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From the Preface to the First Edition
It is to students, professional non-zoologists, and non-professional zoologists that this dictionary is addressed.

Apart from the entries describing taxa (arthropods, other invertebrates, fish, amphibians, reptiles, birds, and mammals) the dictionary covers animal behaviour, cell
structure and function, Earth history, ecology, evolutionary concepts, genetics, physiology, taxonomic principles, and zoogeography; and I have also included brief
biographical notes on some of the individuals whose names are likely to be familiar. To help the user I have also added internal cross-references, indicated by
asterisks.

In many entries, the number of species said to belong to a particular taxon is only approximate, and often rounded. The number of genera given should also be
regarded as approximate since the definition of a genus is more arbitrary than that of a species and opinions may differ over the allocation of species to genera.

At every taxonomic level, entries are under the Latin names, with common names in parenthesis, and cross-referenced. This arrangement permits consistency, with
groups treated in the same way whether or not they have common names, and it avoids the confusions that would arise with groups that have more than one common
name.

Without the support, hard work, and intellectual rigour of my colleagues, compiling the book would have been very much more difficult than it was. I am grateful to
them for their help and for the unfailing cheerfulness and promptness with which they dealt with the hundreds of pages of computer print-out I mailed to them.

Contributors and Advisers

Michael Kent
Michael Allaby

Roger Burrows Linda J. Losito

Colin P. Groves

Preface to the Second Edition

Much has happened during the six years that have elapsed since the publication of the first edition of this book. The discovery of 'extremopbhiles', organisms living in
environments formerly considered impossibly hostile, and comparisons between their DNA and that of other organisms have necessitated a major taxonomic revision
at the kingdom level. New animals have been discovered and relationships revealed by genetic studies have caused some species to be reclassified.
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In this second edition I have tried to take account of these and other developments. I have been helped greatly in this by Robin Allaby, who scrutinized all my
revisions, made many of his own, and contributed a substantial proportion of the new entries. Many entries have been brought up to date and many new entries have
been added, making this edition substantially different from its predecessor. It is also somewhat longer, because very few of the original entries have been removed. As
well as describing some of the newly discovered species, both living and fossil, we have increased the number of entries defining terms from genetics and evolutionary
studies and have also added a number of entries relating to mammalian physiology.

The aim remains unchanged. I hope this dictionary will help everyone sufficiently interested in the animals of this planet, past and present, to read books and journal
articles containing words and expressions with which they are unfamiliar.

I am very grateful for the help I received while preparing this edition and wish to express my thanks to Ailsa Allaby, Colin Groves. Linda J. Losito, and Ruth Slater.
Without their advice and contributions the new edition would have been much weaker than I hope it is.

MICHAEL ALLABY
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A
aardvark (ant bear, Orycteropus afer) See OrYCTEROPODIDAE.
aardwolf (Proteles cristatus) See HyAENIDAE.

abaptation The process by which an organism is fitted to its environment as a consequence of the characters it inherits, which have been filtered by *natural selection
in previous environments. Because present environments seldom differ greatly from recent past environments, abaptive fitness can resemble *adaptation. In this sense,
however, adaptation appears to imply advance planning, or design, which is misleading.

abdomen 1. In vertebrates, the region of the body that contains the internal organs other than the heart and lungs. In *Mammalia it is bounded anteriorly by the
*diaphragm. 2. In most *arthropods, the hind region (tagma) of the body, which contains most of the digestive tract, the gonads, and the genital openings. In
*Crustacea, the abdomen bears limbs which are to a greater or lesser extent segmentally arranged and the abdomen is not homologous with that of *arachnids and
*insects. The abdomen usually shows at least some trace of segmentation, though in the course of evolution this has been lost in all but one family of spiders. 3. In
insects, the segments of the body that lie posterior to the thorax. The abdominal segments carry no limbs, although there are appendages (associated with
reproduction) on the terminal segments in certain exopterygote and apterygote orders (e.g. *Thysanura) non-terminal segments may bear appendages that in some
*insects function as gills. In the primitive state the abdomen consists of eleven segments, but this number may be very much reduced in advanced insects.

abdominal fins 1. In fish, *pelvic fins located far back on the belly rather than in the thoracic or jugular position. 2. Ventral fins located on the abdominal (belly) side
of the body.

abduction Movement away from the midventral axis of the body. Compare apbuction.

abductor muscle A muscle that draws a structure (e.g. a limb) away from the centre line of the body.

Abductor and adductor muscles

ablogenesis The development of living organisms from non-living matter, as in the origin of life on Earth, or in the concept of spontaneous generation which was once
held to account for the origin of life but which modern understanding of evolutionary processes has rendered outdated.

ablotic Non-living; devoid of life. Compare siotic.

abomasum In *Ruminantia, the fourth and final region of the specialized stomach, corresponding to the stomach in other mammals and the zone in which digestion
proceeds with the usual mammalian digestive *enzymes.

aboral Away from the mouth; on the



opposite side of the body from the mouth in animals that lack clear-cut *dorsal and *ventral surfaces.

Abrocomidae (rat chinchillas; order *Rodentia, suborder *Hystricomorpha) A family of medium-sized, rat-like rodents that have stiff hairs projecting over the
nails of the three central digits of the hind feet. The skull is massive and narrow in the facial region, the brain case is rounded, with low occipital crests and short
paroccipital processes, and the cheek teeth are *hypsodont. Rat chinchillas live in colonies in burrows or crevices, and can climb trees. They are found only in the
Andes from southern Peru m northern Argentina. There are two species in a single genus, Abrocoma.

abyssal Applied to the deepest part of the ocean, below about 2000m. The abyssal zone covers approximately 75% of the ocean floor. Compare BaTHYAL; NERITIC.

abyssal fish Fish that live in the deepest part of the ocean, below about 2000 m. Many abyssal species have a prominent snout; a tapering, rat-tailed body, consisting
of flabby, watery tissue, and a lightweight skeleton.

Abyssinian roller (Coracias abyssinica) See CorRACIDAE.
Acanthiza (thornbills) See AcantHizDAE.

Acanthizidae (bristlebirds, scrub wrens, fairy warblers, thornbills, whitefaces; class *Aves, order *Passeriformes) A family of birds all of which build
domed nests. They have thin, pointed bills with *basal bristles, are insectivorous, and vary from being strictly arboreal (fairy warblers) to ground- feeding (scrub
Wrens). The sexes are usually similar. There are 17 genera, comprising 63 species. (Acanthiza (thorn-bills) are sometimes placed in the *Sylviidae or *Maluridae.)
They are found mainly in Australia and New Guinea.

Acanthobdeilida (phylum *Annelida, class *Hirudinea) An order of parasitic worms that lack an anterior sucker. *Chaetae occur in the anterior region. There is
one genus, Acanthobdella; it occurs only on salmon.

Acanthocephala (thorny-headed worms) A phylum of bilaterally symmetrical, *pseudocoelomate, worm-like organisms most of which do not have an excretory
system; all lack a gut. A retractable proboscis is present, covered with the recurred spines that give the animals their common name. All acanthocephalans are
endoparasitic, living in two or three marine or terrestrial vertebrates during their development. There are about 600 species.

Acanthochitonina See NEoLORICATA.

Acanthoclinidae (subclass *Actinopterygil, order *Perciformes) Family of small (about 8 cm long), agile fish that inhabit tropical waters of the Indo-Pacific
region. They have *pelvic fins reduced to one spine and two soft rays.

Acanthodil Class of primitive, fossil fish that had a true bony skeleton, a *heterocercal tail fin, a persistent *notochord, *ganoid scales, and stout spines in front of the
fins. The acanthodians lived from the *Silurian Period to the ¥*Permian Period and may be related to ancestors of the more modern bony fish.

Acanthopterygil Superorder of bony fish that includes all the spiny-finned fish (e.g. *Perciformes and *Beryciformes).
acanthosoma See PoSTLARVA.
Acanthostega See Icurryosreca.

Acanthuridae (surgeonfish, doctor-fish; subclass *Actinopterygil, order *Perciformes) Large family of slab-sided fish that have a sharp spine on each side of
the tail-base (hence the name 'surgeonfish'). The spine is retractable in some species. Many species exhibit striking colour patterns. There are about 80 species, found
in ail tropical seas; many feed on organisms that cover the surface or rocks, or on sea-grasses.

acari mites See AcariNa.

Acarina (acari mites, ticks; class *Arachnida) Order of small or very small arachnids most of which have a short, unsegmented *abdomen. The body comprises
the *capitulum and a *prosoma. In most forms the prosoma is covered by a single carapace (see cepraLotHORAX). The
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respiratory organs are *tracheae. Many species are parasites Of medical and veterinary importance, and many are agricultural pests. The Acarina are regarded by
many zoologists as an unnatural, polyphyletic group comprising elements derived independently from different arachnid stocks. There are 20000 known species, 2800
of which are aquatic, including some that are marine.

acarinum A small pouch in the abdomen of Old World carpenter, bees of the genus Xylocopa (subgenus Koptortosoma), which provide protection for symbiotic
mites of the genus Dinogamasus.

acceleration *Evolution that occurs by increasing the rate of ontogenetic (see ontoceny) development, so that further stages can be added before growth is
completed. This form of *heterochrony was proposed by E. H. ¥*Haeckel as one of the principal modes of evolution.

accentors See PRUNELLIDAE.

accessory genitalia (secondary genitalia) Organ of intromission, present only in the males of the order ¥*Odonata. It is situated the *sternites of the second and
third abdominal segments. It has no homologues in the animal kingdom.

accessory respiratory organ A system of air chambers formed by outgrowths from the mouth or gill region of those fish that occasionally leave the water. The
uptake of oxygen from the air is facilitated by a dense network of tiny blood vessels in the skin lining these air chambers, and their possession enables such fish as
labyrinth fish (¥ Anabantidae), snakeheads (¥*Channidae), or air-breathing catfish (*Clariidae) to survive outside water for some considerable time. The *swim-bladder
also may serve as an accessory respiratory organ.

Accipiter (sparrowhawks, goshawks) See AccipiTrRIDAE.

Accipitridae (hawks, eagles, buzzards, kites, Old World vultures; class *Aves, order *Falconiformes) The largest family of birds of prey, containing many
cosmopolitan genera, especially Accipiter (sparrowhawks and goshawks), Buteo (buzzards or hawks), Circus (harriers), Elanus (kites), Haliaeetus (fish eagles), and
Pernis (honey buzzards), which make up nearly half the family. Other genera are more restricted in range, and more than half are monotypic. Aquila chrysaetos
(golden eagle) has a *Holarctic distribution (there are 10 species of Aquila, found world-wide except for S. America and Malaysia). Hawk eagles (10 species of
Spizaetus) occur widely in low latitude forests. Accipiters are generally carnivorous, preying on snarls, insects, fish, mammals, reptiles, and birds; but one species,
Gypohierax angolensis (palmnut vulture), feeds on oil-palm husks. Vultures (seven species of Gyps) have reduced talons which aid walking, inhabit open plains,
mountains, and forests, feed on carrion, and nest in trees and on crags. There are 63 genera in the family, with more than 200 species.

acclimation A response by an animal that enables it to tolerate a change in a single factor (e.g. temperature) in its environment. The term is applied most commonly to
animals used in laboratory experiments and implies a change in only one factor. Compare ACCLIMATIZATION.

acclimatization A reversible, adaptive response that enables animals to tolerate environmental change (e.g. seasonal climatic change) involving several factors (e.g.
temperature and availability of food). The response is physiological, but may affect behaviour (e.g. when an animal responds physiologically to falling temperature in
ways that make *hibernation possible, and behaviourally by seeking a nesting site, nesting materials, and food). Compare accLivation.

accommodation (fatigue, synaptic accommodation) The exhaustion of *neurotransmitter at the *synapse when a stimulus is repeated frequently. This may result in
a decrease in behavioural responsiveness.

acentric Applied to a fragment of a *chromosome, formed during cell division, that lacks a *centromere. The fragment will be unable to follow the rest of the
chromosome in migration towards
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one or other pole as it has lost its point of attachment to the *spindle.
acephalous Lacking a distinct head.
acetabulum The socket in the *pelvis into which the head of the *femur fits.

acetylcholine (ACh) An acetyl ester of *choline that is involved in synaptic (see synapse) transmission between nerve cells. It is released from *vesicles by the
presynaptic *neurone and diffuses across the *synaptic deft where it interacts with specific receptors to produce a local depolarization of the postsynaptic membrane,
thus enabling the transmission of nerve impulses.

acetylcholine esterase An enzyme present within the *synaptic cleft that hydrolyses *acetylcholine to *choline and acetic acid, thus preparing the *synapse for the
passage of a new impulse.

acetyl coenzyme A (acetyl Co A) An important intermediate in the *citric-acid cycle, and in *fatty-acid and *amino-acid metabolism.
ACh See ACETYLCHOLINE.
acicular Pointed or needle-shaped.

acid According to the Bronsted-Lowry theory, a substance that hi solution liberates hydrogen ions or protons. The Lewis theory states that it is a substance that acts
as an electron-pair acceptor. An acid reacts with a base to give a salt and water (neutralization), and has a *pH of less than 7.

acidophilic 1. Refers to the propensity of a cell, its components, or its products to become stained by an acidic dye. 2. Applied to an organism that inhabits acid
environments.

acidopore In formicine ants, a flexible, hair- fringed nozzle.
Acinonyx jubatus (cheetah) See FrLak.

Acipenseridae (sturgeons; superorder *Chondrostel, order *Acipenseriformes) A family of large, fairly sluggish, bottom-feeding fish that have a low-slung
mouth, toothless jaws, four *barbels in front of the upper jaw, and rows of large plates along the body. They are found in Europe and N. America. Most of the 26
species are marine but ascend rivers to spawn. A few species, e.g. the sterlet (Acipenser ruthenus), live wholly in fresh water. Sturgeons are very fertile: large females
of the common sturgeon (Acipenser sturio) produce up to 6000000 eggs per year (the roe of ripe females after processing is renowned as caviar).

Acipenseriformes (subclass *Actinopterygil, superorder *Chondrostei) An order of rather primitive fish characterized by a cartilaginous skeleton, a
*heterocercal tail fin, and a head with a pointed, protruding *rostrum and ventrally located mouth. Extant members of the order either have a naked skin or possess
five rows of large, rhomboid, bony scales along the body; a spiral valve is found in the intestinal tract. Apart from the sturgeon and paddlefish the order includes a
number of fossil representatives dating back to the *Carboniferous Period.

Acochlidiacea (class *Gastropoda, subclass *Opisthobranchia) An order of molluscs in which individuals are very small and *benthic, living between sand
grains. The visceral sac is thin and spiculate, and is often much longer than the foot and markedly separate from it. There is no shell. These gastropods are deposit
feeders. According to different authorities the order contains three families or only one.

Acoela 1. (class *Turbellaria, subclass *Archoophora) An order of platyhelminth worms (*Platyhelminthes) that have no gut cavity or pharynx. 2. (class
*Gastropoda, subclass *Opisthobranchia) An order of molluscs that possess no shell, *mantle cavity, or gills. Respiration is carried out by *branchiae. Dorsal
outgrowths are quite common, and all have undergone complete *detorsion. *Benthic and planktonic forms occur. There is only one fossil family recorded, which
appeared in the *Eocene. According to some* authorities, the taxonomic use of 'Acoela’ as a molluscan order should be discouraged. It represents an attempt to unite
the *Notaspidea and *Nudibrancnia.

acoelomate Lacking a *coelom.
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acontium In *Anthozoa, an extension of a ¥nematocyst-bearing *mesentery, containing a nematocyst, that lies in the gastric cavity but can be protruded through the
mouth in order to capture prey and possibly also for defence.

acorn barnacle See BALANDAE.
acorn worms See ENTEROPNEUSTA.

acoustico-lateralis system The inner-ear region and *lateral-line organs located in the skin, forming a sensory system that conveys environmental information to the
brain of a fish: the lateral-line organs respond to changes in water pressure and displacement, the inner ear responds to sound and gravity. Generally such a system is
found in aquatic lower vertebrates (e.g. lampreys, sharks, bony fish, and one or two amphibians).

acquired characteristics Characteristics that are acquired by an organism during its lifetime. According to early evolutionary theorists (e.g. ¥*Lamarck), *traits
acquired in one generation in response to environmental stimuli may be inherited by the next generation. Thus over several generations a particular type of organism
would become better adapted to its environment. The heritability of such characteristics is now discredited.

Acrania See BRaNCHIOSTOMIDAE; CEPHALOCHORDATA.

Acrididae (short-horned grasshoppers, locusts; order *Orthoptera, *suborder *Caelifera) Cosmopolitan family of small to large, short-horned grasshoppers
among which *stridulation is common, the males and some females rubbing a row of pegs on the hind femora against a toughened vein of the forewing (tegmen). They
have three-segmented tarsi and antennae which are shorter than the fore femora, and hind legs modified for jumping (saltatorial). There are tympanal organs (ears) at
the base of the abdomen. The female has a short *ovipositor and lays eggs in the soil, or sometimes in decaying wood. All species are plant feeders and a number are
important agricultural pests, most notably the locusts. Lubber, spur-throated, slant-faced, and band-winged grasshoppers are members of the family, which is the
largest of the Caelifera and contains some 10000 known species.

Acridotheres (mynas) See STURNIDAE.

Acrobatidae (pygmy possums, pygmy gliders; order *Diprotodontia (or *Marsupialia), superfamily *Phalangeroidea) A family containing three genera of
mouse-sized marsupials, some of which have gliding membranes.

acrocentric Applied to a *chromosome in which the *centromere is located nearer to one end than to the other. During the *anaphase stage of cell division,
movement of an acrocentric chromosome towards one pole results in the chromosome being shaped like a 'J', as opposed to the normal 'V' shape of a metacentric
chromosome (in which the centromere is in the middle).

Acrochordidae (wart snakes and file snakes, order *Squamata, suborder *Serpentes) A family of primitive snakes with ridged scales that do not overlap.
There are nasal openings on top of the snout. Usually they are found in brackish water, but occasionally offshore. They rarely come on to land. There are two species,
found in India, Sri Lanka, some Indo-Australian islands, and northern Australia.

Acrocodia (Asian tapir) See TAPRIDAE.
acrodont Applied to the condition in which the teeth are fused to the bones. Compare THECODONT; PLEURODONT.

Acroechinoidea (subphylum *Echinozoa, class *Echinoidea) A taxonomic rank, between the subclass and superorder levels, that comprises a ¥monophyletic
group consisting of all ¥*Euechinoidea except for the *Echinothurioida.

acromion In *Mammalia, a ventral extension of the spine of the *scapula. It articulates with the *clavicle if a clavicle is present.

Acropomatidae (subclass *Actinopterygii, order *Perciformes) A very small family of marine tropical (Indo-Pacific) fish, comprising only three species. A
characteristic of this family is the anterior location, close to the *pelvic-fin base, of the vent (anus).
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acrosome A thin-walled *vesicle that forms a cap on the head of a *spermatozoon. On contact with an *ovum it bursts, releasing powerful lytic *enzymes which
cause a localized softening of the *vitelline membrane, thus facilitating fertilization.

Acrotretida (phylum *Brachiopoda, class *Inarticulata) An order that comprises two suborders of brachiopods which are usually circular or semicircular in
outline. The shell is either phosphatic or punctate calcareous. The *pedicle opening is restricted to the pedicle valve. The *shell beak is marginal to subcentral in
position.

Acrotretidina (class *Inarticulata, order *Acrotretida) A suborder of inarticulate brachiopods that have phosphatic shells. Throughout life they are attached to the
sea-bed by a *pedicle. They first appeared in the Lower *Cambrian. There are three superfamilies, seven families, and about 50 genera.

ACTH See ADRENOCORTICOTROPHIC HORMONE.

actin A *globular protein of relative molecular mass 60000 which is a major component of *microfilaments generally, and which is especially important in the
*myofibrils of striated muscle cell.

Actiniaria (sea anemones; class *An-thozoa, subclass *Zoantharia) An order of solitary polyps that lack skeletons. They have numerous *tentacles and paired
*mesenteries. There are about 200 living genera, comprising 700 species.

Actinistia 1. See CrossoPERYGH. 2. See COELACANTHIMORPHA.

Actinoceratida (class *Cephalopoda, subclass *Nautiloidea) A large order of predominantly *orthoconic cephalopods that have large *siphuncles. Large
amounts of siphuncular and *cameral deposits are present. Most are assumed to have been *nektonic. The actinoceratids ranged in age from Lower *Ordovician to
Lower *Carboniferous.

Actinopodea (subphylum *Sarcomastigophora, superclass *Sarcodina) A class of *Protozoa that are typically spherical *amoebae with radiating
*pseudopodia. They are free-living in freshwater and marine environments.

Actinopodidae See TRAPDOOR SPIDERS.

Actinopterygil (ray-finned fish; class *Osteichthyes) A subclass of ray-finned fish, that includes the majority of living bony fish of sea and fresh water. The fins
are composed of a membranous web of skin supported by a varying number of spines and soft rays. This subclass includes a diversity offish types, ranging from the
sturgeon and paddlefish to the eel and tuna. They appeared first during the *Devonian Period.

Actinozoa See ANTHOZOA.
action potential See ALL-OR-NOTHING LAW.

activation energy (energy of activation) The energy that must be delivered to a system in order to increase the incidence within it of reactive molecules, thus
initiating a reaction. It is an important feature of *enzymes that they greatly lower the activation energy of many metabolic reactions.

activator A metal ion that functions in conjunction with either an *enzyme or its *substrate in order to bring about a reaction.
active dispersal See DISPERSAL.

active immunity Resistance to a disease that is acquired by an animal as the result of the production of *antibodies in response to *antigens produced by the disease
organism whilst inside the host animal.

active site Part of an *enzyme molecule, the conformation of which is such that it binds to the substrate or substrates to form an enzyme-*substrate complex. The
conformation is not absolute and may alter according to reaction conditions.

active transport The transport of substances across a membrane against a concentration gradient. Such processes require energy, the source often being the
hydrolysis of *adenosine triphosphate (ATP). *Protein or *lipoprotein carrier
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molecules are believed to be involved in the process.
actomyosin A complex of the proteins *actin and *myosin in an approximately 3:1 ratio. It is formed in vivo in muscle cells, or in vitro from purified extracts.

Acuieata (wasps, ants, bees; order *Hymenoptera, suborder *Apocrita) Division of Hymenoptera in which the *ovipositor has lost its egg-laying function and is
modified as a *sting. The sting has been lost in some *aculeates (e.g. formicine ants) and is reduced or absent in some bees (e.g. the Andrenidae and Meliponini).
Compare Parasitica.

aculeate Prickly, pointed. The term is applied to organisms that are armed with a *sting (e.g. members of the hymenopteran division *Aculeata, which have stings).
The word is derived from the Latin aculeatus, meaning stinging, from acus, needle.

acuminate Tapering to a point.
acute (of disease) Applied to a disease that develops rapidly and is of short duration; symptoms tend to be severe.

adambulacral In *Echinodermata, applied to the ossicles and spines that occur at the outer ends of the ambulacral plates (see amBuLacrum), with which they
alternate.

