heavy metals charge.

We call for a better water management of the lake, industrial control of
spills and for a better cooperation of all the organisms that are involved on the
management of Albufera Natural Park, from hunters, fishermen, farmers and
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other user associations to the government in charge (Conselleria de Medio
Ambiente), because, if we all are not aware of the problem, it will not be easily
solved.
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Reconstruction of the XX century ecological evolution
of Albufera de Valencia (Spain), salinity changes and
anthropogenic influences, based on ostracod remains
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2.-Material and Methods

2.1 Core extraction and treatment

A 63 centimetres core (L’Antina core) was taken in June 2004 from a point
in the western of Albufera Lake (Fig. 4.1) close to reed beds called L’Antina
(UTM: 30S 0726941/4357037). The core was extracted using a 1 meter manual
Uwitec corer (usually for *°Pb cores) with 8.6 cm liner inside diameter and it
was kept in a polyethylene tube. The stratigraphy of the core was described and
then, subsamples were collected.

Core subdivision

The core subdivision was made based on the observed lithological
statigraphic layers carried out at approximately 1 cm intervals (high resolution). In
total, fifty-nine sub-samples were obtained for different analysis (geochemistry,
mineralogy, and micropalacontological studies).

An aliquot subsample was taken to determine dry weight per sample.
These aliquots were weighted, dried at 105°C during 1 hour to determine water
content and dry weight per gram of fresh sample. The remaining sediment was
dried at 460°C during 7.5 hours to determine organic matter content (LOI) and
later on at 950°C, during 8 hours to obtain the concentration of carbonates per
sample.

The ostracod subsamples were processed following the method of Griffiths
and Holmes (2000) and by Marco-Barba ef al. (Chapters II and III); 10-15g of wet
sediment were weighted, air dried and then wet-sieved through 400 and 250 um
pore size using a water flux during 30 minutes. For further descriptions of the
method see chapters II and III.

Biogenic remains were picked from the coarse with a "0o” paintbrush
under low power Olympus SZX 12 stereoscope microscope and stored in
micropalaeontological slides. Ostracod valves were counted per sample and the
abundance expressed as number of valves per 10 g dry weight (10g dw™). The
different species were identified following Athersuch (1989), Meisch (2000) and
Poquet et al. (2008).
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Figura 4.1: La figura muestra la localizacion del sondeo de I’Antina 'y la composicion geoldgica del drea de estudio.
Figura adaptada de Santiesteban et al. (in press).
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2.2 Preservation states

The preservation states for ostracod remains were analyzed, as it was done
in the last chapters, to have an indication of the proportion of reworked valves.
The states of preservation A-B-C, the ostracod fragments and the fragments
ratio (FR) were applied to assess the energy of the environment at the time of
deposition (see chapter II and III for further details). Once more, valves falling
into preservation states A and B were considered well enough preserved and
consequently these were the valves included into the multivariate analysis
(cluster and ordination analysis, see below). For geochemical analysis each
ostracod valve that was previously classified as A or B was further separated in a
gradient from 1 to 7 based on valve transparency state of preservation (Griffiths
and Holmes, 2000) and valves that ranged from 1 to 4 were used on the analysis.
For further details of these indices see chapter II and III.

Ostracods fragments (Chapter IIT) and fragments ratio (FR= (fragments+PE
type C)/n°Totalvalves+fragments) can give usan estimation of the possible physical
rework events at the depositional time for the entire ostracod assemblages. If
the fragments ratio is high it suggests high energy of the environment at the
time of deposition, whereas if it is low it can indicate low energy depositional
environment (Chapter II).

2.3 Morphology and preservation of C. torosa shells

Particular attention was paid to Cyprideis torosa remains. Lengths of female
and male C. torosa valves were measured, as well the percentage of noded animals
per sample (Van Harten, 1975, Chapter I, II, ITI). In addition, C. forosa sex ratio,
single/double vales ratio and juveniles/adults ratio were taken into account in
order to assess C. forosa autocthonous or alocthonous populations and the energy
at the time of deposition of these populations (Kilenyi, 1969)

The taphonomical processes at the time of deposition after an animal dye
affect the number and type of valve that are preserved in the sediment. Thus,
the study of the sex ratio, juveniles/adults ratio or valve/carapace ratio of each
C. torosa assemblage can give us relevant information about the conditions that
happened at the time of deposition (Van Harten, 1975, Whatley, 1983a) and
indirectly this data may be of some value in interpreting the recent evolution of
the lake.
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Sex ratio. Different studies have been performed about the life cycle and
population structure of C. torosa (Heip, 1976; Mezquita, 2000; Chapter I). In this
way, we can estimate if the sex-ratio of our ostracod population can suggest
possible reworked processes, mix populations or stable communities that were
established at the time of deposition.

Juveniles/adults ratio (J/A). The study of ontogenetic series of ostracod
populations could be good tools to assess the energy where the assemblage was
formed (Whatley, 1988; De Deckker, 2002). Noted that only samples where
adults present, the J/A ratio was calculated

Valvelcarapace ratio (VCR ratio). Depending of amount of single valves or
complete carapaces that we can found on the sediment we can estimate if these
valves have been suffered post-mortem transportation or slow deposition over
the sediment (Kilenyi, 1969).

2.4 C. torosa geochemical analysis

Between five and fifteen shells of Cyprideis torosa (when there was enough
material) were initially selected from each subsample into a preservation class.
Analyses were performed for each single carapace (2 valves), however, sometimes
juveniles of first growth instars (A-1 and A-2 and in a few cases A-3) were pooled
in groups of 4 or 5 valves. Males and females were analysed separately and we
used between 2 and 3 valves per analysis. Only in a few cases when material was
not enough to carry out one analysis, males and females were pooled together.

Between 1 to 5 analyses per sample were made to determine isotopical
analyses *O/*O and 3C/™C and trace elements Ca, Mg and Sr. Ostracod valves
were cleaned for geochemical analysis using the method described in Ito (2001)
and in the last Chapters (I, IT and III). Cleaned valves were analyzed using a Kiel-
IT online carbonate preparation device coupled to a Finnigan MAT 252 stable
isotope ratio mass spectrometer at the University of Minnesota and the residue
of this analysis was used for trace elements. For further details see chapters I, II
and III, where the same procedure was applied.
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2.5 Diwversity indices, Cluster analysis and Statistical
methods

Several diversity indices were used to calculate diversity of ostracod
assemblages, we employed Shannon-Wiener index (Shannon and Weaver, 1963)
as diversity (equation 5), and Evenness (E; equation 6) to known how the species
were distributed per sample (Margalef, 1974). In addition, we used the index
of fluctuation D_ (equation 7) formulated by Dubois (1973) to assess ostracod
community fluctuations with respect to the average state calculated for the
whole sequence. High values indicated major fluctuations of the community and
maximum deviations from the state to which the structure of the community is
approaching (Miracle, 1978). For more detailed explanations of the Diversity
indices and D see chapters IT and ITL.

A data matrix was constructed (Appendix 4.1), with the number of valves
per 10 grams of dry weight of each ostracod species for each core sample (N= 59).
Number of valves was log transformed (log (number of valves+1)) for statigraphical
analysis. Adults and juveniles were not considered as separated variables in the
matrix. To analyze the changes in composition of ostracod assemblages through
the core sequence, a constrained cluster analysis was performed applying the
CONISS method and the Edwards Cavalli-Sforza distance (Grimm, 1993).

In addition, we used unconstrained cluster analysis for the study of
ostracod species association with all the species and two samples with no
ostracods remains were excluded from the analysis (6,5 cm and 17,5 cm). In this
classification analysis, we used the single LINKAGE similarity method and the
Euclidean coefficient distance index. The whole transformed data matrix (same
as used in CONISS) was analysed by means of Principal Component Analysis
(PCA) (Jongman et al., 1995) in order to obtain an ordination of samples for a
better evaluation of ecological similarities among them.

Correlations between C. torosa valve lengths, Mg/Ca, Sr/Ca molar ratios,
and isotopes ratios (&"*OvppB and 63CvpDB) were analysed using either Pearson
(when data was normally distributed) or Spearman (no-normally distributed
data) correlation techniques.

The equations obtained in the C. forosa calibration study in Chapter I, were
used to reconstruct salinity changes and water Sr/Ca. We used the following
equation:
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Sr/ Cawa
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er:4729+0’292*6180C.tomsa+0’228*6ISCC.tomsu+I737I*Sr/CaC.[orosa; (Eq 4)

to reconstruct past water Sr/Ca in all the samples were the three variables
were analyzed.

We used the following equation to reconstruct past salinities:
log sal=1,237-0,0129*(Pn)+0,0279*6*0 , (Eq.2)

Where Pn: proportion of noded valves, in all the samples were the both
variables were analyzed. In both reconstructions the mean and the respective
standard error values were estimated.

2.6 Radiometric dating

*Pb and ¥Cs analysis were performed on a twin core that was extracted
at the same place only exclusively to carry out these analysis. >°Pb activity was
measured for 1-6 x 105 s with ion-implanted surface barrier detectors and an
Ortec alpha spectroscopy system at University of Barcelona. Unsupported *°Pb
is calculated by subtracting supported activity from the total activity measured
at each level; supported *°Pb is estimated from the asymptotic activity at depth
(the mean of the lower most samples in a core). Dates and sedimentation rates are
determined according to the c.r.s. (constant rate of supply) model (Appleby and
Oldfield, 1978) with confidence intervals calculated by first-order error analysis
of counting uncertainty (Binford, 1990). Cesium-137 activity was measured for
1-2 X 105 seconds using an EG and G Ortec high-resolution germanium well
detector and multichannel analyzer (same instrumentation used for *°Pb above).

One sediment sample was selected at the bottom of the core (53-54 cm)
to concentrate pollen to obtain radiocarbon measurements. This sample was
processed at the Palinology laboratory of Prehistoric area at Universidad Rovira i
Virigili (Tarragona-Spain). These samples were checked to ascertain the absence
of aquatic remains or algae to avoid hard—water error (Fontes and Gasse, 1991).
The sample was dated in Pozna’n Radiocarbon Laboratory. The radiocarbon
measurement ('BP") was calibrated to calendar years (‘cal. BP") using OxCal
v3.10 software.
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3.-Results
3.17°Pb and 37Cs and *C age model

The chronology of this core (based on the c.r.s model) is very similar to that
from the previously dated Core Center. The ¥Cs peak in this core was located
at about 3ocm. The 5 cm of difference is due to the sediment accumulation in
4 years time period elapsed between the two core extractions. Both cores show
very similar LOI profiles with clearly identified mid-core section with high
organic matter (OM) between about 30 and 50 cm in this core and 5 cm below
in core Center. As noted above, the two cores also show similar *°Pb profiles.
However, the radiocarbon date performed on pollen concentration located
between 53 and 54 cm and corrected for reservoir effect (chapter III) give an
anomalous older age of 1314 AD (see below for further discussion).
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Figure 4.2: Correlation between *°Pb of L’Antina core and Center core
as a function of depth and moving down 5 cm L’Antina core.

Figura 4.2: Correlacione entre los sondeo de L’Antina y sonde centro. Notar que el
sondeo de L’Antina se ha desplazado 5 cm hacia abajo.
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LOI, %Cs, and facies descriptions, allowed the possibility to correlated the
present core with the previous one (Center core). As we employed two different
corers to take the sediments cores, first, we estimated the compressive factors
that influenced the real length of these sedimentary sequences, and then, we
displaced 5 cm down L’Antina core *°Pb profile to compare both cores, because
Center core was extracted 4 years before L’Antina core (Fig. 4.2). Despite of
the difficulties to date this kind of systems and in particularly the Albufera de
Valencia, those approximations allowed us to reduce possible dating errors and
to reduce the heterospatial variability in the lake at the time to give reliable
interpretations.

3.2 Ostracod analyses of core L’Antina: relationships with
lithological facies

Approximately 15000 ostracod valves, representing 18 species of ostracods
from 17 genera were identified (Appendix 4.1). Three of these taxa were only
identified to genus level, mainly due to the low number of valves. SEM images
of the taxa are presented in plates 4.1, 4.2 and 4.3. L’Antina sequence was
represented by 59 samples (with ostracod remains). Ostracods were absent in
only two samples and 16 samples only presented one species. Twenty samples
presented between 2-3 species. The highest number of species (9 species)
was found in three samples at the bottom of the core, which were as well the
samples with the highest ostracod abundances observed along the core; these
samples corresponded to the depths: 61; 53; and 54 (between 2217 and 3970
valves*1ogdw™). On the other hand, in the samples located at the top of the core,
from surface to 22 cm of depth (Fig. 4.5) the ostracod abundances were very
scarce, less than 4 valves*1ogdw™.

The states of valve preservation (SP) were very similar along the
sedimentary sequence and between species. Moreover, the poorest preserved
valves (type C) were rarely found, being the well preserved ones (types A+B)
the most commonly found C. forosa was the most frequent species followed by L.
elliptica and X. nitida, at the bottom of the core, and by C. angulata, especially at
the middle part (Fig. 4.5).

Four sedimentary facies were clearly distinguished: facies A, B, C and E
(Fig. 4.3). The facies and associated ostracod fauna are described below.
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Facies A: Facies made up by levels with different thickness varying between
3 cm and 12 cm (A1, A2 and A3). This facies is formed by ochre-colored sandy silt
sediments, carbonates nodules, coal particles and plant fragments. Bioclasts of
mollusks, Cerastoderma glaucum valves and foraminifers could be found.
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Figure 4.3: Lithological Facies and visual remains of L’Antina Core. Munsell soil colors are also
indicated with Munsell’s codes on the right.

Figura 4.3: Facies litologicas 'y restos visuales del sondeo de L’Antina. Los cddigos de colores establecidos en la
tabla de colores geologicos de Munsell se sitiian a la derecha.

Ostracod fauna is different depending on the levels. At the bottom of level
A1 (between 62cm and 52cm) presented high abundances mainly composed by
the euryhaline Cyprideis torosa and the brackish Loxoconcha elliptica and Xestoleberis
nitida at the bottom. On the other hand at the top off level A1 beside brackish
water species there are increasing abundances of freshwater ostracods such
Candona angulata and Darwinula stevensoni (Fig. 4.5). This Facies will be equivalent
to Facies A6-Ag at core Center. The ostracod fauna at Facies A2 and A3 (between
6 cm and 8 cm and between 3 cm and o cm respectively) ostracods were very
scarce or absent; when present, the species found were C. forosa, Limnocythere
innopinata, Sarcypridopsis aculeata and Ilyocypris gibba.
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Facies B: This Facies is formed by very fine homogeneous silt with gray
coloration. It contained carbon particles (Fig. 4.3) and fibre plants remains of
variable length. Bioclasts of molluscs or articulated valves were scarce or absent.
In the sequence there is only one level of this lithofacies (Br) between 43 and
52 cm. The ostracod fauna presented low abundances dominated by C. torosa
remains accompanied by the freshwater species Candona angulata, Darwinula
stevensoni and Iliocryptus (Anomopoda, Branchiopoda) at the top of this lithofacies.
This Facies will be equivalent to Facies By at core Center.

LOI Carbonates Facies C: Facies made up by

STy A Y homogeneous ochre silt sediments

with a moderate proportion of sand,

highly enriched on plants remains.

One level was identified at this

lithofacies (Ci=between 39 cm and

43 cm). Facies C1 was composed by

short and long fiber plant remains,

carbonate particles, bioclasts of

molluscs and articulated valves. C.

1 torosa, C. angulata, Cypridopsis vidua

3% and Ilyocypris gibba dominated this

| zone. This Facies will be equivalent
to Facies C3 at core Center.
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abundances, mainly dominated by C. forosa and the freshwater species Candona
angulata, Darwinula stevensoni, Bradleystrandensia cf reticulata, Paralimnocythere
psammophila, Limnocythere innopinata, Cypridopsis vidua, Cypria sp. among others.
This Facies will be equivalent to Facies Er at core Center. At Facies E2 (between
9 cm and 27 cm) and E3 (between 3 and 6 cm) ostracod fauna was scarce and also
very low molluscs or plants remains were found.

3.2.1 Cluster analysis and DCA

Application of statigraphically-constrained cluster analysis (Fig. 4.5)
allowed the differentiation of 3 main statigraphical zones, which could be further
subdivided onto 6 different subzones. The first zone (zone 1) covered from 63
to 51 cm depth and it could be further subdivided in two subzones: 1a and 1b.
Subzone 1a corresponds to facies type A (from 63 to 55 cm) was dominated by
the euryhaline Cyprideis torosa and the brackish species Loxoconcha elliptica and
Xestoleberis nitida. The very high abundances of ostracods remains (Fig. 4.5;
Appendix 4.1) that were found at the bottom of the subzone are remarkable,
especially for X. nitida. However, the abundances of these brackish species
decreased to the top of this subzone and just at the very top of it, C. angulata and
Herpetocypris chevreuxi appeared but with a very low presence

Subzone 1b corresponds to a narrow layer from 55 to s5rcm depth, involving
the top of facies Ar and the bottom of facies Br. This subzone presented the
highest ostracod abundances along the core. The number of the abundant L.
elliptica and X. nitida decreased to be drastically reduced at the top of the zone
and practically disappeared from the sedimentary sequence above 51 cm. In this
subzone, we recorded a rapid increase of C. torosa that reached the highest valve
abundances along the core and the same was recorded for the freshwater species
C. angulata and D. stevensoni at the middle part of the subzone. However, there is
a drastic fall of the number of valves at the top of the subzone. The total number
of ostracod valves and the number of ostracod fragments followed the same
tendency of these last three mentioned species. Moreover, it is remarkable the
repeated appearance of minoritary freshwater species such as Bradleystrandensia
cf reticulata, P. psammophila, L. inopinata, H. chevreuxi and Limnocythere cf stationis
and punctually some valves of Heterocypris sp.

