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Between Claudius and Trajan: Palaeoenvironmental Evolution of
the Imperial Port of Portus (Central Italy)
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Abstract

The port of Portus was located about 30 km southwest of Rome and was the most important
in the Western Mediterranean during the Roman Imperial period (27 BCE—476 CE). This
paper analyses the palaeoenvironmental evolution of the channel linking the outer harbour,
or Claudius Basin, with the inner harbour, or Trajan’s Hexagon. During the 1st century
CE, this area was situated in an open marine environment, which gradually became more
confined due to sedimentation from the River Tiber and the silting caused by the massive
accumulation of fibres and leaves from the seagrass Posidonia oceanica. In the ~2nd-5th
centuries CE, the area transitioned to a brackish environment and eventually became silted
up, with a marked decline in port activity from the 5th century CE onward.

Keywords: sedimentary facies; macrofauna; microfauna; botany; paleoenvironmental
evolution; imperial harbor; central Italy
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human activity, among other factors [9-11]. Knowledge of the geological evolution of
a given area is very useful for obtaining information on: (i) ancient marine connections;
(ii) the beginning, end or impact of anthropogenic interventions; (iii) changes in palaeoen-
vironmental conditions; (iv) the refinement of radiometric ages; (v) the detection and
impact of high-energy events, such as storms or tsunamis; or (vi) the detection of biotic
changes [12,13].

Within the faunal record, various groups have been used as environmental or palaeoen-
vironmental indicators, such as molluscs [14], foraminifera [15], ostracods [16], calcareous
nanoplankton [17] or diatoms [18]. The malacological record of sediments deposited since
the last glacial maximum has enabled the reconstruction of sedimentary palaeoenviron-
ments, the inference of sea level changes, the separation of native associations, and the
identification of impacts from human activity [19-22]. In these environments, foraminifera
and ostracods have also proven to be excellent palaeoenvironmental markers from the last
Glacial maximum, with variations in their associations depending on changes in salinity,
the palaeogeographic evolution of a given area, metal pollution, sea level changes, or the
detection of layers associated with high-energy events [23-27].

The use of all these palaeoenvironmental reconstruction tools is common in archaeo-
logical sites, especially within the multidisciplinary analysis of sediment cores. Their main
conclusions, together with the data provided by additional surveys, can be used to verify:
(i) faunal changes in both space and time [28]; (ii) climatic oscillations [29]; (iii) changes in
agricultural plantations in the vicinity of these sites [30]; (iv) ancient diets [31]; or (v) the
evolution and decline of harbours [32].

This paper describes and discusses a multiproxy analysis of a continuous core obtained
in Portus (Italy), one of the main Mediterranean ports during the Roman imperial era
(1st-5th centuries CE). Its objective is to perform a palaeoenvironmental interpretation
of the different sedimentary facies based on their textural, macrofaunal, microfaunal
and palaeobotanical study, as a basis for inferring their palaeoenvironmental evolution.
This study is part of the DEATLANTIR-I and DEATLANTIR-2 projects developed by the
University of Huelva in Portus. A summary of the first findings can be consulted in [33].

2. Study Area

The birth of the Roman Empire led to increasingly greater supply needs for the city of
Rome. Its status as a metropolis required a constant flow of goods of various types to supply
the urban markets. Commercial, economic, and transactional aspects reached their greatest
peak in the early 2nd century CE. During this last stage, the territories dominated by Rome
reached their maximum extent around 116-117 CE, during the reign of the Spanish emperor
Trajan [34]. At that time, Rome was a huge city with more than a million inhabitants, and
this enormous population required a controlled system of supplies from the provinces of
the Empire, both across the Italian Peninsula and through its ports [35].

This need for a continuous flow of food, combined with a growing population, meant
that the ports near Rome were insufficient to meet its needs. As a result, Emperor Claudius
ordered the construction of Portus, a new port, around 42 CE, which was later expanded
by Emperor Trajan between 100 CE and 112 CE [36]. This port was located about 30 km
southwest of Rome, about 3 km north of the ancient port of Ostia and the mouth of the Tiber
River. Today, it is part of the Riserva Naturale Statale di Litorale, which borders Leonardo
Da Vinci International Airport to the north and the town of Fiumicino to the south.

