
BIOLOGICAL 
SCIENC & i 

D.J. TAYLOR B.Sc., Ph.D., C.Biol., F.I.Bio1. 
Director of Continuing Education 
Strode's Sixth Form College, Egham 

N.P. 0. GREEN B.Sc., C.Biol., M.I.Bio1. 
Headmaster 
St George's College, Buenos Axes, Argentina 

G.W. STOUTB.Sc., M.A., M.Ed., C.Biol., F.I.Bio1. 
- - 
Headmaster 
International School of South Africa, Mafikeng, South Africa 

Editor 

R. SOPER B.Sc., C.Biol., F.I.Bio1. 
Formerly Vice-Principal and Head of Science 
Collyers Sixth Form College, Horsham 

CAMBRIDGE 
UNIVERSITY PRESS 

r 



Contents 

Preface to the third edition 

Acknowledgements 

Chapter One Introduction to the subject 

Chapter 'Itvo Variety of life 
Classification 
Five kingdoms 
Prokaryotes 
Viruses 
Kingdom Fungi 
Kingdom Protoctista 
Kingdom Plantae 
Kingdom Animalia (animals) 

Chapter Three Chemicals of life 
3.1 Introduction to biochemistry 
3.2 Carbohydrates 
3.3 Lipids 
3.4 Amino acids 
3.5 Proteins 
3.6 DNA and RNA, the nucleic acids 
3.7 Identification of biochemicals 

Chapter Four Enzymes 
4.1 Properties of enzymes 
4.2 The rate of enzyme reactions 
4.3 Factors affecting the rate of enzyme 

reactions 
4.4 Enzyme inhibition 
4.5 Enzyme cofactors 

Chapter Five Cells 
5.1 The cell concept 
5.2 Cells seen with the light microscope 
5.3 Prokaryotes and eukaryotes 
5.4 Compartments and division of labour 
5.5 Units of measurement 
5.6 Electron microscopy 
5.7 Cell fractionation 
5.8 Ultrastructure of plant and animal cells 
5.9 Cell membranes 
5.10 Structures found in cells 
5.11 Use of hand lens and microscope 
5.12 Microscope techniques 
5.13 Recording by biological drawing 

vi 

vii 

1 

3 
3 
6 
8 

19 
25 
30 
3 6 
52 

77 
77 
82 
89 
93 
97 

105 
111 

116 
116 

Chapter Six Histology. 
6.1 Simple plant tissues - tissues 

consisting of one type of cell 
6.2 Plant tissues consisting of more than 

one type of cell 
6.3 Animal epithelia1 tissue 
6.4 Animal connective tissue 
6.5 Muscle tissue 
6.6 Nervous tissue 

Chapter Seven Autotrophic nutrition 
7.1 Why do living organisms need energy? 
7.2 Grouping organisms according to their 

energy and carbon sources 
7.3 Importance of photosynthesis 
7.4 The structure of the leaf 
7.5 Photosynthetic pigments 
7.6 Biochemistry of photosynthesis 
7.7 Metabolism of glycerate phosphate and 

triose phosphate 
7.8 Factors affecting photosynthesis 
7.9 C4 photosynthesis 
7.10 Mineral nutrition of plants and animals 
7.11 Experimental work 
7.12 Compensation points 

Chapter Eight Heterotrophic nutrition 
8.1 Forms of heterotrophic nutrition 
8.2 Feeding mechanisms in a range of 

animals 
8.3 The alimentary canal in humans 
8.4 Nervous and hormonal control of 

digestive secretions 
8.5 The fate of absorbed food materials - a 

summary 
8.6 Herbivores 
8.7 Nutrition in humans 
8.8 Recommended intakes of nutrients and 

reference values 

Chapter Nine Energy utilisation 
9.1 What is respiration 
9.2 ATP 
9.3 Cell respiration 
9.4 Gaseous exchange 
9.5 Gaseous exchange in a mammal 
9.6 Gaseous exchange in flowering plants 



9.7 Respiratory disease and ill health 

Chapter Ten Organisms and the environment 
(Dr Ros Taylor) 

