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1. INTRODUCTION 

The Aguas Project was designed in order to investigate tbe evolutionary dynamics of melastable 
systems and the ro le of human practices as a crucial factor in the desertification and degradation 
of the Mediterranean region. The specific project objecti ves were: . 
1. To establish the variation and magnitude of palaeoclimatic conditions manifest in cultural and 
contexts in the area of the middle Aguas between 4000 BC and 800 BC, and its rela tion to the 
present day situation. 
2 . To elucidate ecological changes which have occurred prior to human occupation. 
3. To identify the phases of expansion and contraction of human occupation as manifest in 
archaeological and palaeoenvironmental data. . 
4 . To employ these data to evaluate existing models of human-environmen tal interaction and 
their relatio nship to disturbance, stability and resi lience in the evolutio n of socio/natural 
systems. 
5. To construct a Oeographical Information System (OlS) for the middle Aguas (Vera basin, 
Almerfa), so as to provide a framework within which environmental data (geology, soils, 
vegetation) and archaeoiogicallhistorical data (settlement patterns, exploited resources, trends 
in economic production) can be combined in order to generate an understanding of long term 
dynamics and to use as the basis for modelling human settlement and associated land-use 
changes. 
6. Ta propost' :.I n_e,w interpretative model of the lo ng-term metastability o f the human-modified 
environments of the middle Aguas between 4000 BC and 800 BC. 

These objectives were maintained throughout tl)e_projec t, but the temporal and spatial limits 
were extended. lnstead of considering the year 8()(lBC as the upper temporal limit, the analysis 
was extended up to the present day. Geomorphological investigations were carried out in order 
to understand the palaeo-c1imatic changes before 4000 BC. Spatially. not only the middle Aguas 
but also the lower Aguas were included in the analysis. The expansion of the project dimensions 
allowed us to consider a whole variety of ecological situations, ranging from intermontane 
basins and slopes to badlands and river and marine terraces located in the lowlands. This has 
been of prime importance in order to gain a better insight into the relationships between the 
human and natural variables. 

The reports of all the panicipants add up to around 350 pages and more than 40 maps, while the 
database of the project is 250 additional pages. The coordination team of the Aguas Project was 
asked by the DGXlI to present a synthes is of the main results of these two years o f research in 
a final report, which is the text here presented . It is also intended to publish all the sc ientific 
contributions of the Aguas Project in their full length in a separate monograph . 

• : 
The scope and complexity of the factors' and relationships addressed. implies the transformation 
of conventio nal research s trategies bound to disciplinary d iscussio ns into an integrated 
approach directed towards interdisciplinary collaboration. Therefore, one of the main targets of 
the Aguas Project consisted of the development of an integrated and coherent epistemology for 
this type o f socio-natural investigations, that can be transferred to o ther periods and places. This 
implies the development of a general theory which gives sense to and structures the socio­
ecological research in relation to the proposed objectives (chapter 2). 

The complex ity of the social and environmental questions we try to understand implies that the 
inferential framework which allows us to gain knowledge through empiricaJ data can not be 
structured any longer around a monocausaJ axiomatic. Many of the questions we ask about the 
process of climatic change andlor degradation concern a whole set of environmental and social 
factors, which can appear to be related in apparently contradic tory ways. Therefore, the 
methodological framework has been designed in relation to the multidimensional questions 
asked in the Aguas Project and in accordance with the theoretical structure of the project. The 
characteristics and the epistemological possibilities of each o f the applied techniques are briefly 
described in chapter 3. 
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Chapter 4 defines the general environmental fealures of the area under study: the lower and 
middle Aguas valley located in the most arid part of Southeast Spain. A twofold modelling­
testing approach allows us to buiJd up important empirical knowledge of different types of 
scenarios (chapter 5). In thi s sense. the Aguas valley is used as a test case for the evaluation of 
successive alternati ve trajectori es in the same spatial unit, which will contribute to the definition 
of the factors implying irreversible dcgradation and loss of nat ural resources for fUllIre 
economic cycles. Finally, the policy implications of the results presented here are discussed, 
including the proposal or an analytical method to define the spatial and temporal units of most 
ecologieaJ importance and those whieh can be economically developed most successfully and 
with less impact (chapter 6). 

The temporal definition of the conclusions is provisional. due to the fact that C l4 and Optical 
Luminescence samples are being processed at this moment. These absolute dates will contribute 
to a much more precise chronological resol ution of the natural and soc ial trajectories observed. 
This inrormation has to be considered in the final publication of this report. 

Institutions and researches which have participated in the Aguas project 
Maill institutiollS: 
Universitat Autonoma de Barcelona (UAB): V. Lull - coordination; Regionaal Archeologisch 
Archiverings Project-Universitei t van Amsterdam (RAAP): R.Brandt; Univers ity of Reading 
(UR): RChapman; International Ecotechnology Research Centre-Cranfield University (IERC): 
l.McGlade. 

Collaborating institutions: 
Instituto de Conservaci6n y Restauraci6n de Bienes Culturales-Ministerio de Cultura. Madrid 
(ICRBC), Unisfe re (US), Uni versity of Chicago (UCh), Universital Bremen (U Br), Universidad 
de Almeria (UA), University of Cambri dge (UC), Univcrsidad de Granada (UG), Uni versity of 
Newcastle (UN), Universitat Paderborn (UPD), Universi te de Paris-Sud (UP), Universital de 
Barcelona (UB), Universidad de Valladolid (UV). 

Researchers: 
E. Aramburu (UA) 
J. Buikstra (VCh) 
R. Brandt (RAAP) 
P. V. Castro (UAB) 
R.W. Chapman (UR) 
G. Delibes (UV) 
L. Dever (UP) 
T. Escoriza (UA) 
M' D. Fermlndez-Posse (lCRBC) 
Ch. French (VC) 
C. Gil (UA) 
S. Gili (UAB) 
Ch. Hagedorn (UBr) 
W. Herget (UPD) 
J. L. Lopez Castro (UA) 
V. Lu ll (UAB) 
C. Martin Morales (ICRBC) 
J. McGlade (lERC) 
M. Menasanch de Tobaruela 
R. Mic6 (UAB) 
D. Passmore (UN) 
J. Patzold (UBr) 
R. Risch (UAB) 
C. Rihuete (UAB) 

Archaeological survey 
Anthropology & Palaeo-nutrition 
Remote Sensing & GIS 
Palaeo-economy 
Eeo-Archaeological survey & Palaeo-demography 
Archaeo logica l Survey 
Palaeociimatology & Geohydrology 

Archaeology Survey 
Archaeology survey & Digital Elevation Modelling 
Soil Micromorpho logy 
Soi l science 
Economic Asessment of Natural Resources 
Isotopic analysis 
Hydrology & Water Resource Management 
Archaeological Survey & Class ical Archaeology 
Coordination 
Archaeological Survey 
Modelling 
Medieval Archaeology 
AgricullUral Studies 
Holocene Geomorphology 
Isotopic analysis 
Palaco-economy 
An thropology 
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MO O. Rodrfguez Anza (UG) 
M' E. Sanahuja Yll (UAB) 
L. Schulte (UB) 
A. C. Stevenson (UN) 
P. Verhagen (RAAP) 
G. Wefer (UBr) 
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TEMPORAL SCALE 
Chnmot. cal 

PERIOD Chronol . bp 
BC/AD 

4000·3000 NEOLlTHIC 5200·4350 

COPPER AGE 

EARLY BRONZE AGE 
3600 2000 

MIDDLE BRONZE AGE 

LATE BRONZE AGE 
1000 2800 

COLONISATIONS 
(Phoenician, Punic) 

0 
ROMAN 

2000 

EARLY MIDDLE AGE 

1000 
AL-ANDA LUS 

1000 

MODERN AGE 

2000 PRESENT DAY 0 

Table 1: Temporal scale of the Aguas Project. 
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Map 1: Spatial scale of the Aguas Project. 
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2. THE THEORETICAL STRUCTURE AND THE ECOLOGICAL MODEL 
The editors. 

ThcAguas Project aucmpls not only to impliment difFerent palaeo·ecological investigat ions and 
to produce a sel of particular results, but also to further the di scussion between di sc iplines and 
to integrate socio·ecological research into a mullicausal explanatory framework. The present 
day academic structure, with its departmental organisation and the separation of social from 
natural sciences, is generall y unsuited for the Iype of research necessary in order 10 address the 
complex relat ionship between societies and environment. 

The general theoretical framewo rk in which paJaeoecologica\ in ves tigations Lake place 
emphasises the interaction between natural and social facrors and distinguishes between 
empirica l observation and conceplllal abstract ion (fig. I). For the Quaternary period climatic 
conditions, geological material and relief provide the framework in which al l natural and social 
dynamics take place. The aim of pal eo-climatic research is, in our view, to understand the effect 
climatic change has upon environmental and socioeconomic cond it ions. Often, Holocene 
climatic change has been underest imated, in favour of technological and demographic factors, 
in order to explain envi ronmental change. Yet today there is sufficient ev idence which shows 
that cl imate is variable at different spatial and temporal scales, even if this variability over the 
last millennia is still ill-defined. 

Through the combination of the natural elements of climate and geology, the hydric regime and 
the drainage system are defined. At the same time the formation of sediments, due to erosion, 
and of so il s, takes place. This gives the necessary conditions for the development of vegetation. 
At the same time, but not on the same level as the climatic and geological conditions, vegetation, 
soil s and water systems form a mu tuall y related organisation, which allows the development of 
the biosphere and the specific environments. On the other side, drainage systems, sediment 
deposits, soils and flora have effects on climate and re lief at different temporal and spatial 
scales. Therefore these natural elements can only be considered as indirect evidence of past 
cl imat ic cond itions. 

At the moment of the appearance of human societies, three objecti ve conditions have to be 
fulfilled so that social li fe can exist: men, women and the materi al objects which are used by 
them. The reproduction of society supposes a specific form of relation between these elements, 
that expresses itself in three types of production: basic production, the production of materi{t/ 
objects and mailltenance production. To place all th ree productions on the same level of social 
necessi ty allows us to acknowledge their interdependency (Castro et al. 1996b). 

Basic prodllction refers to the generation of new subjects, which provide the labour force that 
acts upon the environment, transforming it into social spaces . Taking thi s prod uction into 
account means to consider the biological reproduction as a specific and socially necessary 
labour process. 

The production of material objects refers to the generation of food supplies and all other types 
of products designed to be used or consumed. 

Finally, maimellance pmdllctioll is respons ible for lhe conservation and maintenance of social 
objects and subjec ts (male and femal e). This production allows the increase of the social value 
of things wi thout changing its use value, e ither artificially or through labour invested in the 
improvement of the physical , chemical, affective and aesthetic characteri stics of subjects and 
objects. 

Each of the three productions contains specific material factors, whose causa l links can be 
expressed in the fo llowing basic economic scheme (Risch 1995; Castro et 01. 1996b): 

NR + LF + MP => P 
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where: 
NR = natural resources exploited and used by human society, 
LF = labour force needed for the economic activities, 
MP = means of production, which are implemented in these acti vities. and 
P = the final product and the aim of every economic practice. 

In each of the three productions, any of these factors is liable to be appropriated by agents which 
do not participate in the production process. If this leads to an unequal di stribution of material 
and energetic costs and benefits in a society, a surplus production and, consequently, social 
exploitation is developing. 

CUJ\1ATI<: 

MOOES OI<' SOCIAL 
REPRODUCTION 

/ 

t ---
t 

VEGETATION 

/ 
ENV[RONMENT 

MArNn~NANCE 

PRODUCTION 

Fig.l: Theoretical structure of the social spaces. 

The position occupied by the different individuals or groups in relation to the production and 
consumption processes of the different economic factors in the three productions is of prime 
importance in order to define the social relations of production. The combination of the social 
relations of production results in the modes of social reproduclion. Here the different ty pes of 
social organisations can be characterised in terms of: 1. the organisati on of the production of 
subjects, objects and of their maintenance; 2 . the indi vidual or social benefit s of the 
consumption of the generated products, and 3. the ecological costs of thi s social production and 
distribution of natural resources, products and labour force. 

The natural conditions and the social production interact in two spheres, the fi rst, which is 
socially conditioned, formed by the mode of social reproduction, the second, which is naturally 
conditioned, formed by the environment .. Both are physically expressed in to social spaces. The 
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mode of reproduction describes and explains the relationships between men, women, thei r 
products and natural resources through social productions and specific social practices (Caslro 
et al I 996b). The social space represents the integration of the ell virollmellt into territories and 
landscapes. While in the terri tories the appropriat ion of natural resources and production takes 
place, the symbolic uni verse through which soc iety pe rce ives the environment and the 
territories configures the soc ial landscapes. Both spheres, the mode of soc ial reproduction and 
the environment , rep resent notions about the ma terial world and they have empirically 
observable corre lates. 

t 

" 
Geomorphology 

& MicromophoJogy 

t 

t 

/ 
MODES OF SOCIAL - ENVIRONMENT REPRODUCTION --
/ 

Sett lcmcnt patterns & 
Ncoll'alaeo-demography 

t 
! odern resou rce CVll luation 

& I'alace.cconomy 

" 
Fig.l: Theoretical structure of the social spaces. 

Finall y, thi s theoretical framework also implies the conceptualisat ion of the soc ial and natural 
materi ality. The archaeologica l and pal eo-ecologica l objects can have three form s of appearance 
(Lu ll 1988): 
1. circulldata: naturall y determined part of each object. They represent the environment and 
in form us about the natural conditions. 
2. arteusos: Natu ral resources which have been socially appropriated and which have social 
benefit. They refer to the social exploi tation of resources and inform us about the social spaces. 
3. artifacts. Artificia l products which constitute the physical means of society. They wi ll infonn 
us abou t the modes of soc ial reproduction. 

The articulation between environment and social territories, and between circu ndata, arteusos 
and artifacts forms the spat ial and material express ion of the interact ion between human 
societies and nature. In an hi storical sense it de fines and fenects the ecological situation under 
each mode of social reprod uction. Nature and the soc ial organisation are separate and at the 
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same time mutually conditioned entities of our reality, so that the state and dynamic of one part 
reflects and effec ts the situation of the other. The proposed categories attempt to address and to 
represent thi s duali ty in the material objects and spaces, through which we perceive rea lity. 

In this way, the paleo-ecological and archaeological objects provide all the possible information 
on the environmental conditions, the social management of their resources and the materi al 
means of exp lo ita t ion . In order to obta in thi s info rmati o n a compl ex st ruc tu re of 
interdisciplinary research is necessary, where different methodologies proceed in independent 
analytical ways, but are mutuall y related in the explanation of the reality. One of the mai n 
outcomes of the Aguas Project is the development of thi s theoreti ca l and methodological 
structure, which can be applied for eco-historical understanding and the climati c, ecological and 
socioeconomic assessment of the development possibilities of other regions'. . 

I The fu ll development and specific examples of the application of this theoretical fra mework can be seen in Castro 
et al. 1996a. I 996b, Lul l 1988, Ruiz el aL 1992, Risch 1977. 
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3. THE METHODO LOGIES AND THE EVIDENCE 

3.1. CLfMATlC ANALYSIS 
3.1.1 . Actual climatic conditionsZ 

In order 10 understand past cl imat ic trajectories and their changes, it is necessary to gai n a better 
understanding of Ihe present day situation. In southeast Spain the network of pluviometri c 
stations is limited and most of the totali scrs are placed in the larger towns and villages, located 
in the lowlands. The climate of the mountain or sierra areas, which constitute an important 
e lement of this environment and represent an important reservoir for different natural resources. 
is stiJl insufficiently known. 

In order to understand the actual cl imatic condit ions of the middle and lower Aguas; two 
totalisers were installed in the catchment of the Rambla Anon! (also ca lled Rambla Ancha) , 
which is a tributary of the Aguas coming down from the highest part of Sierra Cabrera. This 
catchment, which is also the subject of hydrological analysis (see below), represents a transect 
through the Sierra Cabrera and allows us to gain important in formation on the micro climatic 
conditions existing in the sierra environments of southeast Spain . The first totali ser was 
installed close to the hydrological gauging stat ion ( I SUm). The second one functioned in the 
neighbourhood of the Cort ijo del Charco, which is still fairly accessib le (250m). Measurements 
were collected either after rainfall , or at weekly intervals. Finally, the analys is of climatic data 
from neighbouring stations with long-renn observations allows us to recognise periodicities in 
the rainfaU of the region beyond the short-term observations of our totalisers. 

3.1.2. Palaeo-climatic conditions 
To ta lk about socio-natural interaction or co-evolution implies that we are ab le to differentiate 
cl imati c from anthropogenic variab les that act upon the environment. The defin ition and 
understanding of both types of variables needs to be based upon a rigorous methodology, i.e. 
one that presents an explic it ax iomat ic and well defined strategies of interpretation and 
verification. In general, palaeo-c limati c research involves three problems: 

I. The epistemology of cli matic research. It is of prime importance to estab lish the relationship 
between the evidence and its cl imatic implications. In many cases it is impossible to establish a 
mechanical link between the materi al ev idence and the c li matic or environmental situation, and 
the verifi cation of a cert"lin hypothes is (e.g. deserti ficalion, increase in pluviosity, etc.) will 
depend on the ways in which we are ab le to establish causal links between different types of 
evidence (pollen, erosion, hydro logy, etc.). A linear reading of one type of empi rical research 
will only give in very few cases a fi nal answer to our questions. 

2. Temporal resolution. In the fi rst placc, we need to use an absolute and calendric temporal 
scale. For many years it has been known that dates provided by, e.g., dendrochronology, C 14, 
thermoluminescencc, varvcs, etc. are not comparablc; nO( only because of their diffe rent 
degrees or precision, bu t also because the temporal scales are different , and imply diffe rcnt 
calibrat ions. In the second place, it is of prime impol1ancc to define what it is we are dating, and , 
what is the relationship between the date and the palaeo-ecological contex t. In the third place, 
the relation between the date and the temporali ty of the event should be speci fi ed. The response 
of a certain natu ral e lement 10 a given cl imatic change might be slow, while other parts might 
react much faster. 

3. Spatial resolution. In a simi lar way to the temporal aspects, the spatial resolution of the 
palaeo-climat ic evidence has also to be defined. When comparing the results on Holocene 
climato logy fro m different European or North African regions, one is surpri sed abou t the 
important di fferences between onc region and another. The question remains in many cases if 
we are looking at cl imat ic differences on a regional scale, which would be very intcresting to 
understand, or if the patterns are only the result of dat ing problems or induced by an insuffic ient 
epistemology. 

lw. Herget. Universitiit Padcrborn (DE). 
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In general , it would be important to define fo r each type of pa laeo-climatic ev idence the 
followi ng poin ts: 

I . The suitability of the empirical data as cl imatic ev idence. 
2. The method used fo r dating the empirical data. 
3. The accuracy of the dating method, ils temporal scale and cal ibrat ion. 
4. Relation between the date of the sample and the date of the climatic ev idence. 
5. Spat ial scale of the cl imatic ev idence. 

The pa laeo-cli matic research in the Lower Aguas was based on a twofold stra tegy, one 
consisting in the analysis of morc or less direct cl imaric indicators, and another one based on 
indirect ev idence. In the first case, isotop ic and trace element anal ysis on organic and inorganic 
materia ls a re of pr ime im portance as they consti tute, when d istorting effects on the 
composi tions can be ruled out , tracers of enviro nmental and cl imati c condi ti ons. I.n the second 
case, palaco- bota ni cal a nalys is, mi c ro mo rph o logical stud y o f pa laeo-soi ls and 
geomorphological analys is of sed imentary depos its we re unde rt aken. He re the c limatic 
information Can be oblitered by other factors, mainly anthropic action. This differentiation 
between anthropic and cl imat ic factors depends on the methodo logica l development reached by 
each type of research applied. 

3.1.2.1. Isotopic studies of secondary carbonatesJ 

The chemical and isotop ic composit ion of continental carbonates can be a good indicator of the 
environmenta l condit ions ex isti ng in the so il s at the moment of their prec ipi tati on. When we are 
dealing with palaeo-soi ls the past climatic cond it ions can be established. The contents in Olg 
allows LIS to approach the variati on of temperatures. On the other side, the content in Cll signals 
the types of soil occupation and the intensity of photosynthetic activi ty. The understanding of 
the isotopic variations (E) at the moment when the liquid phase (b) and the so lid phase (ca I) 
changes is a necessary step in order to determi ne on a temporal scale the C l4 act ivities measured 
on the carbonates. 

This analysis was carried ou t on two sections at the southern slope of Gatas (sections of the 
archaeo logical sondages 2 and 4). This provides an isotopic sequence for Ihe thi rd and second 
millenn ia cal BC. 

3.1.2.2. Analysis of stable isotopes Ol~ and 0 16 in Glycimeri ... shells~ 
The isotopic analysis of marine she ll s can be of prime importance for the reconstruction of past 
temperature changes. This palaeo-climatic approach is based on the fact that the relationshi p 
Olg/O l6 is temperature dependent , if the fo llowing conditions are provided: 
I. That the CaCOJ-shell s were formed under thermodynamic equilibrium wi th the surround ing 
water environment with stable sali ni ty (Craig and Gordon 1965). 
2. The isotopic composition of the shell s are not altered after formation by diagenetic processes. 
3. The she ll-growth takes place during the whole yearly temperature cycle. 
4. The evaluat ion of the isotopic composition of sea water, in which the shel l was fo rmed, 
should be poss ible (Rye and Sommer 1980). 

All these conditions are ful fi ll ed in the case of the Glycillleris violascell s and Glycimeris 
glycimeris shell. common along the Mediterranean coast of the stud y area. The topograph y of 
the Aguas river mouth and its aqu ife r (Carull a 1977), allows us to consider that the salt content 
in the sea is consta nt ill thi s area. The analyses undertaken do not sugges t that diageneti c 
processes altered the isotopic composit ion of the shell s. The values obta ined from a present day 
shell , collec ted on the beach of Mojacar, confirm that it is possible to identify the annual water 
temperature variabil ity, at least during the first yea rs of she ll growth . The ca lcu lated 
temperatures are slightly higher than the actual ones, which might be a consequence of the facl 
that the avail ab le waleI' temperatures come fro m points far away from the coast. 

' L. Dever. Ulliversile Pari s Sud (FR) . 
• J. Piitzold. Ch. Hagedorn and G. wefer, Ulliversitiit Bremen (DE). 
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The fact that these shells were co llected by past populations and incorporated into habitation 
debris, offers a unique poss ibility to date this diagnostic materi al wilh a high degree of accuracy. 
The result is a sequence of marine paleo-temperatures which can be related to past climatic 
situations. 

In lotal, 13 Glycimeris shells were analysed. 12 come from different contexts of Gatas, and onc, 
as mentioned before, is a recent example from the present day beach at Mojacar. The she ll s were 
cleaned, cuI in hal ves and between 30 to 50 samples of 0.1 mg were ex tracted from each shell. 
532 samples were analysed in total. The isotopic measurements were obtained with a mass 
spectrometer Finnigan Mat 251 with automatic C preparation of Kiel -type. The accuracy of the 
measurements is ±0.07%0 for the 0 isotopes and ±O. l %0 for the C isotopes. The obtained 
maximum and minimum ao18 values of each shell were calibrated with the palaeo-temperature 
equation from Epstein et al. (1953). 

3.1.2.3. Trace element analysis on human bones5 

Although trace element analyses form part of the anthropological studies undertaken on 
prehistoric skeletons in Ihe contex t of the Gatas Project, their results are included in thi s report 
because of their relevance to the reconstruction of the paleo-c1imatic conditions. 

Biochemical analys is of human ske letons can provide information relevant to ecological 
reconstructions. One technique that appears particularl y promising for defining genera l 
ecosystem characteri stics is based on levels of two trace elements, barium (8a) and strontium 
(S r) within the apatite fraction of bone. According to Burton and Price (I 990a, I 990b), analysis 
of Ba/Sr ratios provides di stinctions between individuals drawing sustenance from terrestrial, 
desert, and marine ecosystems. In thi s case we are speciall y interested in identifying if the Ba/Sr 
ratios of the human bones from the Aguas valley correspond to desertic conditions. At the 
moment thi s material is onl y available from the archaeological site of Galas. Samples from three 
human skeletons, which can be dated in the fi rst half of the second millennium cal BC, were 
analysed. 

3.2. GEOLOGY AND RELIEF' 
The only aspect of the Aguas valley which have been studied in the past in great detail are the 
pre-neogene and tertiary geological formation s existing in the area (Rondeel 1965; Volk 1967a 
and b; Volk and Rondeel 1964). Yet, the results of series of geological projects undertaken have 
never been published in detail. Therefore the Aguas Project has not undertaken new geological 
fi eldwork , but has concentrated on the recovery of the existing documentat ion and on the 
introduction of the re levant cartographic material into the Aguas G.I.S . 

Apart from Rondecl's, Volk's and the Spanish geological maps (MGE-Sorbas 1975; MGE­
Mojacar 1974), a I: 10.000 geological map was made in 1986 and 1987 by S. van der Schouw, 
from the Department of Structural Geology of the Vrije Universiteit of Amsterdam . It covers the 
area east of UTM 597 on the north side of the Sierra Cabrera. The study was focused on the Pre­
Tertiary rocks of the Alpujarride complex and aimed at the establi shment of a reliable 
slratigraphy. Nevertheless the tectonic complexity of the area made this task very difficult . In 
1986 E.Sennema, from the same department , produced a map at I :25 .000 of the Terti ary 
deposits of the south edge of the Vera Basin , including the Aguas valley. Jt main ly confirms the 
observations made by Rondeel (1965) and Volk ( 1967a). 

The relief of the Aguas valley was establi shed on basis of the I: 10.000 topographic maps of the 
Junta de Andalllcfa, which were digitized and introduced into the Aguas G.I .S. The formations 
that form the present day relief were determined through the geomorphological study of the 
Aguas valley (see below). 

l J. Buikstra and L. Hoshower; Uni versity of Chicago (USA). 
6 L. Schulte, Universitat de Barcelona (ES) and Ph. Vergahen, R.A.A.P (NE). 
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3.3. GEOMORPHOLOGY, EROSION AND SOIL FORMATION PROCESSES 
3.3.1. Geomorphology7 

The objecti ves of the geomorphological fieldwork and research were as follows: 
I. To document the success ive phases of excavation and deposition of rocks and sediments 
which occ urred durin g th e Quaternary thro ug h a morphol og ica l, pedologicaJ and 
scdimentological classification of the successive generations of glac is, river terraces and soils. 
The structure of these deposits mirrors the different f1uviodynamic regimes, which are linked to 
specific palaeo~climatic conditions (e.g. glac ial/interglacial periods), as we ll as to anthropic 
impact on the environment (e.g. deforestation). 
2. To investigate morphology, deposilionai environment and chronology of Holocene alluvial 
and colluvial valley fill s within selected areas, and thereby assess the local envi ronmental 
context of human occupation in the Lower Aguas. 
3. To assess the potential of fine-grained alluvial and lacustrine sediments in the study areas for 
palynological analysis and micromorphological analys is. 
4. To examine the linkages between patterns of catchment-wide sediment erosion, transfer and 
storage and Holocene land-use and climate change. Of parti cular importance here is the 
elucidat ion of linkages between human activity and the geomorphic stability of hill slope and 
gull y systems. 

The relief forms (pediments, alluvial fan s, glac is, river and marine terraces) were mapped 
through air photographs, scale 1. 18.000 (1.G.N. 1985), satellite images (SPOT) and systematic 
fi eld work. At the key depositional outcrops a detailed morphoslIatigraphical description was 
carri ed out, which included sedimentological and edaphological analysis. The chronological 
classification of the visible Quaternary pelaeogeographical events was establi shed on the basis 
of the relative height of the different deposits, of its stratigraphy, of the palaeo-soil s, and their 
correlation with the morphostratigraph y of the central and northern part of the Vera Basin 
(Schuite 1994, 1995; Wenzens 199 1). All of thi s was supported by urn dates for the early and 
middle Quaternary formations. Further C 14 and OLS dates for younger formations are still 
being processed at thi s moment. 

3.3.2. Micromorphology8 
During the course of the project, the upper and middle reaches of the Rambla Ancha or MotH 
to the northeast of Gatas, the lower reaches of the Rambla Ancha northwards towards Turre, and 
the lower Aguas valley to the north o f Las Pilas were thoroughl y investiga ted by Dr D. 
Passmore, Lothar Schulte and Ch. French. A seri es of 14 sections were identified, described 
(map 2) and photographed from thi s geomorphological survey. 3 1 samples were taken from II 
of these profi les as well as three bedrock locations for micromorphological analysis. A further 
2 1 sample blocks were also taken for micromorphological analysis from the cultural layers at 
Gatas. All sample blocks from the geomorphological survey and Gatas were made into 
'mammoth ' thin sec tions in the Geoarchaeology Laboratory, Deparlment of Archaeology, 
Cambridge University. The methodology of Murphy ( 1986) and the descriptive terminology of 
Bullock et al. ( 1985) were used throughout. The detailed thin section descriptions are held in 
archi ve form al the Department of Archaeo logy, Cambridge. 

In addition, representative samples of the marl bedrock and various colluvial sediments were 
taken for bulk density and shear strength tests. These analyses were undertaken in order to 
establish the susceptibility to and threshold at which a sediment will move downs lope. An 
estimate of the natural ability and susceptibility of this material to move downslope may provide 
a crude ' index of erodability', and therefore give an idea of the propensity for environment 
modification in the area . Also, the marl-bedrock sediment was examined using a scanning 
electron microscope to establi sh its exact composition and 10 aid in the interpretation of the 
reworked mar! sediments which commonl y OCC.Uf throughout the project area. 