The second zone (zone 2) covered from 51 to 26 cm depth could be further
subdivided in two more subzones: 2a and 2b. This zone corresponded to facies
B1, C1 and Ei1. Subzone 2a covered from 51 to 32 cm (most of the last mentioned
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facies). The number of ostracod valves was lower than in zone 1 and ostracod
fragments showed some peaks at the top of subzone. C. torosa maintained more
or less constant relatively low levels in this subzone, and C. angulata showed
abundances similar to those of C. torosa. It should be noticed the presence of some
valves of D. stevensoni, L. inopinata and I. gibba in the lower half of this subzone.
However, in the top half, we observed a rapid fall on C. angulata abundances at 38.5
cm, but followed by a recovery and an important presence of the cosmopolitan
freshwater species Cypridopsis vidua, as well as of Bradleystrandensia cf reticulata in
the top of this subzone, being the main and almost exclusive occurrences of
these species along the core. Cypria sp. appeared also with low abundances at
the top part of the subzone. Most of the Cypria sp. individuals presented the
morphology of Cypria subsalsa; however, the wide variability between Cypria
subsalsa and Cypria ophtalmica (Meisch, 2000) and the lack of sufficient remains,
made the identification of these species very difficult. At subzone 2b (from 32 to
26 cm, top of facies Er) the number of valves increased being the most abundant
species C. torosa, C. angulata and D. stevensoni. D. stevensoni, P. psammophila and L.
inopinata presented two big peaks in this subzone, accounting for the highest
abundances for P. psammophila and L. inopinata along the core. In addition, we also
observed some small peaks of Bradleystrandensia cf reticulata, C. vidua and Cypria
sp. at the bottom of this subzone.

Zone 3 was subdivided in two subzones. Subzone 3a covered from 26 to
22 cm (facies E2). C. torosa and C. angulata recovered their previous abundances
and immediately decreased to the top almost disappearing. We observed the
presence of a few valves of Bradleystrandensia cf reticulata, P. psammophila and L.
inopinata at the bottom half of this subzone and a few valves of Sarcypridopsis
aculeata at the top of the subzone.

The last subzone, subzone 3b, covered from 22 to o cm (facies E2, E3,
Az and A3z). This subzone presented very low abundances of ostracod valves
and ostracod fragments. However, C. torosa was still present in most samples. C.
angulata presented two small peaks at the bottom. Minoritary species as S. aculeata
appeared at the mid part of the subzone, reaching the highest abundances along
the core and L. inopinata and 1. gibba presented some small peaks at the top half
part of the subzone.

194



Results

Chapter IV

50120452 spa1p ap svlvq Knu sppuvpUngy 0 VIOUIsIAd v] uPdpuL sogund o7 ~23uUIPKPY PVWVLTopUIP [a U SVPYIUISALTaL UPISI (SSINOD)
popipunfosd 1od opruaisuos uowPAnsy ap sisipu o 40d SPPIIQDISI SVUOZ SVT "DIULILADFO] D[DISI Ud M | 50T 40d UDS2LIXD a5 SOJDP SO] SOPO] DYIALAP D] AP SVUULNJOI SD] UD UDLISINUL S
sopuowgnaf ap odouni o £ (J+E JS) VDA 9P D10} 0DWNU |5 "DULUE,T P 0apU0S 2 Ud pupipunfod vj ap uolounf ua sopoap.jso dp SvIUPPUNGY svj ap VuvLsvy(T :S'¥ eany

*SOOWEPUNQE MO] AISA YIIM 10 90udsa1d s9100ds sajeorput s1o(] “wrerSopusp Jusdefpe o3 ur umoys e (SSINOD)
SISA[RUE 103ST[D PaUILLISU0D Y3 Aq $9U0Z PaysqeIsa oy [, *o[eds oy ur 3ySrom L1p Sor aad saafea ur passardxa BIep [[E ‘suwnod puey-1ySL oY) Ul umoys 2Je sjuswdey
OAEA JO JOQUINU JYI [[9M SB (+V SOIEIS) SIA[RA JO JIQUINU 8103 YT, 9100 BUNUY,T Ul Y3dop Jo uonouny e se soduepunqe posesiso jo werderq ¥ oSy

14 801 X (1+59a18A LW Bor

sasenbs jo wns jejo L
o wmoow e

05T €0 K0 €0 80 K0 E0 €0 o L0080 20 L0 §0 Z0 L0020 g09IRe [
bbb bbbb] bbbl Lol bl beladed b ! Ll

a D T = . ,

D‘ i quN,awuvaw
| Lottty lalaitill

(o) yydop

195



XXth century evolution of Albufera Chapter IV

Unconstrained cluster analysis of ostracod abundances (Fig. 4.6), resulted
in three main species groups (A, B and C). Group A included only the euryhaline
species C. torosa, separated from the other two groups probably because of its
wide salinity tolerance. Group B included freshwater species; this group can be
further subdivided in three more subgroups (B1, B2 and B3). Br was composed
only by C. angulata. C. angulata is a permanent freshwater species that can
tolerate some salinity variations (Meisch, 2000). B2 included only the permanent
freshwater species D. stevensoni and probably was separated from the subgroup Br
by its reduced salinity tolerance and from group B3 by its permanent ecological
recruitments. On the other hand, subgroup B3 included the remaining freshwater
species: P. psammophila, L. innopinata, S. aculeata, I gibba, H. chevreuxi, Cypris sp.
Heterocypris sp., Limnocythere cf stationis, C. vidua, Cypria sp., and Bradleystrandensia
cf reticulata. The brackish species Leptocythere cf porcellanea and Cytherois sp. were
probably included in this group because their low abundances, suggesting that
this material was reworked from other parts of the lake. Group C included the
brackish and phytofagus species L. elliptica and X. nitida.
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Figure 4.6: Unconstrained cluster analysis of species found in Core L’Antina. The most abundant
species (log (x+1) transformed) are typed in bold italic; the main groups are also indicated.

Figura 4.6: Andlisis de agrupacion sin constrefiir por profundidad en el sondeo de L’Antina. Las especies mds
Sfrecuentes transformadas (log_(x+1) estdn subrayadas en negro, y los principales grupos estdn indicados.
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The results of PCA are shown in figure 4.7. The main factor (F1) accounted
for 57.9% of the total variance and the second (F2) for 30.3%. The species with
higher weights on Axis 1 were C. torosa, L. elliptica and X. nitida on the positive
part and S. aculeata on the negative one. X. nitida and L. elliptica were again the
most important species for Axis 2 in the positive part and C. angulata and D.
stevensoni in the negative one (Fig. 4.7). The samples were grouped on the PCA
graph confirming the subzones obtained with the constrained cluster analysis. It
clearly separates the three zones and subzones 1a, 1b and 2b. Subzone 1a located
in the positive part of both Axis (Fr and F2) was composed by samples dominated
by the euryhaline species C. torosa and the brackish species L. elliptica and X.
nitida. Subzone 1b, located at the positive part of Axis 1, and at the negative part
of the Axis 2, was characterized by samples with main presence of C. torosa,
accompanied with L. elliptica, X. nitida but with a co-occurrence at the same level
of the latter two species of the freshwater species C. angulata and D. stevensoni. It
is a narrow layer indicating changes and the same is true for subzone 2b, located
at the positive part of Axis 1 and at the negative part of the Axis 2. In this subzone
the euryhaline C. torosa, co-dominates at the same level with the freshwater
species C. angulata and D. stevensoni, but also other species were present, some
quite importantly, such as P. psammophila, L. inopinata and punctually such as L.
elliptica, Cytherois sp., Bradleystrandensia cf reticulata, C. vidua, Cypria sp. and Cypris
sp. Subzone 2a is located between the positive part and the negative part of Axis
1, although most of the samples are located at the negative one. This subzone
was characterized by reduced abundances of the euryhaline species C. torosa and
higher diversity and abundances of freshwater species typical of permanent/
semipermanent water bodies such as C. angulata, D. stevensoni and Cypria sp. It
is noteworthy, the high abundance of the cosmopolitan freshwater species of
semipermanent habitats C. vidua, together with other freshwater species (1. gibba,
L. inopinata and P. psammophila) and more interestingly the high abundances of the
temporary species B. cf reticulata. Subzone 3a is also a narrow zone of changes,
made up by a low number of samples ordered by PCA in the middle of subzone
2a. These samples were composed by C. forosa and C. angulata and the punctual
presence of L. elliptica, D. stevensoni, Bradleystrandensia cf reticulata, P. psammopbhila,
L. inopinata, and S. aculeata. Subzone 3b was located at the negative part of Axis
1 and at the positive part of Axis 2. This subzone was characterized by very low
abundances of ostracods.
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3.2.2 Diversity indices

The total amount of ostracod valves varied along the core and between
zones (Fig. 4.8). Subzones 1a and subzone 1b showed the highest abundance
values observed along the core. Subzone 2a showed intermediate number of
ostracod valves and maintained constant levels along the zone. The total number
of valves was again high at subzone 2b. Subzone 3a and especially subzone 3b
presented a very low number of valves.
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Figure 4.8: Diagram of total abundances of ostracod valves (log(x+1)) for L’Antina core,
together with community indices: Shannon diversity index H, evenness index E=H/Hmax, and
Dubois fluctuation index D .

Figura 4.8: Diagrama de abundancias totales de los ostrdcodos del sondeo de L’Antina (expresados
en 10g de sedimento seco), junto con los indices de las comunidades: indice de diversidad de Shannon H, indice
de equitabilidad H|Hmax, indice de fluctuacion de Dubois D . El mimero total de valvas esta expresado como
log  (mimero de valvas+z).

Regarding to diversity indices (Fig. 4.9), the minimum values corresponded
to subzone 3b and samples corresponding to changing conditions (e.g. between
zones 1-2 and 2-3). H showed the highest peaks at 32.5 cm and 33.5 cm, where the
highest number of freshwater ostracod species was recorded. At subzone 1a and
at the top of subzone 2a maximum diversity values were registered (between 1,6
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and 2,2 bits/ind). Diversity indices remained high at subzone 1a, and decreased
at subzone 1b. At Subzone 2a abrupt diversity changes were registered but
it showed a tendency to increase with decreasing depth. On the other hand,
diversity indices decreased constantly at subzone 2b. Subzone 3a seems to be
a changing period were abrupt changes in diversity indices were registered.
Subzone 3b showed the lowest diversity index and its fluctuations are not good
indicators due to the low number of valves found.

The changing values of H and E along subzone 2a and subzone 3a showed
changes on ostracod assemblages at the top of these subzones. Zones with
Do close to cero (1b, 2a bottom half, 2b and 3a) indicated periods closest to
average state (dominated by C. torosa), although changes were evident due to
the fluctuations of biotic indices. In contrast, subzones 1a and 3b and punctual
samples at the other subzones showed higher Do values indicating ostracods
assemblage’s fluctuations with respect to that average state.

3.2.3 C. torosa ecophenotypic responses

Between 1 and 104 C. forosa adult individuals per sample (females and
males) were measured for carapace length (Fig. 4.9; Appendix 4.2). A total of
753 ostracods were measured in the 22 subsamples where adults were present,
371 corresponded to females and 382 to males. LOESS regression was applied for
females and males separately and both followed the same trend at all biozones.
Valve lengths exhibited significant correlations with the following shell chemistry
(r: 0.347; p<o.05) and Sr/Ca (r:
0.53; p<o.o1) and negatively with §*OvpDB (r:-0.408; p<o.o1). When correlation

variables along the core: positively with Ca_
analysis was done separately by subzones, valve lengths exhibited positive
correlations with 83CvpDB (r: 0.438; p<o.05) and with Sr/Ca (r: 0.426; p<0.05)
at subzone 1a. At subzone 2a valve lengths showed a negative correlation with
&3CvPDB (1:-0.533; p<0.05) and positive correlation with Sr/Ca (r: 0.574; p<0.05).
However, the correlations obtained at zones 2, 3 and 4 should be interpreted
carefully due to the low number of remains. No significant correlations were
found at subzones 2b, 3a and 3b, probably due to the low number of data available
for these subzones.

All the counted valves were checked for the presence of nodes (Fig. 4.9).
The valves found at the bottom of the core, subzone 1a, were smooth and the
percentage of noded forms increased slightly to the top of this subzone.
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Subzone 1b, showed small peaks at the bottom and at the top of subzone.
Subzone 2a showed alternating phases of noded and smoothed forms reaching
the highest percentages of noded valves at the bottom half of subzone. Subzone
2b presented high percentages of noded valves at the bottom half of the subzone,
however, the percentages decreased to the top of the subzone. Subzone 3a
showed a small peak at the bottom. And subzone 3b presented most of the samples
with smoothed valves except in two peaks, where the highest percentages were
found accounting for the entire core. However, due to the very low number of C.
torosa valves and probably consisting on reworked remains in zone 3 (especially
subzone 3b), these results should be interpreted carefully.

3.2.4 C. torosa population structure

Sex-ratio (M:F) at L’Antina core (Fig. 4.10), C. torosa M:F, showed values
closed to one at subzone 1a with some deviations at the top of this subzone.
Some samples at the bottom of subzone 1b showed values displaced to males
dominance; however, the population came back to values close to one at the top
of subzone 1b. Sex-ratios observed at the other zones showed high deviations
from the theoretical distribution (1:1) probably due to the low number of adult
remains that were found at these samples. Sex-ratio was not correlated with
Juveniles/Adults ratio, valve/carapace ratio or fragments ratio, either analyzing
the entire core or each subzone separately.

Juvenilesladults ratio (J/A). We calculated the J/A ratio of L’Antina core
(Fig. 4.10). We observed low values at subzone 1a suggesting similar proportions
of juveniles and adults valves. Subzone 1b showed slightly higher values and the
tendency of the next subzones was to increase at the top of each subzone. J/A
ratio was not well correlated with any other estimated taphonomical ratio, when
considering the entire core.

Valvelcarapace ratio (VCR). We observed a sample with high valve/carapace
ratio values at the bottom of subzone 1a, accounting for the highest values in the
entire core, suggesting possible rework events. VCR was variable, decreased at
the middle of subzone 1a and showed some drastic high peaks at the top of this
subzone. Subzone 1b showed changing peaks along the zone, whereas subzone
2a showed relatively low ratios. We observed only three samples with carapaces
at subzone 2b, the first two samples located at the bottom presented low ratios
and the sample located at the top half presented a high ratio values, suggesting
changing depositional conditions to the top. VCR was not well correlated with
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any other taphonomical ratio accounting for the entire sequence.

Fragments ratio (FR). The calculated fragments ratio showed high peaks
at the bottom half of subzone 1a and low values at the top. We also observed
the same pattern at subzone 1b. Subzone 2a presented low values at the bottom
half of this subzone, however, some peaks were observed at the top half. These
changing peaks were also observed along subzone 2b and 3a. Subzone 3a showed
drastic high peaks at the top of this subzone. Subzone 3b showed the highest
peaks for the entire core at the bottom half of this subzone. However, the ratio
was cero at the top, due to lack of rests.

Sex ratio Juveniles/adults Valve/carapace Fragments
(M/F) ratio ratio ratio zones
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Figure 4.10: Fossil population structure of the ostracod C. torosa, and FR (fragments ratio)
for the whole ostracod paleoassemblage. Ostracod grouped zones are located on the right column.

Figura 4.10: Estructura de la poblacion fosil de C. torosa y el FR (ratio de fragmentos) para todo el
paleoensamblaje de ostrdcodos. Las zonas agrupadas para los ostrdcodos se sitiian en la columna de la derecha.
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3.3 Trace elements

Trace elements molar ratios for C. torosa valves are plotted in figure 4.11.
Mg/Ca ranged from 0.0059 to 0.0219 (average value of 0.0114) along the core. Sr/
Ca ranged from 3.63 x103 to 9.58 x1073 (average value of 6.47 x1073) along the core
(Table 3, Fig. 4.11).

Table 4. Mean maximum and minimum values of Mg/Ca and Sr/Ca molar ratios
from C. torosa valves in the different established bio-zones along the L’Antina core.

Tabla 4.1: Valores minimos, mdximos y medios de los ratios molares de elementos traza (Mg Ca y
SrlCa) de C. torosa en relacion con las biozonas de ostrdcodos del sondeo de L ’Antina.

Mg/Ca (molar) x10° Sr/Ca (molar) x10°
zones n° analyses min MEANSD max min MEAN+SD max
3b 1 8,59 8,59 8,59 7,65 7,65 7,65
3a 4 7,75 958 +21 12,64 6,25 6,74 + 0,4 7,20
2b 23 6,40 939 £2,9 18,48 5,83 653 £ 0,5 7,38
2a 23 5,93 1128+3,8 19,85 5,46 760 £ 0,8 8,82
1b 16 7,78 11,68+ 4,0 21,86 422 686 + 1,3 9,58
1a 28 9.17 13.03+2,0 16.85 3.63 510 + 1.3 8.18

Mg/Ca showed low variability at subzone 1a (Table 4.1, Fig 4.10). Zone 1b
reported slight lower values for Mg/Ca on average but more variable (average
value of 0.012). On the other hand, Sr/Ca showed low variability at the bottom
of subzone 1a and increased variability and mean values at the top. The Sr/Ca
increased along zone 1b, (average value of 6.9 x103) but kept the same standard
deviation.

At subzone 2a, Mg/Ca showed values similar for those reported at subzone
1b and the variability increased at the middle of the subzone. However, the
results at the top of the subzone showed low variability and were similar to those
reported at the bottom. Sr/Ca showed low variability along this subzone (average
of 7.6 x1073). Subzone 2b showed very low variability for Mg/Ca and Sr/Ca. Mg/
Ca (average of 0.009) and Sr/Ca (average of 6.53 x103) presented low variability
compared with the previous subzone (SD: 0.5 and 0.8 respectively) (Table 4.1).

