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abalone, 950f
abductin, 647f
abiotic environments, 1075
abiotic factors, 1029
ABO blood group system, 181–2

antigens/antibodies, 182, 182t, 574b
characteristics, 182t
codominance, 182

Aboriginal people, use of fire, 1004, 1118
abscisic acid (ABA), 386, 388–90

biosynthesis, 388f
and drought resistance, 388–9
and frost tolerance, 389
and wilting, 388, 389t

abscission zone, 345
absorption spectrum, 116
absorptive capacity (gut), 464
abundance of populations, determination,

1030f, 1031
Acacia, 1008, 1013–14, 1070b

bipinnate leaves, 1013, 1013f
drought tolerance, 371
flowers, 1013b, 1014
phyllodes, 345, 1013, 1013f, 1014

Acacia dealbata, compound leaves, 345
Acacia retinodes, 23
Acanthaster planci, 972, 972f
acanthodians, 977
acclimation, 694
acclimatisation, 694
acellular slime moulds, 830, 830f
acetyl CoA, 108, 110
acetylation of histones, 244
acetylcholine, 624b, 625b
N-acetylglucosamine, 42
(1→4)-linked β-N-acetylglucosamine units, 29,

140
achondroplasia, 184
acid growth hypothesis, 382–3
acid sulfate soils, 1111
acidic soils, 1111
acidophiles, 23, 792
acids, 22
Acmena, 1011
acoelamate, 931
acomycetes, 894
acorn worms, 974

structure, 974, 974f

acquired immunity, 566–8
acquired immunodeficiency syndrome, see AIDS
acritarchs, 743
acrosome, 416
actin, 138, 663
actin-binding proteins, 84
actin microfilaments, 83–4, 83f, 432, 663, 666
actinomorphic flowers, 883, 883f
actinopods, 832
Actinopterygii, 978
actinula, 927
action potentials, see neuronal action potentials
action spectrum, 116
activation energy, 52, 53
active response, 619
active sites, 54
active transport, 97
acute promyelocytic leukaemia, chromosomes,

205f
adaptations to living on land (plants), 859–61
adaptations to stress (animals), 693–710

desert animals, 694–5
environmental oxygen stress, 702–8
low temperatures, 696
metabolic depression, 700–2
oxygen stress and temperature, 708–9
phenotypic plasticity, 694
Q10 concept, 697, 708
responses to global warming, 709–10
temperature regulation and metabolism,

697–9
thermal acclimation, 699–700

adaptations to stress (plants), 369–75
lack of oxygen around roots, 374
mineral stress, 374
phenotypic plasticity, 694
salinity stress, 373–4
temperature stress, 374–5
water stress, 370–3

adaptive evolution, 770f
adaptive radiation

frogs, 1017–18
mammals, 1019–20

adenine, 43, 44, 58, 208
adenosine monophosphate, see AMP
adenosine triphosphate, see ATP
adherens junctions, 133, 134f
adhesive forces, water, 21b
adipocytes, 33f
adipose tissue, 33–4
adrenal cortex, 607–8, 607f
adrenal gland, 604, 604f

adrenal medulla, 601, 604, 607f
adrenaline, 529, 624b
adrenocortical hormones, 595
adrenocorticotrophic hormone (ACTH), 96,

605t, 607
adrenohypophysis, 601
advanced characteristics (cladistics), 717
adventitious roots, 337
aerenchyma, 329, 329b
aerial locomotion, 649

powered flight, 652, 653t
unpowered flight, 649–52

aerial roots, 342
aerobic respiration, 796
aerofoil, 649
afferent pathways, 618
agar, 834
age-structured populations, population

dynamics, 1039–41
aggregate fruits, 889
aggregations (animals), 686
aggressive competition, 1053, 1053f
aggressive mimicry, 678
agricultural land, degradation effects, 1111
agriculture, biotechnology use, 290–2
Agrobacterium tumefaciens plasmids

used to transform plants, 290f, 291, 320–1
used for transferring cloned genes, 321b

AIDS, 817b
and immunodeficiency, 582–3b

air breathing
lungs, 493–9
tracheae, 499–502

air-breathing fish, 491–3, 492f
air capillaries, 498f, 499
air humidity, and stomatal opening, 366
air pollution, 1113–16
akinetes, 789
alanine, 37f, 38f
alarm pheromones, 689
alates, 688
Albizia, 345
alcohol function, 23t
alcoholic fermentation, 107f
aldehyde function, 23t
aldohexoses, 26
aldosterone, 556, 607, 607f
aleurone layer, 312, 386
algae

brown, 840–3
cell walls, 140
cellulose in, 27
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golden-brown, 840
green, 833, 835–7, 835f
red, 833, 834–5, 834f
symbiotic, 925

alginic acid, 840
aligned coding DNA sequences, 777, 777f
alkaliphile bacteria, 23
alkaloids, 724, 726b, 914, 1057
allantois, 981, 987
allatostatins, 600
allatotropins, 600
allele frequencies, 762
alleles, 179, 180b, 181b

expressivity, 195
multiple, 762
segregation, 180

allergens, 914
allergic asthma, 304–5b
allergic responses, 585, 585f
alligators, 983
Allocasuarina, see also she-oaks

leaves, 336
root nodules, 343, 1092

allografts, 582b, 586
allopatric speciation, 773–4
allopatry, 1062
allosteric activation/inhibition, 58, 58f
allosteric interaction, 239
alpine herbfield, 1071b
alpine zones, 1069–70b
alternation of generations (plants), 299, 860
alternative energy sources, 1116
altruistic helping behaviour, 689
aluminium toxicity, 374
alveolar ducts, 494
alveolates, 844–9
alveoli, 494, 495

cortical, 844
amber, 736
Amborella, 885
amide function, 23t
amido group, 23t
amine function, 23t
amino acids, 24

acidic, 37f
basic, 37f
catalytic, 54
codon sequences, 226
essential, 455–6
family, 37f
general formula, 36, 36f
neutral non-polar, 37f
neutral polar, 37f
peptide bonding, 37–8
sequencing, 720
structure, 36–7
substrate-binding, 54

amino group, 23t, 36
aminoacyl-tRNA, 221b, 229, 229f, 232
aminoacylation, 229, 229f

ammonia, 545, 546
metabolism, 545–6
molecular structure, 17
as nitrogenous waste, 547

ammonites, 953
ammonium ion, 796–7
ammonoids, 743, 748
ammonotely, 545
amnion, 981
amniotes, 981–2

distinctive features, 981
evolutionary development, 981–2, 981f

amoebae, 832
with second-hand chloroplasts, 851–2

amoebocytes, 922
amoeboid movement, 653, 653f
AMP (adenosine monophosphate), 43
Amphibia, 978, 980
amphibians, 980–1, see also frogs

adaptive radiation, 1017–18
breathing mechanisms, 493–4, 493f
characteristics, 980–1
circulatory system, 511f, 512f, 513, 515
excretion, 547
fossil, 980
jaw and gut structure, 469
primary induction and mesoderm induction,

439–40
amphipathic molecules, 34, 35f
amplexus, 409
ampulla, 971
amylopectin, structure, 30, 30f
amyloplasts, 81b, 82, 383
amylose, structure, 30–1, 30f
anabolism, 59, 609
anaemia, and heterozygote advantage, 186–7b
anaerobes

fermentation, 112, 112f
metabolic pathways, 107f

anaerobic bacteria, 796
anaerobic respiration, 796
anaerobic soil conditions, 374
anal pores, 931
analogous features, as evidence of convergence,

718–19
anamorphic form (fungi), 909
anaphase, 161, 163
anaphase I, 171
anapsid skull, 982, 982f
anastomose, 898
ancestral molluscs, 948
anchoring junctions, 131f, 132, 133, 133f
androgens, 608–9
anemone, 1054, 1054f
anemonefish, 1054, 1054f
Angelman syndrome, 197, 198f
angiosperm pollen, Cretaceous period, 881
angiosperms, 298, 300, 881–9, see also

flowering plants
characteristics, 882–3
double fertilisation, 886

evolution, 884f
reproductive cycle, 885–6, 885f

angiotensin, 529
angiotensin II, 556, 607
angle of attack, 649, 650b
Angophora, 1011, 1012b
anguilliform locomotion, 648f
angular collenchyma, 329
anhydride formation, 25b
Anigozanthos

ethological isolation, 772, 772f
mechanical isolation, 772–3

animal behaviour, 671–90
competition, 679, 680–1
courtship and mating behaviour, 681–4
defence mechanisms against enemies, 677–9
explanations, 672
foraging behaviour, 676–7
genetic basis, 672–3
learning and development of, 673–5
maturation of, 674
and neural circuits, 631
parental care, 685–6
social organisation and co-operative

behaviour, 686–90
territorial behaviour, 679
understanding complex behaviour, 675–6

animal cells
cytokinesis, 164, 164f
Golgi apparatus, 79f
meiosis, 168f
mitosis, 161–4, 162f
osmosis, 99f
structure, 70f

animal cloning, 291b
animal defences against predators, 1058–9
animal development, 423–50

cell behaviour, 424
cell lineages and maintenance of tissues, 436–8
cytoplasmic determinants, 438–40
embryonic development, 424–32, 921
genetic regulation, 442–4
organogenesis, 433–6
regulation of development, 438–42

animal gaits, 654, 655b
animal hormones, 593–5

classification, 594–5, 594f
control of physiological function, 593f
control systems, 596–8
general functions, 595
invertebrates, 599–600
mechanisms of action, 595, 595f
sites of action, 594–5
vertebrates, 600–12
water-soluble and lipid-soluble, 595

animal immunity, evolution, 586–7
animal movement, 643–68

on land, 653–7
muscles and skeletons working together,

657–68
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through the air, 649–53
through water, 644–9

animal neurotoxins, 625b
animal nutrition, 454–76
animal photoreceptors, 146
animal pole, 425
animal populations, measuring using mark-

release-recapture method, 1030b
animal reproduction, 400–19
animal tissues, 130

location in the human body, 135f
nutrient composition, 459
principal types, 135–9

animal viruses, spread, 815
Animalia, 730, 919
animals, see also specific groups, e.g. mammals

asexual reproduction, 401–2, 849, 946
asymmetry, 424
detection of electric and magnetic fields,

148–9
evolution, 919–21
extinction, Australia, 1004
fertilisation, 417–19
flight, 650–1b
fossil faunas, 919–20
gas exchange, 482–506
as multicellular, heterotrophic organisms, 919
nutrient requirements, 455–8, 460–1
origin of multicellularity, 919
as pollinators, 886–8, 886f
primary sex organs, 410
responses to environmental stress, 693–701
responses to global warming, 709–10
secondary sex organs, 410–11
sexual reproduction, 400, 402–12
Southern Hemisphere distribution,

999–1000
temperature regulation and metabolism,

697–9
anions, 17
anisogamous gametes, 403, 403f
annelid worms, 942–7, see also earthworms;

marine bristle worms
closed circulatory system, 510f
cutaneous exchange, 488
digestion, 944
excretory organs, 549–50
excretory system, 550f, 944
locomotion, 943–4
peristaltic contractions, 653–4, 654f
as protostomes, 942
respiration and circulation, 944
structure, 942–3, 943f

Annelida, 941, 942–7
annual rings, 335
annulus (sporangia), 873
anoxygenic bacteria, 119, 785
anoxygenic photosynthesis, 785
ant plant, 1054, 1054f
Antarctic Convergence, 749f, 751

Antarctica, 1001
Antechinus, 1021

costs of reproduction, 407–8
foraging behaviour, 762
insect resource use, 1062, 1062f
population dynamics, 1036f

antennae, 960
antennal glands, 550, 961
antennules, 960
anterior pituitary gland, 601, 604
anterior pituitary hormones, 604, 605t
anterior–posterior axis, 424
antheridia, 843, 844, 860, 906
anthers, 301–2, 883
Anthocerophyta, 862
Anthozoa, 928–30, 929f
anti-actin drugs, 166b
antibiotics, as bacterial protein synthesis

inhibitors, 232b
antibodies, 562b, 568, 573, 585, see also

immunoglobulins
binding sites, 575
differences from TCR molecules, 576t
generation of diversity and gene

rearrangement, 570b
molecular structure, 575

antibody classes (isotypes), 575b
function, 580t

anticoagulants, 947
anticodons, 228
antidiuretic hormone (ADH), 556, 602
antigens, 562b, 573, 573–4
anti-microtubule drugs, 166b
antipodal cells, 306
ants, 1058

castes, 688, 689f
societal structure, 688–9

Anura, 1017
aorta, 517
apes, 988

and the evolution of hominoids, 988–9
upright, 990–1

aphids, 376f
mouthparts, 467

apical complex, 846
apical dominance, and auxins, 383
apical meristems, 142, 314–15
apical organs, 930
apicomplexans, 846
apomixis, 307–8, 307f
apomorphic characters, 717
apoplast, 358
apoplastic pathway, 340, 358
apoptosis, 260, 262, 424
apples, 888f
apposition eye, 634–6
appressoria, 898, 898f
apricots, 888f
Apterygota, 962, 962t
aquaporins, 96

aquatic animals
buoyancy, 644–5
muscular locomotion, 646–9
non-muscular locomotion, 645–6
water and solute exchange, 539

aquatic ecosystems, 1076
aquatic ferns, 872b
aquatic habitats, oxygen availability, 484
aquatic insects, gas exchange, 500–1b
aquatic locomotion, 644–9
aquatic mammals, undulatory swimming, 649
aquatic plants

roots, 342–3
stems, 337

arachnids, 958–9
body structure, 958, 959f
catching and digesting prey, 625b, 958–9
excretion, 958
gas exchange, 502, 958
reproduction, 959
sense organs, 959

Araucaria, 878b
Araucariaceae, 878b, 879, 1001b
arboviruses, 817b
arbuscles, 911
arbuscular mycorrhizae, 911
Archaea, 730, 782

diversity, 792–3
evolutionary lineage, 786
structure and biochemical features, 787t

Archaean era, 3, 730, 741
Archaeopterix lithographica, 984
archegonia, 860, 865
archenteron, 428, 430
Archosauria, 982–5
archosaurians, 982–5

characteristics, 982–3
fossil, 983

arginine, 37f
Aribidopsis thaliana, cell differentiation,

316–17b
aridity, Australia, 1002
Armillaria luteobubalina dieback, 915
arteries, 519–20

structure, 519–21, 520f
arterioles, 521
Arthropoda, 941, 942, 956–64
arthropods, 942, 956–64

abundance, 956
chelicerate, 957–9
chitinous mouthparts, 467–8
circulation, 957
evolution, 956–7
excretory glands, 550
integument, 658f
mandibulate, 959–64
nervous system, 627, 957
structure, 957

artificial fertilisers, 358b
artificial selection, 759b
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Ascaris lumbricoides, 955
asci, 905
ascocarp, 906
ascogonium, 906
ascomycetes, 894, 905–6
Ascomycota, 894, 905–6

characteristics, 902t
life cycle, 905
reproduction, 905–6

ascopores, 905
asexual reproduction

animals, 400, 401–2
ciliates, 849
earthworms, 946
flowering plants, 315–19
fungi, 901, 907
and hybridisation, 775–7

asexual spores, 901
Asian faunas, 750b
asparagine, 37f, 76
aspartate, 37f
aspirating pump, 494
assimilate transport pathway, 366–7
associative learning, 674–5
assortive mating, 763
astaxanthin, 836b
Asteraceae, 1014–15
Asteroidea, 969, 972
asters, 163
asthma, from grass pollen, 304–5b
asymmetry

animals, 424
eukaryotic cell membranes, 69, 72f

Athrotaxis, 1008
atlas, 981
atmosphere–ice–ocean system, 709
atmospheric pollution, 1113–16
atomic number, 14
atomic structure, 14–15
atoms

chemical bonding to make molecules, 15
covalent bonding, 16–17
in elements, 14
non-covalent bonding, 17–18

ATP (adenosine triphosphate), 43, 58
biological attributes, 59
as energy carrier, 58–9
role in muscle contraction, 665, 666–7
structure, 58f

ATP (adenosine triphosphate) synthesis, 107,
107f
in electron transport system, 111–12,

113–14b
in fermentation, 112, 112f
in glycolysis, 108f, 109
in photosynthesis, 118–19

ATP synthase, 112, 112f, 118
ATPases

role in stomatal control, 364
role in transport, 97, 97f, 98

atrial contraction, 518

atrial natriuretic factor (ANF), 556
atrioventricular bundle, 519
atrioventricular node, 519
atrium (sponges), 923
atrium (vertebrates), 511, 516
Australia

biodiversity, 716b
in Gondwana, 1000–1

Australian biota, 999–1000
fauna, 1016–24
flora, 1008–16

Australian bull kelp, 840, 1007b
Australian environments

changes, 1102–16
evolution through the Cenozoic, 1001–5
marine, 1006–8
terrestrial, 1006

Australian fauna, 750b, 1016–24
adaptive radiation of frogs, 1017–18
adaptive radiation of mammals, 1019–24
biogeographic patterns of terrestrial

vertebrates, 1017
insects with southern connection, 1017
reptiles, 1018–19

Australian flora, 1008–16
dominance of sclerophylls, 1009–10
major components, 1008
major families, 1011–16
northern plant groups represented in

Australia, 1016
succulents, 1010

Australian forests, use of, 1100–1b
Australian frogs, adaptive radiation, 1018–19
Australian hopping mouse, water intake, 544
Australian human population dynamics,

prediction, 1040b
Australian native plants, coping with low

nutrients, 356–7b
Australian region, 750
Australian reptiles, 1018–19
Australian vegetation, Specht’s structural

classification, 1050t
australopithecines, 990–1
Australopithecus, 990, 991
Australopithecus africanus, 990–1, 991f
Australopithecus anamensis, 991
autapomorphies, 717
autocrine hormones, 594f, 595, 611b
autografts, 582b
autoimmune diseases, 578
autoimmunity, 562b
autonomic axons, 639
autonomic ganglia, 640
autonomic nervous system, 639

diagrammatic representation, 639f
functions, 640b
subsystems, 640
vertebrate, 639–40

autoradiography, 274b, 278
autoregulation, blood flow to local tissues,

529–30

autosomal dominant disorders, 185b
autosomal recessive disorders, 185b, 767
autosomes, 187

linkage, 190–2
autotrophs, 106, 824, 1076
auxin binding proteins (ABP), 384
auxins, 319, 380–4

and apical dominance, 383
biochemical and molecular responses to, 382t
and cell elongation, 382–3
chemical structure, 381–2, 381f
and phototropism, 380–1, 381f
role in mediating gravitropism, 383–4

Aves, 978, 984–5, see also birds
Avicennia marina, 374
axillary bud growth, cytokinin role, 387f
axillary buds, 315
axis, 981
axon hillock, 624
axoneme, 832
axoneme microtubules, 86, 87
axons, 139f, 616, 621, 622
axopods, 832
axostyle, 831
Azolla, 872b

B cells (B lymphocytes), 565b, 566, 567
development, 572, 572b

baboon, brain, 628f
Bacillus, 790, 791
backcross, 184
BACs (bacterial artificial chromosomes), 273
bacteria, 3, 782–802, see also cyanobacteria

anaerobic, 796
beneficial/harmful influences, 783t, 784
Bergey’s classification, 787, 790–1b
cell division, 158f
characteristics, 783, 784f
classification and identification, 787–93
denitrifying, 797, 1092
endospore-forming, 790–1
as first cellular life, 785–6
genetic systems, 799–802
identification methods, 787, 788b
importance of plasmids and phages to, 802,

802f
metabolic diversity, 793–4
methane-producing, 793, 798–9
nitrifying, 797, 1092
nitrogen-fixing, 343, 357, 797, 1091–2
nutritional types, 794–6, 794–5f
as prokaryotes, 783–5
role in nitrogen cycle, 796–7, 797f
size and density of populations, 793
structure, 784f, 785

Bacteria (super kingdom), 730, 782, see also
Archaea
diversity, 788–91
evolutionary lineage, 786
structure and biochemical features, 787t
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bacterial cell walls, 140
structure, 29

bacterial cells, internal pH, 23
bacterial chromosomes

DNA synthesis at the replication fork, 214
enzymes needed for replication, 212–14
replication initiation, 212, 214f

bacterial fermentations, 797–8
industrial and agricultural use, 799t

bacterial infections, immune mechanisms, 584,
584t

bacterial operons, structure, 238
bacterial protein synthesis inhibitors, 232b
bacterial species, definition, 790b
bacterial transcription, 223f, 224
bacteriophage vectors, 273
bacteriophages, 207, 273, 807

biotechnology use, 812b
gene transfer, 800, 801f
importance to bacterial populations, 802
virions of, 810, 811f

bacteroids, 343
baleen whales, filter feeding, 470f
Banksia, 344, 728, 728f, 1008, 1012
banksia family, 1012
bark, 335–6, 335b, 367
barnacles, 1068f, 1069

fertilisation, 419
space-limited population, 1037, 1039f

baroreceptors
blood pressure control, 526–7
impact on vasomotor centre, 527

basal bodies, 87
basal lamina, 130, 130f
base pairing, 44, 44f, 210
bases, 22
basidiocarp, 906
basidiomycetes, 894, 906–8

characteristics, 907
reproduction, 907–8

Basidiomycota, 894, 906–8
characteristics, 902t
life cycle, 907f

basidiospores, 906, 907
basidium, 906
basket stars, 969
basophils, 573
Batesian mimicry, 1059
bats, 1023, 1023f

flight, 652
neurobiology, 638b
suborders, 1023

Bd2 gene, 262
bearded dragons, 1019, 1019f
beef tapeworm, 936
bees, see honeybees
beetroot, 343
Bennett’s wallaby, 68f, 1021f
Bergey’s classification of bacteria, 787, 790–1b
Bernoulli equation, 529–30b

berries, 888, 888f
bettongs, 1023
bicarbonate ion, 23, 505
bicoid gene and anterior development,

Drosophila, 445–6, 446f
bicupsid teeth, 987
bilateral symmetry, 924b
bilayers, 34, 42f, 69, see also lipid bilayers
bile, 463
binary fission, 158
Binoe’s gecko, parthenogenesis, 402, 775, 776f
binomial system, 727–8
biodiversity, 715

Australia, 716b
importance of conservation, 1103–4
marine, 1007b

biodiversity crisis, 715
biodiversity hotspots, 1103
biodiversity loss, 1102

through rainforest clearing, 1104–5b
bioeconomics, 1041–2
bioelements, 13f, 14t
bioenergetics, 49
biogeochemical cycles, 1086–95
biogeographic regions, and evolutionary history,

749–51
biological catalysts, see enzymes
biological classifications, 4, 725t
biological control, 1107

through predation, 1056–7
biological control agents, 125, 915, 1055f,

1057, 1108, 1110b
biological electron carriers, 62
biological species’ concept, 729, 756, 770
biology, 2

unifying themes, 2–4
bioluminescence, 844, 846, 979
biomass, 1081

ecological pyramids, 1081, 1081f
energy and productivity, 1082b

biomembranes, 34–5
biomes, 1069–71

gradients and ecotones, 1069
represented in Australia, 1069–71b

biomolecules, 14t, 23–4
functional groups, 23t

biosphere, 13, 1086
biotechnology, 289

agricultural applications, 290–2
bacteriophage use, 812b
fungi use, 915
and green algae, 836b
pharmaceutical applications, 289–90
and plants, 320–1

biotic environments, 1075
biotic factors, 1029
bipedalism, 991
bipinnate leaves, 1013
bipolar distribution, 750
biramous appendages, 960

birds, 982, 984–5, see also chickens; migratory
birds, flightless birds
circulatory system, 511f, 515, 985
co-operative breeding, 687–8
countercurrent heat exchange, 522–3b
courtship behaviour, 682–3b, 683–4
digestive system, 469, 469f
diversity, 984f, 985
diving, 704–5b
extinction, 1102f
and the fire season, northern Australia,

1064–5, 1065f
flight, 649–50, 652, 653f, 984–5
fossils, 984
heart, 985
high altitude adaptation, 708
immune system, 586
jaws, 984–5
lungs, 498f, 499
parathyroid and ultimobranchial glands

function, 610
as pollinators, 886, 886f, 887
salt glands, 557, 557b
torpor, 701–2
wingspans, 649

birth, 1033
bitou bush, 1109, 1109f
bivalves, 947

anchoring, 950
filter feeding, 949–50
gill structure, 949–50, 949f
reproduction, 950

Bivalvia, 947, 949–50
black bean, 724
black-footed rock wallaby, 7–8b, 7f
black-striped mussels, 1107
blackberries, 1108
blades (kelp), 841
blastocoel, 425, 427
blastoderm, 426
blastodisc, 426
blastomeres, 424, 425, 426–7
blastopore, 428

dorsal lip, 430
blastula, 425, 427
Blattaria, 963f
blood, 137f, 531–3

properties, 531–2
blood cells, 531f, see also specific cells, e.g.