, L. Schu]te. Universitat de Barcelona (ES); D. Passmorc, University of Newcastle (UK). 
I Ch. French, Universi ty of Cambridge (U K). 
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Map 2: Areas where deta iled geomorphological and micromorphologiclI' analysis were 
carried out. 

The micromorphologica l samples were obta ined from lhe fO llowing pro fi les (map 2); 

1. Gati.\s basin 
A series of seven profiles were recorded <md sampled in the middle reaches of the Barranco de 
Galas (8G). Profi les 2 and 3 examined poss ible palaeosols overlain by debris fl ow deposits at 
the head of the barranco, profiles 4 and 8 examined laminated deposits associated with terrace 
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formation mid-way down the barranco and below the Gatas site. and two sets of spot samples 
were taken from the Quaternary marl and fine laminated deposits. 

2. Rambla AnchalAnofli reaches 
A further series of six profiles were recorded and sampled from the lower reaches of the Rambla 
Ancha (RA). These were taken from the upper colluvial/alluvial unit s infilling the terrace/ri ver 
chan nel units 5, 8, ) 6, 2 I and 22, and from the mar! subsoil of an associated tributary valley. 

3. The Lower Aguas basin 
At the base of the slope immediately below the Las Pi las site (LA), there was an exce llent 
exposure through the slope/terrace in terface which was examined and recorded (a lso see 
Schulte. thi s volume). Abundant sherds of pottery were present throughout the profile, soine of 
which were similar to the Copper Age undecorated plain wares from the Las Pilas excavation 
itself. The stratigraphy in section LA- I revealed about l .5m of colluvial silt overl ying 65cm of 
calcitic silt which gradually merged wi th an immature soil of about 40cm in thickness. This so il 
was developed on further deposits of calcit ic silt alternating with thin lenses of calc ium 
carbonate. Towards the base of thi s material, there was a thinner and more poorly developed 
soi l, resti ng on a marl subsoi l. Eight sample blocks were taken for micromorphological analys is 
from the main horizons of thi s sequence, and both the upper and lower colluvial deposits were 
also sampled for bulk density and liquid/plastic limit dete rminations. To complement the 
examination of the marl subsoil materi al undertaken for the Barranco de Gatas and Rambla 
Ancha areas, a marl subsoi l exposure abou t I km upslope and to the southwest of the Las Pilas 
site was sampled for bu lk density and liquid/plastic limi t detenninat ions. 

3.4. HYDRIC REGIM E AND DRAINAGE SYSTEM' 
The hydrological investigations carried out in the context of the Aguas Project were based on 
the fo llowing considerations: 
I. The sllldy of the present day water circulation offers the basis for a modelling of present as 
well as past situations in relation to water resources. 
2. The identi ficat ion of the low stream now and its seasonal nuctuations provides information 
on the amount of water available in the system. As a premise. one can say that the presen t day 
ecological situation of the environment is the driest stage since the earl y Holocene. Thus, the 
present day measurements represent an absolute limit , which does not seem to have been 
exceeded during the last millennia. This gives us a quantitati ve fi gure of the availability of 
resources during prehistoric and hi storic times. Furthermore thi s allows us to gain knowledge 
on the functioning of the local aquifers. 
3. Whi le climate, vegetation and sediments were submiued to major anthropogenic and nOI1-
anthropogenic changes during the last 6000 years, the behaviour of the aquifers seems to have 
been relatively stable. 
4. During the summer of 1994 a forest fire destroyed the whole northern side of the Sierra 
Cabrera. From a hydrological point of view thi s means that the infiuence of vegetation and 
therefore of transpiration is largely minimised. Thus, the di scharge measurements become a 
clearer indicator of the behaviour of the aquifer. 

The hydrological si tuation of the area is evaluated be means of a hydric equation. Given the 
absence of previous data and the time and resources available, this research concentrated on a 
detai led analysis of the Anon, catchment , a tributary of the Aguas (map 3). For this area the 
following equation is suggested: 

1 = 0 +S 
where 
I = innow, 0 = outflow, S = storage 

' w. Hcrgct. Uni vcrsitAt Padcrborn (DE). 
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That equation can be adapted in the following way: 

P = D(SPeh + SPew + SPGa + A)+ ET po! + U+ 6S 

where: 
P = precipitation 
D = discbarge in the barranco 
ETpot = potential evapotranspiration 
Spa. = spring affluent of Fuente del Charco 
SPc. ::::: spring affluent of Fuente del Cucar 
SPa • .:::; spri~g affl uent of Fuente de Galas 
A ::::: otherWIse affluents 
U ::::: underground affluents 
.1S = charge in storage 

As mentioned above, the official data base is very scant. Water maintenance institutions have 
not undertaken any measurements in the last years nor have they establi shed a hydrological 
equation for tbe area. The infonnation concerning present and past irrigation infrastructures is 
also very poor since, according to the Water Board in Almerfa, no written documents ex.i st for 
the Afioflf terri tory. Some information should ex ist in the arcbi ves of the Confederaci6n 
Hidrografica del Sur in Malaga, but several written requests sent to this institution proved 
unsuccessful . 

o l000m. 1 
L.. ____ I N 

Map 3: Gatas and the upper rambla Ancha or Aiiofli area used for the description of 
hydric cycle, hydric flows and traditional water use. 

The interviews held with inhabitants of the area provided some general information about the 
hydrological situation in relation to the bebaviour of a partial aquifer and wi th reference to the 
main events of the water management. 

During the first trip we establi shed the catchment area in which the gauging station was installed 
(map 3). It embraces Barraneo del Cant6n, Barraneo del Chareo and Barranco del Sallo, which 
come together in the Afiofl! or Ancha watercourses. At its deepest point a gaug ing station was 
set up. Emilio Aramburu Eseolano, from Mojacar, has been measuring data fTom this station, as 
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well as from the tota lisers, every week since the end of January. The automatic water stage 
recorder presented several problems due to the ex treme temperatures in the area duri ng the first 
year. It had to be brought back to Paderborn . where the whole system could be checked over and 
reset. 

3.5. VEGETATION DYNAMI CS 
The present day vegetation of the middle and lower Aguas could not be studied in the context 
of the project, as a dramatic wildfire occurred during the summer of 1994 and destroyed the 
whole northern side of Sierra Cabrera. Nevertheless, some delailed analyses of this area were 
carri ed out in the past (e.g. Ferres and Risch 1987). The botanical studies of the Aguas Project 
concentrated mainl y on the Ho locene vege tation dynamics, which are still insuffi cientl y 
understood in the Southeast of the Iberian Peninsula. 

3.5.1. Pollen studies 'o 
Un li ke other areus of Spain. the southeast has had very few studies conducted upon it since the 
very arid cl imat ic conditions are not conduc ive 10 pollen preservat ion in sedimentary systems. 
The approach taken in the Aguas Project was twofold. Onc consisted in the ex traction of three 
pollen columns in combination with the geomorphologica l survey. A 4.3 metre sed iment core 
was obtained from Cortijo del Call1 po (20 Ill) (map 2), located in the floodplain of the lower 
Aguas va ll ey. Samples at 8 cm interva ls were submitted to conventional pollen preparation 
techniques (Moore et al. 1991 ). Two c. 2 metre cores have been recovered from two montane 
basins (650-700 m) at the highest area of the Sierra Cabrera, Balsa del Marchal ico and Balsa de 
Alquirrico de los Pefiones. This allows us to compare the vegetati onal dynamics of the two 
extreme ecologica l situations found in the Aguas va lley. Together with the previous data from 
Gatas (253 m) thi s gives us a vegetationaltransect through from the top of Sierra Cabrera to the 
coastal areas of the Aguas va lley. The second approach consisted of a thorough revision of the 
data obtai ned by other botanists that have worked in the area during the past , specia ll y the pollen 
samples obtained by B.Marisca l in the contex t of the Archaeomedes projecl. 

3.5.2. Anthracology ll 
Anthraco logy is a relati ve ly new di sc ipline and its ro le in the reconstruction of vegetation in the 
first place and, indirectly. also of past climatic situat ions. has been underest imated for a long 
ti me. Only lately has it become clear that palynology and an thracology are complementary 
methods which can offer a detailed reconstruction of past vegetat ion and its soc ial exploi tation. 

The process followed by trees or shrubs from the ir past habitat until the presen t day, when thei r 
remains are interpreted in palaeo-ecological terms, is long and consists of several stages which 
modi fy the simpl e co rre lation between identifi ed fl ora and pas t vegeta ti on. Eac h 
an thracological spectrum represent s a strongly synthes ised informati on source on the orig inal 
situation . It does not give direct in formation about the tota l amount of burned wood, the prec ise 
area of exploitation. the degree of degradation or the structure o f the vegetat ion. All th is 
informati on has to be obta ined by means of stati stical techniques and palaeobotanical insight. 
Basicall y. one can di stingui sh four main stages: 

I. The stage of the use of vegetation, re lated human exploitat ion practices, sllch as gathering of 
wood and transformat ion of wood in the settlements. 
2. The stage of deformation of the anthracologica l spectrum, where different factors are imp lied: 
chemical factors which reduce the wood mass th rough carbonisati on; environmental factors, 
where the charcoal deposi ted in the archaeological sedime nts is submitted to postdeposi tionai 
processes which distort and/or filter the informat ion. 
3. The stage of co ll ec tion of anth raco logica l samples in the context of archaeo logica l 
excavati ons. In the case of the Aguas Project charcoal remai ns were obt ained through 
systematic recovery strategies during excavation as well as from the flota tion of sedimcnts. 

I. T. Stcvcnsoll. Univcrsity of Ncwcastlc (UK), 
11 MO Oliva Rodrfguez AriZH. Univcrsidad de Granada (ES). 
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4. The stage of the strictl y anthracological study, where the charcoal remains of each site are 
identifi ed, measured and co unted . Here wc app ly the specific methodo log ies o f the 
anthracological di sc ipline. 
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Map 4: Vegetation series of the Vera basin and the location of the sites with 

anthracological analysis. 

Most of the anthracological samples studied and evaluated in the Aguas Project come from the 
Galas site, and cover a temporal span between 2800- 1000 cal BC and c. 950- 11 00 AD. All thi s 
materi al had been identified by R. Gale in the contex t of the Gatas Project. The ecological 
interpretati on of th is materi al was undertaken considering also the anthracological samples 
from different Copper and Bronze Age sites in lhe Almanzora valley, located at the northern side 
of the Vera basin CZajara, Campos, Santa Barbara, studied by M" Oliva Rodrlguez Ari za, and 
Fuente Alamo, studied by Schoch and SChweingruber, 1982). These sites (3000- 1300 cal BC) 
cover approx imately the same time span as Galas in the Aguas valley. The comparati ve analys is 
allows us to ga in better insights into the regional variabi li ty and to obtain wider empirical 
support for the vegetational dynamics in southeast Spain. 

3.6. SETTLEMENT AND DEMOGRAPHY" 
3.6.1. Intensive and extensive archaeological survey 
Archaeological survey may take a number of different fo rms, but on the whole it aims to recover 
information about extant surface archaeo logical remains. Therefore, it does not purport to 
recover material representative of what was once in ex istence, but what is access ible now 
(Cherry 1984: 11 8). However the result s of such survey wi ll enable us to make infe rences about 
past settlement and demographk dynamics using more representative samples of the material 
traces of past human activ it ies. Survey is also more than merely recording and collecting 
art ifacts lying on the surface; it o rten makes observations about known sites. as well as 
ident ifying new ones. It can also gather in fo rmation on current land use, geology, soil types, 
natural features within the territory, the location of natural resources (clay, water, building 
materials, minerals) and can highlight areas or sites which are being threatened by human and/or 
natural processes. 

In the case of the Aguas valley survey, we began by exami ning the known archaeological record 
for the middle and lower Aguas va lley. Archaeo logical si tes fro m diffe rent periods of the 

" The editors. 
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Holocene have been discovered here during the last hundred or so years, either as a result of 
intentional searching (e .g. by the Siret brothers in the 1880s, or by the Vera basin survey of the 
Almizaraque project in the 1980s). or by fortuitous processes, sllch as construction and 
des truction of buildings and roads, quarryi ng, eros ion of terraces, etc). The EU-fu nded 
Archacomedes project established a data base of 22 1 archaeo logica l sites from the fifth 
millennium BC to the fifteent h century A. D, for which cultural and locational attributes we re 
recorded (see Castro et al. 1994). 

Building upon thi s ex isting knowledge. we decided to undertake two kinds of survey: se lect ive 
survey and systematic survey. 
1. Selective survey aimed to evaluate the known archaeo logica l sites in the middle and lower 
Aguas valley, recording the di stribution and density of su rface materials, collecting diagnostic 
cultural matcria ls for dati ng, preparing a photographic record , and recording sllch locational 
attributes as the UTM coordinates, the height above sea level, and the local topography; thi s 
work was undertaken by E. Aramburu , 1. Escori za and J. L. L6pez Castro (U niversity o f 
Almerla) , G. De li bes (U ni versi ty o f Vallado lid). Ma. D. Fernandez- Posse and C. Mart In 
(I.C. R.B.C. del Min isterio de Cultura). 
2. Systemat ic survey aimed to walk a transec t of 8km length and I km width along the rambla 
de M6far, from the top of the sierra Cabrera (Cerro del Amiez at 9 18111) down to the Aguas river 
immediately 10 the west and nOl1h-west of TUITC. The choice of thi s transect was based on an 
evaluati on of exist ing site di stribut ions and knowledge of where previous surveys had taken 
place within the middle and lower Aguas. It provided a means by which the loca tional and 
altitudinal distribution of known archaeological sites in the Aguas could be checked against the 
ne w data from a previously unsurveyed area. This survey was carri ed out by R. Chapman 
(Uni versity of Reading) with R. Mic6 (Uni versitat Autonoma of Barcelona). 

The systematic survey transect was examined using a combination of the I :25,000 sheet ( 103 1-
lI) of the Mapa Topognifico Nac ional for Turre. the I: 10.000 sheets ( 1031 4-1 and 4-2) of the 
Mapa Topografico de Andalucfa, and eigh t I km square sheets taken from the 1 :5000 scale 
airpholomosaic of the Celllro de Gestioll Cauwral y Gestioll hiblltar;a del Millister;o de 
Hacienda in Madrid (sheets 103 1 100 I, 1031 1002, 103 1 1003), taken during a night in 1991 . 
These photos were enlarged to a scale of I :2,500 and used as 40 x 40 cm sheets for recording in 
the field. The use of thi s aerial cover made visible patterns of modern vegetation, land use and 
settl ement, enabled LI S to plan our survey strategies for different parts of the transect before going 
into the field, and allowed direct mapping of areas of surface culturalmuterials/sites fo und during 
the walki ng. The eight photos were numbered from 1 (the sOlltilernmost, to the north-west of 
Turre, by the Aguas ri ver) to 8 (the summit of the sierra Cabrera at Cerro del Amiez). 

Withi n cach un it wa lked by the survey team, onl y potentia ll y diagnostic cultural materials (e.g. 
identifiable pottery forms, decorated pottery. stone too ls) were picked up and collected for 
study, wi th areas of concentrated materia ls and site locations plotted on the aeri al photographs. 
as we ll as more detailed georeferencing (with a 2-5m error) using the Geographical Posi tioning 
System Pathfinder Basic XL machine produced by Trimble Navigat ion. The cultural mate rials 
were washed and catalogued during the September tield season, and then removed to Barcelona 
for more detailed stud y. With the aid of speciali st colleagues (especiall y Dr. J.L.L6pez Casll'o 
and Montse rrat Menasanch) and published sources. we attributed the "s ites" defined to one or 
more o f e leven per iods between the Neolithic and the Reconques t ( roughly the fo urth 
mi llennium BC to the end of the fifteenth cenlllry AD). These periods are as follows: 

I. Neolithic (c. 4000 ·3000 cal BC) 
2. Chalcolithic (c. 3000·2250 cal BC) 
3. Argaric (c. 2250· 1550 cal BC) 
4. Post-Argaric (c. 1550 - 900 ca l BC) 
5. Phoenician I (c. 900·200 BC) 
6. Phoenician 11 (c. 200·27 BC) 
7. Imperi al Roman (c. 27 BC - 400 AD) 
8. Late Roman (cAOO· 550 AD) 
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9. Visigothic-Byzantine (c. 550 - 7 181750 AD) 
10. Omeya (c. 7 181750 - 11 th century AD) 
11. Naz.rine (c. 123211237 - 1492 AD) 

This periodisal ion is based on that used in the Archacomcdes project, except fo r the renaming 
of period 5 (,Colonisation' ill Archaeomedes ) and the "subdi vision o f ' Romanisat ion' ( in 
Archaeomcdes) into 'Phoenic ian 11 '. "Imperial Roman ' and 'Late Roman', and the subdi vision 
of 'Andalusian' (in A rchaeomedes) into 'Omeya' and 'Nazarine'. 

3.6.2. 1)~llaeo-del11ographic calculations 

Out of the three types of production which structure the socioeconomic research of the Aguas 
Project (sce above). the basic production determines the de mographic dy namic in the Aguas 
valley. Thanks to the deFinition of areas o f human occupation through the intensive and 
extensive survey, it is now poss ible to estimale the number of inhabitants li ving in thi s area from 
c. 4000 BC to 1600 AD. 

Two palaeo-demographic formulae were appl ied to every si ngle archaeo logica l period and site, 
in order to obtain max imum and minimum values. Both fo rmulae start from the ex tension of the 
area covered with human remains: 

I ) 
2) 

where: 

P = 200 A 
P = 146 SqrtA 

P = estimated populat ion of the settl ement, and 

(after Renfrew 1972) 
(after Kramer 1978) 

A = size of the settlement . measured as the extension in hec tares of the archaeological remains 
visible on surface. 

Neverthe less, the res ul ts obt a ined from these fo rm ulae were correc ted by mea ns o f 
archaeo logical information on past occupation practices. Thus we took into account that during 
the Neol ithic and Copper Age periods, each one lasting around 700 years. not all known sites 
needed 10 be occupied at the same moment , as has been confirmed by excavations in other areas. 
A mobile settl ement pattern implied that villages were nOl occupied uninterruptedl y duri ng 
several generations. Only si les with a considerable stratigraphic sequence (e.g. Las Pilas) were 
considered as stable sett lements ex ist ing during several centuries. 

Another problem resul ts from the low chronologica l accuracy of the archaeological material 
(hand made and coarse pottery) found on many carl y mediaeval sites. In some cases, where no 
other diagnostic material was found. Ihi s means that a site could be occupied during Late Roman 
(400-550 AD) ancVor Visigothic-Byzantine (550-700 AD) ancVor Early Andalusian period (700-
1200 AD). These settlements (Ram bla del Estrecho - n° 225. Cortijo de la Imena - n° 6 13. Cortijo 
de la Cueva Sucia - n06 14) have been included in all three periods. Yet, in all cases we are dea ling 
wilh small settl ements located in the lower part of Ihe Rambla de Mofar. The over-estimat ion lhis 
could imply in the demographic calculat ions is minimal and restricted to one area. 

Thanks to the excavations of Gatas it has been poss ible to correct the values calculated for the 
Argaric period (2300~ 1550 ca l BC). This is of prime importance, as during these moments we 
are dealing with a state organised economy. where Gatas accumulates and processes the 
subs istence goods of a much larger and dispersed population. li ving in areas which on ly in some 
cases can be visu<Jli sed th rough archaeologica l survey (see Lull and Risch 1996 for a wider 
discuss ion of this topic). Given that the nutri tional hab ils of these populations are fai rl y we ll 
known. the identificat ion of grind ing rooms and instruments in Gatas , through which most of 
the yearl y grain production is chmmelled, provides an exce llent element for the evaluat ion of 
the total population li ving in a reg ion (Ri sch 1995). Thi s formula for demographic calculation 
can be written as: 
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where: 

p . Ha, (Mx-M,,} t VII. PC 

Hx. T . l at 

p:::; Population mai ntained with a g iven flou r productio n. 
Ha = Sett lement area. 
Mx = Number o f grinding instruments reg istered duri ng the excavation. 
Mn ::: Number o f grinding stones which do not re main in the archaeo logical record, due 10 
deposiLional and post-depositional processes. 
Vu = Use li fe of the grinding stones. 
PC = Relation between daily nour production, and daily flour consumption per person: i.c. 
number of person which are maintained with the now produced by onc grinding instrument. 
Hx :; Surface excavated in the settlement. 
T :; Occupation period of the settlement. 
lal :::; Number of grinding stones sLored and not used regularl y. 

This formu la has been applied to the prehistoric sett lement of Gatas, which at the moment is the 
only one which offers th is kind of infomlation. Neverthe less, the surface counts of grinding 
stones undertaken at other settl ements, suggest that Gatas is the on ly surplus cerea l process ing 
centre in the Lower Aguas valley during the second millenn ium BC. Barranco de la C iudad, and 
all the other Argaric sites show much lower quantities o f food processing instruments, which 
seems to correspond to a type o f production restricted to the local population. 

3.6.2. Demographic dynamics during the last 500 years 
After 1500 AD the population of the lower Aguas can be established through h isto ri ca l 
documents, suc h as the Libros de Repa rtim ie flt o , Catas/ro de Ellsellado and th e 
Amirallamielltos. In these cases often only the head of the family or owner appears, so that a 
multiplication factor o f 4 ,5 is applied, which is the mean known famil y size for these periods. 
For the last centuri es the obtained values can be corrected wi th the data coming from population 
census. 

The fact that between 1500-1 600 AD archaeo logical as well as historical data are avai lable, 
prov ides an interesting chance to compare and to evaluate both methodo logies . 

3.7. ECONOMIC ANALYSIS" 
The goods production and the maintenance production of each period is de fined in terms o f the 
basic economic scheme (NR + LF + MP => P). presented in chapter 2. 

The means of productio n (MP) are known from the arc haeological record, and the potenti al 
labour force (LF) results from the palaeo-demographic analys is. G iven the soc io-ecologica l 
perspective of the Aguas Project, what is needed is the analysis o f the amo unt and type of natural 
resources (N R) transformed in to products (P) in a g iven period o f time. The ecological 
evaluation of these exploitation and transformat ion processes has to be undertaken in re latio n 
to the natural resources potenti all y avai lab le in the area, and. in the case or organic resources, 
to their reproduction periodic ilies. Th is approach atte mpts to provide a quant itative and 
qualitati ve evaluation of the soc io-natural interactio n, in terms of maller and energy, during the 
different historical peri ods. 

Main attention is g iven to agri cultural production and land use, as we ll as to wood management , 
as the exploitation of land and vegetation represented the major causes o f envi ro nmental impact 
during most periods. Furthermore the importance of husbandry and mine ral reso urces is 
cons idered. 

lI The editors and Ph . Vcrhagen. RAA P (NL). 
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The material evidence for thi s kind of analysis has been obta ined from five kinds of empirical 
research: 
I. Archaeo logical excavat ions undertaken in the multi stratified site of Gatas - Turre (2800- 1 000 
cal BC; 950- 1100 AD) and in a series of sites located further north, in the Almanzora valley, 
which supply information for periods lacking or less well documented at Gatas: Almizaraq ue 
(3000-2250 cal BC), Cabecico de Parra and Villaricos (800 BC-300 AD) and Cerro de Montroy 
(400-900 AD). These excavations have provided carbonised and minerali sed seeds, and, in 
some cases, faunal and charcoal remains. In the context of the Aguas Project this materi al has 
been evaluated in terms of agricultural production, husbandry and wood exploitation. 
2. Systemat ic/intensive and selective/ex tensive field survey (see 3.6.1) provided data on the 
geographic location and extension of a more representative sample of the settlements existing 
during each chronological period from c. 4000 BC to 1600 AD. 
3. Written records from the 16th (Libra de Reparrimellro) , 18th (Carastra de ElIsenada), 19th 
(Amirallamiellfos) and 20th century (Cel/so Agrario) have mainly provided information on 
agricultural production. 
4. Present day land use, according to existing land use maps, evaluation of air photographs, 
remote sensing and fie ld work . 
5. Traditional hydraulic infrastructure of the 18th to early 20th century has been mapped and 
described on the basis of air photographs and field walking, in relation to the hydrological 
investigations. This allows us to gain insight into both the amount of water avai lable in the 
recen t past, and the functioning of a technology th at permitted an important increase in the 
agricultural production in thi s area and in Southeast Spain in general. The possibility that the 
visible and still partially func tioni ng hydrau lic infrastructure is based on a much older system, 
developed during the Andalusian period, can not be confirmed. 

In order to carry out thi s type of research a specific methodology had to be developed and tested, 
which has not ex isted so fa r either in ecology or archaeology. This methodological proposal 
constitutes one of the main contributions of the Aguas Projec t to future palaeo-ecological 
research. 

3.7.1. Evaluation of the agricultural potential of the Aguas valley 
In order to understand past land uses and to propose future possibilities for economic growth 
and environmental recovery, it is of prime importance to understand the ecological variables 
that condition different agricultural practi ces in the middle and lower Aguas. The main 
agricu ltural strategies which were considered are I. regadio or wet fanni ng, 2. secano inrellsivo, 
i.e. dry-farming with one or two fallow years, and 3. secCif/O extellsivo, i.e. dry-farming wi th up 
to ten fallow years. Each of them was characterised in terms of five geo-ecological variables on 
a I :50.000 scale basis: I. height, 2. geology, 3. solar radiation, 4. di stance to nearest ri ver bed 
or rambla, and 5. slope. The raw data was obtained through the Aguas G.LS. and ana lysed by 
means of conventional stati stical procedures. 

3.7.2. Investigation of the hydrological structures 
Different hi storical and archaeological information shows that, at least during the later part of 
the Anda lu sian period (13 th- 15th centuries AD), a we ll developed wa ter management 
technology existed in the Sierra Cabrera. Part of thi s knowledge seems to have been transmitted 
to the Christian population which settl ed in the area from the 16th century and gradually 
expelled the previous Andalusian communities. From the 18th cenrury until the first half of the 
20th century an ex tensive hydraulic system was constructed and maintained in the Aguas valley 
and on the slopes of the Sierra Cabrera. Understanding of the fun cti oning and the still 
remembered knowledge of these channels, fie ld systems, cisterns, water mines, etc. can be of 
great va lue in order to assess the potentia l water resources avai lable in the area for past and 
future environmental and economic development based on sustainable methods. 

Un til today, practi cally no investi gations have been carried out on the integrated function and 
the environmental implications of the traditional water management system. Nex t to field 
surveys and the evaluation of air photographs, interviews with ~he local inhabitants were of 
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prime importance in thi s analys is. They are complementary sources of information and allow us 
to check preliminary hypotheses. Furthermore the water storage capac ity of thi s anc ient system 
is evaluated and confronted with the water resources measured today ill the contex t of the 
hydro logical analysis of the Aguas project. For thi s reason the mapping and evaluat ion of the 
hydraulic infrastructure concentrated on the same catchment where the gauging stat ion and the 
two rain tota lisers were install ed, i.e. the Ailonl catchment. 

3.7.3. Analysis of the agricultural production 
The mnin annlyti ca l stages of thi s axis of the projec t are: 
I. To propose an hypothesis on Ihe population health from diet patterns. 
2. To calculate the agricultural land needed to sati sfy these subsistence needs in specific 
populations. 
3. To infer the culti vati on strategies of each period. 
4. To evaluate the environmental effects of the land use as establi shed in points 2 and 3. 

The definition of the human diet from carbonised and mineralised plant remains is based on two 
assumptions. The we ight percentages of the main species (cereals and legumes) are directl y 
related to their respective role in the di et. Furthermore cerea ls and legumes provided most of the 
consumed carbohydrates. at least since the mid-late third millennium BC, given the present day 
evidence on plant exploi tation in the Aguas and other reg ions of Southeast Spain. The human 
subsistence needs are va riable, depending 011 age, sex, hea lth and on the acti vilies undertaken 
by the individuals (Pyke 1970: 106- 107, tab le 6.3; Scrimshaw and Young 1978, McGready 
1981). Values between 2200-3000 Kcal are normally assumed 10 be sufficient for n proper 
nutTitilion (W.H.O.-O. M.S. 1974). Due 10 this variability our calculation starts from the mean 
values of 2600 Kcal and 60-70 g of proteins per person and per day. Around 2200 Kcal would 
be provided by cereals and legumes, the main sources of ca rbohydmtes in agricultural soc ieties 
in Mediterranean regions. The rest is obtained through the consumption of other products, such 
as meat, milk and other secondary products. 

The method used in order (0 establi sh Ihe implicalions of these subsistence needs in terms of the 
agricultural production of each period, proceeds in the following way: 
I. Defin ition of the importance di ffe rent plant spec ies have in the diet at different periods. This 
implies the earpologica l identili cation of seeds and the calibration of the numerical values into 
weight , taking in to account thal each grain type has a different weight. 

-Hordeum m/gure. According 10 Molina Cano (1989: 159). the weight of full-grow n grain can vary considerably. 
from 5 10 80 mg dry weight. altho ugh it is nonnalto sce values around 35-40 Illg. Using the lowest value of this 
range. 1000 seeds = 35 g. 111e same weight is assumed for TriticulII . 
. Vicia/tdXl var. millor: 1000 seeds weight around 3 10-400 g (Langer and Hill 1987: 280). Usi ng the lowest val ue . 
1000 seeds =- 3 10 g. Wc have appl ied the same figures to other varieties of Vieia consumed in the Aguas valley (V. 
slIfil"a and V. en·ilia). 
- PiSIIIII .W/livlIlI/: 1000 seeds weight between 150-200 g (Langer and Hill 1987: 275). Using the lowest value, 1000 
seeds = 150 g. 
·Lens culinaris: 1000 seeds represent 20 g (Langer and Hil l 1987: 266). 

