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1. Introduction. Brief Historical Context
The earliest evidence for a saddle as opposed to a roller2, a blanket or animal skin – which
features strongly in sculpture and artefacts in the archaeological record from the steppes to
the Far East – is the fourth century BC depiction of the training of a saddled horse on an
amphora found in the Chertomlyk kurgan,3 and the fourth-third century BC finds from the
horse burials in the Pazyryk valley.4 The key point to note with the latter is that the saddle is
treeless and referred to as soft. It is anatomically designed, composed of two longitudinal
pads that are tied together to bridge the horse’s thoracic vertebrae.5 There was also a breast
strap and a crupper6 to prevent the saddle moving too far forwards or backwards, indicating
an early development for stability. Of more interest in the reconstruction by Stepanova, is a
breast strap which also has a strap over the horse’s neck at the wither. 7 This adds a lateral
stability dimension which may have been a development due to mounted archers riding and
firing at pace. Stepanova also states that “An important characteristic of Pazyryk saddles was
the angle of the spread of the front supports vis-à-vis the axis of the saddle, approximately
55–60º, whereas the rear supports were perpendicular to the axis. The angle formed by the
front supports and the axis of the saddle corresponded most closely to the position of the
thigh of the rider, who sat in the saddle without stirrups. In contrast, on Roman saddles, the
front and back conical support elements were both perpendicular to the axis of the saddle.” 8
This difference in design possibly reflects adaptations of stability to utilize more effectively
different weapons, such as thrown weapons (javelin) or bracing for close contact weapons
(sword, lance) allowing the rider to engage a half seat 9 for longer periods, reducing fatigue.
The light, fast moving plundering warfare up to the sixth century finally met its match in
the heavy infantry of the Greek Hoplites.10 Greek and Macedonian cavalry was part of the
success of that development in infantry heavy armament, as attested by the success of
Alexander the Great. This style of cavalry fighting, as well as the breeding of horses
specifically for that purpose, migrated with the Greeks to the Italian peninsula and was
continued into the Late Roman Republic. The early Roman Republican cavalry have perhaps
been neglected by modern scholars, except for McCall,11 and are generally considered
ineffective, but the ancient authors were more forgiving. Not only was this citizen cavalry
which required considerable personal wealth to support their provision of horses and arms,
their principal enemy were the Carthaginians who co-ordinated infantry, cavalry and war
elephants in their army with devastating effect, hitherto not experienced by a Roman army.
The Second Punic War and the Roman disaster of the Battle of Cannae (216 BC) may have
been the turning point for Roman generals to adopt the Carthaginian model and use auxiliary
cavalry; specialist units of experienced horsemen using light weapons, such as the Numidians,
A broad, girth-like piece of equipment which encircles the horse’s body behind the wither.
R. Rolle, The world of the Scythians (London: B T Batsford Ltd, 1989).
4 E. V. Stepanova, “Reconstruction of a Scythian saddle from Pazyryk barrow No 3,” The Silk Road Vol
14 (2016): 1-19.
5 The modern equivalent is the South American Gaucho saddle which is designed in the same way
although made from very robust hide rolled into a tube extending into a short, flat panel.
6 A strap buckled to the back of a saddle and looped under the horse's tail to prevent the saddle or
harness from slipping forward.
7 Stepanova, “Reconstruction of a Scythian saddle from Pazyryk barrow No 3.”
8 Stepanova, “Reconstruction of a Scythian saddle from Pazyryk barrow No 3,” 5.
9 A half seat may be defined as a forward position held by the riders using their knees to support their
body out of the saddle for extra height and reach.
10 P. Sidnell, Warhorse: cavalry in ancient warefare. London: Hambledon Continuum, 2006.
11 Jeremiah B. McCall, The Cavalry of the Roman Republic: Cavalry Operations and Elite Reputations in the Middle
and Late Republic (London and New York, 2002).
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or more heavily armoured cavalrymen described as Celtiberian; soldiers who were sufficiently
protected by light armour that they could dismount and fight on foot if the tactical situation
required. They had Iberian horses and far superior swords, the gladius Hispaniensis, both of
which the Romans subsumed with enthusiasm and great success upon the eventual defeat of
the Carthaginians and annexation of the Iberian Peninsula and the coastline of North Africa.
Late Roman Republican history is dominated by the power struggles of the First
Triumvirate, Caesar, Pompey and Crassus, in the late first century BC, and although Pompey
had loyal Celtiberian (Spanish) cavalry, Caesar had by then acquired Gallic cavalry through
his extensive Gallic Wars which potentially gave him an “arms race” superiority over his
competitors for power. Caesar’s cavalry at the time of the Gallic Wars was comprised of
Celtiberian and Germanic auxiliaries. In a triumphal arch built in Orange, France (Roman
Arausio) to honour veterans of this war, one of the earliest representations of the four horned
saddle can be seen. The assumption that these saddles are part of the spoils of war and
therefore of Gallic origin may be supported by Caesar himself. He says very specifically in de
Bello Gallico that the Germanic tribes did not use saddles; they deemed it “unmanly,”12
although Caesar used their cavalry to great effect in the campaign. His army eventually
defeated the Gallic armies in the Battle of Alesia in 52 BC.

