

Nicholas Crane



LATITUDE

The Astonishing Adventure that Shaped the World

[image: Penguin Books]



‘Only after twenty-four hours did they see daylight again; but their canoe smashed to pieces in the rapids; they dragged themselves from boulder to boulder for an entire league; finally they emerged into an immense open plain, bordered by inaccessible mountains. Here the land had been cultivated as much for beauty as from necessity, for everywhere the useful was joined to the agreeable.’

Voltaire, Candide, or Optimism, 1759
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The tide was turning. Soon the moon would pull the sea down the black river. From the darkness came the gargle of water on wet mud and the eerie calls of unseen birds. On the west bank, the roofs and towers of Rochefort fused with the inky sky. A muffled clunk carried through the damp air. Boatmen were taking to their oars. The waiting was almost over. The ship’s hull shivered as her three masts turned across the fading stars. Morning had broken on 12 May 1735.

Portefaix was crammed with over one hundred passengers and a cargo of grain and cannon. Like most ships of the French fleet bound for the colonies, the hold was loaded to capacity. All on board hoped for a safe passage. Eighteen years was a long time for a ship to be working the seas. The 117-foot keel had been laid in Toulon back in 1717 and the hull constructed from the recycled timbers of three decommissioned warships. With 22 eight-pounder cannon on the lower deck and 22 six-pounders on the upper deck, the ship was handled by a crew of 140 men and 5 officers. They were commanded by Lieutenant Guillaume de Meschin.

The last month had been frustrating. Included on the ship’s manifest was the ‘Geodesic Mission to the Equator’, an unruly gaggle of universitaires, assistants and servants that had washed up on the Charente from all corners of France with an unimaginable quantity of baggage, scientific instruments and letters of authority from the king. They had more than twenty trunks of books. One of them had brought a dog. Instructions had been sent to Rochefort’s navy intendant – the crown official charged with the port’s operation – to supply the mission with swords, muskets, powder and ammunition, tents and blankets, surgical equipment and cooking utensils. More than sixty crates and trunks had accumulated on Rochefort’s stone quay, together with an unpackable assortment of paraphernalia. The weight and bulk were too much for the ship. The mudbanks of the Charente and the shoals of the bay were notorious for snagging overloaded vessels. Confronted with the mission’s excessive baggage, Lieutenant Meschin had been obliged to unload from the hold 140 barrels of grain. It had taken two days to rearrange the cargoes. This was achieved in the presence of Professor Bouguer, who – besides being a hydrographer and astronomer – happened to be France’s leading expert on weight distribution in ships.

Meschin gave the order to weigh anchor and to warp the ship downriver on the ebb tide. By 10 a.m., they were moving along the sea-reach of the Charente towards the fort at the entrance to the estuary. Portefaix eased past the embrasures of Île Madame, into the open water of the bay. Then the wind died. Eyes turned to limp sails. As the anchor chain rattled to the holding ground off Île d’Aix, some of those on board wondered whether the false start was a bad omen.

Hours dragged into night. For four days, Portefaix rode at anchor. Then the wind returned and the sails were raised. Beneath taut arcs of canvas, crew and passengers watched the low shore of Île d’Oléron slide by the port rail until they were safely past the northern tip of the island and the cautionary finger of Colbert’s lighthouse. Jean-Baptiste Colbert, le Grand Colbert, builder of lighthouses, roads, canals and of France, had laid the foundation stone of the French Academy of Sciences, the first learned society in France devoted to scientific research. Three of those on Portefaix were elected members of the Academy.

As Portefaix turned to the west, the deck began to heave then drop upon the ocean swell, and Professor Bouguer ejected the contents of his stomach. He had not wanted to join the mission. ‘I had no intention of having anything to do with the enterprise,’ he recalled later, claiming that the ‘weak state’ of his health had led to a ‘repugnance’ for sea-voyages. Pierre Bouguer was Royal Professor of Hydrography at Le Croisic, the key port on the Atlantic coast of Brittany, where he trained captains and pilots for a life at sea. But Bouguer was not a natural sailor and this was his first Atlantic crossing.