2. Calibration of we ight inlo nutritional va lues of each species, which vary according to the ir 
physical properties. For each period the relati ve weights of the di ffe rent grain types produced 
were transformed inlo their acluaJ calorifi c and prote in contri but ion to the diet, accord ing to the 
fo llowi ng reference va lues (per 100 g): 

-Hordelllll vufgm"i! = 356 Kcnl: proteins: 10.5 g: lilt: 2. 1 g: carbohydrates: 72.0 g (Ki slev and Bar- Yosef t988: (76). 
·Triticum sp. = 342 kcal; proteins: t2.0 g: fa t: 2.2 g: carbohydrates: 7 1,0 g (Kislev and Bar·Yosef t988: (76). 
Given that the nUlritional components of barley and wheat refer 10 complete grains, which can not be directly 
consumed, we have chosen to work on the bilsis of the nutritional vil lues provided by nOUT. With 70% of 110ur 
extracted from the grain, 341 kcal arc obtained (Pyke 1970: 66-67). T he figures for barley are similar. so that the 
same value is used for both cereals. The differences in terms of proteins and fat are also relatively small, and lay 
afound 10· 12 g and around 1,5 g in each C:lse. 
-Vicia/aba = 326 kcal: protcins: 24.5 g: fa t: 1,4 g: carbohydrates: 55.5 g (Kislcv and Bar-Yosef 1988: 176). 

AgIIllS Projecl - 25 



- Pisl/lII mtiLll/lII = 340 kcal: proteins: 24,0 g; fat: 1,2 g; carbohydrates: 59,0 g (KislcY and Bar-Yoscf 1988: 176). 
- Lem Cll fillaris = 335 kcal ; proteins: 22,5 g; fat : 1.0 g; carbohydrates: 60,0 g (Ki slcv and Bar-Yosef 1988: 176). 

3. Once the importance of the different plant species in the subsistence of each period has been 
defined, the agricuhural land needed for the production of the yearl y per capita food resources 
can be established, if the fo llowing factors are considered: 

3.1 . In the first place, one has to take into account that , in the case of cereals, traditional grinding 
techniques imply a 30% loss of the ori ginal seed weight. 

3.2. Also, the stored seed volume ass igned 10 the sowing of the nex t year has been considered 
in the calculations. The producti vity indexes calculated for dry-farming are J:6 for cereal, and 
I: 16 for legumes. in the case of wet-farming the indices are I :20,8 for cereals, J :25 for Vicia 
and around I :33 for peas, va lues which have to be added to the annual subsistence needs of each 
person (Molina Cano 1989; Fern! 1979; Garcfa Romero 1941 ; Fornes 1983; Sanchez Gavito 
1979). 

3.3. The soil producti vity ind ices for each considered plant species are obtained from the present 
day know ledge on the tradit iona l ag ri culture of southeast Spa in, before more intensive 
technologies, such as dripple irrigation or plastic protections, were introduced. Soil fertili ty was 
probably higher in the past, but grain quality, preservation of crops aga inst di seases, grain 
storage facilities and agriculturaJ technologies are higher in modern times. Therefore it is not 
probable that the obtai ned va lues over-estimate past agricultural terri tories. 

The land yield indices for dry-faming are: 

-Honlel/m vulgare = 700 kg/ha (MeA proY. Almerfa 1982: 60; Fern~ 1977: 142). 
-Trilicum Sf). = 400 kglha (MeA prov. Al merfa 1982: 60; Ferrc 1977: 142). 
-Viciafaba = 2000 kgnla (Sanchez GaYito 1979: 196). 
- PiSlI1II satil'lIl11 = 2000 kg/ha (Sanchez GavilO 1979: 196). 

The land yield indices for wet-faming are: 

-Hon/eum vulgare = 2500 kg/ha (MeA prov. Al rnerfa 1982: 52). 
-TriliCl/III ~'p. = 1500 kg/ha (MeA proY. Almerfa 1982: 52). 
- Viciafaba = 3000 kglha (Sanchez Gavito 1979: 196) . 
. Pi.wlII salil'lIl11 = 4000 kglha (Sanchez Gavito 1979: 196). 

3.4. Tradit ional dry farming in southeast Spain implies that each year of culti vation is followed 
by an average of two fallow years, which are needed to recover soil fertility. This implies that 
the amount of land needed for the dry-fanning ccreal production has to be multiplied by three: 
one third of land is culti vatcd, while two thi rds are left fa llow and can be used as graz ing areas. 

3.5. Finall y, the location and extension of the agricultural territories depends on the culti vation 
strategies used in each period. These have been evaluated in view of the existing carpological 
data, isotopic analysis on seed material , archaeological evidence of agricultural infrastructure 
(hydraulic systems) and hi storical documents. Nevertheless, the agricultural territories of each 
period have been calculated consideri ng two different types of scenarios. The first considers a 
situation where all crops are obtained through dry-farming, while the second considers that 
irrigat ion was applied to cel1 ain plant species, according to the above mentioned ev idence. 

These reconstructed agricultural strategies are the follow ing: 
a. From the Neolithic until the Phoenician 11 period the ex isting evidence suggests that legumes 
were culti vated on more humid so il s due to natural fl ooding or with limited infrastructure for 
ocassional irrigation . On the other side, cereals seem to be culti vated under dry farming. This 
agricul tural strategy is supported by isotopic analys is (Araus el af. 1996) and the morphology 
of the cerea l grains (Stika 1 98~; Hopf 199 1). 
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b. From the Imperial Roman period onwards it is suggested that legumes and wheat were 
cu lti vated be means of more or less developed irrigation systems, while barley remained typical 
dry farming crop. This is suggested by the importance of wheat during these periods, as shown 
in the carpological data of Villaricos and Cerro de Montroy, the archaeological evidence in the 
Iberian Peninsula and north Africa (Shaw 1982; Hitchner 1990) and earl y medieval hi storical 
documents of southeast Spain (Yelo et af. 1988). 
e. From the Nazarine-Morisco period (c. 1250- 1600 AD) until modern times no carpological 
information is avai lable. Subsistence production and agricultural territories are established by 
means of hi storica l data. The Libro de Repartimento of Turre gives a precise idea of the 
agricultural situation in the lowlands during the late medieval period , while the Libra de 
Reparlimen/o ofTeresa allows us to reconstruct the culti vation strategies of the terraced Cabrera 
slopes. The 18th , 19th and 20th centuries are documented by further written evidences. as 
mentioned above. 

The relation between seed weight and each sedimentary unit of the stratified settlement of Galas 
allows us to evaluate the changing importance of the culti vated species through the different 
chronological periods. 

3.7.4. Analysis of meat production from fauna) remains 

Faunal data coming from archaeological sites represents an important source of information in 
order to determine the role of animal resources in the human diet and the importance and 
organisation of husbandry and hunting pract ices in past economies. Here the analysis is based 
on the weight of the recovered bones, rather Lhan on the number of remains, which is the usual 
archaeo logical way o f presenting the data , but which depends more on depositional and 
postdeposit ional factors, and does not correlate with the protein contribution of the different 
animal species to the human diet. The proportion be tween bone and meat weight is 
approxi mate ly 1:7 (Driesch 1972). The majo r consumed animal species contribute in the 
following way to the human diet (per lOO g) (Pyke 1970): 

- 80S (cattle) = 33).6 Kca); 16,7 g proteins: 28,8 g fat. 
- Ovis-Capra (sheep and/or goat) = 310 Keal; 15,4 g protei ns; 27.[ g fat. 
• SIIS (pig) = 425 Keal; 13, I g proteins: 4) ,0 g fat. 
- Cervus (red deer) = 3 1 0 Keal: 15,4 g proteins; 27. 1 g fat. 

The relation between bone weight and each sedimentary unit of the stratified settlement of Gatas 
allows us to evaluate the changing importance of husbandry and hunting strategies through the 
differcnt chronological periods. 

3.7.4. Analysis of wood exploitation from the charcoal remains 
The assessment of the human exploitation of trees and shrubs was undertaken by means of 
carboni sed wood remains coming from the multiperiod settlement of Galas and other sites located 
in the Vera basin. The mai n requirement is that the charcoal remains are collected systemati cally, 
using wet and dry sieving devices. As all wood species are affected by the same deposilional and 
post-depositional processes, the assumption is made that there exists a correlation between the 
number of identified fragments per sedimentary unit and the degrees of wood exploitation. 

Thc charcoal fragment density in each sedimentary unit of the stratified settlement of Gatas 
allows us to evaluate the changing importance of the species and of wood extraction strategies 
along the different chronological periods. 

3.7.5. Analysis of wood exploitation from the charcoal remains 
The assessment of the human exploitation of trees and shrubs was undertaken by means of 
carbonised wood remains coming from the multipcriod settlement of Gatas and other sites 
located in the Vera basin. The main requirement is thar the charcoal remains are co llected 
systematically, using wet and dry sieving devices. As all wood species are affected by the same 
depositional and post-depositional processes, the assumpti on is made that there exists a 
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correlation bet\Veen the number of identified fragments per sedimentary unit and the degrees of 
wood exploitation. 

The charcoal fragment density in each sedimentary unit of the stratified sett lement of Galas 
allows us to evaluat.e the changing importance of the species and of wood ex traction strategies 
through the different chronological periods. 

3.7.6. Sodo-ecological evaluation of the relationship between economic production 
(mainly agriculture) and natural resources 
One of the approaches developed in the Aguas Project in order to evaluate the social and 
economic impact on the environment is a calculation of the relationship between agricultural 
needs of given populations and the ava ilable resources in the regions chosen for human 
settlement. This relationship between the availability of natural resources and socio-economic 
needs can be approached through GIS-based modelling. For the purpose of the project, a 
modelling procedure has been developed that allows us 10 evaluate the possible environmental 
impact of agricultural production in the Aguas valley (fig. 3). The modelling is done in two 
steps: firstl y, maps arc calculated that specify the attractivity of the environment as a function 
of agricultural potential (obtained through 3.7. 1.) and ease of access to the land. Secondly, the 
supposed zone of culti vation is mapped assuming that human groups will use the land that is as 
attractive as possib le, i.e. the land with the highest production potential and at the shortest 
possible di stance from the settlement . 

The Attractivity Index that fonus the basis of thi s modelling is a multiplicati ve index of land use 
potential probabilities and a normalised distance index, and can be written as: 

where 
A = piLi (J • (DID_ f ) 

A;:: attractivity index 
p(L) ;:: land use type probability, measured on a scale from 0 to I 
D ;:: di stance, measured in hours of walking, and 
D ... ::; the maximum poss ible distance. 

In thi s particular case, the di stance decay is assumed to be a square function of the actual 
distance, an assumption that is commonly used for gravity models, as the travelling time wi ll 
become increasingly constraining at larger d istances from the se ttl e ment. For ease of 
calculation, Dmax is set to two hours, which means that areas that require more than four hours 
walking a day in order to be exploited will not be avai lable for cultivation. The index will range 
from values near I on locations close to the site with optimum land use potential, to 0 on 
locations that are e ither who ll y unsuited for agriculture, or are too far away from the settlement. 

The maps of attraclivity indices per settlement have been used to find the most probable zones 
of cultivation for each archaeological period. For each settlement, a calculation has been made 
of the hectarage needed to feed the estimated population (see above). Consequently, these areas 
have been mapped in the GIS, taking the highest attraeti vity indices first and then finding less 
attractive areas until the total number of hectares needed is exceeded. 

From a socio-ecological perspecti ve, the use of land with low attraclivity indices for cuJtivation 
implies a less balanced relationship between natural resources and subsistence needs. and a 
higher ri sk of environmental degradation and/or a greater input of labour in agricultural 
production. 

3.7.7. Mapping or the agricultural territories during the last 6000 years 
The mapping of modern traditional land use distribution is far from optimal, and is currently 
based on the I :50.000 mapping performed by the Spanish Ministry of Agriculture in 1977- 1978 
(Ministerio de Agricultllra, Pesca y Alimentaci6n, 1982). At the beginning of the project, not 
only were we confronted with an inadequate mapping of current land use, but al so the data on 
prehistoric land use was even less sati sfactory. The remains of palaeosols and past land 
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ex ploitation arc few and scattered, and do not allow a detai led reconstructi on of the agricultural 
territory that may have existed in the past. For thi s reason, it was decided to embark upon the 
development of a new modelling approach to the reconstruction of prehisto ri c land use patterns. 
The modelling of the agricultura l potential of the area has been performed by ana lysing the 
ecological characteri sti cs of the current (traditional) land use map (see 3.7. 1.). The results of thi s 
stati stical analys is have been used to perform a max imum like lihood class ificat ion of the 
ecological variab les involved (see 5.6 .1 .), resulting in maps of the most probable land use at a 
certain location. 

statistical.n"'y,;, 

-----_. 
.. 'im2/. ofn~ry 
~moun' of hooct.,.. 

".. Ultr.m_ / 

Iterative GIS procedure 

-.rtnlcr;yffy /mlox 
"... ~e_' 

Fig. 3: Flow chart of the procedure followed for the prehistoric land use distribution 
modelling. 

An issue not addressed so far, but which is necessary for thi s modelling is the mapping of the 
accessibi lity of the terrain: even though certain areas may have a high land use potential , they 
may not all be easily access ible from the sett lement. Walking time distances in rugged terrain 
can be approximated in GIS by means of ca lculat ing cost surfaces (a lso known as fri ction 
surfaces), which take into account the diffi culty of negoti ating the terrain . A cost surface 
spec ifics the difficu lty of traversing each grid ce ll , based on the Fri cti on factors that arc deemed 
important fo r travelling speed. In the case of the Rio Aguas Valley, the main difficul ty is formed 
by slope, as the rivers in the area are dry most of the year, and therefore will not become major 
obstacles for travel. Accord ing to Gorenflo and Gale ( 1990), the e ffect of slope on travell ing 
speed by foo t can be spec ified as: 
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v = 6 e ·J.S I •• Q.QJI 

where: 
v = walking speed in kmlh 
s = slope of terrain, calculated as vertical change di vided by horizon tal change, and 
e = the base for natural logarithms. 

This function is symmetric, but slightly offset from a slope of zero, so the estimated ve loci ty 
will be greatest when walking down a slight decl ine. As we are interested in the estimation of 
time needed to go from a seulement to the fields and back, we can add the es timate for going 
down and the estimate for going up to find the actua l amount of time spent. However, an exact 
estimate is not required in thi s particular case, as we wi ll be comparing the relative accesibili ties 
of areas, and not their absolute va lues. Us ing the equation above, a cost surface has been 
consL"rucled for the study area that speci fi cs that amou nt of time needed to traverse each grid ce ll 
and go back aga in . This cost surface is used to calculate a cumulative cost su rface departing 
from each se ttl ement in the Rio Aguas Valley, which can be used as a measure of the 
accessibil ity of the area as perceived from the settlement. 

3.8. G. I.S. AND REMOTE SENSING" 
Over the past fifteen years, geographical in format ion systems (G IS) have profoundly changed 
the way in which archaeologists use and perceive geographical data. G IS has come a long way 
from being used as a tool for producing sophisti cated c3I10graphic representat ions to a more 
mat ure status as an instrument that can be used for representation, description as well as 
interpretation of archaeological and environmenta l data sets. For thi s reason, the construction 
and use of a GIS database for the RloAguas Valley has been one the primary ai ms of the project. 
It was anticipated that thi s database should be used primaril y for two objectives: in the first 
stage, a predicti ve model was made to assess the probability that new archaeo logical sites could 
be found in the area. and in the second stage, an attempt was made 10 use the G IS for the 
mode ll ing of prehisto ric land use patterns (see above). The building of the archaeo logical 
predicti ve model was di scussed in detail in the fi rst year report (Lull 1995), and will not be dealt 
with in thi s chapter. The current report will therefore focus mainly on the land use modelling 
that was done in cooperation with the UAS. 

The SPOT images used for the study area have the fo llowing characteristics: 
-SPOT 1 multi spcctral (XS) K 040 - 1257/0 acquired on 09 May 1987 (HRVI with a viewing 
angle of 25 degrees left) . 
-SPOT 1 panchromatic (P) K 040 - J25710 acqu ired on 25 Oct. 1992 (HRVI with a viewing 
angle of 29 degrees right). 
These scenes had to be geometrically corrected ill order to be stri ctl y compatible with the 
cartography used for the area, which is in UTM coordinate system (zone 30). Subsequent ly, the 
SPOT-XS images were merged with the SPOT-P image in order to enhance the spat ial reso lution 
of the SPOT-XS images. Finall y, thi s neo-image has been catego ri sed followi ng land-use 
thematics. 

The GIS database for the RIO Aguas Va lley has improved considerably the present day 
cartographic documentation of the natu ral resources and fea tures of thi s area. The introduction 
of new geolog ical and geomorphologica l information , together wi th the const ruction of a 
I: 10,000 DEM implies a significant increase in the reso lution of the datase!. The mapping of the 
presen t day soil s and vegetation however is still fa r from the des ired level of deta il. In the case 
of vegetation the destruction produced by the al ready mentioned fi re of summer 1994 in the 
Sierra Cabrera is an irrecoverable loss. 

The DEM for the Rio Aguas study region was created using the I: 10,000 topographical maps 
of 199 1, which contain contour lines at a 10 m vertical interval. The maps have been scanned 
and vectorized so they could be imported into the G IS. Apart from vectori zing, it was necessary 

" Ph. Vcrhagcn. R.A.A.P. (N L). 
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to label each contour line wi th its elevation value in order to create a digital con tour map for the 
area. The labe lling was main ly done by Dr. Niko lai Nenov and colleagues at PenPres (Sofi a, 
BG). A DEM could then be creatred by using an interpolation algorithm that assigns elevation 
values to each pixel on the map. The algorith used is known as regulari zed spli ne with tunable 
smoothing and tension (MitJ.sova & Hofierka 1993) and is incorporated in GRASS 4.1 as the 
program s.surf.tps. The algori thm tri es to fit a function through the ex isting data-points that 
most adeq uately descri bes the terrain. This type of interpolation is a fl ex ible and powerful way 
to create DEMs and yields beller results than most o ther methods. An added advantage of the 
regu larized spline illlerpolalion is its abili ty 10 calcu late grad ienl , aspect and second derivati ves 
or curvatures directly from the spline function, instead of using local neighbourhood filters. 
However, the inte rpolation wi ll never be pe rfec t as it is a generali zation of the ex isting 
topography on the basis or already genera li zed maps. Especially in the case of shap terrain 
breaks or in areas where data-points are sparse, the in terpo lat ion will be pone to errors. The 
DEM has been interpolated to a verti ca l resolution of I m and a horizontal resolution of 10 x 10 
m. 

At the present moment the G. I.S. database is based on the following thematic cartography. 
which was relevant for different research lines of the project: 

TOPOGRAPI-ty 
- Servicio Geografico del Ejcrc ito ( t970). MalXI Militar de £.~Palill 1: 50.000: \~rlI 1014. Servicio Geogr:Hico del 
Ejcrcito, Madrid. 
- Instiluto Geognifico Nacionat ( t985). Mapa '/olJOgrtiJico NaciOl/a/ de Espml(1 1 :25JXXJ: Tllrre 103/·/1. Mojticar 
/032-1, Garruc/w 1015-111. InstitUlo Geogclfi co Naeional. Madrid. 
- Junta de Andalucla (199 1). Mal)ll TopogriIjico de Am/aluclall escala I : 10JJOO: 1032 (J. I J. 1032 (1-2). 103 1 (2-
1),1031 (3-1).103 1 (2-2).1031 (3-2). 1014 (3-4),1014 (2-4). 1014 (4-4).1015 (1-4). J unta de Andalucfa. 
Consejeria de Obras Public:ls y Transp0rlcs, Direcci6n Gencral dc Ordcnaci6n del TerrilOrio. Almcrfa. 
- Verhagcn. Ph. (1994- 1995), DEM elevlltioll model at a I: /0.000 scale. bmwl oll maps prol'i(led by ,he Junta de 
AI/d(llucla, Aguas Project, DGX II . 

GEOLOGY 
- Espinosa GOOoy, J. S., Marin Vivaldi , J.M., Martfn Alafont. J .M. & Pered:l. M. ( t974). Map" Geol6gico de 
Espmla E. I : 50.000 Mojacar. tnSliluto Geot6gico y Minero dc Espaiia. Madrid . 
- Espinosa GOOoy. J. S .. Marfn Vivaldi. J.M ., Martin Alafonl. J .M. & Pcreda. M. ( t974). M"pa Geol6gico de 
&,Xlll0 £. I: 50.000 Carmellll, InslitulO Geol6gico y Minero de Espaiia. Madrid. 
- Kampschuur. W. & Garcfa Monz6n. G. ( t974). MOpll Geol6gico lie £.~p(lll11 E. 1:50.(){){) Sorba.5. Institu to 
Geol6gico y Minero de Esp:uia. Madrid. 
- Kampschuur. W. & Garcfa Monz6n. G. ( 1974), Mapa Geol6gico (le ES{J(IIia E. 1:50.000 Vera. tllstiluto Geol6gico 
y Minero de Espaii:l. Madrid. 
- Van der Schouw. S. ( 1987), Ge%gische kllllrl 1'(11/ de NO. Sierra Cabrera 1: /0.000. Unpub li shed report. 
Faculteit Aardwetenschappcn Vrije Univcrsitei l, Amsterdam. 

GEOMORPI-IOLOGY AND SOILS 
- Aguilar. J .. Fernandcz. J .. De Haro, S. & Sanchez Garrido, J.A. ( 1988), Pro)'eclO Lucdeme: Mapll (le S"elos esca/a 
1:100.000, Garrllcha-1015, Mojticar-1032, Mini stc rio de Ag ri c u[tura , Pesc:I y A lirne lllaei6n. ICONA. 
Universidad de Granada. 
- Perez Pl.ljalte, A. & Oyonartc Guticrrez. C. ( 1989), Proye(:1O Lllcdeme: MalXI de Sue/vs escala I : 100.000, Sorbas-
1011. MiniSlerio de Agricultum. Pescll y Alimcnlaci6n, ICONA. Consejo Superior de Investigaciones Cicntfficas. 
Granada. 
- Dclgado Calvo-Florcs, G .. Delgado Clltvo-Rores, D., Parraga Manfncz, D. Gami z Martfn. E .. Sanehcl Maraii6n. 
M .. Medina Fernandez. J. & Martfn Garcfa. J . M. (1991 ). Proyeclo Lllcdeme: Ma/HI de SI/e/OS esca/ll I: 100.000. 
l~ra-IO/4, Minislcrio dc Agricultura, Pcsca y Alimcntaci6n. ICONA. Universid:ld de Gr:lllarJa. 
- Schutte, L. ( 1994- 1996) Geomorplw/ogica/ map of the AglI(IS I·alley, Aguas Project. DGX tl. 

LAN D USE 
- Ministcrio de Agricultum, Pe$ca y Alime nlaci6n ( t982), Era/llacio" (le Recllrsos Agrarios: /!1apa de cllllivos y 
aprOl'echamiel1to.~ 1:50.000 Garmc/w 10/5. SorbaslMoj/icar 103111032. Vera 1014. Mini sterio de Agricultum. 
Pesca y Al ime ntaci6n. Subdirecci6n General de Producci6n Vegctal, Madrid. 
- Hcrget. W. ( 1994- I 996). ulIId use alld hydraulic stl"llctllres map of the Allofti catchmellt , Aguas Project. DGXtl. 
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3.9. MODELLING " 
The modelling framework and it s epistemologica l basis is consistent with prev ious work 
(McGlade 1994, 1995) in that it argues for a hierarchical scalar approach 10 questions of social 
natural dynamics. All model characteristics of socio-cultural phenomena are necessaril y both 
incomplete and contingent ; we need a variety of model scenarios at different temporal and 
spat ial sca les, and the representat ion of the soc io-natural sys tem al diffe rent levels of 
aggregration. Only in thi s way can we deal adequate ly with the quest ion of complex ity. Thus 
we can investigate poss ible dynamical trajectories to which soc io-natural systems may have 
been prone. More spec ifically, we are interested in examining the role of social, political and 
environmental factors in the s truc tu ri ng of prehi storic land-use dynamics. Since the 
observational scale at which these phenomena are investigated is a cruc ial aspect in their 
interpre tation , a me thodology has been devised so as to encompass a va ri ety of scalar 
representations. 

The integrated multisca lar modelling framework (MMF) is conceived as a knowledge base with 
a functional hierarchy of three semi-autonomous levels (micro, meso and macro), and accessed 
by means of a nested set of windows environments. These are initially constructed utili zing two 
object oriented modelling envi ronments (STELLA and VenSim) which are linked by nonlinear 
di ffe rential equations. Results are exported to EXCEL for further stati sti ca l ana lysis. The mode l 
structure is des igned to be 'semi-decomposable' so that specific sub-sets of the global model can 
be isolated for analytical purposes. The user can interact with the system at the level of tex t, 
global dynamics or parameter exploration. At an operational level, the proposed integrated 
modelling structu re involves three procedures: 

Level I: mapping - establishing the boundary domai n of the model and the selection of the 
rel evant state variables appropriate to the spec ific problem set; 
Level 11 : construction of mathematical relat ionships - es tabli shing the primary causa l 
connect ions of the se lected variables and converting them into formal mathematical logic. This 
invo lves their realisation as coupled sets of nonlinear differential equations; 
Level Ill: simulation and sensitivity analys is - the exploration of dynamical reg imes to which 
the total system is prone. In addition, thi s invol ves establishing viable parameter ranges for the 
variables. so as to determine which ones exhibit resilience to perturbat ion, and which ones are 
highl y sensitive to such pert.urbation. 

I' J. McGladc. Granfics Universi ty (U K). 
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4. THE CASE STUI)Y: THE MII)I)LE ANI) LOWER AGUAS 
The editors, Ch, French & A. C. Stellellsoll. 

The Ag uas Proj ect focuses o n the area comp rised o f the Ag u3s ri ve r to the no rth , the 
Mediterranean sea to the east, the Rambla de Chozas to the west and the peaks of Sierra Cabrcra 
to the south. in Almeria prov ince (southeast Spain). This spatial un it covers a surface of 100 sq . 
km that has to be organised inlO meaningful units, depending on the scient i fi c goals defined by 
each or lhe di sciplines involved in the project. 

In thi s reg ion the ai m is to understand the fu nctioning o f the soc ial and natu ral spaces o f the 
midd le and lower Ag uas ri ver from the no rthern watershed o f S ierra Cabrera down 10 the 
coastl ine. This means a height difference from 9 18 (Cerro del Arraez) 10 0 III above sea leve l in 
a distance o f less than 10 km. This fact g ives an idea of the geological , geomorpho logicaL 
vegctational , hydro logical, micro climatic and socioeconomic variabi lit y that we can expecl to 
find in our study area. Contrary to the pos itio n held in many of the neo- and paleo-ecolog ical 
studies on southeast Spain . whe re aridity is presented as a constant vari able, the divers it y o f 
soc io-natural condi tions is a characteristi c fea ture both in time and space. A clear definitio n of 
thi s diversity is sti ll lacking, as the rcl atio nship between the natural and soc ial vari ables is still 
poorl y understood. Tackling thi s aspect and analysing the resilience o f s1lch a di versified socio­
nat ural system are probably the most complex objec tives of the project. However, thi s is a po int 
that has to be faced in order to take into account why an apparentl y arid reg io n was the stage o f 
some of Ihe mosl important demographic and soc ioecono mic developments o f the western 
Mediterranean at different periods during the Holocene. 

4.1. Climatic conditions 
The lower and middle Aguas is silUaled at the heart o f what today is ca ll ed arid south-east Spa in . 
It is characteri sed by a highl y irregular and unpredictable rain f'lll and constant temperatures 
(Geiger 1970; Capel \990). Often mo nths and years with high levels o f rainfall can be fo llowed 
by others of ex treme aridity. Los Gallardos, the meteorolog ical statio n nearest to the Aguas 
ri ver, suffered during the period from 1961 to 1991 its driest year in 1964, wi th 93 mm rainfall , 
and its wettest year in 1989 with 12 12 mm. This shows that the mean rainfall over these 30 
years. i.e. 254 mm. is o f litt le va lue if we wan t to understand the socio-natu ral dynamics o f the 
mid and late Holocene period. Whi le torrenti al events are the most wide ly di scussed , by far the 
most frequent rains are of low intensity and have littl e inOuence on so il s, but might be impo rt ant 
for the ex istence of the vegetation. Furthermore. g iven the scarcity o f meteoro log ical stat io ns, 
liltle is known about the intra-regional variability of rainfall. In view of the strong topographic 
diffe rences desc ribed above, thi s vari abili ty is o ne o f the factors to be analysed by the Aguas 
Project. The res il ience o f many social and natural systems that developed during prehi stori c and 
hi storic times might have been highl y dependent on the differential rainfall in the lowlands and 
highlands. on the yea rl y pe riodicit y a nd o n the peri od icit ies o f ra infa ll du ri ng the main 
vege tat io n peri ods Apr il -Se pte mber (agri c ultural de mand) and humid pe r iods Oc to be r­
February (recharge of the aquifers). The temperatures are a more or less constant variable with 
a yearly periodicity under the present day climatic conditions of the coastal regio ns. Using again 
Los Gallardos as an example ( 120 m above the sea leve l), the an llual means Ouctuate o n average 
between 16 and 23 0c. January tends to be the coldest month with an average temperature o f 
12.3 °C, wh ile August, the hottest month , reaches a mean value of 29.6 0c. 
One of the most debated aspects of envi ronmental research in the western Medi terranean is the 
question of the climatic lluclll ations during the Holocene period. While some ev idence indicates 
thatlhese lluctllations existed (e .g. Rohdenburg and Sabelberg 1972; Zazo el al. 1993), the dating 
and interpretation o f this data is not yet clear. Especially with regard to the botanical infonnatio n, 
a great part of the observed variability does not have to be ex plained in terms of climatic changes. 
as was considered until recently, but can rather be seen as the result o f a speci fic socio-natural 
co-evolution affecting the micro-cl imatic conditions (May el al. 1992). Therefore. in the contex t 
of the Aguas Project, thi s question is to be addressed through an interdi sciplinary approach, in 
which also mi nor temporal and spatial d ifferences should be considered. 
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4.2. The geological background and the gcomorphological dynamic 
The Preneogene formations are represented today by the Sierra Cabrera, which is part of the 
inner zone of the Cordill era Bctica. In general terms, this area is constituted by the tectonic 
superimposition of diffe rent sloping layers from alpine collisional tectonic processes, bas ically 
the convergence between the Eurasiatic and African plates. The structuring of these Betic layers 
seems to have concluded in the post-Serravalien phase, corresponding to the middle Miocene 
(Groupc de Recherche 1977). Geological studies (S imon 1963; Nijhuis 1964; Bicker 1966; 
Rondeel 1965; Helmers and Voet 1967) have differentiated four mai n tectonic complexes on the 
basis of the different ia l degree of metamorphisat ion of the materials and the nature and depth of 
their series (Nevado-Fihibride complex, IlItermediate or Ballabol1o-Cuclwr6n complex, 
Alplljdrride complex, Maldgllide complex). 