Fig. 1. Saddles depicted on the Arc d’Orange celebrating victory over the Gallic armies.13

The Mausoleum of Glanum, or Cenotaph of the Julii, is of the same period as the Arc
d’Orange, dated 30 – 20 BC. The mausoleum was dedicated by a warrior in Caesar’s army
who was awarded Roman citizenship for his service in the Roman Army, and adopted the
name Julii according to the tradition. It is speculated that the northern relief depicts the
veteran’s part in cavalry battle. The saddle of the mounted soldiers is indistinct and may be
the saddle blanket of the Late Roman Republic. The fallen horse, assumed to be that of an
adversary, a Gallic warrior, is clearly of the four horned design (Figure 2) seen in the Arc
d’Orange. The addition of horns on the front and back of the saddle is a significant
development in saddle design, which, it is suggested, evolved to improve stability of the rider
in difficult terrain using close contact weapons. The rider in Northern Europe had more
mountainous, close forested areas to negotiate, a less successful country for archery and
possibly more suited to the javelin, light spear and lengthen sword (spatha) seen in early
statutory such as Arc d’Orange and the Mausoleum of Glanum.
The introduction of the stirrup in warfare is a fascinating but hugely contentious topic. It
is sufficient to say here that stirrups in a Roman context are not seen in sculpture, particularly
stele which are usually a strong source of evidence for the cavalryman across the Roman
Caius Julius Caesar, Aulus Hirtius de Bello Gallico Book 4, Chapter 2 (Rome, 58 – 49 BC).
M. C. Bishop, Cavalry Equipment of the Roma Army in the First Century AD (BAR International Series
394, 1988). My grateful thanks to M. C. Bishop for his permission to use the illustrations from this
article. Figs 1 and 2.
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period, nor is it referred to until clearly identified in Maurice’s Strategikon, dated 582 – 602
AD.14 The word used, “skala,” means step or stair and is potentially, therefore, only a simple
foot support as opposed to a more traditional stirrup which encircles the rider’s foot.

Fig. 2. Saddles depicted on the Mausoleum of Glanum.

2. Contemporary Research
The four-horned saddle has been considered a significant development in saddle design which
allowed Roman cavalry to be a highly effective for over six centuries. The modern
reconstruction proposed by Connolly, 15 however, is rigid16 and requires extra padding
and shimming in order to be comfortable for the horse and rider.17 Until a study into the use
of a no-flap saddle, Figure 3,18 there has not previously been an opportunity for an
experimental design to compare objectively stability and utility of the Roman cavalry saddle
which has neither flaps nor stirrups. Until this study by Clayton et al 2018, the design of
saddles had not been the focus in the literature.
The saddle is usually regarded only as the intermediary between the horse and rider.
Throughout history, the purpose of the horse and rider dictated the design of the saddle.
Even when the modern sports saddle is referred to as rigid and not conforming to the horse’s
back19 or that saddle designs are made by tradition, lore, feel and experience,20 there is little
discussion or challenge to these traditional designs other than a passing reference to treeless
or semi-rigid designs (head plate or pommel arch for example 21 or saddle fit.22 The welfare
considerations of saddle fit have been highlighted more recently via the pain ethogram 23 and
G. T. Dennis, Maurice's Strategikon - Handbook of Byzantine Military Strategy (Philadelphia: University of
Pennsylvania Press, 1984).
15 P. Connolly, “A reconstruction of a Roman saddle,” Britannia (1986): 353.
16 A. Hyland, Equus. The Horse in the Roman World (London: B T Batsford Ltd, 1990).
17 L. Gilmour, In the saddle; an exploration of the saddle through history (London: Archetype Publications, 2004).
18 H. M. Clayton, A. Hampson, P. Fraser, A. White and A. Egenvall, “Comparison of rider stability in a
flapless saddle versus a conventional saddle,” PLoS ONE 13(6) (2018): 1–11.
19 H. M. Clayton and S.-J. Hobbs, “The role of biomechanical analysis of horse and rider in equitation
science,” Applied Animal Behaviour Science 190 (2017): 123-132.
20 L. Greve and S. Dyson, “Saddle fit and management: An investigation of the association with equine
thoracolumbar asymmetries, horse and rider health,” Equine Veterinary Journal 47(4) (2015): 415–421.
21 Greve and Dyson, “Saddle fit and management.”
22 R. Guire, R. Weller, M. Fisher and J. Beavis, “Investigation Looking at the Repeatability of 20 Society
of Master Saddlers Qualified Saddle Fitters’ Observations During Static Saddle Fit,” Journal of Equine
Veterinary Science 56 (2017): 1-5.
23 S. Dyson, J. Berger, A. D. Ellis and J. Mullard, “Development of an ethogram for a pain scoring
system in ridden horses and its application to determine the presence of musculoskeletal pain,” Journal
of Veterinary Behavior 23 (2018): 47–57.
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back pain in the modern, ridden horse is common 24 and identified in the ancient horse as
well.25 In modern studies, bareback riding is found to exert more force and pressure and
causes more stress to the horse’s spine than riding with a saddle.26 This, as well as the practical
aspects of saddle maintenance on campaign for a cavalryman, managing the changing shape
of his mount, are worthy of consideration for saddle design in any era.

