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    Across continents and seas, life arranges itself in patterns as dramatic as mountain ranges, and Alfred Russel Wallace set out to read that living map, tracing the hidden frontiers where animal lineages meet and part, where oceans, deserts, and mountains become lines of fate, and where the past movements of Earth are legible today in feathers, scales, shells, and bone, revealing a grand mosaic whose contours speak simultaneously of deep time, isolation, migration, and the creative force of adaptation working upon the world’s varied stages.

The Geographical Distribution of Animals holds classic status because it gives enduring form to a question that still animates biology: why do different parts of the world host distinct assemblages of life? Published in 1876, this monumental survey transformed scattered observations into a coherent, testable framework. Its lasting power lies not only in its breadth but in its argumentative clarity, which made a new field legible to specialists and general readers alike. The book’s influence stretches beyond its century, shaping the language and logic with which scientists, naturalists, and thoughtful readers discuss patterns of biodiversity.

Wallace writes as a naturalist whose authority derives from long acquaintance with the living world. After years of fieldwork and synthesis, he addressed the nineteenth century’s intersecting debates about evolution, geology, and the history of life with the habits of a collector and the discipline of a theorist. In this work he gathers knowledge from museums, catalogues, and field reports and organizes it with unusual balance. The result is a study that bears the mark of its time while speaking across it, a textured portrait of nature’s order emerging from patient accumulation of facts and careful reasoning.

The book’s central premise is straightforward and fertile: the Earth can be divided into broad zoological regions, each characterized by distinctive animal groups, and the contrasts and affinities among these regions hold clues to both ecological limits and historical connections. Wallace enumerates and compares the faunas of different lands, asking how barriers, distances, and past changes in the earth’s surface have shaped the present distribution of species. Without resorting to speculation beyond the evidence he assembles, he advances a unifying scheme that frames diversity as pattern, and pattern as the natural record of evolution and geography entwined.

Its reputation as a classic owes much to the way it makes a science from synthesis. Wallace draws together taxonomy, paleontology, and geology and subjects them to evolutionary interpretation, demonstrating that distribution is an argument written in the ranges of families and genera. He proceeds with a measured style—precise, orderly, and attentive to exceptions—so that the reader senses method as well as conclusion. The book’s durability arises from this blend of careful compilation and conceptual ambition: it teaches how to look, how to compare, and how to turn locality into insight about history.

The work also matters as literature of science. Wallace’s prose moves with unforced cadence, carrying the reader from enumeration into reflection and back again, without losing sight of tangible animals in real places. He achieves clarity without impoverishing detail, and he builds large ideas from modest observations set within a lucid architecture. In doing so, he provides a model for later writers who would balance narrative, evidence, and theory, and he shows how an exacting subject can be rendered in language that is rigorous, humane, and inviting to the informed non-specialist.

The book’s influence on later writers and researchers has been profound, establishing concepts and boundaries that subsequent generations have tested, refined, and extended. Its regional framework became a common reference in zoology and ecology, a baseline against which new data could be set. As the sciences of evolution and Earth history developed, authors returned to Wallace’s scheme to compare fossils, modern faunas, and emerging lines of evidence, finding in his organization a durable map for thought. In conservation and biogeography, his approach continues to inform how patterns are described and priorities are argued.

Historically, the study built upon existing ornithological regionalization, notably the scheme proposed by Philip Lutley Sclater, and broadened it to encompass the wider animal kingdom. Wallace compared multiple groups to test whether their boundaries aligned, thereby strengthening the case that regional divisions reflected real natural partitions rather than arbitrary lines. By extending and revising earlier work through an evolutionary lens, he helped consolidate a field—often called zoogeography or biogeography—into a disciplined inquiry, grounded in comparative evidence and open to correction as knowledge advanced.

Readers encounter a work organized to facilitate both overview and detail: general discussions of major regions are paired with examinations of representative families and genera, with attention to the barriers that restrict them and the corridors that allow dispersal. Fossil occurrences are considered where relevant, not to speculate beyond the record, but to illuminate affinities and absences. This method encourages the reader to see distribution not as a static checkerboard but as a dynamic history, accessible through careful comparison across taxa, landscapes, and geological contexts.

The enduring themes that animate these pages include isolation and connection, constraint and possibility. Islands, mountains, and seas act as the stage managers of diversity; time, through extinction and radiation, rewrites the cast. Wallace shows that richness and endemism are not accidents but consequences of history and circumstance. He persuades by accumulation rather than flourish, guiding the reader to appreciate that the world’s living order is both contingent and intelligible, governed by processes that leave signatures in where animals live, how far they range, and which neighbors they never meet.

As a co-discoverer of natural selection and an indefatigable observer, Wallace brings a rare combination of breadth and focus to the task. He balances allegiance to evidence with the imaginative reach required to trace large patterns through scattered facts. The authority of the book arises not from sweeping pronouncement, but from the discipline with which it gathers and weighs observations. In this it set a lasting standard for scientific exposition, inviting readers to adopt a critical but hopeful posture: that painstaking description can still yield profound, unifying understanding.

Today, the themes of The Geographical Distribution of Animals feel newly urgent. Conservation planning continues to rely on biogeographic thinking to identify areas of exceptional distinctiveness and vulnerability. As climates shift and species ranges move, the book’s core insight—that distribution records both present ecology and past change—helps frame the questions we ask about loss, resilience, and responsibility. Wallace’s measured, integrative vision endures because it offers more than a catalogue; it gives readers a way to read the living map of the world, and to care for the patterns it reveals.
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    Alfred Russel Wallace’s The Geographical Distribution of Animals (1876) is a two‑volume synthesis that organizes the world’s fauna into coherent regions and explains their arrangement through evolutionary history and earth changes. Drawing on his field experience in the Amazon and Malay Archipelago and on a wide survey of contemporary zoology, Wallace advances biogeography from a descriptive catalog to a historical science. He builds on earlier regional schemes, notably those proposed for birds, and generalizes them across vertebrates. The work’s aim is twofold: to define natural zoological regions and subregions, and to trace how geological barriers, climate, and evolutionary divergence produced their characteristic assemblages.

Wallace begins by setting out principles and methods. He argues that higher taxonomic ranks, especially families and genera, reveal deep biogeographic structure better than species counts alone. Endemism, distributional discontinuities, and the presence or absence of entire groups are treated as key diagnostic signals. He integrates evidence from living faunas with the fossil record where available, always weighing the roles of dispersal, isolation, and modification. Volume I develops these foundations, reviews earlier classifications, and evaluates the impact of past climate and geography; Volume II applies the framework, presenting a systematic account of the major regions and their distinctive animal groups.

From this analysis Wallace delineates six primary zoogeographical regions: Palaearctic, Nearctic, Neotropical, Ethiopian, Oriental, and Australian. He justifies each on the distribution of mammals in particular, then tests the pattern with birds, reptiles, amphibians, and freshwater fishes. Regions are subdivided into subregions to capture finer patterns of endemism and turnover. He emphasizes that boundaries are often broad transition zones rather than sharp lines, yet certain barriers—oceans, high mountain chains, and deserts—produce striking faunal breaks. The scheme is presented not as a mere map, but as the historical outcome of long separation, intermittent connections, and uneven opportunities for diversification.