Untroubled by tempests, Portefaix sailed across the Bay of Biscay towards the tip of Spain. Off the rocky snare of Cape Finisterra, the crew and passengers saw the last of Europe. With every passing watch, they settled into the routines and rigours of life on board. Compared to the security of terrestrial France, a 650-ton ship carrying 250 people was claustrophobic and uncomfortable. Bouguer and the other two Academicians distracted themselves from nausea and tedium by learning how to use their new instruments.

They were sailing to South America in order to answer the outstanding question of the time: What was the true shape of the Earth? Most were agreed that Earth was not a perfect sphere. But was it elongated towards the poles, or flattened? Was Earth prolate or oblate? In the elongated camp were followers of the French philosopher René Descartes. In the flattened camp were followers of the English mathematician Isaac Newton. In the Parisian salons and cafés frequented by the Academy’s elite, the Cartesians and Newtonians were fairly evenly split. Newton’s theory was relatively recent and predicted that the centrifugal forces inside a fluid, rotating Earth were so great that it bulged at the equator and flattened at the poles.

It was more than an abstract debate. Without knowing the precise shape of the Earth, there could be no accurate maps or charts. The measurements provided by the Geodesic Mission to the Equator promised to make ocean navigation less dangerous and more profitable. Among those who grasped the geopolitical and economic benefits to France was the Minister of the Navy, Jean-Frédéric Philippe Phélypeaux, Count of Maurepas, who was masterminding a resurgence of French maritime power and prestige. Safe navigation was essential for the navy, and a French excursion into the Viceroyalty of Peru would be able to gather useful intelligence on the Spanish colonies of South America, with possible benefits to trading and political relationships between the two European superpowers.

On board Portefaix, the three Academicians bore the weight of expectation. Returning to France without a result was not an option. Key to resolving the prolate/oblate debate were the parallel lines of latitude that girdled the globe. The latitude of any point on Earth’s surface was its angular distance from the equator. All places on the equator were therefore at zero degrees of latitude, whereas the North Pole was at 90 degrees north and the South Pole at 90 degrees south. By comparing the length of one degree of latitude in France with the length of one degree of latitude at the equator, it would be possible to discover whether Earth was prolate or oblate.

To calculate the length of one degree of latitude at the equator, the Academicians planned a two-stage process: firstly, they would lay out a virtual chain of triangles and use angular measurements to calculate the precise length of the chain. Secondly, they would use astronomical observations to fix the latitude at each end of the chain of triangles. By dividing the length of the chain of triangles on the ground (adjusted to sea level) by its length in astronomical degrees, they would be able to compute the length of one degree of latitude. Arriving at this figure was simpler on paper than it was in execution. The length of one degree of latitude was known to be around 60 miles but, to improve accuracy, they wanted to extend the survey to three degrees, so the total length of the chain of triangles would be nearly 200 miles. A geodesic survey of this type and scale had never been attempted in such difficult terrain: the region of equatorial South America selected for the survey was notorious for its rainforests, volcanoes and ravines, and for a medley of random hazards that included lethal diseases, dangerous beasts, appalling communications and suspicious Spanish officials. The mission was a very expensive, technically challenging, physically hazardous quest for a mathematical number. That number would be multiples of a French toise, a unit of measurement equivalent to 6 pieds. With the mission was an iron bar that had been forged and ground to exactly one toise by the specialist instrument-maker Claude Langlois. The bar would be used to calibrate all measurements during the expedition.

To their fellow passengers on Portefaix, the Geodesic Mission to the Equator looked an odd congregation. There were ten of them on board, attended by four servants. At their head were the three members of the French Academy. The eldest of the three was the Breton professor Pierre Bouguer, a man who had thought in numbers since boyhood in Le Croisic, where his father had been Royal Professor of Hydrography. At the age of sixteen, Pierre had inherited his father’s post and, by the age of eighteen, he was a regular visitor to Paris and the Conseil de Marine, the Navy Council. He was geeky and pedantic, and the radical logic of his mathematical imagination was just what the navy needed. At twenty-three, he was invited to settle a debate within the French Academy of Sciences about two opposing methods of measuring the tonnage of a ship’s hold. Six years later, the prodigal hydrographer won a prize from the Academy for a paper titled ‘On the Best Manner of Forming and Distributing the Masts of Ships.’ Among the research projects he had been working on when he received the call from Maurepas was a treatise on naval architecture aimed at replacing the unwritten trial-and-error habits of shipbuilding with mathematical rules founded on the laws of physics. The unfinished treatise was in his cabin on Portefaix. Bouguer’s reluctance to join the mission had more to do with scientific ambition than with a fear of ocean voyages. A prolonged overseas sojourn would interrupt his studies. But Maurepas had wooed the aspirational, hard-up scientist with a consignment of valuable instruments and promises that his expenses would be covered and that he would be elevated within the Academy from associé ordinaire to pensionnaire.

