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INTRODUCTION
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Ernst Haeckel coined and defined the term “oecologie” in 1866, and four sciences—plant ecology, animal ecology, limnology, and marine biology—emerged during the 1890s. So why write on the history of ecological sciences beginning in antiquity? A rose by any other name is still a rose. Greeks established the balance-of-nature concept, zoology, and botany; and a Roman invented a catch-all ecological science—natural history. These sciences included what we call ecological observations and comments. In the mid-1700s, Carl Linnaeus formally organized an ecological science, “oeconomia naturae.” His was a static ecology based on static species. What Haeckel did in 1866 was to inject Darwinian dynamism into Linnaeus’s concept, though Haeckel left it to others to work out most details. This book is entitled Roots of Ecology: Antiquity to Haeckel because it encompasses natural history and prehistory of plant ecology, animal ecology, limnology, marine biology, Darwinian natural selection, parasitology, entomology, plant physiology, and phytopathology, which are ecological sciences, even if their practitioners did not think of themselves as ecologists. (Gerald Esch calls himself an “ecological parasitologist,” which distinguishes him from parasitologists who lack that self-concept.1) This is a history of scientific endeavors concerning facts, things, and processes that we now study in various ecological sciences. Some of this knowledge was included in different disciplines from time to time.

One reader of my manuscript raised a concern about the danger of writing Whiggish history, looking at the past guided by present concerns, rather than taking the past on its own terms. Readers who never majored in history in college may be unfamiliar with the concept of Whiggish history, but most historians are familiar with Englishman Herbert Butterfield’s The Whig Interpretation of History (1931), which he wrote to counteract the tendency in many historians to write on the side of Protestants and Whigs—to praise revolutions provided they have been successful, to emphasize certain principles of progress in the past, and to produce a story that is the ratification if not the glorification of the present. This is a legitimate concern that I do not dismiss, but there is always the danger of throwing the baby out with the bathwater.

A good example is my article, “Changing Concepts of the Balance of Nature,”2 which traces the concept from Herodotos and Plato into modern times. One can argue that Herodotos was writing human history, not natural history, and therefore he should be left out of the history of natural history. Plato was writing philosophy, not natural history, and therefore he should be left out of the history of natural history. The problem, however, is that these two Greeks were the origin of the balance-of-nature concept, and when others dug it out of their works for use in a different context, I merely reported it. Naturalists in later ages were often required to study the writings of Herodotos and Plato in their regular schooling, and they were sensitive to natural history discussions that were embedded in their writings. In an extreme form, anti-Whiggish campaigns can dismiss the ideas of later students who were concerned with a different context than the original authors being studied. With such dismissal, one misses the origin of ideas that were, in fact, important. The Moscow editors of Essays on the History of Biology (translated title) who asked for an updated, revised version of my article for Russian translation3 seemed satisfied with the links I had established between ancient and modern thought. As presumably, was Patrick Tort, editor of Dictionnaire du Darwinisme et de l’Évolution,4 who asked for a brief version for translation into French. Members of the Ecological Society of America who awarded me their Distinguished Service Award for 2007, called my article a “classic” and “a seminal paper that first pointed ecologists in the direction of nonequilibrium thinking.”5 That is, my article, far from glorifying the present, which Butterfield warned against, was meant to undermine modern confidence in the balance of nature. Ecologist John Kircher was able to write The Balance of Nature: Ecology’s Enduring Myth (Princeton University Press, 2009) because my article provided a coherent foundation upon which to build.

Could Donald Worster’s Nature’s Economy: The Roots of Ecology (1977) be Whiggish history? Despite my own criticisms of the book in a review6 (on other grounds than Whiggishness), the book has never gone out of print, and the so-called second edition (1994) is merely the same book with one or two additional chapters added. Its popularity is attributable to its telling a well-written historical story. Many books written by professional historians of biology (Worster being an environmental historian) are analytical within a non-Whiggish context, which is interesting to other historians of biology, but not often to ecologists, and such books often do not stay in print.

A fear of Whiggishness possibly inhibits historians of science from writing histories of particular sciences from antiquity to modern times, though I suspect most historians of science specialize in one period of time and are wary of extending their investigations into other periods. A rare exception is Karl E. Rothschuh’s History of Physiology (German 1953, English 1973), with a historian of medicine. Peter J. Bowler’s Evolution: The History of an Idea (revised edition, 1989), with a historian of biology, begins in the 1600s. Histories of particular sciences are more often written by practitioners of those sciences. When I went through the graduate program in history of science at the University of Wisconsin-Madison, students were generally expected to take survey courses in ancient and medieval sciences. Most students specialized in the history of a modern science and accepted these courses as parts of a necessary background. In contrast, I became quite interested in the ancient as well as modern history of science, and in writing a dissertation on studies of animal populations before 1860 (in 1967), I began with early natural philosophers, Herodotos and Plato; in my studies I never specialized in any particular period of time.

In writing this survey of the roots of ecology, extending from ancient Greeks to Haeckel, I had to decide on what to include and exclude. No doubt, practicality was a factor, but it was not a principle of selection. Often I would begin with a publication that seemed obviously relevant and work backward to discover what the author learned from his sources. In such cases, it became difficult to assert that sources were irrelevant because the earlier authors worked in different contexts than later authors who cited them. For example, medieval Emperor Fredrick II of the Holy Roman Empire (chapter 2) had a favorite hobby, hunting with falcons, which led to his writing a manual that included the natural history of both predatory birds and their prey. Fredrick wrote a sophisticated work, but he was only able to do so because translator Michael Scot translated zoological writings of Aristotle from Arabic into Latin, allowing Frederick to understand and appreciate ancient Greek achievements. One cannot properly evaluate Frederick’s contributions without some knowledge of Aristotelian zoology (chapter 1).

Writing history is an act of selection, from a point of view. Warder C. Allee wrote a comprehensive survey of the history of (mainly) animal ecology before 1900 in thirty pages (1949). His point of view was to mention all past contributions to biology that seemed relevant to the history of animal ecology, without context, details, or explanation of how they fit together. In 1949, when so little was known, it was a valuable contribution, but now ecologists, historians, and others want to know details, contexts, and influences. I should provide some rationale for my selection of the “roots” of ecology that seem to me relevant as foundational information for the history of ecology before the 1900s.

There was protoscience before the classical Greek civilization, but the ancient Greeks invented natural philosophy during the 500s BC and theoretical and practical science during the 300s BC. Greek zoology and botany included substantial natural history information about animals and plants in relation to their surroundings. That information was highly prized by later civilizations. The Romans had a more practical outlook than the Greeks, and their early natural history writings were usually within agricultural guides (which, however, showed some Greek influence, as did writings by philosopher Cicero, who reinforced the balance-of-nature concept). The Roman general Pliny was not the first Roman encyclopedist, but his Natural History survived and became quite influential in later European civilizations. It is a rather uncritical synthesis of Greek and Roman knowledge and was followed by lesser Roman works by other authors on natural history.

There were three medieval civilizations in the Mediterranean region, two of which—Byzantine and Arabic language—were heavily influenced by ancient Greek authors and a Latin western European civilization influenced by ancient Roman authors. Medieval authors often commented on ancient writings, with their own modest contributions embedded in commentaries. The Byzantine civilization was most influenced by ancient Greek writings, and one section in chapter 2 suffices to discuss the Byzantine contributions made over a thousand years. The Arabic-language civilization encompassed the largest geographical region and made the most important original contributions, and one section in chapter 2 discusses its origins and zoology and another section discusses its botany and decline. The Latin western European civilization’s natural history authors scarcely rose above the ancient Romans’ uncritical level of scholarship for centuries, until ancient Greek texts were translated from Arabic into Latin. After those translations were made, the Latin European civilization’s natural histories exceeded both Byzantine and Arabic natural histories in detail and in critical thought. Two examples are discussed in chapter 2: Emperor Frederick II’s guide to hunting with falcons and Albertus Magnus’s encyclopedias on geography, botany, and zoology.

During late Middle Ages, Italian civilization prospered from commerce more than other western European countries, and Italian support of scholars increased the pace of recovery of ancient and medieval knowledge, facilitated by Johannes Gutenberg’s printing press. This intellectual Renaissance led to a Scientific Revolution during the mid-1500s and 1600s, when west European naturalists and natural philosophers far exceeded ancient and medieval authors in their contributions to critical sciences that became supported in the 1600s by scientific organizations.

Straddling the Renaissance and Scientific Revolution were herbalists, who made medicines from plants and therefore wrote the natural history of plant species, which contained ecologically interesting observations. The examples of herbalists and the printing press encouraged medical professors to publish books and encyclopedias on vertebrates. Vertebrate animals had a variety of uses for Europeans, and vertebrate natural histories therefore lacked a single perspective, though books on fish did emphasize use as food. The earliest scientific society still surviving is the Royal Society of London, which put Robert Hooke in charge of weekly experiments. Hooke’s writings contained a good number of ecologically relevant observations, and his Micrographia aroused the interest of Leeuwenhoek, who carried natural history to a microscopic level. Plague and other contagious diseases were menaces to cities, and London began publishing “bills of mortality” to let upper classes know when to flee to the countryside. John Graunt, a literate tradesman, realized that if combined with baptismal records from churches, mortality records could indicate whether cities were more or less dangerous than rural areas and what causes of death were most and least common. He thus originated statistics and demography, and human demography encouraged interest in animal demography, even by Graunt. Insect pests, honey bees, and intestinal worms were known since antiquity, and a controversy existed over whether they arose by spontaneous generation. Naturalists could not resolve this question before the invention and development of microscopes during the 1600s. Microscopes enabled investigators to see reproductive organs in these invertebrates, but that did not settle the question, since animals might reproduce sexually sometimes and possibly asexually at other times, as some plants do. During the 1600s, John Ray was a rather unusual naturalist, being a clergyman instead of a physician. Ray was skeptical of spontaneous generation on the grounds that God would not have created animals with sexual organs if they had no use. Ray was the author of natural histories of plants and animals and also originated the modern tradition of natural theology, which included finding God’s wisdom in plants and animals.

The momentum that European science achieved during the 1600s enabled science to continue expanding throughout the 1700s. Richard Bradley, René-Antoine Ferchault de Réaumur, Linnaeus, and Georges-Louis Leclerc, Comte de Buffon could even be considered as professional naturalists who devoted their careers to investigating particular branches of natural history: Bradley invented natural history journalism outside of general science journals. Réaumur published an encyclopedia on insects. Buffon published encyclopedias on mammals and birds. And Linnaeus organized an ecological science, “oeconomia naaturae.” Ever since Columbus, Europeans had undertaken exploration of the world, and during the 1700s, various explorers published accounts of their discoveries. The Americas and Russia were regions of exploration discussed here, with several ecologically interesting observations. Englishman Mark Catesby was a prominent early explorer in southeastern North America, and Germanic Georg Wilhelm Steller was a prominent early explorer in Russia. Catesby published a notable work describing his discoveries, but Steller died before returning to Moscow and St. Petersburg and others published his writings posthumously. John and William Bartram, two American-born naturalists who continued the work of Catesby and others, and Gilbert White showed that the natural history of civilized England still had secrets awaiting discovery. Very little understanding of plant growth existed before European chemists learned to identify different gases, but as they learned to, that knowledge was taken up by those curious about plant growth, and in the latter decades of the 1700s, plant physiology made notable progress. Simultaneously, plant diseases came under close scrutiny and an important literature on plant pathology appeared. A strong suspicion developed that small fungi caused diseases in vascular plants. Animal parasitology was developing to the point that some physicians and naturalists wondered if tiny insects or other animals could cause diseases. Graunt’s demographic tradition persisted during the 1700s, and animal demography also developed, both in connection with human demography and independently of it.

Ecological sciences began to emerge during the 1800s, before Haeckel. First was biogeography, which, however, never became a major ecological science. Humboldt was the virtual founder of plant geography in the early 1800s, and both floristic and ecological plant geography flourished during the 1800s. Naturalists continued to explore the world and publish discoveries, and this progress is represented here by two sections in chapter 7 on North America. Exploration literature became a resource for advancing the economy of nature. Jean-Baptiste Lamarck developed an evolutionary theory that influenced a minority of naturalists but also attracted opposition from Charles Lyell, who used a dynamic economy of nature concept to explain species extinction. Marine biology would become a major ecological science. It essentially began in France during the 1820s, though my chapter 7 concerns Englishmen Edward Forbes and Philip Gosse, 1830s–50s. Hewett Watson was an English plant geographer and evolutionist whose publications, 1830s–70s, provided Darwin with plant information for his Origin of Species. The British Navy dominated the world’s seas and took British naturalists to explore many foreign lands. Darwin, on his voyage on the Beagle, collected observations and specimens that became the bases for his Journal of Researches, reporting on the voyage and containing many ecologically relevant passages. Henry David Thoreau can be considered an “honorary ecologist” because he expressed a need for such a science and contributed observations for it. Darwin’s Origin not only established a successful theory of evolution but also became an important foundation for ecology. Furthermore, his subsequent books, from one on orchids to one on earthworms, were frequently on what we call ecological themes.

Two sections in chapter 8 discuss overseas discoveries of five British naturalists—Alfred Russel Wallace, Henry Walter Bates, Richard Spruce, Joseph Dalton Hooker, and Thomas Henry Huxley—seeking plants and animals. During the 1800s, botanists steadily increased understanding of plant physiology, including photosynthesis, involving an exchange of gases between green plant and the environment. Plant pathology and animal parasitology were ecological sciences that became major sciences, though their practitioners did not see themselves as ecologists. Closely allied to the study of parasitism was the study of insects, who do incomparable damage to both plants and animals. Louis Pasteur, Robert Koch, and others laid to rest the longstanding spontaneous generation controversy and simultaneously established the germ theory of disease.

Haeckel was primarily a Darwinian animal evolutionist, but he saw the need for ecology, defined it (1866), and continued publicizing it in writings thereafter. His first love was botany, and he continued to have an amateur interest in plants after becoming a zoologist. He was not a crusader for ecology, but a number of his writings are at least partly ecological, and therefore it seems fair to call him an ecologist.

There is additional information and illustrations (many in color) on subjects discussed in this book in an online history that I am writing in the Bulletin of the Ecological Society of America. For access, see http://www.esajournals.org, hit Bulletin, then Current Issue, and scroll down to the latest part. There is a button on the first page of each later part that one can hit to retrieve previous parts. I follow George Sarton and Georgia Irby-Massie in using Greek spellings of some Greek names (os), rather than the customary Latinized spellings (us); it helps distinguish Greek from Roman names. A comprehensive bibliography enables readers to check my interpretations and provides an entry into further studies. In case there is a second edition of this book, I welcome corrections and omissions sent to egerton@uwp.edu.

Notes

1. Escher 2004.

2. Egerton 1973.

3. Egerton 1978b.

4. Egerton 1996.

5. Ecological Society of America, Awards Committee 2007: 298.

6. Egerton 1979b: 167–68.


CHAPTER ONE
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Greeks and Romans: Antiquity

Early Greek Origins

Ancient Greeks invented the critical mind—perhaps the first giant intellectual step for mankind. That paved the way to move from protoscience to science. All early cultures had protoscience. Early Mesopotamians, Egyptians, Chinese, and Mayans collected and recorded data on celestial bodies and natural history, but they were unable to take the next crucial step of developing a theory to interpret the data. They were locked into the mythopoeic mind that interpreted all causation with anthropocentric myths.1 Hebrews mentioned ants storing food for the winter only as a lesson for sluggards.2 Greeks also had animal stories with human lessons (e.g., Aesop’s Fables), yet they abandoned the mythopoeic mind for the critical mind in gradual steps, beginning with Thales (ca. 625–ca. 547 BC), from Miletos on the Ionian coast of Asia Minor, who founded natural philosophy.3 Ionia was on the eastern periphery of Greek civilization, near west Asia, including the Persians. Natural philosophy began around the Greek periphery and only later entered its center, Athens, because Greeks in the periphery were aware of at least two kinds of thought—theirs’ and foreigners’. The impact of this juxtaposition is evident in the epics of Homer (700s BC), The Iliad and The Odyssey, both of which tell of struggles between Greeks and foreigners. Homer was a peripheral Greek, probably from Chios.

However, Greeks not only fought foreigners, they also traded with them. Greek merchants learned that foreigners worshiped different gods and explained nature in different ways than the Greeks. Greeks realized that they needed to dig more deeply into causation if they wanted to learn which society possessed the truth. However, they could only have done so because they were self-governing, in small city-states. Miletos was a prosperous trading state, and Thales was a prosperous, widely traveled merchant. He concluded that the basic stuff of nature was water, the only substance known in antiquity as solid, liquid, and gas. If it changed from one of these states to another, perhaps it also changed into rocks. Milesians not only argued with foreigners, they also argued with each other. The next natural philosophers were also Milesions: Anaximander (ca. 610–545 BC) and Anaximenes (fl. ca. 545 BC), who appreciated Thales’s intelligence but, nevertheless, developed arguments more compelling than his.4 Anaximander seems to have emphasized the process of mixing and separating rather than focusing on substance. Anaximenes thought that air was the basic substance and that it changed form by either condensation or rarefaction. He borrowed and modified ideas from both Thales and Anaximander, realizing that both substance and process are important in nature. These Milesian philosophers’ thoughts were more extensive than indicated here, but these examples show their quest for natural explanations rather than mythic ones.

