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A b s tra c t

The coastal area of Jableh, in the vicinity of the  Saladin and Al-Marquab castles, is a fertile alluvial plain located on the northw estern part of Syria, in w hat was 
once the  crusader Principality of Antioch. In o rder to  detail the  coastal environment during the crusader period in the  Middle East, palynological analyses 
have been conducted on the underlying coastal-alluvial deposits.The recovered sediments rep re sen ta  continuous record of the  environmental history of 
the area spanning a c . a d  850-1850 cal.yr period,from  the Muslim Era up to  and including the late O ttom an times. During the  local crusader period (a d  

I 100-1270), the  area was dominated by an arborescent mattoral mixed with a xerophytic shrub-steppe. The alluvial plain was slightly waterlogged and 
colonized by a wetland meadow with an open vegetation of steppe-like character on bare surfaces and fresh arable soils. The riparian and open deciduous 
riverine forests w ere weakly developed. Signs of agricultural activities are mainly recorded for the  High Medieval period (a d  10 0 0 -1300), with an increase 
of vineyards in the  coastal area. Since c . a d  1250 cal.yr until the  end of the  crusader period, agricultural activities never reached the  same intensity as 
during the  Mameluke Sultanate and the  O ttom an Empire.
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Introduction

The northern L evantine vegetation  dynam ics have not been  inten­
sively studied despite the com plex and fascinating history  o f  
interactions betw een the environm ent and past societies in this 
region. The M edieval h istory  o f  Syria starts w ith the  M uslim  con­
quest o f  the R om an-B yzantine arm y and the beginning o f  the 
Islam ic overlordship in a d  638 (Sharon, 2002). M uslim  control 
over the Levant rem ained unchallenged from  the early  and 
through part o f  the h igh M iddle A ges until the arrival o f  the  first 
E uropean crusaders in a d  1097 (Lebédel, 2004). The crusades 
w ere first launched by  the Pope U rban II in a d  1095 after the 
C ouncil o f  Clerm ont. This w as in response to a  p lea  for assistance 
from the B yzantine Em peror o f  Constantinople, A lexios I Kom - 
nenos, w ho requested  for aid  to repel the invading M uslim  Seljuk 
Turks from  A natolia  (R iley-Sm ith, 1998). E uropean historical 
reports related  to the  M edieval Levant m ainly em phasise the nine 
successive crusades (Lebédel, 2004; M adden, 1999; R iley-Sm ith, 
1998, 1999). These religious m ilitary cam paigns, leading to the 
conquest o f  Jerusalem  on 15 July 1099 and to the tem porary  re ­
establishment o f  tile Christian control over the Holy Land (Tyennan,
2005), w ere  at the  basis o f  the  foundation  o f  c rusader states 
(Figure 1) in Eastern M editerranean during the tw elfth  and th ir­
teenth centuries a d  (Muir, 1962). H ie  crusader period  lasted until 
the Siege o f  A cre and the fall o f  the  K ingdom  o f  Jerusalem  in a d  

1291. The last crusaders, the Knights Templar, still m aintained a 
fortress at the northern c ity  o f  Tartus, but no longer controlled any 
o f  the H oly  L and follow ing the Siege o f  R uad in a d  13 02 (Barber,
2006). The M am elukes (a d  1291-1517), the political and m ilitary 
pow er w ho defeated the last crusaders, subsequently  ru led  over

the Levant during the late M iddle A ges; this period being know n 
as the M am eluke Sultanate (Behrens-A bouseifi 2008). H ie  rise  o f  
the O ttom ans in a d  1517 m arks the  end o f  the M iddle A ges in the 
M iddle East and the beginning o f  the  early M odem  Era (ínalcik 
and Quataert, 1994). How ever, despite the h igh h istorical interest 
o f  the northern A rabian  Peninsula for the crusader period, the 
environm ental reconstructions are still scarce and only few  stud­
ies encom pass the M iddle A ges in the  Levant (Bottem a, 1987; 
Leroy, 2010; N eum ann et al., 2007, 2010; Schwab e t al., 2004; 
Yasuda et al., 2000).

The alluvial p lain  near the harbour tow n  Jableh in northw est 
Syria (Figure 1) was selected to investigate the pollen-based
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Figure I. Middle Ages N ea r Eastern M editerranean map (twelfth cen tu ry  a d )  (adapted from  Muir, 1962) w ith overview s o f th e  m odern  
h arb o u r to w n  Jableh, th e  Saladin Castle, th e  Al-M arqab C astle  and th e  c ru sad e r sta tes

vegetation patterns during the crusader period  in the northern 
Levant. D uring the high M iddle Ages, Jableh w as part o f  the P rin­
cipality o f  A ntioch (Figure 1), a state created in a d  1098 during 
the first crusade (Richard, 1999) and several im portant historical 
sites occupy the region. The city o f  Latakia, c. 28 km  north o f  
Jableh, w as incorporated into the P rincipality  in a d  1103 (R ich­
ard, 1999); Jableh itse lf follow ed in a d  1103. Latakia w as re ­
conquered by  the A rabian  com m ander Saladin in a d  1188 and 
developed into a w ell-fortified and w ealthy  city. The city was 
briefly  re-conquered during the third crusade in a d  1197 (Riley- 
Smith, 2005). A gain under A yyubid-M uslim  control, the city was 
rebuilt and its citadel restored. In a d  1255, B ohem ond VI took 
possession o f  the tow n w ith the Knights Hospitallers, and con­
trolled Latakia until the M am eluke conquest o f  A ntioch in a d  

1268. In the year o f  1287 (22 M arch), a violent earthquake 
occurred in Latakia and devastated the tow n (Ring et a l., 1994; 
Sbeinati et ed., 2005). A t c. 28 km  northeast from  Jableh lies Sala­
din Castle (Salah Ed-D in citadel, Soane Castle), built during the 
tenth century a d  by the B yzantines, and conquered by Saladin in 
a d  1188. A t c. 25 km  south o f  Jableh lies A l-M arqab Castle, built 
during the eleventh century a d  and conquered by the M am eluke 
Sultan Q alaoun in a d  1285.