The Palaearctic and Nearctic, together spanning much of the Northern Hemisphere, are shown to possess close affinities while retaining distinctive elements. Wallace surveys their mammals and birds to illustrate parallel temperate assemblages shaped by similar climates and periodic interchange. He weighs evidence for high‑latitude routes that could have allowed biotic exchange during cooler epochs, and he relates glacial history to present distributions and zones of hybrid or restricted ranges. Yet he underscores that shared forms do not erase regional identity, which is marked by endemic families, genera, and patterns in freshwater and terrestrial faunas.

Turning to the Neotropical region, Wallace describes a fauna rich in endemic families and genera, reflecting a long interval of relative isolation. He highlights characteristic mammalian groups and the exceptional diversity of birds, noting how major river systems, the Andes, and forest–savanna mosaics structure distribution. Freshwater fishes and reptiles provide corroborating signals of deep regional distinctness. Subregional divisions capture differences between Andean, Amazonian, and temperate South American assemblages. Throughout, Wallace treats dispersal barriers—the surrounding oceans and interior physiography—as key to understanding why certain groups flourish while others are absent or sparsely represented.

In the Ethiopian region, Wallace details a fauna notable for large mammals and a suite of endemic lineages, distinguishing savanna, forest, and arid subregions. He gives special attention to Madagascar, whose highly distinctive vertebrate assemblage merits separate treatment and illuminates the biogeographic consequences of prolonged isolation. The Oriental region is portrayed as richly diverse and densely populated with forest taxa, extending from the Indian subcontinent through Southeast Asia. Wallace devotes careful analysis to the Malay Archipelago, where he documents a sharp faunal turnover across a narrow maritime boundary, using it to exemplify how shallow seas and deep channels govern biotic limits.

The Australian region is defined by its exceptional endemism and the prominence of marsupials and monotremes. Wallace surveys continental Australia, New Guinea, and nearby island groups, emphasizing contrasts between arid and rainforest biotas and the limited presence of terrestrial placental mammals. He also discusses New Zealand and Pacific archipelagos in relation to the broader region, noting unique avian elements and the influence of long isolation. These patterns support the view that protracted separation, coupled with occasional colonization by dispersive taxa, produced distinctive assemblages that cannot be explained by climate alone or by recent, wide‑ranging movements.

Beyond mammals, Wallace systematically tests his regional scheme against birds, reptiles, amphibians, and freshwater fishes, showing broad congruence alongside informative exceptions. He uses insular faunas to probe dispersal limits, contrasting oceanic islands—typically poor in non‑flying terrestrial vertebrates—with continental islands that retain fragments of neighboring continental faunas. Fossil evidence, though uneven, is marshaled to link present patterns to earlier distributions and to constrain hypotheses about past land connections and climatic shifts. The combined lines of evidence strengthen a historical interpretation in which geography, time, and lineage traits jointly shape the map of life.

Wallace closes by articulating generalizations about how isolation, geological change, and differential dispersal capacities generate regional faunas. He frames biogeography as an explanatory companion to evolution and geology, proposing that regional patterns record the tempo and mode of diversification as much as they reflect environment. While open about uncertainties and data gaps, he offers a durable framework that subsequent research has refined rather than overturned. The book’s enduring significance lies in establishing a rigorous, comparative method and a set of regions that still organize inquiry, linking biodiversity to the deep history of the earth in a coherent, testable way.
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    Alfred Russel Wallace’s The Geographical Distribution of Animals appeared in London in 1876, in the high Victorian era of British science and empire. Britain’s universities, learned societies, museums, and publishing houses formed a dense infrastructure that collected, classified, and circulated knowledge from across the globe. The Royal Society, the Linnean Society, and the British Association for the Advancement of Science set standards for evidence and debate. Natural history cabinets, public museums, and the expanding periodical press sustained a large audience for scientific synthesis. Imperial trade routes and administrative networks, especially across Asia and the Pacific, supplied specimens and data that scholars in metropolitan centers shaped into universal frameworks.

Natural history was a mass pursuit in the nineteenth century, ranging from elite research to popular collecting. Specimen markets, taxidermists, and dealers linked field collectors to museum curators and private amateurs. Cabinets of curiosities gave way to systematic collections arranged by comparative anatomy and geographic provenance. Classification—naming, ordering, and mapping life—was a cultural project as much as a scientific one. Wallace’s book entered a world fascinated by cataloging the biosphere, yet in need of theory to explain patterns. By aligning lists and maps with causal history, he provided a comprehensive, global synthesis that libraries, museums, and university courses quickly adopted.

The book stands in the aftermath of the evolution debates triggered by the joint 1858 Darwin–Wallace announcement of natural selection and Darwin’s On the Origin of Species (1859). Through the 1860s and 1870s, British and European publics argued over the compatibility of evolution with natural theology. Within scientific circles, attention shifted from whether evolution occurred to how it operated. Wallace’s contribution addressed one crucial line of evidence: the nonrandom, regionally structured distribution of species. By demonstrating how barriers, isolation, and descent shape faunas, he supplied a geographically grounded defense of evolutionary thinking, extending arguments that Origin had sketched but not fully systematized.

Geology framed these debates. Charles Lyell’s uniformitarianism encouraged explanations based on slow, cumulative change rather than catastrophic creation. The acceptance of Ice Age glaciations, championed from the 1830s onward, introduced dramatic but still natural alterations in sea levels, land connections, and climates. Geological time expanded, allowing biologists to imagine long histories of dispersal and diversification. Wallace’s synthesis draws repeatedly on geological context—mountain building, island subsidence, and climatic oscillations—to explain why neighboring regions can host strikingly different animal communities, and why distant ones can share affinities. He treats faunal patterns as historical records encoded by earth processes rather than as static distributions.

Wallace’s scheme built on earlier biogeographical work. In the eighteenth and early nineteenth centuries, Buffon noted continental distinctions, Alexander von Humboldt mapped plant distributions in relation to climate and altitude, and Augustin de Candolle and Joseph Dalton Hooker developed floristic regions. In zoology, Philip Lutley Sclater proposed six zoogeographical regions in 1858 based on bird distributions. Wallace adopted and refined that regional framework for vertebrates more broadly, providing subregions and a unifying rationale grounded in descent with modification. His book thus connects Enlightenment natural history to mid-Victorian evolutionary theory, turning scattered observations and regional schemes into a global, comparative system.

The empirical backbone of Wallace’s synthesis was his own field experience. He collected in the Amazon basin from 1848 to 1852, losing much of his material in a shipboard fire on his return but preserving notes and some observations. From 1854 to 1862 he traveled through the Malay Archipelago, studying islands from Borneo and Sulawesi to New Guinea and the Moluccas. There he observed sharp faunal turnovers across narrow straits, most famously between Bali and Lombok—a boundary later termed “Wallace’s Line.” These experiences convinced him that deep-water channels and mountain chains act as persistent barriers, generating distinctive regional biotas over long periods.