Approaches to ecology 
Ecosystems 
Ecosystems and energy flow 
Biogeochemical cycles - the cycling 
of matter 
Factors influencing environments and 
habitats 
Community ecology 
Population ecology 
Human impacts on ecosystems 
Conservation 

Chapter Eleven Quantitative ecology 
11.1 Methods of measuring environmental 

factors 
11.2 Biotic analysis 
11.3 Ecological research projects and 

investigations 
11.4 A synecological investigation 
11.5 An autecological investigation 

Chapter Twelve Microbiology and 
biotechnology 

Requirements for growth 
Culture media 
Aseptic technique 
Methods of inoculation 
Bacterial growth 
Measuring population growth of 
bacteria and fungi 
Staining bacteria - the Gram stain 
Growing viruses 
Experimental work 
Large-scale production 
Medical products 
Food and drink 
Agriculture 
Fuel - new energy sources 
Microbiological mining 
Enzyme technology 
Biosensors 

Answers and discussion 

Chapter Thirteen Transport in plants 
13.1 Plant water relations 
13.2 Movement of water through the 

flowering plant 
13.3 Transpiration and movement of water 

through the leaf 
13.4 Ascent of water in the xylem 
13.5 Uptake of water by roots 
13.6' ' Uptake of mineral salts and their 

transport across roots 

13.7 Translocation of mineral salts through 
plants 

13.8 Translocation of organic solutes in 
phloem 

Chapter Fourteen Transport in animals 
14.1 General characteristics of a blood 

vascular system 
14.2 The development of blood systems 

in animals 
14.3 Composition of blood 
14.4 The circulation 
14.5 Blood vessels 
14.6 Formation of tissue fluid 
14.7 The heart 
14.8 Functions of mammalian blood 
14.9 The immune system 

Chapter Fifteen Health and disease 
15.1 What is meant by health and disease? 
15.2 Global distribution of disease 
15.3 Infectious disease 
15.4 Disinfectants, sterilisation and antiseptic 
15.5 Cardiovascular disease 
15.6 Cancer 
15.7 Ageing 
15.8 Respiratory and genetic diseases 

Chapter Sixteen Coordination and control 
in plants 

16.1 Plant movements 
16.2 Plant growth substances 
16.3 Synergism and antagonism 
16.4 Phytochrome and effects of light on 

plant development 
16.5 Vernalisation and flowering 

Chapter Seventeen Coordination and control 
in animals 

17.1 The nervous system 
17.2 The parts of the nervous system 
17.3 Evolution of the nervous system 
17.4 Sensory receptors 
17.5 Structure and function of receptors 
17.6 Endocrine system 
17.7 The study of behaviour 
17.8 Innate behaviour 
17.9 Learned behaviour 

Chapter Eighteen Movement and support in 
animals 

18.1 Skeletal systems 
18.2 Skeletal tissues 
18.3 Anatomy of the skeleton of a mammal 

(the rabbit) 
18.4 The muscle system 
18.5 Locomotion in selected non-vertebrates 
18.6 Locomotion in vertebrates 



Chapter Nineteen Homeostasis 647 
19.1 Control systems in biology 647 
19.2 Control of blood glucose levels 649 
19.3 Temperature regulation 650 
19.4 Ectothermic animals 654 
19.5 Endothermic animals 656 
19.6 The liver 665 

, Chapter Twenty Excretion and osmoregulation 673 
The significance of excretion and 
osmoregulation 673 
Nitrogenous excretory products and 
environment 674 
Nitrogenous excretion and 
osmoregulation in representative animals 674 
Formation of urea in humans 678 
The human kidney 680 
Osmoregulation, antidiuretic hormone 
(ADH) and the formation of 
concentrated or dilute urine 693 
Control of blood sodium level 693 
Control of blood pH 694 
Kidney disease and its treatment 696 
Water conservation in plants and algae 698 

Chapter Twenty-one Reproduction 701 
21.1 Asexual reproduction 701 
21.2 Advantages and disadvantages of natural 

asexual reproduction 705 
21.3 Artificial propagation of plants - cloning 705 
21.4 Sexual reproduction 711 
21.5 Sexual reproduction in flowering plants 712 
21.6 Review of sexual reproduction 

in vertebrates 724 
21.7 Human reproductive systems 725 
21.8 Sexual reproduction in humans 735 
21.9 Human intervention in reproduction 748 

