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The transport of water from street fountains into living spaces was tedious but essential
labor that impacted the health and social integration of subelite populations, yet it re-
mains understudied in work on Pompeii’s public water system. This article uses spatial
network analysis to demographically model public fountain use at a unit-level scale. Dy-
namic neighborhoods are identified using least-cost routes between every external door
and fountain in the city. Maximum and minimum ranges of labor and water accessibility
are quantified by total daily time and energy fetching water per household, aggregate
pedestrian traffic to fountains, and fountain crowding or underuse. Data are contextual-
ized within disruptions to the water system from seismic events in the city’s final decades,
the contributions of cistern and private water lines to daily needs, and comparative and
primary textual evidence for the socioeconomic status and well-being of water fetchers.
The results expose disproportionate inequality at the system’s peripheries, although most
residents enjoyed good water access. Moreover, they reconstruct the scale of labor of mar-
ginalized sectors of Roman society that is underrepresented in textual and artistic sources,
offering quantifiable comparanda for further studies on water accessibility in antiquity.'

INTRODUCTION

Public water sources were critical pieces of infrastructure in the premodern
city. Wells, fountains, cisterns, and springs were central to the maintenance of
public health and well-being. Great care and expense were invested in their
construction, distribution, and upkeep. In many respects, publicly accessible
water features also shaped the spaces and cadence of daily life, channeling
movement through streets and cultivating social interactions. Given the
difficulty of hauling water long distances, and barring complicating factors
such as uneven quality, inadequate supply, or overuse and crowding, city
dwellers frequented the closest sources, creating de facto urban districts or
neighborhoods.” Spatial distribution of water sources also strongly impacted
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water accessibility across urban landscapes, construct-
ing a hierarchy of privilege with respect to this vital
public resource. In short, water sources demarcated
the boundaries and patterns of an important, but by
no means sole, social geography of the city, with sig-
nificant ramifications for everyday lived experiences.
The labor of water carriage, however, was distributed
unevenly across space and social class. Its weight fell
heaviest at the margins of Roman society, on those
who relied on or were tasked with manual daily trans-
port of water from public sources into homes and
businesses. Recovering and reconstructing the net-
work’s structure sheds light on the lives and labor of
the classes most underrepresented in the material and
textual record.

The excellent preservation of Pompeii’s road net-
work, housing core, and hydraulic infrastructure
presents a rare opportunity to heuristically model
water fetching in street-by-street, unit-level detail. In
recent decades, innovative analyses have pushed the
boundaries of Pompeian studies into stimulating new
territory. Movement and mobility, the circulation of
wheeled and pedestrian traffic, and the social context
of Pompeii’s streets have been investigated from a va-
riety of perspectives, ranging from space syntax analy-
sis to holistic reconstructions of its experiential and
sensory dimensions.’ Concurrently, deep readings of
both material and textual sources, especially graftiti,
focused on elucidating the lives of the most marginal-
ized and invisible communities, such as the enslaved
and prostitutes, have challenged us to reexamine fa-
miliar evidence with an eye toward uncovering these
hidden agents.*

This article seeks to situate Pompeii’s public foun-
tain network within this context. Foundational stud-
ies by Eschebach and Laurence on its infrastructure,
spatial distribution, and social function are now joined
by a flourishing interest in Roman water studies that
place Pompeii in a much broader framework.* Others
explored the fountains’ economic impact and inter-

3 Laurence 2007; Kaiser 2011; Laurence and Newsome
2011; van Nes 2014; Hartnett 2017; Poehler 2017b.

*Joshel and Petersen 201S; Benefiel 2016; Keegan 2016;
Levin-Richardson 2019; Ancient Graffiti Project (http://anci
entgraffiti.org).

SEschebach 1979; 1982; Eschebach and Schifer 1983; Lau-
rence 2007, 38-44. For water studies, see Rogers 2018. See also
infran.9.

ruption of private and public spaces.® Yet Laurence’s
hypothesis that fountains delineated the confines
of identifiable neighborhoods remains an intrigu-
ing, if not fully explored, thesis. New methodologies
born out of the spatial turn in Roman studies and
the growth of GIS and network analysis in archaeol-
ogy afford new prospects to revisit and refine inter-
pretations of fountain activity and its varied effects.
Least-cost analysis is commonly used to model move-
ment and identify routes across archaeological land-
scapes, yet it has only rarely been applied at the scale of
urban street networks.” Nonetheless, groundbreaking
spatial network analyses—those that embed topology
in physical space—have demonstrated that computa-
tional network methodologies hold great potential to
quantitatively analyze intrasettlement movement. Yet
by focusing solely on global (the so-called “from every-
where to everywhere” approach) or single-destination
analyses, they understate these applications’ capacity
to clarify concurrent travel between multiple dispersed
locations and to therefore model historically identifi-
able spatial activity.

Daily water collection from public fountains in Pom-
peii is evident from use-wear on extant basins, written
sources, and the network’s careful distribution. Unlike
earlier studies that approached the activity through
abstractions such as 50 m radius circles or Thiessen
polygons, this analysis calculates fountain usage within
a network of doors and fountains linked by streets—
the very routes traversed by water fetchers in antiq-
uity.® This method not only calculates more accurate
distances from buildings to fountains than straight-
line measurements, it quantifies movement in units
of time and energy, which are arguably closer to how
an ancient inhabitant perceived and chose intraurban
routes. Significantly, this model demonstrates that ear-
lier visions of self-contained neighborhoods centered
on a single fountain were too simplistic. Rather, com-
munities of fountain users resided in more nuanced
and dynamic overlapping districts determined by indi-
vidual agents’ choices. Furthermore, at its household-
level scale, these neighborhoods are here quantified by
unit count, size, function, time, energy, and minimum
and maximum population estimates. Street activity is

Ling 2005; Poehler 2017b, 174-79.

"Wernke 2012; Poehler 2017a; Wernke et al. 2017. On least-
cost analysis in archaeology, see Siefried and Gardner 2019;
Herzog 2020.

*Eschebach 1979, fig. 11; Laurence 2007, map 3.4.
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similarly measured through aggregate pedestrian traffic
along routes. Overall, the results reconstruct the scale
oflabor of marginalized sectors of Roman society and
offer quantifiable points of comparison to contempo-
rary worldwide water provision.

THE PUBLIC WATER SYSTEM AT POMPEII:
CONTEXT AND COMPLICATIONS

Thanks to the unique scope of its preservation,
Pompeii’s public water infrastructure has been studied
intensively, particularly in the last couple of decades.’
The situation is far from ideal, however, and is compli-
cated by several factors, including service disruptions
in the city’s final decades stemming from one or more
earthquakes, bradyseism, possible pipe salvaging after
the Vesuvian eruption, and a long excavation history
often lacking adequate record keeping, systematic
methodologies, or well-documented conservation."
As a result, several key facts remain unresolved, such
as the source and route of the aqueduct supplying the
city, the date of its first introduction, the main pipe
network’s urban path, the volume of water delivered,
and the exact numbers of private houses and commer-
cial properties with connections to the piped network,
especially in Pompeii’s final years. The aqueduct’s use
must also be analyzed in the context of an earlier sys-
tem of public and private wells and cisterns that was
certainly transformed by its introduction but by no
means completely abandoned.!' While several public
and private wells were filled after the Augustan pe-
riod, others were covered and preserved for potential
future use, and formerly public ones were privatized."
Most private cisterns continued to collect rainwater,
and many also captured runoff from private piped
connections."

Pompeii was provided with piped water from the
Augustan period, at the latest, most likely via the Aqua
Augusta (Serino) aqueduct, entering from the castel-

°E.g., Eschebach 1979; Ohlig2001; Jansen 2002; Schmélder-
Veit 2009; de Haan 2010; Dessales 2013; Olsson 2015.

'“Nappo 2002; Bruun 2012, 146-47; Dessales 2013, 250—
74; Keenan-Jones 2015.

"E.g., the forum cistern was converted to a sewer in the Early
Imperial period; Schmolder-Veit 2009, 119.

12 Maiuri 1931; Richardson 1988, 51-53; Schmolder-Veit
2009, 132; Ellis et al. 2011, 5-6; Keenan-Jones 2015, 196. One
was reused as a cistern in 79 CE; see Descoeudres and Sear
1987,28.

13 Dessales 2013, 219-21, 291-316. Some were filled con-
currently with the aqueduct (e.g., Ellis and Devore 2010, 7-8).

lum aquae near Porta del Vesuvio and distributed to a
network of public fountains, baths, private homes, and
businesses (the last two collectively referred to here as
units), through a series of strategically located water
towers. Recent studies identified up to 113 units that
had, at one point in time, a private water connection
to the aqueduct system.'* This number was probably
higher, though, as suggested by the number of pipe
impressions in calcium carbonate (sinter) on water
towers and additional homes with fountains but no
extant evidence of external pipes.'® It is also certain
an undefined number of houses were no longer con-
nected to the piped-water network at the time of the
eruption, most likely due to seismic events, either the
earthquake testified by literary evidence in 62/63
CE or an undocumented more recent event prior to
79 CE.'S The disruption’s extent and status have also
been an ongoing source of scholarly contention.'” Re-
cent syntheses suggest a temporary pipe network had
been installed immediately before the 79 CE erup-
tion that prioritized supply to public fountains, but an
undetermined number of homes maintained private
waterlines, possibly due to fortuitous location in the
larger water system.'®

THE PUBLIC FOUNTAIN NETWORK AT POMPEII

The public fountain system at Pompeii was exten-
sive, but uniform neither in type nor distribution, de-
spite this characterization (fig. 1)." Up to 46 public
fountains are identified in the city’s excavated regions,

“Jansen (2002, 48) identified 90 intramural units with def-
inite connections to the public water system. Dessales (2013,
397-494) catalogued 92 units, many of which were inferred but
not confirmed. Since Dessales did not consult Jansen 2002, only
69 units were common to both, a total of 113.

Jansen (2002, 48) counted 107 pipe impressions, but three
towers (nos. 10, 12, 13) had no extant sinter buildup. Ander-
sson (1994) counted 160 units with fountains, but this is cer-
tainly too many as it double counts some houses with multiple
fountain groups and probably includes fountains fed by raised
rainwater tanks (see Jansen 2002, 48 n. 204). Dessales (2013,
397-494) catalogued 117 houses with fountains, 92 of which
connected to the aqueduct.

'°E.g., House of the Vestals (VI.1.7). See Jones and Robin-
son 2008S.

"Dessales 2013,250-51; Keenan-Jones 2015, 191-200.

¥Leander Touati 2010, 120-26; Keenan-Jones 2015, 199.

' Eschebach 1979, 11: “fast regelmifligen Abstinden tiber
das gesamte Stadtgebiet verteilt” (with SO m catchment ar-
eas); Hodge 2002, 305: “fairly evenly spaced intervals of about
100 m”
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FIG. 1. Public fountain network in Pompeii by type and size; small basin = 300-700 liters, medium basin = 701-1000 liters, large
basin = 1001-1400 liters (numbering follows Eschebach and Schifer 1983 except for no. 43).

consisting of varied types, materials, and, likely, func-
tion and chronology.* The most common and iconic
variety are the 36 fountains with basins composed
of large rectangular stone blocks joined with bronze
or iron clamps and paved with opus signinum or mor-
tared tiles (fig. 2).2! Water flowed from a spout, often
decorated with a variety of reliefs, including heads of
deities and animals, or objects, mounted on an ad-
joining taller stone column that also supported lead

2 Eschebach 1979, 11-13; 1982; Eschebach and Schifer
1983; Richardson 1988, 57-60; Nappo 2002, 92-97. The
Grande Progetto Pompei uncovered the latest in 2018. A pos-
sible 47th example outside Porta Ercolano on the north side of
Via dei Sepolcri at 20A, between tabernae 20 and 21, consists
of only a basin in opus incertum, lacking the usual associated pi-
laster and spout; Emmerson 2020, 140; Zanella 2021. Esche-
bach 1982, 21-22, fig. 6; Eschebach and Schifer 1983 (cat. no.
43) catalogued another based on a now lost tuff fountainhead
with a male deity in relief discovered in 1757 (Fiorelli 1860~
64, 1:51) near Via dei Sepolcri. This study only considers intra-
mural fountains.

2'Eschebach and Schifer (1983) recorded 35. Their number-
ingis used here. However, the newest fountain in Regio V (inter-
section of Vicolo delle Nozze d’Argento and Vicolo dei Balconi)
is numbered 43 in place of the previously catalogued lost foun-
tain (see supran. 20).

pipes. Their iconography typically refers to water or
religion and does not seem to correspond with civic
or neighborhood identities, despite attempts to link
them.?” An overflow channel carved into the basin in-
dicates water sometimes flowed into the streets, while
a separate hole on the bottom, usually plugged, was
reserved for cleaning and maintenance.” It is prob-
able these types are those referred to as lacus in liter-
ary and epigraphic texts.** Similar public fountains are
known at other Roman cities in Italy and the western
provinces, but the series from Pompeii are the most
complete and well-preserved.”® Nonetheless, the
Pompeian basins do not form a homogeneous group

2 Eschebach and Schifer 1983; Schmolder-Veit 2009,
130-31.

2 According to Frontinus (Aq. 2.103-4), public fountains
in Rome were required by law to flow continuously day and
night. There is no evidence Pompeian public fountains could be
turned off; Monteleone et al. 2021.