This very important port consisted of three main elements (Figure 1) [37]: (i) the
Claudius basin (~200 ha), which extended westwards into the sea, sheltered by two artificial
breakwaters and featuring a central lighthouse [38]; (ii) the dock, a small rectangular basin
(~1 ha), to the southwest; and iii) the Trajan basin (32 ha), a hexagon that extended inland
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to the east. The connection between Claudius’ outer harbour and Trajan’s inner hexagon
was made via the Canale di Imbocco, bounded to the west by the La Lanterna quay and to
the east by the dock [37].

Figure 1. Location and structure of the imperial port of Portus [37]. Grey: port area.

Despite its size, Portus suffered from serious silting problems ever since it was built
and was highly exposed to storms from the outset, resulting in the destruction of 200 ships
in 63 CE [39]. This necessitated its expansion, as mentioned above, with Trajan’s hexagon
at the beginning of the 2nd century CE. Between 100 CE and 450 CE, this port was essential
both for the export of products from the Tiber valley and for the import of all kinds of raw
materials and food from all corners of the Empire. The sacking of Rome by the Vandals
(455 CE) and the Gothic Wars (536-552 CE) accelerated its decline [40].

This decline was also caused by the geomorphological changes at the mouth of the
River Tiber. During the Empire (1st-5th centuries CE), the coastal areas near Portus
remained relatively stable, but a phase of coastal progradation began at the end of this
period. This caused the coastline to advance by several hundred metres, leading to the
degradation of the port complex, coinciding with the fall of Rome (second half of the 5th
century CE). From this date onwards, port activities continued only in the Trajan basin.
This progradation stopped during the Medieval Warm Period (~950 CE-1250 CE), but the
port was no longer active and was reduced to a swamp. Subsequently, a new intense phase
of progradation during the Little Ice Age (~1300 CE-1860 CE) caused the coastline to shift
further westward, filling in the Claudius basin and reducing the Trajan basin to a lake [41].

3. Materials and Methods

Core PRT (Figure 2A; 41°46'25" N; 12°15'12"” E; 5 m depth; 10 cm diameter) was
extracted by Geocompany, a drilling company using rotation techniques in the entrance
channel to the Trajan basin. In an initial phase, a preliminary visual differentiation of the
sedimentary facies was carried out based on their lithology, colour, contact between them,
macrofaunal content and visible botanical remains. Eleven samples were separated for a
multiproxy study (PRT-1 to PRT-11), taken every 0.5 m vertically. From each sample, 100 g
were sieved through screens between 2 mm and 0.063 mm to obtain their granulometric
distribution. The residues were dried in an oven at 60 °C for at least two days and served
as the basis for the macrofaunal and botanical study.
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Figure 2. (A) Lithostratigraphic column of the PRT core; (B) detail of the different sedimentary facies.

All the malacofauna (bivalves, gastropods) present in this waste were extracted and
classified according to the keys provided by [42] and the World Register of Marine Species
(WoRMS). Specimens of different species of molluscs, as well as other macropalaeontologi-
cal remains, were photographed with a LEICA binocular magnifying glass connected to
a 32” LG television. The abundance of each species in each sample was classified as rare
(R: 1-2 specimens), common (C: 3-10 specimens) and abundant (A: more than
10 specimens).

Seven samples (1 g) were selected for micropalaeontological study. The foraminifera
present were classified according to [43,44], with updates from the World Foraminifera
Database. The distribution of ostracods was also analysed by comparing them with [45-47]
and the World Register of Marine Species (WoRMS). The main species of foraminifera
and ostracods were photographed using the Scanning Electron Microscope at the Central
Research Services of the University of Huelva.
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Core PRT is one of a series of cores taken from the Canale di Imbocco during the course
of the DEATLANTIR-I and DEATLANTIR-2 projects. One of them (core PT) is located three
metres to the east of this core and was studied from a palaeobotanical perspective [48]. The
radiocarbon dates of two samples taken from the PT core can therefore be extrapolated
laterally to the PRT core (Table 1; 5-4.9 m depth: 75 BCE-190 CE; 1.9-1.8 m depth: 217
CE-465 CE), with the most probable ages towards the second half of the 1st century CE
and the 4th century CE, respectively.