Fig. 3. A saddle like that in the Clayton et al study on the left, and the Connolly reconstructed Roman
cavalry saddle. The Racetech simulator is equipped with a pressure sensor pad on the back and sides,
the latter of which influences the girthing position. The Connolly saddle required a fleece half pad
with shims to make it stable on the pressure sensor. The no flap saddle had stirrups attached for the
stability and utility trials.27

The fixed tree Roman saddle reconstruction designed by Connolly, referred to above, is
clearly not a practical solution and a penalty of having a saddle with such a fixed construction
is the effect on the horse’s movement and welfare. This reconstruction has not received much
academic attention since the work done by Connolly in 1986 28 and Connolly with von Driel
in 1991.29 Many, if not most, reconstructions of the saddle used by Living History and reenactment groups follow the Connolly design that is based upon a wooden tree and wooden
seat supports, or horns. Connolly’s main argument for this design was the stress patterns he
observed during his illustration of finds of the saddle covers from Valkenburg, 30 which he
Clayton and Hobbs, “The role of biomechanical analysis of horse and rider in equitation science”; S.
Viry, J. B. De Graaf, J. P. Frances, E. Berton, M. Laurent and C. Nicol, “Patterns of Horse-Rider Coordination during Endurance Race: A Dynamical System Approach,” PLoS ONE (2013): 1–14.
25 L. Bartosiewicz and G. Bartosiewicz, “ ‘Bamboo Spine’ in a Migration Period Horse from Hungary.”
Journal of Archaeological Science 29 (2002): 819–830; M. A. Levine, K. E. Whitwell, L. B. Jeffcott,
“Abnormal thoracic vertebrae and the evolution of horse husbandry,” Archaeofauna 14 (2005): 93-109.
26 B. Bellock, L. J. Kaiser, M. Lavagnino and H. M. Clayton, “Comparison of pressure distribution under
a conventional saddle and a treeless saddle at sitting trot,” The Veterinary Journal 193:1 (2012): 87-91; K.
von Peinen, T. Wiestner, S. Bogisch, L. Roepstorff, P. R. van Weeren, M. A. Weishaupt, “Relationship
between the forces acting on the horse's back and the movements of rider and horse while walking on
a treadmill,” Equine Veterinary Journal 41:3 (2009): 285-291.
27 Moira M Watson, Effect of four saddle flap designs on riders using an advanced equine simulator. A dissertation
submitted as a requirement for the Award of MSc Equine Behaviour Performance and Training
(Unpublished, 2019).
28 Connolly, “A reconstruction of a Roman saddle.”.
29 P. Connolly, and C. van Driel-Murray, “The Roman Cavalry Saddle,” Britannia 22 (1991): 33-50.
30 W. Groenman-van Waateringe, Romeins lederwerk uit Valkenburg Z.H., 1967.
24
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proposed indicated a rigid frame under the cover. The saddle reconstruction was, therefore,
based upon only what the cover indicated. No artefacts from the actual construction are
clearly identified nor are the materials used known; except for a potential wooden artefact
found at Carlisle, UK, speculatively identified as part of a saddle tree.31 It should be noted,
however, that the equipment used by pack animals as opposed to riding horses and ponies
has not been separately identified in the archaeological record except for possibly bridle bits. 32
Stretch marks on the hides used for the saddle cover can be caused by the hide curing process.