erythrocytes
formation, 437, 437f, 532
lineage regulation, 438

blood clotting, 532–3
blood flow

autoregulation, 529–30
baroreceptor and chemoreceptor control,

526–7
Bernoulli, gravity, and dinosaur necks,

529–30b
extrinsic control, 531
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homeostatic control pathways, 527f
hormonal effects, 529

blood flow regulation, 525–31
to tissues, 529–31
in vertebrates, 526–9

blood flukes, 932, 934–5
life cycles, 934f

blood glucose, hormonal control, 611f
blood groups, and codominance, 181–2
blood pressure

baroreceptor control, 526–7
neuronal feedback system, 528f
regulation, 525–6
responses, 528–9
and volume, systemic and pulmonary

circulation, 520f
blood-sucking leeches, 946, 947
blood vessels

capillary exchange, 522–5
lymphatics, 525
microcirculation, 521
structure and function, 519–25

blue bottle, 924, 925b
blue–green algal bloom, 792b
body composition, and myth of fast and slow

metabolism, 476
body fat

regulating mechanisms, 477–8
sources of, 476–7

body mass
genetic basis for, 477–8
and metabolic rate, 460–1

body weight regulation in humans, 476–8
Bohr effect, 504
bolting, 384
bone marrow, 532, 567, 572, 578
bones, 137f, 658–9

changes, 658–9
constituents, 658
as levers, 661b
production, 658
stress forces, 662
structure, 659f

bony fishes, 469
ion pumps to maintain ion balance, 548
osmoregulation and ionoregulation, 541f, 542
urine formation, 554

bony-tongued fishes, distribution, 999, 999f,
1000

book gills, 958
book lungs, 502, 958
bordered pit-pair, 328, 328b
Boreal region, 749
botanical biogeographic regions, 749t
bottlebrushes, 1011
boundary layer, 486, 487f
bovine spongiform encephalopathy (BSE), 819
Bowman’s capsule, 552
box jellyfish, 924, 926b, 927
brachiopods, 743, 744b, 953b

Brachychiton, 1070b
bracken, 871
bracket fungi, 906
brain

higher functions, 630
insects, 630, 630f
mammalian, 627–30
vertebrates, 630

brain stem, 629, 639
branchial hearts, 953
Branchiostoma, 974, 975
brassinosteroids, 392
breathing

amphibians, 493–4, 493f
birds, 498f, 499
fish, 491–3, 492f
insects, 499–502
mammals, 494–7
reptiles, 494

brewer’s yeast, 905, 913
brine shrimps, 547
brittle stars, 969, 970, 970f, 972

basic structure, 972f
brown algae, 840–3
brush turkey, nest temperature regulation, 410
brushtail possum, 41f
Bryophyta, 862
bryophytes

in Australian environments, 867b
Devonian period, 862
gametophytes, 862
life cycle, 862f
sporophytes, 865, 866f

bryozoans, 743, 953b
buccal breathing, 493–4, 493f
buccal cavity, 849
buccal-force pump, 491
budding

animals, 401–2
plants, 318, 319b

buffers, 23
Bufo marinus, 1017

buccal breathing, 493f
distribution, 1032, 1108f
as major pest species, 1057, 1108

bulbs, 315
bundle sheath cells, 123, 348
buoyancy, 644–5, 952
Burgess Shale, 744b, 920, 956
bursicon, 600
Burt, Sir Cyril, 8
bush medicines, 726–7b
bushfire, 1006
buttercup flower, structure, 883f
butterflies

chemical defences, 1058, 1059f
life cycle, 964f

C–C bonds, 61, 62
C–H bonds, 61, 62

C–N bonds, 62
C–O bonds, 63
C3 photosynthesis, 122, 124
C4 pathway of carbon fixation, 123f, 124
C4 photosynthesis, 122–4
C4 plants, 1010, 1015

‘Kranz’ anatomy, 122, 123f
cadherins, 133, 434
caecotrophy, 476
caimans, 983
Calamites, 871
calcitonin, 609, 610
calcium ions

hormonal control, 609–10
role in muscle contraction, 666
as second messengers, 150, 151f

calicivirus, 1107
callase, 302
Callistemon, 1011
Callitris, 878b, 880, 1070b
callose, 302
callus cells, 319
Calvin–Benson cycle, 120–2, 121f
calyptra, 866
calyx, 883
CAM pathway, 124f
CAM plants, 124, 125

photosynthesis, 124, 373
prickly pear, 125
stomatal opening, 365

cambium, 334
Cambrian explosion, 736
Cambrian period, 737, 740f, 741, 743, 919–20
camouflage, 677
cAMP (cyclic adenosine monophosphate), 43,

150, 240, 241f
cAMP phosphodiesterase, 150
cancer

as cell division out of control, 170b
clonal origins, 261
familial, and Knudsen’s two-hit hypothesis,

262
as genetic disease, 261
genome and mutations, 264
immune mechanisms, 584
and mutation rate, 264

cancer cells, growth and survival characteristics,
260–1

cancer genes, 261–4, see also dominant
oncogenes; tumour suppressor genes

Candida albicans, 914
cane toad, 1017

buccal breathing, 493f
distribution, 1032, 1108f
as major pest species, 1057, 1108

capacitance of air for O2 and CO2, 483, 483f
capacitance vessels, 521
capacitance of water for O2, 483
capillaries, 521

lymphatic, 525
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capillary exchange, 522–5
capitulum, 1015
carapace, 958, 982
carbaminohaemoglobin, 505
carbohydrate antigens, 574
carbohydrates, 24–31, 455

in the diet, 477
energy value, 63
functions in biological systems, 24t
general formula, 24
glycemic index, 459
mobilisation in cereal embryos, 386

carbon
covalent bonding, 17
in organisms, 13

carbon atom, 14, 15f
carbon cycle, 1089–90
carbon dioxide

in carbon cycle, 1090
molecular structure, 17
transport, 504–5

carbon dioxide concentration, and stomatal
opening, 366

carbon fixation, and Calvin–Benson cycle,
120–2, 121f

carbon isotopes, 14
carbon sources, fungal use of, 899–900
carbonic acid, 23, 54, 505
Carboniferous period, 737f, 745, 746
carbonyl group, 23t, 24
carboxyl group, 23t, 36
carboxylic acid function, 23t
carboxypeptidase, 57f
cardiac centre, 527
cardiac glycosides, 1057f, 1058
cardiac muscle, 138f, 664
cardiac output, 525
cardiovascular regulation, vertebrates, 526–9
carnivores, 454, 986, 1076

teeth, 470, 986
carnivorous kangaroo, 1023
carnivorous plants, 1055
β-carotene, 35, 835, 849
β,β-carotene production, 836b
carotenoids, 35, 116, 835, 836b
carotid bodies, 506
carpels, 301, 882, 883, 883f

evolutionary origin, 884
carrageenan, 834
carrier-mediated transport, 95
carriers, facilitated diffusion, 94, 95f
carrots, 343
carrying capacity, 1036
cartilage, 42, 137f
cartilaginous fishes, 469, 977, 977f
Casparian strip, 340
cassowaries, 1056, 1103f
castanospermine, 724, 724f
Castanospermum australe, 724
catabolism, 59, 611

catabolite activator protein (CAP), 240, 241f
catalase, 92
catalysis, 53
catalysts, 53

biological, 53–7
catalytic amino acids, 54
catarrhines, 988
catastrophes, 1043
catecholamines, 604
caterpillars, 405, 405f
cations, 17
cats

feral, 8b
tortoiseshell, 197

catydids, mimicry, 1058, 1058f
cavitation, 362f, 363
cDNA (complementary DNA), 210, 250, 274b
cDNA clone, 274f
cDNA libraries, 274f, 276–7
cell adhesion, 432
cell adhesion molecules, 145
cell behaviour, during animal development, 424
cell–cell adhesion, 434
cell–cell recognition, 432
cell coat, 69
cell cycle, 158

checkpoint control, 167
and DNA content, 160
eukaryotes, 159–60
outline, 159–60
regulation, and tumour suppressor genes, 262

cell cycle phases
G1 phase (first gap phase), 159–60
G2 phase (second gap phase), 160
M phase (mitosis), 160
S phase (synthesis phase), 160

cell cycle progression
control, 166
cyclin–Cdk kinases regulation, 166–7, 167f

cell differentiation, 424, 436
flowering plants, 316–17b
vertebrate neural tube, 442

cell division, 3, 72, 157–8
in cancer, 170b
control in eukaryotes, 166–7
cytokinesis, 160
eukaryotes, 159–60
and nuclear division, 159
prokaryotes, 158–9

cell elongation, and auxins, 382–3
cell lineages, 436
cell plate, 164
cell proliferation, 424
cell shape, 432
cell signalling, 441b, 442
cell signals, 143–4

responses to, 144, 144f
types, 144

cell structure, 3
studying, 74–5b

cell-surface proteins, 72f
cell theory, 3
cell therapy, 292–3, 292f
cell types, 3
cell volume, 539
cell walls (plants)

cellulose in, 27
polysaccharides in, 29

cells, see also eukaryotic cells; prokaryotic cells
as basis of living organisms, 2–3
functions, 3

cellular immunity, 568, 568f, 587
cellular respiration, 59, 107, 108, 483, 504
cellular responses, 581
cellular slime moulds, 827

life cycle, 828f
cellulases, 55f, 473
cellulose, 27–9, 140, 141

digestion, 473
solubility, 28
structure, 28f

cellulose degraders, 905
cellulose microfibrils, 27f, 28–9, 28f, 140
Celmisia, 1014–15
Cenozoic era, 736, 1000

Australian environments evolution, 1001–5
Cenozoic life, 748
centimorgan, 192
centipedes, 956, 959
central cell, 306
central chemoreceptors, 506, 527
central nervous system, 627
centric diatoms, 840
centromeres, 161, 163f

sequences, 254
centrosome, 161
cephalisation, 932, 950
Cephalochordata, 974, 975
cephalochordates, 975

structure, 975f
Cephalopoda, 947, 952–4
cephalopods, 942–4, 947

buoyancy and locomotion, 952–3
fossil, 743
gas exchange and circulation, 953–4
head, 953
ink sacs, 953
jet propulsion, 646, 646f
nervous system, sense organs and behaviour,

953
reproduction, 954

cephalothorax, 957
cercariae, 934
cercozoa, 851–2
cerebellar cortex, 629
cerebellum, 629
cerebral cortex, 628

functions, 628f
cerebral ganglia, 626
Cestoda, 935–6
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cestodes, 935–6
cGMP (cyclic guanosine monophosphate), 146
chalk, 839
chance (stochasticity), 1043
channels

diffusion via ‘gating’ mechanisms, 95
facilitated diffusion, 94, 95f

Chara, 858
character displacement, 1062–3
Charales, 858–9
charophytes, 858–9
checkpoint controls, 167, 263–4, 264f
cheese-making, fungal role, 913
cheese production, 798
cheetahs, genetic drift, 765b
Chelicerata, 956, 957
chelicerate arthropods, 957–9

marine, 958
structure, 958
terrestrial, 958–9

Chelonia, 982
Chelonia mydas, 41f
chemical bonding, 15

covalent bonds, 16–17
non-covalent bonds, 17–18

chemical defences of plants, 1057–8, 1057f
chemical energy, 49

harvesting, 107–8
chemical fixation, 74–5b
chemical fossils, 735
chemical mutagens, 260
chemical potential, 51
chemical reactions

rates of, 52–3
spontaneous, and free energy, 51–2

chemical stimuli, 144–5
lipid-soluble, 144–5
surface-bound, 145
water-soluble, 145

chemical synapses, 622
transmitter release, 623f

chemisomotic coupling, 112f
chemoautotrophs, 795f, 796
chemoheterotrophs, 794f, 795, 796
chemoreceptors, 144, 636, 961

cardiovascular control, 527
ventilation control, 506

chemosynthetic bacteria, 120b
chemotrophs, 794–5
chiasma, 170
chicken

cleavage, 426f
neurulation, 433f

chickenpox, 817b
chimeras, 977
chimpanzees, 989
chiral molecules, 25, 26
chiral pairs, 25
Chironex fleckeri, 924, 926b, 927
Chiroptera, 1023

chitin, 140, 657
fungal cell walls, 896, 903
structure, 29, 29f

chitinous mouthparts, arthropods, 467–8
chitons, 947, 948–9

structure, 949f
Chlamydomonas, 114, 115f
Chlorarachnion, 851, 851f, 852
chlorarachniophytes, 837, 851–2
chlorenchyma, 329
chloride anion, 17
chloride pumping, loop of Henle, 555, 555f, 556
chlorine atom, 15f, 17
chlorofluorocarbons (CFCs), 1114
chlorophylls, 36t, 82, 114

absorption spectra, 116, 116f
in chlorophytes, 835
in cyanelles, 834
in dinoflagellates, 844
in euglenoids, 849
light-harvesting complexes, 117–18
structure, 116f

Chlorophyta, 835–7, 1007b
chloroplast DNA, phylogeny, 723
chloroplast genomes, 250, 250f, 723
chloroplasts, 81f, 82, 114, 329

ATP synthase complex, 113b
euglenoids, 850
light trapping, 117

chlorosis, 355, 355f
choanocytes, 827, 922, 923
choanoflagellates, 827
cholecystokinin, 463, 612
cholesterol, 35, 69

structure, 35f
chondrichthyean fishes, 977

excretion, 546–7
Chondrichthyes, 977
chordae tendinae, 517
Chordata, 968, 973

subphyla, 974
chordates, 973–89

general features, 973–4, 973f
chorion, 987
chromatin, 159, 163, 168, 206, 224
chromatin strands, 72
chromatophores, 953
chromists, 837
chromophores, 145, 146
chromoplasts, 82
chromosomal mutations, see mutations
chromosomal rearrangement, and speciation, 775
chromosome behaviour, 205
chromosome mapping, 192
chromosome structure, 205–6
chromosomes, 72, 73f

and linkage, 190–1
protein and DNA components, 207
and sex-linkage, 186–9

chrysolaminarin, 31, 838

chrysophytes, 838, 838f
Chytridiomycota, 894, 903

characteristics, 902t
chytrids, 894, 903

life cycle, 903f
ciguatera food poisoning, 846
cilia, 86–7, 87f, 645, 646f, 849

origins, 826
ciliates, 848–9

asexual reproduction, 849
sexual reproduction, 848f, 849

Cinnamomum, 1016
circadium rhythms, endogenous, 395
circulation, 509–10, see also blood vessels; heart

structure
annelids, 944
arthropods, 957
cephalopods, 953–4
crustaceans, 960
embryonic mammals and birds, 516–17b
mammalian heart, 514f, 515, 985
and thermoregulation, 522–3b
vertebrate animals, 512f

circulatory systems
birds, 511f, 515, 985
evolution, 511, 511f
functions, 310
mammals, 526f, 985
negative feedback controls, 526
open and closed, 510
regulation, vertebrates, 526–9
vertebrates, 511–15

circum Antarctic current, 1001, 1002f, 1016
cisternae, 76, 78
citric acid cycle, 107f, 110–11, 110f
cladistic analysis, 715–16
cladodes, 336
cladograms, 715–17, 894f
clamp connections, 907
classes, 725
classification, 794

animal hormones, 594–5, 594f
bacteria, 787–93
based on phylogenetic relationships, 724–9
binomial system, 727–8
biological, 4, 725t
flowering plants, 882
fungi, 894
kingdoms, 729–30, 729f
proteins, 36t
protists, 822–3f
purposes of, 724
taxonomy and naming the hierarchy of life,

724–6
viruses, 815–17

clathrin, 78
Claviceps purpura, 914
cleavage, 424–7

amniotes, 981
mammals, 426, 429f
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maternal products role, 426–7
mechanisms, 424–6

cleft chin, 184
cleistogamy, 310
click-beetles, 657
climacteric respiration, 391
climate change, 1114–15

Australia, 1001–2, 1003–4
Cenozoic era, 1001–2
impacts of, 1115
Quaternary period, 1003–4

climatic regions, Australia, 1006f
climatic variability, ENSO influence, 1006
climbing plants, tendrils, 350
clitellum, 945, 946
clonal selection, 569, 569f, 571f
cloned DNA sequences

characterising, 279–83
identifying, 277–8

using protein product, 278–9
cloning

genes of unknown function, 286–7
human gene, 273f

cloning vectors, 273–5
closed circulatory systems, 510f
closed populations, 1033
Clostridium, 790, 791
clubmosses, 868–70

life cycle, 869f
Cnidaria, 923–5
cnidarians, 918, 923–5

body wall of two layers, 924–5
jet propulsion, 646, 646f
nervous system, 626
radial symmetry, 923
stinging organelles, 923–4
structure, 923, 923f
symbiotic algae, 925

cnidocyte, 923
coastal landforms, 1008
coastal types, Australia, 1006
coccilithophorids, 839
coccoliths, 839
Coccolithus pelagicus, 2f
cocoon, 945
co-current flow, 489, 490f
codes of nomenclature, 727
coding sequences, 252
codominance, and blood groups, 181–2
codons, 226, 227

and anticodons, 228
variations in usage, 228b

coelacanths, 978, 980
coelenteron, 923
coelom, 430, 467, 941, 947, 954, 957
coelomate protostomes, 942
coelomates, muscular gut wall, 466–7
coelomic fluid, 548
coelomoducts, 548, 549f
coenocytic hyphae, 844, 903

coenocytic organisms, 836
coenzymes, 57
coevolution, 1052
cofactors, 57
coffee rust, 906b
cognitive functions, 630
cohesion species’ concept, 771
cohesion theory, 363
cohesive forces, water, 21b
colchicine, 166b
cold adaption, animals, 696
Coleochaete, 858, 859, 859f
Coleoptera, 963f
coleorhiza, 312
coleptiles, 312
collagen fibres, 137
collagens, 42, 131b, 658

structure, 40f
collar cells, 827
collecting duct, 553
collenchyma cells, 329, 330f
colloid osmotic pressure, 524
colloidal gold particles, 75
colony, 273
colony hybridisation, 278
colony hybridisation methods, 278
colour-blindness, 189

pedigree, 189f
column (flowers), 1015
columnar epithelial cells, 136t
comb jellies, 930–1
comb rows, 930
commensalism, 1052, 1053
common ancestors, 715–17

genes in, 256, 720, 778
common ringtail possum, 475–6
communicating junctions, 132, 134, 134f
communities, 1028, 1047

biomes represented in Australia, 1069–71
disturbance affects, 1064
disturbance promoting diversity, 1065–6
ecological niches, 1061–3
fire promoting habitat variability, 1064–5
human impacts as novel disturbances,

1066–7
interactions within, 1052–61
managed for conservation, 1117–18
species coexistence and interaction, 1048
succession, 1063–4

community composition data, 1051–2b
community dynamics, 1048
community structure, 1048–9

as the result of many different interactions,
1067–8

species diversity, 1048–9
companion cells, 331f, 332
comparative morphology, 717–18
comparing amino acid sequences of proteins,

720
comparing molecules, phylogeny, 720

comparing nucleotide sequences of DNA,
720–1, 720f

competent (cells), 273
competition, 406–7, 679, 680–1, 1060–1

aggressive, 1053, 1053f
exploitive, 1060
interspecific, 1060
intraspecific, 1060
male–male, 683
predicting the effect of, 1061f

competitive exclusion principle, 1061
complement, 562b
complement system, 565, 565b
complementary DNA, see cDNA
complete metamorphosis, 964
Compositae, 1014
compound eyes, 634, 636f, 961
compound leaves, 345, 346f
concanavalin A, structure, 39f
concentration gradient, 93
Concentricycloidea, 969, 972
conceptacles (Neptune’s necklace), 842f, 843
condensation reactions, 24, 25b
conditioning, 674–5
conduction (action potentials), 621–2
cone shells, 950f
cones, 871, 879–80
confusion effect, 768
conidia, 901
conidiophores, 897
conidiospores, 901
Coniferophyta, 874, 877
conifers, 874, 877–80

life cycle, 879–80, 879f
Mesozoic era, 877
pollen, 880
southern distribution, 878b
timber use, 877–8
Triassic and Jurassic, 748

conjugation, 800, 801f, 849
connective tissues, 137, 137f, 664
conservation

of biodiversity, 1103–4
of gene sequences across species, 256, 257f
and viable population size, 1043

conservation genetics, 766b
conservation strategy, Leadbeater’s possum,

1042b
constitutive activity, 262
constitutive genes, 221b, 237
constitutive secretion, 79
consumers, 1076–7, 1080f
contagious infections, 815
contests between individuals, 680–1
continental drift, 739–40, 1000, 1008
continental shelf, 750, 1006–8
continents, ancient positions of, 740–1, 1000
contractile proteins, 36t
contractile ring, 164
contractile vacuole, 547
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contraction (skeletal muscles), 665, 665f
energetics, 666–7
sliding filament model, 665–6

controlled burning, 1066, 1067
controls, 5
conus arteriosus, 511
convection, 486
Convention on International Trade in

Endangered Species of Wild Fauna and Fora
(CITES), 1116

convergent evolution, 719–20, 720f
Cooksonia, 868b
Cooktown orchid, 1015, 1015f
co-operative behaviour

evolution, 689–90
inclusive fitness and kin selection, 690, 690b
and social organisation, 686–90

co-operative breeders, 687
co-operative breeding in birds and mammals,

687–8
coprophagy, 476
copulation, 418

earthworms, 945, 946f
coral bleaching, 1054, 1115
coralloid roots, 344
corals, 925, 928–30, 929f

competition, 1060f
cyclone effects, 1065–6, 1066f
endosymbionts, 844, 925, 1053–4
filter feeding, 470f
fossil, 743
mass spawning, 412–13b
mutualism, 1053–4
zoochlorellae, 925

cork, 335
cork cambium, 334, 335–6
corkwood tree, 625b, 726–7b
corms, 315, 336
corolla, 883
coronary arteries, 515
corpora allata, 599
corpora cardiaca, 599
corpus (meristem), 314
cortex, 332–3
cortical alveoli, 844
cortical nephrons, 555
corticosteroids, 607
corticosterone, 607, 607f
corticotrophin-releasing hormone (CRH), 605t
cortisol, 607, 607f
Corymbia, 1011, 1012b
cosmids, 273
co-transport, 97
cotton, insect-resistant, 290f
cotyledons, 311
countercurrent exchange, 556
countercurrent flow, 489, 490f
countercurrent heat exchange, birds and

mammals, 522–3b
countercurrent multiplication, 555

courtship behaviour, 681–4
covalent bonds, 16–17, 58
covalent modification, 58
coxae, 958
crabs, 956, 960f

gills, 489, 489f
moving between sea and fresh water, 543
terrestrial, gill reduction, 491

cranial nerves, 629
Craniata, 974, 976
craniates, 976–8

fossils, 976
jawless, 976

crassulacean acid metabolism (CAM), 124–5,
see also CAM plants

crayfish, 956
giant neurons, 632–3b
gills, 489, 489f

creatine phosphate, 666
Cretaceous extinction, 736
Cretaceous period, 737f, 746f, 747, 748, 1000,

1001
cretinism, 606
Creutzfeldt-Jakob disease, 819
Crinoidea, 969, 970
crinoids, 743, 970, 970f
cristae, 80
crocodiles, 982, 983–4

circulatory system, 512f, 513–14
development, 405f
heart structure, 514f
structure, 983

cross-bridges, 666
cross-current exchange, 499
cross-fertilisation, 308
cross-pollination, 308–9
crossing over, 171f

sex-linked genes, 190
crown-of-thorns starfish, 972
croziers, 906
Crustacea, 956, 960–1
crustacean cardiactive peptide (CCAP), 600
crustaceans, see also crabs; crayfish

body structure, 960, 960f
circulation and gas exchange, 960
excretion, 961
excretory glands, 550, 550f
gills, 489
nervous system, 961
as omnivores, 960
open circulatory system, 510f
reproduction, 961

crustose lichens, 909f, 910
cryoprotectants, 700–1
cryosections, 74b
cryptic behaviour, 677, 678
cryptic female choice, 683, 683b
cryptomonads, 837–8, 838f
Ctenophora, 930–1
ctenophores, 930–1

structure, 930–1, 931f

cuboidal epithelial cells, 136t
Cubozoa, 927
cultivated mushrooms, 913
cutaneous exchange, 488
cuticle, 142, 348, 363, 859
cuttlefish, 952

buoyancy, 952
nervous system, 626f

cyanelles, 834
cyanobacteria, 119, 789–90, 1092

and blue–green algal blooms, 792b
in lichens, 910

Cycadophyta, 874, 876
cycads, 344, 874, 876–7, 876f, 1092

growth form, 876
insect pollination, 875, 876

Cycas, 876, 877
cyclic AMP, see cAMP
cyclic electron transport, 119f
cyclic GMP, see cGMP
cyclic monosaccharides, 26
cyclic photophosphorylation, 119
cyclin-dependent kinases (Cdks), 166
cyclins, 167
cyclosporin, 914
Cyperaceae, 344
cypress pines, 878b, 880
cysteine, 37f, 41
cystic fibrosis, 184

and gene therapy, 287–8b
and heterozygote advantage, 186b
pedigree, 185f

cysticercus, 936
cytochalasins, 166
cytochrome b/f complex, 118, 118f
cytochrome c oxidase, 111
cytochrome electron transport chain, 113b
cytochrome P450, 77
cytochromes, 61

electron transport chain, 63f
redox potentials, 62

cytokines, 562b, 564, 564b, 565–6, 581
cytokinesis, 159, 160

animal cells, 164, 164f
plant cells, 164, 165f

cytokinin receptor, 388
cytokinins, 319, 386–8

structure, 386f
cytoplasm, 69, 76
cytoplasmic fusion (fungi), 898
cytoplasmic signalling, 441b
cytoplasmic specifications, sea squirts, 438, 439f
cytosine, 43, 44, 208
cytoskeleton, 83–6, 83f, 432
cytosol, 69, 76, 109
cytotoxic cells (TC cells), 572, 581

daisies, 1015
flower heads, 1015f

daisy family, 1014–15
dandelion, 1108
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dark period
and flowering, 393–4
phytochrome detection, 395

dark reactions, 115
Darwin, Charles, 756

and genetics, 758b
on speciation, 759
theory of evolution by natural selection, 4,

756, 757–8
Darwinian fitness, 758, 765–6
Dasyuromorphia, 1021–2
dating rocks, as time scale of evolution, 736
dauciform roots, 344
Daviesia, 344
day-neutral plants, 393, 395b
dead space (lungs), 496
death, 1033
decomposers, 899–900, 903, 1077
deep-sea trenches, 739, 740f
defence mechanisms against predators and

parasites, 677–8
by living in groups, 678–9

defence proteins, 36t
defensive mimicry, 677–8
defensive molecules, 565–6
degraders, 1077
dehydration, avoiding, 371–2
deletions (DNA sequences), 259
demographic stochasticity, 1043
denatured enzymes, 57
dendrites, 138, 139f, 616
dendritic cells, 565f, 566, 566f, 568, 573
Dendrobium phalaenopsis, 1015, 1015f
denitrification, 1092
denitrifying bacteria, 797, 1092
dense connective tissue, 137f
density, water, 21b
density-dependent population dynamics, 1033,