Greeks thus invented abstract thought, through a process that philosopher Karl Popper called “conjecture and refutation.” Popper identified this process as fundamental to science,5 but not all pre-Socratic natural philosophers joined the debate. Pythagoras (ca. 560–ca. 480 BC), from the island Samos, just north of Miletos, founded not only a different tradition but also a community. Samos had a tyrant, and Pythagoras fled to Crotona in Magna Gracia, on the southeastern coast of Italy.6 Pythagoras taught a natural philosophy that focused on quantities and patterns rather than on substance and process. He believed in harmonies in nature and thought mathematics was the key to finding them. When chemists determine that water is made up two parts hydrogen and one part oxygen, they vindicate the faith of the Pythagoreans. Chemical formulas are whole-number ratios, and Pythagoreans believed all of nature could be expressed in such ratios. However, when chemists speak of whole-number ratios, they are speaking of elements such as hydrogen; Pythagoreans just had bare numbers in mind. That was reasonable in astronomy and music—celestial bodies were just bright dots in the night sky and music could be represented by dots on a page. Yet neither in mathematics nor in real-world measurements do quantities always appear as whole numbers. There is a story about Pythagoreans (perhaps apocryphal, though it captures their bias): A commune of Pythagoreans measured the diagonal of a square having sides of one and discovered “irrational numbers.” The story is that they agreed to keep this scandal secret, but one member told the outside world and was then expelled from their commune. The idea of scientific proof undoubtedly came from Pythagoras’s concept of mathematical proof. According to tradition, Pythagoras developed the proof of the geometrical theorem that, in a right triangle, the two sides squared is equal to the hypotenuse squared. He may also have “proven” that musical harmony is achieved when harp strings are in whole-number ratios of length. However, in some aspects of science, Pythagoreans depended on mathematical faith, not proof, as in their so-called harmony of the celestial spheres.

A Croton scholar, Alcmaeon (born ca. 535 BC), joined them and applied the Pythagorean notion of harmony in nature to medical thought.7 Alcmaeon got the idea that there are body “forces” (hot and cold, sweet and bitter, etc.) that are in proper balance with each other when one is healthy and that illness occurs when these forces fall out of balance. After 500 BC, Greek physicians began to synthesize this idea, known later as the balance of “humours,” with Egyptian empirical surgery and medicine to create classical Greek medicine. Greek medicine became part rational—the balance of humours—and part empirical. The way rational ideas and empirical medicine came together is illustrated by physicians’ concern that people live in healthy environments, eat healthy diets, and get adequate exercise. Physicians learned that living near marshes caused fevers (malaria) in summer and that people get colds mainly in the winter.

Some sixty brief medical works, written about 430–330 BC from a rational and/or empirical perspective, are known as the Hippocratic corpus because they were later attributed to Hippocrates of Cos (460–ca. 370 BC), a respected physician.8 One work, Airs, Waters, and Places, attempted to correlate diseases in a community with changing weather conditions (paragraphs 1–11) and identify environmental factors that determine racial characteristics (paragraphs 12–20). Although the attempt was unsuccessful, it was a worthy goal that would be revived centuries later.9 Greek physicians used the stars to keep track of the seasons, but they did not consider stars’ environmental influences. Although they knew that three kinds of parasitic worms live in human intestines,10 this knowledge did not lead to a theory of germs or contagion, and without such a theory, an environment versus health research program could achieve little. They even thought insect galls had medicinal value.11 Nevertheless, the Hippocratic corpus represents a significant advance over the writings of early natural philosophers, who only reasoned from commonplace knowledge. The Corpus as a whole (but no individual treatise) meets a loose definition of science: it provides observational evidence, interprets the evidence, and draws conclusions based on the evidence.

Natural philosophy influenced not only Greek medicine but also other investigations. Herodotos of Halicarnassos (d. ca. 425 BC) is called the father of history because, like Homer’s epics, his History gives both Greek and foreign information and perspectives.12 His account of the Greco-Persian Wars included both Greek and Persian recollections. He was a traveler, visiting Egypt; Phoenician ports; and other places in the eastern Mediterranean, Black, and Aegean Seas. His interest in plants was substantial, mostly practical, and included reports on pollination of date palms and fig trees.13 His reports on animals included the natural history of wild species, and some accounts are ecologically significant, as are some geographical discussions. He spent about four months in Egypt, which fascinated him.14 Egyptians viewed the Nile as a gift from the gods, and their perspective on it was religious, not scientific. Greeks had a wider experience with rivers, and the Nile was the only they knew that flooded in summer instead of spring. Herodotos attempted to find the most plausible natural explanation. He found the evidence for north-blowing winds as the cause very weak, though his own speculation—a change in the pathway of the sun from summer to winter—was no better.15 The Nile crocodile was conspicuous and dangerous—the largest creature known to him that began as a small egg. He reported that when crocodiles came ashore, they opened their mouths and allowed sandpipers (Egyptian spur-winged plovers Hoplopterus armatus) to eat leeches inside, without harming the birds, in appreciation for their service.16 This was the earliest report of mutualism.17 Etienne Geoffroy Saint-Hilaire (1772–1844), who accompanied Napoleon to Egypt in 1798, discussed this crocodile-plover relationship.18 Israeli animal ecologist Frederick Bodenheimer mentioned Herodotos’s story without expressing any doubts about it.19 Lorus and Margery Milne reported Herodotos’s story in The Balance of Nature20 without modern supporting evidence, and John Pollard identified the species of plover without citing modern verification of mutualism.21

Perhaps Herodotos never got to Arabia, but he came close enough to collect evidence for a balance-of-nature concept:

The wisdom of divine Providence . . . has made all creatures prolific that are timid and fit to eat, that they be not diminished from off the earth by being eaten up, whereas but few young are born to creatures cruel and baneful. The hare is so prolific, for that it is the prey of every beast and bird and man; alone of all creatures it conceives in pregnancy; some of the unborn young are hairy, some still naked, some are still forming in the womb while others are just conceived. But whereas this is so with the hare, the lioness, a very strong and bold beast, bears offspring but once in her life, and then but one cub: for the uterus comes out with the cub in the act of birth. This is the reason of it: when the cub first begins to stir in the mother, its claws, much sharper than those of any other creature, tear the uterus, and as it grows, much more does it scratch and tear, so that when the hour of birth is near seldom is any of the uterus left whole.

It is so too with vipers and the winged serpents of Arabia: were they born in the natural manner of serpents no life were possible for men; but as it is, when they pair, and the male is in the very act of generation, the female seizes him by the neck, nor lets go her grip till she has bitten the neck through. Thus the male dies; but the female is punished for his death; the young avenge their father, and gnaw at their mother while they are yet within her; nor are they dropped from her till they have eaten their way through her womb. Other snakes, that do no harm to men, lay eggs and hatch out a vast number of young. The Arabian winged serpents do indeed seem to be many; but it is because (whereas there are vipers in every land) these are all in Arabia and are nowhere else found.22

Although superfetation occurs in hares,23 most of this folklore is incorrect; the winged serpents cannot be identified. If Herodotos had applied quantitative reasoning to his lion account, he would have realized that the situation would lead to rapid extinction. Nevertheless, different reproductive capacities of predators and prey became part of balance-of-nature concepts.24

Herodotos was a free spirit, but most Greeks felt strongly bound to their city-state. The Greco-Persian Wars (490–479 BC) prompted Greek states to unite and achieve a glorious victory. Fifty years later, these states polarized into opposing alliances and fought the destructive Peloponnesian War (431–404 BC). Thucydides (ca. 460–ca. 400 BC) was an Athenian general who arrived at a besieged city too late to save it from the Spartans, for which he was exiled.25 He then collected information from combatants on both sides and wrote his History of the Peloponnesian War. A famous catastrophe he described was the plague of Athens.26 Although Greece endured malaria and other endemic diseases, it had never experienced an epidemic disease until the Spartans invaded Attica in 430 BC. Pericles’s strategy was to let Spartans ravage the countryside while he kept the people safe within Athens’ walls. However, with many people crowded together, an epidemic erupted. Thucydides’s account of it was so detailed that some historians speculate he may have gained insights from reading contemporary medical writings, though no extant writings discussed epidemics. He was familiar with medical terminology. Doctors who stayed to treat the sick were unfamiliar with their disease, and doctors also died during the epidemic. It was contagious and had spread from Ethiopia or Egypt, yet the symptoms do not match any modern contagious disease. It died out or changed beyond recognition from Thucydides’s described symptoms,27 unless the disease was accidental arsenic poisoning.28 In 429 BC the epidemic killed Pericles—a major blow to Athens, which finally surrendered in 404 BC.

Meanwhile, Leucippos (400s BC), probably from Miletos, originated the atomic theory of matter, which is known through his pupil, Democritos of Abdera (late 400s BC).29 This brilliant theory was slow to gain influence because a world of randomness seemed incompatible with observed regularities in nature, such as the balance of nature. Close observations by modern ecologists reveal that animal population stability is illusory,30 but casual observations seem to indicate stability.

In Athens, a contentious peace followed the Peloponnesian War, and politically conservative Socrates (469–399 BC) was a casualty. The aristocratic Plato (427–348/47 BC) founded his Academy in Athens around 385 BC.31 He used the dialectical method of his teacher, Socrates, to organize his Dialogues, the most widely read work in the history of philosophy. Plato was also strongly influenced by Pythagorean mathematics, being convinced that numerical patterns provide a key to understanding nature. Some mathematicians and astronomers joined the Academy, though its psycho-social atmosphere was closer to a Pythagorean commune than a modern university. When one left the Academy, one was prepared to be a member of the ruling class, which meant that one could answer any questions raised by the lower class.

In The Republic, Plato developed an elaborate metaphor of the cave, the purpose of which was to discredit sensory observations.32 If one learns that collecting data is pointless, then one gains an understanding of the world and society in the only reliable ways left—through mathematics and dialectics. One discusses possibilities and then develops a scientific myth that is as close to an understanding of nature as one can get. Popper claims that “historically speaking all—or nearly all—scientific theories originate from myths, and that a myth may contain important anticipations of a scientific theory.”33 Two Platonic myths contributed to a balance-of-nature concept, though that concept never achieved the status of theory.

In the Timaeus dialogue, Timaeus asserts that “this Cosmos has verily come into existence as a Living Creature endowed with soul and reason owing to the providence of God . . . containing within itself all the living creatures, which are by nature akin to itself.”34 This myth became the source of two related concepts: the superorganismic balance-of-nature concept and the microcosm-macrocosm concept. The first concept asserts that living beings are organs of a super “being” which is nature, and the second asserts that the parts of the human body correspond to different parts of the cosmos. Protagoras of Abdera was a sophist who presumably did not take myths seriously, yet Plato has him tell a creation myth in Protagoras, in which the god Epimetheos designed species of animals: “He attached strength without speed to some, while the weaker he equipped with speed; and some he armed, while devising for other, along with an unarmed condition, some different faculty for preservation.”35 Plato’s creation myths and Herodotos’s natural history support what we might call providential ecology: God created species with traits that mesh to ensure that no species becomes extinct.36

Plato’s dialogue Critias indicates that humans can upset the balance of nature. Critias tells a historical myth about Athens nine thousand years ago. Back then the mountains, now bare, had enough soil to support trees, which were used to build houses. Then the rains washed away the soil. The implication is that logging those trees led to denudation of soil.37

Socrates’s other student of enduring fame, Xenophon (ca. 435–354 BC), was a military leader and author.38 His Memorabilia includes an influential dialogue in which Socrates argues for the existence of God from the design of nature.39 Xenophon’s Oeconomicos is a treatise on estate management, with a brief discussion of agriculture—the only extant one from ancient Greece.40 His Cynegeticos is a treatise on hunting, which includes an account of the natural history of hares.41

The natural history writings of the early Greeks having ecological significance were of several kinds: the abstract speculations of pre-Socratic philosophers, a mix of speculations and empirical observations of physicians, Herodotos’s folklore, Thucydides’s History of the Peloponnesian War, Plato’s creation myths, and Xenophon’s various writings. This miscellany would be of minor importance if it had not laid the foundation on which Aristotle, Theophrastos, and others built. Seen in that light, these early writings were very important indeed.

Aristotle and Theophrastos

Socrates, Plato, and Xenophon were Athenians who grew up in a mighty Athenian empire, which ended in 404 BC. Afterwards, Athens was again one of many city-states until subdued by Alexander the Great in 335 BC. Aristotle of Stagira (384–322 BC) was the son of a physician, Nicomachos, employed by the king of Macedonia. Aristotle grew up at court, a friend of Prince Philip, who reigned as king from 359 BC until his assassination in 336 BC. Aristotle went to Athens for an education at the age of seventeen or younger and stayed at Plato’s Academy for around twenty years, though Plato was absent from Athens in 367–365 BC.42 After Plato’s death in 348/47 BC, leadership of the Academy went to his nephew, and Aristotle visited Hermias of Atarneos, perhaps as Philip’s envoy.43 A later story alleged that Philip had Aristotle come to Pella in 343/42 to tutor his son Alexander but that seems to be incorrect.44 After Philip’s assassination, Alexander fought for the throne and then suppressed Greek states that revolted from Macedonian domination. Aristotle returned to Athens in 335/34 BC and opened his own school, Lyceum, that enabled him to train administrators for what became Alexander’s empire, while also keeping Athens under surveillance for Alexander.45 When news of Alexander’s death in Babylon reached Athens in 323 BC, Aristotle fled to his homeland and died the following year.46

Plato had developed a deductive philosophy, and Aristotle’s early writings were of that sort, but the natural history writings from the Lyceum use inductive reasoning based on evidence collected from various sources. Although Aristotle may have become an independent thinker at Plato’s Academy, Aristotle and his fellow scholars at the Lyceum were presented with an influx of information from foreign lands that Alexander was conquering,47 and abstract philosophy was insufficient to cope with it. Making generalizations was still important, but these generalizations needed to encompass the diverse resources of the empire. Aristotle moved from protoscience to science because he realized that an understanding of the world required collecting observations of nature, organizing them, and interpreting them with theory, not myth. In practice, Aristotle’s theories were really a philosophical system, which he used to organize observations to illustrate the system.48

While in Asia Minor in 347–345 BC, Aristotle had acquired on the island Lesbos a pupil-colleague, Theophrastos of Eresos (ca. 371–ca. 287 BC), who later succeeded Aristotle as head of the Lyceum.49 Aristotle was its head for a dozen years and Theophrastos for three dozen years. Of the natural history writings from the Lyceum, supposedly Aristotle was in charge of the zoological works and Theophrastos the botanical works, but we should not think of Aristotle as a zoologist and Theophrastos as a botanist; both wrote broadly on science topics. Aristotle is credited with having written a botanical work that has disappeared; perhaps this is because it became obsolete and so was no longer worth recopying when the manuscript wore out, since its contents were absorbed into the Theophrastean botanical works. Furthermore, Theophrastos wrote an essay on fish, recently published with English translation.50 There are minor contradictions in the zoological works, which can be attributed either to Aristotle having changed his mind from time to time or to contributions being added later by scholars whose judgments differed slightly from Aristotle’s (or both).51

We saw in the previous section that Herodotos and Plato provided in their writings a basis for a balance-of-nature concept. Aristotle provided an alternative perspective on the reproductive capacities of predators and prey that I call anatomical-physiological necessity.52 Whereas Herodotos interpreted the greater reproductive capacity of hares than their predators as a plan by divine providence to prevent predators from eating all their prey, Aristotle explained it as a result of the greater length of time needed for larger embryos to develop compared to smaller embryos. The slow growth of elephant embryos and the small number of offspring may have inclined Aristotle to accept reports of them living two hundred or three hundred years.53 Aristotle strongly opposed the belief in the randomness of nature held by the atomists. His concept of teleology explained that everything in nature has a purpose, though he did allow some possibility for chance: “in the works of Nature purpose and not accident is predominant.”54 Eyes are to see, teeth to chew food, ears to hear, but his concept did not include two species, such as predator and prey, having traits to accommodate each other. The balance of nature is a synecology concept, and there was rather little synecology in the Lyceum works. Nevertheless there was enough autecology for animal ecologist Frederick Bodenheimer to proclaim Aristotle father of both entomology and animal ecology.55 Hugo Bretzel named Theophrastos founder of plant geography, and botanist Edward Lee Greene discussed Theophrastos as the first plant ecologist.56 Environmental historian Donald Hughes proclaimed Theophrastos first as “father of plant ecology” and later as “father of ecology.”57

In Plato’s Timaeus dialogue, God (the “demiourgos” craftsman) put the cosmos in order. Aristotle also speaks of God, but not as creator, since he believed the cosmos was eternal. That being so, species of plants and animals are possibly eternal and are adapted to their particular environments.58 What we would identify as ecological observations concern how species are adapted and how they perform their roles in their environment. Aristotle noted that swimming birds have webbed feet; wading birds have long legs and long toes for walking on soft ground. “The same bird never possesses both spurs and talons, and the reason is that Nature never makes anything that is superfluous.”59 Not only must anatomy fit the life style, so must physiology: “The reason why any group of animals possesses a lung is because they are land-creatures. It is necessary to have some means for cooling the heat of the body; and blooded animals are so hot that this cooling must come from outside them, though the bloodless ones can do their own cooling by means of the connate pneuma . . . external cooling must be effected either by water or by air. This explains why none of the fishes has a lung. They are water-cooled, and instead of a lung they have gills.”60

