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Abstract

In the realization of moving automata for Francesco I de' Medici's sixteenth-century Villa Pratolino outside of Florence, the memory of antiquity informed both the practical and theoretical operations of these “living statues.” The 1587 description of the villa and its wonders, Delle Maravigliose Opere di Pratolino, & d'Amore by Francesco de' Vieri, associates magical traditions of statue animation with the Renaissance automata in a passage which cites Aristotle's description, rooted in atomism and sympathetic magic, of the physical process by which Daedalus animated his legendary wooden Venus. From the fifteenth century onwards, the rediscovery and popularity of Neoplatonic and Hermetic philosophical texts in the Renaissance perpetuated Greco-Egyptian methods of investing man-made vessels, typically cult statues, with some kind of “life” from received celestial influences, thus manufacturing the “living gods” of antiquity. Simultaneously, mechanical texts which preserved mechanical devices and principles from ancient Alexandria also re-entered the engineering repertoire of Western Europe, and different “spirits” in the form of air and water, considered to be no less natural than the celestial and planetary influences of Greco-Egyptian magical and religious tradition, were harnessed to impart movement to the early-modern automata which graced Italian Renaissance hydraulic villas and gardens.   
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1. Introduction
To our modern sensibilities, mechanical physics seem a universe apart from pagan magical philosophy, yet an episode in the history of art and technology illustrates how they merged in the early modern era. In the twilight of the sixteenth century, the magical world-view of the Renaissance overlapped with the rediscovery of mechanical texts from antiquity, such as the Pneumatica of Hero of Alexandria, producing a rare combination of sculpture, mechanics, and magical philosophy in the documented material culture created around the court of Francesco I de' Medici (1541-1587). Moving statues that seemed alive revived both mechanics from antiquity as well as aspects of philosophy found in texts of Hermetic and Neoplatonic philosophy familiar to Florentine humanists of the fifteenth century. These Classical texts offered two ways to bring statues “to life”: whereas one relied on insights into mechanical physics with devices that manipulated air, water, heat, and other natural forces, the other turned to capturing astral influences, equally natural in the eyes of the Renaissance, that invested man-made vessels with celestial spirit. In late-sixteenth-century Florence, antique legends of living statues fed both the imagination and inspired the production of man-made “gods” to rival the ancient temples of Egypt and Greece, where magical philosophy had earlier overlapped with mechanical technology. The pursuit and realization of this idea is documented by the court chronicler Francesco de' Vieri (1524-1591)'s description of moving statues at the Medici Villa Pratolino.


In the last quarter of the Cinquecento, Francesco I commissioned the construction of Pratolino, a lavish suburban villa and gardens a mere five kilometers to the north of Florence; this construction belongs within the larger context of Francesco I's patronage, which saw the expansion of Medici holdings to include the villas of Magia, Lapeggi, Marignolle, as well as his personal Studiolo within the Palazzo Vecchio and Fonderia at the Casino of San Marco.
 At Pratolino, what had formerly been a tract of farmland owned first by the Orlandini, then until 1568 by a superintendent of works for the Medici, Benedetto di Buonaccorso Uguccioni, this “desolate hillside... [that] housed no ghosts of former Medici” was transformed into vast water-gardens dotted with fantastic displays of art and technology realized by large teams of artists and engineers under the general direction of the architect and polymath Bernardo Buontalenti (1531-1608).
 


The automata and “wonders” of Pratolino belong to a much larger oeuvre of works spanning the visual arts, architecture, theatre, pageantry, and diverse engineering projects; automata are a drop in the proverbial bucket, and they were not the only works to acquire a “magical” renown. Others included a perpetual motion machine, a device that could create animated, colored images using only water and iron filaments, and artificial clouds deployed during one memorable intermezzo performed in the theater of Pratolino's villa.
 There are accounts of apparently demonic rituals performed as entertainment for the Grand Duke and Bianca Capello, accompanied by pyrotechnics, chemical reactions, and other sophisticated special effects.
 Francesco I himself is often painted in studies as an introverted recluse, obsessive in his love of alchemy, experiments, and esoteric philosophy. In possession of vast resources and riches and the heir to the fertile centuries in Florence which saw the revival of Neoplatonic philosophy, no other time, place, or court was as ripe as Francesco I’s in the late-sixteenth century to put into practice both the magical and mechanical theories recovered from antiquity. The Pratolino automata were just one aspect of the spectacular, seemingly divine powers put on exhibition by this ruler to his courtlyguests.


At Francesco I's Pratolino, animated statues numbered in the dozens, arranged in choreographed theatrical tableaux in the numerous grottoes throughout the villa and park. They depicted shepherds, gods, nymphs, tritons, satyrs, animals, and even autonomous musical instruments. We have a reasonable idea of their hydraulic power source from the locations of the principal canals and pipes in later plans of Pratolino (Fig. 1), as well as from the study of Pratolino's devices by other engineers who included similar models in their writings. Salomon de Caus’s Les raisons des forces mouvants (1624), for example, featured a grotto that reveals its operative mechanism and whose Galatea automaton has been compared to Pratolino's original (Fig. 2). Deduction from what was known from Greek texts like Hero of Alexandria’s Pneumatica, recently translated from the Greek to Latin in 1575 and the vernacular in 1589, as well as notes taken by Pratolino’s visitors through the centuries, help to further bring the villa to light.
 


In spite of their virtuosity, the hidden mechanical devices that powered Pratolino's automata were not overtly celebrated in the outpouring of dedicated compositions between the years 1586 and 1587 marking the villa’s completion.
 To this body of works belongs the 1587 Delle Maravigliose Opere di Pratolino, & d'Amore by Francesco de' Vieri, also known as Verino Secondo. Verino's descriptions of Pratolino's “occult automata” and their comparison to ancient animated statues form the basis of this study of the magical character of these automata and the theory and practice of statue animation, sometimes described as theurgy, in the Renaissance. Whereas the later eighteenth-century Descrizione della Regia Villa, Fontane e Fabbriche di Pratolino by Bernardo Sansone Sgrilli also employedthe term “occult”. It wasexclusively applied to “hidden” devices and stripped of all inflections of esoteric philosophy, which make De' Vieri's earlier text critical to the present analysis.
 

