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Abstract 
Roman naval power in the Mediterranean was not merely a military instrument 
but a fundamental expression of imperial dominion economic, political, and 
cultural. Among the vessels that secured Roman maritime supremacy, the 
oared warship (navis longa) played a decisive role in transforming the Medi-
terranean into Mare Nostrum. Combining Hellenistic shipbuilding traditions 
with Roman engineering ingenuity, Roman galleys embodied the technological 
apogee of the ancient world. This article examines construction techniques, 
technical specifications, tactical deployment, crew organisation, and the cul-
tural and artistic significance of Roman galleys from the First Punic War to the 
late Empire, drawing on literary sources, epigraphic evidence, and the results 
of underwater archaeology and experimental reconstruction. The central re-
search question guiding this investigation is: which design features most deci-
sively shaped Roman tactical practice, and to what degree can those features be 
reliably reconstructed from the surviving evidence? Each section of the article 
contributes a distinct dimension of response to this question, allowing the 
reader to evaluate not only what Roman galleys were, but how confidently we 
can claim to know it. 
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1. Introduction 

In the context of ancient Mediterranean navigation, Roman naval power consti-
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tuted not merely an instrument of military superiority but a foundational pillar of 
imperial economic, political, and cultural dominance. Among the vessels that se-
cured Roman control of the seas, the oared warships collectively designated naves 
longae “long ships” played a pivotal role in the conquest and maintenance of the 
Mediterranean basin. These ships represented a technological achievement born 
from the synthesis of inherited Hellenistic shipbuilding tradition and a distinc-
tively Roman engineering genius that was characterised less by conceptual inno-
vation than by systematic refinement, scale, and rigorous institutional organisa-
tion. 

The development of Roman seamanship underwent a particularly rapid and re-
markable acceleration during the First Punic War (264 - 241 BC). At the outset of 
that conflict, Rome was by any measure inferior to Carthage in naval affairs. The 
Carthaginians had cultivated a seafaring tradition across several centuries and main-
tained professional crews of exceptional skill. Rome, by contrast, possessed neither 
a standing fleet of consequence nor a body of experienced naval officers. The trans-
formation that followed was therefore all the more striking. Polybius (c. 200 - 118 
BC), whose account of this period remains the most detailed and reliable ancient 
narrative, relates that the Romans built their first substantial fleet by using a cap-
tured Carthaginian quinquereme as a model (Historiae I.20). While modern schol-
arship has questioned the literalism of this account large-scale shipbuilding requires 
institutional knowledge that cannot be reproduced simply by copying a single hull 
the episode accurately conveys Rome’s characteristic pragmatism: the willingness 
to adopt, adapt, and systematically implement the best available technology, re-
gardless of its provenance. 

This article is organised around a single guiding question: which design features 
most decisively shaped Roman tactical practice, and to what degree can those fea-
tures be reliably reconstructed from the surviving evidence? This question is not 
merely methodological; it is historically substantive, because the tactical repertoire 
available to a Roman admiral was a direct function of the engineering character-
istics of the ships under his command. The relationship between hull geometry, 
oar arrangement, mast configuration, and ram design on the one hand, and tacti-
cal manoeuvre on the other, was intimate and causally determinative. To under-
stand Roman naval warfare, one must first understand Roman naval engineering. 

Each subsequent section of this article contributes to this question from a spe-
cific angle. Section I.A addresses methodology and source criticism. Section II es-
tablishes terminological precision, distinguishing ancient designations from mod-
ern typological labels. Section III examines construction materials and techniques. 
Section IV analyses dimensional specifications with explicit attention to the evi-
dential basis of each claim. Section V considers the corvus boarding bridge as a 
case study in tactical innovation constrained by engineering trade-offs. Section VI 
discusses crew organisation and training. Section VII brings design features and 
tactical applications into direct dialogue. Section VIII surveys the archaeological 
and experimental reconstruction evidence. Section IX addresses cultural and sym-

https://doi.org/10.4236/jss.2026.144018


T. Çiçek 
 

 

DOI: 10.4236/jss.2026.144018 325 Open Journal of Social Sciences 
 

bolic significance. The Conclusion returns to the central research question with a 
synthetic assessment of what can and cannot be confidently known. 

I.A. Sources and Method-Integrating Literary, Archaeological, and Experi-
mental Evidence 

The reconstruction of Roman galley design and practice necessarily requires the 
integration of three distinct categories of evidence, each with its own internal 
logic, characteristic strengths, and irreducible limitations. A responsible account 
must not only draw on all three but must be transparent about where they con-
verge, where they diverge, and what the divergences imply for our confidence in 
specific claims. 

The first category is literary and documentary evidence. The relevant ancient 
authors span several centuries and a range of genres. Polybius of Megalopolis (c. 
200 - 118 BC) is the most technically precise of our sources for naval affairs of the 
Republican period; his access to Rhodian naval expertise and to Roman senatorial 
informants lends his battle narratives unusual authority, and his account of the 
corvus (Historiae I.22-23) is the most detailed technical description of a naval de-
vice in ancient literature. Julius Caesar’s Bellum Civile (48 - 49 BC) provides first-
hand operational descriptions, including the procedure for lowering masts before 
engagement (II.6). Livy (59 BC - AD 17), though less technically precise, furnishes 
invaluable data on fleet sizes and logistics during the Punic Wars. Vegetius (fl. late 
fourth century AD), writing the Epitoma Rei Militaris as a systematic military 
handbook, offers the most comprehensive ancient taxonomy of vessel types 
(IV.32-37), though his temporal distance from the Republican and early imperial 
navy he describes requires that his account be used with caution when applied to 
earlier periods. Pliny the Elder (AD 23 - 79), in his encyclopaedic Naturalis His-
toria, provides the principal ancient source for timber species and their naval ap-
plications. Vitruvius (fl. late first century BC), in De Architectura, describes dock-
yard design and implicitly the organisational infrastructure of Roman naval con-
struction. 

These literary sources are indispensable, but they were written for audiences 
who shared a great deal of contextual knowledge that they did not bother to spec-
ify. Dimensions, proportions, and detailed operational procedures, which pre-
cisely contain the information most sought by modern scholars were often omit-
ted as unnecessary for contemporary readers. Where technical details are given, 
they are frequently embedded in contexts that introduce ambiguities of scale, 
translation, and interpretation that cannot be resolved without recourse to the 
other evidence categories. 

The second category is archaeological evidence. The material record of Roman 
naval technology has been substantially enriched by underwater archaeology over 
the past sixty years. The most significant finds for warship construction are: the 
Nemi ships (first century AD), two large vessels recovered from Lake Nemi in 
1929-1931, which, though pleasure barges of the emperor Caligula rather than 
warships, provide the most detailed physical data on large-vessel Roman construc-
tion available their mortise-and-tenon joinery, bronze fittings, lead pipe plumb-
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ing, and sophisticated cladding were published definitively by Ucelli (1950) and 
reassessed by Tusa (1981); the Madrague de Giens wreck (c. 70 - 60 BC), a large 
Roman merchant vessel excavated off the coast of Provence by a team led by 
Pomey (1994), which has provided precise quantitative data on plank thicknesses, 
tenon spacing, and pitch composition; and the Egadi Islands rams, a series of bronze 
trident-form rostra recovered from the seabed near the site of the battle of the 
Egadi Islands (241 BC) and published by Murray (2012), which constitute the sole 
securely identified Roman warship rams yet recovered and supply direct metal-
lurgical and morphological data on ram manufacture. It bears emphasis that no de-
finitively identified Roman warship hull has yet been recovered intact. The wreck 
assemblage is dominated by merchantmen, whose constructional priorities cargo 
capacity, sea-keeping, and economy of manpower differ fundamentally from 
those of oared warships optimised for speed and tactical agility. Archaeological 
inferences about warship construction must therefore be treated as analogical ra-
ther than direct. 

