Theory and Methodology: Theory and Method Discussion 
 Various methodological approaches and theories have been applied to the study of Ptolemaic and Roman era state interests in the Eastern Desert of Egypt and the western Indian Ocean region. Among these approaches are McLaughlin’s attempt to combine references to the value of the cargo of the trading vessel, the Hermapollon, with Strabo’s citation of the number of ships sailing to India to determine the value of state taxation during the Roman period while Manning makes use of network theory to examine the social networks utilised by the Ptolemaic regime to acquire elephants along the Red Sea coast.[footnoteRef:1] However, an approach which has only so far received limited application is the use of demographic methods to determine the scale of state involvement in these regions – with a limited study of military garrisons sizes of this for Ptolemaic and era Roman activity.[footnoteRef:2] Given the potential benefits of such demographic analysis for the study of ancient economics, politics and society, as highlighted by Pudsey and Holleran, it would be worth attempting to apply these methods in a wider sense to the study of Roman state involvement with the Indian Ocean trade.[footnoteRef:3] This is especially true given McLaughlin’s argument for the loss of state revenue from Indian Ocean trade following the demographic devastation of the Antonine Plague.[footnoteRef:4] [1:  McLaughlin, 2010, p.161-164; Manning, 2011, p.311. ]  [2:  Sidebotham, 2011, p.165-166.  ]  [3:  Holleran and Pudsey, 2011, p.1. ]  [4:  McLaughlin, 2010, p.173-176. ] 

Therefore, this discussion will concentrate on the applicability of demographic methods for studying evidence of Roman participation in the Indian Ocean trade. Considering McLaughlin’s argument regarding the impact of demographic decline on merchants and the subsequent loss of state revenue, this analysis will examine the size of the population of the port of Berenike during the early Roman period.[footnoteRef:5] Moreover, it should be mentioned that while notable work on the topic of Roman demographics has been conducted by Parkin he focuses on mortality rates rather than population size.[footnoteRef:6] It will be argued that the Eastern Desert provides excellent archaeological and documentary evidence to undertake demographic analysis, although in the case of early Roman Berenike further excavation needs to be conducted before reliably estimating the population.[footnoteRef:7] Nevertheless, through combining archaeological and textual evidence some important clues about the size of Berenike’s population in the early-Roman period might be ascertained.  [5:  Tomber 2008, p.23 and Cobb, 2015, p.363-390 convincingly show that the 1st century AD was the peak of Roman trading activity in the Indian Ocean. ]  [6:  Parkin, 1992, p.4. ]  [7:  Tomber 2008, p.24; 54-55; Sidebotham, Matin and Nouwens, 2008, p.199.] 

Since the 19th century, numerous methods have been utilised to attempt to estimate ancient population sizes depending on the evidence that survives.[footnoteRef:8] Although Hansen and Holleran correctly caution that the aim of any attempt to estimate the size of a population should be to determine its magnitude and should not offer exact statistics, several methods do present greater problems than others.[footnoteRef:9] One such method is Lloyd and Lewis’ efforts to calculate the population of Cyrencia by considering the total outflow of water each day from the city’s aqueducts.[footnoteRef:10] However, it is rightly noted by Duncan-Jones that it is impossible through such means to know the exact amount of water consumed by a single individual alongside bathhouses and other amenities.[footnoteRef:11] Moreover, this method becomes invalid for our study since Berenike’s coastal location meant water had to imported from inland.[footnoteRef:12] Moreover, while Sidebotham observes a cemetery connected with Berenike, it is small and dates to the late antique period, thus rendering this method also redundant.[footnoteRef:13] In contrast, the most frequent methods used to estimate population size are the urban remains of a city or textual references.[footnoteRef:14] Due to the preservation of both forms of material within the Eastern Desert this makes these the best and least problematic options for further discussion.  [8:  Duncan-Jones, 1982, P.261; Wilson, 2011, p.172; Holleran, 2011, p.156-157. ]  [9:  Hansen, 2006, p.1; 4; Holleran, 2011, p.155. ]  [10:  Lloyd and Lewis, 1977, p.35-40.]  [11:  Duncan-Jones, 1978, p.51; 1982, p.261.]  [12:  Sidebotham, Matin and Nouwens 2008, p.353]  [13:   Sidebotham, 2014, p.623. ]  [14:  Hansen, 2006a, p.15; 2006b, p.73-74; Holleran, 2011, p.156-157. ] 