Table 1. Radiocarbon dates of core PT. Original data from [48], now calibrated with Calib 8.2.

. Laboratory Uncalibrated Calibrated C14 Median
Depth (m) | Material Number | C!Age(BP) | F'™T | Age(BCE/CE) | Probability
Cerastoderma
1.8-1.9 glaucum Beta-602823 2250 30 217 CE-465 CE 339 CE
Polititapes
4.9-5 thomboides Beta-602826 2480 30 75 BCE-190 CE 52 CE

4. Results
4.1. Sedimentary Facies and Macrofauna

Seven sedimentary facies have been differentiated in the PRT core (Figure 2B). F1
(5—4.1 m) consists of finely compacted sands with numerous bioclasts (bioclastic gravel:
30.6-58.8%; sand: 28.5-53%; silt + clay: 12.7-16.4%). Bivalves are represented by Eastonia
rugosa (Helbling, 1779), Ruditapes decussatus (Linnaeus, 1758) and fragments of Acanthocardia
sp. (Table 2). Specimens of the gastropod Pisania striata (Gmelin, 1791) have also been
extracted, as well as barnacle plates and some calcareous tubes of polychaete annelids.
The grey mud of F2 (4.1-1.5 m; bioclastic gravel: 3.2-29.2%; sand: 14.1-34.5%; silt + clay:
51.4-79.6%) contains abundant fibres from the marine phanerogam Posidonia oceanica
(Linnaeus) Delile, 1813, as well as numerous polychaete tubes between 3 m and 2.5 m
deep. The most representative mollusks are the bivalves Mytilus galloprovincialis Lamarck,
1819 and Cerastoderma edule (Linnaeus, 1758), together with the gastropod Tritia corniculum
(Olivi, 1792).

Table 2. Macrofaunal record of core PRT. R: rare; F: frequent; A: abundant.

Samples (PRT-) 1 2 3 4 5 6 7 8 9 10 11
GROUP/SPECIES Depth (m) 5 4.5 4 3.5 3 2.5 2 15 1 05 | 02
Facies F1 F1 F2 F2 F2 F2 F2 F3 F4 F6 | F7
Acanthocardia sp. R
Cerastoderma edule (Linnaeus, 1758) R R R
Eastonia rugosa (Helbing, 1779) R R R
VALVES Iﬁ/gymtzg;z l(gailggovmcmlzs R R R
Mytilus sp. R
Ruditapes decussatus R
(Linnaeus, 1758)
Family Veneridae R
Charpentieira itala R
(von Martens, 1824)
GASTROPODS Pisania striata (Gmelin, 1791) R
Tritia corniculum (Olivi, 1792)
Tubes of polychaete annelids R R R F A F R
OTHER GROUPS Cirriped crustacean plates R R
Posidonia oceanica fibres F F A F R R

F3 (1.5-1 m) consists of sandy silts (bioclastic gravel: 3.2%; sand: 17.2%; silt + clay:
79.6%) rich in Posidonia oceanica fibres and some polychaete tubes. No bivalve remains have
been observed, and only isolated specimens of the terrestrial gastropod Charpentieira itala

https:/ /doi.org/10.3390/quat9030047


https://doi.org/10.3390/quat9030047

Quaternary 2026, 9, 47

60f14

(von Martens, 1824) have been extracted. This facies includes numerous lithic fragments
and remains of construction materials. F4 (1-0.75 m) is characterised by the presence of
sandy silts with numerous carbonate clasts and volcanic rock fragments (carbonate gravel:
24.6%; sand: 28%; silt + clay: 47.4%). Only a few fragments of bivalves belonging to the
Veneridae family have been identified in this facies.