1036–41
age- and size-structured populations, 1039–41
carrying capacity, 1036
limiting resources, 1036
logistic growth model, 1036–7
space limited populations, 1037–8

density-independent population dynamics,
1033–5
exponential growth, 1033, 1034–5
modelling growth, 1033–4

density-vague population dynamics, 1037
denticles, 977
deoxyribose, 43
deoxyribose nucleic acids, see DNA
depolarised neurons, 622
deposit feeding, 972
dermal bone, 980
dermal tissue, 142, 328
desert animals, adaptations, 694–5
desert ecosystems, water flows through, 1087–8,

1088f
desert plants, stems, 336

deserts, 1070b
around the world, 1088f

designer genes, 269
desmosomes, 133, 133f
determinate development, 921
detritivores, 459, 1077
detritus food chains, 1078
deuteromycetes, 470f, 909
Deuteromycota, 470f, 909
deuterostomes, 627, 920, 921, 921f, 968, 973

phylogeny, 969f
development, 298
devil’s claw, 1108, 1109f
Devonian period, 737f, 743, 744–5, 746, 862
dexoyribonucleoside triphosphates (dNTPs),

210–11, 213
diabetes mellitus, 611
diaphragm, 496
diapsid skull, 982, 982f
diarrhoetic shellfish poisoning, 846
diastole, 517
diatomaceous earth, 840
diatoms, 840
2,4-dichlorophenoxyacetic acid (2,4-D), 381f,

382
dicotyledons, 882, see also eudicotyledons

embryogenesis, 311–12, 311b
seed structure, germination and

development, 313b
vascular bundles, 332–3

Dictyostelium discoideum, 143
dideoxynucleoside triphosphates (ddNTPs), 281
dieback disease, 843b, 1094b, 1106
dietary fibre, 458–9
dietary intake, and energy needs, 477
differential interference contrast microscopy, 74
differential screening, 278
diffusion, 92, see also facilitated diffusion

across membranes, 93
of solutes in water, 92–3
through capillaries, 522, 523f
through channels via ‘gating’ mechanisms,

95
through lipid bilayers, 94

diffusion coefficients of gases, 486
digestion

annelids, 944
extracellular, 465
intracellular, 465

digestive cavities, simple, 465–6
digestive enzymes, 461, 462–3, 462t

time to break down food, 463–4
digestive process, 461

enzymatic digestion, 461
physical digestion, 461

digestive secretions, control in humans, 461–4
digestive systems, see also human digestive

system
chitinous mouthparts, arthropods, 467–8
evolution and diversity, 465–70

filter feeding, 470
hormonal secretions, 612f
intracellular and extracellular digestion, 465
jaws and teeth

mammals, 469–70
vertebrates, 468–9

muscular gut wall, coelomates, 466–7
one-way digestive tract, 466
simple digestive cavities, 465–6, 467f

dihybrid cross, 181b, 183–4, 183f
dikaryon, 898
dikaryotic hyphae, 906
dingo, 1080f, 1109
dinoflagellates, 844–5, 845f, 1055

toxic, 845–6
dinosaurs, 747, 747f, 983, 1018
dioecious species, 308–9, 932, 936, 945, 950
dipleurula larva, 971, 971f
diploblastic organims, 924
diploid cells, 168, 198, 403
diploid generation, 860, 865–6
diploid number, 158
diplomonads, 831
diplontic life cycle, 299
Diprodontia, 1023
diprodonts, 735f, 1021f, 1022b, 1023
Diprotodon, 1022b
Diptera, 963f
direct ancestors, 718
direct development, animals, 405
direct receptor-mediated responses, 149
disaccharides

function and occurrence, 24t
structure, 26–7

Disphyma, 350, 361
distal convoluted tubule, 552
distribution of populations, 1029–33

potential distribution, 1031–2
realised distribution, 1031, 1032–3

disturbance, see also natural disturbance
affect on communities, 1064
promoting diversity, 1065–6
in tropical rainforests, 1104b
and weed invasion, 1109

disturbance opportunists, 1063
divergent evolution, 719
α-diversity, 1049, 1051b
β-diversity, 1049, 1051–2b
diversity

measurement, 1049, 1051–2b
promotion through diversity, 1065–6
species, 1048–9
structural, 1049–50

diving, 704–5b
DNA (deoxyribose nucleic acids), 3, 43–4, 204

base complementarity with RNA, 221f
early discoveries, 207–8
eukaryotic cells, 70, 72, 73f
genetic information in, 207–8
information storage, 208b
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introduction into cells using plasmid and
bacteriophage vectors, 272–4

in nucleosome core particle, 206, 206f
DNA blotting, 281–2
DNA fingerprints, 285
DNA hybridisation, 277–8, 278f
DNA ligase, 210b, 214, 272
DNA-modifying enzymes, 270–1
DNA molecules

cutting, 269
joining, 272, 279

DNA polymerases, 210b, 213, 213b, 214, 215
DNA polymorphism, 285, 286b
DNA repair, 259b

defects, and human disease, 263t
mechanisms, 260
terminology, 210b
and tumour suppressor genes, 262–3

DNA replication, 209b, 210–16
in prokaryotes, 211–14
semiconservative replication, 211f
terminology, 210b

DNA replication errors, 259
DNA sequence polymorphisms, 762
DNA sequences, 210, 250

aligned coding, 777, 777f
altering using site-directed mutagenesis, 282,

283f
cloned, 277–83
coding and non-coding DNA, 252
genome rearrangements, 254
mutations, 258–9
polymorphisms, 762
repetitive, 252–4
ribosomal DNA, 254
telomeres and centromeres, 254
transposable elements, 254

DNA structure, 43–4, 44f, 208–10
base pairing, 44, 210
Watson and Crick’s double helix model, 208

DNA synthesis, see DNA replication
dog, brain, 628f
dolipore septa, 907
domains, 730
domatia, 1054
dominance, 181b

incomplete, 193
dominance relationships (animals), 687
dominant oncogenes, 261

blocking cell death, 262
perpetual growth, 261–2

dominant phenotype, 180b, 184
dominant traits, 179

in genetic disorders, 184, 185t
donor DNA, 269
dormancy, see also seed dormancy

animals, 701
dormant buds, 1009, 1010f
dorsal lip of the blastopore, 430, 439–40
dorsal nerve chord, 974
dorsal–ventral axis, 424, 442

dorsiventral leaves, 345
double helix, 44
Down syndrome, chromosomes, 205f, 206
downy mildews, 843–4
Dracunculus, 955
Drosera, 357
Drosophila melanogaster

aggregation, 686
bicoid gene and anterior development,

445–6, 446f
cytoplasmic versus intercellular signalling in

CNS, 441b
differential splicing, 224b
DNA microarrays, 258b
early embryonic development, 444–5
eye-colour phenotypes, 193–4, 194f
gene penetrance, 195, 195f
genome replication, 215
genome size, 249
homeotic (Hox) genes, 448–50
linkage map, 192b
mating behaviour, 763
morphogens, 446–7
neural circuits, 631
patched gene, 256, 257f
segmentation genetics, 444–8
sex-linked genes, 186, 188–9, 188f
specifying the anterior–posterior axis, 445–7
transposable element, 254
wild-type phenotype, 180b
zygotic segementation genes, 447–8

Drosophila persimilis, 728
Drosophila pseudobsura, 728
Drosophila virilis, 254
drought, 1006
drought resistance, and abscisic acid (ABA),

388–9
drought tolerant plants, 350, 370–3

avoiding dehydration, 371–2
photosynthesis and water stress, 373
responsive stomata, 373
water-use efficiency, 372

drupes, 888, 888f
dry fruits, 888–9, 889f
dry-type stigma, 303f, 308
Dryandra, 344
dryland salinity, 1112, 1113, 1113f
Dubosia, 625b, 726–7b
duckweed, 881, 881f
dugong, 1007b
Dunaliella salina, β,β-carotene production, 836b
dunnarts, 1021
duplex strands (DNA), 210
Dutch elm disease, 912
dwarfism, 184
dynamic instability, 163
dynamic restrain hypothesis, 1083b

ear
receptors, 635f, 636
sound detection, mammals, 637f

earthworms, 945, 946
asexual reproduction, 946
copulation, 945, 946f
excretory system, 550f
hermaphroditism, 946
structure, 942f, 943f, 945

ecdysis-triggering hormone (ETH), 600
ecdysone, 599, 599f
echidna, 985, 1020, 1080f

brain, 628f
echinoderm larva, 971f
Echinodermata, 968, 969
echinoderms, 969–83, see also sea urchins

classes, 972–3
fossil, 743, 748
nervous system, 627
reproduction, development and regeneration,

971
simple gas-exchange structures, 488
skeleton, 969–70
water vascular system, 970–1

Echinoidea, 969, 973
echinoids, 973
eclosion hormone (EH), 600
ecological communities, see communities
ecological isolation, 771
ecological niche, 1061–3
ecological pyramids, 1080–2

of biomass, 1081, 1081f
of energy, 1081, 1081f
of numbers, 1080–1, 1080f
and shortness of food chains, 1081–2

ecologically sustainable development, 1118–19
ecology, 998, 1028, see also population ecology;

restoration ecology
Australian biota, 998–1024
living in communities, 1047–71

ecosystems, 2, 1028, 1075–95
ecological pyramids, 1080–2
food chains and food webs, 1077–8
human impacts on, 1099–119
productivity of different ecosystems, 1084–6
shaped by feeding relationships, 1076–7
trophic relationships, 1076, 1077–8, 1077f

ecotones, 1069
ectoderm, 430
ectomycorrhizae, 344, 344f, 911, 911f, 912
ectoparasites, 1054–5
ectoparasitic flukes, 933
ectotherms, 697
Edicaran fauna, 741–3, 919–20
eelworms, 954
effectors, 618
efferent pathways, 618
egg activation, 416
egg cells

animals, maturation, 416
plants, 298, 306

eggs, 403
eicosinoids, 595, 611b
ejaculation, 408
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El Niño, 1006
El Niño–Southern Oscillation (ENSO), 1006
elaioplasts, 82
Elasmobranchii, 977
elastin fibres, 137
elastins, 42, 131b

structure, 40f
elaters, 865–6
electric fields, 149, 1020
electrical activity, human heart, 518–19, 518f
electrical gradient, ion diffusion, 93, 93f
electrical potential, 61
electrical synapses, 622
electrocardiogram, 519
electrochemical gradient

active transport, 97
ion diffusion, 93

electromagnetic fields, 148–9
electromagnetic radiation, as mutagen, 259
electromagnetic spectrum, 115–16, 115f
electron carriers, recycling, 111
electron microscopes, 3, 75b, 808
electron shells, 14
electron transport chain, 63f, 107f
electron transport pathways, 59, 61
electron transport systems, 113–14b

ATP synthesis, 111–12
electrons, 14

move between orbitals of different energy
levels, 14–15

in orbit around a nucleus, 14–15
elements, 13f

atomic structure, 14
elephantiasis, 955
elimination, 547
elm bark beetle, 912
elongation, protein synthesis, 230–2
embryo, 311
embryo sac, 886
embryo sac development, 301f, 302f, 306
embryogenesis, flowering plants, 311–12, 311f
embryonic development (animals), 424–32

cleavage, 424–7
comparative morphology, 717
Drosophila, 444–5
gastrulation, 427–32
protostomes and deuterostomes, 921
vertebrae, 976f

embryonic induction, 439–40
embryonic mammals and birds, circulation,

516–17b
embryonic stem cells, 292, 292f, 436
emigration, 1033
Emiliana huxleyi, 839
encephalisation, 627
endangered species, see also threatened species

illegal trade in, 1116–17
endarch xylem, 333
endemism, Australia, 716b
endergonic reactions, 52, 52f

endocarp, 888
endocrine glands, 593
endocrine hormones, 594, 594f
endocrinology of reproduction, 609b
endocytosis, 79, 101
endoderm, 430
endodermis, 328, 340–1, 341f
endogenous circadian rhythms, 395
endolysosomes, 79
endomembrane system, 76, 825–6
endomycorrhizae, 344
endomysium, 664
endonuclease, 210b
endoparasites, 1055
endoparasitic flukes, 933–5
endophytes, 912
endoplasmic reticulum, 76–7, 77f, 78, 233
endopodite, 960
endopterygotes, 962t
endoskeletons, 658–9
endosomes, 79
endosperm, 385, 386, 886

formation, 312
endosperm nucleus, 886
endospore-forming bacteria, 790–1
endosymbiosis, 825–6, 834, 844, 925

primary, 833, 833f
secondary, 837

endotherms, 697, 985
energy, 49

biomass and productivity, 1082b
in chemical reactions, 49–50
ecological pyramids, 1081, 1081f
and equilibrium state of a reaction, 50–3
forms of, 49
in fuel molecules, 63
required for chemical reactions, 52–3, 53f

energy limitations hypothesis, 1083b
energy needs, human diet, 477
energy quantum, 15
energy transformations, 49, 50

and loss of energy, 50
enhancers, 221b, 242, 243–4
enteric nervous system, 639f, 640
enterogastrone, 463
enteroreceptors, 618
entropy, 50

and energy, 49
and spontaneous chemical reactions, 51

environment, and phenotypes, 194–5
Environment Protection and Biodiversity

Conservation Act 1999, 1117
environmental change, Cenozoic era, Australia,

1001–5
arrival of humans, 1004–5
changing climate and increased aridity,

1001–2
changing landforms and weathering of soils,

1002–3
increased frequency of fire, 1003

Quaternary ice ages, 1003–4
vegetation changes, 1005f

environmental mutagens, 259–60
environmental oxygen stress, 702–8

adaptations to low levels of oxygen, 704–6
animals responses to high altitudes, 708
caves and burrows, 702–3
humans responses to high altitude, 706–7
swamps and tidal pools, 703–4
and winterkill, 701

environmental stochasticity, 1043
environmental stress

animals response to, 693–701
plants adaptations to, 369–75

enzymatic digestion, 461, 462–3
enzyme action models, 55–6

induced-fit model, 55f
lock and key model, 55f

enzyme activity
allosteric activation/inhibition, 58
covalent modification effects, 58
pH effects, 56–7
phosphorylation effects, 58
substrate concentration effects, 56
temperature effects, 57

enzyme-catalysed reactions, 54
enzymes involved, 60b
stages, 56f
substrate concentration effects, 56, 57f
transition state, 56

enzyme–substrate reactions, 54, 55f
enzymes, 36t

active sites, 54
as biological catalysts, 53–7
catalytic power, 54
classes, 59, 60b
enhancement of reactivity of susceptible

bonds or groups, 56b
flexibility of shape, 56b
globular protein structure, 54f
operational strategies, 56b
proximity effect, 56b
specificity in their action, 54–5

eosinophils, 573
epacrid mycorrhizae, 911
epacrids, 1012
Epacris impressa, 1013f
Ephedra, 880, 881f
ephyrae, 927
epiboly, 429
epicotyl, 314
epidermal cells (leaves), 346–7
epidermal growth factor, 612
epidermis, 142, 143f, 328

roots, 339
epigeal germination, 314
epigenetic regulation, 196–8
epigynous flowers, 883
Epilobium, 1016
epiphytes, 870, 1053, 1054
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epiphytic orchids, 1015
aerial roots, 342–3

epiphytotics, 915
epistasis, 196
epithelial cells, 136t, 137
epithelial excretory organs, 547–8
epithelial tissue, 135–7, 136t
epitopes, 562b, 573, 574f
epsp, 623, 623f
Epstein-Barr virus, 814
equilibrium constant, 50

and free energy, 50–1
equilibrium state of a reaction, and available

energy, 50–3
Equisetum, 870, 870f, 871
erect posture, significance, 992
Eremophila forrestii, size frequency distribution,

1041f
ergot poisoning, 915
Erica, 1012
Ericaceae, 1012–13

distribution, 1011f
erosion, 1111
erythrocruorin, 944
erythrocytes, 502, 532
erythropoetin, 533
Escherichia coli, 68f

DNA polymerase III, 213, 213b
genetically disabled, 273
genome size, 249
lac operon regulation, 238–40, 239f
replication fork, 212f
trp operon regulation, 240–1, 241f

essential amino acids, 455–6
essential fatty acids, 456–7
essential genes, 256
essential minerals

for plants, 355–7
sources of, 357

ester formation, 25b
esterases, 60
esters, 32
ethanol fermentation, 798
ethics and social responsibility, 6–8
ethological isolation, 772
ethology, 672
ethylene, 390–2

fruit ripening, 391
role in leaf abscission, 390
role in shoot growth, 391–2
signal transduction, 390

etioplasts, 82
eucalpyt forests, foliage cover, 1049f
eucalypts, 1011–12

phylogeny, 1012b
temperature and distribution, 1031, 1031f

Eucalyptus, 1008, 1011, 1012f, 1070b
drought tolerance, 371
hybrids, 771f
juvenile and adult leaves, 346

oil glands, 348
salt stress, 373
salt tolerance, 343

Eucalyptus marginata, dieback disease, 843b
Eucalyptus regnans, 881, 881f, 1009
euchromatin, 72
Euclitella, 945–7
eudicotyledons, characteristics, 882f
euglenoids, 849–50, 849f
Eukarya, 3, 730, 786

phylogeny, 822–3f
structure and biochemical features, 787t

eukaryotes, 3, 68
control of cell division, 166–7
genome structure, 282
genomes, 251
photosynthetic processes, 115
phylogeny, 786, 822–3f
Precambrian, 741
protists as, 824

eukaryotic cells, 68, 69–88, see also animal cells;
plant cells
cilia and flagella, 87–8
comparison with prokaryotic cells, 88
cytoskeleton, 83–6
endomembrane system, 76
endoplasmic reticulum, 76–7
evolution, 824–6, 825f
Golgi apparatus, 78–9
internal pH, 22–3
intracellular sorting and transport, 78–9
lyosomes, 79
membranes, 69–70
microbodies, 82
mitochondria, 79–80
nucleus, 69, 70–3, 224–5
plastids, 812
protein targeting and processing, 232–3, 233f
ribosomes, 76
transport vesicles and membrane cycling, 79

eukaryotic chromosome replication, 214–16,
215f
bidirectional replication, 215
histones roles, 216
telomeres role, 215–16, 216f

eukaryotic chromosomes, 206
eukaryotic gene regulation, 242–4

enhancers and silencers, 243–4
gene regulatory cascades, 244
histones role, 244
transcription factors and enhancers, 242, 242f
yeast GAL regulation, 242–3

eukaryotic mRNA, post-transcriptional
processing, 225–6, 225f

eukaryotic transcription, 224–5
in the nucleus, 224

Eumetazoa, 920
European red fox, 7–8b, 1107
euryhaline animals, 543
eusocial societies, 688–9

eusociality, evolution, 689–90
eusporangiate ferns, 871
eutelic condition, 955
Eutheria, 985, 986, 1019, 1023–4
eutherian mammals, 986–7, 1019, 1023–4

cleavage, 426
development, 406
evolution, 986
phylogenetic relationships, 987f

evaporation, 539
evapotranspiration, 1112
evolution, 3–4, see also macroevolution;

microevolution
angiosperms, 884f
animal behaviour and genetics, 672–3
animals, 919–21
arthropods, 956–7
by means of natural selection, 4, 756,

757–8, 764–70
circulatory system, 511, 511f
convergent, 719–20
co-operative behaviour, 689–90
divergent, 719
eukaryotic cells, 824–6, 825f
flowers, 883–4
fungi, 894
and geological eras, 741–8
immune responses, 586–7
insects, 1017
jaws, 976f, 977
key concepts, 757–8
mechanisms, 755–78
molecular, 777–8
neo-Darwinian theory, 758
nervous systems, 626–30
nitrogenous waste excretion, 546f
parallel, 719
plants, 857–9
speciation, 770–7
terrestrial vertebrates, 1017
time scale from dating rocks, 736

evolutionarily stable strategy, 680b
evolutionary change, 756–7
evolutionary fitness, 1033
evolutionary history, and biogeographic regions,

749–51
evolutionary lineages, Bacteria and Archaea, 76
evolutionary relationships, 4, 758, see also

phylogeny
analogous features, 718–19
animal phyla, 920f
chloroplast DNA, 723
comparative morphology, 717–18
comparing amino acid sequences of proteins,

720
comparing molecules, 720
comparing nucleotide sequences of DNA,

720–1
homologous features, 718
mitochonodrial DNA, 721–3
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phylogenetic trees, 715–17
prokaryotes and eukaryotes, 786f

evolutionary species’ concept, 771
evolutionary trees, 715–16, 721, 758

constructed from molecular data, 778
evolving earth influencing life, 739–41

plate tectonics, 739–40
positions of continental land masses, 740–1

exarch xylem, 339
excision repair (DNA sequence), 259f, 260
excitatory post-synaptic potential (epsp), 623,

623f
excretion, 547–57

arachnids, 958
crustaceans, 961
gastropods, 951
insects, 550, 962
invertebrates, 549–51
vertebrates, 551–7

excretory organs
epithelial, 547–8
invertebrates, 549–50
tubular, 548–9, 548f, 549f

excretory system
annelids, 944
earthworms, 550f
platyhelminths, 932, 932f

exergonic reactions, 52, 52f
exine, 302, 303f
exocarp, 888
exocrine glands, 593
exocytosis, 79, 102
exodermis, 328, 341
exons, 221b, 226
exonuclease, 210b, 213
exopodite, 960
exopterygotes, 962t, 964
exoskeletons, 657–8, 957

advantages/disadvantages, 957, 957f
experimental design, 5–6
experiments, testing hypotheses by, 5
exploited populations, management, 1041–2
exploitive competition, 1060
exponential growth, 1033

in continuous time, 1034–5
in discrete time, 1033
and environmental variability, 1034

expressivity, 195
extensor muscles, 633
external defences, against foreign organisms,

563, 563f
exteroreceptors, 617
extinct birds, 1102
extinct mammals, 1022b, 1102
extinction, 715, 1004, 1102

and stochasticity, 1043
extracellular compartment, 539
extracellular digestion, 465
extracellular environments, 539–40
extracellular fluid, 538

extracellular matrix, 130, 131f, 137, 435
components, 131b

extracellular signal processing, 149–53, 442
managing response to a signal, 153b

eye, receptors, 633–5, 635f

F1 progeny, 178, 179f, 180
F2 progeny, 178, 179f, 180
Fabaceae, 1014
facilitated diffusion, 97

through channels and carriers, 94–5
FAD (flavin adenine dinucleotide), 108
FADH2, 111
Fallopion tube, 409b
families, 725
family relationships, determining, 286b
fascicles, 664
fast-twitch fibres, 667
fats, in the diet, 477
fatty acids

β-oxidation from lipids, 109–10, 109f
essential, 456–7
long-chain, 32f

fatty alcohols, long-chain, 32f
feather stars, 969, 972
feathers, 984, 984f
fecundity, 1039
feedback control, 597
feeding behaviour, 676–7
feeding relationships, and ecosystems, 1076–7
Felis catus, 8b
female gametophytes, 306
female reproductive organs

animals, 410
plants, 302–6

female reproductive system, human, 409b
feral animals, 1107

fertility control, 1108
feral cats, 8b
feral predators, impact on native mammals, 7–8b
fermentation, 107f

ATP production, 112, 112f
ferns, 871–4

aquatic, 872b
gametophytes, 873–4
homosporous, life cycle, 873f
leaves, 871–2
Mesozoic era, 748
sexual reproduction, 873–4
sporagnia, 872–3
sporophytes, 871, 872–3

ferric ion, 61
ferrodoxin, 118
ferrous ion, 61
fertilisation, 308

animals, 417–19
flowering plants, 306–7
methods, animals, 418–19

fertilisers, organic versus artificial, 358b
fertility, 758
fibonectin, 131b

fibres (sclerencyhma cells), 329–30
fibrin, 532, 533
fibrinogen, 532, 533
fibroins, 41
fibrous proteins, 36t, 40–2

structures, 40f
types of, 41–2

‘fiddle-heads’, 871f, 872
fighting behaviour, 407, 680, 681f

hawks and doves, 680b
filamentous hyphae, 895, 896–7
Filicophyta, 868, 871
filicophytes, 871–4
filipodia, 432
filmy ferns, 874f
filter feeding, 470

bivalves, 949–50
sponges, 923
tunicates, 975

filtration (capillaries), 522, 524f
filtration (kidneys), 553
filtration (tubular excretory organs), 548, 550
fire

in Australian landscape, 1003, 1004, 1006,
1009–10

as management tool, 1117–18
mosaic pattern, 1065
promotion of habitat variability, 1064–5
use by Aboriginal people, 1004, 1118
use in controlled burns, 1066, 1067

fire resistance, 1009
‘fire stick’ farming, 1118
fire-stimulated germination, 1009–10
first law of thermodynamics, 50
fish

air-breathing, 491–3, 492f
circulatory system, 511–12, 511f, 512f,

514–15
excretion, 546–7
giant neurons, 633b
gills, 490f, 491
heart structure, 511
jaw and gut structure, 468
marine, 1007b
movement, 647, 648f, 649
osmoregulation and ionoregulation, 541f,