At Subzone 3a due to the low numbers of analyses (4) we can only say
that Mg/Ca values were in the range of the previous subzone and with a similar
average. The pattern of Sr/Ca values of subzone 3a was also similar to those of
subzone 2b. Only one analysis was carried out at subzone 3a; Mg/Ca presented a
low value (0.00858) and Sr/Ca a relatively high value (7.65x1073).
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Shell Sr/Ca and Mg/Ca values were negatively correlated (r: -0.37;
p<o.o1) along the whole core but correlations were not significative separately
by subzones suggesting that they were controlled by different factors at each
individual subzone.

3.4 Isotope results

C. torosa isotopic results are shown in Figure 4.11, and the ranges and
average values for the different bio-zones can be read in Table 4.2. 63CvrDB
ranged between -9.22 %o and 2.95 %o (mean value -4.35%o0) along the core and
8" 0vrDB ranged between -3.49 %o and 3.73 %o (mean value of -1.78%o) along
the core.

Table 4.2: Minimum, maximum and mean values for isotopical variables (83CvppB
and §®*OvrpB) according to ostracod bio-zones.

Tabla 4.2: Valores minimos, mdximos y medios de las variables isotdpicas (8*CvrpB and
8%0wppB) en relacion con las biozonas de ostrdcodos.

613CVPDB (%0) BISOVPDB (%o)

zones n’analyses min _ MEAN+ SD max min___ MEAN+ SD max

3b 1 -0,14 -1,35

3a 4 -6,68 -5,58 £ 0,86 4,64 2466 231 0,15 2,13

2b 23 -8,81 -476 + 1,36 -2,89 3494 2,57 £0,54 -1,56

2a 23 -9,22 =526 £ 241 2,95 2,724 <128 £ 1,08 2,64

1b 16 -6,18 22,51 1,69 0,38 3401 -0,30 £ 1,30 2,35

la 28 -8,11 -429 + 2,65 1,81 -1,108 1,23 + 1,18 3,73

d3CvrpB showed low values at the bottom of subzone ra but higher
variability and higher values towards the top, reaching the highest values for
the entire sequence. 03CvpDB ranged between -8.11%o0 and 1.8%o0 (mean: -4.29).
On the other hand, 8*OvrpB showed high variability and the highest values
of the entire core at this subzone (mean: 1.23+1.18) descending towards the
top. 0¥CvppB and &"®*OvpDB isotopic ratios were not correlated (p>0.05) at this
subzone, suggesting that both variables were affected by different processes.
However, 8¥CvprDB was well correlated with Ca,

SHELL (I'I 0'607; P<0-01) and Wlth
Sr/Ca (r: 0.706; p<o.01) in this subzone.

The variability of isotopic data at subzone 1b (compared with subzone
1a) was lower for 03CvppB and followed a decreasing trend to the top of the
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subzone. §®OvpDB was still variable but showed a decreasing trend with respect
to subzone 1a (mean: -0.3+1.3 %o). 83CvrpB and §**OVPDB isotopic ratios were
not correlated (p>0.05) at this subzone, but §3CvpPDB was negatively correlated
with Sr/Ca (r: -0.546; p<0.05).
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Figure 4.12: Stable isotopic composition (8%C and 8*O; VPDB notation) of C. torosa
calcite valves. The established ostracods biozones samples (1a, 1b, 2a, 2b, 3a, 3b) are plotted
over C. forosa actual data (Chapter I) recent data (Broad survey: BSS and Monthly survey:
P5-P7-Ui).

Figure 4.12: Composicion isotipica de la calcita de las valvas de C. torosa (88C and 8°0;
VPDB notacion). Las muestras de las biozonas establecidas para los ostrdcodos (1a, 1b, 2a, 2b, 3a, 3b) estdn
dibujadas sobre los datos actuales de C. torosa (Capitulo I) (Estudio extensivo: BSS y estudio mensual:
Ps-P7y Ur).

d3CvppB followed the same decreasing trend at the bottom of subzone
2a as it was observed for the previous subzone (1b) with constant reduction of
mean values. The few analyses that were carried out at the middle of subzone
2a showed high variability and the data values for the samples located at the top
showed lower values than those at the bottom of this subzone. §*OvpDB values
obtained at the bottom of subzone 2a were low and presented low variability, the
few analyses carried out at the mid part of this subzone showed high variability,
whereas the analyzed samples at the top showed low variability and lower values.
In general, both oxygen and carbon isotope ratios were lower than at previous
zone 1 (Table 4.2, Fig. 4.11). At subzone 2a, 83CvepB and &®OvPDB isotopic
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ratios were positively correlated between them (r: 0.808; p<o.o1). 03CvpDB and
d"*OvpDB were also positively correlated with CasHELL values for males (r: 0.497;
p<o.05 and r: 0.622; p<o0.01 respectively).

At the bottom half of subzone 2b, 83CvppB increased and maintained
high values until the top of the subzone. 83CvpDB was higher on average (mean:
-4.76%0) than in subzone 2a. *OvrDB, however, presented lower mean values
than in the previous subzone (mean: -2.57%o). 63CvpPDB and §"*OvpPDB were not
correlated (p>0.05) for subzone 2b.

The few analyses carried out at subzone 3a showed &®*OvpDB values
similar to the previous subzone and 0¥CvppB slightly reduced. The only analysis
performed at subzone 3b showed slightly higher isotopic ratios than those of the
previous subzone.

We plotted, in Fig. 4.12, this core isotopic results altogether with
recent data of C. forosa shell isotopes (Chapter I). The shells of C. forosa of our
established ostracod biozones showed similar values of 3*Ovpps than the shells
from brackish and hypersaline places, studied in chapter I. However, 63CvpDB
values were in general higher than those obtained from the mentioned recent
ostracod collections. In general, results from this core compared with data from
living ostracods in different localities (Chapter I) fitted well with the expected
d"*OvpDB range in brackish waters but the §3CvppB values exceeded the observed
range in living ostracoda and being higher than expected for the corresponding
d"*OvpDB values

3.4 SrlCa_ and salinity recosntructions

Both past water Sr/Ca and past salinity were inferred from C. torosa
morphological and geochemical results applying equations of Chapter I. Past
water Sr/Ca was reconstructed based in this Sr/Ca ratio from C. torosa shells and
isotopic results, and salinity reconstruction was based in the prportion of C. torosa
noded forms and 8"*Ovpps. The past water chemistry reconstructions are show
in figure 4.13. In general, water Sr/Ca was negatively correlated with salinity
(r: -0.687; p<o.o1) although both variables were not correlated individually for
each different subzones, probably due to the low number of reconstructed water
values that were obtained per subzone. The highest salinity values and salinity
variability observed for zone 1 were progressively decreasing whereas and
simultaneous increase of Sr/Ca was apparent. Reconstructed salinity was high
at zone 1, but remained mostly below 10 g/L through the rest of the sequence.
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Figure 4.13: Inferred water Sr/Ca and salinity from multivariate
regressions (Chapter I). The line indicates the mean estimated value and
the shadow parts the minimum and maximum standard errors. The dotted
line indicates real sea water Sr/Ca value.

Figura 4.13: S/ Ca del aguay salinidades inferidas a partir de las regresiones
miiltiples (Capitulo I). La linea indica el valor medio estimado'y las partes sombreadas
los valores de la desviacion estandar minimos y mdximos. La Linea de puntos indica los
valores reales de Sl Ca del agua marina.
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4.-Discussion

The Albufera de Valencia ecosystem has been influenced by sea level
changes, storm events, flooding, and humid and warm periods along the early mid
part of the Holocene (Chapter III; Santiesteban et al., in press). In this chapter
we will discuss recent changes based on the historical reconstructions focused
on the hydrology and landscape evolution of Albufera de Valencia, which has
been influenced by humans prior medieval times (Sanchis Ibor, 2001).

Dating sediments in a shallow, productive and largely human controlled
system such as the Albufera de Valencia can be highly problematic due to wind-
induced resuspension of sediments, diagenetic reactions causing gas generation,
washing processes, high sedimentation rates, and bioturbation by benthivorous
fish, burrowing insect larvae and humans. For these reasons, ’Antina core was
a challenging core to date, but the resulting chronology should be used with
caution. However, the statigraphic match between the two cores (L’Antina
and core Center) in both LOI and *Cs, and inferred salinity and water Sr/Ca
lends confidence to the overall result. Despite of c:r:s model encompass the last
century at I’Antina core (at the bottom: 1900 AD) and contrasting the results
with the previous core, we estimated that the year 19oo AD at the bottom of this
core is considerably young. Contrasting the different proxies from both cores
and the historical archives, we consider that the period located between 1865
and 1927 AD with high hydrological changes should be located around the top
of facies A1 (=52-57 cm) where we distinguished marked statigraphic changes in
both cores (around 70-80 c¢m in core Center).

L’Antina core biozones established based on ostracod paleoassemblages,
paleoecological indices and/or geochemical analyses are in concordance with
lithological facies descriptions. As we discuss below, the changing ostracod
assemblages observed at the different bio-zones are mainly caused by changes
in mineral salt composition, pollution increase and loss of macrophyte meadows
since the beginning of the last XX century.

210



Chapter IV Discussion

4.1 Core interpretation

In this section, we first discuss the interpretation of the different
paleoenvironmental phases that took place in the lake according to bio-zones,
based on our multi-proxy data. Finally we relate the recent evolution of the lake
in the general context of human’s management and salinity changes.

4.1.1. Zone 1

The ostracod paleoassembalges and geochemical analyses along zone 1
(62.5-51cm) represent a changing environment, varying between an Albufera
influenced by marine waters and therefore with high salt content (probably
mesohaline) to a human controlled oligohaline lake, with waters mostly derived
from freshwater inputs (springs, gullies, channels) and minor marine influence
to the top of the zone.

Subzone 1a

Subzone 1a (62.5-55cm) is clearly dominated by a brackish ostracod
assemblage. C. forosa, L. elliptica and X. nitida. The last one is the most characteristic
of this subzone appearing in high abundances at the bottom of it. These species
are usually found establishing assemblages that tolerate high salinity fluctuations
(transitional environments), mainly in estuaries and coastal lakes with muddy
sediments enriched in sands (Ruiz et al. 2000a,b, 2006). L. elliptica is a brackish
phytofagous ostracod species (salinity range: 8-25 g/1; Mezquita et al., 2005) that
is adapted to high levels of hydrodynamic energy environment (Carbonel, 1980;
Ruiz ef al., 2000b). This species can be found in transitional habitats such as
coastal lakes or channels, with water currents, close to the transitional zones
between the lake and the sea, these places could be zones where mechanical
processes such as wave action and wind play an important role. The euryhaline
Cyprideis torosa (salinity range: 0.2-59 g/l; Mezquita ef al., 2005; Chapter I) has
slower metabolism and prefers quite zones. X. nitida was found at high abundances
at this subzone. It is a phytofagus brackish ostracod species although it can
tolerate salinities over 30%o (salinity range: 8-29 g/l; Mezquita et al., 2005) in
estuaries and lagoons and usually it is associated with Zostera and green algae
(Athersuch et al., 1989). The decrease of ostracods and X. nitida abundances and
the appearance of less halotolerant species such as C. angulata could indicate
reducing salinities to the top.
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Sex ratio values close to one and relatively high juveniles/adults ratio
are good indicators that the assemblages represent a natural living population
(Kilenyi, 1969; Heip, 1976). Moreover, the VCR ratio was generally low suggesting
reduced reworking, except at the first bottom sample where this ratio and FR
were high, which could indicate some post-mortem movement of the ostracod
carapaces by wave action and resuspension.

Diversity indices (Fig. 4.8) indicated constant environmental conditions at
the bottom and the top of this subzone with slight variations at the half bottom.
However the increase of C. forosa valve lengths, Ca__ and the slight increase on
the percentage of noded forms at the top of this subzone suggest a reduction in
salinity (Van Hartem, 1975; see Chapter I of this thesis).

The high values and the wide scatter of 0O, and the low 83C values (Fig.
4.11) suggest brackish waters with low productivity and low DIC content. The
d3C of the DIC is influenced (increased) by the input of carbon from different
sources, which include atmospheric CO,, the dissolution of carbon rocks,
organic matter mineralization, respiration and photorespiration (Lampert and
Sommer, 2007). The &3C of the DIC in the water is also influenced by the
removal of dissolved inorganic carbon by macrophytes, algae or diatoms during
photosynthesis (fixing preferentially *C) and by carbonate precipitation (Leng
and Marshall, 2004).

In Chapters I, we studied C. forosa morphological and geochemical traits
and their relationships with the surrounding environment in different types
of coastal systems and we found that shells of C. torosa living in brackish and
hypersaline waters influenced by sea waters had similar 8O values than those
found at this subzone 1a (Fig. 4.12). Thus, we suggest that the bottom of subzone
1a was influenced by sea water or by high evaporation processes that increased
salinity. The combination of ostracod paleoassemblages, isotopical data and the
historical bibliography suggest that the Albufera was connected and influenced
by the sea until the late XIX™ century-beginning of the XX" century. 80O
observed values at the bottom of subzone 1a coincide with values observed for
saline or hypersaline places (Chapter I and Fig. 4.12). However, we observed a
marked 83C increase and a slight 6O decrease at the top of subzone 1a. The
d3C and 60 values for autogenic carbonates in closed-basin lakes often covary
(Talbot 1990; Li and Ku, 1997). However, for ostracod calcite from [’Antina core
at subzone 1a, there is no such correlation and both variables followed opposite
trends. In addition, 83C was correlated with Ca_ and Sr/Ca suggesting
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freshwater inputs and similar DIC origin. For that reason, we can attribute 63C
of DIC increase to a new water source supply, probably the waters with high
carbonate contents transported from Jucar River to increase irrigation, and
lastly enter in Albufera with an additional increase in §3C due to higher primary
production. This is in agreement with the slight decrease in the inferred salinity
and the occasional appearance apparition oligohaline and freshwater ostracod
species such as C. angulata and Herpetocypris cf chevreuxi (salinity tolerance: 0.1-0.4
g/1; Mezquita et al., 2005) at the top of this subzone.

The application of different transfer functions to reconstruct past salinities
and past Sr/Ca waters based on C. torosa (Chapter I) suggest that this subzone
had brackish waters (approximately 18g/L) with a salinity decrease to the top.
Water Sr/Ca reconstruction suggest that the bottom half of this subzone was
influenced by waters, with typical sea water Sr/Ca values (Sr/Ca sea: 8.8 x1073;
Renard, 1985; Weinbauer and Velimirov, 1995; de Villiers, 1999). However, Sr/
Ca water increased to the top suggesting different water source derived from
waters with a higher Sr/Ca ratio. As it was explained in Chapter II, the Sr/Ca
increase could be explained by the anomalous high Sr content in the freshwater
sources. The waters derived from Jacar river that cross zones of Keuper could
explain these anomalies as it was already described for Palmar core and for other
cases with similar high Sr anomalies (Miiller, 1968, 1969; Anadén and Julid,
1990). Moreover, historical archives confirm that additional waters from Jacar
River were taken at this time to irrigate the increasing extension of rice fields
(Sanchis Ibor, 2001). Therefore, both ostracod assemblages and geochemistry
results indicate high salinities (brackish) at the bottom half of the subzone 1a and
a mixture of waters (possibly from freshwater inputs) to the top. These results
are in agreement with the sedimentary descriptions.

Subzone 1b

Subzone 1b (55-51 cm) showed a drastic increase in ostracod abundances
at the mid part due to C. torosa growth followed by a progressive fall to the top
of the subzone. The other brackish species decreased progressively and X. nitida
almost disappeared at the top of the subzone. The presence of a few valves of the
brackish Leptocythere cf porcellanea usually found in estuaries and bays (Athersuch
et al., 1989) suggests that there is still some sea water interchange and probably
this material was reworked from outflowing channels. In general, at this subzone,
ostracod assemblages changed; and an initial increase in permanent freshwater
species such as C. angulata and D. stevensoni was followed by a decrease at the top.
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C. angulata is commonly found together with C. forosa and other brackish species
forming brackish assemblages, it prefers permanent freshwater conditions but it
can tolerate some salinity variations (0.2-14%o0) (Meisch, 2000). D. stevensoni is an
ostracod species that can stand salinities of 0.3 to 2.1 g/LL (Mezquita et al., 2005)
existing a reference of salinity tolerance up to a maximum of15%o0 (Meisch, 2000).
These ostracods assemblages are most commonly found in fresh or oligohaline
conditions but could also be found in brackish waters. However, the presence
of other freshwater species in this zone is remarkable, such as Bradleystrandensia
cf reticulata, P. psammophila, L. inopinata, H. chevreuxi and Limnocythere cf stationis
and more punctually some valves of Heterocypris sp. Shannon diversity index
(H) and Evenness decreased with respect to the last subzone due to C. torosa
dominance. The fluctuating index D presented values close to cero because of
the dominance C. torosa with the occurrence of freshwater species is the most
representative ostracod composition along this core.

The high number of ostracod remains, relatively high J/A ratio and low
FR in the mid of this subzone indicate a low energy environment allowing good
preservation, perhaps except the bottom sample were a high FR and sex ratio
was observed.

The hypothesis of a higher freshwater input in this subzone consolidating
the general salinity reduction observed in the previous subzone was also
confirmed by valve morphology and geochemistry. Most proxies indicated that
salinity was fluctuant, lower mainly at the bottom and top of the subzone but
not so low in the middle. C. forosa valve lengths were higher than in the previous
subzone, suggesting increasing freshwater input. The weights of Ca__ , as well
as the percentage of noded valves were also higher than down below, although
suggesting increasing freshwater influence at the bottom and at the top of
subzone. Finally, the geochemical analysis of C. forosa shells showed a general
trend of increasing Sr/Ca ratio and decreasing Mg/Ca, 80, and §3C, indicating
salinity diminution and lower ratio production/decomposition.