Colonial settings shaped how data were gathered. Wallace moved through the Dutch East Indies, British possessions, and the Spanish Philippines with permits, guides, and local assistants. Collectors relied on Indigenous expertise in hunting and navigating, even as colonial administrations and commercial networks facilitated movement and sale of specimens. In London, agents such as Samuel Stevens helped place collections with museums and private buyers, funding future expeditions. The Geographical Distribution of Animals emerges from this global division of labor: observations made in tropical forests, islands, and rivers, aggregated and interpreted in metropolitan centers to advance theoretical claims about nature’s order.

Technological change accelerated the flow of information. Steamships shortened voyages; clipper routes linked oceans; and, by the 1870s, submarine telegraph cables knitted continents into near-real-time communication. Although Wallace’s Malay fieldwork predated the Suez Canal’s opening in 1869, his 1876 synthesis benefited from the era’s improved circulation of journals, monographs, and catalogues. Naturalists could compare notes from Australasia, Africa, and the Americas more readily than ever before. This logistical revolution expanded the reference base for mapping faunal regions, letting Wallace test regional boundaries against a growing body of reports from colonial surveys, missionary stations, and museum correspondences.

Print and visualization technologies shaped the book’s form. Advances in engraving and cartography enabled clear, detailed maps; statistical tables could summarize vast lists of genera and families. Building on a tradition of isotherms and thematic mapping inherited from Humboldt, Wallace presented regional maps and faunal summaries that readers could grasp at a glance. His tables cross-referenced taxonomic groups with regions and subregions, making visible the patterns he argued for. The work exemplifies how nineteenth-century science translated field observations into standardized visual formats, allowing readers to see distribution as evidence rather than as mere catalog.

Taxonomy in the 1870s was in flux. Species were still diagnosed primarily by morphology, with debates over synonymy and type specimens occupying specialists. Museums in London, Paris, Leiden, and Berlin served as repositories and arbiters of names, and their curators’ judgments influenced every synthesis. Wallace navigated these uncertainties by adopting widely used classifications and noting contentious cases, while prioritizing higher-level patterns (families, orders) less sensitive to species-level revisions. His reliance on contemporary taxonomic consensus—and his transparency about disputed groups—situated the book within the collaborative, sometimes contentious, enterprise of systematics that underpinned all claims about geographic pattern.

Within evolutionary circles, disagreements persisted over mechanisms. Natural selection competed with alternative ideas like directed variation and vital forces; among selectionists, the roles of sexual selection and group-level processes were contested. Wallace generally emphasized natural selection and the power of isolation, often downplaying sexual selection relative to Darwin. Although he would later voice heterodox views on the origin of human mental faculties, this volume concentrates on nonhuman animals and the geographic constraints shaping them. By focusing on barriers, dispersal abilities, and environmental history, he presented a rigorously material account that reinforced core Darwinian principles without entering every philosophical controversy.

One of the book’s notable stances concerns historical geography. In an era before plate tectonics, many naturalists invoked vast, hypothetical land bridges to explain disjunct faunas. Wallace accepted limited past connections supported by geology—such as lowered sea levels during glacial periods or shallow-shelf linkages—but criticized sweeping proposals for sunken continents invented to solve every anomaly. His discussion of boundaries in the Indo-Australian region, including the sharp divide between Asian and Australasian faunas, exemplifies this caution: deep channels preserved distinct lineages over time. The work thus advanced a disciplined use of earth history—neither denying change nor licensing unfalsifiable geographies.

Fossil discoveries expanded rapidly in the mid-nineteenth century, especially in Europe and North America. New Pleistocene and Tertiary mammals, birds, and reptiles furnished temporal anchors for biogeographic hypotheses. Wallace integrated paleontological evidence where possible, noting when fossil ranges corroborated affinities between regions and when they suggested ancient separations. He treated living distributions as the latest layer atop deeper strata of earth history. This approach helped disentangle cases where present barriers alone could not account for patterns, and it kept his arguments tethered to dated, material records rather than speculative narratives about origins and migrations.

Scientific societies and journals provided the channels for debate and refinement. The Linnean Society had hosted the 1858 Darwin–Wallace papers; the Royal Geographical Society promoted mapping and exploration; and new journals, notably Nature (established 1869), sped critical responses. Wallace corresponded widely, exchanging data and reconciling conflicting reports. Public lectures and association meetings enabled him to defend regional boundaries, update lists, and incorporate the latest voyages’ results. This collaborative milieu meant that The Geographical Distribution of Animals functioned both as a culmination of decades of collecting and as a platform inviting further correction and extension by the scientific community.

Economic and cultural dynamics also mattered. Industrial-era prosperity created a reading public for substantial, illustrated science books, and London publishers specialized in multi-volume works aimed at scholars and advanced amateurs. Wallace had already reached broad audiences with The Malay Archipelago (1869), a travel-science hybrid. The Geographical Distribution of Animals, while more technical, still addressed an educated public that followed exploration and natural history with enthusiasm. Its synthesis satisfied a contemporary appetite for order—clear regions, representative faunas, historical explanations—while modeling how to read the globe not as a patchwork of curiosities but as a patterned outcome of natural law.

The immediate intellectual impact was considerable. Wallace’s six-region framework—Nearctic, Neotropical, Palearctic, Ethiopian, Oriental, and Australian—became standard reference for zoologists, even as subregional boundaries invited debate. Subsequent works in island biogeography, ecology, and conservation would revisit and revise his lines, but the basic idea that geography structures evolution entered textbooks, museum displays, and field practice. Although twentieth-century plate tectonics would later reframe many explanations of disjunctions and affinities, Wallace’s emphasis on barriers, dispersal, and historical contingency kept its relevance, offering a durable scaffold for integrating new geological and genetic evidence.

The book also mirrored Victorian contradictions. It drew strength from imperial routes and colonial archives while often acknowledging the autonomy of local faunas and the limits of human control. It showcased the power of synthesis while revealing gaps in knowledge—poorly sampled interiors, taxonomic confusions, and uncertain fossil dates. It argued for modest, testable earth-history hypotheses against fashionable but ungrounded speculation. As such, The Geographical Distribution of Animals functioned both as a product of its age’s institutions and technologies and as a critique of its more extravagant claims, urging that global nature be read through evidence, comparison, and historical reasoning.
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    Alfred Russel Wallace (1823–1913) was a British naturalist, field collector, and writer whose independent formulation of natural selection made him, alongside Charles Darwin, a principal architect of evolutionary theory. Working across the mid- to late nineteenth century, he helped found modern biogeography, mapping how species are distributed and change across environments. His name is attached to the “Wallace Line,” a boundary in the Malay Archipelago separating Asian and Australasian fauna. Equally at home in rainforests and in print, Wallace combined meticulous observation with lucid prose, influencing science, travel writing, and public debate. Though long overshadowed by Darwin, his originality and breadth are now widely acknowledged.

Wallace grew up with modest schooling and left formal education as a teenager, apprenticing as a surveyor, which trained his eye for terrain and species habitats. Largely self-taught, he absorbed scientific ideas through libraries and discussion circles, especially in Leicester, where he forged a formative friendship with the young naturalist Henry Walter Bates. Influential reading included Charles Lyell’s Principles of Geology, the anonymously published Vestiges of the Natural History of Creation, and Darwin’s Voyage of the Beagle, all of which encouraged historical, developmental thinking about life. By the mid‑1840s he aimed to support himself through specimen collecting, natural history writing, and geographical observation.