542–3
salt glands, 557
sex change, 404
spawning, 412b
thermal acclimation, 699–700, 699f
unpowered flight, 650
urea-osmoconformers, 542b

fishes, see also hagfishes; lungfishes
bony, 469, 541, 542, 548, 554
bony-tongued, 999, 999f, 1000
cartilaginous, 469, 977, 977f
fleshy finned, 511–12, 513f, 978, 980
ray-finned, 978, 978f
teleosts, 469, 491, 543, 602, 978, 979b

fitness, 758, 765–6
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5l and 3l untranslated sequences, 221b, 226
flagella, 86–7, 87f, 88f, 645, 923

origins, 826
flagellates

euglenoid, 849–50
golden, 838
parasitic, 831, 851–2
with second-hand plastids, 837–8
symbionts, 831

flame cells, 932
flamingos, colouration, 195f
flatworms, 466, 931–2

characteristics, 931–2
nervous system, 626, 626f, 932
reproduction, 932

fleas, 964
fleshy finned fishes, 511–12, 513f, 744, 978, 980
fleshy fruits, 888
flexor muscles, 633
flight

powered, 652, 653t
unpowered, 649–52

flightless birds, 984f, 985, 999, 1016
florigen, 395
flower evolution, 883–4

alternative ideas, 884–5
magnolia theory, 884

flower induction, ethylene role, 392
flower senescence, ethylene role, 392
flowering

environmentally induced, 394–5
ethylene role, 392
and photoperiodism, 393–5
and vernalisation, 395b, 396

flowering plants, 298, 874, 881–9
apomixis, 307–8, 307f
asexual reproduction, 315–19
cell differentiation, 316–17b
classification, 882
double fertilisation, 886
embryogenesis, 311–12, 311f
evolution, 884f
Mesozoic era, 748
organogenesis, 314–15
pollen and embryo sac development, 301f
pollination, 308–10, 875, 886–8
reproductive cycle, 885–6, 885f
seed formation, 311–14
sexual reproduction, 298, 300–10
structure, 325–30, 333b
thermoregulation, 698b

flowers
actinomorphic, 883
anthers, 301–2, 883
attracting pollinators, 887
carpel, 302–6, 882–3
colour and shape, to attract pollinators, 887
epigynous, 883
evolution, see flower evolution
fertilisation, 306–7
hypogynous, 883

shape, 883
structure, 300–1, 301f, 883, 883f, 1013f,

1014f, 1015f
zygomorphic, 883

fluid mosaic, 69
fluidity, membranes, 69
fluorescein, 75
fluorescence in situ hybridisation (FISH), 287
fluorescence microscope, 75b
flying fish, 650
flying foxes, 1023
FMN/FMNH2 (flavin mononucleotide), 61, 62
foliose lichens, 909f, 910
follicle, 888
follicle cells, 416
follicle stimulating hormone (FSH), 605t, 609
food chains, 1078, 1078f

detritus, 1078
grazing, 1078
length limitations hypotheses, 1083b
shortness of, 1081–2

food webs, 1078, 1079–80, 1079f
basic patterns, 1078–9
common and uncommon patterns, 1082f
potted web experiments, 1083b

foraging behaviour, 676–7, 676f
foraging theory, 677
foraminiferans, 852
forebrain, 629
foregut fermentation, 472f, 473–4

ruminants, 474–5, 474f
forensic science use of DNA technology, 284–5

determining paternity, 285
forested ecosystems, detritus food chains, 1078
fork ferns, 870
fossil cast, 735
fossil fuels

burning of, 1114
and greenhouse gas emissions, 1116

fossil mould, 735
fossil record, 3, 4, 735–6, 741–8, 768f
fossils, 735

Cambrian, 919–20
Cenozoic, 748
comparative morphology, 718
Edicaran, 741–3, 919–20
formation and location, 735–6
insects trapped in amber, 736, 736f
Mesozoic, 746–8, 985, 1021
metazoan, 919
Palaeozoic, 743–6
Precambrian, 741

foxes, 1107
impact on native mammals, 7–8b

frameshift mutations, 227, 227f
Frankia, 343, 344, 1092
free DNA, gene transfer, 800, 801f
free energy

and equilibrium constant, 50–1
in exergonic and endergonic reactions, 52
hydrolysis of phosphate compounds, 59t

and spontaneous chemical reactions, 51–2
freezing temperatures

animals living at, 696
effect on plants, 375

freshwater crocodile, 983–4
frogs, 980

adaptive radiation, 1017–18
cleavage, 425f
development, 405
diversity, 1018
ethological isolation, 772, 772f
excretion, 547
fertilisation, 416
gastrulation, 428–30, 430f
heart structure, 513f

fronds (ferns), 871–2
frost tolerance, and abscisic acid, 389
frozen tissue samples, 74b
fructose, 26, 27
D-fructose, 26f
β-D-fructose, 27
frugivores, 1056
fruit development, 312
fruit eaters, aid seed dispersal, 1056
fruit pigeons, 1056, 1057f
fruit ripening, 391
fruits, 883, 888–9

aggregate and multiple, 889
dry, 888–9, 889f
fleshy, 888, 888f
simple, 888–9

frustules, 848
fruticose lichens, 909f, 910
fucoxanthin, 838
fuel molecules

breakdown of, 61
energy in, 63

functional groups, 23t, 24
fundamental niche, 1032, 1061–2
fungal cell walls, structure, 896–7
fungal diseases, 899, 914
fungal growth

hyphae feeding role, 896–7
specialised hyphae, 897–8

fungal infections, 899, 914
immune mechanisms, 584

fungal mutualism, 895, 902, 909–12, see also
endophytes; lichens; mycorrhizae

fungal nuclei, 898–9
fungal nutrition

digestion of organic carbon, 899–900
mineral requirements, 900
nitrogen requirement, 900

fungal phyla, 902–9
anomorphs, 909
Ascomycota, 905–6
Basidiomycota, 906–8
characteristics, 902b
chytrids, 903
Zygomycota, 905–6

fungal plant diseases, 914, 915
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fungal reproduction, 901
asexual spores, 901
spores for travel and survival, 901

fungi, 893–915
as biological control agents, 915
classification, 894, 902–9
as decomposers, 899–900, 903
diversity and evolution, 894
gravity-sensing mechanisms, 900
and humans, 913–15
and insects, 913
light requirements, 900
mitosis, 899
names based on sexual and asexual states,

909b
and plant disease, 915
spore production, 895, 896f, 897, 900, 901
temperature requirements, 900
tolerance of environmental extremes, 900–1
topography, 901
use in biotechnology, 915
vegetative bodies, 895f
water requirements, 900
and world affairs, 903b

Fungi (kingdom), 730, 893
fungi imperfecti, 909
fungicides, 912b
fusiform initials, 334b, 335

G1 phase (first gap phase), 159–60
G2 phase (second gap phase), 160

checkpoint mechanisms, 167
gait

animals, 654, 655b, 656
and oxygen consumption, 656f

GAL4 gene
regulation, 242–3, 256
upstream activator sequences, 243

GAL80 gene, 243, 256
galactosaemia, 767
galactose, 26
D-galactose, 26f
β-D-galactose, 26
galahs, 674
gall bladder, 463
game theory, 680b, 681
gametangia, 904f
gamete formation, plants, 299–300
gametes, 167, 298, 403, 411

maturation, 415–16
gametic isolation, 773
gametocytes, 847
gametogenesis, 411–16

maturation of gametes, 415–16
meiotic division, 413–15
migration of germ cells, 413
mitotic divisions, 413

gametophytes, 300, 860, 862–5
female, 306, 861, 880
male, 861

gamma-aminobutyric acid (GABA), 624, 624b
ganglia, 626, 627, 942
gap genes, 447–8
gap junctions, 132, 134, 134f
gas bladders, 491
gas exchange, 484, see also breathing; lungs;

respiratory system
across the surface of eggs, 485b
air and water as respiratory medias, 483–4
animals, 482–506
aquatic insects, 500–1b
arachnids, 502, 958
cephalopods, 953
crustaceans, 960
insects, 962
internal convection, 486–7, 487f
surface area-to-volume ratio, 486
ventilation, 486–7, 487f

gas-exchange organs
air breathing

lungs, 493–9
tracheae, 499–503

transition from water to air breathing, 491–3
water breathers, 487–90

gas-exchange surfaces, diversity in, 482, 483f
gas transport, 502–5
gastric brooding frog, 409–10
gastrin, 461, 612
gastrointestinal hormones, 612f
gastrointestinal mucosa, 612
Gastrolobium, 7b
Gastropoda, 947, 950–1
gastropods, 947, 950–1

evolutionary development, 950–1
excretion, 951
torsion in, 950–1

gastrovascular cavities, 465–6, 467f, 923
gastrula, 427
gastrulation, 427–32

amphibians, 439
germ layers, 430
mechanisms of morphogenesis, 431
sea urchin, 427–8
Xenopus, 428–30

gating, 600
geckos, 1918

parthenogenesis, 402, 775, 776f
gel electrophoresis, 274f, 281
gemmae, 863
gene duplication, 777
gene expression, 221

central dogma, 220–1
differentiated, in animal development, 442–3
regulation, 236–44
terminology, 221b
transcription, 221–6

gene families, 254–6, 777
gene mapping, 285–6, 287f
gene numbers in genomes, 248–50
gene pool, 756, 758, 764

gene regulatory cascades, 244
gene sequences, 3
gene technology, 3
gene therapy, 292

and cystic fibrosis, 287–8b
gene transfer

by bacteriophages, 800, 801f
by free molecules of DNA, 800, 801f
by plasmids, 800, 801f
mechanisms, 800–2

gene trees, 778, 778f
generative cell, 302
generator potentials, 146
genes, 179, 181b

allelic, 179
on chromosomes, 187–9
combination genes inheritance, 183–5
in common ancestors, 256
constitutive, 221b, 237
epigenetic regulation, 196–8
essential and non-essential, 256
and genetic programs, 257–8
in genomes, 250
identifying and isolating individual, 275–9
inducible, 221b, 237
isolating by sequence similarity, 278
isolation using polymerase chain reaction,

279, 279f
linkage on autosomes, 190–2
non-allelic, 196
parts of, 253f
pleiotropic, 181
in populations, 761–3
quantitative characters, 198–9
regulating biological processes in different

organisms, 256
regulatory, 237
reintroduction into organisms, 282–3
response to various situations, 256
sex-linked, 181b, 186, 186–9
single gene inheritance, 178–82

genetic code, 226
codons, 226
reading frames, 226–7
and translation, 228–9

genetic conjugation, 800, 801f, 849
genetic disorders

autosomal dominant, 185b
autosomal recessive, 185b, 767
cancer as, 261
DNA repair defects, 263t
inheritance, 184, 185t
X-linked, 185b

genetic diversity, antibodies and TCR
molecules, 570b

genetic drift, 764, 764f, 1043
and conservation genetics, 766b
examples, 765b
population size effect, 764

genetic engineering, 268–89
plants, 320–1
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genetic information, stored in DNA, 207–8
genetic markers, 761, 763
genetic modification (GM), 320
genetic notation, 180b
genetic recombination, see recombination
genetic regulation of development, 442–4
genetic stochasticity, 1043
genetic structure of populations, 763–70

genetic drift effects, 764
migration effects, 763–4
mutation effects, 763
natural selection effects, 764–7
random mating effects, 763

genetic transduction, 800, 801f
genetic transformation, 269, 274b, 290f, 291,

320
bacteria, 800, 801f

genetic variation, 757
bacteria, 799–802
detecting and measuring in populations,

761–2
and genomes, 258
identifying, 284
and population survival, 1043
role of recombination, 761
through mutation, 258–9, 760–1

genetically modified cotton, 320b
genetically modified organisms (GMOs), 320

public debate, 269b
genetics, 177–99

combination genes inheritance, 183–5
epigenetic regulation, 196–8
and evolution of behaviour, 672–3
foundations, 177
incomplete dominance, 193
Mendelian, 178–84
phenotypes and environment, 194–5
phenotypes through recombination, 193–4
self-incompatibility, 309–10, 309f
single gene inheritance, 178–82
terminology, 181b

genome evolution, 248
genome maps, 251b, 256
genome organisation, 248
genome rearrangements, 254
genome structure, in eukaryotes, 282
genome transcriptional responses, measuring,

258b
genomes, 247–56

gene numbers, 248–50
and genetic variation, 258
mutation and cancer, 264
organelle, 250
and phenotypes, 246
relative size, 248, 249t
replication, viruses, 812–14
tumour suppressor genes as guardians, 263–4
viral, 809, 810–11

genomic clone, 274f
genomic DNA libraries, 274f, 275–6

constructing, 276f

genomic equivalence, 442–3
genotype, 179, 181b

penetrance, 195
genotype notation, 180b
genotypic frequencies, 761

Hardy–Weinberg principle, 762–3
genotypic ratio, 180
genus, 725, 727, 728
geographic regions recognised for plants and

animals, 749t
geological eras and evolution, 741–8

Cenozoic life, 748
Edicaran fauna, 741–3
Mesozoic life, 746–8
Palaeozoic life, 743–6
Precambrian life, 741

geological time scale, 736, 737f
geothermal energy, 1116
Geraldton wax, 350
germ cells, 413

meiotic division, 413–15
mitotic divisions, 413

germ layers, 430
germination, see seed germination
gestation, 406
ghost bat, 1023
giant sensitive plant, 1110b
Giardia, 831
gibberellic acid (GA1), 384

effect on plant growth, 380f
structure, 384f

gibberellins, 312, 384–6
mobilisation of seed protein and

carbohydrate reserves, 385–6
role in breaking seed dormancy and

stimulating germination, 384–5
and stem elongation, 384

gibbons, 989
gills

invertebrates, 489, 949–50, 953
vertebrates, 490f, 491

Ginkgo, 1001b
growth habit, 877
Mesozoic era, 877

Ginkgo biloba, 859, 874, 877, 877f
ginkgophytes, 877
Ginkophyta, 874, 877
girdle, 844
glacial periods, 1003, 1004
glaucophytes, 833, 834
glial cells, 139, 616, 616t, 622
gliders (mammals), 650, 651f, 1023
gliding, 649–52

mechanims, 650–1b
gliding performance, 649f
gliding reptiles, 650–2
gliding speeds, 649–50
global carbon cycle, 1089f

active and storage pools, 1089t
global cycles, 1086

global nitrogen cycle, 1091f
active and storage pools, 1092t

global warming
animals responses’, 709–10
and greenhouse effect, 1114–16
impact on plant and animal populations,

710
global water cycle, 1087f

active and storage pools, 1087
Globigerina, 852
globin genes, isolating, 278
globular proteins, 36t, 40

tertiary structure, 39, 54f
glochidium, 950
glomerular capillaries, 553
glomerular filtration, 553, 554
glomerulus, 552, 552f
glomus cells, 506
Glossopteris, 1001b
glucagon, 610, 612
(1→3)-β-glucan hydrolase, 54f
(1→3)-β-D-glucans, 29f, 31
glucocorticoids, 607–8
gluconeogenesis, 459, 607
glucose, 24, 26

as carbon source for fungi, 899
glycolysis, 107f, 108f, 109
oxidation, 63

D-glucose, 25b, 26f
α-D-glucose, 26f, 30
β-D-glucose, 26f
(1→4)-linked β-D-glucose, 29, 30
(1→4)-linked α-D-glucose units, 31, 140
(1→6)-glucosidic linkages, 30
(1→4)-linked α-D-glucosyl units, 30
(1→4)-linked β-D-glucosyl units, 31
glucuronic acid units, 42
glutamate, 37f, 624b, 796
glutamine, 37f, 796
glycemic index (GI), 459
D-glyceraldehyde, 25b
L-glyceraldehyde, 25b
glyceraldehyde 3-phosphate (PGAL), 120–2
glycine, 37f, 38, 38f
glyclalanine, 38f
glycocalyx, 69
glycogen storage, 31, 900
glycolipids, 24, 34, 69

structure, 34f
glycolysis, 59, 107, 108f, 109
glycophytes, 374
glycoproteins, 36t, 43, 69, 70

lipid membrane bilayer, 42f
N-linked-glycoproteins, 76, 78
O-linked-glycoproteins, 78
glycosaminoglycans, 131b
glycosidases, 59
glycoside formation, 25b
glycosidic linkages, 26, 27
(1→4)-glycosidic linkages, 28f, 29f
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(1→6)-glycosidic linkages, 30f
glyoxysomes, 82
Gnathostomata, 976
Gnetophyta, 874, 880
gnetophytes, 880, 883
Gnetum, 880, 881f
goitre, 606
golden-brown algae, 840
golden flagellates, 838
Golgi apparatus

cis/trans network, 78, 79
function, 78, 78f
vesicle marker proteins, 78, 79

Golgi stacks, polarity, 78
gonadal steroids, 595
gonadotrophin-releasing hormone (GnRH),

605t
gonads, 410

hormone production, 411, 608–9
gonangia, 928
Gondwana, 740, 741, 1000–1
Gondwana fauna, 1016, 1018–19
Gondwanan forests 878b, 1001b
gorilla, 989
G-protein-linked receptors, 149–51

second messengers, 150, 151f
G-proteins (guanosine triphosphate [GTP]

binding regularory proteins), 149
gradients, 1069
Gram negative bacteria, 788b
Gram positive bacteria, 788b
Gram stain, 788b
grana, 82
granulocytes, 562b, 565b
grapes, 888f
graptolites, 743
grass flowers, wind pollination, 886, 886f
grass leaves, cell types, 347
grass pollen, hayfever and allergic asthma,

304–5b
grass trees, 1008, 1009f
grasses, 1008, 1009f, 1070b

polyploidy, 774, 775b
grasshoppers

external features, 961f
jumping, 657
nervous system, 626f
parthenogenesis, 777

gravid proglottids, 936
gravitropism, 383–4
grazing food chains, 1078
Great Barrier Reef, 1008
Great Dividing Range, 1006
Great Victoria Desert, 1006
green algae, 833, 835–7, 835f, 1007b

biotechnology use, 836b, 837
and origins of land plants, 858–9

green bacteria, 119, 796
greenhouse effect, and global warming, 1114–16
greenhouse gas emissions, 1116

greenhouse gases, 1114, 1115
Grevillea, 1012, 1013f
ground parrot, 1043
ground tissue, 142, 328–30
ground water levels, 1088, 1089f
group living, 678–9, 686–7
growth, 298
growth hormone (GH), 605t
growth-hormone inhibiting hormone

(GHRIH), 605t
growth-hormone releasing hormone (GHRH),

605t
guanine, 43, 44, 208, 545, 546
guanosine triphosphate (GTP), 222, 225
guanotely, 545
guard cells, 142, 346, 347, 364
gullet, 849
gut, nutrient absorption, 464
guttation, 349
Gymnodinium, 846
gymnosperms, 874, 1008
gynoecium, 301

habitat corridors, 1106
habitat fragmentation, 1105–6
habitat selection theory, 1032–3
habitat variability, fire effects, 1064–5
habituation, 675
haemaglutinin, 816b
haematocrit, 531
haematopoiesis, 437
haematopoietic stem cells, 436, 437f, 562b,

567, 567f
haemocoel, 957
haemocyanin, 958
haemoglobin, 502, 532

affinity for oxygen, 503f, 504fg, 532, 706f
quaternary structure, 40f

haemolymph, 502
haemolymph flow, and water flow, crustaceans,

489
haemophilia, 533
haemproteins, 36t
hagfishes, 541, 552, 974, 976
hair, 985
Hakea, 350

leaf structure, 1010f
Haldene effect, 505
hallucinogenic mushrooms, 913, 914, 914f
halophiles, 792
halophytes, 337, 361, 374
handedness in biological systems, 25
haplodiplontic life cycle, 299
haploid cells, 168, 402
haploid chromosomes, 171
haploid gametes, 298, 860
haploid generation, 860, 862–5
haploid number, 158
Haplorhini, 988
haptonema, 839

haptophytes, 839
hard corals, 929f, 930f
hardening, 695
Hardy–Weinberg frequencies, 762, 763
Hardy–Weinberg principle, 762–3
Hartig net, 912
harvesting

chemical energy, 107–8
light energy, 114–16

haustoria, 876, 876f, 898, 911
hayfever, and grass pollen, 304–5b
hearing, 636

mechanism of, 147–8, 147f, 148f
heart, see human heart; mammalian heart
heart sounds, 517–18
heart structure

Australian lungfish, 513f
crocodile, 514f
fish, 511
frogs, 513f
human, 515f
turtle, 513f

heart urchins, 969, 973
heartbeat, 518
heartwood, 335
heat energy, 49
heat of fusion, water, 20b
heat pain receptors, 637
heat of vapourisation, water, 20b
heath family, 1012–13
α-helical proteins, 38, 39f, 40f, 41, 42
helper cells (TH cells), 572, 580–1
helper virus, 818
Hemichordata, 974
hemidesmosomes, 133
Hemiptera, 963f
hemizygous individual, 188
Hepatophyta, 862
herbicides, 382
herbivores, 458, 986, 1055, 1076

cellulose digestion, 472
coping with plant defences, 1058
dealing with plant cell walls, 471–6
foregut fermentation, 472f, 473–5
hindgut fermentation, 475–6
and quality of available food, 1056
teeth, 470

herbivorous snails, 1068f, 1069
herbivory, 1055f
hermaphroditism, 403, 932, 935, 945, 946, 961

changing sex, 404
preventing self-fertilisation, 403–4

herpes simplex viruses, 815
herpesviruses, 817b
heterochromatin, 72
heterocyst, 789
heterokaryons, 898, 901
heterosporous sporophyte, 861t
heterospory, 299b, 300, 860–1, 874, 875
heterothallic zygomycetes, 905

IN D E X 1 1 8 3



heterotrophs, 106, 455, 794, 824, 919, 1076–7
heterozygous genotypes, and mode of selection,

766, 767
heterozygous individual, 179, 181b
hexacanth, 936
hexaploidy, 774
hexoses, 26
hibernation, 697
high altitude

animal responses, 708
human responses, 706–7

high-altitude physiology, milestones, 707t
high-energy bonds, ATP, 59
high temperatures, effect on plants, 375
Himalayan thar, 1041f, 1041t
hindbrain, 629
hindgut fermentation, 475–6
hirudin, 947
Hirudinea, 946–7
Hirudo, 946, 947
histidine, 37f
histidine kinase, 390
histones, 72, 73f, 206

role in eukaryotic gene regulation, 144
role in replication, 216

holdfast, 840–1
Holocephali, 977
holomorphs, 909
Holothuroidea, 969, 973
homeostasis, 92
homeotic (Hox) genes, 448–50

genetic regulation and intercellular signalling
control development, 450

as master regulators of segment identity, 450
Hominidae, 989
hominids, 748

evolution, 989–93
Homo, 992
Paranthropus, 992
phylogeny, 990f
upright apes, 990–1

hominoids, evolution, 988–9
Homo, 992

increase in brain size, 992
tool making skills, 992
use of language, 993

Homo erectus, 991f
Homo neanderthalensis, 993
Homo sapiens

evolution, 992–3, 993f
multiregional theory, 993
out-of-Africa theory, 993

homokaryons, 898
homologous chromosomes, 158, 170, 171, 180,

187, 190
segregation, 190

homologous features, as evidence of relationship
between divergent forms, 718, 719f

homologous genes, 777, 778f
homologous molecules, 720–1
homologues, see homologous chromosomes

homology, concept of, 718f
homosporous fern, life cycle, 873f
homosporous sporophyte, 861t
homospory, 299b, 300, 861
homothallic zygomycetes, 905
homozygous genotype, and mode of selection,

766–7
homozygous individual, 179, 181b
honey-pot ants, 688, 689f
honeybees, 1058

communication, 689f
foraging, 677

Hooke, Robert, 3
hookworms, 955
hormonal control in animals, 592–612
hormones, 36t, 592

animals, 593–5
cardiovascular effects, 529, 531
plants, 379–92

Hormosira banksii, 841–3
regeneration, 1067, 1067f
reproductive structures, 842f, 843

hornworts, 862, 864, 864f, 865, 866
horses, movement, 656
horseshoe crabs, 956, 958, 958f
horsetails, 870–1
host cell, 274f
hot spots, 739
hour-glass mechanism, 395
Hox genes, 448–9

and evolution of body patterns, 449–50
mouse and Drosophila comparison, 449f
as transcriptional regulators, 449

human activities, as novel disturbances, 1066–7
human brain, 628f
human chromosomes, 205f

DNA sequences, 252f
human digestive system, 463f

control of digestive secretions, 461–4
enzymes and sites of action, 462t

human evolution, 989–93
human female reproductive system, 409b
human gene

amplification by PCR, 279f
cloning, 273f

human genome, 250
human heart

electrical activity, 518–19, 518f
electrocardiogram, 519
function, 516–19
structure, 515f

human immune system, 578f
human immunodeficiency lentivirus (HIV), 817b
human impacts, 1099–119
human male reproductive system, 408b
human pedigrees, 184, 185f, 189f
human population dyanamics, Australia, 1040b
human reproduction, 408–9b
human sensory receptors, 635f
human sex-determining gene, finding and

isolating, 289b

human sperm cell, structure, 415b
human viral infections, 816–17
human X chromosome, physical map, 286f
humans, 988

arrival in Australia, 992b, 1004–5, 1100
in Australia, 1100–1
body weight regulation, 476–8
responses to high altitude, 706–7

hummock grasses, 1008, 1009f, 1070f
humoral immunity, 568, 568f, 587
humoral responses, 580–1
hunchback gene, Drosophila, 447
Huntington disease, 184

pedigree, 185f
penetrance, 195–6

hyaluronan, structure, 42
hybridisation, 274f, 277–8, 278f

and asexual reproduction, 775–7
hydathodes, 349
hydatid cyst tapeworm, 936, 936f
Hydra

budding, 401
gastrovascular cavity, 467f
structure, 927

hydrangeas, flower colour, 194, 195f
hydranths, 928
hydras, 927–8, 929f

life cycle, 928f
hydrated ions, ionic compounds, 17, 18f
hydrocarbons, utilisation by fungi, 900
hydrochloric acid, 22
hydrofoils, 645
hydrogen, in organisms, 13
hydrogen atom, 14f
hydrogen bonds, 18, 18f

base pairs, 44
hydrogen ions, 22
hydrogen molecule, 16f
hydroid polyp, 924, 925b
hydrolases, 59, 60b
hydronium ions, 22
hydrophilic regions, 19, 34
hydrophobic regions, 19, 34
hydrophobins, 900
hydroponics, 355
hydrostatic pressure, 359–60, 524
hydrostatic skeletons, 657
hydroxyapatite, 658
hydroxyl group, 23t
hydroxyl ions, 22
hydrozoans, 927–8
Hylidae, 1017, 1018
hyoscine, 625b
hyperglycaemia, 611
hyperosmotic solution, 99
hyperpolarised neurons, 622
hypersaline water, 542
hypersensitivty, 585
hyperventilation, 706
hyphae, 895

feeding role, 896–7
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hypocotyl, 314
hypodermic impregnation, 945
hypogeal germination, 314
hypoglycaemia, 611
hypogynous flowers, 883
hypo-osmotic solution, 99
hypopharynx, 961
hypophysis, 601
hypostome, 923
hypothalamic hormones, 605t
hypothalamo-hypophyseal portal system, 602,