This record presents the first reconstruction o f  the vegetation 
dynam ics, fire activity and hum an occupation in coastal M editer­
ranean Syria from  c. 880 to 1870 cal. yr a d , from  the M uslim  era 
to late O ttom an tim es. O ur aim  is to outline new  detailed data on 
the environm ental context accom panying the crusades in the M id­
dle East. Pollen and charcoal analysis o f  the coastal alluvial 
deposits o f  the A in  Faw ar spring com plex near Jableh in the tim e 
interval encom passing the crusades can help us to elucidate 
w hether the crusaders had to deal not only w ith societies and

political structures very  different from  those w ith w hich they 
w ere familiar, but also w ith  m ajor changes in their im m ediate 
natural environm ent. Insights into past environm ental variability  
during historical periods are o f  m ajor concern, as pre-tw entieth  
century econom ies w ere largely based on agriculture and so fell 
naturally  subject to the natural fluctuations o f  their environm ent 
(Stothers, 1999).

Historical and geographical 
se tting
The 7 km  long w est-east fertile alluvial plain  near Jableh is 
delim ited tow ards the east by  the Jabal an N uçayrïyah (A law ite 
m ountains), a 140 km  long no rth -sou th  m ountain range parallel 
w ith  the coast w ith  peaks above 1200 m  a.s.l. (H ardenburg and 
Robertson, 2007) and tow ards the w est by  the M editerranean Sea. 
This area has recorded a long hum an occupation (K aniewski 
et ed., 2008, 2009). The ancient Jableh, Gibala-Tell Tweini, was 
the southernm ost harbour tow n o f  the U garit K ingdom  (Bretsch- 
neider and Van Lerberghe, 2008). It w as occupied since the early 
Bronze A ge (c . 2600 b c ) and flourished during the m iddle and late 
Bronze Age. C om m ercial routes connecting Gibala-Tell Tweini to 
the Syrian heartland, Anatolia, and M esopotam ia w ere at the basis 
o f  the w ealth  o f  the ports o f  the U garit K ingdom . The w ritten 
sources and epigraphic finds for G ibala ceased as soon as U garit 
w as destroyed. G ibala-Tell Tweini flourished again after the late 
Bronze A ge collapse (1194-1175 b c ) and the D ark  A ge (1175— 
825 b c ) , and Jableh w as once again a w ealthy  city during the H el­
lenistic and R om an tim es (Boiy, 2008). Since a d  638-640 , the 
M uslim  conquest o f  Syria m arks the end o f  A ntiquity  for Jableh 
and the beginning o f  Islamic control o f  Syria.
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Figure 2. AMS C calibrated ages and suggested age-depth curves

Table I . Details of the C age determinations for the TW-2 core

Samples Depth
(cm)

Laboratory
codes

Material Conventional 
l4C age 
(yr BP ± lo)

Cal. (2rr) age 
range rounded
( a d / b c )

Cal. ( I o) age 
range rounded
( a d / b c )

Intercept
(a d / b c )

T W E 08 EP2I 
T W E 08 EP27 
T W E 08 EPS9

94 
127 
3 IS

Beta-261720 
Poz-28164 
Poz-28589

charcoals
charcoals
charcoals

290±40 BP 
875±30 BP 

I 170±3S BP

a d  1480-1660 
a d  1040-1230 
a d  770-980

a d  1630-1650 
a d  I 150-1220 
a d  770-900

a d  1640 
a d  I 168 
a d  885

M aterials and m ethods

Core lithology and chronology

The 315 cm core TW-2 w as retrieved from  alluvial deposits o f  a 
first order sm all spring-fed valley, at 1.70 km  from  the coast. The 
core consists o f  a  continuous sedim entation o f  carbonate-rich clays, 
fine silt, and sand w ith sporadic gravel concentrations (Figure 2). 
N o gaps o r unconform ities w ere observed in the core log and 
laboratory data (pollen data). The core chronology relies on  three 
accelerator m ass spectrom etry (AM S) 14C ages (Table 1; Figure 2) 
at 315 cm  (1170±35 14C y rB P ), 127 cm  (S75±30 14C y rB P ), and 
94 cm  (290±40 14C y r BP) depth. The rare  p lant m acrorem ains 
in the TW -2 core lim it an extended chronology. The 2 sigm a con­
fidences give a range of, respectively, 770-980  cal. y r a d  (inter­
cept: 885 cal. y r a d ), 1040-1230 cal. yrAD (intercept: 1168 cal. y r 
a d ), and 1480-1660 cal. yrAD (intercept: 1640 cal. yrAD) for the 
radiocarbon dates (calibrated w ith Calib R ev 5.1.0; last intercept 
by  B eta  Analytic). C om paction corrected deposition rates have 
been  com puted betw een the intercepts o f  adjacent 14C ages. The 
values are from  bottom  to top: 6.65 n im /yr during 280 yr (8 8 5 - 
1168 cal. yrAD), 0.75 n im /yr during 470 y r (1168 and 1640 cal. y r 