Reconstructed salinity indicated low salinity at the bottom and at the
top of subzone 1b, and brackish waters at the half part of subzone similar to
these salinities reported for the last subzone, suggesting some salinity influence
or evaporation processes although this might be an artifact due to the highest
preservation of C. torosa compared to freshwater species with thinner valves.
Water reconstructed Sr/Ca showed slight variations suggesting a supply of water
from similar sources along this period.
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4.1.2. Zone 2

A great salinity reduction is supposed to have occurred in this zone
indicated by the ostracod paleoassemblages dominated by oligohaline and
freshwater species and low values of reconstructed salinity based on C. forosa
morphology and geochemistry.

Subzone 2a

Subzone 2a (51-32 cm) showed important changes in ostracods assemblages.
C. torosa is still being the most common species but the increase of C. angulata
and other oligohaline and freshwater species indicate the establishment of
freshwater conditions, specially towards the top. For instance, the cosmopolitan
freshwater species C. vidua (salinity range=0.3 to 2.3 g/L; Mezquita et al., 2005)
and Bradleystrandensia cf reticulata increased at the top. These species can tolerate
a wide type of habitats, temporary or semipermanent and they are usually found
at high densities related with macrophytes. H and D_ increased at the top,
where more freshwater species were found, suggesting changing environments,
probably due to the punctual apparitions of different freshwater species (1. gibba
and L. inopinata). C. torosa sex ratio, juveniles/adults ratio and % of noded valves
at this subzone varied importantly. This together FR, suggest high energy post-
mortem environment at the top of this subzone, where more freshwater species
were found. Ca__ and C. torosa valve lengths and percentage of noded animals
suggest freshwater conditions similar to those observed at subzone 1b, but no
analyses were carried out at the mid part of this subzone.

83C and 80 showed a slight progressive decline more pronounced at the
bottom of this subzone and both variables were positively correlated. Our data
followed the same trend as the waters studied in Chapter I (Fig. 4.12), suggesting
salinity reduction. Water Sr/Ca remained constant along the bottom half of this
subzone indicating constant water supply from the same sources. Therefore,
the big scatter and the low number of ostracod valves observed at the mid part
suggest probably reworked material and the few analyses that were carried at
the top suggest freshwater conditions. Despite a low number of geochemical
analyses in the rest of the subzone, the data suggest maintenance of freshwater
conditions.

Inferred salinity suggests a oligohaline environment for the major part of
the zone with a small increase fluctuation at the bottom half, where reconstructed
water Sr/Ca decreased, suggesting that water came from other sources, probably
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due to the important hydrological control by humans that derived waters from
the river Jicar through irrigation channels.

Inferred water Sr/Ca indicate two periods of main changes probably
due to hydrological modifications, first, between the top of subzone 1a and the
bottom of subzone 1b where Sr/Ca increased. And second, between subzone 1b
and the bottom of subzone 2a, where salinity and Sr/Ca varied. After the last
mentioned period of hydrological control, water Sr/Ca suggests that no controls
were exerted at the top of subzone 2a.

Subzone 2b

Subzone 2b showed a slight increase in ostracod abundances, it is
characterized by an increase in the euryhaline C. torosa and the freshwater
species C. angulata, D. stevensoni, P. psammophila (salinity range=o.2 to 1.7 g/L),
L. inopinata (salinity range=0.8 to 3.7 g/l) and punctually Bradleystrandensia cf
reticulata, C. vidua, Cypria sp. indicating a more stable freshwater environment
(Mezquita et al., 2005). The presence of brackish species such as L. elliptica and
Cytherois sp. suggest that this material was reworked from other parts of the lake.
Diversity indices decreased slowly to the top of this subzone but these are no
important changes, suggesting a stable environment. C. forosa sex ratio, juveniles/
Adults ratio valve/carapace ratio and FR ratio suggest these were natural living
populations at this subzone and not reworked material.

C. torosa valve lengths and Ca__  suggest freshwater. Moreover, the

percentage of C. forosa noded forms sug;[eL:LsLts freshwater conditions at the bottom
and a salinity increase to the top of this subzone. C. forosa 83C seems to increase
from the bottom to the top of this subzone, it coincides with LOI decrease, and
the known high phytoplankton photosynthesis (fixing more *C) and organic
matter degradation that probably liberated more CO, reducing the 63C of
DIC (Leng and Marshall, 2004). On the other hand 6O and Sr/Ca remained
constant, suggesting freshwater conditions and constant freshwater supply along

the subzone.

Inferred Sr/Ca seems to be constant along this subzone, suggesting that
the waters came from the same sources. Moreover, inferred salinity showed a
decrease at the bottom half with oligohaline conditions (=1.3 g/L).
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4.1.3.-Zone 3

Zone 3 was characterized by the abrupt disappearance of ostracod species.
At subzone 3a, there were still populations of the dominant species of the
previous zone, C. torosa and C. angulata, but their abundances decreased to the
top of subzone and the accompaniment freshwater species were as well present
with low abundances. Taphonomical ratios, despite the low number of valves,
indicate that most of the valves found were reworked from other parts (high
FR). The percentage of C. torosa noded forms suggests a freshwater environment
at the bottom of this subzone. H and E showed changing fluctuations along
this subzone, probably due to the scatter presence of different permanent and
temporary freshwater species. A few geochemical analyses were carried out at
this zone suggesting similar conditions to the previous subzone. At subzone 3b,
if ostracods were present they were composed by the euryhaline C. forosa, the
brackish L. elliptica or by the freshwater cosmopolitan species L. inopinata, S.
aculeata and I. gibba. This material probably does not represent natural living
populations due to the low number of ostracods valves (Whatley, 1983a,b) and
could be reworked from other places (e.g. ricefields surrounding the lake).
Inferred salinity and water Sr/Ca was inferred from only one geochemical
analysis and the results indicated conditions similar to the previous subzone. The
ostracod disappearance could be due to important changes that have occurred in
the trophic state of this lake (see below), that drove to the gradual disappearance
of ostracods fauna.

4.2.-Evolution of the Albufera Lake during the last century

The study of cores Centre and L’Antina settled the controversy found in
the previous studies (Sanchis Ibor, 2001, Sanjaume et al., 1992; Ruiz and Carmona,
2005) about the period of time when humans undertook a high control over
the Albufera de Valencia hydrology. The results of these studies confirmed how
human influences had an important effect on the solute composition of the
Lake, and indirectly on the fauna and submerged flora of the Lake. Ostracod
paleointerpretations clearly indicated a previous brackish-marine stage that
gradually changed to a freshwater environment from the bottom part of this core
to the top in agreement with the previous studies based on other short cores
from Albufera de Valencia (Margalef and Mir 1973; Robles et al., 1985).

However, *°Pb and ¥’Cs dates indicated high sedimentation rates and
recent sediments at the bottom of the core, which we hypothesize that they
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could be from the first halve of XIX century. On the other hand, we obtained a
radiocarbon date at 53-54 cm depth on L’Antina core with a result of 635+5 cal
yrs BP. In fact, despite that the analysis was carried out on pollen concentrate
material, and although it is supposed that C comes from atmospheric pollen it
may be contaminated with other remains coming from subaquatic plants that
take C mineral from the water. This altogether with a reservoir effect (Stuiver et
al., 1986, Stuiver and Becker 1993; Siani ef al., 2000) could had a high effect in our
analysis, giving erroneously older age estimation, for that reason, we applied the
Mediterranean correcting factor of 390+85 yrs. However, the result does not fit
with our *°Pb and ¥’Cs age model and we think that the estimated radiocarbon
age (635 cal yrs BP=1314 AD) should be interpreted cautiously because the
reservoir effect is system specific e.g. such as Gulf of Lyon where the estimated
reservoir effect was of 635 years or 480 years in the case of Banyuls (France) at
nearby zones of Spanish Mediterranean coast (Siani ef al., 2000). Concretely,
our system was connected to the sea and was irrigated by rivers and gullies and
internal springs that cross cretaceous zones, altogether contributing with “C
with different ages.

In agreement with the previous studies based on diatoms and gastropods by
Margalef and Mir, (1973) and Robles ef al. (1985), the initial part of this sequence
was characterized by a brackish stage. Moreover, the bottom of the L’Antina
core is characterized by the typical sediments of a lagoon-barrier system that
suggest that these sediments were influenced by sea waters at that time. Our
ostracod paleoecological and geochemical analyses suggest a typical brackish
environment (subzone 1a, Fig. 4.5, 4.12 and 4.13) probably due to the mix of waters
from rivers, gullies and nearby or internal springs and from Mediterranean Sea.
The initial brackish stage (62.5-55 cm) is estimated to occur before the middle
of the XIX century. Slow sedimentation rates and a progressive decrease of
salinity were observed from the bottom to the top of this interval. Inferred Sr/
Ca indicate that the water supply came from the same sources until the mid part
of this period where this variable increased rapidly, indicating that water source
supply changed. We hypothesized, that this period coincides with the important
increase in the control of the hydrology of the lake that occurred in the XX
century. In 1865, Spain was under a big economic crisis. This crisis and the high
economical expense involved in management the Albufera de Valencia was the
reason why the queen Isabel II decided to transfer the property of Albufera
of Valencia to the Spanish government (Sanchis Ibor, 2001). The Spanish
government decided to allow an agricultural expansion at the area, with the
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aim of reducing the economical expenses that supposed the Lake maintenance.
The hydrological control by humans started in 1761 with the development of
an entire hydrological infrastructure increased between 1865 and 1927 (Sanchis
Ibor, 2001). The previous constructed hydrological infrastructures allowed
the agricultural rice expansion, and the area of the open lake was importantly
reduced, e.g. it lost 5000 ha between 1865 and 1927. Since then, farmers are
controlling water supplies and most of the additional waters for irrigation that
finally go to Albufera came from the Jacar River. These water inputs provoked
the salinity shift of lake waters most probably in the period comprised between
1865 and 1927. Jucar River waters changed the Lake water chemistry, decreasing
its salinity and increasing Sr/Ca. Moreover, the salinity reduction favoured the
development of big charophyte meadows (Chara vulgaris, Chara hispida, etc..) and
the growth of other freshwater macrophytes which in turn allowed the increase
in freshwater ostracod abundances

This changes culminated at the end of subzone 1b (55-51 cm) when the
definitive shift from a brackish to a oligohaline lagoon occurred. Our ostracod
assemblages and salinity reconstruction indicates that this subzone is an
intermediary period with high fluctuations. The euryhaline C. torosa increased
its abundances, the brackish species disappeared and freshwater species
appeared and developed. Inferred water Sr/Ca suggests constant supply from
the same sources. At subzone 2a, the low number of ostracod valves and the
d3C decrease coincide with an oligohaline lagoon with a high development of
macrophytes. However, ostracod communities were lost during the las 50 years,
and it can be explained by combined reasons (see below). The Albufera suffered
an eutrophication process which led first to macrophyte development and later
to a turbid state of phytoplankton dominance and macrophyte loss. Eutrophy
increased in the Albufera de Valencia which became a turbid hypereutrophic
lagoon with a dense phytoplankton population, this change has been documented
by different authors to occur in the 1970s (Blanco, 1973; Vicente and Miracle
1992, Romo et al., 2008). The loss in macrophytes abundances also allowed the
increase of mugilid fish (from 8o to 490 t* per year; Blanco and Romo, 2006)
and the reduction in fish species richness since the decade of 1950, as it was
documented by several authors (Docavo, 1979; Blanco and Romo, 2006). Since
1950s, mugilid (Mugil cephalus and Liza aurata) captures increased in detriment of
species such as the predaceous Anguilla anguilla or Dicentrarchus labrax. Mugilids
cannot swim well with dense macrophyte meadows and probably the loss of
macrophytes and associated fauna favoured mugilids increase in detriment to
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more commercial fishes (Romo, personal communication). The adult mullets are
basically herbivorous and detritivorous (Blanco et al., 2003), in Albufera they
consume superficial sediment, taking also macrozooplankton and zoobenthos,
being more benthic with age. The drastic reduction of macrophyte coverage, the
increasing benthic disturbance by wind and fishes and the anoxic and reduced
conditions of the substrate are main reasons for the drastic reduction of ostracod
communities during the last 50 years of Albufera de Valencia (at zone 3), as it
was already discussed by Poquet et al., (2008) for other Spanish Mediterranean
loclaities and particularly by Robles et al., (1985) in reference to the reduction of
abundance and diversity of gastropods since the late 60’s.

The inferred salinity for the next years (=3g/L) is a little bit higher
compared with instrumental data. There are very frequent measurements since
1972 (Blanco, 1973; Vicente and Miracle 1992, Romo e¢f al., 2008) and salinity did
not reach values over 2 g/L. Due to low ostracod abundances and possibly re-
worked remains found at these upper samples salinity was over estimated.

Overall, we confirm that the main anthropogenic influence on the Albufera
de Valencia started in the last period of the s. XIX and the first period of the
last century. The transfer of the Albufera of Valencia to the Central Spanish
government by the queen Isabel II and the management, that the government
undertook, allowed the development of rice farming and the reduction of the
lake area in favor of agriculture. This expansion meant an important hydrologic
control of the water inputs and outputs onto the lake. The hydrological control
meant increasing input of Jucar River waters (high Sr/Ca content) that drove
a salinity reduction. Nevertheless, the new rice farm period also started the
use of fertilizers and herbicides/pesticides to fight against weeds and plagues
(around 1950s). The use of fertilizers increased the nutrients charge onto the lake
that consequently increased the phytoplankton and started the eutrophication
process in the coming years (decreasing water DIC too). The loss of macrophyte
meadows, the increase of fish filtering superficial sediments and the reduced
oxygen content at the substrate provoked a decrease in ostracod abundances. In
the last three decades of Albufera de Valencia represent a hypereutrophic lake
with consequently loss of ostracod communities (Poquet ef al., 2008). Several
studies have been carried out during this time about hydrology (Soria and
Vicente, 2002; Soria, 2006), nutrients loads and eutrophication processes (Soria
et al., 1987) and phytoplankton tendencies (Romo et al., 2008) that showed the
high negative human impact suffered by the lake and calling for a more effective
water management and reduction of untreated polluted waters input into the lake.
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General remarks and conclusions

The previous chapters illustrate how ostracods can be useful
paleoenvironmental proxies in different ways. In the first chapter, we prove
how Cyprideis torosa morphological and geochemical variables, alone or in
combination, can be powerful paleolimnological tools. In the second part, we
applied the final conclusions of chapter I to a case of study: the Albufera de
Valencia. Three cores were extracted from this lake, one (850 cm long) from
the sand bar and two from the middle of the lake (240 cm and 63 cm). The
coastal lagoon Albufera de Valencia serves as an example of how to use the shell
morphological and geochemical data obtained from a target species (Cyprideis
torosa), in combination with ostracod paleoassemblages, taphonomical indices
and geochemical and sedimentological analyses, to reconstruct the Holocene
history of a coastal shallow lake.

C. torosa calibration (Part I)

The complexity of paleolimnological studies derives partly from the poor
information that is known about concrete aspects of the biology, distribution
and morphology of particular biotic proxies and their relationships with
the surrounding environmental variables, which may help us to infer past
environmental changes. Consequently, a good knowledge of the aquatic
systems of the study area is fundamental, including water chemistry, hydrology
and geological basin characteristics, which are necessary to understand the
functioning of the whole system. We undertook a wide field study which
included the analysis of physic-chemical and isotopic composition of the aquatic
ecosystems of the Valencia region, and how these traits affect morphological
and geochemical ostracod shells traits. The selection of a target species such
as Cyprideis torosa for its calibration as a paleoenvironmental proxy intended
to promote its future use in other similar areas where this species is present.
Nevertheless, despite the results of this thesis clarify some previously unanswered
doubts (Chapter I) more research is still needed in this field.

Many publications deal with the salinity influence on the morphology
of C. torosa shells, but we did not find any published comprehensive study
that undertook a wider research program testing which particular physic-
chemical parameters (e.g. salinity, pH, ionic concentrations...) can affect these
morphological variations (carapace lengths, nodes...). Our results show that
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morphological variables are good indicators of water chemistry changes, as it was
already suggested in the literature (Kilenyi, 1972; Vesper, 1972a,b; Van Harten,
1975, Keyser, 2005). C. torosa shell lengths and nodes are influenced by salinity
variations. As we observed, comparing our results with the results obtained from
the literature (Fig. 1.9), both males and females are smaller at higher salinities.
Additionally, shell length and calcium content (Ca__ ) are positively correlated
and animals with the longest shells are also the heaviest regarding to Ca__ . Thus,
both variables can be used as an indicator of salinity variations and/or of diagenetic
processes (non positive correlation between length and Ca), and consequently
these could be a useful tool in paleoenvironmental reconstructions. However,
we should test if other chemical variables (for instance SO, concentration), could
affect these morphological variables and in vitro experiments should be carried
out at different water types to see length and Ca__ variations. Furthermore,
experiments based on the re-mineralization of the shells to test which diagenetic
processes can affect the Ca__ should be done (e.g. changes in pH may affect the
shell calcite).

In the case of C. torosa shell nodes, many attempts have been done to
establish the relationship between noding and salinity and other variables such
as water Ca content (see Sandberg, 1964; Kilenyi, 1972; Vesper; 1972a,b, 1975;
Van Harten, 1975, 1996, 2000; Keyser, 2005). Our study suggests that the limiting
factor affecting the appearance of nodes is salinity. Moreover, the combination
of this variable with the shell 8*0 provides a more accurate tool to reconstruct
past salinities than node proportion alone. However, when it comes to apply
this equation in sedimentary sequences we should analyse a high number of C.
torosa shells per sample and discard alocthonous individuals. In addition, this
tool presents some deficiencies that should be tested and, in particular, more C.
torosa recent populations should be analysed to test if this relationship holds in
more varied environments and water types.