In the Middle and Lower Aguas, we are mainly interested in the Alpujarride complex, which 
constitutes the major part of the Sierra Cabrera. Its Palaeozoic base is formed by schists with a 
high composit ion of mica. Marble and quartzites are also present in small quantities. This base 
is covered by layers dmed in the Perrnotri asic and Triasic, which are mainly formed of filites 
with intercalations of quartzites, over which carbonated material s (l imestone, dolomite) , filites 
and gypsum can be found. In the Triasic levels it appears as an important intrusive deposit of 
micro-gabros. Furthermore, some remains of the Maldguide complex are present at the margins 
of Sierra Cabrera. where they overl ap with Al pujarride materi als because of tectonic activi ties. 
These relics are formed of schist, limestone, dolomi te, sandstone and argilite (map 5). 

RIO AGUAS PROJECT 
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Map. 5: Geological base of the Aguas va lley. 
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These Preneogene formations and their materi als form the basis for the Tertiary aJld Quaternary 
eros ive and sedimentological processes. The Ncogcne is characteri sed by intense tectonic 
movements that led to the emergence of the present day sierras, as well as to the appearance of 
trenches that allowed, together wi th oscillat ions in the sea level, the formatio n of the 
sed imentary bas in s, like those of the Aguas valley. This led to a ltern at ing layers of 
conglomerates, sandstones and pelites, due to marine and continental sedimentation (Volk 
1967a & b). During lhe Mess in ian event , corresponding to the Younger Neogene. more shallow 
conditions have been documented in the basins. A combination of cl imatic, eustatic and tectonic 
movements resulted in a drastic lowering of the sea level and sporadic drying out of the Aguas 
valley (Koll ing 1985), although this aspect is still debated. The clearest consequence of thi s 
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episode of partial or total desiccation was the massive deposition of evaporites (gypsum), which 
fonned large deposits in the higher Aguas and had a remarkable influence on the environmental 
conditions of the lower parts of the valley, specifically with respect to vegetation and hydrology. 

During the Quaternary, success ive periods of excavation and deposition resulted in different 
relief formations as pediments, glacis, ri ver and beach terraces. Most of these deposits were 
cemented at the top by calcium carbonate. preventing their tota l erosion in many areas. The 
Quaternary morphostratigraphy has been studied in the Almanzora (Wenzens 1991 , 1992a & b) 
and the Antas catchments, both located to the north of the Aguas (Schulte 1994, 1995). In thi s 
sense, it is of great interest to establish the morphological sequence of the middle and lower 
Aguas, in order to understand the Quaternary climatic, nuvial and tectonic dynamics, including 
differentiation of warm and cold periods. 

4.3. Hydric regime 
The aqui fers seem to respond to these climatic changes, representing an important feature in 
holding back the water resources and distributing them over long periods of time. Up to date, 
hydrological studies based on long-tenn measurements are practically nonexistent in southeast 
Spain (there was only one hydrological measurement station in the Aguas valley working for a 
short time) . Most of the data on the response of the fluvial system after torrential events is 
provided by concrete observations of the local populations, with the inaccuracies thi s type of 
data includes (Capel 1990). On the Olher hand, the ri vers of the southeast are usually described 
as ramblas or intemlittent water courses that remain dry over most of the year. While thi s is true 
of the lowlands, the water now in the sierras seems to be higher, although no reliable data is yet 
available. Only through the setting up of a gauging station in the tributary of the Aguas called 
Rambla de Anon! or Rambla Ancha, is it possible to understand the functioning of the aquifers 
and to define quantitatively the available water resources. 180 and tritium analysis undertaken 
have shown that the Triasic aquifer of the Sierra Cabrera is recharged by the rain fa lling in the 
high areas (Carull a 1977, 1979). The transition time between rainfall and outcrop of the water 
is relatively short, and has been estimated to be between several months and two years. Further 
isotopic analysis on the solid phase is expected to gain insight into the temporal dynamics of the 
climatic and fluvial system. 

4.4. Soils 
The Aguas valley of today is characterised by exposed soils, dry, deeply incised gulli es or 
barrancos, and large, irrigated areas of fruit trees. The topography varies from steep slopes in 
the Sierra Cabrera to terraced valleys, di ssected by deep gullies and leading across gentle slopes 
to the wide and meandering floodplain of the Aguas river. 

In many cases, there is Iiltle or no so il surviving, especially on the middle and upper slopes of 
the Sierra Cabrera. Here, erosion of the bedrock marls and schists is predominant. Each storm 
event generates new rock and sediment debris. some of which accumulates on the terraces at the 
base of the steep slopes, and some of it which is carried downstream and downslope in the 
gullies and evenlUaJi y into the Aguas system. 

The soils on the cultivated and abandoned terraces are dominated by calcareous silt loams with 
varying amounts of rock rubble. These soil s are highl y susceptible to erosion and movement 
over short and long di stances, especially if the fields are not maintained and used. Nonetheless, 
their very calcareous and friable nature makes them relati vely fertile as long as they are irrigated 
and retained by terrace walls. Overgrazing. frequent burning off and neglect lead to vegetation 
loss, the formation of surface crusts and new gully formation after rain storms, all of which 
begin the process of deterioration and erosion. 

The lowermost slopes adjacen t to the Aguas ri ver are probably the most stable part of the 
environment. Nevertheless, these areas are subjec t 10 some accumulation of fine soil materi al 
from upslope, recent gullying, modern drainage acti vities and the dumping of rubbish, as we ll 
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as the urban spread of towns such as Turre. Because of these pressures, the land and soil in these 
areas tends to be seriously under-utili sed for arab le crops and fruit crops. 

4.5 Vegetational dynamics 
The extreme aridity of much of the Provi nce of Almerfa has resulted in the area be ing described 
as a semi-desert wi th a mediterranean vegetation that is sufficiently di sti nctive for it to be 
class ified as a spec ial very arid variant within Iberi a (Peinado et al. 1992). 

A broad classica l vegetation classi ficat ion provided by Ri vas Martinez (1987) shows that for the 
lowland areas of the Vera Basin the vegetation can be class ified as a Thermomediterranean 
ZizyphelO 100i sigmewm (32b), with the foo thill s of the surrounding mountains classified as a 
semiarid C/wmaeropo - Rll(lmlleto Iycioidis sigmelwl1 (3 1 a). The only other vari ant is restricted 
to the highest P;:U1 S of the Sierra Cabrera (> 700 111) where a community of SlIIilaci l1lauretclllicae 
- Qllercelo roullldiJofiae sigl1letlll1l (27b) dominated by Querclt:) cocc~rera occurs. 

At the present day, there are about 2000 species in the Middle and Lower Aguas and the Sierra 
Cabrera, which represents approx imately 40% of all the botanic species known in the Iberian 
Peninsula. This richness is due to the pedological and climatic variability of the area. The lowland 
al lu vial plains of the three major rivers runn ing through the Vera Basin have long been culti vated 
for cereal and other irri gated crops, e.g. legumes. Natural vegetat ion is restri cted to fi e ld 
boundaries and other inaccessible areas and consis ts mainly of esparto grassland (Lygellm 
spartwll) and dwarf aromati c shrub and herb communities (tomillares) with 71'YlIIllS, CicJ/Orium 
illlybus and Borago. In the river valleys, most of which have an ephemeral water supply, grow 
Phraglllires {Illstralis, Tall/arix gallica , Cylisus sp., Holosciloelllls, Polypogoll and Arremisia, 
with Artllldo dO/lax occasionally planted. The flatter, drier port ions of the ephemeral stream beds 
are often dominated by 71/)w/e1aea and aromatic shrubs like Thymus, LlIvalldula and Roslllarilllls 
together with esparto grass. Trees arc generally abscnt from the alluvial plains apart from those 
that result from deliberate crop planting, e.g. Cerarollia siliqlla and groves of Fictls carica. 

The foo th ills of the Sierra Cabrera have been terraced extensively, a lthough a significant 
number have been subsequently abandoned, for irrigated cult ivat ion of Citrus, Pomegranate. 
Olive and Almond trees. Natural vegetat ion is restricted to the marg ins of fi elds and abandoned 
terraces and consists of esparto grass and aromatic shrubs like Thymlls, Lygelllll spar1ll1ll. Ci:u/ls. 
Tuberaria , ZizypJws, RlwI1IIIllS alatemus , CJUllllaerops tWlllilis, AspllOdelus, Gladiolus and 
HypericuIII sp. The deep barrancos that drain the middle portions of the Sierra Cabrcra have a 
more benign environment and a number of pines chiefl y Pi/illS twlepellsis, grow within the river 
va lley together with a number of taller shrubs like Pistacia lel11iscus. Cytisus sp . and grasses like 
Phragmites austrafis. The upland port ions of the Sierra Cabrera (> 700m) are dominated by a 
fire-der ived, low· lyi ng Querclls cocci/era woodland with species like CistllS ladani/er, 
Satureja. The two upland alluvial basins here are dominated by a seasonall y fl ooded grassland. 
In isolated locat ions experiencing a more benign envi ronmental regime there are isolated stands 
of Querclls sllber and in some of the deep ri ver gorges occas ional Qlterclls/agillea trees (LalOrre 
and Latorre 1996). 

The internal dynamics as well as the spatial variabi li ty of these associations are still poorl y 
understood. One of the aims of the Aguas Project is to approach the botanica l conditions of the 
region from a multi -temporal perspect ive, in order to define the hi storical ci rcumstances that 
have determined the present day territory and to understand the resilience of such a system. 
Southeast Spain is still a terra incognito from a palaeo-botanical poin t of view, where the 
importance given to vegetation in most environmental and archaeo logical studies is nOI 
supported by a solid database. 

It is clear, that the vegetat ion of the region has been heavi ly modified by human acti vity since 
prehistoric times. Indeed some cont roversy exists over whether the region ever had a substantial 
forest cover or not. Castro Nogueira ( 1982) favours the con tinuous absence of forest cover 
throughout much of the Holocene, whereas Latorre and Latorre ( 1996) frolll et lmohistorical and 
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archival investigations suggest that woodland cover was once more extensive and has been 
signi ficantly reduced as a resu lt of the nineteenth century increase in min ing activ ities in the 
basin. The evidence from Roquetas del Mar (YU et al. 1994) does indeed suggest the presence 
of Holocene Quercus rO/lIlldijofia IQ. coccijera woodlands but these disappeared around 5000 
BP and little indication of ex tensive woodland cover is found subsequently in the pollen profile. 
While the undated pollen core extracted from the floodplain of- the RIo Aguas within the context 
of the current projcct demonstrates a envi ronment that has been without a signi ficant woodland 
component during its depos ition. 

RIO AGUAS PROJECT 

land use map 

Map 6: Present day land·use in the Aguas vaJley. 
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5. SOCIO·NATURAL INTERACTION DURING THE LAST 6000 YEARS IN THE 
AGUAS VALLEY 

5. 1 CLIMATIC CHANGE 
1. Buikslra, L. Dever, Ch. Hagedorn, L. Hoshower, 1. Piitzold, L. Schuile & C. We/er. 

5.1.1 . Quaternary morphodynamic and climatic change in the middle and lower Aguas 
(results oC 3.2., 3.3.1., 3.8.)16 
In order to understand the climatic changes of the last 6000 years it is of prime importance to 
develop a general model of the climatic dynamics in the Southeast. In the lasl decades the 
importance of regional va ri ati ons of g loba l c limat ic cond itio ns and the di ffi cul ty of 
extrapolating results from onc region 10 another have become clear (Rohdenburg and Sabelberg 
1972). The geomorphologicaJ study of the Aguas (map 7) allows us to determine the general 
climatic dynamic in combination with tectonics, ri ver capture and eustatic fluctuations since the 
Pliocene/Ple istocene transition (c. 2400 kyr BP). 
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Fig. 4. Longitudinal section of the lower Aguas valley. 
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The deposi tional morphology of the Vera bas in covers from the Vi llafranchien until the 
Holocene and is characteri sed by the installation of three river systems (Rio Almanzora, Rio 
Antas and Rio Aguas) and its relation with climate changes, river capture and the Mediterranean 
base level. The chronology of the Rio Aguas, based mainly on morphological, sedimento logical, 
edaphological criteri a and Uffh dates, has been classified as fo lJows (fi g. 4): 

Villafranquien: - pediments P I 
- alluvial fans S I and S2 
- glacis G I and G2 

Middle Quaternary: - nuvial terraces T I, T2a, T2b and T3 
- giacis G3 

Late Quaternary: - nuvial terrace T4 (WOrm) 
- flu vial terraces HI , H2, H3 and H4 (Holocene) 

On the ground of corre lations between the deposits of the Rio Aguas, Rio Antas and Rio 
Almanzora it is now possible to establish the morphostratigraphy for the whole of the Vera 
basin. This deta iled morphodynarnic analysis turns the Vera basin in one of the best studied 
regions of the fberi an Peninsula (fig. 5). 

16 L. Scgulte, Universidad de Barcelona (ES). 
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Fig. 5. Morphostratigraphy and chronology of the Vera and Sorbas basins. 

rhis detailed morphological and edaphologica l stratigraphy allows us to make a further step in 
he long term palaco-ecologica l reconstruction of the Quaternary climatic cycles in the Vera 
Jasin. The ev idence compleme nts the results obtained by recent pollen ana lysis (Zagwijn and 
)UC 1984; Pons and Rei lle 1988; Burjachs and Jul ia 1994; Pantalc6n-Cano ct al. 1996) and 
)xygcn isotopes studies on deep sea cores (Ross ignol-Strick and Palanchais 1989; Bertholdi er 
r/. 1989; Combourieu and Vcrgnaud 199 1) in the western Mediterranean. 
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Lower Pleistocelle 
Thc upper Pliocene and the lower Pleistocene include periods of extreme aridity, as well as of 
humid ity (fi g. 6). Mainly the well developed red fers iall itic soils (redness rating up to 15; 
compare Hurst 1977) have to be ascribed in the ir genesis to a sUbtropic seasonal wet and wann 
type of climate. The same holds for the rubification of the loose sediments in the alluvial fan 
(S I) and glac is (G2) of the lower Pleistocene. On the contrary, the upper Pliocene pediments P I 
might correspond to arid cl imatic condi tions with reduced weathering and an extremely 
irregular rainfall . A few torrential events led to catastrophic floods, removing coarse material 
which eroded hard rock surfaces without foss ili sing them. The synsedimentary calcrete o f the 
glacis G I, dated with an Urrh date older than 350.000 BP (sample AG_4 15) '7, also indicates an 
arid climate, where phases of high energy transport alternated with periods of low water fl ow 
and high evapotranspirat ion (Wenzens 1992b). In general, the lower Pleistocene cl imatic 
oscillations can be understood more as hydric than as thermal nuctuations. In agreement with 
the we ll developed red soi ls and isotopic variations of the western Mediterranean it can by seen 
that the mean annual temperatures of thi s period seem to have been higher than during the 
middle and upper Pleistocene (Bertoldi ct al. 1989; Combouricu and Vergnaud 199 1). 

Middle PleislOcelle 
With the start of the middle Pleistocene the climatic contrast between cold and wann periods 
increases (fig. 6). With the Glacis G3 of the ri ver Antas !.he first compact, cold period terraces 
appear. which correspond to a braided gravel ri ver-system (the same is the case in terraces TI and 
1'2 of the Rio Antas and terraces 1'3 and T4 of the RIo Aguas). On the contrary. glacis G4 (RIO 
Antas) and glacis G3 (RIO Aguas) have to be ascribed to interglacial or transitional periods, due to 
their low discharge dynamic and, partially, to the included soi l fonnation. In general, lemperamres, 
but mainly rain fa ll during the middle and younger Pleistocene are not suffic ient any more in order 
to aJlow the fonnation of well developed red mediterranean soi ls (Schulte 1994, 1996). 

Upper PleislOcene alld Holocene 
Final chronological defi nition of the last climat ic cycles is still dependent on the absolute dates 
being processed at the moment (fig. 6). The cold period terrace T3, predated 83.ooo±20.000 BP. 
by IERSL (Couny el al. 1994), of the Rio Aguas can be ascribed to the penultimate glac ial 
period, i.e. the isotopic stage 6. The last warm period is represented in the Vera basin by the 13 
m-beach terrace formed during the last interglacial sea level max imum (stage Se?). The red soi l 
with pedogenic calcrete, which covers this marine terrace, must be younger. Pendant in the 
middle Aguas valley has been dated 83 .000±20.000 BP by IERSL. Therefore, it is poss ible that 
during stage Se in the Vera basin could have existed warm and dry conditions, similar to those 
of the present Holocene period, wh ile the fo llowing transitional period, stage 5d to Sa, was 
characteri sed by seasonal wet climate. better suited for so il formati on. 

The travert ine formation observed in the middle Aguas al so corresponds to stage Sa, although 
its main formation process falls in stage 3. In principle. today the formation of travertine in the 
extreme semi-arid southeast Spain is understood as an indicator of humid phases with higher 
spring water now. The development of travertine in the Rfo Aguas was probably limited or 
interrupted during the stadial, co ld-torrential (?) isotopic stage 4. 

After the wetter stage 3 climate seems to experience a temperature decrease and a reduction or 
rather an intensification of rainfall . Stage 2 is re lated to eo lic sands and the format ion of deluvia l 
locss, which indicate a dry climate. According to the malacology of the loess profile from Velez­
Rubio (Almeria) temperatures mllst have been much lower (Brunnaker and Lozek 1969). This 
is .t1 so documented by the lowering of wurmian snow limit in Sierra Nevada (> 1.000 m). 
During maximal glac iation temperatures must have been at least 6.1 0 C lower. To thi s period 
corresponds the nuvial terrace T4 of the RIO Aguas. The braided gravel ri ver had a high water 
discharge. Next to the innuence of a periglac ial dynamic, an intensificati on of sporadic rainfall 

11 These dutes were obtained thaks to the collaboration of Dr. Juli:i (Inslilul de Ciencies de la Tierra "Jaurne 
Almera"-CS tC). 
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under conditions of increasing aridity, as has been documented in the pollen profil es from Padul 
and Carihuela (Florschlitz, Menendez and Wijmstra 197 1; Pons and Reille 1988; Carri6n 1992), 
also seems to have played an important role. 

Chronology 

SCHULTE, L (1996) : Quatemal)l development of the Aguas valley 

E~~~mm.''---~'';;_.;;;;;;~~'';;;;-------'~d .. _-~;--------:::::==::::=----j ... _ace I ~ and pedoIogicel a Pal&&OO'lnYifQM1&nt 
!emperatw.'" evid&neell (ye;n a .p .) 

,,",_AZtanlic 
(cotfI V2l-82) ( oC)' 

5 10 1~ 

Immatu,od """ ,om .. I · 1V .01..0 ' 

P:o,,,,endsino ",,10: . 5.000 · 4 .~8.P_ ~I 

Holocene St.I ------r:: FI.matI_ Hl , m, 
i--!~""''''--+--IO ~ .. ------.J _-\-______ ..:...~-~-~-~-~T"."-"-,,~'___ __ 
• • • u 
0 -• -• -.. 
-• 

Main 
Wilrm 

: .~~---
~~::". 

: -Ys~:;,: 

F!vviiIIIemIce T .. ( T2). bgr 
0eI1Mal_ 1 

<IriIting sand 

,"",m and a,.. 

-

.. Early 
WOrm 

- ~: -;,~-
Redf ..... llitic_ 

(conttiM) 

Reel pl!tlIr!lnd'Oina 113.000 o. 20.000 (IRSL)" 
~ ""1Iey) warm a"" .... ..,...1 ....et 

> 

'" « 
z 

'" W 

t-
« 

" 0 

. Jto •. ~_ 
.. 
" ,.m 120 Se "l: 

H--+--...l-
? SlageS • R., 

• • u 
o -• -• -.. 
• -
~ 
~ -
2 

FkMaI terrace T3 (TI) . bgr 

Anras valley 

,~­

--~.~ 
pO/ygenfiic GlllCill G4. mr 

Gt.d!I G3. bgr 

Rod ' ..... ial'"io ..,;I 
with p8<Iog . oak:rf1IoO 

GIacis G3 

FlLNiailemlce Tl 

>-+--+ 1110 ~--• • • u 
0 -• -• -.. 
• • • 0 
~ 

• 
I 
~ 

• • 
~ 

• 
• 
! 

GQcis G2. 
f\lbific::ation and red soils 

Alluvial fan 51, 
rubitication • • 

>--l-+--~ 2.400 - -; ------

i Pediment P1 

• • , 
~ 
• • 
• • • • • 
• • 

'360.000 ' 

' lIKI.OOO 1 
1 624.000 (ESR) 20 

---------j 

• • • 
--• • • 

1eM_1 "'''W~...".. ! 

----
warma"" __ 

all_ion 01 a W>f'/ ,,;gn 
.... ""'ra.-..p;f1IrIion_ 
tottenlial,aiMlOtmOr 

. -

• 
E 

-• > -• • • 
• -

• • 
• -• • 
E 
• -• < 
o 

li: L SCI"K.IL le. us. 199Il 

, ThIU.oatings (U-senes decay) realiled by Dt.R Juli i , C5IC. Barcelona 
1 ~ W ENZENS (1991): ESR = Electron spin rtl8OllRl'lCllll 
loo ESR date of a ~ lnIYertine of the gIacis GI ,.,...r Sitwra de Alrnagro (WENZENS 1991 ) 
I ~ COURTY et al.( l994): IRSL " Infrared stimulated kminescence 
'8!bwSANCEnA et al (1973) 

'.-.. 

~r " braided g~ mM 
mr '" meandring river 
RR = redness rating 
Gleer'. G4 ete = Morphostratigraphy of !he 
Rio AI1tas after SCHUL TE (1995) 

Fig. 6: Quaternary geomorphological and palaco-climatic dynamics or the Rio Aguas 
(with additional data rrom the Rio Aulas). 
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The beginning of the Holocene is marked by welter cl imatic condi tions than at the present day, 
as indicated by a travertine formation at the RIo Antas. Only late r, probably after 6000 BP, 
aridity seems to increase. It is important that during Holocene no red soils have deve loped, 
which implies the lack of a marked seasonal humidity, apart from (anthropogenic) denudat ion 
and accumulation processes. 

5.1.2. Isotopic studies of secondary carbonates (results of 3.1.2.1 .) '8 
The isotopic contents of the carbonate signal fluc tuat ion in the photosynthetic acti vity on the 
soils, which is a functi on depending on temperature and soi l water contents. The dissolution and 
precipi tation phases adjust to the dissolution of gypsum. The soluble product is higher than that 
of calcite and allows us to obtain an over-concentration in relation LO calc ite due to the 
contri buti on o f calc ium , which comes fro m the gy psum . Under certa in conditions of 
evaporat ion and degasification of the solution the precipitation of secondary carbonate takes 
place. Depending on the relation of carbon in the liquid and gas phase an open or a closed 
system is defi ned for the C02. A functioning in an open system corresponds to a precipi tation 
of carbonate impoverished in DC, which indicates the contribution of carbonate of biological 
origin, i.e. higher photosynthetic acti vity. On the contrary, higher I l e contents signal a tendency 
towards a morc closed system under a reduced C02, i.e. lower photosynthetic activity. 
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Fig. 7: Isotopic variations on carbonates. 

Samples obtained from sondage 2 and 4 of Gatas show a general tendency towards more arid or 
less vegetated terri tories from 2000 cal BC until 1000 cal BC. The present day top soil is 
characterised by even less photosynthetic activ ity. The anomalies observed in sondage 2 around 
1500 cal BC seems to correspond to anth ropic alterations of the sedimenls, and can not be used 
for paleo-climatic reconstruction. This is supported by the archaeological ev idence: wh ile 
sondage 4 seems to represent natural sediments, the deposits of sondage 2 fo rmed in closer 
relation to anthropogenic acti vity in Gatas. 

11 L. Dcver; Uni vcrsi!e PAris Sed (FR). 
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The stability of the relative proportion or carbonates in the samples from both profiles suggests 
the functioning of relatively homogeneous hydric conditions, which regulate the flu x of the 
quantity of material. 

These result s can be compared with the 180 fluctuations in the profiles. In thi s case reduced 180 
contents correspond to colder and/or to more humid conditions. In thi s sense it can be observed 
(fig. 7), that during the first half of the second millennium cal BC dry and/or warm climatic 
conditions existed, something which correlates well with the res ulLs obtained form isotopic 
study of marine shell s and trace e lement analysis on human bones (see below). Around 1600 cal 
BC maximum temperatures and/or aridity seem 10 have existed, which could be even higher 
than today. Samples rrom sondage 4 indicate a constant decrease in temperature and/or dryness 
until c. 1000 cal BC, which can not be detected clearly in sondage 2. The 180 content in the top 
soi ls corresponds to the present day dry and warm conditions. 

5.1.3.018 and 016 isotopes in Glycimeris shells (results of 3.1.2.2.)19 
The 532 isotopic analyses carri ed out on well dated Gl.ycimeris shells show that the mean sea 
water temperature was 0.33-0.44° C higher during the first half of the second millennium cal 
BC than today. Furthermore, it is interesting that, while the maximum yearly temperatures were 
similar or even slightly lower (-0.03-0. 11 0 C) than today, the minimum temperatures were 
higher (+0.76-0.91 0 C). This seems to suggest that the seasonal differences were less and that 
winter temperatures were even milder than today. 

After 1550 cal BC a temperature decrease is observed. While yearl y minimallemperatures still 
remai n a little bit higher than today (+0.28° C), the maximum temperatures are 1.460 C lower. 
Seasonal differences seem to be even less marked than before. This cooling tendency continues, 
and by 1200-1100 cal BC the mean temperature has dropped around 2.50 C since the final 
Argaric period ( 1750- 1550 cal BC). Maximum temperatures were 2.920 C and the minimum 
temperatures were 1.15° C lower than today. 
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Fig. 8: Maximum, minimum and mean water temperature changes at the coast of 
Almeria, based on isotopic analysis of Glycimeris shells. 

5.1.4. Trace elements on human bones (results of 3.L2.3.)2n 
As noted in chapter 3, ratios of the trace elements barium and strontium vary across the world . 
In a worldwide sample Bunon and Price ( 1990a, 1990b) have demonstrated sys tematic 
differences between human remains recovered from coastal marine, inland terrestrial (non­
desertic), and inland desertic environments. Preliminary results from analyses of values for log 
ratios from tombs 23a (Ba: 88 ppm, Sr: 3397 ppm); 33S (Ba: 99 ppm ; Sr 2600 ppm); and 33N 
(BaL 123 ppm; Sr 1659 ppm) are presented in figure 9. The Gatas ratios obviously group with 

" J. Piitzold, Ch. Hagcdorn and G. Wefer; Universitii t Brcmcn (GE). 
1\> 1. Buikstra and L. Hoshowcr, University of Chicago (USA). 
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other values for inland desertic sites, suggesting that the environment of the Gatas region has 
not changed significantly over time. 
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Fig. 9: Trace element values Ba/Sr of Gatas in relation to reference samples (data from 
Burton and Price 1990) 

5.1.5. Conclusions11 

Since the upper Pl iocene-Iower Pleistocene a long sequence of climatic phases has been 
documented for the Aguas valley, which have wider implications for the palaeo-c1 imat ic 
conditions of the Southeast of the Iberian peninsula. In general it can be seen that colder or 
warmer periods do not correlate with an increase or decrease in rainfall, but rather that different 
scenarios seem to be possible during glacial and interglac ial periods. Nevertheless, since the 
middle Pleistoeene, more concentrated rainfall , producing torrential events. tends to appear at 
moments of temperature decrease. 

The Holocene climatic conditions are defined, in compari son wi th previous moments. by 
reduced nuvi aJ dynamic and scarce edaphogenesis. The research undertaken confirms the 
existence of climatic nuctuations during recent millennia. According to the differen t types of 
iso topic and trace element ana lysis the first half of the second millennium cal BC was 
characteri sed by high temperatures and arid climatic conditions, which seem to be similar to the 
ones existing today. Winter sea temperatures even seem to have been warmer than today. But in 
the second half of the second millennium they decreased by around 2_30 C. This shows that the 
Southeast of the Iberi an Peninsula reflec ts the same c li matic dynamic as observed in other areas. 