a d ), and 2.90 n im /yr during 360 y r (1640 cal. y r a d - a d  2000). 
B ecause sam ples have been taken at regular intervals on  the 315 
cm sedim ent colum n, the tim e resolu tion  is directly  dependent on

the sedim entation rate. The calculated  tim e resolu tion  betw een 
tw o sam ples is less than  10 y r (32 sam ples) from  885 to 1168 cal. 
y r a d , about 70 y r (7 sam ples) from  1168 to 1640 cal. y r  a d , and 
about 20 yr (12 sam ples) from  1640 to 1870 cal. y r  a d .

Pollen, pollen-slide charcoal and charcoal analyses

A  to ta l o f  51 sam ples w ere prepared for pollen  analysis using 
standard palynological procedures for clay sam ples, allow ing an 
average tim e resolu tion  o f  c. 20 years. Pollen grains w ere counted 
under x400 and x i 000 m agnification using  an  O lym pus m icro­
scope. Pollen frequencies are based on the terrestrial pollen  sum 
excluding local hygrophytes and spores o f  non-vascular crypto­
gams. A quatic taxa  frequencies are calculated  by  adding the local 
hygrophytes-hydrophytes to the terrestrial pollen  sum. The East­
ern M editerranean prim ary  anthropogenic indicators scores 
(Fraxinus ornus, Jugions regia, Vitis vittifera, Poaceae cerealia) 
w ere calculated by  sum m ing the  corresponding taxa  and term ed 
as cultivated species. The h istorical pollen  data have been  draw n 
according to a  linear age-scale (Figure 3).

The fire h isto ry  o f  the coastal alluvial p lain  (Figure 3) was 
achieved by  counting charcoal particles (50-200  pm ) from  the 51 
slides prepared  for pollen  analysis as w ell as from  larger charcoal 
rem ains (>200 pm ) (G avin  et al., 2006; F liguera et al., 2007; 
Parshall et a l., 2003 ). The 50 pm  size criterion w as chosen to avoid
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confusion o f  m icroscopic charcoal w ith opaque m inerals, w hich 
are typically  < 50 pm  (Parshall and Foster, 2002; Pederson et al., 
2005). M acroscopic charcoals, extracted w ith N a0H PO 4, w ere 
sorted and counted under a  binocular m icroscope (at x36). A part 
from identifying fire events, these m acrorem ains have not been 
used  in the present study as m ore am ounts o f  sedim ents are 
required  to provide a reliable study o f  environm ental change 
based on charcoals. The identification o f  charcoal m acrorem ains 
and an environm ental study based  on these m acrorem ains corre­
sponds to the next step o f  study in the  Jableh area.

Numerical analyses

Pollen data w ere analysed using N eighbour Joining (NJ), C luster 
Analysis (CA), and principal com ponent analyses (PCA). The 
N eighbour Joining (NJ) m ethod is a  process initially based for 
reconstructing phylogenetic trees. The N J technique w as adjusted 
and used  in this study to com pute the lengths o f  the branches o f  a

tree, using branches as potential ecological distances (or sim ilari­
ties) betw een taxa o r groups o f  taxa. In each stage, the two nearest 
nodes o f  the tree are chosen and defined as neighbours in the tree. 
This w as done recursively until all o f  the nodes are paired together 
(Figure 4). N J was com puted using correlation  as sim ilarity m ea­
sure and fin a l  branch  as root. N J was applied to group the observed 
data into palynological assem blages by  categorizing the various 
taxa in such a w ay that the degree o f  association betw een tw o taxa 
is m axim al w hen they have sim ilar occurrences and m inim al w hen 
they are dissimilar. The pollen-types from each cluster w ere 
sum m ed to create pollen-derived vegetation patterns.

C A  was com puted to link num erically the pollen-derived vege­
tation patterns and charcoals (pollen-slide charcoals and m acrore­
mains). CA was com puted using paired  group  as algorithm  and 
correlation as sim ilarity m easure (Figure 5). Pollen-derived vegeta­
tion  patterns w ere drawn according to a  linear age-scale (Figure 6).

PCA, a  linear m ethod, was chosen to provide a  two-dim ensional 
representation  o f  high-dim ensional geom etric distances betw een



256 The Holocene 21(2)

-0.5 -0.25

Sim ilarity

0.25 0.50 0.75

Wet
shrub-steppe

Wetland meadow, 
fen trees, 
open forest

Cultivated
species

Mediterranean
woodland

Charcoal
remains

Pollen-sllde
charcoals

Xerophytlc 
shrub-steppe 
with desert scrub

Algorithm: Paired group 
Similarity measure: Correlation

Figure 5. C lu ste r analysis o f  th e  pollen-derived vegetation 
p a tte rn s com puted  w ith paired g roup as algorithm  and corre la tion  
as similarity m easure

sam ples. PC A  has frequently  been  applied to pollen  frequencies 
as the analysis is easy to im plem ent on large data sets and the 
results can be d isplayed graphically. In this study, PC A  w as based 
on a covariance m atrix calculated  from data that have been  cen­
tred  to the  orig in  o f  the coordinate system . A  biplot PC A  graph 
was constructed to characterise the num erical d istribution o f  sam ­
ples according to pollen-derived vegetation  patterns and char­
coals (Figure 7). The sam ples w ere nam ed according to the 
h istorical period from w hich they  originate.