Chapter Twenty-two Growth and development 758 
22.1 What is growth? 
22.2 Measuring growth 
22.3 Patterns of growth 
22.4 Growth and development in the 

flowering plant 
22.5 Role of hormones in growth and 

development in humans 

Chapter Twenty-three Continuity of life 
Chromosomes 
The cell cycle 
Mitosis 
Meiosis 
The structure of chromosomes 
DNA 
The nature of genes 
Protein synthesis 
Gene control 

Chapter Twenty-four Variation and genetics 
24.1 Mendel7s work 
24.2 The chromosomal basis of inheritance 
24.3 Linkage 
24.4 Gene mapping 
24.5 Linkage groups and chromosomes 
24.6 Sex determination 
24.7 Gene interactions 
24.8 Variation 
24.9 Mutation 

Chapter Twenty-five Applied genetics 834 
25.1 Genetic engineering of bacteria 834 
25.2 Applications of genetically engineered 

bacteria 84 1 
25.3 Genetic engineering in eukaryotes 845 
25.4 Transgenic plants 845 
25.5 Transgenic animals 850 
25.6 Benefits and hazards - the ethical and 

social implications of genetic 
engineering 853 

25.7 Human genetics 857 

Chapter 
26.1 
26.2 
26.3 

26.4 
26.5 
26.6 
26.7 
26.8 

Twenty-six Evolution - history of life 
Theories of the origin of life 
The nature of the earliest organisms 
Summary of the 'theories7 of the origin 
of life 
The theory of evolution 
Natural selection 
Modern views on evolution 
Evidence for the theory of evolution 
Human evolution 

Chapter Twenty-seven Mechanisms of 
speciation 

27.1 Population genetics 
27.2 Factors producing changes in 

populations 
27.3 Selection 
27.4 Artificial selection 
27.5 Natural selection 
27.6 The concept of species 
27.7 Speciation 
27.8 Intraspecific speciation 

Answers and discussion 929 
Appendix 1 Biological chemistry 941 
Appendix 2 Biological techniques 951 
Appendix 3 Nomenclature and units 958 
Appendix 4 The geological time scale 960 
Index 963 



Index 

References to figures are underlined; to tables are underlined italics 

Abqnds 635,637 
AM; transgenic production of 851-2 
ABAT see abscisic acid 
abiotic factors 312-16 
abortion 748,749, 750-1,871 
abscisic acid (ABA) 545,547-8 

and dormancy 548,555,763 
effect on geotropic response 539 
interrelations with auxln 550 
and temperature adaptation 548,651 

abscission 545,548,549-50 
absolute growth 760,761 
absorption spectrum, photosynthetic pigments 

202,203 
accessory pigments (carotenoids) 222,203 
acclimatis~ti& 462 
accommodation 589 
acetylcholine 562,573 

breakdown inhibition 125 
mechanism of action 562-3 
neural effects 567 
at neuromuscular junction 564 

acetylcoenzyme A 211,268 
acid rain 328,329 
acoelomate phyla E 

structure of 63 
acromegaly 774,775 
acrosome 729 
acrosome reaction 736 
ACTH (adrenocorticotrophic hormone) 599, 

602,606 - 
and cascade effect 598,600, a, 606 
and gluconeogenesis 667 

actin 635,636,637 
(de)activation mechanism 638 
in microvilli 157 

action potential 558-61 
conduction speed 560-1,540 
frequency coding 560,584 
and muscle structure 471 
of photoreception mechanism 592 
resting potential 557-8 
stimulus intensity coding 560 
see also depolarisation; polarisation 

action spectrum 
of photosynthetic pigments 203 
of red light 551-2 

activation energy 117 
active site 117, 118,119 
active transport 145-7 

in electrochemical gradient maintenance 
557,558 

of ions from soil 449-50 
placental 741 
see also transport 

activity, and energy intake 260 
acuity, visual 590,591 
ADA (adenosine deaminase) 873-4 
adaptive radiation 66,898-9,900 
adenine 105,107 
adenosine triphosphate: see N P  
ADH (antidiuretic hormone) 579,599,603, 