Adapidae (suborder *Strepsirhini (or *Prosimii), infra-order *Lemuriformes) An extinct family of lemur-like animals; most were small, but a few had heads 10
cm or more long. The brain case was small with temporal crests and smooth cerebral hemispheres, and the tympanic ring was included in the *bulla. Dentition was full
and the *incisors were not *procumbent, but in Adapis species the *canines were incisiform, the *molars resembling those of some modem lemurs. The skeleton was
adapted for grasping, leaping, and perching. Old World adapids (e.g. Adapis and Pronycticebus) probably resembled lemurs and lorises, to which they may be
ancestral. They were distributed in Europe and N. America in the *Eocene.

adaptation 1. Generally, the adjustments that occur in animals in respect of their environments. The adjustments may occur by *natural selection, as individuals with
favourable genetic traits breed more prolifically than those lacking these traits (genotypic adaptation), or they may involve non-genetic changes in individuals, such as
physiological modification (e.g. *acclimatization) or behavioural changes (phenotypic adaptation). Compare asapration. 2. (evol.) That which fits an Organism both
generally and specifically to exploit a given environmental zone (e.g. wings allow birds to fly, whereas the hooked beak and sharp talons of birds of prey are more
specialized adaptations well suited to a predatory way of life). The word also implies that the feature has survived became it assists its possessor in its existing *niche.
Compare exapration. 3. Sensory adaptation involves a decrease over time of the frequency of the impulses leaving a sensory receptor when a stimulus is repeated
frequently. See ACCOMMODATION; HABITUATION.

adaptive breakthrough Evolutionary change by the acquisition of a distinctive *adaptation that permits a population or *taxon to move from one *adaptive zone to
another. At the most extreme such moves might be from water to land, or from land to air.

adaptive pathway A series of small adaptive steps, rather than a single large one, which leads from one *adaptive zone across an environmental and adaptive
threshold into another adaptive zone. In effect, small changes accumulate so that the organism is virtually pre-adapted (see pre-apAPTATION) tO enter the new zone.

adaptive peaks and valleys Features on a symbolic contour map that shows the *adaptive value of genotypic combinations. Such a map will usually display
adaptive peaks and valleys occurring at points where the adaptive value is relatively strong or weak. The population of a given *species will therefore be distributed
more densely at the adaptive peaks and more sparsely at the valleys.

adaptive radiation 1. A burst of evolution, with rapid divergence, from a single ancestral form, that results from the exploitation of an array of *habitats.
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The term is applied at many taxonomic levels (e.g. the radiation of the mammals at the base of the ¥*Cenozoic is of ordinal status, whereas the radiation of *Darwin's
finches in the *Galapagos Islands resulted in a proliferation of species). 2. Term used synonymously with *cladogenesis by some authors.

adaptive type A population or *taxon that has distinctive adaptive attributes, expressed as a particular morphological theme, characteristic of a particular *habitat or
mode of life. In evolutionary terms, the appearance of a new adaptive type is frequently followed by radiations that yield variants; these partition the environment and
exploit it more effectively.

adaptive value (Darwinian fitness, fitness, selective value) The balance of genetic advantages and disadvantages that determines the ability of an individual
organism (or *genotype) to survive and reproduce in a given environment. The 'fittest' is the individual (or genotype) that produces the largest number of offspring that
survive to maturity and reproduce.

adaptive zone A *taxon that is considered together with its associated environmental regime(s), *habitat, or *niche. The adaptive specialization that fits the taxon to
its environment, and hence the adaptive zone, may be narrow (as with the giant panda, which eats only certain types of bamboo shoots) or broad (as with the brown
bear, which is omnivorous).

adder (Vipera berus) See VIPERIDAE.
additive genetic variance See HERITABILITY.
adduction Movement towards, the midventral axis of the body. Compare aspuction.

adductor muscle A muscle that draws a shell or limb of an animal towards the median axis of the body. An adductor muscle closes the shell valves in *Bivalvia and
the carapace valves in *Cirripedia.

adecticous In arthropods, having non-articulated, often reduced mandibles that in most species are not used for escape from the pupal cocoon.
adelphoparasite A parasite (see parasiTism) that has as its host a species closely related to itself, often within the same family or genus.
adenine A *purine base which occurs in both *DNA and *RNA.

adenophypophysis In vertebrates, part of the *pituitary gland that is derived from the *hypophysial sac during the development of the *embryo. It has two parts: the
pars distalis, which forms the anterior lobe of the pituitary; and the pars intermedia (absent in some mammals and in birds), which forms part of the posterior lobe.
Compare NEUROHYPOPHYSIS.

adenosine A *nucleoside formed when *adenine is linked to *ribose sugar.

adenosine diphosphata (ADP) A high-energy phosphoric ester, or *nucleotide, of the *nucleoside *adenosine. It can undergo *hydrolysis to adenosine
monophosphate and inorganic phosphate, the reaction releasing 34kJ/mol of energy at *pH 7.

adenosine triphosphate (ATP) A high-energy phosphoric ester, or *nucleotide, of the *nucleoside *adenosine which functions as the principal energy-carrying
compound in the cells of all living organisms. Its *hydrolysis to * ADP and inorganic phosphate is accompanied by the release of a relatively large amount of free
energy (34kJ/mol at *pH 7) which is used to drive many metabolic functions.

ADH See vASOPRESSIN.

adherens junction A cell junction that is commonly observed in epithelial (see eritueLIUM) cells (e.g. those-lining the intestine and those in cardiac muscle cells). At
these junctions the *cell membranes of the neighbouring cells are separated by a space of 15-25nm which is filled with a filamentous material. Beneath this, anchoring
the junction to the cell *cytoplasm, are loosely structured mats of fibres, 7nm in diameter, thought to be *actin filaments. It is thought that these junctions may provide
mobility in the regions of the cells in which they are located.

adipose Pertaining to fat.
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adipose eyelid. The thickened yet transparent skin that overlies the eyes of some animals. Some fish have adipose eyelids (e.g. certain herring and mullet species);
apart from a small central aperture, it covers most of the eye, giving the fish a 'bespectacled' appearance.

adipose fin In some fish (e.g. members of the salmon, catfish, and a few other families), a type of second dorsal fin in the form of a small flap of fatty tissue covered
with skin and lacking supporting rays.

adipose tissue *Connective tissue that contains large cells in which fat is stored.
admirals See NYMPHALIDAE.

adoral On the same side of the body as the mouth.

ADP See ADENOSINE DIPHOSPHATE.

adrenal gland In vertebrates, an organ that secretes certain *hormones. Many vertebrates possess multiple adrenal glands, but in *mammals there is one gland close
to each *kidney. In *tetrapods, each gland consists of a central *medulla and an outer *cortex. The medulla secretes *adrenalin and *noradrenalin, hormones needed
when the animal is in an excited state and must engage in strenuous activity (e.g. fighting or fleeing). The cortex secretes sex hormones and other hormones concerned
with regulating the water and salt balances of the body.

adrenalin (adrenaline, epinephrine) A *hormone secreted by the *adrenal *medulla and largely responsible for the 'fight or flight' response in mammals. It
stimulates the breakdown of *glycogen, thus raising the blood-sugar level, it mobilizes free *fatty acids, and it has a variety of effects on the cardiovascular and
muscular systems.

adrenergic Of nerve endings, secretion of the *neurotransmitters adrenalin or noradrenaline into the *synapse on the arrival of a nerve impulse. Adrenergic nerve
endings are characteristic of the *sympathetic nervous system.

adrenergic system See NEUROTRANSMITTER.

adrenocorticotrophic hormone (ACTH) A *polypeptide *hormone, secreted by the anterior lobe of the *pituitary gland, which stimulates the synthesis and
secretion of hormones by the adrenal cortex.

advertisement A form of *display in which an individual makes itself as conspicuous as possible. It is used most commonly by male animals holding a *territory, in
order to ward off rivals and to attract females.

aedeagus Intromittent organ or penis of males of most insect groups, which is often of great diagnostic value. Its inner wall is a continuation of the ejaculatory duct
(see enpopHALLUS). It may be inflatable and everted during copulation. It has a *gonopore at its base and opens at its apex through a *phallotreme, the whole structure
being surrounded by a sclerotized *cuticle. By permitting sperm to be transferred without exposing it to the air, the aedeagus frees those species that possess it from
the need to mate in water.

Aédes aegypti (yellow-fever mosquito) See CuLiCIDAE.
Aegeriidae See Sesipat.

Aegithalidae (long-tailed tits, bushtits; class *Aves, order *Passeriformes) A family of small titmice that have medium to long tails. The nest is intricate and
domed, with a small entrance, and built in trees and bushes. There are three genera, comprising seven species: Aegithalos (long-tailed tits) is Eurasian, Psaltriparus
(bushtit) is American, and Psaltria (pygmy tit) is confined to Java.

Aegithalos (long-tailed tits) See AEGITHALIDAE.
Aegotheles (owlet-nightjars) See AEGOTHELIDAE.

Aegothelidae (owlet-nightjars; class *Aves, order *Caprimulgiformes) A family of brown-grey, secretive, nocturnal birds, similar to *Podargidae (frogmouths)
and *Caprimulgidae (nightjars), that are insectivorous, with small, broad bills. They possess *preen glands. They nest in holes in trees or the ground. There is one
genus,
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Aegotheles, with eight species, found in Australasia (but not in New Zealand).

Aegyptopithecus zeuxis A genus and species of early *catarrhine *Primates, known from abundant remains, including several nearly complete skulls, from the early
*Qligocene of the Jebel al-Qatrani Formation. Fayum. Egypt. The size of a small, living monkey, it had a long tail and could jump from branch to branch. It possessed
the dental and some of the cranial characteristics of living catarrhines, but lacked many of the other cranial and most of the postcranial diagnostic features, and so
represents a time when catarrhines had separated from other primates, but remained more primitive than living hominoids (*Hominoidae) or cercopithecoids
(*Cercopithecoidea) and it could have been ancestral to living catarrhines.

Aepyceros melampus (impala) See Bovipae.

Aepyornithidae (elephant birds; class *Aves, order Aepyornithiformes) An extinct family of large, flightless, running birds, that stood up to 3m tall and laid eggs
more than 30cm long. There were about eight species; their remains have been found in Madagascar.

aerobe See aerosic(2).

aerobic 1. Of an environment: one in which oxygen is present. 2. Of an organism: one requiring the presence of oxygen for its existence, i.e, an aerobe, 3. Of a
process: one that occurs only in the presence of oxygen.

aerotaxis A change in direction of locomotion, in a *motile organism or cell, made in response to a change in the concentration of oxygen in its immediate
environment.

Aesculapian snake (Elaphe longissima) See. CoLUBRIDAE.

Aeshnidae (dragonflies; order *Odonata, suborder *Anisoptera) A cosmopolitan family of large, swift-flying, hawker dragonflies which are usually strikingly
marked with blue or green, although several genera are normally a uniform dark brown: Anax imperator (emperor dragonfly) is one of the largest dragonflies in
Eurasia. Aeshnids have similar triangles in the fore and hind wings, a well-defined but small anal loop in the hind wings, the eyes broadly contiguous across the top of
the head, the *ocelli in a triangle around a raised tubercle, and the *ovipositor complete and not projecting beyond the long anal appendages. The *larvae have large
eyes and elongate bodies. More than 430 extant species have been described.

aesthetic injury level See EconomiC INJURY LEVEL.

aestival In the early summer. The term is used with reference to the six-part division of the year used by ecologists, especially in relation to the study of terrestrial and
freshwater communities. Compare AUTUMNAL; HIBERNAL; PREVERNAL; SEROTINAL; VERNAL.

aestivation (estivation) Dormancy or sluggishness that occurs in some animals (e.g. snails and hagfish) during a period when conditions are hot and dry. Aestivation
is analogous to hibernation in cold environments and normally lasts the length of the dry period or season.

Aétosauria A mainly *Triassic group of primitive *Thecodontia ('tooth-in-socket') reptiles that resembled heavily armoured crocodiles and appear to have been
specialized herbivores or possibly omnivores. They grew up to 3 m long, and their armour plating comprised rows of bony plates.

afference The reception by the brain of signals originating in sensory organs.
affinity index A measure of the relative similarity in composition of two samples. For example. Jla + b, indicates the ecological distance (D) between samples.
African chevrotains (Hyemoschus) See TRAGULIDAE.

African elephant (Loxodonta africana) See ELEPHANTIDAE.
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African forest elephant (Loxodonta cyclotis) See ELEPHANTIDAE.
African lungfish See PorToPTERIDAE.

Afro-Tethyan mammal region A region, proposed by the biogeographer Charles H. Smith, which appears to reflect mammal distributions more satisfactorily than
the traditional zoogeographic regions. It includes the *Ethiopian and *Oriental regions, as well as the Mediterranean subregion.

Afrotroplcal faunal region A name that is commonly used for the *Ethiopian faunal region.
agamete In *Mesozoa, a reproductive body which divides to form a daughter within the body of the parent.

agamic generation (asexual generation) In the life cycle of some species (e.g. many members of the *Cynipidae) a generation that comprises parthenogenetically
reproducing females that are genetically *diploid. The unfertilized eggs laid may be male (having undergone *meiosis) or female (not having undergone meiosis). In
Cynipidae, agamic females usually emerge from stout galls designed to overwinter or to survive a period when resources are scarce.

Agamida (agamids; order *Squamata, suborder *Sauria) A family of lizards that closely resemble iguanas (¥Iguanidae), but that have *acrodont teeth. Scales are
keeled and often spiny. Typically they have a large head, long limbs, and a long tail with no *autotomy. Dorsal crests, throat sacs, and colour change are common.
Moloch horridus (thorny devil) of the Australian desert, which feeds on ants and termites, has protective horns on the forehead formed from enlarged spines; and
Uromastyx species (spiny-tailed lizards or dab lizards) of the Near and Middle Eastern deserts, in which the adults are herbivorous, defend themselves by lashing
violently with their tails, which bear scales modified into rings of spines. Males of Calotes versicolor (bloodsucker or Indian variable lizard), a species of slender,
agile, long-tailed, tree lizards found from Iran to southern China and Sumatra, change colour from brown to yellow and then to blood-red in rapid succession during
courtship. The family includes bipedal and gliding forms (e.g. Draco volans (flying dragon or flying lizard) in which five or six posterior ribs are enlarged to support a
gliding membrane allowing the lizard to 'parachute’ from tree to tree). There are 300 species, all found in the Old World.

Agaonia (fig wasps; suborder *Apocrita, superfamily *Chalcidoidea) Family of small or minute, sexually dimorphic, black wasps which live within the flowers on
fig trees and help to pollinate them, the males rarely emerging from the fruits. The head of the winged female is long and somewhat oblong with a deep, median,
longitudinal groove; males are nearly always wingless. The front and middle legs are stout, and the front tibiae have no spurs. The hind legs are slender. The males have
thick antennae, with three-nine segments. Mating occurs within flowers and there is often fighting between males.

age-and-area hypothesis The idea that, all other things being equal, the area occupied by a taxon is directly proportional to the age of that taxon. Thus in a polytypic
genus, the species with-the smallest area of distribution would be the youngest in the genus. However, other things rarely are equal, and the idea has never gained
acceptance as a law or rule.

Agelenidae (sheet-web spiders; order *Araneae, suborder Araneomorphae) Family of spiders that construct sheet webs with lateral, tubular retreats, and that
have a somewhat elongate appearance, with a flattened thorax. The *sternum is vide, heart-shaped, and may project between the fourth *coxae. The *chelicerae are
usually very convex, and nearly vertical, the outer margin having three teeth, the inner two eight teeth. The carapace (see cepnaLoTHORAX) 1S OVal, narrowed, and
anteriad; and has a longitudinal depression (sometimes replaced by a dark line), with patterns of dots and bars. The head is raised and narrow, and points forward,
and the eyes, usually uniform in size, are arranged in two short rows. The legs are thin and long, are covered thickly with long hairs, and are spiny, especially
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on the third and fourth pairs. The anterior *spinnerets are cylindrical, and more or less separated; the median spinnerets are similar or smaller, and the posterior
spinnerets are usually two-segmented and long. The tracheal *spiracle is close to the spinnerets. All species in this family, including Tegenaria domestica (house
spider), catch prey on the upper surface of the sheet web. Many species spend a long time together as couples. Distribution is worldwide. Argyroneta aquatica
(water spider), the only species of spider to live permanently below water, is usually placed in this family, but sometimes in a family of its own.

Agenelosidae (barbel-less catfish; subclass *Actinopterygii, order *Siluriformes) A family of freshwater fish found in tropical S. America. About 25 species
are known.

age pigment See LIPOFUSCIN.
age polyethism See poLyETHISM.

agglomerative method System of hierarchical classification that proceeds by grouping together the most similar individuals, and subsequently groups, into
progressively larger and more heterogeneous units. At each stage the groups or individuals linked are those giving the least increase in group heterogeneity.

agglutin See BLoOD GrOUP.

agglutination The clumping of cells that is caused by the reaction between *antigens on their surfaces and *antibodies in their external environment. See rHESUS
FACTOR.

agglutinogen See BLOOD GrOUP.

aggregation The group of animals that forms when individuals are attracted to an environmental resource to which each responds independently. The term does not
imply any social organization.

aggregation pheromone See PHEROMONES.
aggregative response The preference for consumers to spend most of their feeding time in patches containing the highest density of prey. See also paRTIAL REFUGE.

aggressin A toxic substance that is produced by certain micro-organisms which are pathogenic in animals or humans. Aggressins inhibit the defence mechanisms of
the host organism.

aggression Behaviour in an animal that serves to intimidate or injure another animal, but that is not connected with predation.

Agnatha (Marsipobranchii; phylum *Chordata, subphylum *Vertebrata) A superclass of jawless, fish-like vertebrates that have sucker-like mouths and lack paired
fins. The Agnatha includes some of the earliest primitive vertebrates as well as the extant lampreys, slime-eels, and hagfish. The superclass appeared first during the
*Ordovician Period, and in the Upper *Palaeozoic they developed heavily armoured forms (e.g. *Cephalaspidomorphi, *Pteraspidomorphi).

Agonidae (poachers; subclass *Actinopterygil, order *Scorpaeniformes) A family of small, marine, cold-water fish that have an elongated body and narrow,
tapering tail. There are about 20 genera.

agonistic Applied to behaviour between two rival individuals of the same species that may involve *aggression, *threat, *appeasement, or *avoidance, or that may be
ritualized (e.g. as bird *song, or as certain forms of *display). Agonistic behaviour often arises from a conflict between aggression and fear.

agouti A type of hair pigmentation in which there are alternate bands of the two forms of *melanin. This kind of banded hair is well exemplified by the agouti (see
Dasyproctinae), hence the name.

Agrildae See CALOPTERYGIDAE.

Agriochoeridae (suborder *Ruminantia, infra-order *Tylopoda) An extinct family of N. American ruminants closely related to the *oreodonts but more slightly
built and with more primitive features (e.g. a long tail and clawed feet). They lived from the Upper *Eocene into the *Miocene and, judging by their claws, inhabited
trees or dug for roots and tubers.

Agriotherium (superfamily *Canoidea, family *Ursidae) A genus of primitive
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bears, probably related most closely to the giant panda (*Ailuropoda). Its remains have been found in Europe, N. America (*Pliocene and *Pleistocene), and at an
early Pliocene Site in S. Africa, making this Africa's only known bear.

Agromyzidae (leaf-mining flies; order *Diptera, suborder *Cyclorrapha) Relatively large family of small, phytophagous flies, whose larvae are leaf-miners,
stem-borers, or gall-causers. The third antennal segment is short and rounded, and rarely has a sharp point. The *arista is hairy or bare. The lower fronto-orbital
bristles are incurred; *vibrissae are present; and the *tibia is without pre-apical bristles. The *costa is incomplete, being broken some distance from its junction with
the upper margin of vein 1, and continued as far as the apex of vein 3. The *ovipositor has a non-retractile sheath comprising the fused seventh abdominal *tergite and
*sternite. They have a world-wide distribution, and 2300 species have been described.

ahermatypic Applied to corals that lack *zooxanthellae and that are not reef-forming. Modern scleractinian corals (see Mapreroraria) are less restricted
environmentally than those that form reefs, and are thus also known as 'deep-sea’ corals. Compare HerMATYPIC.

AHG (antihaemophilic globulin) See BLoop cLoTTING.

Alluridae (order *Carnivora, suborder *Caniformia) A family that contains only the species *A4ilurus fulgens (red panda), otherwise included in the
*Procyonidae.

Alluropoda A genus containing the giant panda (4. melanoleuca) as well as several fossil species. Formerly classified in the family *Procyonidae, it is now placed in
the *Ursidae (bears).

Allurus fulgens (red panda) See AiLuri-DAE; PROCYONIDAE.
air bladder See swiM-BLADDER.

air sac In birds, a thin-walled extension of the lung which penetrates into the body cavity, entering the bones and forming air spaces. The lightweight bones that result
are particularly important to birds. * Anhimidae (screamers) have air spaces that penetrate to the *tibia.

airsac catfish See HETEROPNEUSTIDAE.

ala (pl. alae) A wing or *auricle-like projection that occurs on the dorsal margin of some *Bivalvia. Alae may occur above the hinge margin on the anterior or
posterior regions, or on both.

alamiqui (Solenodon) See SoLENODONTIDAE.
alanine An aliphatic, non-polar *amino acid, classed as non-essential in the diet of animals because it can be synthesized in sufficient amounts within cells.

alarm response Signals emitted by an animal that serve to warn others of a danger the individual has perceived. The signals may be visual (e.g. the white tail of a
rabbit, displayed when running), aural (e.g. the call of a member of a flock of ground-feeding birds), or olfactory (substances emitted by some fish and invertebrates).

alarm substance A substance released from the skin of injured fish that causes an immediate alarm reaction among fish nearby, leading to the dispersal of a school
formed by members of the same species. Originally discovered in minnows and other *Cyprinidae, the alarm substance is probably present in several fish families.

alate Winged, or having appendages resembling wings.

Alaudidae (larks; class *Aves, order *Passeriformes) A family of small, greybrown and buff birds, whose colours are adapted to resemble their environments.
The five species of Galerida have conspicuous upright crests. Larks have long, sharp, hind claws that help them to walk and run rather than hop. Bush larks (26
species of Mirafra) are fast runners and clap their wings in their courtship flight. Larks are renowned for their song, delivered from a perch or in flight. They are seed
and insect eaters. There are 15 genera, and 77 species, found in most of the Old World, Eremophila alpestris (shore lark or horned lark) being found also in N.
America and Mexico.
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albacore (Thunnus alalunga) See SCOMBRIDAE.
albatrosses See DioMEDEIDAE; PROCELLARHFORMES.

Albian A stage (113-97.5 Ma) in the *Cretaceous, underlain by the *Aptian and overlain by the *Cenomanian. It is known to contain a great variety of *Mollusca,
the *Gastropoda in particular being useful zonal indicators between continents. The *Gault Clays of England are Albian.

albinism In animals, the heritable condition observed as the inability to form *melanin in the hair, skin, or vascular coat of the eyes. It is due to a deficiency in the
enzyme tyrosinase, and is usually inherited as an autosomal *recessive gene (i.e. a recessive gene on a *chromosome other than a sex chromosome in the cell nucleus).

Albuildae (bonefish; subclass *Actinopterygii, order *Elopiformes) A family that includes only two extant species of marine tropical fish, both of which reach
lengths of up to 1 m.

albumen See ALBUMIN.

albumin (albumen) A water-soluble, *globular, simple protein that occurs in a variety of tissue fluids, including plasma, synovial fluid, tears, egg white, lymph, and
cerebro-spinal fluid. Its functions appear to be primarily those of *osmoregulation and the transport of materials.

