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Abstract

The first part of this paper discusses the origins and development of the
CHRR database as compiled by the author. The second section provides a
couple of examples of the sorts of questions the data can be used to answer by
examining two assemblages: the hoard from Mainz and the possible hoard
from Alésia. This paper does not particularly discuss the creation of CHRR
Online which will be examined elsewhere (Gruber and Lockyear2015). It
should be noted, however, that CHRR Online is derived from the author’s

database, and will be regularly updated by uploading the data from it.



This paper is dedicated to the memory of Rick Witschonke.

1. Introduction

The title of this paper may remind some readers of the film The good, the bad
and the ugly. The echo is deliberate. This paper examines the Coin Hoards of
the Roman Republic (CHRR) database, from which CHRR Online hosted by
the ANS, has been created (Gruber and Lockyear 2015). A detailed
discussion of the CHRR database has been published previously (Lockyear
2007, chapter 2)! and the first part of this paper will summarise that
discussion and then expand upon some of the issues. The second part of this
paper will present two previously unpublished case studies demonstrating the

potential of the database and some possible methods of analysis.

2. The CHRR database

I have previously outlined in detail the sources of data used in the
construction of the CHRR database, the data manipulation strategies
employed, and the structure of the database (Lockyear 2007, chapter 2). |
wish here, however, to expand upon some of the wider issues which have

impacted on the database.

The CHRR database began as part of an MSc dissertation (Lockyear
1989) and was originally implemented using the RDMS package Ingres on a
network of powerful Sun workstations. At that time the database only

contained information about the twenty-four hoards published by Crawford

tAvailable from http://numismatics.org/chrr/pages/background.



(1974) in Table L. The database structure was based on that designed by Ryan
(1988) for site finds from Roman Britain. It became clear that there was scope
to expand the original dissertation into a doctoral thesis (Lockyear 1996b).
Although the data was originally moved to Ingres for PC this proved too slow
and also could not be run on the only laptop available at that time. As a result
the data was imported into dBase Il1+. A suite of programs were written to
ease data entry and manipulate it for analysis. The database grew from
twenty-four hoards to 617 containing information about 71,363 coins. No
new data were added between 1996 and 2006 at which point the database was
imported into Microsoft Access and new hoards began to be appended. The
growth of the database can be seen in Figures 1-2. The CHRR database at the
time of writing contains some information about 718 hoards containing
120,177 coins of which 106,771 are well identified. Of these 510 hoards have
detailed information concerning their contents and 208 only have limited

information included in the main FINDSPOT table of the database.

Figures 1 and 2 about here.

The database up to this point is what | have called a personal research
database. It was created for my particular projects and interests with no
intention, at least initially, of making the information publicly available.
Conversion of the database to a resource database in the form of CHRR
Online involved not only the technical issues in making the data available
across the web, but also in meeting and managing the expectations of the

target audience who may well have somewhat different interests than the



creator of the database (Gruber and Lockyear 2015). We have attempted to do
this via a process of informing, enhancing and enabling. This paper, along
with the information posted on the CHRR Online website? and the paper by
Gruber and Lockyear (2015), forms part of the process of informing.
Conversion of the database to an open linked data format and implementation
of the webpages by Ethan Gruber constitutes the process of enabling. The

enhancement of the database will be discussed below.

What hoards are included in the database? The intended scope of the
database matches that of Roman Republican Coin Hoards (Crawford 1969,
henceforth RRCH). It contains hoards which (a) contain at least one Roman
coin and (b) hoards which close with or before the issues of C. L. Caesares (c.
2 BC—AD 4). In reality, the coverage is more limited. The original research
project centred on patterns in the distribution of denarii, and thus pre-
denarius hoards are largely omitted. Additionally, early anonymous denarii
are difficult to identify especially from published sources alone. Recent work
IS going some way to remedy this situation (e.g., Debernardi 2012). The need
to have reasonable sized groups of hoards with a narrow range of closing
dates and good quality data led to few hoards prior to 157 BC being input to
the database. The groups used varied from a maximum of 30 years to a single
year and contained between eight and 25 hoards. Similarly, the difficulties in
identifying early Imperial issues from older published sources, as well as the
lack of hoards of silver denarii from Italy of that date, has led to an under-

representation of Augustan hoards.

2 See especially http://numismatics.org/chrr/pages/background.



In general, denarius hoards from Italy are well represented as both
Crawford (1969, 1985) and Backendorf (1998) have provided excellent
information. My research interests coupled with the corpus published by
Chitescu (1981) has led to excellent coverage for late Iron Age Dacia.
Unfortunately, information from Bulgaria is less well published although the
work of Evgeni Paunov is helping to improve the situation. Coverage for the
late second century from the Iberian peninsula is excellent as a result of data
collection for a forthcoming paper. The principal weak areas are, therefore,

early hoards and non-denarius hoards.

