Journal of Maritime Archaeology
https://doi.org/10.1007/511457-023-09385-0

RESEARCH

®

Check for
updates

Nocturnal Seafaring: the Reduction of Visibility at Night
and its Impact on Ancient Mediterranean Seafaring. A Study
Based on 8-4th Centuries BC Evidence

Chiara Maria Mauro'® - Fabio Durastante?

Accepted: 4 December 2023
© The Author(s) 2024

Abstract

The practice of nocturnal navigation in the Mediterranean Sea could be inferred from both
archaeological and written records. While there is sufficient proof that the ships and their
crew were quite familiar with nighttime sailing, current scholarship has not satisfactorily
investigated how the reduction of visibility could have affected the nautical practice. For
this reason, the aim of this contribution is twofold: (1) to evaluate to what extent visibility
was reduced at night, and (2) to understand what kind of strategies (if any) could be put
in place to overcome the difficulties of a low level of visibility. Amongst the strategies,
we will also assess the impact on visibility of fixed and portable lighting devices, such as
torches and pierced amphoras, as documented by the archaeological and literary evidence.

Keywords Sight - Sailing - Mediterranean sea - Antiquity - Onboard lighting devices

Introduction

Recent advances made in the study of ancient seafaring have repeatedly acknowledged
the role of visibility (Bar-Yosef Mayer et al. 2015, 9-12; Arnaud 2020a, 34—40; Medas
2022, 97-103). In particular, in the Mediterranean Sea—which is an almost enclosed mari-
time space filled with islands—mutual visibility had long stood at the heart of maritime
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connections (Horden and Purcell 2000, 393), theoretically allowing one to go from one
side to another without ever losing sight of the land.

Even though open-sea crossings were fairly regular during the Archaic period,’ small
and medium-sized vessels frequently preferred (whenever possible) to follow sea paths in
which the mainland fell within their radius of visibility. In maritime scholarship, this prac-
tice is commonly referred to as ‘pilotage’ or ‘environmental navigation’ and it consisted
of progressing from one point to the next by following a chain of landmarks identified and
memorised during previous sea journeys (McGrail 1991, 86; Morton 2001, 186; Mauro
2022a, 132).

Given the importance that the detection of landmarks had for ancient seafaring, a pri-
mary, logical inquiry would be to ascertain from what distances specific items could be
seen. In 1968 Schiile first tried to answer this question by creating a map of the Medi-
terranean based on a geometric calculation of the visual basin (Schiile 1970; cf. Henkel
1901). Within the same study, Schiile noticed that the land was easily spottable while sail-
ing around the Mediterranean and that there were only a few Mediterranean maritime areas
from where one could not catch sight of land. From that moment on, Schiile’s map and
conclusions have been largely quoted and replicated, but are now understood to simply be
conjecture. As a matter of fact, without the intention of denying the importance of Schiile’s
contribution (as it inevitably set a starting point in visibility studies), it must be acknowl-
edged that he worked by employing an oversimplified and incomplete definition of ‘visibil-
ity’. The concept of ‘visibility’ with which Schiile worked failed, in fact, to incorporate any
variation dictated by the season (cf. Mauro and Durastante 2022) or by the time of the day.
In this sense, Schiile’s study offered a purely theoretical evaluation of the visibility radius,
and the conclusions that he reached could hardly correspond with real-world situations.

Keeping in mind the importance of visibility in ancient seafaring and in light of the
considerations just offered, this contribution aims at fostering a concept of visibility that
is more inclusive and compliant with reality. Specifically, we would like to assess to what
extent visibility could be reduced during nighttime and how the decrease in visibility at
night could have possibly affected ancient seafaring practices within the Mediterranean
context. Whilst the considerations that we express in this paper could be virtually applied
to any chronological span, we have decided to ground our contribution in the time frame
between the Archaic and Classical periods (eighth—fourth centuries BC). This choice has
been motivated by two main observations: first, there are abundant testimonies referring
to this period and speaking in favour of the practice of nocturnal seafaring; second, as far
as this period is concerned, there were not yet fixed maritime infrastructures specifically
aimed at improving visibility at night. As a matter of fact, the first proper lighthouse (the
lighthouse of Alexandria of Egypt, on the island of Pharos) is dated to the first decades of
the third century BC (Mauro 2019, 60-62; for an example of how visibility and navigation
are connected in the presence of lighthouses, see Meléndez and Campos Carrasco 2020).