Charles-Marie de La Condamine was three years younger than Bouguer and, like his fellow Academician, unmarried. As the other members of the mission would soon discover, La Condamine’s character was founded on a disruptive combination of curiosity and recklessness. His background was conventional enough: a Parisian father who had been a collector of taxes and an education in the humanities and mathematics at the Jesuit college of Louis-le-Grand. But on completing his studies he had enlisted in the army and found himself on the front line, fighting Spain. In an episode that came to characterize his military career, he had climbed to a high point during the Siege of Rosas so that he could better observe the fall of enemy artillery shells, oblivious to the fact that his conspicuous purple cape was the reason that the rounds were exploding about his person. On his return to Paris, the war veteran fell in with the thinkers and doers of the Academy of Sciences and with the circle of intellectual reprobates that had been attracted to another ex-pupil of Louis-le-Grand, François-Marie Arouet, the outspoken historian and philosopher then writing under the nom de plume Voltaire. In 1730, La Condamine identified a loophole in government lottery regulations and formulated a plan with Voltaire and other friends to work the system. They all made a lot of money. That year, La Condamine became a member of the Academy, with funds. La Condamine and Pierre Bouguer – the reckless adventurer and the methodical mathematician – made an unlikely pair, but it was clear to many on board that they were destined to become close friends.

The third member of the Academy sailing on Portefaix was a problem-in-waiting. Louis Godin was younger than Bouguer and La Condamine, better connected and the bearer of flaws that included arrogance and vanity. Born in Paris and educated in astronomy at the Royal College, he was accompanied by good looks, height and by a father who was a lawyer in parliament. Without publishing a paper, Louis had managed to become an adjoint member of the Academy at a mere twenty-one years of age. Once through its doors, he had sauntered its corridors of influence to edit the Mémoires de l’Académie des Sciences. In 1729, aged twenty-four, he married Rose Angélique Le Moine and the young couple – comfortably settled on the Left Bank near the Sorbonne – were soon parents of a son and a daughter. By 1730, Godin had managed to manoeuvre himself into a conspicuous role as the editor of Connaissance des temps, or Knowledge of the Times. This was the official astronomical ephemerides, an annually updated book of some 200 pages packed with tables and guidance on taking observations. It was the oldest and most revered publication of its type in the world and the editor’s name appeared in capitals on the title page. Coinciding with Godin’s editorship, a new section was added, listing the names and addresses of the messieurs who belonged to the Royal Academy of Sciences. A month after the 1734 edition went to press, Louis Godin had moved up the list from a lowly adjoint member to a pensionnaire ordinaire and had presented to the Academy a carefully prepared proposal to mount an expedition that would determine the shape of the Earth. Maurepas had put Godin in charge. But Louis Godin was the kind of man who could not run a boulangerie, let alone the world’s first international scientific expedition.

Working closely with the three Academicians would be a quartet of specialists. The most experienced was Jean-Joseph Verguin, who would act as the mission’s principal surveyor. A practised engineer trained in cartography and astronomy, Verguin would be responsible for producing the maps upon which the survey would depend. Helpfully, he was a trans-Atlantic veteran. Fifteen years earlier, he had sailed to the Caribbean and worked on a survey of Cartagena de Indias and on another of the Mississippi Delta. On his return to France, he had been employed in Toulon dockyard as an architect and draughtsman. In 1731, Verguin went to sea again, on a Mediterranean cruise that included the Greek islands and the North African coast. His large-scale maps of strategic ports such as Tripoli, and of key anchorages in the Ionian and Aegean seas, were models of practical clarity. At thirty-three, he was one of the older members of the mission. Verguin’s maturity and experience would be important assets to the project. Like several other members of the expedition, he imagined that the geodesic survey might take him away for a couple of years at most, rewarded perhaps with a pension. His wife and two children would remain in Toulon while he was away.