In order to elucidate w ild  (O lea europaea  var. sylvestris) or 
cultivated (Olea europaea  var. europaea) orig in  o f  olive trees, 
linear detrended cross-correlations (P=0.05) w ere com puted. L in­
ear detrended cross-correlation concerns the  tim e alignm ent o f  
two tim e series by  m eans o f  the correlation coefficient (CC) 
(Kaniewski et al., 2008, 2009). The Olea europaea  tim e-series 
have been cross-correlated w ith the pollen-derived vegetation 
patterns (where Olea  pollen-type values have been  deleted) to 
ascertain  the  m axim al m atch in tim e and the potential delay 
betw een the two tim e-series. The CC is then  p lo tted  as a  function 
o f  alignm ent position. This num erical approach is w ell-adapted  to 
detect and quantify  potential links betw een Olea europaea  pollen- 
type and the o ther vegetation patterns. Positive correlation coef­
ficients are considered, focusing on the Lag 0 value (with +0.50 
as significant threshold). N egative correlations are also assessed 
to test the inverse- o r non-correlation betw een the two tim e-series 
(with -0 .5 0  as significant threshold). N ull values indicate a  com ­
plete lack  o f  correlation.

Results
The pollen  diagram  is subdivided into four h istorical zones 
(Figure 3) in order to facilitate the presentation  o f  results and 
further discussion. The C A  (Figure 5) show s that the  cultivated 
species and the w etland vegetation assem blages are correlated,

and secondarily  linked w ith the w et shrub-steppe. This ‘w e t’ 
group is inversely correlated w ith the fire activity, the M editerra­
nean w oodland, and the xerophytic shrub-steppe groups.

Muslim e ra  (a d  6 3 8 -1 0 9 8 )

The basal clay  sedim ents o f  the TW -2 core, corresponding w ith 
the M uslim  era, contain m ainly  pollen  indicative o f  M editerra­
nean w oodland w ith Pinus, Juniperus  and evergreen Quercus 
(Figures 3 -5 ). Cistus, Olea, Phillyrea, P istacia, and R ham nus  are 
also w ell developed, suggesting that a  d iversified therm ophilous 
open forest-shrubland surrounds M edieval Jableh, w ith arboreal 
pollen  (AP) values reaching 5 1 -65%  o f  the total pollen  sum. In 
the coastal area, a  sandy-saline tolerant xerophytic shrub-steppe 
dom inates w ith A steraceae, A rtem isia, Chenopodiaceae, and Sar- 
copoterium . Since c. 1050 cal. y r a d  and until the end o f  the M us­
lim  era, an  im portant change in local hydrology is indicated by  the 
strong developm ent o f  fen trees (Alnus, Populus, Salix, Ulmus), 
open deciduous forest (F raxinus, P latanus, deciduous Quercus), 
and w etland m eadow  (Cyperaceae, Poaceae, R anunculaceae). 
D uring  this w etter phase, A P values attain  77%  o f  the to ta l pollen 
sum, and the cultivated species show  a  strong increase, reaching 
their h ighest scores.

The fire activity  in the area (Figure 6) oscillates w ith peaks o f  
m acro- and pollen-slide charcoals at c. 885, 960, 1000, and 1030 
cal. y r a d . Each peak  o f  charcoals corresponds to a  strong decrease 
o f  the w etland m eadow /fen trees vegetation  assem blage after 
peaks at 945, 995, and 1020 cal. y r a d .

Crusader period (a d  1 0 9 8 -1 2 9 1 )

The onset o f  the crusade period is m arked by  a  peak  o f  charcoals 
at c. 1 1 0 0  cal. y r a d  and the follow ing drop o f  the w etland 
m eadow /fen  trees vegetation assem blage (Figure 6). Throughout 
the crusader period, the pollen  record  continues to  be  dom inated 
by  M editerranean w oodland, and the AP values oscillate around 
6 5-76%  o f  the total pollen  sum (Figure 3). The vegetation  is also 
characterized by  the presence o f  a  w et shrub-steppe (Figure 6) 
loaded by  a m ixed A piaceae, Centaurea, P lantago, and  R um ex  
assem blage (Figure 3), w hich m ay correspond to secondary 
anthropogenic indicators. The xerophytic shrub-steppe decreases 
to low er values w hereas the cultivated  species scores rem ain  at 
h igher values until c. 1150 cal. y r a d , and decrease gradually  until 
c. 1250 cal. y r a d . Vitis develops throughout this period before 
d isappearing at the end o f  the high M iddle A ges. A  last peak  o f  
charcoals (Figure 6) is recorded at c. 1155 cal. yrAD, follow ing a 
peak  o f  w etland m eadow /fen trees vegetation  assem blage at c. 
1145 cal. yrAD.