F5 (0.75-0.55 m) comprises brown sandy silts with a significant number of microcon-
glomerates and some scattered plant fragments, while F6 (0.55-0.35 m) is composed of
clayey silts (gravel: 2.7%; sand: 17.4%; silt + clay: 79.9%) with carbonate remains and lithic
fragments, ceramic and construction material and highly fragmented valves of the bivalve
Muytilus galloprovincialis. The upper 35 cm of the PRT core (F7) consists of medium-coarse
sand and conglomerates (gravel + conglomerate: 71.2%; sand: 16.3%; clay:12.5%) with
abundant remains of construction materials (mortar, volcanic rock fragments).

4.2. Microfauna

Foraminifera are very scarce in the PRT core samples (Table 3). A total of 43 individuals
belonging to 16 species have been identified, of which 15 are benthic and Trilobatus trilobus
(Reuss, 1859) is planktonic. In relation to their distribution, the following characteristics
can be highlighted: (i) their absence in PRT-1, PRT-10 and PRT-11; (ii) the predominance
of marine species (e.g., Bolivina, Cassidulina, Cibicides, Cibicidoides, miliolids) over species
more typical of restricted and euryhaline environments [Ammonia tepida (Cushman, 1826),
Haynesina spp.] between 4 m and 2 m depth; and (iii) the dominance of the latter, as well
as agglutinated forms typical of marshes [e.g., Trochammina inflata (Montagu, 1808)] at
1 m depth.

A total of 47 ostracod valves belonging to 15 species have been extracted, three of
which have been left in open nomenclature due to breakage or because they are juvenile
specimens (Table 2). These microcrustaceans have not been observed in PRT-1, PRT-10
and PRT-11, while they reach their maximum diversity (9 species) and abundance (15
specimens) in sample PRT-7 (2 m depth). This sample and PRT-3 (4 m depth) coincide
in the presence of Leptocythere castanea (Sars, 1866), Palmoconcha agilis (Ruggieri, 1967)
and Pontocythere turbida (Miiller, 1894), while PRT-9 (1 m depth) is dominated by smooth
specimens of Cyprideis torosa (Jones, 1850) and Loxoconcha elliptica Brady, 1868).

Table 3. Microfaunal record of core PRT.

GROUP/SPECIES

Samples (PRT-) 1 3 5 7 9 10 11

Depth (m) 5 4 3 2 1 0.5 0.2

Facies F1 F2 F2 F2 F4 F6 F7

FORAMINIFERA

Ammonia beccarii (Linnaeus, 1758) 1

Ammonia tepida (Cushman, 1926)

Bolivina punctata D’Orbigny, 1839

Bolivina spathulata (Williamson, 1858)

Cassidulina laevigata D’Orbigny, 1826

Cibicides refulgens Montford, 1808

Cibicidoides pseudoungerianus Cushman, 1922

N|= =N

Elphidium advenum (Cushman, 1922)

Haynesina depressula (Ehrenberg, 1840)

Haynesina germanica (Walker & Jacob, 1796)

Pleurostomella acuminata Cushman, 1922

Quingueloculina seminulum (Linnaeus, 1758)

Rosalina globularis D’Orbigny, 1826

Triloculina oblonga (Montagu, 1803)

Trochammina inflata (Montagu,1808)

Trilobatus trilobus (Reuss, 1850) -Planktonic-
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Table 3. Cont.

OSTRACODS

Bairdia longivaginata (Miiller, 1894)

Cyprideis torosa (Jones, 1850)

15

Cytheropteron sp.

Eucytherura sp.

Heterocypris salina (Brady, 1868)

Leptocythere castanea (Sars, 1866)

Leptocythere sp.