The specialist tasked with recording in pictures the mission’s progress was a New World innocent, Jean-Louis de Morainville. An artist and draughtsman in his late twenties, he left his wife in France so that he could work on the mission’s drawings and maps.

The team’s technician was a clockmaker called Théodore Hugo. His role would be the maintenance and adjustment of the mission’s diverse inventory of instruments. These ranged from compasses and clocks to thermometers, barometers and the delicate pendulums that the Academicians intended to use for measuring the gravity of Earth, which – if Newton was correct – should be reduced at the equator because the bulge would place equatorial locations further from the planet’s core. The workhorses for surveying on land would be a collection of quadrants for measuring angles. But the instrument most likely to keep Hugo awake at night was the huge twelve-foot zenith sector that would be needed for astronomical observations. Hugo was a skilled, versatile artisan, adept at working meticulously with metal, but his familiarity with astronomical instruments was limited.

Completing the tally of specialists was Joseph de Jussieu. His family were close with Godin, who admired the Jussieus for their successes in the world of botany and medicine. Joseph’s older brother, Antoine, was director of the Jardin du Roi in Paris and his three-volume Elements of Botany had rewarded him with election to the Academy. Another brother, Bernard, followed his medical studies with a role in the Jardin du Roi, where he was developing a new method of plant classification. Their younger sibling, Joseph, had graduated with a doctorate in medicine and was teaching at the University of Paris when he received the call to South America. Introspective and vulnerable, Joseph de Jussieu was expected to function as expedition doctor and botanist.

The three remaining French members of the mission were a mixed bag of mates and favours. Jean-Baptiste Godin des Odonais was Louis Godin’s first cousin. Just into his twenties, Jean-Baptiste had been set to spend his life at a loose end until he was plucked from the family estate on the languid banks of the River Cher in the rural heartland of France. He had no geodesic experience to contribute, and joined the mission as a general assistant.

Jacques Couplet-Viguier was the nephew of one of Louis Godin’s friends, Nicolas Couplet de Tartreaux, treasurer at the Academy. Jacques, too, was an expedition novice. At seventeen, he was the youngest member of the mission, but he boarded Portefaix buoyed by the achievements of his ancestors. His grandfather had taken part in Cassini’s surveys of France and his uncle, Nicolas, had spent time in South America collecting astronomical observations. Like Godin de Odonais, he would function as a general assistant.

Jean Seniergues was a close friend of Joseph de Jussieu. Both had just turned thirty when Portefaix sailed. Seniergues was unabashed by his motives for accepting a berth on Portefaix. Gold mines and private medicine would make him rich. He was single and had everything to gain. By profession, he was a surgeon and therefore ranked lower than his medically qualified friend Joseph. But his experience with treatments and pain relief were expected to be an asset on the equator.

Included on the mission’s French passport were four unnamed servants, a shadowy quartet whose identity and accomplishments would be virtually excluded from the published memoirs and reports. Over the coming years, the mission’s servants would be joined or replaced by other domestiques and a changing cast of local guides, porters, boatmen, muleteers and labourers, without whom the mission would have foundered.

Not on Portefaix were two key members of the team. To gain access to the Viceroyalty of Peru, Maurepas had convinced Spain’s Minister of the Navy – José Patiño – that the French mission would be of enormous benefit to Spanish navigation. To encourage Spain’s cooperation, Maurepas had offered the mission’s services in measuring the latitude and longitude of key locations on the coast of Peru. Patiño consulted his king and the Council of the Indies, and the response was positive, with the caveat that the mission must include ‘two intelligent Spaniards’.

For more than a month, Portefaix rolled and pitched on the Atlantic Ocean. The first cracks began to appear in the team. One of Louis Godin’s more divisive characteristics was his habit of looking down upon his fellow travellers. In particular, this rankled with the surgeon, Jean Seniergues, who claimed later that Godin had ‘wished to erect himself as the Grand Master’. Others on the mission felt the same way. The discord was compounded by an early alliance between La Condamine and Bouguer, whose doubts about Godin’s leadership were accumulating with every day spent on Portefaix.

