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ABSTRACT

Where are the harbour structures of the thriving Hellenistic and Roman city of Dor? Recent
underwater and coastal surveys and excavations, together with geoarchaeological and
geophysical studies, provide strong evidence of the devastating impact of a sea level rise in
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Hellenistic Dor, as well as of recovery and renewed resilience in the Roman Period. This
evidence includes two previously unknown new harbour installations: a very large maritime
structure, tentatively identified as a Roman quay (in the North Bay), and a Hellenistic coastal

PALABRAS CLAVE

Tel Dor; puerto helenistico;
puerto romano; niveles del
mar

fortification system protecting an anchorage (in the South Bay).
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Cambios del nivel del mar y localizacion de los puertos helenistico y
romano ‘perdidos’ en Tel Dor, Israel
RESUMEN

¢{Dénde estén las estructuras portuarias de las présperas ciudades helenistica y romana Dor?
Las recientes prospecciones y excavaciones subacuaticas y costeras, junto con estudios

geoarqueoldgicos y geofisicos, aportan fuertes pruebas del impacto devastador del ascenso YAl el
del nivel del mar en la Dor helenistica, asi como de la recuperaciéon y renovada resiliencia o ond
durante el periodo romano. Esta evidencia incluye dos nuevas instalaciones portuarias @:f‘&‘i: ‘E:
previamente desconocidas: una estructura maritima de gran tamafo, identificada M‘ékji:w

tentativamente como un muelle romano (en la Bahia Norte), y un sistema helenistico de
fortificacion costera que protegia un fondeadero (en la bahia sur).
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Environmental Stress and Harbours in
Antiquity

Relative sea level changes are one of the major natural
pressures on harbours, both ancient and contempor-
ary, side by side with floods, storms and sedimentary
inputs (e.g., Christodoulou et al., 2019; Giaime et al.,
2019; Portillo Juan et al., 2022; Yasur-Landau et al,,
2021). As harbour infrastructure became more elabor-
ate from the Bronze Age and Iron Age, through the
Classical to Roman and Byzantine Periods in the Levant
(Marriner et al., 2014), it became more costly to build
and harder to maintain. Harbours - that is, the physical
interface together with the port city and community or
authority operating them — are a complex adaptive sys-
tem (Preiser-Kapeller, 2015). The intricate decision-
making processes undertaken to determine the
location, construction techniques and type of harbour
facilities to be built involved careful calculations that
considered the physical properties of the coast or bay
(e.g., high or low wave energy), the economic costs
and benefits and the available technological abilities.
Once it was constructed, the actions taken to maintain
or modify harbour infrastructure were dictated by a
feedback mechanism in which the decision makers
took into account the sedimentation and natural degra-
dation processes of the harbour basin as well as the car-
rying capacity and productivity of the port city and its
hinterland (Preiser-Kapeller, 2015, pp. 4-8). Some-
times, however, different political and economic
agendas clashed between different levels of decision
makers (e.g., the city institutions, the patrons, the
empire) in questions of constructing and maintaining
harbours (Arnaud, 2015; Nakas, 2022, pp. 5-6). At
the same time, a decision can be made not to build har-
bour infrastructure at all, using ‘opportunistic ports’
(Leidwanger, 2013, pp. 1-2), such as those serving
rural communities as part of an urban system, or to
employ ‘selective coastal tramping’ in which an inte-
grated system of anchorages and harbours belonging
to a single emporion are used according to wind con-
ditions (Zarmakoupi, 2018, pp. 37-38).

An example of the combined action of co-occurring
environmental pressures and economic and political
factors once a maritime infrastructure is built, can be
seen in the series of harbours excavated at Burgaz/
Old Knidos, in modern-day Tiirkiye (Greene et al.,
2019). The process of silting, the expansion of the Clas-
sical city and the broadening of maritime networks
resulted in the massive expansion of the existing har-
bour facilities in 400 BCE. In the Early Hellenistic
Period (4th-3rd centuries BCE), the existing harbour
facilities were no longer maintained, following a
change in the political circumstances and the continu-
ing silting. Instead, a new, massive infrastructure was
built in a different location, away from the city centre
(Greene et al, 2019, pp. 118-120). Similarly,

throughout history, changing circumstances have
affected decision-making processes also in the Carmel
Coast settlements, resulting at times in the cessation
of investment in the development of coastal infrastruc-
ture. Here we present a feedback model for diachronic
changes in the adaptive use of anchorages along the
Carmel Coast, in which political, economic and tech-
nological parameters join environmental variables
(Figure 1). Changes in each of the parameters — for
example, the availability of new construction tech-
niques, new ship types, gradual blocking of the basin
by sediments or a rise in sea levels - would have
required the port city or the polity to adapt in order
to maintain its maritime connectivity or to change
the nature of its maritime networks. Furthermore,
this feedback mechanism can be used to understand
adaptive cycles of a socio-ecological system facing
either a specific crisis or co-occurring multiple pressure
factors (Bradtmoller et al., 2017; Menegat, 2022).