609
hypothalamus, 600–1, 629
hypothermia, 700
hypothesis, 5
hypoxia, 702, 704, 706, 707, 708–9

ice, 21b
ichthyosaurs, 747, 748f
icosohedron, 810
ideal population, characteristics, 762
illegal trade in endangered species, 1116–17
imago, 964
immigration, 1033
immune defence mechanism, parasites, 254,

255b
immune repertoire, clonal selection, 569b, 571b
immune responses

allergies, hypersensitivity and
immunopathology, 585–6

cellular responses, 581
evolution, 586–7
humoral responses, 580–1
immunity to infection, 581–4
nature of, 578–86

immune system, 561
cells, 556–7, 565f, 568–73
humans, 578f
molecules, 573–8
secondary lymphoid tissues and the

lymphatic network, 578–80
immunity

in animals, evolution, 586–7, 586f, 587f
in plants, evolution, 587

immunity to infection, 581–4
defence against bacteria, 584, 584t
defence against fungi, 584
defence against protozoa and parasitic

worms, 254, 255b, 584
defence against tumours, 584
defence against viruses, 582

immunodeficiency, 571
and AIDS, 582–3b

immunogen, 562b
immunoglobulins (Ig), 562b, 572, 575

classes (isotypes), 575
generation of diversity and gene

rearrangement, 570b
IgE, 585

immunological memory, 562b, 566
immunological tolerance, 562b, 578

immunology, terminology, 562b
immunopathology, 586
immunosuppression, 582b
implantation, 409b
imprinting, 197–8, 673–4
inbreeding, 763
inclusive fitness, 690b
incomplete dominance, 193
incomplete metamorphosis, 964
independent assortment, 184, 190
indeterminate development, 921
indirect development, animals, 405
indole-3-acetic acid (IAA), 381–2

and apical dominance, 383
induced fit, 55
inducible genes, 221b, 237
induction, embryonic, 439–40
indusium, 872
inferior ovary, 883f
inflammation, 562b, 566
inflammatory response, 566
inflorescence, 887
influenza orthomyxovirus, 816f
influenza viruses, 815, 816b
inheritance, 176, 177

combinations of genes, 183–5
genetic disorders, 184, 185b
single gene, 178–82

inhibitory post-synaptic potential, 623
initiation

prokaryotic DNA replication, 212, 214f
protein synthesis, 230
transcription, 222–3

initiator codon, 227
inland lakes, Australia, 1002
innate defence mechanisms, 563

cells that kill, 564
defensive molecules, 565–6
external barriers, 563, 563f
identifying an invader, 563–4
inflammatory response, 566

inositol triphosphate, 150
insect diversity, and metamorphosis, 962–4
insect moult, hormonal control, 598f, 599–600
insect pests, 964, 964f
insect societies, 688–9
Insecta, 961–4
insecticide resistance, sheep blowfly, 767–8
insectivores, teeth, 470
insects, 956, 961–4

aquatic, gas exchange, 500–1b
association with early plants, 1017
body structure, 961, 961f
brain, 630, 630f
breathing, 499–502
compound eyes, 636f
courtship behaviour, 684
evolutionary history, 1017
excretory system, 550, 962
fossils trapped in amber, 736
and fungi, 913

gait, 655f
gas exchange, 962
hormones, 599
and humans, 964
at low temperatures, 696
mouthparts, 467–8, 961, 962f
neuroendocrine and endocrine organs, 598f,

599
orders, 962t, 1017
as pollinators, 887
reproduction, 962
sensory organs, 961–2
tracheal system, 500, 501f

insertions (DNA sequences), 259
inspiration (breathing), 496
instars, 962, 964
insulin, 477, 595, 610–11

commercial production, 915
primary structure, 38f

insulin-dependent diabetes mellitus, 611
integrated pest management, 1107
integration (neurons), 624
integrins, 133
integument, 304, 874

structure, 658f
interactions within communities, 1052–61

symbiosis, 1052–5
intercellular connections, 131–4
intercellular signalling, 441b, 450
interferons, 565–6, 582
intergenerational equity, 1119
interglacial periods, 1003, 1004
Intergovernmental Panel on Climate Change,

1115
intermediate disturbance hypothesis, 1066
intermediate filaments, 86, 86f
internal skeletons, 658–9
interneurons, 618
internodes, 332
interphase, 159, 160
interspecific comparisons (behaviour

experiments), 676
interspecific competition, 1060
interstitial fluid, net fluid movement with

capillaries, 524
interstitial matrix, 130
intervertebral discs, 981
intracellular compartment, 539
intracellular digestion, 465
intracellular environments, 539–40
intracellular fluid, solute composition, 539
intracellular messengers, 150, 150f, 151f
intracellular processing of signals, 149–52
intraspecific comparisons (behaviour

experiments), 675
intraspecific competition, 1060
introduced animal pests, 1017, 1019, 1057,

1107, 1108
integrated pest management, 1107

introduced mammals, 1019
introduced marine pests, 1007b, 1107

IN D E X 1 1 8 5



introduced new species, 1106–8
introduced plants, 1016, 1106f, 1110b
introns, 221b, 226
inulins, 31
invertebrate animals, see also specific groups, e.g.

crustacea
budding, 401
excretory organs, 549–50
nervous system, 626–7
neural circuits, 631
parthenogenesis, 402, 777
rapid escape responses, 632–3b
regeneration, 401
tubular excretory organs, 550–1

invertebrate gills, 489
invertebrate hormones, 599, 600

control of development, 599–600
involucral bracts, 1015
involution, 429, 430, 431f
ion channels, 95, 95f

revealed by patch clamping, 96b
working with osmosis, 100b

ion diffusion
electrical gradient, 93, 93f
electrochemical gradient, 93

ionic bonds, 17, 17f
ionic compounds, 17
ionic and osmotic balance, 540–5

living on land, 544–5
living in salt lakes, 542
living in sea water, 540–2
moving between sea and fresh water, 453

ionoconformer, 540
ionoregulation, 540–5
ions, 17, 538
iron, as electron carrier, 62
iron deficiency, 6
irrigation salinity, 1112
Islets of Langerhans, 610–12, 610f
isobilateral leaves, 345, 348
Isoetes, 869
isogamous gametes, 403, 403f
isoleucine, 37f
isomerases, 59, 60b
isomers, 26
isometric virions, 810, 810f
iso-osmotic solutions, 539, 540
isotonic solutions, 540

Jaccard’s coefficient, 1051–2b
jarrah trees, dieback disease, 843b, 1094b, 1106
jawless craniates, 976
jaws

evolution, 976f, 977
vertebrates, 468–9, 977

jellyfish, 923, 926–7
life cycle, 926f
structure, 927f
stings, 924

jet propulsion, 646–7, 952

joint territoriality, 679
joints, 660–2
jumping, 656–7
‘jumping genes’, 254
Jurassic period, 737f, 741, 747, 1001b
juvenile hormones, 599, 599f
juxtaglomerular apparatus, 556
juxtamedullary nephrons, 555

K strategists, 1064
kangaroo grass, polyploidy, 774, 775b
kangaroo paws

ethological isolation, 772, 772f
mechanical isolation, 772–3

kangaroos, 20f, 1023
adaptive evolution and divergence, 768–9
allopatric speciation, 774
avoidance of heat of the day, 694, 695f
breathing and running, 497
fighting between males, 407, 680, 681f
foregut fermentation, 472f, 473–5, 474f
gut microorganisms, 471b
locomotion, 656
phylogenetic tree, 768f
reproduction, 410–11b

karyogamy, 898, 906
kelps, 840

thallus, 840–1, 841f
keratinolytic fungi, 899, 914
keratins, 41

structure, 40f
ketohexose, 26
ketone function, 23t
keystone predators, 1059
keystone species, 1103f
kidney function, control, 556
kidneys, 551–2

filtration, 553
osmodilution and osmoconcentration, 554–6
reabsorption, 554
salt glands, 557
secretion, 554
structure, 552–3
structure and urine concentrating capacity,

mammal, 557b
tubular function, 552–7

kin selection, 690b
kinesis, 468
kinetic energy, 49
kinetochore fibres, 163
kinetochores, 163, 170, 171f, 899
kinetoplasts, 850–1
kingdoms, 725

classification schemes, 729–30, 729f
Kingia, 1008, 1009f
kiwi, 1016, 1016f
Klebsormidium, 836
koala, 1023

hindgut fermentation, 475–6
‘Kranz’ anatomy, C4 plants, 122, 123f

Krebs cycle, see citric acid cycle
kuru, 819
Kyoto Protocol, 1115–16

La Niña, 1006
labellum, 1015
labium, 961
labrum, 961
lac mutant phenotypes, accounting for, 239–40
lac operon

expression, 240, 241f
glucose repression and positive regulation,

240–1, 240f
regulation, 238
repression in the absence of lactose, 238–40

lac repressor–allolactose interaction, 239
lacI repressor gene, 238–9
lacO operator, 239
Lacocephalum mylittae, 31f
lactate dehydrogenase, structure, 39f
lactate fermentation, 107f
lactic acid, 798
lactic acid fermentation, 798
Lactobacillus, 798
lactose, 26
α-lactose, 26f
lacZ gene, 275
lagging strand, 210b, 212, 214
lamellar collenchyma, 329
lamellibranchs, 949
lamellipodia, 432
lamina, 345
laminarin, 31, 841
laminin, 131b
lampreys, 974, 976, 976f, 1054
lancelets, 974, 975

structure, 975f
land clearance

and dryland salinity, 1113
and habitat fragmentation, 1105–6

land degradation, 1088, 1109, 1111–13, see also
salinity

land plants, see terrestrial plants
land snails, 951
landforms, climatic change effects, Australia,

1002
Lantana, 1016
large molecules, transport across membranes,

101–2
larva (polychaetes), 945
laterites, 1002f
Latimeria, 980, 980f
Latinised names, 724
Laurasia, 740, 741
law of constant yield, 1038b
laws of thermodynamics, 50
Leadbeater’s possum, conservation strategy,

1042b
leading strand, 210b, 212, 214
leaf abscission, 390
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leaf adaptations, 349–50, 349f
leaf arrangement, and life span, 345
leaf boundary layer, 363–4, 363f
leaf characteristics, and water conservation,

371–2
leaf epidermis, 346
leaf hairs, 347
leaf orientation, 345–6

and water conservation, 372
leaf shape, 345–6
leaf structure, 345–50

environmental effects, 348–9
juvenile and adult, 346
modifications, 348–50
and organisation, 346–8

learning and development of behaviour, 673–5
leaves, 332

avoidance of dehydration, 371–2
vascular system, 348
water movement from, 363–6

leeches, 945, 946–7, 946f
jaws, 946f, 947
structure, 947

legged animals
gait, 655b
stability, 654

legislative and policy frameworks, 1117
legless lizards, 770f
leishmaniasis, 850, 851
lemurs, 988, 988f
lenticels, 335b, 336
Lepidosauria, 981
leptin, 477–8
Leptospermum, 1011, 1011f
leptosporangiate ferns, 871, 872–3
leucine, 37f
levans, 31
lice, 964
lichens, 895, 902, 909–10, 1053

distribution, 910
morphological forms, 909f, 910
photosynthetic partner, 910
reproduction, 910
structure, 910f

life cycles
Ascomycota, 905
Basidiomycota, 907f
blood flukes, 934f
bryophytes, 862f
cellular slime moulds, 828f
chytrids, 903f
clubmosses, 869f
conifers, 879–80, 879f
ferns, 873f
hydras, 928f
jellyfish, 926f
liver fluke, 934f
mosses, 862f
Obelia, 928, 928f
plants, 299, 299f, 300

Plasmodium, 847f
Puccinia graminis tritici, 908f
retroviruses, 813f
Schistosoma, 934f
Selaginella, 869f
sexually reproducing organisms, 402f
stem rust, 908f
viruses, 813f
Zygomycota, 904f

life tables, 1040, 1041t
ligaments, 661–2
ligand-gated channels, 95, 149
ligand-receptor complexes, 144–5
ligands, 38–40, 144
ligases, 60b
ligation, 215, 272, 275
light, as physical stimuli, 145–6
light-dependent reactions of photosynthesis,

115, 117–19
light energy, 115–16

harvesting, 114–16
light-harvesting complexes, 117–18

model, 118f
light-independent reactions of photosynthesis,

120–5
light intensity, and stomatal opening, 366
light microscopes, 74b
light reception, 35
lignification, 141
lignin, 141, 328

digestion by fungi, 899
importance for terrestrial plants, 860

lignotubers, 1009, 1010f
ligulate florets, 1015
lilly pilly, 1011
limb formation, 435–6
limb movements, 633
limiting resource, 1036
limpets, 950f, 951, 1067f, 1068
linkage

on autosomes, 190–2
and recombination, 190–1

linkage maps, 192f
Linnaean system of classification, 724–5, 727,

729
lipid bilayers, see also phospholipid bilayers

permeability, 94f
lipid-soluble chemical signals, 144–5
lipids, 455

β-oxidation of fatty acids from, 109–10, 109f
energy value, 63
functions, 32, 33t
glycolipids, 34
phospholipids, 34
polyisoprenoid, 34–5
simple, 32–4

lipogenesis, 611
lipoproteins, 36t
Lissamphibia, 980
lithophytes, 1015

lithosphere, 739, 740
liver flukes, 934

life cycle, 934f
liverworts, 862, 868b

gametophytes, 863–4, 863f
sporophytes, 865–6, 866f

living in groups, 678–9, 686–7
lizards, 982, 983f

features, 982
thermoregulation, 699, 699f

lobe-finned fishes, see fleshy finned fishes
local cycles, 1086
local nitrogen cycle, terrestrial ecosystem, 1091f
local phosphorus cycle, 1093f
locomotion, 644

annelids, 943–4
and force, 644
on land, 653–7
muscular, 644
non-muscular, 644
through air, 649–52
through water, 644–9

locus, 181b, 190
logistic growth model, 1036–7
long-day plants, 393–4, 395b
loop of Henle, 553

chloride pumping, 555, 555f, 556
loose connective tissue, 137f
lophophore, 953
lorica, 827
lorises, 988
loss of structures, natural selection, 769–70, 770f
low-carbohydrate diets, 477
low temperatures, animals living at, 696
Lucilia cuprina

insecticide resistance, 767–8
linked genes, 190, 191f

lungfishes, 978, 980
circulatory system, 511–12, 513f
embryonic forms similar to amphibians, 980
similarities to tetrapods, 978f, 980

lungs, 493–9
amphibians, 493–4
birds, 498f, 499
mammals, 494–9
reptiles, 494

luteinising hormone (LH), 605t, 609
luteoviruses, 814b
lyases, 59, 60b
Lycophyta, 868
lycophytes, 868–70
Lycopodium, 868–9
lymph, 525
lymph nodes, 579

structure, 579f, 580f
lymphatic capillaries, 525
lymphatic system, 525
lymphatic vessels, 578

role, 579
lymphocyte recirculation, 579f
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lymphocytes, 562b, 567f, 569
clonal selection, 569, 569f
and specificity, 569–71

lymphoid organs, 562b
lymphokines, 564b
lysine, 37f
lysosomes, 79, 82

M phase (mitosis), 159, 160
Cdk–kinase complex regulation, 167
completion, 167

M-phase-promoting factor (MPF), 167
Macadamia, 1012
macroevolution, 756–7, 758–9

evolutionary trees, 758
speciation, 759

macromolecules, 24
macronucleus, 849
macronutrients, 355
macrophages, 565, 566, 573
Macropus rufogriseus, 68f
Macrozamia, 876f, 877, 1092
mad cow disease, 819
madreporite, 971
magnetic reversals, 738b
magnetotactic bacteria, 149
magnolia theory, 884
Magnoliophyta, 874, 881
magnoliophytes, 881–9, see also flowering plants
major histocompatibility complex (MHC)

molecules, 562b, 573, 576–7
interaction with TCR, 577f
restriction and specificity of TCR, 577t
structure, 577f

malaria, 846, 847b
male reproductive organs

animals, 410
plants, 301–2

male reproductive system, human, 408b
male satin bowerbirds, bower building

behaviour, 672
male–male competition, 683
males, competition between, 406–7, 680–1, 683
mallee, 1070b
mallee woodland, productivity and biomass

changes, 1085, 1085f
Malphigian tubules, 548, 549f, 550, 551, 958
Mammalia, 978, 981, 985

subclasses, 1019
mammalian brains, 627–30

structural differences, 628f
structure, 627f

mammalian ear, sound detection, 637f
mammalian heart

circulation, 514f, 515
function, 516–19

mammalian kidney, structure and urine
concentrating capacity, 557b

mammals, 985, see also eutherian mammals;
marsupial mammals; monotremes

adaptive radiation, 1019–24
breathing through the skin, 496–7b
Cenozoic era, 748
characteristics, 985
circulatory system, 511f, 514f, 515, 526f, 985
cleavage, 426
co-operative breeding, 687–8
countercurrent heat exchange, 522–3b
development, 406
diving, 704–5b
double circulation, 526f
fossils, 1020f
high altitude adaptation, 708
immune system, 586
jaws and teeth, 469–70
lungs, 494–9
Mesozoic era, 747–8, 985
Oligocene period, 988
thoracic cavity, 496f
torpor, 701–2

mammary glands, 985
mandibles, 959
Mandibulata, 957
mandibulate arthropods, 959–64
mangroves, 342, 374, 1008

salinity gradients, 1068f, 1069
spread, New Zealand, 1035, 1035f

manipulative experiments (behaviour), 675–6
β-D-mannose, 29
mantle, 912, 948
mantle cavity, 948
manubrium, 923, 926
Marchantia, 863f, 864, 866f
marine animals

fertilisation, 418
ionic and osmotic balance, 540–1
urea-osmoconformers, 542b

marine biodiversity, 1007b
marine biogeographic regions, 749f
marine bristle worms, 944–5
marine chelicerates, 958
marine ecosystems

food chain, 1078f
productivity, 1084–5

marine environments, 1006–8
marine fauna, 1007b
marine flora, 1007b
mark–release–recapture method, 1030b
marsh plants, stems, 337
Marsilea, 872b
marsupial mammals, 985, 986, 987, 1019,

1020–3
centres of diversity, 1020–1
cleavage, 429b
development, 406, 986
Eocene era, 1020
fossil record, 986, 1020–1
gliding, 650, 651f
Mesozoic era, 1021
orders, 1021–3
reproduction, 410–11b, 986

marsupial moles, 1023
marsupial wolf, see thylacine
mass extinction, 746
mass-flow transport, 359

of phloem sap, 368–9
mass number, 14
mass-specific food intake, 460–1
mass-specific metabolic rates, 464
mast cells, 565f, 573
mate guarding, 684
maternal-effect genes, 444
mating behaviour, 684
mating systems, and parental care, 685, 685t
maturational effects, 673
maxillae, 960, 961
maxillary glands, 961
maximum sustainable yield (MSY), 1041–2
mayflies, phylogeny, 1017
mechanical isolation, 772–3
mechanical pain receptors, 637
mechanical stimuli, 146–8
mechanically good channels, 95
mechanoreceptors, 144, 147, 636–7, 961
median eminence, 601, 602
medulla, 629
medusa, 923

hydras, 928
structure, 923f

megafauna, 1022b
megagametophytes, 870, 874, 877, 886
megakaryocytes, 531
megaphylls, 871
megasporangia, 860, 874
megaspores, 860–1, 874
megasporocyte, 306
meiosis, 167–71

animal cells, 168f
comparison with mitosis, 169f
divisions, 168–71
genetic consequenes, 171

meiosis I, 169–71
anaphase I, 171
metaphase I, 170–1
prophase I, 168–70
S phase, 168

meiosis II, 171
meiotic division, germ cells, 413–15
Melaleuca, 1011
melanophore stimulating hormone (MSH), 605t
melatonin, 602–3
membrane carbohydrates, 69
membrane lipids, 69, 71f
membrane potential, 98
membrane proteins, 36t, 69–70
membrane transporters, 94–7
membranes (eukaryotic cells), 69–70, see also

endomembrane system; plasma membranes
asymmetry, 69, 72f
diffusion, 93
fluidity, 69
lipid bilayer, 69, 71f
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movement via transport vesicles, 79
osmosis, 98–100
permeability, 69–70, 149
transport of large molecules across, 101–2
voltage differences, 98

memnospores, 901
memory cells, 572
Mendel, Gregor, 177, 177f, 184

Principle of Independent Assortment, 184,
190

Principle of Segregation, 180, 190
Mendelian genetics, 178–81

backcrosses and testcrosses, 184
dihybrid cross, 183–4
in humans, 184
Mendel’s experiments, 178
monohybrid cross, 178–80

menstrual cycle, hormonal changes, 608f
meristematic cells, 142, 142f, 312
meroblastic cleavage, 981
merozoites, 847
mesocarp, 888
mesoderm, 430
mesoderm induction, amphibia, 440, 440f
mesoglea, 924
mesohyl, 922
mesophiles, 900
mesophyll (leaves), 348
mesophyll cells, 368, 369
mesophytes, 1010
Mesozoic era, 736, 737f, 741
Mesozoic life, 746–8, 985, 1021
messenger RNA (mRNA), 44, 72, 76, 80,

221b, 223, 225, 825
conversion to complementary DNA, 250,

258b
in protein synthesis, 230

messenger RNA (mRNA) transcripts, stability,
237

metabolic depression in animals, 700, 701t
hypothermia and concept of torpor, 700–1

metabolic pathways, 49
metabolic rate, and body mass, 460–1
metabolism, 49, 58
metaboly, 850
metacercaria, 934
metalloproteins, 36t
metameric segmentation, 942
metamorphosis, 962

complete, 964
incomplete, 964
and insect diversity, 962–4

metanephridia, 548, 549f, 550
metaphase, 161, 163
metaphase I, 170–1
metaphase plate, 163
metaphytes, 743
metarterioles, 521
Metatheria, 985, 986, 1019, 1020–3
metaxylem, 332, 339

Metazoa, 919
methane

biospheric production, 798
molecular structure, 17

methanogenic bacteria, 793, 798–9
methionine, 37f
micelles, 34
Micrasterias, 115f
microbes, relative size, 783
microbial fermentation, 473

foregut, 473–5
hindgut, 475–6

microbial symbionts, 473
microbodies, 82
microcirculation, 521, 521f
microevolution, 756, 758
microevolutionary change, 763–4
microfilaments, 83–4, 432, 432f
microgametophytes, 870, 875, 877, 885–6
Microhylidae, 1018
micronucleus, 849
micronutrients, 355
microphylls, 868
microRNA, control of gene expression, 244,

244f
microsatellites, 284
microscopes, 2, 74–5b, 783, 808
microsporangia, 860, 879
microspores, 302, 860, 885
microsporocytes, 302
microtubule-associated proteins (MAPs), 85
microtubule nucleating sites (MTNSs), 85
microtubules, 84–5f, 85–6, 163
mid-ocean ridges, 740
midbody, 164
middle lamella, 141, 326–7
migration, effect on genetic structure of

populations, 763–4
migratory birds, and global warming, 709–10
millipedes, 942f, 956, 959
mimicry, 677–8, 678f, 887–8, 887f, 1052,

1059–60
Batesian, 1059

Mimosa pigra, 1110b
Mimosa pudica

rapid plant movements, 100b
response to touch, 146

Mimosaceae, 1013–14
mineral deficiencies, 374, 457t
mineral elements, 457–8

essential for plant growth, 355–7, 355t
functions in plants, 356
sources and actions, 457t

mineralocorticoids, 607
minimum viable population size (MVP), 1043
Minmi paravertebra, 4f
Miocene epoch, 748, 1002
miracidium, 934, 935
miropyle, 304
missense mutations, 227

mites, 1078
mitochondria, 79–80, 80f

ATP synthase complex, 112, 113b
origins, 825–6
utilisation of oxygen, 484

mitochondrial DNA, 80
phylogeny, 721–3

mitochondrial genomes, 250, 250f
mitochondrial membrane, 80
mitogens, 612
mitosis, 158, 159, 160, 161–5

animal cells, 161–4
comparison with meiosis, 169f
drugs that block, 166b
fungi, 899
plant cells, 164–6, 165f
stages, 161, 161f, 162f

mitotic divisions, germ cells, 413
mitotic spindle, 160, 160f, 161–2
mitral valve, 517
Mixotricha, 831
mobbing, 678
mode of selection, 766–7
modification of structures, natural selection,

769–70
mole, definition, 22b
molecular biology, development, 807
molecular cloning, 600
molecular evolution, 777–8
molecular hydrogen, 16f
molecular oxygen, 16f
molecules

covalent bonds, 16–17
non-covalent bonds, 17–18
through chemical bonding of atoms, 15