In the Greek mind, blood is red, and since the fluids in insects and crustaceans are not red, they are bloodless; since they are not hot, they do not need blood. Greeks had drawn pictures of plants and animals for over one thousand years before the Lyceum existed, but biological illustrations began there.61

Animals are not only anatomically and physiologically adapted to their environment, they are also affected by their environment.62 Sea urchins “have long, hard spines, because the seawater they live in is cold on account of its being so deep. . . . Their spines are hard and petrified on account of the cold and its congealing effect. And in the same way plants, too, are harder, and earthier, and more petrified if they grow where the aspect is northerly, or in a windy situation, than if they grow where the aspect is southerly, or in a sheltered spot.”63 Most animals produce young in the spring, “which will fit in with their requirements” for food.64 Some animals respond to cold weather by either migrating or hibernating. The History of Animals has a long account of migration by birds and fish, followed by a long account of a great variety of animals that “hide.”65 Aristotle recorded the long-lasting mistaken claim that swallows hibernate: “Many of the birds too hide, and it is not, as some think, that few hide or that all migrate to warm places . . . many swallows have been seen in shelters bare of all their feathers.”66 The size of animals varies from one country to another, caused sometimes by availability of food and sometime by climate.67 We might wonder if the size differences in some cases might reflect different species among the countries, but distinguishing species was not seen as a problem.68 Aristotle had detailed information about elephants but seemed unaware that the African and Indian ones were different species.69 At the Lyceum and elsewhere in antiquity, there was an interest in learning about venomous animals—snakes, lizards, scorpions, spiders, insects—as a means of avoiding or coping with them, which enriched the knowledge of their natural history.70

One does not need hunters to obtain information on bird migrations or habits—Aristotle had information on about 160 kinds and more information on bird reproduction than for other animals71—but one does need fishermen for information on fish migrations and other habits. Georges Cuvier tells us that Aristotle discussed 117 kinds of fish, though Cuvier complained that Aristotle showed no concern for defining the differences between species.72 Yet Cuvier felt that Aristotle made ichthyology a “true science.” His information on fish reproduction included discussions of ovoviviparous sharks73 and hermaphroditic Serranus cabrillaz74 (without using these modern terms). A remarkable observation was of sea bream benefiting from red mullet stirring up mud to find food, which enabled sea bream to also find its own food.75

There is a fair amount of information in the History of Animals and the Generation of Animals on longevity, age of sexual maturity, gestation period, season of mating, number of young, and interval between pregnancies—which I have collected elsewhere76—that shed light on population biology. In the mid-1700s, Georges-Louis Leclerc, Comte de Buffon (chapter 5) would be inspired by that information to compile his own chart with similar information. Some of Aristotle’s information was accurate and some was not.77 He dismissed Herodotos’s story on the number of lion offspring, only to accept an inaccurate Syrian account.78 He accepted superfetation in hares, which Herodotos had reported, but he might have had an additional source (uncited).79 He also reported the story of a pregnant mouse being shut up in a millet jar, and “after a short while” the jar was opened and 120 mice were found.80 Assuming the mouse was a house mouse Mus musculus, it would normally take three generations and about 110 days to produce 120 mice.81 He also reported that in Persia, female mouse embryos were found to be pregnant and that mice could become pregnant by licking salt. Animal plagues caught the attention of all the people around the Mediterranean, and Aristotle reported both rodent and locust plagues.82 Rain seemed to be the only effective control:

In many places an innumerable multitude of field mice appears regularly, with the result that very little of the corn crop is left. . . . Their disappearance too is unaccountable: in a few days they will have completely disappeared. Yet before that the farm hand would have been fumigating and digging them out, hunting them down and turning pigs on to them (pigs root their holes up), without making any headway against them. Foxes, too, hunt them, and wild ferrets are particularly good at getting rid of them; but even these creatures are no match for the speed and volume of their reproduction. Rain is the only thing which can control their attacks—and then they disappear with speed.83

In the case of locusts, autumn rains can destroy the eggs and prevent a plague, but in a drought they are numerous and their destruction is only by chance.84

The attention that Bodenheimer devoted to Aristotle as founder of entomology attracted the interest of subsequent historians of entomology.85 However, Aristotle had a very imperfect understanding of insect reproduction, believing that many arose spontaneously from various substances.86 Yet he knew that locusts and grasshoppers lay eggs in the ground in the fall and hatch in the spring. There is a summary of bee life and hives, no doubt supplied by beekeepers.87 The queen was mistaken for a king. Bee predators were identified as wasps, titmice, swallows, bee-eaters, and frogs. That bees die when they sting was noted, and two diseases are described, as is the “dance” that Karl von Frisch later discovered provided instructions for finding food.88

Aristotle discussed not only human parasites but also those of animals, because of which Jean Théodoridès considered him one of the founders of parasitology, and Giuseppe Penso collected Aristotle’s accounts to support this claim.89 However, since Aristotle believed the parasites were spontaneously generated, he did not offer any breakthroughs in understanding. He reported that rabies kills not only the dog but also any animal the dog bites—except man.90 Aristotle knew that the gray cuckoo Cuculus canorus lays its eggs in nests of other species and that the host raises only the cuckoo chick,91 though he lacked a parasitism concept that would include both intestinal worms and cuckoos.92 He also lacked a commensalism concept, though he reported two examples: First, on oysters, “Pinnae grow up erect out of their byssos in sandy and muddy places. They have inside them a ‘pinna-guard’; some of them have a small carid [Pontonia pinnophylax], some a small crab [Pinnotheres pinnotheres]; and if they are deprived of it they quickly perish.”93 Second, “The fruits of the wild-fig contain the so-called psen [gall-wasp Blastophaga grossorum]: this creature begins as a larva; then its skin bursts open and the gall-wasp flies out leaving it behind, and enters the fruits of the domesticated fig by their orifices and prevents the fruit from falling off; this explains why countrymen hang wild-figs on domesticated fig-trees, and plant wild trees near them.”94

Theophrastos’s History of Plants and Causes of Plants are organized along the lines of Aristotle’s zoological works.95 Theophrastos was a disciple but not an intellectual clone of Aristotle. His perspective did not differ as radically from Aristotle’s as Aristotle’s had from Plato’s. Most notably, Theophrastos was somewhat skeptical that teleology can explain everything. In his Metaphysics, he asked what was the function of tides, dry and moist seasons, male nipples, beards and other hair without function, and so on. He cautioned, “We must attempt to find a certain limit (horos) with respect to those things which are for the sake of something and which have an impulse toward what is better, both in natural things and in the entire cosmos.”96 He also questioned Aristotle’s designation of fire as one of the four elements from which matter is composed.97 This skepticism was far from being a revolt against Aristotelian philosophy, but Theophrastos seemed less dogmatic than Aristotle.

Until the 1700s, naturalists understood plant physiology much less well than animal physiology. They did not understand the functions of leaves and flowers; they did know that plants needed sunlight but assumed it was for the heat. Nevertheless, Theophrastos could still contribute notable observations and insights, which we consider ecological. He “was the first to explicitly deal with plant distribution as dependent on climate and soils, laying the scientific foundations for a systematic agronomy.”98 He assumed that plants draw nutrition from soil, water, and winds. He accepted the belief that plants, even ones with seeds, may also arise spontaneously.99 He also discussed the reproduction of date palms and fig caprification, but as special cases with no broader implications.100 For the date palm, the dust from the flower of the male tree must be sprinkled on the “fruit” of the female for it to grow, and he even stated that date palms were not the only trees having two kinds, male and female.101 He discussed caprification in both History of Plants and Causes of Plants, providing minor details beyond Aristotle’s account,102 but although both authors understood the necessity of wasps, neither understood the wasps’ role.

Theophrastos expressed surprise that two plants, ixia (mistletoe Loranthus europaeus) and stelis (Viscum album), do not grow on the ground but on other plants: ixia on oaks, terebinth, and others and stelis on silver fir and pine.103 Mistletoe is disseminated by birds that eat the berries and expel seeds in their dung. Ivy grows on trees and can kill them.104 Theophrastos’s discussions of plant diseases included mention of possible fungal cause: “The olive, in addition to having worms (which destroy the fig too by breeding in it) produces also a ‘knot’ (which some call a fungus, other a bark-blister).”105 He thought insect galls were natural plant growths; he described ten kinds, nine of which are identifiable and the tenth is tentatively identifiable.106 His discussions of insect pests and possible remedies are extensive and are collected in German and in English translations.107

He discussed longevity but was unaware of tree rings as a means of telling age. Woodsmen said that wild trees live longer than cultivated ones, but Theophrastos provided no means of confirming its veracity;108 he depended on people’s memories for ages. Aquatic plants, like aquatic animals, are shorter-lived than terrestrial ones. His very brief essay “On Fish” illustrates his broad interests and focuses on fish seen out of water, in two circumstances: some come out of water for food or to move from one body of water to another, and some burrow into mud as water disappears in order to await its return.109 They differ from seals, dolphins, and turtles, which live in water but breathe air, for they have gills that operate only in water. He and Aristotle assumed that both lungs and gills were organs to cool the body.

Aristotle founded the Lyceum in Athens, the first scientific research institute. It differed from Pythagoras’s commune and Plato’s Academy in realizing that what we call science must be founded on more than casual observations of nature, though, like these predecessors, Aristotle did construct a philosophical system. His works included treatises on animals that provided a foundation for zoology, and these treatises include important observations that we consider ecological. His colleague and successor, Theophrastos, did the same for botany. The Lyceum was more discriminating than Herodotos—seen in rejection of his account of lion reproduction for a more plausible Syrian account—but the Lyceum was still unable to filter out all unreliable reports, since the Syrian account was also inaccurate. Nevertheless, Theophrastos was skeptical of Aristotelian teleology as being able to explain all natural phenomena. Although the Lyceum continued to function long after Theophrastos died, there were no further biological treatises written. The scholar who inherited their works, Neleos, was not appointed head of the Lyceum and carried them off; they were inaccessible for two or three centuries.110

Hellenistic Natural History

Ancient Greeks called themselves “Hellenes,” and historians use the adjective “Hellenistic” (Greek-like) to refer to the period that began after Alexander the Great’s death, when his generals divided his empire into more governable empires and states. The Hellenistic Age is often said to end with Rome’s conquest of Egypt in 30 BC, but Roman rule did not end Greek cultural developments, and so this section extends from the 200s BC into the 200s AD.111 The expansion of Greek cultural influences around the eastern part of the Mediterranean created an intellectual ferment that benefited some sciences more than others. Astronomy, geography, and anatomy flourished, and Euclid (fl. ca. 295 BC) synthesized Greek geometry into his Elements of Geometry, the most successful textbook ever written.112 There were no contributions to ecological knowledge comparable to those from Aristotle’s Lyceum, but nevertheless there were some noteworthy contributions.

Athens as a center of higher education was rivaled by Alexandria, Egypt, which received financial support from the reigning Ptolemies for a research institute, museum (where Euclid worked), and the best library in the world.113 Two rival schools of philosophy arose in Athens: Epicureanism and Stoicism, both being less civic-minded than Platonism and Aristotelianism, emphasizing personal philosophy. These new philosophies better met the needs of people who had little say in governance. Epicuros of Samos (341–270 BC) revived the pre-Socratic atheistic atomism of Democritos as a basis for rejecting Aristotelian teleology.114 On the other hand, the three founders of Stoicism—Zenon of Cition (ca. 336–ca. 264 BC), Cleanthes of Assos (ca. 331–ca. 232 BC), and Chrysippos of Soli (ca. 280–ca. 206 BC)—strengthened Aristotelian teleology with their doctrine that this is the best of all possible worlds.115 Both philosophies persisted through antiquity among Greeks and Romans, but Stoicism won the popularity contest. For neither school was the advancement of science a high priority, though each bolstered its position with scientific arguments.

Eratosthenes of Cyrene (ca. 276–ca. 195 BC) headed the Library of Alexandria. Following in Euclid’s footsteps, he used geometry to calculate the circumference of the earth, using three simple measurements.116 He measured an angle created by the shadow of a sundial upright in Alexandria on the summer solstice at noon, when another sundial upright at Syene, on the Nile near Aswan, did not cast a shadow. He assumed the sun rays striking both locations were parallel, and that Alexandria and Syene were on the same meridian. (Actually there is a 3°4′ difference.) The distance between these locations (523 miles) could be obtained from Egypt’s surveyors.117 Because his figures appear rounded off, he was apparently satisfied with approximations. His method was sound, and his measurements were adequate for a reasonable result. He also developed mathematical geography, establishing polar and tropical circles of Cancer and Capricorn. He explained that mountains and valleys were insignificant in relation to the size of the earth and did not distort its spherical shape. He wrote a geography treatise that has not survived, though a summary by another author does. Eratosthenes is called “father of geography.”118

The famous teacher-scholar Poseidonios of Apamea (ca. 135–ca. 51 BC) recalculated the circumference by another valid method, but with less accurate measurements.119 Perhaps “Posidonius was not attempting to give definitive geographical results but merely hypothetical examples of method.”120 Eratosthenes’s determination was 252,000 stadia; Poseidonios’s was 180,000 stadia. Poseidonios also overestimated the breadth of Asia and speculated that one could sail west across the Atlantic and reach India after 70,000 stadia. Columbus chose to believe Poseidonios. Poseidonios was not the first to notice a connection between the sun and moon and tides,121 but he first explained the spring and neap tides as caused by the conjunction and opposition of sun and moon, respectively. This discovery seemed to support belief in astrology: if the sun and moon can affect earthly phenomena, why not the planets?

Although the writings of Eratosthenes and Poseidonios do not survive, the encyclopedic Geography by Strabo of Amaseia (ca. 64 BC–ca. 20 AD) does, and it drew upon their works.122 Strabo was from a wealthy Asiatic Greek family and traveled to Rome around 44 BC to study geography and philosophy; there he converted to Stoicism. He later traveled to Armenia, the Black Sea, Syria, Egypt, and Ethiopia, and depended on Greek sources, now lost, when writing his Geography. He also wrote a history, which is lost. He thought Homer was the first geographer and that Eratosthenes was rash for having attempted to correct him. Although Strabo mentioned conspicuous species of plants and animals, such as palm trees and elephants from places described, he went into less detail than Herodotos had. Strabo used the abundance of grapes, olives, and figs in different countries as indicators of fertility. He had a dynamical perspective on topography and was quite interested in the effects of volcanoes and earthquakes. He thought the Mediterranean had once been a lake that had broken through the Straits of Gibraltar after rivers flowing into it raised its level.123

Botanical study during the Hellenistic era was motivated by an interest in plants as sources of food and medicine. Bolo of Mendes (fl. ca. 200 BC) was a Greco-Egyptian physician who wrote a book on agronomy that is preserved in an unpublished abridged Arabic manuscript.124 Crateuas (fl. 120–60 BC) was a physician-pharmacist at the court of King Mithridates VI of Pontos who wrote a pharmacology with plants used for medicines arranged alphabetically and supplemented by a collection of plant illustrations—apparently the first scientific illustrations of plants.125 His work does not survive, except for quotations in later surviving works.126 The most important pharmacopoeia of antiquity was written by a Greek physician, Pedanios Dioscorides (fl. 60s–70s AD) from Anazarbos (now in Turkey). He studied in neighboring Tarsos, then traveled widely in the Mediterranean Basin. Some of his travels were during a brief stint with the Roman army.127 He wrote in Greek, but his book was known during the Middle Ages and Renaissance in Latin translation as De materia medica and is still known by that title. Its direct relevance for ecology is slight, but indirectly it is quite important. Most medicines came from plants, and his pharmacopoeia is organized mainly by plant species. (A few chapters are on animals and minerals.) Most chapters on about 537 species of plants give names, illustrations, how to make medicines from species, and alleged cures and uses. However, sometimes there is also information on geographic locations and habitat, such as Kuminon emeron (Culminum sylvestre): “Grows ye most, and ye effectualest in Lycia and Galatia of Asia, and in Carthago of Spain . . . It grows in hillocky places.”128 De materia medica is the earliest surviving work organized species-by-species and was therefore important for botany as well as pharmacy. It focused attention on the importance of determining particular species. Sometimes this challenge exceeded Dioscorides’s capabilities, but later physicians were even more concerned than he about species identifications and geographical distributions because they had such faith in his medical recipes that they were eager to make preparations from the proper species. Dioscorides accepted insect galls as having medicinal value.129 If one compares Dioscorides’s De materia medica with Polunin and Huxley’s Flowers of the Mediterranean (1966), one sees that although emphasis has shifted from pharmacy to botany, the two books share some concerns. Polunin and Huxley even mention species that once were valued medicinally, although their motive was to alert readers to the fact that these species were widely transplanted beyond their original range.