Fig. 4. Stretch marks on pig skin

3. Pilot Study – Method
As part of the MSc in Equine Behaviour, Performance and Training at University Centre
Sparsholt, UK, a Pilot Study was conducted by questionnaire survey of 40 Roman re-enactor
riders on the stability and utility of their reconstructed Roman saddle of, principally, the
Connolly design (wooden tree construction). The questionnaire was designed in Google
Forms and released via social media and personal email. Respondents were requested to give
their consent for the use of their data, and the questionnaire was only released to those
respondents who agreed. There were twenty questions relating to the experiences of riders
who engaged in Roman cavalry experimental archaeology and re-enactment. These covered
general equestrian experience (four questions), Roman cavalry re-enactment experience (six
questions), riding in a Roman saddle (five questions) and using reconstructed weapons when
riding in the Roman saddle (five questions). Of the forty questionnaires distributed, there
were eighteen responses. Six of the eighteen did not meet the principal standard (riding
without stirrups) but were analysed separately to give direct comparison data. (see Figure 5).
The demographic questions covered horse ownership and general riding experience,
professional equestrian qualifications and years’ experience of riding in a Roman saddle.
C. Howard-Davis, The Carlisle Millenium Project; excavations in Carlisle 1998 – 2001, vol. 2 (Lancaster:
Oxford Archaeology North, 2009). The report on a saddled horse found in Pompeii in 2018 is eagerly
awaited.
32 J. Curle, A Roman frontier post and its people; The fort of Newstead in the parish of Melrose (Glasgow: Society
of Antiquaries of Scotland, 1911).
31
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4. Rider Stability

Experience Groups

Four Likert Scale questions asked for an assessment of riding stability where 1 represented
insecure and 10 represented very secure. The data were tabulated for responses on stability in
the four paces - Walk (W), Trot (T), Canter (C), Gallop (G). Responses were then grouped
according to the experience of the respondents. Group 0 (Gp0) = <1 year, Group 1 (Gp1) =
1 to 5 years, Group 2 (Gp2) = 5 to 10 years, Group 3 (Gp3) = 10 to 15 years, Group 4 (Gp4)
= 15 to 20 years. Data for those who rode with stirrups or in other saddles were analysed in
the same way and the comparison can be seen in Figures 5 and 6.
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Fig. 5. Stability with stirrups.
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Fig. 6. Stability in the Roman saddle.

5. Weapon Use
The multi-option data for weapon use were coded by a subject matter expert using a diagram
of a horse divided into eight segments of 450 (Figure 7). The centre of the horse’s ears was 00
and the tail 1800. Segments were numbered clockwise, one to eight, from 00. Segments were
then allocated a degree of difficulty value ranging from 1 to 4, where 1 = easy and 4 = most
difficult (Table 1). Data derived from the responses for the use of three weapon types S =
Sword, L = Lance and B = Bow were coded according to the degree of difficulty segments
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(Table 1). Again, data for those who rode with stirrups or in other saddles were analysed in
the same way and the comparison can be seen in Figure 8.

Fig. 7. Horse schematic showing 450 segments.

Table 1. Degree of Difficulty scores for horse segments.

Experience Groups

Segments
(Right of Horse)
1 - Easy
2 – Quite Easy
3 – Difficult
4 – Very Difficult
Segments
(Left of Horse)
8 - Easy
7 – Quite Easy
6 – Difficult
5 – Very Difficult