Loxoconcha elliptica Brady, 1868

Loxoconcha rhomboidea (Fisher, 1855)

Palmoconcha agilis (Ruggieri, 1867)

Pontocypris acuminata (Ath, 1850)

Pontocythere turbida (Miiller, 1894)

Triebelina raripila (Miiller, 1894)

Xestoleberis communis (Miiller, 1894)

N[N N]|—=

Xestoleberis plana (Miiller, 1894)

5. Discussion

5.1. Autoecology of the Main Species

5.1.1. Bivalves

Muytilus galloprovincialis Lamarck, 1819 (Figure 3A), also known as the Mediterranean

mussel, is a sessile bivalve typical of hard substrates (e.g., rocky coasts, pier jetties), to which

it attaches itself by means of a byssus [49]. It is a species found in marine environments,

where it has a high tolerance to environmental variations, withstanding temperatures

between 7 °C and 24 °C as well as episodes of desiccation [50]. Cerastoderma edule (Linnaeus,

1758) (Figure 3C), commonly known as the common cockle, is a species that usually lives in

the infralittoral zone, on both sandy and muddy substrates, as well as on estuary beaches.

It is a euryhaline species that can tolerate salinities of up to 5°/¢g. It is found from Norway

to the east coast of Africa, as well as in the Mediterranean [51,52].

Figure 3. Bivalves. (A) Mytilus galliprovincialis; (B) Acanthocardia sp.; (C) Cerastoderma edule;

(D) Ruditapes decussatus; (E) Eastonia rugosa.

https:/ /doi.org/10.3390/ quat9030047
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Ruditapes decussatus (Linnaeus, 1758) (Figure 3D) is a marine species found along the
Atlantic coasts of Europe and as far south as Senegal, as well as in the Mediterranean [53].
This infaunal species is common in sandy and silty-sandy sediments, from the intertidal
zone to depths of 5 m in bays, estuaries and coastal lagoons [54-56]. Eastonia rugosa
(Helbling, 1779) (Figure 3E) is a marine bivalve that lives on soft sublittoral substrates. The
influence of fresh water is not an obstacle to its development and it can be found in river
deltas [57,58].

5.1.2. Gastropods

Tritia corniculum (Olivi, 1792) (Figure 4A) is a marine species originally native to the
Mediterranean that has spread as far as the Bay of Biscay. It has been described as a
scavenger [59]. Pisania striata (Gmelin, 1791) (Figure 4B) is a marine species that has been
described in Mediterranean coastal environments [60]. It usually lives in intertidal zones,
where it mainly preys on bivalves [61]. Charpentiera itala (von Martens, 1824) (Figure 4C)
is a terrestrial gastropod that has been described in the Rhone River [62]. There is little
information available on this species.

Figure 4. Gastropods. (A) Tritia corniculum; (B) Pisania striata; (C) Charpenteira itala.

5.1.3. The Endemic Seagrass Posidonia oceanica

Leaves and fibres from this marine phanerogam make up a substantial part of F2
(Figure 5). It forms extensive meadows in shallow coastal areas (<40 m depth) of the
Mediterranean, where it currently occupies 1.2 million hectares [63].

Figure 5. Fibres of Posidonia ocednica.

https:/ /doi.org/10.3390/quat9030047
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5.1.4. Foraminifera

Ammonia tepida (Cushman, 1926) (Figure 6A,B) has been frequently described in coastal
lagoons, subtidal areas of channels located in the middle and upper parts of estuaries,
deltas or rias. It is a euryhaline species and is usually associated with bottoms rich in
organic matter with restricted tidal circulation [64,65]. Haynesina depressula (Walker &
Jacob, 1798) (Figure 6C) is also typical of this type of coastal environment, especially those
with significant variations in salinity. This species can live on substrates of varying grain
size [66,67].

Figure 6. Foraminifera. (A,B) Ammonia tepida; (C) Haynesina depressula; (D) Haynesina germdnica;
(E,F) Trochammina inflata.

5.1.5. Ostracods

Cyprideis torosa (Jones, 1850) (Figure 7A) is the most abundant ostracod species in
the PRT sample. It is a species typical of coastal lagoons, estuaries, deltas, and marshes,
where it has been found in a wide range of salinities, although its optimal range is between
2% and 16.5%q [46,68]. Loxoconcha elliptica Brady, 1868 (Figure 7B) is commonly found in
tidal channels and marshes in numerous estuaries and coastal areas in Europe. It usually
tolerates significant changes in salinity and tends to prefer silty-clay substrates [69,70].
Other species, such as Bairdia longivaginata Muller, 1894, Palmoconcha agilis (Ruggieri, 1967),
Pontocythere turbida (Miiller, 1894) and Triebelina raripila (Mueller, 1894), are typical of coastal
environments on the Italian peninsula [45,71].
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Figure 7. Ostracods. (A) Cyprideis torosa; (B) Loxoconcha elliptica.