Since Beloch used the remains of walled settlements to estimate the population of Roman Italy, archaeology has been used by modern scholars to establish population estimates in the ancient world.[footnoteRef:15] This is commonly done by using the remains of houses to calculate the number of inhabitants per hectare and then applying it across the walled area of a city.[footnoteRef:16] Indeed, the scale of such work has been magnified by Hansen who has used such methods to calculate an upper and lower urban population for the entire ancient Greek world.[footnoteRef:17] Nevertheless, Hansen correctly notes that several pieces of data must be known for any one city in order to conduct such an analysis.[footnoteRef:18] These include the size of the inhabited area, the average number of houses per hectare and the average size of a household.[footnoteRef:19]  Thus, by considering such information Hansen rightly proposes that an imprecise but rough estimate of a city’s population may be calculated.[footnoteRef:20] However, while Wilson views Hansen’s method as valid, he rightly cautions that it must account for open spaces occupied by public buildings along with variations in housing type and family size.[footnoteRef:21] This last can be more easily determined for the Roman than the Classical Greek world due to the survival of Egyptian census records.[footnoteRef:22] Incorporating such factors further refines Hansen’s methodology, even if it remains imprecise. Despite this, both Hansen and, to a greater degree, Wilson note that such analysis may only be conducted at sites with a detailed excavation history as is the case with Priene or Sabathra, sites studied by these scholars.[footnoteRef:23] [15:  Beloch, 1886, p.388-443. ]  [16:  Hansen, 2006a, p.15; 2006b, p.73-74.]  [17:  Hansen, 2006a, P.32. ]  [18:  Hansen, 2006a, p.35. ]  [19:  Hansen, 2006a, p.35.]  [20:  Hansen, 2006a, p.4. ]  [21:  Wilson, 2011, p.173.]  [22:  Wilson, 2011, p.170-171. ]  [23:  Hansen 2006b, p. 74-76; Wilson 2011, p.172. ] 

In contrast, despite extensive excavations at Berenike, Sidebotham observes that only 2% of its surface area has been excavated and even less vertically.[footnoteRef:24] Nevertheless, enough of the late antique city has been uncovered for Sidebotham and Wendrich to suggest a population of 500-1,000 during the 5th century AD.[footnoteRef:25] This estimate is based on similar archaeological analysis to that conducted by Hansen and Wilson.[footnoteRef:26] In contrast, almost none of the early Roman buildings of Berenike have been recovered.[footnoteRef:27] Therefore, when determining the size of Berenike’s population in the 1st century AD, which archaeology suggests was the peak of commercial activity, the methods discussed above cannot be utilised effectively.[footnoteRef:28] Despite this, as per Hansen, if we take the figure for the 5th century AD as the lower estimate for Berenike’s population then it may be possible, through utilising textual evidence, to determine the size of populations at sites contemporary to Berenike. This may then allow for a sense of the city’s upper population limit to be obtained.  [24:  Sidebotham, 2011, p. 222. ]  [25:  Sidebotham and Wendrich, 1998, P.85-96. ]  [26:  Sidebotham and Wendrich, 1998, P.85-96.]  [27:  Sidebotham, Matin and Nouwens 2008, p.199.]  [28:  Tomber 2008, p.24; Cobb, 2015, p.363-390. ] 

Using literary sources to determine population size in the ancient word, has, similarly to archaeology, been used by modern scholars.[footnoteRef:29] In the Roman world this kind of analysis has been done famously with the population of Rome which has been estimated at c.1 million inhabitants during the early imperial period.[footnoteRef:30] This estimate is reached by analysing figures of the number of citizens receiving the annona which is recorded by Suetonius and in Augustus’ Res Gestae.[footnoteRef:31] Although, this figure is accepted by modern scholars, Holleran rightly observes that the sources on which it is calculated are problematic.[footnoteRef:32] This is due to the fact that the annona was likely not given to all citizens and furthermore, that those recorded likely denote males older than 10.[footnoteRef:33] Nevertheless, such figures provide a basis on which to consider the city’s population. In the case of Rome this is not least due to not knowing the city limits, thus making the use of archaeology largely redundant.[footnoteRef:34] [29:  Holleran, 2011, p.156-157 ]  [30:  Morley, 1996, 182.  ]  [31:  Suet.Aug.40.2; Aug.Res Gestae. 15. ]  [32:  Holleran 2011, p. 157. ]  [33:  Holleran 2011, p. 157.]  [34:  Holleran 2011, p. 157.  ] 