*E.g., an inscribed monolithic fountain basin from Trebula
Balliensis (Campania; CIL 104561) commemorates the town’s
aqueduct and fountains (lacus) by quattuorviri quinquennales.
Lacus predominantly refers to public water basins rather than
private; see Dessales 2013, 54-S55.

5 Agusta-Boularot 2008.
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FIG. 2. Basin fountain no. 28 in Pompeii (R. Vennarucci; by
permission of the Ministry of Culture — Archaeological Park
of Pompeii).

despite their similarity. The majority are built in lava
stone, but three are travertine, two in tuff, and two iso-
lated examples are marble and concrete, respectively.
The size, shape, and arrangement of the rectangular
blocks also vary. Importantly, the basins differ in both
area and volume but seem to cluster around three or
four sizes (online appx. table 1).2 This variation sig-
nals they were not designed for an even distribution of
water; rather, differential consumption was expected.
Moreover, the volume of three basins (nos. 6, 24, 37)
was later reduced by raising their bases, possibly in re-
action to reduced flow.”” Functionally, the basins were
intended for more efficient water distribution. Rather
than filling vessels one at a time from the spigot, sev-
eral users could be accommodated at once by dipping
their containers into the pools, provided enough sur-
plus had collected.”®

These fountains were supplemented by a variety of
other similarly public facilities. Three fountains con-
sisted of only a stone pilaster and spout, lacking a basin
(fig. 3). Their function has been questioned, since two
of the three examples have large curbstones at their

2 Nappo (2002, 93-94) recognized five types based on
slab arrangements. Nishida (1991, 91-96) described eight
construction types and three size categories. Schmoélder-Veit
(2009, 128 n. 149) classified three types by volume, while Ols-
son (2015, 50, 102-3) defined four. The appendix is available
online at https: //doi.org/10.1086/722233.

*’Monteleone etal. 2021.

*TJansen (2002, 45-46) estimated six to eight people could
fit around the larger basins at once, although street traffic or the
lower street level might have restricted access to sidewalk sides
(hence only one or two people at a time). Wearis often clustered
on these sides; Monteleone et al. 2021, n. 7.

FIG. 3. Pilaster fountain no. 11 in Pompeii, with unobstructed
access (R. Vennarucci; by permission of the Ministry of Cul-
ture — Archaeological Park of Pompeii).

bases to protect them from carts.”® These stones would
have limited the size of any vessel placed underneath
to collect water or render it inconvenient, at least. As
aresult, many believe they were intended for drinking
only*® Others have interpreted their function in rela-
tion to nearby cult or industrial facilities and see them
possibly installed through private benefaction or other
legal means for using unused overflows (aqua caduca)
that were reserved for baths and fullers.’' Additional
fountain basins were incorporated into the so-called
Arch of Caligula’s southern piers on the Via di Mer-
curio and the so-called Arch of Nero’s northern piers
at the forum’s northeastern corner. The former were

¥ Fountains nos. 30 and 38; no. 11 is unobstructed.

% Eschebach and Schifer 1983, 31; Jansen 2002, 47; Staub
2013,23. Contra: Schmélder-Veit (2009, 129 n. 164), who con-
tends containers could be placed underneath.

3 Dessales 2011, 139-42; Staub 2013, 23. On aqua caduca,
see Frontin., Aq.2.94,110-11; CIL2 5439 =ILS 6087 (lex Urso-
nensis: 100); de Kleijn 2001,93-98.No. 11 was possibly provid-
ed for industrial use in a nearby dyer’s shop (officina infectoria)
that lacked piped water. No. 38, located in front of the so-called
Temple of Jupiter Meilichios/Aesculapius, might have been
provided for religious rites. See also infran. 42.
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removed in antiquity, however, probably after the
earthquake(s) of 62/63 CE.>* The latter retain some
marble revetment and fluted column bases (in the east-
ern basin) that once adorned them, but they may never
have been employed prior to the city’s destruction.*
Although marble would have presented a monumen-
talized appearance befitting the public nature of this
space, their orientation away from the forum toward
the Via degli Augustali to the north suggests a utilitar-
ian function much like the lacus fountains. Three large
basin fountains were also installed on the forum colon-
nade’s broad exterior step, perhaps in the Early Impe-
rial period. Like the fountains on the Arch of Caligula,
however, these were also later systematically removed,
perhaps after damage from the earthquake(s) of 62/63
CE.** Although it is difficult to draw conclusions from
the limited remaining evidence, these fountains were
nearly twice as big as even the largest street fountains,
likely reflecting a similar dual functionality: luxurious
showpieces for the city’s hydraulic system and practi-
cal clean water sources for its residents.*

Finally, two more fountains were in the Triangu-
lar Forum and the quadriporticus behind the large
theater. The first took the form of a marble labrum that
received water from a spout mounted on an adjacent
fluted Doric column. The latter, in the northeast porti-
cus corner, consisted of a rectangular marble base with
four lion spouts. In a watercolor by W.J. Hiiber dating
to ca. 1818-19, it appears to have an associated basin
as well.* It was removed in the early 19th century and

3> Sinter in masonry pipe recesses of the Arch of Caligula
(Larsen 1982, 59; Keenan-Jones etal. 2011) indicates fountains
were installed at the base of the piers on its south face. They were
removed after the earthquake(s) of 62/63 CE, when the street
was repaved, perhaps in coordination with installation of new
fountains in the Arch of Nero to the south (Poehler 2011, 151;
Poehler and Crowther 2018, 596, fig. 14).

33 Maiuri (1973, 123) found two pipes under the west side of
the western pier of the Arch of Nero that were cutand closed off,
possibly awaiting installation of a new water system before the
eruption. Portions oflead piping were still in place within one or
both basins in the 19th century (see, e.g., Rolf 1884, 14).

% Only traces of waterproofing, drains, and channels sur-
vive. Two were located east and west of the Capitolium facade.
The third, outside the basilica, was rectangular with two frontal
apsidal niches. These were not documented by Eschebach and
Schifer (1983). See Richardson 1988, 264; Kockel 2003, 64;
Schmélder-Veit 2009, 131-32.

35 Ca. 2.5 m long and between 1.2 and 1.4 m wide. The larg-
est street fountain (no. 26) was about 1.5 m long by 1.0 m wide.

3Reproduced in Poehler and Ellis 2014, fig. 6.

subsequently lost.”” While both were in spaces with
a certain public character, they were peripheral, with
possible limited access. This probably meant they were
not intended for everyday household water collection.
Nearby units had more accessible options.*®

The fountain system was presumably installed
contemporaneously with the introduction of aque-
duct water to the city, most likely in the Augustan
era, however, there is perhaps evidence for an earlier
external water system.* The lacus type is already at-
tested by the mid first century BCE in Italy but spread
in popularity during the reign of Augustus.* Logically,
the basin fountain series at Pompeii would seem to
have been constructed as part of a unified project re-
lated to the new public system.*' Yet the varied forms,
materials, relief quality, and sizes of the public foun-
tains across the city hint at a system that may have
been built in stages, or repaired or added to over time
by municipal authorities or private benefaction.*

¥Eschebach (1982,22; Eschebach and Schifer 1983,28-30)
dates its disappearance to 1810, while Poehler and Ellis (2014,
4) note its appearance in plans and paintings until ca. 1837.

E.g,, fountain 34 is directly outside the Triangular Forum’s
entrance.

¥'The predominant theory holds that Pompeii was connect-
ed to the Serino aqueduct in the Augustan period. Ohlig (2001)
proposed an earlier, possibly Sullan, aqueduct sourced above
Avella, which continues to be debated; e.g., pro: Wilson 2006;
Bruun 2012; Dessales 2013, 217-18; contra: Schmolder-Veit
2009, 119-21; Keenan-Jones 2015, 194-95; 2016, 783. Sum-
marized by Keenan-Jones (2015,200-2).

4 Agrippa installed hundreds in Rome (Plin., HN 36.121).
Contemporaneously, the form appears archaeologically in the
Gallic provinces and the term lacus became definitively asso-
ciated with public fountains; see Del Chicca 1997, 231-37;
Agusta-Boularot 2008.

# On fountain and tower placement in relation to existing
street frontages, see Ling 200S. On their effects on traffic sys-
tems, see Poehler 2017b, 174-79. A unified public construction
scheme is attested at Paestum by a series of 14 limestone blocks
with holes and traces of lead piping, similar to the Pompeian
fountain columns, inscribed by the duoviriby decree of the local
senate (e.g., CIL 1 3157a). Their connection to a new aqueduct
is testified by AEpigr 1995, 387 (see Mello 1995, 110-11).

#Eschebach and Schifer (1983, 31) and Richardson (1988,
58) hypothesized that marble and travertine basins were lat-
er private additions. Staub (2013, 23, 94) suggested the pillar
fountain (no. 11) outside the Casa del Torello di Bronzo (V.1.7)
might have been supplied by the house owner, as evidenced by
a connection diverting from an interior distribution box rath-
er than directly from a water tower. Dessales (2011, 142) ob-
served that both this fountain and nearby basin fountain no. 18
are travertine, suggesting a common installation. Mau (1895,
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This remains difficult to prove, however, given the
uncertainties surrounding the aqueduct’s date and
the absence of epigraphic or stratigraphic data for the
fountains themselves.

PRIVATE CISTERNS, PIPED CONNECTIONS, AND
THE POSTAQUEDUCT WATER SYSTEM

The coexistence of multiple water sources in Pom-
peii, as in many ancient cities, has led to varying em-
phasis on their relative importance and use. Before the
aqueduct, water was collected from wells and cisterns
exclusively, which must have been used for all needs:
drinking and cooking, personal hygiene, household
cleaning, irrigation, and industry.® Once piped water
was available, this additional supply ought to have
supplemented or substituted for some demands. Well
water seems to have been largely abandoned at Pom-
peii after the Augustan period, as were some public cis-
terns, but private cisterns remained widely maintained.
Certainly, aqueduct water was essential when it came
to supplying both public and private baths, as well as
fountain displays in private homes, but many studies
downplay or deny its use for cooking and drinking.
This seems counterintuitive, as the constantly flowing
system would have rendered it the cleanest available
water.** Moreover, some have interpreted Vitruvius’
description of a tripartite castellum aquae as reflecting
the priority of public fountains in urban piped water
distribution.* Not all studies, however, have recog-
nized an integral role for public fountains in fulfilling
the daily needs of Pompeii’s inhabitants.

Dessales, for example, has demonstrated that cis-
terns in various townhouses and shops could have
supported reasonable population estimates using

49-50) observed some fountain bases (mainly private, except
for one in the Triangular Forum) with Oscan mason’s marks. Es-
chebach and Schifer (1983, 30) and Nishida (1991, 93) specu-
lated tuff fountains might be pre-Augustan, but Keenan-Jones
(2015, 194-95) and Schmalder-Veit (2009, 125-27) are skep-
tical without any definitive evidence for piped water within the
city before the Augustan era. On the relief decoration’s varied
quality: Schmolder-Veit 2009, 130-31.

#On wells in Pompeii: Jansen 2002, 20-22; Schmolder-Veit
2009, 116-19; on cisterns: Jansen 2002, 22-26; Schmdlder-
Veit 2009, 119-20, 132-34.

* Notwithstanding the presence of lead in piped water sys-
tems, and whether their dangers were understood (e.g., Vitr., De
arch. 8.6.10); see Keenan-Jones etal. 2011.

#Vitr,, De arch. 8.6.2; Dessales 2011, 138 n. 5. Cf. Hodge
2002,280-82.

only rainwater reserves.* This is not surprising, since
Pompeii existed for centuries without an aqueduct.
Yet Dessales almost entirely omitted the contribu-
tions of public fountains toward supplying the needs
of the city’s residents, except in the case of upper-floor
apartments with external stairs, or specific structures
where cistern capacities seem to have been too lim-
ited to meet essential needs.*” The construction of
a widely distributed public fountain system across
the city, however, certainly demonstrates a perceived
public demand or need for such a supply.* This is un-
derlined by evidence that they were prioritized in the
decades after the 62/63 CE earthquake(s) by tempo-
rary pipes laid along the sidewalk surface, while many
private homes that were previously supplied with
tap water were disconnected.* Without doubt, col-
lecting water from public fountains would have been
less convenient and more labor intensive than draw-
ing from cistern wellheads inside a home or shop, yet
use-wear on the stones of most public basins in the
city indicates many residents did just this (fig. 4). This
extra labor would be justifiable if the city’s inhabitants
perceived differences in quality or use between cistern
and piped water.*

*Dessales 2013, 307-16. Largely estimated from roof catch-
ment areas, since not many cisterns are fully excavated. The ac-
tual number and average capacity of cisterns across the city is
unknown. Jansen (2002, 77 n. 88) collected capacities for eight
cisterns.