In his Delle Maravigliose Opere di Pratolino, however, De' Vieri's approach offered a more reconciliatory account of the occult and magical workings of the automata at Pratolino. To this end, it must be questioned to what extent the reintroduction of Classical mechanics in the Renaissance served as evidence against the “magical” worldview depicted by the automata? As I argue in this chapter, the evidence furnished by received theurgic texts, based upon ancient Neoplatonic and Hermetic authorities, was often considered equally potent to the evidence that mechanical principles could cause statues to move. Understanding the mechanical workings of moving statues, such as those at Pratolino, did not prevent people like De' Vieri from accepting the possibility that occult or magical forces, increasingly theorized to be of natural rather than demonic agency, might serve similar purposes equally well. Evidence of the invisible was offered abundantly in the writings of Renaissance Platonists, such as Ficino and Agrippa, which allowed for a much more expansive means of understanding natural causation. What this suggests is that text continued to serve as a privileged vessel of authoritative truth, which was not replaced by experiential evidence, but rather served alongside it as complimentary. Renaissance architects, artists, and inventors, developed the skill to build such automata through the knowledge they received from works of Classical mechanics, but this did not prevent a considerable number of them from taking seriously the idea that the ancients' methods, rooted in magic, ritual, and in many cases the astrological tradition, could “invest” their artworks with some living, animate quality. Ultimately, this was supported by a much broader conception of “nature”, in which invisible and visible evidence did not determine the boundaries between the “magical” and the empirical.

No physical trace remains of the automata themselves. The villa and most original features of its park were demolished in the 1820’s. The site where the villa once stood is today marked by a nineteenth-century monument (Fig. 3). We have  limited visual depictions of the automata in situ within their original choreographed scenes from two principal sources: a series of drawings by Giovanni Guerra from c. 1600, which are presently conserved in Vienna’s Albertina Museum, and a series of engravings by Stefano della Bella that accompanied Sgrilli’s Descrizione. Nonetheless, the grottoes and their automata can be read widely in similar works which appeared in the next century.


Whereas an aura of magic pervades the writings about Pratolino and Francesco I de' Medici, the automata are not often cited specifically and virtually never elaborated upon in conjunction to De' Vieri's description. Joscelyn Godwin recognized associations Pratolino's automata would have evoked with Hermetic and Neoplatonic philosophy, primarily the “god-making” passage which will be explored in further depth below.
 However, this assocation is considered unto itself and unconnected to the description left of the Pratolino automata by its sixteenth-century author. In a similar vein, Mila Mastrorocco analyzed in 1981 the magical identity of Pratolino' automata and recognizes the retention of magical aspects, or perhaps more accurately ambivalence, for what was considered part of the natural world in the age's passion for experimentation. Specifically, the “machine which metamorphosed to human appearance” is used to highlight the Renaissance attitude towards what could be classified as science, natural philosophy, or magical philosophy.
 Elsewhere, Mastrorocco argues that the “most intimate significance” of Pratolino is its esotericism and that it functioned as “dedicated space” to a merging of religious, mystical Neoplatonism and “the magic value attributed to the science of the ancients.”
 Yet, as with Godwin, these impressions and readings into the Hermetic-Neoplatonic keys of Pratolino by Mastrorocco are not checked against Francesco de' Vieri's text's association of Pratolino's automata explicitly with magically-animated automata of Classical antiquity.


Alessandro Vezzosi in his 1986 essay 'Pratolino d'Europa,' degli antichi e dei moderni” however does connect, if briefly, De' Vieri's text with the theoretical magical animation of Pratolino's automata.
 Yet Vezzosi's summary is over-generalized and risks leaving the impression that the Pratolino automata replicated the method of the ancients. Specifically, that just as the Venus created by Daedalus in antiquity was animated by placing quicksilver mercury in her center, so too was the Pan automata created in the sixteenth century at the Villa Pratolino; likewise, the Pratolino automata of Galatea possessed the same qualities of an engraved, apparently talismanic marble or transparent stone depicting the “Mercury of Pasone.” Ultimately, a closer examination of De' Vieri's text will demonstrate that Vezzosi's reduction, though certainly provocative, is grossly simplified.

2. Magical Automata of Antiquity and Pratolino in the Words of Francesco de' Vieri
In his description, De' Vieri linked the Pan and Galatea automata of Pratolino to the Venus of Daedalus and the Mercury of Pasone, respectively.
Chapter IV opens with the objectives that De' Vieri lists he hopes to achieve, third among which is the demonstration that Pratolino's modern works surpass those of antiquity. It is within this relationship to antiquity, one undeniably characteristic for its age, that De' Vieri introduces the two automata from Pratolino.


De' Vieri writes that the statues of Daedalus, as recounted by Aristotle in the first book of On the Soul, were as Democritus originally described: the atoms of the soul move themselves first, then the soul, and then the body. How this was effected in the Venus of Daedalus is described by De' Vieri as such: the statue moved because argente vivo, “living silver” (a name for the chemical element mercury), moved inside, moving the wooden statue as a living soul animates the body. De' Vieri also cites Plato's Meno where it makes mention of the mobile statues of Daedalus. The second antique marvel that De' Vieri introduces is a “Mercury of Pasone,” described as a relief joined to and placed inside of a certain marble or transparent stone in such a manner that it was not clear whether the Mercury was in its interior or exterior. I venture here by the capitalization of “Mercury” that De' Vieri intends the mythological figure, not the physical substance of the previous example, and hazard a guess that this might have been an inscribed image of the god onto the stone- a talisman, by any other name. De' Vieri also cites Aristotle's books of the Metaphysics for its mention of the same.


De Vieri then proceeds to parallel these ancient works with those of Pratolino. He does not at any point write that a Pratolino automaton replicated the operating principle of the statues of Daedalus described by Aristotle and Democritus. Rather, the sixteenth-century text states that if the statues of Daedalus were considered miraculous because they moved themselves from place to place, Pratolino's statue of the god Pan is more marvelous because not only does it stand up and sit down, but also because it plays music and moves its eyes and head. The Mercury of Pasone, which seemed to appear in relief simultaneously within and outside of its marble or transparent stone, is related to the Galatea automaton, which surpasses this antique model in its motion. De' Vieri describes the starting position of the Galatea within certain rocks, then its foray beyond into the “sea” before it returns again to the rocks. In the preceding chapter, the action of the Galatea's choreographed mechanical scene is revealed: when the rocks have parted, the Galatea appears riding on top of a golden shell drawn by two dolphins spouting water at the sound of a conch-shell blown by a Triton-automaton. Two attendant nymphs hold coral in their hands which spouts water. In this way, De' Vieri claims, the Galatea exceeds the Mercury of Pasone of antiquity because it is simultaneously inside and outside, “quiet and mobile.”