693 

adipose tissue 187,188. 190, 656 
ADP (adenosine diphosphate) 265 
adrenal gland 599,605-7,649-50,775 

fetal 745 
adrenaline 599 

CAMP as second messenger 600-1 
blood pressure, effect on 478 
cell membrane effect 600 
glucose production stimulation 667,668 
heart rate control by 475 
metabolic activity increase from 658 
secretion and function of 606-7 

adrenergic neurone 562 
aerobes, oxygen requirements 378 
after-ripening 763 
agar 378-9 
ageing 322,495,527-31 

bones 530-1 
brain 528,530 
cardiovascular system 530,531 
cytokine effect on 546,547 
locomotor system 528 
respiratory system 297,530,531 

aggression: see agonistic behaviour; threat 
displays 

agonistic behaviour 618-19,657 
and pecking order 620 
stereotyped 619 
and testosterone levels 616 
see also threat displays 

agricultural productivity 309 
agriculture, forest 333 
Agrobacten'um, as DNA vector 845-6,847 
AIDS ~,24,501,507,510-14 
AIDS-related complex (ARC) 512 
air, in soil 317,350-1 
air movement, and transpiration rate 441 
air pollution 3264,329 
albinism, genotype frequency 912 
albumin, liver production 668,671 
alcohol 

commercial use 346, 407 
as disinfectant 517,518 
effect on fetus 743 
effect on partially permeable membrane 

431 
alcoholic fermentation 270-1,272,400-1 
aldehyde B, 82-3,517 
aldose 82-3 
aldosterone 599,693-4 
algae 2,334,698-700 
alimentary canal 

and holozoic nutrition 227 
of mussel 213,232 

alimentary canal (human) 235-6 
buccal cavity 237,240-1 
gut 236-8 
large intestine 237,246,248 
oesophagus 237,241,242,248 
small intestine m,243-6,248 
stomach m,242-3,&@ 
teeth 238-40 

alkaptonuria, genotype frequency 912 

allanto-chorion 738 
allele m, 814,815 

recombination of 814,815 
see also chromosome; gene 

allele frequency 909-10, 910-11 
allelomorphs 815 
Allen's rule 663 
allergic response 294 
allograft 492,494 
allopatric speciation 925 
allopolyploidy 831-2,927 
allosteric enzymes 125 
a-helix 95,100 
alternation of generations 37-8, 712-13,901 
altruism 621 
alveolar air 290,291 
alveoli 283,284 

gaseous exchange 286-7 
structure 284,285.286 

Alzheimer's disease 528,530 
amacrine cells 590,591,592 
amines, as hormones @Q 
amino acid 93-6 

essential 253, 862 
in Golgi apparatus 152, 153 
isomer separation 414 
neural effects 566-7 
non-protein 93 
rare 93 
synthesis in liver 668,671 
synthesis in plants 211 
transport by tRN4 801 

amino group 79,93 
aminoacyl-tRNA 801,803 
ammonia 674 

effect on BOD 354 
excretion by fish 677 
excretion by protozoa 675 
industrial production 310,311 

amniocentesis 869 
amnion 737-8 
amniotic fluid 738 
Amoeba 

binary fission of 702 
contractile vacuole 675,676 

amoebic dysentery 503 
amoeboid movement, of white blood cells 462, 

484 
AMP (adenosine monophosphate) 127 
CAMP (cyclic AMP) 

activation by glucagon 609 
as second messenger 600-1,731 
in spermatogenesis 731 

amphibia 
characteristics Z 75 
sexual reproduction of 725 
thermoregulation by 656 

amphoteric behaviour, of amino acids 93 
ampulla, of semicircular canal 597 
amylase 240,241,245,247,248 
amylopectin 8 6 , U  
amyloplasts 538,539 
amylose &; see also starch 



anaerobes 270 
facultative 58 
oxygen requirements 378 

analogous structures 898-9 
anaphase 779 

meiosis 785,786,789,814,815. 830-1 
mitosis m 

androecium 713 
androgens, and sexual behaviour 775 
anemometer 356 
aneuploidy 830-1 
angina 521 
Angiospermophyta: see flowering plants 
angiotensin 506, 694 
y m a l i a  2, 52-3 