Yet the question remains as to how this temperature decrease is correlated with pluviosi ty. 
Muzzolini (1985) claimed an increase in humidity around 1000 BC (1200 cal BC) for North 
Africa, and Lamb (198 1) estimated that the British Isles also saw a temperature decrease around 
20 C after 3000 BP ( 1200 cal BC). The question about the implications of thi s change on the 
rainfall of southeast Spain is important to answer, as there does not have to be direct correlation 
between temperature and pluviosity. Wigley, Jones and Kelly (1980) have stated that while in 
Eastern Medi terranean an increase in temperature is al so linked to an increase in piuviosity, in 
the Central and Western Mediterranean it implies less rainfall . The 13C increase in the sections 
of Gatas rather appears to indicate more arid and drier conditions, which can not be explained 
only in terms of human degradation of the vegetation cover (see below). A similar situation has 
been documented in southeast Spain during the the little ice age. According to the analysis of 
the glac ier at La Veleta (Sierra Nevada), temperatures during the 16th- 19th centuries AD have 
been lower than at the end of the 19th century and during the 20th century (G6mez, Schulte 
Salvador 1996). Nevertheless this did not necessarily correlate with higher rainfall, but rather 

I, Buikstra, J. , Dcvcr. L., Hagcdorn, C .. Hoshower, L. , Piitzold, J., Schulte. L .. Wefer, G. & thc editors. 
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with a more concentrated rainrall produci ng an increase in tOITential events during thi s period. 
In thi s way it seems probable that a similar general dynamic as observed in the middle and upper 
Pleistocene, still crrects southeast Spain today and implies that a decrease in temperature is 
correlated with an intensification of rainral l. 

5.2. GEOMORl'HOLOGICAL, EROSION AND EDAI'HIC PROCESSES 
Ch Frellch, D. Passmore & L ScJllIlte. 

5.2.1. Holocene fluvial dynamic of the RIo Aguas (results of 3.3.1i1 

The geomorphological investigat ions carried out on the Holocene deposits of the Rio Aguas 
provide a pre liminary stratigraphy of the juxtaposed flu via l terraces (map 7). The oldest 
observed terrace (H I) could be dated to pre-Chalcolithic times and relates to the flu vial dynamic 
before 5000 cal. BC. possibly in the earl y Holocene. This represents a Illorphodynamic active 
period , and thus a period with higher di scharge (torrential events) . H2 could not be dated so far, 
but appears to be of pre-modern date ( 1500 AD), as is suggested by the presence of 18th or later 
pottery round in sediments covering thi s terrace. H3 contains Copper age and Andalusian 
pottery. Rad iocarbon dating of charcoal. ex tracted l.51ll be low the terrace surface next 10 
Cortijo eI Navajo, provided an age of 430±SO BP or IS 14±97 cal AD (Beta- 100S99). The 
accumulation of the H3 terrace can be interpreted as Ihe response of Aguas ri ver dynamics to 
increasing eros ion processes during the transition between the Anda lusian and Modern period. 
H4, the last Holocene terrace, is definite ly pos t-Anda lusian. During the 1970s terrace H4 
belonged partiall y to the active riverbed of the RIO Aguas, as aerial photographs show. Al l these 
terraces present a less vio lent water di scharge than , for example, observed in the Wtirm terrace 
(T4). The fac t Ihat H3, H4 and, maybe also, H2 could have accumulated during the last 500/600 
years, implies higher sedimentation/erosion rates during thi s period. This correlates well with 
the evidence obtained rrom coring of the sediments in the river mouth of the Antas and the 
Almanzora (Hoffmann 1988), as well as from the Holoccne stratigraphy of the Rio Antas 
(Schulte 1995). Both terraces documented in thi s ri ver system seem post-A ndalusian ( 16th 
century AD), as is shown by the presence of modern pottery in H2 and in the upper part of H 1.2.1 

5.2.2. Delailed geomorphological and micromorphological analysis of the Barranco de 
Gatas, Ihe Rambla Ancha and the G.ltas sett lement (results of3.3.1., 3.3.2.)H 

l.The Gmas basin (, Barranco de Gatas') 
This is a small (c. O.S kml) intramontane basin situated between the Cerro del Judio and Cerro 
de los Cabal lones (map 2), lying below the archaeological si te of Galas and has been termed the 
Gatas basin or the barranco de Gatas. Here the middle reaches of the rambla de Ancha (also 
called rambla de Anofli) and a tributary, the Barranco de Gatas, are deeply entrenched (up to 
14m) into interbedded Quaternary gravels and loams, Miocene marls and a thin overburden of 
alluvial fan gravels and fine sediments. Previous work (COllrty, Fedoroff. Jones and McGlade 
1994) dated these laller sediments by luminescence (ISRL) techniques to c. 6800 BP and has 
suggested that large-scale entrenchment of the basin occurred sometime after thi s date. The 
gcomorphological survey undertaken by Schuhc shows that the entrenchment occurred much 
earlier than the first human occupation of the area. The allu vial fans can be correla ted 
tentatively. due to the importance of tectonic activity. with G I and G2 of the RIO Aguas. urn 
dates of trave rtines from -1.5 m of the glacis G I pendant and from -3 m or the glac is G2 
correlative in the basin have provided an age older than 350.000 B.P. A further sample fromlhe 
upper part of the sedimentary sequence (Sec tion BG-F) is being processed at the moment by 
OSL dat ing methods. 

12 L. Schu he. U.B. (ES). 
v At the mOIHem, a IOtal of for luminescence samples have been submiHed for analysis, and will provide further 
informmion on Ihe age of the nu vial terraces and on the Illorphodynami c active phases. 
l ' Ch. French. Un iversilY of Cambridge; D. Passmorc, Universit y of Newcastle (U K). 
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Map 7: Geomorphological map of the Aguas Valley. 



Field survey of the entrenched gu lly floors throughout the basin has al so revealed considerable 
vari ability in the extent and nature of vall ey floor deposits. Upper reaches of the gul ly network are 
less-incised and freq uently infi lled with thick (at least 1.3 m) deposits of poorly sorted colluvi um, 
all uvi um and debris fl ow materi al ; these sediments are we ll -exposed in incipient headcuts 
developed through cu ltivation terrace scarps, for example at sections 8G- I and 8G-2 (see map 2). 
At present it is unclear whcther this material precedes, or post-dates, major agriculturailerracing 
of the gully floors. At BG-2 a paJaeosol identified at Cl depth of I m has been interpreted on the 
bases of micromorphological analysis, as comprising stabi li sed, redeposited marl subsoil , perhaps 
developed on an already truncated subsoil surface. This soil had received organic and carbonised 
materia l as a result of human activities, and been exposed and saturated during wann and damp 
periods, all prior to burial by subsequenl eros ion of material from upslope which now comprises 
the present day terrace system. Although there is no directly associated daling evidence for lhis 
profi le, its description fall s into Courty et lIf ( 1994) slage 3c-d or the Neol ithic-Bronze Age 
periods. TIle only profile that exhibited a definite buried soil was 8G-3. Here, a calcitic ' loam' 
with an excremental fabric organised into a weakly developed blocky ped structure and some 
incorporation of organic material was developed on the Neogene mar! subsoil. It was buried by 
subsequent debris flow. It was dominatcd by micro-sparitic calcium carbonate, with only minor 
lenticular gypsum present. This palaeosol, although it may be developed on an already truncated 
subsoi l surface, would seem to equate with Courty el al. ( 1994) stage I of ca lcareous loam 
development on the upper cdge of the 8 arranco in the early post-glacial period. 

The middle and lower reaches of the intramontane basin are frequently narrow and locall y 
incised through bedrock, although wider reaches do exhibil low terraces, c. 1-2.5 m high, that 
are inset within the entrenched gullies and are of Holocene age. Preliminary examination of 
terrace exposures suggest many of these deposits represent slumped and reworked gully-side 
material (e.g. 8G-9); in some localiti es, however, these deposits are partly or wholl y comprised 
of alluvium (e.g. 8G-8) and occasionally contain pottery sherds (8G-7) or charcoal fragments 
(80-4). 

Profile 2 Prof'ilc 3 Profile s 4 & 8 

Suggested 
interpretation: secondary soil ill silll soil fonnation terrace edge in barranco. 

formation on eroded on Neogene mart bedrock with altem:lIc wetting! 
schist /marl bedrock: drying & alternate 
some anthropogenic stabi li sationlburial & 
activity: buried by erosion; all buried by 
debris now later calcitic calluvium 

Suggested 
chronology: Neol ithic 10 early post-glaeial to early post-glacial 

Bronze Age Ncolithic 

Table 2: Summary of'suggested interpretation a nd chronology for the Barranco de 
Galas profiles. 

2. Rambla Ancha 
Holocene incision (locall y up to 8 m in depth) in thi s 0.5 km reach, between Cortijo de Garcia 
and the confluence wi th the Barranco de Galas, has exposed a we ll developed sequence of 
terraced alluvial and colluvial valley fill s (map 2). Geomorphological mapp ing, survey and 
logg ing of exposed sedimentary sequences has identified some 26 di screte valley fi lls; these 
have been correlated on the basis of height above the modern channel bed and lithostratigraphy 
and co llectively comprise a sequence of at least 5 Quaternary and Holocene deposit ional 
terraces between 2-5 m in th ickness. These terraces exhibit a sandy gravel basal member 
(representing channel bed and bar deposits) overl ain by variable thickness of fine-grained, 
calcitic alluvium deposited in a low-energy overbank , floodbasin and channel fi ll environments 
and loca ll y augmented by coJluviation. Fine sediment profil es through five terracc unit s 
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spannin g the de pos iti onal seq uence in th e Ramb la Ancha ha ve been sampled for 
micromorphological analyses (Profiles RA 1-5, described below). In addition, a profile has been 
sampled through calcitic colluvium exposed in a gully on the west side of the valley (Profile 
RA-6). In order to establish the chronology of this sequence a total of three sediment samples, 
representative of the three oldest alluvial terraces, have been submitted for luminescence dating. 
Due to delays at the luminescence laboratory we are still awaiting these results and a full 
description and interpre tation o f the flu vial sequences at Ihe Rambl a Ancha will be 
forthcomming. However, a west bank temice unit (Profile RA-5) lying 3.5m above the current 
ri ver bed has been dated by I ~C (on charcoal fragments recovered from the base of the fi ne 
member) 10 1340±50 BP or c. 7 14 cal AD (Bcla- 100600). This would suggest Ihallhe 
lowermost two or possibly three fluvial terraces within the study reach were deposited during 
the post-medieval period. 

Profiles RA- 1I2!3 are all calcitic ' loams' exhibiting an excremental fabric, dominated by micro­
sparite calcium carbonate, with minor lenticular gypsum. These sedirnents are acting as alluvial 
infilling deposits of inacti ve and partially infilled former channels, and formed in slow 10 
ponded, fine sediment-ri ch, water flow. Most probably, these sediments represent reworked 
Neogene marl subsoil materi al deri ved from the tributary valley to the west by water erosion 
events (as observed in profile RA-6). Recent gullying through this material in this tributary 
valley 10 the west indicates how easily and quickly thi s may have occurred in the past, in this 
case through a lack of maintenance of the terrace system and large areas of bare soil . 

Profile RA-4 is similar to profiles RA- II2!3 except that it contains agg regates of the same 
organic so il fabri c as observed upslope in the Barranco de Gatas in profile BG-2, as well as 
fragments of the gypsic crusts observed in profiles BG-4!8. In thi s case, the alluvial infill of the 
former channel is comprised of eroded soil material probably carried a considerable di stance 
downstream, as well as eroded mar! subsoil materi al from the adjacent and immediately upslope 
Iributary valley. 

Profil e 1 

Suggested 
interpretation: calcitic alluvium 

Suggested 

Profile 4 

calcitic al1uvium with 
reworked eroded 
material derived from 
Barrallco de Gatas soils 

Profile I 

chronology: pre-late Neoli thic 

Profil c 4 

post-Medieval 

Profile 2 

calci tic alluviu m 

Pro fi le 5 

calcitic al1uvium 

Profi le 2 

pre-latc Neolithic 

Profil e 5 

post-Medieval 

Profile 3 

calcitic alluvium 

Profil e 6 

calci tic mar] derived 
from Ncogene marl 
bedrock 

Profile 3 

prc-IalC Neol ithic 

Profi le 6 

late Quaternary 

Table 3: Summary of suggested interpretation and chronology of the Rambla ARcha 
profiles. 

Profil e RA-5 appears 10 contain a combination of material similar to all the other Rambla Ancha 
channel alluvia l sediments. It contains eroded gypsum-rich mar! subsoil , as well as minor 
amounts of eroded organic soil mmerial and gypsic crusts similar to those observed upstream in 
the Barranco de Gatas. 
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The major problem with these interpretations is that the amount of reworking of earl ier channel 
infills and alluvial terrace deposits is unknown. Consequent ly, some or all of the material could 
already have been in the sys te m for a long period of time, and there fore be re lati ve ly 
meaningless in land·lI se terms and implications. Absolute and relati ve dating of the channel 
units is therefore crucial if fllnher interpretation is to be made of these analyses. 

3. The Lower Aguas Basin (El Campo site). 
Sediments infilling the El Campo all uvial basin were investigated by continuous sediment 
coring using a percussion corer. The 4.3 m core recovered for pollen analysis is largely formed 
by fine grained silt and clay alluvium, with a prominent fine gravelly co lluvial hori zon between 
3.9A.3 m. Colluvial sediments are most likely deri ved from an upstanding bedrock kno ll 
located some 20m nonh of the core site (map 2). 

4. The montane basins of the Sierra Cabrera. 
Continuous sediment coring of Balsa de Marchalico and Balsa Alqui rri co has recovered 0.8 and 
1.8 m of fine, unstructurcd clays respecti vely. A new technique is current ly being applied that 
may facilitate palaeoevironmental reconstruction and C 14 dating. 

5.2.3. The Las Pil.s section (results of 3.3.1., 3.3.2.)" 
During the geomorphological and edaphological fi e ldwork a section was di scovered at the 
margins of the Aguas near the Copper age site of Las Pilas, which provided a sedimentary 
sequence from the earl y Holoccne until modern times. While the ri ver terraces arc indicators of 
the general morphodymanic of the Aguas catchment , this section allows us to gain insight into 
small scale edapholog icaJ and eros io n processes. Sedime nta ry (s tage; fi g. \ 0 ) and 
micromorphological (units) analyses have aJlowed us to establish the fo llowing stratigraphic 
sequence (fi g. 10): 
• Stage I-Uni t I (+355 cm): Pre·Holocene compacted powdery gypsum. 
· Stage I· UnitU (355·335 cm): Rcdeposited mar! from erosion upslope, with some innuence of 
ri ver eros ion. Low gypsum contents, introduction of coarse and very coarse gypsum crystal s 
and gley fication of the sediments indicates prolonged peri ods of higher water table position and 
ground water nuctuations. The suggested date is earl y Holocene. 
• Stage I·Unil nr (335-255 c m): Rapid deposition of Unit 11 type marl from ups lope, with 
gypsum formation suggesti ve of alternating damp/hol condi tions. The presence of prehi storic 
pottery at the top of thi s unit suggests thi s erosional episode occurred before the Copper age. 
- Stage I·Unit IV (255·245 cm): Unit IV was exposed as a surface for a long peri od of time 
('standstill horizon '). This allowed the formation of an immature soil. It is a poorl y formed A 
horizon with a minor organ ic component developed on a calcareous 5ubstrate. It probably 
reflects more humid palaeo·environmental condi tions. The presence of Copper Age pottery 
dates thi s unit between 3000 and 2300 cal BC. 
· Stage II · Unit V (245·2 15 cm): This unit is markedly differe nt than unit IV and obviously 
represents a different erosional episode, probably of material from unit 11 and subsequently from 
the mar! subsoi l of unit I. Deposition was initially rapid but then slowed considerably allowing 
the formati on of frequent minute gypsum crystal infi ll s. Also the increase of coarse materi al and 
the presence of pottery fragments and organic matte r re nects important processes of instabi lity 
at the end or after the Copper Age. 
- Stage I1 · Uni l VI (2 15· 150 cm); Slow erosional episode similar to unit IV, due to a lessening 
of erosion further upstream or construction of terraces, which prevented much of thi s erosional 
material from reaching the Las Pilas profile. The pottery found and its stratigraphic pos iLi on 
implies that this uni t fonned after thc Copper Age (2300 ca l BC) and before the Roman peri od 
(I· IV ccntury AD). 
· Stage lI-Unit VU ( 150·90 cm): Seems to represent a less morphodynamic acti ve period, with 
some type of soil development and anthropogen ic use (Ap), as shown by the large number of 
pottery sherds found . These fragments allow us to date this unit into the Roman peri od, when 
the near by settlement of Las Pilas was occupied again . 

~ Ch. French. University of Cambridge (U K). and L. Schulte. UB (ES). 
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Fig. 10: Section through the slope deposits north of Las Pilas. 
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- Stage III · Unit VIII (90·0 cm); Erosional episode with important sedimentation in the Las Pilas 
profi le. The presence of Nazari period and modern pottery at the top of the sequence implies 
that th is accumulation took place after the Roman period and before the 15th century AD. The 
Nazari settlement of Mojacar la Vieja, from where some of this material could have come from, 
is located onl y some One hundred metres southwest from the Las Pilas section. The lack of 
accumulat ion during modern times seems to be a result of the presence of agricultural terraces. 

5.2.4. ConclusionsU. 
Despite extensive searching during the survey for buried soil s with in the barrancos and ramblas 
associated with the lower reaches of the Aguas valley, almost none were identi fied. It appears 
that almost every avai lab le land surface has been truncated and eroded to some degree, as we ll 
as being subject in many cases to later burial by eroded subsoil material deri ved from further 
upslope. Nonetheless, it is suspected that the present day terrace system does bury and preserve 
pans of relict territories with intact palaeosols which remain to be discovered. This type of 
future sampling investigati ve work, combined with a full dat ing programme is essential if 
greater sense is to be made of thi s territory in human land· use terms. 

The combined geological , geomorphological and micromorphological work of thi s project have 
suggested that the tributary va lley systems of the Barranco de Gatas and the Rambla Ancha were 
already deeply incised and gulJied by the earl y Holocene. The subsequent landform history was 
dominated by further erosion and limited depos ition of slope and valley depos its, with much of 
these sediments effecti vely being flu shed right through the valley system inlO the Aguas ri ver 
system. What is le ft is small zones or remnants of former terraces associated with channel units. 
particularl y in the middle· lower reaches of the Rambla Ancha where there is a broadening out 
of the va lley and a gen tler slope. 

These conclusions generall y complementlhe extensive work of Courty et al. ( 1994) from the 
Archaeomedes Project, but in some instances no new ev idence was found 10 corroborate their 
findings. By the earl y Holocene there was a general lack of well developed soil cover in the 
Barranco de Gatas to Rambl a Ancha area. Those so il s that survived were fine textu red 
calcareous loams which had eroded frolll pre-formed calc itic so ils in a slow aggradational 
dynamic. These so ils were characte ri sed by an absence of horizonation, much reworking 
through biological acti vity, no coarse component, abundan t calcitic si lly clay intercalations and 
large lent icular gypsum crys tals in the pores. At the same time, the Las Pi las area was 
characterised by gypsum accumulation as a result of water trapped in sma ll depressions with 
low energy alluvial sedimentation in a seasonally warm and wet cl imate wi th a nuctuat ing and 
high water table. In addition to [his, the present work would suggest a much stronger colluvial 
aspect 10 the Las Pilas area as a result of the eros ion of the gypsiferous mar! subsoil deri ved from 
upslope, followed by much reworking and locali sed rc-erosion of the same male ri al, but 
nonetheless accumulating on the fringe of a seasonall y active river fl oodplain. The Las Pilas 
section (Unit-Im , as well as the 8G-2 section present evidence of damp and hot environmental 
conditions possibly until the Copper Age, i.e. 3000 cal Sc. According 10 the Las Pilas profile, 
soil developmen t at the bottom of the Aguas va lley seems to have been poor during the thi rd 
millennium, and was even worse during the fi rst millenn ium AD. 

Couny et al. ( 1994) also suggest that the entrenchment of the Rambla Ancha occurred much 
later in the Holocene, in the earl y Argaric period (c 2300- 1960 cal BC). This was associated with 
wind and water erosion at the Gatas site. Thereafte r, the re was never a re lUrn to the 
aggradational dynamic in the Sierra Cabrera uplands. Yet the new Urrh dates, and the marked 
absence of Bronze Age arti fac ts in the Rambla Ancha channel systems suggest that the 
entrenchment and infil1ing of the meandering channel systems occurred much earli er. 
Moreover, in the middle reaches of the Rambla, these systems, once out of use and infilled, 
ap pear to have remained relati vely stable and accumulated re latively small amoun ts of 
subsequent alluvial deposition, with their upper surfaces ostensibly being mirrored by the 
present terrace construction levels. In contrast, it is therefore suggested that the Rambla Ancha, 

:. French. Ch" Passmore. D. , Schulte. L. & the edi tors. 
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once entrenched and infi Ued with its present course established, remained relatively stab le 
throughout at leas t the later prehistoric and historic periods. Indeed, in the new contex ts 
examined from the site of Gatas, there was much deliberate deposition wi th occupat ion debris 
in structures and building collapse, with the onl y indication of water eros ion observed in the 
laminated infi ll ings of the c ist burials. The latte r need imply no more than post-buria l 
groundwater percolation into the cav ity crea ted by the cist, rather than wider scale erosive 
events. 

The fac t that two of the four Holocene terraces of the RIO Aguas could be dated into the very 
late Andalusian and modern period. seems to imply an intensification of eros ion/scdimentation 
processes during the last 500 or 600 years. These higher sedimentat ion rates seem to be induced 
by anthropogenic factors. sllch as possible changes in the Nazari agri cultural strateg ies, the 
depopulation of the area during and after the 16th century AD and the abandonment of the 
Andalusian terrace and irrigat ion system. Nevertheless, the importance of the so called "Little 
Ice Age" in thi s respect can not be underestimated. The ex istence of co lder climat ic conditions 
during the 16th-late 19th century has recently been confirmed also in the Southeast of the 
Iberian Peninsula through the investigation carried out on the glac ial remnant of the COITal del 
Velelll in the Sierra Nevada (G6mez. Schulte y Salvador 1996). 

5.3. HYDROLOGICAL REGIME AND WATER EXPLOITATION 
W Herget 

As memioned in chapter 3 detailed hydrological analysis was carried out in the catchment of the 
Rambla Ancha or Ai'iofil, an area of 1,607 km2. The maill questiolls collcem the (jIHlIIfify of 
water available ill this area, the distribution of the wa/er flow alollg the year alld the human 
management of these water resources in sllb-modem times. 

5.3.1. The natura l hydric conditions (results of 3.1 .1., 3.4.,3.8.) 
In summer 1994 a wild fi re destroyed the vegetation of Sierra Cabrera. This event will effec t the 
local micro-cl imat ic conditions, as well as the rUIl-off during many years. Nevertheless , these 
negati ve circumstances offer an ad va ntage for the hydrological in vestigati ons. The present day 
values represent an exceptional si tuation on which other situations can be modelled. Also, it is 
in teresting 10 analyse in the fo llowing years how the system recovers from thi s dramatic 
degradation of the environment. 

PI (250 m) P2 ( 150) 
III mm inmm 

Measuring period 
1.21995-3.3 1996 296 284 

Main vegetation period 
1.4.1995-30.9.1995 80 80 

rnax 54 54 

Humid period 1.2.1995-3 1.3.1995 
and 1.10. 1995·3 1.1.1 996 151 143 

max 55 52 

Table 4: Pluviosity measurements in Sier ra Cabrera. 

The Spanish hydrological year starts on the I st of October, the transi tion between the dry and 
the humid period. The main vegetation period, in which sufficient water should be availab le for 
the filling of the soil storage in order to al low the growth of the principal cereals and vegetables, 
lasts from the begi nning of April to the end of September (see Aeh tnich 1980; Israe lsen and 
Hanscn 1962; Schendel 1967; Doorenbos and Pruill 1975). The humid period in whieh the 
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aq uifers are recharged begins on 1 st October and ends on 3 1 st March. It is therefore convenient 
to differentiate between the period of high agricultural water demands, which has been of prime 
importance in hi storical as well as in pre-hi storic limes, and the humid period. The measuring 
period carricd out in the context of the Aguas Project allows to analyse one complete dry season, 
while the wet season is combined of two humid periods. 

Of 18 rai nfall events in the measured period 7 fall into the main vegetat ion period. and 11 into 
the wet period. Of the 7 events which occurred during summer time only onc was suffi cient to 
infiltrate and to moisten the soil. The maxi mum rain fa ll was similar in both periods with little 
more than 50 mm. The fac t that 4 out of 18 rainfaHs provided higher values in the upper lOtali ser 
(P- I) suggests that inhomogeni ties, which have been detected and analysed insufficiently in 
southeast Spain so far, even exist in thi s small catchment. Nevertheless the overall differences 
betwecn the upper and the lower totaliser are small ( 12 mm), and do not corroborate the values 
given by Perez Pujalte and Oyonarte Gu tierrez (1989) in the contex t of the main soil analysis 
and mapping project undertaken so far in southeast Spain. For a height diffcrencc between 160m 
to 260m a rainfall vari ation of 74 mm is calculated . 

• 

• 

• 
, 
' . • • 

• 

• 

• • , , 

PIu'llomelfic dlt .. It P1 Ind P2 1t.2. '"W.3.'tM) ..... _ . 1'VI'Z 1~1. 1 .• U~ 

~_,..,. U."·~U."""1.1e.".l l.t .• 

_......- ........ UM . MI.L .. 
_ ..... II"1II'2 II1IW .... - --meM ... '" P11P2 -mu W~ 

,,-1 11 , 1 1 Jt 
• ! ! ! ! ! ! ! • I I • • ! • I i! • I I • I ! ! ! ! ~ ! ! ! ! ! , ! • • • i ! ! i , " ! , 

f 
, , , , , , • , , , , • 

I--+- Pt mm ........, P2mm l 
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The rainfall data recorded in Gatas can be compared with the information from the surround ing 
stations for the period between February 1995 and February 1996. Only the station Garrucha 
Faro offers uninterrupted daily values for thi s time span. Table 5 shows the most represc llIal"i ve 
values for the corresponding periods of rainfall measurements. 

tn the first place it can be observed that between February 1995 and August 1995 the lowest 
values, in terms of rainrall sum, variabi lity and maximum are found in the in land stat ion of Vera, 
located in the center of the Tertiary basin. The highest values were registered at the coastal 
station ofGarrucha. The other in land stati ons situated close to or in a sierra environment present 
an intermediate situation. 
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Gatas Garrucha Faro Cuavas de Aim. Los Gallardos Vera I.L. 
(mm) (mm) (mm) (mm) (mm) 

Height above sea (m) 200 12 90 120 100 

lowland . moun- lowland, moun- lowland, centre 
Location mountain slope coast tain margins tain margins of the basin 

Period 2.95-2.96 
(13 months) 

,"m 290.2 189.6 

mean 12 .6 9 

standard deviat ion 17.4 16.9 

maximum 53.9 67.5 

Period 2.95-8.95 
(7 months) 

sum 144.0 157.1 112.5 112.8 81.4 

mean 13. 1 14.3 8 11.3 8.1 

standard deviation 18.2 22 13.3 20. 3 9.8 

maximum 53.9 67.5 48.5 67.0 32.0 

Main vegel. period 
4-0.95 (6 months) 

, "m 80.1 95.9 111.4 61.9 

mean 8.9 13.7 9.3 6.9 

standard deviation 17 24 .3 15.1 6.4 

maximum 53 .9 67 .5 48.5 18 

Wet period 2.- 3.95. 
10.95-1.96 (6 months) 

sum 146.9 93.7 168.5 

mean 13.4 6.7 11.2 

standard deviation IB. I 12.2 16.3 

maxImum 53.9 35 67 

Sum 2.95-1.96 
( [2 months) 226.9 IB9.6 2BI.3+X 

Table 5: Precipitation values at Gatas (Sierra Cabrera) and neighbouring stations. 

During the main vegetation period between April and September the coastal area presents the 
highest rainfall variabi.lity and maximum values. Yet, the highest precipitation va lues occur in 
inland locati ons at the margins of the sierras. In the wet period, FebruarylMarch 1995 and 
October 1995-January 1996, the highest values in rai nfa ll sum, variability and maximum are 
observed in the stations which lie closest to the mountains. Most of the precipitations between 
February 1995 and January 1996 took place at the station of Los Gallardos, which due to the 
lack of measurements during September 1995 must have been slightly higher (table 5). All thi s 
comparati ve data shows that there is no specificity in the results obtained from the area arround 
Gatas in comparison to the other stations of the Vera basin. The influence of the wild fire, which 
affec ted large parts o f Sierra Cabrera in 1994, can not be identified with the ava ilab le 
measurements. It is poss ible that the relati vely high rainfall events occurring during the humid 
period are a consequence of this event. 