The Missing Maritime Infrastructure of
Hellenistic and Roman Dor

Dor, the focus of this study, is an ancient coastal tell
(artificial mound) located 21 km south of Haifa and
13 km north of Caesarea, Israel. The site has four bays,
from south to north: Dor/Tantura Lagoon, South Bay,
Love Bay and North Bay (Figure 2). Initially settled at
the end of Neolithic Period (Shtienberg et al., 2020), it
was only in the 2nd millennium BCE that an extensive
period of uninterrupted habitation began at Dor that
would be maintained for 2300 years: from its first
large-scale settlements in the Middle and Late Bronze
Ages (ca. 2000-1200 BCE), through the Iron Age (ca.
1200-550 BCE), the Persian (ca. 550-330 BCE) and Hel-
lenistic (ca. 330-40 BCE) Periods, up to at least the Late
Roman Period (3rd-4th centuries CE), with ample evi-
dence of maritime connectivity (Gilboa et al., 2008;
Nitschke et al., 2011; Stern, 1994).

Despite our discovery of an 11th-7th-centuries
BCE Iron Age harbour in South Bay of Dor and
of evidence for Roman era activity in North Bay
(Arkin Shalev, Gambash, et al., 2019; Arkin Shalev,
Gilboa, et al, 2019), geophysical surveys of South
Bay (Lazar et al., 2018, 2020), detailed geoarchaeolo-
gical studies of the coastal sedimentary history of
Dor (Shtienberg et al., 2021, 2022) and a compre-
hensive study of sea level changes between the
Bronze Age and the Roman Period (Yasur-Landau
et al, 2021), until recently, two main lacunae
remained in the study of the maritime interface of
Dor: the absence of either a Hellenistic or Roman
harbour or coastal features at the site.

In the Hellenistic Period, Dor experienced an econ-
omic boom, reflected in well-built 3rd-century fortifi-
cations, rich private dwellings, an agora and a massive,
monumental complex — possibly a duo of temples -
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Figure 1. Simplified feedback model for diachronic changes in the adaptive use of anchorages suggested for this study (prepared

by A. Yasur-Landau).

overlooking South Bay. The extensive commercial
contacts of the city are attested not only in the copious
amounts of imported pottery, including wine
amphoras (Rosenthal-Heginbottom, 1995; Stern,
1994, pp. 226-246) and finds from under water in
most bays by the tell (Arkin Shalev, Gambash, et al.,
2019, table 6), but also by the incorporation of Helle-
nistic art forms such as statuary and a mosaic
(Nitschke et al., 2011, pp. 143-145). Leading into
Love Bay from the south are three narrow 30 m long
parallel rock-cut features that Raban referred to as
‘slipways’ and attributed to a ‘ship shed” that was con-
structed in the 5th century BCE and went out of use in
the Hellenistic Period (Baika, 2018, pp. 335-339;
Raban, 1995, pp. 307-309). If this was indeed a ship
shed, where are the harbour structures from this thriv-
ing Hellenistic city? Until recently, we found no evi-
dence for these nor for any other coastal features,
including fortifications, from this period.

The lack of Roman harbour infrastructure at Dor is
also puzzling because coins minted at Dor during the
reign of Trajan bear maritime symbols, as well as the
prestigious title ‘Holy Dor, asylum, autonomous,
ruler of the seas/fleet’, AQP(A) IEP(A) ACYA(OC)
AYTON(OMOC) NAYAPXIC (Meshorer, 1995). Is
it likely that a city with no harbour would bear such
a title? Indeed, the town plan of Dor in the Roman
Period does not include a harbour (Nitschke et al,,
2011, fig. 15). Roman Period remains indicative of
maritime activity have been found under water in all
of Dor’s bays, from Dor/Tantura Lagoon (including
shipwrecks and cargoes), through South Bay and
Love Bay and to North Bay (Arkin Shalev, Gambash,
et al, 2019, table 6). We excavated a structure in
North Bay that Raban suggested was a quay (Raban,
1995, pp. 294-295), and it was found to be a terrestrial
structure, likely a paved street or road of the Roman
Period. We concluded therefore that a pragmatic

approach of the leaders of the polis of Dor led them
to refrain from investing in a massive, costly and
fragile maritime infrastructure (Arkin Shalev, Gam-
bash, et al., 2019) of the type seen in Caesarea
(Raban & Holum, 1996, pp. xxviii-xxxi). Rather,
they used the existing bays for all their maritime
needs, with a coastal administrative building oversee-
ing the activity in North Bay - the Rectangular Struc-
ture, perhaps a storage facility (Raban, 1995, p. 290,
fig. 9.9; Raban & Galili, 1985, p. 339).

Sea Level Changes from the Hellenistic to
Roman Periods

In Israel, the Holocene sea level reconstructions are
especially robust for the last 2000 years, as data are
abundant (see, e.g., Dean et al., 2019). Earlier studies,
based on archaeological indications, included a lim-
ited number of indicators with large uncertainties
for the period between 2000 and 100 BCE (Galili
et al., 1988, 1993, 2019; Raban & Galili, 1985; Sivan
et al,, 2001.). In a recent article (Yasur-Landau et al.,
2021) we addressed the lacuna in the study of relative
sea levels (RSL) during this long time span, re-asses-
sing previously published data from Dor as well as
Yavneh Yam, ‘Akko and Caesarea, and incorporating
significant new field data from archaeological sea
level indications at Dor, primarily for the Iron Age,
but also for the Hellenistic and Roman Periods.
Most of the structures presented in the overall recon-
struction are currently at or below sea level (BSL).
Because the majority provide terrestrial limiting
data, we concluded that the sea level position for
1800-200 BCE was 3.0-2.0 m BSL. Most significantly,
the Hellenistic dataset indicates an abrupt sea level rise
of ca. 2 m in the 200 years sometime before the Early
Roman Period (Yasur-Landau et al., 2021, fig. 5). After
this rise, excluding the Crusader Period, with an
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Figure 2. Tel Dor, its bays and location of main features mentioned in this article: (1) Tantura Lagoon; (2) South Bay; (3) Love Bay;
(4) North Bay; (5) Tel Dor (note dashed line for the current boundaries of the Tel). Main features: (a) Area T, submerged Hellenistic
fortification; (b) Tombolo, FDEM survey and possible tower; (c) Iron Age submerged fortification and mole; (d) Area D, Iron Age and
Hellenistic structures; (e) Coastal Roman temples; (f) Slipways/shipsheds; (g) Love Bay underwater excavations; (h) Love Bay land
excavations and Hellenistic structures; (i) North Bay Roman rectangular structure; (j) Area X, submerged Roman mole; (k) Area W,
Roman and earlier anchorage (prepared by M. Runjaji¢, A. Tamberino and A. Yasur-Landau).