Claudios Ptolemaios (ca. 100–ca. 170 AD) was the last synthesizer in antiquity of astronomy, astrology, optics, and mathematical geography—an enormous accomplishment.130 His having the same name as the last reigning family of Egypt may only indicate that he came from Ptolemais, Egypt. Ptolemy worked at the Museum in Alexandria. Anatomy and physiology had made important contributions to medicine, and he thought astronomy could make comparable contributions to astrology. Well-educated physicians complained about poorly educated medical quacks, and he complained about astrologers who were poorly educated in astronomy and thus gave astrology a bad name. His Tetrabiblios (“Four Books”) was intended as a great synthesis of astrology, comparable to his treatises on astronomy, optics, and geography.131 Since the sun and moon presumably influenced seasons, tides, and menstrual cycles, professional astronomers presumably could determine the influence of planets on earthly life. He acknowledged that astrology did not permit certainty, but neither did medicine. It would have been difficult for contemporaries to challenge his arguments, but a modern authority on his career dismissed Tetrabiblios as “a specious ‘scientific’ justification for crude superstition.”132 The same authority judged the Geography as “a remarkable factual as well as scientific achievement.”133 The latter is available in English, as is a recent annotated translation of theoretical chapters.134 Geography is well organized, but Ptolemy accepted Poseidonios’s inaccurate size of the earth rather than Eratosthenes’s fairly accurate size.135 He also believed that people living in hot tropics or cold northern regions were savages because of adverse climates—for civilization only developed in temperate regions.136

Greek medicine flourished in Hellenistic civilization. The Museum at Alexandria, under the outstanding professors of anatomy and physiology, Herophilos (fl. late 300s BC) and Erasistratos (b. ca. 304 BC), pioneered dissection of human cadavers,137 a taboo elsewhere in antiquity. Cadaver research had ended before Galen of Pergamon (ca. 129–ca. 200 AD) went there, though he studied the Museum’s human skeletons. He was the last great medical scientist-practitioner-synthesizer of antiquity.138 He was a very productive author and polemicist, though some writings attributed to him but not mentioned in his medical autobiography are probably not his.139 There is no authentic portrait. He was a traditionalist who followed Hippocratic medicine and Aristotelian scientific theory. He also accepted the medicinal value of plant galls.140 Galen is the earliest known experimenter in physiology, though he was not consistent enough in doing experiments to establish experimentation as essential for verification. He experimented mostly to show that Erasistratos had wrongly disputed Aristotelian teachings. Galen left no treatise on parasites but mentioned them in several writings.141 He thought helminthes were generated spontaneously from intestinal contents and that liver hydatids arose from fascia surrounding the liver. He accepted the Hippocratic notion that disease was caused by a imbalance of four humours: blood, phlegm, yellow bile, and black bile. He suggested that scabies was caused by a disturbance of black bile. He explained different malarial fevers as imbalances: tertian from imbalanced yellow bile, quatrain from imbalanced black bile, and quotidian from imbalanced phlegm. He did suspect that some diseases were contagious, but this did not cause a rethinking of his Hippocratic-Aristotelian theories.142

Early hunting-gathering bands had extensive knowledge of many plants and animals on which they depended, but after population growth forced people to grow crops and tend livestock, earlier unrecorded knowledge was lost and replaced with knowledge of domesticated species. Hunting and fishing sometimes persisted as supplementary resources for illiterate farmers, and it became a sport for literate upper classes. The latter were the audience for poems on fishing and hunting. Two surviving poems are attributed to Oppianos, though these are now thought to have been written by different men. The longer poem (3,506 lines) on fishing, Halieutika, is attributed to Oppianos of Cilicia (fl. 170s AD), and the shorter poem (2,149 lines) on hunting, Cynegetika, is attributed to Oppianos of Apamea (fl. 210s AD). Both poems contain ecological lore. Halieutika has attracted the most scholarly interest143 because its sources reflect actual experience, whereas Cynegetika was based on uncritical folklore. Oppianos of Cilicia drew upon Aristotle, other authors, and perhaps oral sources to provide information on 125 species—26 species not being mentioned by earlier known authors.144 For many species, Halieutika contains information on habits, habitat, breeding, feeding, and parasites of both fish and shellfish, as in this abridged sample:

Fishes differ in breed and habit and in their path in the sea; and not all fishes have like range. Some keep by shores, feeding on sand, and whatever things grow in the sand: Sea-horse, the swift Cuckoo-fish, yellow Erythinus, Citharus, Red Mullet, the feeble Melanurus, shoals of Trachurus, Sole, Platyurus, the weak Ribbon-fish, the Marmyrus of varied hue, Mackerel and the Carp. . . . Others feed in the mud and the shallows of the sea: Skate, the monster tribes of the Ox-ray, the terrible Sting-ray, Cramp-fish, Turbot, Callarias, Red Mullet, Oniscus, Horse-mackerel and the Scepanus. . . . On the weedy beach under the green grasses feed Maenis, Goat-fish, Atherine, Smaris, Blenny, and both sorts of Bogue.145

Oppianos of Apamea was interested in relationships between vertebrate species, both predation and mutualism, but most of his folklore was inaccurate. At one point he claimed that a stag’s “heart is weak and the spirit within cowardly,” yet later he claimed that “Snakes and Deer wage always bitter feud with one another, and everywhere in the mountain glens the Deer seeks out the bold serpent.”146 Another interest was in breeding behavior of larger mammals, and this material was more plausible.147

Some of the philosophical ferment of Hellenistic times touched ecological topics. Alexander of Aphrodisias (fl. 100s–early 200s AD) became head of the Lyceum and a respected commentator on Aristotle. In his Problemata (possibly a modified version), he noted that differential longevity is a factor tending to preserve the balance of nature: species that can only produce a few young at a time tend to be long-lived so that they can keep reproducing, and species that produce many young at a time tend to be short-lived.148 Plotinos (ca. 204–270 AD) was probably from Egypt, studied at Alexandria, wrote in Greek, and taught in Rome. He attempted to reconcile the existence of evil with belief in an omnipotent, benevolent creator. Predation was an evil which he decided was essential for the greatest diversity and quantity of life to exist. The positive good, life, more than justified the suffering and death predation causes.149

Works on veterinary medicine appeared during this period, and it is likely that some of them included details on parasites of cattle, horses, mules, and donkeys. Unfortunately, this literature has not survived in satisfactory conditions and is not readily available for research.150

The sciences during the Hellenistic era, 200s BC–200s AD, especially at the Museum in Alexandria, progressed far beyond the achievements of the Lyceum in Athens under Aristotle and Theophrastos. However, the greatest achievements did not deal directly with ecological topics, and the advancements dealt with in this section did not match in importance those of Aristotle and Theophrastos. Some of the Lyceum’s achievements became the foundation for further advances by such important scholars as Eratosthenes, Poseidonios, Strabon, Dioscorides, Ptolemaios, Galenos, Alexander of Aphrodisias, and Plotinos. Even the nature poems of Oppianos of Cilicia and Oppianos of Apamea contained new information and encouraged an interest in animals.

Roman Natural History

Rome’s gradual conquest of Greek states and empires, 200–30 BC did not disrupt Greek science; to the contrary, it helped it spread into the Roman world in Italy and the western Mediterranean. Romans were moderately impressed by Greek intellectual achievements. Upper-class Romans often studied under Greek scholars, either in Rome or in Greek cities. Roman natural history was a product of the first transfer of full-fledged science from one civilization to another.151 However, Roman intellectuals were generally more practical-minded and less theoretically minded than Greeks concerning science, though not in philosophy and theology. They understood that Greek science was important, but they lacked the ambition to advance it or even to fully understand it. What they wanted, and some of them produced for others, was “Reader’s Digest condensed versions.” They had some interest in disseminating Greek scientific information, but there were two drawbacks.152 First, Latin condensations included just information, not methodology, which meant that Romans learned neither how to do science nor how to evaluate it. Since Greek zoology and botany never developed methodologies as sophisticated as Greek astronomy and optics, there was less loss here than in mathematical sciences. Second, Romans valued their condensed versions more than they did the Greek originals; consequently, some Greek originals were lost because Romans were not motivated to recopy deteriorating Greek manuscripts.

The only Greek agricultural treatise to survive was Xenophon’s Oconomicos, but Roman authors were more indebted to Theophrastos, which they only slightly acknowledged.153 When Rome conquered Carthage in 146 BC, the Roman Senate ordered Mago’s treatise on agriculture (based on earlier Punic and Greek sources) to be translated from Punic into Latin; earlier it had been translated into Greek.154 It became an important authority for Roman agricultural authors, yet neither Punic, Greek, nor Latin version survives. Four Roman agricultural treatises do survive. They contain observations on the influence of environmental factors—soil fertility, moisture, crop pests, animal parasites—on domesticated plants and animals.155

Marcus Porcius Cato “the Elder” (234–149 BC) was a distinguished military leader and senator whose De agri cultura was the earliest prose work in Latin. He wrote it partly to show that the Greeks were not the only ones who could write books. He wrote before Mago’s treatise was translated into Latin. He recommended choosing a farm with a variety of habitats so that one could raise grape vines and garden vegetables, with an osier bed, an olive grove, a meadow, an orchard, and a mast grove.156 He explained which soils were suitable for different plants:

Grain should be sown in heavy, rich, treeless soil; and if this sort of soil is subject to fogs it should preferably be sown with rape, turnips, millet, and panic-grass. In heavy, warm soil plant olives. . . . Land which is suitable for olive planting is that which faces the west and is exposed to the sun. . . . Plant the Licinian olive in colder and thinner soil. If you plant it in heavy or warm soil the yield with be worthless, the tree will exhaust itself in bearing, and a reddish scale will injure it. Around the borders of the farm and along the roads plant elms and some poplars, so that you may have leaves for the sheep and cattle; and the timber will be available if you need it. Wherever there is a river bank or wet ground, plant poplar cuttings and a reed thicket.157

He gave similar information for other varieties of crops and trees. He conveyed certainty about his very specific instructions—a quality that perhaps made him an effective general and might have inspired confidence in farmers who followed his instructions, unless they worried about how to interpret his directions. For example, what does “Plant beans in strong soil which is protected from storms”158 mean? His recipe for avoiding scab in sheep was “Take equal parts of old strained amurca, water in which lupines have been boiled, and dregs of good wine, and mix all together. After shearing, smear the whole body with this, and let them sweat two or three days. Then wash them in the sea, or if you have no sea-water, make a brine and wash them in it.”159 Roman farmers were perhaps better farmers if they followed Cato’s instructions than otherwise.

Marcus Trentius Varro (116–27 BC) was a military leader equally active as Cato had been, but with the added complication that he became caught up in the Roman civil war following Caesar’s assassination in 44 BC. Varro was also a very productive scholar who wrote many works on various subjects, of which only his Rerum rusticarum survives, which he began writing at age eighty for his wife.160 It has three books—on general agriculture, cattle, and poultry and bees—and is over twice as long as Cato’s treatise. In an imaginary conversation among friends, one asked Varro if he considered agriculture an art, and Varro’s spokesman replied, “It is not only an art but . . . is as well, a science, which teaches what crops are to be planted in each kind of soil, and what operations are to be carried on, in order that the land may regularly produce the largest crops.”161 However, that was more of a goal than a reality. Here is one passage of ecological relevance:

There are, then, with respect to the topography, three simple types of land—plain, hill, and mountain. . . . undoubtedly a different system is applicable to the lowlands than to the mountains, because the former are hotter than the latter; and the same is true of hillsides, because they are more temperate than either the plains or the mountains. These qualities are uniform; thus the heat is greater where there are broad plains, and hence in Apulia the climate is hotter and more humid, while in the mountain regions, as on Vesuvius, the air is lighter and therefore more wholesome. Those who live in the lowlands suffer more in summer; those who live in the uplands suffer more in winter; the same crops are planted earlier in the spring in the lowlands than in the uplands, and are harvested earlier, while both sowing and reaping come later in the uplands. Certain trees, such as the fir and the pine, flourish best and are sturdiest in the mountains on account of the cold climate, while the poplar and the willow thrive here where the climate is warmer; the arbute and the oak do better in the uplands. On the foothills the growth is nearer akin to that of the plains than to that of the mountains. . . . Owing to these three types of configuration different crops are planted, grain being considered best adapted to the plains, vines to the hills, and forest to the mountains.162

A Greek author might have attempted to explain why mountains are cooler than plains, but for a Roman author on agriculture, the facts and their consequences were sufficient. These observations were relevant for livestock as well as crops. Varro drew upon personal experience in his account of the transhumance of sheep between high summer and low winter grazing.163 On beekeeping, he could draw upon both Aristotelian writings and Roman experience.164 In choosing a site for a farmhouse, he warned against building near swamps, because “there are bred certain minute creatures which cannot be seen by the eyes, which float in the air and enter the body through the mouth and nose and there cause serious diseases.”165

Rome’s most beloved poet, Publius Vergelius Maro (70–19 BC) felt close to his rural origins, but wrote Georgics at the request of a patron. It is one of the most popular writings on agriculture and has inspired many scholarly commentaries.166 Virgil relied on Varro for technical details. Georgics’s four books poetically explained tillage, planting, raising cattle, and keeping bees.167

Lucius Junius Moderatus Columella (fl. mid first century AD) wrote Res rustica and a briefer De arboribus. Cato and Varro’s works fit together into one small volume, but Columella’s two works require three small volumes. He was from Gades (Cadiz), Spain, and as a youth he spent much time on an uncle’s farm.168 At various times, Columella owned several farms near Rome. He wrote Res rustica because people complained that “the soil was worn out and exhausted by the over-production of earlier days and can no longer furnish sustenance.”169 He saw the problem as a lack of knowledge, and he wondered why there were schools to train other professionals but not farmers. He warned that anyone wishing to master husbandry must have “a shrewd insight into the works of nature; he must not be ignorant of the variations of latitude, that he may have ascertained what is suitable to every region and what is incompatible . . . observe the behaviour of the current weather and season, for they do not always wear the same habit as if according to a fixed rule.”170 Some years were hotter or wetter than others; judging various soils was difficult, and there were many different methods of grafting and pruning trees and vines.

Columella judged the advice of previous authors against his own experience, and he urged readers to experiment, by which he meant trial and error. An example he cited was from Saserna’s writings: poor soils were improved by growing what we call legumes (lupine, vetch, lentils, chickpeas, and peas). Manure and urine also promoted growth. His uncle Marcus Columella had improved gravelly ground by mixing in clay, and improved clayey ground by mixing in gravel. Crop rotations improved meadowlands. Columella judged the quality of soils by the types of natural vegetation growing on it. He disagreed with Cato that all good soils are black or gray. He echoed Varro’s warning not to build near swamps, which contain “swimming and crawling things” that cause disease.171 A fifth of Res rustica (books 3–5) was devoted to growing grapevines. It is mostly practical advice, with some folklore intermixed. One needed to match particular varieties with favorable weather and soil, though the instructions for doing so were imprecise. The best soils are neither too compact nor too loose, neither wet nor dry, but moderately moist, neither poor nor rich, yet fertile. Columella was interested in knowing what spacing of vines would yield the highest volume of grapes, but he did not experiment to find out. Compared to grape vines, olive, fig, almond, pomegranate, and pear were easily cared for, though one needed to know when to plant them, as he explained.

His discussion of livestock (books 6–7) contains interesting accounts of parasites, though he did not consider causes.172 Worms occur in calves with indigestion; to get rid of them, administer wormwood ground up with dried figs and bitter vetch. Tapeworms and mawworms can harm horse intestines; to remove them, insert one’s had into the intestine and remove the dung, wash out the bowl with salt water, then pour down the throat roots of caper trees ground up with vinegar. To get rid of flies on wounds, pour on the wound pitch and oil or fat. If livestock get sick, move the flock to a different climate and divide it into smaller flocks, because the disease will spread less. When a skin rash is discovered, treat it quickly or it will infect the whole herd or flock. A tubercule in the skin with worm inside should be cut out, but take care not to injure the worm because its juices are poisonous and make the wound difficult to heal; drip burning fat on the wound. If sheep or pigs have lung disease, insert lungwort in their ears. Flies cause dog ears to develop sores; prevent it by rubbing ears with crushed bitter almonds, but if sores are already there, drip boiled pitch and lard on the wounds. Ticks fall off when touched with this preparation; do not pull ticks off because it causes a sore. He mentioned various remedies for fleas.