Though neither automaton has survived, both are documented to varying degrees of detail either directly or indirectly. Salamon de Caus’s grotto-perspective cited above is believed to best preserve the appearance of the Pratolino Galatea, as the original is seen only in a sketchy form in a drawing by Giovanni Guerra (Fig. 4). The Pan can be seen in a sketch by Giovanni Guerra (Fig. 5) and within the architectural context of its eponymous grotto in a Stefano della Bella engraving (Fig. 6). Ruins of this grotto can still be found on the original site (Fig. 7).

3. Pratolino Automata as Practical Counterpart to Theoretical Renaissance Theurgy
Even though a close examination of De' Vieri's text yields a different impression than Vezzosi's, the comparison of actual late-Renaissance automata with legendary Classical models may not be a mere recourse to stock humanistic conventions to glorify a revived antiquity. Rather, I argue that De' Vieri's passages speak to the contemporary fascination with theurgy and magical philosophy and fill the lacuna as the practical counterpart to the demonstrated evidence of its presence as theory in Renaissance philosophy. Mary Quinlan-McGrath has written most recently about the significance which Ficinian astrological image magic, which essentially reproduces the operational mechanism of Neoplatonic and Hermetic theurgy, held for Renaissance artworks, architecture, urban design, and the organization of life and society, yet automata, the only kind of artworks capable of independent motion (and a convincing semblance of life), are omitted.
  When the original passage of Aristotle which De' Vieri cites is located, this operating principle emerges, which echoes these magical and natural philosophical currents of thought elsewhere in the Renaissance. 


Whereas De' Vieri summarized the operating mechanism of the quicksilver mercury in Daedalus's statue in a linear fashion (the soul moves first the stars, then the body), this particular passage of De Anima preserves an element of the early atomic theories of Democritus (c. 460 B.C. 370 B.C.). In this case, a sympathetic relationship is proposed between the “spherical atoms” that make up the soul, how through their ceaseless movement they draw the body in motion with them and thus make it move, and how the movement of quicksilver mercury imparted movement to its container, in this case the wooden Venus of antiquity, in an identical and sympathetic process.
 


Although De' Vieri goes into no further particulars about this “magical” method of statue animation, he hints at the ancients' “god-making” capacity in a later chapter: “all of the artifices, and ingenious devices” were indeed used to satisfy, delight, imitate, and to “fake wonderful things; and in this way it is also true that they erred by faking God.”
 Furthermore, De' Vieri asserts that the most awesome works of the ancients were those whose operating principle remains elusive, “either because the principle is unknown, or rather because the operations shall always be occult while we live in this world.” In his usage of the word “occult” here, De' Vieri is referring to another kind of hidden operation beyond human understanding, not the simple hidden wheels and canals which are also described as “occult” in the same work.
 De Vieri credits Aristotle with the reduction of natural philosophy to perfection, understanding the “workings of God”, which naturally are no longer marvelous or stupendous on account of human ignorance, yet he still leaves room for other operations to elude comprehension in the material state, implying another plane of existence even beyond the workings understood to be those of God. Although to most readers, De' Vieri's citation of Aristotle conformed perfectly to Scholastic and post-Tridentine norms and mores, it is also a possibility that he was using Aristotelian authority to allude to a more controversial, yet no less current, theurgic current of thought in Francesco I de' Medici's milieu. It would not be the only instance in the court literature associated with Francesco I that a deeper esoteric meaning lay coded under a thin veneer of Aristotelian natural philosophy. For instance, in a book of instructive conversations with the young prince, Giorgio Vasari describes the rare iconography of the Castration of Ouranos by Saturn (Fig. 8) on the ceiling of the Room of the Elements in the Palazzo Vecchio in terms of the generation of Venus in the sea foam by the falling of heat transformed into matter (Ouranos's testicles), rendered mortal and corrupt. For all of its apparently Aristotelian overtones, Vasari's exegesis of this uncommon theme alsohas been revealed to have its basis in the ten Sephiroth of the Kabbalah.


Although the Aristotelian/Democritean citation of the Daedalian statues' operating principles provides a modicum of mechanical or proto-naturalistic rationale for the animation of the wooden Venus of antiquity, the motive quality of the quicksilver mercury in its container is essentially positioned as a relationship of apparently magical sympathy to the identical relationship of the soul's atoms' movement to the body which contains it. Regardless of the fact that this method of animation is not explicitly duplicated in the Pratolino automata, the connection which De' Vieri draws between these legendary animated statues of antiquity and Pratolino's late-Renaissance sculptures links actual, documented works of art and technology with recently recirculating methods of “bringing to life” cult statues from antiquity: either mechanical (hydraulic/pneumetic/clockwork) or magical in the sense of depending on unseen, or occult, sympathetic relationships between the planets, the stars, angels, demons, or spirits, and material earthly objects, herbs, plants, stones, animals, etc. In this way, De' Vieri reconciles the evidence furnished, on the one hand, by the contemporary automata at Pratolino and, on the other, the evidence on offer in the Classical texts. The experiential evidence provided by the mechanical motions of the statues is not used to deny that the ancients were capable of imbuing their statues with a more sophisticated “magic” which is not lost to us, but rather to compliment his understanding of the artitifice at work at Pratolino. Although he was quick to veil such occult forces under the guise of Aristotelian natural philosophy, De' Vieri nevertheless furthered the ancient, textual evidence that it is possible for invisible forces to be at work, either alone or in tandem with the visible mechanics on display.