attested sea level drop of up to 50+20 cm (Toker
et al,, 2012), sea levels remained mostly similar to cur-
rent day levels, with fluctuations of a magnitude smal-
ler than 0.2 m. Accordingly, this sea level change
affected the seascape of Dor significantly, with a poss-
ibly devastating impact on Hellenistic coastal struc-
tures and society. Dor’s inhabitants in the Early
Roman Period faced a reality in which two terrestrial
areas were inundated: the vast area to the north of
the tell turned into shallow North Bay, and the area
to the west of the tell's centre turned into shallow
Love Bay. South Bay, to the south of the tell, grew dee-
per by up to 4 m, and larger in area by a third (Figures
2 and 3).

A Submerged Hellenistic Fortification Line
in South Bay?

A series of submerged and buried features discovered
in the southern part of South Bay, immediately north
of a sandy isthmus or tombolo separating South Bay
from the lagoon. These may be the remains of the Hel-
lenistic fortifications that protected an anchorage in
this bay and were impacted by sea level rise during
the Roman Period. A 2018 underwater archaeological
survey in this area (Area T) revealed a structure made
of large ashlar stones. Following this discovery, a 2019
underwater excavation to the east and north of this
structure indicated that it was part of a much larger
artificial feature oriented north-east-south-west
(F19T_0001; Figure 4b). To date, an area of ca. 4 x

5m has been excavated, which has not revealed the
boundaries of the feature. It is composed of at least
two courses of ashlar stones, the top one at a depth
of 1.2-1.5 m BSL. The stones are of two sizes, with
the larger measuring 1.45-1.50 m in length and 0.4-
0.5 m in width, and the smaller, 0.95-1.00 m in length
and 0.4 m in width. Several rectangular notches may
be dowel holes cut into the stones. An E-shaped cut
stone may have been the base for a wooden device,
perhaps a winch (Figure 4c). The few ceramic finds
recovered include a handle of a basket-handled
amphora (L19T_0007, B19T_0012; Figure 4d), likely
from Cyprus or the Aegean Islands, dating to the Per-
sian or Hellenistic Periods. The stones rested on a dark
clay sediment deposited during the Neolithic Period
(see below). As the base of the structure is at a depth
not sufficient for mooring boats even today, it is likely
a submerged fortification, perhaps a tower, rather than
a maritime structure. This feature is one in a series of
submerged walls built of massive ashlars, identified
during underwater and aerial surveys in Area T. Ten
metres south of the excavation area, an additional
wall, WI19T_0002, composed of ashlar stones in
articulation, may indicate a corner. The find that pro-
vides a context for all submerged structures near the
tombolo is Wall W19T_1000 (Figure 4), a monumen-
tal wall, 5m wide, its visible extent measuring over
20 m. It is located 5 m west of the excavation square
and continues north. Its dimensions, location and
orientation indicate it may have been part of a fortifi-
cation closing off South Bay from the south.
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Figure 3. Map of the bays of Dor with purple contour line marking 2 m BSL points (prepared by A. Tamberino and M. Runjajic).

While our excavation is ongoing, some indications for
the construction period may be ascertained already. The
building technique of the walls is Hellenistic and can be
dated even more precisely to the 3rd century BCE. The
use of ashlar stones of two sizes, as well as the use of dry
masonry, is similar to that in the construction of the Helle-
nistic fortifications on Tel Dor itself, just north of South
Bay, and especially to that of the Hellenistic towers in
Areas A and C, dated to the 3rd century BCE (Sharon,
1995, plans 5.11, 5.22, 5.31, photo 5.43). The use of ashlars
and dry masonry in a marine context, with somewhat
smaller stones, is seen in the Hellenistic harbour of
‘Akko, with its quays and ship shed dating to the 3rd cen-
tury BCE (Sharvit et al., 2013). Iron Age harbour builders
used large ashlars, as seen in the late Iron Age harbour of
‘Atlit, north of Dor (Haggi & Artzy, 2007; Yasur-Landau
et al,, 2018), though without a combined use of large and
small ashlars. Furthermore, the stones used near the tom-
bolo are considerably smaller than the same-sized ashlar
blocks used in the Iron IB coastal fortifications in the north-
ern part of South Bay (Arkin Shalev, Gambash, et al., 2019).
A geophysical frequency domain electromagnetic (FDEM)
survey of the coast to the east of the tombolo identified a
large rectangular anomaly, parallel to the submerged struc-
ture that includes F19T_0001 and F19T_0002 (Lazar et al.,
2020; Figure 5). This may be the buried remains of a tower,
in the same line of the possible Hellenistic fortification line,
blocking the land access to South Bay from the south.