Rutilius Taurus Aemillianus Palladius (300s AD) wrote Opus agricultura. He borrowed heavily from Columella but also drew upon information accumulated since Columella’s time and from his own experience.173 His manual is a seasonal almanac with little new of ecological significance, but it includes comments on animal parasites.174

Greek philosophers and other teachers went to Rome and some Romans went to Greece to study, and some educated Romans wrote on philosophy. Perhaps the most influential was the remarkable Marcus Tullius Cicero (106–43 BC), who like Benjamin Franklin and Winston Churchill, achieved fame as both statesman and author. (Cicero’s contemporary, Julius Caesar, was another, though Caesar’s fame owed more to generalship than to statesmanship.) Cicero was a philosophical eclectic, with Stoic sympathies and Epicurean antipathies.175 Cicero’s De natura deorum was the most important synthesis of providential ecology, or the balance of nature, from antiquity.176 He had studied under Posidonios and was probably indebted to him for his own interest in, and knowledge of, science. Since Posidonios’s writings do not survive, we can only guess at Cicero’s indebtedness to him. Unlike Herodotos and Plato, on whom he also drew, Cicero’s examples included plants: “Divine providence has made most careful provision to ensure the perpetuation of the families of animals and of trees and all the vegetable species. The latter all contain within them seed possessing the property of multiplying the species; this seed is enclosed in the innermost part of the fruits that grow from each plant; and the same seeds supply mankind with an abundance of food, besides replenishing the earth with a fresh stock of plants.”177

A second Roman philosopher, Titus Lucretius Carus (ca. 99–ca. 55 BC), was author of a well-known Epicurean poem, De rerum natura, that defended atomism and randomness in nature.178 He developed the Empedoclean notion of spontaneous generation of life-forms and the survival of the fittest.179 He wrote before Varro wrote Rerum rusticarum and could have been the source of Varro’s concept of contagion, though Varro did not discuss it in an atomic context, as Lucretius did, at the end of his poem.180

Aulus Cornelius Celsus (fl. 20s–30s AD) wrote an encyclopedia, but only the medical part survives.181 He accepted the medicinal value of insect galls.182 He told of medicines to expel intestinal round- and flatworms but did not speculate on their origin.183 A possible reason more of Varro’s and Celsus’s encyclopedias did not survive is because all of Pliny’s encyclopedia did survive; manpower to continue making copies of all three encyclopedias may have been lacking in later centuries, with only portions not thoroughly covered by Pliny surviving for Varro and Celsus.

Gaius Plinius Secundus (Pliny the Elder, ca. 23–79 AD) was a provincial from Novum Comum who, in earlier years, served as army officer and administrator; later, he headed the western Roman fleet.184 He became so devoted to studies and writing that a secretary either read to him or took dictation during his bath, meals, and while traveling. In 79 AD, Mount Vesuvius erupted while his fleet was stationed near Naples, nine miles away. Pliny wanted to get close enough to study the eruption. While sailing toward it, he received an appeal from people in Stabiae to rescue them. After he and others landed, winds increased and the waves were too high for them to leave. The next morning, while slaves helped him up, he died, possibly from a heart attack or stroke precipitated by stress and volcanic dust.185

Pliny was a diligent compiler, and although he was less discriminating than Greek authors at the Lyceum, they too had accepted some unreliable reports. He helped make Greek learning available in Latin condensations, with Roman information intermixed.186 There is no authentic portrait. His was the most popular encyclopedia until the later 1700s,187 and it gave rise to a comprehensive science of natural history. Of the thirty-seven books in Pliny’s Naturalis historia, twelve to twenty-seven are devoted to plants and plant products—the most for any subject—eight to eleven to animals, and twenty-eight to thirty to medicines from animals. He set an excellent example for other authors by listing his sources. His most important authorities on plants and animals were Theophrastos and Aristotle, respectively.188 He, like Romans generally, was less theoretical and more practical-minded than his Greek sources.

One historian of botany found reasons to praise Pliny,189 another was nonjudgmental,190 and a third commented that Pliny produced only a “muddled and emasculated version of Theophrastus,”191 though also acknowledging that he had discussed twice as many plants as Theophrastos. Theophrastos’s botanical texts fell into oblivion after the 100s AD, and Dioscorides and Pliny became the most important botanical authorities in Latin Europe until Theophrastos’s texts were rediscovered at the Vatican in the 1400s. After describing a variety of oak species and their acorns, Pliny discussed galls, without realizing they were caused by insects: “All the acorn-bearing trees produce oak-apples as well, and acorns in alternate years, but the hereris bears the best oak-apple and the one most suitable for dressing hides. The oak-apple of the broad-leaved oak resembles it, but is lighter in weight and much less highly approved. This tree also produced the black oak-apple—for there are two varieties, the last being more useful for dyeing wool.”192

Book 17, chapter 37, on plant diseases, was very speculative:

Some diseases are common in all trees and some are peculiar to special kinds. Common to all are damage by worms and star-blight and pain in the limbs, resulting in debility of the various parts—maladies sharing even their names with those of mankind: we certainly speak of trees being mutilated and having the eyes of their buds burnt out and many misfortunes of a kind resembling our own. Accordingly they suffer both from hunger and from indigestion, maladies due to the amount of moisture in them, and some even from obesity . . . and when the roots also have begun to get fat, die like animals from excessive adipose deposit; and sometimes they die of epidemics prevailing in certain classes of tree.193

However, he made the most comprehensive claim from antiquity about sexuality in plants: “In all trees, or rather in all things which the earth produces, even in herbs, the most diligent inquirers into Nature report that there be two sexes. But in none is it more evident than in palms.”194

Although Pliny wrote less on animals than plants, there are numerous later commentaries on his animal books, which exerted as much influence as those on plants.195 Unlike Aristotle, he did distinguish between the African and Indian elephants, though he stated incorrectly that the Indian elephant was larger.196 His description of a rodent plague contained some new information but mainly summarized Aristotle’s account while confusing the facts.197 His account of locust plagues contained uncritical folklore, but like Aristotle, he treated plagues as natural phenomena (while mentioning that others interpreted them as supernatural punishments), and he implied that a knowledge of natural history might help control them.198 Pliny’s discussion of animal parasites contained information more recent than Aristotle’s, though indebted mainly to him.199

Claudius Aelianus (ca. 170–ca. 235 AD) was a Roman from Praeneste (24 miles from Rome), who displayed his erudition by writing On the Characteristics of Animals in Greek. Pliny’s highest priority was to inform, though he also hoped to entertain. Aelianus reversed these priorities. Cuvier commented, “Never has there been a spirit more contrary to method than the one that presided over this compilation, where everything is pell-mell; but the true and valuable facts found in it are extremely numerous. Aelianus certainly had better information than his predecessors on the animals of Africa and India, which is a sign that relations had become easier with these countries. He named approximately 110 fishes, about 40 of which are not in Aristotle but correspond in part with those found in Athenaeus, Pliny, and Oppian.”200

Aelianus reported that south of the Caspian Sea, farmers were plagued by rats, and they responded by protecting rat predators, birds of prey. His fish lore included that “the Mullet is one of those fishes that live in pools and is believed to control its appetite and to lead a most temperate existence. For it never sets upon a living creature, but is naturally inclined to peaceful relations with all fish. If it comes across any dead fish, it makes its meal off that.”201 His entertaining stories included details about the cuckoo’s brood parasitism.202

Romans had access to impressive Greek science and appreciated it enough to compose in Latin, condensed versions that included uncritical Roman folklore. Their contributions were significantly less sophisticated than Greek science. In the Latin west, the Roman version was transmitted to the Middle Ages.
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CHAPTER TWO

[image: image]

Medieval Millennium

Byzantine Natural History

Emperor Constantine I left Rome and built a second capital, New Rome, in 324–30 AD, at the former Greek state of Byzantium. Later, New Rome was renamed Constantinople, and the Roman Empire became divided into a Greek east and a Latin west. The western empire disintegrated before 500, whereas the eastern empire lasted a thousand years after Constantine, and historians call it the Byzantine Empire. Byzantine civilization blended Greek, Roman, and Christian cultures. Two components of this heritage—Roman and Christian—neglected science, which helps explain why Byzantine contributions to science were often weaker than those of ancient Greece. There is also a correlation between a civilization’s expansion or contraction and its vitality. The Byzantine Empire expanded for a few decades during the 500s, but later it was either stagnant or contracting.1 For a time, it had three important centers of learning—Athens, Alexandria, and Constantinople—but the Arabs overran Egypt in 642, including Alexandria, and Athens gradually declined. At Constantinople, theology became more important than philosophy and science.2 Medical education occurred at hospitals, institutions which Byzantium invented.3 Byzantines did make some original contributions to science,4 including botany5 and zoology,6 but more often they assembled compendia of ancient Greek knowledge: medical encyclopedias, pharmacopoeias, and agricultural handbooks. They also wrote manuals on veterinary medicine and falconry.

Basil (ca. 329–79), bishop of Caesarea in Cappadocia, was a leading Church father credited with establishing a precursor of the hospital.7 His writings included the influential On the Hexaemeron, which attempted to reconcile pagan learning and the Genesis story of creation in six days.8 Plato taught that God shaped the world out of preexisting matter, and Aristotle taught that the universe was eternal. Basil rejected both claims because Genesis contradicts them—asserting the preeminence of Biblical authority—but he also argued that one should study nature to learn details omitted from Genesis and to gain appreciation of God’s wisdom, power, and beneficence. Some church fathers—mostly those writing in the Latin west—rejected science as pagan nonsense, but Basil’s outlook prevailed. The Hexameral tradition drew upon ideas of providential ecology developed from Herodotos to Cicero.

Byzantine medical authors are often dismissed as encyclopedists who lacked originality, but recent research shows that this is somewhat exaggerated.9 Oribasios of Pergamum (ca. 325–after 395) was the first Byzantine encyclopedist.10 At Emperor Julian’s request, he summarized the extensive medical works of his townsman, Galen. That summary does not survive, but it was undoubtedly important later when he compiled his surviving medical encyclopedia, which would be translated into both Latin and Arabic and also served as a model for three successive encyclopedists: Aëtios of Amida (fl. 530–60), Alexander of Tralles (525–605), and Paul of Aegina (died after 642). Aëtios’s encyclopedia consisted mainly of quotations from earlier works,11 but he dissented from earlier authorities in asserting that Guinea worms, now named Dracunculus medinensis, were animals, not nerves.12 Alexander’s works included a letter on intestinal worms—probably the first separate writing on the subject.13 Paul was practicing medicine in Alexandria when Arabs conquered it, and his Epitome of Medicine became influential on Arabic-language medicine.14 Paul’s is the only one of these encyclopedias translated into English. He believed elephantiasis was an incurable cancer and that intestinal worms developed in people who ate too much. He mentioned that some believed the dracunculus or Guinea worm arose from a nervous concretion, but he devoted most of his discussion to its extraction.15 The last medical encyclopedist, Joannes Aktouriaos (ca. 1275–after 1328), wrote almost a millennium after Oribasios, but progress during the interim was rather modest. He did have new information on whip-worm infestations.16 All these encyclopedists discussed human parasites, focusing on recognizing them or their symptoms and providing remedies.17 That rabies was transmitted by the bite of a rabid dog or other animal was well known, but Byzantines did not link the disease with parasites.18 No general understanding of parasitism emerged, and any attempt to achieve one would have been difficult to reconcile with the Hexameral tradition of a beneficent creation. They all also accepted the medicinal value of insect galls.19
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FIGURE 2.1. Parthenion Chrysanthemum parthenium. Line drawing after Codex Aniciae Iulianae, 512 AD. This codex has some of the oldest datable biological illustrations, copied from earlier ones.24 Source: Dioscorides 1934, book 3, chap. 155, p. 380.

The Greek Orthodox Church strongly opposed astrology because it implied a lack of free will and was a holdover from paganism.20 Yet astrology flourished, often at the royal court. Compendia of various works, including Ptolemey’s Tetrabiblios, were compiled during 300s–600s, and these predominated until Arabic astrological works were translated into Greek during the 900s–1000s, introducing new aspects. These translations prompted new compendia explaining the influence of heavenly bodies on earthly life.

Botany as pure science was not of much interest, but there was considerable interest in pharmacological botany. A magnificent codex (a book, not a scroll) of Dioscorides’s Materia medica and other writings was a wedding present to Princess Anicia Juliana in 512. This codex has 498 colored illustrations of plants (252 plant names are provided by Basmadjian21) and also illustrations of animals. This codex was a bridge between ancient and medieval Greek biological illustrations.22 In 1562 the Holy Roman emperor purchased it from the Turkish sultan, and it is now in Vienna. It has been reproduced in two editions: in black-and-white photographs (1906) and as a colored codex (1965–70). Later commentators on Dioscorides added botanical details to his accounts.23

Timotheos of Gaza (fl. ca. 491–518) was a poet and armchair zoologist who wrote a popular animal book that survives as an incomplete copy of a later paraphrase.25 It resembles the animal stories of Aelianus and the two Oppians, from which he drew. He relied most on Aristotle’s Historia animalium; he did not use Pliny’s Naturalis historia, which was in Latin and probably unavailable to him. Timotheos’s perspective was ecological, but he lacked critical judgment. Chapter 1 of his On Animals was on hyenas, which he claimed sometimes mated with wolves or bears, producing lone wolves that preyed on men or animals.26 Furthermore, he claimed that hyenas steal decomposing bodies from graves, see equally well day or night, and vomit up food to attract dogs, which they then catch. If dogs sitting on roofs cast shadows in the moonlight, hyenas catch the shadows and pull them off the roofs. Despite his Greek legacy, his book was no better than Aelian’s.

Most Byzantines suffered from a superiority complex, which inhibited interest in travel and geography. Like the Romans, they seldom bothered with Ptolemy’s mathematical geography.27 An Alexandrian, Kosmas “Indikopleustes” (India navigator), wrote the popular Christian Topography during the first half of the 500s, which included observations that he made while sailing from Africa to India.28 His main goal was not to increase geographical knowledge but to support a Biblical world view. His only chapter on natural history is a hodgepodge focused on the island of Sri Lanka.29 Emperor Constantine VII (r. 945–959) was well educated; he both sponsored and helped compile several reference works, including On the Administration of the Empire, which provided information on the Empire and surrounding lands.30 As the Empire declined (1100s–1400s), interest in the wider world revived.

Early Byzantine agricultural writings do not survive unaltered. Vindanius Anatolius (fl. ca. 360 AD) drew upon Columella and Pliny, and his work was used later by Palladius.31 The Greek version has disappeared, as has a Syriac translation, but the manuscript of an Arabic translation exists in Iran. During the late 500s or early 600s, Kassionos Bassos compiled a lost Eklogai from earlier agricultural writings; it was an important source for the popular Geoponika, which survives.32 Geoponika and an encyclopedia on veterinary medicine were compiled for Constantine VII in the mid-900s. Geoponika intermixes folklore, magic, and agriculture and seems less critical than Roman writings on agriculture. Geoponika was soon translated into Arabic, Armenian, Latin, and Syriac, and more recently into English and Spanish.33 Writings on hippiatrika (horse medicine) from the 300s became the basis for the surviving Hippiatrika.34 It discussed animal parasites. Although Byzantines cared for the health of dogs, sheep, goats, pigs, cattle, and birds, the importance of cavalry for national defense led to emphasis on hippiatrika.

During the 900s, an unknown author wrote an Epitome of Aristotle’s Zoology, and around 1100, Michael of Epesos wrote commentaries on each of Aristotle’s zoological works.35 Byzantines shared their ancestors’ interest in hunting and fishing, and their own notable contributions to this literature were on falconry. Best known authors of these works were Constantine Pantechnes (active 1190s), a metropolitan (church official) in Philippopolis,36 and Demetrios Pepagomenos (active early 1400s), a physician-scholar in Constantinople.37 They drew upon earlier writings and traditions. Pepagomenos’s book contained exact observations on worms found in the eyes of falcons.38

As Turks conquered more and more Byzantine territory, well-educated Greeks began fleeing to Italy. Few western Europeans could translate Greek texts into Latin, and few Greek texts had been available for translation. Before the 1400s, most ancient Greek works known in Europe had been translated from Arabic into Latin. A translation of a translation often contains errors that can only be eliminated by a direct translation. Theodoros Gazes (ca. 1400–1475/76) was born in Thessalonike, which was besieged often during the 1300s and early 1400s and finally fell in 1430.39 By then he was teaching in Constantinople, and in about 1435 he emigrated to Italy and probably carried texts with him. He taught Greek in Ferrara, Naples, and Rome and published a guide to Greek grammar. He translated a number of works into Latin, including some by Aristotle, thereby improving the accuracy of works previously known from Arabic translations. Theophrastos’s De historia and De causis plantarum were unknown in Europe until he published a translation in 1483. Gazes was no botanist—he undertook the translation because of Pope Nicolas V’s sponsorship—and he made errors that a botanist knowledgeable about plants of the Mediterranean basin might have avoided. Yet his translation became important for the history of botany. It was republished six times during the 1500s, and the large 1644 Greek-Latin edition of over 1,200 pages was amply illustrated and annotated by two botanists.40

The greatest Byzantine contribution to science was preserving the ancient Greek legacy and transmitting it to Arabs and, much later, western Europeans. Byzantines also added details to that legacy in writings that often took the form of compendia. Byzantines were often as gullible as Romans in accepting folkloric information, and they provided no theoretical advances.

Arabic Language Science

Origins and Zoology

Muhammad of Mecca (ca. 570–632) founded a new religion, Islam, and he began the unification of the Arabic Peninsula. By 718, his followers had conquered an empire that stretched westward across North Africa and Iberia to the Pyrenees and eastward across Mesopotamia and Persia to the Indus Valley.41 Expanding civilizations often absorb the cultural achievements of more advanced, conquered civilizations. The Arabic civilization, like the Byzantine, was a synthesis: in this case, primarily from Arabic, Byzantine, and Persian cultures.42 Translations of Greek learning into Arabic were often made by Christians for Muslim patrons.43 Much of Arabic language science was no better than Byzantine science, but some of it was significantly better. The greatest achievements were in mathematics, astronomy, alchemy, physics, and geography. Consequently, most surveys of Arabic language science slight zoology;44 notable exceptions are by Hamarneh, Nasr, and Sezgin, and Smit’s bibliography.45 Zoology was commonly disseminated through animal stories but was also included in writings on medicine, veterinary medicine, agriculture, hunting, and pest control.46 Aristotle’s zoological writings were available in Arabic translation (ca. 815) and in paraphrase.47 Timotheos of Gaza’s uncritical On Animals was also translated.48 Arabic authors on animals could not discriminate between sophisticated science and folklore, and their writings contain both.