There are some omissions which initially seem surprising. By way of
example, the ‘New Italian’ hoard, actually found in Sardinia and published by
Hersh (1977), is currently omitted as the publication does not include the
early issues within the hoard and therefore did not meet the criteria for the
original analyses. Problems with the detailed data is the main reason that 208
hoards only have a summary entry in the FINDSPOT table but no detailed

information concerning their contents.

One recurrent problem is the consistent identification of hoards. The usual
methods used by numismatists are either to cite a corpus number, e.g., RRCH
234 or the find spot plus the date found, e.g., Alife 1937. The problem with
the former method is that published corpora have fixed number sequences so
new listings create new references, thus El Centenillo (1911) is RRCH 181,

Blazquez (1987-1988) No. 26, Chaves Tristan (1996) No. 16 or Villaronga



(1993) No. 77! Consistent identification in a database system is via a field
designated the primary key. In this case neither the corpus number (not all
hoards have them) or the name plus year (some places such as Rome and
Padua have multiple finds) seemed really suitable and so a simple three-letter
code has been created for every entry, e.g., ALl for Alife and EL1 the El
Centenillo hoard. These codes have been consistently used by the author in
previous publications and are used in the online version of the database. They
are also used in the second part of this paper. They have the advantage over a
simple number in that there is no expectation of the codes reflecting a dating
sequence, and also they are generally easier to remember. By asking users of
the online resource to use these codes when using the data in their own work,
it is hoped they will become the standard method by which hoards are

identified.

A few hoards create problems at even this level. The Ancona hoard
(RRCH 169 and 344. AN1 and AN2) is held by the American Numismatic
Society. Crawford has split this assemblage into two hoards on the basis of its
contents although the documentation at the ANS suggests it is one hoard
(Crawford pers. comm., Metcalf pers. comm.). The structure of this
assemblage suggests that Crawford’s division into two hoards is basically
correct but that he has incorporated some of the tail of the second hoard in
with the body of the first (Lockyear 2007, 82). The La Oliva hoard (RRCH
197, oLl and o2, Chaves Tristan 1996, Nos. 24 and 32) is thought by
Crawford to be two lots of the same hoard but is argued to be two separate

hoards by Chaves Tristan (1996, 245). Wherever possible, | have kept



disputed hoards like this separate as it is easier to combine listings than it is to

split them.

The database design includes a series of ‘accuracy’ codes which enable
one to assess the degree of confidence in the identification of individual
coins. The first four codes are based on the levels created by Reece (1975).
For Reece, an unqualified reference is definitely a coin of that type, ‘as’
indicates the first possible reference that a coin may be when it cannot be
precisely identified, ‘copy of” indicates a copy of a specific coin and ‘copy as’
indicates a copy like the reference given. In CHRR these four levels are coded
1 to 4. There are, however, instances when a coin can be identified down to
an RRC issue, but not down to a specific type. For example, RRC 408/1a and
408/1b are sometimes either published as 408/1 or 408/1a—b. To indicate
coins identified to this level the database assigns the accuracy code 5 and
CHRR Online uses ‘as issue...” in its lists. As well as coins which can be
given some form of precise reference, there are a number of general
categories such as ‘miscellanecous Republican asses’ or ‘Iberian denarii’. Coin
type numbers have been created for these categories and they are assigned an
accuracy code of 8. The remaining codes are explained in Table 1. There are
weaknesses with this system. For example, how does one record RRC
408/1a—b when only presence/absence data is available? Up until now, this
problem has been irrelevant as hoards with only presence/absence data are of
no use in the types of analyses the database was designed to support. With its
conversion from research to resource, however, some of these issues will

have to be addressed.



Table 1 about here.

The dating of Republican issues is controversial. In Roman Republican
Coinage, Crawford (1974) offers quite precise dates for most issues,
especially after 157 Bc. These dates are not universally accepted and
alternative dating schemes have been offered for parts of the sequence; for
example those by Hersh (1977), Hersh and Walker (1984) and Mattingly
(2004, chapter 13). From the point of view of creating a usable database,
these partial sequences are problematic. For example, if one adopts
Mattingly’s (2004) scheme for the issues from RRC 197 down to the Social
War, one ends up with an artificial gap in the dating sequence between
Crawford’s dates for the earlier issues and Mattingly’s. The CHRR database,
therefore, uses the dates from RRC by default. A crude but very effective way
of incorporating the alternative dating schemes was to simply duplicate the
COINTYPE table and then to edit the dates for the affected issues. The database
now incorporates two tables with alternative dating schemes taken from
Mattingly (2004) and Hersh and Walker (1984) allowing for the impact of the

various schemes on the patterns in the hoards to be assessed.