# Dessales (2013, 310) calculated (roof catchment area)
that a cistern in the House of the Prince of Naples (V1.15.8)
would have provided only 10 liters per inhabitant per day, us-
ing Strocka’s (1984, 50) upper household population estimate
(20 people). A similar calculation (Dessales 2013, 312-13) us-
ing historical rainfall data and known cistern capacities in the
Insula Arriana Polliana (V1.6) found a shared cistern beneath
six shops (V1.6.2-4, 21-23) would have never filled more than
two-thirds to capacity during winter, and would have been near-
ly empty by late summer, given a population of 30 people using
2§ liters per day.

* Similarly, a series of public and private wells supplemented
the pre-aqueduct system, further proof that cistern water alone
was not sufficient with respect to either quantity or quality.

#Jones and Robinson (2005, 703) found a postearthquake
pipeline that bypassed all adjoining houses in favor of supplying
fountain 12 at the southern end of insula VI.1.

%0 According to the World Health Organization (2017, 94~
96), rainwater catchment systems can provide safe, low risk
drinking water, but only with careful planning and manage-
ment. They are easily contaminated by environmental hazards
(e.g., insects, feces, refuse, and dirt). For Pompeii, however, it
is important to consider ancient theories of water safety and
quality.
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FIG. 4. Basin fountain no. 16 showing use-wear (arrow) beside
the column (R. Vennarucci; by permission of the Ministry of
Culture — Archaeological Park of Pompei).

Ancient textual sources on water quality have been
brought forth to argue in favor of one supply or an-
other, but this evidence is contradictory and ambigu-
ous at best.’! On the whole, ancient writers viewed
running water as preferable to still or stagnant in nearly
all cases.*® This would seem to accord with a general
preference for aqueduct water wherever available,
although, in Rome, specific lines were viewed as un-
safe for human consumption.™ Yet, at the same time,
many writers also expressed a clear belief that rain-
water was the healthiest due to its “lightness,” which
would seem to correspond with an inclination toward
cistern water.>* Nonetheless, cisterns seem to be deni-
grated by implication since stagnant water was held
in disdain, including rainwater after it had settled.*

3! Hellmann 1994; Richard 2012, 176-80; van Tillburg
2013; Klingborg and Finné 2018, 120. On qualities of water in
Roman thought: Rogers 2018, 4-10.

52 Concisely stated by Theophrastus (quoted in Athenaeus,
Deipnosophistae11.42c): 1. 8 énipputo: kol 8 dyetod g énimoy
Bertio tdv otacipey (running waters, including those drawn
from an aqueduct, are as a rule better than standing water);
trans. Gulick 1927.

$3E.g., according to Frontinus (Aq. 1.11, 2.91-92), the Alsi-
etina and Anio Vetus were only suitable for irrigation, watering
gardens, and “the more base needs of the city” (in ipsius urbis
sordidiora. . . ministeria) due to poor quality.

54 As concluded by Dessales (2013,303-5). On a preference
for rainwater: Celsus, Med. 2.18.12; Palladius, Opus Agriculturae
1.17.4; Vitr,, De arch. 8.2.1.

35 Theories that rainwater quickly lost health-giving quali-
ties are found in the Hippocratic corpus (Aer. 8) and Pliny
(HN 31.32-34). The Hippocratic author states it smells foul
and requires boiling lest it produce a sore throat and cough-
ing, perhaps reflecting putrefying from storage in reservoirs;

This was often not expressly linked to cisterns, except
for Pliny the Elder who condemned their cleanliness,
describing them as often filled with slime and living
creatures that cause intestinal illnesses.*® In many in-
stances, water drawn from cisterns was deemed a fall-
back in situations where no better (usually flowing)
sources were available. Varro (Rust. 1.11.2) ranked
cistern water third in order of preference after springs
and streams. Columella (Rust. 1.5.1-4) also placed
cistern water third in quality after springs and wells,
with only swamps lower. Nevertheless, within this
third category he praised cisterns filled with rainwa-
ter as the overall best for health, hence the paradox.”’
Roman law, however, specifically excluded cistern
water in an interdict guaranteeing continued individual
access to springs, lakes, or wells on public or private
land because it was not perpetual and therefore not
fresh.’® Aristotle thought cistern water should only be
used in emergencies, such as a siege, and urged that
potable water (from springs) be stored separately from
that reserved for other uses.*” Similarly, according to
Pausanias, some communities used rainwater only for

Hellmann 1994, 275.

¢ HN 31.34-35: nam cisternas etiam medici confitentur in-
utiles alvo duritia faucibusque, etiam limi non aliis inesse plus
aut animalium quae faciunt taedium (but cistern water even
physicians admit is harmful to the bowels and throat because
of its hardness, and no other water contains more slime or dis-
gusting insects); trans. Jones 1963. Apparently not all doctors
agreed: HN 31.31: eoque miror cisternarum ab aliquis [medi-
cis] maxime probari (for this reason I am surprised that some
physicians recommend highly water from cisterns); trans. Jones
1963.

%7 Columella, Rust. 1.5.2: quae tamen pluvialis aqua salubri-
tati corporis est accommodatissima, sed ea sic habetur eximia,
si fictilibus tubis in contectam cisternam deducitur (this rain-
water is after all most suitable to the body’s health, and is regard-
ed as uncommonly good ifit is conveyed through earthen pipes
into a covered cistern); trans. Ash 1941.

$$Ulpian, Dig. 43.22.1.4: nam cisterna non habet perpetuam
causam nec vivam aquam (for a cistern does not have a peren-
nial state or fresh water); trans. Watson 1985, as interpreted by
White (1975, 133), who asserted Roman authorities believed
“rain-water cisterns should only be used for human consump-
tion in the last resort.” The law code, however, may simply be
contrasting permanent bodies of water versus those transient
by nature.

%9 Arist., Pol. 1330b. Also, during the siege of Cirrha during
the First Sacred War, Pausanias (10.37.7) says people resorted
to drinking well and rainwater only after Solon diverted a chan-
nel flowing with river water away from the city.
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bathing, preserving springwater for drinking.® Hell-
mann attributed these contradictions to an acquired
awareness in ancient Mediterranean communities
that cistern water could become unhealthy, despite its
initial quality and frequent use.® If this is the case, we
should perhaps view the two water systems at Pom-
peii as coexisting for different needs, or conceivably
existing along a hierarchy of preference according to
availability, given seasonal variations and longer-term
climatic volatility, not to mention seismic events such
as earthquakes and bradyseism that clearly impacted
the water supply.

What proportion, then, of daily needs in Pompeii
were provided for by the public fountains in relation to
private cisterns? Given the inconsistency of evidence,
there is no clear answer. If cistern supplies were ranked
lower in quality after piped water, they could have been
reserved for tasks apart from cooking and drinking,
such as irrigating gardens, watering animals, clean-
ing, basic hygiene, and industrial uses.®* This would
have meant there was need to collect water from pub-
lic fountains only for drinking and cooking.®> On the
other hand, units with inadequate or no cistern capaci-
ties must have needed more regular collection from
public fountains to meet even these nonalimentary
requirements.** Moreover, cisterns relied on regular
rainfall. Extended periods of drought would have put
more pressure on the piped water system as reserves
were consumed.

An additional complication to modeling public
water collection in Pompeii is the contribution of

®Paus. 7.27.4: Pellene in Achaea.

%' Hellman 1994,273-75.

% Crouch (1993, 151-53) considered cisterns “subpotable,”
suitable for cleaning, irrigation, and animals. Similarly, Richard-
son (1988, 54): “wherever water of the quality of drinking water
was not required.” Thomas and Wilson (1994, 171) conversely
asserted water stored in a dark, cool environment would remain
potable through the dry summer months. In Dessales’ (2013,
315-15) hierarchy, aqueduct water was reserved for fountains
and baths, and cistern water for drinking.

% Crouch (1993, 33, 152). Cf. Richard (2012, 180-82), re-
jecting rigid divisions, arguing that only fountains satisfied the
ancient preference for running water vis-a-vis cisterns and wells.

¢ See supra n. 47. E.g, cisterns in IX.3.13 and IX.3.8 were
filled with refuse by 79 CE; neither had a piped connection; and
IX.3.17 and IX.3.18 had neither cisterns nor pipes (E. Viitanen,
pers. comm. 2021). Nonetheless, without a systematic private
cistern survey, their exact distribution and capacities are uncer-
tain. Certainly the 148 upper-floor apartments accessible via ex-
ternal stairs relied on public fountains alone.

private piped water to daily household water require-
ments. Direct connections to the aqueduct system
were relatively rare (approximately 9% of excavated
units), certainly in comparison to the number of
households with access to a cistern.”® The purposes
this piped water served within private homes also re-
mains debatable. Detailed analyses have clearly dem-
onstrated tap water was prioritized for luxury purposes
such as fountain displays and private baths.® Direct
connections to kitchens or latrines were extremely
rare.”” Without doubt the primary rationale for the in-
stallation of private waterlines was to signify the house
owner'’s social status, and practical uses were tangential
orincidental, at best.® Some have cautioned, however,
that we should not overlook the probability that piped
water served everyday domestic needs, too.” Many
houses stored runoff from domestic fountains in cis-
terns, but this was not universal. Surprisingly, runoff
was often directed into the street.”’ Even where it was
stored, it was subject to the same contamination risks
as rainwater, and often combined with it, compromis-
ing its advantages. Nevertheless, it would have been
easier to access through a wellhead than via a vessel
from a domestic fountain jet.”" While we cannot omit
the possibility that water was collected directly from

Supran. 14.

% Andersson 1994; Jones and Robinson 2005; Schmolder-
Veit 2009, 135-36; Leander Touati 2010, 122-26; Dessales
2013,300-3.

% Jansen (2001, 40) noted only seven or eight houses with
piped connections directly to kitchens and only two to latrines.
Dessales (2013, 300) counted two kitchens and one latrine.
These seem opportunistic rather than purposeful; i.e., pipes
happen to run past kitchens on the way to baths; Schmolder-
Veit 2009, 134.

 Aqueduct water was primarily installed in public reception
areas (atria, peristyles, triclinia, baths) as showcases for the do-
minus; Dessales 2013,301-3.

%Jansen 2001, 37; 2002, 5S.

7°In IX.3.5/24, piped water bypassed two cisterns (E. Vii-
tanen, pers. comm. 2021). In insula V.1 (Leander Touati 2010,
125-26), cisterns collected some aqueduct runoff (e.g, V.1.3),
but in the House of Caecilius Iucundus (V.1.26), a lead pipe
bypasses the adjacent garden cistern, which was rainwater fed.
Five drains led fountain runoff to the street here and in Casa del
Torello (V.1.3.7). Schmolder-Veit (2009, 133) describes implu-
via where adjoining cisterns were decommissioned after foun-
tain installation, with runoff to the street. Jansen (2002, 49, S5,
57-58), however, presents capture of piped fountain runoff as
standard in most houses, e.g., VIL.12.28.

7! Asin Casa del Granduca (VIL4.56); Descoeudres and Sear
1987, 30.
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private fountains for household use, most displays
were not arranged for this objective.” If, however,
this was done regularly, up to a quarter of Pompeii’s
population may have had access to privately available
piped aqueduct water, since the largest units housed
a greater proportion of the city’s overall population,
despite their smaller total numbers.” This is assuming
aqueduct water was made available to all household
members without restriction by social class, which
is uncertain.” Nevertheless, private waterlines were
present only in the largest and most opulent homes
in Pompeii.” These households were the most likely
to contain enslaved populations who could have been
tasked with the labor intensive and unpleasant work of
hauling water from public fountains. If a premium was
placed upon aqueduct water’s value for drinking and
cooking, as suggested by some textual sources, then
Pompeii’s largest homes would have taken advantage
of the publicly available water by choice rather than ne-
cessity, using household slave labor, as attested in liter-
ary sources. Moreover, with the interruption of private
water connections across the city after the 62/63 CE
earthquake(s), an increasing number of wealthy house-
holds would have been left only with a choice between
the public fountains or cistern reserves.

TEXTUAL SOURCES ON PUBLIC FOUNTAIN USE

References in Roman textual sources to fetching
water from public fountains are frustratingly rare, pre-

7>On the possibility of directly collecting water from private
fountains, see Jansen 2002, 55. Andersson (1990,218-20) not-
ed fountains filled stone vases in Casas del Torello (V.1.3.7),
dell'Efebo (1.7.11), and Paquius Proculus (1.7.1) that could
have served both aesthetic and practical purposes. The 35 lead
buckets found across Pompeii might have had similar functions.
One sunk into the floor of Casa del Torello (posticum: Room d)
near the latrine may have been used to collect runoff froma peri-
style fountain for flushing or domestic manufacturing in nearby
service rooms (Staub 2013, 52).