The most widely read Arabic book on animals was by Abu ‘Uthman ‘Amr ibn Bahr (ca. 776–868/869), known by the unflattering nickname al-Jahiz (Goggle-eyed), from Basra, Iraq.49 He wrote books to support himself. His animal book inspired a series of surviving illustrations.50 His stories of about 350 different animals contained some original observations.51 For example, he told of a man eating a locust who dropped some of it on the floor. Soon an ant appeared, apparently attracted by smell, and when it discovered it could not carry the fragment to its nest, it went and got help.52 Al-Jahiz was perhaps first to mention a food chain, though a short one:

The mosquitoes go out to look for their food as they know instinctively that blood is the thing which makes them live. As soon as they see the elephant, hippopotamus or any other animal, they know that the skin has been fashioned to serve them as food; and falling on it, they pierce it with their proboscises, certain that their thrusts are piercing deep enough and are capable of reaching down to draw the blood. Flies in their turn, although they feed on many and various things, principally hunt the mosquito . . . All animals, in short, can not exist without food, neither can the hunting animal escape being hunted in his turn.53

Mehmet Bayrakdar claims al-Jahiz was an evolutionist because he “recognized the effect of environmental factors on animal life;” described a struggle for existence; and reported that some people said that dogs, wolves, and foxes came from an original form of quadrupeds.54 However, these thoughts were not synthesized into a theory.

Abu Muhammad ibn Qutayba (828–884/889) was a teacher in Baghdad who wrote a “book of useful knowledge” entitled The Choice of Transmitted Information. Its book 4 contained 22 chapters on animals, 1 on plants, and 1 on stones.55 He drew upon Aristotle and folklore. Examples of his information are horses have no spleen, camels no bile, and ostriches have no marrow in their bones; also, giraffes are hybrids between female camels and male hyenas. In a chapter on “animals hostile to each other,” he reported that there is hostility between owls and other birds, and therefore other birds attack owls during daylight when their poor eyesight renders them harmless, but “when the night comes, nothing can withstand it.”56 Less plausibly, he claimed that “hostility exists between the ass and the crow and between the serpent and the pig; whereas the crow maintains friendly relations with the fox and the latter with the serpent.” His unnamed authority on agriculture claimed that “between the cabbage and the vine there is enmity; if cabbage be planted in the vicinity of a vine, one of the two will wither and shrivel.”57
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FIGURE 2.2. Illustration for al-Jahiz’s Kitab al-hayawan. Source: Löfgren 1946, plate 15.

Abu Hayyan al-Tauhidi (900s) was also from Baghdad. He was well educated, but earned a meager living copying books. His Book of Enjoyment and Entertainment followed the convention of the Arabian Nights of calling its 40 chapters “Nights,” though Abu Hayyan’s chapters were nonfiction. Its “Tenth Night” on zoology is less than 40 pages out of over 650 pages in the Arabic text, and his purpose was to show the wisdom and omnipotence of Allah.58 He lacked original information; his sources included Aristotle, Timotheos of Gaza, and al-Jahiz. Accurate information was incidental or absent. This was typical: “The hedgehog is an enemy of the serpents. On having laid hold of a serpent it lets it wriggle on its bristles until it dies, and, when dead, tears it to pieces.”59 In Arabic, the name qunfudh was used for both hedgehogs and sea urchins (just as “dolphin” is used for both a mammal and a fish in English), but al-Tauhidi did not understand and thought there were land and sea varieties of the same kind of animal. His confusion was faithfully followed by subsequent authors writing on animals.60

Sharaf al-Zaman Tahir al-Marwazi (fl. 1056/57–1124/25)61 was a physician who wrote Taba’i’ al-hayawan (Nature of Animals) in five parts: (1) human beings, (2) 35 chapters on domestic and wild quadrupeds, (3) a chapter on land and marine birds, (4) a chapter on venomous creatures, and (5) a chapter on marine animals.62 He drew upon Hippocrates, Aristotle, Dioscorides, Galen, Oribasius, Timotheos of Gaza, Paul of Aegina, and al-Jahiz, yet he perpetuated such myths as elephants not having joints in their legs and living three or four hundred years and salamanders being able to survive fire.63 A biographer stated that al-Marwazi was the first Arabic author to describe different apes and monkeys and their behavior, which included this passage, which Albert Iskandar found offensive but quoted: “The vagina of the female ape resembles that of a woman, while the penis of the male resembles that of a dog. Male apes indulge in sexual intercourse; they love women, have coitus with them, and covet adolescent girls. He who acquires a male ape for his household should know that he has brought a stallion among his harem.”64

Being a physician, al-Marwazi had opportunities to observe parasitic worms. His discussion of Ascaris in the stomach, tapeworm in the small intestine, and threadworms in the anus merely repeated ancient knowledge. However, a young woman came to see him and “brought out a wrapped piece of paper which she unfolded: inside it were worms of the size of barley grains. They were downy and dust-coloured, their heads were black, and they wriggled faster than ants. The patient said that she had vomited these, many of which were ejected at intervals, on the same day.”65

‘Abd al-Latîf (1162–1231) was a physician from Baghdad who lived in Cairo, 1191–92 and 1193–1204.66 While there, he collected information for a book on Egypt. The full-length version does not survive, but a condensed version does. Edward Pococke brought an autographed copy of it to England, which was published in Arabic in 1789 and translated into German (1790), French (1810), and English (1964). It has individual chapters on geography, plants, and animals, following the tradition of Herodotos and Strabo, but apparently with more firsthand information than they had had. However, it only discusses 11 plants and 6 animals in detail, and even those discussions of plants emphasized their uses.67 Philippe Provençal provides a new French translation of Abd al-Latif’s accounts of the Nile crocodile Crocodylus niloticus and the Nile monitor lizard Varanus niloticus, with commentary.68 Obviously Abd al-Latif did not confine his account to what he had observed, for he stated that female crocodiles lay 60 eggs, walk on 60 scales, have 60 veins, live 60 years, and that there are 60 ejaculations of seminal fluid when they mate.69

The Persian Hamd-allah Mustawfi (b. 1281/82), from Kazwini, became a financial officer under the Mongol Il Khan Abu Sa’id and was an industrious compiler of Persian history (1340) and a popular science encyclopedia.70 Instead of entertaining stories, he emphasized uses of animals, mostly for medicinal purposes. Although he drew upon literary sources, virtually all his remedies came directly or indirectly from folklore. He began with domestic animals, first of which was the camel: “The camel is intelligent, hence when it is sick it eats oak-leaves and recovers; and when a poisonous snake bites it, it eats a crab, and the poison takes no effect.”71 Under “mule,” he reported that a woman who ate the heart of a mule would not become pregnant, though he did not specify whether that effect was temporary or permanent. He also claimed that a mixture of mule hoof and oil of myrtle causes hair to grow and cures ringworm of the scalp.72 Many of his remedies seem easily tested, but he obviously felt that his sources were reliable and thus testing was unnecessary. Buffalo can usually get the best of lions and crocodiles but are helpless against gnats. Weasels are enemies of snakes, rats, and crocodiles. Crocodiles open their mouths to let birds eat parasitic worms, but weasels also go inside, crawl into the bellies, and fatally eat the intestines.73 One useful service Hamd-allah Mustawfi performed was to give names known to him for a species in both Arabic and other languages. Yet he described the rhinoceros under three different names, and he reported that they live 700 years without wondering how anyone knew.74 One section, culled from other books, was on eleven animals that resemble man—all mythical.75

Muhammad al-Damiri (1341–1405), professor at Cairo’s Al-Azar University, wrote a final medieval Arabic bestiary. His scholarly Life of Animals, completed in January 1372, was the first work to elaborate systematically Arabic zoological knowledge,76 though he was more interested in human responses to animals than in animal biology—he was an ethnozoologist. Life of Animals contained 1,069 articles on about 730 animals, though some animals were imaginary, such as the mount on which Muhammad rode to heaven, having a human face, horse’s mane, and camel’s feet.77 Al-Damiri’s work appeared in lengthy, medium, and brief versions, the two-volume English translation being from the lengthy version.78

Three zoological subjects Arabic authors addressed—hunting, honey, and helminthes—went beyond animal stories. Hunting and fishing were sports for some upper-class Muslim men, and Moamin, an Arab, and Ghatrif, an Iranian, wrote manuals on hunting with falcons and greyhounds.79 A Syrian hunter-fisherman, Usamah ibn Munqidh (1095–1188), wrote a hunting memoir.80 These writings, however, added little to natural history unknown from other works. Arabic writers also wrote on horse medicine, based on translated Byzantine works.81

Arabic beekeeping preceded contact with Greek learning, but subsequent writings on it were influenced by Aristotle’s Historia animalium. There are a number of Arabic language discussions of bees and beekeeping, from al-Jahiz to al-Damiri,82 and part of a discussion by Abu-al-‘Abbas al-Maqrizi (d. 1442) is in English translation.83

Following Greek authors, Arabic language physicians accepted the medicinal value of insect galls84 and spontaneous generation of parasites.85 Physicians nevertheless tried to identify and expel internal parasites.86 Abu Bakr al-Razi (Latin, Rhazes, ca. 854–925/935), from Rayy, Iran, was one of the most influential medieval physicians.87 He either agreed with Aetios or discovered anew that, for instance, a skin disease previously attributed to an injured nerve was caused by Guinea worms.88 He wrote a treatise on the distinction between smallpox and measles, the first work on particular diseases.89 His rival for medical influence was Abu ‘Ali al-Husayn ibn Sina (Latin, Avicenna, 980–1037), from central Asia, who wrote a medical encyclopedia, Canon,90 which described four kinds of intestinal worms. His descriptions are detailed enough to allow modern identification as Ascaris lumbricoides, Taenia saginata, Oxyuris vermicularis, and Ankylostoma duodenale.91 Ibn Sina also wrote Kitab al-sifa (On Animals), an updating of Aristotle, though its new information was not always reliable.92 Abu Marwan ibn Zuhr (Latin, Avenzoar, ca. 1091–1162), from Seville, Spain, was a court physician whose daughter became a prominent midwife and whose son became a physician and poet.93 His three medical texts show some progress in knowledge of internal and external parasites, at least nine of which can be identified.94

There was clearly an increase in information on animals during almost six centuries between al-Jahiz and al-Damiri, but no one separated the gold of science from the dross of folklore—an impossible task at the time. In other sciences—astronomy, alchemy, and geography—Arabic-language science made progress, but the only progress in natural history of animals was the description of a few new species. The sciences that showed progress had potential for practical applications of scientific knowledge, whereas potential practical applications of knowledge on animal natural history was too slight to motivate critical studies. Animal natural histories were told primarily as entertainment. Other sciences contained little folklore, whereas folklore was an important source for natural history. Nevertheless, the Arabic legacy was historically very important, because when the medieval western Europeans became receptive to foreign learning, they were in contact with Muslims and received both Greek and Arabic texts from them, all in Arabic. When Michael Scot translated Aristotle’s zoology from Arabic into Latin, he also translated ibn Sina’s similar work.95

Botany, Geography, and Decline

Botany and geography were more popular Arabic language sciences than zoology. Botany was mainly studied in relation to plants used for medicines and food. Islamic civilization became much larger geographically than earlier Greek, Roman, and Byzantine civilizations, and its geographical interests were correspondingly greater. Because Arabic language science spread from Iberia and North Africa to India and central Asia, one might think it was not as vulnerable to decline as science was in these earlier civilizations, especially since Islamic civilization did not end, as those three did. Yet its golden age lasted only from the 800s through the 1100s in the west, and until the early 1500s in the east, followed by decline into traditionalism. Greek influence was important in the organization and content of Arabic language botany96 and agricultural writings,97 but authors also used North African, Mesopotamian, Persian, Indian, and central Asian works, and Iberian authors used Roman agricultural works.

An attempt was made to translate Theophrastos’s botany, but it never became available. Important Greek influences were Dioscorides’s Materia medica and a brief treatise, De plantis, then attributed to Aristotle, now attributed to Nicolas of Damascus (64-at least 4 BC). De plantis uses Aristotelian logic to explain everything, including refutation of Empedocles’s claim that plants have two sexes mixed together. Nicolas explained why plants have no sex at all.98 Nevertheless, De plantis inspired discussions by ibn Sina on plant physiology (functions of roots, branches, leaves, fruits, seeds, thorns, gums) in his Kitab al-shifa (Book of Healing),99 writings by philosopher Abu Bakr ibn Bajja (Latin, Avempace or Avenpace, end of 1000s–1138/39) on plants,100 and a commentary by physician-philosopher Abu’l-Walid ibn Rushd (Latin, Averroes, 1126–98).101

Dioscorides’s Materia medica was translated during the 800s from Greek into Syriac and then into Arabic at Baghdad.102 The Arabic rendition was improved during the 900s at both Cordoba and Samarkand. The Cordoba improvements were occasioned by Byzantine Emperor Romanos II presenting to Caliph Abd al-Rahman III an illustrated Greek copy of Materia medica in 948, then sending in 951 a monk, Nicolas, who spent the rest of his life helping adapt the Baghdad version to Hispano-Arabic nomenclature.103 An early fruit of this Andalusian tradition was the Calendar of Cordoba, presented to al-Hakam II in 961, upon his accession to power.104 Farmers’ almanacs arose in Sumer 3,500 years ago and that tradition included Virgil’s Georgics, yet the Calendar of Cordoba was “one of the most complete and accurate agricultural calendars of Ancient or Medieval times.”105 It was by physician-historian ‘Arib ibn Sa’id and Christian bishop Recemund (ibn Zayd) of Grenada-Elvira, with astrological lore, weather signs, and seasonal dates added by other Muslims.106 At Samarkand, al-Husayn ibn Ibrahim al-Natili performed a parallel readaptation of the Arabic Materia medica, added Persian-inspired illustrations, and dedicated it in 990 to Caliph Abu ‘Ali.107 Later Arabic illustrated manuscripts of Materia medica are extant.108

Because Islamic civilization absorbed botanical knowledge from all regions, it needed a “Linnaeus” to cope with multiple names for the same species and the same name for different species. The Baghdad polymath Abu Yusuf Ya’qub al-Kindi (ca. 801–ca. 866) wrote a medical formulary in which pharmacological and plant names were 33 percent Mesopotamian, 23 percent Greek, 18 percent Persian, 13 percent Indian, 5 percent Arabic, 3 percent Egyptian, and the remainder of unknown origin.109 Al-Kindi’s book illustrated the problem without solving it. Abu Hanifa al-Dinawari (ca. 815–ca. 895), from Dinawar, Iraq, wrote Kitab al-nabat (Book of Plants) from literary and oral research only (not botanical), but it was still a valuable synthesis of accumulated knowledge and was widely used.110 Kitab al-nabat, part 1, is an alphabetical list of plant names, and part 2 discusses various plants and their uses or environmental significance.111 He discussed three ways to classify plants: (1) by what survives winter (root and stem, root only, seed), (2) by stem growth (upright, climbs, runs along ground), and (3) by plant form (herbs, shrubs, trees).112 Certain plants make camels and sheep sick if they eat too much of them. Locust plagues were so destructive that al-Dinawari quoted authorities on its life history. Since honeybees feed on flowers, he quoted on bees from Aristotle’s Historia animalium.113

Abu Bakr Ahmad ibn Wahshiyya (ca. 860–ca. 935) of Nabataean descent, from Iraq, was a practitioner of astrology and sorcery, but was also author or translator (or both) of Nabataean Agriculture, dictated to a student-secretary, Ahmad ibn al-Hussayn al-Zayyat (d.978), who might also have contributed to it.114 Because of ibn Wahshiyya’s shadowy background and questionable character, some modern authors mistakenly have not taken his lengthy synthesis very seriously.115 He was a skillful synthesizer of Greek, Syriac, and Arabic sources, with a broad knowledge of plants and agriculture. The modern editor of Nabataean Agriculture (in Arabic) provides a 25-page English summary of this agricultural-botanical landmark.116 For each of 106 domesticated plants, ibn Wahshiyya provided a description, best soil, time of planting and harvest, how to plant, required care, favorable winds and seasons, fertilizing techniques, usefulness, harmfulness, and other properties. His understanding of soils was superior to Greco-Roman understanding, but his remedies for plant diseases were magical. He was sensitive to distinctive regional and ecological experiences.