The enhancement of the CHRR database is taking three forms:

1. The addition of additional hoard data to the current database.

2. Importing information from the online version of the database to
enhance the ‘working’ version.

3. The expansion of the scope of the database to include additional areas



of information.

The first of these requires little explanation. Further hoards are added to
the database whenever the opportunity arises, and/or hoards already included
at a summary listing level have detailed data input as and when possible. At
regular intervals the data included in CHRR Online will be updated from the
master database held by the author. The main change is that hoards not
previously prioritised, such as the early material or non-denarius hoards are
being input in order to improve the function of the database as a general

resource for scholars.

The online version of the database varied from the author’s working
database in that the information regarding coin types was derived from the
British Museum’s database which contained information regarding designs,
legends etc. taken from RRC as well as the basic information regarding dates
and denominations which had been included in CHRR’s COINTYPE table. The
British Museum data was incomplete, however, and the missing information
was added by the American Numismatic Society. This data was then used to
enhance CHRR. The second source of data was that many of the hoard’s find
spots were automatically located using the Geonames system by Ethan
Gruber. Although only accurate down to the level of the named settlement,
this basic location information allows CHRR Online to map hoards. This
information has now been incorporated into CHRR which will allow more

formal spatial analyses to be undertaken if desired.



Lastly, two new hoard projects are currently underway: one team at
Oxford is building a database of Roman Imperial hoards from outside the UK
and a second team from the British Museum and Leicester are looking at
hoards from within the UK. Both these projects are recording more generic
information about hoards such as the vessels in which they were found,
associated artefacts, circumstances of discovery etc. rather than the detailed
coin-by-coin listings gathered by CHRR. Much of this information for
Republican hoards is available in either the CHRR logbooks and archive, or
Crawford’s archive held by the British Museum. The two Imperial projects
are using the same database system, and we are investigating how best to
incorporate elements of their system into CHRR in order that the three

databases will be compatible and inter-operable.

Although the above discussion has highlighted some of the problems with
the data, and looked at how it may be enhanced, it cannot be emphasised too
strongly that the database as is forms a substantial and significant body of
information of enormous use to scholars investigating the coinage of the late
Republic. The next section presents two sets of analyses which demonstrate

just some of the ways this data may be used.

3 Using the data: two examples

Many analyses using the data from the CHRR database have already been

published (e.g., Lockyear 1991, 1993, 1995, 1996a, 1999b, 2007, 2008,

2012). The majority of these previous analyses examine groups of hoards in



order to identify and assess patterning within them. In this section I wish to
examine how the data may be used in a slightly different scenario where there
are questions relating to a specific assemblage. Two examples are
investigated — the Mainz (MNZz) hoard and the assemblage from Alésia,
Camp D (ALD) — in order to illustrate the sorts of ways the data can be used
to examine specific finds in their broader context. | would like to thank
Stéphane Martin for posing such interesting questions about these two

assemblages and providing the data from Alésia, Camp D.

3.1 The Mainz hoard

The Mainz hoard consists of only 12 denarii and closes in 78 BC according to
Crawford’s chronology. It is of interest as it was found in Treveran territory
but closes some twenty years before the Gallic Wars. It is, however, a very
small hoard and thus the closing date is rather unreliable, but how unreliable

is it? Additionally, is there anything else exceptional about this hoard?

The data for Mainz was input to the CHRR database from Michael
Crawford’s notes currently held in the British Museum. The hoard was not
analysed previously as its small size falls considerably below the minimum of
30 coins I generally use (Lockyear 2007, 44). This is the earliest hoard from
Germany in the CHRR database, and one of only a handful from France and
Austria. The late 80s — early 70s BC mark the period of initial penetration of
denarii into northern Europe as well as eastwards into Romania and Greece.

The period 78-75 BC is characterised by a high degree of homogeneity in coin



hoard structure. The large issues of the Social War, which had created such
marked patterning in the data for the 80s Bc, had circulated sufficiently that
hoards of this date are extremely similar to each other (Lockyear 2007, cf.

sections 5.4.7 and 5.4.9).