Mollusca, 941, 942, 947–54
molluscs, 942

ancestral, 948
body plan, 947–8
general structure, 948, 948f
jet propulsion, 646–7, 647f
Mesozoic era, 748
pedal waves, 654
phylogeny, 947f

monarch butterflies, accumulation of cardiac
glycosides, 1058, 1059f

Monera, 730, 786
monkeys, 988, 988f
monocarpic senescence, 396
monocistronic codes, 227
monocistronic genes, 244
monocotyledons, 882

characteristics, 882f
embryogenesis, 311b
monosulcate pollen, 886
seed and fruit development, 312
seed structure, germination and

development, 313b
vascular bundles, 333–4

monocytes, 564, 565f, 573
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monoecious species, 309, 932
monogamy, 685
Monogenea, 933
monogeneans, 933
monohybrid cross, 178–80, 181b
monophyletic taxa, 725–6, 725f
monosaccharides

function and occurrence, 24t
solubility, 26
structure, 26

monosulcate pollen, 886
monosynaptic reflexes, 632
Monotremata, 985
monotremes, 985–6, 1019

development, 406
fossil, 985
reproduction and development, 986

Montreal Protocol, 1114
morphogenesis, 424

cytoskeleton and cell shape, 432
mechanisms during gastrulation, 431

morphogens, Drosophila, 446–7
morphological species’ concept, 770
mosaic development, 438
mosquitos

and malaria transmission, 847b, 964
mouthparts, 467

mosses, 862
gametophytes, 862, 863f, 864, 864f, 865
leaf structure, 864–5, 865f
life cycle, 862f
Mesozoic era, 748
sporophytes, 865, 866

moths
distribution, 999f
neurobiology, 638b

motor control systems, 632
motor neurons, 618–19
motor unit, 668
moulds, 904
moulting (insects), hormonal control, 598f,

599–600
mountain ash, 881, 881f
mountain sickness, 706
mouse, cleavage, 427f
mouthparts, arthropods, 467–8, 961, 962f
movement, see also animal movement

muscular, 644
nervous system control, 632–4

mucopolysaccharidosis, 184
mulga rangelands, productivity changes, 1085–6
multicellular organisms, 68, 842

origins, 919
multiflagellated sperm, 877
multiple alleles, 762
multiple fruits, 889
Mungo Man, 992b, 1004
Muridae, 1023
Murray–Darling basin, dryland salinity, 1113,

1113f

Murray River
environmental degradation, 1110
salinity levels, 1112
as series of aquatic ecosystems, 1077

Murray Valley encephalitis flavivirus (MVEV),
817b

muscle fibres, 663–4
contraction, 665–7

muscle receptors, 635f
muscle tissue, 138, 138f, 662–8

structure, 663–5
muscles, nervous system control, 632–4
muscular gut wall, coelomates, 466–7
muscular locomotion, 644

aquatic animals, 646–9
muscular movement, 644
mushrooms, 897, 906

cultivated, 913
mutagenesis, site-directed, 282, 283f
mutagens

environmental, 259–60
using, 260

mutant alleles, identifying lesions in, 284
mutation rate, and cancer, 264
mutations

advantageous, 760–1
disadvantageous, 760
in dominant oncogenes, 261–2, 262f
effect on genetic structure of populations, 763
effect of, 760
and genetic variation, 760–1
as means of identifying developmental

pattern genes, 444
neutral, 760
point, 259
reading frames, 227
as source of genetic variation, 258–9
spontaneous, 259
that change pattern of body structures, 444
types of, 760f

mutualism, 678, 1052, 1053–4
fungal, 895, 902, 909–12

Mycelia Sterilia, 901
mycelium, 895, 896
mycolaminarin, 31
Mycophycota, 894, 909
Mycoplasma genitalium, genome size, 248
mycorrhizae, 344, 344f, 356b, 904, 911–12,

1053
role in phosphorus cycling, 1093–4

mycotoxins, 912f
myelin, 621–2
myelin sheath, 139
myobatrachids, 1017, 1018
myocardium, 518
myofibrils, 663
myogenic heartbeat, 518
myoglobin, structure, 39f
myoplasm, 438
myosin, 138, 663, 666
myotomes, 975

myotonic dystrophy, 184
Myriapoda, 956, 959
myriapods, 959
Myrmecodia, 1054, 1054f
myrmecotrophy, 1054
Myrtaceae, 1011–12

characteristics, 1011
distribution, 1011f

myrtle beech, distribution, 1032f
myxoedema, 606
myxomatosis of rabbits, 807, 807f
myxomycetes, 830

N-terminal signal sequence, 233
NAD+/NADH, 61, 62, 108, 109, 111
NAD (nicotinamide adenine dinucleotide), 63
NADP+/NADPH, 118–19, 120
naked mole-rat, 687–8
nanofibrils, 42
nasal receptors, 635f
nasal region, primates, 988, 989, 989f
national parks and reserves

Australia, 1101b, 1117
patch-burning, 1118

National Strategy for Ecologically Sustainable
Development (NSESD), 1119
objectives, 1119

Native Flora and Fauna Conservation Act 1987
(Vic), 1117

native mammals, impact of foxes on, 7–8b
natural communities, managed for

conservation, 1117
natural disturbance

affect on communities, 1064
promoting diversity, 1065–6

natural killer (NK) cells, 564, 565f, 566, 573,
582

natural resources, bioeconomics, 1041–2
natural selection, 4, 672, 756, 757–8

adaptive evolution and divergence in
kangaroos, 768–9

effect on genetic structure of populations,
764–7

examples, 767–8
fitness, 765–6
mode of selection, 766–7
modification or loss of structures, 769–70
relative fitness, 766

natural variation, 757
nauplius larva, 960f, 961
nautiloids, 743, 953
Nautilus, 2f, 952, 952f

head, 953
neutral buoyancy, 645, 645f, 952
simple eye, 634, 636f

Neanderthals, 993
negative buoyancy, 644
negative density-dependent population growth,

1036
based on idea of a limiting resource, 1036
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negative feedback control, 597
negative regulation (transcription), 237
Nematoda, 941, 954–5
nematodes, 466, 954–5

affecting humans, 955
fixed number of mitotic divisions, 955
nervous system, 954–5
structure, 954f, 955f

Nemertea, 936–7, 937f
nemerteans, 466, 936–7

characteristics, 936
nervous system, 936

nemtocysts, 923–4, 926b, 930
neo-Darwinian theory of evolution, 758
Neogene period, 737f, 748
Neotropical region, 749
nephridia, 548, 944, 950
nephrons, 552

function, 553f
mammals, 555
structure, 553f

Neptune’s necklace, 841–3
regeneration, 1067, 1067f
reproductive structures, 842f, 843

nerve cells, 138
nerve growth factor, 612
nervous systems, 615

arthropods, 627, 957
cell types, 616t
cephalopods, 953
controlling muscles and movements, 632–4
crustaceans, 961
evolution, 626–30
flatworms, 932
functional divisions, 632–40
invertebrates, 626–7
monitoring the external world, 635–9
nematodes, 954–5
nemerteans, 936
vertebrates, 627–30

nervous tissue, 138–9
net primary productivity, 1082b, 1084

world ecosystems, 1084f
neural circuits

and behaviour, 631
and light reflex, mammals, 631, 631f

neural crest cells, 433, 977
epithelial to mesenchymal transition, 433–4
mechanism of migration, 435

neural folds, 433
neural groove, 433
neural stem cells, 436
neural tube, 433

development, 442
neuraminidase, 816b
neuroendocrine cascade, 600
neuroendocrine control system, 597f
neurogenic heartbeat, 518
neurohaemal organs, 596, 600–4, 601f
neurohypophysis, 601

neuron membrane potential, physico-chemical
basis, 618–19b

neuronal action potentials, 620f, 621, 667–8
conduction, 621–2

neuronal control, blood pressure, 528, 528f
neuronal membranes

active responses, 619–21
passive electrical properties, 617b

neurons, 138, 616–25, 616t
and glial cells, 139
integration of information, 624
structure, 616f
transference of information as electrical

signals, 619
transmission of electrical information to

other cells, 622
types of, 617–19

neurosecretions, 593, 596, 597f
Neurospora crassa, single gene mutations, 220
neurotoxins, 625b
neurotransmitters, 145, 623f, 624b

function, 622–3
neurula, 433
neurulation, 433
neutral buoyancy, 644, 645f
neutral mutations, 760
neutrons, 14
neutrophils, 573
New World monkeys, 988
New Zealand fauna, 982, 983f, 1016–17, 1018
niacin, 63f
niche, 

ecological, 1061–3
breadth, 1062
overlap, 1062–3
space, 1062, 1062f

nicotinamide adenine dinucleotide, see NAD
nitric oxide, 624b
nitrifying bacteria, 797, 1092
Nitrobacter, 797
nitrogen

in organisms, 13
and tree dieback, 1094–5b
use by fungi, 900

nitrogen atom, 15f
nitrogen cycle, 1091–2

bacteria role, 796–7, 797b
microorganisms role, 1091–2

nitrogen fixation, 357, 1091–2
nitrogen-fixing bacteria, 343, 357, 797, 1091–2
nitrogen metabolism, 545
nitrogen mineralisation, 1092
nitrogenase, 796
nitrogenous bases, 24, 43, 58
nitrogenous waste excretion

evolutionary pathway, 546f
phylogenetic and environmental patterns,

546–7
nitrogenous wastes, 545–7

metabolic pathways for formation, 545f

Nitrosomonas, 797
Noctiluca, 844, 846
nodes, 332
Nodes of Ranvier, 622
non-allelic genes, 196
non-associative learning, 674
non-cellulosic polysaccharides, 140, 141b
non-coding DNA, 252
non-covalent bonds, 17–18

hydrogen bonds, 18
ionic bonds, 17
van der Waals forces, 17–18

non-cyclic photophosphylation, 118
non-essential genes, 256
non-insulin dependent diabetes mellitus

(type II), 611
non-muscular locomotion, 644

aquatic animals, 645–6
non-neural endocrine glands, 604–12

origins, 604f
non-neural hormonal secretion, 596–7
non-polar regions, 34
non-vascular plants, 862–6
nonsense mutations, 227
noradrenaline, 529, 531
Northern blot, 274f
nose, 988
nose pad, primates, 988, 989f
nostrils, 988
Nothofagus, 1001f

distribution, 999, 999f, 1000
Nothofagus cunninghamii, distribution, 1032f
notochord, 429, 442, 973
Notoryctemorphia, 1023
nuclear division, 159
nuclear envelope, 70, 160

extension of, 824–5
nuclear fusion, 416, 898
nuclear genomes, 250, 250f
nuclear pores, 70–2, 73f
nucleic acids, 43–4
nucleoid, 211, 211f
nucleolus, 70, 72, 73f, 224
nucleomorph, 837
nucleoproteins, 36t
nucleosome core particle, 206
nucleosomes, 72, 73f, 206, 206f

and eukaryotic gene regulation, 244
nucleotide sequence analysis, 280f, 281
nucleotides, 208

attachment to the chain by DNA
polymerases, 213

in DNA, 208, 210
structure, 43, 43f

nucleus (eukaryotic cells), 69, 70–3
chromosomes, 72
DNA in, 70, 72
nucleolus, 72
origins, 824
RNA in, 70
structure, 70–2, 70f, 71f, 73f
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nudibranchs, 947, 951, 951f
Nullarbor Plain, 1006
numbats, 766b, 1023
numbers, ecological pyramids, 1080–1, 1080f
nummulites, 852f
nuptial gift, 684
nutrient absorption from gut lumen, 464
nutrient composition

animal tissues, 459
plant tissues, 458–9

nutrient cycling, 357f
nutrient deficiencies, 374
nutrient requirements, animals, 455–8, 460–1
nutrient transport, plants, 358
nutrient uptake, and root adaptations, 343–4
nutrition

animal, 455–76
plant, 355–9

nymphs, 962

Obelia, life cycle, 928, 928f
obesity, 476, 477–8
obligate symbiont, 902
observations, 5
occluding junctions, 131f, 132, 132f
oceanic ridges, 739
ocelli, 947
octopuses, 947, 952–4, 952f

brain functions, 630
jet propulsion, 952

oedema, 525
oestrogens, 608–9, 610
oil glands, leaves, 348
Okazaki fragments, 214, 215
Old World monkeys, 988
oleic acid, 32f
Oligocene period, 988, 1000, 1002
Oligochaeta, 946
oligochaetes, 946, see also earthworms

cutaneous exchange, 468
omnivores, 960, 986, 1077
onchosphere, 936
oncogenes, 261–2
one gene–many proteins, 224b
one gene–one enzyme hypothesis, 220
one gene–one polypeptide hypothesis, 220,

224b
one-way digestive tract, 466
onychophorans, 956b
oocytes, 413, 414–15, 414b

maturation, 416
oogenesis, 411, 414b
oogonia, 413, 843, 844
oomycetes, 843–4
open circulatory systems, 510, 510f
open forests, 1069b, 1071b
open populations, 1033
open reading frames, 221b, 227
operator, 221b
operculum, 866

operons, 221b, 238, see also lac operon; trp
operon

Ophiuroidea, 969, 972
opportunist strategies, 1063–4
Opuntia, 125, 371, 1016, 1057
oral arms (jellyfish), 927f
oral disc, 930
orang-utans, 988–9, 988f
orbitals, 14–15
orchid mycorrhizae, 911
Orchidaceae, 1015–16
orchids, 1015–16

aerial roots, 342–3
epiphytic, 342–3, 1015
flower structure, 1015, 1015f
pollination through mimicry, 887–8, 887f,

1052
terrestrial, 1016

orders, 725
Ordovician period, 737f, 743, 745b
organelle genomes, 250
organelles, 69
organic molecules, 23–4
organiser, 440
organisms

elemental composition, 13
structure, 3

organogenesis
animals, 433–6
flowering plants, 314–15

origin (DNA replication), 210b, 212
orphan receptors, 600
orthologous genes, 777–8
Orthoptera, 963f
oscula, 923
osmoconcentration of urine, 548, 551

kidneys, 554–6
osmoconformers, 540, 542b
osmodilution of urine, 551

kidneys, 554–6
osmoregulation, 540–5
osmosis, 98–100, 539

and cells, 99–100
working with ion channels, 100b

osmotic adjustment, 361
osmotic and ionic balance, 540–5
osmotic potential, 98, 360, 361
ossicles, 969
Ostariophysans, 979b
Osteoglossidae, 999, 999f
osteoporosis, 610
ostracoderms, 743, 976
ovaries (animals), hormone production, 608–9
ovaries (plants), 301, 302, 410, 883

inferior, 883f
superior, 883f

over-exploitation of natural resources, 1041–2
oviparity, 932
oviviparity, 932
ovulation, 409b, 414

ovule development, 304–6
ovules, 302, 874–5, 886
ovuliferous scales, 880
ovum, 414b
oxidation, 61, 61f
β-oxidation, 107, 109–10
oxidation reactions, 63
oxidation–reduction potential, 61, 62t
oxidation–reduction reactions, 61–2

standard reduction potentials, 61, 62t
oxidative phosphorylation, 111f
oxidative respiration, 109
oxidoreductases, 59, 60b
oxygen

adaptations to low levels of, 704–6
in organisms, 13

oxygen affinity, 503–4
oxygen atom, 15f
oxygen-carrying capacity, 502, 503
oxygen diffusion, 484
oxygen equilibrium curve, 503, 503f, 504f
oxygen molecule, 16f
oxygen stress

environmental, 702–8
and temperature, 708–9

oxygen transport, 502–3
oxygenic bacteria, 119, 785
oxygenic photosynthesis, 785
Oxylobium, 7
oxytocin, 602
ozone ‘hole’, 1114
ozone layer, 1113–14

pacemaker, 518
pachyman, 31
pain, and nervous system function, 637–9
pain receptors, 637
pair-rule genes, 449
paired mouthparts, 467
Palaeozoic era, 736, 737f, 740, 741
Palaeozoic life, 743–6

Australia, 745b
marine organisms, 743–4
terrestrial organisms, 744–6

Paleogene period, 737f, 748, 1001b
Paleotropical region, 749
palisade mesophyll, 348, 350
palms, growth, 341b
pancreas, 610
pancreozymin, 612
Pangaea, 740f, 741, 1000
paperbarks, 1011
papillae, 302
parabasalids, 831
parabronchi, 498f, 499
paracrine hormones, 594, 594f, 611b
paradise parrot, 1102f
parallel evolution, 719
paralogous genes, 778
paralytic shellfish poisoning, 846
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Paramecium, 87f, 465f, 626
sexual reproduction, 848f

paramylon, 31, 850
Paranthropus, 992
paraphyletic group, 725f, 726, 726f
paraphyses, 865
parapodia, 944
parasites, 933, 1054–5
parasitic flagellates, 831, 850–1
parasitic fungi, 895, 898, 900
parasitic infections, immune mechanisms, 254,

255b, 585
parasitism, 1052, 1054–5
parasitoids, 1055
parasympathetic nervous system, 639f, 640

blood flow control, 528
parathyroid glands, 609–10

location, 609f
parathyroid hormone, 609, 610
paratric speciation, 775
Parazoa, 920
parenchyma cells, 327b, 329, 329b, 348
parental care, 408–10, 685–6

and mating systems, 685, 685t
parthenogenesis, 402, 775–7, 961
partial pressure, 483
partial pressure gradients, via ventilation and

convection, 486–7, 487f
passeriformes, 984f, 985
Pasteur, Louis, 6b
patch clamping, 96b
patched gene, 256, 257f
paternity determination, 285
pathogen-associated molecular patterns

(PAMPs), 564, 580
pathogens, 561

and immunity to infection, 581–4
pattern formation, 443
Pavlov’s conditioning experiments, 674–5
pea family, 1014
pea flowers, structure, 1014f
pea plants

dihybrid cross, 183–4
monohybrid cross, 178–81
traits, 178f

peat moss, leaf cells, 864f, 865
pectins, 29, 140, 141b
pedal waves, 654
pedicellariae, 972
pedigrees, 184, 185f, 189f
pelagic realm, 750–1
pellicle, 850
penetrance, genes, 195–6
penguins

breeding, Heard Island, 1035f
responses to global warming, 709
underwater motion, 647

penis, 418, 419, 987
bifurcate, 986

penis worms, distribution, 750, 751f

pennate diatoms, 840
pentose monosaccharides, 43
pepsinogen, 462
peptidases, 60
peptide bonds, 37–8
peptide formation, 25b
peptides, 624b
peptidyl-tRNA, 232
Peramelemorphia, 1021, 1023
Percomorpha, 979b
perfusion, 486
pericarp, 312, 888
pericycle, 339–40
periderm, 335, 335f
peridinin, 844
perimysium, 664
Periodic Table, 13f
peripheral chemoreceptors, 506
peripheral nerves, 640
peripheral nervous system, 627
peristalsis, 466, 653–4
peristaltic locomotion, 944
peristome, 866
peristomium, 943
permeability

membranes, 69–70
plasma membrane, 92

Permian extinction, 736, 746
Permian period, 737f, 740f, 745–6, 1001b
peroxisomes, 82
petals, 300–1, 883
petiole, 345, 368
Petrogale, 7f

allopatric speciation, 774
chromosomal rearrangement, 775

pH, 22–3
enzyme activity effects, 56–7

pH scale, 22–3, 22f
phaeophytes, 840–3
phages, see bacteriophages
phagocytic cells, 562b, 564, 566, 567f, 573,

581, 586
phagocytosis, 101, 465, 573, 581f
pharmaceutical products, biotechnology use,

289–90
pharyngeal slits, 973, 974, 975
phase contrast microscopy, 74
Phasmida, 963f
phellogen, 335
phenotypes, 179, 181b

and environment, 194–5
and genomes, 246
through recombination, 193–4

phenotypic frequency, 761
phenotypic plasticity, 694
phenotypic ratio, 179–80, 183–4
phenylalanine, 37f, 194–5
phenylketonuria, 194
pheromones, 594f, 595, 681, 689, 888

phloem, 143, 331f, 332, 860, 868, see also
secondary phloem
assimilate transport, 366–7
sieve elements, 883f
substances transported, 367–8

phloem sap, 368
mass-flow transport, 368–9

phloem transport, rate of, 369
phosphate function, 23t
phosphenolpyruvate (PEP) carboxylase, 122,

123f
phosphocreatine, 59
phosphodiesterase, 153b
phosphoglyceric acid, 120
phospholipid bilayers, 34, 35f, 69
phospholipids, 24, 34

structure, 34f
phosphorus, 13
phosphorus cycle, 1093–5
phosphoryl group, 23t
phosphorylation, 58
phospolipase C, 150
photoautotrophs, 794f, 795, 796
photodormancy, 389
photoheterotrophs, 795b, 796
photons, 115
photoperiod, detection of, 395
photoperiodism, and control of flowering,

393–5
photoreceptors, 35, 144

animal, 146, 602, 631
plant, 145

photorespiration, 122
photosynthesis, 107f, 114–16

C3 pathway, 122, 124
C4 pathway, 122–4
chemical processes in eukaryotes, 114
crassulacean acid metabolism (CAM),

124–5, 373
light-dependent reactions, 115, 117–19
light-independent reactions, 120–5
photosystems I and II, 117–19
reaction overview, 114f
and water stress, 373

photosynthetic bacteria, 789–90
early, 785

photosynthetic prokaryotes, 119
photosystem I, 115, 117–19
photosystem II, 115, 117–19

in cyanobacteria, 119
phototrophs, 795
phototropism, and auxins, 380–1
Phragmites australis, 1016
phragmoplast, 164, 836, 858
phycobilins, 789, 834
phycocyanin, 835
phycoerythrin, 835
phycoplast, 836, 858
phyla, 725
phyllodes, 345, 348, 1013, 1014
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phyllotaxy, 345
phylogenetic trees, 715, 721, 758

animal phyla, 920, 920f
cladistic analysis, 715–16

phylogeny, 4, 714–24, 758, see also evolutionary
relationships
amniotes, 981–2, 981f
arthropods, 956
deuterostomes, 969f
eucalypts, 1012b
eutherian mammals, 987f
fungi, 894
hominids, 990f
kangaroos, 768f
mayflies, 1017
molluscs, 947f
pinnipeds, 722b
primates, 989f
teleost fishes, 979b
terrestrial plants, 861f
use in classification, 724–9

physical digestion, 461
physical stimuli, 145–9

electric and magnetic fields, 148–9
light, 145–6
mechanical, 146–8

phytochrome, 145, 395
Phytophthora cinnamomi, 73f, 843b, 1094f,

1106
Phytophthora infestans, 844
phytoplankton fossils, 743
pigface, 350, 1010
pigments, light absorption, 116
pilchards, distribution, 750, 751f
pinacocytes, 922
pinacoderm, 922
pineal gland, 601, 602–3
pineal–parapineal complex, arrangement, 603f
pinealocytes, 602
pineapple, 889, 889f
pink cockatoos, 674
pinnae, 872
pinnipeds, phylogeny, 722b
pinnules, 872
pinocytosis, 101, 522
Pinus, 878b
pinworms, 955
pit connections, 835
pitcher plant, 1055f
pith, 332, 333
pituitary gland, 601
placenta, 406, 409b, 987
placental mammals, see eutherian mammals
placoderms, 744, 977
planarian, gastrovascular cavity, 467f
plant alkaloids, 724, 726b, 914, 1057
plant cell wall polysaccharides, 141b
plant cell walls, 139–40, 140f, 326–8

components, 141b
development, 140–1, 140f

digestion by herbivores, 471–6
middle lamella, 326–7
primary wall, 327–8
secondary cell walls, 328
structure, 140

plant cells
cytokinesis, 164, 165f
mitosis, 164–6, 165f
osmosis, 99f
osmotic adjustment, 361
structure, 71f
use of turgor, 100
water potential, 360
water uptake, 360–1

plant communities
classified on the basis of structure, 1050f
structural diversity, 1049–50

plant cuticle, see cuticle
plant defence mechanisms, 1057–8
plant diseases, fungal causes, 914, 915
plant hormones

abscisic acid, 386, 388–90
auxins, 319, 380–4
brassinosteroids, 392
cytokinins, 319, 386–8
ethylene, 390–2
gibberellins, 312, 380, 384–6
and growth responses, 379–96

plant immunity, evolution, 587
plant neurotoxins, 625b
plant nutrition, 355–8

essential minerals, 355–7
nutrient transport, 358

plant photoreceptors, 145
plant populations, self-thinning and the law of

constant yields, 1038b
plant tissue systems, 142–3, 328–32

dermal tissue, 328
ground tissue, 328–30
vascular tissue, 330–2

plant viruses, 814b
spread, 814

Plantae, 730, 856
plants, 856–89

adaptations to living on land, 859–61
adaptations to stress, 369–75
alternation of generations, 299, 860
asexual reproduction, 315–19
and biotechnology, 320–1
defence mechanisms against predators,