The third category is experimental reconstruction. The most significant project 
of this kind is the trireme Olympias, a full-scale working reconstruction of an 
Athenian trireme built to the specifications developed by J. F. Coates and J. S. 
Morrison on the basis of the Piraeus ship-shed (neosoikoi) dimensions and the 
literary evidence, and tested in Aegean waters in a series of sea trials beginning in 
1987 (Morrison, Coates, & Rankov, 2000). The Olympias demonstrated that a tri-
reme crewed by 170 oarsmen could sustain approximately 7 - 8 knots under oar 
and achieve brief bursts of 9 - 10 knots figures broadly consistent with, but not 
identical to, the speeds implied in Thucydides and other ancient authors. The 
Turkish-Italian Neptuno project subsequently tested similar specifications under 
differing Mediterranean sea conditions. Experimental reconstruction does not 
prove what ancient ships were; it demonstrates what they could have been if built 
to particular specifications, and it identifies the physical constraints ergonomic, 
hydrodynamic, and structural, within which any plausible reconstruction must 
operate. 

The methodological principle applied throughout this article is one of conver-
gent triangulation: a claim is presented with high confidence only when it is inde-
pendently supported by at least two of the three evidence categories. Where only 
literary evidence is available, or where the literary and archaeological evidence 
conflict, this is noted explicitly. Where experimental reconstruction provides cor-
roboration or qualification, this is integrated into the discussion. The aim is to 
offer the reader a differentiated epistemological map of Roman galley knowledge—
not merely a synthesis of what ancient sources say, but an assessment of what we 
can reasonably claim to know. 

2. Terminology and Types of Vessel 

A rigorous analysis of Roman galleys must begin with a methodological distinc-
tion that is too frequently obscured in the secondary literature: the distinction be-
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tween the terms employed by Roman authors themselves and the modern typo-
logical labels that scholars have retroactively applied to ancient vessels. These two 
terminological registers are not equivalent. Roman authors wrote for audiences 
operating within a living naval tradition, in which vessel designations were flexi-
ble, contextually determined, and subject to historical change across the several 
centuries spanned by our evidence. Modern typological labels, by contrast, are 
analytical constructs designed to impose categorical order on a continuous and 
evolving material reality. When the two registers are conflated when, for instance, 
a Roman author’s use of navis longa is silently equated with a modern scholar’s 
“galley” the result is a false precision that obscures genuine historical complexity. 

The Latin term galea is used in Roman literature as a generic designation for 
oared warships. Etymologically signifying “helmet” or “cap,” its nautical applica-
tion probably derived from the offensive role of the ram, which functioned as a 
war-helmet with which a vessel struck and disabled its opponent. In Vegetius’s 
Epitoma Rei Militaris (IV.32-37), galea appears as an inclusive category encom-
passing a range of oared vessel types distinguished by size, crew complement, and 
tactical function. This is the most comprehensive ancient taxonomy, but it must 
be used cautiously: Vegetius was writing in the late fourth century AD, and the 
fleet organisation he describes may not accurately reflect that of the Principate, let 
alone the Republic. 

The broader category navis longa “long ship” is the standard generic designa-
tion in Latin for any oared warship, deployed in explicit contrast to the navis on-
eraria (cargo vessel). The distinction is structural and functional rather than 
strictly dimensional: a navis longa was built for speed and tactical agility, with a 
high length-to-beam ratio and a large rowing complement; a navis oneraria was 
built for capacity and sea-keeping, with a rounder hull and dependence on sail 
power. The term navis longa appears throughout Caesar, Livy, and Sallust as a 
shorthand for military oared vessels of all sizes. 

The Liburnian (Liburnica) 
The liburnica takes its name from the Liburnians of the eastern Adriatic coast 

(roughly modern Croatia and Montenegro), who were renowned in antiquity for 
fast, light raiding craft. The earliest literary references associate the type with Il-
lyrian piracy and appear in authors of the late Republic and Augustan period. Ap-
pian (Bella Civilia V.106) and Vegetius (IV.33) both attest the term in nautical 
contexts, but their uses reveal a critical semantic shift: in Republican usage, libur-
nica denoted a specific Illyrian vessel type imported into Roman service; by the 
imperial period, it had become the standard designation for any single-banked 
light warship in the classis, regardless of geographic origin or precise hull form 
(Figure 1). 

This semantic drift has significant implications for how the evidence is inter-
preted. When a Republican-period source mentions a liburnica, it is probably re-
ferring to a relatively light, fast vessel of Illyrian design. When an imperial-period 
source uses the term, it may be referring to any light warship serving in a provin-
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cial fleet. Modern scholars who treat the two usages as equivalent risk attributing 
the operational characteristics of one type to the other. The correct approach is to 
contextualise each occurrence within its period and source context before drawing 
comparative conclusions. 

 

 
Figure 1. Picture of a Liburnian ship. 

 
From the Augustan period (27 BC - AD 14) onwards, especially following the 

Battle of Actium (31 BC), liburnians formed the backbone of the Roman fleet. 
Their low draught approximately 1 m in modern reconstructions made them ideal 
for coastal patrol and rapid intervention in waters inaccessible to heavier vessels. 
Vegetius credits their victory at Actium to speed and manoeuvrability rather than 
ramming power (Epitoma IV.33), a judgement consistent with their structural 
characteristics. 

The Bireme (Biremis) 
The biremis a two-banked oared vessel is attested in Roman literature as an 

intermediate vessel type between the light liburnian and the heavier trireme. Pliny 
the Elder (Naturalis Historia VII.208) credits the Erythraeans with the invention 
of the bireme, though this is an ancient literary tradition of disputed historicity 
rather than a verified historical claim. In Roman fleet organisation, biremes occu-
pied a middle position in the tactical order, combining a greater number of oars-
men than the liburnian and thus greater sustained propulsive power with a smaller 
crew than the trireme and a correspondingly shorter logistical tail. The modern 
scholarly usage of “bireme” is itself somewhat unstable. Some scholars apply it to 
any vessel with two banks of oars; others use it specifically for vessels with two 
oarsmen per oar unit without implying two physical banks. The distinction mat-
ters because it affects the inferred hull dimensions and crew complement. In this 
article, biremis is used in its primary-source sense, referring to vessels explicitly 
so designated in Latin sources, without importing architectural assumptions that 
the ancient terminology does not support (Figure 2). 
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Figure 2. Picture of a BİREMİS ship. 

 
The Trireme (Triremis) 
The triremis directly calqued from the Greek triērēs designates a three-banked 

oared warship and is perhaps the most extensively documented ancient vessel 
type. It is also the subject of the most rigorous modern reconstruction effort, the 
Olympias project, making it the vessel type for which the convergence of literary, 
archaeological, and experimental evidence is greatest. Polybius’s narratives of 
First Punic War operations (Historiae I.25-28) provide the richest literary source 
for trireme tactics, while Appian’s accounts of the civil-war naval engagements 
(Bella Civilia II-V) extend the record into the late Republic. 

 

 
Figure 3. Picture of a Triremis ship. 

 
Roman triremes were modelled on the Greek triērēs but built more robustly. 

This difference in construction philosophy Greek vessels prioritised lightness and 

https://doi.org/10.4236/jss.2026.144018


T. Çiçek 
 

 

DOI: 10.4236/jss.2026.144018 330 Open Journal of Social Sciences 
 

speed at the expense of durability; Roman vessels accepted some weight penalty 
in exchange for greater structural resilience is consistent with the broader Roman 
engineering tendency toward over-engineering and material reliability. The Pi-
raeus ship-shed (neosoikoi) dimensions, which establish a maximum trireme length 
of approximately 37 m, apply directly to Athenian practice but serve as a plausible 
baseline for Roman variants, adjusted upward slightly for the heavier construc-
tional standards suggested by Roman-period wreck evidence (Figure 3). 

The Quadrireme and Quinquereme (Quadriremis and Quinqueremis) 
The quadriremis (four-unit) and quinqueremis (five-unit) were the dominant 

battle vessels of the late Republic and early Empire. Livy describes their construc-
tion and deployment extensively during the Second Punic War (Ab Urbe Condita 
XXVI.39, XXVIII.45), and Polybius confirms their central role in the naval battles 
of the First Punic War (Historiae I.26). The quinquereme in particular was the 
capital ship of Mediterranean warfare from the mid-fourth century BC onwards 
(Figure 4). 