On 20 June, frigate birds were spotted flying low over the waves in search of squid and fish. Then, on the 22nd, as the sun was beginning to tint the eastern horizon, a mountain solidified in the sea mist. Martinique. The relief among the passengers was palpable. They had survived the Atlantic. The onward voyage should be little more than island hopping. Lieutenant Meschin took Portefaix around the tip of the island to its west coast and sailed his ship past the headland known as Pointe des Nègres into Fort-Royal Bay. The anchor fell before a formidable array of cannon muzzles protruding from the waterline fort. They stayed for ten days while cargo was unloaded and essential supplies taken on board.

For the scientists, it was an opportunity to rediscover their land-legs and explore. Martinique was a defiled garden, an island known by native Caribs for its flowers but snatched in 1635 by the French Compagnie des Îles d’Amérique. The Caribs were exterminated and by the time Portefaix was swinging at the sheltered anchorage beside Fort-Royal, the island’s most accessible slopes were covered in sugar and coffee plantations and Martinique had become a Caribbean prison for 60,000 black slaves.

The three Academicians went romping with their instruments, climbing Mount Pelée to calculate its altitude and fixing the latitude and longitude of Fort-Royal. Engineer Verguin found his feet by drawing an accurate chart of the bay, complete with depth soundings and the location of dangerous shoals. For Joseph de Jussieu, Martinique was a botanical wonderland. Sticky with sweat, he tramped the slopes in search of exotic plants and fruits. Already he had learned much about the island from his brother Antoine, whose professorial role at the Jardin du Roi made him a convenient source of botanical information. ‘I believe I shall become quite at ease in the tropical climate,’ Joseph wrote excitedly to his brother in Paris. Jussieu selected plants to send back to France on the next available ship. All this scientific scampering was, in a sense, superfluous, because the Jardin du Roi already had the plants, and the location of Fort-Royal and the altitude of Pelée were known, but for Godin, La Condamine, Bouguer, Verguin and Jussieu it was all good practice for the fieldwork they would soon be undertaking in far more exacting terrain.

Two days before Portefaix sailed, there was an unsettling death on board. Among the passengers who joined the ship at Fort-Royal was a Swiss sergeant. He was, noted La Condamine, ‘a robust man’. But he was ‘carried away in less than a day by maladie de Siam, so common in our islands’. Siam disease, or ‘Black Vomit’ – after the internal bleeding that invariably flooded the digestive tract – was thought at the time to have been imported to the Caribbean by a ship bearing French settlers. Soon, it would become known as yellow fever, a virus spread by mosquitoes. Symptoms were a flu-like combination of headaches, fever and muscle pain, followed by nausea and vomiting, jaundice, bleeding, seizures and organ failure. Survival rates were not more than 50 per cent. The disease was common in South America. From Martinique on, every member of the mission would be one mosquito bite from mortality.

There was no reason for the departure of Portefaix from Martinique to be complicated but, for the second time, the French scientists succeeded in frustrating the schedules of Lieutenant Meschin. First, Godin tried to extract livres from the intendant of Martinique, ostensibly to cover the mission’s expenses while they had been on the island. And then La Condamine went down with ‘a violent fever’. It took hold of his body with ferocious speed. Later, he related that the symptoms ‘made it appear that [he] was attacked by the same disease’ as the Swiss sergeant. Yellow-eyed, feverish and aching, La Condamine was in no condition for another sea voyage. Faced with being left behind on Martinique, he agreed to be drained of blood and flushed through with emetics. Bled and purged, the Academician was loaded on board and, on the evening of 4 July, Portefaix sailed away from Fort-Royal.

The passage from Martinique should have been straightforward. In good winds, French ships could follow a north-westerly course across the Caribbean to the colony of Saint-Domingue, which occupied the western part of the island of Hispaniola. It was here that the mission was due to disembark from Portefaix and secure berths and hold-space on a ship that could take them onward to the Spanish port of Cartagena de Indias, on the mainland of South America. Four days out of Fort-Royal, Portefaix sailed into a thick bank of fog.
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As Portefaix dissolved into fog off Hispaniola, a sleek pair of Spanish warships received a nine-cannon salute off Cartagena de Indias, the portal to South America. Nuevo Conquistador and Incendio had sailed from Cádiz on 26 May, some fourteen days after Portefaix had left Rochefort. Compared to the meandering progress of the aged French warship, the Spanish men-of-war had crossed the Atlantic like thoroughbreds. On board were the ‘two intelligent Spaniards’ detailed to accompany the Geodesic Mission to the Equator.