Many attempts have been made to reconstruct salinity, temperatures or
evaporation/precipitation patterns from ostracod Sr/Ca, Mg/Ca, §3C and 6O
during the last years (e.g. Engstrom and Nelson, 1991; Von Grafenstein et al., 1992,
1999a,b; Xia ef al., 1997a, b; Wansard, 1996b; Wansard et al., 1998; Palacios-Fest
and Dettman, 200r; Ito ef al., 2002). Regarding to trace elements, we suggest
avoiding the use of shell Mg/Ca, Sr/Ca or the Kds from these metals ratios as
paleothermometers or paleosalinometers as other authors suggested previously.
We saw that C. torosa built their shells of low Mg-calcite (with little variation) in
awide gradient of salinities (Chapter I). However, more research should be done
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about C. forosa shell Mg/Ca composition in waters with Mg/Ca over 6. Further
research using in vitro experiments with C. forosa living in waters with Mg/Ca
over 6 and at different temperatures should be performed to test the control of
shell Mg/Ca content in the calcification of this species at high Mg/Ca waters.

On the other hand the positive correlation between ostracod Sr/Ca
and water Sr/Ca holds at any condition. The lack of covariation of shell Sr
concentration with TDS and with other metals concentrations indicates that Sr
shell uptake is independent of moulting time or stressful physiological conditions.
This variable is a good indicator of different water types supply (waters with
different Sr/Ca content) in the system. As we show in chapter I, it seems that this
relationship holds for other ostracods, at least from the same genus (Fig. 1.15¢).
However, future further research should be done to test if this signal works for
all ostracod species in general and at any water type.

Our 83C results support the use of this variable as an indicator of changes
in the isotopic ratio of the dissolved inorganic carbon and indirectly changes
of carbon and the productivity of the system may be inferred (Schwalb, 2003;
Leng and Marshall, 2004). Our C. torosa shells are 2%o lower than expected
from 03Cpic reflecting that calcification takes place probably in the infaunal
environment. In the future, different experiments should be done testing
ostracod shell 83C variations in waters with different 83Cpic concentrations so
as the partitioning of §3CpIc in interstitial waters at variable depths.

Oxygen isotopical results support the use of this proxy to reconstruct
precipitation/evaporation and salinity changes, as there is a general good match
between ostracod and water 80 values. However, C. forosa seems to incorporate
more O at salinities over 20 g/L. Stressful conditions at high salinities result in
poorly calcified shells with lighter isotopical ratios. For that reason, the use of
this proxy to reconstruct past high salinities should be done carefully, and always
using other variables that support this proxy.
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Paleolimmology of Albufera de Valencia (Part II and III)

The Holocene evolution of the Albufera de Valencia has been interpreted
from a multiproxy study of core Palmar with special focus on ostracod
paleoassemblages and geochemistry. The location of the core allowed the
interpretation of the prograding phases occurred during the early-mid Holocene,
as beach barrier systems are suitable for this kind of studies (Zazo et al., 2008).
The morpho-sedimentary study carried out by Santiesteban et al. (2009) shows
the formation of four individual bars that were progressively separating the
lake from the sea. The combination of lithological descriptions, paleoecological
indices, fossil assemblages and geochemical analyses helped us to understand the
Holocene evolution of the Albufera of Valencia, strongly influenced by sea level
changes. The Palmar sequence allowed the interpretation of the main marine
transgression occurred around 6ooo yrs BP and the immediately prograding
phase occurred later on, along the Mediterranean Spanish Holocene. In
addition, for the first time, our findings showed that the area of Albufera has
never been (at least since the mid-Holocene) an open marine system (as thought
before), as we did not find any marine-like ostracod paleoassemblage through
the entire sequence. However, in order to obtain a better reconstruction of
the lower part of the Holocene (Goy et al., 1996), another core close to the bar
but in the marine platform should be extracted and a second long core in the
middle of the lake, to be able to reconstruct more accurately the chemical water
lake changes in this early period. The lack of good sedimentological levels with
organic carbon content in this core led us to date pollen concentrates, which
usually give older ages because the presence of organic C formed in aquatic
environment cannot be avoided. And we had problems to build an accurate age
model. Reworking processes and reservoir effects may play also an important
role in pollen concentrates and in the likely older resulting ages. For that reason
and in future research, the luminescence method should be used to date this
kind of sequences highly enriched in sands (Cohen, 2003).

The Palmar sequence encompass an important part of the Holocene
probably lacking from one side the earlier sequence and the more recent part
from the other side. Thus, to reconstruct the evolution of the lake in historical
times, we decided to extract another two short cores, namely core Center
and L’Antina core (240 and 67 cm long respectively), in the middle of the
lake. Core Center sequence spans overlapping the core El Palmar sequence.
Sedimentological composition, geochemical analyses and ostracod assemblages
and shell geochemistry interpretations are in concordance with other studies on
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Spanish coastal Holocene evolution. We recognize the last marine transgressions
h3 and h4 (Somoza et al., 1998) occurred during the late Holocene. However, the
last one that occurred during the last 500 years (h5) is not clearly observed in this
record because the lake was highly controlled and exploited by humans during
this period. Core data including ostracod paleoassembalges, Sr, Cl and inferred
salinity allowed us the interpretation of the changes in solute composition
hydrology of the lake that took place during the last 200 years. N, P and LOI
also gave us information about macrophytes cover and the indiscriminate use of
fertilizers along the last 100 years. The phosphorous load increased markedly in
the lake favoring the eutrophication of the lake and completely eliminating the
macrophytes cover at the beginning of the 1970 decade.

In L’Antina core, we combine ostracod paleoecology and geochemistry at
high resolution to see with more detail the last 200 years of the Albufera evolution.
The different extraction location of this core and the good correlation with the
previous one, support the general view of our interpretations and suggest that
the effects of the heterospatial differences in the lake are of minor importance
in this case. This core supports the previous interpretations of salinity reduction
and hydrological management during the last 100 years. Furthermore *°Pb and
187Cs dates, as well as radiocarbon dates match well between both cores, however,
radiocarbon dates “C did not fit well with *°Pb chronological models. We used
pollen concentrations for radiocarbon dates for all the cores (chapters II, III
and IV), and as we explained in chapter III and IV, there may be several effects
that give anomalously old ages. For further research in this kind of systems more
dating should be done in different kind of material, to compare and precise the
dates and the age model for more accurate paleoenvironmental reconstructions.

The main objectives of this thesis have been fully covered. Cyprideis torosa
calibration demonstrated that ostracods may be useful paleoenvironmental
proxies. Our results discourage some previous ideas about the use of ostracod
shell geochemistry to reconstruct salinities and temperatures (based on Mg/
Ca and Sr/Ca), employed in other paleolimnological studies. We support some
other findings such as the salinity influences in ostracod morphological variables
(lengths and nodes), oxygen isotopes and ostracod assemblages. Furthermore,
we contribute with new information, such as the possibility to reconstruct water
Sr/Ca from ostracod Sr/Ca or to infer water isotope composition and salinity
from the combination of morphological variables (nodes) and shell isotopic data
(8"0). In addition, we contributed to clarify the Holocene evolution of Albufera
de Valencia and to disclose the main factors determining major variations in this
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lagoon, such as sea level variation effects, hydrological changes, eutrophication,
heavy metal pollution and some other human influences.

Conclusions

The general conclusions of this thesis can be summarized as follows:

1.-Morphology and geochemistry of valves of ostracod target species that
are present in a wide physic-chemical gradient can be calibrated to approach
possible ways to reconstruct environmental variables. The results should always
be used in combination with other paleoenvironmental proxies to avoid possible
misinterpretations.

2.-With our sampling program, it was not possible to assess the exact time
and the environmental conditions when the ostracods moulted and calcified,
because C. torosa populations showed overlapping adult generations through the
year in the studied sites (P5-P7-Ur). Juveniles shell traits, however, might reflect
water changes with higher resolution, due to the shorter time interval between
moults of juvenile stages, comparing to those of adults. Cyprideis torosa individuals
with the longest shells are also the heaviest regarding to shell calcium content

(CaSHELL)
and females are smaller at higher salinities. The low salinities and water Alk/Ca

. In addition, shell size is correlated with water chemistry; both males

ratio, between 1 and 2, in the studied waters seems the optimal to build more
calcified shells.

3.-According to our results salinity reconstruction from C. torosa shells
cannot be done correctly by geochemistry alone and needs information from
shell morphology. It is known that the proportion of noded individuals of C.
torosa may be one of the best proxies for salinity reconstruction. The combination
of noding and "0 provides a more accurate quantitative reconstruction model.

4.-There are no differences in geochemical composition (isotopic and trace
metal ratios) between sexes in C. torosa shells. Subsequently in paleoecological
studies there is no need to analyze sexes separately when using these geochemical
variables. However, the use of size and Ca__ as paleoenvironmental proxies
should take into account sex differences.
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5.-No effects of either temperature or water Mg/Ca is observed on Mg/
Ca assimilation in the ostracod C. forosa in waters with a Mg/Ca ratio below 6. C.
torosa builds shells with low Mg/Ca in a wide salinity gradient. However, in other
studies that involved higher water Mg/Ca ratios a direct relationship between
these and ostracod Mg/Ca was observed for other particular species (Cyprideis
australiensis) De Deckker et al. (1999), and therefore more research is needed to
clarify this response pattern.

6.-Ostracod shell Sr/Ca in C. forosa is strongly and significantly related to
water Sr/Ca. In fact, regression analyses show that reconstruction of water Sr/Ca
from ostracod Sr/Ca is the most accurate (in statistical terms) paleoenvironmental
proxy using C. forosa shells.

7.-In C. torosa there is a significant positive relationship between ostracod
80 and water 8*0. However, at high salinities (> 20 g/L) more O is incorporated
into the shell as observed in previous works studying calcification under stressful
conditions (Xia et al., 1997a; Chivas ef al., 2002).

8.—0%CpIc can be inferred from C. torosa 63C and indirectly changes of
carbon and the productivity of the system may be estimated. 6%C in C. torosa
shells are 2%o lower than expected from 83Cbic reflecting that calcification
probably takes place in the infaunal environment.

9.-Multiple regressions helped us to reconstruct past hydrochemistry
from proxies derived from ostracod shells. The given equations can asses’
salinities and water Sr/Ca in a quantitative manner, always with a combination
of several paleoenvironmental proxies to avoid the possible errors included in
the equations.

10.-The Palmar sequence results corroborated that beach barrier systems
are good sedimentological sets to reconstruct sea level Holocene fluctuations.
At Palmar core two sedimentary steps can be recognized which coincides with
the same sea level changes observed at other Spanish Mediterranean locations
(Zazo et al., 2008). This core can be interpreted as a sediment sequence over the
main marine transgression and the immediately prograding phase that occurred
along the Mediterranean Spanish Holocene, in concordance with other studies
on coastal Holocene evolution.
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1r.-The Albufera was an ancient enclosed bay connected to the sea at the
early Holocene. However, our records did not found an established ostracod
marine assemblages suggesting that the Palmar sequence corresponds to an
elongated lagoon connected to the sea by a outlet, but restricted to its southern
end, as derived from historical archives. The ostracod fauna and isotopical ratios
are characteristic of a brackish water type environment.

12.-Core Center sediment sequence spans a period corresponding
approximately to the last 3400 years, if we could trust the “C datations at the
bottom of this core, but it is probably younger. Sedimentological composition,
ostracod assemblages and geochemical analyses interpretations are in
concordance with other studies on Spanish coastal Holocene evolution. Here,
we recognized the last marine transgressions h3 and h4 (Somoza et al., 1998)
occurred during the late Holocene and how these affected the ostracod fauna
and the salinity of the lake. However, the last marine transgression that occurred
during the last 500 years (h5) is not clear in this record because the lake was
highly controlled and exploited by humans during these years.

13.-From geochemistry and ostracod species composition, we conclude
that the main desalinization of the Albufera took place later than thought before,
in the last quarter of the XIX century, when rice field expansion occurred, thus
leading humans to undertake the control of the lake hydrological system for
irrigation (Sanchis Ibor, 2001).

14.-Eutrophication processes increased the nutrient load of the lake,
indicated with the higher total P in the upper sedimentation, initially favoring
macrophyte abundances, and later provoking a change of state to a phytoplankton
dominance and disappearance of submerged macrophytes. The untreated sewage
from Valencia city and the surrounding towns increased the nutrients load
onto the lake favoring a drastic eutrophication process. The dense macrophyte
cover disappeared from the lake by the end of 1960 and the lake sediment was
completely bare in the first years of 1970.

15.-The recent loss of ostracod populations in the lake observed in this
work may be explained by the lack of oxygen derived from the increasing
eutrophication processes (Poquet ef al., 2008), metal pollution at the bottom
sediments, changes in hydrology, macrophyte loss and fish population shifts.
From the XRF results, we can conclude that there has been a heavy metals load
in the lake from spills of the nearby industries (especially Cu and Zn) in the last
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three decades and a older accumulation of lead due probably to intensification
of hunting activities with the use of lead bullets.

16.-According to the results from core Center and L’Antina core, during
the last 200 years, the Albufera de Valencia showed the typical patterns observed
for this kind of systems around the world (Halpern et al., 2008); the high human
pressure mainly based on the hydrological control of the lake, wastewater and
industrial sewage pollution, rice field expansion and hunting affected the whole
system droving the lake to a highly deteriorated system.
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Conclusiones

A continuacién se resumen las conclusiones generales de la presente tesis:

1.-Las variables morfoldgicas y geoquimicas de especies clave de ostricodos
que ocupan amplios gradientes fisico-quimicos, pueden ser calibradas como
herramientas para reconstruir variables ambientales. Los resultados obtenidos
a partir de estas herramientas, siempre deben ser contrastados con otros
indicadores paleoambientales para evitar posibles interpretaciones erréneas.

2.-Con nuestro disefio experimental de muestreo, no fue posible detectar
el momento preciso y las condiciones ambientales en los que los ostridcodos
mudaron y calcificaron, debido a que las poblaciones de la especie Cyprideis torosa
mostraron diferentes generaciones de adultos solapadas a lo largo del afio para
los puntos de estudio (P5-P7-Ur). Sin embargo, la composicién geoquimica de
las conchas de los juveniles puede reflejar, con mayor resolucién, los cambios
quimicos del agua. Esto es debido a que los juveniles muestran intervalos mds
cortos de tiempo entre mudas, comparado con los adultos, pudiendo asi reflejar
mejor estos cambios. Los individuos de Cyprideis torosa mds grandes, respecto a la
longitud de las valvas, también presentan un mayor contenido en Ca en las valvas.
Ademis, el tamaio de la concha esta correlacionado con la quimica del agua;
machos y hembras son mds pequefos a altas salinidades. Las bajas salinidades y
la Alk/Ca del agua (entre 1y 2) en los cuerpos de agua estudiados, parecen ser las
condiciones mds 6ptimas para desarrollar conchas mds calcificadas en la especie
C. torosa.

3.-Segtn los resultados obtenidos de los modelos de reconstruccién de la
salinidad a partir de las conchasde C. torosa, éstano puede realizarse correctamente
con la geoquimica por si sola y se necesita la informacién morfolégica de las
conchas. Se sabe que la proporcién de individuos nodados de C. torosa puede ser
uno de los mejores indicadores para reconstruir salinidades. La combinacién de
nodos y 80O nos facilita un modelo de reconstruccion cuantitativa mis ajustado.

4.-No existen diferencias en la composicién geoquimica (isétopos y
elementos traza) entre sexos de las conchas de C. torosa. Consecuentemente,
no es necesario analizar sexos separadamente cuando se requiera utilizar estas
variables geoquimicas. Sin embargo, a la hora de utilizar el tamafo y la cantidad
de Ca en las valvas como indicadores paleoambientales deberian tenerse en
cuenta las diferencias entre sexos.
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5.- No se observaron efectos de la temperatura o la concentracién de Mg/
Ca en el agua sobre la asimilacién de Mg/Ca por parte de ostracodo C. forosa en
aguas con Mg/Ca<6. C. torosa construye conchas de calcita pobre en magnesio
en un amplio gradiente de salinidades. Sin embargo, se observaron relaciones
directas entre el Mg/Ca del agua y del ostricodo en estudios realizados con
altas concentraciones de esta variable y en la especie Cyprideis australiensis (De
Deckker et al., 1999), por ello es necesario investigar mds acerca de este patrén
de respuesta.

6.-E1Sr/Cadelas conchas de C. forosa esta fuertemente y significativamente
relacionado con el Sr/Ca del agua. De hecho, el anilisis de regresién muestra
que la reconstruccién del Sr/Ca del agua a partir del Sr/Ca del ostricodo es
el indicador paleoambiental mds fiable (en términos estadisticos) usando las
conchas de C. torosa.

7.-Existe una relacion positiva y significativa entre el 8O de los ostricodos
y el 80 del agua. Sin embargo a altas salinidades (>20g/L) mds 'O es incorporado
en las conchas, como se observo en estudios previos estudiando la calcificacién
bajo condiciones de estrés (Xia ef al., 1997a; Chivas et al., 2002).

8.-E1d3Cpic puede serinferido a partir del 83C de C. forosa e indirectamente
los cambios de carbono y la productividad del sistema. El 83C de las valvas de
C. torosa es 2%o0 mis bajo que lo esperado para el 63Cbic, reflejando que la
calcificacién probablemente tiene lugar en zonas intersticiales del sedimento.

9.-Las ecuaciones obtenidas a partir de las regresiones multiples nos
pueden ayudar a reconstruir la hidroquimica del pasado a partir de indicadores
derivados de las conchas de ostricodos. Con las ecuaciones mostradas se pueden
inferir salinidades y el Sr/Ca del agua de una manera cuantitativa, pero siempre
deberdn ser utilizadas en combinacién de otros indicadores paleoambientales
para evitar posibles errores incluidos en estas.