Table 2 about here

Figure 3 about here

A data set of nineteen hoards with twelve or more well-identified denarii
closing between 78-75 Bc was extracted from the CHRR database (Table 2).2
Of these hoards four fall below the usual thirty coin limit including Mainz
(MNZ), two French hoards, Bompas (Bom) and Brusc (BRU) and Puerto
Serrano from Spain (PSE). One of the first things to note about this selection is
their wide geographical spread. These nineteen hoards come from nine
modern countries, a quite unusual distribution at this period when usually

Italy, Spain and Romania dominate the data sets.

My usual procedure for analysing a data set such as this is to graph the
data as cumulative percentage curves, and to perform Correspondence
Analysis (CA), a multivariate statistical technique developed to analyse tables
of categorical data such as we have here (Greenacre 2007). The cumulative
percentage curves allows one to see the broad patterning in the data by date

and are generally easier to interpret than an ordinary line graph with many

3‘Good total’ refers to the number of denarii that can be accurately identified
to an RRC issue, but not necessarily down to an exact RRC reference.



overlapping lines, or by plotting multiple histograms. | have discussed CA in
detail previously (Lockyear 2007, 40-64). The aim of CA is to extract from a
large data set the underlying trends in the data and it is worth quickly

recapping the major aspects of the technique.

1. CA isatechnique for analysing tables of non-negative integer data,
e.g., counts of coins in hoards or site assemblages.

2. CA calculates scores for every variable and every assemblage on a
series of new axes where the first axis represents the main underlying
pattern in the data, the second axis represents the next most important
source of variation, and so on. In coinage studies, the first axis often
represents date (e.g., early to late hoards). Each axis can be said to
‘explain’ a percentage of the variation in the data which gives an
indication of how successful the analysis is in revealing the
underlying patterns.

3. The results of the technique are presented as one or more
scattergrams, technically called maps as both the x and y axes should
be plotted to the same scale. Usually two maps are produced, both
showing axes 1 v. 2 but the first representing the assemblages (in our
case hoards) and the second representing the variables (in our case
coinage issues). More subtle patterns can be observed by examining
axes 3 and beyond although in hoard studies these can quickly start
representing the variation in only a very small number of issues.

4. Two points on a map plotted close together are likely to be similar in

some way, and two points plotted at a distance are likely to be



dissimilar. In our case, two hoards plotted close together are likely to
contain a similar range and proportion of coinage issues. Similarly,
two issues plotted close together are likely to have a similar
distribution across the hoards.

By comparing the two maps it is possible to see which issues are
particularly related to which hoards, and vice versa.

. The process of calculating the axes and plotting the scores is an
attempt to simplify a complex data set. As a result, some items will
not fit that simplified pattern. Consultation of the accompanying
diagnostic statistics (more properly known as decompositions of
inertia) enables one to identify which items (hoards and/or issues) fit
the pattern well, and which should be ignored. One of the most useful
of the diagnostic statistics is ‘quality” which scores out of 1,000 how
well a point ‘fits’ the map. The position of items with a very low
quality should not be given any great meaning on that map

By comparing the maps and consulting the diagnostic statistics, an

interpretation for each axis can be given.

A formal description has of CA been provided by Greenacre (1984) and his

later work is a more practical description of the method (Greenacre 2007).

The method has been used widely in archaeology (e.g., Pitts and Perring

2006) and coinage studies (e.g., Orton 1997). Baxter and Cool (2010) have

provided a useful hands-on description.

The total number of well identified denarii in the data set was only 1,106,



a remarkably small number for 19 hoards. As a result, the cumulative
percentages curves presented in Fig. 3 are often quite jagged. The graph does
show, however, that (a) the majority of the hoards are very similar to each
other with the exception of the Bompas hoard which has quite a ‘modern’
profile; and (b) that the Mainz hoard looks very similar to the rest of the

assemblage.

As a result of the small size of most of the hoards, the data set is very
sparse with 77% of the cells having an entry of zero. Correspondence
Analysis can be badly affected by having comparatively rare issues — by
which | mean rare in the current data set — occurring in small hoards. To
alleviate this problem, all issues prior to RRC 197 were deleted from the data
set, some nineteen coins. Additionally, the four smallest hoards were included
in the analysis as supplementary points (Greenacre 2007, chapter 12). This
means that the CA map is created without using these four hoards, and then
the position of those hoards is calculated and plotted. This process highlighted
the fact that four issues only occurred in these smaller hoards: RRC 242, 330
and 343 in the Puerto Serrano hoard (PsE; one example each) and RRC 365 in
the Bompas hoard (Bom; two examples). The CA of the complete data set
(not presented) is unsurprisingly dominated by the two examples of RRC 365
and the Bompas hoard. These four issues were therefore also deleted from the
data set which was then re-analysed. In the second analysis the first axis
accounted for 11.9% of the variance in the data, and the second axis 10.3%
giving a total of 22.2% for the maps, a very low figure but one which is to be

expected given the small size of most of the hoards.