73The 113 units Jansen (2002, 82 n.204) and Dessales (2013,
397-494) identified as likely having private water connections
housed a maximum of 2,315 and minimum of 1,223 people,
or about 26% of the population estimated for excavated zones
of the city. For estimates of Pompeii’s population, see below,
“Household Water Requirements and Population.”

"*If piped water was valued, it may have been restricted to free
members of the familia, leaving the enslaved to fetch water from
public fountains or cisterns.

75 Of these 113 units, 98 belonged to the fourth plot-size
quartile; 14 belonged to the third quartile; only one unit be-
longed to the first quartile.

sumably because this activity was so mundane it rarely
warranted notice, except in exceptional circumstances
such as shortages. Nonetheless, the limited informa-
tion still sheds some light on the identity and social
status of those who carried out this work and its per-
ception among elite authors. A passing reference in
Horace (Sat. 1.4.37-38), for example, alludes to two
classes of people typically found about the city per-
forming the usual daily errands of visiting a bakery and
fetching water from the fountain (lacus): old women
(anus) and enslaved males (pueri).”

One of the most descriptive scenes comes from
Petronius’ Satyricon (70.4-7) during the dinner with
Trimalchio. Two enslaved men (servi) enter the dinner
party carrying amphoras on their shoulders, having
just returned from a fountain (lacus) where they were
drunkenly fighting. Most likely the men were sent to
fetch water from a public fountain, as the term lacus
is almost exclusively employed with respect to pub-
lic facilities.”” Although Trimalchio’s house has water
features that could certainly signify a piped water con-
nection, such as a bath (balneum) and a pool (piscina),
nowhere is there an explicit reference to a domestic
fountain that might be the drinking-water source for
the party.”® If this interpretation is correct, the pas-
sage supports the supposition that enslaved people
collected water from public fountains for wealthy
households.

Although appropriately absurd for satire, fighting
at the fountain is in fact a recurrent literary theme oc-
curring as far back as Old Comedy. In the Lysistrata
(327-35), Aristophanes paints a vivid image of a mass
of women at the fountain at dawn, both free and en-
slaved, pushing and shoving one another, clanging pots
together, as they fill their vessels. It was not limited to
satire and comedy, though. Libanius, in his oration in
praise of Antioch (Oration 11.247), states that public
fountains in many affluent cities of the empire were
often scenes of turmoil—shouting, pushing, breaking
of vessels, even physical violence (royxpoatiélopev:

76On the dehumanizing use of puer (boy) for adult male
slaves, see Edmondson 2011, 357-58.

77 Dessales 2013, 54-5S. Schmeling (2020, 210-11) trans-
lates lacus as “public fountain” here.

7 Piscina: 72.7; balneum: 73.2-3. Piscina has a wide range of
meanings in domestic contexts, but its occurrence in the Satyri-
con suggests a garden pool; see Dessales 2013, 58-59.
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“we box and wrestle”) —due to overcrowding.” While
he is likely exaggerating in order to contrast the tran-
quil abundance of Antioch’s water supply, this motif’s
frequency in other authors does suggest congestion
was a problem in many large cities, especially when
supplies were short. Crowding and violence at public
fountains is a persistent theme in Late Antique sources
that discuss damage to or maintenance of aqueducts
or other supply issues.* In 562/3 CE, during Justin-
ian’s reign, chroniclers describe panicked thronging
and even murders at Constantinople’s fountains dur-
ing a water shortage caused by drought.®' Procopius
(Anecdota 26.23) relays a similar occurrence earlier
in his reign caused by damage to the aqueduct. A near
identical situation is relayed by Choricius of Gaza at
Caesarea in the early 530s CE.* The aqueduct’s flow
was reduced due to lack of maintenance, leading some
fountains to dry out completely and others to have re-
duced streams. Fighting and pushing ensued between
grown men, while “women, old men, and children
came back, some with empty vessels; for some a great
struggle produced half-filled ones to carry away, while
many children went off crying because their vessels
had broken.”®® These accounts underline how crucial
public fountains were for urban populations and how
their disruption could quickly foment panic and even
violence. Even though no contemporary sources re-
cord these types of incidents at Pompeii, the damage
and supply issues caused by earthquakes and brady-

7 Oration 11.247: S1dmep ovdE nepl Tdg dnpociog Toykpo-
tdlopey, botig Tpod 100 TANGlov dpvoetal, ToDTo 3N 10 TOAANG
OV ToAYpOoOV Evoyhobv: map’ olg GOoude Te mEPL TAC
KkpAvog koptepdg kol &n’dyyeiolg katoryvopévolg 6duvpudg kol
PO To1g kpoLvolg T Tpordpote. MUV 8¢ d1r 10 oo Bupdv
£k0TOLG elvor kKpVNY ol kowvel pdg éntdet&y péovat (Sowe
have no free fights around our public fountains, as to who will
draw water before his neighbor, which is a nuisance to many a
wealthy town. There they push and jostle around the fountain,
and there is weeping and wailing when bowls are broken and at
the injuries received around the springs. We, however, all have
our fountains inside our houses, and the public ones are for
show); trans. Norman 2000.

% Lavan 2020, 243 and n. 54.

81 Theophanes (Anno Mundi 6055) refers to two episodes:
one in November 562 and another in August 563; Malalas,
Chronicle 18.139, 18.147; see also Crow 2012, 129.

$2Choricus, Oration 3.44-49 (Panegyric for Stephanus); May-
erson 1986.

83 Choricus, Oration 3.46, trans. Mayerson 1986.

seism in advance of the Vesuvian eruption could well
have produced similar outbreaks of social unrest.

Another important class of textual evidence for pub-
lic water collection concerns the aquarii (water men),
known from both literary and epigraphic sources.**
The term seems to designate a number of occupa-
tions, ranging from imperial water administration (cura
aquarum) personnel, to private water sellers or water
carriers, or enslaved individuals tasked with similar
duties in wealthy households, without clear delinea-
tions between usage.® Despite the frequent portrayal
of aquarii as professional carriers who delivered water
from public fountains into private homes, especially
in large cities like Rome with multiple upper-floor
apartments, this argument largely rests on analogy
with medieval and early modern European cities where
such professions were common.* While it is certainly
possible that some aquarii known from inscriptions
across the empire delivered water from public foun-
tains for a fee, the term is unattested in Pompeii. A graf-
fito from the Praedia of Julia Felix (I1.4.10), however,
mentions a laguncularius that could possibly refer to
an individual who carried water in jugs or amphoras
(lago(e)nae / lagunculae).”’

Nonetheless the various aquarii had in common a
very low position in the social hierarchy. They are clas-
sified in Diocletian’s Price Edict among the lowest-
paid unskilled laborers, just before sewer cleaners

%E.g, Cic., Fam. 8.6.4; Cod. Iust. 11.43.10.4; Frontin., Aqg.
2.110, 113-15; Rome: CIL 6 9131, 9145; CIL 9 3189 (Cor-
fintum); CIL 9 460 (collegium aquariorum at Venusium); CIL
58307, 8308 = ILS 8321 (aquatores at Aquileia); AEpigr 1964,
138 (public slave from Brundisium). Individuals designated as
aquarius Caesaris (e.g., CIL 6 8491,7973) certainly belonged to
the cura aquarum.

8 Bruun 1991, 108-9, 190-93; Dessales 2013, 273-74; La-
mare 2020, 35-36.

%E.g., Stambaugh 1988, 131; Aldrete and Aldrete 2012, 184.
Dessales and Bruun (supra n. 85) compare them to acquaioli in
early modern Rome, Naples, and Venice, as well as artwork such
as Jacopo del Conte’s fountain in Rome, called Il Facchino, and
Velazquez’s painting The Waterseller of Seville (ca. 1620; Flor-
ence, Uffizi). On professional water carriers in medieval and
earlymodern Europe: Davidson 1982, 7-21; Magnusson 2001,
138-44.

87 CIL 4 10150; Pena 2007, 375 n. 50; Pefia and McCallum
2009a, 64. The term could also signify a maker or a buyer or
seller of vessels. Similar examples are known from Rome: CIL
69488 (lagunara); CIL 6 37807 (negotians lagonaris). See Pefia
2007, 115-16.
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(cloacarii).® Legal sources include them among the
property inheritable from an estate along with other
household slaves.*”” Frontinus characterized them as
dishonest abusers responsible for fraud and waste in
the water system.” In literature, the aquarius was a
figure of ill repute often associated with prostitution.
Juvenal ranked the aquarius a more shameful sexual
partner for a woman than a slave.”! Several sources
identify the diminutive aquarioli (little water carri-
ers) as servants who retrieved water for prostitutes
at brothels, and Apuleius even used the term as an
insult against his accuser in court.”” Tertullian (Apol.
43) names them among a list of unsavory characters,
including pimps, assassins, poisoners, magicians,
soothsayers, and astrologers. One of the scandalous
accusations lobbed against Commodus in the His-
toria Augusta is that he “carried water like a pimp’s
servant.”” In Plautus, fetching water was presented as
a form of backbreaking torture inflicted by one slave
on another.”* Even the above-mentioned graffito from
Pompei, if correctly interpreted, lists carrying water
last among several, mainly unskilled, occupations, and
ends with an emasculating sexual insult.” The totality
of evidence presents an image of elite condescension
toward individuals who carried water. In their view,
it evoked servile associations (or worse), along with

$87.31: Aquario omni die operanti pasto diurnos (denarios)
biginti quinque (For an aquarius working all day, with food,
25 denarii). In Greek the profession is D8poywydg; see Oleson
1984, 41-42.

% Paulus, Sententiae 3.6.58 (urban context); Dig. 33.7.12.42
(rural context).

“Frontin., Aq.2.110,113-15; see also Bruun 1997a,138-39.

% Juv. 6.332. He further states that only an animal would be
more appalling.

%2 Festus (20L) defines them as “the disgraceful servants of
lewd women” (aquarioli dicebantur mulierum impudiarum sor-
didi adseculae). Apul., Apol. 78.1: “that little water-carrier of his
own wife” (aquariolus iste uxoris suae) implying he prostituted
her. On the association between prostitution and water supply:
Cic., Cael. 34; Bruun 1997b; Butrica 1999; Berg 2018, 198-206.

% SHA, Comm.2.9: aquam gessit ut lenonum minister.

%*Plaut., Cas. 121-25: dabitur tibi amphora una et una semi-
ta, | fons unus, unum ahenum et octo dolia: | quae nisi erunt
semper plena, ego te implebo flagris. | ita te aggerunda curuom
aqua faciam probe | ut postilena possit ex te fieri (you'll be given
onejugand one path, one spring, one copper pail, and eight vats.
Unless they’re constantly full, I'll fill you with lashes. I'll make
you so properly stooped from carrying water that you could be
turned into a crupper); trans. de Melo 2011.

95 “si cunnu(m) linx<s>e<e>ris.” As a slur, see Parker 1997,
51-53.

prostitution, social unrest, and official misconduct.
This attitude surely reflects the strict class divisions
that separated those whose water was provided to
them by slaves and domestic water installations, and
the common masses who had no choice but to labor
for their daily water needs.

THE GENDERED DIVISION OF WATER
FETCHING?

Where Roman textual sources mention water carri-
ers’ gender, there is no clear pattern of labor division.
Men, women, and children, both enslaved and free, all
appear. Furthermore, aquarius is only attested in the
masculine. Yet cross-culturally, women predominantly
tulfilled water collection, especially in the premodern
Mediterranean. Numerous anecdotes and literary mo-
tifs relate the cultural significance of women’s morning
routine of fetching water from a public source such asa
well or fountain. In the Bible, for example, wells serve
as a frequent meeting point for young women and
male strangers, often resulting in marriage, as well as
metaphors for female sexuality.”® Similar associations
are present in Ugaritic and Akkadian epics, as well.”

In the Greek world, both literary and visual evidence
communicate the central role of water fetching to fe-
male identity. The scene from the Lysistrata (327-35)
noted above is among the most emblematic. Daily
trips to the fountain or well may have been some of
the few opportunities Greek women had to leave the
house unsupervised. Therefore, water sources may
have served a pivotal role in women'’s social and pub-
lic lives, offering independence and companionship
while simultaneously reifying female domestic vir-
tues.”® In the Homeric Hymn to Demeter (98-110), for
example, the goddess waits at a well for the daughters
of Keleos to find her, knowing they will come alone to
retrieve water. The Danaids’ punishment represents a
cruel perversion of typical women’s labor. The literary
evidence is corroborated by a common visual motif
on Athenian pottery, mainly hydriai (water vessels),

% Gen. 24:10-27, 29:1-11; Exod. 2:15-22; 1 Sam. 9:3-13;
Prov. 5:15; Song of Sol. 4:15; John 4:1-26; Appler et al. 2020,
4-S.