10.-Los resultados de la secuencia del sondeo Palmar corroboran que los
sistemas de playa-barrera-laguna contienen informacién muy valiosa en sus
sedimentos, de tal modo que se pueden reconstruir las variaciones del nivel
del mar durante el Holoceno. En el sondeo Palmar se pueden reconocer dos
eventos sedimentolégicos, los cuales coinciden con los mismos cambios de nivel
del mar observados en otras regiones Mediterrineas Espafolas (Zazo et al.,
2008). Este sondeo puede ser interpretado como una secuencia sedimentaria
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enclavada sobre la principal transgresion marina ocurrida durante el Holoceno
Mediterraneo Espaiol (hr) y la inmediata fase de progradacién ocurrida después,
en concordancia con otros estudios sobre la evolucién del Holoceno en la costa
Mediterranea Espafola.

i.-La Albufera de Valencia fue una antigua bahia enclavada y conectada
con el mar en el Holoceno temprano. Sin embargo, en nuestros registros no se
ha encontrado una asociacién marina de ostricodos bien establecida, sugiriendo
que la secuencia del Palmar correspondia con una laguna costera alargada
conectada con el mar por un amplio canal, localizado en la zona sur, como se
deduce de los archivos histéricos. La fauna de ostrdcodos y los ratios isotépicos
indican ambientes de aguas salobres.

12.-La secuencia de sedimentos del sondeo Centro abarca el periodo
correspondiente a aproximadamente los dltimos 3400 afos, si asumimos la
veracidad de las dataciones de “C, aunque probablemente la base del sondeo
se pueda especular como de procedencia mas reciente. Las interpretaciones
sobre la composicién sedimentoldgica, las asociaciones de ostricodos y los
andlisis geoquimicos estdn en concordancia con otros estudios realizados sobre
la evolucién Holocena de las costas Mediterrdneas Espafolas. En este sondeo
se reconocen las ultimas transgresiones marinas h3 y by (Somoza et al., 1998)
ocurridas durante el Holoceno y cémo estas afectaron a la composicién de la
fauna de ostracodos y la salinidad del lago. Sin embargo, la Gltima transgresién
marina que ocurrié durante los ultimos 500 afos (h5) no esta clara en estd
secuencia porque el lago estuvo altamente controlado y explotado por los
humanos durante estos afios.

13.-De la geochimica y la composicién de especies de ostricodos,
concluimos que la principal desalinizacién del lago de la Albufera ocurrié mas
tarde de los asumido anteriormente, a finales del siglo XIX, cuando tuvo lugar la
expansion del arroz, permitiendo asi a los humanos tener el control hidrolégico
del sistema (Sanchis Ibor, 2001).

14.-Los procesos de eutrofizacién incrementaron la carga de nutrientes
en el lago, indicado por la alta acumulacién de fésforo total en el techo del
sondeo, favoreciendo inicialmente el incremento de las abundancias de
macroéfitos y provocando el posterior cambio hacia un estado de dominancia
fitoplanctdnica, con la consiguiente desaparicién de los macréfitos. La aguas,
sin tratar, procedentes de la ciudad de Valencia y de las ciudades de alrededor,
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incrementaron la carga de nutrientes en el lago favoreciendo los procesos
drasticos de eutrofizaciéon. La densa capa de macréfitos desaparecié del lago
hacia finales de los afios 60 y completamente del fondo del lago a principios
de los afos 7o. Esto afect6 a la comunidad de ostridcodos que vié disminuida su
abundancia de manera considerable.

15.-La reciente perdida de las poblaciones de ostricodos en el lago
observadas durante los tltimos afios pueden ser explicadas por la falta de oxigeno
derivada del incremento de los procesos de eutrofizacién (Poquet et al., 2008),
contaminacién por metales en los sedimentos, cambios en la hidrologia del
sistema, perdida de macroéfitos y cambios en la composicién de las poblaciones
de peces. De los resultados obtenidos del XRF, podemos concluir que ha habido
una acumulacién de metales pesados (especialmente Cu y Zn) en el lago debido
a los vertidos incontrolados de las empresas cercanas a este en las ultimas
decadas, y una acumulacién mds antigua de plomo, probablemente debida a
la intensificacién de la caza y el uso de municién con alto contenido de este
elemento.

16.-Como se deduce del estudio de los sondeos cortos de L’Antinay Centro,
durante los ultimos 200 afos, la Albufera de Valencia hd mostrado los tipicos
patrones de evolucién observados para este tipo de sistemas en todo el mundo
(Halpern et al., 2008); la alta presién humana basada principalmente en el control
hidrolégico del lago, las aguas residuales y los vertidos industriales, la expansién
del arroz y la caza afectaron de manera sustancial al sistema, conduciendo al lago
aun estado altamente deteriorado.
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Chapter I

ostracod plates

Plate r.: SEM photographies of euryhaline and brackish species from Palmar
core. The scale is located below each photography and detailed bertween brackets for each
specimen. a) C. torosa female RV ext. (200 um), b) C. torosa hembra LV ext. (200 um), ¢) C.
torosa male RV ext. (200 um), d) C. forosa male LV ext. (200 wm), €) C. torosa female LV int.
(200 um), f) C. torosa male LV int. (200 um), g) L.elliptica male LV ext. (200 wm), h) L.elliptica
male LV int. (200 wm).

Lamina 1.1: Fotografias de ME de las distintas especies eurihalinas y de aguas salobre
encontradas en el sondeo Palmar. El valor de escala se sitiia debajo de cada valva y se detalla
entre paréntesis para cada individuo. a) C. torosa hembra VD ext. (200 um), b) C. torosa
hembra VI ext. (200 um), ¢) C. forosa macho VD ext. (200 wm), d) C. torosa macho VI ext.
(200 um), e) C. torosa hembra VI int. (200 um), f) C. torosa macho VI int. (200 um), g)
L.elliptica macho VI ext. (200 um), h) L.elliptica macho VI int. (200 wm).
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Plate 1.2: SEM photographies of different brackish (a-e) and marine (f-h)
species from Palmar core. The scale is located below each photography and detailed
bertween brackets for each specimen. a) L. elliptica female RV int. (200 um), b) X. nitida
RV ext. (100 um), ¢) X. nitida RV int. (100 um), d) H. salina RV int. (200 um), e) H. salina
LV int. (200 um), f) A. arborescens RV ext. (200 um), g) A. arborescens LV ext. (200 um),
h) L .rhomboidea LV int. (100 wm).

Lamina 1.2: Fotografias de ME de las distintas especies encontradas en sondeo
Palmar (a-e: afinidades salobres, f-h: afinidades marinas). El valor de escala se sitda
debajo de cada valva y se detalla entre paréntesis por cada individuo. a) L. elliptica
hembra VD int. (200 um), b) X. nitida VD ext. (100 wm), ¢) X. nitida VD int. (100 um),
d) H. salina VD int. (200 wm), €) H. salina VI int. (200 wm), f) A. arborescens VD ext. (200
um), g) A. arborescens VI ext. (200 wm), h) L .rhomboidea VI int. (100 um).
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Plate 1.3: SEM photographies of different brackish-marine (a-d) and freshwater
(e-h) species from Palmar core. The scale is located below each photography and
detailed bertween brackets for each specimen. a) Pontocythere cf. turbida dorsal view
(200 um), b) Hemicypris sp. LV int. (200 um), ¢) Pontocythere cf. turbida LV int. (200 um),
d) Hemicypris sp. fragment int. (200 um), e) Cypridopsis vidua RV int. (200 um), f) C.
vidua dorsal view LV (200 um), g) C. angulata male RV int. (100 um), h) I. gibba LV int.
(200 wm).

Lamina 1.3: Fotografias ME de las distintas especies encontradas en sondeo
Palmar (a y d: afinidades marinas, e-h: agua dulce). El valor de escala se sitia debajo
de cada valva y se detalla entre paréntesis por cada individuo. a) Pontocythere cf. turbida
visién dorsal (200 um), b) Hemicypris sp. VI int. (200 um), ¢) Pontocythere cf. turbida VI
int. (200 um), d) Fragmento Hemicypris sp. int. (200 um), e) Cypridopsis vidua VD int.
(200 um), f) C. vidua visién dorsal VI (200 um), g) C. angulata macho VD int. (100 um),
h) I gibba V1 int. (200 pm). 261
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Plate 2.:: SEM photographies of different brackish species from core Center. The
scale is located below each photography and detailed between brackets for each specimen.
a) C. forosa male RV ext. noded (200 um), b) C. forosa male RV ext. with spines (200 wm) c)
C. torosa male RV int. (200 wm), d) C. forosa male LV int. deformed (200 um), €) C. torosa
female RV ext. smoothed (200 um), f) C. torosa female LV ext. smoothed (200 wm) g) C. torosa
juvenile, ventral view, noded (200 um), h) C. torosa male RV ext. corroded (200 um) .

Laimina 2.x: Fotografias de ME de las distintas especies de aguas salobre encontradas
en el sondeo Centro. El valor de escala se sitia debajo de cada valva y se detalla entre
paréntesis para cada especiemen. a) C. forosa macho VD ext. nodado (200 um), b) C. torosa
male VD ext. com espinas (200 um) ¢) C. forosa macho VD int. (200 um), d) C. forosa maho VI
int. deformado (200 um), €) C. forosa hembra VD ext. no nodado (200 wm), f) C. forosa hembra
VI ext. (200 um) g) C. forosa juvenil, visién ventral, nodado (200 um), h) C. forosa macho VD
ext. corroido (200 um) .
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Plate 2.2: SEM photographies of different brackish species from core Center.
The scale is located below each photography and detailed between brackets for each
specimen. a) Detail of the corroded C. torosa (plate 2.th) (100 um), b) Detail of the
corroded C. torosa (plate 2.1h) (50 wm), ¢) X. nitida RV ext. (100 wm), d) X. nitida dorsal
view (200 um), €) Cytherois cf stephanidesi ext. LV (100 wm), f) Leptocyhtere sp. RV ext.
(100 wm).

Lamina 2.2: Fotografias de ME de las distintas especies de aguas salobre
encontradas en el sondeo Centro. El valor de escala se sitiia debajo de cada valva y se
detalla entre paréntesis para cada epecimen. a) Detalle del C. torosa corroido (Lamina
2.th) (100 wm), b) Detalle del C. forosa corroido (Ldmina 2.1h) (50 wm), ¢) X. nitida VD
ext. (roo um), d) X. nitida vision dorsal (200 um), e) Cytherois cf stephanidesi ext. VI (100
um), f) Leptocythere sp. VD ext. (100 wm).
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Plate 2.3: SEM photographies of different marine species from core Center.
The scale is located below each photography and correspond to 200 um for all the
cases. a) Aurila arborescens RV ext., b) Aurila arborescens RV int., ¢) Aurila arborescens
LV int., d) Aurila arborescens LV ext., €) Aurila arborescens RV int., f) Aurila arborescens
juvenile RV ext. g) Loxoconcha rhomboidea LV ext., h) Loxoconcha rhomboidea ventral view.

Lamina 2.3: Fotografias de ME de las distintas especies de afinidades marinas
encontradas en el sondeo Centro. El valor de escala se sittia debajo de cada valva y
corresponde a 200 wm para todos los casos. a) Aurila arborescens VD ext., b) Aurila
arborescens VD int., ) Aurila arborescens VI int., d) Aurila arborescens V1 ext., €) Aurila
arborescens VD int., f) Aurila arborescens juvenile VD ext., g) Loxoconcha rhomboidea VI
ext., h) Loxoconcha rhomboidea ventral view.
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Plate 2.4: SEM photographies of different marine ostracod species from
Center core. The scale is located below each photography and detailed between
brackets for each specimen. a) Loxoconcha rhomboidea RV ext. (200 um), b) Loxoconcha
rhomboidea RV int. (100 wm), ¢) Loxoconcha rhomboidea IV ext., d) Loxoconcha rhomboidea
LV int. (200 wm), €) Loxoconcha rhomboidea LV int. (200 um), f) Loxoconcha rhomboidea,
juvenile, dorsal view (200 um).

Lamina 2.4: Fotografias de ME de las distintas especies con afinidades marinas
encontradas en el sondeo Centro. El valor de escala se sittia debajo de cada valva y
entre paréntesis para cada especimen. a) Loxoconcha rhomboidea VD ext. (200 um), b)
Loxoconcha rhomboidea VD int. (100 wm), ¢) Loxoconcha rhomboidea V1 ext., d) Loxoconcha
rhomboidea VI int. (200 wm), €) Loxoconcha rhomboidea VI int. (200 wm), f) Loxoconcha
rhomboidea, juvenil, visién dorsal (200 um).
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Plate 2.5: SEM photographies of different freshwater species from Center core.
The scale is located below each photography and and detailed between brackets for
each specimen. a) Candona angulata male RV ext. (200 um), b) Candona angulata male LV
int. (200 um), ¢) Candona angulata female RV int. (200 um), d) Candona angulata male RV
int. (200 um), e) Candonidae sp. RV int. (200 um), f) Candonidae sp., juvenile int. (roo wm)
&) Darwinula stevensoni RV int. (200 wm), h) Darwinula stevensoni LV dorsal view (200 wm).

Limina 2.5: Fotografias de ME de las distintas especies de afinidades marinas
encontradas en el sondeo Centro. El valor de escala se sittia debajo de cada valva y
detallada entre paréntesis para cada especimen. a) Candona angulata macho VD ext. (200
um), b) Candona angulata malcho VI int. (200 um), ¢) Candona angulata hembra VD int.
(200 um), d) Candona angulta macho VD int. (200 um), e) Candonidae sp. VD int. (200
um), f) Candonidae sp. juvenil int. (100 wm), g) Darwinula stevensoni VD int. (200 wm), h)
Darwinula stevensoni VI vision dorsal (200 um).
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Plate 2.6: SEM photographies of different freshwater species from Center core.
The scale is located below each photography and detailed between brackets for each
specimen. a) Cypridopsis vidua RV ext. (100 um), b) Cypridopsis vidua RV ext. (200 um),
) Paralimnocythere psammophila female LV ext. (200 um), d) Paralimnocythere psammophila
male RV ext. (200 um), e) Limnocythre inopinata RV ext. (100 um), £) Limnocythre inopinata
LV ext. (to0 um) g) Limnocythre inopinata dorsal view (200 um).

Lamina 2.6: Fotografias de ME de las distintas especies de afinidades marinas
encontradas en el sondeo Centro. El valor de escala se sittia debajo de cada valva y
detallada entre paréntesis para cada especimen. a) Cypridopsis vidua VD ext. (100 um), b)
Cypridopsis vidua VD ext. (200 um), ¢) Paralimnocythere psammophila hembra VI ext. (200
um), d) Paralimnocythere psammophila macho VD ext. (200 wm), ) Limnocythre inopinata
VD ext. (100 um), f) Limnocythre inopinata VI ext. (100 wm) g) Limnocythre inopinata visién
dorsal (200 um).
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Plate 3.: SEM photographies of different brackish ostracod species from
L’Antina core. The scale is located below each photography and detailed between
brackets for each specimen. a) C. torosa male dorsal view (200 um), b) C. torosa male RV,
noded, dorsal view (200 wm), ¢) C. torosa male LV, d) C. torosa juvenile, RV ext. noded
(200 um), e) Loxoconcha elliptica LV int. (200 um), f) Loxoconcha elliptica juvenile LV int.
(200 wm), g) Xestoleberis nitida RV int. (1oo um), h) Cytherois cf stephanidesi LV int. (to0 um).

Lamina 3.r: Fotografias de ME de las distintas especies de ostricodos con
afinidades de aguas salobres encontradas en el sondeo de L’Antina. El valor de escala se
sitia debajo de cada valva y se detalla entre paréntesis para cada individuo. a) C. torosa
macho visién dorsal (200 um), b) C. torosa macho VD, nodado, visién dorsal (200 um),
c) C. torosa macho VI, d) C. torosa juvenil, nodado, VD ext. (200 um), e) Loxoconch elliptica
Vlint. (200 um), f) Loxoconch elliptica juvenil VI int. (200 um), g) Xestoleberis nitida VD int.
(r00 wm), h) Cytherois cf stephanidesi VI int. (t00 pwm).
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Plate 3.2: SEM photographies of different brackish ostracod species from
L’Antina core. The scale is located below each photography and detailed between
brackets for each specimen. a) Leptocythere cf. porcellanea LV ext. (100 um), b) Heterocypris
sp. juvenile RV int. (200 um).

Lamina 3.2: Fotografias de ME de las distintas especies de ostricodos con
afinidades de aguas salobres encontradas en el sondeo de L’Antina. El valor de escala
se sitia debajo de cada valva y se detalla entre paréntesis para cada individuo. a)
Leptocythere cf. porcellanea VI ext (100 wm), b) Heterocypris sp. juvenil VD int. (200 pm).
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Plate 3.3 SEM photographies of different freshwater ostracod species from
L’Antina core. The scale is located below each photography and detailed between brackets
for each specimen. a) Candona angulata female RV ext. (200 um), b) Detail of the posterior
part of Candona angulata (100 um), ¢) Darwinula stevensoni LV int., d) Darwinula stevensoni RV
int. (200 um), e) Darwinula stevensoni ventral view (200 um), f) Cypridopsis vidua, dorsal view
(200 um), g) Sarcypridopsis aculeata RV int. (200 um), h) Sarcypridopsis aculeata juvenile RV
ext. (100 wm).

Lamina 3.3: Fotografias de ME de las distintas especies de ostricodos con
afinidades de aguas dulces encontradas en el sondeo de L’Antina. El valor de escala se sitta
debajo de cada valva y se detalla entre paréntesis para cada individuo. a) Candona angulata
hembra VD ext. (200 um), b) Detalle de la parte posterior de Candona angulata (100 um), c)
Darwinula stevensoni V1 int., d) Darwinula stevensoni VD int. (200 um), €) Darwinula stevensoni
visién ventral (200 um), f) Cypridopsis vidua, visién dorsal (200 um), g) Sarcypridopsis aculeata
VD int. (200 um), h) Sarcypridopsis aculeata juvenil VD ext. (100 pm).
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Plate 3.4: SEM photographies of different freshwater ostracod species from
L’Antina core. The scale is located below each photography and detailed between
brackets for each specimen. a) Paralimnocythere psammophila female LV ext. (200 wm), b)
Paralimnocythere psammophila dorsal view (200 um), ¢) Paralimnocythere psammophila juvenile
RV ext. (200 um), d) Paralimnocythere psammophila LV ext. (200 um), e) Limnocythere inopinata
LV int. (200 um), f) Limnocythere inopinata RV ext. (200 um), g) Iliocypris gibba RV ext. (200
um), h) Limnocythere stationis RV ext. (100 pm).