Alcedinidae (kingfishers; class *Aves, order *Coraciiformes) A family of brightly coloured birds that have large heads, short necks, compact bodies, short,
rounded wings, and a short tail. The bill is long, straight, and massive; the toes *syndactylous. The sexes are usually alike. They are found in riverine and terrestrial
habitats (the 40 species of Halcyon (the white-collared kingfisher, H. chloris, has nearly 50 subspecies), found in Africa, Asia, Australia, and the Pacific islands,
inhabit dry woodland and forest areas) feeding on fish, insects, and small vertebrates. The five Ceryle species, of America, Africa, and Asia, are blue-grey or black
and white. The 11 Ceyx species are blue or red with red bills and are found in southern Asia, the Philippines, Indonesia, Papua New Guinea, the Solomon Islands,
and Australia. There are 14 genera in the family, and 84 species, of which the best known are Alcedo atthis (common kingfisher) and Dacelo novaeguineae
(kookaburra). They are found world-wide.

Alcedo atthis (common Kingfisher) See ALCEDINIDAE.
Alces alces (American elk, European moose) See CErviDAE.

Alcidae (auks; class *Aves, order *Charadriiformes) A family of mainly black and white, small-winged, diving sea-birds in which the legs are set well back, the
feet are webbed, and bills vary from long and pointed to laterally compressed and high. Auks are mainly *pelagic and gregarious, breeding in burrows or crevices, or
on open cliff ledges, usually colonially. Brachyramphus marmoratus (marbled murrelet) breeds on forest branches. The two species of Fratercula (puffins) have
distinctive yellow and red, large, laterally compressed bills during the breeding season; the horny bill plates and a horn-like structure around the eye are both shed in
winter. Their feet are red with claws modified for digging burrows; they inhabit grassy island slopes and cliffs, breeding in rock crevices and burrows, and spending the
rest of the year at sea. Auks feed on fish and invertebrates. There are 12-14 genera, and 22 species, found in northern regions of the Pacific and Atlantic, and in the
Arctic.

alcohol A hydrocarbon in which a hydrogen arum is substituted by a hydroxyl (OH) group. An alcohol is designated as primary, secondary, or tertiary, according to
whether the carbon to which the hydroxyl group is attached is bound to one, two, or three other carbons.

Alcyonacea (soft corals; class * Anthozoa, subclass *Octocorallia) An order of corals that appeared first in the Lower *Jurassic and which contains the modern
genus Alcyonium (dead man's fingers). Members of the order are characterized by having retractable polyps with eight, branching *tentacles. The polyps are
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embedded in the body mass which has a skeleton of numerous, free, calcareous *spicules. Usually these corals are attached to rocks. The order contains six families,
and 36 genera.

Alcyonaria See OcTOCORALLIA.

aldehyde An organic compound that contains the group-CHO.

alderflies See MEGALOPTERA; SIALIDAE.

aldose A monosaccharide or its derivative that contains an *aldehyde group.

aldosterone A *steroid ¥*hormone that is synthesized by the adrenal cortex (*adrenal gland). It influences electrolyte balance by promoting the retention by the body
of sodium ions and the excretion of those of potassium; it also affects the rate of carbohydrate metabolism.

aldotriose A three-carbon monosaccharide that contains an *aldehyde group.
Alectis indicus (plumed trevally) See CARANGIDAE.
alevin The yolk-bearing larva of salmon and trout species.

Aleyrodiae (whitefly; order *Hemiptera, suborder *Homoptera) Family of small, sap-sucking insects in which all generations and both sexes are similar. Pre-
adult stages are immobile, and the last nymphal *instar is very like the *pupa of higher insects. There are about 1200 species, distributed world-wide.

alfalfa leaf-cutter bee (Megachile rotundata) See MEGACHILIDAE.
alfonsinos See BeryciDAE.

alimentary canal In animals, a tube along which food passes and through parts of whose walls nutrients are absorbed into the body. In some animals (e.g.
coelenterates) the canal has a single opening. In most animals it has two: a mouth through which food enters; and an *anus through which unabsorbed material leaves
the body.

alisphenoid A bone that forms part of the wall of the skull.
alisphenoid canal In some *Carnivora, a channel running through the *alisphenoid bone which carries a branch of the external *carotid artery.
alivincular Applied to one of the types of bivalve (*Bivalvia)ligament which is positioned between the *cardinal areas of the two valves and is not elongated.

alkaloid One of a group of basic, nitrogenous, normally heterocyclic, compounds of a complex nature. Alkaloids are derived from plants, and have powerful
pharmacological effects.

allantoic bladder In vertebrates, a sac formed from the posterior region of the *alimentary canal. It functions as a urinary bladder in amphibians, receives metabolic
wastes in embryonic reptiles and birds, and forms part of the *placenta in *Eutheria.

allantoic placenta In *Eutheria, a *placenta formed from the *allantois and interpenetrating foetal and maternal tissues.

allantois In tetrapod *embryos, a sac formed by the outgrowth of the posterior ventral part of the gut, as a precocious urinary bladder. In reptiles and birds it grows
to surround the embryo, lying between the *yolk sac and shell; the blood vessels by which it is linked to the embryo provide the means of respiration, and the allantoic
cavity receives metabolic wastes. Most of the allantois is left with the shell at hatching. In *Eutheria the allantois forms part of the *placenta, supplying it with blood for
respiration, nutrition, and excretion, and the allantois cavity may be small. Most of the allantois is detached from the embryo at birth.

allele Common shortening of the term allelomorph'. One of two or more forms of a *gene that arise by *mutation and occupy the same *locus on ¥*homologous
chromosomes. When in the same cell, alleles may undergo pairing during *meiosis. They may be distinguished by their differing effects on the *phenotype. The
existence of two forms of a gene may be termed 'diallelism', and of many forms. 'multiple allelism'. The commonness of an allele in a population is termed the 'allele
frequency'.
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allele frequency See ALLELE.
allelochemicals Chemicals deposited by plants in otherwise edible tissues, which are distasteful to *herbivores.
allelomorph See ALLELE.

Allen's rule A corollary to *Bergmann's rule and *Gloger's rule, holding that a race of warm-blooded species in a cold climate typically has shorter protruding body
parts (nose, ears, tail, and legs) relative to body size than another race of the same species in a warm climate. This is because long protruding parts emit more body
heat, and so are disadvantageous in a cool environment, but advantageous in a warm environment The idea is disputed, critics pointing to many other adaptations for
heat conservation which probably are more important, notably fat layers, feathers, fur, and behavioural adaptations to avoid extreme temperatures.

alligator gar (Lepisosteus spatula) See LEPISOSTEIDAE.

Alligatoridae (alligators, caimans; class *Reptilia, order *Crocodylia) A family of crocodilians that have a broad, flat snout in which the fourth tooth of the
lower jaw fits into a pit in the upper jaw and cannot be seen when the mouth is dosed. There are seven freshwater species, all occurring in the New World except
Alligator sinensis (Chinese alligator). The best known is Alligator mississippiensis (American alligator) of the southern USA, sluggish alligators, up to 5.8 m long,
that move slowly on land, hissing if surprised. Their nest mound is guarded by the female and is opened as the young begin to 'peep' at the time of hatching. The other
five species are known as caimans (cash mans). The common name, spectacled caiman, of Caiman crocodilus is derived from the large, bony ridge between its eyes;
its belly has large, overlapping, bony *scutes.

Alligator mississippiensis (American alligator) See ALLIGATORIDAE.

alligators See ALLIGATORIDAE.

Alligator sinensis (Chinese alligator) See ALLIGATORIDAE.

allochthonous Pertaining to an individual or object which originates somewhere other than the place where it is found. Compare autocutHoNoOUS.
alloenzyme See ALLOZYME.

allograft A *graft of tissue from a donor of one *genotype to a host of a different genotype but of the same species. If the graft takes place from one part to another
part of the same individual it is called an autograft.

allogrooming *Grooming performed by one animal upon another animal of the same species. Compare AUTOGROOMING.

allometry A differential rate of growth, such that the size of one part (or more) of the body changes in proportion to another part, or to the whole body, but at a
constant exponential rate. Strictly speaking, 'allometry' is an umbrella term describing three distinct processes. Onto-genetic allometry refers to the differential growth
rates of different body parts; i.e. juveniles are not merely diminutive adults. (For example, the extinct Irish elk (Megaceros giganteus) was the largest of all cervids
(*Cervidae), but its antlers were 2.5 times larger than would be predicted from its body size, and reached an adult span of up to 3.5 m in the largest individuals.) Static
allometry refers to shifts in proportion among a series of related taxa of different size. Evolutionary allometry refers to gradual shifts in proportions as size changes in an
evolutionary line (e.g. in the evolution of the horse the face became relatively longer and longer). In other cases allometry may be negative, leading to comparatively
smaller parts.

alloparental behaviour Parental behaviour exhibited by an individual to young to which it is not parentally related.
allopatric Applied to species or populations that occupy habitats which are geographically separated, and that do not occur together in nature. Compare sympatric.

allopatric speciation The formation of new *species from the ancestral species as a result of the geographical separation or fragmentation of the breeding popula-
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tion. Separation may be due to climatic change, causing the gradual fragmentation of the population in a few surviving favourable areas (e.g. during glaciation or
developing aridity), or may arise from the chance migration of individuals across a major dispersal barrier. Genetic divergence in the newly isolated daughter
populations ultimately leads to new species; divergence may be gradual or, according to punctuationist models (see PUNCTUATED EQUILIBRIUM) Very rapid.

allopatry The occurrence of *species or other taxa in different geographical regions. *Subspecies are allopatric by definition. Compare sympatry.
allopolyploid A polyploid (see roLy-pLowyY) that is formed from the union of genetically distinct chromosome sets (usually from different species).

all-or-nothing law In the functioning of the nervous system, the rule which states that the response of an *axon is independent of the intensity of the stimulus, provided
the stimulus exceeds the threshold intensity required to depolarize the nerve membrane. Depolarization reverses the electrical polarity from the resting potential (in
which the inside of the axon is negatively charged and the outer membrane positively charged) to the action potential (positive charge inside, negative charge outside).

allosteric Applied to a *protein molecule that has two or more sites at which it can bind (combine) with other molecules, such that binding with one influences its
binding with another. Some (allosteric) *enzymes, for example, bind in the usual way at one site while at another site they combine with a substance that inhibits their
activity.

allothetic Applied to information concerning an animal's orientation in an environment that is obtained by the animal from external spatial clues. Compare iotHETIC.
Allotriognathi Alternative name for fish now placed in the order *Lampridiformes.

allozyme (alloenzyme) a form of *protein, detectable by *electrophoresis, that is produced by a particular *allele at a single *gene *locus.

Alopex (fox) See canDAE.

Alouatta (howler monkeys) See CeBIDAE.

alpha amino acid An *amino acid in which the amino group is attached to the number two, or 'alpha' carbon, adjacent to the carboxyl group. Compounds of this
type represent the basic building blocks of *peptides and *proteins.

alpha diversity Diversity among members of a species within a single population.

alpha helix The right-handed, or less commonly left-handed, coil-like configuration of a *polypeptide chain that represents the secondary structure of some protein
molecules, particularly the *globular variety. The configuration is maintained through intrachain hydrogen bonding between M8 groups of peptide bonds.

alpine salamander (Salamandra atra) See SALAMANDRIDAE.

alternation of generations The alternate development of two types of individual in the life cycle of an organism, one *diploid and asexual, the other *haploid and
sexual, both types being capable of reproduction, implying alternating phases of *meiosis and *mitosis. No instances of such alternation are known among *Metazoa;
where two types of individual occur, both capable of reproduction, they are invariably diploid and the process is better described as *metagenesis. In many parasitic
protozoa (e.g. the malaria parasite Plasmodium) the sexual phase is in one host and the asexual phase in another.

altricial Applied to young mammals (e.g. rats, mice, cats, dogs) that are helpless at birth. Their eyes and ears are sealed, and they cannot walk, maintain their body
temperature, or excrete without assistance. Compare pRECOCIAL.

altruism Sacrifice, if necessary of life itself, so that others, commonly offspring or otherwise genetically dose younger relatives, may survive or otherwise benefit. On
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the face of it this seems to reduce the *adaptive value of the altruist. However, by saving offspring at the cost of its own life, the altruist may 'save' more of its own
genes than if the situation were reversed, particularly if the reproductive potential of the altruist is exhausted, or nearly so.

Alucitidae (many-plumed moths; order *Lepidoptera) Small family of fairly small moths in which the fore wing is divided into six plumes and the hind wing into six
or seven. They are not closely related to the *Pterophoridae, which are also plumed. The larvae burrow into shoots, buds, and flowers, and may induce gall-
formation. They have a world-wide distribution.

Aluteridae See BALISTIDAE.

alveolus 1. In the lung of an air-breathing vertebrate, a thin-walled sac surrounded by blood vessels through whose surfaces gas exchange occurs. 2. A sac forming
an internal termination of a glandular duct. 3. The socket in a jawbone into which a tooth fits.

Alytes obstetricans (midwife toad) See DiscoGLossIDAE.
Amandava (waxbills, munias) See EstriLDIDAE.
Amatheusiinae Subfamily of the *Nymphalidae.

amb See AMBULACRUM.

Ambassidae See CENTROPOMIDAE.

amberjack (Seriola dumerili) See CARANGIDAE.

ambivalent Applied to apparently confused behaviour by an animal, arising most commonly from a conflict produced by impulses to behave in contradictory ways
(e.g. to fight or to flee).

Amblycera (class *Insecta, order *Phthiraptera) Suborder of chewing lice, characterized by the pedunculate first flagellomere of the *antenna, the groove of the head
which conceals the antenna when at rest, the horizontal articulation of the *mandibles, and the presence of *maxillary palps. Three of the constituent families parasitize
only mammals, three only birds, and one parasitizes members of both classes. The lice eat feathers, skin, sebaceous exudates, or blood. Species in one genus,
Trochiloecetes, have the mouth-parts modified as piercing stylets (analogous to those of Anoplura) and feed on the blood of their humming-bird hosts. There are 75
genera, and about 850 species.

Amblycipitidae (torrent catfish; subclass *Actinopterygii, order *Siluriformes) Small family of Asiatic freshwater fish that inhabit fast-flowing streams.
Amblydorus hancockl (grunting thorny catfish) See DorapipaE.

Amblyopsidae (cavefish; subclass *Actinopterygii, order *Percopsiformes) Family of small freshwater fish, of interest mainly because most species are typical
cave dwellers, lacking functional eyes and body pigment. There are about five species.
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Amblypoda (cohort *Ferungulata, superorder *Paenungulata) An order of large, archaic, and predominantly American ungulates comprising the four distinct
suborders *Pantodonta, *Dinocerata, *Xenungulata, and *Pyrotheria. The name Amblypoda is sometimes used synonymously with Pantodonta.

Amblypygi (tail-less whipscorpions, whipspiders; class *Arachnida) Order of dark-coloured arachnids, in which the *abdomen is flat, oval, without a *telson,
and lacking a terminal flagellum, spray glands, and *spinnerets. The first pair of legs is long, whip-like, and with many false segments; they are highly sensitive to touch
and are used in water location and mating. The raptorial *pedipalps are held parallel to the ground and their last two segments may be almost *chelate. The
*chelicerae are subchelate. Arthropod prey, e.g. cockroaches, crickets, beetles, and spiders, are impaled on the spines, pre-oral liquefaction presumably taking place.
Amblypygids live in humid conditions under stones, logs, bark, and litter, and some are cavernicolous. The 60 or so species are divided between two families, and are
tropical and Subtropical in distribution.

Amblyrhynchus cristatus (marine iguana) See IGUANIDAE.

ambrosia beetle See ScoLyTDAE.

ambulacral Applied to those areas of the body of an echinoderm (*Echincoder-mata) that bear tube feet.
ambulacral groove See AMBULACRUM.

ambulacrum (amb) In *Echinoder-mata, an area of the body surface, in most classes covered by calcitic plates, that lies over one of the radial canals of the internal
water-vascular system and bears the *tube feet. In some echinoderms (e.g. *Asteroidea, Blastoidea, and *Crinoidea) the ambulacrum is marked by a deep linear
depression, the ambulacral groove. Typically, echinoderms have five, or a multiple of five, ambulacral areas.

Ambulocetus natans The most completely known early cetacean (*Cetacea), described in 1994 by J. G. M. Thewissen, S. T. Hussain, and M. Arif, from Lower to
Middle *Eocene beds in Pakistan. It is known by parts from most of the skeleton, showing that it had a long neck, relatively long hind limbs, and five separate
(hoofed) digits on each limb. It was the size or a sea lion.

Ambystoma mexicanum (axolotl) See AMBYSTOMATIDAE.

Ambystomatidae (mole salamanders, axolotls; class *Amphibia, order *Urodela) A family of amphibians which have a broad head, the tongue free only at the
sides, *palatal teeth, costal grooves down the body, short, strong limbs, and a laterally compressed tail. Most burrow in earth for much of the year. *Neoteny is
common in some species, the best-known example being Ambystoma mexicanum (axolotl), confined to certain lakes around Mexico City, which normally breeds as
an aquatic larva, but is capable of *metamorphosis into a terrestrial form; it is sexually dimorphic, the female being the larger, attaining up to 29 cm in length, and
normally black although albinos are not uncommon. There are more than 30 species, found in N. and Central America.

ameba See AMOEBA.
ameboid movement See AMOEBOID MOVEMENT.

amensalism An interaction of species populations, in which one population is inhibited while the other (the amensal) is unaffected. It is the opposite of *commen-
Sallsm Compare COMPETITION; MUTUALISM; NEUTRALISM; PARASITISM; PREDATION; PROTOCOOPERATION, See also SYMBIOSIS.

American alligator (4lligator mississippiensis) See ALLIGATORIDAE.
American cockroach (Periplaneta americana) See BLATTIDAE.
American tapir (Tapirus) See TAPIRIDAE.

Ameridelphia One of the two cohorts into which the *Metatheria (marsupials) are generally divided in modern classifications. There axe three orders, all occurring in
Central and S. America: *Didelphimorphia (also represented in
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N. America); *Paucituberculata; and the extinct *Sparassodontia.
Ametaboia See ApTERYGOTA.

Amia calva (bowfin) See AMiDAE.

Amildae (bowfin; infraclass *Holostei, order *Amiiformes) A family with only one living representative, Amia calva, a fairly large (up to 6 kg) carnivorous fish
that has a long *dorsal fin with only soft rays, a *gular plate, a *heterocercal tail, and a lung-like *swimbladder. The male guards the nest and larvae.

Amiiformes (class *Osteichthyes, subclass *Actinopterygii) Order of fairly primitive bony fish consisting of several families dating back to the *Triassic Period,
and considered by some to be intermediate between the *Chondrostei and the *Teleostei. Until recently they were grouped with the order *Semionoti-formes in the
infraclass ¥*Holostei.

amine An organic base that is derived from ammonia (NH3) by the replacement of one or more of the hydrogens by organic radical groups. The resultant amine is
designated primary (NH2R), secondary (NHR2), or tertiary (NR3) according to the number of hydrogens replaced.

amino acid An organic compound that contains an acidic carboxyl (COOH) group and a basic amino (NH2) group. They constitute the basic building blocks of
*peptides and *proteins and are classified either as: (a) neutral, basic, or acidic; or (b) non-polar, polar, or charged.

amino-acid sequence The sequence of *amino-acid residues in a *polypeptide chain that represents the primary structure of a *protein. This sequence is unique to
each protein and influences the protein's secondary, tertiary, and quaternary structures.

amino group The radical group NHo.

aminopeptidase An *enzyme that catalyses the *hydrolysis of *amino acids in a *polypeptide chain by acting on the *peptide bond adjacent to the essential free
amino group.

amino sugar A monosaccharide (see sucar) in which an amino group has been substituted for one or more hydroxyl groups.
aminotransferase See TRANSAMINASE.

ammocoete Larva of the lamprey (family *Petromyzondiae). After hatching the ammocoete lives buried in mud for several years. It then undergoes *metamorphosis
into an adult lamprey.

Ammodytidae (sand-lance, sand-eel; subclass *Actinopterygii, order *Perciformes) A family of fish that have elongated bodies and long *dorsal fins. The
*pelvic fins are often absent. Feeding on animal plankton, the sand-eels themselves form an important part of the diet of cod, salmon, etc. There are about 12 species,
found in marine coastal waters.

ammonites See AMMONOIDEA.

Ammonoidea (phylum *Mollusca, class *Cephalopoda) A subclass of cephalopods which generally have planispirally, tightly coiled, septate shells (although some
are coiled loosely or spirally). The *protoconch is globular; the shells maybe either *involute or *evolute. Some forms have marked ventral keels; ribs and nodes may
also be present. The *siphuncle is variable but mainly ventral in position. Sutures are often very complex. *Cameral deposits are absent. The Ammonoidea were
probably tetrabranchiate cephalopods. They constitute the largest cephalopod subclass, with 163 families, including the ammonites, in which the suture lines form very
complex patterns; the ceratites, in which part of the suture line is frilled; and the goniatites, which have relatively simple suture lines. They range in age from *Devonian
to Upper *Cretaceous. All members are now extinct.

ammonoids See AMMONOIDEA.

ammonotelic Applied to organisms (e.g. many aquatic invertebrates and teleost fish) that excrete nitrogenous waste derived from amino-acid catabolism in the form
of ammonia. See also UREO-TELIC; URICOTELIC.

amnion An inner cellular layer (*epithelium) surrounding the fluid-filled *embryo sac of reptiles, birds, and mam-
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mals. The wall of this sac has two layers of epithelium, with *mesoderm and coelomic space between. The outer layer is usually called the *chorion. The amnion and
chorion develop as folds in the *ectoderm and mesoderm which grow up around the sides of the embryo, eventually covering it. The amniotic fluid within the sac
provides a liquid environment for the embryo, necessary for animals that reproduce on land. It may also cushion the mammalian embryo against distortion by maternal
organs pressing on it. Sometimes the term 'amnion' is applied to the entire embryo sac.

e

Ammion

amniote Applied to a type of development, typical of higher vertebrates (rep tiles, birds, and mammals), in which the *amnion surrounds the *embryo in a bag of
(amniotic) fluid. The amnion is primitively associated with a shell, and is capable of gaseous exchange; its development thus enabled eggs to be laid on dry land for the
first time in vertebrate evolution.

amniotic fluid See amnion.
amoeba (ameba) Any single-celled *eukaryote that is naked and changes shape due to the irregular extension and retraction of *pseudopodia.

amoebiasis Any disease in which the causal agent is an *amoeba. In humans, the most common form of amoebiasis is amoebic dysentery, caused by Entamoeba
histolytica. This disease varies in severity from mild diarrhoea to severe or fatal dysentery.

amoebic dysentery See AMBOEBIASIS.

Amoebida (superclass *Sarcodina, class *Rhizopodea) An order of protozoa, lacking a *test, in which each cell contains a single nucleus and is of indeterminate
shape. The cells typically form *lobopodia (rarely *filopodia or anastomosing) which serve for locomotion and feeding. Most species are free-living in freshwater,
moist-soil, or marine environments; a few are parasitic. There are several families, and many genera, one of which is the genus Amoeba. A. proteus, a popular subject
for study in elementary biology courses, measures up to about 0.6 mm across, and is found in slow-moving or still, freshwater habitats.

amoeboid movement (ameboid movement) Movement in the fashion of an *amoeba, i.e. by pseudopodia (see pseuborobium).
Amorphochilus See FuripTERIDAE.

Amorphoscelidae (subclass *Pterygora, order *Mantodea) The smaller of the two families of mantids, comprising ire sects which are small and mottled in colour,
and which have raptorial forelegs devoid of spines on their external, lower sides. Many species have wingless females. Most live on rough-barked tree trunks against
which they are well camouflaged. The *pronotum tends to be shorter than that of members of the *Mantidae. Most of the 50 or so species are found in Australia.

amphetamine 1-phenyl-2-aminopropane, a drug that stimulates the central nervous system and prevents sleep.