As for the first point, even if nocturnal navigation was performed since the 6—4th mil-
lennium BC (Agouridis 1997; Medas 2004, 156), starting from the eighth century BC, the
extant data on this practice perceptibly increases, and the archaeological evidence (e.g. the
shipwrecks Elissa and Tanit, dated to the eighth century BC, identified at approximately 30

! The Odyssey and the Iliad repeatedly describe open-sea crossings, e.g. in Hom. Od. 14.250-256, when
Odysseus tells Eumaeus that he set sail from Crete and reached Egypt on the fifth day. At an archaeological
level, we can find support for the existence of open-sea routes in the eighth century BC shipwrecks—named
Tanit and Elissa—identified 48 km (31 nm) off the coast of Ashkelon, Israel (Stager 2005).
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nautical miles from the coast of Ashkelon, Israel, which Stager 2003) was further sus-
tained by literary evidence. In fact, both the Odyssey and, to a lesser degree, the Illiad
contained descriptions of maritime ventures, many of which were taking place at night
(Hom. 7I. 18.483-489; Od. 3.176-178). Despite the doubts on the extant chronology of
the two poems, today it is widely accepted that they reached their final form sometime
around the end of the eighth century BC (Sherratt 1990; Raaflaub 1997). In this sense,
we might expect that, at that specific point in time, both the writer and the audience were
quite familiar with the idea that seafaring was practised even at night. Although most of
the historic writings relate night sailing with the military sphere (Hdt. 8.9; Thuc. 1.48,
2.81-84, 4.31, 4.42, 8.101.3) and could therefore suggest the idea that this practice was
taking place only when strictly necessary, the reading of other genres’ texts reveals that this
was not exactly the case. As an example, Xenophon reported that the Paralos—the Athe-
nian state ship—arrived at Athens at night to announce the disaster of the Aegospotami in
405 BC (Xen. Hell. 2.2.3). Additionally, by the third quarter of the fourth century BC, the
geographical work commonly known as the Periplus of Ps.-Skylax recurrently mentions
sea-routes that required consecutive days and nights of sailing in order to be followed (Ps.-
Skyl. §§ 20 and 111.6).

Taken altogether, this evidence discloses that night sailing could be practised either for
tactical reasons, such as carrying out naval operations under the cover of darkness, or due
to technical observations, including the benefit of early morning or late evening breezes or
because the voyage itself required more days in order to be completed (Davis 1999, 295).
This was not uncommon during the period under consideration (Morton 2001, 206).

On the other hand, the second observation that led us to select this chronological period
is that, before the fourth century BC, fixed maritime infrastructures specifically aimed at
improving visibility at night were still not fully developed. This means that—even if alter-
native measures to increase visibility at night might possibly have been already in use in
certain maritime areas (such as fires burning on top of coastal towers or religious struc-
tures)—Ilight signals were still not so widespread and their presence was not systematic
along the Mediterranean shores. For these reasons, the considerations that we are going
to advance on this topic could result particularly relevant, as—between the eighth and the
fourth centuries BC—it was necessary for seafarers to cope with the reduction of visibility
at night, without having the possibility (or having only partially the possibility) to count on
the aid of coastal lights for guiding their paths along the sea.

Considering all of the above, the questions we aim to address within this contribution
are the following:

(1) To what extent the reduction in visibility experienced at night could have affected
maritime travels within the Mediterranean context? Is it possible to estimate it?
(2) What were the tools and/or the strategies (if any) adopted by the crews to possibly

counteract the diminished visibility?

In the next sections, we will seek to provide adequate answers to these two matters.

Computing the Visibility Reduction at Night
To approach the problem in a quantitative way, we first need to precisely define several

concepts related to the physiology of vision and the physics of light diffusion through the
atmosphere. With the term ‘vision’ (or also ‘sight’ or ‘eyesight’) we refer here to the ability
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Fig.1 Relative luminous efficiency of the human eye for monochromatic radiation for scotopic (dashed
line) and photopic (continuous line) at different wavelengths (nanometres). The data obtained from the
downloadable standard data sets of the CVRL database (http://www.cvrl.org/) and described in (CIE Pro-
ceedings 1951)

to interpret the surrounding environment through the eye. Specifically, as far as night navi-
gation is concerned, the modality of vision that interests us is that of the scotopic vision,
the part of vision that involves the rods of the retina, as opposed to the vision mode used
during the day which is called photopic vision, which involves the retinal fovea (Wandell
1995, chapter 9). The different parts of the eye involved in the phenomena of scotopic
vision cause the wavelengths of perceived light to be different; under the scotopic regime
the eye is more sensitive to certain wavelengths (4) (Wandell 1995, chapter 3). We know
that the human eyes respond to wavelengths between 380 and 780 nanometres, indeed
this is what is usually called the spectrum of visible light (Sliney 2016). We can measure
how the eye perceives light of different colours (wavelengths) in terms of the luminous
efficiency function (sometimes called luminosity function) V(4). In Fig. 1 we report the
value of V(4) in the two regimes using the data taken from the CIE Proceedings (1951),
and observe that in the scotopic range, the maximum luminous efficiency corresponds to
a wavelength A = 507 nanometres (instead of the 555 nanometres of the photopic regime).
In other words, under the scotopic regime (nighttime vision), the human eye better per-
ceives lights resulting in light green colours; whereas, under the photopic regime (day-light
vision), the better perceived lights are yellow.