Mameluke Sultanate (a d  12 9 1 - 1 5 1 7)

D uring the M am eluke Sultanate, the area o f  Jableh w as still dom i­
nated  by  M editerranean w oodland, and b y  a xerophytic shrub- 
steppe w hich redeveloped after the crusader period (Figures 3, 6). 
The A P values still fluctuate around 5 7-68%  o f  the total pollen 
sum (Figure 3). The w et shrub-steppe and w etland m eadow /fen 
trees vegetation  assem blages decrease to low  values. The cu lti­
vated  species scores stay low  throughout this tim e period  (Figure 
6). D ie  vegetation  recorded during the M am eluke Sultanate is 
sim ilar to that recorded at the onset o f  the M uslim  era. A  single 
peak  o f  charcoals (Figure 6) is recorded at c. 1315 cal. y r a d .
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Figure 6. Pollen-derived vegetation patterns, pollen-slide charcoals, and m acrocharcoals rem ains drawn according to  a linear age-scale

Ottoman Empire (ad 15 1 7 -1 9 1  7)

The O ttom an Em pire corresponds w ith a  strong developm ent o f  
xerophytic shrub-steppe and a  decrease in M editerranean w ood­
land. A t c. 1640, 1765, and 1850 cal. y r a d , xerophytic shrub- 
steppe dom inates the area (Figure 6), w hile A P values decrease to 
44%  o f  the total pollen  sum (Figure 3). W etland m eadow /fen trees 
and cultivated species vegetation  assem blages show  low  values.

The fire activ ity  (Figure 6) increases w ith peaks in  m acro- and 
pollen-slide charcoals at c. 1660, 1765, and 1830 cal. yrAD.

Discussion
The TW-2 core provides the first detailed paleoenvironm ental 
reconstruction in the coastal part o f  the form er territory o f  the Prin­
cipality  o f  A ntioch from the M uslim  era to the O ttom an Empire.
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nam ed according to  th e ir  cultural reference

Tile coastal zone o f  Syria, a  strategically located gatew ay to the 
M editerranean, provides im portant econom ic, transport, and resi­
dential functions, all o f  w hich depend on its landscape characteris­
tics, natural resources, and terrestrial biodiversity since the early 
B ronze A ge (Bretschneider and Van Lerberghe, 2008).

Pollen-derived vegetation patterns

From  the M uslim  conquest o f  the R om an-B yzantine arm y in a d  

638 (Sharon, 2002) to  the absorption into the O ttom an Empire, 
the vegetation dynam ics o f  the Syrian coastal region has been 
controlled by fluctuating clim atic conditions, and m odified by  
hum an activity.

M editerranean woodland. The m ain vegetation pattern isolated 
by  num erical analyses (Figure 4) for the M iddle A ges is a 
M editerranean w oodland w ith pollen-types o f  Pinus (Pinus 
bm tia, P. halepensis), Juniperus (Juniperus o.xycedrus, J. excelsa), 
and everg reen  Q uercus (Q uercus ca llip rin o s)  (F igu re  3). 
N ow adays, A leppo pines (P inus halepensis) are rare  in the 
Eastern M editerranean w ith sm all stands located in Greece, 
Turkey, Lebanon, and Israel (L iphschitz and Biger, 2001). N ear 
Jableh, Pinus halepensis is present, bu t in degraded forest or 
m aquis located on the low er slopes o f  the Jabal an  Nu§ayfiyah.

D uring  the M iddle A ges and the  M odern Era, P inus  pollen-type 
m ay originate from the  two species as no study has previously 
determ ined w hen  P. B rutia  overlapped the diffusion area o f  
P. halepensis  in coastal Syria. Olea europaea  and P istacia  pollen- 
types are also included in the  pollen-derived M editerranean 
assem blage. N J analysis suggests that o live and pistachio trees 
w ere not cultivated near Jableh (Olea europaea  var. sylvestris ; 
Pistacia  atlantica, P. palaestina), and w ere part o f  a  m aquis w ith 
Cistus, Ericaceae, and R ham nus  (Figure 4). The cross-correlations 
further show  that Olea europaea  is significantly  correlated w ith 
the M editerranean w oodland (CC +0.739), w ith P istacia

y  lagO

(CC^ o +0.913), and inversely correlated w ith the  cultivated 
species assem blage (CC^ Q -0 .1 5 6 ), the xeric shrub-steppe 
(CC^ o -0 .2 4 2 7 ), and the w etland form ations (CCt Q -0 .4249). 
Sim ilar hypotheses w ere suggested for the  late B ronze A ge-Iron 
A ge G ibala-Tell Tweini (Kaniewski et al., 2009). Olea  p robably 
result from  the w ild varieties (O lea europaea  var. sylvestris), 
possib ly  m ixed w ith abandoned cultivated varieties (Olea  
europaea  var. europaea) resulting from  the R om an and B yzantine 
arboriculture, w hich developed in areas o f  coastal m aquis. D ie  
presence o f  Pistacia  as a  cultivated o r a  w ild  p lant m ay rem ain  a 
problem  in pollen  sequences. B ehre (1990) has suggested that this 
shrub is a  secondary anthropogenic indicator that took  advantage 
o f  the prim ary  forest destruction w hereas Eastw ood et al. (1998,
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1999) have included P istacia  am ong the  cultivated  plants in 
Turkey. In the alluvial p lain  o f  Jableh, Pistacia  is considered to be 
a  colonizing shrub that has naturally  spread in the  area.