Amphibia (amphibians; phylum *Chordata, subphylum *Vertebrata) A class represented today by just three groups, the *Apoda (caecilians), *Urodela
(salamanders), and *Anura (frogs and toads). The class was much more varied formerly and in the *Triassic some forms, e.g. Mastodontosaurus, grew up to 6 m
long. Amphibians appeared first in the *Devonian, having evolved from the *Rhipidistia (lobe-finned fish). They flourished in the *Carboniferous and *Permian but
declined thereafter. The first modern types were established during the Triassic. They are *poikilothermic vertebrates. The majority are terrestrial but develop by a
larval phase (tadpole)
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in water. The skin is soft, naked (non-scaly), rich in mucous and poison glands, and important in *cutaneous respiration. There are about 3000 extant species. Most
are found in damp environments and they occur on all continents except Antarctica.

amphibians See AmpHiBIa.

amphiblotic 1. Applied to an Organism that can live with a host organism either parasitically or mutualistically. See muTu-aLism; parasiTism. 2. Living in water (larval
form) and later on land (adult form).

amphiblastula A poriferan (sponge) larva in which the area of flagellate cells is equal to the area of non-flagellate cells. At *metamorphosis the flagellated cells move
to the interior and become *choanocytes.

amphicoelous vertebrae Condition in which the central part of each vertebra (the centrum) is concave on both anterior and posterior. See LeioreLmatipae. Compare
HETEROCOELUS VERTEBRA.

Amphicyonidae A family of very large, heavily built dogs, which appeared during the *Oligocene, spread to all the northern continents, and became extinct in the
*Pliocene. They have been called 'dog-bears', but apart from their size they had few truly bear-like features.

amphid In *Nematoda, an anterior sense organ that is believed to be a *chemoreceptor.

amphidetic In *Bivalvia, applied to a ligament located in the anterior and posterior areas, around the *shell beaks.

amphidisc One of the small, flesh *spicules of poriferans (sponges), if the spicule has recurred rays at the end of the rod.

Amphidiscophora (phylum *Porifera, class *“Hexactinellida) A subclass of sponges in which the small, flesh *spicules occur as *amphidiscs.

amphidromous Applied to the migratory behaviour of fish moving from freshwater to the sea, and vice versa. Such migration is not for breeding purposes, but occurs
regularly at some stage of the life cycle (feeding, overwintering, etc.). Compare piapromous. See also ANADRO-MOUS; CATADROMOUS; POTAMODROMOUS.

Amphymerycldae A family of primitive ruminants from the late *Eocene and early *Oligocene of the Old World. Some authorities believe these small animals were in
the direct line of descent to the advanced ruminants.

Amphineura (phylum *Mollusca) A class of elongate, bilaterally symmetrical, marine molluscs in which the shell, if present, consists of seven or eight overlapping,
calcareous plates on the dorsal surface. The head is poorly differentiated, if at all. Some possess an effective *radula. The posterior *mantle cavity contains the anus
and gills. A broad, flat foot occurs ventrally and is used for creeping. The anatomy is typically molluscan, with a primitive, ganglionic nervous system. All are blind and
lack *tentacles. Sexes are generally separate. The class first appeared in the Upper *Cambrian.

Amphioxiformes See BRANCHIOSTOMI-DAE.
amphioxus (lancelet, Branchiostoma lanceolatum) See BRaNCHIOSTOMIDAE.

amphipathic Applied to a molecule that has a negatively charged phosphate group in the polar head, which is *hydrophilic, and non-polar *fatty acid chains in the tall,
which are *hydrophobic.

amphipneustic Applied to insect larvae in which the spiracular openings of the respiratory system are restricted to a pair each on the *prothorax and the posterior of
the *abdomen. The condition is common in larval *Diptera.

Amphipnoidae (cuchia; subclass *Actinopterygii, order *Synbranchi-formes) A family offish that includes only one species, Amphipnous (Monopterus)
cuchia, of southern Asia. It is of interest because it has two lung-like air sacs connected with its gill chambers.

Amphipoda (sandhoppers, beach hop-pets, beach fleas, water lice; phylum *Arthropoda, subphylum *Crustacea, superorder *Peracarida) Order of
mainly laterally compressed crustaceans, with
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the *cephalothorax devoid of a *carapace and the whole head fused to one thoracic segment, or occasionally to two. The first three *pleopods are usually many-
segmented *swimmerets, the posterior ones modified for jumping and comprising a few segments. The gills are borne on the thoracopods. There are 4000 species.

Amphlsbaenidae (worm lizards; order *Squamata, suborder *Sauria) A family of subterranean lizards that have a small, wedge-shaped head, adapted for
digging. The body is cylindrical, with loose skin and rings of scales. The tail is short. Worm lizards are generally limbless, but well-developed fore limbs are present in
Bipes, found in Mexico, and are used to scratch a cavity prior to tunnelling, while the wedge-shaped head compacts the soft as the lizard burrows. Eyes and ears lie
beneath the skin. There are about 130 species, found in America, the Mediterranean region, and Africa.

amphistyly A type of jaw suspension in which the upper jaw is attached by ligaments to both the *chondrocranium and to the second *visceral (hyoid) arch. Am-
phistyly results in a large gape with the jaw extending back behind the *cranium and is present in primitive members of the *Elasmobranchii (e.g. * Cladoselache).
Compare HYOSTYLY.

Amphipterygidae (damselflies; order *Odonata, suborder *Zygoptera) Family of damselflies that resemble the * Anisoptera (true dragonflies) in their habit of
resting with their wings open. They are distinguishable from all other zygopteran families by having five or more *antenodals, of which the first two are thickened and
the rest are incomplete. The robust larvae are adapted for clinging to rocks in fast-flowing streams, and have large, saccoid, tracheal gills. The family is mainly tropical,
and 19 extant species have been described.

amphitropical species Species that have disjunct distribution patterns, one part of the range being to the north of the Equator, the other to the south, the different
parts being geographically quite separate. These disjunctions probably arose in the *Pleistocene when the climatic belts were telescoped, and migration across the
Equator would have been easier.

Amphiumidae (Congo eels, lamper eels; class *Amphibla, order *Urodela) A family of eel-like, semi-larval salamanders that have a cylindrical body up to I m
long, rudimentary limbs and lungs, small, lid-less eyes, no tongue, and external gills that are lost in adults. They are nocturnal feeders on small invertebrates. They may
leave the water in wet weather. Eggs are laid in a nest. Fertilization is external, with no *spermatophore. There is a single genus, Amphiuma, and three species,
occurring in freshwater swamps in the south-eastern USA.

Ampulicidae (cockroach wasps, digger wasps; order *Hymenoptera, superfamily *Sphecoidea) The most primitive family of sphecid *hunting wasps, in which
the antennae are inserted low on the face, with the sockets touching or close to the fronto-clypeal suture (see cLypeus). The *pronotum has a high collar, and is long to
very long and often tuberculate. The *propodeum is long to very long, with the enclosed area entirely dorsal, and U-shaped to nearly triangular. The mid-*tibiae have
two apical spurs, and the claws have an inner tooth. The marginal cell of the fore wing is *acuminate apically, and apendiculate. The fore wing has two or three
submarginal cells, and two recurrent veins (the first recurrent received by submarginal 1 or 2, the second received by 2 or 3). The *abdomen is sessile, or with a
petiole (see Gaster) composed of the *sternum and *tergum. There are about 160 species, mainly tropical.

ampullae, of Lorenzinl Jelly-filled tubes located in the heads of sharks. Open at the surface, the deeper part of the am-pullae contain sensory cells that respond to
electrical gradients such as those produced by potential prey hidden in a sandy sea-bottom.

ampullary organ An organ comprising *electroreceptors, which are cells found in weakly electric teleosts (*Teleostei) that detect tonic (steady) electrical discharges.
Compare TUBEROUS ORGAN.
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ampulliform Flask-shaped or bottle-shaped.
amygdaliform Almond-shaped.

amylase A member of a group of *enzymes that hydrolyse starch or *glycogen by the splitting of glycosidic bonds, so giving rise to the sugars glucose, dextrin, or
maltose. Amylases are widely distributed in plants and animals, occurring in microorganisms and, for example, in pancreatic juices and salivary glands.

amylolytic Capable of digesting starch.

amylopectin A branched-chain *polysaccharide that is found in native starches composed of glucose units joined by a-1,4 glycosidic bonds and at points of
branching by a-1,6 bonds.

amylose A long, unbranched-chain polysaccharide component of native starch that is composed of *glucose units joined by a-1,4 glycosidic bonds.

Amynodontidae (amynodonts; suborder *Ceratomorpha, superfamily *Rhinocerotoidea) An extinct family of thinoceros-like animals that lived during the
*Eocene and *Oligocene in America and Eurasia and persisted into the *Miocene in Asia. They were analogous in size and shape to the hippopotamus and, like them,
probably lived in rivers.

amynodonts See AMYNODONTIDAE.

Anabantidae (climbing gouramis, labyrinth fish; subclass *Actinopterygii, order *Perciformes) A family of fish capable of aerial respiration because of the
presence of an *accessory respiratory organ. There are about 40 species, the best known of which is Anabas testudtneus (climbing gourami or walking fish) of
southern Asia. It lives in freshwater ponds and swamps, but can crawl over land in search of a new source of water during the dry season.

Anabas testudineus (climbing gourami) See ANABANTIDAE.

Anablepidae (four-eyed fish; subclass *Actinopterygii, order *Atheriniformes) A small family of fish that includes the species Anableps anableps, unusual
because its bulbous eyes are actually divided into upper and lower lobes so that the two eyes actually function as four eyes. It is a predominantly freshwater fish from
Central America.

anabolism See METABOLISM.

Anacanthini Older name for the cod-like fish species now included in the order *Gadiformes.
anachoresis The habit of living in holes or crevices as a means of avoiding predators.
anaconda (Eunectes murinus) See Boat.

anadromous Applied to the migratory behaviour of fish that spend most of their lives in sea, but then migrate to fresh water to spawn (e.g. salmon and lamprey).
Compare CATADROMOUS; POTAMODROMOUS. See also AMPHIDROMOUS; DIADROMOUS.

anaerobe See anaeroBic (2).

anaerobic 1. Of an environment: one in which oxygen is absent. 2. Of an organism: one able to exist only in the absence of oxygen, i.e. an anaerobe. Organisms may
be facultative anaerobes (e.g. yeasts) or obligatory anaerobes (e.g. sulphur bacteria). 3. Of a process: one that can occur only in the absence of oxygen.

anagenesis In the original sense, evolutionary advance; the term is now often applied more widely, to virtually all sorts of evolutionary change, along a single,
unbranching lineage.

anal fin The unpaired fin located on the ventral side of the body of a fish, posterior to the anus. It plays an important role in the swimming movements of sharks and
bony fish.

analogous variation Features with similar functions which have developed independently in unrelated taxonomic groups, in response to a similar way of life, or similar
method of locomotion, or similar food source, etc. Thus the wings of birds and insects are analogous.

analysis of variance A statistical procedure that is used to compare more than two means.

anamniote Applied to a type of devel-
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opment typical of lower vertebrates (fish and amphibians). The egg lacks a shell and protective embryonic membranes: consequently it must be laid in water or in a
suitably damp environment.
Anamorpha See CuiLoropa.

anamorphic growth See ANAMORPHO-SIS.

anamorphosis (anamorphic growth) A developmental phenomenon in some *Protura and *Chilopoda in which the young do not possess the full, adult complement
of body segments and legs on hatching; these are developed successively in later stages, after moulting. Centipedes that hatch with only part of the adult complement
of segments take several years to reach sexual maturity. Compare EPIMORPHOSIS.

anaphase The stage of *mitosis or *meiosis at which the *centromere becomes functionally double, and daughter *chromatids separate from the equator, moving
towards the opposite poles of the *spindle. The spindle then elongates and pushes the two groups of chromosomes further apart. In the second stage (anaphase II) of
meiosis, centromeres do not divide and ¥*homologous chromosomes are separated.

Anapslda (class *Reptilia) A subclass of reptiles characterized by a skull that lacks apertures in the temple regions behind the-eyes. The only living representatives
are the turtles (*Chelonia) but three other groups flourished in the late *Palaeozoic, two of them surviving into the *Triassic.

Anapsida

Anaptomorphidae (suborder *Haplorhini (or *Prosimii, infra-order *Tarsiiformes) An extinct family of tarsier-like animals that showed signs of specialization.
The brain was similar to that of a modern tarsier but the olfactory regions were more highly developed, and the temporal and occipital lobes enlarged. The eyes were
large, the face short. There were at least 20 genera, distributed in Europe and America from the *Palacocene to *Oligocene.

Anarhlchadidae (wolf-fish; subclass *Actinopterygii, order *Perciformes) A family of marine fish which are eel-like in shape, have a very long *dorsal fin, lack
*pelvic fins, and have powerful jaws with strong teeth used to crush hard-shelled molluscs and crustaceans. There are about six species, living in cold to Arctic waters.

Anas (dabbling dudes) See ANATIDAE.

Anasca (class *Gymnolaemata, order *Cheilostomata) Suborder of relatively primitive bryozoans in which the tentacles are extruded by a simple hydrostatic
system without a compensation sac (see as-coprora). They occur from the *Jurassic to the present.

Anaspidea (Aplysiacea, Aplysiomorpha; class *Gastropoda, subclass *Opisthobranchia) An order of gastropods which have an internal and much reduced
shell. Only a small *mantle cavity is present. The order contains the sea hares.

Anaspidiformes (subphylum *Craniata, class *Cephalaspidomorphi) An extinct order of fossil, fish-like vertebrates that are considered to be related to the
lampreys (*Petromyzoniformes).They had a *fusiform body with a *hypocercal tail, and up to 15 pairs of external gill openings. Extant during the *Silurian and
*Devonian Periods, these small (up to 15 cm in length) animals lived predominantly in fresh water.

Anas platyrhynchos (mallard) See ANATIDAE.
anastomose To join together structures, such as blood vessels, separated by the earlier branching of a single structure, forming loops or a network.

Anatldae (ducks, geese, mergansers, pochards, sawbills, swans; class *Aves, order *Anseriformes) A family of mainly aquatic birds that have fiat, *lamellate
bills, except for the six species of Mergus,
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the mergansers or sawbills, which feed on fish and have long, narrow, serrated bills and shelducks (seven species of Tadorna), which are fairly large birds that
resemble geese, and have short, slightly upturned bills. The front toes are webbed (the more terrestrial and non-migratory Branta sand-vicensis, the Hawaiian goose
or ne-ne, has reduced webbing and short wings). Many Anatidae show *sexual dimorphism. They have thick feathers with insulating down. (Stifftails (six species of
Oxyura) have long, stiff tail feathers and the males have long, blue bills.) The flight feathers are moulted simultaneously after breeding. They feed on vegetable and
animal foods and nest on the ground or in holes in trees, among rocks, or in the earth, and the nest is usually lined with down. Eiders (three species of Somateria) are
sea ducks, found in estuaries and coastal areas, as are scorers (three species of Melanitta) although these breed inland. Whistling ducks (eight species of
Dendrocygna) are partially nocturnal. The largest genus, with 36 species, is Anas (dabbling ducks); A. platyrhynchos (mallard) is the ancestor of most domestic
ducks. There are nine or 10 species of Anser (geese); A. anser (greylag goose), A. cygnoides (swan goose), and Cygnus olor (mute swan) are also extensively
domesticated. C. atratus (black swan) has been introduced to New Zealand. Branta canadensis (Canada goose) has been introduced into Europe. There are 12
species of Aythya (pochards), some of which feed in sea water. Anseranas semipalmatis (magpie goose) occurs on the floodplains of northern Australia. There are
43 species, with cosmopolitan distribution.

Anatolepis heintzi Possibly one of the earliest jawless fish, known from a number of associated scales and fragments discovered in Lower *Ordovician (Arenig)
strata of Spitzbergen.

Anax imperator (emperor dragonfly) See AEsHNIDAE.
anchovy (Engraulis encrasicolus) See ENGRAULIDAE.

Ancylopoda (chalicotheres; superorder *Mesaxonia, order *Perissodactyla) An extinct suborder (sometimes called Chalicotheriidae) of horse-like animals,
that were distributed widely in N. America and Europe in the *Eocene and survived in Africa until the *Pleistocene. Moropus, usually taken as representative of the
group, resembled a horse with front legs longer than the back legs. It had three toes with terminal phalanges that were cleft and undoubtedly bore claws rather than
hoofs. Probably chalicotheres fed on roots and tubers and the claws and long fore limbs were used in digging, or possibly to pull down leafy branches.

Andean condor (Vultur gryphus) See CATHARTIDAE.

Andrenidae (solitary mining bees; subclass *Pterygota, order *Hymenoptera) Large family of short-tongued, solitary bees. Each antennal socket is connected
to the *clypeus by two sutures. The tongue is pointed. The segments of the *labial palps are similar, or sometimes the first or second are elongate and flattened. The
*coxae of the mid-leg are externally shorter than the distance from their apices to the posterior wing bases. The pollen *scopa is a dense fringe of hind tibial, branched
hairs, often augmented by a coxal floccus of long, curved hairs. The brood cells are lined with a wax-like secretion of the *Du-four's gland.

Andrias japonicus (Japanese giant salamander) See CrYPTOBRANCHIDAE.
androchronial scale See ANDROCONIAL SCALE.

androconial scale (androchronial scale) In male *Lepidoptera, a wing or body scale that is modified for the dispersal of a sexual scent (*pheromone). Glandular
cells in the wing membrane or integument of the body connect with the base of the scale, but just how the scent is dispersed is not fully understood. The scent may
diffuse via the hollow body of the scale to the fimbriae (minute hairs) at the scale tip, or may simply pass on to the surface of the scale. An-droconia may be scattered
singly over the surface of the wing, but are sometimes grouped together in tufts.

androgens A generic term of the *hormones, secreted principally by the testis, that regulate the development of male *secondary sexual characteristics.
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anemonefish See PoMACENTRIDAE.
aneucentric Applied to an aberrant *chromosome that possesses more than one *centromere.

aneuploid Applied to a cell or organism whose nuclei possess a *chromosome number that is greater by a small number than the normal chromosome number for that
species. Instead of having an exact multiple of the *haploid number of chromosomes, one or more chromosomes are represented more times than the rest.

angelfish See CraeTopONTIDAE; CICH-LIDAE.
angel shark See SQuATINIDAE.
anglerfish 1. See Loprrpae; MELaNO-CETIDAE. 2. (frogfish) See ANTENNARHDAE.

anguidae (lateral fold lizards, slow-worms, glass snakes; order *Squamata, suborder *Sauria) A family of reptiles whose members vary from four-legged
lizards to legless snake-like forms (e.g. Anguis fragilis, the slow-worm or blindworm, and Ophisaurus apodus, the European glass lizard or glass snake). All have a
forked tongue (unlike skinks of similar form), mobile eyelids, and tail *autotomy. Some (e.g. 4. fragilis) are *ovoviviparous, others (e.g. O. apodus) egg-layers.
There are about 40 species, found in America. Europe, Asia, and N. Africa.

Anguillidae (eels; superorder *Elopomorpha, order *Anguilliformes) A family of snake-Like fish with long, cylindrical bodies, narrow, vertical gill slits, and a
long *dorsal fin continuing through the *tail fin into the *anal fin. The skin bears minute scales. Widely distributed in tropical and temperate regions, the adults tend to
live in freshwater for a number of years, finally migrating to the sea to spawn. Being a valuable food fish, eels are marketed hi large numbers in many countries. The
common eel, Anguilla anguilla, is known to spawn in the Sargasso Sea (western Atlantic), the juveniles (elvers) taking up to three years to reach the coast of
Europe. There is one genus, Anguilla, with about 15 species.

Anguilliformes (subclass *Actinopterygii superorder *Elopomorpha) An order of eel-like fish with elongate, cylindrical bodies, narrow gill apertures, a *tail fin
confluent with the low *dorsal and *anal fins, no ventral fins, and the skin either naked or with minute scales. The order comprises about 22 families, including the
* Anguillidae (eels), *Muraendiae (moray eels), and *Congridae (conger eels).

anguilliform swimming A type of swimming practised by highly flexible fish such as eels, in which most of the body length undulates such that over a half a sinusoidal
wave iS fOrmed. Compare BALLISTIFORM SWIMMING; CARANGIFORM SWIMMING; LABRIFORM SWIMMING; OSTRACIIFORM SWIMMING; RAJIFORM SWIMMING.

Anguilliform
Anguis fragllis (blindworm, slow-worm) See ANGUIDAE.
angular In most *Gnathostomata, a bone which forms the angle of the lower jaw. In mammals it forms the *tympanic bone.

angwantibo (Aretocabus calabarensis) See LoribaE.



Page 28

Anhimidae (screamers; class *Aves, order *Anseriformes) A family of black or grey, short-necked, fairly long-legged, ungainly birds in which the bill is chicken-
like, the toes are long and semipalmate, the wings broad with a spur on the leading edge. There are subcutaneous *air sacs. The ribs lack *uncinate processes. These
birds are found in marshy habitats where they wade or swim. They are vegetarian and nest on the ground near water. There are two genera, with three species, found
in tropical and subtropical S. America.

Anhinga (darters) See ANHINGIDAE.
anhingas See PELECANIFORMES.

Anbhingidae (darters; class *Aves, order *Pelecaniformes) A family of long-necked birds that have an elongated body, long, narrow, pointed bill, and long, stiff
tail. They are *totipalmate. The food consists mainly of fish, caught under water, and darters often swim with only the head and neck above water. These birds are
excellent fliers, and are migratory in some areas. They inhabit the wooded shores of lakes and rivers, breeding colonially in trees. There is one genus, Anhinga, with
four species, often considered to be one, found in all the major continents except Europe.

Aniliidae (pipe snakes; order *Squamata, suborder *Serpentes) A family of subterranean snakes that are similar in general form to the blind snakes
(*Typhlopidae) but have enlarged belly scales. The small eyes are not covered by scales, and remnants of hind limbs remain as claws near the anus. There are 10
species, found in S. America and southeast Asia. See also CORAL SNAKES.

animal A multicellular, heterotrophic organism that develops from an *embryo derived from *gametes produced in specialized organs or surrounded by somatic cells.
Typically, animals are *motile, at least during some stage of the life cycle, and have sensory apparatus with which to detect changes in their immediate environment.
*Protozoa are unicellular but otherwise resemble animals in many ways (although there are plant-like protozoons) and were formerly classified as an animal phylum;
they are now more usually classified in the kingdom *Protista. See AN-IMALLA.

animal behaviour See erHoLoGY.
animalcule An old name for a microscopic, animal-like organism, particularly a protozoon.

Animalla (Metazoa) Multicellular organisms that develop from *embryos; one of the three kingdoms of multicellular organisms (the other two being Fungi and
Plantae, the plants). The *gametes form within multicellular sex organs and never within unicellular structures. The kingdom includes all animals other than protozoons
(some of which are colonial); *Porifera (sponges) are sometimes excluded because their structure differs markedly from that of other animals. Animals first appeared
in the ¥*Precambrian, the sponges (Porifera) from one kind of *protist forebear, and all other animals from another (or possibly more than one other) protist. The
oldest fossils are burrows of a *coelomate in rocks rather less than 700 Ma old.

animal pole The end (or pole) of an egg that contains the most *cytoplasm and the least *yolk. It is also the point on the surface of the egg that is nearest to its
*nucleus. The opposite end is called the vegetal pole. These two poles form the anchor points from which *spindle fibres extend to attach to the *centromere of each
of the two *homologous chromosomes during cell division.

animal starch See GLycoGen.
anls (Crotophaga) See Cucuupak.
aniso- Prefix meaning unequal, from the Greek an and isos, 'not' and 'equal'.

anisodactylous In birds, the condition in which three toes are free and face forward, and the hind toe is in the same plane and opposable to them. This foot
morphology is common among *passerines. Compare zYGODACTYLOUS.

anisomyarian Applied to the condition in *Bivalvia in which the two *adductor muscles are not clearly equal in size.