In 1848 Wallace and Bates departed for the Amazon basin to collect natural history specimens for sale and study. Over nearly four years, Wallace explored parts of the Rio Negro and other tributaries, recording riverine landscapes, indigenous knowledge of useful plants, and the rich insect and bird faunas. Catastrophe struck in 1852 when the ship carrying him home caught fire in the Atlantic, destroying most of his collections and notes. Rescued after days at sea, he rebuilt his career by writing and lecturing. His first major book, A Narrative of Travels on the Amazon and Rio Negro (1853), distilled observations on ecology, geography, and practical collecting.

Undeterred, Wallace sailed for the Malay Archipelago in 1854, working there for about eight years across what is now Indonesia, Malaysia, and Singapore. He amassed vast collections—famously including birds-of-paradise—and studied variation among island populations. During a fever on Ternate in 1858 he drafted an essay explaining natural selection as the mechanism of species change and sent it to Darwin. Charles Lyell and Joseph Hooker arranged a joint reading at the Linnean Society that summer, introducing the theory publicly. Wallace’s travel classic The Malay Archipelago (1869) interwove adventure with analysis, and its vivid portraits of people, animals, and islands earned lasting scientific and literary admiration.

From the late 1860s Wallace synthesized his field experience into works that founded biogeography. Contributions to the Theory of Natural Selection (1870) gathered key essays on evolution and geographic variation. The Geographical Distribution of Animals (1876) offered a comprehensive map of the world’s faunal regions and their histories, clarifying discontinuities such as the Wallace Line. Island Life (1880) examined dispersal, speciation, and the role of past climate, especially glaciation, in shaping island biotas. These books became standard references for decades, praised for their command of data and clear exposition, and they continue to anchor discussions of endemism, barriers to dispersal, and regional biotas.

Wallace’s intellectual range extended beyond zoology. He defended natural selection vigorously yet argued that certain human faculties might not be fully explained by it, a view elaborated in Darwinism (1889). He embraced spiritualism in the late 1860s, engaging in public controversies that divided opinion among scientists. In social reform he supported land nationalization, presenting a detailed program in Land Nationalisation (1882), and criticized coercive public-health measures, notably compulsory vaccination, while also opposing eugenics. Popular works such as The Wonderful Century (1898) surveyed scientific and social change, and Man’s Place in the Universe (1903) explored astronomy from a naturalist’s perspective, reaching a wide readership.

In later years Wallace remained an active correspondent and author. His autobiography, My Life (1905), reflected on exploration, evolution, and public debates, while The World of Life (1910) offered a final synthesis of biological thought. In 1908 he received the Order of Merit and the Linnean Society’s Darwin–Wallace Medal on the fiftieth anniversary of the 1858 joint presentation. He died in 1913 in England. Wallace’s legacy lies in the architecture of evolutionary biology and the field foundations of biogeography, from faunal regions to island rules. The “Wallace Line” still frames discussions of Southeast Asian biodiversity, and his integrative outlook informs contemporary conservation and historical ecology.
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It is a fact within the experience of most persons, that the various species of animals are not uniformly dispersed over the surface of the country. If we have a tolerable acquaintance with any district, be it a parish, a county, or a larger extent of territory, we soon become aware that each well-marked portion of it has some peculiarities in its animal productions. If we want to find certain birds or certain insects, we have not only to choose the right season but to go to the right place. If we travel beyond our district in various directions we shall almost certainly meet with something new to us; some species which we were accustomed to see almost daily will disappear, others which we have never seen before will make their appearance. If we go very far, so as to be able to measure our journey by degrees of latitude and longitude and to perceive important changes of climate and vegetation, the differences in the forms of animal life will become greater; till at length we shall come to a country where almost everything will be new, all the familiar creatures of our own district being replaced by others more or less differing from them.

If we have been observant during our several journeys, and have combined and compared the facts we have collected, it will become apparent that the change we have witnessed has been of two distinct kinds. In our own and immediately surrounding districts, particular species appeared and disappeared because the soil, the aspect, or the vegetation, was adapted to them or the reverse. The marshes, the heaths, the woods and forests, the chalky downs, the rocky mountains, had each their peculiar inhabitants, which reappeared again and again as we came to tracts of country suitable for them. But as we got further away we began to find that localities very similar to those we had left behind were inhabited by a somewhat different set of species; and this difference increased with distance, notwithstanding that almost identical external conditions might be often met with. The first class of changes is that of stations; the second that of habitats. The one is a local, the other a geographical phenomenon. The whole area over which a particular animal is found may consist of any number of stations, but rarely of more than one habitat. Stations, however, are often so extensive as to include the entire range of many species. Such are the great seas and oceans, the Siberian or the Amazonian forests, the North African deserts, the Andean or the Himalayan highlands.

There is yet another difference in the nature of the change we have been considering. The new animals which we meet with as we travel in any direction from our starting point, are some of them very much like those we have left behind us, and can be at once referred to familiar types; while others are altogether unlike anything we have seen at home. When we reach the Alps we find another kind of squirrel, in Southern Italy a distinct mole, in Southern Europe fresh warblers and unfamiliar buntings. We meet also with totally new forms; as the glutton and the snowy owl in Northern, the genet and the hoopoe in Southern, and the saiga antelope and collared pratincole in Eastern Europe. The first series are examples of what are termed representative species, the second of distinct groups or types of animals. The one represents a comparatively recent modification, and an origin in or near the locality where it occurs; the other is a result of very ancient changes both organic and inorganic, and is connected with some of the most curious and difficult of the problems we shall have to discuss.



Having thus defined our subject, let us glance at the opinions that have generally prevailed as to the nature and causes of the phenomena presented by the geographical distribution of animals.

It was long thought, and is still a popular notion, that the manner in which the various kinds of animals are dispersed over the globe is almost wholly due to diversities of climate and of vegetation. There is indeed much to favour this belief. The arctic regions are strongly characterised by their white bears and foxes, their reindeer, ermine, and walruses, their white ptarmigan, owls, and falcons; the temperate zone has its foxes and wolves, its rabbits, sheep, beavers, and marmots, its sparrows and its song birds; while tropical regions alone produce apes and elephants, parrots and peacocks, and a thousand strange quadrupeds and brilliant birds which are found nowhere in the cooler regions. So the camel, the gazelle and the ostrich live in the desert; the bison on the prairie; the tapir, the deer, and the jaguar in forests. Mountains and marshes, plains and rocky precipices, have each their animal inhabitants; and it might well be thought, in the absence of accurate inquiry, that these and other differences would sufficiently explain why most of the regions and countries into which the earth is popularly divided should have certain animals peculiar to them and should want others which are elsewhere abundant.