 

 
Figure 4. Picture of a Quadriremis ship. 

 
A critical terminological and architectural clarification is required here, and it 

bears on the interpretation of almost all ancient testimony about these vessel 
types. In Roman as in Hellenistic sources, vessels were classified not by the num-
ber of banks of oars but by the number of rowers per oar unit (the Greek ergates 
or the Latin remus-unit). The numerical prefix quadri-, quinque-denotes the num-
ber of rowers who worked together as a unit, not the number of horizontal banks. 
This has profound architectural implications. A quinquereme did not necessarily 
have five banks of oars; the standard arrangement comprised three banks, with 
some units sharing the effort of a single large oar. On the uppermost bank (thranite 
level), two or three men could pull a single oar, while the lower banks used shorter 
oars managed by fewer rowers each. This system was inherited from the Hellen-
istic period and standardised by Roman engineers; it is now the consensus inter-
pretation following the work of Coates (1993) and Morrison, Coates, & Rankov 
(2000), and it must be borne in mind whenever ancient numerical designations 
are encountered. 
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3. Shipbuilding Techniques and Materials 
3.1. Timber Selection and Forest Administration 

The timber species employed in constructing Roman galleys were selected with 
precision for each structural function of the vessel. The specifications reflect ac-
cumulated empirical knowledge about the mechanical properties of different woods 
their tensile and compressive strength, resistance to moisture, density, workabil-
ity, and elasticity under stress knowledge that was transmitted through the guilds 
of fabri navales and codified, if incompletely, in ancient encyclopaedic literature. 

Pliny the Elder, in his encyclopaedic Naturalis Historia (XVI.36-40, XVI.56, 
XXXIV.47), provides the most systematic ancient account of shipbuilding timbers 
and their properties: 

For hull planking and keel: oak (quercus robur and allied species) was the pre-
ferred material throughout the Roman period, valued for its exceptional strength, 
durability, and resistance to water penetration. The forests of the Adriatic coast 
particularly in Histria and along the slopes of the Apennines and the northern 
Italian piedmont provided oak of especially high quality, noted by both Pliny and 
Theophrastus before him. 

For masts and spars: Aleppo pine (pinus halepensis) and silver fir (abies alba) 
were the standard materials, prized for their combination of lightness and struc-
tural flexibility, which allowed masts to absorb the stresses of wind and wave with-
out catastrophic fracture. These timbers were drawn principally from the south-
ern Alpine slopes and from the forests of interior Anatolia. 

For oars: Ash (fraxinus excelsior) and poplar (populus alba) were preferred for 
their lightness, resilience, and capacity to transmit propulsive force without ex-
cessive flex under the cyclic loading of the rowing stroke. 

For internal structures, decking, and secondary framing: softer and more read-
ily available species including poplar, alder (alnus), and elm (ulmus) were used 
where structural demands were lower. 

The management of timber supply was a persistent strategic concern for Rome, 
given the scale of naval construction required and the finite availability of suitable 
large-diameter timber near the coasts. Imperial forest reserves specifically man-
aged for naval requirements existed in several regions of the empire, administered 
by officials bearing the title procurator nemorum. This institution is epigraph-
ically attested: an inscription from Lucania (CIL X.6950) records a procurator 
nemorum et praediorum officialis operating under Hadrian, and Reddé (1986, pp. 
389-391) has identified a cluster of related inscriptions suggesting a systematic, if 
not fully centralised, state timber procurement network by the second century AD. 
It must be acknowledged, however, that the evidence for a fully integrated naval 
timber-supply chain in the Republican period is substantially thinner, and the re-
construction of such a system for earlier centuries rests more on institutional anal-
ogy than on direct documentation. Meiggs (1982, pp. 116-120, 325-370) provides 
the most comprehensive analysis of ancient timber trade and forest management. 
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3.2. The Mortise-and-Tenon Hull Construction Technique 

The most distinctive and technically consequential feature of Roman shipbuilding 
indeed of the entire ancient Mediterranean shipbuilding tradition was the shell-
first construction method employing mortise-and-tenon joinery (coagmentatio in 
Vitruvius’s usage). This method was fundamentally different from the skeleton-
first construction that became standard in later European shipbuilding, and its 
mechanical implications for hull strength and flexibility are considerable. 

In skeleton-first construction, a structural framework of keel, ribs, and frames 
is assembled first, and planking is then attached to the outside of this frame as a 
watertight skin. The frame bears the structural loads; the planking provides the 
hull form and watertightness but contributes relatively little to overall rigidity. In 
shell-first construction, by contrast, the planking itself is the primary structural 
element. Planks are assembled edge-to-edge, each locked to its neighbours by a 
dense array of mortise-and-tenon joints, before internal framing (ribs and floors) 
is inserted. The result is a hull in which structural integrity is distributed through 
the entire planking assembly, producing exceptional rigidity and resistance to the 
racking stresses imposed by wave action on a long, narrow hull. 

The mortise-and-tenon system as applied in Roman galley construction oper-
ated as follows. Rectangular mortises typically 5 - 8 cm long, 2 - 3 cm wide, and 3 
- 5 cm deep were cut at regular intervals (commonly 10 - 12 cm on centre) along 
the edges of each hull plank. Corresponding tenons of the same dimensions, cut 
from hardwood (typically oak or a dense fruitwood), were driven into the mortises 
of adjacent planks to lock them together. The tenons were then secured by wooden 
treenails (wooden pins driven through both plank and tenon perpendicular to the 
hull surface), preventing lateral movement or withdrawal. Finally, all seams were 
caulked with a mixture of pitch (pix) derived from pine resin and typically ad-
mixed with beeswax and animal fat to maintain flexibility in service. 

These technical details are not merely inferred from literary sources. They are 
confirmed at high resolution by the physical evidence of the Madrague de Giens 
wreck (c. 70 - 60 BC), where Pomey’s excavation team was able to measure tenon 
spacing, dimensions, and treenail diameter across large sections of preserved hull 
(Pomey, 1994, pp. 230-234). The Nemi ships, though not warships, display the same 
fundamental joinery system applied to vessels of comparable scale, and Steffy’s 
analysis (2011, pp. 66-74) provides a detailed technical assessment of their con-
struction. This convergence of literary prescription and physical measurement is 
one of the most robust points in the evidential record for Roman naval construc-
tion. 

For the underwater hull of large warships or vessels intended for extended voy-
ages in worm-infested waters, a secondary cladding of lead sheets was occasionally 
applied over a layer of pitch-impregnated fabric. This lead sheathing served a dual 
function: it protected the planking against the marine borer Teredo navalis, which 
was a persistent cause of structural degradation in Mediterranean waters, and it 
provided a smooth hydrodynamic surface that may have reduced hull resistance 
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slightly at the low speeds characteristic of prolonged cruising. The practice is at-
tested by Pliny (Naturalis Historia XXXIV.47) and is confirmed by its physical 
survival on a small number of Mediterranean wrecks. However, lead sheathing 
appears to have been selective rather than standard, reflecting the significant weight 
penalty involved lead-sheathed hulls sat lower in the water, increasing draught 
and potentially degrading performance in shallow coastal waters as well as the cost 
of the lead itself (Parker, 1992, pp. 44-46). 

3.3. Naval Infrastructure: Dockyards and Specialist Craftsmen 

The construction and maintenance of a large naval fleet required not only raw 
materials and skilled labour but a specialised institutional infrastructure of dock-
yards (navalia), administrative oversight, and technical expertise. Roman navalia 
were located at strategically important naval bases: Ostia (the port of Rome), Mi-
senum (the principal base of the Classis Misenensis in the Bay of Naples), Ravenna 
(base of the Classis Ravennatis on the Adriatic), Forum Iulii (modern Fréjus in south-
ern Gaul), and Alexandria in Egypt. Vitruvius’s De Architectura (V.12) provides 
the most detailed ancient prescriptions for dockyard design, specifying orienta-
tion, dimensions, and the separation of ship-sheds from workshop areas. 