Anisoptera (dragonflies; class *In-
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secta, order *Odonata) One of the three suborders of dragonflies, comprising insects which are generally more robust, and fly more, strongly, than those in the other
suborders. The anisopteran hind wing has a broader base than the fore wing, both parts being held outspread when the insect is at rest. The larvae are aquatic and
robust, with an elaborate system of *tracheal gills arranged in longitudinal rows within the rectum. Adults are often brightly coloured, and fly near water. This
cosmopolitan suborder has nine families (* Aeshnidae, *Cordulegasteridae, *Corduliidae, *Gomphidae, *Libellulidae, Macromiidae, Neopetaliidae, *Petaluridae, and
*Synthemidae), containing more than 2500 species.

Anisozygoptera (dragonflies; class *Insecta, order *Odonata) Smallest of the three suborders of dragonflies, comprising insects which are superficially similar to
the * Anisoptera, but whose wings have narrow bases (a feature of *Zygoptera). The larvae also show features possessed by both the other suborders. The Anisozy-
goptera flourished during the *Mesozoic, when they replaced the ancestral dragonfly order Protanisoptera. Today there are only two, poorly known, living Species,
found in India and Japan. See also ErioPHLEBIDAE.

Ankylosauria (ankylosaurs; subclass *Archosauria, order *Ornithischia) A suborder of *Cretaceous dinosaurs that were heavily armoured with bony plates,
rather in the manner of armadillos. They had small heads with insignificant teeth, and some forms were toothless.

ankylosaurs See ANKYLOSAURIA.

Annelida A phylum of coelomate (see coeLom) worms that have a definite head and good *metameric segmentation. Anatomically they are more complex than the
*Platyhelminthes. They have vascular, respiratory, and nervous systems which are well developed. The body is elongate, and each segment has *chaetae. They occur
in marine, freshwater, and terrestrial environments. Some are parasitic. They are represented today by the earthworms, sandworms, and leeches. Their fossils are
found in rocks dating from the *Cambrian, and possible fossil annelid worms are known from *Precambrian sediments in southern Australia.

Anniellidae (shovel-snouted legiess lizards; order *Squamata, suborder *Sauria) A family of limbless, burrowing lizards that inhabit sandy ground. The head is
wedge-shaped with a countersunk lower jaw, small eyes with lids, and no *tympanic membrane. The scales are smooth. The diet consists mainly of insect larvae.
There are two species, both found only in California.

annual fish Certain small fish (*Cyprinodontidae) whose adult life is confined to a single year. Spawning takes place before the onset of the dry season; the adults
then die, but the hardy eggs survive, hatching with the arrival of the rains.

annular In the shape of a series of rings.
annulate Having ring-shaped markings.

annulate lamellae Flat, membranous *cisternae, bearing regularly spaced pores, that are derived from the *nuclear envelope and apparently represent an
intermediate stage between this and the *endoplasmic reticulum.

annulus One of a series of concentric rings or bands of varying width and opacity which are formed in the scales of bony fish. Winter rings are often narrower and
denser than summer rings. The number of annuli is indicative of the age of a fish.

Anobiidae (furniture beetles; class *Insecta, order *Coleoptera) Family of small, *pubescent, brown beetles. 2-7 mm long, in which the head is hooded by the
*pronotum. The antennae have the last three segments elongate. Larvae are white, fleshy, and C-shaped; they have tiny legs. They bore into the wood and bark of
dead trees. Larvae of Anobium punctatum (woodworm) attack furniture and structural timbers; distinctive holes are caused by the emergence of adults. Xestobium
rufovillosum (death-watch beetle) bores into structural timbers. Adults make a 'ticking' noise, by tapping the head against wood as a signal to the mate; this is
sometimes



Page 30

heard by those keeping vigil with the dying and so is thought to presage death. There are 1100 species.

Anobium punctatum (woodworm) See ANOBIDAE.

anoestrus In female ¥*Mammalia, the period between *oestrous cycles, during which the sexual organs are quiescent and breeding does not occur.
anogenital Applied to the region of the body containing the anus and genitalia.

anoles (4nciis) See IGUANIDAE.

Anolls (anoles) See IGuanDAE.

Anomalodesmata (phylum *Mollursca, class *Bivaivia) A subclass of equivalve, or nearly equivalve, bivalves most of which are relatively elongate. They have an
aragonitic shell and many genera have a *nacreous *endostracum. If present, the ligament is *opisthodetic, and the musculature is nearly *isomyarian. There is a
thickened hinge margin, and dentition is *desmodont or *edentulous. Living members have *eulamellibranchiate, or occasionally septibranchiate, gills. The subclass
first appeared in the Middle *Ordovician. There is only one order, the Pholadomyoida.

Anomalopidae (lantern-eye fish; subclass *Actinopterygil, order *Beryci-formes) A family of primarily warm-water, Indo-Pacific fish that have a cream-
coloured light organ beneath each eye. The fish can turn their 'lanterns' off at will by masking the light organ with a piece of black skin. Anomalops katopteron can
"flick’ its light at the rate of about four to five times a minute.

Anomaluridae (scaly-tailed squirrels; order *Rodentia, suborder *Sciuromorpha) A family of arboreal, squirrel-like rodents, usually brightly coloured, and in
all genera but Zenkerella possessing, a *patagium supported laterally by an *olecranon cartilage, used in gliding. The tail is bushy, with a double row of raised scales
on the under-side, and in some species it is long. The limbs are *Pentadactyl, the claws strong. The skull is high, the palate narrow, the eyes and ears large. The cheek
teeth are rooted, *brachydont with four or five cusps. There are about 12 species in four genera: Anomalurus. Anomalurops, Idiurus, and Zenkerella. They are
found in W. and Central Africa.

Anopheles See CuLICIDAE.

Anopla (phylum *Nemertini) A class of nemertinid worms in which the mouth is posterior to the brain. A simple proboscis is present. The class contains two orders.
*Palaconemertini and *Heteronemertini.

Anoplopomatidae (sablefish; subclass *Actinopterygii, order *Scorpaeniformes) A family, comprising only two species, of marine fish with a streamlined body
and two *dorsal fins. They are found in the N. Pacific region.

Anoplura (sucking lice; class *Insecta, order *Phthiraptera) Suborder of lice characterized by piercing mouth-parts (made up of three *stylets), and by the
fusion of all three parts of the thorax. All species are obligate parasites of placental mammals and feed on blood; this being digested with the aid of symbiotic bacteria.
Some species are vectors of disease in humans and other animals. There are 15 families, 43 genera, and about 500 species known. Approximately 840 species of
mammal are known to harbour Anoplura, and more are expected to be discovered.

Anoptichthys jordanl (blind cavefish) See CuarRACIDAE.

Anostomidae (head stander, subclass *Actinopterygii, order *Cypriniformes) Small family of freshwater fish very similar to the *Chilodontidae. They often
swim head-down. They occur in S. America.

Anostraca (fairy shrimps, brine shrimps; subphylum *Crustacea, class *Branchiopoda) Order of mainly freshwater branchiopods lacking a carapace, and
with an elongate body comprising 20 or more segments, with limbs borne by segments 11-19. The brine shrimps (Artemia species) are found in salt lakes throughout
the world and tolerate very high salinities. There are 175 species.

Anser (geese) See ANATIDAE.
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Anseranas semlpalmatis (magple goose) See ANATIDAE.

Anseriformes (screamers, waterfowl; class *Aves) An order of birds in which the palate is *desmognathous. They lay unspotted eggs which hatch to produce
*nidifugous, downy young. There are two families, * Anhimidae and * Anatidae.

antagonistic resources Two or more resources that can substitute for one another, but when taken together some partially offset the effects of others. The consumer
requires more of the resources when they are taken together than when they are taken separately. Compare coMPLEMENTARY RESOURCES.

ant bear (aardvark, Orycteropus afer) See OrRYCTEROPODIDAE.
antbirds See ForMICARIIDAE.
ant-eaters See MYRMECOPHAGOIDEA.

Antechinus (antechlnus; infraclass *Metatheria, order *Marsupialia) A genus of mouse-size marsupials, comprising about eight species, typical of the eucalypt
woodlands and rain forests of eastern Australia. They are voracious predators. They and a very few other related genera exhibit *semelparity.

antelope See Bovipat.

antenna One of a pair of sensory structures which grow from the head of an invertebrate animal. Antennae may be long and filiform as in cockroaches, feathery as in
male moths, or dub-shaped as in some *Diptera. The antenna is richly supplied with nerves and is covered with a battery of sense organs, including various types of
mechanoreceptors and chemoreceptors. The antenna is a dead-end space, but haemolymph is circulated through it by means of a pump or heart.

antennal gland A sac opening into the base of an *antenna, found in *Crustacea.

Antennariidae (anglerfish, frogfish; subclass *Actinopterygii, order *Lophiiformes) A family of balloon-shaped, relatively short-bodied fish, with the naked
and loose skin often possessing wart-like processes. The first of the three separate anterior dorsal spines is usually modified into a movable rod, the “fishing pole' often
provided with a fleshy lure used to attract prospective prey. The family composes about 60 species of marine frogfish found in all tropical and subtropical seas. See
(llSO BRACHIONICHTHYIDAE.

antennate In insects, to communicate information by touching *antennae. See DANCE LANGUAGE.

antenodal In ¥*Odonata, a cross-vein between the wing base and nodus, which runs between vein C (costal vein) and vein RI (median vein). The number of
antenodals is an important diagnostic character.

anteriad Pointing forward.

Anthldium See MEGACHIUDAE.

anthocodium In colonial coelenterates, the exposed part of the feeding *polyp.
Anthocopa See MAasoN BEE.

Anthocyathea (Irregulares; phylum *Archaeocyatha) A class of solitary, rarely colonial organisms found in Lower, Middle, and Upper *Cambrian rocks. The
conical cup is from cylindrical to discoid in outer form, often with an irregular outline, having one, or more usually two, porous walls. The *intervallum contains rods
and bars or *sepia, always with *dissepiments and commonly with *tabulae.

Anthomedusae See GYMNOBLASTINA.

Anthomyildae (order *Diptera, suborder *Cyclorrapha) Moderately Sized family of small to tiny flies with slender bodies, whose larvae are phytophagous,
feeding in plant shoots or inside galls. Some genera, e.g. Erioischia and Hylemyia, are economically important as pests of cabbage and wheat respectively. More
than 1000 species have been described.

Anthonomus grandis (cotton boll weevil) See CurCULIONIDAE.

Anthophoridae (order *Hymenoptera, suborder *Apocrita) Large, diverse, cosmopolitan family of mainly solitary bees, with a few species which show some
degree of sodality. Most species are long-tongued and have a rapid, darting flight. A
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pygidial plate (see pycipium) is present in the females of almost all species, and in most males. The *clypeus is usually protuberant, and the anterior *coxa is only
slightly broader than long. The pollen *scopa consists of hairs and is restricted to the hind *tibiae and *basitarsi. The family includes some of the largest bees. With the
exception of the carpenter bees (Xylocopa. Ceratina, and related genera), which bore into solid Wood or plant pith, all anthophorids are ground nesters. They line
their brood cells with a water-proofing secretion of the *Dufour's gland. One subfamily, the five genera comprising the Nomadinae, consists entirely of parasitic or
cuckoo bees, the females of which have lost the pollen scopa and lay their eggs in the nests of other bee species.

Anthozoa (Actinozoa; sea anemones, corals, sea pens; phylum *Cnidaria) A class of exclusively *polypoid, marine cnidarians that are solitary or colonial, and
usually sedentary. The oral end is expanded as an oral disc with a central mouth, with one or more rings of hollow *tentacles. A well-developed *stomodaeum leads
from the mouth to a gastrovascular cavity, generally with one or two vertical grooves. The gastrovascular cavity is partitioned into compartments by complete or
incomplete *mesenteries, some bearing endodermal gonads. Anthozoans first appeared in the *Ordovician.

Anthracosauria A group of early (*Carboniferous and Lower *Permian) reptiles that were transitional from the *Labyrinthodontia.

Anthracotheriidae (superorder *Paraxonia, order *Artiodactyla) A family of large, primitive artiodactyls that were especially common in the middle *Tertiary in
the Old World. They were pig-like in general appearance. From the nature of the sediments in which they are fossilized, it seems that they were amphibious. This
supports the view based on anatomical evidence that they were the ancestors of the hippopotami. They arose in the *Eocene and became extinct in the *Pleistocene.

Anthrenus (carpet beetle, museum beetle, woolly bear) See DerMESTIDAE.
Anthreptes (sunbirds) See NECTARINIDAE.

Anthribidae (class *Insecta, order *Coleoptera) Family of robust beetles, 2- 15mm long, with a short, flattened *rostrum. The antennae are short and clubbed, or
filiform and very elongate, but without *scape. Larvae are curved and fleshy, with legs and antennae absent or reduced, and feed inside fungi, dead wood, and plant
galls. Brachytarsus larvae feed parasitically inside scale insects. There are 2400 species, mostly tropical.

Anthropogene See QUATERNARY.
anthropoid A member of the *Simiiformes.
Anthropoldea See SivirormEs.

anthropomorphism The attribution of human characteristics to non-human animals, most commonly by supposing non-human behaviour to be motivated by a human
emotion that might motivate superficially similar human behaviour.

Antiarchi (class *Placodermi) Group or order of fossil, ¥*Devonian Period, fish, possibly related to sharks. The trunk shield, which was larger than the head shield,
possessed a pair of movable, spine-like *pectoral fins. The fossils may reach a length of about 30 cm, and show a subterminal mouth as well as a *heterocercal tail.

antibody A complex protein that is produced in response to the introduction of a specific *antigen (which is normally foreign to it) into an animal. Antibodies are
usually highly specific, combining only with antigens Of a particular kind. Antibodies belong to a class of proteins called immunoglobins, which are formed by plasma
cells in the blood as a defence mechanism against invasion by parasites, notably bacteria and viruses, either by killing them or rendering them harmless. The specificity
of their binding reaction with a particular antigen is due to the configuration of a particular small area, known as the active site, on the surface of the antigens. Thus
when a parasite (or its poisonous products) enters the tissues of its host, the antigens deriving from the
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parasite each produce a particular response according to the specific antibody that binds to that antigen. This 'recognition' by the host of the species or strain of
parasite Which has entered is sometimes applicable to other parasites should they share the same antigen. For example, the vaccinia and smallpox viruses share the
same antigen so that immunity to one confers immunity to the other. Antibodies may persist in the body long after the disappearance of the antigen, so conferring
immunity to any new infection by the same strain or species of parasite. Vaccination or inoculation provides immunity to an organism by the injection of particular
foreign proteins (not necessarily from a parasite) which then stimulate the production of antibodies.

anticoagulant A substance that inhibits the dotting of blood.

anticodon A triplet sequence of *nucleotides in *transfer-RNA that during protein synthesis binds by base-pairing to a complementary sequence, the *codon, in
*messenger-RNA attached to a *ribosome.

antidiuretic hormone See vAsOPRESSIN.

antigen A molecule, normally a *pro-rein, *glycoprotein, or *polysaccharide, usually found on the surface of a cell, which can interact with receptors found on
lymphocytes or antibodies. See also IMMUNOGEN.

antihaemophilic globulin (AHG) See BLooD cLoTTING.

Antilocapridae (infra-order *Pecora, superfamily *Bovoidea) A family of 'antelope-goats', which appeared first in the middle of the *Miocene. In general
appearance, the earliest representatives probably resembled roe deer. The horns have two branches in bucks, and are usually simple in does but sometimes have a
small prong. The horns have a hard bony core, and a soft, keratinous covering which is shed. The feet possess two digits. Antilocaprids graze or browse in herds.
There is one surviving species, in one genus (A4ntilocapra, the pronghorn), found in western N. America.

antilocaprids See ANTILOCAPRIDAE.

anti-oxidant A compound, usually organic in nature, that prevents or retards the oxidation by molecular oxygen (autoxidation) of materials such as food, rubber, and
plastics. It acts by scavenging the free radicals generated in autoxidation chain reactions, and thus provides an alternative oxidation pathway. It does not act indefinitely
as it is destroyed in the process.

Antipatharia (black corals; phylum *Cnidaria, class *Anthozoa) An order of colonial, branching corals in which the *polyps are small, with few *tentacles (six
simple, or eight branched) and few unpaired *mesenteries (6, 10, or 12). The skeleton is a branched, thorny, chitinous (see curriv), axial structure, developed from the
*ectoderm, extending throughout the colony, and surrounded by a fleshy *coenosarc containing the polyps. Black corals are non-reef dwellers in depths of 2000-
35000m. About 20 extant genera are known, one of which is also known from the *Miocene.

antiserum An immune serum containing specific *antibodies that is prepared from the blood of a human or of another animal that has been immunized against
*antigens from bacteria, viruses, or other parasites.

antitoxin An *antibody that neutralizes or inactivates a specific *toxin (forming an *antigen).
antitragus In *Mammalia, the lower posterior part of the outer ear, which lies opposite the *tragus.
ant lions See MyYRMELIONTIDAE; NEUROPTERA.

ant-loving crickets See MYRMECOPHILIDAE.

antpittas See FORMICARIDAE.

Antrodiaetidae See TRAPDOOR SPIDERS.

ants See Arocrita; FormicipAE; HYMENOPTERA.

antshrikes See ForMicARIDAE.

anucleate Lacking a nucleus. For example, erythrocytes (red blood cells) in
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mammals lack nuclei, although they are nucleated in birds.

Anura (Salientia; anurans, tail-less amphibians, frogs and toads; subphylum *Vertebrata, class *“Amphibia) An order of amphibians in which the head joins
directly into the trunk. The vertebral column is short and there is no tail in the adult. The fore limbs are stout and the long, webbed, hind limbs are used for jumping and
swimming. The eyes are large and high on the head. There are superficial ear membranes posterior to the eyes. All anurans lay eggs, have external fertilization, and
develop from tailed tadpoles. There is no *neoteny. *Sexual dimorphism is common, the males often being smaller and having vocal pouches. There are 2600 species,
widespread in tropical and temperate zones.

anurans See ANURA.

anus In most *Metazoa, but not in coelenterates or *Platyhelminthes, the exterior opening of the *alimentary canal through which are expelled the unabsorbed
remainder of food items, solid excretion products, and bacteria associated with both. In some aquatic invertebrates the posterior end of the alimentary canal is also
used in respiration.

anvil See incus.
aorta In *Mammalia, the main artery conveying blood to the whole body.

aortic arches In fish, the arteries supplying the gills, passing from the ventral aorta and then uniting to form the dorsal aorta. In tetrapods they are modified and
reduced in number.

Aotus (night monkey) See CeBIDAE.

Apachyidae (order *Dermaptera, family *Labiduridae) Subfamily (or in some classifications family) of large, winged, extremely flattened, and brightly coloured
earwigs. Fewer than 12 species have been recorded, from Australia and south-east Asia, where they are usually found in rain forest.

Apatosaurus (order *Saurischia, suborder *Sauropoda) One of several gigantic dinosaurs recorded from the Upper *Jurassic, Apatosaurus was a quadruped
with a long neck whose total weight reached 30 tonnes. The name 4patosaurus, meaning 'deceptive lizard' (derived from the Greek apate meaning 'deceit' and saura
meaning 'lizard"), is a senior synonym of Brontosaurus. Animals of 22 m in length have been recorded from the Morrison Formation of N. America.

ape A name originally (in medieval times) applied to the Barbary macaque (Macaca sylvanus) of N. Africa (as were the Latin simia and Greek pithecus) and, by
extension, applied to other primates as these were made known in Europe. As long-tailed monkeys (‘tailed apes', or cercopitheci) became better known, 'ape' came
to mean primarily 'tailless ape', and today commonly denotes a member of the *Hominoidea, comprising lesser apes (gibbons) and great apes (orangutan, gorilla,
chimpanzee, and, in some usages, human).

apertural Applied to the end or area of a mollusc shell that contains the aperture out of which soft, internal body parts may emerge.
Aphaniptera An old name for the * Siphonaptera (fleas).
aphicide Natural or synthetic chemical substance that is toxic to aphids (* Aphididae).

Aphididae (aphids, greenfly, blackfly; order *Hemiptera, suborder *Homoptera) Family of soft-bodied insects that feed on plant sap using the *rostrum that
arises between the front pair of legs. Typically, one generation a year reproduces sexually, laying overwintering eggs, usually on woody plants, and several generations
reproduce asexually and viviparously, either on the woody host or on herbs. Many species are tended by ants which feed on the *honeydew. Some are serious pests.
There are about 4000 species, occurring mainly-in the temperate northern hemisphere.

aphids See ApHIDIDAE.
aphotic Of an environment, without light.

apical system At the centre of the
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*aboral surface of some *Echinodermata, a double ring of plates surrounding a hole (*periproct) that contains the *anus.

Apidae (bumble-bees, honey-bees, orchid bees, stingless bees; order *Hymenoptera, suborder *Apocrita). Family of bees, in which the pollen-transporting
apparatus is on the outer face of the hind *tibia and comprises a *corbiculum. The hind tibial spurs are absent, except in the primitively *eusocial bumble-bees (genus
Bombus). The stingless bees (genera Melipona and Trigona), and the four species of honey-bees (4pis cerana. A. dorsata, A. indica, and A. mellifera) have
achieved the highest levels of insect sociality, apart from those found among the termites and ants, with a morphologically distinct *worker caste.

Apionidae (weevils; class *Insecta, order *Coleoptera) Insects very closely related to *Curculionidae, but distinguished by having non-elbowed, clubbed
antennae. They have highly convex, punctured *elytra, 1.5-2.0mm long; and the head is produced into a long, curved or stout *rostrum. The larvae are legless and
grub-like, and feed inside seed pods, stems, or plant roots. There are 1060 species.

Apis See APIDAE; HIVE; HONEY-BEE; HONEYCOMB.
Apistogramma ramirezi (butterfly cichlid) See CicHLiDAE.

Aplacophora (Solenogastres; phylum *Mollusca, class *Amphineura) A subclass of *benthic, worm-like molluscs which lack a dorsal covering of valves.
Calcareous *spicules may occur in the *mantle that covers the body. The anatomy and nervous system are very similar to those of the *Polyplacophora. The ventral
foot is represented as a groove in the order Neomeniida, but is absent in the second order. Chaetodermatida. They are entirely marine, and have a world-wide
distribution. This group does not occur in the fossil record.

aplanetism Condition in which no motile stage is formed.
aplanogamete Anon-motile *gamete.
aplasia The failure of an organ to develop.

Aploactinidae. (Haploactinidae; velvetfish; subclass *Actinopterygii, order *Scorpaeniformes) A family of marine, coastal fish of the western Pacific. The
sharply tapering body has a long *dorsal fin originating on the head, and the *pelvic fins are reduced to a weak spine and two or three rays. The scaleless skin bears
papillae, giving it a velvety appearance.

Aplochitonidae (Haplochitonidae; southern smelts; subclass *Actinopterygii, order *Salmoniformes) A family of freshwater and brackish-water fish that
have an elongate body and a single *dorsal as well as an *adipose dorsal fin. The Australian grayling, Prototroctes maraena, and the Derwent whitebait, Lovettia
sealii, ascend the rivers in order to spawn. Other species occur in S. America.