In order to interpret these results in re lation to the availability of water for human needs some 
factors have to be taken into account: At the beginning of the 1960s, after a period of scarce 
rainfall the gallery of the so called Fuente de Gatas was enlarged to the karst aquifer. The 
obtained di scharge was so imponant, that it was limited by the water authorities. Approximately 
in the same period the karsL aquifer was perforaLed in the area of the Diente de la Vieja, in order 
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to supply the town of Garrucha (c. 10km north of Sierra Cabrera). This produced a sudden 
emptying of the affected aqu ifer with an emuent of c. 800 IIsecond. After approximately 1.5 
hours the spring ofLaAlcantari ll a, which used to provide I 1 I/s, dried out This is equivalent to 
800 lis * 5400 sec = 4320013, or to the water obtained previously from the LaAlcantarilla spring 
during 4.5 days. Although the well was closed aga in , the delay in taking measures led to a wide 
scale lowering of the ground water level. As the spring of La Alcantarilla dri ed out a new mina, 
which provided 11 Us, had to be constructed further downhill. According to the owner as we ll 
as to the administrator of the Cortijo de Gatar the affluent of the Fuenle de Gatas, which 
origina ll y produced maximal 141/s , decreased, so much that in 1982/83 a well was cored next 
to the spring. The ex tracted wate r amount was limited 10 20 I/s, although onl y 15 lIs are used in 
order to fill the new cistern with a storage capac ity of 250 m3. The (Otal water ex tracted during 
the main vegctation period is approximate ly 13 times 250 013 = 3250 m3. This volume is 
approximately twice as much as the total di scharge measured at the gauging stat ion in the same 
period of time. According to the admin istrator of the Cortijo de Gatar an extrac ti on of 15 lis 
produces a lowering of the water table of 17- 18 m. He considers that thi s value can be tolerated 
every 14 days during 5-6 hours. After the pumping of 15 lis stops, the water table needs around 
12 days to reach a level 20 cm below the previous period. In this way the present day situation 
shows a balanced funct ioning. Moreover it is observed that the water now is bigger during the 
Summer than during the Winter: "notab le" which corresponds to c. 2 115. This suggests a 
temporal delay of half a year between inrilling through rainfall during the humid period and the 
slightly higher effluent during the main vegetation period. At the begi nning of 1993 some water 
was detected again at the spring of La Alcantarilla. which suggcsts a recovering of the karst 
aq uifer. This can also be an effect of the recharging precipitation situation since the last decade. 

pteclpltation In and affluent from catchment area of Gatas hydrologic station (31.1.95-3.3.96) 
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Fig. 12: Mean rainfall of PI and 1'2 and amuent measured at the gauging station. 
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Given that the gauging sta tion was des igned in order 10 register up 10 100 lis and that 
measurements could be taken onl y some hours after rain fa ll , fi g. 12 does not represent the runoff 
values occurring during or immediately after ex treme torrential event. The lack of vegetation 
and the abandonment of large parts of the tradit ional system implies that the mean basic 
di scharge measured in the gauging station corresponds to the lowest values ever reached by the 
system. Clearly four levels between 3.5 and 14.9 m3/d become vis ible. The calculated sum of 
1822,75 m3 for the main vegetation period represents a bottom va lue for the upper Afio(lf 
catchment . 

Effl uent in m3/day Effluent in U s Wod days wi th 
higher values 

Le ve l 1 3.5 0.04 54 

Level 2 7.1 0 ,08 11 3 

Level 3 9.0 0, 1 148 

Level 4 14,9 0.17 183 

Maximum emuents 38 0.44 0 

Summ o f main 
vegetation period 1822.75 m3 

Ta ble 6: Afnuents of the Rambla Ancha. 

5.3.2. The water balance and the hydric equation (results of3.4., 3.7.2.) 
The natural water now depends on: I. rainfall , and its inter and intra-annual nuctuation; 2. 
evapotranspiration; 3. surface and subsurface conditions; 4. storage capac ity of the studied area. 
The catchment of the gauging station in the Ai'ioflfl Ancha study area can be subdivided into four 
sub-catchments (FI -F4). At their lowest point the gauging station was installed. The general 
water-balance equation can be defined in the following way: 

N = Aa (RI +QI +SI +R2+Q2+S2+R3+Q3+S3+ G(R4+F4))+AII+ETB+Eh+EIV+H+F5+F6 

where 
N = precipitation. 
ETP = evapotranspiration, dependent on climat ic, edaphological and botanical factors. 
Eb = evaporation from bare soil , which depends on climatic and edi.lphological factors. 
Ew = evaporation from water surface (barrallco, open channels and a/bercas). 
QI = afnuent frolll the Cucar spring (area FI ) (f(ETPt , Eb l, Ks, Sc, Ss)), dependent on the 
storage behav iour in the vegetation cover, the so il , the carbonate rocks, the schist, the alluvial 
and coltuvial sediments as well as on its surface and situation in the sub-catchment FI. 
Q2 = arnuent from the Chareo spring (area F2) (f(ETP2, Eb2, Ks, Se, Ss» , dependent on the 
storage behaviour in the vegetation cover, the soil , the carbonate rocks, the schist, the alluvial 
and colluvial sediments as well as on its surface and situation in thi s sub-catchment. 
Q3 = affiucnt from the Gatas spring (area F3) (f(ETP3, Eb3, Ks, Sc», dependent on the storage 
behaviour in the vegetation cover, the soil, the carbonate rocks, the schist as well as on its 
surface and situation in thi s sub-catchment. 
G = afnuent from the remaining area F4 (f(ETP4, Eb4-, Ks, Sc, Ts, Ms, Ss)), dependent on the 
storage behaviour in the vegetation cover, the soil, the carbonate rocks, the schist, the all uvial 
and colluvial sed iments, the travertine formation , the Miocene pelits, the conglomerates as we ll 
as on its surface and situation in thi s sub-catchment. 
Au = groundwaterflow of the three main storages, which ex its the catchment without being 
measured at the gauging station. 
H = water ex tracted though hydrological infrastructure and which exi ts the catchment without 
being measured at the gauging station. 
Ao = discharge measured at the gauging station. 
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Fig. 13: Scheme of the water now in the upper Aiiofli' catchment. 

The whole system is determined by internal hydric flows and their interactions (see fi g. 13), 
where: 
RI::; run-off from sub-calchment FI to creek. 
R2 ::; run-off from sub-catchment F2 to creek. 
R3 = run-off from sub-catchment F3 to creek. 
R4 ::; run-off from sub-catchment F4 to creek. 
S I ::; sub flow from sub-catchment FI to creek. 
S la::; subflow from sub-catchment FI to cultivated areas. 
S2 ::; sub now from sub-catchment F2 to creek. 
S2a::; sub flow From sub-catchment F2 to culti vated areas. 
S3 ::; subflow from sub-catchment F3 to creek. 
S3a = subflow from sub-catchment F3 to cultivated areas. 
54 ::; subflow from sub-catchment F4 to creek. 
54a::; subnow from sub-catchment F4 to culti vated areas. 
SS::; subflow from non-cultivated areas, which exit the catchment without being measured. 
56::; subflow from cultivated areas, which exit the catchment without being measured. 
Ks = storage characteristic of the carbonate aquifere. 
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Se = storage characteri stic of the phyllits and schists. 
Ss = storage characteristic of the alluvial and colluvial sediments. 
Ts = storage characteristic of the travertine. 
Ms = storage characteristic of the Miocene pellils and conglomerates 
Kb = storage characteri stic of the soil. 
Kv = storage characteristic of the vegetation cover. 

The scheme of the hydric flows (fig. 13) represents a model of the waterflow in the catchment 
of the gauging station. Il clearly shows the involvement of the different processes in thi s area. 
How this natural system has been used traditionally is indicated on the right side. The number 
and direction of the arrows signals how tightly both systems arc linked together. Here. the 
vegetation and soil water storage plays an important rolc. The consequence of a denser 
vegetation is that more water is transferred to the atmosphere through interception and 
evapo(transpi)ration. On the other side two other fac lors, which arc al so relevant for the 
evaporation, such as wind and temperature, become less important. Moreover the speed of 
rainfall on the surface is slowed down, reducing erosion processes. Less puddling of the surface 
soils and a more developed root network allows higher infiltra tion rates. This is then related to 
two processes. If in the past vegetation cover was more important, as the botanical analys is have 
shown (see below), it can be assumed, in the first place, that water infiltratjon was higher and, 
in the second place, that the aqu ifers received more water. This probably led to an increased 
storage capacity in the catchment, so that the springs produced more water and during longer 
periods of time. [f the same holds true for the whole of the RIO Aguas, even under similar 
climatic conditions as at the present day a more balanced water regime seems to have existed. 
In thi s sense it seems interesting to mention, that according to the agronomist M.r. Egea, from 
the town hall of Mojacar, the RIO Aguas contained water during longer periods in the 1970s, i.e. 
when the traditional land use was still func tioning, than today. 

Therefore the characteri stics of Ao, R I-R4, Eb, ETP, Au, Kb, K v and S I-S4 were different in 
the past. This has no influence on the storage capacity of the aq uifers, bUl implied a more 
moderate system input and output, i.e. the duration of the discharge. Only the storage capacity 
of the eros ive deposits of alluvial sediments Ss would be less developed. 

An increasing importance of the anthropic impact would have two consequences on the water 
circulation. In the first place a reduction in the vegetation cover would be followed by the 
opposi te process LO that described above. In the second place, part of the water flow and its 
suspended material would be spatially di splaced, through the introduction of Boquera systems. 
This means that the spring affluents do not flow to the Ramblas but are channelled to the 
cultivation areas, and that the transported materi al is depositing on the cultiv,ued surfaces. The 
boquera below the Cucar spring catches around 15 Us when rainfall is higher than 5-10 mm (S­
W times a year). The second boquera, located further down in the El Chareo sub-catchment 
(map 8), is highl y destroyed. Yet it seems to have been able to deviate between 10 and 20 lis 
during important rainfall events (3-5 times a year). The third boquera below the Cerro del Judio 
and Galas, allowed to gain 100- 150 lis , but only during torrential events (0-5 times a year). This 
technological device changes the temporal and spatia] di stribut ion of ETP, Eb, Ew, H, F5 and 
F6. In th is way the tradi tional hydraulic system counteracts degradation processes which 
otherwise would have resulted from a reduction of the vegetation cover. If the traditional system 
is abandoned the surface run-off RI -R4 and, thus, Ao increases, while the storage capacity of 
the catchment decreases. This shows the importance of the traditional land use in order to 
constrain eros ion. Successive phases of abandonment of such intensive water exploi tation 
systems, suppose an overall loss of the storage capacities of the area and worst hydric conditions 
for new phases of agricultural production. The development of the hydrological infrastructure 
in the area since the Andalusian period seems to indicate, that increasing aridi fication was faced 
through the successive development of new technical dev ices dcsigned to maximise the 
available water. The same seems 10 take place at the present moment with the introduction of 
dripple irrigation, plastic pipes and plasti c covers. ·These reduce water loss, while the karst 
aquifer is exploited up to the limits of its regeneration possibilities. Filtrations SS and S6 are 
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eliminated, as well as cvaporation Ew. Water coming from filtrati ons S I-S4 and from run-off 
RI -R4, which can onl y partia ll y be stored in the system and increases erosion processes, 
remains unused. In thi s way the watcr retain ing effect of the traditional infrastructure is lost. 

5.3.3. The artificial components of the traditional water use system (results of 3.7.2., 3.8.) 
The recent agricultural production in the Afiofli catchment is charac terised by intensive 
irrigation, dry fanning and transhumant husbandry. Its spatial distribution follows a vertica l 
organisation , as documented in an even more pronounced way in the Sierra Nevada (Roeder 
1990). The spatial organisation of the culti vated areas is conditioned by three main factors: J. 
slope, 2. solar radiation , 3. flow density. The areas with high annual insolation, moderate slopes 
and superficial humidity correspond greatly with intensive agriculture. Surfaces with relatively 
low yearly solar radiation, more pronounced slopes and dry soil s coincide with dry agriculture. 

In the studied Ailofli catchment, of 1,607 kml, and bordering parts of the nearby area of Ul 
Alcalltarilla the following elements of the hi storical hydraulic system could still be documented 
(map 8): 
- 2 galleries 
- 10 smaller water-shafts or minas 
- 5 superficial water deviation devices (boqueras) 
- 4 primary springs (fllentes 
- 6 secondary springs (mallalltiales) 
- 12 channels (aceqllias) 
- 10 cisterns (albercas) 
- I waterwhcel (Iloria), non-existent anymore, but documented through personal imerviews. 
- 2 aqueducts. 
- 2 waterdri ven mills. 
- I well. 
- I barraneo crossing channel (aliviadero). 

This system of water management at the northern side of Sierra Cabrera is an integrated part of 
the mountain agricultural ecosystem, which is also typical in other regions of southeast Spain 
(Herget 1993). Similar networks are known in other parts of Europe, such as in the large Alpine 
transversal valleys (Annales Valaisannes 1994; Menara 1988). The Sierra Cabrera system can 
be defined as an open cascade system . Loss of agricu lturall y useful wa ter occurs through 
filtration and evaporation along the channels and in the areas of the cisterns. Wild vegetation 
absorbs another part of the water from the soil s. In any case, the greatest water loss is caused by 
the infi ltration after surface inigalion of the agricultural plots. Yet, as wi ll be seen in the hydric 
equation, one can onl y use the term " loss" in a limi ted way: the infiltrat ion improves the slope 
water contents, forming a network of sma ll waterlines which partially appear again in the 
secondary springs and can be used in thi s way on cultivated fi elds further down in the system. 
Moreover, the humidity ex isting at the channels and cisterns supposes the development of trees, 
bushes, and useful grasses (Herget 1993). 

The principles of thi s traditional water management system can be summarised as follows: 
- durable use of the natural factors and excell ent knowledge of the local conditions. 
- high adaptation to the morphological conditions. 
- high degree of flexibility towards climatic fluctuations, li nked wi th low nexibility towards 
marked present day socioeconomic changes. 
- rationa) use '01 tne water rest)~. 
- use of local materials. 
- implementation of simple and uscr-friendly technology. 
- low but continuous labour investment needed in order to maintain the system. 
- acceptance of water-loss. 
- high au tonomy of the ind ividual peasants under ti ght control through the communit y. 
- periodic and aperiodic collecti ve work in order to maintain the totality of the system. 
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The functioning of thi s system is characterised by its high durability and persistency in the face 
of the different natural conditions. but it is barely capable of surviving under drasti c 
socioeconomic changes. 

5.3.4. Conclusions 
The traditional water management system is characterised by the maximisation of scarce water 
resources. The natural conditions are exploited up to the possibilities of regeneration of the 
·deposits. Drastic alterations of the system, such as the search for water resources for Garrucha 
at the beginning of the I 960s, are beyond the flex ibility of the traditional agrarian ecosystem 
and produced a type of degradation, the consequences of which have never been studied in 
detai l. Probably the degradation of the aquifers, which only seem to recover slowly after several 
decades, contributed to the abandonment of the traditional land use strategies and the developed 
hydrauli c infrastructure. 

Large amounts of water, which due to technical problems can onl y be exploited in recent times, 
were not as important for the traditional water management as the low average effluents. The 
decentralised structure of the system was designed to optimise those devices which could eas il y 
be extracted from the natural water circulation with the available technology (minas, galerias ). 
Here the slope water infiltration plays an important part in the water balance of the area, which 
is the basis of the traditional land use. 

In order to answer the question of the potentially avai lable water resources on ly the data 
registered by the gauging station and the information gained through interviews with the local 
population can by used. This allows us to consider that under sub-modern normal circumstances 
three times more water was available than measured by the gauging station, during the mai n 
vegetation period. [n total around 5072 mJ of thi s affl uent could have been used for agricultural 
practices from this point downwards. Furthermore 3.5 m3 can be considered as an absolute basis 
or minimal discharge at the gauging station. 

The pluviometric analys is shows that rainfall on the northern slopes of Sierra Cabrera (250~220 
mm from 1.2. 1995 to 3 1.1.1996) does not seem to be significantly higher than in other areas of 
the Vera basin. The lower rainfall sums at the Vera station in summer 1995 seem to point to a 
difference between the inner basin and the mountanous and coastal surroundings but should be 
cleared up by a special time series analysis of all regional stations. This is surpri sing in view of 
the more developed vegetation (before the wi ld fire) and the apparently more humid conditions 
of Sierra Cabrera. This shows the imparlance of the water circulation and storage through the 
karstic aquife r, which formed the key of the traditional hydraulic system and land use. The 
alterat ion of the system from outside, wi thout a clear understanding of its functioning and 
capacities, supposed a rapid decrease in the water resources available in the Aguas valley, which 
had important socioeconomic consequences for the region. The infrastmctural measurements 
taken by traditional agriculture, in order to mitigate the eros ive processes furthered by 
deforestation, di sappeared. Therefore a recovery of the ancient water management system 
combined with modern technical poss ibili ties could a llow a regeneration of the damaged 
system, in order to obtain large water resources for the future. At the present day the highest 
water discharges occurring after intense rainfall and which where recovered in the past through 
the boquera technique, remain unused. Only in the studied 1,6 kml catchment of the Aiiofl.i thi s 
supposes a loss of 1 30~ 180 lis for each important rainfa ll event, whose immediate effect is the 
lowering of the water table. These resources represent an important source for present and future 
socioeconomic development. 
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5.4. VEGETATION AND ITS EXPLOITATION 
MIJ 0. Rodrfguez Ariza, A. C. StevellSOIl & 'he editors. 

5.4.1. Pollen analysis in southeast Spain (results of3.5.1.)11 
A lthough a number of pollen sites are avai lable from which ri gorous reconstruction of past 
vegetation and climate change in the Iberi an peninsula can be obtained, a number of problems 
continue to hamper effort s IQ provide a clear Holocene vegetation and climatic hi slOry for the 
southern part of the pen insula. These rest ri ctions include many sites suffer ing from: poor 
chronological control ; restricted polleniti mc sequences; being caves (with a ll their associated 
taphonomic complexities), or have yello be fu ll y publi shed. Only fi ve sites have the necessary 
dat ing control to provide a long term record of Holocene vegetation change in the southern part 
of the Iberian peninsula - Lagoa Travessa, Portuga l (Mateus 1989, 1992); Laguna de las Madres, 
Huelva (Stevenson 1985, Stevenson and Harrison 1992), Laguna Medina , Cadiz (Stevenson 
unpublished); Padu ], Granada (FlorschOtz et al. 1971 ; Pons and Reille 1988); and Las Salinas, 
Alicante (J uli a et al. 1994). With in the nex t three years a number of other add itional long 
Holocene sequences from southern Ibe ri a wi ll be ava ilab le that will enrich our present 
knowledge viz: Laguna Tollos and Zarracatin (Sevilla), Las Salinas (Alican te) and Fuente de 
Piedra (Malaga). For the Southeast of Spain the fo llowi ng information is provided: 

Padul, Granada 
The pollen record from Padul (c. 785m ahitude) in the foo thill s of the Sierra Nevada (Florschi.Hz 
et al. 197 1; Pons and Reille 1988) represents one of the longest continental pollen records in 
Europe. although the Holocene is only represented until ca. 4450 BP (3 150 cal BC), i.e . the end 
of the Neol ithic period. The Holocene vegetation sequence show that after the end of the last 
glac iation when the area was dominated by pinelArfemisialChenopodiceae forest steppe the site 
was rap id ly invaded by oaks (both evergreen and dec iduous). Thi s pe ri od of fo rest 
establishment was halted by ice re-advance du ring the younger Dryas and steppic e lements li ke 
Artemisia and Chenopodiceae returned. Pons and Reille ( 1988) interpret thi s change back 10 
steppic conditions, but wi th only minor fluctuat ions in the regional fores t elements. as caused 
by moisture defici t rather than decrease in temperature. The fi nal melting of the European ice 
sheets sees the rees tablishment o f an evergreen oaklPislllcia fo rest around the site with 
deciduous oak woodland e lements elsewhere in the mountain range. Minor fluctuations in the 
amount and composition of the oak forest occur until c. 8200 BP (c. 7 100 cal BC) when pine 
begins to play a more prominent role in the fo rest communities while values of evergreen oak 
decl ine, Olea makes a continued presence and deciduous oak po llcn increases. Pons and Reille 
( 1988) attribute thi s to the clearance of Q. ilex from around the site allowi ng a proporlional 
increase in regional forest taxa. This pattern is reversed from c. 6300 BP (c. 5200 cal BC) when 
evergreen oak pollen values increase and deciduous va lues decline. 

Roquetas del Mm; Almerla 
This site is one of the three pollen sequences available from the Almeria region. The other two 
sites, San Rafael and a 20 III core from the An tas estuary havc not yet been full y published. A3.6 
111 core was obtained from Roquctas del Mar and containing a sediment record dating to c. 6000 
BP (4900 cal BC). The earl y part of the sequence is dominated by Olea and deciduous oak 
pollen together with significant amounts of Chellopodiaceae pollen. Subsequentl y, around 260 
Clll deciduous oak pollen declines and evergreen oak pollen increases re fl ecting an aridi fication 
and Chellopodia(:eae is replaced by Artemisia. From 150 Clll , which is later than a C I4 date of 
2380 cal BC, obvious impacts of anlhropogenic activ ity are seen as tree taxa decl ine, especially 
evergreen oak and rllderal taxa like Artemisia and ASfraceae increase 
(Aguirre et al. 1994). 

II SlevenSOIl. A.C., University of Newcastte (G8). 
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Figure 14: Pollen diagrams from the Aguas Valley and Sierra Cabrera. 
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71,e Agua .... and Almallzora valley .... , AIII/eria 
The previolls data existing for the Almanzora and Aguas basin is of l.ow qua li ty and sh.ou ld be 
tested wi th a large amount of c ircumspection. The interpre.tatj.ons drawn from the data suffer 
fro m poss ible misidentificat ions and misunderstanding about the nature of seas.onal stream 
systems in semiarid areas and the ir po llen rain . Onl y some tentat ive interpretations can be made. 

For the Ne.oli thic (c. 4000-2300 cal BC) samples from the Agllas valley the pollen counts are 
qui te l.ow and variations between samples are unlikely to be statisticall y re li able, h.owever. it is 
clear that there is little arboreal and shru b pollen fr.om these samples. The samples from the 
Neolithic period of the Almanzora are dominated by Sal icaceae pollen (unfort unately, it is not 
clear as t.o whether it is 5alix.or Populus pollen) and ind icates that the samples derive from a 
very different sedimen tary context, poss ibly c1.ose to a ri ver channel. The d.ominance of the 
samples by Sal icaceae p.ollen effectively prevents any further conclusi.ons being drawn ab.ou t 
the nature.of the regional vegetation. 

F.or the samples from the Chalc.olithic (3000-2300 cal BC) at Gatas the p.oll cn Slims are very low 
bu t .one sample contains striking amounts of Jug/ails pollen, alth.ough arboreal po llen values in 
general are very low. Jug/ails is known from the southeast during the last glacial period (Carri6n 
and Sanchez 1992) and there is some debate as 10 whether these popu lati.ons survived into the 
H.o locene. The samples frolll the Almanzora c.on tain very l.ow po llen counts and are unlikely to 
be very reli able indicators or regi.onal vegetati.on, but arborea l p.ollen values are low. 

F.or the Argaric periods (2300-1550 ca l BC) at Gatas very litt le pollen is recorded, and what is 
rec.orded appears to be dominated by Q. ilex. The first fi ve samples should be di sregarded 
because.of the l.ow c.ounts (c. 30 pollen grains). The last sample has large amoun ts.of Juglans 
p.oll en. In the samples frolll the Almanzora, po llen c.ounts are very low but Ficlts pollen features 
pr.ominently in the Fuente Alam.o samples. 

F.or the post-Argari c (1550- I 000 cal BC) samples fr.om Galas. the counts are very l.ow but with 
similar spectra to the Argaric. The di rferences between peri.ods may we ll be the result .or 
different taphonomic processes acting on the deposited sediment at differen t times. 

F.or the Roman period from the Almanzora the po llen spectra indicate little arborea l cover whi le 
the Andalllsian period at Galas sees a large increase in the shrub and tree po llen sum but these 
are mainly acc.ounted for by the large increase in eiS/liS p.ollen. indicati ve.of widespread firing 
.of the hill sides. It is in these samples that significan t numbers of Morus pollen are found. 

The modern p.ollen sequences rrom Gatas and the Almanzora in general are very similar t.o those 
of the Andalusian and Roman peri.ods. 

A new pollen c.ore was .obtai ned fr.om "C.ortijo de l Cam po", located close to the Aguas moulh. 
It represents an alluvial sediment sequence (4.3 m) that bott.omed out in Tertiary clays and silt . 
The sediment has been sys tematica ll y exam ined f.or samples f.or radi.ocarb.on dating and 
charcoal rragments at 100-101 cm and 300-30 1 cm have been submi tted for AMS dating wi th 
Beta Analyti c. Unfortunately, the sample from 100- 10 1 cm failed t.o provide en.ough materi al, 
while the sample from 330-33 1 cm returned a date .of 3300±50 BP.or 1550±50 cal BC (Beta-
100602). This date clearly places the commencement .of sediment accumulat i.on in the c.ore t.o 
the Chalc.olithic period. 

The earl y part of the sequence is d.ominated by Ligul iflorae, Gramineae and Chen.opodiaceae 
p.oll en with a small amount of arboreal pollen in the form .of Olea and P i/illS, confi rming the 
charc.oal evidence recovered from Gatas. During the Chalc.oli thic (3000-2300 cal BC) it appears 
the Olea was less frequent in the subsequent Br.onze age while pine appears to have been m.ore 
prevalent in the Chalco lithic in c.omparison to the Bronze. It is difficult to ascribe a causal 
mechanism in the absence of a morc c.omplete record .of vegetat ion rrom the area. H.owever it is 
clear that wo.odland fires were occuring, as evidenced by charc.oal fragments in the c.ore, which 
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appear to be associated with raised levels of Cis/us pollen, a well known pyrophyle. The lack of 
arboreal pollen values is confi rmed by compari son 10 Ihe pollen sequence from Roquetas del 
Mar where arboreal pollen values, chieflyQuerclls ilex type dec li ne post 6000 BP and never 
recover. It is unfoflun ale that many o f the trees, especially food source ones, arc insect 
pollinated and do not show up in the palinological record. 

Locally, LiguliOorae va lues increase mid-way through the core before declining to low levels 
as Chenopodiaceae pollen replaces it and suggests that the immediate site represented a marshy 
area in a frequently inundated portion of the valley noor. 

Two short sediment cores were obtained from the very arid endoreic basins in the Sierra Cabrera 
(650-700 m) of "Balsa de Marchalico" and "Balsa de Alquirrico de los Penones", overlooking 
the important archaeological site of Gatas. Unfortunate ly, pollen preservation was generally 
poor because of the aerobic nature of the sediment s. Figure 14 present skeleton pollen diagrams 
for the top 50-60 cm of each core. Few trends can be seen in the sediment record and the lack 
of any chronoslratigraphic markers -i.e. Eucalyptus makes the sediment sequences difficult to 
date. However, the pollen speclra reOectthe present dominance of the valley sides by Querclls 
coccI/era and other mediterranean matorral element's while the ruderal taxa mainly deri ve from 
the basin 0 001' which is periodically inundated, preventing tree and shrub invas ion. 

5.4.2. The Holoccne climatic sequence from an anthracological perspective (results of 
3.5.2.)21 
For the earl y Holocene period no anthraco logical records have been obtained so fa r in the Aguas 
valley, nor in the Southeast of Spain in general , given the relative scarcity of Mesolith ic and 
Neolithic settlements in the area and the lack of interdi sciplinary excavations. Nevertheless, 
important anthracological research has been carried out on materi als coming from excavations 
in the Spanish Levante, further northeast, and in central and southern Anda lucfa, further west of 
the Southeast. 

12000-6300 cal BC: 
Malaga: The increasing importance of Olea and the presence of deciduous QuercII s, Qllerclls 
ilex-coccifera, Pistacio lentisclIs, Rosmarillus officina/is, Arbutus ullello, BlIxus and w vandula 
suggest an increase of temperatures, rather than of pluviosity (Badal 1990). 

6900-5300 cal BC (beginning of agricultural exploitation): 
Levant: The presence of woodland vegetat ion formed by Quercus ilex, QlIerclIs jagillea. 
FraxillllS and some Olea, suggests a subhumid and fresh mediterranean cl imate. Between 5800-
5300 cal BC the evergreen oaks dominate the vegetat ion, while the presence of Olea becomes 
more important (Vernet, Badal and Grau 1983, 1987). 
Malaga: The decrease around 6000 cal BC of the Leguminosae in favour of the Olea and the 
in crease of Rosmarillll s , Cistus and Pisla cia lentisc II s wo uld co rres pond 10 a 
thermomediterranean formation, under higher temperatu res but simi lar pluvios ity conditions 
(Badal 1990). 

5300-4900 cal BC: 
Levant: Thi s period is characteri sed by the development of a PillllS halepellsis and a certain 
opening up of vegetation , as shown by the presence of species such as JUlliperus, Erica arborea, 
Erica multiflora and Olea. This siluat ion can be the consequence of the pressure of Neoli thic 
population on the environment, in combination with a temperature increase (Vernet, Badal and 
Grau 1983, 1987). 
Malaga: The increase in low malorra l species such as Rosmarilllls, Pistacia lellliscus and eislus 
sp. together with a decrease of Olea and the constant although low presence of Pillus haiepensis, 
seems to indicate the anthropic pressure on the vegetation around 5200 caI BC in this area 
(Badal 1990). 

If Rodrfg uez Ariza. MO 0 .. Universidad de Granada (ES). 
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4900-3000 ca l BC: While Pinus and Quereus species practicall y di sappear, the expansion of 
Olea becomes important. The presence of small bushes such as Eriea and Rhamnus provides 
further evidence for the Neoli thic degradation of the environment (Vernet, Badal and Grau 
1983, 1987). 

From 3000 cal BC onwards, i.e. the beginning of the Copper Age, the Vera basin presents 
probably the best anthracologcal sequence of the Iberian Peninsula. 

3000-2300 ca l BC (the beginning of metal production): 
The predominance of Olea (35-65%) in all sites (Zii.jara, Campos, Santa Barbara) together with 
Pistaeia lentiscus ( 10-20%) may ex press a local theromediterranean form ation of lenti scar, 
which corresponds to semi arid-lower dry ombrocl imatic values (c. 250-400 mm) and to mean 
annual temperatures around 1]0 C, practi ca ll y frost free. Frost could only have occurred 
between December and February. The presence of Salix and Populus indicates the presence of 
a ripisil va formations along the ri ver channels. 