*7In the Story of Aqhat, Pughatu’s epithet is “she who shoul-
ders water” (Dietrich et al. 1995, KTU 1.19), while in the Keret
Epic, the king’s son meets his sister Thirmanat exiting the gate to
draw water (KT'U 1.16). In the Epic of Gilgamesh (1.141-74),
the prostitute Shamhat seduces Enkidu by a water hole.

% Petersen 1997.
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depicting women at the fountain house.” Women
carry vessels on their heads identical to those on which
the scenes are painted, though undecorated, and are
seen filling them from a spout before returning home.
Although debatable, they arguably represent scenes
from Athenian women’s daily lives, both enslaved and
elite.'® Women are seen socializing and working, oc-
casionally with men, and sometimes even accosted by
them, perhaps warning of the dangers of unaccompa-
nied activity in the public sphere.'”!

Evidence for a similar gendered labor division in
the Roman world is simply lacking. Nonetheless, there
are hints in ritual and myth that suggest it may have
been common in earlier eras, perhaps before slavery’s
growth shifted the burden by class rather than gender,
at least within elite households. The Vestal Virgins,
for example, continued to collect water for rites from
the spring of Camenae/Egeria near the Porta Camena
using a special ceramic vessel (futtile) that could not be
set on the ground without spilling.'”* Another example
involves a Vestal named Tuccia, accused of unchastity,
ca. 230 BCE, who proved her innocence by carrying
water from the Tiber to the forum in a sieve."” Mars’
impregnation of Rhea Silvia, also a Vestal, though
legendary, occurred as she fetched water from the
Tiber in the morning, carrying a ceramic vessel on
her head.'™ Some artistic representations include the
vessel, but none depict it on her head.'”® Similarly, ac-

% Predominantly black-figure, but examples in later red-
figure are known, too. Similar scenes occur on amphoras and
lekythoi.

10Bundrick 2019, 136-43.

" E.g,, without incident, see Museo Gregoriano Etrusco
Vaticano 16449 (BAPD 302871), acq. 1828-34; for harassed,
see Brussels, Musées Royaux d’Art et d’'Histoire R346 (BAPD
10964), acq. 1874.

1%2Plutarch, Num. 13.2; Serv., ad Aen. 11.339. The vessel has a
wide mouth and narrow base, perhaps akin to a spiked ampho-
ra; see Edlund-Berry 2006, 164, 169.

1% Dion. Hal,, Ant. Rom. 2.69.1-3; Livy, Per. 20; Plin., HN
28.12; Val. Max. 8.1.5.

1% Qv, Fast. 3.11-14: Silvia Vestalis (quid enim vetat inde
moveri?) | sacra lavaturas mane petebat aquas. | ventum eratad
molli declivem tramite ripam: | ponitur e summa fictilis urna
coma (Silvia the Vestal (for why not start from her?) went in the
morning to fetch water to wash the holy things. When she had
come to where the path ran gently down the sloping bank, she
set down her earthenware pitcher from her head); trans. Frazer
1931.

1 E.g., in a mosaic (Ostia, Caseggiato dei Doli near 1.XIX)
and the Igel funerary monument (Trier), she leans against a ves-
sel flowing with water; see Gersht and Mucznik 1988.

cording to Propertius, the Vestal Tarpeia encountered
Tatius while fetching water from a spring, shamefully
dropping her vessel from her head.'® Outside Rome
and Latium, many Daunian stelae depict female figural
processions with head-carried vessels, perhaps allud-
ing to water collection in Iron Age Puglia.'”” Even if
we conclude cultural norms of water collection shifted
among the elite as a consequence of Roman imperial-
ism, female responsibility may have persisted within
more conservative subelite classes, which is less re-
flected in textual sources.

The Roman period, therefore, might be anoma-
lous within a remarkably stable cultural tradition of
female water collection in Italy. Medieval and early
modern sources make clear it once again returned to
a predominantly, though not exclusively, gendered
task, with deep cultural reverberations.'* The well or
fountain again became the scene of romantic rendez-
vous for young women in popular culture.'” A tradi-
tion attributed to the young Saint Rosa of Viterbo in
the 13th century claims she miraculously mended a
vessel that broke while she and her friends collected
water from a fountain. Saint Catherine of Siena meta-
phorically related the daily dipping of women’s vessels
into the fountain to spiritual devotion. Also in Siena,
reported attacks on women fetching water from ex-
tramural sources, among other factors, led the city to
install fountains in more central locations through-
out the 14th century.''° By the 19th and into the mid
20th century, water collection in central Italian cit-
ies and villages was commonly managed by women
carrying large bronze vessels, called variously conca
or tine in different regions.""! The primary mode of
transportation was head-carrying using a wrapped
cloth (spara) for padding. Although modern infra-
structure has ended traditional practices, in several
villages in Abruzzo women still carry conche in reli-
gious processions (sfilate delle conche), for instance
at Guilmi in the region of Chieti, perhaps echoing
the sustained fetching of springwater by the Vestals
in antiquity long after numerous aqueducts supplied

1% Prop. 4.4.15-16: hinc Tarpeia deae laticem libavit: at illi |
urgebat medium fictilis urna caput (here Tarpeia drew water for
her goddess; and an urn of earthenware pressed squarely on her
head); trans. Goold 1990.

' Norman 2009.

1% Davidson 1982, 7-21.

1% Felice 1990, 78.

" Magnusson 2001, 29, 137-39.

" Felice 1990, 67,77-79.
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Rome.""* Cultural norms of water carriage in the con-
temporary developing world are also being impacted
by changing economic and social forces resulting from
rural to urban migration, security concerns, the use of
vehicles for transport, and sale by vendors. A recent
analysis of more than two dozen contemporary global
surveys found almost equal gender balance in specific
regions, especially in urban contexts, despite its contin-
ued characterization as “traditional” women’s work.'"?
Nonetheless, women are still predominantly respon-
sible in rural areas, where burdens are far greater.

SOCIAL, ECONOMIC, AND HEALTH IMPACTS OF
WATER FETCHING IN THE MODERN WORLD

Detailed documentation from later periods, as well
as studies on water carriage in contemporary develop-
ing countries, provide useful points of comparison for
parallel practices in Pompeii. They highlight numerous
social and economic consequences for water carriers,
as well as physical stresses, which are exacerbated in
regions with inadequate resources or periodic supply
shortages.

The United Nations and World Health Organization
recommend individuals have access to 50 to 100 liters
of water per day.'"* In communities without in-home
water, this imposes significant burdens and often re-
sults in either the expenditure of substantial time per
day collecting water or the consumption of lower than
adequate quantities. On average, studies have found
households without piped water spend about 30 min-
utes per trip fetching it, but local conditions result in
wide variation between 10 and 65 minutes.'"> Crowd-
ing in some Kenyan cities, for example, leads to one
to two hour delays to fill a vessel.'' Single trip times,
of course, must be multiplied by the number of indi-
viduals in the household and the fetcher’s limits to bear
heavyloads. One study of women in rural India found
they carried 20 to 30 kg of water per trip (300 m, 6 to
7 minutes). However, this had to be repeated 22 times

2 Consani 2001, 152-53; May S in honor of Madonna delle
Grazie. Similar rituals occur in the province of Chieti at Dogli-
ola, Palmoli, Celenza sul Trigno, Casacanditella, Altino, Lentel-
la, and Roccascalegna.

113 Geere and Cortobius 2017, 519-20, 522-23.

4 UN Office of the High Commissioner for Human Rights
2010.

115 Geere and Cortobius 2017, 520, 523.

16Ray 2007, 429.

per day to collect enough for their household, resulting
in totals of 132 to 154 minutes."” One to two hours
per day spent fetching water is common in parts of
sub-Saharan Africa and South Asia, rising to three to
four hours a day during dry seasons. When time and
distance become too burdensome, some households
make do with as little as 10 liters or less per person,
far below health and sanitation recommendations.''®
Furthermore, when the burden exceeds 30 minutes,
it is more likely to be gendered labor assigned to
women and female children, exacerbating social, eco-
nomic, and health inequalities.'"’

Water insecurity and poverty often go hand in hand.
Nearly half of impoverished women are afflicted by
malnutrition and iron deficiency, which exacerbate the
negative health effects of water carriage. In some rural
regions of Africa and India, almost a third of women’s
daily energy is spent fetching water. These effects
are worse when pregnant or nursing, and are linked
to perinatal health complications."” Carrying heavy
loads, especially in the traditional manner on the head,
is associated with pain and musculoskeletal disorders
such as cervical spondylosis resulting in neurological
damage and spinal compression.'*! Pain-related dis-
abilities often lead to water insufficiency since carriers
are unable to travel greater distances or bear heavier
loads.'”* Beyond direct health consequences, the bur-
den of water collection feeds into social, mental health,
and economic disparities. Walking long distances to
fetch water exposes women to violence or leads to
anxiety and stress over feared aggression.'** Moreover,
significant amounts of time fetching water mean less
time devoted to wage-earning work and education,
especially for children, which contributes to inter-
generational poverty.'** Distance and time to a water
source are also associated with negative impacts upon
children’s health, such as gastrointestinal illnesses and
infant mortality.'>

""7Sorenson etal. 2011, 1525; Sharma and Singh 2012.

¥Ray 2007, 428-29.

9 Graham et al. 2016.

120Sorenson etal. 2011, 1525; Geere etal. 2018, 14.

12! Sharma and Singh 2012; Geere et al. 2018,4-7,21.

122Geere etal. 2018,3-4.

123Sorenson etal. 2011, 1525; Geere etal. 2018, 8-14, 18.

124Ray 2007, 428-29; Graham et al. 2016; Geere and Corto-
bius 2017, 518.

125 Geere etal. 2018, 2.
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These findings resonate with historical reports from
Italy before improvements to public water accessibility
over the course of the 20th century. For example, long
lines at public fountains to fill vessels were reported in
central Italian villages. A parliamentary investigation
published in 1909 found some women would fetch
water at night to ensure their family’s needs."* Histori-
cal records from elsewhere in Europe corroborate both
ancient accounts of water collection from fountains
and studies in contemporary developing countries.
Records from cities in the British Isles in the 18th and
19th century report long queues of up to 50 people,
sometimes lasting up to four hours, often resulting in
arguments and brawls over fetching order at public
wells and standpipes. After waiting over an hour, some
women would leave to walk to more distant sources.'”’
Not surprisingly, given these circumstances, urban
consumption was very low. An 1850 survey in Scot-
land found residents used, at minimum, less than 4,
and, at most, under 10 liters per individual per day. As
aresult, water usage was very conservative, with clean-
ing and even cooking and laundry sometimes ceasing
altogether in the dry summer months."”® Given these
comparisons, it is clear that the placement and oper-
ability of Pompeii’s public fountains had repercussions
for day-to-day life and public health that far exceeded

most other urban infrastructure design.

A SPATIAL NETWORK ANALYSIS OF
FOUNTAIN USE

Methodology: A 3D Street Network of Pompeii

The spatial network model was analyzed in Arc-
GIS using layers adapted from the Pompeii Bibliogra-
phy and Mapping Project (PBMP).'?® Fountains and
doorways formed the nodes in this bimodal network,
while the streets represented the ties or edges connect-
ing them. Every exterior doorway in the city was plot-
ted in a point layer while a second point layer located
public fountains (fig. 5)."* A polyline following the
street network and crossing the forum was attached
to each point feature to represent the network’s edges.
Since Pompeii is only about two-thirds excavated, the
network remains incomplete, introducing some un-

126Felice 1990, 78.

2’Davidson 1982, 11-12.

12 See Davidson 1982, 15-20; 0.82 to 2.0 gallons per head
per day.

Phttps: //digitalhumanities.umass.edu/pbmp/.

130Total doors: 2,010.

certainties near its interfaces with unexcavated zones.
Projecting street extensions through these sectors is
relatively straightforward, with few notable excep-
3! Missing, however, are an unknown number
of additional buried fountains and doorways. Rather
than hypothesize a doorway and fountain network
in these zones, no projected nodes were included.
Any data bordering on unexcavated areas are sepa-
rated and treated with caution, cognizant that these
are incomplete. The degree of uncertainty regarding
the number and location of additional fountains, as
well as the exact locations of buried doorways along
street facades, would render an estimated model too
speculative, while simply omitting these nodes within
a complete street network minimizes imprecisions to
undercounts for a small fountain subset.

The ArcGIS Closest Facility function, based on
Dijkstra’s algorithm, was used to identify least-cost
paths from doorways to fountains.'* In this way
every doorway in the city is linked to its closest avail-
able fountain. Moreover, it incorporates the effect of
Pompeii’s natural topography on walking speed. Costs
are derived in units of time (minutes) and metabolic
energy consumption (kcals), which both vary with
uphill versus downhill gradients. This represents a
more sophisticated measurement of paths to fountains
than simple linear distance. A digital elevation model
(DEM) of Pompeii was created, from which elevation
values were imported to each network segment end-
point to calculate its average gradient.'*

tions.