The V(1) curve also tells us that the light most easily perceived by the eye will be the
one emitted in the vicinity of this wavelength and which will degrade towards the impos-
sibility of being seen as we move away from this value (Fig. 1). The wavelength of light
and its perceptibility by the eye are therefore the first part of the phenomenon we have
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to describe. Once having established this, we have to take into consideration that light is
spread through a medium, such as the atmosphere, that causes a deterioration of the trans-
mitted signal (Horvath 1993). In this setting the visibility radius is called Meteorological
Optical Range (MOR) and can be computed using Allard’s equation.? To obtain the esti-
mate of the visual range we first fix E in Allard’s equation to a threshold value depend-
ing on the ambient luminance, we select the intensity of the target light source and the
extinction coefficient (see Horvath 1993 for a review concerning the physical mechanism
of light absorption in the atmosphere). Then, we solve the equation for the x, the distance
of perception. We also need to stress that the value obtained by this approach is only valid
for a qualified observer, such as a subject with normal vision, after a period of adaptation
to the surrounding environment to accustom its eyes to the darkness of the night and that is
reflected by the chosen threshold value (Reeves 2009).

To showcase some values of the visual range x from Allard’s equation, we need to deter-
mine reference values for the threshold value E and for the absorption coefficient o. For
the latter, we can adopt the same technique discussed in Mauro and Durastante (2022) to
consider atmospheric and seasonal effects, that is, to infer it from the instrumental data col-
lected nowadays.? For the determination of threshold values E we can turn to the reference
literature of atmospheric science (Larsson et al. 1970).* The described procedure can be
repeated in all the cases in which we possess an estimate of the absorption coefficient o. If
instrumental readings, such as those obtained from the AERONET federation® (Giles et al.
2019) or from special data collection campaigns, are not available, it is possible to obtain a
rough estimate using the visibility radius during the day (see “Appendix 17).

To provide a practical example and reference values, we elaborate a table (Fig. 2) in
which, for a given MOR we compute the distance at which a 100 cd point source is just vis-
ible. As thresholds E, we employ the three different values corresponding, according to the
WMO (2021, 331), to Twilight, Full Moon, and Complete Darkness conditions. In this way,
we have reference values of the nighttime visibility range in three representative scenarios.
The left side, the y-axis, identifies a daytime visibility radius, thus a given combination of
it and condition it is possible to read the nighttime visibility radius on the intersection. Vis-
ibility of 5.39 nm (10 km) during the day, corresponds to 2.61 nm (4.84 km) at twilight,
3.99 nm (7.39 km) with the full moon, and 5.9 nm (10.93 km) in complete darkness for a
light source of 100 cd. It follows that the lower the ambient illumination is, the higher the
visibility of a given light source is.

2 In Allard’s equation E=1Ix-2e-ox, E is the illuminance of a point light source and is expressed in terms
of the intensity I of the light from the point source, the observer-object distance x and the extinction coef-
ficient ¢. This relation is obtained under the hypothesis that the threshold of vision for the point source we
are considering is nothing more than a special case of the threshold of brightness contrast. We stress that
Allard’s equation cannot be solved for the visibility radius x in closed form, but a numerical method must
be employed to obtain its value to the desired accuracy.

3 This is a reasonable procedure since the climatic variation in the last 6000 years does not differ drastically
from the time of the measurements (Pryor 1995; Murray 1987; McGrail 2001, 89; Morton 2001; Finné
etal. 2011).

4 Studies of this type have been also conducted in the aeronautical setting to determine optimal flight con-
ditions.

> The AERONET (AErosol RObotic NETwork) program is a federation of ground-based remote sensing
aerosol networks established by NASA and PHOTONS (PHOtométrie pour le Traitement Opérationnel de
Normalisation Satellitaire; Univ. of Lille 1, CNES, and CNRS-INSU) and by several networks (RIMA, Aer-
oSpan, AEROCAN, NEON, and CARSNET) and collaborators from national agencies, institutes, universi-
ties, individual scientists, and partners.
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Fig.2 Relation between the Meteorological Optical Range and the distance at which a 100 cd point source
is just visible for three values of threshold (Twilight, Full Moon, and Complete darkness conditions). The
values (in metres) are obtained by solving the Allard equation for x with an assumed value of the extinction
coefficient o derived from the MOR as in “Appendix 1”

Having considered how far a standard light could be seen under different nighttime con-
ditions, we now turn our attention to the problem of evaluating the visibility of the coast
under the full moon and in complete darkness. Thus, from this evaluation we have omitted
the twilight case since technically this is defined as the time interval when the geometric
centre of the sun is at most 12° below the horizon (Bowditch 2002, 227); indeed, being
some sunlight still available during the twilight, sailors were generally able to identify the
coastline and be guided by its natural and artificial landmarks independently of the Moon’s
conditions.