2300- 1550 cal BC (El Argar State): 
The anthracological remains fro m Fuente Alamo (Schoch and Schweingruber 1982) renect a 
vegetation dominated by maquia and matorral , with Pislacia, Pill/IS /wlepellsis and Olea being 
the most important wood providing species. The ripi sil va is only represented by Tamarix, a 
shrub still dominant today in the ramblas of the area. 
Ln Gatas the situation appears to have been slightly di fferent, although maquia and matorral are 
again the dominant formations. They are dominated by Olea (4 1 %), Pilllts Iw /epel/sis (20%) and 
Querclls ilex-coccifera ( 15%). Popullls and Sa/ix, common in the previous period, still seem to 
have existed in the Aguas valley. In general this sees to imply more humid environmental 
cond itions. It can be suggested that the thermo- mesomediterranean evergreen QuerclIs 
form ati ons, which today can only be found in the highest areas of Sierra Cabrera ex tended much 
further downward s. 

1550- 1000 cal BC (Late and Final Bronze Age cri ses): 
After 1550 ca l BC the presence of Pillus ha/epellSis and Quercus ilex-coccifera represent less 
than 4% of the total anthracological record in Galas. On the other side, Pislacia sp. which only 
represented 4% in the previous moment, is now the main species (21 %) associated with Olea 
(61 %). Also Salix and/or Populus decrease, while the more res istant Tamarix increases. If this 
is not linked to a change in the management of wood resources, an idea which is not supported 
by the contex tual ev idence, the Late Bronze Age seems to be characteri sed by a more open 
lentiscar vegetation and drier hydric conditions. 
During the final part of the second millennium cal BC vegetation seems to recover to the stage 
described during the El Argar period. Olea (40%), Pinus ( 18%) and Quercus i lex-cocci fera ( 15%) 
are again the dominant maquia type vegetation, while Pistacea (2%) decreases significantly. 
Nevertheless the absence of Salix and Populus would imply that the ripisilva did not recover 
along the ri ver channels, and may be caused by agri cultural exploitation of these areas. 

5.4.3. Conclusions 
After the post-g lac ia l temperature and humidi ty optimum, around 6000-5000 cal BC an 
important vegetation change appears to have occurred throughout the Mediterranean coast and 
implied an increase in temperature and arid ity, together with the development of a more open 
woodland in which the presence of deciduous Quercus gets less important , in favo ur of 
evergreen oak and Olea. 

By 3000 cal BC this maquia and malorral vegetation of the Vera basin is dominated by the 
presence of Olea, or at least thi s is the most soc ially exploited wood species. The represented 
species indicate high temperalUres, with practi call y frost free winters. The ri verine areas see the 
development of dec iduous trees li ke Salix or Populus. More humid climatic and better hydric 

:'9 The edi tors. 
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conditions seem to have ex isted. The degradat ion of th is ripi silva seems lO be a process 
occurring between the end of the Copper Age (c. 2400-2250 cal BC), as observed in Los 
Mi llares (Rodrfguez Ariza and Vemet 199 [) and Fuente Alamo (where il is already absent when 
this site is occupied around 2250 cal BC), and the end of El Argar ( 1550 cal BC). 
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Fig. 15: Exploitation of wood resources in the Vera Basin. 

The El Argar period (2250- 1550 cal BC) also sees, as will be shown below, a mass ive 
exploitat ion of the maquia. The degradat ion caused by these strategies seems lO become visible 
in the exploitation of less quality and less variable wood species during the posI-Argaric period. 
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The presence of Tetraclinis arti culata in Fuente Alamo and Cerro de las Vii'ias in Murcia (Grau 
1990) implies that pluviosi ty must have been low and temperatures high during the first half of 
the second millennium BC. The identification of halo phi tic plants, such as Salsola (Stika 1988) 
or ALriplex (Schoch and Schweingru ber 1982), suggests than some soil s are already suffering 
the problems of aridity induced salinisation. 

Yet while the maquia seems to recover around the slopes of Sierra Cabrera. more arid condi tions 
seem to prevent the form ation of the prev ious ripi sil va, despite the poss ible increase in 
pluviosity which occurred around 1200 cal BC (see above). Salix and Populus are still absent in 
the first millenn ium BC from the charcoal and pollen record of the lower Almanzora. and do not 
appear to have recovered, but rather were replaced by the more arid and salinity resistant 
Tamari x. The same is the case with the maquia formations which ex isted on the Tertiary plains 
until the El Argar period. The Imperial Roman wood exploitation centred on Olea, cultivated at 
that time, and Pist3cia, representing an open matorral fonnation. The use of shrubs and herbs 
for fuel signals the degree of deforestation reached in the lowlands, since the second millennium 
BC. 

A different dynamic can be observed in the Sierra Cabrera. Here, in the X-X lth century AD, 
vegetation still presents a similar structure to the one observed during prehistori c times, 
although it resembles more the degraded situation of the post-Argaric period. than that of the 
first half of the second millennium cal BC.Olea (56%) and Pistacea (19%) are now the most 
dominant wood prov iding species, while Pinus (5%) and speciall y Quercus (3%) only have a 
minor importance. The identificat ion of Zizyphus lotus. which today onl y exists in the driest 
part of Almeria and Murcia, and the freque nt use o f Leguminosae implies dry climatic 
conditions and a more open vegetation. Despite of widespread firing of the hillsides, vegetation 
of Sierra Cabrera seem have recovered in sllccessive phases, as already observed in at the end 
of the second millennium BC. The po llen cores from the endoreic basins at 700 m height show 
rather stable Quercus coccifera vegetati on even in recent times. 

5.5. DEMOGRAPHY AND SETTLEMENT 
R.W. Chapman, G. Delibes, T. Escori za, M3 D. Femandez-Possc, J .L. L6pez Castro, C. Martin 
Morales & M. Menasanch. 

5.5.1. Settlement in the Aguas valley (results of 3.6.1 .) 
Figure 16 shows the frequency of sites known, by period, before the 1995 survey, and those new 
sites which were found during the survey. Thc frequencies of sites of some periods ( e.g. 
Chalcoii thic, Omcya) are unchanged, but note the significant increase in NcoJithic sites, the 
appearance of Phoenician occupation (previously unknown), the increase in Roman sites by 
some 25-33%, and the major increase in post-Roman sites ofthe Byzantine and Nazari periods. 
When the site distributions are examined by period, the fo llowing major changes in focal areas 
of settl ement expansion and contraction (social spaces) are visible: 

(1) The data on Neolithic and Chalcolithic sites confi rm what had already been observed in the 
Archaeomedes project, namely that almost all sites in the latter period were newly occupied, 
with larger surface areas, and that they represented an intensification of the agri cultural 
colonisation. interestingly. as we see will see below, the largest known Chalcolithic settl ement 
in the Vera basin is located at Las Pilas in the lower Aguas valley. 

(2) There is a major dislocation. in scalement between the Chalcolithic and the Argari c c.2250 
cal BC, with only one site, Gatas, showing continu ity of occupation. Not only do the numbers 
of known sites decrease by over 50%, but the focal area of settl emen t changes , with 
abandonment of sites in the middle Aguas area of Turre. Population nucleation led to the 
occupation of only four sett lements in the lower Aguas. Site locations conform to the pattern 
noticed in the Archaeomedes project, namely one detennined more by fac tors of poli tical 
control than in previous periods. There is some ev idence for renewed acti vity in the middle 
Aguas in the Postargaric, but no great change from the Argaric pattern . 
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(3) A thi rd, major di slocat ion occurs between the Postargaric and Phoenician-Punic periods, 
when sites 10 the south of the Aguas are completely abandoned, and the onl y evidence for 
occupation consists of one site, Cortijo de Riquclmc, located immediately to the north-west of 
Turrc. When placed in the contex t of the Vera basin as a whole, thi s is an exception to the 
distribution revealed by the Archaeomedes project, which showed Phoenic ian-Punic settlement 
to be concentrated overwhelmingly in the lower Almanzora ill the north of the basin. 

(4) A fourth di slocation occurs between the Republ ican and Imperial Roman periods, when a 
more evenly di spersed seHl ement paHern characteri ses the middle and lower Aguas, and areas 
which had been abandoned since e ither the ChaJcol ithic , some 2000 yea rs earli er, or the 
Postargaric, over a millennium earlier, now became focal areas for sett lement and agriculLural 
ex ploitation again. 
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Fig. J6: Frequency of sites per historica l period known before and after the Aguas Project. 

(5) The foca l se ttlement areas cont inued from the Imperi al Roman to the Late r Ro man, 
Visigo thi c/Byzant ine pe riods and Omeya per iods, a lthough settl ement was less evenly 
di spersed after the Imperi al Roman period. Surpri singly, given the hypothesis (advanced in the 
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Archaeomedes project) of increasing so il ex haustion in the Late Roman period, there is 
complete con tinuity in site occupation from it 1O the Vi sigOlhic/Byzantine period. This supports 
the inference of continuity in agricultural production, despite the fall of the Empire. By the time 
of the Nazarine period, a more marked gap is visible between sites located along the banks of 
the Aguas, and those newly fou nded at altitudes of 200-300m in the foothills of the sierra 
Cabrera. This di stribution pattern fits that noted throughout the Vera bas in , as politico-defensive 
fac to rs (i.e. conflict between the Nazarine kingdom and the attacking Christian state) 
determined the substantial abandonment of the lowlands and movement of seLLlement away 
from areas of high agricultural potential towards the foothill s of the sierras. Here terracing for 
irrigation became vi tal for subsistence practices. Overall , the Nazarine seulement focussed on 
the sierras in the south and east, rather than the north, of the Vera basin. 

5.5.2. Demographic dynamics during the last 6000 years (results of 3.6.2,3.6.3.) 
Calculations of population sizes using the three archaeological methods outline in chapter 3, 
along with the hi storical census data, are represented for the Aguas valley in figure 17. The 
fo llowing observations may be made. 

( I) For the Vera basin as a whole, the work of the Archaeomedes project suggested that there 
were four peaks in the population size, namely in the Argaric (c. 1900 cal BC), the Phoenician 
period (c .600 BC), the Later Roman period (AD 500) and the nineteenth century (a consequence 
of the mining 'boom' ). While these data suggest an overall populat ion of c.3500-3700 for the 
first two ' peaks' (a lthough the populations themselves were distributed di fferently through the 
bas in), the later ' peaks' were significantly larger, reaching c. 15,000 in the Later Roman period 
and just over twice that amount in the nineteenth century. Each of these 'peaks' is fo llowed by 
a drop in population numbers, in fact the higher the peak, the more marked the subsequent 
decline. 

(2) There are notable similarities and differences between the demographic development of the 
Aguas va lley as compared with the Vera basin as a whole. These are di scussed under points (3)­
(6) below. 

(3) The Argaric population ' peak ' is made even more marked by the use of the archaeo logical 
data based on surplus cereal prOduction, which imply a higher population density within sites 
than calculatcd using site area alone. This higher intra~site density contrasts wi th the decline in 
site numbers mentioned above. Added to thi s observation is that of the ex tensive barley 
cultivation reconstructed for thi s period, and the deleterious consequences of thi s productive 
system for both the human populations and the land. 

(4) The Postargaric population 'decline' is not followed by a 'peak' in the Phoenician period in 
the Aguas valley. In fact, the archaeological data suggest Lhat local populat ion size decreased 
further from the Postargaric to the Phoenician periods, by a fi gu re of c.50%, in the first half of 
the firsL millennium BC, while the population of the Vera basin more than doubled. While there 
was clearl y populalion increase at the regional level, the population centres changed as the 
Aguas valley became margina l to the Phoenician system, which focussed on the northern part 
of the Vera basin (see above). 

(5) While there was a Later Roman 'peak' in the Aguas valley, as in the Vera basin as a whole, 
the population curve is steeper in the Aguas, as local population levcls recovered after the 
Phoenic ian depopulation, and, as we have seen already, sites were evenly distributed across the 
study area. 

(6) Within the Aguas valley there is an extra ' peak' of population in the Nazarine period, when 
the local populalion increased by some 33% before declining after the Reconquest. As was 
noted above, thi s period is marked by an expansion of population into the sierra Cabrera, where 
regadio was practised in areas which had not been previously culti vated. This contrasts with a 
decline of some 60% in the overall population for the Vera basin. Clearly, like the Phoenician 
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period some two millennia earlier, the focal area of settlement and population di stribution 
within the Vera basin changed, but this time the movement was From north to south, in response 
to political fac tors (see above). 
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Fig. 17: Demographic development in the Vera basin and the Aguas valley 

(7) Taken overall , the data supports the inference that, from the Neolithic to the Postargaric 
period, that is the late fourth mi llennium to the middle of the first millennium BC, consistently 
over 50% of the Vera basin population was concentrated in the middle and lower Aguas. It is 
relevant here to note (see above) that the largest known Chalcolithic settlement in the Vera basin 
is located in the lower Aguas at Las Pilas. There was a marked decline to onl y 5~8% of the 
regional population in the Aguas in the Phoenic ian, Republican and Imperial Roman periods. In 
fac t, wi th the exception of the Nazarine period, when 75% of the Vera basin population was 
located in the Aguas, there was never again such a high percentage of the regional population 
located in the southernmost part of the basin. The percentage figures were more in the region of 
30% and less, declining since the eighteenth century to less than 20%. At the present day the 
Aguas valley population comprises some 15% of the regional population. 

(8) The data presented above highlight differences of scale in the population dynamics of the Vera 
basin during the last six thousand years. While change within the middle and lower Aguas broadly 
followed regional trends, there were important exceptions which resulted in either a decrease 
(Phocnician) or an increase (Nazarine) in local human exploitation. In both cases the changes can 
be understood in the context of regional level political and economic changes, namely the 
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Phocnician colonisation centred on the town of Baria, at Vil laricos, at the mouth of the Almanzora 
in the nonh of the basin, and the Christian armies' pressure On the Nazari kingdom. At the same 
time, we should be careful about thinking that settlement frequency and di stribution automatically 
equate wi th environmentally significant exploitation. To take one example, a lthough the 
nineteenth century populat ion in the middle and lower Aguas vaIJey was concentrated in the 
mining centres of the lower Almanzora river, there was a major extension of terracing in the sierra 
Cabrera (v isible today almost as far up as the summit) as pan of the infrastructure needed to 
support the workers and fam ilies associated with the centres in the nonh of the basin. 

5.5.3. Conclusions 
The systematic and selecti ve surveys have enabled us to define more represen tative changes in 
the archaeological and historical record of local settlement in the Aguas va ll ey, showing some 
major change in settlement representation for specific periods in the past, as well as confirming 
the known patterns for other periods. There is no simple continuity in either settlement or the 
population frequencies inferred on the basis of the archaeological evidence. Instead we can 
observe patterns of scltlemcnt and demographic continuity and discontinuit y, as we ll as 
aggregat ion and dispersion. Four major peaks of population in the Vera basin, in the Argaric, 
Phoenician, and Later Roman periods and in the nineteenth century are not all reproduced for 
the Aguas valley, where population size decreased in the Phoenician period and there was an 
ex tra peak in the Nazarine period. This shows the effects of spatial scale and historical context, 
specifically the altraction of population in the Phoenician period towards the north of the Vera 
basin , and the politico-defensive factors which drove the Nazarine popu lat ion imo the Aguas, 
in the souLh of the Vera basin. This long-t.erm and scale-dependant perspective is a unique 
contribution of archaeology (in combination wi th histor ical studies for the last half a 
millennium) and one which isolates potent iall y critical periods for the environment of the Aguas 
valley, wi thin the broader context of the Ve ra basin. 

5.6. POTENTIAL RESOURCES AND ECONOMIC DEVELOPMENT 
The editors & Ph. Verhagen. 

5.6.1. Ecological assessment of the agricultural potentia l of the middle and lower Aguas 
valley (results of 3.7.1.,3.8.) 
The ecological evaluation of past demographic and agricultural trajec tories, as we ll as the 
des ign of less aggress ive policies for a future development of the area, require a precise 
understanding of the natural factors that condition the agricultu ral potentia l of the area. 
Therefore, a strategy has been developed (sec 3.7. 1.) which allows us to define the potent ial 
land types suited for different fo rms of agricultu ral exploi tation and their ex tension. The 
combination of these data with the hydro logical analysis is of prime imponance in order to 
establish the actua l limits of the agricultural production and development of the middle and 
lower Aguas. 

Under middle and late Holocene climatic conditions the hi ghest agricultura l productivity 
depended on the natural flooding or socially induced conduction of water to the land, a strategy 
which today is known as regadfo (i rrigated agriculture). Surfaces depending exclusivly on 
rainfall present marked diferences in soi l fert ility. Areas where in modern times secallo 
il1tellsivo is practised offer the highest productivity in dry farming, while the yields of land used 
for seC{lfIO exrellsivo are low, and can only be obtained once every four to ten years. The 
currently practised ex tensive agricu lture is a consequence of the 19th century demographic 
pressure and economic development (industrial mining), which forced farmers to use marginal 
areas for thi s type of agriculture. This is illustrated by the fac t that thi s land use type is also 
found on Pliocene deposi ts near the coast: thi s area seems to be more characteri stic for secano 
intensivo, but the high salinity level of the soil impedes intensive exploitation. 

The analys is of the ecological variables that determine the agricultu ral production reveals a 
clear ecological di stinction between secano ex tensivo on the one hand, and seC{lIlO illlensivo and 
regadfo on the other. Extensive dry farming is mainly confined to intermediate altitudes (100-
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200 m) and a Mioccne subslrate, and is fmmd on steeper and sunnier slopes (up to 20%) than 
the other two. In tensive dry farming and irrigated agriculture can be found on a Quaternary or 
Miocene substrate and prefer lower altitudes (0- 100 111), where slopes are generally less than 
fi ve percent. They are distinguished from each other by the proximity to ramblas: irrigated 
farming is only found in the vicini ty of water, whereas intensive dry fa rming is located 
irrespecti ve of the distance to water. Both land use types can be subdivided into a 'Quaternary' 
and a 'Miocene' group, with the latter be ing located on somewhat higher e levations. Whi le the 
first group can profi t from natural floods and subsoil humidity and, in general, provides a higher 
producti vity, the agri cul tura l exploitation of the second can only be improved th rough art ificial 
irrigation, and is therefore dependent on the construction o f hydraulic infrastructure and 
additional water resources. 

Assessment of agricultural potential of the Aguas valley 
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Fig. 18: Line cha rt of the cumulative frequencies of occurrence of land use probability. 

The results of thi s analysis have been used to perfonn a maximum likelihood class ifica tion on 
the four continuous vari ables lIsed (e levation , slope, solar radiation and di stance to rambJas). In 
order to arri ve at a classification that makes sense in an eco-agrarian contex t the geological 
conditions were also considered and four land use types were defined: 
I - regad{o by means of inundation in the Rio Aguas fl oodplain. This type of irriga ted 
agricuhure seems to have been available to prehistoric cultures that did not have access to 
technologies like terracing and the building of water conduits. The land which allows thi s type 
of agricultu re is therefore characterised by the highest productivity and the lowest need for 
technological investment. This land use type is equiva lent 10 Ihe current areas of regadfo on 
recent Quaternary deposits (all uvial and colluvial loam, sill, clay and gravel) . 
2 - secaflO if/lellsivo J in the Rfo Aguas flOodplain , found at larger distances from the river on 
the same type of deposits. The producti vity of this land can increase naturally and reach the 
regad{o yields, if the ground water level of the all uvial aquifers was higher, or if water was 
brought art ifi ciall y to it. This land use type is equ ivalent to the current areas of secano intensivo 
on recent Quaternary deposits (alluvial and coUuvial loam, silt, clay and gravel ). 
3 - secallo illtellsi vo 11 on the river terraces and Tert iary plains of the RIO Aguas and in the 
foothill s of the Sierra Cabrera. The agricultural produclivity of thi s land basicall y depends on 
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the annua l rainfall, and can on ly be increased through the development of hydrauli c 
infrastructure. This land use type is equivalent to the current areas of secano intens;vo and 
regadfo on older Quaternary deposits and Miocene marls. Currently, some of these areas are 
irrigated by means of canals or water pipes. 
4 - secano extensivo on intennediate altitudes in the foothi lls of the Sierra de Bedar and Sierra 
Cabrera. It represents the land with the lowest producti vity. This land use type is equivalent to 
the current areas of secano extensivo, with the exception of the Pljocene coastal area, which 
cannot be di stinguished from land use type 3 on the basis of the four variab les. 

The hectares of land available for each type of agricultural strategy have been calculated for 
different probabililies, i.e. the degree in which a given space fulfils the defined ecological 
cond itions. Ln the line chart (fi g. 18) the frequencies for each land use type probability are 
presented. The frequency of low-probability secano extensivo is very high, due to the fact that 
thi s land use category is not 'bounded' by an even less productive land use type, li ke matorral. 

At an SO% probability limit, which can be considered an acceptable degree of adjustment of 
land to the necessary ecological conditions and which represents a turn ing point in the 
trajectories of most land use types (fi g. IS), around 3000 heciares of land are available (900 ha 
regadfo; 750 ha secallo illlensivo I; 500 ha secono illlensivD 11; 750 ha of secanD exlellsivo). 
Expanding the situation to a 50% probabili ty, where the next turning point of the trajectories can 
be observed, around 5600 ha could be cultivated ( 1700 ha regadfo ; 1200 ha secanD irltellsivo I ; 
900 ha SeCQnD illlellsivo 11 ; 1800 ha of secano extensivD) . From this point onwards the 
possibilities of agricultural expansion get limited and are mainly found in terms of secanD 
eXlellsivo, i.e. the less favourable alternative. If the low quality secano extellsivo soi ls are 
excluded, it can be followed that the middle and lower Aguas presents around 3800 ha of 
reasonably we ll suited regadfo and secano ifllensivo land, in leons of geological bases, height, 
distance from the water courses, slope and solar radiation . This seems to represent the upper 
limit or the potential land avai lable for agricultural practices in the area. 
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Map 10: Land use potentiality map, showing the most probable land use type (red: 
regadio; blue: seCQno illtensivo I j green: seCQllo illtellsivo l/j purple: secallo extellsivo). 
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The map resulting from the max imum likelihood classi fication indicates the potential for the 
different land use types and confirms the general outline sketched above. Although the map is 
obviously a tentative approximation of the actual land use potential, it may serve as a basic 
model to define the re lation between potential land use and exploitation in different past and 
futu re periods. Comparing thi s land use model at a 50% probabil ity level with today's 
agricultural product ion, another 900 hectares should be potentially available for cu lti vation, 
mainly in the val leys of different ri vers and ram bias. In fact, the overl ay of the current land use 
map on top of the land use probabil ity map shows that the rea l situation is not very different with 
1164 ha not being culti vated in the area defined by the 50% limit. The development of these 
agricultural potentials mainly depends on the available hyd ric resources and on the design of a 
more effecti ve water management strategy. 

5.6.2. The agricultural strategies during the last 6000 years (results of 3.7.1 ., 3.7.3., 3.7.6., 
3.7.7.,3.8.) 
The paleo-agrarian analys is has allowed us to define the land use strategies developed in the 
Aguas valley during the last 6000 years and to model, in combination with the demographic 
calculations (see above), their spati al implications. 

Figure 19 shows the re lationship be tween the agricu ltural terri tori es and the diffe rent 
agricultural land resources of the Aguas valley at an 80% probability limit (see 5.6. 1) since the 
Neol ithic period. 
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Fig. 19: Agricultural territories during the last 6.000 years. 

The first human populations (4000-3000 cal BC) of the Aguas valley settled in different types 
of ecological situations, taking advantage of the natural di versity ex isting in the Aguas valley. 
The agricultural strategies and spaces seem to concern dry farmi ng as well as the culti vation of 
the more humid ri ver margins. The proximity to watcr resources or more humid areas does not 
seem to have been a significant factor, which agrees well wi th the paleo-climatic ev idence 
indicating more humid conditions during the early Holocene. 

Higher population , more intensive agricultural practi ces and, probably, the tendency towards 
more arid conditions implied that aft e r 3000 c·a l BC (Chalco lith ic per iod) subsistence 
production mainly concentrated on the exploitation of the Quaternary valleys. The distance to 
water resources has become a relevant factor in the selection of settlements and agrarian spaces. 
This strategy allowed these populations to obtain the highest producti vity with the lowest labour 
investment in semi-arid environments. 
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Map 11: Chalcolithic settlements and their agricultural territories. 

After 2300 cal BC (Argaric period J) agricultural territories exceed the limits of reasonably well 
suited land existing in the valley bottoms, due to demographic increase and the introduction of 
extensive dry fa rming strategies on the plains. From Lhi s moment on the beginning of an 
ex tensive barley monoculture takes place. That thi s strategy was economically and/or 
environmentally problematic becomes clear by the attempt made around 1900- 1750 cal BC 
(Argar 11) towards an increase in the production of legumes (Vicia sp.), which could onl y take 
place in the areas of higher humidity, i.e. in the vaJleys. 
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Map 12: Late Argaric settlements and their agricultural territories. 

With the full development of the first prehistoric State formation (Argar Ill : 1750- 1550 cal BC) 
the settlement of Gatas seems to become the main centre of accumulation, transformation and 
redistribution of the Aguas barley. Its production and an important demographic increase 
implied a drasti c extension of the agricultural territories through the deforestation and 
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exploitation of the Tertiary plains suited for secano illfellsivo 11 and seC(lllO extellsivo. The 
advantages of barley culti vation are its res istance to low rain fa ll and its adaptab ility to poor 
so ils. Nevertheless, from an economical point of view, the productivity obtained with tbi s 
strategy is very low, specially if margi nal secano extellsivo so il s are used (fig. 19). Its socia l 
consequences caused nutritional problems, as is indicated by the palaeo-pathologies observed 
on human skele to ns of thi s period (B uikst ra and Hoshower 1994). It s environmental 
consequences affected the hi story of the area even a long time after the collapse of the Argaric 
State around J 550 cal BC. Although the dry and hot climatic conditions detected during th is 
period (see 5. 1) favour such an ex tensive agricultural strategy, other social and economic 
trajec tories could have been possible (e.g. migration to other wetter regions, demographic 
stability, development of irrigat ion farming). 

The trajectory from 4000 cal BC to 1550 cal BC shows the maximum economic exploitation of 
the Aguas valley with little or no technological input. The agricultural strategy imposed during 
the late Argaric period can only be considered as a mistaken policy in view of the environmental 
and soc ia l consequences it had. After the dramatic co llapse of thi s State system, human 
occupation of the Aguas valley experienced a continuous decrease until the Roman period, 
around 1500 years later. Untill this period, agricultural production is limi ted aga in to the most 
productive surfaces existing in the Quaternary floodplains. Other areas of southern Spain seem 
to have been more attrac ti ve for ecological as well as socio-eeonom ica l reasons, as the 
archaeological record shows (Chapman 199 1). At the same time, low popu lation numbers 
hindered the development of more labour intensive agricultural strategies, which apparently 
represented the only poss ibilit y to obta in betler y ie lds unde r the a lready degraded 
environmental conditions of the lowlands. 
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Map 13: Roman Imperial sett lements and their agricultural territories. 

During the period of the Roman empire (0-400 AD) new agricultural strategies and high 
popUlation numbers led to a new period of agri cultural expansion. While dry farming of barley 
was practised extensively on the plains, the growing importance of wheat can onl y be explained 
through the development of the first irrigation system on the Quaternary so il s along the Aguas 
ri ver, where the main Villlle are located. As observed during the Argaric period, the need for 
surplus production furthered by the Roman State implied an exploi tation of the agricultura l 
resources above {he ecologically defined limits and on less productive land. 

The disappearance of thi s large scale politica l organisation was not followed by a depopulati on 
phase of the Aguas valley, as occurred after the collapse of the Argaric state. Rather a less 
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concentrated settlement pattern seemed to emerge during the Late-RomanlByzantine period 
(400-700 AD), which aimed at a better exploitation of the most productive agricultural land, as 
the high atlracfivity indices of this period suggest. This decentralised occupation pattern 
corresponds to the development of the hydraulic infrastructure and inigation farming in the 
va lleys, as is also suggested by the dominance of wheat in the subsistence production. Probably 
this agricultural intensificat ion through teChnological inno.vation and Iow but constant labour 
investment, has to be seen in relation to the links existing at thi s time between southeast Spain 
and North Africa, where irrigation systems played an important part of the agricultura l 
terri tories. This strategy allowed these populations to reduce land use to the f1oodpJains, but still 
to maintain a similar or even slightly larger population as existed during the Roman empire. 
ApparenLly, the lack of external demand for agricultural goods implied the abandonment of the 
low productivity dry-farming strategy on the plains. 
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Map 14: Omeya-Califal settlements and their agricultural territories. 
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After a period of demographic crisis, probably caused by political instability, the IX-X century 
saw the emergence of a new sett lement pattern and socioeconomic organisation, linked to the 
formation of the Andalusian state. The construction of a hisn or Andalusian castl e high up the 
Sierra Cabrera (539 m) appears to be related to thi s development, as a mili tary centre of the 
Aguas valley and the Vera basin in general. While the larger lowland villages of the previous 
period remain occupied, new settlements appear at the foot.of the sierras in similar sett ings as 
to those documented for the Argari c period (e.g. Gatas). This two-fold occupation pattern 
corresponds to a new attempt to increase ag ri cultural production, furth ered by exte rnal 
demands. The lowlands probably saw the maintenance or the renewal of the previous irrigation 
system existi ng along the Aguas river, as well as a rei ntroduction of the dry-fanni ng prac ti ces 
on the Terti ary plains. At the same time, the complex terrace and hydrau lic system, whose main 
function ing charac teri sti cs can still be observed in the present day system (see 5.3), began to be 
developed on the slopes of the Sierra Cabrera, which explains the new type of site locat ion. The 
introduction of thj s new technological device, despite being more labour intensive, allowed 
these populations to maximise the ex isting water resources and to reach the highest producti vity 
levels. All these strategies take place in the Vera basin in combination with ex tensive husbandry, 
mining of iron ores and a specialised metal production, which exceeds the local necessities. The 
resources needed fo r these energy intensive acti vities must have implied an important 
deforestation in the mountains, as, accord ing to botanical evidence, the plains al ready presen ted 
a similar level of degradation and aridity as today. It can be stated, that the introduction of 
terrace and irrigation systems on the slopes of the sierras represented, consciously or not, an 
agri cultural strategy which counteracted the environmenta l degradation of the highlands. 