Aplodactylidae (sea carps; subclass *Actinopterygii, order *Perciformes) A small family of marine, herbivorous fish, somewhat blunt-nosed, with a single but
deeply notched *dorsal fin. Sea carps occur in Australia, New Zealand, and S. America.

Aplodontia (mountain beaver) See APLODONTIDAE.

Aplodontidae (mountain beaver; order *Rodentia, suborder *Sciuromorpha) A family of burrowing rodents in which the body is thickset and heavy, the limbs
and tail short, and the claws large. The eyes and ears are small. The skull is flat, wide posteriorly, and the palate broad. The animal is found only in the N. American
Rockies. There is one genus (Aplodontia), and one species.

Aplonis (glossy starlings) See STURNIDAE.
Aplousobranchiata See Ascipiacea.
Aplysiacea See ANASPIDEA.
Aplysiomorpha See AnaspIDEA.

apnoea Nonventilation of the lungs.

apocrine gland A type of gland in which the apical part, from which the
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secretion is released, breaks down during the secretion process. The gland opens at the surface of the skin near, but not within, hair follicles. From the opening a long
tubular invagination extends into the dermis (see nrecument). Odourless secretions produced by the gland are converted to odorous products by surface bacteria. The
scent and musk glands of *Mammalia are thought to be modified apocrine glands. *Mammary glands and *eccrine glands also resemble apocrine glands in structure,
development and mode of secretion. Compare HOLOCRINE GLAND.

Apocrita (ants, bees, wasps; subclass *Pterygota, order *Hymenoptera) The larger of the two suborders of Hymenoptera, whose members have a constriction
between the *thorax and *abdomen, occurring between the narrowed first abdominal segment (which is attached to the thorax) and the rest of the abdomen. Wing
*venation in some minute forms is greatly reduced, and the *ovipositor can be of two types: a non-stinging type normally kept outside the abdomen, and a stinging
type which is retractable. The Apocrita comprises 11 superfamilies, with about 105000 species, many of which are of benefit to humans. Bees, gall wasps, and some
*Chalcidoidea have herbivorous larvae, but the majority of Apocrita are parasites of other insects and spiders.

Apoda (Gymnophiona, caecilians; class *Amphibia) An extant order of amphibians, now confined to the tropics and subtropics, that have become adapted to a
burrowing life and look like large earthworms. They are the only living amphibians some species of which have retained scales, although the scales are vestigial and
hidden in folds of the skin. They have no limbs or limb girdles, eyes that are rudimentary, vestigial hearing apparatus, a sensory feeler beneath the eye, no gills or gill
slits in the adults, and a tail that is small or absent. Fertilization is internal, as a cloacal copulatory organ is developed in the male. There are three families: *Caecilidae;
*Ichthyophiidae; and *Typhlonectidae.

Apodacea (subphylum *Echinozoa, class *Holothuroidea) A subclass of sea cucumbers that have simple or digitate *tentacles. The *tube feet are reduced or
absent, there are no pharyngeal retractor muscles, and the *test is vestigial. Apodaceans first appeared in the *Carboniferous.

apodeme Piece of inflected *cuticle that forms the attachment for muscles in the body of an insect. All muscles attach to elements of the *exoskeleton, which are
frequently inflected, either to act as tendons, or, in effect, as an *endoskeleton.

Apodemus sylvaticus (field mouse, wood mouse) See MURIDAE.
Apodes Alternative name for the group or order of eels and related fish (* Anguilliformes).

Apodlda (class *Holothuroidea, subclass *Apodacea) An order of tropical reef-dwelling holothuroids which lack *respiratory trees, gas exchange occurring
through the general body surface. *Tube feet and *radial canals are also absent.

Apodidae (swifts, swiftlets; class *Aves, order *Apodiformes) A family of medium to small birds that have small short bills and a wide gape. They have long,
curved, narrow wings, a short tail, often square-ended or spine-tipped, some with white rumps or bellies, and short, weak legs with reversible *hallux. They are highly
aerial, fast-flying, and insectivorous (the 21 species of Collocalia (swiftlets), of south-east Asia, Australia, and the islands of the Indian and Pacific Oceans, use echo-
location to fly in darkness). Their nests are built on trees, buildings, rocks, and in caves, often using saliva. Apus horus (horus swift) nests in sand burrows. Many
authorities do not recognize the genera Hirundapus, Raphidura, Telacanthura, and Zoonavena, including them within the genus Chaetura, eight species of small,
bluish-black or brown swifts, with paler throats or rumps, and spine-tipped tails, found in America. There are 12 or more genera in the family, containing about 80
species. Nearly all are tropical, northern-breeding birds migrating to the tropics in winter, but they are found world-wide. The
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15 Apus species are found mainly in Africa, but also in Europe, Asia, and Australia.

Apodiformes (swifts, tree swifts, humming-birds; class *Aves) An order of birds all of which have a short, thick ¥*humerus, a short *ulna, and short secondary
feathers. They are high-speed fliers. The order comprises three families. *Trochilidae (humming-birds) are placed in a different suborder from *Apodidae (swifts) and
*Hemiprocnidae (tree swifts).

apodous Without legs.
apoenzyme The portion of a conjugated enzyme that is a *protein. See CONJUGATED PROTEIN.

Apogonidae (cardinal fish; subclass *Actinopterygii, order *Perciformes) A large family of mainly marine fish, none more than 20cm long, that have two
separate *dorsal fins and relatively large eyes and mouth. Most cardinal fish display the unusual habit of *buccal incubation. In some species the males are the mouth-
brooders, in others the female performs this duty. There are about 170 species. They are shallow-water fish of all temperate and tropical seas.

Apollo butterflies See PapiLioNIDAE.
apomixis A form of reproduction that superficially appears to be sexual but actually occurs without the fusion of a male and female *gamete.

apomorphic Applied to an evolutionarily advanced character state. The long neck of the giraffe is apomorphic; the short neck of its ancestor is *plesiomorphic.
Apomorphic features are those possessed by a group of biological organisms that distinguish those organisms from others descended from the same ancestor. The
term is taken from the Greek apo, 'from' or 'away', and morphe, 'form', and means 'new-featured'. It refers to 'derived' characters which have appeared during the
course of evolution. Apomorphic features may be *autapomorphic (uniquely derived) or *synapomorphic (shared-derived). Apomorphic is the opposite of
plesiomorphic.

apophyses See VERTEBRA.

apophysis 1. In vertebrates, a projection from a bone, usually for muscle attachment. 2. In echinoids, an internal projection from one of the interambulacral plates (see
INTERAMBULACRUM) around the *peristome; apophyses serve for the attachment of the muscles supporting the *Aristotle's lantern.

apoptosis Programmed cell death, which occurs as a necessary component of growth and development. The process results in cell shrinkage, followed by the uptake
of dying cells by *macrophages, without the possibly harmful release of cellular contents. Apoptosis allows control of cell growth and removal of possibly harmful
cells. Breakdown of the system can result in uncontrolled cell growth, giving rise to tumours.

aposematic coloration (aposematism) Warning coloration in which conspicuous markings on an animal serve to discourage potential predators. Usually the animal
is poisonous (e.g. has a venomous bite or sting) or unpalatable. Examples include the conspicuous bands or stripes on the back and sides of venomous snakes (e.g.
coral snakes), and contrasting markings on the wings of distasteful monarch butterflies.

aposematism See APOSEMATIC COLORATION.

apostatic selection A type of selection which operates on a polymorphic species. Classically, the term is used in relation to prey species that have several different
morphological forms. It occurs when, in proportion to their frequency in the population, rare forms of a species are preyed on less than common forms, thus conferring
a selective advantage on them. Such selection may produce a stable genetic *polymorphism.

Apostomatida (class *Ciliatea, subclass *Holotrichia) An order of ciliate protozoa in which mature forms have spirally arranged body *cilia. The organisms live
as parasites or commensals and often have two hosts, one of which is commonly a marine crustacean (e.g. Foettinga lives inside the gastrovascular cavity of sea
anemones; motile young leave the sea
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anemone and encyst on the outside of small crustaceans; when the crustaceans are eaten by sea anemones the, young emerge from their cysts).

appeasement Behaviour by an animal that serves to reduce *aggression shown towards it by another member of the same species, but that does not involve
*avoidance or escape.

appendicular skeleton The part of the vertebrate *endoskeleton that is composed of paired *fin or limb bones, and the pelvis. Fins of vertebrate fish have a basic
morphology composed of three elements: a small number of fan-like basal elements support a greater number of cylindrical radials, which in turn support a large
number of *fin rays. These may be soft and flexible (soft rays) or hard and inflexible (fin spines), supporting the fin web. The limbs of tetrapods articulate with a
pectoral (scapula) or pelvic (pelvis) girdle and consist of five segments: the propodium (humerus or femur); epipodium (ulna/ radius or fibula/tibula); mesopodium
(carpus or tarsus); metapodium (metacarpus or metatarsus); and phalanges. Although pectoral and pelvic fin and limb appendages have an apparently homologous
structure, they are derived serially from different body segments. Compare AXIAL SKELETON. See also PENTADACTYL.

appendix In some ¥Mammalia, a vermiform, cul-de-sac termination to the *caecum, located dose to the junction of the large and small intestines. It contains a
concentration of lymphoid tissue. In herbivorous animals (e.g. *Lagomorpha) whose large intestine is involved in the digestion of cellulose, the caccum and appendix
are large. In most *Primates it is absent and the caecum ends bluntly. In *Hominoidea, the caecum is very small, but the appendix is large.

appendix dorsalis See ARCHAEOGNATHA.

appetite A complex phenomenon, not to be confused with hunger, that in humans is the comparatively pleasant, though at times compelling, anticipation of certain
foods. In other animals, appetite is studied by observing feeding behaviour and its relation to specific feeding stimuli, with no assumption of subjective experiences.

appetitive A general and rather imprecise adjective that is applied to the behaviour exhibited by an animal that is exploring its environment or seeking a goal. See
CONSUMMATORY.

aptation A character that suits its possessor to its *environment, it may be an *abaptation, *adaptation, or *exaptation.

Apteronotidae (subclass *Actinopterygii, order *Cypriniformes) A family of freshwater fish that have a body tapering down to a narrow tail with a tiny tail fin.
Related to the electric eels, the apteronotids can also produce weak electric charges. They occur in S. America.

apterous Literally, without wings (from the Greek a, not, and pteron, wing), and applied to insect species that are primitively wingless, or secondarily so due to a
parasitic life-style.

Apterygidae (kiwis; class *Aves, order *Apterygiformes) A family of fowl-sized, brown-grey *ratites. They have short, muscular legs, and a long flexible bill
with nostrils at the tip. Their feathers are loose and hair-like. They have vestigial wings and no tail. They are small-eyed and mainly nocturnal, inhabiting thick forests
and nesting in burrows. They feed on grubs and worms. The family comprises one genus (4pteryx) containing three species, all of them endemic to New Zealand.

Apterygiformes (kiwis; class *Aves) An order that comprises one family, * Apterygidae.

Apterygota (Ametabola; subphylum * Uniramia, class *Insecta) The smaller subclass of insects, containing two orders (*Archaeognatha and *Thysanura),
whose members are primitively wingless (in contrast to secondarily wingless insects, e.g. fleas, lice, etc.), terrestrial insects with *ectognathous, biting mouth-parts. The
subclass formerly included the *Protura, *Collembola, and *Diplura, which are now regarded as distinct subclasses. Most Apterygota are free-living; elongate or oval;
3-15mm long; and with direct larval
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development, moulting occurring throughout the life of the animal. They feed on fungi, lichens, pollen, etc., domestic species subsisting on a diet of carbohydrates,
dextrins, and a small amount of protein from glue and sizes. Approximately 580 species occur world-wide, and are found almost everywhere, even at high altitudes
and in polar regions.

Apteryx (Kiwis) See APTERYGIDAE.

Aptian One of the stages of the Lower *Cretaceous Period in Europe, followed by the *Albian, and dated at 119-113 Ma. It is named after Apt, in France.
Apulicida See SiPHONAPTERA.

Apus (swifts) See AropIDAE.

Apus horus (horus swift) See ApopipAkt.

Agquila (swifts) See AccipITRIDAE.

Agquitanlan Defined first from the Aquitanian Basin, France, the Aquitanian Age marks the beginning of the *Miocene, 24.6 Ma ago. It also marks the start of the
Upper *Cenozoic (*Neogene) Period of time. The Aquitanian is itself characterized by the appearance of the planktonic foraminiferid Globigerinoides primordia.
See ForamNIFERIDA; GLOBIGERINA; GLOBIGERINA OOZE.

Ara (macaws) See PsITTACIDAE.
arabinose An *aldose that contains five carbon atoms.

Arachnida (Amblypygi, harvestmen, mites, Palpigradi, pseudoscorpions, scorpions, spiders, Uropygi, whipscorpions; phylum *Arthropoda, subphylum
*Chelicerata) Class of chelicerates which have *book lungs or *tracheae derived from gills, indicating their aquatic derivation. They have invaded most terrestrial
habitats and have secondarily invaded aquatic habitats, although to a very much smaller extent (there is only one species of aquatic spider, and only one species of mite
in ten is aquatic). Except for many plant and animal parasites found among the mites, and some scavenging harvest-men (order Opiliones or Phalangida), most
arachnids are predatory. Scorpions have been recorded from the *Silurian Period and a Silurian scorpion, Palaeophonus nuncius, was perhaps the first terrestrial
animal. The first fossil spiders are known from the *Devonian. The class is extremely diverse, but apart from the mites the body is in two portions, the prosoma
(anterior portion) bearing the four pairs of legs, the eyes, the *pedipalps, and the *chelicerae; and the opisthosoma (posterior portion) containing most of the internal
organs and glands. The two portions may be broadly jointed, or connected by a *pedicel. The prosoma has a dorsal shield (carapace), and the opisthosoma is
segmented in most orders, but not in spiders and mites and only very weakly in harvest-men. The number of eyes varies up to 12 in some scorpions, but generally
vision is poor, many species being nocturnal and equipped with sensory hairs to detect prey. Pedipalps function as hands, and the chelicerae as jaws or teeth. In all
arachnids the mouth is small, and food is generally predigested by enzymes from the mid-gut. Reproductive organs are placed on the ventral surface of the abdomen,
and courtship may be complex and prolonged, with parental care of the young common to all. All arachnids are *dioecious. The production of silk and poison is
characteristic of some orders, but the methods of production and their origins are varied. Silk is produced from abdominal glands in spiders, from the mouth region in
mites, and from the chelicerae in pseudoscorpions. Poison is produced from the chelicerae of spiders, the tails of scorpions, and the pedipalps of pseudoscorpions.
There are 11 orders, with 50000 species. Members of five orders occur in northern Europe, the remainder being tropical in distribution.

arachnold Resembling a spider's web.
arachnoid layer See MEeNINGEs.

Aradidae (barkbugs; order *Hemiptera, suborder *Heteroptera) Family of bugs most of which live under the bark of dead trees and logs and feed on fungi that
attack both broad-leaved and coniferous trees, although a few suck the sap of living trees. There are several hundred species, occurring from the lowland tropics to
the tree-line.

aragonite A form of calcium carbonate
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(CaCO0,) from which the shells of many invertebrates (e.g. *Mollusca) are formed. It is less stable than calcite and in many fossil shells aragonite has been converted
to calcite or been replaced by other minerals. The name is taken from the Aragon province of Spain.

Aramidae (limpkin; class *Aves, order *Gruiformes) A monotypic family (4ramus guarauna) which is a brown-olive bird, streaked with white, that is
structurally crane-like and rail-like in appearance. The bill is long, laterally compressed, and *decurved. The bird has a long neck, broad wings, a short tail, and long
legs with long, unwebbed toes. It feeds on snails, nests on the ground or in bushes, and is found in wooded swamps in the southern USA, and in Central and S.
America.

Aramus guarauna (limpkin) See ARAMIDAE.

Araneae (spiders; subphylum *Chelicerata, class *Arachnida) Very large and diverse order of predatory arachnids most of which feed on arthropods, although
the large *tarantulas (Mygalomorphs) will catch nestling birds and other vertebrates, and some will catch tadpoles and small fish. The prosoma has a uniform dorsal
carapace bearing two-eight eyes. The *chelicerae are large but have a fang (rather than a pincer) which bears the opening of a poison gland lying entirely within the
chelicera in primitive species, or extending into the prosoma. The *pedipalps are leg-like and the complex structures of the male pedipalp are crucial in sperm transfer,
the pedipalp introducing the sperm into the female epigyne with a pumping action. The *abdomen (opisthosoma) is usually unsegmented and attached to the prosoma
by a narrow, stalk-like *pedicel. The abdomen is extremely manceuvrable, bears the *spinnerets, and contains two pairs of respiratory organs (*book lungs and
posterior *tracheae), the reproductive organs, and internal glands. Almost all species use their eight walking legs for running rapidly, and some jump by means of rapid
rises in internal pres, sure. The legs have seven segments, the distal segment (pretarsus) having two comb-like claws and often a hook-like median claw for silk
manipulation. Spider sensory apparatus varies from sensory *setae, trichobothria, and slit sense organs to chemical and tactile receptors on the *tarsi and pedipalpi.
Vision is important and acute in the *Salticidae (jumping spiders). In many species prey items are caught by special webs, sheets, or snares of silk which may be
stationary or thrown, and may have drops of sticky adhesive; while other species hunt on the ground, pouncing on their prey. Poison and digestive juices are injected
and the digested contents are sucked out. All spiders are *dioecious, usually with smaller males, and exhibit elaborate courtship displays involving sexual signalling,
nuptial gifts, and some risk to the males in some species. Most species enclose their eggs in a silken sac and guard the eggs and young. As well as using silk for prey
capture and egg sacs, spiders may 'balloon', using long threads of silk to carry them as high as 1000m or more, and may travel 100km. Spiders are found in all
terrestrial niches and there is one aquatic species, some shore dwellers, and others which hunt on the surface film of water, their tarsi being specially adapted with
hydrophobic hairs. The 300000 or so known species are found on all continents except Antarctica, and in all climates.

Araneidae (orb-web spiders; order *Araneae, suborder Araneomorphae) Family of spiders which spin typical orb webs and whose legs are armed with many
long spines. The *chelicerae possess many teeth, and many species of orb spinners have dwarf males. There are more than 2500 species, of which Araneus is the
largest genus. Araneus diadematus is the garden-cross spider or garden spider.

Araneus diadematus See ARANEIDAE.
Arapaima glgas See OSTEOGLOSSIDAE.

Arbacioida (class *Echinoidea, superorder *Echinacea) An order of *regular echinoids in which the imperforate, non- *crenulate primary *tubercles are poorly
developed. Adventitious skeletal material on the *test surface, simulating tubercles, is commonly developed, but does not bear spines. Arbacioids first appeared in the
Middle *Jurassic.
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Arborophila (tree parridges) See PHASIANIDAE.
arbovirus A (non-taxonomic) term applied to a virus that can replicate both in vertebrates and in arthropod vectors.

Arcellinlda (Testacida; superclass *Sarcodina, class *Rhizopodea) An order of shelled (testate) *¥amoebae. The *test has an aperture, through which the
*pseudopodium emerges. The organisms are found primarily in freshwater habitats.

Archaea The domain comprising what were formerly known as the *archaebacteria. It contains the *phenotypes: *methanogens, *sulphate-reducing organisms, and
*extremophiles.

Archaean (Archaeozoic, Azoic) The second period of what was formerly known as the *Precambrian. It lasted from about 4000 to 2500Ma ago and marks the
time during which life first appeared.

archaebacteria (domain *Archaea) Organisms belonging to the kingdoms Crenarchaeota and Euryarchaeota; formerly these were grouped together as the kingdom
Archaebacteria.

Archaeoceti (ancient whales; cohort *Mutica, order *Cetacea) An extinct suborder comprising the oldest and most primitive cetaceans, which flourished in the
*Eocene and may have originated in Africa. Most were comparable in size with modern porpoises, had an elongated snout, and nostrils on top of the skull. The brain
case was long and low. The front teeth were peg-like, the cheek teeth *heterodont and characteristic of primitive carnivores. There were 44 teeth in all. The hind legs
in most were reduced to vestiges, but in some early genera (*Ambulocetus, *Basilosaurus) still protruded from the body wall. They were fish-eating carivores that
had adopted an aquatic life to which they were more highly adapted than e.g. modern seals. The term archaeocete really means any primitive cetacean and probably
does not designate a natural monophyletic (see MmoNopPHYLY) group.

Archaeocyatha An extinct phylum of reef-forming organisms known only from the *Cambrian. They were cup-like, usually 10-30mm in diameter and up to 50 mm
high. The cylindrical, conical, or discoid cup often had an irregular outline or outgrowths. The outer wall had simple pores or was partially displaced by *dissepiments.
The inner wall usually had one longitudinal row of pores between intercepts. The *intervallum contains dissepients, rods, and bars or *septa. Some were solitary,
others colonial. In some respects they were similar to both sponges and corals, and may represent a true advance in evolutionary grade over the former. It is possible
that they lived in a symbiotic relationship with some trilobites. The cause of their extinction is not known.

Archaeogastropoda (class *Gastropoda, subclass *Prosobranchia) An order of gastropods that appeared first in the Lower *Cambrian and that includes the
extant Patella vulgata (limpet). Gastropods may be subdivided according to their respiratory structures; archacogastropods, the most primitive members of the class,
have just two gills, one of which may be reduced or absent, and some forms have a marginal slit near the aperture through which water and wastes are removed.

Archaeognatha (class *Insecta, subclass *Apterygota) One of the two apterygote orders, comprising fusiform, subcylindrical insects that can run fast and jump
by flexion of the *abdomen. The body is covered with pigmented scales, and the *thorax is strongly arched. *Ocelli are present, and the *compound eyes are large
and contiguous. The *mandibles are *monocondylar, and the *maxillary palps are long and seven-segmented. The abdomen has ventral *styles on segments 2-9, used
for running on sloping ground, and the posterior portion of the abdomen bears a pair of *cerci and a single, much longer, dorsal appendage (the appendix dorsalis).
These insects are free-living and nocturnal, feeding on lichen, algae, and vegetable debris. Postembryonic development is slow (six months to two years), and moulting
occurs throughout the entire life-span. The 250 or so species are of little economic importance.
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Archaeopteryx lithographica The first known bird, of which only six specimens and one feather imprint have been found, all of them from the Lithographic
Limestone of the Solnhofen region of Bavaria, Germany. The bird was first described by H. von Meyer in 1861 and is of Middle *Kimmeridgian (Upper *Jurassic)
age. Work by several palacontologists tends to support the theory that the birds, through Archaeopteryx, evolved from coelurosaur dinosaurs (*Coelurosauria)
similar to Compsognathus. The species A. lithographica possesses several primitive characters such as teeth, as well as specialized features such as feathers and
hollow bones. It is a good example of a connecting species which exhibits a mosaic of evolutionary features.

Archaeozoic See ARCHAEAN.

archenteron A primitive digestive cavity of the *embryo at the *gastrula stage of development in *animals. It is formed by invagination of *mesoderm and *endoderm
cells, opens to the outside by a *blastopore, and finally develops into the gut cavity.

archerfish See ToxoTpAE.

Archiannelida (phylum *Annelida) A class of small, simple, annelid worms which are metamerically segmented (see MeTameric semenTaTION) and most of which
have narrow, tube-like bodies. In some, the nervous system is primitive. *Parapodia and *tentacles may be present. Separate male and female forms generally occur.
The group was formerly regarded as a distinct phylum; most authorities now suggest it represents an assortment of largely unrelated annelids, most of which are marine
and members of the *interstitial fauna of sand grains. There are three families, all found in aquatic habitats.