Within the yards, specialised craftsmen (fabri navales) were organised in a strict 
functional hierarchy: the architectus navalis directed the overall design and engi-
neering; the magister fabrum supervised the master craftsmen; the faber tignarius 
executed carpentry; the ferrarius produced metalwork; the stuparius handled caulk-
ing and pitch application. This division of labour, attested in inscriptions from 
Misenum and Ravenna (Starr, 1960, pp. 36-42), reflects the degree to which Ro-
man naval construction had become a professionalised, institutionalised activity 
rather than the ad hoc enterprise it had been at the beginning of the First Punic 
War. 

4. Technical Characteristics and Design Elements 
4.1. Dimensional Specifications and Their Evidential Basis 

The dimensions of Roman galleys varied substantially by type and function. The 
figures presented below are approximations derived from combining textual evi-
dence with archaeological finds and reconstruction inferences. For each vessel 
type, the evidential basis is identified explicitly, so that figures grounded in phys-
ical measurement can be distinguished from those resting on literary inference or 
structural analogy. This differentiation is not merely pedantic; it is essential for 
understanding the degree of confidence that can appropriately be attached to each 
specification. 

Liburnian 
Length 25 - 30 m; beam 4 - 5 m; draught approximately 1 m; complement 50 - 

100, predominantly oarsmen. These figures are reconstruction inferences based 
principally on Vegetius’s proportional descriptions (Epitoma IV.33) and on anal-
ogy with better-documented Hellenistic light vessel types. No physical wreck of a 
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military liburnian has been securely identified, and the Olympias data which re-
lates to the heavier trireme cannot be directly transferred to this lighter type. The 
complement range is derived from literary references to unit sizes in fleet rosters, 
which are themselves not fully consistent. Confidence level: moderate (literary in-
ference) (Figure 5). 

 

 
Figure 5. Picture of a Liburnian modern ship design by Tuncay ÇİÇEK. 

 
Bireme 
Length 28 - 35 m; beam 4.5 - 5.5 m; draught approximately 1.1 - 1.2 m; com-

plement 80 - 140, including oarsmen, sailors, and a small marine detachment. 
These figures are derived from Pliny’s description (Naturalis Historia VII.208) 
and from proportional scaling relative to the trireme, whose dimensions are better 
established. No bireme wreck has been securely identified. Confidence level: low-
to-moderate (literary inference and structural analogy) (Figure 6). 

 

 
Figure 6. Picture of a Bireme ship “current design”. 
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Trireme 
Length 35 - 37 m; beam 5.5 - 6 m; freeboard at the thranite level approximately 

2.5 - 3 m; complement 170 oarsmen + 20 - 30 sailors + 20 - 40 soldiers. These 
dimensions are grounded in the most robust convergent evidence of any ancient 
warship type. The Piraeus neosoikoi—the stone ship-sheds of the Athenian naval 
arsenal, excavated systematically by Blackman and Rankov—establish a maxi-
mum beam of approximately 6 m and a maximum length of approximately 37 m 
for vessels stored in them (Morrison, Coates, & Rankov, 2000, pp. 181-188). The 
Olympias, built to 36.8 m length and 5.5 m beam, demonstrated in sea trials that 
these dimensions are consistent with a functional three-bank oar arrangement 
crewed by 170 rowers. The complement figures for sailors and marines are cor-
roborated by Thucydides’ data for Athenian triremes (Historia VI.31.3) and by 
fragmentary Roman fleet records. Confidence level: high (convergent literary, ar-
chaeological, and experimental evidence) (Figure 7). 

 

 
Figure 7. Picture of a Trireme ship “current design”. 

 
Quinquereme 
Length 40 - 45 m; beam 6 - 7 m; draught approximately 1.5 - 1.8 m; complement 

270 - 300 oarsmen + 40 - 50 sailors + 70 - 120 soldiers. These are primarily literary 
estimates derived from Polybius (Historiae I.26) and Livy (XXVI.39), corrobo-
rated by structural analogy with trireme proportions scaled for the additional 
rower units. No quinquereme wreck has been definitively identified; the Egadi 
Islands rams confirm the vessel’s deployment at the battle of the Egadi Islands 
(241 BC) but do not directly constrain hull dimensions. The wide range for marine 
complement (70 - 120) reflects genuine uncertainty in the sources, which give in-
consistent figures depending on tactical context quinqueremes carrying assault 
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troops for boarding operations could carry substantially larger marine contin-
gents than those optimised for ramming. Confidence level: moderate (literary in-
ference with limited structural analogy) (Figure 8). 

 

 
Figure 8. Picture of a Quinquereme ship “current design”. 

4.2. Proportions, Length-to-Beam Ratios, and Hydrodynamic 
Implications 

The design of oared warships across the ancient Mediterranean reflects a con-
sistent set of hydrodynamic trade-offs. Speed under oar depends primarily on 
three factors: the power output of the rowing crew, the efficiency of the oar system 
in converting that output into propulsive force, and the resistance of the hull to 
forward motion through the water. Hull resistance is itself a function of hull wet-
ted surface area, hull form, and the wave-making resistance that increases sharply 
as a vessel approaches its hull speed (the speed at which the bow wave wavelength 
equals the waterline length). For a given crew size and oar arrangement, hull re-
sistance can be minimised by elongating the hull increasing the length-to-beam 
ratio which reduces wave-making resistance at the cost of increased wetted surface 
area and reduced transverse stability. 

The length-to-beam ratios of Roman galleys generally between 6:1 and 8:1, as 
estimated from the combined literary and reconstruction evidence represent a 
carefully calibrated compromise between these competing demands. A ratio be-
low 6:1 would produce a hull that was more stable but significantly slower, un-
suited for the diekplous and other speed-dependent tactical manoeuvres. A ratio 
above 8:1 would produce an extremely fast hull, but one that was dangerously un-
stable in anything but calm water and potentially too flexible longitudinally to 
withstand the stresses of ramming. The actual ratios of ancient warships thus rep-
resent empirically derived optima the product of centuries of accumulated trial 
and error in the shipbuilding traditions of the eastern Mediterranean rather than 
arbitrary or arbitrary engineering choices. 

4.3. The Ram (Rostrum) 

The most distinctive offensive technical feature of Roman galleys was the ram 
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(rostrum, pl. rostra), a bronze casting mounted at the bow at or just below the 
waterline. The ram was designed to strike the hull of an enemy vessel at speed, 
penetrating the planking below the waterline, opening a breach through which 
water would flood the hull, and disabling or sinking the enemy without necessarily 
being driven through the planking (which would risk lodging the ram in the en-
emy hull and preventing disengagement). Polybius furnishes detailed accounts of 
ram-fighting tactics in the naval battles of the First Punic War (Historiae I.50-51), 
and the recovery of the Egadi Islands rams fourteen bronze examples in various 
states of preservation, recovered from the seabed near the site of the battle of the 
Egadi Islands (241 BC) has provided the first direct physical evidence for ram de-
sign and manufacture (Murray, 2012, pp. 204-215). 

The Egadi rams are trident-form presenting three parallel horizontal blades ra-
ther than a single spike a design that maximises the area of hull planking disrupted 
on impact while minimising the risk of the ram penetrating so deeply as to bind 
in the enemy hull. Murray’s metallurgical analysis demonstrates that they were 
cast in high-tin bronze using sophisticated multi-part moulds, a technically de-
manding process indicating specialist manufacturing capability well beyond sim-
ple military smithing. The rams appear in three principal forms in the ancient 
record: the trident type (most common, confirmed archaeologically at Egadi); the 
single-spike type (simpler and apparently earlier, attested in Hellenistic-period 
iconography); and the bird-beak form (decorative, associated particularly with 
Hellenistic-influenced vessels and visible in several relief representations). Victo-
rious rams captured from defeated enemies were displayed in the Forum 
Romanum on the famous rostra the speakers’ platform that took its name from 
these trophies underscoring the symbolic as well as military significance of the 
ram in Roman naval culture. 