The resulting maps from this analysis (Figs. 4-5) do show some
patterning despite the problems. The three Italian sites are plotted in the
lower-left quadrant of the map, the majority of the outliers tend to be
Romanian or French hoards with the exception of the hoard from Randazzo
(RAN). This pattern is very similar to that reported previously (Lockyear 2007,
91-92). As far as the Mainz hoard is concerned, it appears to be similar to
Italian, Spanish and Portuguese hoards of this period and is rather
unremarkable although the small sample size does need to be taken in
consideration when making such a judgement. These maps reinforce the

impression given by the cumulative percentage graph discussed above.

Although we now know that the Mainz hoard is unremarkable,
structurally, it does not help us assess the problem of the probability that a
small hoard closing in 78 BC may actually have been extracted from the
coinage pool somewhat later. A method exists by which we may graph the
probability of a later closing date (Lockyear 2012, 203—206). This method
relies on using the die estimates for Roman Republican coinage (Crawford
1974) as relative issue size coefficients (Lockyear 1999a), i.e., indicators of
relative rather than absolute issue size. By using the binomial formula and the
coinage population figures calculated using a 2% decay rate we can calculate
the probabilities for hoards of various sizes. Taking the Mainz hoard as an
example, in 77 BC coins struck in that year form 1.9% of the coinage pool. To
calculate the probability of a hoard of twelve coins collected in 77 BC not

containing any coins of that year we use the formula (1-p)" where p is the



probability, in this case the percentage expressed as a proportion, and n is the

number of trials, i.e., the size of the hoard. In this case, therefore, we get:

(1-p)" = (1-0:019)*2 = 0:98% = 0:79

We can then calculate the probability for 76 BC using the proportion of the
coinage pool dating to 77—76 BC, and then for 75 BC using the proportion for

7775 BC and so on.

Figure 6 shows the probabilities for coin hoards of the size of the three
smallest hoards, along with a hoard of the same size as the Noyer hoard
(Noy) for comparison calculated using this method. As can be seen, a hoard
the size of Mainz stands a 30% chance of having been collected ten years
after its closing date, and a 14% chance of being collected 15 years later.
Similar figures hold for hoards the same size as Bompas and Brusc. There is
a probability of 0.055, i.e., just over 1 in 20, that the Mainz hoard was
collected as late as 58 BcC. This is, of course, a ‘best case’ scenario assuming
the hoards were collected from a coinage pool similar to the Italian one which
from the CAs appears to be the case. There is no way of knowing precisely
the gap between the closing date and the deposition/loss date. It does appear,
however, that it is rather unlikely that the Mainz hoard dates to as late as the
Gallic Wars, and in the light of these analyses it can be seen as further
evidence of the contacts which developed between the Treverii and the

Romans in the period 100-50 BC (Martin, pers. comm.).



3.2 The Alésia ‘hoard’

Excavations in the 19th century at Alésia ‘Camp D’ retrieved an assemblage
of 99 Roman Republican coins, 98 denarii and one quinarius. The date of the
final coin is 55 Bc. This assemblage was found scattered along a section of
ditch and comprises almost all the silver from the finds associated with the
famous siege. It has been suggested by Popovitch (2001, 80-83) that the
assemblage could represent a dispersed hoard rather than, for example, a

votive deposit.

The data for Alésia Camp D was uploaded to the CHRR database (ALD)
and a comparative data set extracted. There are sixteen hoards in the database
with thirty or more well-identified denarii dating to the period 56-54 BC and
comprising 2,803 coins (Table 3). Previous analysis of hoards of this period
showed that the majority of Romanian and Bulgarian hoards were very
similar in structure and had a very archaic profile (Lockyear 2007, 107-12).
The Italian hoards were slightly more varied and more modern in profile, and
the most modern hoard was that from Thessalonica (THS). The current data set
adds another hoard from Greece (Macedonia, Mc1) as well as the Alésia

assemblage.