Sedimentation in South Bay and the Impact
of Sea Level Rise

Geoarchaeological studies of Dor’s South Bay
(Shtienberg et al., 2021, 2022) may provide some
hints to the date of the end of the sea level rise in

the vicinity of the proposed Hellenistic port. Core
D6 from the northern edge of the tombolo (Figure
6) provided an OSL date of 1.8 £0.2 ka for the top
of the aforementioned dark clay level at 1.5 m BSL
(Shtienberg et al., 2022, fig. 9). This means that the
surface of this clay unit was last exposed before
being covered with pebble-abundant Nile-derived
quartz sand (Shtienberg et al., 2020, supplement 2)
during the Roman Period. No deposits with Hellenis-
tic or earlier dates were found below it, likely indicat-
ing that sea activity during the period of heightened
sea level rise eroded them all the way down to the
Neolithic deposits, as indicated by a 9.8 £ 0.8 ka age
from the same core, at 2 m BSL.

Core D11, drilled 80 m south of Core D6 (Figure 6),
in an inner, more protected area of the tombolo, pro-
duced an age of 2.5 + 0.3 ka in a deposit of shell-abun-
dant quartz sand in an elevation of the current sea
level (Shtienberg et al., 2022, fig. 9), indicating that
this poorly sorted marine sand unit was deposited
between the end of the Iron Age and the Hellenistic
Period. Thanks to its protected location, it was not dis-
turbed during the sea level rise in the Roman Period
(Shtienberg et al., 2022, fig. 9). The age and elevation
of the deposit relative to palaeo-sea level (Sivan
et al., 2004; Yasur-Landau et al., 2021) also indicate
that there was no available sailing channel east of the
tombolo, leading from the Dor/Tantura Lagoon into
South Bay. Further possible evidence for an erosion
of sediment post-dating the Iron Age comes from
Core D4 (Figure 6), located in the north-eastern part
of South Bay, on the ancient coast, to the east of the
Iron Age port. There, an age of 2.8 £0.3 ka at 0.3 m
BSL in a sand layer may indicate the end of the use
of the Iron Age port. It is topped not by a Hellenistic
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' |[F19T_0001

Figure 4. (a) Location map of Area T in South Bay; (b) Remains of Tower(?) F19T_0001 and wall F19T_1000; (c) Detail of E-shaped
stone-cut feature in tower wall; (d) Basket-handled amphora sherd; (e) Wall (F19_0002) east of the tower (prepared by E. Arkin

Shalev, A. Tamberino, M. Runjaji¢ and J.J. Gottlieb).

layer, but by a sand layer dating to the Middle Ages,
with an age of 1.1 +0.2 ka at an elevation of 0.3 m
above sea level (ASL). This may represent a period
of lower sea level during the Middle Ages, which
would have enabled sedimentation, following a higher
sea level in the Roman and Byzantine Periods (Toker
et al., 2012). The combined data from these cores
and the marine sand layer identified in them, as well
as sea level proxies from the Iron Age, may help recon-
struct a ‘before and after’ picture of South Bay at Dor
demonstrating a post-Iron Age sea level rise, from the
Late Hellenistic to the Early Roman Periods, the dee-
per parts of South Bay becoming up to 4.5 m deep
(Figures 3 and 7).

Underwater Excavations at Love Bay and
the Question of the Slipways

Underwater excavations undertaken in 2022 in the
centre of Love Bay have confirmed the suggestion of pre-
vious surveys conducted since 2013 regarding the shal-
low nature of this bay, and demonstrated that the bay’s
depth does not exceed 2-2.4 m. A large sub-rectangular
perforated mooring stone, ca. 0.7 x 0.8 m in size, was
located at the centre of the bay, in its deepest part.
Near the mooring stone were numerous stones, ca.
20 cm in diameter, possibly a concentration of ballast
stones (Figure 8c, 8¢). A 3 x10 m trench (Figure 8b)
was excavated near the mooring stone, revealing



679600 679700

e %
009629 004629

DF19T 0001

INTERNATIONAL JOURNAL OF NAUTICAL ARCHAEOLOGY e 7

goo m \
gﬂlo [mS/m]
g

679§00 679900
0 50
] |
L} | -

1625 1750 1760 1770 1775 1780

002019¢

7

e

\0002

=g,

0oLoLee

()
2
Lo
=]
=]
=]

0086.9

Figure 5. Location map of FDEM survey and underwater remains related to possible Hellenistic fortification. (1) Possible tower
under coastal sand, found in FDEM survey; (2) Possible submerged tower; and (3) Parts of fortification excavated and surveyed
(prepared by A. Tamberino and M. Runjaji¢; geophysical data after Lazar et al., 2018).

alternating layers of round stones (ballast?) and shells at
2.0-2.4 m BSL (L.1, L.2). A second 3 x 10 m trench was
opened 13 m to the west, in what was thought to be the
deepest part of the bay and excavated from 1.9 m to
2.4 m BSL (L.3-5), down to bedrock. Two lead finds
were recovered, connected with maritime activity
(Figure 8d): a sail ring (L.4) and a nail (L.5). The discov-
ery of bedrock indicated that the area could not have
been used as an anchorage during the Hellenistic Period
or earlier. Rather, it was only in the Roman Period that
the bay was inundated, and its water depth enabled
mooring of boats. This observation raises the question
of the ship sheds/slipways south of Love Bay. Raban
interpreted these three parallel rock-cut features -
30 m long, 3.8-4.5m wide and divided by partition
walls ca. 1.5 m high and 0.6-0.8 m thick - as 5th-century