A more detailed and accurate knowledge of the productions of different portions of the earth soon showed that this explanation was quite insufficient; for it was found that countries exceedingly similar in climate and all physical features may yet have very distinct animal populations. The equatorial parts of Africa and South America, for example, are very similar in climate and are both covered with luxuriant forests, yet their animal life is widely different; elephants, apes, leopards, guinea-fowls and touracos in the one, are replaced by tapirs, prehensile-tailed monkeys, jaguars, curassows and toucans in the other. Again, parts of South Africa and Australia are wonderfully similar in their soil and climate; yet one has lions, antelopes, zebras and giraffes; the other only kangaroos, wombats, phalangers and mice. In like manner parts of North America and Europe are very similar in all essentials of soil climate and vegetation, yet the former has racoons, opossums, and humming-birds; while the latter possesses moles, hedgehogs and true flycatchers. Equally striking are the facts presented by the distribution of many large and important groups of animals. Marsupials (opossums, phalangers &c.) are found from temperate Van Diemen's land[1] to the tropical islands of New Guinea and Celebes, and in America from Chili to Virginia. No crows exist in South America, while they inhabit every other part of the world, not excepting Australia. Antelopes are found only in Africa and Asia; the sloths only in South America; the true lemurs are confined to Madagascar, and the birds-of-paradise to New Guinea.

If we examine more closely the distribution of animals in any extensive region, we find that different, though closely allied species, are often found on the opposite sides of any considerable barrier to their migration. Thus, on the two sides of the Andes and Rocky Mountains in America, almost all the mammalia, birds, and insects are of distinct species. To a less extent, the Alps and Pyrenees form a similar barrier, and even great rivers and river plains, as those of the Amazon and Ganges, separate more or less distinct groups of animals. Arms of the sea are still more effective, if they are permanent; a circumstance in some measure indicated by their depth. Thus islands far away from land almost always have very peculiar animals found nowhere else; as is strikingly the case in Madagascar and New Zealand, and to a less degree in the West India islands. But shallow straits, like the English Channel or the Straits of Malacca, are not found to have the same effect, the animals being nearly or quite identical on their opposite shores. A change of climate or a change of vegetation may form an equally effective barrier to migration. Many tropical and polar animals are pretty accurately limited by certain isothermal lines; and the limits of the great forests in most parts of the world strictly determine the ranges of many species.

Naturalists have now arrived at the conclusion, that by some slow process of development or transmutation, all animals have been produced from those which preceded them; and the old notion that every species was specially created as they now exist, at a particular time and in a particular spot, is abandoned as opposed to many striking facts, and unsupported by any evidence. This modification of animal forms took place very slowly, so that the historical period of three or four thousand years has hardly produced any perceptible change in a single species. Even the time since the last glacial epoch, which on the very lowest estimate must be from 50,000 to 100,000 years, has only served to modify a few of the higher animals into very slightly different species. The changes of the forms of animals appear to have accompanied, and perhaps to have depended on, changes of physical geography, of climate, or of vegetation; since it is evident that an animal which is well adapted to one condition of things will require to be slightly changed in constitution or habits, and therefore generally in form, structure, or colour, in order to be equally well adapted to a changed condition of surrounding circumstances. Animals multiply so rapidly, that we may consider them as continually trying to extend their range; and thus any new land raised above the sea by geological causes becomes immediately peopled by a crowd of competing inhabitants, the strongest and best adapted of which alone succeed in maintaining their position.

If we keep in view these facts—that the minor features of the earth's surface are everywhere slowly changing; that the forms, and structure, and habits of all living things are also slowly changing; while the great features of the earth, the continents, and oceans, and loftiest mountain ranges, only change after very long intervals and with extreme slowness; we must see that the present distribution of animals upon the several parts of the earth's surface is the final product of all these wonderful revolutions in organic and inorganic nature. The greatest and most radical differences in the productions of any part of the globe must be dependent on isolation by the most effectual and most permanent barriers. That ocean which has remained broadest and deepest from the most remote geological epoch will separate countries the productions of which most widely and radically differ; while the most recently-depressed seas, or the last-formed mountain ranges, will separate countries the productions of which are almost or quite identical. It will be evident, therefore, that the study of the distribution of animals and plants may add greatly to our knowledge of the past history of our globe. It may reveal to us, in a manner which no other evidence can, which are the oldest and most permanent features of the earth's surface, and which the newest. It may indicate the existence of islands or continents now sunk beneath the ocean, and which have left no record of their existence save the animal and vegetable productions which have migrated to adjacent lands. It thus becomes an important adjunct to geology, which can rarely do more than determine what lands have been raised above the waters, under what conditions and at what period; but can seldom ascertain anything of the position or extent of those which have sunk beneath it. Our present study may often enable us, not only to say where lands must have recently disappeared, but also to form some judgment as to their extent, and the time that has elapsed since their submersion.

 

Having thus briefly sketched the nature and objects of the subject we have to study, it will be necessary—before entering on a detailed examination of the zoological features of the different parts of the earth, and of the distribution of the orders, families, and genera of animals—to examine certain preliminary facts and principles essential for our guidance. We must first inquire what are the powers of multiplication and dispersal of the various groups of animals, and the nature of the barriers that most effectually limit their range. We have then to consider the effects of changes in physical geography and in climate; to examine the nature and extent of such changes as have been known to occur; to determine what others are possible or probable; and to ascertain the various modes in which such changes affect the structure, the distribution, or the very existence of animals.



Two subjects of a different nature must next engage our attention. We have to deal with two vast masses of facts, each involving countless details, and requiring subdivision and grouping to be capable of intelligible treatment. All the continents and their chief subdivisions, and all the more important islands of the globe, have to be compared as regards their various animal forms. To do this effectively we require a natural division of the earth especially adapted to our purpose; and we shall have to discuss at some length the reasons for the particular system adopted—a discussion which must to some extent anticipate and summarize the conclusions of the whole work. We have also to deal with many hundreds of families and many thousands of genera of animals, and here too a true and natural classification is of great importance. We must therefore give a connected view of the classification adopted in the various classes of animals dealt with.

And lastly, as the existing distribution of animals is the result and outcome of all preceding changes of the earth and of its inhabitants, we require as much knowledge as we can get of the animals of each country during past geological epochs, in order to interpret the facts we shall accumulate. We shall, therefore, enter upon a somewhat detailed sketch of the various forms of extinct animals that have lived upon the earth during the Tertiary period; discuss their migrations at various epochs, the changes of physical geography that they imply, and the extent to which they enable us to determine the birthplace of certain families and genera.

The preliminary studies above enumerated will, it is believed, enable us to see the bearing of many facts in the distribution of animals that would otherwise be insoluble problems; and, what is hardly less valuable, will teach us to estimate the comparative importance of the various groups of animals, and to avoid the common error of cutting the gordian knot of each difficulty by vast hypothetical changes in existing continents and oceans—probably the most permanent features of our globe.




CHAPTER II.

THE MEANS OF DISPERSAL AND THE MIGRATIONS OF ANIMALS.
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All animals are capable of multiplying so rapidly, that if a single pair were placed in a continent with abundance of food and no enemies, they might fully stock it in a very short time. Thus, a bird which produces ten pairs of young during its lifetime (and this is far below the fertility of many birds) will, if we take its life at five years, increase to a hundred millions in about forty years, a number sufficient to stock a large country. Many fishes and insects are capable of multiplying several thousandfold each year, so that in a few years they would reach billions and trillions. Even large and slow breeding mammals, which have only one at a birth but continue to breed from eight to ten successive years, may increase from a single pair to ten millions in less than forty years.