Both traditions, the mechanical and the magical, can be traced separately from their origins in antique Alexandria through the Muslim and Byzantine Eastern lenses to their initial reception in the West during the Middle Ages and the refinement which the rediscovery of Greek texts brough in the fifteenth century. We will now make a broad sketch of these transmissions which at times accompanied one another and at other times diverged dramatically to eventually return full-circle to examine how the Pratolino automata combined both magical and mechanical philosophies culled from Greco-Egyptian antiquity.
4. Theurgy in Context: Hermetic, Neoplatonic, and Renaissance Texts and Tradition

A similar philosophy of animating statues to that known to Aristotle is reflected in later Greek occult traditions which were widely read in Renaissance Italy. When Greek manuscripts preserving the works of Neoplatonic philosophers and works ascribed to Hermes Trismegistus arrived in fifteenth-century Florence, Marsilio Ficino (1433-1499) was ordered to translate them immediately. Some Hermetic writings had been known to the early Church. From this period through the Renaissance, they were believed to prefigure Christianity, and leading problematic passages like the “god-making” method in the Asclepius text to be either overlooked or condemned. Ficino's translation of the Corpus Hermeticum, Neoplatonic philosophers like Proclus and Iamblichus, and the incorporation of their tenets into his original writings popularized these currents of thought and flooded Renaissance culture with what was believed to be wisdom derived from Egypt’s remote antiquity.


Furthermore, much of this knowledge was attributed to the mythico-historical figure of Hermes Trismegistus, a sacred composite of the Greek god Hermes, the Egyptian god Thoth, and in some traditions, an antediluvian, followed by a Babylonian Hermes. In these accounts, it was the second, originally Babylonian Hermes who was credited with bringing the method of manufacturing living idols to Egypt. Another facet of this tradition is that the third and final Egyptian Hermes also taught Asclepius, the healer of Greek mythology, who brought medicine, star magic, and other wisdom from Egypt to the Greco-Roman world, and within the Hermetic corpus of texts, it is the Asclepius which contains instructions to bind spirit to statues and consequently manufacture the “living idols” of the Egyptian temples. This method relied upon introducing herbs, aromatics, stones, and other natural materials into the body of the statue, creating sympathetic bonds between these materials and celestial spirits, which would in this way be drawn down and contained. A virtually identical process emerged in Neoplatonic theurgy, which wed the techniques of Egyptian magical papyri to Platonic metaphysical philosophy, and which also proved influential to Ficino's writings. Nevertheless, there are more similarities than differences in their respective theurgic philosophies.


Neoplatonic theurgy was a belief system oriented towards the supreme union of the individual human soul with the All. Distinct from earlier conceptions of magic, theurgy “used the procedures of vulgar magic primarily to a religious end.”
 Wouter Hanegraaff has reaffirmed, “theurgy is the work of the gods on man, not the work of man on the gods. Neither the rationale behind its operations nor the meaning of its symbols can be understood by mere humans, nor need they be: what is essential is that the ritual is performed correctly.”
 More generally, the term theurgy has been used to encompass the entirety of the Neoplatonists' “extravagant rituals for invoking the gods and heightening their own magical powers.”


Animation through the investment of statues and other man-made vessels with spirit drawn down from the stars was one facet within the late-antique Neoplatonic theurgy which Proclus, Iamblichus, Porphyry, and others distinguished as Telestikè. Historians surmise that its principal aim was the practice of consecrating and animating statues. In a story recounted by Proclus (412-485), one Julian the Theurgist, the earliest proponest of the art, is credited with manufacturing from clay a human head which emitted flashes of lightning, sending the Dacian army fleeing and bringing victory to Marcus Aurelius.
 Theurgy was not extensively defined, however, until Proclus himself. Within his works, more specialized names appear for the various magical operations which today we know simply as theurgy: τελεστικί remained the consecration and animation of statues, and σνμβολα were the concealed combinations of materials held to be their animating agents within.
 Proclus's commentary on the Chaldaean Oracles, which some believe to also have been utterances or writings original to Julian the Theurgist or his father Julian the Chaldaean, survived through an eleventh-century Byzantine commentary by Psellus (1018- c. 1078) and, along with the De sacrificiis et magia, became authoritative for later writers on theurgy.
 The earlier works of Iamblichus (c. 242-327), specifically the treatise De mysteriis, sometimes known as the Theurgia, assigned theurgy a significant role in Neoplatonism and ushered in a “vogue” for the art.
 This work's tenet, that stellar manifestations were the true vessels of the gods and that an imitation of their universal forms enabled the theurgist to draw their spirit into earthly vessels, proved a tenacious concept when Neoplatonist treatises were rediscovered in Renaissance Italy.


Although the image of Plotinus (ca. 204-270) as a theurgist himself has been challenged, Plotinist philosophy's position that beings on Earth are linked with the heavenly bodies through an intricate, living network of influences formed the foundational rationale for how magic and prayer can work through natural sympathetic bonds within the universe.
 Furthermore, a discussion of invested vessels appears in the fourth Ennead, which were collected and edited by Porphyry (ca. 234-ca. 305), and Plotinus nevertheless is cited in later Renaissance works on the same antique magical technique. Marsilio Ficino's 1489 De Vita Coelitus Comparanda, “On Obtaining Life from the Stars,” the third book of his De Vita Libri Tres, is acknowledged to be a direct development from his commentary on the Enneads.

Ficino's successors were many: Andrea Cattani, Pietro Pompanazzi, Giovanni Pico della Mirandola, Angelo Poliziano, and many beyond the Florentine circle were infuenced and took up the mantles of Neoplatonism and Hermeticism. However, Heinrich Cornelius Agrippa von Nettesheim (1486-1535), who penned the later De occulta philosophia libri tres (1533) wrote what is considered to be the next great summa of Renaissance magic. In this work, theurgy and mechanical statue-animation feature separately, divided by the gulf between their operative principles. In the former, “celestial, vital, intellectual, and divine” influences come into play as in the living statues of the Asclepius text which Agrippa explicitly cites. Agrippa was certainly well-aware of the Hermetica’s contents; in 1515, his discourses on Hermes Trismegistus had earned him the degree of doctor in the faculties of medicine and law at the University of Pavia. However, Agrippa also admits a gulf between the theoretical possibility and the practical reality of realizing such invested statues, for the only man capable of working true theurgy was one who had attained a union with the Godhead.


On the other hand, Agrippa also cited the moving statues of Daedalus, but he left it unconnected to his discussion of theurgy, stating that though they are examples of “wonderful” operations, they can nevertheless be produced by mathematics, “without any natural virtue.” Agrippa further departed from a strictly mystical approach when he wrote that any magician aspiring to work wonders must be skilled in mathematics.