ix,. Annelida 61-5 
Arthropoda 65-70 
Chordata 73-6 
Cnidaria 53-4 ,s -6  
Echinodermata 72 
Mollusca 71 
Nematoda 60-1 
Platyhelminthes 54,56-7 
Porifera 2 

annelids (segmented worms) 61-5 
blood system 279,459-60 
gaseous exchange 279 
nervous system 583 
see also earthworm 

annual rings 77G1 
anorexia nervosa 261 
anther 713,714,715,717 
Anthozoa (coralsisea-anemones) 54,55,233 
anti-histamine 463 
antibiotic =,507,5&518-20 

action by competitive inhibition 123-4 
protection against by cell wall 12, 13 
resistance from genetically engineered 

products 853 
screening of 393 

antibody 
antl-D 492,493,744-5 
definition of 485-6 
lymphocyte production 469,486-7 
monoclonal 491 
for passive immunity 491 
placental exchange 742 
in plasma 461 

antibody production, industrial 398 
antidiuretic hormone (ADH) 579,599.603, 

693 
antigen 143,486,487,489,549 
antiseptics 517,518 
anucleate cell 147,452,461 
aorta 470 
aphids 235,236 
apical dominance 549 
Apicomplexa 36; see also Plasmodium 
apoplast 158 
apoplast pathway 170 

leaf 437,438 
root 448,449,450 
in sieve tube loading 456 

4renicola 62, 63 
lreolar tissue 187,188 
utefacts, and human evolution 904,907 
uterioles 466 
irteriosclerosis 521,528,531 
utery 464-6 

degenerative disease of 521 
uthropods 65-70 

blood system 67-8,459,460 
characteristics 67 
growth pattern 68-70, 762-3 
nervous system 583 
skeleton 66, 89, 624-5, 676 

rtificial insemination 341,756-7 

164 

artificial selection 917-19 
Ascomycota 25 
ascorbic acid (vitamin C) 114,255 
asepsis, in industrial biotechnology 393,395 
aseptic technique 379-80,381,382 
asexual reproduction 705 

animal 704-5 
bacteria 14, 701 
by budding 702,704,707 
definition of 701 
Fungi 701-2 
Oomycota 31-2 
Penicillium 27 
Phytophthora 31-2 
plant kingdom 702-4 
Protoctista 701 
sexual reproduction comparison 
and sympatric speciation 926 
see also binary fission; cloning; tissue 

culture; reproduction 
aspect 316 
assimilation, digestive 228 
association areas 580,582 
associative learning 612 
asthma 294 
atherosclerosis 520-2 

and ageing 531 
causes and reduction measures 522-3 
and cholesterol 670 
effect on blood pressure 477 
and senile dementia 528 

athlete's foot 503 
atmosphere 

as abiotic factor 313. 314-15 
evolutionary change in 881-2 

ATP (adenosine triphosphate) 127,265-6 
in Calvin cycle 209 
in Krebs cycle 268-9 
photosynthetic production 206,207.210 
respiratory production 265, 267-8 
for sodiumlpotassium pump maintenance 

557, $58 
synthesis location 276,271 

ATPase 265,276,636. 637 
atria 469,470 
atrio-ventricular node 473, 474,475 
atropine 567.568-9 
auditory association area 579,580 
auditory cortex 596 
Auerbach's plexus 236,238 
Aureba 5 5 , s  
autecological investigation 373-4 
autolysis 156,403,412 
autonomic nervous system 571-2,573,574 

control by hypothalamus 578-9 
heart rate control 473,474-5 
see also (para)sympathetic nervous system 

autophagy 153,155 
autopolyploidy 831 
autosomes 820 
autotrophism 6.196 
auxin 545 

commercial application 540-1 
discovery of 533-5,536 
dormancy breaking by 549 
in fruit development 550-1 
and geotropism 537-9 
growthiconcentration correlation 537,538 
interrelations with growth substances 546, 

548,549,550 
mode of action 539-40 
parthenocarpic effect 551 
and phototropism 533-7 
production at fertilisation 721 
as weedkillers 540.541 