From Theoretical Computation to Measurable Outcomes

The application of the Allard’s equation made for obtaining Fig. 2 shows how, during the
night, visibility experiences a severe reduction, decreasing even under optimal visibility
conditions. The mathematical model we are applying therefore gives us an estimate of
the reduction in visibility between night and day at 1.4% (Fig. 3). To provide a practical
example, if—during the day—the crew of a ship was potentially able to catch sight of the
shoreline from a distance of 21.12 nm (39.12 km), to maintain the same visual contact
during the night it was necessary to sail at a maximum distance of 0.29 nm (0.55 km) from
the coast; thus, 1.4% = % X 100. However, it is fundamental to keep in mind that this

example has been calculated considering the minimum extinction coefficient (0.0001), so it
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Fig.3 The figure reports three curves relating the extinction coefficient & (m™") and the visibility radius
(km) under daytime and nighttime regimes. For the daytime regime the Koschmeider model has been used
as described in Mauro and Durastante (2022). For the nighttime we employ the threshold values for full
moon, and complete darkness conditions (WMO 2021). The values of light intensity assumed are 0.01 cd
and 3 cd respectively

refers to a sail under the best possible atmospheric conditions; if the evaluation is repeated
using larger extinction coefficients, the result will therefore be an even smaller radius of
visibility (see Fig. 3, in which these cases are reported) (El-Fandy 1952; Dayan and Levy
2005; Mauro and Durastante 2022). Before proceeding with further considerations, it is
essential to remember that such results are based on a computation carried out with fixed,
standard values; in this sense—although they are highly reliable and easily replicable—
they might not be exactly in line with the outcome of future, possible experimental sail-
ings, as only the latter could enrich these computations both with the nuances given by
human factors and by the instrumental readings of the extinction coefficient (for an exam-
ple of an experimental archaeological project evaluating visibility in the hinterland, see
Campayo et al. 2015).

Be that as it may, when using the measurable outcome obtained through the theoretical
computation, we can state that, in order to maintain the coast visible at night, the ship had
to sail at less than 0.29 nm (0.55 km) from the coast. Such a proximity certainly offered
some beneficial aspects (i.e. it allowed the crew to find shelter or to disembark relatively
rapidly when weather conditions started to exacerbate); however, at the same time, it could
have resulted in being extremely hazardous, as the topography of some coasts actually
tended to intensify the dangers caused by adverse weather conditions (Rougé 1981, 18-20;
Taylor 1956, 30-32; on the pros and cons of coastal navigation, see also Synes. Ep. 4).
In any case, maritime spaces located at less than 0.29 nm (0.55 km) from the shore are
also places where breaking waves, which only occur in relatively shallow waters, are more
likely to impact the ship’s hull. Furthermore, if the ship accidentally happened to enter the
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area of foam, it also risked being brought ashore fiercely and against the crew’s will (Ap.
Rhod. Argon. 2.245-350; Morton 2001, 145-150).

Nocturnal coastal sailing was, therefore, possible, but the option to maintain the shore-
line within one’s radius of visibility could have come at a considerable cost for the crew
(i.e. increasing dangers). Even so, despite the above mentioned risks, sometimes the choice
of keeping closer to the coastline at night was made at any rate. Amongst others, Thucy-
dides relates that the Peloponnesian fleet, after setting sail from the Arginousai (islands off
the Dikili Peninsula, Turkey) ‘when the night was still deep’ ({11 moAATig vOKTOG), reached
Sigeion (Kumkale, Turkey) on the evening of the same day (Thuc. 8.101). The navigation
was safely conducted, but—as underlined by the same text—the fleet had to ‘hug the coast’
(mapémieov) of the Thracian Chersonesos (Thuc. 8.102).

A key issue in carrying out the nocturnal coastal navigation, while minimizing the risk,
was to also maintain a certain level of control, such as having familiarity with that par-
ticular stretch of the shoreline. This is what seems to suggest the comparison between the
above mentioned episode referring to the Peloponnesian fleet and the disastrous outcome
of the coastal navigation conducted by the Persian fleet in 492 BC, when they tried to pass
Mount Athos without maintaining a considerable distance from it (Hdt. 6.44; this coastal
route failed, despite having been conducted during the day).

Whether, in general, sailing at night was made quite difficult for the low conditions of
visibility, there was still one situation that allowed for a satisfactory level of luminosity, i.e.
sailing under the full moon (Taylor 1956, 9; McGrail 2001, 100). With an emitted bright-
ness equal to 0.3 1x (Kyba et al. 2017), a full moon could act as a suitable source of light.
When sailing under the full moon, the normal, daylight radius of visibility is reduced to
8.4% (cf. with the 1.4% reduction of visibility normally found in complete darkness condi-
tions). This means that in the case described above, with daytime visibility computed as
21.12 nm (39.12 km) and complete darkness visibility as 0.29 nm (0.55 km), the radius of
visibility under the full moon could be increased up to 1.77 nm (3.29 km). However, it is
equally necessary to stress that, bearing in mind the schedule of the moonrise and of the
moonset, the temporal window capable of providing an acceptable radius of visibility when
sailing under the full moon was reachable uniquely during certain hours of the night. The
timing depends on the stage of the Moon cycle; in its first half it rises before sunset and
peaks before midnight while the second part of the night has no moonlight and we are in
the opposite situation during the second part of the cycle (see Smielak 2023). During the
rest of the time, the level of nocturnal visibility returns to the values determined for the
complete darkness setting.