Segment Size in 0
0 - 45
45 - 90
90 - 135
135 - 180

Degree of
Difficulty
1
2
3
4

0 - 45
45 - 90
90 - 135
135 - 180

1
2
3
4

3a
2a
1a

Sum of B

3

Sum of L

2

Sum of S

1
0

5

10

Confidence Levels
Fig. 8. Combined results of weapon use in Roman saddle (1 to 3) and with stirrups (1a to 3a).
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6. Pilot Study – Results
The results of the questionnaire found that the riders in the Roman saddle were consistently
more stable in the paces of walk, trot, canter and gallop (except for the less experienced riders
who experienced difficulty in trot) than the group who rode with stirrups. The use of weapons
by the riders (sword, lance and bow), however, reflected an overall lack of confidence in the
saddle’s stability – particularly in the group riding with stirrups - leading to a reduced range
of motion in the use of the weapons i.e. confidence in leaning out of the saddle to use the
weapons to best effect. These results, in part, confirmed comments made by Connolly’s
principal test riders, Hyland33 and Duckworth.34 To follow up on these Pilot Study results, a
further study was conducted comparing modern saddles of varying flap design and the flapless
Roman saddle. The fifteen participants in this project rode in four different saddle designs in
walk, trot and canter, the Connolly saddle being one of these and utilising the same flapless
saddle used by Clayton et al.35 The mechanical horse at the Sir Mark Todd Rider Performance
Studio at University Centre Sparsholt, UK, was used for the trials to reduce the variations live
horses would bring to the data collection.

Fig. 9. University Centre Sparsholt's Racetech Simulator with
Connolly reconstructed Roman cavalry saddle

7. Pilot Study - Discussion
The Pilot Study was designed to gather data on the practical aspects of stability and utility of
the Connolly designed saddle and provided exact comparable data from respondents in each
experience group riding with stirrups or in a different saddle. The targeted participants were
a limited, specialist group actively engaged in experimental archaeology and Roman cavalry
re-enactment, the majority of whom either owned their own horse or hired a specially trained
horse that were used to the saddle and the use of weapons. Confidence in the stability of the
saddle in the different paces was relatively equal, except for 4 statistically significant result for
the least experienced group (Gp1) in the pace of trot. From the responses to the question on
Hyland, Equus.
Gilmour, In the saddle.
35 Clayton et al, “Comparison of rider stability in a flapless saddle versus a conventional saddle.”
33
34
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riding experience by discipline, the respondents could not be considered total novices. The
Roman saddle, however, has no stirrups and there is therefore no option to use rising trot to
relieve tiring muscles. Fatigue in runners affects hip flexor muscles before lower limb
muscles,36 and this may potentially be the same for this group of riders. Sitting trot also
requires good core stability in the rider,37 and this may be a limitation of the respondents’
general riding, not just in the Roman saddle. Duckworth, the test rider for Peter Connolly’s
saddle design (which is widely used in the target community) reports favourably on the fourhorned saddle in mounted combat.38 He also states that saddle fitting can be influential since
using too much padding under the saddle can de-stabilise the rider. Connolly’s saddle is
constructed with a rigid wooden tree and this design has been questioned.39 None of the
respondents supplied a photograph of their saddle, however, which was only an optional
request, so it is not possible to know whether the lack of stability in trot reflects lack of
experience in sitting trot or the effect of the saddle itself, or elements of both. Duckworth
also emphasised the importance of having a correctly trained horse. 40 Of the respondents,
83% reported owning a horse or hiring a specially trained one which, supported by
Duckworth’s statement, gives confidence in the results of the survey for stability. The reason
for this greater stability even without stirrups may be supported by the studies into coordination dynamics41 and those which suggested that haptic touch improved rider stability
through greater physical contact with the horse.42 This factor is the focus of the follow up
project dissertation.
The analysis of the data for utility (weapon use) showed little difference between the
groups using the Roman saddle but reflected lower overall confidence in the use of weapons
from the saddle. The respondents who rode with stirrups or in a different saddle reflect a
greater lack of confidence and a restricted range of motion in the use of weapons. Although
there were no statistically significant differences, the confidence in the effective use of the
bow, sword and lance is surprisingly low in both groups given Duckworth’s specific
comments on the “very effective” use of the sword as a cutting weapon.43 The degree of
difficulty in using the weapons was independently coded to avoid bias but an omission could
have been not to have questioned the respondents on how often they used or practiced with
the weapons. An assumption has also been made that owning a horse necessarily meant it
was experienced and this may not be the case. In the follow up project, the Roman saddle
compared favourably with the three modern saddles, but comments given by the participants
of this project referred more to the rigidity of the Connolly design rather than their ability to
ride the (simulated) horse. The main comment made was that the wooden side boards of the
Connolly reconstruction prevented the riders from wrapping their leg around the horse and
thereby influencing their comfort and, therefore, affected their stability. This exactly reflects
the comments by Hyland.44 Combining this with Duckworth’s comments, it was decided to
C. Hanon, C. Thépaut-Mathieu and H. Vandewalle, “Determination of muscular fatigue in elite
runners,” European Journal of Applied Physiology 94(2) (2005): 118–125.
37 J. Lagarde, C. Peham, T. Licka and J.A.S. Kelso, “Co-ordination dynamics of the horse-rider system,”
Journal of Motor Behavior 37(6) (2005): 418–424.
38 Gilmour, In the saddle.
39 Hyland, Equus.
40 Gilmour, In the saddle/
41 Lagarde et al. “Co-ordination dynamics of the horse-rider system.”
42 S. Viry, R. Sleimen-Malkoun, J.-E. Temprado, J.-P. Frances, E. Berton, M. Laurent and C. Nicol, C.,
“Patterns of Horse-Rider Co-ordination during Endurance Race: A Dynamical System Approach.”
PLoS ONE (2013): 1–14.
43 Gilmour, In the saddle.
44 Hyland, Equus.
36
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explore an alternative construction for the Roman saddle so that a direct comparison can be
made between the two saddles and the potential influence of haptic contact to aid stability.