AV bundle 473 
Aves: see birds 

AVN (atrio-ventricular node) 473,474, a 
axon 192,193 

differential membrane permeability 557 
ion permeability of 557-9 
myelinatedlnon-myelinated differences 

560-1 
potential in 558 

axons, giant 556,561, 641 
axoplasm 557 
AZT (azidothymidine) 513 

B cells 486, 486-7, B 
bacilli 14. 389 
bacteria (Prokaryotae) 7,& 130 

characteristics 8 
comparison with eukaryotes 200 
DNA vector insertion by 836. 838,840- 

845-6 
genetic engineering of 834-41 
growth 13-14,384-6 
leaching by 408-9 
nutrition of 15-17,228 
population growth 17-19,384-8 
resistance of 520 
shape 14 

bacterial cells 
asexual reproduction 14, 701 
chromosome structure of 790 
polysome formation by 802 
ribosomes in 150 
sexual reproduction 14-15, g 
structure . 9-12 
transcription in 802 

bacterial disease 502 
dysentery 502 
opportunistic infection 513 

bactericide 518 
bacteriophage: see phage 
bacteriostat 518 
Baermann funnel 358,359 
balance 576,596-7 
bark 772 
baroreceptors 477,587 
Barr body 821 
barriers, to dispersal 892, 893 
basal bodies 35, 157,782; see also centriole 
basal channels 688,689 
basal metabolic rate (BMR) 252,291-2, 

604-5,658 
base alteration, and mutation 832-3 
base sequence, as genetic code 799 
basement membrane 183,185 

filtration through 683 
of proximal tubule 688,689 

Basidiomycota 25 
basilar membrane 595 
basophils 462,463 
Basta 849 
batch systems 395,397,410 
BCG vaccine 499,506-7 
beating tray 358 
beer production 401 
bees, social communication of 620-1 
behaviour 

assessment of 373 
learned 621-2 

behaviour, innate 610-21 
agonistic behaviour 618-19,620 
altruism 621 
biological rhythms 613,614-15 
instincts 611-13 
kinesis 610-11 
mating 616-17,617-18 
motivation 613-14, 617 
reflexes 570-1,575,611 
social hierarchies 619-21 
taxes 610, 611 

beh 
bell 
Ber 
Ber 
P-P 
bile 

bile 
bin; 
bin( 
bin( 
bioc 
bioc 

-1, bioc 
bioc 
bioc 
bioc 
bioe 
biog 
biol 
biol 
bior 

bios 
bios 
biot~ 

biot: 

bioti 
bioti 
bipe 
bird: 

birth 

birth 
birth 
Biur 
bival 
bival 
blast 
bleat 
blinc 
bloo1 

blooc 

blooc 
blooc 
blooc 
blooc 



shaviour, innate (continued) 
territorial behaviour 615-17 
thennoregulatory 655,664 

:havioural adaptation to drought 664,675 
:It transect 360 
enedict's test 86, 111 
ergman's rule 663,664 
-pleated sheet 100-1 
ile 245,246,248,666,667.669, 673 

secretion control 249,250,669 
ile duct, parasitised 57 
inary fission 14, E, 701,702 
inoc~lar vision 5 9 3 4  
inomsal system 3 
ioche&ical evolution 881-3 
iochemical oxygen demand (BOD) 331,354 
iochemicals, identification process 115 
iochemistry, comparative 902-4 
iochemistry, definition of 77 
iodiversity 338 
iogas (methane) production 407 
iogeochemical cycles 300-1,310-12 
iological pest control 336-7, 846, 848 
iological rhythms 613, 614-15 
iomass, pyramid of 304,306-7 

and DDT levels 336 
iosensor 414-16 
iosphere 298 
~otechnology 375,376 

production systems 392-5 
iotic analysis 356-66 

autecological investigation 373-4 
ecological factors 356-7 
indices for 364-6 
population estimation 362-4 
sampling 357-62 
synecological investigation 366-73 