Discussion

From the above-depicted situation, it can be understood that the decision to sail at night
had significant repercussions so the crew of the ship had to seriously consider whether or
not to continue their path or interrupt their journey while waiting for the sun to rise again
(in that case spending the night in the harbour or anchored at sea). If the crew decided to
prolong their path during the night, they had to take into account the severe reduction of
visibility and decide how to act in order to overcome, or at least reduce, the effect of such
a difficulty. Clearly, such a decision depended on several factors, such as the aim of that
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journey, the typology of the ship employed, its seaworthiness, the experience of the crew
and their familiarity with that particular maritime area.
Fundamentally, they had two viable options:

1. One was going out to sea and avoiding the numerous dangers of coastal navigation,
rendered even more difficult to spot by the low level of visibility.

2. The other was to get nearer to the coast to maintain the shore within the nocturnal radius
of visibility.

In the past decades, both qualitative (Murray 1993; McGrail 2001; Morton 2001;
Arnaud 2022a) and quantitative (Whitewright 2011; Alberti 2018; Safadi and Sturt 2019;
Gal et al. 2023) studies have already acknowledged the existence of both these sailing
options under normal, daylight conditions. As a consequence, they elaborated different
navigational models that can be applied to understanding the status of maritime connec-
tions during Antiquity in different areas of the Mediterranean Sea (Safadi and Sturt 2019;
Trapero Fernandez and Aragén 2022; Gal et al. 2023). Therefore, the possibility that these
two sailing options, continuing out to sea or moving closer to the coast, could also be con-
ducted at night when visibility was lower, does not significantly alter the perspective that
such models show as to the limitations of navigational models due to the fragmentary and
material nature of the data, the functioning and change of social processes over long times-
pans, and the unpredictability of the human factor (see Brughmans et al. 2016; Arnaud
2020a). On the contrary, such considerations enrich these models with another dimension,
in the sense that they open up the possibility that some of those routes could also be trav-
elled at night.

In the next subsections, we are going to discuss in more detail how each one of these
two sailing possibilities could have been conducted at night when, as noted above, the
radius of visibility could not have exceeded 0.29 nm (0.55 km).

Going Out to Sea

If deciding to go out to sea (or to maintain the open-sea route), the crew would have
almost completely lost the possibility of resorting to artificial and natural landmarks, so
they necessarily had to find alternative sources of orientations, such as astronomical and
meteorological references (Farr 2006). When the sky at night was clear and the amount of
moonlight reduced, the direction of the ship could be determined thanks to the use of con-
stellations. Winds could also be used for orienteering purposes (for orientation according
to the winds, see Taylor 1956, 14-20; Arnaud 2020a, 61-70; Mauro 2022b, 8-13). This
is confirmed, amongst others, by Strabo, who, in a passage of the Geography (16.23-24),
states that the Phoenicians stood out for their studies in astronomy due to their familiarity
with the stars that they acquired during their nocturnal sailings (Medas 2022, 103-106).
Once the direction of North was established, it would have been possible for the crew to
divide the horizon into sectors and estimate approximate changes in latitude (Agouridis
1997, 17). The use of stars in nocturnal seafaring can be inferred by the numerous refer-
ences to celestial navigation found in Homer (Od. 5.270-281 and 14.301-302).° The main

® With celestial navigation we refer here to the possibility of maintaining or choosing an approximate direc-
tion by means of the position of the stars. For ‘celestial navigation’ we do not mean, therefore, ‘astronomi-
cal navigation’, that is the possibility to determine exactly the ship’s position at sea by uniquely employing
the astronomical references (Medas 2004, 155).
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constellations employed to establish the position of North were the two Bears, the Ursa
Minor and the Ursa Major (Taylor 1956, 9; Medas 2004, 165). According to the surviving
sources, the use of the one or the other varied according to two different nautical traditions:
while the Greeks tended to employ the Ursa Major for orienteering purposes, the Phoeni-
cians preferentially made use of the Ursa Minor (Manil. 1.294-302; Sil. Ital. 3.665). At the
Mediterranean latitudes, both the Ursa Major and the Ursa Minor are circumpolar, since
they never set below the horizon, so they were two valuable references (from this situation
it derives the famous literary image according to which the Bears ‘....have no part in the
baths of Ocean...’, Hom. Od. 5.275); however, choosing one or another presented a series
of advantages and disadvantages. The Ursa Major, preferred by the Greek tradition, was
certainly easier to locate with its brightness. In particular, the brightest star of the Ursa
Major is Epsilon Ursae Majoris with an apparent magnitude of 1.76™;’ nonetheless, it was
some distance from the Celestial Pole, so it was actually not as valuable an indicator of a
northerly direction (Morton 2001, 216). On the other hand, the Ursa Minor—mostly used
by the Phoenician seafarers—was more difficult to identify but it provided a more accurate
reference, since it stands (and stood) nearer to the Pole Star (Medas 2004, 166). Kochab
(Beta Ursae Minoris, with an apparent magnitude of 2.08™; compared with the apparent
magnitude of 1.76™ of Epsilon Ursae Majoris), another member of this constellation, was
situated, in Homer’s days, only 8° from the North Pole, so following it would have allowed
a ship to maintain a continuous direction (Taylor 1956, 12; McGrail 1996).