BCE slipways or ship sheds, based on their typology
(Baika, 2018, pp. 335-339; Raban, 1995, p. 307). In the
absence of direct means of dating, Yasur-Landau et al.
(2018, p. 47) suggested that these features were closely
related to the intense building activity in the Roman tem-
ples to their south, facilitating the transportation of
building material for their construction from the sea to
the construction site. When these temples were built,
in the second half of the 2nd century CE (Nitschke
etal, 2011, pp. 146-147), the sea level had already stabil-
ised approximately at its current level, as indicated by
archaeological sea level proxies from wells in Caesarea
(Dean et al,, 2019) and a fishpond or fish-processing
plant at Dor (Yasur-Landau et al,, 2021, table 1). There-
fore, the construction and use time of these slipways
likely dates to the Roman Period, in which they faced a
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Figure 6. The locations of the cores and diagram of the chrono-stratigraphy of the coast of Dor, including Core D. The OSL dates of
the sediments in each core were used to reconstructs coastlines in the Hellenistic and Roman Periods (Figure 7). (Kadosh et al.,
2004) and Cores D8, D11, D6, D12 and D4 (Shtienberg et al., 2021) (prepared by G. Shtienberg, A. Tamberino and M. Runjajic).

water-filled bay, rather than to the Hellenistic Period or
earlier, when Love Bay did not yet exist.

Evidence from Love Bay of the Impact of Sea
Level Rise

Evidence of a Hellenistic structure likely impacted by
the sea level rise was found in the 2022 land exca-
vations at Love Bay. Two adjoining walls, W22L.005
and W22L.006, creating a corner (Figure 9) were
built of headers - a typical Hellenistic construction
method known at Dor in other contexts as well (com-
pare with Sharon, 1995, plan 5.22, wall 572). Wall
22L.006 was built on top of artificially flattened aeolia-
nite bedrock. A deep rock cut feature, with straight
edges and a corner was associated with the wall, con-
tained within W22L.005 and W22L.006A. To under-
stand the nature of the feature, we excavated a test
trench to the north of the cut bedrock below
W22L.006 (L22L.021 and L221.28). The sediment, a
mixture of sand and reddish silt with burnt patches,
containing much pottery, was excavated to a level of
0.4m ASL, where a layer of large stones was

encountered. It is likely that the rock-cut feature con-
tinues farther down. The sediment containing Helle-
nistic pottery (no later pottery was found) may have
been a deliberate fill laid in antiquity (Figure 10). A
single charcoal sample from L22L.021 (sample DLB-
L21B81 analysed by the University of Georgia Center
for Applied Isotope Studies, UGAMS#61052) pro-
vided an uncalibrated radiocarbon age of 2090 * 20
BP. The 2 sigma (95.4% probability) calibrated age
(using IntCal 20.14c; Reimer et al., 2020) is 166-46
BCE, a range well within the Late Hellenistic Period.
With sea level rise in the Late Hellenistic Period, it is
possible that this feature, either a rock-cut cellar or
another semi-subterranean space, was inundated by
both the sea and the coastal freshwater aquifer that
‘floats’ on top of the saline water (Shtienberg et al,,
2022), suggesting the area was therefore backfilled
with sediment from Hellenistic domestic dumps.

A Roman Maritime Structure in North Bay

Dor’s North Bay has two areas (Figure 11): its north-
west is deeper, with a water depth of 4-6 m. Previous
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surveys by our team have located stone anchors and
pottery from the Bronze Age and Iron Age to the
Middle Ages. The south-eastern part of the bay (or
the ‘small bay’) is shallow with a water depth of up
to 2 m. Our surveys have discovered extensive evi-
dence for maritime activity in the Roman and Byzan-
tine Periods, including architectural elements such as
column drums and marble fragments, deposited
under water (Arkin Shalev, Gambash, et al., 2019).
During May-June and November 2021, we excavated
in both parts of North Bay.

We excavated five 1 x 1 m squares in the north-
western part (Area W), using a metal grid, adjacent
to a stone anchor we identified previously in a survey
conducted to understand the anchorage’s stratifica-
tion (Arkin Shalev, Gambash, et al., 2019, fig. 13:4;
Figures 11 and 12): one in square 1, one in L. 102
and three 1x 1 squares in L. 103. In all squares the
sedimentation included alternating layers of rounded
stones and shells. In L. 103, with the lowest level of
rounded stones and shells rested on a layer of greyish
clay (top level of excavation 3.8 m BSL; bottom level
5.3 m BSL). These layers yielded a mixed pottery
assemblage belonging mainly to the Hellenistic and
Roman/Byzantine Periods. However, some finds
from the Neolithic Period were also recovered, such
as a sickle blade that had not been water worn, indi-
cating the possibility of a Neolithic site in the area,
predating the inundation and formation of a natural
anchorage. This being the case, the alternating shell
layers may represent natural deposits brought by cur-
rents and storms, between the anthropogenic deposits
of the anchorage, represented by the rounded stones,
likely ballast stones, as well as pottery. Evidence of
the use of this anchorage in the Roman Period
from L.103 (3.8-4.3 m BSL) includes cooking ware
sherds with soot marks, as well as bones with cut-

marks and a gold ring, possibly from the Roman
Period (Figure 12). The sherds and bones may be
the remains of cooking activity on board of a boat
moored in the bay. The ring had probably been lost
by its owner.