Iotic factors in habitat 312-14 
totin (vitamin H) 255 
pedalism 6466,905 
.rds (Aves) 

characteristics Z,E 
sexual reproduction of 725 

rth 631,745-6 
changes in circulatory system 747-8 
and lactation 746-7 

rth control 748-51 
rth rate 321-2 
iuret test 113 
valent 784, 789 
.valves 71 
.astocyst 737,738 
.eaching 591 
.ind spot 589 
.ood 

composition of 460-3 
functions 478-9 
oxygen transport 479-80 
pH control 479,694-5 
solute potential control 595 
storage in liver 669,671 
see also plasma; platelets; red blood cells; 

white blood cells 
ood, defensive functions 482-4 

and inflammation 484-5 
phagocytosis 484 
wound healing 485 

ood cell, surface area 287 
.ood clotting 461,482-4; see also haemophilia 
ood glucose monitoring 415 
ood groups 491-2 

as balanced polymorphism 921 
genotype of 824 
inheritance of 824 
MHC antigens in 878 
rhesus factor. 492,493,744-5 

blood pressure 476-8 
and glomerular filtration rate 685 

blood supply 
effect of training 639 
and senility 528,530 

blood system 
coelomate 279, 459-60 
development of 61 
haemocoel 67-8,z, 459,460 
openlclosed 459 
for respiratory surface 277-8 
see also circulation 

blood system (human) 
effect of autonomic nervous system m 
fetal 747-8 
maternallfetal 741 
control by medulla 578 
see also circulation 

blood tests, during pregnancy 871 
blood transfusion, and HIV infection 511 
blood vessels 459 

artery 464-6 
carbon dioxide effect on muscle 478 
lymphatic system 468, 469 
(nor)adrenaline effect 607 
structure 464,465 
vein 465,467 
see also capillary 

blood volume distribution 473 
blue-green bacteria (Cyanobacteria) 16-17,~,  

405 
BMR (basal metabolic rate) 252, 291-2 
BOD (biochemical oxygen demand) 331,354 
body size, and temperature adaptation 663 
Bohr effect 479-80,482 
bone 153,189-91,625-6 

ageing effects 530-1 
disease of 255 
gross structure 626 
long bone 625-6 
spongy 262,625 

bone marrow 625 
as blood cell origin 462 
transplants of 513 

bone matrix 190,625 
botanic gardens 340-1 
botulism 502.518,&7 
bovine somatotrophin (BST) 844-5 
bradycardia 478 
brain (fish) 576 
brain (human) ,575-82 

connection with eye 589 
evolutionary size change 906 
origins of 576 
structure 576,577.578-82 
and vision 594 

bread production 400-1 
breast cancer 524,525-7 
breathing see ventilation 
breathing centre 288-9 
breathlessness 294,295 
breeding programme 341 
brewing 270,401,410 
Broca's area 579.582 
bronchitis 294,295-6 
brush border: see microvilli 
Bryophyta (livenvorts/mosses) 37-8,g 
BST (bovine somatotrophin) 844-5 
buccal cavity 237.240-1 
budding (asexual reproduction) 702,704,707 
buffers 275,479,694-5 
bulb 702 
bundle of His 473.474 
bundle sheath cells, in C4 pathway 214,215 
bundle sheath chloroplasts 216 
buoyancy 643,644 

bursa 486 
butter making 402 
butterfly 69-70, 235,335 

CslCh plant comparison 217 
C3 plants 213-14 
C4 pathway 216 
C4 photosynthe2is 213-16 
cabbage white buttersy 69-70,335 
caffeine 567, 569 
calciferol (vitamin D) 254. 255 
calcitonin 599, 603 
calcitonin gene 805 
calcium (ions) 

absorption control 255 
blood level control 603 
in bone 189,190,625-6 
as macronutrient 218,256 
in muscle contraction 638 
reference nutrient Intake 258 
sperm, effect on 735 
transport by plasma 461 

calcium carbonate 596 
callose 453,457 
callus 708,709,710,846 
Calvin cycle 207-9 
calyx 713 
cambium 46,768,770,771 
camels 664,892-3 
cancer 296-7,400,523-7 

of breast 524,525-7 
causes 524-5 
cervical 5 2 4 . 5 2 5 , u  
of colon 524.527 
distribution by gender 524 
mortality rates 496. 497 
prevention and control 525-7 
secondary, AIDS-related, 512,513 