Speed, Time, and Metabolic Energy

Calculating the costs of traversing each network seg-
ment in minutes and calories requires a walking speed
estimate that incorporates the effect of slope along the

31 Poehler 2017a.

12 The methodology follows Wernke 2012 and Wernke et al.
2017, with modifications. Although similar to least-cost analy-
sis using accumulated cost surface rasters, this method is en-
tirely vector-based, with costs derived from polyline attribute
values.

'3 DEM based on a natural neighbor interpolation of 842
elevation points compiled by PBMP from: RICA maps of
Pompeii (van der Poel 1984); Eschebach et al. 1993; Pompeii
Archaeological Research Project: Porta Stabia; and research
on Tower Nine. See https://arcg.is/1a8myi. The polyline edge
network was segmented into 3 m sections using a customized
version of Higgins (2019) ArcGIS Python tool that calculates
times based on additional equations and energy costs in calo-
ries (https:/ /github.com/mnotarian/ 3D_Network_Toolbox).


https://digitalhumanities.umass.edu/pbmp/
https://arcg.is/1a8myi
https://github.com/mnotarian/3D_Network_Toolbox
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FIG. §. Fountain—door network overlaid on a digital elevation model of Pompeii.

street network. Among the various proposed func-
tions for predicting walking velocity (online fig. 1),
Marquez-Pérez et al. (hereafter MP), a corrected form
of Tobler’s Hiking Function, predicts a maximum
speed of 4.8 kilometers per hour at a slight downhill
grade, which slows with greater gradient in either di-
rection.” A study of female water fetchers in rural
India, however, recorded walking speeds, on average,
between 3.1 and 3.5 kilometers per hour while carry-
ing loads of 20 to 25 kg over 300 m on relatively flat
ground, speeds that only occur on higher slopes in the
above equations.'** For this reason, a modified version
of Tobler’s equation (MT) was also formulated with
a 3.5 kilometers per hour maximum speed. Unfortu-
nately, there is not enough available empirical data on
water carrier walking speed to conclude how typical
these results are. MP and MT represent fast and slow
speeds in the model, respectively.

13* Marquez-Pérez et al. 2017; Tobler 1993. Online figures
available at https://doi.org/10.1086,/722233.

135 Sharma and Singh 2012. Time is recorded as faster on the
return journey, likely due to the heavyload.

Costs in minutes (T) were solved using equation
(1), where L is the 3D length of the network segment
and V'is walking speed in kilometers per hour.

L
7= (1000) )60 W)

Climbing stairs to an upper-floor apartment added ad-
ditional time, but walking equations cannot estimate
stair climbing."** Empirical studies of stair climbing
speeds, on the other hand, find average speeds between
1.4 and 2.0 kilometers per hour for individuals of vari-
ous ages and genders.'”” The stair length of a typical
upper unit from Herculaneum (IV.20), where preser-
vation makes this calculation possible, would result
in a round-trip time of around 30 seconds, which was
added to every upper-floor unit in the model.
Calculating costs in calories has two advantages.
Like minutes, it offers an intuitive unit of measure-
ment, but additionally situates water-fetching labor
with respect to daily dietary requirements. Metabolic
energy was calculated using the Pandolf load carriage

13 Comparison of the catalogues in Pirson 1999, Flohr 2018,
and Eschebach etal. 1993 yielded 148 upper-floor apartments.
137 Choi et al. 2014, with references.
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equation with a correction factor for negative gradi-
ents proposed by Santee et al.'*® The caloric costs of
stair climbing with a load also require an additional
calculation. The Compendium of Physical Activities
includes estimated metabolic equivalents for climbing
and descending stairs with varying loads."** These were
used to calculate calories for a 65 kg individual climb-
ing upstairs with full loads and downstairs with empty
loads of different weights. A more detailed explanation
of these methods is included in the online appendix.

Vessel Sizes, Forms, and Weights

The size of the collecting vessel is a crucial variable.
It determines the daily number of required trips per
household to provide the requisite amount of water
per capita. There is an inverse relationship between
vessel size and required trips. Larger vessels resulted
in fewer trips to the fountain as these retrieved more
water, however, their heavier weight rendered the
labor more arduous. For individuals, the choice must
have been a balance between efficiency and exertion
whether to carry a larger heavier vessel to minimize
trips, or to spend more time each day carrying smaller
and lighter loads (online fig. 2).

Textual sources mention various vessel names for
fetching water. Petronius and Plautus call them am-
phoras, though the latter specifies bronze (ahenum).'*
Other sources that explicitly discuss fountain col-
lection, such as Libanius, unfortunately use generic
terms for ceramic vessels (e.g., dryyetov).'*! Nonethe-
less, there are numerous references to vessels that
held water in a variety of contexts, including cadus,
lagoena, vas, urceus, urna, situla, and hama, sometimes
paired with the adjective aquarius, or the substantive
aquarium used independently.'** A graffito scratched
into a domestic fountain in the House of Neptune and
Amphitrite in Herculaneum (CIL 4 10566) lists vari-
ous household items, including three types of water
vessels: hamas cum basis (water buckets with bases),
aquaria cum basis (water jugs with bases), and aquaria
in manus cum basis (cotidian[a]) (hand[-sized?] water

133Pandolfetal. 1977; Santee et al. 2003.

139 Ainsworth et al. 2011.

40Petron., Sat. 70.4-5; Plaut., Cas. 121-22.

' However, Plutarch (Vit. Rom. 20.6) uses the term in refer-
ence to vessels carrying water for a sacred tree.

1 White 1975, 127-30, 150-51, 161-64, 188-90, 194200,
202-4; Pefia 2007, 133.

jugs [for daily use])."* Though tempting to connect to
water fetching, applying these terms to archaeological
forms is problematic.'* Some are commonly identified
as buckets (hama, situla) but the others surely referred
to various jugs or pitchers with or without handles.
The term amphora, on the other hand, is confidently
connected to numerous two-handled vessels that bear
this attribution today. They occur, however, in wide
size varieties, and it can be difficult to discern the reuse
of wine amphoras from purpose-made water vessels in
written sources. Visual evidence may support amphora
use, either primary or secondary, as water containers,
though none with explicit reference to fountain col-
lection. Perhaps the most straightforward example is
the so-called silver patera of Otanes from Castro Ur-
diales, Spain, connected to a mineral spring associated
with Salus Umeritana. Amid various figures related
to its religious and healing qualities is a man filling a
cask wagon from a large narrow amphora, certainly
containing springwater, to be distributed or sold for
drinking.'"* A similar scene occurs on the funerary re-
lief of Q. Veiquasius Optatus from Cherasco, Italy, but
this has variously been interpreted as containing ei-
ther springwater or wine.'* Interestingly, however, the
scene is flanked by a series of eight female figures, four
dressed in short tied-up tunics typical of barmaids and
working women, carrying vessels either on their shoul-
ders or heads that evoke water carriage.'*” A terracotta
relief from Isola Sacra near Ostia, showing a vendor in
ashop full of amphoras, has been interpreted as a water
seller due to his name, Lucifer Aquatarius.'*® Images
of servants or slaves pouring liquids from amphoras
are also equally difficult to interpret as either water
or wine. However, a painting from Villa Farnesina cu-
biculum B, along with an analogous mosaic from Cen-
tocelle, showing a woman pouring liquid into a silver
basin beside an intimate scene of a man and woman,

3 Benefiel etal. 2016, 14.

“Mustatd 2011.

14 Penia 2007, 134-38.

146 For wine: Berg 2019, 219 n. 63. For water: Thomas and
Wilson 1994, 157 n. 72. The deceased’s description as sacrorum
cultor may allude to a religious position, perhaps strengthening
the association with sacred water versus wine.

147 Berg (2019, 219 n. 63) compares them to the hydriai the
Danaids carry.

!4 Jansen 2002, 135-36; Dessales 2013, 245; Ellis 2018,
236-37. Bruun (1991, 109) notes aquatarius is unattested ei-
ther as a cognomen or a profession, leaving its interpretation in

doubt.
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recall the recurrence of water basins and jugs in other
erotic imagery.'* A clearer example is perhaps the mo-
saic from Oued Ramel in Tunisia, which shows a man
pouring water from an amphora on his shoulder to be
mixed with lime in preparing mortar.'
Archaeological context may also hint at specific
forms that were used for water transport, but this is
likewise difficult to prove conclusively. For example, a
Dressel 1B amphora found in a pit of a Pompeian lamp
workshop (1.20.2-3) may have been used to carry
water from a cistern to prepare clay, but only if the
feature was not a cesspit. Numerous Dressel 2-4s were
also stored in Room 4 near the cistern wellhead.'s* Al-
lison’s artifact assemblage analysis in Pompeii’s insula
1.10 identified various amphoras, buckets, and small
bronze jugs found in proximity to puteals.'* Yet the
size and weight of typical Pompeian transport am-
phoras, such as Dressel 2-4s, present serious impedi-
ments for public water fetching. Varying between 91
and 109 cm long, they could not be dipped perpen-
dicularly into any extant public fountain basins.'** Even
tipped horizontally, they would only fit in some larger
basins and would extend nearly across their entire
length. Furthermore, they weigh 12 to 14 kg empty and
40 to 42 kg full of water, much heavier than any weights
identified in contemporary water-fetching studies,
and likely beyond the physical abilities of many water
carriers over longer distances through the streets.'**
More promising is Pefia’s interpretation of numerous
smaller flat-footed table amphoras found in Athenian
wells. Several forms had holes punched in their shoul-
ders for repurposing as water-fetching containers.'**
Amphoras with similar holes in their necks or bellies
were found in Pompeii, but these were probably made
to extract goods stored within them.'*® Unfortunately,
no data has been published from Pompeian wells exca-
vated down to use levels in which comparanda might

% TLund (2011) discusses various visual depictions of am-
phoras. On sex and water: Berg 2018, 198-99.

150Pena 2007, 133-34.

151 Pefia 2007, 135-36; Pefia and McCallum 2009a, 64-70.

152 Allison 2006, 361-62, 377-80.

153 The deepest fountains were 92 cm (online appx. table 3).
For Dressel 2-4 measurements, see Muslin 2019, 186.

15* Avg. capacity is 28.6 liters: Molina Vidal and Mateo Cor-
redor 2018, 304. For the empty weight: Muslin forthcoming.

155 Pefia 2007, 136-38. Forms include Late Roman 3 types
(average capacity S.6liters), Keay 52 (capacity ca. 7.0 liters), and
smaller unidentified vessels between 28 and 30 cm tall.

156 Pefia 2007, 68—69.

be found. However, a very widespread class of locally
produced table amphoras, commonly found in domes-
tic contexts including kitchens, is not unlike the forms
from the agora wells.'”” These are a smaller flat-footed
Dressel 2-4 variant with an average capacity around
17 liters, weighing about 7 kg empty, and only 63 cm
long."*® Full of water they would weigh about 24 kg,
which is within the upper range of comparative evi-
dence. They also have a higher center of gravity, closer
to the handles, that may have made them considerably
easier to shoulder-carry than their larger cousins.'*’

Comparison with vessels from other periods sug-
gests even smaller forms may have been preferred.
Many undecorated hydriai from the Athenian agora,
for example, have a capacity of only 9 to 11 liters.'*
The conche that women carried in early modern Italy
consisted of two varieties of about 10 and 20 liters.'®'
The Indian study referenced earlier found that women
carry loads between 20 and 30 kg per trip, which also
includes the container weight. The researchers con-
cluded that 15 kg loads were the most appropriate to
avoid injuries while head carrying.'®> An archaeological
experiment at Tel Jezreel in Israel determined women
carried between 6 and 8 liters per trip.'®®

Since no Pompeian forms can be confidently linked
to long-distance water transport, the model compares
a series of theoretical ceramic vessels of varying sizes
(table 1). The empty to full weight ratio was approxi-
mated using that of the flat-footed Dressel 2-4 (about
1:2.4, rounded to whole digits).

Household Water Requirements and Population
Estimating individual households’ daily water re-

quirements necessitates an approximation of how

many people lived within each unit. A unit is defined

15E.g., Room 11 in Casa del Fabbro (1.9.7) before the hearth
(Allison 2006, 192, no. 1365).

158 Panella and Fano 1977, 151 n. 15; Pena and McCallum
2009b, 179; Molina Vidal and Mateo Corredor 2018, 304; Mus-
lin 2019, 357-58.

199 Muslin 2019, 187-88, 193-94.

19 E.g., object nos. P18986 (hydria, 425-400 BCE, 9.0 li-
ters) and P24128 (Chiote hydria, $20-490 BCE, 11.5 liters).
Volumes calculated using the Centre de Recherches en Ar-
chéologie et Patrimoine, Université libre de Bruxelles web ap-
plet: https://capacityulb.be/index.php/en/research-center-in
-archeology-and-heritage/.

161 Consani 2001, 152.

162 Sharma and Singh 2012.

19 Appler etal. 2020, 14.
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TABLE 1. Vessel parameters used in the model.