The num erically  defined M editerranean w oodland assem ­
blage, m ainly com posed o f  M editerranean and Irano-Turanian 
floras (Danin, 1999; D avies and Fall, 2001; Zohary, 1973), m ay 
correspond to a  M edieval Eastern M editerranean pre-steppic for­
est o r an arborescent m attoral (Quézel, 1999). The latter is a 
degraded form  o f  a  sem i-deciduous oak-pine forest m ixed w ith 
xerophytic and therm ophilous shrubs, and sparse occurrences o f  
Carpilius orientalis. Throughout all the M iddle A ges, this vegeta­
tion  assem blage w as probably affected b y  fire activity  in the  area 
(Figure 6). M ost o f  the pollen-types encountered in the arbores­
cent m attoral are pyrophytic species that have proven to be 
rem arkably  resilient to fire and m any other disturbances (Bulik 
et a l., 2006; G racia et al., 2002; K aniew ski e t al., 2008; N aveh, 
1975; R etana et al., 2002). This arborescent m attoral m ay corre­
spond to the resilien t form o f  the  coastal ecosystem s.

Xerophytic shrub-steppe. The second po llen-derived  vegetation  
pattern , w hich  co-occurred  w ith  the  M ed iterranean  w oodland 
during  the  M iddle A ges and w hich  dom inates the  area  during 
the  M odem  era, corresponds to a  xerophytic  shrub-steppe 
w ith  com ponents o f  the  Irano-T uranian , Saharo-A rbaian  and 
Sudanian  floras (D avies an d F a ll, 2001). This group is linked  w ith 
the  M editerranean  w oodland  and the  fire activ ity  (charcoals) 
in the  C A  (Figure 5). The xerophytic  shrub-steppe is com posed 
o f  desert scrobs (Ephedra, A rtem isia , C henopodiaceae, Tamarix, 
Z ygophyllaceae), steppic com ponents (A steraceae, D ipsacaceae, 
H elianthem um , Scabiosa), xeric  dw arf-shrubs (Sarcopoterium  
spinosum ), and  sparse rem nants o f  a  degraded  m ountainous 
cedar w oodland  (C edrus) (F igure 4). The presence  o f  Cedrus 
in the  p o llen  assem blages is p robab ly  due to long-distance 
transport from  rem nants o f  degraded  cedar w oodland  colonizing  
surrounding m ountains. A  sim ilar xeric  steppe w ith  desert scrubs 
and thorny-shrubs (A rtem isia  herba-alba, E phedra  fra g ilis , 
Juniperus o.xycedrus, N oaea  m ucronata, P rosopis stephaniana, 
Sarcopoterium  sp inosum , Z izyphus lo tus) now adays grow  in the 
drier, ra in -fed  spots o f  the  Jableh area. The o ther w oods/shrubs 
(C eratonia  siliqua, C rataegus azarólas, P istacia  a tlantica, 
Styrax officinalis, Tam arix) are concen tra ted  in the  w ette r valley  
bottom s.

The xerophytic shrub-steppe is dom inant in the pollen 
sequence at c. 1600-1650, 1755-1775, and 1840-1865 cal. yrAD, 
w ith peaks at c. 1640, 1765, and 1850 cal. y r  a d  (Figures 3, 6). 
These periods correspond w ith the ‘L ittle lee  A g e’ (LIA) (Briffa, 
2000; Jacobeit et al., 2001; Jones e t al., 2001; K uhlem ann et al., 
2008; O sborn and Briffa, 2006; R ichter et al., 2009), a  period 
(1580-1850  cal. yrAD) o fw id esp read  cold  identified in a  num ber 
o f  tem perature-sensitive proxy  records from the N orthern  and 
Southern H em ispheres, and also recognized in the Eastern M edi­
terranean (Hassan, 2007; G riggs et al., 2007; Schihnan et al., 
2 0 01 ,2002 ; Yavuz, 2007).

Fire is defined as a  key ecological disturbance in M editerranean- 
type ecosystem s (Colom baroli e t al., 2007; W ittenberg et al., 
2007). The positive correlation in the C A  (Figure 5) betw een 
the M editerranean w oodland and the xerophytic shrub-steppe 
suggests that fire m ay have contributed shaping the  coastal Syrian 
landscapes into their present m osaic-like patterns, w ith different 
levels o f  regeneration and degradation. Follow ing fire events, the 
arborescent m attoral and the xerophytic shrub-steppe m ay have

colonized the bare surfaces and the  low er slopes o f  the Jabal an 
Nu§aynyali.

W et shrub-steppe. The th ird  pollen-derived vegetation  pattem  
identified in the numerical analyses is a  wet shrub-steppe (Figure 4), 
w hich is inversely correlated w ith the tw o previously  defined 
clusters and the charcoals in the  C A  (Figure 5). This group w ith 
pollen  types from the Irano-Turanian, and M editerranean floras 
(Danin, 1999; D avies and Fall, 2001), includes m eadow  herbs 
(.P lantago lanceolata, P. major, Centaurea solstitialis) and field 
plants (Polygonum  aviculare, R um ex acetosa, R. acetosella), 
w hich are traditionally  considered as Eastern M editerranean 
indicators o f  agro-pastoral activities (Behre, 1990; B ottem a and 
W oldring, 1990). This group also includes com m on forbs such as 
A cantholim on, A piaceae, C aryophyllaceae, and L iliaceae (Danin, 
1999). The developm ent o f  this open, steppe-like vegetation, m ay 
be driven by  clearance, extension o f  pasture, crop cultivation 
and rural infrastructures bu t also by  increased w ater availability, 
w hich m ay have benefited  from both clim atic and anthropogenic 
factors.