As noted previously, there are data quality issues with the Ancona hoard
(AN1), specifically the lack of early coinage. This hoard has, therefore, been
omitted from the cumulative frequency graph (Fig. 7) although it has been

retained in the correspondence analyses where it has little impact on the



results. From Figure 7 the similarity between the Romanian and Bulgarian
hoards can be clearly seen. The Italian and Greek hoards have more varied
profiles but all are more modern in structure than the Romanian/Bulgarian
hoards. The assemblage from Alésia is slightly archaic in structure but still
more modern than the Romanian and Bulgarian hoards, and is quite similar to

the hoard from Compito (Com).

The CA of these sixteen hoards is presented in Figures 8-9. The total variance
explained by the first two axes of inertia is 28%, not a very high percentage
but acceptable. As expected, the map of sites shows a tight cluster of
Romanian and Bulgarian hoards, with a wider spread amongst the remaining
hoards. The addition of Alésia and Macedonia has done little to change the
overall configuration of the map from the previously published analysis
(Lockyear 2007, 107-112). Macedonia has a moderately high quality* on this
map of 319 whereas Alésia is on the low side with only 90. This, however,
compares favourably with the low quality of many of the small Romanian
hoards such as Icland (18) or Somesul Cald (17). The Alésia assemblage
appears to be very similar to the Italian hoards from Compito (com),
Grazzinese (GRA) and Sustinenza (sus). The Ancona hoard (AN1) has had its
tail artificially truncated hence its position close to the Macedonia and
Thessalonica hoards. The location of the Macedonia hoard, the other new
addition to this data set, in the same region of the map as Thessalonica is an

interesting confirmation of the previously described patterning in the hoards.

4«Quality’ is a measure of how well an individual point is represented on the
map and is a score out of 1000. See Lockyear (2007, pp. 57-9) for a
description of how the diagnostic statistics can be interpreted.



The map of issues (Fig. 9) generally shows the newest issues at the right-
hand end of the first axis and the older issues at the left giving a generally old
to new gradient across the map. The second axis separates out most of the
very newest issues towards the top of the map and the slightly older issues to
the bottom right. The second axis is, therefore, highlighting the pattern in the
very newest issues of coins in the data set. Comparing the two maps shows
the Romanian and Bulgarian hoards with a preponderance of older issues, the
Italian hoards and Alésia with more modern profiles but the two Greek

hoards being associated with many of the newest issues.

One may enquire why the period 56-54 BC was chosen to select hoards to
compare to Alésia. This grouping was originally used simply to create a
group of hoards with as small a range of closing dates as possible but in
sufficient numbers to allow for analysis (Lockyear 1996b, 149-151).° It is
likely, therefore, that there are hoards similar in structure to Alésia but with a
different closing date. An alternative approach would be to use Dmax-based
cluster analysis (Lockyear 1996a), a technique which has been applied
successfully to both hoards (Lockyear 2007, 2008) and site finds (Lockyear
2000; Walton 2012). In this case, however, we are not trying to create groups
but simply wish to see which hoards are most similar to Alésia. We can do
this by calculating the Dmax value (more properly known as the

Kolmogorov-Smirnov distance) between Alésia and the remainder of the

51n Patterns and Process (Lockyear 2007) | divided the available hoards into 22 groups
covering the period 147-2 BC. The groups varied in date range from 29 years to a single
year, depending on the distribution of closing dates.



hoards in the CHRR database with 30 or more well-identified denarii.® Dmax
is simply the maximum difference between the cumulative proportion curves
for two hoards. To illustrate this Fig. 10 presents the curves for Alésia,
Compito and Thessalonica. As can be seen, Compito and Alésia are very
similar with a Dmax value of 0.08 whereas Thessalonica and Alésia are very

different, Dmax is 0.38.

Table 4 presents all those hoards with a Dmax value of less than 0.15. A
large number of these hoards are from Romania and date sometime after
Alésia. This is unsurprising and reflects the pattern of coinage supply to that
region (Lockyear 2008). Of more relevance are the hoards from Italy, France
and Spain. The hoard most similar to Alésia is that from Compito included in
the CAs discussed above. The rather archaic Piedmonte d’Alife hoard (PIE) is
also quite similar, as is San Gregorio di Sassola (GRE) which closes in 58 BC.
All in all, the Alésia assemblage looks very similar to Italian hoards of the
early 50s BcC or archaic profiled hoards closing a little later and would be

unremarkable if it were not for the find spot.