Beyond the evidence provided by written sources, the use of stars to direct the sea
routes can also be gleaned from the depictions found on pottery. Since the Geomet-
ric period, ships are frequently portrayed on pottery (Kirk 1949), with such representa-
tions being sometimes accompanied by stars (Figs. 4, 5 and 6) (see also Morrison and
Williams 1968: Geom. 8.3 and Geom. 26). Even if it could be claimed that stars were
included as mere decorative elements, it is equally possible that their presence could
have also been related to the fundamental role that they played in nocturnal seafaring
(Mauro 2022b). The knowledge of the stars finds further support in a representation
discovered in the late twentieth century at Pithekoussai (Ischia, Naples, Italy) and dated
to the eighth century BC. On the inner side of the fragment, originally pertaining to a
krater, a graffito depicts some stars joined together as if in a constellation. One of these
stars is accompanied by the letter p in the Chalcidian alphabet (Coldstream and Huxley
1996; Monti 1998-1999), likely standing for Bodtes, one of the brightest constellations
in the night sky (Fig. 7). The constellation of Bootes (whose brightest star is Arcturus,
with an apparent magnitude of —0.04™) is also mentioned by a famous Homeric passage
(0d. 5.269-278), when Calypso is explaining to Odysseus the route to follow for reach-
ing the island of the Pheacians and she suggests to the helmsman to keep Bodotes on the
left (Taylor 1956, 40).

Moving Closer to the Coast

The second option for a ship that had to sail during the night was to keep the coast
within the visible radius even in complete darkness. As it has been previously under-
lined (see the section titled ‘From theoretical computation to measurable outcomes’),
sailing near the coast exposes a ship to multiple dangers, as this is precisely where the

7 We recall that the magnitude scale is reverse logarithmic, i.e. the brighter an object is, the lower its mag-
nitude number; therefore, the stars with faintest magnitude that are visible under optimal condition have an
apparent magnitude that is below 8™ (Curtis 1903).
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Fig.4 Fragments of a Geometric krater attributed to the Dipylon Master and dated to the third quarter of
the eighth century BC (750-725 BC). Some stars are depicted above the bow of the ship. Louvre Museum,
inv. no. A 528 =s 519. Photo (C) RMN-Grand Palais (musée du Louvre)/Stéphane Maréchalle

Fig.5 Ship depicted on a Geometric krater attributed to the Dipylon Master (ca. 750 BC). The sky is deco-
rated with stars, birds and double axes. Louvre Museum, inv. no. A 517=S 568. Photo (C) RMN-Grand
Palais (musée du Louvre)/Hervé Lewandowski

majority of hazards—rocks, shoals, reefs, seaweeds and mud—are usually found. Com-
monly, the task of spotting visible landmarks and detecting possible dangers on the ves-
sel’s path was entrusted to the lookout (mp@pd&tng), who was normally stationed on a
raised platform on the bow of the ship or, less frequently, on a sort of crow’s nest (Cas-
son 1971, 301; Beresford 2012, 184; Mauro 2022a, 19). However, at night, with the
severe reduction of visibility noted above, the role of the lookout was hardly reliable, as
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Fig.6 Reproduction of

two scenes from the so-called
Aristonothos’ krater, second half
of the seventh century BC. In the
background of the naval battle,
some stars could be noticed. Wal-
ters (1905), plate XVI

they might have noticed the presence of coastal hazards when it was already too late to
avoid them. Said differently, if coastal navigation was already difficult, it could become
even more challenging in the presence of poor visibility conditions (i.e. nocturnal vis-
ibility). The precariousness of coastal navigation, in fact, rises in an inversely propor-
tional fashion when compared to the level of visibility; the worse the visibility is, the
higher the possibility for a ship to strand, run afoul of rocks and shoals, or even to col-
lide with other vessels (Taylor 1956, 4; Beresford 2012, 204).

Given the huge risk that it implied, nocturnal sailing along the coast was usually and,
whenever possible, avoided at night and ships were rather heaved to or waited for the
dawn. However, in some cases, the crew of a ship may have been desperate to move in
that direction (Bar-Yosef Mayer et al. 2015, 15) and could have decided to sail overnight
despite the danger. As a matter of fact, whereas the interruption of the sea-journey was
possible for big and medium-sized vessels sailing for commercial reasons, the situa-
tion could have been different in warlike contexts or for those vessels operating under
economic or social pressures (Bar-Yosef Mayer et al. 2015, 12). The passage by Thucy-
dides mentioned above (8.101-102), for instance, illustrates that a fleet could have been

Fig.7 a Fragment of the krater with the incision representing the constellation of Bootes; b Reconstruction
of the krater (Mauro 2022b, Fig. 5)
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forced to continue its journey overnight and that, in some cases, the option of moving
closer to the coast could have been adopted and preferred to the open-sea route.