Capacity Empty Weight Full Weight
(liters) (kg) (kg)

20 8 28
17 7 24
15 6 21
13 S 13
10 4 14
7 3 10

2 7

as any internally interconnected set of rooms with at
least one external door, including purely domestic as
well as commercial and industrial spaces, since many
doubled as living spaces. External doors with stairs
to upper-floor apartments are also counted as single
units. Pompeii’s population remains a contentious
topic, and there is no need to reiterate various argu-
ments here.'® Nonetheless, a brief methodological
explanation is warranted. The principal obstacles to
using a simple measure, such as people per square
meter, are large properties that include considerable
agricultural and garden space, which would allocate
too many people by plot size alone. Methods that as-
sign specific inhabitant numbers per functional unit
category, on the other hand, do not reflect variation
in population between large elite houses, that must
have housed various dependents in addition to the
owner’s biological family, and small houses, which did
not. These methods also spread population around the
city evenly, negating high and low population clusters
that certainly existed. Rather, for this model, a method
was needed that would reflect this variation and its ef-
fects on fountain usage in different zones. Therefore,
maximum and minimum unit populations were esti-
mated using the number of ground-floor rooms in each
unit, after Flohr’s recent methodology (table 2).! For
upper-floor apartments, a set maximum and minimum
population was used, since second-story rooms are not

16 Flohr (2017, 56-62) summarized the main issues, al-
though the inscription discovered in 2017 outside Porta Stabia
(AEpigr2018,498) has reignited debate. This study maintains a
population in the range of 7,000-12,000 people.

165Flohr 2017, 60-68.

preserved. Differences in the data sets required minor
adjustments to preserve the total population.'®

The total household water requirement is a simple
multiplication of unit population by the quantity per
capita, but this figure needs to factor in the availabil-
ity of private cisterns, domestic fountains, and public
baths, as discussed earlier. The United Nations recom-
mendation of 50 to 100 liters daily per capita is likely
too high since this includes water for sanitation and
other purposes beyond cooking and drinking. The
World Health Organization considers 7.5 liters daily
per capita to be a short-term emergency minimum,
while 20 liters per capita is acceptable for most basic
needs, if not ideal. If we assume water collected from
public fountains at Pompeii represented some fraction
of total water requirements, such as water for cooking
and drinking, low and high estimates of 10 and 20 li-
ters daily per capita would likely be in the right order
of magnitude. For some units, such as upper-floor
apartments and tabernae without access to a cistern,
this is probably too conservative, but it nonetheless
provides a reasonable baseline for estimating fountain
usage across the city.

Model Parameters and the Number of Round Trips
per Day

The current model assumes 40 fountains were func-
tional in 79 CE, the period most clearly represented
in unit divisions based on extant architecture. This
omits the two fountains in the Triangular Forum and
quadriporticus; in both areas, street fountains prob-
ably served nearby households. The fountain basins
in the Arch of Caligula are also excluded since these
were certainly removed by this date, as were the three
fountains in the forum.

The Closest Facility analysis was run twice to calcu-
late round trip totals. The first iteration searched for
least-cost routes from fountains to units since, hypo-
thetically, this would be the more difficult trip. Loaded
with a heavy vessel, carriers would likely avoid uphill
journeys in this direction. The analysis was thenrun a
second time in the opposite direction to model times

1 Flohr’s map (2018) was based on Eschebach etal. (1993),
while PBMP used RICA maps (van der Poel 1984), resulting in
differentunitand room counts. Flohr also developed a function-
al unit typology, whereas PBMP uses Eschebach et al. Though
Flohr’s figures for people per rooms were used, I rounded up
each unit population before summing, whereas Flohr rounded
up the sums only.
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TABLE 2. Pompeii population estimate.

Extant Architecture
People per Room
Unit Type (max / min) Room Count Maximum? Minimum?
Taberna 1.43/0.80 771 1,287 740
All other 0.75/0.48 9,139 7,117 4,716
People per Unit
(ma.x / min) Unit Count Maximum Minimum
Apartments 5/2 740 296
Total - 9,144 5,752
Estimate for Unexcavated ZonesP
People per Room
Unit Type (max / min) Room Count Maximum Minimum
Taberna 1.43/0.80 282 158
All other 0.75/0.48 3,194 2,396 1,534
People per Unit
(max / min) Unit Count Maximum Minimum
Apartments 5/2 35 14
Total - 3,391 2,713 1,706
Grand total - 11,853 7,453

2 Each unit population rounded up before summing.
b Based on Flohr 2017.

and energy anisotropically. The corresponding unit—
fountain pairs were tallied to produce round-trip totals.
For energy, calories were summed so the empty vessel
weight was applied in the outbound trip while the full
vessel weight was used in the return.

The number of trips per day by unit was determined
by multiplying both population estimates by 10 and
20 liters, respectively, then dividing by the carrying
vessel’s capacity. Total time and energy per day spent
fetching water per unit could then be calculated by
multiplying the number of trips by the single round-
trip values.

RESULTS AND DISCUSSION

The Effect of Velocity and Load-Bearing on Routes and
Connections

The Closest Facility analysis was solved using sev-
eral different costs in time and energy as impedances
and the results compared. Between the fast (MP)
and slow (MT) times, the chosen fountains were
nearly identical, with only three out 0f 2,010 door-to-
fountain paths differing. Only slightly more differ-
ences occur comparing calories as costs, indicating an

incrementally larger load bearing effect. There were 23
different routes solved carrying the heaviest (28 kg)
compared to the lightest (7 kg) load at MP pace. This
only results in 13 different unit—fountain connections,
a mere 1% of the total. Comparing time and energy
impedances, however, results in greater discrepan-
cies of 6-7%. Most of these doorways are in medially
distant zones between fountains, underlining the nar-
row cutoffs between one choice and another in these
liminal areas. Almost a third, however, cluster along
Via Stabiana between Vicolo del Conciapelle and the
unnamed vicolo between insulae 1.2 and 1.3, as well as
along the latter. Vessel size played a greater role in the
choice of fountain given the steepest gradients in the
city. We can therefore imagine more blending of social
networks here as users likely circulated between foun-
tains 2, 4, 37, and 38 more indiscriminately. Overall,
however, most generated fountain districts are stable
using different impedances and vary primarily in cost
quantities at different speeds and loads. For the follow-
ing analysis, the district composition was determined
using the shortest walking times as predicted by MP.
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Fountain Districts: Single- or Multiple-Fountain
Communities

The process of connecting every external door in
Pompeii to its nearest fountain revealed that fountain
selection, and the districts or neighborhoods thereby
defined, was far more complex than previously under-
stood. As many units have more than one entrance, the
closest fountain depended on the door exited. Fur-
thermore, only a few seconds of additional time often
separated the closest from more distant options. One
can question whether water carriers even perceived or
considered such minor differences. Individual agency
must have played a significant role in neighborhood
composition.

For the present study, two methods were used to de-
termine the boundaries of fountain catchment areas or
neighborhoods. The first connected each unit to the
single closest fountain via the absolute least-cost con-
nection of every unit doorway (fig. 6). This represents
the most rational fountain choice and heuristically re-
duces the complexity of a network of individual agents
down to a singular model for further analysis. As with
any model, it does not necessarily represent the exact
fountain a particular unit used on any given day, but
it represents a distinct set of parameters. The second
method acknowledges increased complexity by con-
necting units to each fountain reached by a least-cost
path from any of its doorways (fig. 7). While most
units (93%) still only connect to a single fountain,
the presence of side or back doors linked some units
to two or even three. Not surprisingly, these included
the largest homes in the city with multiple entrances
facing opposite insula sides, such as the House of the
Faun (VI.12.2) and the House of the Citharist (1.4.5).
Smaller units appear, too, thanks to their liminal loca-
tion, such as the three-room shop with two doors at
VIILS.18-19 that is about halfway between fountains
26 and 28. Collectively, these units represent the fluid
boundaries between core communities of fountain
users—those who were likely to select a different
water source on any given day. In terms of the water
fetcher social network, these individuals constituted
vital interconnections between static consumers who
habitually frequented a single water source. Although
the topic deserves further scrutiny, this study only
considers the single closest fountain to each unit in the
following analysis. With the multiple-door method,
units and their populations would be counted two or
three times for each linked fountain in the quantifica-
tions below.

District size varies widely according to the relative
fountain clustering. The count of units each fountain
served, however, is a more significant figure, since
this determined the number of people who depended
on it (fig. 8). Partitioning these counts into PBMP’s
functional unit typologies (based on Eschebach’s cata-
logue) reveals different district characteristics, such as
the balance of commercial versus residential users in
each (fig. 9). Unit typologies, however, are debatable
and prone to circular reasoning.'®” Moreover, many
units share multiple functions, so this count is larger
than the raw count of units alone. A more objective
classification is plot size quartiles, which has long
precedent in studies of the Vesuvian cities (fig. 10).'*
Although imperfect, these categories capture funda-
mental differences in socioeconomic class between
small, medium, and large properties. While all water
fetchers likely belonged to subelite groups (e.g., slaves,
freedpeople, freeborn poor), we can perhaps further
characterize their composition accordingly. For in-
stance, the fourth quartile, representing the largest elite
units in Pompeii, probably tasked enslaved household
members to fetch water. The first and second quartiles,
including residents of one- or two-room shops and
upper apartments, most likely were composed of low
social status, nonslaveowning free and freed residents,
among whom perhaps women continued to serve as
primary water collectors.'®” Furthermore, properties
in the fourth quartile required a greater expenditure of
time and energy to supply their higher populations, but
multiple people may have accomplished these tasks,
whereas those in the first quartile probably relied on a
single water carrier.

There is wide variation in the number of units (ex-
cluding public buildings) each fountain served, ranging
from a minimum of seven to a maximum of 72. This
may explain why the fountains are not a standard size
across the city but instead cluster around three dif-
ferent volumes, supporting the expected differential
consumption.'” There is a moderate but statistically
significant positive correlation between basin volume
and the number of units served (fig. 11; online fig. 3).
Some fountains, however, like number 23, were clearly

167Kaiser 2011, 74-76; Ellis 2018, 35-36.

168Wallace-Hadrill 1994; Robinson 1997.

¥ Upper-level apartments have no plot size since their extent
cannot be determined.

170 See supra n. 26; patterns, however, are not as straight-
forward as characterized by Schmélder-Veit (2009, 128).
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FIG. 6. Districts by single closest fountain (varied shades of gray are used to make the districts discernable).

Access to one fountain
/] Access to two fountains
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FIG. 7. Districts by closest fountain from any external unit door. Multifountain districts consist of units with multiple external doors
whose least-cost paths connect to different fountains (varied shades of gray are used to make the districts discernable).
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FIG. 9. District composition by unit function (incomplete districts are excluded). Inset numerals indicate unit count.

overworked, while the two largest fountains (1 and
26) were underutilized. While not a perfect relation-
ship, there is no similar correlation between fountain
size and other data, such as population served or dis-
trict area, suggesting basin volume was consciously
planned to facilitate the number of units served. The
presence of outliers may be explained by changes in

property divisions after the system’s initial planning in
the Augustan era, or problems locating fountains due
to external factors, such as elevation or pipeline prox-
imity. They could also simply reveal a poorly managed
system that reactively adjusted to systemic pressures
via inadequate or haphazard modifications, perhaps
by private benefaction.
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The district unit count, however, only partially
characterizes fountain utilization since it does not dif-
ferentiate between widely varying household sizes.
Minimum and maximum unit population figures pro-
vide the best estimate of differential usage through-
out the city and indicate where crowding and supply
shortages likely occurred (fig. 12). Most fountains ex-
ceed Eschebach’s estimate of 160 people per fountain,
even at the minimum range, and this underscores how
fountain distribution did not eliminate overcrowding
and underutilization at specific locations.'” The total
population per fountain can also be multiplied by per
capita water requirements to estimate the quantity
of water needed to meet demand. Although fountain
flow rate remains debatable, a recent study proposed
an intermediate average of 0.43 liters per second,
which provides a baseline to measure the quantity
delivered in comparison to need.'”> A rough approxi-
mation divides the total daily district requirement by
the volume of the fountain basin to arrive at the num-
ber of full basins needed per day. Using the proposed
flow rate, estimates are calculated for the time needed

7' Eschebach 1979, 11.
172 Monteleone et al. 2021. The minimum average (0.08 liters
per second) would result in much longer times.
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FIG. 11. Relationship of basin volume to count of units served.
Numerals identify the fountain number (incomplete fountain
districts are excluded).

to fill them with these quantities (fig. 13). In reality,
more time would have been necessary since the basins
could only have been used for dipping provided they
contained enough reserve to submerge a vessel. None-
theless, these calculations already indicate the busiest
fountains, 12 and 14, would have required S to 8 hours
to deliver the total water quantity at 20 liters per capita
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daily, and many others needed 2 to 4 hours, even at 10
liters per capita. If water collection was clustered early
in the morning as suggested by comparative evidence,
the basins would have been emptied below useful vol-
umes rather quickly and users would have needed to
collect water directly from the spigots, increasing wait
times considerably. This accords with use-wear pat-
terns on several fountains that show heaviest use clos-
est to the taps, rather than evenly spread around the
basin’s accessible sides (see fig. 4)./”* Using fountain 12
as an example, a mere two draws with a 20-liter vessel
per minute or three draws per minute with a 10-liter
vessel were enough to lower the reserve faster than it
could be refilled. A steady pace of four draws per min-
ute with the larger vessel would leave the basin only
half full in just over 7 minutes. It would require just
under half an hour with a 10-liter vessel at the same
pace to lower the reserve by half, but this represents a
tiny fraction of the hundreds of draws per day required
to fulfill the district population needs (online appx.
tables 2—-4). Moreover, the three fountains lacking a
basin (11, 30, and 38) could only accommodate one
person at a time. Of course, even slower inflow rates
would have exacerbated not just supply shortages and
queuing at peak times but also basin refresh rates at
off-peak hours, impacting water quality and hygiene.'”*

The daily number of visits to each fountain is esti-
mated by tallying the corresponding units’ number of
rounds trips at various vessel capacities (online appx.
table 5). By aggregating these trips along routes, street
traffic is quantified, showing not only the paths water
fetchers likely took but also the cumulative volume
of pedestrians along specific stretches (fig. 14).'7
The frequency of walker traffic on routes leading to
fountains was substantial, but as with all these figures,
household population, the daily water requirement,
and the collecting vessel size were important factors.
Using a 5-liter vessel, many fountains would have seen
thousands of visits per day, but this would be far too
inefficient for larger households. A large 20-liter ves-
sel, on the other hand, would still require hundreds
of visits to the busiest fountains per day, but only a
few dozen to the least utilized. Intermediate ranges,

3 Jansen 2002, 46; Schmolder-Veit 2009, 129.

74Richard 2016, 277-81; Monteleone et al. 2021.