5.2. Between Claudius and Trajan: A Palaeoenvironmental Reconstruction

The distribution of sedimentary facies and the faunal and botanical record, as well as
comparison with the radiocarbon dating of a nearby core, allows us to differentiate four
phases in the palaeoenvironmental reconstruction of the Canale di Imbocco:

Phase 1 (~1st century CE). This corresponds to the FA-1 deposit (5-4.1 m), whose
scarce fauna is entirely marine in origin (Eastonia, Ruditapes) and would identify sediment
transport from the adjacent inner shelf or from nearby beaches located west of Portus [72].
In addition, numerous seeds of intertidal or subtidal phanerogams appear together with
these marine species in the adjacent PT core, most likely dating to the first century CE [48]
(see Table 1). This interpretation would coincide with historical data, which point to the
silting problems experienced by Portus [47] and which subsequently led to the construction
of Trajan’s hexagon.

Phase 2 (~2nd-5th centuries CE). The transition to FA-2 represents a notable change
in sedimentation, as well as in the faunal and botanical record. There is a significant
decrease in grain size and a massive deposit of Posidonia oceanica fibres, which would
cause siltation problems in this port [73]. The microfauna reflects a mixture of euryhaline
species (Haynesina, Leptocythere) together with a large group of marine species in all the
groups studied. This facies is interpreted as the main fill of the Canale di Imbocco since
the construction of Trajan’s pier, in a hydrodynamically calm environment with variable
salinity due to the mixing of contributions from the River Tiber and the tides. This facies has
also been observed at the PT core up until the 5th century CE [48] (Table 1). The occasional
increase in marine fauna could correspond to periodic dredging of this channel, which
would increase tidal flow, storms or high tides.

Phase 3 (5th century CE). The transition between FA-2 and FA-3 represents a notable
change in environmental conditions, with the presence of both euryhaline species (Cyprideis,
Loxoconcha) and marsh species (e.g., Trochammina) and even freshwater species (Heterocypris),
as well as the almost total disappearance of Posidonia fibres. This would imply a drastic
reduction in tidal flows and the almost total obstruction of the marine connection, which
was completed around the 5th century CE [74].

Phase 4 (after the 5th century CE). This phase would include FA-4 to FA-7 and would
involve the progressive filling of the Canale di Imbocco with materials of mainly anthro-
pogenic origin, such as remains of construction elements, fragments of volcanic rocks used
for the construction of Portus, and ceramic remains, as noted at the top of the PT core [48].
The scarce fauna, consisting mainly of juvenile mussels, could come from complete speci-
mens of this family that lived sessile in internal areas of the ancient port facilities.
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6. Conclusions

1.  The multidisciplinary study of a core obtained in transit between the outer harbour
of Claudius and the inner hexagon of Trajan, the two most important areas of the
imperial Roman port of Portus, has enabled an assessment of the palaeoenvironmental
changes that took place between the 1st century CE and the centuries following the
5th century CE at this archaeological site.

2. Seven sedimentary facies have been differentiated based on their texture, macrofauna,
microfauna and botanical remains (mainly Posidonia oceanica fibres).

3. The fauna record consists of seven species of bivalves, three species of gastropods,
16 species of foraminifera and 15 species of ostracods, as well as remains of barnacles
and serpulids.

4. The botanical record is very important in some facies, where fibres and leaves of
Posidonia oceanica constitute a significant percentage. This phanerogam would cause
silting problems in this channel.

5. The inferred palaeoenvironmental evolution of the channel linking the outer Claudio
basin and the inner Trajan hexagon would indicate a transition from a relatively open
marine environment, probably prior to the construction of Trajan’s hexagon, to a
channel with a mixture of marine and river waters that would contain an abundant
record of Posidonia on its bottom, ending with progressive silting, loss of tidal influence
and final anthropogenic filling.
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