4.4. Oar Systems and Propulsion 

The oar systems of Roman galleys were products of highly sophisticated engineer-
ing, representing a solution to the ergonomic and structural challenge of max-
imising the propulsive contribution of a large number of rowers within the di-
mensional constraints of a slender hull. The problem is non-trivial: more rowers 
means more power, but more rowers also means more hull volume, more weight, 
and more water resistance. The multi-bank solution arranging rowers at different 
vertical levels, each working a separate oar through the hull side or over an out-
rigger allowed ancient naval architects to multiply crew numbers without propor-
tionally increasing hull dimensions. 

In the three-bank arrangement of the trireme, the three groups of oarsmen were 
designated (using the Greek terminology that Roman practice inherited): the 
thalamitai (lower-bank oarsmen), positioned closest to the waterline and working 
the shortest oars through ports in the hull side just above the waterline; the zygitai 
(middle-bank oarsmen), seated at a higher level and working their oars over an 
outrigger projecting slightly beyond the hull side; and the thranitai (upper-bank 
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oarsmen), seated highest and farthest outboard, working the longest oars and gen-
erating the greatest torque per stroke. The thranite position was the most demand-
ing and was typically manned by the most experienced oarsmen. 

The Olympias sea trials provided concrete performance data for this arrange-
ment. With a crew of 170 oarsmen (85 per side, arranged as 31 thranitai, 27 zygitai, 
and 27 thalamitai on each side), sustained cruising speed was approximately 7 - 8 
knots, with burst speeds of 9 - 10 knots achievable over short distances (Coates, 
1993, p. 134). Stroke rate for sustained cruising was approximately 45 strokes per 
minute; burst performance required rates of 55 - 60 strokes per minute, which 
could be maintained only briefly before oarsmen fatigued. These figures provide 
a concrete operational envelope within which tactical calculations must be situ-
ated. 

4.5. Mast and Sail Configuration 

Roman warships were capable of operating under both oar and sail, equipped nor-
mally with one or two masts: the main mast (malus magnus), stepped amidships 
and carrying a large square or rectangular sail (velum) on a horizontal yard; and 
on some vessels a smaller foremast (artēmōn) stepped forward of the bow and 
carrying an angled bowsprit sail. Sail was used principally for passage-making 
transit between ports, strategic movement across open water while oar power was 
reserved for tactical manoeuvre, departure from and entry into harbour, and bat-
tle. 

The standard operational procedure before engagement was to lower the main 
mast, furl the sails, and stow both in the hold. Caesar describes this procedure in 
precise terms for the naval engagement off Massilia in 49 BC (Bellum Civile II.6): 
the masts were lowered not merely to reduce wind resistance but to lower the ves-
sel’s centre of gravity, improving stability during the violent accelerations and de-
celerations of ramming and close-quarters manoeuvre. The tactical significance 
of this procedure is discussed further in Section VII. The sails themselves were 
constructed of woven linen canvas, sometimes reinforced with a linen-hemp blend 
for additional tear resistance, and were frequently dyed red and purple-black be-
ing the most commonly attested colours both to reduce the visual deterioration 
caused by salt and ultraviolet exposure and, according to some ancient sources, to 
produce an intimidating effect on enemy crews. 

5. The Boarding Bridge (Corvus)-Tactical Innovation and 
Engineering Constraint 

One of the most original and consequential Roman contributions to naval warfare 
was the corvus (“raven”), a retractable boarding bridge that transformed sea en-
gagements into extensions of land combat. The device is described in Polybius’s 
Historiae (I.22-23) in sufficient technical detail to allow confident reconstruction, 
and it represents an exemplary case study in the relationship between engineering 
design and tactical opportunity and the trade-offs that innovative equipment in-
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variably introduces. 
According to Polybius’s description, the corvus was a wooden bridge approxi-

mately 11 m long and 1.2 m wide, mounted on a tall, heavy wooden pole stepped 
at the bow and capable of rotating through 360 degrees. The far end of the bridge 
was fitted with a heavy iron spike the “raven’s beak” that gave the device its name 
which, when the bridge was dropped onto an enemy deck, drove into the planking 
and anchored the bridge in position. Roman soldiers could then cross onto the 
enemy vessel over this fixed bridge and engage in hand-to-hand combat on an 
effectively stable platform a decisive advantage for an army whose tactical excel-
lence was in close-quarters infantry fighting, not in the ship-handling skills re-
quired for traditional ramming warfare (Figure 9). 

 

 
Figure 9. Stern of the ship. 

 
The tactical impact of the corvus at the Battle of Mylae (260 BC) was immediate 

and decisive. Polybius records that the Carthaginian commanders, initially con-
temptuous of Roman naval inexperience, were entirely unprepared for the new 
device; once the iron spike had engaged, their superior seamanship and oarman-
ship became irrelevant, and Roman legionaries determined the outcome of each 
engagement (Historiae I.23.3-9). The Battle of Ecnomus (256 BC), one of the larg-
est naval engagements in ancient history, similarly demonstrated the corvus’s ef-
fectiveness at a fleet scale. 

However, the corvus was not without serious and ultimately decisive engineer-
ing disadvantages. The device was heavy the pole, bridge, and iron spike together 
constituted a substantial mass and it was concentrated at the bow, raising the ves-
sel’s bow and dramatically shifting its trim and its centre of gravity forward. This 
had two operational consequences. First, it adversely affected the hydrodynamic 
performance of the hull, increasing bow resistance and reducing maximum speed 
a significant penalty for a vessel whose tactical effectiveness depended on the abil-
ity to achieve ramming speed on demand. Second, and more seriously, it reduced 
the vessel’s metacentric height (the measure of initial stability) and increased the 
amplitude of pitching motion in a seaway. Polybius attributes the catastrophic loss 
of a Roman fleet in the storm of 255 BC, which he estimates at some 270 ships and 
100,000 men, partly to the structural imbalance created by the corvus (Historiae 
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I.36-37), though modern scholarship has debated whether the design flaw or the 
commanders’ disregard for weather warnings was the primary cause of the disas-
ter. 

The corvus disappears from the historical record after the First Punic War with-
out explicit explanation. The most plausible interpretation is that Roman naval 
commanders, having developed sufficient seamanship and tactical experience 
through a decade of warfare, found that the engineering costs of the corvus re-
duced speed, reduced stability, reduced weather-hardiness outweighed its tactical 
benefits against an opponent no longer inexperienced in counter-measures. The 
episode illustrates a general principle that recurs throughout the history of mili-
tary technology, an innovative device that provides decisive advantage in its first 
deployments may be abandoned once the tactical environment adapts to it and its 
engineering liabilities become apparent. 

6. Crew Organisation and Shipboard Life 
6.1. Command Hierarchy and Role Distribution 

Roman galleys maintained a rigid command hierarchy that reflected both the mil-
itary culture of Rome and the practical necessities of coordinating a large crew in 
a complex tactical environment. At the apex of the hierarchy stood the navarchus 
or trierarchus the vessel commander who was responsible for strategic and tactical 
decisions and who was typically a Roman of senatorial, equestrian, or elevated mu-
nicipal rank. In the imperial classis, the navarchus was a professional naval officer, 
often with significant prior service in the fleet (Starr, 1960, pp. 51-58). 

Immediately subordinate to the navarchus was the gubernator (helmsman), 
who bore responsibility for the physical steering of the vessel through the twin 
side-rudders characteristic of ancient Mediterranean ships. The gubernator’s role 
was not merely technical; in battle, he implemented the navarchus’s tactical in-
structions in real time, translating command decisions into helm movements and 
course adjustments. The relationship between navarchus and gubernator was 
therefore one of the most critical command interfaces aboard the vessel. 

The proreta supervised the bow section, calling out information about the rel-
ative position of enemy vessels and obstacles ahead a vital function in battle, where 
the navarchus at the stern might have limited forward visibility over the heads of 
the crew. The hortator set the rowing stroke-rate, originally by voice, later by drum 
or flute, ensuring the synchronised action of the oar banks that was essential for 
both sustained cruising and tactical manoeuvre. The pausarii were senior oarsmen 
who supervised each bank and transmitted the hortator’s rhythm to their respec-
tive sections. The milites navales shipborne soldiers were responsible for defensive 
action against boarding attempts and offensive action during the vessel’s own 
boarding operations. 