Having determined that the Alésia assemblage looks like a perfectly
ordinary hoard of the early 50s BC, there is one last possibility to examine. If
we assume a hoard is a random collection of coins — in this case denarii —
from the coinage pool, we can also expect that there will be differences
between hoards which is entirely due to chance. This is, of course, why we set

a minimum size of hoard for analysis; the smaller the hoard the bigger the

6§ Some 328 hoards as of 16/6/2012.



variation caused by the random selection process. One issue with CA,
however, is that it is a purely deterministic technique which represents the
data set given without indicating the variation one might expect from random
selection. A solution to this is to undertake a bootstrapped CA. In this
method, new data sets are created by sampling with replacement from a
population defined by the structure of the existing data set and then analysed
using CA. This process is then repeated, usually 10,000 times. For each hoard
and issue we now have 10,000 data points instead of just one. By plotting
ellipses around the points for each hoard or issue, or more usually 95% of
them, we can see how much variation we could expect for hoards of that size
and structure. Bootstrapped CA is a useful technique and has been used in
the analysis of a variety of archaeological assemblages including site finds

and Republican coin hoards (Lockyear 2013).

Fig. 11 is the output from a bootstrapped analysis using the method and
code developed by Ringrose (2012). The ellipse for Alésia, although larger
than the three unproblematic hoards from Italy, clearly lies in the same
general region. Comparison with some of the other ellipses, such as that from
the Buzau hoard (Buz) shows that the point for Alésia is relatively stable and
we can have confidence it where it is located on the map. If the ellipse was
very large we could not be able to have confidence in its location, and thus its
interpretation. In this case, the bootstrapped analysis has reinforced our

conclusions derived from the other analyses.

In conclusion, the Alésia Camp D assemblage has all the characteristics of



a hoard withdrawn from the Italian coinage pool in the early to mid-50s Bc,
and although it is impossible to be definitive about it, it appears very likely
that it is a dispersed hoard as previously suggested by Popovitch (2001) rather

than being a votive deposit.

4 Conclusion

This paper has outlined the history of the CHRR database, and by extension
CHRR Online (Gruber and Lockyear 2015), as well as explaining the ‘quirks’
that the database exhibits which are a result of the origin of the database as a
research database, not a resource database. A programme of work is
underway, generously funded by the late Rick Witschonke, to enhance the
database and to iron out many of the issues discussed. These enhancements

will, in due course, be carried over to CHRR Online.

The second part of this paper has provided some examples of how the
data contained within the database can be used to examine individual hoards
against the wider background pattern as revealed by the previous extensive
analyses (Lockyear 2007). A variety of different methods were presented,
perhaps more than is needed in each case, in order to illustrate the range of
techniques which can be applied to this data. The methods chosen are ones
that I have found useful in my research, but other analysts may well choose
different techniques. Many of the methods are not exclusive to the study of
hoards but can usefully be applied to assemblages of site finds such as those

collected by Reece (1991) and Walton (2012). Some of the techniques require



the use of statistical packages such as R (e.g., the correspondence analyses)
and even bespoke R code (e.g., Dmax-based clustering) whereas other
methods such as the use of Dmax as a similarity coefficient can be calculated

using a spreadsheet package.

With the current development of databases of Roman Imperial coin
hoards, alongside the growing adoption of the sorts of methods discussed here
as shown by the creation of The Journal of Archaeological Numismatics, we
are entering an exciting period for numismatic research. This research will be
fuelled by access to large bodies of comparative data along with ever more

sophisticated methods of analysis.
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Figure and Table list and captions

Figure 1: Growth of the CHRR database by numbers of hoards recorded.

Figure 2: Growth of the CHRR database by numbers of coins recorded.

Figure 3: Cumulative percentage curves of the Mainz data set. Bold line:
Mainz; solid lines: Italy, Sicily, Spain and Portugal; dashed lines:
Romania; dash-dot lines: all other locations.

Figure 4: Map from CA of the Mainz data set. The data points are RRC
issues.

Figure 5: Map from CA of the Mainz data set. The data points are coin
hoards. Hoards BOM, BRU, MNZ and PSE have been made passive.

Figure 6: The probability of hoards the size of Mainz, Brusc, Bompas and
Noyer closing later than the date of their newest coin.

Figure 7: Cumulative percentage curves of the Alésia data set. Bold line:
Alésia; solid lines: Italy; dashed lines: Romania and Bulgaria; dash-
dot lines: Greece.

Figure 8: Map from CA of the Alésia data set consisting of sixteen hoards
closing 56-54 BC.

Figure 9: Map from CA of the RRC issues contained in the Alésia data set.

Figure 10: Cumulative percentage curves for the Alésia, Compito and
Thessalonica hoards showing the calculation of the Kolmogorov-
Smirnov distance, Dmax.

Figure 11: Bootstrapped CA of 16 hoards closing 56-54 Bc. Solid black:
Alésia; dashed black: unproblematic hoards from Italy; grey: all other

hoards. For hoard labels compare this figure with Fig. 8.