Archilochus colubris (ruby-throated humming-bird) See TrocHILIDAE.

archipterygium In some fish, a leaf-shaped, narrow-based, paired fin.

Archonta A group of placental mammals (*Eutheria) that is sometimes recognized. It contains the orders *Chiroptera, *Dermoptera, *Primates, and *Scandentia.
Archoophora (phylum *Platyhelminthes, class *Turbellaria) A subclass of entirely marine worms, which comprises the two orders *Acoela and *Polycladida.

Archosauria (class *Reptilia) A subclass of *diapsid reptiles that includes the orders *Crocodilia. *Ornithischia, *Saurischia, *Pterosauria, and *Thecodontia.
Thecodontians were ancestral to the other groups and appeared at the base of the *Triassic. Archosaur is derived from the Greek arkho, to rule, and saura, lizard.

Arcoida (phylum *Mollusca, class *Bivalvia) An order of sedentary, *epifaunal bivalves in which the adults are *byssate or free-living. Typically they are
*isomyarian, *taxodont, and equivalved. The shells are normally trapezoid and composed of crossed-lamellar calcium carbonate. They have *filibranchiate gills and
flat *cardinal areas on the dorsal margin. They first appeared in the Lower *Ordovician.

arctic fox (4lopex lagopus) See CANDAE.

Arctildae (tiger moths, ermines, footmen, tussocks, woolly bears: subclass *Pterygota, order *Lepidoptera) Family of small to medium-sized moths, many
of which are brightly coloured, and which are often distasteful to predators. The larvae are often hairy (and so called 'woolly bears'), and hairs are used to construct
the cocoon. There are about 10000 species with a world-wide distribution.

Arctocyonidae (superorder *Protoungulata, order *Condylarthra) An extinct family of unspecialized primitive mammals (*Eutheria), with more than 20 genera,
which lived from the *Cretaceous to the ¥Eocene but were most abundant in the *Palaeocene. Some were the size of modern bears and were probably omnivorous;
others were smaller and herbivorous. The body was slim, the limbs slender, the feet clawed. The brain case was small and the teeth primitive, with moderately sharp
cusps. Protoungulaturn of the N. American Upper Cretaceous is the oldest known ungulate.

Actogea A traditional *zoogeographical region that comprises the northern
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continents, Africa, and Indo-China. It is usually subdivided into the *Palaearctic and *Nearctic (together Holarctica), *Ethiopian, and *Oriental regions. Compare N
EOGEA; NOTOGEA S€€ FAUNAL REGION.

arcuate Curved or arched.
Ardea (herons) See ARDEDAE.

Ardeidae (bitterns, egrets, herons; class *Aves, order *Ciconiiformes) A family of long-legged, long-necked, wading birds that have spear-like bills and long
toes, the middle toe being *pectinate. Many have long, plumed feathers and all have powder-down patches (many egrets (13 species of Egretta) occur in colour
phases varying from white to black). They take a variety of animal food, especially fish. Night herons (three species of Nycticorax) are nocturnal. Ardeids nest in trees
or reed-beds. There are 17 genera in the family, with 61 species, and they are found in marshy areas and on shores, with cosmopolitan distribution. The 11 species of
typical herons comprise the genus Ardea. The four species of bitterns, comprising the genus Botaurus, nest on platforms of reeds and have a loud, booming call.
Cochlearius cochlearius (boat-billed heron) is Often placed in its own family, *Cochleariidae.

Ardipithecus ramidus The earliest known member of the human lineage, discovered in 1993 by Tim White, Gen Suwa, and Berhane Asfaw at Aramis, Ethiopia, and
dated to 4.4 million years BP. The *canine teeth are somewhat reduced from the primitive ape-like condition, but not so much as in Australopithecus
(*anstralopithecines); the *enamel on the teeth is thin; the *deciduous *molars are intermediate between those of a human and a chimpanzee. The postcranial skeleton
indicates that it was, at least to some degree, bipedal.

area-effect speciation *Speciation that is associated with an increased difterentiation of two *subspecies that have incompatible gene complexes, so that *hybrids
are strongly selected against.

area-restricted search A foraging pattern in which a consumer responds to an intake of food by slowing down its movement and remaining longer in the vicinity of
the most recently located food item. This behaviour causes consumers to remain longer in areas where the density of food items is high than in areas where it is low.

areolate Divided into small areas (areolae) by cracks or lines (e.g. the wing of an insect).
Aretosabus calabarensis (angwantibo) See LoripAE.
argentines (herring smelts) See ARGENTINIDAE.

Argentinidae (herring smelts, argentines; subclass *Actinopterygii, order *Saimoniformes) A family of small, marine, large-eyed, silvery fish that are found in
coastal areas of the oceans. There are about 12 species.

arginine An aliphatic, basic, polar *amino acid that contains the *guanido group.
Argiopidae The now suppressed familial name for orb-web spiders (*Araneidae).
Argyroneta aquatica See AGELENIDAE.

Argyropelecus lychnus (silvery hatchetfish) See SternopTYCHIDAE.

argyrophil fibres See RETICULAR FIBRES.

Arildae (Tachysuridae; sea catfish; subclass *Actinopterygii, order *Siluriformes) A family of mainly marine catfish with a forked tail fin, *adipose *dorsal fin,
naked skin, and several pairs of *barbels around the mouth. They are found in tropical and subtropical, seas around the world. Many species carry out *buccal
incubation, the males incubating fertilized eggs in the mouth for up to six weeks. There are many species.

arista Bristle-like extension of the third antennal segment in the dipteran suborders *Brachycera and *Cyclorrapha. The bristle' is borne dorsally and may be visibly
segmented, with or without *pubescence or cilia.

aristogenesis An outmoded theory holding that evolution proceeds along a determined path. (The modern view is



Page 44

that *natural selection does not direct evolution towards any particular kind of organism or physiological attribute, nor is there any mysterious inner guiding force.) See
also ENTELECHY; NOMOGENESIS; ORTHOGENESIS.

Aristotle's lantern In *regular echinoids, the jaw apparatus, which consists of five, strong jaws, each with one tooth, that form a structure shaped like a lantern inside
the mouth. The teeth are used for scraping algae and other material from the surface on which the animal feeds.

Arixenildae (class *Insecta, order *Dermaptera) Family of earwigs that are hairy, wingless, and robust, with short, rod-like *forceps. Only two species are
known, and they are associated with two species of bats found in Malaysia. Indonesia, and the Philippines.

Armadillidae (pill bugs; class *Malacostraca, order *Isopoda) Family of terrestrial pill bugs which have five pairs of *tracheal gills and lack a water-transport
system. All members of the family can roll up completely in response to disturbance or in the presence of predators.

armadillos See DasyropoiDEA.

armoured catfish See CaLLicHiTHYIDAE; LORICARIDAE.

army ant See DorRYUNAE.

army worms See NOCTUIDAE; SCIARIDAE.

arolium Median pad found between the *tarsal claws of an insect.

arousal 1. The transition from the sleeping to the waiting state. 2. An increase in the responsiveness of an animal to sensory stimuli.
arrhenotoky Production of males from unfertilized eggs, a phenomenon characteristic of all *Hymenoptera.

Arripidae (Australian salmon; subclass *Actinopterygil, order *Perciformes) A small family, confined to the temperate waters of Australia and New Zealand,
that comprises two species of fish which are often abundant in the coastal areas, and of considerable economic importance. The Australian salmon, Arripis trutta (not
related to the true salmon), is a large carnivorous fish, often exceeding. Skg in weight.

arrow-poison frogs (Dendrobates) See Ranat.
arrowtooth eels. See DysoMMIDAE.
arrow worms See CHAETOGNATHA.

Artamidae (wood-swallows; class *Aves, order *Passeriformes) A family of highly social, smallish, brown or grey birds that have black and white markings and
long, pointed wings. They are the only *passerines with powder-down feathers. They are insectivorous, mainly aerial feeders, and inhabit clearings and open country
near water, nesting on ledges or in trees. There is one genus (Artamus) containing 10 species, found in India, southern China, south-east Asia. Australasia, and some
S. Pacific is islands.

Artamus (wood-swallows) See ARTAMIDAE.

artefact (artifact) 1. Man-made object. 2. Something observed that is not naturally present but that has arisen as a result of the process of observation or
investigation.

artery A blood vessel that conveys blood away from the heart.

Arthrochirotida (subphylum *Echinozoa, class *Holothuroidea) An extinct order of sea cucumbers, known with certainty only from the *Devonian, and
characterized by an articulated axial skeleton of stout *sclerites in the *tentacles.

arthrodial membrane See EXOSKELETON.

Arthrodira (Arthrodiriformes; class *Placodermi) Group or order of fossil (*Devonian) fish in which the body was covered with bony plates, including a heavily
armoured head shield; the gills opened between the head and body armour.

Arthrodiriformes See ARTHRODIRA.
Arthropleona See CoLLEmBOLA.

Arthropoda A highly diverse phylum of jointed-limbed animals, which includes
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the crustaceans, arachnids, and insects as the major components: as well as the classes *Symphyla, *Pauropoda, *Chilopoda (centipedes), *Diplopoda (millipedes),
and the extinct *trilobites and eurypterids (*Merostomata). They appeared first in the ¥Cambrian, already well diversified with such forms as the trilobites, trilobitoids,
*ostracodes, and crabs present, implying an earlier, hidden history, reaching back into the Precambrian. The Arthropoda comprise more than 75% of all animal
species that have been described. Embryological evidence shows that they are derived either from primitive *polychaete worms, or from ancestors common to both.
Arthropods share with *annelid worms a metamerically segmented body (*metameric segmentation), at least in the embryo, a dorsal heart, a dorsal anterior brain, and
a ventral nerve cord that has segmental, ganglionic swellings. The limbs of all arthropods are paired, jointed, and segmental, and the body has a chitinous
*exoskeleton. Primitively, the limbs and cuticular plates correspond to the metameric segmentation of the body, but in many groups there is considerable loss and/or
fusion of segments.

articulamentum The lower of the two layers (the upper is the tegmentum) of calcareous shell material possessed by the *Polyplacophora. It is generally a hard layer
that extends forward to form insertion plates between the valves.

articular bone In all *Gnathostomata except ¥*Mammalia, the bone of the lower jaw that articulates with the upper jaw. In Mammalia the articular has become the
*malleus of the *middle ear.

Articulata 1. (phylum *Brachiopoda) A Class of brachiopods in which the calcareous valves are impunctate, *punctate, or pseudo-punctate. The fibrous or prismatic
secondary layer and non-fibrous primary layer are well differentiated. Hinge teeth and dental sockets are developed. *Lophophore support is formed from
modifications of socket ridges to give *crura, loops, or spires. The alimentary canal ends blindly. Articulate brachiopods first appeared in the Lower *Cambrian.
There are six orders, with 37 superfamilies. 2. (subphylum *Crinozoa, class *Crinoidea) A subclass containing all living, stalked crinoids, plus the feather stars, which
are identified by the arrangement of the skeletal plates forming the *calyx. Articulation between the radial and brachial plates, and in the majority of brachials, is
muscular, with a well-developed fulcral ridge. The arms are always uniserial. All post-Palacozoic crinoids belong to the Articulata.

artifact See ARTEFACT.

artificial selection Selection by humans of individual plants or animals from which to breed the next generation, because these individuals exhibit the most marked
development of the required attributes. Typically, the process is repeated m successive generations until those attributes are fixed in the descendent offspring.

Artiodactyla (cohort *Ferungulata, superorder *Paraxonia) The even-toed ungulates, an order of mammals that includes the camels, pigs, and ruminants,
together with numerous extinct varieties. They are the most successful of the hoofed animals. They are descended from the *Condylarthra, and underwent a
spectacular burst of adaptive radiation in *Eocene and early *Oligocene times. They are terrestrial or amphibious herbivorous mammals. Except for the camels the gait
is *unguligrade The axis of the foot is *paraxonic; the first digit is absent, the second and fifth often reduced or lost. The digits terminate in hoofs, the third and fourth of
equal size, usually flattened on the inner and ventral surfaces. The dentition is specialized; the upper *incisors are lost in some species, the lower incisors biting against
the hardened gum of the *premaxilla; the *canines may form tusks; the *premolars are not molarized (i.e. adapted for grinding, as in many *Perissodactyla), elongated
*hypsodont *molars providing grinding surfaces, the four cusps often being developed into longitudinal ridges. The tongue is large, mobile, protrusible, pointed, and
the papillae are often horny. The stomach is elaborate. The brain is moderately well developed in later forms, although the cerebral hemispheres only partly cover the
*cerebellum, and in early
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and some modern forms (e.g. hippopotamus and pig) the brain is small. The olfactory sense is important. Visual, auditory, olfactory, and tactile signals are important in
communication.

Ascaphidae (tailed frogs; class *Amphibia, order *Anura) A monotypic family (Ascaphus truei) of amphibians, found in mountain streams in western N.
America, that, like *Leiopelmatidae, have nine *amphicoelous vertebrae and free ribs. A muscular extension of the *cloaca ('tail') is used in copulation. Tadpoles ding
to rocks with a sucking mouth.

ascaris Nematode worms (*Nematoda), all of which are parasites, some of mammals, others of birds, and some of invertebrates. The group includes Toxocara
canis and Ascaris lumbricoides (the dog and human ascarids respectively). In both these species, eggs are voided and begin to develop in *faeces. If ingested by
another host, the eggs hatch in the small intestine, releasing small worms that penetrate the gut wall, enter the blood stream, and are carried to the lungs. There they
break into alveoli (see aLvEoLUs), move along air passageways to the *oesophagus, and are swallowed, returning as adults to the intestine, where they lay eggs.

Aschelminthes The name sometimes given to a phylum of worm-like animals that are typified by possessing a *pseudocoelom. True segmentation is not present. The
intestine is straight with a highly developed *pharynx and *anus. Cell constancy is characteristic of the group: after the young has hatched (or been born) the number of
cells in the body never increases although the size of the body usually does. There are six classes, some free-living and some parasites. The group contains several
miscellaneous groups whose classification has always been controversial; the classes are now generally thought to be unrelated and are usually regarded as distinct
phyla. See GastrotricHA; KivoruyNcHIA; NEMATODA; NEMATOMORPHA; PRIAPULIDA; ROTIFERA.

Ascidiacea (sea squirts; subphylum *Urochordata) A class of sea squirts, most of which inhabit shallow waters where they attach themselves to such structures as
rocks, pilings, the bottoms of ships, and coral reefs. Deep-water species inhabit soft substrates and are known to occur at depths exceeding 2000m. Most ascidians
are inconspicuous and are often covered by smaller sessile animals. Halocynthia pyriformes, of the Atlantic coast of N. America, is known as the 'sea peach’
because it resembles the fruit in size, shape, and colour. The class contains four orders: Aplousobranchiata; Aspiraculata; Phlebobranchiata; and Stolidobranchiata.

Ascoglossa See SACOGLOSSA.
ascon The body structure or a poriferan (sponge) if it consists of one, rather large, chamber.

Ascophora (class *Gymnolaemata, order *Cheilostomata) Suborder of cheilostome bryozoans in which the tentacles are protruded and withdrawn by means of
a hydrostatic organ (the compensation sac). The *operculum is hinged in such a way that it controls the flow of water into the interior. The suborder occurs from the
*Cretaceous to the present.

ascorbic acid The water-soluble vitamin C that occurs in large quantifies in fruit and vegetables, a deficiency of which causes scurvy in humans.
aseptate Lacking partitions (septa).

aseptic meningitis A former *meningitis in which there is an increase in the number of lymphocytes in the cerebrospinal fluid. Usually it is caused by one of several
types of virus, although bacterial causal agents are also known.

asexual generation See AGAMIC GENERATION.

asexual reproduction Reproduction without the sexual processes of *gamete formation. It occurs by fission in many protozoan animals but also in some multicellular
ones (e.g. corals); by budding (gemmation) in many coelenterates and sea squirts (¥*Urochordata); and by *parthenogenesis in some vertebrates (e.g. lizards).

Asian chevrotains (Tragulus) See TraGULIDAE.
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Asian elephant (Elephas maximus) See ELEPHANTIDAE.
Asian land salamanders See Hynosipat.
Asian tapir (Acrocodia) See TApRIDAE.

Asilidae (assassin flies, robber flies; order *Diptera, suborder *Brachycera) Family of medium to large, elongate, bristly flies, which have a horny proboscis
adapted for piercing. The legs are powerful and flexible, with large *pulvilli, and a bristle- like ¥*empodium. A prominent tuft of hairs, or 'beard', and protruding eyes
are also characteristic of the asilids. Virtually all adults are predators of other insects, using their long legs to grasp and carry off prey. The proboscis, used to pierce
the prey and suck it dry, can easily enter the hardest of cuticles, and in certain cases may inject venom. Asilid larvae are either predators or scavengers in soil, leaf-
litter, or other ground substrates. Larvae are *amphipneustic; their mouthparts comprise a hook-shaped *labrum, sharp *mandibles, and broad *maxillae with two-
segmented *palps. The Asilidae is the largest family of Brachycera, and contains at least 4000 described species.

Asio (owls) See STRIGIDAE.

asities (Philepitta) See PHILEPITTIDAE.

asp (Vipera aspis) See VIPERIDAE.

aspartic acid An aliphatic, acidic, polar *alpha amino acid.

aspect ratio Of a fin or wing, the ratio of length to width. A high-aspect-ratio fin or wing tends to be long and thin, producing a high lift-or thrust-to-drag ratio.
aspic viper (Vipera aspis) See VIPERIDAE.

Aspidochirotacea (subphylum *Echinozoa, class *Holothuroidea) A subclass of sea cucumbers that have 10-30 shield-shaped *tentacles which spoon organic
debris from the sea floor into the mouth. There are no pharyngeal retractor muscles. The *test is vestigial, consisting of scattered *spicules in the dermis. The subclass
first appeared in the *Carboniferous.

Aspidochirotida (class *Holothuroidea, subclass *Aspidochirotacea) An order of sea cucumbers that have large, branched *respiratory trees.
Aspidogastraea See AsPIDOGASTREA.

Aspidogastrea (Aspidogastraea; phylum *Platyhelminthes) A class, or in some classifications an order of *Trematoda, of parasitic worms in which the gut,
pharynx, intestine, and ventral sucker are present and the anterior sucker absent. Mature individuals also lack *cilia. All are endoparasitic, and development may
involve one or two hosts.

Aspiraculata See AscIDIACEA.

Aspredinidae (banjo catfish; subclass *Actinopterygii, order *Siluriformes) A family of mainly small freshwater catfish whose common name is derived from
the peculiar shape of the flat, triangular head region and the long tail. In some species the female takes care of the fertilized eggs by carrying them along in a modified
region of the skin of the belly. There are about 50 species, found in S. America.

asp viper (Vipera aspis) See VIPERIDAE.
ass (Equus) See Equpak.

assassin bug General name for bugs of the family *Reduviidae, but in Britain usually restricted to Reduvius personatus, which lives in unheated buildings, and preys
on small arthropods. The larval stages mask themselves with a covering of debris.

assassin flies See AsiLiDAE.
assemblage A collection of plants and/or animals characteristically associated with a particular environment that can be used as an indicator of that environment.
assemblage zone (coenozone, faunizone) A stratigraphic unit or level of strata that is characterized by an assemblage of animals and/or plants.

assimilate The portion of the food energy consumed by an organism that is metabolized by that organism. (Some food may pass through the organism without being
used.)

assimilation The synthesis of *protoplasm and other complex substances from
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simpler molecules that are derived from food by digestion and absorbed into the living cells of an organism.

association A learned connection between a type of event and a neutral stimulus with which it is paired (e.g. the sensation of hunger that may follow the chiming of a
clock, denoting the time at which a meal is customarily presented). See also ConpiTiONING.

association analysis A hierarchical method of classification (See HIERARCHICAL and NON-HIERARCHICAL CLASSIFICATION METHODS ), Which is divisive and *monothetic.
The method uses 2 as a measure of association between pairs of species (attributes) found at a range of sample sites (individuals). The species or attribute with the
highest overall sum of 2 values (i.e. the strongest links) with all other species is selected as the basis for subdivision into two groups of sites or individuals. The
process is then repeated for each new group until no further subdivision is required.

assortative mating Sexual reproduction in which the pairing of male and female is not random, but involves a tendency for males of a particular kind to breed with
females of a particular kind, or the converse. If the two partners in each pair tend to be more alike than is expected by chance, then it is referred to as positive
assortative mating. Assortative mating for some traits is common: examples include positive assortative mating for skin colour and height in humans, and for time of
development to sexual maturity in plants and in many insects with one generation per year, and negative assortative mating for different plumage colour-phases in arctic
skuas. Compare PANMIXLS.

aster A group of *microtubules that radiates out from each *centriole pair during cell division in animal cells.

Asteroidea (starfish; subphylum *Asterozoa, class Stelleroidea) A subclass which includes all extant starfish, characterized by the possession of poorly
demarcated, broad arms containing a large coelomic cavity. The open *ambulacral grooves bear rows of large *tube feet which are used especially in feeding and
locomotion Respiration takes place through external gills (papulae) which are restricted to the *aboral surface. Asteroids occur from the *Ordovician to the present.

Asterozoa (phylum *Echinodermata) A subphylum whose members have radial symmetry of projecting rays and a star-shaped body. It contains the one class
Stelleroidea.

Astian The land-mammal stage that spans the early *Pliocene (5-3 Ma ago) in Europe.
astogenetic heterochrony Among colonial animals, *heterochrony that affects the colony as a whole, Compare mosAiC HETEROCHRONY; ONTOGENETIC HETEROCHRONY.

Astomatida (class *Ciliatea, subclass *Holotrichia) An order of ciliate protozoa which have uniformly arranged body *cilia and which appear to lack a
*cytostome. Most are parasitic in invertebrates, especially in *Oligochaeta.

astomatous Lacking a mouth or *cytostome.
astragalus The ankle-bone.

Astrapotheria (cohort *Ferungulata, superorder *Protoungulata) An extinct order of S. American ungulates that appeared during the *Eocene and flourished in
the absence of herbivore competition or carnivore predation during the *Oligocene and *Miocene. The skull was short, the upper *incisors were lost and the
*premaxillae much reduced, the lower incisors were present, the upper and lower *canines were large and persistently growing, and the rearmost *molars were large.
A slit-like nasal opening on top of the skull suggests that astrapotherids (e.g. the Miocene Astrapotherium, which was the size of a rhinoceros) had elephant-like
probosces. In contrast to the heavily built front legs, head, neck, and anterior part of the body, the spine, hindquarters, and hind legs were feeble. The feet were small,
perhaps resting on pads, but unlike those of any other group. Possibly, therefore, the animals were amphibious.

Astroblepidae (subclass *Actinopterygii, order *Siluriformes) A family of



Page 49
freshwater fish that have naked skin, small eyes, and a ventrally positioned mouth. There are about 35 species, occurring in S. America.

Astrocoenlina (subclass *Zoantharia, order *Madreporaria) A suborder of colonial corals composed of small *corallites, which appeared first in the Middle
*Triassic. They are characterized by having *septa formed from relatively few (not more than eight) *trabeculae and usually they have no more than two cycles of
*tentacles arranged in a single ring around the mouth, which leads to a smooth *stomodaeum. The suborder contains five families, with 46 genera.