Jorge Juan y Santacilia and Antonio de Ulloa y de la Torre-Guiral were both graduates of the Academy of Navy Guards, the elite corps of young men picked from Spanish nobility to be trained in mathematics, astronomy, navigation and associated subjects ranging from trigonometry and hydrography to cartography and firearms. Both men had seen active service. Jorge Juan had sailed with the Spanish Mediterranean fleet against roving corsairs and had been with the squadrons that took Oran from the Ottomans. Ulloa had sailed on a two-year voyage with a fleet of galleons across the Atlantic, calling at key Spanish ports around the Caribbean. Selection for the geodesic mission promised instant promotion. Their Navy Guard commanders had been told to choose ‘two persons, whose dispositions not only promised a perfect harmony and correspondence with the French academicians, but who were capable of making, equally with them, the experiments and operations that might be necessary in the course of the enterprise’. In order to invest the two Navy Guards with sufficient authority during their mission, both had been promoted to the rank of lieutenant. Jorge Juan was twenty-two and Ulloa was nineteen.

As the two lieutenants watched the muzzle smoke drift across Cartagena Bay, they had reason to wonder. An expedition to the Andes was not a normal mission for members of the Navy Guards. They had been trained for oceans, not mountains. If this strange commission was to bring rewards for Spain – and for them – they would have to work well together. It was perhaps to their advantage that they had such dissimilar backgrounds. Jorge Juan had been born on the Alicante coast and was three when his father died, leaving two uncles to oversee his Jesuit education and then – when he was twelve – send him across the water to Malta, where he had been received into the Order of St John of Jerusalem. At fourteen, he had been granted the title of Commander of Aliaga in Aragón and he left the island as a Knight of the Order of Malta, an office that demanded life-long celibacy. Jorge Juan was a strongly built man of medium height and was remembered by one who knew him well as having ‘a pleasant and placid countenance’. He ‘ate frugally’, his habits ‘were those of a Christian philosopher’ and he ‘did not judge men in view of the place from where they came’. He had high expectations, particularly of himself. His nickname at the Guards Academy had been Euclid.

Jorge Juan and Ulloa had separated for the voyage, a practice they would repeat whenever possible. If one of them were lost, the other would continue with their mission. As the older and more senior by training, Jorge Juan sailed on the larger of the two ships, Nuevo Conquistador. The 64-gun man-of-war had been tasked with conveying to Cartagena de Indias the new Viceroy of Peru, José Antonio de Mendoza Caamaño y Sotomayor, Marquis of Villagarcía de Arousa. The relationship that Jorge Juan forged with Villagarcía during the voyage was to prove crucial.

While Jorge Juan supped with the Viceroy, Ulloa was being pitched about on the confined deck of 50-gun Incendio. The eager nineteen-year-old occupied himself by keeping a log of the variations in magnetic declination: the angle between true north and magnetic north. Ulloa’s aristocratic father, Bernardo de Ulloa, was a published economist and young Antonio had grown up in the buzzing international city of Seville – the port on the Guadalquivir that, 200 years earlier, had welcomed home the survivors of Magellan’s first circumnavigation of the world. At the age of thirteen, he had been packed off to the Academy of Navy Guards in Cádiz, but delayed enrolment for two years while he took his self-funded Caribbean cruise. Returning in 1732, he had been admitted to the Navy Guards in November of the following year, just in time to sail with a fleet to reinforce Naples. When he returned to Spain, late in 1734, preparations for the Geodesic Mission to the Equator were already advanced. Although he had received less formal training than his older compatriot, Ulloa’s trans-Atlantic excursion to the Caribbean had prepared him well for the scientific epic then being planned.

The orders handed to the two lieutenants by the Minister of the Navy, Patiño, had extended beyond working with the French to measure one degree of latitude. The Spanish had some private projects on the side. Jorge Juan and Ulloa had been instructed to undertake surveys of colonial ports and territories. It was a brief that included the fixing of locations through astronomical observations, map-making, natural history, urban and cultural geography and the disposition of defence. In particular, they were to report on corruption within Spain’s colonial administrations. Much of this material was to accumulate in a ‘secret dossier’ unknown to the French Academicians or to colonial administrators. Jorge ‘Euclid’ Juan would take the lead and focus on the advanced observations and mathematics, while Ulloa would cover the map-making and more descriptive tasks.