6.2. The Oarsmen-Recruitment, Status, and Training 

The manner in which Rome recruited oarsmen evolved significantly across the 
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centuries spanned by this study. In the early Republic and during the First Punic 
War, oarsmen were drawn from Roman citizens of the proletarian census class 
men without the property qualification for legionary service as well as from allied 
communities (socii navales) who fulfilled their military obligations through naval 
service. This arrangement had significant implications for the social composition 
of Roman fleets: unlike the later professional classiarii, Republican-period rowers 
were not career sailors but citizens and allies fulfilling a temporary military obli-
gation, whose motivation and prior training varied widely. 

During the imperial period, professional oarsmen (classiarii) were recruited 
and paid directly by the state, serving multi-year enlistments comparable to those 
of legionary soldiers. Classiarii were generally free men though some freedmen 
served drawn from the coastal provinces and river regions where maritime skills 
were most prevalent: the Adriatic coast, the southern Italian littoral, Egypt, Syria, 
and the Danubian provinces. The imperial classis thus became a genuinely pro-
fessional organisation, with a coherent career structure, regular pay, and institu-
tional loyalty to the fleet and emperor (Starr, 1960, pp. 62-80). 

Vegetius emphasises the importance of systematic rower training in his discus-
sion of fleet preparation (Epitoma Rei Militaris IV.1-2), describing exercises both 
on land where rowers practised stroke timing on benches equipped with dummy 
oars and on water, progressing from short harbour exercises to extended open-
water drills in varying sea conditions. The Olympias experience has provided an 
empirical dimension to these prescriptions: sea trials demonstrated that even 
crews of experienced modern rowers required several days of concentrated prac-
tice to achieve the synchronisation necessary for efficient multi-bank rowing, and 
that the physical conditioning required for sustained high-performance rowing 
was comparable to that of elite modern endurance athletes. 

6.3. Living Conditions and Provisioning 

Living conditions aboard Roman galleys were, by any measure, harsh. The hull 
volume of a warship optimised for speed was almost entirely consumed by the 
rowing system; there was little space for cargo, stores, or crew accommodation. 
Thucydides’ observation that Athenian trireme crews typically camped ashore 
each night and used the ships only for daytime operations (Historia VI.31.3) ap-
plied equally to Roman practice: prolonged overnight stays aboard were excep-
tional, reserved for emergencies or blockade operations. The daily operational 
routine involved rowing out from a coastal base at dawn, performing the day’s 
tactical or patrol tasks, and returning to shore by dusk. 

When extended operations did require crews to remain aboard, provisions were 
confined to what could be stored in the minimal available space: ship’s biscuit 
(panis nauticus, a twice-baked, hard bread resistant to moisture and mould), 
salted and dried fish (salsamenta), olive oil, wine, and vinegar (posca, a mixture 
of water and wine vinegar that served both as a beverage and as a mild antiseptic). 
Fresh water was the critical constraint: it was stored in sealed ceramic amphorae 
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and was invariably in short supply on extended operations. The need to replenish 
water supplies was a significant factor in determining the operational range of 
ancient fleets, and coastal topography the presence or absence of fresh water sources 
within a day’s sailing of the route shaped strategic planning accordingly. 

7. Strategic Use and Tactics-Engineering Constraints and 
Tactical Possibilities 

Roman naval battle tactics were influenced both by Hellenistic precedent through 
the extensive adoption of Greek naval terminology and tactical doctrine and by 
Rome’s own military culture, which consistently favoured aggressive close-quar-
ters engagement and the conversion of sea fights into land-combat scenarios. To 
understand these tactics in depth, however, it is essential to recognise how directly 
they were enabled and constrained by the engineering characteristics of the ships 
described in the preceding sections. Tactics were not developed independently of 
technology; they were the practical responses of commanders to the possibilities 
and limitations that their ships created (Figure 10). 
 

 
Figure 10. Current design of the ballista. 

7.1. The Diekplous and Ram Geometry 

The diekplous (literally “sailing through”) was the premier offensive tactical ma-
noeuvre of ancient Mediterranean naval warfare: a line of attacking vessels pene-
trated through a gap in the enemy line, then turned rapidly to attack the exposed 
sterns or flanks of enemy ships before they could turn to face the threat. The ma-
noeuvre exploited the ram as the primary weapon and required a combination of 
high speed, precise directional control, and the ability to turn rapidly after pene-
trating the line. 

The relationship between this tactic and ship design was intimate and determi-
native. The trident-form ram the type confirmed by the Egadi Islands finds was 
specifically engineered for diekplous-type attacks. Its three horizontal blades were 
designed to shear the oar blades of an enemy vessel on a glancing pass, disabling 
its propulsion without lodging the attacker’s ram in the enemy hull (which would 
prevent disengagement and leave the attacker immobilised and vulnerable). This 
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“oar-raking” attack could be executed at relatively high speed and at a shallow 
angle, minimising the attacker’s vulnerability during the approach. The burst 
speed capability demonstrated by the Olympias (9 - 10 knots) was essential for 
this manoeuvre: at lower speeds, the approaching vessel would be too easily 
avoided, and the window of opportunity for the oar-raking strike too narrow. 

The diekplous also required the ability to turn rapidly after the pass a function 
of the length-to-beam ratio discussed in Section IV. A hull with a ratio at the lower 
end of the attested range (6:1) would turn faster but approach more slowly; one at 
the higher end (8:1) would be faster on the approach but less agile in the turn. The 
observed range of ancient warship proportions thus represents a set of design op-
timima that were themselves calibrated for the specific tactical requirements of 
diekplous-based naval warfare. 

7.2. The Periplous and Asymmetric Vessel Capabilities 

The periplous (“sailing around”) involved the encirclement of an enemy fleet’s 
wing, bringing vessels around the flank to attack from the rear where the vulner-
able steering oars and the uninstrumented stern were exposed. This manoeuvre 
was primarily a function of superior local speed and manoeuvrability, making it 
the characteristic tactic of light, fast vessels operating against heavier, slower op-
ponents. 

The liburnian’s design characteristics low draught (approximately 1 m), high 
length-to-beam ratio, and relatively small crew complement made it the natural 
instrument of the periplous in the imperial Roman fleet. Its shallow draught al-
lowed it to operate in coastal waters and river estuaries where quinqueremes could 
not follow, giving a liburnian squadron pursuing a periplous the additional option 
of withdrawing into shoal water to frustrate counter-attack. The tactical implica-
tions of this design asymmetry were recognised by Roman commanders: at the 
Battle of Actium (31 BC), Octavian’s fleet, composed largely of liburnians under 
Agrippa, exploited the superior manoeuvrability of these vessels against the larger 
but more sluggish Antonian quinqueremes and deceres (ten-unit ships), using 
periplous-type tactics to disrupt Antony’s formation and create the conditions for 
the decisive engagement. 

7.3. The Anastrophē and the Dynamics of Naval Engagement 

The anastrophē (“reversal”) was a feigned retreat followed by a rapid counter-
attack a tactic designed to lure an enemy pursuit into an unfavourable position. 
Its execution required the ability to back-water rapidly (applying reverse oar 
strokes to decelerate and begin sternward motion) and then accelerate forward 
again before the pursuing enemy could close to boarding distance. 

This manoeuvre placed severe demands on crew training and hull design sim-
ultaneously. The back-watering stroke required precisely coordinated reverse ac-
tion by all three oar banks, demanding a level of crew synchronisation achievable 
only through extensive training. The transition from back-water to forward accel-
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eration required an instantaneous coordination signal exactly the function of the 
hortator and his drum or flute. At the hull level, the anastrophē was most effec-
tively executed by vessels with a moderate length-to-beam ratio (around 7:1): too 
high a ratio produced a vessel that was slow to respond to reverse rowing and prone 
to yawing; too low a ratio produced one that was stable in the anastrophē manoeu-
vre but insufficiently fast on the counter-attack run to threaten vessels that had 
already begun to disengage. 