We opened a second area of excavation (Area X)
in the southern part of North Bay, focusing on a
large stone-built feature we discovered in a survey.
It is located ca. 30 m from the coast, at a bottom
depth of ca. 2m BSL, and is ca. 40 m long and
10 m wide, with a roughly east-west orientation
(Figure 13). The rectangular hewn stones that com-
prise this feature measure ca. 1.8 x 1.0 m. They are
not arranged in rows or courses, but rather laid
side by side, sometimes with 20-50 cm spaces
between them. We began excavating adjacent to this
feature’s northern face (L.112). The topmost sand
layer was removed, revealing that the stones rested
directly on the clay bed, and there were no indi-
cations for a barge, pointing to an intentional place-
ment rather than a wreckage. A similar picture
emerged when we excavated adjacent to the feature’s
southern face. While only further excavations will
enable to understand this feature fully, its overall lay-
out is of a ca. 40 m long structure perpendicular to
the coastline, indicative of a quay. The depth of 2 m
and the lack of reefs in this area would have made
it a safe docking location for ships during the
Roman Period. Pottery recovered during this exca-
vation and in a previous survey (Arkin Shalev, Gam-
bash, et al., 2019) indicates intensive activity in the
bay during the Roman Period, strengthening this sug-
gestion. However, a built Roman harbour has not yet
been identified in this bay. Nonetheless, the stone
sizes are dissimilar to the much smaller ones used
in the Hellenistic structures at Dor, and identical to
the ones used in the construction of the Roman
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Figure 8. (a) General view of remains in the Love Bay mentioned in the text; (b) Aerial and land view of the ship sheds/slipways; (c)
Underwater excavations showing mooring stone; (d) Finds from the underwater excavation; (€) Mooring stone and associated
ballast stones (prepared by A. Tamberino, M. Runjaji¢ and J. Gottlieb).

temples on Tel Dor (Nitschke et al., 2011, p. 149), as
well as other Roman structures, such as the Rectangu-
lar Structure overlooking North Bay, both dating to
the 2nd century CE (Raban, 1995, pp. 289-291).
Thus, the rising water that filled the southern part

of North Bay in the Late Hellenistic Period may
have made it a well-protected shallow anchorage
during the Roman Period, fit for barges and small
boats. At the same time, the deeper, less protected
small bay continued to be used. This reconstruction
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Figure 9. Land excavations in Love Bay and location of the Hellenistic walls and rock-cut feature (prepared by M. Runjaji¢ and A.
Yasur-Landau).

Figure 10. Land excavations in Love Bay; Hellenistic pottery from L22L.028 (prepared by Chandler Houghtalin, M. Runjaji¢ and
J. Gottlieb).
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Figure 11. Location of excavations in North Bay (aerial photograph by A. Tamberino, prepared by M. Runjajic).

provides the first potential indication for a Roman  time (Byzantine or post Byzantine era) when North
pier, quay or dock of Tel Dor. The current finds  Bay became a hub for shipping out building blocks
are likely only the foundation of this structure, removed from the tell (Gambash & Yasur-Landau,
whose top stones were likely robbed during the  2018).
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Figure 12. Finds from the excavations of Area W in North Bay (all from L.103): (a) Stone anchor; (b) Gold ring; (c) Bone with cut-

marks (prepared by J. Gottlieb).

Environmental and Technological Feedback
Mechanisms

The results of the coastal and underwater exca-
vations, as well as geoarchaeological and geophysical
studies in the bays of Dor, allow now to assess the
environmental and technological aspects of the dia-
chronic changes in the adaptive use of anchorages,
according to the feedback mechanism presented in
Figure 1. Such an assessment is benefited from the
study of Giaime et al. (2019) on the impact of differ-
ent forcing agents (floods, storms, sedimentary
inputs, RSL changes, dredging and harbour struc-
tures) on the geomorphological evolution of harbour
sites in deltaic environment during antiquity. This
approach is also useful in assessing the change in
the quality of each bay of Dor as an anchorage in
the transition between the Hellenistic and Roman
Periods. Table 1 presents sedimentary inputs, storm
impact and infrastructure in the different bays, as
well as changes they underwent from Hellenistic to

Roman times. It can be seen that while sedimentation
is minimal, the main factors affecting the quality of
the bays are sea level rise and resulting elevated
exposure to storms. Furthermore, the factors of sea
level rise and storm impact create their own feedback
mechanism, as the first increases the negative impact
of the second on maritime installation and the ability
to anchor safely. Two pressure factors used by
Giaime et al. (2019) are likely to be minimal to neg-
ligible in the non-deltaic environment of Dor. Unlike
in deltaic ports, flood impact is minimal in all of the
bays, as there is no significant wadi or river issuing
into them. As for the technological part of the adap-
tive feedback mechanisms, there is no evidence that
the main Roman Period innovation in harbour con-
struction, the use of hydraulic cement, was used in
any of the maritime structures of Dor. Furthermore,
it is also likely that due to the minimal sedimentation
observed in each of the bays, no dredging effort was
needed, and indeed, no signs of dredging were
detected in any of the bays in the underwater
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Figure 13. Roman Period quay in North Bay (aerial photographs by A. Ben Zaken and A. Tamberino; underwater photograph by

A. Yurman).

excavations. Therefore, technological innovation does
not seem to have been a key factor in the maritime
adaptive cycle of Dor.