5.  Theurgy and State-Animation from Late-Antiquity through the Renaisance

The present state of research has not connected any known artwork or object with the theurgic practice in the Renaissance, but the transmission of magical philosophy, with its attendant material culture from antiquity through the early-modern period underlines the strong possibility for a production of objects which paralleled that of theurgy's associated texts. Although the Hermetic and Neoplatonic methods of “god-making”'s reappeareance in the Renaissance can be traced directly to the transmission and translation of Greek texts by Florentine Humanists in the fifteenth century, it did not arrive in a vacuum. Instead, this revival of ideas and practices that had not been entirely extinguished after the collapse of the Classical world survived through subsequent antique and medieval cultures and centuries. The Greco-Egyptian wisdom tradition, in philosophy and ritual as well as mechanics and the physical sciences, was identified with and concentrated in the city of Alexandria, founded on the coastal confluence of the Nile River with the Mediterranean Sea in the fourth century B.C. by its namesake Alexander the Great. When its famed libraries and temples were destroyed, much of that legacy transferred to a new crucible, primarily Baghdad under the Abbasid Caliphs, where it mingled with Indian, Iranian, and Syrian influences, ultimately to re-emerge in a new form, dubbed the “Islamic sciences”.
  In these traditions, magical amulets suggest to us just one instance of the transmission of the theurgic ideas and practices of the Classical world into physical objects or works of art. That statues could understood to be animated in Renaissance Italy, even partially, through the use of theurgy must thus be understood within the broader, physical context in which this ancient philosophy was transmitted.


In this Middle-Eastern iteration of Greco-Egyptian magical traditions, we perceive a demonic dimension introduced that was distinct from Hermetic and Neoplatonic methods to draw down “pure” celestial infuences; this cultural accretion would bedevil the Christian West as well for centuries. Occult sympathies which natural materials were perceived to possess now corresponded to specific star-demons, rather than the higher spheres or emanations in which the pagan pantheon, and ultimately the All, were fixed. In this respect the telestikè of the theurgist operated on much the same principles as the talisman of the magus: the placement of the former within a cult statue to invest it with a living spirit is a small step from the inscription upon a talisman to establish the same kind of sympathetic connection with a celestial spirit, or in the post-Classical world, a demon or angel. The manufacture of talismans can be traced to Babylonian and Alexandrian Hermetic texts like the Kyranides, the mineralogical treatises of medieval Muslim writers, and the Alfonso X codex from thirteenth-century Castille. The quintessential magical text of this stamp was the Picatrix, which, although not completely devoid of demonic operations, concerns itself primarily with instructions on the many ways spirit can be coaxed from its natural dwelling place in the stars and brought down to Earth by various channels. This operative principle rests upon the same understanding of the physical influence of stellar and planetary rays as Neoplatonic theurgy. The manufacture of talismans under exacting astrological conditions, the lists of magical substances with occult properties, the treatment of created images (fumigation, wearing, burying, or burning), and prayers offered up to the planets mirror Hermetic and Neoplatonic ritual and give the sense that the invested cult-statues of antiquity merely “shrank,” in a sense, to smaller, but no less powerful, astral images. These talismans were sought-after additions to collections of ruler and Church alike in the medieval period: for example, John, Duke of Berry, was a famed patron and collector of precious jewels. Tsar Ivan the Terrible was an avid believer in the lore associated with the heterogenous stones in his treasury, and this sentiment was shared by their peers throughout the medieval West.


Marsilio Ficino “repackahed” the inscribed talismans and unadorned amulets of the medieval magician under Neoplatonic auspices in his De Vita, which distanced them from the more sordi reputations of magic in the Middle Ages. The rehabilitated reputation of the magus in the Renaissance was a major factor which permitted the flourishing of magical philosophy in the fifteeth and sixteeth centures and its consequential effect upon material culture. Scholars identify paintings, architecture, urban design, and even the founding of cities which were conceived and carried out with the intention to trap quantifiable celestial influences for the benefit of their patrons. One inscribed talisman has been connected to the Medici dynasty, the well-known astrological medallion of Catherine de' Medici (1519-1589), believed to have been intended as a love charm, but so far, in spite of the evidence of an astrological function in other types of artwork production by the same class of patrons in the same time period, Renaissance automata, including but not limited to those at Pratolino, have escaped inclusion within this category. Roger Bacon and Marsilio Ficino both wrote that materials such as stone, lime, gemstones, and metals trapped and held celestial rays for longer amounts of time owing to their density: while historians have connected these and other lists of astrologically-appropriate materials to ingredients in Renaissance painting and architectrue, their equal relevance to automata is undeniable.

We might today call these artworks and talismans “magical” objects, but the understanding of their operative principles, grounded on the belief that celestial rays entered both mater and “sense,” was standard university belief before and during the Renaissance, found in the writings of John Pecham, Robert Grosseteste, and Roger Bacon. The production of objects with an astrological, as well as aesthetic, function in the Renaissance was revitalized by the revival of Neoplatonic and Hermetic philosophy, but at the same time it also perpetuated traditional proto-scientific conceptions of radiation rooted in accepted principles of light and optics.  

6. Mechanical Statue-Animation from Alexandria to Pratolino

Although the “magical” technique of animating statues developed through the Renaissance from being understood as lures to attract celestial intelligences to a more scientific, natural philosophical, and almost mechanical pursuit of measuring and infusing an object with planetary rays, this was not the driving force at Pratolino which caused the Pan to stand up and sit down, the Galatea to sally forth from her rock-groto, dragons to drink, or trumpets to blow. However, the pneumatic and hydraulic devices deployed at Pratolino nevertheless share a common origin with theurgic philosophy in the pagan temple of ancient Alexandria. Ctesibius (c. 285-222 B.C.) and Heron of Alexandria (c. 10-70 A.D.)'s many inventions directly shaped automata and hydraulic devices for over two-thousand years. Some of Ctesibius's works were preserved in the Roman writings of Vitruvius (c. 80-15 B.C.); indeed, the rediscovery of the latter by Poggio Bracciolini (1380-1459) had a tremendous, definitive impact on Renaissance art and architecture. Heronic devices survived in the text of the Pneumatica, which came to Italy along with many other Greek manuscripts after the fall of Constantinople. A 1582 Italian translation of this treatise was dedicaed to none other than Pratolino's chief architect, Bernardo Buontalenti, just seven years after its translation into Latin from Greek.
 One perceives the germs of inspiration for works at Pratolino and elsewhere in early-modern Europe in the devices that emerged from Alexandria, and before filtering down to medieval Europe through the lens of the Byzantine and Muslim East.