Lamina 3.4: Fotografias de ME de las distintas especies de ostricodos con
afinidades de aguas dulces, encontradas en el sondeo de L’Antina. El valor de escala se sittia
debajo de cada valva y se detalla entre paréntesis para cada individuo. a) Paralimnocythere
psammophila hembra VI ext. (200 wm), b) Paralimnocythere psammophila visién dorsal (200 um),
c) Paralimnocythere psammophila juvenil VD ext. (200 um), d) Paralimnocythere psammophila VI
ext. (200 wm), €) Limnocythere inopinata V1 int. (200 um), f) Limnocythere inopinata VD ext. (200
um), g) lliocypris gibba VD ext. (200 um), h) Limnocythere stationis VD ext. (100 wm).
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Plate 3.5: SEM photographies of different freshwater ostracod species from
L’Antina core. The scale is located below each photography and detailed between
brackets for each specimen. a) Cypria cfophtalmica RV ext. (200 um), b) Cypria cf ophtalmica
LV int. (200 um), ¢) Bradleystrandensia cf reticulata int. (200 wm), d) Bradleystrandensia cf
reticulata juvenile LV int. (200 um), e) Herpetocypris cf chevreuxi RV int. (200 wm).

Lamina 3.5: Fotografias de ME de las distintas especies de ostricodos con
afinidades de aguas dulces, encontradas en el sondeo de L’Antina. El valor de escala se
sitia debajo de cada valva y se detalla entre paréntesis para cada individuo. a) Cypria cf
ophtalmica VD ext. (200 um), b) Cypria cf ophtalmica V1 int. (200 um), ¢) Bradleystrandensia
cf reticulata int. (200 um), d) Bradleystrandensia cf reticulata juvenil VI int. (200 um), e)
Herpetocypris cf chevreuxi RV int. (200 um).
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Plate 4.: SEM photographies of other remains found at cores Center and L’Antina
(CA). The scale is located below each photography and detailed between brackets for each
specific remain, the depth is also palced. a) Unidentified remain, 89.5cm (200 um), b)
Unidentified remain, 62cm (200 wm), ¢) Oogonium, 1gcm, CA (200 um), d) Fish otolith,
81.5cm (500 wm), €) Nereis mandibule, 79em (200 um), f) Nereis mandibule, 76.5cm (200 um),
g) Nereis mandibule, 66.5cm (500 um), h) Macrophyte stem, 72.5 cm (1 mm).

Lamina 4.r: Fotografias de ME de las distintas restos encontrados en los sondeos
del Centro y de L’Antina (SA). El valor de escala se sittia debajo de cada resto y se detalla
entre paréntesis, la profundidad donde se encontro el resto también esta sefialada. a) Resto
no identificado, 89.5cm (200 um), b) Resto no identificado, 62cm (200 um), ¢) Oogonio,
19cm, SA (200 um), d) Otolito, 8r.5cm (200 um), e) Nereis mandibula, 79cm (200 um),
f) Nereis mandibula, 76.5cm (200 um), g) Nereis mandibula, 66.5cm (500 um), h) tallo de
macroéfito, 72.5cm (1 mm).
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Plate 4.2: SEM photographies of other remains found at the cores Center
(CC) and L’Antina (CA). The scale is located below each photography and detailed
between brackets for each specific remain, the depth is also palced. a) Macrophytes
stems, 72.5cm, CC (500 um), b) Unidentified remain, 40.5cm, CA (50 um).

Lamina 4.2: Fotografias de ME de las distintas restos encontrados en los
sondeos del Centro (SC) y de L’Antina (SA). El valor de escala se sitda debajo de cada
resto y se detalla entre paréntesis, la profundidad donde se encontro el resto también
esta senalada. a) tallos de macréfitos, 72.5cm, SC (500 um), b) resto sin identificar,
40.5cm, SA (50 um).
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Appendix 1.3: Ostracod data set for the broad survey samples (BSS). The average values for females (f), males
(m), and juveniles (y) are given for: valve length (CL), Ca content (Ca__ ), isotopic values (8O, ., and 8C, , ), cation

ratios (Mg/Ca and Sr/Ca), Kd(Mg/Ca) (Mg/Ca___/Mg/Ca__),and Kd(Sr/Ca) (Sr/Ca___/SriCa_ ).

ostracod ostracod ter.””

Apéndice 1.3: Datos del ostrdcodo para el estudio extensivo (BSS). Los valores medios para hembras(f), machos (m) y juveniles
(j) se mucestran para: longitud de la valva (CL), contenido en Ca (Ca,, ), isotopos (60, and 85C ratio de cationes (Mg/Ca

and SrICa), Kd(MgI Ca) (Mgl Ca__ IMg/Ca_ ), and Kd(SrICa) (SriCa,, iSriCa. ).

ostracod ostracod water:

SF/CB.Q M g/Cavalve Sr/cavalve

Samples  #carapaces Length Casppr 2 %00 3%Cco Mg/Ca
P P gth SHELL ¢ ¥ ¥ glaz Mg/Cawater  SE/Cayater

pm pgCa/carapace % VPDB %o VPDB__molar (XIOVZ) molar (x10'3) X0~ X0

E01

E02

E06 7 1053,0 35,57 587 -11,00 0,94 185 1,52 10,67
E07 6 949,7 2442 3,54 -1233 1,14 2,00 0,56 5,03
E08 8 10790 3444 -490 -13,16 0,69 1,76 0,56 6,61
E21 3 1001,0 17,09 -0,18 5,78 1,02 4770 0,63 739
E28 4 11050 2430 561 -10,71 0,30 429 0,88 6,26
E38 4 10043 2297 0,75 333 1,50 297 0,27 3,65
E38 BIS 7 983,1 1798 225 9,70 1,51 534 027 715
B39 8 9978 20,53 1,01 =524 119 2,78 0,21 3,28
E39 BIS 8 9799 18,31 1,75 =791 1,29 897 0,60 535
E45 8 955,5 2,11 0,06 -10,14 1,00 944 0,66 6,28
E46 8 950,6 17,63 242 947 1,38 9,04 123 637
ES3 5 1087,7 40,98 -431 -11,99 0,99 1,87 1,44 7,70
E59 8 1009,1 23,93 0,11 8,15 148 2,26 143 633
RA03 8 955,5 1346 3,75 -841 141 530 0,34 10,59
E70 2 1001,0 2533 571 -12,38 0,92 327 197 2,56

Mg/Cayave  Sr/Caya,
SriCal ~——o—tuie SR

Samples  #carapaces Lengthd  Ca 3 %0a 3%ca Mg/Cad
: d : S g ¢ Me Mg/Causer_SHCapur

pm pgCa/carapace %o VPDB %o VPDB _molar (XIO-Z) molar (xlO'}) X07 X0
E01 1 1209,0 232 -7138 -11,74 1,79 1,07 3,04 7,16
E02 2 1267,5 344 -6,13 -11,53 0,78 1,39 117 790
E06 8 12123 283 -5,68 -10.94 0,83 1,87 1,34 10,78
E07 5 10779 154 3,19 -12,03 097 2,08 048 523
E08 3 12773 324 -5,01 -1331 0,93 1,54 0,75 5,79
E21 8 12253 299 -0,51 -748 0,79 441 0,50 6,92
E28 3 1202,5 142 -5,38 -10,85 1,13 476 124 6,95
E38 2 1066,0 16,7 -0,15 -4,03 133 2,55 0,24 3,13
E38 BIS 2 1105,0 164 -4,78 -11,97 1,61 712 0,28 8,72
E39 8 10634 14,1 1,38 -6,03 1,18 2,70 0,21 3,19
E39 BIS 8 1061,1 16,7 1,75 -829 1,39 9,10 0,04 543
E45 8 1014,0 168 -0,25 -945 1,40 10,20 0,93 6,79
E46 8 1053,0 159 2,14 -944 1,65 10,05 1,09 6,04
ES3 5 1180,8 236 -4,68 -11,65 1,10 1,96 1,61 8,05
E59 5 1061,7 24,6 0,64 =798 1,23 2,20 L19 6,16
RA05 8 10481 11,6 483 -5,62 1,89 6,35 045 11,61
E70 1 1105,0 9,10 =567 -12,16 1,58 327 336 2,55

Mglcavalve Sr/Cavalve
Mg/cawater Sr/Cayater

Samples  #carapaces Lengthi,  CasupLijuy ﬁlsoj.w EISCM Mg/Cajy  Sr/Cajuy

jm pgCa/carapace % VPDB_ % VPDB molar (x10°) _molar (x10°) x0” 110"
E07 8 6874 340 -331 -1244 0,99 2,07 049 521
E08 5 894.8 993 -4,78 -13.25 0,62 1,64 0,50 6,15
B8 4 7605 544 540 1075 054 464 059 677
B3 8 8251 7,06 0,50 395 165 307 03 377
ES3 6 8775 926 257 1080 083 1,74 122 717
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Appendix 2.1: Ostracod abundance species of Palmar core without SP type C.
Apéndice 2.1: Abundancias de los ostrdcodos del sondeo Palmar sin incluir las valvas con
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estados de preservacion (SP) tipo C. Notar que el niimero total del valvas y el niimero de especies (spp.)

Note that the total number of valves and the number of species (spp.) per sample is also
por muestra también se muestra en la tabla.

placed.

Chapter II

(wonydag

285

57
19
208
447
452
7
415
442
628
366
246
406
43
249
389
845
33
328
340
203
165
160
98
33
40
40

12

0
0

0
0

1
2
1
0

130
20 23
7
0
33
27 4
20
18
2
2

3
4
271 23
17
8
12
0
0
5
5
4
3

0
0
0
0
0

130 0
141
11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
17
58
10
10
6
9
4
2
9

17
150
1
123 32
20
35

333(134 20

269|675 95
300(238 54
312262 54
319|165 32
326

341 84
355

360

274 22

258|305 40
288

63 | 47
68

88

96 | 282
99 | 266
112] 51
118( 236 30
178(339 48
192 521
196293 46
209|198 38
223332 55
233 30
245|195 49
371) 31




Chapter II

Apppendices

N

Y
TOTAL &

(x10g/dw)

2
N
&
S
3
T

2.u2ypAd01UOg

puvs s14dCo04212 L]
ppIU S112G2]0]SIX |
pqQq13 s1iddooAy]
1UOSUDAD]S DINUIMAD(]
vnpia sisdopridA)
pIPIN3UL PUOPUD))
SU2D§2.40qID DJLIN
paPIOqQUIOY.A DYIUOIOXOT
popdij]2 PYIUOI0X0]

pso.40] s1ep1LdL)

12
24

11

8
0

16

0

18

0
0

18

0

0
0

1

14

56
23

19

57
139
253

28

0
0
0

4

2
0

2
5

5
0

11

18

37

0
0
0
0
0
0
0
0

2
41

30
30

10
1
2
0

70
57
2

13
8
6
0
0
0
0

1

16

11

0
0
0
0
1
0
0
0
0
0

27

52

8
4

30
59
73

7
8
3

185
60

6

1

1807
988
2383

0

0

0

0

7

1

0

0

0

(woyydag

385
398

420 2
436
451

488 0

503

519| 4

537| 40
550

560| 53

572{ 109 25

581(207 39

593

616| 34
628
634

643| 3

655 5

666 7

680| 56

698| 48
701
709

7| 3

726| 5

736] 0

745| 26

753| 43

761| 26

770] st

75| 65

794 181

808| 52

822(1637 170 0

824|980

8442199 184 0

8

2383

max

13332 12

Total

286



Apppendices

Chapter II

01 90 [4 [4 0S 4 1T ¥ 5¢6 € 1 F9¢8 0 11 T T L 6 11 S8¢
144 €0 4 4 08 4 7€ 7086 SI rFLLS €l 81 ¥l T SI Ll 8¢ ILE
el 70 4 14 9 4 8§ F¥56 01 §CFW6 61 91 T v 11 SI 8¢ 09¢
4! 70 3 € L9 I 856 11 [7 ¥ L68 14 91 L T 11 ¢l vS  SSE
8l €0 I I 16 I 016 LT LEFI88 TS w9 T o6l IT v8l  IpE
1€ 10 4 4 93 6 LLT LT X4 6S S 1€ 996 0r LEFIV6 1T I 98 0 6¢ oF €9 gee
8z 00 I I 06 81 rEFL88 1¥ w  vr T 91 6l I8¢ 97¢
143 10 14 14 L9 4 0§ 926 14! SFF116 06 L6l v e 9 9s¢  olE
£e 70 4 4 08 4 79 F €001 €l 8 F0I6  S0C LS 8LT T IL ¥8 (33 £
0¢ 70 6 6 (U4 01 Lyt 17 €T 9¢ L ¥ ¥ 986 11 LPFIT6 991 oo LT LT w19 LEE  00€
4! €0 I I L9 L 6€ F 88 0 I I 0 0 0 9 887
el 10 € € L§ 01 $CFT8 9 90 8 T Il ¥l LS pLT
92 €0 91 91 0T 11 18¢ 8¢ ¥T 8¢ 4} §8 F €€01 01 7€ F9l6 0 Sbe  ¥SS Ly L 1TL ISIT 69T
0¢ 70 01 01 9¢ 9 06 F 901 SI STFOL8 11T ¥6  LST TI 9¢ L¥ €6c  8ST
0z €0 I I 16 I 4! L 9¢ LS ! 0v6 SI ELF8 9 6ST  6SI € €€ 9¢ 9y ST
el 90 0 0 001 I €L6 6 18 ¥ 806 4 [ 1 S Y B 95 €T
£¢ 10 (4 6T 0 01 8€F 06 £ I$F968  Spl 81 8T ¢ ¥¢ Lv 0SS €71
6¢ 10 14 T 0 9 SL1 X4 4 14 I €L6 87 LPF688 1T 8L 6SI 9 €€ o€ 9¢e 60T
12 10 4! 4 9 S §€ F 086 81 rrF906 891 STl veT 11 8% 65 oy 961
£e 70 0T 0T LT 6 77 F 856 [44 09 FT6  ¥E£€ 881 907 0¢ S8 SIT 96  T6l
0¢ €0 11 11 w 01 €61 143 01 9 9 79 F 676 61 65§ F0I6 91 SLT 9LT ST 8% €9 79 8LI
24 L0 11 11 ¢ S 07 F 9901 SI 06 €56 91 yL 01T 8 61 9T €eE  8I1
14 70 11 11 1 9 9¢ F 756 41 EPFV8  6¢ A € ¢ vl 8l 6¢l  TI1
12 00 81 81 9 €l 65 F 896 11 69 FTW6  8LI 88 €IT 0T €€ ¢€¢ 0gr 66
4 70 ja €l €l 01 LSy €C 6¢ 8¢ L 011 F Tl 4} 68 F9¢6  LOT SLTeT T 8¢ 0S 60Y 96
12 70 L L 9¢ u 8¢ 134 6T 8T S 6L F ¥66 14! 8F0L6  t¥I 9 101 T LE 6F 651 88
It €0 0 0 001 9 I§F16 € ST LT 0 0 0 ST 89
144 70 i4 14 SL L [\ €T ST [ € 67 €86 €l PEFOR S 4 8¢ T LI 6l 8¢ £9
SOpOU IO} U  PAINSSEA SAJeA onbedo  soAteA satod (%) ) (%)  pamseaur () pamseawr (W)  yadd godhh [ W 4 V f?&o: 2
pomsseow SoAleA U Juaredsuen TYLOLY% P3RS pararg  sarod  sarod  sarod  sonep wpSudp  soaep  Jypdud)  JS dS sqen 2
SOAEA JI u U Jen3aL d)eguo[y punoy # # JOTEIOL m,.
5

*spavdo | sapuaandsunay svaja ap osounu £ odiy jap alpjuassod ‘svpvpou spuiof ap alvjuaiiod sogavu £ siquiag vavd spajpa svj
ap pngisuop (sopuaan=[ ‘soqapui‘=uL ‘spiquiag=[) 01ppiso vPDI 2P SHAIDA 2P 0T “(UOLIDALISALT 2P SOPDISI) JS es0I01 STOPLIdAD) ap pardojofiow uopvuLiofuf ;7T ddTpuRdy

‘saAea anbedojuasedsuen jo raqumu pue 2d£) sarod Jo o 93 SULIO} PIPOU 0y ‘SO[BW PUE s[RI 10] YISUI]
aATeA “(soTuRAN(=[ ‘soTet=T ‘sofewaj=}) 9811s Yord JO SOATEA JO JoqUINU “(uonearasald jo sayels) JS s0.0f stapLidiy) jo uoneurojur reardojoydiopy 12z xipuaddy

287



Chapter II

Apppendices

8T 00 Cl Cl 8¢ 4l 091 €l 8¢ (114 9 1T 7086 61 §EF 616 OLIT 0T T00T 19 9EI L6l 10CC  v¥8
w 00 vl vl 9 01 0T ¥ 766 6T SEFII6  SHOI 9 68L 0§ Tl Tol 186 v78
6T 00 SI 1 8T 9 LL 61 6¢ w 01 61 %0101 S1 SEFETO  8ELI 101 L6Tl 6L 19T O¥E  LE91 778
1T 00 9 9 0S € 65 ¥ 89 14! 6CF6L8 1T e 9 T v 9l [ 808
9 00 8 8 Ly 4 #€ F 9201 81 ¥ 06 vEl Ly 91 0 SISl €81 oL
L) 1'0 C 4 98 € 0r ¥ Lv6 4! PEFE]  I¥ € W v 81 W 9 SLL
£ 00 ¢ 13 0L € 96 F0L6 4! FFO8 0€ Ic s ¢ ¢ 91 s 0LL
2 0 € 13 €9 € 8¢ F €6 S vy ¥ 916 L 6L W T T ¥ 8T 19L
144 00 S ¢ 4 € 8€ F LS6 6 rrFT8 6T ¢ 8 ¢ I ¥l & €SL
43 70 0 0 001 ! 086 [1]8 17 ¥ LS8 S I vy 1 11T 60  ShL
0 0 0 0 0 0 0 0 € 9¢L