1057–8
disease resistance, 290
evolution, 857–9
fossil, 744–5, 746, 748
gametes, 298, 299–300
genetic engineering, 320–1
leaf structure, 345–50
life cycles, 299, 299f, 300
non-vascular, 862–6
nutrient composition, 458–9

organogenesis, 314–15
pollination, 308–11
reproduction without fertilisation, 307–8
seed formation, 311–14
sexual reproduction, 298, 300–10
stem structure, 332–7
structure, 325–50, 332b
tissue culture, 320
translocation of assimilates, 366–9
transpiration, 361–2, 363f
transport mechanisms, 358–66
water transport, 359–66

planula larva, 927
plaque, 275
plasma, 531
plasma cells, 565f, 566, 572, 580
plasma membrane, 69

importance, 92
permeability, 92, 540
structure, 71–2f

plasmid vectors, 273, 289
structure, 275f

plasmids, 273
gene transfer, 800, 801f
importance to bacterial populations, 802

plasmodesmata, 141–2, 141f
Plasmodium, 830, 837, 846, 847b, 964

life cycle, 847f
plasmogamy, 898
plastids, 80–2, 81f

origins, 825–6
in protists, 833–44

plastron, 982
plate tectonics, 739, 739f

explains continental drift, 739–40
platelets, 531, 532, 533
Platyhelminthes, 931–2

cestodes, 935–6
flatworms, 931–2
monogeneans, 933
trematodes, 933–5
turbellarians, 932–3

platyhelminths, 918, 931–2
excretory system, 932, 932f
nervous system, 626, 932
structure, 931, 931f

platypus, 985, 1020
platyrrhines, 988
pleiotropy, 181
Pleistocene epoch, 748
plesiomorphic characters, 715
plesiosaurs, 747

rowing motion, 647
Pletrachne, 1008, 1009f, 1070b
pleural cavity, 497, 497f
Pliocene epoch, 748
pluripotent stem cells, 436
pneumatophores, 342, 342f
Podocarpaceae, 878b, 1001b
Podocarpus, 878b, 879, 880f, 1001b
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point mutations, 259
poisonous animals, 625b, 950f, 953, 958, 959,

982
poisonous fungi, 912b, 913–14
polar bodies, 171, 414f
polar nuclei, 306, 886
polar regions, 19, 34
polar transport, 382
pole cells, 444
pollen, 302, 875
pollen development, 301f
pollen grains, 301, 302

size, 302
pollen sacs, 301, 885
pollen transport of male gametes, 875
pollen tubes, 302, 304, 307, 884
pollination, 308–10, 886–8

agents, 886
animals, 886–8, 886f
attracting pollinators, 887
by deceit, 887–8
cross-pollination, 308–9
self-incompatibility, 309–10
self-pollination, 310
stigma and style recognise pollen, 308
wind-pollination, 886, 886f

pollinators, attracting, 887
polyadenylation, 225, 225f
polyandry, 685
Polychaeta, 944–5
polychaetes, 945

feeding, gas exchange and reproduction, 945
structure, 944, 945f

polycistronic codes, 227
polycistronic mRNAs, 238
polycistronic transcription units, 224
polydactyly, 184
polygenic characters, 198
polygyny, 685
polyisoprenoid lipids, 34–5

structure, 35f
polymerase chain reaction (PCR), 274f, 279,

279f, 762
polymodal pain receptors, 637
polymorphic locus, 761
polymorphisms, 761

DNA sequences, 762
polymorphonuclear granulocytes, 573
polymorphs, 564, 565b, 566
polypeptide chains, 25b, 38, 230
polypeptide growth factors, 612
polypeptide synthesis, 230

elongation, 230–2
initiation, 230
targeting and processing during, 232–3
termination, 232
translocation reaction, 232

polyphyletic group, 725f, 726
Polyplacophora, 947, 948–9
polyploidy, 774

polyproteins, 814
polyprotodont marsupials, 1021
polyps, 923, 928

structure, 923f
polysaccharides, 27

storage, 24t, 30–1
structural, 24t, 27–9

polysomes, 76
Polystoma, 933
polyviruses, 814b
pomes, 888, 888f
Pongidae, 989

classification, 726f
pons, 629
population dynamics

age- and size-structured populations,
1039–41

Australian human population, prediction,
1040b

density-dependent, 1033, 1035–41
density-independent, 1033–5
density-vague, 1037
and level of stochasticity, 1043
self-thinning and the law of constant yield,

1038b
space-limited populations, 1037–8

population ecology, 1028–43
population growth

exponential
in continuous time, 1034–5
in discrete time, 1033
and environmental variability, 1034

logistic, 1036–7
space-limited populations, 1037–8

population size
factors affecting, 1033
and genetic drift, 764
measuring using mark–release–recapture

method, 1030b
viable, for conservation, 1043

populations, 1028
definition, 756, 1029
distribution and abundance, 1029–33
factors changing genetic structure of, 763–70
genes in, 761–3
measuring genetic variation in, 761–2
potential and realised distributions, 1031–3
sustainable economic management, 1041–2

Porifera, 921–3
pork tapeworm, 936
porphyrin ring, 116
Portuguese man o’war, 924
positive buoyancy, 644
positive regulation (transcription), 237
possums, 41f, 475–6, 1023, 1042b
post-synaptic neuron, 622, 623, 624
post-synaptic potentials, 622, 623f
posterior pituitary gland, 601–2
posterior pituitary hormones, 602
postganglionic neurons, 640

postzygotic isolation, 773
potential distribution, 1031

estimation, 1031–2
potential energy, 49
potoroos, 1023
power, and buoyancy, 644
powered flight, 652, 653t
Prader–Willi syndrome, 197, 198f
Precambrian era, 736, 737f
Precambrian life, 741
precapillary sphincters, 521, 529, 531
predation, 676, 1055–9

abundance of predators and prey, 1055–6
animal defences, 1058–9
and biological control, 1056–7
fruit eaters aid seed dispersal, 1056
keystone predators, 1059
plant defences, 1057–8
reducing risk of, 677–9

predator–prey abundance, 1055–6, 1056f
predator–prey cycles, 1055–6
predators, 1055
preferential channels, 530
preganglionic neurons, 640
preprophase band, 164
pressure potential, 98, 360
prickly pear, 125, 1057
primary antibody responses, 581f
primary cell walls, 141, 327–8, 327b
primary consumers, 1076, 1080f
primary endosymbiosis, 833, 833f
primary induction, amphibia, 439–40
primary lymphoid organs, 578
primary pit-fields, 327–8, 328f
primary response, 566
primary root growth, 338–41

endodermis, 340–1
epidermis and root hairs, 339
pericycle, 339–40
root cap, 338–9
vascular cylinder, 339

primary sex organs, animals, 410
primary stem growth, 332–4
primary structure, proteins, 38
primary succession, 1063
primary transcript, 221b, 223, 223f, 225–6
primase, 214
primates, 987–9

bicupsid teeth, 987
Cenozoic era, 748
characteristics, 987–8
nasal region, 988, 989, 989f
phylogeny, 989f

primer (DNA replication), 210b, 214, 274f
primitive characteristics, 715
primordial germ cells, 413
Principle of Independent Assortment, 184, 190
Principle of Segregation, 180, 190
probes, 274f, 277, 278
proboscis worms, 936–7, 937f
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Prochloron, 115f
productivity, 1081

biomass and energy, 1082b
of different ecosystems, 1084–6
in ecosystems may change through time,

1085–6
proglottids, 935, 935f

gravid, 936
programmed cell death, 260, 262, 424
prokaryotes, 3, 730, 782

cell division, 158–9
gene expression regulation, 238–41
photosynthetic, 119
phylogeny, 786
Precambrian, 741, 742b
protein synthesis, 231f
transcription, 224
translation, 224

prokaryotic cells, 68
comparison with eukaryotic cells, 88
internal pH, 23
ribosomes, 230
structure, 68f

prokaryotic DNA replication, 211–14
DNA synthesis at the replication fork, 214
enzymes needed for replication, 212–14
initiation, 212, 214f

prolactin (PRL), 605t
proline, 37f, 38
prometaphase, 161, 163
promiscuity, 685
promoter, 221b, 222, 238
prophase, 161
prophase I, 168–70
proplastids, 81–2
prostomium, 942
protandry, 309, 404
Proteaceae, 1012

distribution, 1011f
flower structure, 1013f

protein antigens, 573–4
protein degradation, regulation, 237
protein kinases, 150–1
protein phosphorylation, 150–1
protein synthesis, 229–32

elongtation, 230–2
initiation, 230
ribosomes role, 229–30
termination, 232
translocation reaction, 232

protein targeting and processing, 232–3
proteins, 36–8, 207

classification by biological function,
composition or solubility, 36t

primary structure, 38
quaternary structure, 40
secondary structure, 38, 39f
tertiary structure, 38–40, 39f

proteoglycans, 36t
structure, 42, 42f

proteoid roots, 344, 356b
Proterozoic era, 741
prothoracic glands, 599
prothoracicotropic hormone (PTTH), 600
Protista, 730, 824
protists, 822–52

characteristics, 828–9t
classification, 827–52
as eukaryotes, 824
excretion, 547, 549
with plastids, 833–7
polyphyletic nature, 823
with second-hand plastids, 837–44
sponge-like, 827
storage polysaccharides, 31

protofibrils, 41
protogyny, 308, 309f, 404
protonema, 866
protonephridia, 548, 549, 549f, 550, 932
protons, 14
proto-oncogenes, 261
protoplasm, 69
protostomes, 627, 920, 921, 921f, 931–2, 941

annelids, 942
coelomate, 942

Prototheria, 985, 1019, 1020
protoxylem, 332, 333, 339
protozoal infections, immune mechanisms, 585
proximal convoluted tubule, 552
proximate explanations of behaviour, 672
pseudocoel, 941, 954
pseudocoelomates, 954
pseudoplasmodium, 827
pseudopodia, 653
pseudostratified columnar cells, 136t
Psilophyta, 868, 870
psilophytes, 870
Psilotum, 870, 870f
psychrophiles, 900
Pteridium esculentum, 871
pterobranchs, 974
pterosaurs, 746f, 747
Pterygota, 962, 962t
Puccinia graminis tritici, 907–8

life cycle, 908f
puffballs, 897f, 906
pulmonary circuit, 511
pulmonary circulation, blood pressure and

volume, 520f
pulvinus, 345
Punnett square, 180f
pupa, 964
pure-breeding, 178
purines, 43, 208, 545

metabolism, 546
purinotely, 545
Purkinje fibres, 519
purple bacteria, 119, 796
pycnogonids, 958, 958f
pygidium, 943

pygostyle, 984
pyrimidines, 43, 208, 221

metabolism, 546
pyruvate, 107f, 108f, 109, 797–8

Q10 concept, 697, 708
qualitative observations, 5
quantitative characters, genes, 198–9
quantitative observations, 5
quantitative trait loci, 199b
Quaternary period, 737f

ice ages, 1003–4
quaternary structure, proteins, 40
queen bee, 688, 690
quillworts, 869–70
quinone, 1057f
quolls, 1021

r strategists, 1064
rabbits

biological control, 1107
brain, 628f
calicivirus, 1107
myxomatosis, 807, 807f, 1107
as pests, 1107

radial canals, 927
radial cleavage, 921
radial symmetry, 923, 924b
radially symmetrical animals, 923–31
radiant energy, 49
radicle, 314
radiolarians, 743, 832f
radiometric dating, 736, 738b
radula, 948
rainforests, 1069b, see also tropical rainforests

Cenozoic era, 1000
foliage cover, 1049f
productivity and biomass changes, 1085
structure, 1071b

ram ventilation, 491
random genetic drift, 756
random mating, 763
Ranidae, 1018
rapid plant movements, 100b
ras oncogene, 261–2
rat kangaroos, 1023
rates of chemical reactions, 52

and activation energy, 52
catalyst effects, 53
increasing, 53

rates of enzyme reactions, 56
pH effects, 56–7
temperature effects, 57

ratites, 985, 999, 1016
Rattus, 1024
Rattus fuscipes, genetic drift, 765b
ray-finned fishes, 978

structure, 978f
ray initials, 334f, 335
rays, 977, 977f

1 1 9 6 IN D E X



Rb gene, 262
reabsorption, 548, 551

kidneys, 554
reaction centres, reactivation, 15
reading frames, 226–7, 227f

mutations, 227
open reading frames, 227

realised distribution, 1031, 1032–3
realised niche, 1062
reassortants, 816b
receptacles (flowering plants), 300
receptacles (Neptune’s necklace), 841, 842f
receptor-mediated endocytosis, 101, 101f
receptor tyrosine kinases, 152
receptors, 144–9, 595, see also specific types, eg,

chemoreceptors
recessive, 181b
recessive phenotype, 180b, 184, 185
recessive traits, 179

in genetic disorders, 184, 185t
recognition species’ concept, 770
recombinant clones, selecting, 275
recombinant DNA, 269

cutting and joining DNA, 269
designer genes, 269
genetic transformation, 269, 274b, 290f,

291, 320
recombinant DNA molecules, purifying, 279
recombinant DNA technology

applications, 284–9
DNA-modifying enzymes, 270–1
forensic science applications, 284–5
identifying and isolating individual genes,

275–83
introducing DNA into cells using plasmid

and bacteriophage vectors, 272–4
joining DNA molecules, 272
restriction enzyme mapping, 271
terminology, 274b

recombination, 761
and linkage, 190–1
phenotypes through, 193–4

red algae, 833, 834–5, 834f, 1007b
red–green colour blindness, 189, 189f
red kangaroo, reproduction, 410–11b
red tides, 845–6, 845f
redback spiders, 625b, 1058
rediae, 934
redox potential, 61, 62t
reduction, 61, 61f
reflexes, 632–4
refractory period, 621
regeneration, 401
Regional Forest Agreements, 1101b
regulated secretion, 79
regulation of gene expression, 236–44

constitutive and inducible genes, 237
control points, 237
in eukaryotes, 242–4
in prokaryotes, 238–41
RNA-mediated control, 244

regulatory genes, 237
relative fitness, 766
relative time scale, 736
renal capsule, 552
renal cortex, 555
renal medulla, 555
renin, 556
repetitive DNA sequences, 252–4
replication, viruses, 812–14
replication (DNA), 209b, 210–16

in eukaryotes, 214–16
in prokaryotes, 211–14

replication fork, 210b, 212, 212b, 213, 216
DNA synthesis, 214

replicons, 215
repressor, 221b
repressor protein, 239
reproduction, 308, see also specific organisms

asexual, see asexual reproduction
endocrinology of, 609b
sexual, see sexual reproduction
without fertilisation, 307–8

reproductive cloning of animals, 291–2, 291f
reproductive costs, 406–10
reproductive effort, 406
reproductive isolating mechanisms, 771
reproductive isolation, and speciation, 771–3
reproductive strategies (animals), 405–6
reproductive success, 406–7
reptiles, 982

Australian, 1018–19
circulatory system, 511f, 512f, 513–14, 515
Gondwanan affinities, 1018–19
Mesozoic era, 746–8
Palaeozoic era, 746
parathyroid and ultimobranchial glands

function, 610
salt glands, 557
teeth, 468–9
ventilation, 494

Reptilia, 978
resource partitioning, 1062
respiration, 107f

annelids, 944
respiratory membrane, permeability, 484
respiratory pigments, 502–3, 532, 944, 958

oxygen affinity, 503–4
resting membrane potential, 619
Restionaceae, 344
restoration ecology, 1118
restriction endonucleases, 269, 270–1, 274b

molecular structure, 270f
restriction enzyme mapping, 271
restriction enzymes, 269, 274b
restriction fragment length polymorphism

(RFLP), 274b, 284, 284f
restriction mapping, 280, 280f
reticulopodia, 851
retinal, 146
retinoblastoma, 262, 263b

retrotransposons, 818
retrovirus, life cycle, 813f
reverse transcriptase, 274b, 276, 277b, 813f
reversible binding, 503
rhabdites, 932
Rhesus (Rh) blood groups, 761
rhinarium, 988
Rhizobium, 343, 1014, 1092
rhizoids, 860, 898
rhizomes, 315–18, 336, 336b, 860, 871
rhizomorphs, 897
Rhizophora, roots, 342
rhizopods, 832
rhizosphere, 339, 344
rhodamine, 75
Rhododendron, 1012, 1016
Rhodophyta, 834–5, 1007b
rhodopsin, 146, 153b
rhopalia, 927
rhynchocoel, 936
Rhynia, 868b, 870
Rhyniophyta, 868
ribonucleoside triphosphates, 222
ribose, 43, 58
ribose nucleic acids, see RNA
ribosomal DNA (rDNA), 254
ribosomal RNA (rRNA), 44, 72, 80, 223, 224,

825
phylogeny, 723–4
primary transcripts, 226

ribosomes, 76, 77f, 221b
role in protein synthesis, 229–30, 232
structure, 229, 229f

ribozymes, 226
ribulose biphosphate, 120
ribulose biphosphate carboxylase–oxygenase

(Rubisco), 120, 121f, 122, 123, 374
Rickettsia, genome size, 249
‘Ring of Fire’, 739, 739f
ring-barking, 366–7, 367f
ringworm, 899, 914, 914f
rivers, environmental degradation, 1110
RNA (ribose nucleic acids), 44, see also mRNA;

rRNA; tRNA
base complementarity with DNA, 221f, 222

RNA blotting, 282
RNA polymerase, 214, 221, 222–3, 222f

in bacteria, 224
in eukaryotic nucleus, 225

RNA primers, 214
RNA structure, 44, 221
RNA synthesis, 221–2
rock wallabies, 7–8b, 7f

allopatric speciation, 774, 774f
chromosomal rearrangement, 775

rocks
dating, 736
magnetic reversals, 738b
radiometric dating, 738b

rocky shore community, Sydney, 1067–8, 1067f
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rod-shaped virions, 810, 810f
Rodentia, 1023
rodents, 1023–4

kidneys, 555b
Romanovs (Tsar), family relationships, 286b
root adaptations, and nutrient supply, 343–4
root apical meristem, 315
root cap, 315, 338–9, 339b
Root effect, 504
root hairs, 315, 339
root nodules, 343, 797f, 1092
root pressure, 362
root structure, 337–8, 338f

primary growth, 338–41
secondary growth, 341–2

root systems, types of, 337, 338f
roots

aquatic plants, 342–3
lack of oxygen around, 374
and salinity, 343
storage roots, 343

Ross River alphavirus, 817b
rough endoplasmic reticulum, 76, 77f
roundworms, 954–5
rowing, 647
ruminants, 461

foregut fermentation, 474–5, 474f
running, 656
rural dieback, factors, 1094–5b
rust fungi, 906b
rye grass pollen, hayfever and allergic asthma,

304b

sac-like gut, 465–6
Saccharomyces cerevisiae

GAL regulation, 242–3, 256
genome size, 249
use in brewing and baking, 913
use in insulin production, 916

sacred lotus, thermoregulation, 698f
Sahelanthropus, 990
Saint-Hilaíre, Étienne Geoffroy, 718
salamanders, 980

kidneys, 552f
salinity, 188, 1112–13

dryland, 1112, 1113
irrigation, 1112
and mineral stress, 373–4
and roots, 343

saliva, 461
Salix babylonica, asexual reproduction, 315,

318b
salt glands, 557
salt lakes, ionoregulation and osmoregulation,

542
saltatory conduction, 622
saltbushes, 1010
saltmarsh plants

osmotic adjustment, 361
stems, 337

saltwater crocodile, 984

Salvinia, 872b
samphires, 1010
sand dollars, 969, 970, 973
sandflies, 964
saponines, 726f
saprophytes, 895, 898, 903, 914
sapwood, 335
sarcomere, 663
Sarctopterygii, 978
satellite DNA, 254
satellite nucleic acids, 818
satellite viruses, 818
satin bowerbirds, bower building behaviour, 672
Sauropsida, 981
savanna, 1070b
scallops, jet propulsion, 646–7, 647f
scanning electron microscopes (SEM), 75b
Schistosoma, 932, 934–5

life cycle, 934f
schistosomulum, 935
Schleiden, Matthias, 3
Schwann, Theodor, 3
science, practice of, 5–8
scientific fraud, 8
scientific method, 5, 8
scientific publication, 6
sclereids, 330
sclerenchyma cells, 329–30
sclerophylls, 350, 1009–10

characteristics, 1009
evolution, 1009
fire resistance, 1009
fire-stimulated germination, 1009–10

sclerotia, 897
scolex, 935, 936
scorpions, 957–8
scrotum, 986, 987
scutellum, 312
scyphistoma, 927
Scyphozoa, 926–7
sea anemones, 923, 928–30, 929f

mutualism, 1054
structure, 930f

sea cucumbers, 969, 970, 970f, 973
basic structure, 972f
cleavage, 425f
simple gas-exchange structures, 488

sea daisies, 969, 970f, 972
sea fans, 928
sea hares, nervous system, 626f
sea level rises, 1115
sea lilies, 969, 972

basic structure, 972f
sea pens, 928
sea spiders, 958f
sea squirts, 974

cytoplasmic specifications, 438, 439f
sea stars, 969, 970, 970f, 972

basic structure, 972f
predation, 1059, 1059f
structure, 971f

sea urchins, 969, 970, 970f, 973, 973f
basic structure, 972f
fertilisation, 416–17, 417f
gastrulation, 427–8, 428f

sea wasps, Australia, 924, 926b, 927
sea water

ionic and osmotic concentration, 539
ionoregulation and osmoregulation, 540–2

second law of thermodynamics, 50, 51
second messengers, 150, 151f
secondary antibody responses, 581f
secondary cell walls, 327b, 328
secondary consumers, 1076, 1080f
secondary endosymbiosis, 837
secondary growth (plants), 875
secondary lymphoid organs, 578
secondary phloem, 334f, 335, 875
secondary response, 566
secondary root growth, 341–2
secondary sex organs, animals, 410–11
secondary sexual characteristics, and sexual

selection, 682–3b
secondary stem growth, 334–7

cork cambium, 334, 335–6
vascular cambium, 334, 335

secondary structure, proteins, 38, 39f
secondary walls, 141
secondary xylem, 334f, 335, 875
secretin, 462–3, 593f, 597, 612
secretion

kidneys, 554
solutes, 548, 551

secretory gland cells, 347
sedimentary sequences, 737
seed, 301
seed coat, 312
seed cones, 880
seed dispersal, by fruit eaters, 1056
seed dormancy, 389

and abscisic acid decline, 390
breaking of, 384, 390
and germination, 312–13
stratification, 389

seed formation
embryogenesis, 311–12, 311f
endosperm formation, 312
seed and fruit development, 312

seed germination
and dormancy, 312–13, 384
gibberellins role, 384–5
mechanisms, 313–14

seed maturation, 312
seed plants, 874–89

Cycadophytes, 876–7
pollen transport of male gametes, 875
secondary growth, 875
seeds from ovules, 874–5

seed protein, mobilisation, 385–6
segment-polarity genes, 449
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segmentation genes
Drosophila, 444–8
genetic regulation and intercellular signalling

control development, 450
segmentation regulatory hierarchy, 448
segmented worms, 942–7
segregation, 180, 190
Selaginella, 869

life cycle, 869f
selectable market, 274b
selectively permeable membranes, 69
‘self ’ molecules, 562b, 569, 582
self-fertilisation, 308, 310

prevention in hermaphrodites, 403–4
self-incompatibility, genetics, 309–10, 309f
self-pollination, 310
self-thinning rule, 1038b
semiconservative replication, DNA, 210, 211f
semilunar valve, 516
seminal fluid, 409b
sensory axons, 635b, 637
sensory neurons, 617–18
sensory organs

arachnids, 959
cephalopods, 953
insects, 961–2

sensory receptors, 144–9, 617–18, 634–9, 953,
see also specific types, e.g. mechanoreceptors

sepals, 300, 883
septa, 897, 907, 930

transverse, 944
sequence homology, 274b
sequencing amino acids, 720
seres, 1063
serine, 37f
serotonin, 624b
serum, 532
seta, 865, 866
sex, 308, 403
sex change, 404
sex chromosomes, 187, 188, see also

X chromosomes; Y chromosome
inheritance, 188f

sex-linked genes, 181b, 186
and chromosomes, 186–9

sex organs, animals, 410–11
sex pheromones, see pheromones
sexual cannibalism, 684
sexual reproduction, 167–8

animals, 400, 402–12
ciliates, 848f, 849
costs of, 406–19
ferns, 873–4
human, 408–9b
plants, 298, 300–10
red kangaroo, 410–11b

sexual selection
and courtship displays, 683–4
and secondary sexual characteristics, 682–3b

sexual spores, 901
sexually reproducing organisms, life cycle, 402f

sharks, 977, 977f
neutral buoyancy, 645

she-oaks, 336, 343, 1004, 1008, 1008f, 1092
sheep

foregut fermentation, 472f, 474f
population dynamics, 1037f

sheep blowfly
insecticide resistance, 767–8
linked genes, 190, 191f

β-sheet proteins, 38, 39f, 40f, 41
shingles, 817b
shoot apical meristem, 314–15

differentiation into cell types, 316–17b
features, 314f

shoot growth, ethylene role, 391–2
short-day plants, 393–4, 395b
sickle cell anaemia, 220

and heterozygote advantage, 186–7b
and natural selection, 767

side-necked tortoises, 1018
sieve tube cells, 331f, 332
sieve tubes, 368, 369
signal processing, 149

direct receptor-mediated responses, 149
G-protein-linked receptors, 149–51
receptor tyrosine kinases, 152

signal response, managing, 153b
signal sequences, 233
signal transduction chain

brassinosteroids, 392f
ethylene, 390, 390f

silencers, 243–4
silicoflagellates, 838
silk fibre, structure, 40f
silks, 41–2
Silurian period, 737f, 744, 745
simple digestive cavities, 465–6, 467f
simple eyes, 634
simple fruits, 888–9
simple leaves, 345
simple lipids, 32–4

structure, 32f
simple pits (secondary cell wall), 328
single gene inheritance, 178–82

codominance and blood groups, 181–2
Mendel’s experiments, 178–80
monohybrid cross, 178–80
multiple effects of single genes, 181

sinoatrial node, 518
sinus venosus, 511
siphon, 952
siphuncle, 952
sister chromatids, 160, 163, 168, 170, 171
site-directed mutagenesis, 282, 283f
size-structured populations, population

dynamics, 1039–41
skates, 977
skeletal muscle, 138f

contraction, 665–6, 665f
energetics, 666–7

fibre types, 667–8
structure, 663–4, 663f, 664f
twitch, 667
type I fibres, 667, 668
type IIA fibres, 667, 668
type IIB fibres, 667, 668
type IIX fibres, 667

skeletons, 657
endoskeletons, 658–9
exoskeletons, 657–8
hydrostatic, 657
size effects, 662

skin grafts, 582b
skin pressure receptors, 147
skin receptors, 635f
slash-and-burn agriculture, 1105b
sliding filament model (contraction), 665–6
slime moulds, 143, 827, 830
slow-twitch fibres, 667
small intestine, absorption, 464
small midbrain, 629
smallpox, 807, 808b
smooth endoplasmic reticulum, 76–7, 77f
smooth muscle, 138, 138f, 664–5
smuts, 906
snails, 947, 951

herbivorous, 1068f, 1069
pedal waves, 654

snakes, 982, 983f
teeth, 468

snapdragons, flower colours, 193f
soaring, 650
social behaviour, 686
social groups, 686–7
social organisation and co-operative behaviour,