Mechanisms responsible for the thaumaturgic displays in the numerous and lucrative temples of Alexandria were jealously-guarded secrets, but over time, this illusionistic technology spread beyond. In the second century, Irenaeus (130-202) wrote about a Gnostic “miracle worker”'s device which made a small cup appear to fill a larger one  to the point of overflowing.


As we saw above with magical philosophy, when paganism and its temples were outlawed at the close of the fourth century, its knowledge, though fragmented, passed to the East. The temples' currency of wonder generated from stunning displays of man-made, mechanical gods was appropriated by Byzantine and Muslim rulers. Baghdad's House of Wisdom inherited what was left of the Library of Alexandria.  


Reports spanning the ninth through the eleventh centuries provide a glimpse of the Eastern civilization' flourishing in the mechanical arts. Harun al-Rashid (r. 786-809) relaxed in water gardens with fountains demonstrating a sophisticated command of hydraulics and with moving, chirping, mechanical birds of Classical design, executed in gold and silver.
 This same ruler's gift to Charlemagne of a clepsydra water clock prompted the earliest detailed description of such an automaton in the Latin West. His son and successor Caliph al-Ma'mun (r. 813-833) possessed a similar tree with Heronic mechanical birds, although it is possible he may have simply inherited his father's, and a century later in Sammara, the Caliph al-Muqtadir's artificial tree and mechanical birds were observed standing in the middle of a pool by the visiting Greek dignitary and future Byzantine emperor Romanos Lekapenos in 917.


Over the course of centuries in the Muslim East, further strides in engineering were made that adapted technology from the temples to service and entertainment at the court. Ape-shaped autoamta gamboled, a band of automata beat their instruments in time, and mechanical servants proferred their masters with a drink and a napkin.
 This concern with comfort has been recognized as a characteristically Arab contribution to the development of automata later in the West. However, the idea had been present in the Greek literary imagination: the tripods and serving-girls of Hephaestus in the Iliad are one example, and similar devices appear later in Philostratus's Life of Apollonius of Tyana. Aristotle mused in his Politics about the possibility of a “tool [that] could follow orders, or could perceive in advance what is needed and so could complete its work by itself,” and a device that could dispense soap and water appears in Greek sources.
 Engineers such as Ismail Al-Jazari (1136-1206), Ridwan ibn Al-Saati (d. c. 1225), and the Banu Musa (“Sons of Moses”) active in ninth-century Baghdad invented hundreds of devices, and their texts demonstrate how simple Heronic mechanisms harnessed the forces of water and air to animate automata, blow whistles, make organs play, and birds sing. Legendary reports appear further east in India of other automata: wooden men that walked, talked, danced, and sang, mechanical elephants, fish, and courtesans that deactivated if embraced too amorously.


The Byzantine court mirrored the 'Abbasid caliphate in the types of automata documented at Constantinople. In 757, the emperor Constantine V sent an organ, presumably steam-powered, to the court of Pepin the Short. Almost a century later, a certain Leo the Magician created a golden tree with singing mechanical birds for emperor Theophilus (r. 829-842), as well as an automated throne with roaring lions and moving beasts in imitation of King Solomon's legendary original.
 The throne and its autoamta appear in the c. 956-59 court manual De ceremoniis written by emperor Constantine VII Porphyrogennetos, and an account by Liudprand of Cremona of his visit to Constantinople in 949 furnishes more details: the throne in the Magnaura Hall could move up and down, two mechanical lions on either side roared and themped their tails, and different kinds of mechancial birds produced the calls appropriate to their species. It was activated during presentations of gifts by foreign ambassadors in a choreographed ritual.By the High Middle Age in the West, Byzantium's automata appear to have corroded into immobility: a description left by the soldier Robert of Clari from the fourth crusade testifies to defunct automata of men and women, horses, oxen, camels, bears, lions, and other animals in the Hippodrome of Constantinople.
 However, some works survived or were continued to be manufactured. An eleventh-century report of the visit of Charlemagne to Constantinople describes two bronze infants, which during a storm turn to look at each other and produce life-like laughter. Elsewhere, travelers encountered mechanical angels, which blew trumpets, and mechanical horsemen that announced the hours. It would not be long before these same conceits appeared in the West.


A number of these innovations filtered into Europe: clepsydra and astronomical clocks, singing birds, musical organs, mechanical simulacra of man and beast, table-fountains, rising thrones, angels, and fabulous trees appear at medieval courts. Visconti gardens of the fourteenth century in Pavia and Milan possessed Heronic singing mechanical birds. The water gardens of Muslim Sicily, exemplified by surviving sites such as Palermo's Zisa Palace, impressed one crusader so much that he built his own version when he returned home to France.
 The result was the c. 1270 castle and park of Count Robert d'Artois at Hesdin with its mechanical toys and aquatic illusions, which was an unparalleled gathering of diverse mechanical works which anticipated the vast hydraulic gardens of the Italian Renaissance, and particularly Pratolino.
 Many features seem to have been taken directly from Islamic models: moving wooden statues were animated by cords and water conducted through metal pipes. Hydraulic automata included an elephant, goat, and stag, a carved tree covered with birds spouting water, and mechanical apes covered in real fur; horns were added to the apes in 1312. These automata were present from the late-thirteenth century through the mid-fourteenth. Most of these medieval engins were destroyed when Hesdin was ravaged in the Hundred Years' War by Edward III of England, but when the site passed to Duke Philip the Good of Burgundy, renovations of what was left, as well as original inventions, brought spectacular developments in the early fifteenth century: fountain jets were hidden under stairs, in the pavement, and in benches, adapted to surprise and soak unsuspecting guests. In a room equipped to create the illusion of thunderstorms with rain, lightning, and even snow, there were eight pipes below for “wetting ladies” and three pipes which “whitened” guests with flour when they stepped in front of them. If they tried to escape, more jets blocked their exit. Welcoming visitors in to the room was a valet of wood with the ability to speak (believed to have been via a hidden speaking tube, as with certain Egyptian predecessors), and another automaton sounded a trumpet and cried out to guests to leave the room.