In the 13th - 15th century AD, when the Vera basin became a border region of the Nazari Slale, 
agri cultural terri tories were reduced again. Although population density was nearl y as high as 
during the Roman and Late-Roman periods exploitat ion of the Tertiary plains played a minor 
ro le and agri culture seems to have concentrated on the most producti ve surfaces , i.e. the 
Quaternary valleys and the mountain slopes with the highl y developed hydraulic in frastructure. 
St ill , thi s strategy allowed surplus productjon , not so much in terms of cereal crops as in 
previous periods, but of mulberry trees related to silk production and of olives. The historical 
documents of the 16th century (Libra de Reponimiellfo) report that in the area around Turre 
existed 1100 mulberry and 1500 olive trees. The inhabitants of the mountain village of Teresa 
grew around 1200 oli ve, almond, fig and mulberry trees. For the other sites no records ex ist, but 
the situation seems to have been similar. The achievement of these high levels of agricultural 
production with a low impact on the environment was only poss ible through a combination of 
economic and social factors. Undoubtedly, an adequate management of the water resources and 
the development of a complex hydraulic in frastructu re laid the technological basis. Equall y 
important was the dispersed settlement pattern and the distribution of enough land among the 
population to guarantee self suffi cient production. On ly cerea l secano land and some tree 
plantations show an unequal property structure and allowed a certain surpl us production. 

The importance of the social structure in the agri cultural strategies becomes clear after the 
expUlsion of the Andalusian popUlation from the Aguas valley and the distri bution of the 
agricultural territories among the new Christian population. Despi te the fact that much larger 
agricultural plots were given to these farmers, the irrigation system of the Sierra Cabrera was 
given up, clai ming its "insuffi cient producti vity". The consequence was the abandonment of the 
mountain settlements, a drastic population decrease and the activati on of important erosive 
processes, as shown in the sequence of Holocene terraces documented in the Aguas valley (see 
5.2), and which contributed further to the degradation of the area. Not before the end of the 18th 
century AD did the Aguas recover from its politically induced demographic cri sis. At this point 
the socio-agrarian situation had changed considerably. Although many poor land owners still 
ran a small scale intensive hllerra production , the dominant tendency is towards a concentration 
of properly and large scale regadfo as well as sec(lIlO cash crop production. For example, in 18th 
century Turre 2% of the population owned more than 40% of all the irrigated land. This situation 
became even more pronounced in the 19th centu ry, when the region experiences a sharp 
demographic increase caused by the important mining acti vi ties taking place mainly in the 
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northern part of the Vera bas in . Property of irrigation land is further concentrated and most of 
the poorest farmers now only own land suited for dry- farming. High food demands, caused by 
the high population density, implied the exploitation of all available resources. While the ri ver 
valleys were culti vated with different types of irrigation systems, dry- farming is extended even 
to the worst qua lity land (secallo extensivo ). At the same time the remains of the Andalusian 
hydrau lic technology were repai red and enlarged in the Sierra Cabrera. In thi s sense we can 
conclude that the 19th century applied all the possible agricultural strategies developed so fa r 
by diffe rent surplus economies: I. the Argaric ex tensive dry farming on the plains, 2. the 
intensive irrigation of the valleys introduced in Roman and Late Roman times, 3. the high 
producti vit y- labour intensive mountain farming developed by the Andalusian populations. It is 
clear that thi s situation led to an overexploi tation of al l areas of the Aguas valley and contributed 
further to the present day degradation. 

Despite an important demographic decrease during the 20th century, land use in the 1970s still 
exceeded the ecologica ll y reasonable limits of the Aguas va lley (fi g. 19). For modern 
agri culture we can evaluate the agricul tural strategies according to the four types of land use 
di stinguished in chapter 5.6.1. According to the avai lable land use map (see 3.8.), around 2900 
ha are used for regad[o and secallo intensivo. It is interesti ng that the amount of floodplain 
regad[o and noodplain secano, or secallo illlensivo /, adjusts to the 80% probability threshold, 
while the secano i lltensi vo 11 type on the Terti ary plains, which today occupies 1200 hectares, 
is only avai lable if the ecological conditioning factors are fu lfilled at a 20% probability. Today 
another 380 ha are culti vated in the ex tremely poor secano extensivo conditions, which is 
availab le at a 95% probability. This implies that the present day agri culture is characteri sed by 
an underexploitation of the floodplain s, and an overexploitation of the Terti ary plains. As we 
have mentioned above, the natural producti vity of the plains is conditioned by rainfall , while 
that of the tloodplains also depends on the groundwater leve l. Thus the underexploitation of the 
floodpl ains is a reflection of the degree of structural aridity reached in the area. With similar 
drought the Tertiary plains are preferred for either irrigation agriculture, dependent on hydraulic 
infrastructure, e.g. we ll s, and external water suppl y, or for a low producti vity culti vation. The 
extraction of the ground water supposes a reduction of the alluvial aqu ifers, which again results 
in a further aridi sation of the floodplains. In general, one can say that, in principle, under the 
present day conditions another 900 hectares are potentially available for culti vation (50% 
probability limit for regad[o and Jecano ifltensivo type f), mainly in the valleys of different 
ri vers and ramblas. The development of these potentials mainly depends on the hydric potentials 
and on the design of a more rational water management strategy. 

5.6.3. Consequences of the combined exploitation of land, animals and wood resources in 
different demographic a nd socioeconomic situations (results of 3.6_2., 3.7.3., 3.7.4., 3.7.5.) 
The empirica l ev idence obtained from the multi stratifi ed site of Gatas and the use of 
homogeneous quantitati ve indices (see 3.7.2, 3 and 4) allows us to compare agri cultural 
production, meat production and wood exploitation. This information can than be evaluated in 
relation to demography (5.5) and the extension of the agricu ltural territories (5.6.2). 

The first observation which can be made is that there is no direc t corre lation be tween 
demographic increase and expansion of the agricu ltural territories. The highest population 
indices occur around 1600 cal BC, the full deve lopment of the Argari c State, and around 1000 
AD, the functioning of the Califal State, but the territories exploited in both periods are very 
different. Here the di sadvantages of extensive crop monocultures and the high producti vity 
reached by the Andalusian agricultural strategies become clear. 

In the late Argaric phase, i.e . around 1600 cal BC, not only are the agri cultural territori es 
expanded, but also the meat production, obtained through sheep and goat husbandry, and the 
forest exploitation increase significantl y. That thi s situation implied a clear over exploitation 
becomes clear in view of the social as we ll as the environmental processes occurring after 1550 
cal BC. The collapse of the Argaric system is followed by a rapid drop in the population and a 
drasti c reduction in crop production. The decreasing of soil fertility and the environmental 
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degradat ion of the region is al so shown in the palaeo-botan ical evidence (see 5.4.). In thi s sense, 
it can be concluded that the demography, at least up to certain levels, is more the consequence 
than the cause of environmental degradation, something which is of prime importance for the 
development of future policies in Mediterranean environments. 
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Fig. 20: Comparison between demographic trajectory, agr icultural territories and goods 
production in the Aguas valley during the occupation phases of Gatas. 

There is al so no clear correlation between Ihe economic impact on the environment and the 
productivity levels reached by food production. On the contrary, the moments of highest 
agricult ural productivity (Kcal ) take place around 1800 cal BC, while husbandry becomes the 
most re levan t sector around 1400 cal BC. Therefore qual ity and quantity of the food resources 
do nol depend on the extensive strategies developed around 1600 cal BC. It can be concluded, 
that the most envi ronmentall y aggress ive strategies are independent of demographic pressure 
and the volume of production. The importance of poli tica l variables and specific decision 
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making aimed towards an increase in surplus production, as occurred during the development 
of the Argaric State, are the prime causes of the environmental degradation of the Aguas valley. 

In the case of the Argaric period amhropic impact caused an irreversible degradation that has 
condi tioned the environmental and social dynamics until the present day. The wood exploitation 
indices were never again as high as du ring the Argaric period, while natu ral vegetation 
regenerated at a much slower pace from then onwards. The Tertiary plains where these trees and 
shrubs were deforested in order to gain further agricu ltural land seemed to be unable to recover 
and developed a more steppe like vegetation. whkh appears in the anthracological record of 
Phoenician and Roman times. Soil fertility, at least in the lowlands also decreased considerably. 
as the Las Pilas sec tion shows. In general we see here the consequences of a mistaken 
environmental and economic policy, which can hard ly by reversed, but which is relevant for 
other regions. where degradation still has not reached the levels observed in the Aguas. 

5.6.4. Conclusions 

Thanks to the palaeo-cconomk analysis developed in the context of thi s project. the Aguas 
valley probably represents today the region with the most detailed long-term agrarian history in 
the Mediterranean. This informat ion is of prime importance in o rder Lo eval uate the 
potentialities of the area, the consequences of anthropic impact and the possibilities for future 
deve lopment. 

The first result is that most societies and in different hi storical moments exploi ted around 1500 
ha. It is interesting that this surface is equivalent to the land available in the Quaternary valleys 
(vega) at the 80% probability threshold. These soils allow us to obtain an optimal relation 
between necessary labour input and crop output. Through the introduction of hydraulic 
infrastructure producti vity can be increased further. The maximum production volume with 
such an irri gation sys tem seems to have been reached in Late Roman times, when the 
subsistence demands of lip to 3900 persons could be satisfied. The Nazari period might have 
been the last time when this intensive agricultural strategy functioned in its full extension in the 
valleys, and allowed the growth of thousands of culti vated trees, in combination with a 
di versified crop production. Clearly the lowlands presented then a very different aspect Lo the 
dry and deforested picture visible today, thanks to this wide scale management of the water 
resources. 
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Fig. 21: Percentile distribution of the agricultural territories, which developed in the 
Aguas valley during the last 6000 years (same data as fig.19), in relation to the potential 
land (regadio, secano type 1 and 11) at different ecological probability levels (see 5.6.1 ). 
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Approximately the same population as during Late Roman and Nazari times exists today in the 
area, but the main li miting factor now is the availabili ty of water. The fact that today these 
potentials are less exploited than the Terti ary plains (see 5.6.2.) is a clear indication of the 
aridisation of the valley bottoms. In th is sense, it has to be underlined that the lowlands 
presented during the Roman period an already degraded vegetation, due to the deforestation 
which occurred main ly during the second millennium BC. Therefore the availability of 
sufficient amounts of water must be li nked to the high resilience and water storage capacity of 
the Sierra Cabrera, which has been documented at successive periods. This leads to the 
conclusion that any water infi ltration furthering mechanisms in the high lands, such as the 
development of a denser vegetation and/or the extension of hydrau lic infrastructure (see 5.3), 
have direct consequences for the recovery of the lowland aquifers and of the vegetation existing 
in the valley bottoms. In general the total water availabi li ty of the Aguas valley becomes larger. 

Only in three hi storical moments were the agri cultural territories ex tended beyond 3000 ha, 
forcing ecologicall y conditioning factors nearl y up to a 50% probability threshold (fi g. 19 and 
2 1): I. the Argaric state; 2. the Roman Empire; 3. the 191h and 20th century Capitalism, with a 
clear overexploitation of the local resources caused by the mining boom. The fourth state 
organisation which existed so far in the area, i.e. the Omeyan caliphate, and the early stage of 
the Argaric state present the next two highest values. In all these periods the best suited soils 
existing in the valleys were insufficient and ex tensive dry~fanning was practised in areas where 
the agricul turally favourable factors are negative, i.e. producti vity is low. Apparently, only in 
periods when the labour force had a low economic value did this agricultural strategy become 
feasible. Apart from its economic implications, the exploi tation of the Tertiary plains during the 
Argari c period probably had the most importan t environmental consequences, when the maquia 
vegetat ion was deforested for the first time and never seemed to recover again, giving way to 
more open steppe like vegetat ion. The degradation caused by thi s state organisation could 
socially and economicall y only be overcome through an important investment in technology 
and labour force in the Roman empire, 1500 years later. 
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Map 16: Settlements and agricultural territories in the Aguas valley. 

Map 16 shows the number of periods a given space had the highest probabili ty of being used 
during the last 6000 years. It represents the sum of the modelled agri cultural territories of all 
periods, and allows us to distinguish those areas which were most attracti ve for agri cultural 
exploitation (red), from other with low producti vity and/or high labour investment requirements 
(green), 
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The conclusion is that the Quaternary valleys (vega) could be culti vated successfully in all 
periods. On the contrary, exploitation of the Terti ary plains seems to result in a rapid ferti lity 
loss, which prevented their repeated use. Hill slopes where also used in few periods, but in thi s 
case because of the high labour input needed in order to construct the necessary terrace and 
irrigation systems. 

This type of spatiaJ modelling is crucial for the future development of the Aguas or similar 
valleys of southeast Spain. IL indicates which areas present the highest resilience in re lation to 
land use, and where anthrop ic impact is critical, e ither because of its socia l or of it s 
environmental implications. Any management or development strategy of these areas should be 
submitted first to a detailed evaluation of its consequences on the socio-ecological variables 
described and analysed in thi s project. 

5.7. MODELLING SOClO-NATURAL SYSTEMS (resulls of 3.9.) 
J. MeGlade 

One of the most interesting results of the modelling concerns the demographic dynamics. The 
population model which has been developed is able to characterise a hypotheti cal population at 
a site such as Gatas in the rnidd le Aguas. A simulation model was constructed for two interacting 
populations (eli te and commoner) based on an age-structured population di vided into cohorts 
(0-9 yrs; 10- 19 yrs; 20-29 yrs; 30-39 yrs; 40-49 yrs; 50-59 yrs and 60+). The model relates 
fertility levels to a generalised health level obtained from calculations of long-tenn nutritional 
health . Studies indicate that when nutritional defic it is severe, the birth rate drops rapidly and 
chron ic malnutrition and increased levels of food intake above the subsistence point have much 
less of an effect. This is reflected in the fact that 80% of the variability in ferti lity is produced 
by a food per capi ta quotient of c.2300 Kcallday. 

Total ferti li ty is calculated on the average number of children an Argaric woman at Galas will 
have had in her lifetime (=6.4) multiplied by a stochaslic coeffic ient. This estimate is reasonable 
for preindustrial populations and accords with studies done on archaeological populations such 
as the Maya and the Greek Bronze Age populalions studied by Angel. 

Our model assumes that the core of the elite class was an hereditary ari stocracy. Archaeo logical 
ev idence indicates that unless strong pressure of downward mobility exists, there is a strong 
tendency for such an ari stocracy to grow at a faster rate than the rest of the population via a 
higher birth rate and lower death rate, due IO superior access to criti cal resources. We might 
reasonably speculate, however, that if conditions become difficult, thc elite wi ll lose control of 
subsistcnce activities and may decline very rapidl y. 

Simulation of population cohort growth for a set of base parameter values demonstrates that 
equilibrium conditions are reached after 25 years, or about one generation. From a number of 
experiments to simulate population growth for a settlement such as Gatas, we can show that , 
from an initial population set at 230 indi viduals, steady state behaviour is reached after about 
50 years. The diffe rence between thj s result and the reference behaviour described above is due 
to the inclusion of a stochastic birth rate coefficient. If we perturb the population more violently 
by the addiLion of a disease vector vis iting the populat ion with a given periodicity, it is still able 
to retain a high degree of resilience, i.e. it does not collapse. However a threshold is reached at 
which the population is unable to sustain growth and, after c. 15 years, begins to decl ine. The 
most vulnerable age cohort is age class 0-9 years (fig 22). 
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Fig. 22: Comparison of the effect of disease in age cohort O~9yrs on the other age classes. 

Perhaps the most important message from a wide variety of simulations is that thi s demonstrates 
that the effect population dynamics exert on social structure is considerable: the acute sensi tiv ity 
of bi rth and death rate coefficients is seen in their response to even min imal parameter changes 
in fe rti lity, as we ll as stochasti c visitation of di sease veClOrs. Such effects cause severe 
disruption in population structure, generally because the effects are most marked in the infant 
cohort. 

As a consequence, the re lationshi p between division of labour and the maintenance of social 
control is subject to periodic di sruption. Thus the fragility of demographic structures (observed 
by many demographers, but large ly ignored in archaeo logical models) demonstrates the 
essential instability of socictal re lations of production. 

Functi onalist and materiali st models have frequently portrayed population structu re as an 
external cause or independent variable acting upon the system. Such prime-mover models arc 
inadequate precise ly because they misrepresent the true dynamics of the social natural system. 
Popu lation dynamics are frequently reduced to an agg regate variable; thus average growth 
va lues dominate di scussion. Our results show that, to the contrary, it is the micro-scale age­
structure of the populati on which is the critical issue for study. In addition, we have shown, in 
relation to the Bronze Age, that the birth rate is highly sensitive and can be considered to 
represent an endemic instabi lity within demographic structure, partl y as a function of the 
unpredictabi lity of fertil ity rates - affected as they are by biology, age, nutritional stress, kinship 
rules, tradition, ideology, etc. 

Our simulations demonstrate that the onset of arid ification coupled wi th barley monocropping 
in the Argaric exerted a cumulati ve deficit effect on long-term nutritional health. lndeed, there 
is substantia l evidence that monocropping regimes generate severe diarrhoetic condi tions in 
populations, increas ing the mortality rate in the primary age cohorts (F. Hassan, pers. corn .). 
Thus it may be that the combination of subsistence pract ice and cl imatic changes over the long­
term, acted to severely destabilize the demographic age-structure at Argaric settl ements such as 
Gatas (see Buikstra and Hoshower 1994 on infant mortality at this, and other contemporary 
sites), leading to abrupt changes in the social division or labour. What we arc underlining in 
these preliminary results is the problematic nature of societal reproduction in e lite dominated 
communities and ultimately the limits or social control in stratified societi es characteri sed by 
unequal distri bution of wea lth and power. 

These simulati on studies Jay bare the fragility, uncertainty and sensiti vity to abrupt transition 
lying at the heart of the social stratification in the Aguas and indeed, throughout the Vera basin. 
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Under these ci rcumstances collapse is not a surpri se, but represents a highly probable - and 
probably frequently encountered - evolutionary trajectory. 

In add ition, our simul ations of soil/vegetation/c rop complexes demonstrate the criti ca l 
importance of soil-moisture in generating a nested set of structures from the micro-local level 
of soil structuration to the scale of the Aguas catchment. It is thus that we can say that the 
rela tionship between soc ial-natura l phenomena and hydro logy form s a tight ly knit 
coevolutionary dynamic (as shown in 5.3.). 

Increas ing aridifi cation is not - as has often been suggested - a linear fun ction related to 
decreasing soil structure and low yields. The crucial point about increasing arid ity is that it leads 
to an increase in the probability of short-term climatic fluctuations and hence severely 
compromises any attempt at predicting crop yields and thus the creation of surplus. 
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6.CONCLUSIONS: 
PROJECT RESULTS AND POLICY RECOMMENDATIONS 
The editors. 

6.1. Project results 
As the previous chapter shows, the theoreti cal structure and the methodological framework 
deve loped and used in the Aguas project has allowed a better and much more detailed insight 
into the functioning of socio-natural systems. The main results can be summarised as rollows: 

I.) Temperature changes observed in other European regions do al so occur in Southeast Iberia, 
something which has often been questioned (i.e. the Iberi an specificiry). Probably the same·does 
not apply to pluvios ity, but thi s issue needs to be confirmed on a more solid base. A corre lation 
between lower temperatures and an increase in torrential rainfall events can be observed. 

2.) Even though there are indication of rainfa ll di fferences existing between the centre of the 
Vera basin and its margins, totalisers placed in the Sierra Cabrera show that in the present day 
conditions pluviosity does not seem to be significantly different in the highlands than in other 
parts of the region, as has been considered on certain occasions. It was also shown that 
pluviosity increase according to height is not as pronounced as previously thought (12mm each 
100 m instead of 74mm). This impJjes that the more favourable ecological conditions existing 
in the Sierra Cabrera or other mountain formation s of southeast Spain are not so much caused 
by higher ra infall , as by a better water regulation and storage capacity. The geological 
characteristi cs of these areas, the vegetation and/or the development of large scale hydraulic and 
terrace systems are determinant factors in the availability of water. 

3.) Most morphological fea tures and the present day di ssected environment belong to pre­
Holocene formation s (contrary to Courty et al. 1994). 

4.) Erosional phases already existed before 3000 BC (as the Las Pilas-Unit 111 shows), when 
anthropic impact was absent or irrelevant. An intensification of the erosive and sedimentary 
processes has occurred during the last 500 years, leading to the formation of at least two out of 
four Holocene river terraces and of considerable sedimentary deposits in the ri vermouths. This 
is related 0) to the agricultural and demographic cri ses taking place after the expUlsion of the 
local Andalusian population in the 16th century AD and (ii) to the possible increase in torrential 
events during the European "small ice age". 

5.) Soil formation during all Holocene periods is limited, as the Las Pilas and other sections 
show. Nevertheless. it is clear that soils have become successively poorer and less developed 
since the Neolithic period, mainly because of the inherent susceptibility of the local subsoils and 
soils to erosion. This process is aggravated by continuing human exploitation, but is al so 
controlled by humans in specific c ircumstances and periods (e.g. developmcnt of terrace 
systcms). 

6.) Despite temperatures and pluviosity similar to today's, an important maq uia vegetation 
existed until the second millennium Sc. Ripisilva along the riverbeds and maquiaimalOrral 
vegetation wcre extensively deforestcd during the Argaric State (2300-1550 cal BC). Yet while 
the Sierra Cabrera biotopes show a high resilience capacity, and have recovered their general 
struc ture in spite of human inte rvention, the Tertiary pla ins have suffered irreversible 
degradation and the formerly extensive ripi silva has di sappeared. 

7.) Demography is not the direct cause of the environmental degradation. Population increase 
has normally been linked in the area with specific economic-political situations operating on a 
supra-regional scale and which interrupted the self sufficient resource organisation of the region 
and its inhabi tants (e.g. the Roman Empire or the 19th century mining boom). On the other side, 
population decrease always followed after phases of environmental degradation through 

Aguas Projecl - 87 



overexploitation (e.g. Post-Argaric period) or mismanagement (e.g. 17th century afler the 
reorganisat ion of the Andalusian agrarian territories and property structure). 

8.) There exists no direct correlation between food production and the ex tension of agrarian 
territories. The land use strategies are not de termined by ecologi cal condition s, but the 
consequence of speci fic poli tica l decisions related to general or individual, internal or ex ternal 
interests. Therefore it has to be concluded that despite minor cl imati c nuctuations and generally 
speaking dry conditions, it is pol icy making which plays the prime role in the conservation or 
degradation of these enviropments. 

9.) The more aggressive strategies are: 
-High degree of exploitation of labour force. 
-Extensive dry- farming on Miocene plains. 
-Extensive sheep and goat grazing. 
-Overex ploitation of wood resources. 
-Intensive pumping of Sierra Cabrera aquifers. 

10.) The less aggress ive strategies are: 
-Low degree of exploitation of labour force. 
-Intensive irrigation on noodplains. 
-Moderate catt le herding complemented by hunting. 
-Di verse and moderate wood exploitat ion. 
-Reduced explo itation of Sierra Cabrera. 

11.) The rational management and/or natural stage of the highland vegetati on has always been 
of prime importance for the state of the aquifers in the lowlands, for Ihe socially usab le water 
resources and for the genera! economic development of the area. The abandonment of the 
traditional sierra irrigation system in the 1970s, which unti l then counteracted erosion and water 
loss, contri buted to the lowering of the ground water tab le and a further aridisation of the 
lowlands. Hydrological in vestigations have shown that today in the upper Anonf/Ancha 
catchment ( 1.6 km2) between 130-1 80 lis during rainfall remain unused. This shows that 
considerable water resources are still potentially avai lable in the system and could be exploited 
in an ecological and economically positi ve way. 

6.2. ()olicy recommendat ions 
A set of fundamental recommendations result from this analys is, which are of prime importance 
fo r the ecological regenera tion of the area, and which al the same time allow a bett er 
socioeconomic development of thi s and other similar areas. From the theoretical framework of 
this project it fo llows that ecological protection can not be undertaken at any cost nor consume 
resources that are necessary for social reprod uction. In order to combine dialectically both sides 
of the same socio-natural reali ty it is important I. to distinguish the relevant criteri a for an 
environmentally and socially acceptable policy and 2. to develop an analyti cal articulation of 
these criteria in a formulation that allows us to determine the spatial and temporal entities which 
can or have to be submitted to the chosen policy. 

With respec t to the fi rst point, it is clear that in arid environments. rather than for example 
ecological diversity. the relevant criteri a mllst be I. water storage and water di scharge capacity 
and 2. biomass production capacity. In principle natural factors furthering these capacities are 
more adequate, as they allow populat ions to reduce labour input, and therefore the cost of the 
environmental policy. Yet, depend ing on the stage of degradation and on the economic benefi ts 
of the applied policy, human induced aid can be advisab le. 

In order to transform these cri teria into speci fic envi ronmental policies through an analytical 
procedure, the concept of a Nalural Resource Productivity is proposed. It implies, that the 
possib il ities of a socio-economic deve lopment in arid and semi-arid arcas as well as the 
maintainance or impro vement of the environmental conditions are directly re lated to areas 
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which present a naturally high generat ion of resources. These spaces need to be understood, 
defined and managed in the most effecti ve way. The general structure of the nOlion of Natural 
Resource Producti vity can be expressed as: 

NRP = (Ws + Bp) ST 
where 
Ws = water storage capac ity 
Bp = natural biomass production 
ST = the spati al and temporal dimension in which a given ecological system shall be evaluated. 

Whi le Ws results from the hydrological investi gation and , indirectl y, the research on hydrauli c 
infrastructure (3.4. and 3.7.2.), Bp is defined through a hi storical understanding of vegetation 
dynamics after success ive periods of social exploitation and regeneration/degradation (3.5. and 
3.7.5.). Those areas where the NRP index is highest should be protected or managed through 
specific policies, while areas with low NRP indices can be submitted to economic development 
with the resources generated in excess by the ecologically more favourable/producti ve spaces . 
It becomes clear that there has to be a co-responsibi lity between social needs and envi ronment. 
The economic development and profi ts obtained in onc area can not be considered as something 
independent from the spaces, where the consumed resources arc generated. This might represent 
a poss ibility to limit enviro nmental degradation and to set the conditions fo r Future soc ial 
development. Furthermore, in many regions and situations such a strategy supposes much lower 
costs, in terms of labour or technology in ves tme nt, and less soc ial connict than curre nt 
proposals (e.g. long di stance channeling of water resources). 

The practical application of a NRP index, in terms of visuali sation and spatial defin ition, can be 
approached Lhrough G.I.S. procedures, on the basis of the information and results of the Aguas 
project. In the Aguas valley thi s could mean that the degraded Tertiary plains, which do not seem 
to be able to recover from the environmental degradation suffered since the second millennium 
BC and where the NPR indices are the lowest of the region, can be used for differe nt industrial 
purposes or for modem dripple irrigation agriculture, as long as the mountain water storage and 
vegetation system is regenerated. If water is one of the main factors fo r future development, it s 
soc ial and individual consumption has to imply a responsibili ty wi th its natura l production. 

In the present situation a reactivation of the traditional irrigat ion systems could be the first step 
towards an increase in the NRP of the area and prObably represents a better solution than 
reforestation programmes, as undertaken in the past with little success. Apparently the high 
res ilience capac ity of the sierra allows the natural growth of the most adapted vegetation, as it 
has done repeatedly over several thousands of years. The resulting increase of the water tab le in 
the lowlands could help to regenerate the valley bottoms, which today are underex ploi tcd and 
are not well suited for modern agriculture or industries. The fact that pluviosity and soUs were 
not signifi cantly di ffe rent 500 years ago implies that it must be possible to introduce again Lree 
plantations similar to the ones existing in the Nazari period, something which would contribute 
considerable to ameliorate the arid ity and degradation of the territory and which represents a 
general soc ial benefit. BeLler hydrological data and , there fore, a continuation of the d ischarge 
and pluviosity measurements in the area, are of prime importance in order to detennine which 
volume o f water wo uld be availab le for th is o r similar development po lic ies and which 
poss ibilities ex ist in order to increase these resources on a local scale. 

The growing importance of tourism at the coast is another development possibility, but here 
again, water resources are the critica l factor and demand a coresponsibility of the economical 
areas with the ecological spaces . Such a poli cy also favours the development of a conscience of 
the populat ion towards the available natural resources and the Il eed fo r their rational 
management. ln thi s sense, it is obviously more convenient that the applicat ion of the not ion of 
econo mic-ecologic corespo ns ibil ity correspo nds to local de mocrat ic institutions. T he 
introduction of democrat ic regional water management inst itutions is probably the best help for 
thi s area. The soc io-natural investigat ion carried out provides the empirica l knowledge and 
defines the critical factors on which a locally dec ided policy can be based. Externa l interfe rence 
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and politica l impositions would nei ther contribute to the formation of a regional ecological 
consciousness, nor to an appropriate development of the area, as has occurred repeatedly in the 
hi story of the Aguas va ll ey. 
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