But as animals rarely have an unoccupied country to breed in, and as the food in any one district is strictly limited, their natural tendency is to roam in every direction in search of fresh pastures, or new hunting grounds. In doing so, however, they meet with many obstacles. Rocks and mountains have to be climbed, rivers or marshes to be crossed, deserts or forests to be traversed; while narrow straits or wider arms of the sea separate islands from the main land or continents from each other. We have now to inquire what facilities the different classes of animals have for overcoming these obstacles, and what kind of barriers are most effectual in checking their progress.

Means of Dispersal of Mammalia.—Many of the largest mammalia are able to roam over whole continents and are hardly stopped by any physical obstacles. The elephant is almost equally at home on plains and mountains, and it even climbs to the highest summit of Adam's Peak in Ceylon[2], which is so steep and rocky as to be very difficult of ascent for man. It traverses rivers with great ease and forces its way through the densest jungle. There seems therefore to be no limit to its powers of wandering, but the necessity of procuring food and its capacity of enduring changes of climate. The tiger is another animal with great powers of dispersal[1q]. It crosses rivers and sometimes even swims over narrow straits of the sea, and it can endure the severe cold of North China and Tartary as well as the heats of the plains of Bengal. The rhinoceros, the lion, and many of the ruminants have equal powers of dispersal; so that wherever there is land and sufficient food, there are no limits to their possible range. Other groups of animals are more limited in their migrations. The apes, lemurs, and many monkeys are so strictly adapted to an arboreal life that they can never roam far beyond the limits of the forest vegetation. The same may be said of the squirrels, the opossums, the arboreal cats, and the sloths, with many other groups of less importance. Deserts or open country are equally essential to the existence of others. The camel, the hare, the zebra, the giraffe and many of the antelopes could not exist in a forest country any more than could the jerboas or the prairie marmots.

There are other animals which are confined to mountains, and could not extend their range into lowlands or forests. The goats and the sheep are the most striking group of this kind, inhabiting many of the highest mountains of the globe; of which the European ibex and mouflon are striking examples. Rivers are equally necessary to the existence of others, as the beaver, otter, water-vole and capybara; and to such animals high mountain-ranges or deserts must form an absolutely impassable barrier.

Climate as a Limit to the Range of Mammals.—Climate appears to limit the range of many animals, though there is some reason to believe that in many cases it is not the climate itself so much as the change of vegetation consequent on climate which produces the effect. The quadrumana appear to be limited by climate, since they inhabit almost all the tropical regions but do not range more than about 10° beyond the southern and 12° beyond the northern tropic, while the great bulk of the species are found only within an equatorial belt about 30° wide. But as these animals are almost exclusively fruit-eaters, their distribution depends as much on vegetation as on temperature; and this is strikingly shown by the fact that the Semnopithecus schistaceus[3] inhabits the Himalayan mountains to a height of 11,000 feet, where it has been seen leaping among fir-trees loaded with snow-wreaths! Some northern animals are bounded by the isothermal of 32°. Such are the polar bear and the walrus, which cannot live in a state of nature far beyond the limits of the frozen ocean; but as they live in confinement in temperate countries, their range is probably limited by other conditions than temperature.

We must not therefore be too hasty in concluding, that animals which we now see confined to a very hot or a very cold climate are incapable of living in any other. The tiger was once considered a purely tropical animal, but it inhabits permanently the cold plains of Manchuria and the Amoor, a country of an almost arctic winter climate. Few animals seem to us more truly inhabitants of hot countries than the elephants and rhinoceroses; yet in Post-tertiary times they roamed over the whole of the northern continents to within the arctic circle; and we know that the climate was then as cold as it is now, from their entire bodies being preserved in ice. Some change must recently have occurred either in the climate, soil, or vegetation of Northern Asia which led to the extinction of these forerunners of existing tropical species; and we must always bear in mind that similar changes may have acted upon other species which we now find restricted within narrow limits, but which may once have roamed over a wide and varied territory.

Valleys and Rivers as Barriers to Mammals.—To animals which thrive best in dry and hilly regions, a broad level and marshy valley must often prove an effectual barrier. The difference of vegetation and of insect life, together with an unhealthy atmosphere, no doubt often checks migration if it is attempted. Thus many animals are restricted to the slopes of the Himalayas or to the mountains of Central India, the flat valley of the Ganges forming a limit to their range. In other cases, however, it is the river rather than the valley which is the barrier. In the great Amazonian plains many species of monkeys, birds, and even insects are found up to the river banks on one side but do not cross to the other. Thus in the lower part of the Rio Negro two monkeys, the Jacchus bicolor and the Brachiurus couxiou, are found on the north bank of the river but never on the south, where a red-whiskered Pithecia is alone found. Higher up Ateles paniscus extends to the north bank of the river while Lagothrix humboldtii comes down to the south bank; the former being a native of Guiana, the latter of Ecuador. The range of the birds of the genus Psophia or trumpeters, is also limited by the rivers Amazon, Madeira, Rio Negro and some others; so that in these cases we are able to define the limits of distribution with an unusual degree of accuracy, and there is little doubt the same barriers also limit a large number of other species.

Arms of the Sea as Barriers to Mammals.—Very few mammals can swim over any considerable extent of sea, although many can swim well for short distances. The jaguar traverses the widest streams in South America, and the bear and bison cross the Mississippi; and there can be no doubt that they could swim over equal widths of salt water, and if accidentally carried out to sea might sometimes succeed in reaching islands many miles distant. Contrary to the common notion pigs can swim remarkably well. Sir Charles Lyell[4] tells us in his "Principles of Geology" that during the floods in Scotland in 1829, some pigs only six months old that were carried out to sea, swam five miles and got on shore again. He also states, on the authority of the late Edward Forbes, that a pig jumped overboard to escape from a terrier in the Grecian Archipelago, and swam safely to shore many miles distant. These facts render it probable that wild pigs, from their greater strength and activity, might under favourable circumstances cross arms of the sea twenty or thirty miles wide; and there are facts in the distribution of this tribe of animals which seem to indicate that they have sometimes done so. Deer take boldly to the water and can swim considerable distances, but we have no evidence to show how long they could live at sea or how many miles they could traverse. Squirrels, rats, and lemmings often migrate from northern countries in bands of thousands and hundreds of thousands, and pass over rivers, lakes and even arms of the sea, but they generally perish in the saltwater. Admitting, however, the powers of most mammals to swim considerable distances, we have no reason to believe that any of them could traverse without help straits of upwards of twenty miles in width, while in most cases a channel of half that distance would prove an effectual barrier.

Ice-floes and Driftwood as Aiding the Dispersal of Mammals.—In the arctic regions icebergs originate in glaciers which descend into the sea, and often bear masses of gravel, earth, and even some vegetation on their surfaces; and extensive level ice-fields break away and float southwards. These might often carry with them such arctic quadrupeds as frequent the ice, or even on rare occasions true land-animals, which might sometimes be stranded on distant continents or islands. But a more effectual because a more wide-spread agent, is to be found in the uprooted trees and rafts of driftwood often floated down great rivers and carried out to sea. Such rafts or islands are sometimes seen drifting a hundred miles from the mouth of the Ganges with living trees erect upon them; and the Amazon, the Orinoco, Mississippi, Congo, and most great rivers produce similar rafts. Spix and Martius declare that they saw at different times on the Amazon, monkeys, tiger-cats, and squirrels, being thus carried down the stream. On the Parana, pumas, squirrels, and many other quadrupeds have been seen on these rafts; and Admiral W. H. Smyth informed Sir C. Lyell that among the Philippine islands after a hurricane, he met with floating masses of wood with trees growing upon them, so that they were at first mistaken for islands till it was found that they were rapidly drifting along. Here therefore, we have ample means for carrying all the smaller and especially the arboreal mammals out to sea; and although in most cases they would perish there, yet in some favourable instances strong winds or unusual tidal currents might carry them safely to shores perhaps several hundred miles from their native country. The fact of green trees so often having been seen erect on these rafts is most important; for they would act as a sail by which the raft might he propelled in one direction for several days in succession, and thus at last reach a shore to which a current alone would never have carried it.