W etland meadow, fen trees, open forest. The fourth pollen- 
derived vegetation  pattem , linked w ith the w et shrub-steppe 
(Figure 5), includes three subgroups (Figure 4). H ie  w etland 
m eadow  com ponent is loaded by  sw am ps and reed  thickets 
(A lism ataceae, Cyperaceae, Ranunculaceae), grassland (Poaceae, 
L am iaceae, U rticaceae), and thorny shrubs (C rataegus). The 
increase o f  these com ponents m ay indicate a  local above- o r near­
ground w ater-table, w ater im poundm ent, o r an  active floodplain 
(C ordova and Lehm an, 2003; M agyari et al., 2001). This first 
group is linked w ith a  close azonal-type riparian-alluvial forest, 
com posed o f  N em oral-Subm editerranean and M editerranean 
elem ents (M eusel and Jäger, 1989; Quézel, 1999), w ith fen trees 
(Altius, P latanus, Populus, Salix, Ulmus), and w et open forest 
(Arbutus, Cercis, H ippophae, Laurus, N erium , R hus, Styrax). 
The last ecological stage o f  the riparian  forest succession is 
represented  by  an open deciduous forest w ith F raxinus and 
deciduous Quercus. This suggests that a  w ooded-to-forested 
vegetation  (average value o f  the riverine form ations: 15.5% o f  the 
total pollen  sum; m ax. value: 71%  o f  the total pollen  sum), fully 
developed w hen the area w as w aterlogged (e.g. c. 1050-1100 cal. 
y r b c ) .  H iese riverine form ations are linked w ith the w et shrub- 
steppe and the cultivated species assem blages, and w ere probably 
located  on  w ell-irrigated, fine, alluvial deposits still used  today 
for arbori-, horti- and agriculture.

Peaks o f  fire activities associated w ith h igher representation o f  
the w etland m eadow, fen trees, open forest vegetation patterns 
can be  hum an-induced, fires being  used  as a  clearing process o f  
the fertile p lots in the alluvial p lain  to enlarge the  cultivable zone 
by  burning local stands o f  riverine vegetation. I f  the fires are o f  
natural origin, for instance caused b y  prolonged drought and 
lightning strikes, they  w ould  have caused a destruction o f  the 
m arsh ecosystem s w ith little  influence on hum an activities.

Main indicator o f  Medieval arboriculture:Vitis vinifera

Even though Vitis pollen-type only appears in the pollen  diagram  
(Figure 3) at the end o f  the  M uslim  era and during the crusades, 
the use o f  grapes as indicator o f  agriculture should be  em ployed 
w ith care. The d istinction betw een  the w ild  (Vitis sylvestris) and 
dom esticated grapes (Vitis vinifera) is difficult through pollen
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analysis. The N J analysis (Figure 4) suggests that Vitis pollen- 
type is closely linked w ith all the cultivated species (e.g. Poaceae 
cerealia, Jugions regia, Fabaceae) and m ay be integrated w ith a 
M edieval arbori-, horti- and agriculture, peaking from  c. 1050 to 
1250 cal. yrAD.

The potential surface covered by  Vitis cultivation during the 
M iddle A ges cannot be  estim ated as vineyards are absent now a­
days in coastal Syria, but h igh percentages (up to 7% o f  the  total 
pollen  sum, F igure 3) indicate a  strong presence o f  these cultivars 
near the site (B ottem aandW oldring , 1990; C ordova and Lehm an, 
2003; Fluntley and B irks, 1983). The highest values indicate that 
vineyards w ere best developed from  c. 1100 to 1250 cal. y r  a d . 

C olum elle (2002), a  w riter o f  the first century a d , m entioned the 
need o f  m aintaining plantations o f  w et trees (e.g. A b u ts , Populas, 
Ulmus) to support vine ranks. Som e fen trees, integrated in the 
riverine pollen-derived vegetation pattern  and correlated w ith the 
cultivated species, m ay have been  p lanted  during w etter phases 
for the use o f  w ood in the vineyard.

The vegetation o f  the Medieval Levant

In N orthw est Syria, a  pollen  record  from  the Ghab Valley (Yasuda 
et al., 2000) shows that during the last 1000 years, A rboreal Po l­
len  (AP) include m ainly  P inus, evergreen Quercus, Olea, and sec­
ondarily  Juniperus, Carpilius and Rham nus, suggesting the 
occurrence o f  an arborescent m attoral. N on-arboreal pollen 
(NAP) is dom inated by  steppe-like grasslands (Apiaceae, C entau­
rea, Poaceae, Plantago, Polygonum ), m ixed w ith xerophytic 
shrub-steppe (Asteraceae, A rtem isia, C henopodiaceae). The A P / 
N A P ratio highlighted  in the G hab Valley over the last m illennium  
together w ith the Jableh A P/N A P ratio for the sam e tim e period 
are very  similar. U nfortunately, the tim e resolu tion  o f  the Ghab 
Valley pollen  record  is too low  to allow  further com parison for the 
last 1000 yr. In the D ead Sea (Leroy, 2010; N eum ann et al., 2007, 
2010), and L ake B irkat R am  (Schwab e t al., 2004) pollen  records, 
despite h igher occurrence o f  Quercus calliprinos, the  entire 
assem blage term ed  as arborescent m attoral can also be identified. 
The N A P is m ainly com posed o f  xerophytic steppe taxa, but a 
steppe-like grassland also occurred. A  high occurrence o f  Q uer­
cus calliprinos is also recorded at the southeastern Syrian site o f  
Bosra, near the Jebel Druze, w here charcoal analyses for the 
period  a d  1400-1900 show  that the M editerranean com ponent o f  
the vegetation  is still present despite a  distance o f  170 km  from 
the coast (W illcox, 1999).