'7> An interactive map presenting the quantitative results
of this study is available at https://mnotarian.github.io/Pom
peii_Fountain Map/.

using a 10-liter vessel, would still have generated sev-
eral hundred daily trips to most fountains. Pathways
in proximity to fountains were obviously busier than
those farther away, but specific blocks were especially
frequented. The Via Consolare, notably near the inter-
sections with fountains 12 and 13, would have been
extremely congested, as was the southern stretch of
the Via di Mercurio north of Vicolo di Mercurio lead-
ing to fountain 14. That the Via Consolare saw some
of the heaviest fountain activity is not astonishing, but
the Via di Mercurio, dead-ending at the fortification,
is a bit more unexpected. Also surprising is the con-
siderable traffic generated on some secondary roads
that do not score highly using other proxy measures
of street activity, such as occurrence of doorways, total
pathways, or depth from city gates.’’® One of these,
Vicolo di Tesmo north of fountain 39, ranks highest
in message frequency (such as painted election no-
tices), however, surely reflecting this busyness. These
data reify the impression gleaned from textual sources
that fountains were neighborhood activity hubs and
compel us to reconsider the role they played in local
networks. For instance, the impacts of fountain activity
on commercial spaces deserve further analysis beyond
Ling’s brief exploration of fountain 4 and the adjacent
shop in1.10.1."7 The fact that the shop’s exterior door
was subsequently walled off might indicate that the
potential retail benefits of proximity did not material-
ize, or were in fact a hindrance, despite the hundreds
of times a day the fountain was utilized."”®

Household Time and Energy Collecting Water

Beyond neighborhood-level statistics, it is also use-
ful to examine the variation in household time and en-
ergy devoted to water collection across the city. Most
city residents had good water accessibility, but extreme
inequality persisted for those at the system’s margins.
The degree of unequal access depends upon the mod-
eled population, water requirements, and vessel size
(see online figs. 2, 4). To illustrate these differences,
three scenarios are explored here. The first, repre-
senting the maximum, assumes 20 liters per capita
collected in small, S-liter vessels at the maximum pop-
ulation estimate. The second, at the spectrum’s lowest

176 Laurence 2007, 73-84; Kaiser 2011, 77-89; Poehler
2017a, 180-97.

'77Ling 200S.

'78Ling 1997,25-37.
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FIG. 14. Aggregate pedestrian fountain traffic per day (maximum scenario).

end, uses 10 liters per capita collected in large, 20-liter
vessels at the minimum population estimate. The dis-
crepancy between these extremes is rather large, so a
middling range is also used, to illustrate a feasible in-
termediate: 20 liters per capita, 10-liter vessels, at both
the maximum and minimum population estimates.

In terms of distance, only slightly more than half
(62%) of Pompeii’s residents lived within SO m of a
public fountain, and 88% lived within 80 m (fig. 15).
The 146 units in the remaining 12%, however, had
widely varying access to water. Twelve units were more
than 150 m away. The farthest unit was an upper-floor
apartment near the fortification on Vicolo di Modesto
(VLS.1) that was 212 m away from any fountain. Since
it is unlikely these residents had access to a ground-
floor cistern, the public fountains would have been
their only recourse. Overall, however, the round-trip
times, using MP velocity, are rather low (online fig.
S). More than three-quarters of residents could reach
a fountain in less than 2 minutes round trip, 98% were
within 4 minutes of water, and the longest trip was just
over 7 minutes.

Factoring in multiple trips according to population,
water requirements, and vessel sizes drastically changes
this initial impression. At the upper limit the average
daily time spent fetching water was 44 minutes or 165
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FIG. 15. Distribution of round-trip distance to closest fountain.

calories burned (fig. 16; online fig. 6). Only slightly
more than half (56%) of Pompeii’s units could col-
lect their daily required water in half an hour (requir-
ing 125 calories) or less, rising to 78% under an hour
(225 calories). The remaining 275 units required mul-
tiple hours, mainly in the range of 2 to 4 (400 to 900
calories), but extreme outliers needed a maximum of
9 hours or almost 2,000 calories of combined labor.
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FIG. 16. Daily time fetching water at the maximum scenario (20 liters per capita, S-liter vessel, maximum population estimate, MP

speed; n = number of units).

On the spectrum’s opposite end, with an average time
under 4 minutes or 17 calories per unit, the situation
would have been far more manageable (fig. 17; online
fig. 7). Almost 92% of the city could have obtained 10
liters of water per capita in 10 minutes (45 calories)
or less, and no unit required more than 46 minutes
(200 calories). These bounds present an image of
two completely different cities—one in which water
hauling consumed inordinate time and energy, with a
minority struggling to meet basic needs, and another
in which water was easily accessible by almost every-
one. This amounts to a difference of over 38 days or
200,000 calories of collective labor per day at the maxi-
mum scenario compared to only 3 days or 21,000 calo-
ries at the minimum. The minimum model, however,
barely meets survival level needs for water. Alternate
sources such as cisterns and private fountains would
have been necessary, and deficiencies therein would
have increased strain on the public system. The maxi-
mum model, on the other hand, likely exaggerates
costs because a S-liter vessel was untenable for larger
or more distant households. Users would have cho-
sen different-sized vessels depending on age, gender,
distance to a fountain, and personal preference, so no

model using a singular capacity represents a truly ac-
curate quantification.

Therefore, the two intermediate models certainly
represent a range closer to reality with a moderate 10-
liter vessel and a sufficient 20 liters per capita (online
figs. 8—11). At the maximum population estimate,
78% of Pompeii’s units could obtain water in half an
hour (125 calories) or less, rising to 92% at an hour
(225 calories). However, as with the maximum sce-
nario above, there is great discrepancy in the final 97
units, rising to three hours (almost 700 calories) with
extreme outliers over 4 hours (1,000 calories). At the
minimum population, 88% could obtain water in half
an hour (125 calories) and a high 97% were supplied
in one hour (225 calories) or less. A mere 39 units
required longer than an hour, with the highest out-
lier just under 3 hours (700 calories). (In present-day
developing countries, 3- to 4-hour ranges correspond
with severe scenarios, which typically result from over-
crowding and long queues in urban environments or
longer distance trips during dry weather in rural areas.)
The spatial network model does not factor waiting
or crowding into time estimates, so additional time
was likely necessary at heavily trafficked fountains.
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FIG. 17. Daily time fetching water at the minimum scenario (10 liters per capita, 20-liter vessel, minimum population estimate, MP

speed; n = number of units).

Nonetheless, the intermediate range represents daily
collective labor of 288 to 460 hours, or 67,000 to
108,000 calories, a much narrower spread than the
two extremes.

Spatially, high- and low-cost units are distributed
haphazardly, as household population and distance
from a fountain are the key determinant variables.
High costs resulted either from a large household pop-
ulation or a long distance to a fountain, with varying
effects dependent on each variable’s exact share, along
with other local factors such as the terrain slope (on-
line fig. 12). There is one key exception, however, in
the city’s northwest corner, especially near the fortifi-
cation in Regio VI where high costs cluster. Of the 100
units with the highest costs in the maximum scenario,
47 are located here. Insulae 1, 2, 5, 7, and 11 average
118 to 10 minutes at both extremes and 59 to 37 min-
utes in the intermediate range. The region had both
a dense population owing to a higher share (58%) of
larger (third and fourth quartile) units as well as lon-
ger than average distances to a fountain, making it the
most problematic part of the city for water accessibility.
This remoteness may also have been influenced by the
sector’s high elevation, which may have restricted foun-

tain placement.'” As previously discussed, fountains
12 and 14 were also the most trafficked, increasing the
likelihood that they suffered from insufficient basin
reserves and extended queuing. Long distances to a
fountain are also found near Porta Nocera, particularly
the insulae abutting the fortification in regions I and
II. Although the large unexcavated sector of Regio I
renders these figures tentative, it seems unlikely foun-
tain 6 or 7 experienced similar overcrowding, given the
much sparser population in this zone.

CONCLUSION

Spatial network modeling offers a valuable meth-
odology to test the parameters of public water collec-
tion across Pompeii. While it largely reinforces earlier
impressions that the city’s hydraulic system provided
sufficient water levels for household use, it nonetheless
makes clear there was disproportionate inequality at
peripheries. Fountains across the city were utilized
at different rates, and a statistically significant posi-
tive correlation between basin size and units served

Keenan-Jones 2015, 198-99.
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indicates some degree of civic planning. Yet the munic-
ipal authority’s attempts to regulate these discrepancies
through varying basin sizes were haphazard, at best, or
hampered by topographical limitations and seismic
events. More abundant data on cistern capacities and
water volume delivered via the aqueduct given seismic
and environmental constraints could help clarify the
contribution of public fountains and their potential
deficiencies at points of stress. In addition, hypotheses
about the system’s evolution could be tested by com-
paring various iterations of the fountain network with
and without certain nonstandard fountain types that
might have been added to fill systemic gaps or relieve
overuse at crowded locations. Likewise, more data are
needed to understand how service disruptions in the
city’s final decades affected public fountain distribu-
tion, especially given textual evidence of social unrest
tied to water insecurity.

Nonetheless, these models rely on a strictly rational
water collection strategy that likely conceals the true
complexity of human behavior.'® Since enslaved in-
dividuals undertook much of this labor, more distant
fountains were perhaps frequented in acts of overt
resistance and avoidance.'®' Conversely, given the
concern expressed in legal sources (e.g., Dig. 21.1.18)
over slave idleness, their freedom of movement was
potentially restricted to the closest sources. Users may
also have avoided overcrowded fountains or traveled
farther to take advantage of nearby commercial prem-
ises or benches. An agent-based model may shed light
on the systemic effects of these different behaviors by
incorporating carriers of different ages, genders, and
statuses. Social network analysis could help further
elucidate the topological structure of subelite com-
munities that are largely invisible in the material or
textual record.

Water retrieval’s dynamic nature also complicates
our understanding of what constituted the natu-
ral neighborhoods formed by fountain users. Even
without factoring in the vagaries of human behavior,
multiple doors and liminal units presented broadly
equivalent choices to water haulers. Topography also
influenced their boundaries, shifting routes uphill or

1% See Ellis’ (2018, 93-94) critiques of data-driven spatial
studies of Roman cities and their tendency to minimize the
“countless complexities of urban life” Similar caveats in Siefried
and Gardner (2019, 408).

'81Joshel and Petersen 2015,99-117.

downbhill depending on the load carried. The compo-
sition of fountain neighborhoods was far more fluid
than static maps typically represent. That is not to
say, however, each fountain did not have a core group
of regular fetchers around which social relations were
structured. While attempts to define a local identity
based on the fountain’s decorative reliefs defy straight-
forward symbolism, spatial networking modeling
moves analysis beyond iconography or simple distance
toward quantifiable measures of accessibility and co-
hesion. Among the subaltern populations who relied
on publicly distributed water, some labored for hours
a day to meet minimum living standards and likely
suffered the socioeconomic and health consequences
of water carriage and supply inadequacy. The major-
ity, however, benefited from an imperial benefaction
that rendered better water accessibility than even some
contemporary disadvantaged communities. This is
an important first step toward repopulating Pompeii’s
streets with indispensable but often forgotten laborers
beyond elite authors’ biased anecdotes.
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