There are two groups of mammals which have quite exceptional means of dispersal—the bats which fly, and the cetacea, seals, &c., which swim. The former are capable of traversing considerable spaces of sea, since two North American species either regularly or occasionally visit the Bermudas, a distance of 600 miles from the mainland. The oceanic mammals (whales and porpoises) seem to have no barrier but temperature; the polar species being unable to cross the equator, while the tropical forms are equally unfitted for the cold polar waters. The shore-feeding manatees, however, can only live where they find food; and a long expanse of rocky coast would probably be as complete a barrier to them as a few hundred miles of open ocean. The amphibious seals and walruses seem many of them to be capable of making long sea journeys, some of the species being found on islands a thousand miles apart, but none of the arctic are identical with the antartic species.

The otters with one exception are freshwater animals, and we have no reason to believe they could or would traverse any great distances of salt water. In fact, they would be less liable to dispersal across arms of the sea than purely terrestrial species, since their powers of swimming would enable them to regain the shore if accidentally carried out to sea by a sudden flood.

Means of Dispersal of Birds.—It would seem at first sight that no barriers could limit the range of birds, and that they ought to be the most ubiquitous of living things, and little fitted therefore to throw any light on the laws or causes of the geographical distribution of animals. This, however, is far from being the case; many groups of birds are almost as strictly limited by barriers as the mammalia; and from their larger numbers and the avidity with which they have been collected, they furnish materials of the greatest value for our present study. The different groups of birds offer remarkable contrasts in the extent of their range, some being the most cosmopolite of the higher animals, while others are absolutely confined to single spots on the earth's surface. The petrels (Procellariidæ) and the gulls (Laridæ) are among the greatest wanderers; but most of the species are confined to one or other of the great oceans, or to the arctic or antarctic seas, a few only being found with scarcely any variation over almost the whole globe. The sandpipers and plovers wander along the shores as far as do the petrels over the ocean. Great numbers of them breed in the arctic regions and migrate as far as India and Australia, or down to Chili and Brazil; the species of the old and new worlds, however, being generally distinct. In striking contrast to these wide ranges we find many of the smaller perching birds, with some of the parrots and pigeons, confined to small islands of a few square miles in extent, or to single valleys or mountains on the mainland.

Dispersal of Birds by Winds.—Those groups of birds which possess no powers of flight, such as the ostrich, cassowary, and apteryx, are in exactly the same position as mammalia as regards their means of dispersal, or are perhaps even inferior to them; since, although they are able to cross rivers by swimming, it is doubtful if they could remain so long in the water as most land quadrupeds. A very large number of short-winged birds, such as toucans, pittas, and wrens, are perhaps worse off; for they can fly very few miles at a time, and on falling into the water would soon be drowned. It is only the strong-flying species that can venture to cross any great width of sea; and even these rarely do so unless compelled by necessity to migrate in search of food, or to a more genial climate. Small and weak birds are, however, often carried accidentally across great widths of ocean by violent gales. This is well exemplified by the large numbers of stragglers from North America, which annually reach the Bermudas. No less than sixty-nine species of American birds have occurred in Europe, most of them in Britain and Heligoland. They consist chiefly of migratory birds which in autumn return along the eastern coasts of the United States, and often fly from point to point across bays and inlets. They are then liable to be blown out to sea by storms, which are prevalent at this season; and it is almost always at this time of year that their occurrence has been noted on the shores of Europe. It may, however, be doubted whether this is not an altogether modern phenomenon, dependent on the number of vessels constantly on the Atlantic which afford resting-places to the wanderers; as it is hardly conceivable that such birds as titlarks, cuckoos, wrens, warblers, and rails, could remain on the wing without food or rest, the time requisite to pass over 2,000 miles of ocean. It is somewhat remarkable that no European birds reach the American coast but a few which pass by way of Iceland and Greenland; whereas a considerable number do reach the Azores, fully half way across; so that their absence can hardly be due to the prevailing winds being westerly. The case of the Azores is, however, an argument for the unassisted passage of birds for that distance; since two of the finches are peculiar 'species,' but closely allied to European forms, so that their progenitors must, probably, have reached the islands before the Atlantic was a commercial highway.

Barriers to the Dispersal of Birds.—We have seen that, as a rule, wide oceans are an almost absolute barrier to the passage of most birds from one continent to another; but much narrower seas and straits are also very effectual barriers where the habits of the birds are such as to preserve them from being carried away by storms. All birds which frequent thickets and forests, and which feed near or on the ground, are secure from such accidents; and they are also restricted in their range by the extent of the forests they inhabit. In South America a large number of the birds have their ranges determined by the extent of the forest country, while others are equally limited to the open plains. Such species are also bounded by mountain ranges whenever these rise above the woody region. Great rivers, such as the Amazon, also limit the range of many birds, even when there would seem to be no difficulty in their crossing them. The supply of food, and the kind of vegetation, soil, and climate best suited to a bird's habits, are probably the causes which mark out the exact limits of the range of each species; to which must be added the prevalence of enemies of either the parent birds, the eggs, or the young. In the Malay Archipelago pigeons abound most where monkeys do not occur; and in South America the same birds are comparatively scarce in the forest plains where monkeys are very abundant, while they are plentiful on the open plains and campos, and on the mountain plateaux, where these nest-hunting quadrupeds are rarely found. Some birds are confined to swamps, others to mountains; some can only live on rocky streams, others on deserts or grassy plains.

The Phenomena of Migration.—The term "migration" is often applied to the periodical or irregular movements of all animals; but it may be questioned whether there are any regular migrants but birds and fishes. The annual or periodical movements of mammalia are of a different class. Monkeys ascend the Himalayas in summer to a height of 10,000 to 12,000 feet, and descend again in winter. Wolves everywhere descend from the mountains to the lowlands in severe weather. In dry seasons great herds of antelopes move southwards towards the Cape of Good Hope. The well-known lemmings, in severe winters, at long intervals, move down from the mountains of Scandinavia in immense numbers, crossing lakes and rivers, eating their way through haystacks, and surmounting every obstacle till they reach the sea, whence very few return. The alpine hare, the arctic fox, and many other animals, exhibit similar phenomena on a smaller scale; and generally it may be said, that whenever a favourable succession of seasons has led to a great multiplication of any species, it must on the pressure of hunger seek food in fresh localities. For such movements as these we have no special term. The summer and winter movements best correspond to true migration, but they are always on a small scale, and of limited extent; the other movements are rather temporary incursions than true migrations.