In case the crew decided (or had) to continue the journey, a set of tools could have been
employed to reduce dangers derived from the decrease of visibility at night. First, it was
necessary to sharpen the senses: strange as it may sound, it is fairly known that a sailor’s
marine sense involves not only their sight, but also hearing, smell, and the observation of
the way in which the water breaks around the hull of the ship (Rainbird 2007, 47). Con-
sidered altogether, these signals could provide precious information, helping the sailors to
approximately infer the position of their ship in relation to the coast or to potential hazards,
even if the radius of visibility was dramatically low. Unfortunately, since no actual ancient
pilot book survived (Janni 2002, 410; Medas 2004, 14), it is difficult to establish with a
certain level of precision what exactly this ‘marine sense’ could have consisted of. How-
ever, ethnographic comparisons and ancient literature could be used to gain an overall idea
of how the sea was lived and experienced (Ingold 2000, 230 and 241-242, and 2010). Eth-
nographic comparisons, for instance, successfully demonstrate that any experienced sailor
can feel the wind or the waves, or be guided by smells. As for ancient literature testimo-
nies, traces of this ‘marine sense’ can be gleaned from the Homeric corpus, in which there
are frequent references to sailors hearing and feeling the wind or the waves crashing on the
shore or into cliffs (ZI. 2.394-397, 4.421-426, 15.619-620; Od. 5.401-403). Another sig-
nificant passage came from the Acts of the Apostles (1.27): albeit falling outside the period
under examination (first century AD), this source could be used to show the profound rela-
tionship of the sailors with their maritime environment. Within the same passage, during
nocturnal navigation, the crew somehow ‘felt’ (bmevéovv) that the ship was approaching
the land and this sensation encouraged them to use the sounding lead.

The second strategy could also be inferred from the passage just mentioned. To confirm
what was suggested by their marine sense (or simply to gather information on the seafloor),
the crew could resort to the use of the sounding lead. Documented in the Mediterranean
area since the 3rd millennium BC (McGrail 1991; Agouridis 1997, 15), the sounding lead
and its use are carefully described by Herodotus (2.5.2). In case of poor visibility, this tool
was particularly valuable, for it provided a means by which the depth of water and the
nature of the seafloor could be tested. By analysing the material dredged up from the sea-
floor, sailors may, in fact, find their way across the sea, avoiding shoals or rocky patches
(Morton 2001, 207).

Finally, another possibility for the crew to relatively improve their radius of visibility
and facilitate the manoeuvres of the ship was to ignite artificial lights on the ship. The use
of oil lamps, torches, or other devices on ancient ships is poorly known, as the evidence is
scattered (Beltrame 2002, 97-99; Arnaud 2020b). In the tragedy called Rhesus and tenta-
tively attributed to Euripides, Hector refers to torches (using the word mopdg) lit onboard
to find the path of the ship across the sea (Rh. 95-96). Could such torches really contribute
to enhancing the nighttime visibility or is this image just a literary product? If we want to
keep evaluating the effect of luminous sources on nighttime visibility, we can understand a
bit more in detail what the use of torches could practically entail. We can model a torch as
a point source of light kept at 4 m on the ship’s deck (Zamora Merchan 2012) and a quan-
tity of light emitted in between 100 and 200 lumens. Applying these values, the expected
improvement of visibility when using a torch in complete darkness would be around 10 m
(Fig. 8); this means that, as described in the tragedy, the employment of torches could actu-
ally increase visibility. However, this improvement had only a short-range effect, so torches
could be ignited just to ease nautical manoeuvres in dangerous areas or to avoid close haz-
ards; their usage did not serve, in other words, for a direct illumination of the coastline.
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Fig.8 Graphic showing the luminous flux per unit area emitted by an average torch and a pierced amphora
with a fire lit inside. The grey area represents the average luminous flux of a full moon
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Fig.9 a Reproduction from the New Kingdom Egypt depicting the two amphoras fastened to the bows of
the Canaanite ships; b Reconstruction of the proposal advanced by Fonquerle (after Gasull 1986, Figs. 2
and 3)

To this observation, we should also add that, for the member of the crew who handled the
torch, as for anyone who happened to be within its cone of light, the illumination emitted
would have decreased the threshold of discernibility for scotopic vision, thus requiring a
new period of adaptation to the darkness. According to Reeves (2009), the waiting time
for someone to completely recover a normal scotopic vision after having been within the
cone of light of a torch would be up to 25 min, however, the first improvements could be
noticed 10 min after the moment in which the eyes were hit by the cone of light. (Reeves
2009, Fig. 1). In other words, while the use of torches could actually improve the short-
range vision of the crew, it debilitates their medium-range perception, thus making it more
difficult to catch sight of the shoreline or of any other elements that stood at a distance of
more than 10 m.