8. Alternative Saddle Construction Experiment/Materials
It was decided to make the reconstruction saddle without the rigid side boards and without
wood altogether since the evidence for this in the archaeological record is limited currently to
one potential site in Carlisle, UK.45 The aim of the experiment was to make an alternative
reconstruction which addressed all the feedback comments over the last forty years and to
address welfare concerns for the fit of the saddle for the horse.
The dimensions of the saddle were taken from the Valkenburg saddle cover detailed
illustrations,46 and the dimensions of metal saddle parts analysed by Connolly:47
Table 2. Saddle dimensions from the Valkenburg cover.
Seat – length
Seat – width
Front Horns - inner
Front Horns - outer
Rear Horns - inner
Rear Horns - outer

24cm
35 cm
18cm
36cm
20cm
36cm

The tree was constructed using the technique for Vaquero saddles traditionally used for light
cavalry, cattle working and bull fighting,48 with Aquila thatching straw stuffed into linen.

Fig. 10. Straw inserted into stitched linen in the Vaquero style

Howard-Davis, The Carlisle Millenium Project.
Groenman-van Waateringe, Romeins lederwerk.
47 Connolly and van Driel-Murray, “The Roman Cavalry Saddle.”
48 C. H. Pereira, Etude du premier traite d'equitation portugais; livro da esinanca de bem cavalgar toda sela du roi Dom
Duarte, (Paris: L'Harmattan, 2001).
45
46
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Pig skin was used for the panels due to its durability and strength, and goat skin for the
saddle horns. The unwashed fleece was used to stuff the panels and the horns, and wool felt
was used as a cover for the tree. The fleece used was Cotswold Lion, a breed held to have
been imported into Britain by the Romans. It has an average staple length of between 8 and
12cm from adult sheep and is so rich in lanolin it could, with reason, be called a “golden”
fleece. The fleece was unwashed to maintain the waterproof properties. An experiment
wrapping the thatching straw in the fleece showed that although over a period of three weeks
the straw absorbed the lanolin, its structural integrity was not compromised, that is, it did not
soften (Figure 11).

Fig. 11. Straw and fleece experiment.

There are still questions about how the girth was fitted since there is no evidence of fitted
girths with the saddle covers excavated so far. Representations of cavalrymen and their horses
on stele indicate one strap under the horse’s belly. Groenman-van Waateringe suggested that
the openings on the saddle covers could be for adjustable straps. 49 This was adopted for the
girthing arrangement decided upon for trials on the mechanical horse, where the girth passed
between the straw tree/seat and the panels of the saddle. This was effective but it should be
noted that the girthing requirements for the mechanical horse are placed far forward
compared to a real horse due to the placing of three leg sensors (see Figure 9).

9. Second Results
The completed reconstruction saddle was inspected by a British Master Saddler and passed
fit for form and function. This means that the saddle conformed to modern principles of
saddle design for the requirements of correct fit for the comfort of the horse.
The saddle was then tested for rider comfort and utility on the mechanical horse in a
comparison test with the Connolly saddle. A volunteer male rider of approximately 6ft in
height, to satisfy Vegetius’ description of a cavalryman (in Part 1 of his De re militari50), rode
in walk, trot and canter in each saddle. The pace of gallop is not included in the Racetech
simulator.
Groenman-van Waateringe, Romeins lederwerk.
J. Clarke, On Roman military matters; translation of Vegetius' De re Militaria (Florida: Red and Black
Publishers, 1767).
49
50
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Fig. 12. Panels of the saddle showing the full contact on the no slip pad
on the University Centre Sparsholt's Racetech Simulator