686–90
co-operative breeding in birds and mammals,

687–8
evolution of co-operation, 689–90
insect societies, 688–9

sodium atom, 15f, 17
sodium cation, 17
sodium chloride, ionic bonding, 17f
sodium monofluoracetate, 7
soft corals, 929f
soil acidification, 1111
soil acidity, 374
soil and plant water deficits, and stomatal

opening, 366
soil erosion, 1111
soil salinity, 1112–13
soils, weathering, 1002
Solanaceae, bush medicines, 726b
solar radiation spectrum, 115f
soldier crab, 960f
soldiers, 688
solute concentration, measurement, 538b
solutes, 92, 537

exchange with the environment, 538–9
and water, 538–40
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solvent, 92
soma, 616, 942
somatic cells, 413
somatic control systems, 632
somatostatin, 605t, 610, 612
somites, 436
Sonic hedgehog gene, 442
sooty grunter fish, 57, 57f
soredia, 910
sori, 872
sorocarps, 827
sorroche, 706
Southern blot, 274b, 281–2, 281f
Southern Hemisphere distribution of animals,

999–1000
soy sauce, 913
space limited populations, growth, 1037–8
Spallanzani, Lazzaro, 6b
spatial variation, 1063
Specht’s structural classification of Australian

vegetation, 1050t
speciation, 759

allopatric, 773–4
benefits, 759
and chromosomal rearrangement, 775
hybridisation and asexual reproduction,

775–7
modes of, 773–5
paratric, 775
and reproductive isolation, 771–3
species’ concepts, 770–1
sympatric, 774–5
theories of, 770–7

species, 725, 727, 728
as basic taxonomic unit, 728–9

species’ concepts, 756, 770–1
species diversity, 1048–9
species richness, 1048

Australia, 716b
measurement, 1049f

specific acquired immunity, 566–8
cells involved, 566–7
responses to foreign antigens, 568

specific heat, water, 20b
sperm, 403, 408b, 409b, 414b

multiflagellated, 877
sperm cells, 171

human, structure, 415b
plants, 298, 302

sperm competition, 684
spermathecae, 946
spermatids, 414b
spermatocytes, 413, 415

maturation, 415–16
spermatogenesis, 411, 414b
spermatogonia, 413, 414b, 415
spermatophores, 418, 945, 959
spermatozoa, diversity, 403f
Sphagnum, 24

leaf cells, 864f, 865

S phase (meiosis I), 168
S phase (synthesis phase), 160

Cdk–cyclin complex regulation, 166–7
S-phase-promoting factor (SPF), 167
Sphenophyta, 868, 870
sphenophytes, 870–1
spicules, 923, 969
spiders, 956, 957–8

catching and digesting prey, 625b, 958–9,
959f

excretion, 550, 551f
gas exchange, 502
structure, 959b

spider’s web silk, strength, 41–2
spinal cord, 629–30, 639

cross-section, 629f
spines, as plant defence mechanisms, 1057
spinnerets, 959
spiracles, 499–500
spiral cleavage, 921
splicing, 221b, 224b, 225
sponge-like protists, 827
sponges, 918, 921–3

excretion, 549
filter feeding, 923
structure, 922–3, 922f

spongin, 923
spongocoel, 923
spongy mesophyll, 348
spontaneous chemical reactions, and free energy,

51–2
spontaneous generation of life, disproving, 6b
spontaneous mutations, 259
sporangia

ferns, 872–3
horsetails, 871
zygomycetes, 904

sporangiophores, 897
sporangiospores, 905
spore capsule, 865, 866
spore production

fungi, 895
land plants, 860–1

spores, 300, 859, 901
sporocysts, 934
sporodesmin, 912b
sporophylls, 883
sporophytes, 300, 860, 865–6, 868
sporopollenin, 859, 860f
sporozoites, 847
sporulation, 901
springtails, 1078
squalene, 35f
squamates, 981, 982, 983f
squamous epithelial cells, 136t
squid, 947, 952–4, 952f
stability (legged animals), 654
stamens, 301, 883
standard redox potential, 61, 62t
standing upright, significance, 992

starch, 30
components, 30–1

starch granules, 30f
starfish, 401, 569
Starling principle, 524
‘start’ (in G1 phase), 160
start codon, 227
statocysts, 930
statoliths, 927
stearic acid, 32f
stele, 332, 339
stem cell division, 437
stem cell therapy, 438b
stem cells, 292–3, 436
stem elongation, gibberellins role, 384
stem rust, 907–8

life cycle, 908f
stem structure, 332, 333b

primary growth, 332–4
secondary growth, 334–7

stems, 332
desert plants, 336
marsh and aquatic plants, 337, 337f
underground, 315–18, 336

sternum, 984
steroid hormones, 35, 608

as chemical signals, 144, 145f
receptor-mediated response, 149

stigma (euglenoids), 850
stigma (flowering plants), 301, 302, 883

types of, 303f, 308
stimuli

chemical, 144–5
physical, 145–9

stipe (kelp), 841
stochastic models, 1034
stochasticity, and extinction, 1043
stolons, 315
stomach, protection against digestion, 466b
stomata, 142, 336, 346, 347, 363, 364, 364f

control of opening and closing, 364–5
control under drought conditions, 373
diurnal stomatal rhythms, 365–6
environmental stimuli effects, 366
function, 859–60
invasion by fungal pathogens, 900f, 901
ionic changes, 364–5, 365f

stomium, 301, 873
stonewarts, 836
storage parenchyma, 329
storage polysaccharides

function and occurrence, 24t
structure, 30–1

storage proteins, 36t
storage roots, 343
stratification, 389
stratified epithelium, 136t
strawberry, 889, 889f
Strepsirhini, 988
Streptococcus thermophilus, 68f
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stress, plant adaptations to, 369–75
striated muscle, 138
strobila, 936
strobilisation, 927, 935
stroma, 117, 897
stromatolites, 741, 742b
structural diversity, plant communities, 1049–50
structural polysaccharides

function and occurrence, 24t
structure, 27–9

structural proteins, 36t
strychnine, 625b
Sturt’s desert pea, variation, 757f, 759b
Styela, cytoplasmic specifications, 438, 439f
style (flowering plants), 301, 302, 883
subatomic particles, 14
subduction, 739
suboesophageal ganglion, 599
substitutions (DNA sequence), 259
substrate-binding amino acids, 54, 55f
substrates, 53, 54
succession, 1063–4

opportunist strategies, 1063–4
succulents, 350, 1010
suckering, 318, 318f
sucrose, 26, 27
sucrose transport, 368–9
sulfur, 13
Sumatran rhinoceros, 1043, 1043f
super kingdoms, 730
supercooling, 696
superior ovary, 883f
surface area-to-volume ratio, 486
surface-bound chemical signals, 145
surface hairs (leaves), 350
surface tension

alveoli, 495
water, 18, 21b

surfactants, 495, 496
suspensor, 311
Swainsona formosa, variation, 757f, 759b
swamp reed, 1016
sweet pittosporum, 1109
sweet potato, 343
swim bladder, 645, 978
swimming, using body undulations, 649
symbiosis, 344, 1052–5
symbiotic microorganisms, 473, 903
symmetry

animals, 923–31
bilateral, 924b
radial, 923, 924b

sympathetic nervous system, 639f, 640
blood flow control, 528

sympatric speciation, 774–5
sympatry, 1062–3
symplast, 358
symplastic pathway, 340, 358
synapomorphies, 717
synapses (neurons), 622, 624

synapsis (chromosomes), 168
synaptic potentials, 622–4
synaptic vesicles, 622
synaptonemal complex, 170, 171f
Synemon moths, distribution, 999f
synergids, 306
synonymous codons, 226
synovial joint structure, 660f
synthetic growth retardants, 386b
systematics, 714
systemic circuit, 511
systemic circulation, blood pressure and

volume, 520f
systole, 517

T-cell receptors (TCR), 562b, 571, 573, 575–6
binding sites, 576
differences from antibodies, 576t
generation of diversity and gene

rearrangement, 570b
interaction with MHC, 577f
schematic diagram, 576f

T cells (T lymphocytes), 565f, 566, 567, 568,
608
proliferation, 572
stimulation, 574
and the thymus, 571–2

tadpoles, 405, 405f
hormonal control of growth and

development, 606f
Taenia solium, 936
tagmata, 957
tagmatisation, 957
taipan, 625b
tapetum, 301
tapeworms, 466, 932, 935–6

beef, 936
pork, 936
structure, 935, 935f

taproot, 337
target cells, 595
tarsiers, 988
Tasmanian devil, 1021f, 1023
Tasmanian tiger, 1019–20
taxa, 724

binomial system, 727–8
monophyletic, 725–6, 725f
paraphyletic, 725f, 726, 726f
polyphyletic, 725f, 726
rank order, 724–5

taxonomic species’ concept, 770
taxonomy, 714, 724

binomial system, 727–8
and naming the hierarchy of life, 724–6

tea-trees, 1011
teeth

bicupsid, 987
cartilaginous fishes, 977
mammals, 469–70, 986
vertebrates, 468–9, 977

tegument, 933
teleomorphic form (fungi), 909
teleost fishes, 469, 491, 543, 602, 978

diversity, 979b
telomerases, 215

and cellular ageing, 216b
telomeres

during replication, 215–16
sequences, 254

Telopea, 1012
telophase, 161, 164
temperature

and carbon dioxide transport, 505
enzyme activity effects, 57
and oxygen stress, 708–9

temperature coefficient (Q10), 697
temperature receptors, 148
temperature regulation

heat-producing flowers, 698b
and metabolism in animals, 697–9

temperature stress
high temperatures, animals, 684–5
low temperatures, animals, 696
plants, 374–5

templates (DNA replication), 210
temporal isolation, 771
temporal variation, 1063
tendons, 661, 664
tendrils, 350
termination

polypeptide synthesis, 232
protein synthesis, 232
transcription, 223

terminus (DNA replication), 210b, 212
termite nests, controlled microclimate, 695,

695f
termites

arid zone adaptations, 695
carbon cycling, 1090b
castes, 688
as consumers, 1078
nutrient cyclers, 1090b

terranes, 1000
terrestrial animals

excretion, 547
osmo- and ionoregulation, 544–5

terrestrial arthropods, water absorption, 545
terrestrial chelicerates, 958–9
terrestrial crabs, gill reduction, 491
terrestrial ecosystems

global/local nitrogen cycle, 1091f
productivity, 1084

terrestrial environments, Australia, 1006
terrestrial locomotion, 653–7

with legs, 654–7
without legs, 653–4

terrestrial orchids, 1016
terrestrial plants

adaptations to living on land, 859–61
Cretaceous, 748
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major groups living today, 857t
origins, and green algae, 858–9
phylogeny, 861f
Silurian, 744–5
specialisation of vegetative features, 859–60
Triassic and Jurassic, 748

terrestrial vertebrates, biogeographic patterns,
1017

territorial behaviour, 679
tertiary consumers, 1076–7, 1080f
Tertiary period, 737f, 748
tertiary structure, proteins, 38–40, 39f
testa, 312
testcross, 184, 190
testes, 410

hormone production, 608–9
temperature regulation, 408f

testosterone, 149
structure, 35f

tests (forams), 852
tetany, 610
tetraploidy, 774
tetrapods, 978–89

classes, 978
thalamus, 629
β-thalassaemia, 184

and heterozygote advantage, 187b
thallus, 834, 863

kelp, 840–1, 841f
theories, 5
Theria, 985
thermal acclimation, 699–700
thermals, 650
thermophiles, 57, 792, 900
thermoreceptors, 144, 148
thermoregulation

animals, 697–9
and circulation, 522–3b
flowers, 698b

thiol function, 23t
thiol group, 23t
thoracic cavity, mammals, 496f
thorny devil, water uptake, 544b
threatened species, 1043f
threonine, 37f
threshold potential, 619
thrombin, 532, 533
thrombocytes, 531
thrombus, 532
thrush, 914
thylacine, 1019, 1019f

distribution, 1019–20, 1019f
thylakoid membrane complexes, 117, 119f
thylakoids, 82
thymine, 43, 44, 208
thymus, 562b, 567, 578

structure, 571f
and T cells, 571–2

thyroglobulin, 605
thyroid glands, 605–6

location, 609f

thyroid hormones, 595, 605–6
as chemical signals, 144, 145f

thyroidal C-cells, 609
thyrotoxicosis, 606
thyrotrophic hormone (TSH), 605t, 606
thyrotrophin-releasing hormone (TRH), 605t
thyroxine (T4), 605, 606
tidal energy, 1116
tidal ventilation, 494, 502
tight junctions, 131f, 132, 132f
tinea, 899, 914
tissue culture, 320

cytokinin use, 387
tissue maintenance, 437
tissue transplantation, 582b
tissues, blood flow regulation, 529–31
Tmesipteris, 870, 870f
toadstools, 897, 914
tobacco mosaic virus, 807, 807f, 808
tolerance, immunological, 562b, 578
tongue receptors, 635f
tonicity, 539
tonoplast, 358
torpor, 697, 700

in mammals and birds, 701–2
tortoises, 1018

dormancy, 701
tortoiseshell cats, 197
tortoiseshell keratin, 41
totipotency, 98, 318–19
towards sustainability, 1116–19
toxic dinoflagellates, 845–6
Toxocara canis, 955
Toxoplasma, 846
trace bioelements, 13f
trace element deficiency, 356f
trace elements, 355, 356
trace fossils, 735
tracheae, 499–502, 958, 962
tracheids, 331, 331f, 883
tracheoles, 500, 962
transcription, 220, 221–6, 221b

in cytoplasm of prokaryotes, 224
of DNA by RNA polymerase, 221–3, 222f
initiation, 222–3
regulation, 237
RNA forms generated, 223
termination, 223

transcription factors, 221b, 242
transcription unit, 223
transduction (genetics), 800, 801f
transduction of movement, 637
transfer cells, 329, 329b
transfer RNA (tRNA), 44, 80, 221b, 223, 225,

228–9
activation by aminoacylation, 229f
amino acids and anticodons, 228–9
structure, 228b

transferases, 60b
transformation, 269, 274b, 290f, 291, 320,

800, 801f

transforming growth factor, 612
transgenic mice, 283f
transgenic organisms, 283
transition state, 56
transition state activation, 56
transitions (mitochondrial DNA), 723
translation, 220, 221b

and genetic code, 228–9
prokaryotes, 224
regulation, 237

translocation of assimilates, 366–9
translocation reaction, 232
transmission electron microscopes (TEM), 75b
transpiration, 361–2, 363f
transplantation, and immunosuppression, 582b
transport

of carbon dioxide, 504–5
of oxygen, 502–3

transport ATPases, 97, 97f, 98
transport mechanisms, 92–5, 98–100

in plants, 358–66
transport proteins, 36t, 464
transport vesicles, 79f, 101f, 102f

and membrane cycling, 79
transporting gases, 502–5
transposable elements, 254
transposons, 818
transverse flagellum, 844
transverse septa, 944
transversions (mitochondrial DNA), 723
tree ferns, 871, 871f
tree roots, water usage, 1088
α, α’-trehalose, 26, 27
Trematoda, 933–5
trematodes, 933–5

structure, 933f
triacylglycerols, 33–4

structure, 32f
Triassic period, 737f, 746, 1001b
2,4,5-trichlorophenoxyacetic acid (2,4,5-T),

381f, 382
trichomes, 142, 350
Trichomonas, 831
Trichoptera, 963f
Trichosurus vulpecula, 41f
Triconympha, 831
tricuspid valve, 517
triglycerides, 24
triiodithyronine (T3), 605, 606
trilobites, 743, 744b
Triodia, 1008, 1009f, 1070b
triphosphate group, 58
triple fusion nucleus, 307
Triticum aestivum, hexaploidy, 774, 775f
trochophore, 945, 945f, 950
trophic levels, 1077

numbers in nature, 1081
trophic relationships, 1076, 1077–8, 1077f
trophic scale

flow of energy up, 1077, 1077f
reduction of energy up, 1081
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trophozoites, 847
tropical rainforests, 1069b

clearing and loss of biodiversity, 1104–5b
tropocollagen, 42
trp operon regulation, 240–1
truffles, 905, 913
trypanosomes, 837, 851–2

genomes, 255b
tryptophan, 37f
tuatara, 982, 983f, 1018
tube feet, 970f, 971, 973
tube nucleus, 306, 307f
tubers, 315, 318b, 336
tubular excretory organs, 548–9, 548f, 549f

invertebrates, 550–1
tubular florets, 1015
tubular function, kidneys, 542–7
tubulin, 85
tumour suppressor genes, 261

and cell cycle regulation, 262
and DNA repair, 262–3
as guardians of the genome, 263–4

tumours, see cancer
tunic, 975
tunica, 314
tunicates, 27f, 974, 974f, 975
Turbellaeia, 932–3
turbellarians, 932–3
turgor, 99, 100, 360
turgor pressure, 360
β-turns, 38, 39f
turtles, 982, 982f

heart structure, 513f
Mezozoic era, 747
underwater motion, 647

tusk shells, 947, 950
twitch, 667
tyrosine, 37f
tyrosine kinase activity, 152, 152f

ultimate explanations of behaviour, 672
ultimobranchial glands, 609, 610

location, 609f
ultraviolet (UV) radiation

damaging effects of, 1113–14
and fungal spore production, 900
as mutagen, 259

Uluru–Kata Tjuta National Park, 1118, 1118f
underground orchids, 770
underground stems, 315–18, 336
underground storage organs of plants, 315
underwater flying, 647
undulatory swimming, 649
unipotent stem cells, 436
uniramous limbs, 961
unpowered flight, 649–52
upright apes, 990–1
uracil, 43, 44, 221
urea, 545, 546

concentration, 556

urea-osmoconformers, 542b
urediniospore, 908
ureotely, 545
ureter, 553
uric acid, 545, 546
uricotely, 545
uridine triphosphate (UTP), 222
urine

excretion, 554–6
osmoconcentation, 548, 551, 554–6
osmodilution, 551, 554–6

Urochordata, 974, 975

vaccines, 561, 583b
live versus killed, 583b

vagina, 409b
valine, 37f
valves (diatoms), 840
van der Waals forces, 17–18
van Leeuwenhoek, Antonie, 3, 783
variable numbers of random repeats (VNTRs),

284, 285
variables, 5–6
variation, see genetic variation
varicella zoster herpesvirus (VZV), 817b
vascular bundles, 332, 333b
vascular cambium, 334, 335, 875
vascular cylinder, 339
vascular plants

early, 868b
evolution of conducting tissue, 868–74
lignin reinforcing, 860
stems, roots and leaves development, 860

vascular tissue, 142–3, 330–2
vasomotor centre, 527
vasopressin, 529, 602
vector DNA, 269
vector–donor recombinant DNA construct, 269
vectors, 272–3, 274b

viral infections, 814–15
vegetal plate, 427
vegetal pole, 425
vegetative cell, 302
vegetative features, specialisation of, 859–60
vegetative reproduction, 315–18
veins (leaves), 346, 347
veins (vertebrates)

function, 520
structure, 520f, 521

veliger, 950
velvet worms, 956b
ventilation, 486–7, 487f

chemoreceptors role, 506
control of, 505–6
in insects, 502
and perfusion, crustacea, 489
ram, 491
in reptiles, 494
tidal, 494, 502

ventricles, 511, 516, 517, 518, 519

venules, 521
Venus fly trap, response to touch, 146
vernalisation, and flowering, 395b, 396
vertebrae, 976

embryonic development, 976f
vertebral column, 629–30
vertebrate animals, parthenogenesis, 402, 775,

776f
vertebrate gills, 490f, 491
vertebrate hormones, 600–12

neurohaemal organs, 600–4
non-neural endocrine glands, 604–12

vertebrate neural tube, cell differentiation, 442
vertebrates, see also mammals

autonomic nervous system, 639–40
brain, 630
cardiovascular regulation, 526–9
circulatory systems, 511–15
craniates that evolved a backbone and jaws,

976–7
excretion, 551–7
jaws and teeth, 468–9
nervous systems, 627–30
neural circuits, 631
rapid escape responses, 632–3b

vesicle-mediated transport, 101
vestigial organs, 717–18
viability, 758
villi, 464, 464f
Viminaria, 344
vinegar fly, see Drosophila melanogaster
viral antigens, 581
viral genera, amino acid sequence comparisons,

815–16, 817t
viral genomes, 809, 810–11
viral hosts, 819
viral infections

human, 816–17
immune mechanisms, 582
symptoms and spread, 815

viral vectors, 814–15
virions, 808

basic structure, 810f
nature of, 809
of T2 and T4 phages, 810, 811f
as transmission phase of viruses, 809, 810

viroids, 818–19
virus control, 819
virus-like agents, 818–19
viruses, 806–19

animals, 815
classification and relationships, 815–17
discovery, 807–8
distinguishing features, 809
ecology and spread, 814–15
life cycle, 813f
plants, 814, 814b
replication, 812–14
as subcellular organisms, 809–14
transmission phase, 810

visceral control, 639
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visceral muscle, see smooth muscle
visible spectrum, 115f, 116
vision, 633–5
vitamin deficiencies, 456t
vitamins, 457

sources and actions, 456t
vitelline membrane, 416, 417
volcanoes, 739, 739f
voltage differences across membranes, 98
voltage-gated channels, 95, 149, 620, 621
voltage-gated K+ channels, 621
voltage-gated Na+ channels, 620, 621
Vulpes vulpes, 7–8b, 7f

walking, 656
wallabies, 7–8, 68f, 1021f, 1023, see also rock

wallabies
Wallace’s Line, 750b
waratahs, 1012
warning colourations, 1058, 1058f
wasps, 1058
water, 18

in animal diet, 458
exchange with the environment, 538–9
free energy, 98
hydrophobic interactions, 19
movement in responses to differences in

water potential, 98–9
oxygen content, 484
properties, 18, 20–1b
and solutes, 538–40
as solvent, 19, 537

water breathers, 487–8
cutaneous exchange, 488
invertebrate gills, 489
simple gas-exchange structures, 488
vertebrate gills, 490f, 491

water cycle, 1086–8
trees as top water users, 1088

water degradation, 1109, 1110
water erosion, 1111
water ferns, 872b
water-holding frog, 1018f
water loss, control in plants, 371
water molecules, 16f

hydrogen bonding, 18f
ionisation, 22

water moulds, 843–4

water movement
from leaves, 363–6
to tops of tall trees, 363
in xylem, 362–3

water potential, 98, 99, 359
factors affecting, 359–60
plant cells, 360
from soil to air, 362

water-soluble chemical signals, 145
water stress, plants, 370–3
water striders, 21f
water transport, 359–66
water uptake, by plant cells, 360–1
water-use efficiency (plants), 372
water vascular system, 970–1
waterlogged soils, 374
Watson and Crick’s double helix model of

DNA, 208
wattle family, 1013–14
wattles, see Acacia
waxes, 32–3

structure, 32f
weathering, Australian surface, 1002
weeds, impact of, 1108–9
weeping willow, asexual reproduction, 315,

318b
Welwitschia, 880, 881f
West Nile flavivirus (WNV), 817b
Western blot, 274b
wet-type stigma, 303f, 308
wheat, hexaploidy, 774, 774f
wheat seed colour, 198, 199f
wild-type, 180b, 181b
wilting, 361f

and abscisic acid (ABA), 388, 389t
wind energy, 1116
wind erosion, 1111
wind pollination, 886
windkessel vessels, 521
wine-making, 913
‘winterkill’, 701
Wollemi pine, 878b
wombats, 1021f, 1023
Wonambi, 1022b
wood, cellulose content, 28
woodlands, 1069b
workers, 688, 690
worms, see specific types, e.g. annelid worms

xanthophylls, 844
Xanthorrhoea, 1008, 1009, 1009f
X chromosome inactivation, 196–7
X chromosomes, 181b, 188–9

imprinting, 197–8
Xenopus

breathing, 493, 493b
cellular changes during involution, 431f
gastrulation, 428–30, 430f
organiser, 440

xerophytes, 1010
xerotolerance, 900
Xiphophora chondrophylla, 31f
X-linked disorders, 185b, 189, 189f
X-linked genes, 181b, 188–9
xylem, 143, 330, 331–2, 860, 868, see also

secondary xylem
water movement, 362–3

xylem vessels, 331–2, 331f, 883
scalariform perforations, 883b

β-D-xylose, 29

YACs (yeast artificial chomosomes), 273
Y chromosome, 188–9, 289f
yeast, 905, 913
yeast GAL regulation, 242–3

upstream activator sequences, 243
Y-linked genes, and male sex determination,

189
yoghurt, 798

zeatin, 386
zona pellucida, 416
zoochlorellae, 925
zoological biogeographic regions, 749f
zooxanthellae, 844, 925, 1054
zygomorphic flowers, 883, 883f
zygomycetes, 894, 904–5
Zygomycota, 894, 904–5, 911

characteristics, 902t
life cycle, 904f

zygospores, 905
zygote, 158, 402
zygotic segementation genes, 447–8

gap genes, 448–9
pair-rule and segment-polarity genes, 449
segmentation regulatory hierarchy, 448

zymogens, 462
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