In 1553, Hesdin's park, its devices, and the entire neighboring village were destroyed by order of Charles V, shortly before the appearance of remarkably similar works at Pratolino. As at Hesdin, Pratolino's water jets could be either ornamental or “wetting sports” hidden under stairs, stools, benches, and in the mouths of both human and animal automata. Memorable tricks in the “Grotto of the Deluge” were witnessed by Michel de Montaigne: 

…the whole grotto is filled with water, and all the seats squirt water up to your bottom; and, as you fly from the grotto and run up the palace stairs, anyone who wishes to indulge in this kind of sport may let loose from every two steps of that stairway a thousand jets of water, which will bathe you until you reach the upper part of the house.

In Pratolino's park to the south of the villa, a mound-shaped grotto (one of the few structures to survive intact to the present day) originally housed a cupid statue, now lost, with a torch in upraised hand, bow and four arrows in the other which would rotate gently, squirting water from its torch in the face of the curious without warning. As for the benches, they too were treacherous because streams of water would shoot out where feet would pass. The perforations in the floor seen in Guerra's interior perspective of this grotto (Fig. 9) likely indicate even more jets of water, fulfilling Francesco de' Vieri's description that this grotto was “all tricks for whoever entered unwittingly would find themselves wet whether they sat down or stood up.”
 Furthermore, thin water jets of this kind were remarked upon by an anonymous visitor in the eighteenth century: 

The Grotto of the Deluge is thus named from the abundance of its waters, which gush not only from walls and ceilings, but from the pavement. Soon as the visitor has entered, he is a prisoner and at the mercy of his guide. Jets d'eau start up from the threshold, and bar his egress: and should he dash through this liquid barrier, the jets follow him to the esplanade, the mosaic pavement of which is perforated with small ducts, from which dart innumerable jets as fine as thread.


Pratolino also replicated the idea of mechanical servants seen at Hesdin and Islamic courts and encountered otherwise in fantastic medeival literature.
 The villa's ground floor's most innermost grotto featured water flowing into eight place-settings carved out of a central granite table, and food was provied by a wheel corresponding to the kitchen, which De' Vieri wrote was for the occasions when Francesco I did not wish to be served by any human attendants. However, the apex of the experience at Pratolino of being served by non-human servants was undoubtedly the stone page described by De' Vieri in the same room, which poured water for visitors from a pitcher in his hand.
 Another drawing from the same series by Giovanni Guerra (Fig. 10) shows the page in front of the octagonal table with what looks like a towel draped over his other arm, in an attitude reminiscent of the serving-girl automaton first seen in Al-Jazari's 1206 Book of Knowledge of Ingenious Mechanical Devices (Fig. 11).

Thereis a potential connection between Al-Jazari's thirteenth-century treatise and Pratolino's “wonders” via none other than Leonardo da Vinci (1452-1519). Embodying the ideal of the Renaissance polymath, volumes have been written about Leonardo's contributions to art, mechanics, anatomy, biology, and engineering, to name only a few. Leonardo's familiarity with Islamic and Hellenistic engineering texts may be read as the undergirding for much of his advanced machinery. Take, for instance, a water suction device illustrated in Al-Jazari's works; a virtually identical design appears in works of the fifteenth-century Italian engineer Mariano di Jacopo (“Taccola”, 1382- c. 1453) and the Sienese engineer Francesco di Giorgio Martini (1439-1501). Leonardo da Vinci was familiar with Martini's work, evidenced by his hand-written notes in the margins of one of Martini's treatises, and also possessed an extremely rare work on hydraulics by Philo of Byzantium, whose works were largely unknown in the West even through the twentieth century.
 We know that Leonardo designed and successfully executed programmable robots during his lifetime, including a walking Lion for the king of France, a knight automaton for Ludovico Sforza in Milan,and a programmable cart likely intended for a Medici patron. For the Este, Leonardo authored a machine which represented the heavenly bodies and their movements on a “colossal” scale. As each planet approached Isabella, whose wedding was being celebrated, the appropriate god or goddess stepped forth from the globe.
  With his documentation of what are thought to be features of the medieval astrological clock of Giovanni de' Dondi (c. 1330-1388), Leonardo da Vinci had already demonstrated his prowess with Heronic hodometers and gear-based planetary clock mechanisms.
 Flying wax birds which Leonardo da Vinci created c. 1515 are believed to have borrowed principles from Archytas's wooden pidgeons. He also mastered the clepsydra, in principle if not in actual construction. A plan for a building-sized water-clock with a rotating bell-striker has been identified among Leonardo's drawings.


However, many of Leonardo da Vinci's designs that never left the page, including the clepsydra, are found brought to life at Pratolino by Buontalenti and others, making Leonardo da Vinci, in a sense, the uncredited genius behind many of its wonders. At Pratolino, we see the clepsydra principle credited by De' Vieri as the operation derived from antiquity that powered a tableau of automata in which a winged figure of Fame sounds a trumpet while a peasant below offers a cup to a dragon who, by means of a siphon, appears to drink from it.
 This siphon mechanism was known in Europe already for centuries, and the Pratolino dragon's operation appears to be essentially that of the “cantepleure” in the c. 1220-40 sketchbook of Villard de Honnecourt in the shape of a bird which “drinks” wine from a bowl.
 The “Grotto of Fame” as the space housing this tableau was known, was documented in a drawing by Giovanni Guerra as well as an engraving in the later series by Stefano della Bella (Figs. 12 and 13). It was the pendant to the Grotto of Pan in the ruined mezzanine-level complex whose shell still sits in situ.