We can see, through our new discoveries at Dor, that
the residents of the city have with the new environ-
mental reality. The maritime infrastructure of the Hel-
lenistic Period of South Bay, which included a fortified
anchorage or harbour, became less suitable for anchor-
ing in the Roman Period due to sea level rise. South Bay
was then supplemented with secondary shallow
anchorages in North Bay and in Love Bay, both formed
by the sea level rise, and both equipped with

infrastructure designed to facilitate maritime activity.
What remains to be evaluated is the input of the local
and regional political factors into the adaptive feedback
mechanism of loss of maritime infrastructure and the
use of new anchorages (Table 1).

Conclusion
Dor: Maritime Resilience Lost and Gained

To complete our assessment of the way Dor adapted
its maritime interface between the Hellenistic and
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Table 1. Diachronic environmental pressure at the different bays of Dor.

Anchorage
Bay/period Sedimentary inputs Storm impact Infrastructure quality
South Bay/ Minimal sedimentation in the post-Bronze  Moderate exposure from the north-west;  Coastal fortification, quay ~ Good
Hellenistic Age (Shtienberg et al., 2021) protected from the south and south- in the south?
west before sea level rise
South Bay/ As above Elevated exposure to the west after sea  Coastal fortification (and ~ Poor to
Roman level rise quay?) lost (submerged) moderate
Love Bay/ Dry land
Hellenistic
Love Bay/Roman Little to no sedimentary input on top of the ~ Well protected from almost all directions  Mooring stone Good
palaeosol observed during excavation by aeolianite ridges
North Bay (north  Little to no sedimentary input on top of Well protected from almost all directions  None Good
part)/ gravel containing Neolithic finds by aeolianite ridges
Hellenistic observed during excavation
North Bay (north  As above Protected from the south and north; less  None Poor to
part)/Roman protected from the west moderate
North Bay (south  Dry land
part)/
Hellenistic
North Bay (south Little to no sedimentary input on top of the Quay, mooring stones, Moderate to
part)/Roman palaeosol observed during excavation administrative building good

Roman Periods, our finds on the coast and underwater
should be contextualised together with local political
and economic decisions reflected in monumental
architecture of the city, as well as with wider political
considerations attested in historical sources. The
result is comprised in a narrative of an adaptive
cycle of maritime resilience lost and gained.

The line of fortifications east of Dor was built in the
3rd century BCE (Stratum IVb; Stern, 1995, pp. 276-
277), and we would therefore tentatively ascribe the
newly discovered construction of the fortification
line to the south of the South Bay, now underwater,
to the same period. At first, in the 3rd and 2nd centu-
ries BCE, the Hellenistic fortifications of Dor func-
tioned well. They were strong enough to withstand
the siege of Antiochus III in 219 BCE (Polybius, His-
toriae 5.66: Dahl, 1915, p. 65; Stern, 1994, p. 206; Stew-
art & Martin, 2003, p. 131). In the years 138-137 BCE,
very likely still predating the beginning of the rapid sea
level rise, the coastal fortifications of Dor seem to have
been solid enough to withstand a massive land and sea
siege by the joint forces of Antiochus VII and Simon
against the usurper Tryphon (see also Gera, 1995,
p. 493; Stern, 1994, p. 206):

And Antiochus encamped against Dor and with him
were 120,000 warriors and 8000 horse. And he sur-
rounded the city, and the ships joint the attack from
the sea; and he worried the city by land and sea,
and allowed no one to go out or in. ... But Antiochus
the King encamped against Dor on the second (day),
continually bringing his forces up to it, and making
engines of war, and he shut up Trypho so that he
could neither go in nor go out. And Simon sent
him 2000 picked men to fight with him; and silver
and gold and many implements. (1 Maccabees
15:13-14, 25; Transl. Dahl, 1915, p. 67 see also Jose-
phus, Antiquitates Judaicae 8.7.2)

Lead slingstones with the inscription ‘victory of/over
Tryphon’ were found at Dor, confirming this siege
(Gera, 1995, p. 491; Stern, 1994, p. 212), which
ended with the maritime flight of Tryphon. The
description of a maritime siege is extremely mean-
ingful here, as it seems that a fortification line pro-
tected the city not only from the land but also
from the sea.

The rise of the sea level and the loss of maritime
infrastructure at Dor co-occurred with the expansion
of the Hasmonean state and the conquest of Dor by
Jannaeus in ca. 100 BCE (Stern, 1994, p. 260), and
later with the incursion of Rome into the Hellenistic
East in the Ist century BCE. A historical watershed
event occurred in 64/3 BCE, when Pompey the
Great tore the city of Dor from the Hasmonean King-
dom, made it an autonomous polis and annexed it to
the province of Syria. This event was commemorated
by the minting of coins with the inscription ‘year 1’,
noting the re-foundation of the city, or at least a
new count of years for it (Meshorer, 1995, p. 355;
Stern, 1995, p. 261). To our mind, the reduced resili-
ence of the city, caused by the sea level rise, would
have diminished the city’s ability to object first to
the Hasmonean conquest and then to Roman
intervention.