Likewise, with Berenike, while archaeology cannot yet provide a concrete picture, textual sources may be used to assess population size. Although, no extant figures concerning Berenike’s population are recorded amongst the documents unearthed in the city, an ostracon recovered from the imperial quarry at Mons Claudianus offers an estimate of the population through mentions of water rations provided to workers and soldiers.[footnoteRef:35] Based on this, Cuvigny and Tomber estimate a population of c.900-920 people.[footnoteRef:36] Adams also notes that administrative staff should be added.[footnoteRef:37] Therefore, while Mons Claudianus should not be seen as a direct correlation to Berenike’s population, not least due to the different functions of the two sites, it does provide evidence for the population of one of the major locations in the Eastern Desert and indicates the order of magnitude of the populations of such places as Berenike.[footnoteRef:38] Moreover, operations at Mons Claudianus appear to have taken contemporary with the period of peak activity at Berenike.[footnoteRef:39]  [35:  Sidebotham, 2011, p.222; O.Claud.inv.1538+2921. ]  [36:  Tomber, 1996, p.42. ]  [37:  Adams, 2007, p.209. ]  [38:  Sidebotham, Matin and Nouwens 2008, p.77. ]  [39:  Sidebotham, Matin and Nouwens 2008, p.77. ] 

Nevertheless, where the evidence suggests that Mons Claudianus had a significant population Berenike is acknowledged as the base of the ‘Prefect of Berenike,’ the official charged with securing trade and mining in the Red Sea.[footnoteRef:40] Moreover, it appears that this also included maintaining the ports, roads, forts and overseeing military activity.[footnoteRef:41] Although, it appears that Mons Claudianus was outside of his jurisdiction, it seems reasonable that the base for such an individual (Berenike) would have been significantly larger.[footnoteRef:42] That this was the case is also suggested by Strabo’s statement that 120 ships sailed to India from Red Sea ports during the 20s BC.[footnoteRef:43] Although these ships are mentioned in relation to sailing from Myos Hormos, based on the scale of archaeological finds at Berenike such as the 7.55 kg amphorae of black pepper found a certainly suggests that Berenike was a port of similar  commercial importance.[footnoteRef:44]   [40:  Sidbeotham, 1986, p.67; I. Pan.68; Cuvigny, 2006, p.295-297.  ]  [41:  Cobb, 2018, p.105-106. ]  [42:  Cobb, 2018, p.107. ]  [43:  Strabo.2.5.12. ]  [44:  Sidebotham, 2011, p.62; 79. ] 

Therefore, it seems reasonable to argue that the population of Berenike during the early-Roman period was larger than the 1,000 proposed for the 5th century AD and greater than the contemporary population of c.1,000 at Mons Claudianus. That this was the case is further supported by Berenike being the base of the Prefect. On the other hand, although it must be noted that the population of Berenike fluctuated according to the trading season, its settled population included families of soldiers stationed in the region, military personal, administrative staff and at least some Roman and foreign merchants.[footnoteRef:45] This would potentially result in a permanent population exceeding that of Mons Claudianus and certainly a seasonal population far in excess. Thus, by utilising demographic methods it is possible to obtain a sense of the scale of the population of Berenike during the high-point of Rome’s Indian Ocean commerce which further deepens our understanding of the impact of the trade on Roman state finances and the effect of any demographic decline.[footnoteRef:46]  [45:  Cobb, 2014, p.104-106; Sidebotham, 2011, p.68. ]  [46:  For Indian Ocean trade and Roman state finance see: McLaughlin 2010; 2014 and Wilson 2015. ] 

In conclusion, while demography can be problematic, when applied cautiously to appropriate forms of evidence it may be used to make population estimates. Applying such methods to the population of Berenike assists in determining the size of the trade on which the state relied for significant incomes. Although, Wilson rightly states that using archaeology remains the most reliable means of determining population, he also correctly warns that this may only be done at sites about which enough is known. Indeed, while not enough is known of early Roman Berenike such methods have been applied to the more extensive 5th century remains. Despite this, the resulting population, while not insubstantial considering the decline and increase in trade during the 3rd and 4th centuries, it seems smaller than should be expected for the pinnacle of activity.[footnoteRef:47]  [47:  Tomber, 2018, p.550. ] 

However, in contrast to Wilson, textual sources may be used in cases such as Berenike when the archaeology is not appropriate for demographic analysis and sufficient material survives. While there is none from Berenike, evidence from the contemporary site at Mons Claudianus, indicates a population similar to that of late antique Berenike. Moreover, while Mons Claudianus’ population was a significant the status of Berenike as the base of the Prefect, the archaeological evidence and the statement from Strabo indicating the quantity of merchant vessels involved make probable that Berenike supported a larger population. Indeed, where this will almost certainly have been the case during the sailing season when traders set out for and returned from India this may have also been true for the permeant population. Therefore, while our figures do not indicate a definite population for the early-Roman period they do allow for a sense of its scale. This may have been several thousand during the trading season but was perhaps greater than either the late antique period or Mons Claudianus at any given time. Thus, demography, when carefully applied, adds further insight into the scale of Rome’s Indian Ocean trade which has been viewed as vital for state finances. 
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