Abu al-Mutarrif ibn Wafid (fl. 1008–75) had studied at Cordoba but fled in 1009 to Toledo after Cordoba was sacked by dissident Muslims. The ruler of Toledo had him establish a botanic garden. Ibn Wafid wrote a pharmacopoeia based on Dioscorides and Galen covering some 300 plants, which was widely circulated and translated into Latin and Catalan.117 His synthesis on agriculture, written after 1068, is only partly preserved in Castilian and Catalan translations. It emphasized planting, irrigating, grafting, and pruning of grapevines and fruit trees, but it also included accounts of domestic birds, their predators, and pests. Most importantly, he founded a school of agronomy, whose membership both Glick and Butzer diagramed.118 Ibn Wafid was succeeded as head of the Toledo botanic garden by a colleague, Abu’Abd Allah Muhammad ibn Ibrahim ibn Bassal (fl. during reign of al Ma’mun, 1038–75), who traveled in Sicily, Egypt, Syria, and Arabia after the reconquest of Toledo in 1085, then settled in Seville and established another royal botanic garden.119 His important book on agriculture survives in an abridgement, published with Spanish translation.120 It included emphasis on differences in agriculture according to climatic zones, summarized by Butzer:

The first of these zones is characterized by low latitudes, intense heat and drought. Here only trees with large rooting systems survive, while plants demand constant manuring. The second zone is a little less hot and dry; here a wider range of trees, including dûm palms and acacias, do well, while date palms thrive with irrigation. The third zone is still hot, but better watered, allowing citrus trees and similar perennial broad-leafed genera, as well as pomegranates, figs and plums to flourish with or without irrigation. These examples, presumably drawn from Ibn Bassal’s own observations in Arabia, Egypt and Syria respectively, illustrate his ability to confirm available theory with practical experience. Such objective criteria for delimitation of the klimata mark a major advance with respect to the Greeks, one unrivalled until the Age of Discovery.121

Four members of the ibn Wafid school wrote works that survive in fragments,122 perhaps because the culminating Andalusian agronomic encyclopedia by Abu Zakariyya ibn al-Awwam (fl. second half of 1100s) survives entirely.123 Copyists probably ceased copying earlier works in order to copy his Kitab al-Filahah. Nothing is known of his life, except that he owned land near Seville. Unlike ibn Bassal, ibn al-Awwam carefully cited his sources, many of whom he quoted extensively. His encyclopedia’s importance is reflected in its translation into Turkish (early), Spanish (1802 [1988]), German (partial, 1842), French (1864–67), Italian (1889–93), and Urdu (1926–32), plus an extensive English summary.124 His soils analysis is outstanding, emphasizing the importance of matching type of soil with the kinds of plants grown in it.125 He explained the origin of soils in weathered rock, the superiority of alluviums, improvement of soils by adding manures and mixing soils of different textures, and the importance of proper water retention. His chapter 14 on plant diseases is 57 pages in the Arabic-Spanish edition and 54 pages in the French edition, a record in the surviving literature.126 It is strong on descriptions of diseases and remedies, but not on origins. Much of Kitab al-Filahah explains the cultivation of 585 kinds of plants, but the last chapters, 31–34, are on livestock, birds, and bees. He believed some adjacent plants inhibit each other, whereas others further each other’s growth.

The Christian reconquest of Iberia caused Muslim scholars to flee to North Africa and further east. Diya al-Din Abu Muhammad ibn al-Baytar (ca. 1190–1248), from Málaga, Spain, studied in Seville, then around 1220 went to Cairo, Damascus, and elsewhere.127 His important Kitab al-Jami (French, Traité des simples) drew upon some 150 authorities to describe alphabetically about 1,400 vegetable, animal, and mineral medicines. Vegetable medicines were from specific plants that needed to be identified. Another traveler to Cairo from the other direction was ‘Abd al-Latif, from Baghdad (see the section on “Arabic Language Science”). He wrote more about Egyptian plants than animals, but focused on their value for food, medicine, and other uses. He was particularly fascinated by the banana tree, to which he devoted five pages.128

The Calendar of Cordoba had been compiled in the northwestern part of Islamic civilization. During the late 1200s, the sultan of Yemen, in southern Arabia, Al-Malik al Ashraf (1242–96), wrote another. Yemen is the most fertile part of the peninsula but has a variable terrain, extending from coastal plain into inland plateaus and mountains. Farmers also needed to consider a variable climate. In 1295 a cold rainstorm killed many sheep, and there was a locust plague.129 Al-Malik discussed rain patterns, prediction, winds, and other aspects of climate.130 He studied the heat and moisture in both surface and subsurface soils and also studied native plants that grew in different locations, when their tree sap flowed, and when their leaves sprouted and fell.131 Yemen has the richest flora in Arabia, and al-Malik’s father, Yusuf ibn ‘Uman (d. 1295), compiled an herbal (i.e., a collection of descriptions of plants put together for medicinal purposes) published in Arabic (1982). Natural and domestic cycles intersected in al-Malik’s discussion of six kinds of honey, depending on which flowers domestic bees visited. The flowers bloomed at different times, which he recorded.132

Muhammad ‘Abdallah Radi al-Din al-Ghazzi (1457–1529) of Damascus wrote the culminating work on agriculture in the east, comparable to ibn al-Awwam’s in the west, though written some 400 years later. His name, al-Ghazzi, referred to an ancestor from Gaza. Although he served two or more terms as chief justice of Damascus,133 he traveled to Egypt and Gaza to study their agriculture and compare theirs to Syrian agriculture, before writing his work on agronomy. Since it had not been published by 1978, historian Sami Hamarneh published a 25-page abstract, “Medicinal Plants, Therapy and Ecology in Al-Ghazzi’s Book on Agriculture.” Al-Ghazzi’s book may indeed include discussions of ecological interest, but only very brief indications are in Hamarneh’s abstract: a citron tree Citrus medica “should be sheltered from the north wind, and needs much water and manure to grow;” wormwood Artemisa absinthium “purifies the atmosphere and prevents moth and insects from destroying clothes;” henbane Hyoscyamus albus “grows in stony grounds;” Persian lilac Melia azadirachta “kills animals . . . if they eat it!”134

A science of biogeography arose only after a solid physical geography developed. Muslims studied geography more diligently than did contemporary Byzantines or west Europeans. For some decades, Islam was unified, but even after various states broke away, the culture and Arabic language persisted. Muslims engaged in long-distance commerce, and sometimes conquest, and they wanted to grasp spatial relationships between places. They prayed toward Mecca and, if possible, made a pilgrimage (hajj) there. They were assisted in geographic investigations by scientific instruments borrowed from the Byzantines during the 800s—astrolabe, celestial sphere, gnomon, quadrant, and sundial—and borrowed from the Chinese the compass during the 1100s.135

Arabic geography and cartography began with translation of Ptolemy’s Geography by three scholars during the 800s.136 Ptolemy’s belief that hot and cold regions were too adverse for civilizations to develop reinforced Hippocratic notions on environmental influences upon health in Airs, Waters, Places, and both authorities were influential: “The notion of the relation between environmental circumstances and the development of living beings is deeply ingrained in the outlook of Arab scholars from the 9th century onwards.”137 Physicians were consulted “not only concerning healthy surroundings for the individual patient, but in selecting the site for a new city or an institution such as a school or a hospital.”138 Astrological influences were also taken seriously by many, though not all, scholars.139 Ibn Sina thought that cabbages change their appearance if grown in different regions, and that location determines whether a palm shoot developed into a date or coconut palm.140 Three outstanding contributors to Arabic language geography indicate what was achieved: al-Biruni, al-Idrisi, and ibn Battuta.

Abu Rayhan Muhammad al-Biruni (973–after 1050) was a versatile scientist from central Asia,141 remembered for his geography-history Kitab al-Hind (India), based on his over a decade stay there. He was a mathematical geographer who developed an original method to determine the radius of the earth based on measuring the height of a mountain and the visual angle from the mountain top to the horizon.142 His India has brief remarks of ecological and evolutionary interest:

The life of the world depends upon the sowing and procreating. Both processes increase in the course of time, and this increase is unlimited, whilst the world is limited.

When a class of plants or animals does not increase any more in its structure, and its peculiar kind is established as a species of its own, when each individual of it does not simply come into existence once and perish, but besides procreates a being like itself or several together, and not only once but several times, then this will as single species of plants and animals occupy the earth and spread itself over as much territory as it can find.143

Other remarks of this kind appear to anticipate Darwin’s theory of natural selection, but the remarks are vague and do not constitute a theory.144 Al-Biruni thought water the most important cause of change in the landscape; he saw that water carries more sediment when it flows rapidly, which explains why slowly moving water at river mouths deposits silt.145 When compiling his Materia medica, he perhaps had access to al-Natili’s version of Dioscorides; al-Natili had worked in the same region, and both encountered medicinal plants unknown to Dioscorides.146 In al-Biruni’s Kitab al-jamahir, he argues that sponges and coral were animals, not plants, because they responded to touch.147

Abu ‘Abd Allah al-Sharif al-Idrisi (1100–66) lived in Ceuta, Morocco, at the eastern end of the Strait of Gibraltar.148 He was educated at Cordova, traveled in Asia Minor and Europe, and resided at the court of Roger II of Sicily until Roger’s death in 1154. Roger was interested in geography and encouraged al-Idrisi to compile a world map and geography. Roger sent envoys to various places to collect information. Al-Idrisi and his assistants constructed a large relief map in silver, now lost, but a smaller version is in his geography book. He also drew a large-scale map in 70 sections. Al-Idrisi achieved a unique synthesis of Arabic and European knowledge.149 He also wrote a work on arboriculture and materia medica.150

The most widely traveled explorer of the Middle Ages was not Marco Polo, but ibn Battuta (1304–1368/69), from Tangier, Morocco, at the western end of the Strait of Gibraltar. In 1325 he made his hajj to Mecca, and it changed his life. He traveled from one end of Islamic civilization to the other, and on beyond at both ends into Europe and China, going some 73,000 miles.151 He also sailed along the east Africa coast south to Kilwa, below the equator, exploding a common belief that the region was too hot for human habitation. His Rihla (Travels) provides our only medieval account of many places. He was no scientist, and often his comments on plants and animals were occasioned by what seemed unusual, but he was also interested in food plants,152 and he provided a systematic account of trees, fruits, and grains of South Arabia, India, and the Maldives.

Not in the same league with these three geographers was Hamd-Allah Mustawfi from Kazwini (see the section “Arabic Language Science”). The geographic part of his popular encyclopedia (1340) is translated into English.153 He provided information on his native Persia, unavailable to other geographers.

The decline of Arabic science into traditionalism occurred concurrently with the end of that civilization’s expansion and its contraction from attacks by Christians, and later by Mongols. Christian reconquest of Andalusia began after the breakup of its caliphate in 1031 and continued until 1492.154 The Christian Crusades began in 1096 and lasted off and on for over three centuries.155 Mongols devastated Harat in 1222 and Baghdad in 1258 but were defeated in Palestine in 1260.156 Historians have seen a causal relationship between these invasions and the decline of science, but historical sociologist Toby Huff argues that social structure and institutions became unfavorable for continued scientific developments.157

Muslims, Christians, and Jews collaborated in translating Arabic language science into Latin—mainly in Toledo, Sicily, and Italy, after Christian conquest of Toledo in 1085.158 Muslims also transmitted making and using paper to Christians at about the same time and places.159 Arabic language scholars had absorbed Greek natural history and other sciences and added greatly to it. Their legacy became the foundation upon which West Europeans elevated their science about the level of ancient Roman science.

Frederick II of Hohenstaufen, Amateur Avian Ecologist and Behaviorist

One could survey ecological aspects of natural history in the Latin west for the early Middle Ages similar to surveys discussed previously for Byzantine and Arabic natural history.160 In the early Middle Ages, its natural history was generally stuck at the level of Roman natural history and only became more sophisticated after Greek and Arabic works were translated into Latin during the High Middle Ages.161 A remarkable example from the High Middle Ages is Frederick II’s treatise on falconry.

During the 1240s, the King of Sicily and southern Italy, who was also the Holy Roman emperor, wrote De arte venandi cum avibus (The Art of Hunting with Birds). Known in English as Frederick II (1194–1250), he never answered to that name (unless called that by his third wife, from England). He was raised in Sicily and called Federico; during an eight-year stay in Germany he was Friedrich, and in Latin government documents he was Fredericus or Federicus. His father, Emperor Heinrich VI, died in 1197, and his mother, Queen Constance of Sicily, died in 1198, after appointing Pope Innocent III his guardian. Constance’s father was Roger II, who had strong interests in geography and had gathered scholars, including al-Idrisi (see the section “Arabic Language Science”), from diverse places at his court. That intellectually stimulating environment disappeared with Roger’s death in 1154, but the memory lingered, and Frederick II recreated it on a grand scale.162

In Palermo, Frederick had tutors but no playmates, and he developed a strong interest in animals.163 In cosmopolitan Sicily, he associated with Italians, Greeks, Germans, Jews, and Muslims,164 and he realized Christians had no monopoly on wisdom. A disapproving monk, Salimbene (1221–ca.1290), wrote in his Chronica:

Of faith in God he had none; he was crafty, wily, avaricious, lustful, malicious, wrafthful; and yet a gallant man at times, when he would show his kindness or courtesy; full of solace, jocund, delightful, fertile in devices. He knew to read, write, and sing, and to make songs and music. He was a comely man, and well-formed, but of middle statue. I have seen him, and once I loved him. . . . He knew to speak with many and varied tongues, and to be brief, if he had been rightly Catholic, and had loved God and His Church, he would have had few emperors his equal in the world.165

Salimbene’s stories of Frederick’s experiments on humans might be true, though his sources are unknown. If Frederick had infants raised in silence to discover what language they would speak, he was repeating an inconclusive experiment conducted by an Egyptian pharaoh, reported by Herodotos.166 Frederick reportedly had a man shut up in a cask to see if his soul could be detected when he died. To discover how deep a man can dive, he had a diver retrieve objects at progressively greater depths until he drowned. To learn if one should relax or exercise after eating, “he fed two men most excellently a dinner, one of whom he sent forthwith to sleep, and the other to hunt: and that same evening he caused them to be disemboweled in his presence, wishing to know which had digested the better: and it was judged by the physicians in favour of him who had slept.”167 Frederick did execute alleged enemies of church or state; perhaps a few humans sacrificed for science did not seem very different, especially if performed on men already condemned to die.

Frederick’s favorite relaxation from affairs of state was to retreat to a hunting lodge to hunt with trained falcons. In the prologue to De arte venandi cum avibus, he says he only began writing it after contemplating doing so for thirty years. He began writing it around 1244, having been a falconer since he was at least twenty.168 Falconry arose in Mesopotamia, the earliest evidence coming from Sargon II’s reign (722–705 BC).169 Its practice reached Europe during 400s AD with Hun and Alan invasions, and it had come to England by 700.170 Manuals on falconry also reached Frederick from the east, possibly during his Crusade to the Holy Land, 1228–29. He had Theodore of Antioch translate Moamin’s manual from Arabic into Latin; Frederick corrected the translation in 1241. Moamin’s manual survives in French translation from Latin, made for Frederick’s son, Enzio.171 Manuals both before and after Frederick’s were limited to naming and describing hawks used in falconry and to hunting technology.172 Frederick’s manual included these subjects, but education and intellect equipped him to investigate the biology of both predators and prey. The result was “one of the most remarkable productions of the Middle Ages.”173

The scholars Frederick gathered at Palermo included Michael Scot (pre-1200–ca. 1236), an important author-translator. He traveled from Scotland to Toledo by 1217, where he translated from Arabic Aristotle’s Historia animalium, De partibus animalium, and De generatione animalium.174 He then traveled to Bologna, Rome, and reached Palermo by 1227, where he remained until his death.175 At Frederick’s request, he translated from Arabic ibn Sina’s Abbreviatio de animalibus, an abridged Aristotelian zoology with ibn Sina’s commentary, which Michael finished by 1232. It helped Frederick prepare for writing his own book, in which, however, he cited few authorities besides Aristotle, with whom he frequently disagreed—for Aristotle was no falconer and relied on second-hand reports.176

Book 1 of De arte venandi cum avibus is on “The Structure and Habits of Birds,” the other five books being on falconry. However, ecological and behavioral observations occur throughout the book. Translators Wood and Fyfe provide an “Annotated roster of birds that are mentioned, depicted by, and were probably familiar to Emperor Frederick II,”177 yet Yapp complains that they sometimes leave a word in Latin when they do not know an English equivalent, and they do not always use the same English name for a given Latin name.178 Kraak used Wood and Fyfe’s translation, but gives his own list of identifications.179 Wood and Fyfe anachronistically translated “sperma” as “spermatozoa;” Leeuwenhoek only reported “animalcules” in semen in 1677.180 They also used anachronistic terms in translating Frederick’s account of bird anatomy.181 The twelve manuscript copies of Frederick’s book have illustrations, though not the same number and not identical ones.182 Yapp found that colored drawings in the published facsimile of the Vatican copy illustrate points in the text, but the birds depicted are not definite species, just generic ducks, geese, and others. He doubts they were drawn during Frederick’s lifetime, but perhaps shortly thereafter. Henss counted 915 bird drawings and 48 other animal drawings in the Vatican edition.183
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FIGURE 2.3. Frederick II on throne with falcon. Source: Vatican manuscript of De arte venandi cum avibus. The manuscript page with drawing is photographed from Frederick II 1943, xxxi.