The annual movements of many fishes are more strictly analogous to the migration of birds, since they take place in large bodies and often to considerable distances, and are immediately connected with the process of reproduction. Some, as the salmon, enter rivers; others, as the herring and mackerel, approach the coast in the breeding season; but the exact course of their migrations is unknown, and owing to our complete ignorance of the area each species occupies in the ocean, and the absence of such barriers and of such physical diversities as occur on the land, they are of far less interest and less connected with our present study than the movements of birds, to which we shall now confine ourselves.

Migrations of Birds.—In all the temperate parts of the globe there are a considerable number of birds which reside only a part of the year, regularly arriving and leaving at tolerably fixed epochs. In our own country many northern birds visit us in winter, such as the fieldfare, redwing, snow-bunting, turnstone, and numerous ducks and waders; with a few, like the black redstart, and (according to Rev. C. A. Johns) some of the woodcocks from the south. In the summer a host of birds appear—the cuckoo, the swifts and swallows, and numerous warblers, being the most familiar—which stay to build their nests and rear their young, and then leave us again. These are true migrants; but a number of other birds visit us occasionally, like the waxwing, the oriole, and the beefeater, and can only be classed as stragglers, which, perhaps from too rapid multiplication one year and want of food the next, are driven to extend their ordinary range of migration to an unusual degree. We will now endeavour to sketch the chief phenomena of migration in different countries.

Europe.—It is well ascertained that most of the birds that spend their spring and summer in the temperate parts of Europe pass the winter in North Africa and Western Asia. The winter visitants, on the other hand, pass the summer in the extreme north of Europe and Asia, many of them having been found to breed in Lapland. The arrival of migratory birds from the south is very constant as to date, seldom varying more than a week or two, without any regard to the weather at the time; but the departure is less constant, and more dependent on the weather. Thus the swallow always comes to us about the middle of April, however cold it may be, while its departure may take place from the end of September to late in October, and is said by Forster to occur on the first N. or N.E. wind after the 20th of September.

Almost all the migratory birds of Europe go southward to the Mediterranean, move along its coasts east or west, and cross over in three places only; either from the south of Spain, in the neighbourhood of Gibraltar, from Sicily over Malta, or to the east by Greece and Cyprus. They are thus always in sight of land. The passage of most small birds (and many of the larger ones too) takes place at night; and they only cross the Mediterranean when the wind is steady from near the east or west, and when there is moonlight.

It is a curious fact, but one that seems to be well authenticated, that the males often leave before the females, and both before the young birds, which in considerable numbers migrate later and alone. These latter, however, seldom go so far as the old ones; and numbers of young birds do not cross the Mediterranean, but stay in the south of Europe. The same rule applies to the northward migration; the young birds stopping short of the extreme arctic regions, to which the old birds migrate.[1] When old and young go together, however, the old birds take the lead. In the south of Europe few of the migratory birds stay to breed, but pass on to more temperate zones; thus, in the south of France, out of 350 species only 60 breed there. The same species is often sedentary in one part of Europe and migratory in another; thus, the chaffinch is a constant resident in England, Germany, and the middle of France; but a migrant in the south of France and in Holland: the rook visits the south of France in winter only: the Falco tinnunculus is both a resident and a migrant in the south of France, according to M. Marcel de Serres, there being two regular passages every year, while a certain number always remain.



We see, then, that migration is governed by certain intelligible laws; and that it varies in many of its details, even in the same species, according to changed conditions. It may be looked upon as an exaggeration of a habit common to all locomotive animals, of moving about in search of food. This habit is greatly restricted in quadrupeds by their inability to cross the sea or even to pass through the highly-cultivated valleys of such countries as Europe; but the power of flight in birds enables them to cross every kind of country, and even moderate widths of sea; and as they mostly travel at night and high in the air, their movements are difficult to observe, and are supposed to be more mysterious than they perhaps are. In the tropics birds move about to different districts according as certain fruits become ripe, certain insects abundant, or as flooded tracts dry up. On the borders of the tropics and the temperate zone extends a belt of country of a more or less arid character, and liable to be parched at the summer solstice. In winter and early spring its northern margin is verdant, but it soon becomes burnt up, and most of its birds necessarily migrate to the more fertile regions to the north of them. They thus follow the spring or summer as it advances from the south towards the pole, feeding on the young flower buds, the abundance of juicy larvæ, and on the ripening fruits; and as soon as these become scarce they retrace their steps homewards to pass the winter. Others whose home is nearer the pole are driven south by cold, hunger, and darkness, to more hospitable climes, returning northward in the early summer. As a typical example of a migratory bird, let us take the nightingale. During the winter this bird inhabits almost all North Africa, Asia Minor, and the Jordan Valley. Early in April it passes into Europe by the three routes already mentioned, and spreads over France, Britain, Denmark, and the south of Sweden, which it reaches by the beginning of May. It does not enter Brittany, the Channel Islands, or the western part of England, never visiting Wales, except the extreme south of Glamorganshire, and rarely extending farther north than Yorkshire. It spreads over Central Europe, through Austria and Hungary to Southern Russia and the warmer parts of Siberia, but it nevertheless breeds in the Jordan Valley, so that in some places it is only the surplus population that migrates. In August and September, all who can return to their winter quarters.

Migrations of this type probably date back from at least the period when there was continuous land along the route passed over; and it is a suggestive fact that this land connection is known to have existed in recent geological times. Britain was connected with the Continent during, and probably before, the glacial epoch; and Gibraltar, as well as Sicily and Malta, were also recently united with Africa, as is proved by the fossil elephants and other large mammalia found in their caverns, by the comparatively shallow water still existing in this part of the Mediterranean while the remainder is of oceanic profundity, and by the large amount of identity in the species of land animals still inhabiting the opposite shores of the Mediterranean. The submersion of these two tracts of land (which were perhaps of considerable extent) would be a slow process, and from year to year the change might be hardly perceptible. It is easy to see how the migration that had once taken place over continuous land would be kept up, first over lagoons and marshes, then over a narrow channel, and subsequently over a considerable sea, no one generation of birds ever perceiving any difference in the route.

There is, however, no doubt that the sea-passage is now very dangerous to many birds. Quails cross in immense flocks, and great numbers are drowned at sea whenever the weather is unfavourable. Some individuals always stay through the winter in the south of Europe, and a few even in England and Ireland; and were the sea to become a little wider the migration would cease, and the quail, like some other birds, would remain divided between south Europe and north Africa. Aquatic birds are observed to follow the routes of great rivers and lakes, and the shores of the sea. One great body reaches central Europe by way of the Danube from the shores of the Black Sea; another ascends the Rhone Valley from the Gulf of Lyons.



India and China.—In the peninsula of India and in China great numbers of northern birds arrive during September and October, and leave from March to May. Among the smaller birds are wagtails, pipits, larks, stonechats, warblers, thrushes, buntings, shrikes, starlings, hoopoes, and quails. Some species of cranes and storks, many ducks, and great numbers of Scolopacidæ also visit India in winter; and to prey upon these come a band of rapacious birds—the peregrine falcon, the hobby, kestrel, common sparrowhawk, harrier, and the short-eared owl. These birds are almost all natives of Europe and Western Asia; they spread
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