14 00 0 0 001 € CEF LR C € I 0o ¥ v I 9TL
4 00 I ! 0 4 71 ¥ 068 S 0 I 07 T 8 LIL
0l 10 14 14 0 9 87 F 88 14 L s 0 9 9 v 60L
i 1'0 6 6 81 14 97 F t6 8 STFLL S I ¢ v 6 ¢l LE 10L
4 00 01 01 I 9 STF T 01 CEFO8 Tt 91 e ¢ 11 91 67 869
144 00 9 9 94 6 1€ LY [43 w© 4 r 016 91 PEFER 9T 0 8¢ T LI 81 SL 089
8 00 I I 08 14 1€ 788 9 I v 1 T ¢ 0z 999
g 00 I I 0 1 026 € 07 ¥ 088 9 0 I 1 ¢ v 9 SS9
£ 00 I I 0 I 0101 € I I 17 ¢ L €9
8l 10 9 9 (14 4 67 F $96 4 ECF6L8 91 SI ST vl 91 9 g9
£ 00 13 3 0L € 97 ¥ 8%6 4} rFO8 Yl 9l ¥l € €I 91 8¢ 879
£ 10 14 14 69 14 18 F 676 4} ECFEl6 1€ 13 81 ¢ I Ll IS 919
€l 0 L L 9¢ 14 0¢ ¥ 8% L LEFT68 81 yI.o 81 ¢ O #1 4 109
04 70 S S 6¢ [4 7€ 7556 9 P9FW6 T 9 0o T 9 8 €€ €65
1z 10 L1 L1 S1 4 Sty 14! [44 ¥9 L 19 F6L6 LY 6€F606 8TC 0 871 91 T oS e 18
|44 70 6 6 0S € L8 F €101 81 ECFI88 201 L 69 ¢ vt 6 arous
1z 00 S ¢ 08 € 0L F 6001 SI LrF088 IF a9 v oLl 9 09§
04 S0 € 13 ST L LEFOLY ST 14 m o 8 8 € 0SS
Gl 0 9 9 94 € 6 F €96 4} EF68 LT €1 € T v 9l Sy LES
0 0 4 4 v 0 0 0 14 61S

§ 70 4 4 23 4 11 ¥ 026 I 9¢8 L 0 | A 4 9 €08
0 0 0 0 0 0 0 0 0 88p

Gl 00 14 14 0 14 PE F 656 6l 0 g S 0 S 81 ISy
I 00 0 0 001 1 0L6 0 I 0 1 0 1 I 9ty
4 00 [ ! 0 1 856 I oo [4 0 (U N 4 0y
6 0 4 4 €€ 4 $8 F €06 14 97 F 518 € €1 8 € ¢ 6 91 86¢
SOpOU IO} U PIINSSEAW SOATeA S0Ded0  saAeA  Solod ©) ) ) pomseaw  (wm) Ppamseawt () vodly gody [ W 4 ¥V f.%.%o: a
pamsseaw R Juatedsuen U TYLOL% PId[ds pardg  saiod sarod  soxod soNep  wp3ud]  soAeA  JSud) ds ds SOAJEA ..m,
SoAeA U Al Jemgau) eduo[y punoy # # JoTEo M
£}

288



Chapter III Apppendices

Appendix 3.1:*°Pb and ¥ Cs dates for core Center. a) *°Pb results, inferred age and sediment
accumulation rate from c:r:s model. b) *°Pb and *“Pb corrected to alpha results.

Apéndice 3.1: Datos de **Pb y3Cs del sondeo Centro. a) Resultados de **Pb, edad inferida y tasas de
sedimentacion basadas en el modelo c:r:s; b) Datos de *Pb y **Pb corregidos por los resultados alfa.

d
Topof Baseof  Cum. Cum. Act. Date Sediment
Interval _Interval Dry Mass _Unsup. Activity _belowInt. Age: Base of Int.  A.D.  Accumulation
(m)  (cm)  (g/em2) (pCi/g) (pCi/em?) (vr) (g/cm? yr)
0 0,5 0,1 1,60 £ 0,08 11,7 037 + 2,65 20068 0,23 + 0,02
4 45 1,0 L15+ 0,07 10,5 395+ 2,75 20033 0,29+ 0,02
8 8,5 23 0,83 + 0,04 9.2 8,11+ 2,90 1999,1 0,35+ 0,03
14 15 4,7 1,08 + 0,06 6,9 1743 £ 3,29 1989.8 0,20 + 0,02
18 19 6,4 0,87 + 0,04 53 25,55 + 3,88 1981,7 0,20+ 0,02
24 25 9,2 0,75 + 0,04 3,0 43,64 £ 6,00 19636 0,13+ 0,02
30 31 12,2 044 + 0,04 1,4 09,42 + 9,19 19378 0,10+ 0,03
34 35 14,0 047 + 0,03 0,5 100,13 £ 23,34 1907,1 0,04 + 0,03
40 41 16,1 0,07 £ 0,03 0.1 16944 £ 65,92 18378 0,03 + 0,06
b
Supported  Supported Pb Cs-137
Interval Depth tube ht Pb-214 corrected Cs-137 corrected
cm cm pCi/g pCilg pCilg pCi/g
16-17 16,5 4,65 0,440 0,46 0,17 0,18
22-23 22,5 4,65 0,520 0,54 0,21 0,22
28-29 28,5 4,65 0,640 0,66 0,22 0,23
32-33 32,5 4,65 0,500 0,52 0,26 0,27
36-37 36,5 4,65 0,45 0,47 0,93 0,96
42-43 42,5 4,65 0,50 0,52 0,00 0,00
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Appendix 3.2: Ostracod abundance species of core Center without SP
type C. Note that the total number of fragments, total of valves and the number of

species (spp) per sample are also placed.

Apéndice 3.2: Abundancias de los ostrdcodos del sondeo Centro sin incluir las valvas

con estados de preservacion (SP) tipo C. Notar que el miimero total de fragmentos, de valvas y el

tra en la tabla.
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Appendix 3.3: Morphological information of Cyprideis torosa: n°total of valves, SP (states of preservation),
number of valves of each stage (f=females, m=males, j=juveniles), total number of valves (Tdv), number of black
valves, valve length for females and males (noted that SD is also placed) and % noded forms.

Apéndice 3.3: Informacion morfoligica de Cyprideis torosa: n’ total de valvas, SP (estados de preservacion), mamero
de valvas de cada estadio (f=hembras, m=,machos, j=juveniles),n total de dobles valvas (Tdv), n” de valvas negras, longitud de
las valvas para hembras y machos (notar que la SD esta puesta), porcentaje de formas nodadas.

:‘5.’/ Number #

Z ol SPSP Noded FEMALES Vales ~ MALES Valves
A [(10gdw ) Adults Females Males Juveniles Tdv type B type C  valves black length (um) measured  length (um) measured
3 0 0 0 0 0 0 0 0 0 0

5 4 0 0 0 4 0 0 0 0 0

8 2 0 0 0 20 0 0 0 0

10 7 0 0 0 70 0 0 2 0

13 2 0 0 0 2.0 0 0 0 0

15 5 0 0 0 50 0 0 0 0

17 3 0 0 0 30 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0

24 1 0 0 0 I 0 0 0 0 0

27 1 0 0 0 10 0 0 0 0

29 2 0 0 0 2.0 0 0 0 0

31 10 0 0 0 10 0 1 0 1 0

33 7 0 0 0 70 0 0 0 0

35 8 0 0 0 8 0 0 0 0 0

37 16 0 0 0 16 0 0 0 2 0

40 49 2 2 0 47 0 0 0 0 0 972,8 +43,0 2 10488 + 1
42 30 0 0 0 30 0 0 0 0 0

45 402 0 0 0 402 0 0 11 29 0 1040,0 1

47 55 0 0 0 55 0 0 0 52 0 1048,8 1
49 40 3 0 3 37 0 0 0 2 0 972,8 1 1079,2 1
52 28 11 6 6 17 0 0 0 0 0 1007,5 4 36,8 2 1131,0 36,8 2
54 103 46 25 21 57 0 4 14 0 0 1018,8 £ 35,8 5 1088,3 23,6 2
57 323 0 0 0 323 15 0 0 19 0 1014,0 1
59 27 0 0 0 27 0 0 0 0 0

61 62 9 3 6 530 0 0 6 0 1040,0 1 1183,0 1
64 78 3 3 0 750 0 0 37 0 10184 1
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g Number #

Z Toal S SP Noded FEMALES Vales ~ MALES Valves
A |(10gdw ) Adults Females Males Juveniles Tdv type B type C  valves black length (um) measured length (um) measured
66 128 0 0 0 128 0 0 0 49 0 995,6 4 33,1 3 1079,2 + 1
69 2435 100 30 70 2336 75 10 10 362 0 969,0 + 42,1 14 10998 79,3 17
71 4543 648 280 368 3896 570 22 63 394 103 9924 + 43,1 2 1103,5 62,9 34
73 509 31 12 18 479 21 6 0 25 0 950,8 + 49,2 16 9948 62,9 27
76 1189 332 145 187 856 135 3 0 6 26 955,54+ 283 3 11093 15,0 3
78 827 135 71 65 691 68 0 3 6 0 935,7 4 344 20 9782 39,7 27
81 566 95 57 37 472 40 3 11 5 0 934,6 31,6 24 985,8 58,1 2
83 328 34 7 27 294 29 0 0 0 0 920,3 £ 46,1 16 984,5 47,7 20
86 852 70 12 58 782 28 5 9 30 0 9245 £272 19 966,8 51,7 36
89 4522 127 4“4 83 4394 338 75 55 3 0 9292 4+ 47,1 37 981,8 64,3 30
92 1725 170 56 114 1555 145 3 0 0 0 935,9 + 46,3 16 975,0 45,6 29
94 2142 419 134 285 1722 268 22 15 0 0 9223 +270 28 963,9 40,7 27
96 3770 660 289 37 3110 358 8 5 3 0 926,3 + 38,0 29 9573 474 35
99 2183 189 93 9 1994 98 3 0 0 0 922,8 +283 28 949,7 453 32
101 3794 430 206 225 3363 336 13 0 0 0 920,5 + 384 28 9543 37,5 36
104 2384 162 68 94 2279 26 5 0 0 927,5 + 35,7 33 9519 424 44
106 4489 1122 533 589 3367 0 H 16 0 0 929,2 £ 36,9 68 9724 314 69
108 2392 482 190 293 1910 10 34 14 0 0 1012,7 £29,9 5 10192 11,6 N
116 351 85 49 36 266 19 3 3 0 0 929,5 37,9 21 989,9 52,4 21
123 553 46 27 19 507 38 5 9 0 0 932,2 + 389 32 9879 37,7 26
128 937 160 83 76 777 83 4 8 0 0 941,8 + 40,9 2 951,1 453 32
133 2720 269 126 143 2451 269 20 17 0 0 942,8 £ 45,6 26 981,1 45,6 29
138 2609 244 97 147 2366 263 14 27 0 0 929,5 £ 50,3 27 9523 42,2 31
144 3873 34 114 230 3529 252 6l 57 0 0 942,8 + 50,8 27 975,1 33,8 33
149 792 61 26 35 731 55 0 0 0 0 937,0 £37,0 23 990,0 51,7 30
154 673 91 30 61 582 10 8 10 0 0 958,8 + 50,4 20 993,1 53,5 28
159 470 76 39 37 394 46 2 6 0 0 9224 £ 39,6 2 1000,1 46,4 30
164 319 42 23 18 2717 22 1 6 0 0 9357+ 35,5 23 9842 48,5 21
166 849 118 52 66 730 73 3 6 0 0 938.7 £ 40.6 23 1005.1 46.5 32
171 575 127 59 68 49 83 1 2 0 2 920,2 £ 32,3 21

176 315 54 32 2 261 30 6 9 0 0 951,3 +41.8 22 978,1 40,5 54
181 533 93 55 38 40 36 7 6 0 0 954.8 £ 41,0 25 998,9 434 24
186 413 97 4 53 316 25 2 1 0 2 9154 £ 47,7 16 966,0 41,2 26
190 175 55 40 14 120 5 2 4 0 0 951,3 £ 36,6 26 990,6 46,0 14
195 202 39 22 18 163 8 2 6 0 0 940,8 + 36,6 28 991,2 40,7 26
200 167 41 2 19 127 2 0 2 0 0 946,9 + 42,8 30 1034,7 40,7 20
205 9 4 3 1 50 0 0 0 0 959.8 £ 12,6 4 1001,0 36,8 2
210 52 10 5 5 4 3 1 0 0 0 948,0 £55.3 9 10044 50,9 7
215 683 145 83 61 539 55 23 61 0 7 9253 £27,0 25 91,9 34,1 31
220 200 32 17 15 168 18 1 1 0 1 9413 £389 16 988,1 44,7 20
225 398 83 53 29 316 39 1 6 0 5 946,6 £37,0 26 986,4 34,7 24
229 731 117 65 53 614 66 0 5 0 0 952,7 + 49,7 13 997,1 423 19
234 1129 221 149 72 909 108 8 7 0 6 9483 + 43,5 27 1006,3 24,2 24
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Appendices

Appendix 4.1: Ostracod abundance species of L’Antina core core without SP type C.

Note that the total number of fragments, total of valves and the number of species (spp) per

sample are also placed.

Apéndice 4.1: Abundancias de los ostrdcodos del sondeo L’Antina sin incluir las valvas con estados
de preservacion (SP) tipo C. Notar que el niimero total de fragmentos, de valvas y el mimero de especies (spp)

por muestra también se muestra en la tabla.
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Appendix 4.2: Morphological information of Cyprideis torosa: n°total of valves, SP
(states of preservation), number of valves of each stage (f=females, m=males, j=juveniles),
total number of valves (Tdv), number of black valves, valve length for females and males
(noted that SD is also placed) and % noded forms.

Apéndice 4.2: Informacion morfoldgica de Cyprideis torosa: n’ total de valvas, SP (estados
de preservacion), mamero de valvas de cada estadio (f=hembras, m=,machos, j=juveniles),n’total de
dobles valvas (Tdv), n° de valvas negras, porcentaje de formas nodadas, longitud de las valvas para
hembras y machos (notar que la SD esta puesta).

= o
= | Number 8 8
E’, Total of 5 8 ﬁ # £ £
= 2 <5 g & o M s 6
B|vabes = 2 & g 2 Noded §  FEMALES = MALES z
@) (IOgdW'l) < L2 3 2 Tdv % valves ©  length (um) > length (um) >
2 0
4 2 0 2
5 1 0 1
6 0
7 0
8 0
9 0
10 1 0 1
11 1 0 1
12 1 0 1 1
13 1 0 1
14 1 0 1
15( 2 0 2
16 2 1 1 1 1040 1
17 0 0
18 0 0
19 2 0 2
200 2 0 2
21| 4 0 4
22| 2 0 2
23 7 0 7
24 13 0 13
25 39 11 38 11
26 0 0
27 96 52 3 9 10 1033592 2 11657 £525 3
28| 205 52 3 200 34 1040 £ 184 2 12047 £457 3
29 97 6 2 4 91 2 28 1066 36,8 2 11505 £ 444 4
30 3 0 38 29
3 21 0 213 17
32 52 2 250 3 14 1222,0 1
33 23 0 23 3 9
34 12 0 12 5
35 8 0 8 5
6] 2 0 2 1
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g E
A 7

75\ Number S s

2 | Total of » 3 % 4 g g

P - ) » 3 5

Bvabes = 2 2 ¢ 2 Noded ¥ FEMALES = MALES =

A l10gdw” < 2 5 2 Tdv & valves ©  length (um) > length (um) >

37 8 0 8 2

38 0 0

39| 2 0 2 |

40 10 0 10 5

41 17 0 17 3

42 10 0 10 9

43 15 2 2 13 1 7 1040 1

44 14 0 14 7

45 5 0 5 4

46 37 4 2 2 33 2 9 1053 1 1118 + 1103 2

47 6 0 6

48 17 3 1 2 14 4 6 1014 l 1092 + 36,8 2

49 19 2 2 0 17 4 6 1066 l

50 17 8 6 2 9 1 8 1027 £356 5 1144 1

51 11 4 2 2 1 1 4 1072,5 £ 46,0 2 1111,5 £276 2

52 749 65 29 36 684 17 22 152 43 10081 £452 25 11162 £ 534 31

53 3323 240 115 125 3083 228 55 71 94 10152 £40,7 44 11000 £ 43,9 45

54| 4078 375 128 247 3703 100 78 121 346 10202 £ 54,2 36 11039 £ 555 37

55 935 300 93 207 635 96 96 240 138 10113 £ 43,2 35 10653 + 86,6 43

56 284 87 46 41 197 11 15 22 15 9539 +526 50 10139 +779 37

57 256 33 17 16 223 16 9 11 309843 £876 13 10175 £529 12

58 232 39 28 11 193 8 4 3 0 946,77 £66,9 28 10392 £ 1081 11

59 114 2 10 12 92 13 1 0 0 9100 £546 10 9920 + 45,1 8

60 214 58 28 30 15 31 8 0 1 8979 £492 24 9855 +£426 26

61 832 167 72 95 665 115 25 0 0 8%4 £51,2 45 963,77 £584 59

63 368 102 45 57 266 6 26 0 0 t 908,7 £ 44,0 43 9591 £ 451 55
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