Book 1 is similar in organization to Aristotle’s Historia animalium, though more limited in scope. Aristotle’s facts were organized to support generalizations, and generalizations were organized to explain how nature works. Sometimes the results were impressive,184 but it was sometimes uncertain whether one had enough facts to support a given generalization. In practice, whatever facts one had seemed sufficient. Frederick had two advantages in this endeavor: he limited his study to birds, and he collected facts while hunting or engaged in other activities, so he seldom depended on others for much information. He developed a general interest in avian biology and had particular interest in both predators and prey. He began with two alternatives to classify birds: aquatic, land, and amphibian, or as raptorial and nonraptorial. If one had formed generalizations about particular groups, one could anticipate the behavior of some individuals of those groups. Aristotle had claimed that birds of limited flight are instead good pedestrians, but Frederick found that cormorants do not fly well and are worse pedestrians. Frederick’s son, Manfred, annotated this manuscript and added that cormorant adaptation for swimming made them awkward in flight and on land.

Frederick’s generalizations included the following: (1) swans and pelicans swim and fly well, yet rarely leave the water, and (2) rails and their kin neither swim nor fly well, yet are water birds. Some bird habits seemed inherent but susceptible to environmental influences: some aquatic birds depart at dawn for feeding places and return at the third hour (9 am), but return earlier on hot days and later on cool or cloudy days. Ducks and teal feed at all hours. Water birds return home before night while they can see otters, foxes, and raptors, but they stay in water at night to avoid otters, foxes, and wolves. Waterfowl vary their feeding grounds according to season and the ease or difficulty of avoiding avian predators. They prefer pasturage during rainy days of September–November when rain dislodges seeds and worms come to the surface to escape saturated soil. Owls hunt at night, “not so much because they can see at night and not in the daytime (as Aristotle asserts [609a9])—for they have good vision both by day and by night—but because they feed on the young of other birds. They are hateful to such birds and, therefore, do not dare to hunt during the day. Like certain quadrupeds that possess poor physical armament, they hide by day and seek their food by night and in this way avoid the harm that might befall them if plainly seen.”185 Other species go out at night to avoid diurnal predators.

Frederick also asserted that “certain land birds take their food on the wing,” such as swallows. He saw them eat flies, beetles, bees, wasps, and other insects, but he thought that while aloft they did not swallow those that sting—that they land and remove the sting first. He divided carnivorous birds into three groups according to feeding habits: (1) vultures and lammergeiers do not kill their food but eat carrion; (2) kites and common eagles prefer to eat dead animals but sometimes kill to eat; (3) true falcons and hawks devour only what they kill and never eat carrion. He determined that vultures only find food by sight and not smell, by sealing their eyes (with hoods?) and placing food nearby, which they did not find. Experimentation in natural history was rare during antiquity and the Middle Ages, and he probably experimented because he was used to manipulating hawks in training or hunting.

Equally remarkable as Frederick’s avian ecology are accounts of training falcons to hunt with humans and dogs. In this, he was indebted to earlier manuals, to discussions with falconers (he employed about fifty), and to his own experience. Although this lore came much more from trial and error than from planned experiments, it is nevertheless remarkably sophisticated. Falcons used for hunting were not bred in captivity but captured wild. Improper treatment by an impatient or careless handler could render a hawk untrainable.186 Trainers used positive reinforcement (food and stroking) and deprivation (lack of food and sight), but no punishment. Mountjoy has rephrased Frederick’s instructions for training falcons in behaviorist terminology:

The process of manning the newly captured wild falcon (that is, taming it so that it sat quietly upon the fist of the falconer and ate) was carried out in the mews while the falcon’s [eyes] remained sealed. This process of manning combined not only Pavlovian pairing of stimuli but also operant shaping and the principle of stimulus fading as well. . . .

At the beginning of the process of manning, meat was rubbed on the bird’s beak to elicit the response of eating. The falconer continued to apply the principles of Pavlovian conditioning by softly producing the sound which would later be used to recall the falcon to the falconer. In time this vocalization of the falconer became a discriminative stimulus . . . a signal to eat. The discriminative stimulus was gradually conditioned to a functional state by presenting the call and requiring that the falcon attend to the meat within a brief time or meat was withheld. The latency requirement, or contingency, was gradually tightened until a discriminated operant was performed . . . first meat would be available for perhaps 10 or 15 seconds after presentation of the vocalization, and then withdrawn if the desired response was not forthcoming. When the bird reliably responded within the time interval, the interval was gradually shortened.187

He and his trainers trained falcons to hunt cranes and herons, which they normally avoid in the wild because they are large enough to be dangerous to falcons. Trainers achieved this by training a pair of falcons to hunt together.188

De arte venandi cum avibus was “the first zoological treatise written in the critical spirit of modern science.”189 To appreciate its break with tradition, compare it to Hugh of Fouilloy’s Aviarum, written about 1132–52.190 After Frederick died in 1250, both his sons and grandsons continued falconry observations, but then his royal line ended and so did his influence. Apparently, none of the twelve manuscript copies reached naturalists, and the book was first published in 1596. It attracted the attention of ornithologists by 1788.191 Since then, there have been numerous manuals of falconry published, but falconers consider Frederick “the world’s greatest-ever falconer” and turn to his book “for practical hints.”192

Albertus Magnus, Scholastic Naturalist

Medieval western Europe made a much greater investment in higher education than Byzantine or Arabic civilizations, and science was a prominent part of the curriculum. A strong demand arose for scholars educated in theology, law, and medicine, and for other scholars to teach them. Italian universities, which were the earliest, tended to be city sponsored, though Frederick II founded the University of Naples in 1224 as a state university to educate officials who were not clergy.193 Elsewhere, universities were usually church sponsored, but even so, universities in western Europe had much greater autonomy than comparable institutions elsewhere.194 A powerful stimulus to curriculum development was translation of works by Aristotle and his Arabic commentators into Latin. During the 1200s, scholars and clergy discussed how appropriate it was to devote courses to pagan learning. Aristotelians, led by Albertus Magnus (ca. 1200–80)195 and his pupil, Thomas Aquinas (ca. 1225–74),196 mostly prevailed, though universities did agree not to debate heretical questions, such as the possible eternity of the universe.197

Albertus Magnus, or Albert the Great (herein referred to as “Albert”), was from a noble family and was born at the family castle of Lauingen. He grew up in the family manor in nearby Bollstädt and was called Albert of Lauingen or of Bollstädt. He studied at the University of Padua, in Italy, and against family wishes, joined the Dominican Order. He was ordained in Germany and taught at several priories until he went to the University of Paris in 1240/41. He earned a master of arts in theology, and lectured there until he went to Cologne to teach in 1248. Much of his time, 1253–62, was devoted to administration for the Catholic Church, after which he returned to teaching, preaching, and writing.

One of Albert’s earliest works is Liber de natura locorum, on geography.198 He reviewed ancient arguments against people being able to live at the equator and dismissed them, since both Ptolemy and ibn Sina had seen men who lived between the Tropic of Cancer and the equator, and people were known to live at the equator in Africa and in the (East) Indies.199 Albert knew that life at 56° latitude was difficult, so he believed the poles were uninhabitable—that they may only have daylight for half a year and night for half a year.200 Animals, such as bears and lions, that live in polar regions tend to be white. The sea freezes in winter, and icebergs float in the sea in summer.201 He knew that the proximity of the sea modifies climate on land, that high mountains can have perpetual snow, that mountains can influence climate by blocking wind, and that depressions of great depth can have noxious air, as do swamps and some lakes.202 He thought “lands situated in the middle of great forests or near the forest, always have a suffocating and a thick air, and they have much fog and many whirlwinds.” Certain trees were also noxious: “walnut, the oak, and other trees which either by their bitterness, poison the air, or by their height confine the air, and do not permit it to escape and be purified.”203

He also thought living beings are influenced by location—mountains, coast, woods, swamps, and others. “Men born in rocky places, level areas, and cold dry places are very strong and well-boned with visible joints. They are of noble statue, have skill and endurance in war, and have muscular limbs,” whereas those “exposed to the south and not to other directions live poorly on account of the turbulent, warm, moist, and pestilential wind. Because their pores are opened on account of the heat, they must wear such clothing that will prevent the wind from penetrating to the marrow of their bones. Houses for them should be built with a strong protection from the south.”204 The same was true for plants, animals, and stones. “Bears in cold and moist places, and rabbits in places rather moist, cold, and dry [sic], are white, while in other climates they tend toward blackness, darkness, or they are golden yellow.”205

[image: image]

FIGURE 2.4. Albertus Magnus. Source: Locy 1925, 93.

Albert wrote De vegetabilibus libri VII during the 1250s, based on Nicolaus of Damascus’s De plantis, believed to be by Aristotle. He realized it was not as well written as Aristotle’s other works, but suspected a lack of understanding or skill by the translator from Arabic into Latin, Alfred of Sarashel. De vegetabilibus books 1 and 4 paraphrase De plantis; books 2 and 5 comment on De plantis; book 3 summarizes ibn Sina’s discussion on seeds, fruits, and fruit juices; book 6 is a herbal describing some four hundred species, including habitats and locations. Book 6 has most of Albert’s own observations and is translated into German.206 Albert was the only medieval encyclopedist who added significant personal observations to what he culled from written sources.207 Book 7 is on agriculture, based largely on Palladius’s De agricultura. Historian of botany Morton thinks book 7 is “the best general work on agriculture since Columella and shows how scientific thinking was stirred by the current technical changes in agriculture.”208 However, Morton did not compare Albert’s book 7 with ibn al-Awwam’s Kitab al-filaha. Albert believed wheat and rye change from one to the other, depending on the soil in which seeds are planted.209 His account of oak trees includes comments on oak galls: “On the leaves of the oak often grow certain round ball-like objects called galls, which after remaining some time on the tree produce within themselves a small worm bred by the corruption of the leaf. If the worm exactly reaches the midst of the gall apple, weather prophets foretell that the coming winter will be harder; but if it is near the edge of the gall, they foretell that the winter will be mild.”210 De vegetabilibus was the most important botanical work of the Middle Ages,211 yet it did not equal Theophrastos’s botanical works, which Albert never saw.

Albert’s De animalibus libri XXVI was his most extensive and influential work, probably begun 1256–60. Books 1–19 paraphrase and explain Aristotle’s zoological works translated by Michael Scot, books 20–21 are Albert’s own contributions, and books 22–26 are a bestiary “based on De natura rerum of his former student, Thomas of Cantimpré,” unacknowledged.212 Thomas (ca. 1201–76 or later) was also of aristocratic birth, born at Leeuw, near Brussels.213 Thomas, also a Dominican, studied under Albert at Cologne, 1233–37, then studied at the University of Paris, 1237–40. He worked on De naturis rerum for fourteen or fifteen years and completed it by 1244.214 Thomas was not a scholar like Albert, but a teacher-preacher who compiled information for sermons. Thomas himself was writing within a long tradition that included Hugh of Fouilloy’s Avium, written about 1132–52.215 Albert cited his ancient and Arabic sources, but not Thomas. Yet “Albertus describes four hundred seventy-six specific creatures. For four hundred of these (more than five sixths of the total number) Thomas is the main source. In three hundred seventy-four of these descriptions (nearly four fifths of the total) there is either no supplementary material or not more than a few sentences per section.”216

Albert’s most important sources were Thomas, Aristotle, and ibn Sina. Albert’s recent translators emphasize his skepticism of many fabulous reports; his insistence upon natural, rather than supernatural, explanations; and his firsthand observations.217 However, there were limits to his ability to discriminate, and he accepted some reports that are no longer credible.

Books 1–4 are on anatomy and physiology—not directly relevant to ecological sciences, but methodologically interesting. He wanted to determine if Aristotle was correct in saying both veins and arteries arise at the heart or if Galen was correct in saying veins arise at the liver. He discussed the arguments of both men and also those of ibn Sina and ibn Rushd. Albert thought he could reach a conclusion “by use of reason and solid experimental knowledge that is completely trustworthy.”218 He decided Aristotle was correct, but he did so using Aristotelian logic. He mentioned no firsthand observations, and his “solid experimental knowledge” apparently referred to what he learned from Arabic sources. Books 5–6 are on animal reproduction, and 9–10 are on human reproduction. He accepted the notion that some animals arise from mud, putrescence, slime, or sand, and “they differ to the extent that the slime or sand from which they are generated differs.”219 However, for marine creatures he acknowledged that “it is not possible to know the differences in generation of all these animals well, because the experts can scarcely observe the times of the conception, egg laying, and emergence of the young of these animals.”220 He mentioned that different bird species lay different numbers of eggs, without stating why, except for eagles. Eagles reportedly lay three eggs but only raise two chicks: “Some say the reason for this is that it is so weakened by incubating the eggs that it cannot hunt enough chicks or other birds for three and is scarcely able to care for two of them.”221

In book 8, “On Animals’ Habits,” Albert added this to Aristotle’s discussion of hawks and eagles:

Of all the genuses of eagle and falcon, the best and the fiercest is the one which comes from the northern region of Sweden and Latvia whose latitude is more than fifty degrees from the equator. These are fierce birds and they would rather eat fish than flesh. Thus, certain astures222 which were brought from that land to our land all catch birds to be sure, but they eat crabs more readily than any other food. These astures are held by the falconers in our land to be nobler than any others, and they are very large. One who is quite an expert said to me that even in that land the eagles mostly feed on fish and that eels and fish are thus found in and near their nests.223

Most of Albert’s account seems well-informed, but it does include folklore: “There is in our land, also a small genus of eagle called the fish-eagle. It hunts only fish and has one webbed foot, for swimming, like that of a goose, while the other foot has hooked talons for seizing, like that of an eagle.”224

Albert was widely traveled in Europe, and travel may have heightened his interest in migration and added to his knowledge of it. He thought migration was due to either heat (in spring) or cold (in autumn), and he knew various ways some animals responded to climate change: “Of those animals which do go away, some go to elevated places, seeking in them a temperate cold. Others, however, go to cave-like, warm places, seeking warmth in them. They hide themselves away in the same places—in hollows in trees or beneath drooping leaves or in actual caves—seeking heat. Some do not change place. In our lands the cranes are present continuously in winter and summer.”225

Albert also observed that geese bred in Sclavia at “moist, sandy, marshlike places,” but at the beginning of winter they “come back to our land” at latitude 47°, seeking “food and the more temperate air.”226 Fish may migrate or seek holes for the winter or “move from the depths of the sea during the winter and come near the land’s edge in search of heat. Others do the opposite and flee the shore for the depth of the sea, escaping the shore’s heat.” Albert also claimed that when animals migrate from a warm to a cold place, they fatten, but when they return they grow thin “because of the dissolving and consuming heat.”227

Discussions of sexual differences were susceptible to gender bias and folklore. Albert reported that generally females are easier to train than males, especially dogs. Among quadrupeds, females are weaker than males, but in birds of prey females are larger and stronger. A female bear “has boldness due to the bad habits which are attendant upon her sex.” Females of most species “are fiercer than the males during the time in which they have young.” Ibn Sina claimed that women are “stupider when it comes to honest and good things, and to governance,”228 but Albert cited no supporting evidence. Pigeons remain faithful to each other after mating, but ibn Sina saw two males fight over a female, who accepted the winner. But when the loser returned to fight again and this time won, she accepted him. After copulation, “the female follows the male and obeys him. When, however, the female does not come into the nest quickly the male beats her with his wings.” Albert believed that a female turtledove remained faithful to her mate during his lifetime, but not afterwards: “Some say that even after the death of this one she does not take another husband, but this is neither probable nor has it been verified through experience.”229

Besides discussions of birds cited previously from general zoology chapters, book 23 is on birds—a substantial survey with a page or so on each kind.230 He devoted fifty pages to falcons and falconry. He had information from one of Frederick II’s falconers, but it is unlikely that Albert received information directly from Frederick or his writings.231 There are also accounts of quadrupeds, aquatic animals, serpents, and vermin in books 22, 24, 25, and 26. His accounts of thirty-three kinds of insects follows Aristotle, with some original observations.232 Snails are generated from rotten vegetables and viscous dew, and they return to viscous water if salt is thrown over them.233

“Vermin” seems to have been a generic term without necessarily a negative connotation, since it included honeybees. The honey that bees collected from flowers he thought came from dew.234 The sun evaporated the thinnest part of dew, leaving behind honey and wax. He thought that bees live 7–10 years. When the “king” (queen) flies away, all others follow. He distinguished spiders by their having 8 legs and insects having 6—not generally recognized during the Middle Ages.235 He understood that female spiders are larger than males, and he believed the males made no web but lived off the female’s hunting. Although he mistook insect pupae for eggs,236 it seemed clear that spiders lay eggs in the fall, which hatch in early spring.237 He denied that ant lions start life as ants, as some thought.238 They eat ants that fall into their sand trap and may also eat the ants’ food in winter (since ant lions do not gather in summer).

Albert was the outstanding encyclopedist of the High Middle Ages (1000–1350). De natura locorum was first printed in 1514, De vegetabilibus in 1517, and De animalibus in 1478. Other encyclopedias were as widely read as his, or more so. At best, these encyclopedias all blended fact and folklore, but Albert’s had the most firsthand information. There was no ongoing progression toward greater accuracy from earlier to later ones. Like Byzantine and Islamic civilizations, medieval western Europe suffered catastrophe and decline: the Black Death struck in 1347, lasted for several years, and returned off and on for centuries. Unlike Byzantine and Islamic civilizations, however, Europe rebounded during the 1400s, stronger than ever. The survival of universities and Gutenberg’s introduction of the printing press were important factors in that recovery.
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