Table 1: Meaning of the various accuracy codes used in the CHRR
database.

Code meaning

1 exactly identified coin.

2 inexactly identified coin (‘as RRC...”).

3 copy of a specific coin (‘copy of RRC...").

4 copy of a general type of coin of which the reference is an

example (‘copy as RRC...”).

5 Almost exactly identified coin, e.g., either RRC 408/1a or
408/1b (‘as issue...”).

6 Coin in a Romanian hoard which is suspected to be a copy.

7 considered extraneous, usually by Crawford.

8 a general coin type, e.g., miscellaneous Iberian denarius.

9 total in hoard unknown, i.e., only presence/absence of type.




Table 2: Hoards from 78—75 BC.

CHRR name RRCH country closing date ‘good’ total
ADM Alba di Massa 289 Italy 77 82
ALX Alexandria 295 Romania 77 32
BOM Bompas 290 France 77 13
BRU Brusc 284 France 77 15
COR Cornetu (Capreni) 296 Romania 75 128
INU Inuri — Romania 77 37
KER Kerassia 283 Greece 78 47
MNZ Mainz 281 Germany 78 12
MAL Maluenda 282 Spain 78 32
MBR Mihai Bravu — Romania 75 56
ION Montalbano lonico 297 Italy 75 45
NER Neresine, Lussino Island — Fmr Yugoslavia 78 42
NOY Noyer — France 78 51
PSE Puerto Serrano — Spain 77 28
RAN Randazzo 287 Sicily 77 30
MAN San Mango sul Calore 294 Italy 75 81
sDC Santana da Carnota — Portugal 76 134
STE Stejeris — Romania 75 200
ZAT Zatreni — Romania 75 41




Table 3: Hoards from 56-54 BC.

CHRR name RRCH country  closing date ‘good’ total
ALD Alésia, camp D — France 55 98
AMN  Amnas 338 Romania 56 155
AN1 Ancona 344 Italy 55 42
BUZ Buzau 346 Romania 54 48
CLN Calinesti 347 Romania 54 92
COM Compito 345 Italy 55 929
DUN Dunareni — Romania 56 128
FND Frauendorf (Axente Sever) 341 Romania 56 563
GRA Grazzanise 349 Italy 54 257
ICN Icland — Romania 56 33
KAR Karavelovo — Bulgaria 54 35
mMcl Macedonia — Greece 54 91
SDS Salasul de Sus 348 Romania 54 103
sMC Somesul Cald 321 Romania 56 115
Sus Sustinenza 339 Italy 56 63
THS Thessalonica — Greece 54 51




Table 4: Hoards compared to Alésia Camp D assemblage with a Dmax value

less than 0.15.

CHRR Name RRCH country closing date ‘good’ total Dmax
com Compito 345 Italy 55 929 0.08
VIS Visina — Romania 41 139 0.08
NAG  Nagykagya 411 Romania 42 131 0.08
PIE Piedimonte d’Alife 406 Italy 42 191 0.09
PIA Piatra Rosie — Romania 43 268 0.10
SIN Sinvasii — Romania 46 43 0.10
CAs  Casaleone 351 Italy 51 712 0.11
PRS  Poroschia 436 Romania 39 541 0.11
GRE  San Gregorio di Sassola 337 Italy 58 532 0.11
SMI Sminja 395 Tunisia 45 912 0.12
SPR  Sprincenata — Romania 46 110 0.12
BUZ  Buzau 346 Romania 54 48 0.12
PRE  Prejmer 412 Romania 42 150 0.12
ISS Puy D’lssolu — France 46 39 0.12
JEG  Jegilia — Romania 43 453 0.13
JAE  Jaén 386 Spain 46 65 0.13
NB2  Nicolae Balcescu Il — Romania 42 43 0.13
ILI llieni — Romania 46 109 0.13
BHR  ‘Bahrfeldt’ — — 49 426 0.13
RAC  Racatau de Jos Il — Romania 39 53 0.13
TRN  ‘Transylvania’ 369 Romania 47 36 0.13
TI2 Tirnava — Romania 46 148 0.13
CNT  Contesti — Romania 15 141 0.13
FAl  Farcasele 420 Romania 42 81 0.14
ISL Islaz — Romania 42 124 0.14
HAG  Haggen 405 Switzerland 42 61 0.14
obs  Orbeasca de Sus — Romania 48 139 0.14
STP Stupini — Romania 41 227 0.14
GRIJ La Grajuela — Spain 51 523 0.14