The Atlantic Codex preserves Da Vinci's sketches for a “garden of wonders” that was never constructed.
 Historians point to similarities between Leonardo's colossus seen in these drawings and the personified Appennine mountain, Europe's first colossal sculpture since antiquity, realized by Giambologna (1529-1608).
 More than just a statue, it concealed multi-levelled grottoes with fountains and automata built into the giant's belly and head. Among the series of drawings by Giovanni Guerra, one depicts a composite of three scenes of automata original to the Appennine (Fig. 14). Mechanical birds, animals, and musical instrucments visible in Leonardo's drawings were also witnessed elsewhere at Pratolino by Michel de Montaigne. He saw the water-powered instruments play a variety of pieces and statues move alone and in groups. Doors opened by themselves, and mechanical animals appeared to jump into, swim around, and drink from a body of water.


With the mechanical knowledge of their workings, why did people like De' Vieri continue to think it possible- even if only in distant antiquity- that occult forces might be responsible for the wonderous motions of the automata? Although invisible, evidence of the workings of occult spirit was provided in authoritative texts, and such spirits, moreover, were not perceived to be outside the gambit of natural causation. The engineer in this tradition could not be precluded from engaging nature through subtle, occult channels held to be equally effective as the more traditional mastery of natural physics required in constructing bridges, dams, forts, or engines. In this sense the artes theurgices provided a theoretical matrix which provided the medieval and early-modern engineer and his clients an armory of advantages.


Furthermore, by the late-sixteenth century the work of the “preternatural philosophers” like Marsilio Ficino, Pietro Pomponazzi, Girolamo Cardano, and Giambattista della Porta had bequeathed to late-Renaissance culture the perception that natural forces, rather than the supernatural, were the prime causes of all kinds of phenomena. Yet herein lies a minefield of dissonance for our modern perspective: with few exceptions, astral, astrological, and unseen sympathetic bonds (phenomena which today we would categorize as “magical”) were held to be just as natural, quantifiable, and to a certain extent predictable as the action of more conventional natural elements like wind and water.
 The problem of evidence consequently comes down to the difference between the visible and the invisible. The association of the occult with invisible, albeit natural, forces which, though acceptable to many Renaissance thinkers, is extremely foreign to use today. One need only think of Isaac Newton's postulation of gravity, evidence for which was furnished by his mathematical language of calculus, and was thus invisible to the eye, if not the mind. Contemporaries dismissed gravity as an occult force in part because of its lack of visible proof. Much the same can be said about the situation surrounding Pratolino. For De' Vieri and his contemporaries, the occult forces that might operate to make the automata move found their evidence not through the possession of a visible aspect, but in a Hermetic and Platonic worldview which rested upon the authority of ancient texts and traditions. These two types of evidence- the textual, traditional, and the experiential- could not be in contradiction because the Renaissance's expansive understanding of nature permitted both to operate equally.  


It can be argued that De' Vieri's description relied less on the material evidence of Pratolino (he writes that he only spent one day at Pratolino and one hour in consulation with Buontalenti) than the philosophical framework informing the other treatises he composed for Francesco I, including a Discourse around the Demons, vulgarly called Spirits, dedicated to Bianca Cappello in the translator's preface, a Reasoning around the stars recited at the Florentine Academy,and what appears at first glance to be a Latin commentary on Aristotle and the nature of the soul.
 Neoplatonic philosophy fascinated De' Vier as well as his namesake, who wrote on Ficinian Neoplatonism two generations prior. De' Vieri struggled to receive permission to lecture on Platonist philosophy at the University of Pisa, and although he eventually received permission from Joanna of Austria, Francesco I's first wife, his lectures were halted by his colleagues' outcry.
 However, in courtly circles, Francesco de' Vieri was not so restrained; rather, it appears he was encouraged by his patron to explore the outer limits of philosophical inquiry. His 1587 description of Pratolino not only appears to allude to theurgic practices and atomistic philosophy, a highly controversial proposition in post-Tridentine Italy, De' Vieri even brings up Zoroaster's mandate to “seek paradise” and Pythagoras's doctrine of the trans-migration of the soul, though he dutifully tries to argue that Pythagoras did not really mean what his words apparently communicate.
     

In the private spaces of Francesco I, his small Studiolo in the Palazzo Vecchio and the expanses of Pratolino, their iconographies have been read as reinforcing the identity of the Grand Duke as divine demiurge; however, whereas Prometheus figures prominenty in the central ceiling lunette of the Studiolo, representation of the same figure is all together absent at Pratolino, leading to the supposition that Francesco I himself embodied Prometheus, the bringer of civilization and the founder of technology, while in residence. Whether they be “gods, men, or statues,” as De' Vieri wrote, Francesco I presided over a “living” population of his own creation, evidence by their autonomous motion, the crucial criterion of life in Aristotelian and Platonic philosophy alike.
 And Pratolino's pneumatic and hydraulic devices nevertheless did in fact draw their motion from natural forces imbued with a life-giving capacity from antiquity onwards. With this realization, we are brought full-circle to the intersection of magical and mechanical ideas in the early modern period. A chief tenant recognized in the god-making method of the Asclepius text is that breath keeps life in all things.
For the ancient Stoics, pneuma meant breath, wind, spirit, and air, and these forces were originally considerd interchangeably. For the Hellenistic doctors Erasistratus and Herophilus, pneuma was the fluid that coursed through the body's nerves, bringing motion and perception with it. By learning to control that air-spirit with fire, water, and other forces, man did indeed give “life” to inanimate in ancient Alexandria, medieval Baghdad, Byzantine Constantinople, and finally in medieval and early-modern Europe. Although air may have been perceived as the instrument, or organ, of the gods, the life-giving properties of water were also recognized in the Renaissance, at Pratolino, and other noted hydraulic villas of the day, as no less than the its very soul, the anima del giardino
.And here again are the two “mechanical” causal phenomena at work in early-modern automata: the pneumatic and the hydraulic. At the close of the sixteenth century, the likening of the Pratolino automata to antique predecessors operated by unseen sympathies speaks to the contemporaneous overlap from Hermetic and Neoplatonic of air, stars, and other natural elements understood in no less a mechanical manner. Rather, it is our modern idea of magic that has shifted to encompass all things touched by astrology or pre-modern ideas about the influence of stars, that has occluded the very measurable nature under which these celestial radiations were understood to have operated within nature. At the peak of the development of hydraulic technology fostered by the princely Italian villas, yet before the extinguishing of the pagan spirit by the Counter-Reformation  and the substitution of the Mannerist for the Baroque, the Pratolino automata represent a unique and intriguing chapter in the histories of art, technology, philosophy, and science.
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