On landing at Cartagena de Indias, Jorge Juan and Ulloa learned from the governor that ‘the French academicians were not yet arrived, nor was there any advice of them’. This was a disquieting setback. Somewhere between France and the Caribbean, the ship bearing the Frenchmen had disappeared. ‘Upon this information,’ remembered Ulloa, ‘and being by our instructions obliged to wait for them, we agreed to make the best use of our time.’

For Ulloa in particular, this was a fruitful opportunity to test his investigative skills. He had visited Cartagena de Indias on his teenage adventure with the galleons and would have been familiar with – and perhaps even met – the city’s famous military engineer, Juan Herrera y Sotomayor. Sadly for the two young lieutenants, Brigadier Herrera had died three years earlier, but his legacy could be seen across the city and bay in the defensive forts, bastions and batteries he had commissioned. Herrera had come to America in 1681 and over fifty years had worked his way up from a humble lieutenant in the garrison of Buenos Aires prison to the engineer who repaired and improved the defences of Panama, Portobelo and Cartagena de Indias, where his innovations included Dutch-style lock gates to improve river navigation on the Magdalena and the creation of the first engineering school in the New World: the Academia de Matemáticas y Práctica de Fortificación.

The two young lieutenants leapt into action. While waiting for news of the French, they would undertake a comprehensive survey of Spain’s American hub. Cartagena de Indias had been founded back in 1533 by a Spanish conquistador, Pedro de Heredia, who identified the bay as a strategic anchorage. The natives whose villages dotted the shore were killed or driven inland. As the best natural harbour on the north coast of South America, Cartagena became an immediate target for nations competing for control of their respective ‘New Worlds’. Eleven years after its founding, Cartagena was ransacked and ransomed by the French. In 1585, Sir Francis Drake and his fractious band of heretical English pirates attacked, burned and again ransomed the city. By the 1730s, Cartagena had been secured with forts and gun batteries, but with the British lurking again beyond the horizon, it was no time for complacency.

There was one impediment to their impromptu survey. Before leaving Spain, Jorge Juan and Ulloa had ordered the most up-to-date instruments from Paris and London, but these had not arrived by the sailing date of Nuevo Conquistador and Incendio. Without instruments, there would be no surveying or observations. Happily, they learned through the governor that Brigadier Herrera’s instruments were still in the city, along with some of his plans and maps. It was a very lucky break. Ulloa began to make the ‘necessary additions and alterations’ to Herrera’s earlier work. It was a challenging task. Cartagena and its bay covered an area of over a hundred square miles. Day after day, Jorge Juan and Ulloa measured and observed. Blanks were filled on Herrera’s maps and locations adjusted. The final clean copy in pen and ink carried the names of Ulloa and Herrera, framed within an exotic cartouche showing two native warriors with bow, quivers and spear leaning casually on the lettering of the title, which included the revised latitude and longitude for the city. The map was about the size of a small table. As an aid to the user, and as a guide while compiling the map, Ulloa had drawn a faint grid of squares with 2,000 pieds de Rhin – Rhine feet – between the lines. The overall scale worked out at around 1:25,000, so it was detailed enough to show features such as buildings. On land, he had marked prominent hills, vegetation, rivers, roads and the outlines in red of Spanish fortifications and gun batteries. The city itself appeared in pink, rimmed with walls and redoubts. Emphasizing its dual role as a land map and a sea chart, Ulloa had carefully marked with pecked lines the presence of shallow water, while small numerals dotted across the bay represented the depth in fathoms of places where soundings had been taken. The completed map was both a memorial to the great Herrera and a validation of nineteen-year-old Ulloa. But it was for Spanish eyes only. In the wrong hands, the new Plano de la Cyudad y Bahya de Cartagena de las Yndias was a very detailed invasion map.

For three days, Portefaix warily coasted the shrouded shores of Saint-Domingue. Then the fog lifted and Lieutenant Meschin was able to bring his ship into the anchorage at Fort Saint Louis on the southern side of the island. As the most important French colony in the Caribbean, Saint-Domingue would provide all the remaining necessities for the mission. It was the last chance to stock up on French territory and it was the setting for the mission’s final severance from home. The Governor-General of Saint-Domingue, the Marquis de Fayet, had been instructed to do all
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