The environment during the crusades

Since the council o f  C lerm ont in a d  1095 and un til the fall o f  the 
Jerusalem  Kingdom  in a d  1291, the crusaders have m arked the 
history  o f  the M iddle East. The first crusaders reached L atakia in 
a d  1097, w ith 28 ships from Cyprus, under the  com m and o f  
G uynem er o f  B oulogne. They sacked the town, m ade it part o f  the 
P rincipality  o f  A ntioch, and gave the governance to the B yzantine 
officials R obert o f  N orm andy and R aym ond o f  St. G ills (Riley- 
Smith, 2005). A fter a  troubled  period (a d  1099-1102), Tancred’s 
arm y arrived in the  coastal city in a d  1 1 0 2 , and fought against a 
D anishm end-Seljuk alliance. The v icto ry  o f  the crusaders in a d  

1103 m arks the definitive incorporation o f  Latakia and the north­
ern coastal cities to the  Principality  o f  A ntioch (Richard, 1999). 
This war, leading to the  w estern  expansion o f  the Principality’s 
borders, and the em ergence o f  discontinuous crusader settlem ents

in coastal Syria un til a d  1268, has never been  re la ted  from  an 
environm ental point o f  view. This study suggests that the  first 
appearance o f  the crusader arm ies in a d  1097 and the later a d  

1102-1103 battle  took  p lace in an  Eastern M editerranean arbores­
cent m attoral, m ainly com posed o f  Pinus, Juniperus  and  ever­
green Quercus. The sandy coastal area w as colonized by  a 
xerophytic shrub-steppe w ith A steraceae, Artem isia, and C heno­
podiaceae. In the Jableh area, a  w et shrub-steppe colonized the 
extended bare surfaces and fresh arable soils. The alluvial p lain 
surrounding the northern R um ailiah river and the southern AÍ 
Faw ar spring com plex w ere slightly  w aterlogged, and a  w ell 
developed riverine ecosystem  (w etland m eadow, azonal-type 
rip isy lve-alluvia l forest, open deciduous forest) occupied  this 
area. The dom inance o f  these landscapes during the C rusader 
period  clearly  appears in the num erical d istribution o f  crusader 
sam ples in the PC A  analysis (Figure 7).

A  period o f  relative landscape stability is recorded during the 
period  o f  crusader ru le in northern  Syria. The m ain elem ents o f  
the crusader arbori-, horti- and agriculture w ere grape w ine (Vitis 
villifera), ornam ental trees (F raxinus om its), w alnut (Juglans 
regia), R osaceae (e.g. P runus, Rosa), cereals (e.g. Barley, H or­
deum, Triticum), and Fabaceae (e.g. Lens, Pisum, Vicia). These 
taxa, already present during the M uslim  era, develop in its final 
part, partly  because o f  w etter conditions. The follow ing strong 
developm ent o f  vineyards w as probably  o riented to w ine-produc- 
tion  b y  the crusaders.

Follow ing the fall o f  the c ity  o f  A ntioch by  the M am luke’s 
arm y in a d  1268, the crusader ru le over coastal Syria ended. The 
defeat o f  the crusaders is follow ed by  a  strong decrease o f  arbori-, 
horti- and agriculture, and the disappearance o f  Vitis vinifera.

Conclusions
The Principality  o f  A ntioch played a  m ajor role in the h isto ry  o f  
the crusades, as it was created  since the late e leven th-early  tw elfth  
century a d  and lasted until the  M am eluke conquest o f  A ntioch ( a d  

1268). H ere w e show  that the expeditions o f  the crusaders in 
Syria, w ith the aim  o f  regaining the territories regarded as un law ­
fully occupied by  the infidels, did not suffer from  dram atic envi­
ronm ental hazards. Obviously, the crusaders did not face m ajor 
challenges in having to adapt their logistics system s to dram atic 
shifts in their natural environm ent during their tw o-century  pres­
ence in Syria. The crusader period, bracketed  in  northern coastal 
Syria from  a d  1097 to  a d  1268, is centred  on  the ‘M edieval C li­
m ate A nom aly’ (M CA) (a d  900-1300), an  episode o f  w idespread 
tem perature and hydrological anom alies in different areas over 
the w orld  (Briffa, 2000; B riffa and O sborn, 2002; Keller, 2004). 
In  coastal Syria, the M C A  episode (c . 1000-1250 cal. y r  a d ) w as 
w an n er and w etter than  the ‘L ittle lee  A g e ’ (c . 1500-1870 cal. y r 
a d ) and slightly  cooler but still w etter than  the present-day. Only 
three peaks o f  positive anom alies centred on  c. 1115, 1130 and 
1170 cal. y r  a d  suggest sim ilar o r w arm er tem peratures com pared 
w ith a d  2000 (Kaniewski e t al., unpublished data, 2010).

The strong decrease o f  arbori-, horti- and agriculture, and the 
d isappearance o f  Vitis vinifera  at the end o f  the crusader period 
are m ainly  linked w ith a  cultural change brought by  the rise  o f  the 
M am elukes in the Levant. The M am elukes developed a  new  agro­
production  (Behrens-A bouseifi 2008), based  on pastoral activities 
and crop cultivation (cereals) around Jableh. This type o f  subsis­
tence has lasted throughout the M am eluke and O ttom an tim es in 
coastal Syria w ithout m ajor change.
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