Torches were not the only devices used to rapidly improve nighttime vision. Much ear-
lier (fourteenth century BC), but equally relevant to the present discussion, are the ampho-
ras depicted on a fresco found on Kenamon’s tomb (Theban Tomb 162, Luxor, Egypt)
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(Fig. 9a). Firmly fastened to the bow of two Canaanite ships, these vessels have been tra-
ditionally interpreted as lights used in nocturnal navigation (Gasull 1986, 195). A similar
system has been hypothesised for an amphora associated with a second century BC ship-
wreck found in the river Hérault (Languedoc, France) (Fig. 9b) (contra Basch 1974). The
amphora, a Dressell A cut at the body-level, presented, as noticed by Fonquerle (1973,
67-68), a series of holes and traces of ropes (probably to fasten to the ship) and combus-
tion: Fonquerle, thus, supposed that the bigger hole, circular in shape, would have served
for lighting up the deck of the ship; whilst the five small triangular holes would have acted
as position lights (meant to give information on the ship’s position, heading or status).®
While the interpretation of the small holes could be sustained (the small holes, being
located on the upper side of the amphora (see Fig. 9b), could also have doubled as a way
of removing the smoke produced by combustion), it seems more reasonable to claim that
the larger hole was meant to illuminate the water around the bow. If it was directed towards
the ship, as Fonquerle proposed, the light would have had, in fact, only a negative effect
on the crew’s vision since it would have worsened their short and medium range vision
capability. On the other hand, if it was meant to illuminate the water ahead of the bow, this
cone of light could have enhanced the vision in the following terms: more intense than the
undirected light produced from a torch, the light beam emitted from a pierced amphora
would have been more focused and it could have reached an intensity of between 150 and
250 lumens, thus offering around 50 m of illumination (see Fig. 9b). Furthermore, the use
of amphoras as lighting devices offered two other advantages. First, they partially shield
the users’ eyes, since the body of the vessel impedes the cone of light on the crew’s vision;
this would have reduced the loss of sensitivity that we noticed with regards to the use of
torches. Second, the light emitted was more focused and it generally lasted longer. It must
be taken into consideration that changes in the quality and intensity of the light produced
are also given by the type of burnt substance. In a study published 20 years ago, Rous-
sos and Chalmers (2003) examined the spectral data of various fuels of historical inter-
est (including beeswax, olive oil, sesame oil and animal fat) using a spectroradiometer to
determine the main extant differences; such results can be useful for determining the wave-
lengths of the emitted light and thus selecting the appropriate extinction coefficients for the
evaluation of the illuminated area.

Conclusions

Within this contribution, we sought to untangle the problems connected with nocturnal
seafaring in the Mediterranean Sea during the period between the eighth and the fourth
centuries BC. By using the value of the threshold that identified the best possible atmos-
pheric conditions, we computed that the nocturnal radius of visibility barely corresponds to
the 1.4% of what can be seen under the same atmospheric conditions with daylight. Sailing
under the full moon could guarantee better conditions of visibility (8.4% of what can be
observed during the day): however, since this condition is not frequent and since the moon
illuminates the sky just for a brief part of the night, the organisation and planning of a noc-
turnal route cannot strictly depend on it.

8 A literary testimony about the use of amphoras hung to the bow proceed from fifth century AD author
Procopius (Vand. 1.13.3).
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Within this contribution we suggested that, in front of the severe reduction of vis-
ibility experienced at night, the crew of a ship could either decide to go out to sea and
rely completely on astronomical and meteorological signs, or they could sail along the
coast and proceed with their journey. The latter choice could result in being particu-
larly dangerous; however, as the reading of ancient literary sources has revealed, noc-
turnal coastal navigation was still sometimes performed. In those cases, the crew had to
count on a set of tools, such as marine sense, nautical instruments, and onboard light-
ing devices. The last, which can be fixed or portable, while enhancing the short-range
vision, had to be used with caution, as they can negatively affect the photo sensibility of
those who fell within their cone of lights, and could have made it more difficult to catch
sight of elements situated at more than 50 m (i.e. the shoreline and its silhouette), and
identify stars of small apparent magnitude.

Appendix 1

Let us call P the Meteorological Optical Range (MOR), i.e. ‘the length of path in the
atmosphere required to reduce the luminous flux in a collimated beam from an incan-
descent lamp, at a colour temperature of 2700 K, to 5% of its original value’ (WMO
2021: 330). This permits to use the Bouguer—Lambert law to uncover the relationship
between the transmission factor and the MOR, thus letting us compute ¢ in terms of P
as

1 3
= —=In(1/0.05) ~ =
o = $In(1/005) ~ 3

And then use it solving for x in Allard’s equation. We stress that the Bouguer—Lambert
law and hence the previous relation is the model used by several types of transmissometer
to measure the extinction coefficient ¢. Transmissometers are usually made by an emitter
and receiver. They measure the transmissivity of a beam of direct light between the emit-
ter and the receiver to calculate visibility range by estimating the extinction coefficient c.
Indeed, the roughness of the approximation we are suggesting here is produced entirely by
the poor precision of an ocular estimate of the range of visibility.
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