Fig. 13. Vegetius’ referenced six foot tall rider testing the alternative saddle construction

10. Discussion
The contours of the new reconstruction’s panels were better at moulding themselves to the
horse and there was no “bridging” of the panels, a feature to be avoided in modern saddle
fitting. (Figure 12). This bridging effect is where the panels do not conform to the horse’s
back causing discomfort and riding problems through lack of stability. This bridging was
present in the Connolly saddle and could only be rectified by adding a saddle pad with shims
to level the saddle on the horse’s back (Figure 9). The rider also commented that the Connolly
saddle held him in place like a cradle whereas the straw/fleece reconstruction did not fix him
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in place; the wooden horns of the Connolly saddle – which are known to break – were also
uncomfortable after a period of cantering.
During the riding trials it was found that the new reconstruction’s horns were too flexible
and highlighted the case for “stiffeners,” the bronze saddle horn covers found in the
archaeological record.51 This was also noted when the rider adopted a light or half seat, that
is rising out of the saddle from the strength of the thighs only as if making a sword or spear
thrust. The requirement of bronze “stiffeners” to reinforce the wooden construction
produced by Connolly has been questioned but it is clear from this reconstruction without
wood that they may be necessary for the stability of the rider. The pressure on the horse’s
withers and scapula when adopting a half seat were considerably less in the alternative
reconstruction, non-wooden tree saddle than the one reconstructed by Connolly.

11. Conclusion
The new saddle construction weighs less than the Connolly saddle yet retains rigidity which
is seen as a positive for the horse since it must also carry an armoured and armed rider. This
study contributes to understanding the development and evolution of saddles in the past. It
demonstrated that this new reconstruction is an improvement on the earlier Connolly saddle
in fit and comfort for horse and rider, as well as providing more stability for the use of
weapons on horseback. There is a need for further research to optimise the new
reconstruction for girth placement and “stiffeners” before field trials can be conducted with
live horses. A saddle cover has not yet been made to complete the reconstruction as the
author is sourcing a blacksmith to manufacture “stiffeners” so that further experiments can
be conducted.

Acknowledgements
The author wishes to thank the Roman Society’s Audrey Barrie Brown and Donald Atkinson
fund for the grant towards materials to make the reconstructed saddle. Thanks are also due
to Grace MacMillan from Alderbrook Farm, UK, for the fleece; Richard Metter, Master
Thatcher, UK, for the straw; Dean and Gini Woodward of the Saddle Exchange for the
generous loan of the mono flap and flapless Reactor Ranel ® saddles for the original
comparison study and Mike Bishop for his generous permission to use the illustrations at
Figures 1& 2. Thanks also to my MSc Tutor, Lorna Cameron, the University Centre Sparsholt,
UK for assistance with testing, the University Centre Sparsholt, UK for the use of the
mechanical horse and James Ironton, representing Vegetius’ six foot cavalryman and Sue
Maclaurin, Master Saddler. Thanks also to reviewer Dr Katherine Kanne, Department of
Anthropology, Northwestern University, USA, who added comments and improvements.

References
Primary Sources
Caesar, Caius Julius. Aulus Hirtius de Bello Gallico.
Clarke, J. On Roman military matters; translation of Vegetius' De re Militaria. Florida: Red and Black
Publishers, 1767.
Dennis, G. T. Maurice's Strategikon - Handbook of Byzantine Military Strategy. Philadelphia:
University of Pennsylvania Press, 1984.
J. Curle, A Roman frontier post and its people; The fort of Newstead in the parish of Melrose (Glasgow: Society
of Antiquaries of Scotland, 1911).
51

44

Stability and Utility of a First Century AD Roman Cavalry Saddle

Pereira, C. H. Etude du premier traite d'equitation portugais; livro da esinanca de bem cavalgar toda sela
du roi Dom Duarte. Paris: L'Harmattan, 2001.