7.4. Boarding Tactics and the Role of Mast Configuration 

Boarding tactics facilitated first by the corvus in the First Punic War and thereafter 
by grappling hooks and direct assault exploited the galley’s ability to close rapidly 
with an enemy vessel and deliver an infantry assault. The success of boarding de-
pended not only on the speed of approach and the quality of the marines aboard 
but on the pre-battle preparation of the attacking vessel, most critically on the 
lowering and stowing of masts and sails. 

The lowering of masts before engagement, described by Caesar at Massilia (Bel-
lum Civile II.6), was a multi-functional tactical preparation. Removing the main 
mast eliminated a large source of windage, reducing the vessel’s susceptibility to 
being driven off course by crosswinds during the final approach a significant ad-
vantage when accurate alignment with the enemy hull was essential for a success-
ful boarding attempt. It also lowered the vessel’s centre of gravity substantially, 
improving stability during the violent deceleration of a collision and reducing the 
amplitude of rolling motion that made it difficult for marines to cross to the en-
emy deck. Finally, it cleared the deck of rigging that could foul weapons, trip men, 
or catch grappling lines. The convergence of tactical, stability, and deck-manage-
ment benefits made mast-lowering standard practice before any close-quarters 
engagement, and it illustrates how deeply tactical procedures were integrated with 
the engineering characteristics of the vessels that performed them. 

7.5. Fleet Organisation and Strategic Logistics 

The imperial Roman navy (classis) was divided into several principal regional 
fleets. The Classis Misenensis, based at Misenum in the Bay of Naples, covered the 
western Mediterranean and was the largest and most prestigious fleet, arguably 
the capital fleet of the empire. The Classis Ravennatis, based at Ravenna on the 
Adriatic, covered the eastern Mediterranean approaches and the northern Adri-
atic. Provincial fleets included the Classis Alexandrina (Egypt), the Classis Syriaca 
(Syria and the Levantine coast), the Classis Pontica (the Black Sea), and the Classis 
Britannica (the northern seas). Each fleet was commanded by a praefectus classis 
of equestrian rank, who reported to the emperor through the provincial governor 
or directly through the imperial court. 

The strategic effectiveness of the Roman fleet rested as much on logistical in-
frastructure as on tactical capability. Roman naval bases were not merely con-
struction and repair facilities but integrated logistical systems: supply depots for 
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food, water, and naval stores; arms arsenals for weapons and projectiles; crew quar-
ters, training grounds, and administrative offices. Vitruvius’s prescriptions for 
dockyard design (De Architectura V.12) reflect the considerable complexity of 
these installations alongside ship-sheds (navalia) there were timber-working and 
joinery shops, metallurgical centres for repair and manufacture of fittings, sail-
making and rope-making workshops, and facilities for the production and storage 
of pitch and caulking materials. The logistical system that sustained the classis 
was, in a sense, as much an engineering achievement as the ships themselves. 

8. Archaeological Evidence and Experimental 
Reconstruction 

8.1. Underwater Archaeological Finds 

Our knowledge of Roman galley construction has been substantially enriched and, 
in several respects, fundamentally transformed by the development of systematic 
underwater archaeology in the second half of the twentieth century. Before this 
development, scholars were dependent almost entirely on literary sources and sur-
face iconography; the underwater record has added a material dimension that has 
both corroborated and complicated the literary testimony. 

The Nemi ships (first century AD) are the largest and most complex Roman 
vessels whose structural details have been studied directly. The two vessels, of ex-
ceptional size (approximately 70 m and 73 m in length respectively), were recov-
ered from the bed of Lake Nemi in the Alban Hills south of Rome between 1929 
and 1931, during a large-scale drainage operation conducted under Mussolini’s 
patronage and superintended by the archaeologist and naval historian Guido 
Ucelli. Published definitively in Ucelli’s Le navi di Nemi (1950) and reassessed by 
Tusa (1981) and subsequent scholars, these vessels identifiable as the fantastical 
floating pleasure-barges of the emperor Caligula provide extraordinary data on 
Roman large-vessel construction: their mortise-and-tenon joinery at scales far ex-
ceeding those of surviving merchantmen, their cast-bronze fittings of extraordi-
nary craftsmanship, their lead-pipe plumbing and hypocaust heating systems, and 
their lead hull sheathing applied over a pitch-and-fabric underlayer. The Nemi 
ships were not warships, and their constructional priorities comfort, display, en-
gineering extravagance differed from those of combat vessels. Their value for na-
val history is as evidence for the upper limits of Roman shipbuilding capability 
and as a demonstration that the techniques described in literary sources were 
practically realisable at large scale (Figure 11). 

The Madrague de Giens wreck (c. 70 - 60 BC), excavated by Pomey and col-
leagues off the Provençal coast over a series of seasons beginning in the 1970s, is 
a Roman merchant vessel of approximately 40 m length carrying a cargo of wine 
amphorae. Its significance for naval construction history lies in the extraordinary 
preservation of its double-planked shell-first hull, which has provided precise 
quantitative data on tenon dimensions, tenon spacing (c. 10 - 11 cm on centre), 
plank thicknesses (c. 5 - 6 cm), and pitch composition that cannot be derived from 
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any literary source (Pomey, 1994). While it is a merchantman rather than a war-
ship, the fundamental joinery technique appears identical to that used in military 
construction, and the Madrague data therefore provides the most reliable anchor 
for quantitative claims about Roman hull construction. 

 

 
Figure 11. Oar and crew section of the ship. 

 
The Egadi Islands rams represent a qualitatively different and uniquely im-

portant category of find. Recovered from the seabed near the site of the battle of 
the Egadi Islands (241 BC) by a joint Sicilian-American project led by Murray 
beginning in 2005, these fourteen bronze rostra some bearing inscriptions of Ro-
man and Carthaginian naval officials are the only securely identified Roman war-
ship rams yet recovered (Murray, 2012). Their trident-form design, their casting 
quality, and the inscriptions they bear (which include the names of the quaestores 
responsible for manufacturing or issuing them, a type of accountability record 
consistent with state arms production) provide direct evidence for ram manufac-
ture, design, and administrative oversight that is available from no other source. 

8.2. Experimental Reconstruction 

The trireme Olympias (commissioned 1987) represents the most ambitious and 
methodologically rigorous experimental archaeological project in ancient naval 
history. Designed by J. F. Coates on the basis of the architectural analysis devel-
oped by Coates and J. S. Morrison, built in a Piraeus shipyard to traditional tech-
niques where possible and modern equivalents where traditional methods were 
unavailable, and crewed for a series of sea trials by volunteers academics, athletes, 
and naval personnel the Olympias tested whether the dimensional parameters and 
oar arrangements proposed by the scholarly reconstruction were physically real-
isable. 

The results were broadly positive but nuanced. The Olympias was able to attain 
the speeds described in ancient sources up to 9 knots in brief bursts but the phys-
ical demands on the crew were severe, and the coordination required for efficient 
three-bank rowing proved considerably more difficult to achieve than ancient 
sources had implied. The trials revealed that the oar-lock (thole-pin and loop) 
system functioned adequately but that the ergonomics of the thranite position 
highest, outermost, and working the longest oars imposed the greatest physical 
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strain on the rowers in that position, consistent with ancient descriptions of 
thranitai as the most skilled and demanding rowers. The project’s detailed find-
ings are published in Morrison, Coates, & Rankov (2000), which remains the stand-
ard scholarly reference for trireme reconstruction. 

The Turkish-Italian Neptuno project, conducted during the 2000s, extended 
experimental testing to additional Mediterranean sea conditions and to a some-
what different set of reconstruction assumptions, providing a useful comparative 
dataset. These two projects together have established that the ancient literary data 
on trireme performance speed, manoeuvre rates, crew complement are physically 
consistent with a plausible hull design, even if the precise details of that design 
remain subject to scholarly debate. 

8.3. Iconographic and Numismatic Evidence 

Roman coins, architectural reliefs, and mosaic pavements provide visual repre-
sentations of galleys that, when used with appropriate critical caution, supplement 
the literary and archaeological evidence in important ways. The commemorative 
coins of Augustus celebrating the Battle of Actium issued in multiple denomina-
tions across the western empire in the years following 31 BC depict galleys with 
rams, oar banks, and mast-and-sail configurations that are broadly consistent with 
the literary record, though their small scale and the conventions of numismatic 
representation limit the technical detail that can be extracted from them. 