Astronesthidae (snaggle tooth; subclass *Actinopterygii, order *Salmoniformes) A family of small, black, deep-sea fish found in tropical and temperate
waters. They have well-developed fangs and a comb-toothed edge on the upper jaw. A distinct *barbel is attached to the chin. There are about 27 species.

atavism The reappearance of a character after several generations, the character being the expression of a recessive gene or of complementary genes. The character,
or individual possessing this character, is sometimes referred to as a 'throw-back'.

Ateles (spider monkey) See CeBIDAE.
Atelocerata (phylum *Arthropoda) A subphylum that contains those classes formerly assigned to the subphylum *Uniramia.
Atelocynus microtis (small-eared dog) See CanDAE.

Atelopodidae (class *Amphibia, order *Anura) A family of small, brightly coloured, often poisonous, tree frogs. The *Bidder’s organ found in males indicates a
bufonid relationship. Like toads, most walk rather than hop. There are two genera, with 30 species, found in Central and S. America.

Atelostomata (subphylum *Echinozoa, class *Echinoidea) A superorder of irregular echinoids characterized by the lack of compound *ambulacra, *Aristotle's
lantern, girdle, or gill slits. The apical system and *peristome are rarely opposite, and the interambulacra are wider than the ambulacra on the lower surface. The
superorder includes the orders Disasteroida, *Holasteroida, and *Spatangoida.

Athecata See GYMNOBLASTINA.

Atherinidae (silversides, sand smelts; subclass *Actinopterygil, order *Atheriniformes) A family of rather small, slender fish that have relatively large eyes, a
terminal mouth, and two widely separated *dorsal fins. Most species occur in schools in inshore seas, with some found in estuaries or freshwater systems. There are
more than 150 species.

Atheriniformes (class *Osteichthyes, subclass *Actinopterygli) An order of bony fish that includes fairly large marine individuals (e.g. the flying fish and the
sauries) as well as many small freshwater species (e.g. killifish, guppy, and mosquitofish). Some authors have classified members of this order in other orders, including
the Beloniformes, and the Cyprinodontiformes.

Atlantic mackerel (Scomber scombrus) See ScoMBRIDAE.
Atlantic pomfret See BeraMIDAE.

Atlantic saury (Scomberesox saurus) See SCOMBERESOCIDAE.
Atlantic scad (Trachurus trachurus) See CARANGIDAE.
Atlantic torpedo (Torpedo nobiliana) See TorPEDINIDAE.
Atlantic tuna (Thunnis thynnus) See ScOMBRIDAE.

Atlantic velvet belly (Etmopterus spinax) See SQUALIDAE.
Atlantic winter flounder (Pseudopleuronectes americanus) See PLEURONECTIDAE.
atlas moths See SATURNIIDAE.

atlas vertebra See verTEBRA

Atopogale See SOLENODONTIDAE.

Atp See ADENOSINE TRIPHOSPHATE.

Atrichornis clamosus (noisy scrub-bird) See ATRICHORNITHIDAE.
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Atrichornithidae (scrub-birds; class *Aves, order *Passeriformes) A family of small, brown birds that have short, round wings and long, graduated tails. They
have powerful voices, especially Atrichornis clamosus (noisy scrub-bird). They are insectivorous, strongly territorial, and are found only in the dense undergrowth of
two isolated areas of coastal Australia. There is one genus, with two species.

atriopore See atrium (1).

atrium 1. In *Urochordata and *Cephalochordata, a chamber surrounding the pharyngeal region which receives water from the pharyngeal clefts and opens to the
exterior through an atrial opening (sometimes called an atriopore). 2. See AURICLE.

atrophy Of a structure, limb, organ, tissue, etc., to diminish in size.
atropine A substance that, by competing with *acetylcholine for post-synaptic membrane receptor sites, inhibits the passage of nerve impulses across a *synapse.
Attila (attilas) See TyrRANNIDAE.

Attini (family *Formicidae, subfamily *Myrmicinae) Tribe of ants in which foliage cut by foraging workers provides a substrate for the growth of a fungus,
localized in fungus gardens within the soil nest. Fungal gongylidia (hyphae with swollen tips) are harvested by workers and fed to larvae. There are 200 species,
restricted to the New World where most occur in the neotropics.

Atypidae (purse-web spiders; order *Araneae, suborder *Mygalomorphae) Family of spiders, all less than 3cm long, which have three *tarsal claws, six
*spinnerets, massive *chelicerae, and two pairs of *book lungs. New World species construct open silk tubes on the sides of trees; European species construct the
tubes on the ground. In all cases, prey walking over the tube is impaled on the fangs and dragged through the purse web. The few species in this family may live for up
to nine years.

aubemouth See AULORHYNCHIDAE.

Auchenipteridae (subclass *Actinopterygii, order *Siluriformes) A family of freshwater catfish, distinguished by having a scaleless body, a zigzag *lateral line
along the body, a tiny *adipose fin, and pairs of *barbels around the mouth. There are about 25 species, found in tropical S. America.

auditory meatus A canal that leads from the external ear to the *tympanic membrane.

aufwuchs See PeripryTON.

auks See ALcIDAE; CHARADRIIFORMES.

aulodont Applied to echinoids in which the *Aristotle's lantern has teeth which are longitudinally grooved and broadly U-shaped in cross-section.

Aulopodidae (subclass *Actinopterygil, order *Myctophiformes) A small family of marine, warm- to temperate-water fish. AU species possess a rather large
head, big jaws, a high *dorsal fin, and a slender body. There are about eight species.

Aulorhynchidae (aubemouth; subclass *Actinopterygil, order *Gasterosteiformes) A family of marine coastal fish that have a very elongate body and tubelike
snout. The first *dorsal fin consists of about 25 short, isolated spines. They occur in the northern Pacific.

Aulostomidae (flutemouth, trumpetfish; subclass *Actinopterygii, order *Syngnathiformes) A family of marine topical fish characterized by a very elongate
body, a long compressed snout, a series of isolated dorsal spines, and a rounded tail fin. Found mainly in reefs or inshore rocky areas, they can be encountered
swimming in an almost vertical position, hidden by sea-grass leaves or coral branches. There are about four species.

auricle 1. (atrium) The chamber of a heart into which blood flows from veins and from which blood flows to a ventricle. 2. External ear. 3. An internal projection from
one of the ambulacral plates around the *peristome of echinoids which serves for the attachment of muscles supporting the *Aristotle's lantern.

auricularia larva In *Asteroidea and *Holothuroidea, a larval form in which a sinuous, ciliated band outlines the body.
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Australian chats See EpuTHIANURIDAE.

Australian faunal subregion A region that is distinguished by a unique marsupial (*Marsupialia) fauna, including herbivores, carnivores, and insectivores. These
evolved in isolation from the placental mammals (*Eutheria) which now dominate the other continental faunas. In addition to marsupials there are also very primitive
mammals (¥Monotremata), the spiny anteater and the platypus; and small rodents which are relatively recent (probably ¥*Miocene) immigrants.

Australian grayling (Prototroctes maraena) See ApLOCHITONIDAE.
Australian lungfish See CeraTopIDAE.

Australian magpie (Gymnorhina tibicen) See CRACTICIDAE.
Australian salmon (Arripis trutta) See ARRIPIDAE.

Australian tree-creepers See CLIMACTERIDAE.

Australian wrens See MALURIDAE.

Australidelphia (Austridelphia) One of the two cohorts into which the *Metatheria (marsupials) are often divided. There are five orders: *Dasyuromorphia;
*Diprotodontia; *Dromiciopsia; ¥*Peramelemorphia; and *Syndactyliformes. All except the Dromiciopsia occur in Australia and New Guinea. Because representatives
of both cohorts are found in S. America, the hypothesis of a neotropical origin for marsupials (which spread only later into the Australian-New Guinea region and
Antarctica) is supported.

australopithecines Literally, 'southern apes', early members of the human lineage that lived from about 4 to about 1 million years ago in Africa. The so-called 'robust
australopithecines' are nowadays placed in a separate genus, * Paranthropus. The other ('gracile') australopithecines are also a very diverse group of species, some
very primitive and perhaps ancestral to all later hominids, others probably specialized sidelines. The species usually recognized are Australopithecus anamensis (3.9-
4.1 million years sp) and A. afarensis (3.75-3.0 million years sr) from E. Africa, A. bahrelghazali (about 3.4-3.0 million years sp) from W. Africa, and A. africanus
(about 3.0-2.4 million years sp) from S. Africa. Probably some of these species should be placed in different genera.

Australopithecu See AUSTRALOPITHECINES
Austridelphia See AusTRAUDFLPHLA.
autapomorphic Applied to an *apomorphic character state that is unique to a particular *species or lineage in the group under consideration.

autecology The *ecology of individual organisms or species, including physiological ecology, animal behaviour, and population dynamics. Usually only one species is
studied. Compare syNECOLOGY; See also POPULATION ECOLOGY.

autocatalysis The process whereby symbiotic bacteria in an animal's gut degrade food particles (especially the fermentation of cellulose and hemicellulose in plant cell
walls) and so assist in its nutrition.

autochthonous Applied to an individual or object that originates in the place where it is found. Compare aLLocHTHONOUS.
autoecious (monoxenous) Applied to a parasitic organism that can complete its life cycle in a single host species.

autogamy The process of self-fertilization found in some protozoa (e.g. Paramecium). The nucleus of an individual divides into two parts which then reunite, resulting
in homozygosis (the production of identical *alleles at any *gene locus on *homologous chromosomes).

autograft See ALLOGRAFT; GRAFT.
autogrooming Grooming of an animal by itself. Compare ALLOGROOMING.

auto-Immunity An immune reaction in an organism in which the same individual acts as the source of both *antigens and *antibodies. While it may arise as a result of
a pathological and therefore undesirable condition, it is also an integral part of the mechanism in the body for eliminating unwanted cells (e.g. old erythrocytes).



Page 52

autolysis The destruction of a cell or some of its components through the action of its own hydrolytic enzymes (see nyprovysis). It is a process that is particularly
marked in organisms undergoing *metamorphosis and involves *lysosomes.

automimicry The presence of a *polymorphism for palatability to predators. In the monarch butterfly, for example, unpalatability arises from the food plants which
are chosen by the ovipositing female. After hatching, the feeding larvae take in substances that are toxic to birds but not to the insects themselves. This renders them
unpalatable. The situation is used to advantage by palatable members of the species. Which mimic the coloration of the unpalatable ones and so obtain protection. The
polymorphism is frequency-dependent, and the unpalatable insects must be more abundant (and hence more frequently encountered by the bird predators) than the
palatable insects.

autonomic Applied to behavioural responses (e.g. pallor and sweating in humans in response to fear) that are produced by the *autonomic nervous system. Certain
ritualized forms of behaviour used in communication may have originated as autonomic behaviour.

autonomic nervous system The part of the nervous system which controls involuntary activities such as *homceostasis, The autonomic nervous system is regulated
by the *hypothalamus and comprises two antagonistic parts, the *parasympathetic and *sympathetic nervous systems. See also CENTRAL NERVOUS SYSTEM; PERIPHERAL
NERVOUS SYSTEM.

autophagic vacuole A membrane-bound *vacuole, derived from within the cell, that contains intracellular material (e.g. redundant *organelles) that is to be digested.
Se also LysosoME.

autophagy The digestion within a cell of material produced by the cell itself but which it no longer requires.

autopolyploid A *polyploid organism that originates by the multiplication of a single *genome, such that all the *chromosomes come from sets within one single
species.

autoradiograph A photographic image of the radioactive areas in a specimen (e.g. in ¥DNA fingerprinting).
autosome Any *chromosome in the cell nucleus other than a *sex chromosome.
autotheca One of the three types of graptolite (*Graptolithina) *thecae, possibly containing the female *zooid. Compare BiTHECA; STOLOTHECA.

autotomy The voluntary severance by an animal of a part of its body (commonly one of its own limbs), usually to escape capture by a predator that has seized that
part. The part then regrows. Autotomy of the claws occurs in some *Crustacea and of the tail in some *Lacertilia (lizards). It is a defensive mechanism: in some lizards
the detached tail continues to wriggle, distracting the predator while the lizard escapes.

autotroph An organism that uses carbon dioxide as its main or sole source of carbon. Compare HETEROTROPH.
autoxidation See ANTI-OXIDANT.

autumnal In the autumn (fall). The term is used with reference to the six-part division of the year used by ecologists, especially in relation to studies of terrestrial and
freshwater communities. Compare AESTIVAL; HIBERNAL; PRE-VERNAL; SEROTINAL; VERNAL.

Avahi (woolly indri) See INDRIDAE.

Aves (birds; subphylum *Vertebrata, superclass *Gnathostomata) The class that comprises all the birds. The late *Jurassic *Archaeopteryx lithographica is
still the best-known *Mesozoic bird, but others have been described since the 1980s: * Noguerornis, from the lowermost *Cretaceous of Spain; the slightly later and
more advanced Concornis and *Iberomesornis, known by complete skeletons, also from Spain; and, also early Cretaceous. Sinornis and Cathayornis from China.
There were also some curious, specialized. Late Cretaceous birds, such as the flightless Mononykus from Central Asia, in which the forelimbs were reduced to stubby
claws, and Hesperornis, a diving form. All these early birds had teeth and long, bony tails.



Page 53

Birds arose from within the theropod dinosaurs (*Theropoda) and so should properly be classified as a subgroup of them; those closest were the Dromaeosauridae
(the family which includes the famous Velociraptor of Jurassic Park).

avicularium In some polymorphic (see poLymorrrism) colonial *Bryozoa, a *zooid shaped like the head of a bird.

Avimimus An intriguing fossil vertebrate (¥*Cretaceous) that is usually classified as a theropod dinosaur (*Theropoda) but probably would be more correctly classed
as a primitive bird. It is incompletely known but many of its anatomical features are more advanced, in a bird-like sense, than those of *A4rchaeopteryx.

avirulent Not virulent.
avocet See RECURVIROSTRIDAE.

avoidance Behaviour that tends to protect an animal by reducing its exposure to hazard. Avoidance behaviour may be learned (e.g. when an animal does not enter an
area in which a predator has been encountered, or when it does not eat an item that previously made it ill), or innate (e.g. when the young of some bird species utter
distress calls and seek to hide when they see the shadow of a hawk-like object, although they have no experience of predatory birds).

axenic Applied to a culture that consists of only one species.

axial skeleton The part of the vertebrate *endoskeleton that comprises the *cranium, *visceral skeleton, *notochord, *vertebrae, and *ribs. Compare appENDICULAR
SKELETON.

Axinellida (class *Demospongiae, subclass *Tetractinomorpha) An order of sponges which possess large amounts of organic fibres that envelop the *spicules.
An axial skeleton normally occurs. All species are oviparous.

axis vertebra See VERTERBRA.
axolotl (Ambystoma mexicanum) See AMBYSTOMATIDAE.

axon A single, long, straight, relatively unbranched process arising from the cell body of a *neurone, which may or may not be *myelinated. It is responsible for
conducting the nerve impulse away from the cell body.

axoneme The'9 + 2' formation of *microtubules that forms the principal structural feature of *cilia and *flagella.

axoplasm The *cytoplasm of an *axon.

axopodium A type of *pseudopodium which is slender and possesses a central filament or core. Axopodia extend radially from the cell bodies of some *Sarcodina.
aye-aye (Daubentonia madagascariensis) See DAUBENTONHDAE.

Aysheaia pedunculata An extinct invertebrate, known from fossils found in the Middle *Cambrian *Burgess Shale that, although marine, is considered a likely
ancestor for the extant members of the phylum *Onychophora that exist in humid tropical forests. It possessed an elongate, worm-like body with a terminal mouth and
frontal pupillae. The body was segmented and bore 10-43 pairs of walking legs.

Aythya (pochards) See ANATIDAE.
ayu See PLECOGLOSSIDAE.

Azoic See ARCHAEAN.
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B
babblers See TimaLIDAE.
baboon (Papio) See CERCOPITHECIDAE.

backeross A cross of an *F, *hybrid or *heterozygote with an individual whose *genotype is identical to that of one or other of the two parental individuals. Matings
involving a hybrid genotype and a recessive parental genotype are used in genetic analyses to determine *linkage and cross-over values.

back mutation A *reverse mutation in which a mutant gene (called the non-wild-type form) reverts to the original standard form (the wild-type form).
backswimmer See NoTONECTIDAE.

bacon beetle (Dermestes lardarius) See DERMESTIDAE.

bacteraemia The condition in which bacteria are present in the blood.

Bactrian camel (Camelus bactrianus) See CAMELIDAE.

baculum The name sometimes given to the penis bone of some mammals.

badger (Meles, Taxidea) See MUSTELIDAE.

Baermann funnel A device used to extract nematodes (*Nematoda) from a soil sample or plant material. A muslin bag containing the sample is submerged in water
in a funnel sealed at the lower end by a rubber tube and clip. Being heavier than water, the nematodes pass through the muslin and sink to the bottom. After about 12
hours they can be collected by drawing off the bottom centimetre of water. The efficiency of the device is increased by gentle warming which immobilizes the
nematodes.

Bagridae (bagrid catfish; subclass *Actinopterygii, order *Siluriformes) A large family of freshwater catfish that have a large, *adipose *dorsal fin, small eyes,
and four pairs of *barbels around the mouth. The family is distributed widely in tropical Africa and Asia.

bagrid catfish See BaGripat.

bagworms See PsycHiDAE.

Baikal oilfish See CoMmEPHORIDAE.

Baikal sculpins See CorToCOMEPHORIDAE.

Balaena glacialis (right whale) See BALAENDAE.
Balaena mysticetus (bowhead whale) See BALAENIDAE.
Balaeniceps rex (shoe-bill) See BALAENICIPITIDAE.

Balaenicipitidae (shoe-bill; class *Aves, order *Ciconiiformes) A monospecific family comprising a grey, stork-like bird (Balaeniceps rex) that has a huge,
broad, flattened bill. It is found in swamps feeding on fish, and it nests on the ground. It occurs in tropical E. Africa.

Balaenidae (order *Cetacea, suborder *Mysticeti) A family that comprises the right and bowhead whales. The body is robust, the snout blunt, the throat
ungrooved. A dorsal fin is present in some species. The flippers are broad and short. The posterior margin of the tail is notched at the mid-line. The cervical vertebrae
are fused. The *baleen plates are long and narrow, and left and right rows are separated anteriorly. The animals are dark grey or black and feed on *plankton.
Balaena mysticetus (bowhead whale) is confined to northern waters, Caperea (pygmy right whale) to the southern hemisphere, and B. glacialis (right whale) occurs
in both hemispheres. They grow to about 6 m (Caperea) or 20m (Balaena). There are two genera, and three species.

Balaenoptera acutorostrata (minke, lesser rorqual) See BALAENOPTERIDAE.

Balaenoptera borealis (sel whale) See BALAENOPTERIDAE.
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Balaenopteridae (order *Cetacea, suborder *Mysticeti) A family that in-dudes the fin, humpback, and blue whales. The body is streamlined, the snout pointed,
the throat and chest grooved. The dorsal fin is hooked and set far back on the body. The tail is slightly notched at the mid-line, and scalloped along the posterior edge.
The cervical vertebrae are not fused. The *baleen plates are broad and short, the left and right rows being joined anteriorly. The animals are typically grey on the
dorsal surface, with some white on the ventral surface; but Megaptera novaengliae (humpback) may be black above and below, with white flippers. Members of the
family feed on krill and small fish, and occur in both hemispheres. They grow to 7-30 m depending on species. There are six species, in two genera: Balaenoptera (B.
acutorostrata, minke or lesser rorqual; B. borealis, sei; B. physalus, fin: B. musculus, blue; B. edeni, Bryde's); and Megaptera novaengliae (humpback).

balanced polymorphism A genetic *polymorphism that is stable, and is maintained in a population by *natural selection, because the *heterozygotes for particular
*alleles have a higher *adaptive value (fitness) than either *homozygote. This condition is also referred to as *overdominance, as opposed to under-dominance where
the heterozygote has a lower fitness, giving rise to unstable equilibrium.

Balanldae (acorn barnacles; order *Thoracica, suborder Balanomorpha) Family of radially symmetrical, balanomorph barnacles in which the third pair of *cerci
resemble the second rather than the fourth, and in which there are no caudal appendages. The family includes the familiar barnacles exposed at low tide, of the genus
Balanus, which has been divided into 10 subgenera.

Balanus (acorn barnade) See BALANIDAE.
Balbiani ring See cHROMOSOMAL PUFF.
bald crows See PicATHARTIDAE.

Baldwin effect The idea that *phenotypic plasticity is a crucial element for the operation of *natural selection. In the 1950s, some blue tits in Britain learned to peck
away the caps of milk bottles and drink some of the milk. Those capable of learning this were strongly advantaged; in each generation, those which were more and
more focused on milk-bottle-opening were selected for, so that a mere 'capacity to learn' became a 'drive to open milk bottles'.

baleen In *Mysticeti, sheets of *keratin which hang transversely from the roof of the mouth, their lower edges fringed with hairs which form a comb-like structure
used to filter *plankton.

baleen whales See MysTiCETI.

Balistidae (triggerfish, filefish; subclass *Actinopterygii, order *Tetraodontiformes) A large family of marine fish, all of which have rather compressed, deep
bodies with a large, stout, first dorsal spine that Can be locked into a vertical position when erected. Some species show *crypsis, others have brilliant colour patterns.
There are at least 120 species, many of which are sometimes considered to belong to an alternative family (Aluteridae or *Monacanthidae). They occur in tropical and
subtropical waters.

ballistiform swimming A type of swimming practised by fish in which movement is effected by undulation of medium length fins only. Compare anguilliform
swimming; carangiform swimming; labriform swimming; ostraciiform swimming; rajiform swimming.

ballooning See ArRANEAE; LINYPHIIDAE.
Baluchitherium See RHINOCEROTIDAE.
bamboo rats See Ruizomypae.
bamboo worms See SEDENTARIA.

band A vertical stripe on a *polytene chromosome that results from the specific association of a large number of *chromomeres. The most commonly examined
polytene chromosomes are in the salivary gland nuclei of insects, and recent studies of Drosophila suggest that each band contains the genetic material of a single
gene. However, the significance of the bands in
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human and other chromosomes is not known.

banded ant-eater (Myrmecobius fasciatus) See MYRMECOBIIDAE.
bandfish See CrpoLDAE.

bandicoot See PERAMELOIDAE.

band-winged grasshopper See AcripiDAE.

banjo catfish See AsprEDINIDAE.

Banjosidae (subclass *Actinopterygii, order *Perciformes) A monospecific family of marine fish which have a deep, compressed body and fairly large eyes, the
head showing a steep profile. The first *dorsal fin, with 10 spiny rays, is separated by a deep notch from the second dorsal fin, consisting of 12 soft rays. The second
of the three anal spines is much larger than the other two. Greenish along the back and silvery along the sides, Banjos banjos (30 cm) is of some commercial
importance to local fisheries along the coasts of China and Japan.

Baptornis advenus (class *Aves) A grebe-like, fish-eating bird from the Upper *Cretaceous Period of N. America. Like modern divers, it had rather poorly
developed wings. It is known only from disarticulated bones.

barbel A fleshy protuberance near the mouth of some fish, especially suctorial feeders (e.g. sturgeons and catfish). Basically a sensory structure, it is provided with
tactile and chemical receptor cells, and is therefore useful in the location of food.

barbel-less catfish See AGENEIOSIDAE.
barbets See CapiTONIDAE.

Barbus tor (mahseer) See CYPRINIDAE.
bark beetle See ScoLyTiDAE.

barkbug See ArRADIDAE.

barnacles 1. See Cirripepia; Crustacea; THorAcIcA. 2. (acorn barnacles) See Baran