The sea level rise in the 1st century BCE may have
resulted in the lack of safe harbours available for
mooring before Herod the Great began the construc-
tion of Caesarea in 22 BCE, on the likely destroyed
remains of Straton’s Tower:

This city [Straton’s Tower] is situated in Phoenicia,
on the sea-route to Egypt, between Joppa and
Dora, which are lesser maritime cities, and not fit
for havens, on account of the impetuous south-wes-
tern winds that beat upon them, which rolling the
sands that come from the sea against the shores,
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Figure 14. Roman structures in the southern part of North Bay (aerial photograph by A. Ben Zaken; data by A. Yasur-Landau).

do not permit smooth landing; but the merchants are
generally forced to ride unsteadily at their anchors in
the sea itself. (Josephus, Antiquitates Judaicae
15.333)

The peculiar absence of Dor from Strabo’s list of
settlements between ‘Akko and Straton’s Tower
(Geography 16.2.27) and the Pliny’s mention of Dor,
which is abandoned in his days (Naturalis Historia
5.17) may indicate the city’s decline during the 1st
century CE (Nitschke et al., 2011, p. 146), during the
transition between the Hellenistic and Roman Periods.
This deterioration may be reflected also in a change of
the city’s plan: in Area D the fine Hellenistic monu-
ments, perhaps cultic structures, were replaced by
industrial facilities and humble dwellings, re-using
the fine architectural elements as building material.
The excavators considered this to be a major change:
‘The destruction and incorporation of elements of ear-
lier features suggests a major demolition some time
near the Hellenistic/Roman chronological horizon’
(Nitschke et al., 2011, p. 152).

It may have taken up to two centuries before Dor’s
resilience was rehabilitated and before its residents
began using the inundated areas as new, protected
anchorages. For a long period of time, from the days
of Vespasian and Titus to the reign of Trajan, Dor
minted no coins (Meshorer, 1995, p. 359). Maritime

themes related to Dor’s administration first appeared
on a lead weight showing an oared galley, which
bears the city name, Dora, and the year 162 to its 63
BCE foundation (100 CE; Meshorer, 1995; Stern,
1994, pp. 311-312). Maritime themes appeared also
on coins when minting resumed under Trajan, with
a massive issue of coins with these themes
accompanied by the inscription ‘Ruler of the seas’,
mentioned above, on an 111/12 CE coin (Meshorer,
1995, p. 359). Coin minting at Dor continued during
the reigns of Hadrian and Antoninus Pius.

We may accredit the revival of Dor in the 2nd cen-
tury CE to the support of Gargilius Antiquus, governor
of Judea in 123-125 CE. Two different statue bases
with dedicatory Greek inscriptions to this governor
have been found at Dor, one by the eastern gate and
the other, by our team, under water in North Bay
(Gambash & Yasur-Landau, 2018). This is the only
person thus honoured by the city of Dor in the
Roman Period. The latter inscription reads: ‘(In hon-
our of) Marcus Paccius, son of Publius... Silvanus
Quintus Coredius Gallus Gargilius Antiquus, imperial
governor with praetorian rank of the province of Judea
and of Syria, the patron (a statue was erected)’ (Gam-
bash & Yasur-Landau, 2018, p. 159). Calling Gargilius
‘the patron’ may indicate gratitude shown for his sup-
port in the turbulent years between the Jewish Dia-
spora Revolt and the Bar-Kokhba Revolt (Gambash



& Yasur-Landau, 2018, p. 164). The findspot of the
inscribed statue base, in the shallow part of North
Bay, may hint at its possible original location near
the 2nd-century CE administrative building - the
Great Rectangular Structure, built just west of the
Roman theatre (Arkin Shalev, Gambash, et al., 2019;
Raban, 1995, p. 290; Figure 14). We suggest that the
quay in North Bay could have been in use already
during this phase, enabling the moving of stones
from coastal quarries to the north of Dor for the build-
ing projects in North Bay and its environs. These
included the above-mentioned administrative struc-
ture, a street and a drainage channel running towards
the coast (Arkin Shalev, Gambash, et al., 2019, figs 3,
4) and an industrial area, including the main phase
of the ‘purple dye factory’ (actually a fish processing
plant; Raban, 1995, pp. 296-301). Stones of similar
size were used for the construction of the Roman thea-
tre, immediately south-east of North Bay (Stern, 1994,
pp- 295-296).

Dor’s maritime recovery continued later in the 2nd
century CE. The construction of the gargantuan tem-
ples in the second half of the same century was clearly
related to the efforts of Dor to reconnect to maritime
activity, visible on its coinage:

Visibility to passing ships was perhaps a key com-
ponent in deciding to install these precincts in this
location, at the expense of the sea-view houses already
in place. (Nitschke et al., 2011, p. 150)

This ambitious building program of creating a mari-
time facade (but not a large harbour) required a mar-
itime infrastructure to support it. The main use of the
anchorage in Love Bay and the cutting of the slipways
may well have related to the needs of the temple con-
struction projects in a transport route for moving
thousands of large building blocks from barges to
the construction site.

The renewed maritime prosperity of Dor may have
been short-lived. This is reflected also in the city’s
coins, the last of which, still bearing maritime symbols,
were minted no later than the reign of Septimius
Severus and Julia Domna (211-212 CE) (Meshorer,
1995, pp. 359-360; Stern, 1994, p. 266). By the 3rd cen-
tury CE, no new structures were being built on the tell,
and coins post-dating the reign of Severus Alexander
(222-235 CE) are rare (Nitschke et al., 2011, p. 152).
In the 4th century CE, Eusebius noted that the city
lay in ruins (Onomasticon 376; Gambash, 2015;
Stern, 1994, p. 263).
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