Secondary Sources
Bartosiewicz, L. and Bartosiewicz, G. “ ‘Bamboo Spine’ in a Migration Period Horse from
Hungary.” Journal of Archaeological Science 29 (2002): 819–830.
Bellock, B., Kaiser, L. J., Lavagnino, M. and Clayton, H. M. “Comparison of pressure
distribution under a conventional saddle and a treeless saddle at sitting trot.” The Veterinary
Journal 193:1 (2012): 87-91.
Bishop, M. C. Cavalry Equipment of the Roma Army in the First Century AD. BAR International
Series 394, 1988.
Clayton, H. M., and Hobbs, S.-J. “The role of biomechanical analysis of horse and rider in
equitation science.” Applied Animal Behaviour Science 190 (2017): 123-132.
Clayton, H. M., Hampson, A., Fraser, P., White, A., and Egenvall, A. “Comparison of rider
stability in a flapless saddle versus a conventional saddle.” PLoS ONE 13(6) (2018): 1–11.
Connolly, P., and van Driel-Murray, C. “The Roman Cavalry Saddle.” Britannia 22 (1991): 3350.
Connolly, P. “A reconstruction of a Roman saddle.” Britannia (1986): 353.
Curle, J. A Roman frontier post and its people; The fort of Newstead in the parish of Melrose. Glasgow:
Society of Antiquaries of Scotland, 1911.
Dyson, S., Berger, J., Ellis, A. D. and Mullard, J. “Development of an ethogram for a pain
scoring system in ridden horses and its application to determine the presence of
musculoskeletal pain.” Journal of Veterinary Behavior 23 (2018): 47–57.
Gilmour, L., (ed). In the saddle. An exploration of the saddle through history. London: Archetype
Publications Ltd, 2004.
Greve, L., and Dyson, S. “Saddle fit and management: An investigation of the association
with equine thoracolumbar asymmetries, horse and rider health.” Equine Veterinary Journal
47(4) (2015): 415–421.
Groenman-van Waateringe, W. Romeins lederwerk uit Valkenburg Z.H., 1967.
Guire, R., Weller, R., Fisher, M., and Beavis, J. “Investigation Looking at the Repeatability of
20 Society of Master Saddlers Qualified Saddle Fitters’ Observations During Static Saddle
Fit.” Journal of Equine Veterinary Science 56 (2017): 1-5.
Hanon, C., Thépaut-Mathieu, C., and Vandewalle, H. “Determination of muscular fatigue in
elite runners.” European Journal of Applied Physiology 94(2) (2005): 118–125.
Howard-Davis, C. The Carlisle Millenium Project; excavations in Carlisle 1998 – 2001. Vol. 2.
Lancaster: Oxford Archaeology North, 2009.
Hyland, A. Equus. The Horse in the Roman World. London: B T Batsford Ltd, 1990.
Lagarde, J., Peham, C., Licka, T., and Kelso, J. A. S. “Co-ordination dynamics of the horserider system.” Journal of Motor Behavior 37(6) (2005): 418–424.
Levine, M. A., Whitwell, K. E. and Jeffcott, L. B. “Abnormal thoracic vertebrae and the
evolution of horse husbandry.” Archaeofauna 14 (2005): 93-109.
McCall, Jeremiah B. The Cavalry of the Roman Republic: Cavalry Operations and Elite Reputations in
the Middle and Late Republic. London and New York, 2002.
Rolle, R. The world of the Scythians. London: B T Batsford Ltd, 1989.
Sidnell, P. Warhorse: cavalry in ancient warefare. London: Hambledon Continuum, 2006.
Stepanova, E. V. “Reconstruction of a Scythian saddle from Pazyryk barrow No 3.” The Silk
Road Vol 14 (2016): 1-19.

45

Moira M. Watson

Viry, S., De Graaf, J. B., Frances, J. P., Berton, E., Laurent, M., and Nicol, C. “Combined
influence of expertise and fatigue on riding strategy and horse-rider coupling during the
time course of endurance races.” Equine Veterinary Journal 47(1) (2015): 78.
Viry, S., Sleimen-Malkoun, R., Temprado, J.-J., Frances, J.-P., Berton, E., Laurent, M., and
Nicol, C. “Patterns of Horse-Rider Co-ordination during Endurance Race: A Dynamical
System Approach.” PLoS ONE (2013): 1–14.
von Peinen, K. Wiestner, T., Bogisch, S., Roepstorff, L., van Weeren, P. R., Weishaupt, M.
A. “Relationship between the forces acting on the horse's back and the movements of
rider and horse while walking on a treadmill.” Equine Veterinary Journal 41:3 (2009): 285291.
Watson, Moira M. Effect of four saddle flap designs on riders using an advanced equine simulator. A
dissertation submitted as a requirement for the Award of MSc Equine Behaviour
Performance and Training. Unpublished, 2019.

46