The narrative reliefs of Trajan’s Column (completed AD 113), which include 
detailed depictions of Danubian river fleet vessels during Trajan’s Dacian cam-
paigns (Lepper & Frere, 1988), are valuable not for technical specifications the 
scale and the requirements of the narrative composition distort proportions but 
for their depiction of operational details: crew positioning, mast configurations, 
mooring procedures, and the relationship between vessels and the shore installa-
tions they served. Mosaic pavements from the great baths and public buildings of 
Ostia, the port of Rome, and from the North African provinces (particularly at 
Carthage and Utica) show galley types in a somewhat more leisurely composi-
tional context, occasionally providing details of hull decoration, prow ornament 
(the tutela or apotropaic figure), and stern configurations that supplement the lit-
erary and relief evidence. 

9. Cultural and Symbolic Significance of the Galley 
9.1. The Galley as Symbol of Imperial Authority 

For Rome, whose self-conception had been shaped for centuries by a predomi-
nantly agricultural and military land-based ethos, the achievement of maritime 
supremacy represented a fundamental expansion of the empire’s symbolic vocab-
ulary. The transformation of the Mediterranean into Mare Nostrum “our sea” was 
not merely a strategic accomplishment; it was a cultural and ideological statement 
of universal dominion, the claim that Roman authority extended to the very limits 
of the navigable world. 
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This symbolic resonance is nowhere more powerfully expressed than in Virgil’s 
Aeneid, where the sea-voyage of Aeneas from the ruins of Troy to the shores of 
Italy serves as the mythological foundation for Roman imperium. The trials of Ae-
neas at sea the storms sent by Juno, the episodes of Scylla and Charybdis, the death 
of Palinurus the helmsman figure Roman history as a narrative of mastery over 
an initially hostile maritime environment, culminating in the conquest that gave 
Rome dominion over land and sea alike (Lyne, 1987, pp. 30-40). 

9.2. Religion and Naval Ritual 

Roman seamanship was integrated with a comprehensive system of religious ob-
servance. Neptune, the divine patron of the sea, received propitiatory sacrifices at 
the launching of new vessels and at the commencement of naval campaigns; the 
Neptunalia festival (23 July) was the principal public occasion for collective pla-
cation of maritime forces. Each ship carried a tutela a tutelary deity or hero de-
picted at the bow whose identity was typically linked to the vessel’s name and whose 
protection was invoked at the outset of each voyage. The ceremonial launching of 
a new warship involved a sequence of ritual acts including the libation (libatio) of 
wine over the prow and formal vows (vota) to Neptune and the appropriate Lares 
designed to secure divine favour for the vessel and its crew throughout its service 
life. 

The integration of religious observance with naval operations was not merely 
formal or decorative; it reflected a genuine Roman belief in the causal efficacy of 
divine favour (or disfavour) in determining maritime outcomes, and it served im-
portant social functions in binding crew members together through shared ritual 
participation and in providing a structured framework for the management of the 
anxieties inseparable from seafaring in ancient conditions. 

9.3. The Galley in Roman Art and Propaganda 

In Roman art, galleys transcended the mere commemoration of specific military 
victories to serve as polysemic symbols of the empire’s civilising mission, its ca-
pacity for ordered domination of the natural world, and the Pax Romana that it 
claimed to guarantee. The Ara Pacis Augustae (dedicated 9 BC), Augustan Rome’s 
most programmatic monument to the new political order, provides one of the 
most illuminating examples of this ideological deployment of naval imagery. Its 
marine friezes and the marine creatures of its altar precinct deploy the imagery of 
Neptune’s domain the sea, its creatures, and the vessels that traverse it to portray 
the post-Actian Roman classis not as a force of conquest and destruction but as 
the guarantor of the maritime trade networks and cosmopolitan prosperity that 
the Augustan peace enabled. The transformation of naval supremacy into a nar-
rative of universal beneficence was a central task of Augustan cultural production, 
and the galley as the instrument of Actium was central to this narrative (Zanker, 
1990, pp. 172-183). 

On Trajan’s Column, galley motifs appear in a different but complementary 
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ideological register: the vessels depicted on the Danube during the Dacian cam-
paigns legitimise Roman expansion as the extension of civilised order into barbar-
ian space, with the fleet as the logistical instrument of imperial mission (Holliday, 
2002, pp. 140-148; Lepper & Frere, 1988). The Ostia relief monuments similarly 
document the central role of the fleet in sustaining the supply-lines that fed the 
capital and maintained the empire’s economic coherence. Taken together, this 
iconographic record reveals the galley as one of the most richly signifying objects 
in the Roman visual repertoire simultaneously weapon, economic vehicle, and 
symbol of the imperial order. 

10. Conclusion 

Roman galleys represent one of the most remarkable engineering achievements of 
the ancient world. Built upon Hellenistic tradition but systematically adapted to 
Rome’s practical military needs and administrative capacities, these vessels were 
the primary instrument through which the Mediterranean was transformed into 
Mare Nostrum and the primary symbol through which that transformation was 
communicated to subjects, allies, and enemies alike. 

Returning to the central research question posed at the outset which design fea-
tures most decisively shaped Roman tactical practice, and to what degree can those 
features be reliably reconstructed from the surviving evidence? The analysis pre-
sented in this article permits a differentiated answer. Three design features emerge 
as preeminently determinative of tactical possibility: the multi-bank oar arrange-
ment, which fixed the balance between propulsive power and crew complement 
that governed all speed-dependent manoeuvres; the trident-form ram, whose ge-
ometry specifically enabled the oar-raking diekplous without risk of hull-lodging; 
and the demountable mast-and-sail rig, which facilitated the rapid transition from 
passage to combat configuration that Roman admirals exploited at Actium and in 
countless smaller engagements. 

Of these three features, the reconstruction of the multi-bank oar arrangement 
rests on the firmest evidential foundation: the convergence of Piraeus ship-shed 
archaeology, the Olympias sea trials, and the consistent testimony of multiple lit-
erary sources across several centuries yields a high-confidence reconstruction for 
the trireme configuration. The trident ram is confirmed by direct physical evi-
dence at Egadi for the Republican period, though imperial-era ram design and 
evolution remain less thoroughly documented. The mast-and-sail configuration 
is well-attested in literary sources and iconographically represented, but the pre-
cise mechanics of the lowering and stowing procedure and its exact contribution 
to stability during battle remain largely inferential, supported by general hydro-
dynamic principles and the Olympias experience but not by direct physical meas-
urement. 

The construction techniques mortise-and-tenon joinery, precisely calibrated 
timber selection, lead sheathing in specialised applications are among the best-
documented aspects of Roman naval technology, thanks to the convergence of 
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Pliny’s encyclopaedic testimony, Vitruvius’s architectural prescriptions, and the 
physical evidence of the Madrague de Giens wreck and the Nemi ships. The or-
ganisational dimension crew hierarchy, training systems, fleet logistics, and dock-
yard administration is attested primarily by literary and epigraphic sources and is 
well understood in its broad outlines, though many details of daily practice remain 
obscure. 

Roman galleys were not only military instruments but cultural symbols and ob-
jects of sustained artistic representation. Their prominence on coinage, on mon-
umental reliefs, and in the foundational texts of Roman literature demonstrates 
how central maritime power was to Roman identity, how inseparable the imperial 
project was from the sea on which it ultimately depended. The study of Roman 
galleys thus constitutes a genuinely interdisciplinary field of inquiry at the inter-
section of ancient technology, military strategy, social organisation, economic his-
tory, and cultural symbolism and an indispensable subject for any comprehensive 
understanding of the ancient Mediterranean world. The methodology modelled 
here explicit triangulation of literary, archaeological, and experimental evidence, 
with differentiated confidence assessments for individual claims may serve as a 
template for future research in a field that continues to be enriched by new un-
derwater discoveries and new experimental insights. 
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