Candzda 30,229 
capacitation 7 3 5 6  
capillary 465,466,467,657-8 

alveolar 286,287 . 
capsid 20, 
capsule, bacterial 12 
capture-recapture technique 363 
carbamino-haemoglobin 482 
carbohydrates 82-7 

digestion in small intestine 245,246, 247 
energy content 301 
identification 111-12 
intake recommendations 258-9 
metabolism in liver 6667,571 
nutritional value 252 
oxidation of 266 
secretion by Golgi apparatus 153,154 
synthesis in plants 210,211 

carbon 
circulation through plant 451 
as energy source 196-7 
importance of 77-9 
in nutrient medium 375 

carbon bonding 78-9, 84 
carbon cycle 3 11-12 
carbon dioxide 

atmospheric increase 312 
and blood pressure 478 
as breathing control factor 289-90 
food uses 400-1 
from respiration 267 
as greenhouse gas 326-7 
and oxygen release from blood 479-80 
pH change by 694-5 
and photosynthetic rate 212, 213 
placental exchange 742 
removal of 311-12 
transport in blood 481-2 



carbon dioxide fixation 209,210 
C4 plants 214,215-16 

carbon monoxide 481,522,742-3 
carbonic acid 480,482 
carbonic anhydrase 461 
carbonyl group 79 
carboxyl group 79,89 
carboxypeptidase 245 
carcinogens 5 2 4 5  
cardiac centre, medulla 474 
cardiac cycle 471-3 
cardiac muscle 471 
cardiac output 474 

ageing effect 530,531 
j in exercise 476 
\.,cardiovascular disease 520-3 

arteriosclerosis 521,528,531 
atherosclerosis 520-2 
causes and reduction measures 522-3 
coronary 477,484,520,521 
in developed countries 498 
gender distribution 522 
mortality rate 496,497 
reduction measures 522-3 
in sickle-cell anaemia 859 
stroke 477,520,521,528 
treatment of 523 

cardiovascular system, ageing effect 530,531 
caries 240 
carnivores m, 303,304; see also consumers 
carnivorous plants 170,171.220 
carotenoids 202,203,253 
carpels 713,718 
carrier proteins 143,144,146, 691; see also 

channel proteins 
carriers (genetic) 482, 821-2 

diagnosis of 867-8 
population frequency of 911-12 
see also recessive allele 

carrying capacity 321,322 
cartilage 187-9,283,625,626,633 
cascade effect 598,600,601 
Casparian strip 170,172,448,449,450 
catabolism 116 
catalase 122,137 
catalysis 116 

inhibition of 123-5 
catecholamines 607 
caudal vertebrae 627.628.630- 
cavitation 445 
cell 128-30 

animal/plant differences 129-30 
microscopic structure 129-30 
ultrastructure 135-9 

cell-cell recognition 143 
cell compartmentation 130 
cell culture 389 
cell cycle 7 7 8 4  
cell differentiation, plant 768,769 
cell division: see b i n q  fission; meiosis; mitosis 
cell enlargement, plant 542,767,768 
cell membrane: see cell surface membrane 
cell movement and microtubules 156 
cell plate 154, 782 
cell respiration: see respiration 
cell sap 159 
cell size, and diffusion efficiency 63, 143-4 
cell surface membrane 129, 135. 136-1, 

140-7 
bacterial 12 
effect of alcohol 431 ' 
fluid mosaic model 141-2 . 
funct!on 140, 143 
hormonal effect on 600 
partial permeability 140 
permeability variations 584 

plant cell 429,430 
transport across 143-7 

cell transformation 846 
cell wall 129,130,135,138-9 

bacterial 9-12 
formation 154,782 
function 158 
secondary 157 
structure 157-8 
thickening 768 

cellulase 28,30,89,411 
cellulose 88-9 

deposition in collenchyma 172,173 
digestion by ruminant 250-1 
loosening 539-40 
synthesis of, in germinating seed 764 

cellulose microfibils 139 
central nervous system 569,572,575-82 

embryonic origin 572,738 
meninges 575 
see also brain; spinal cord 

centriole 129. 156,779,780,782; see also 
basal bodies 

centromere 776,777,780 
centrosome 782 
cephalisation 61,583 

of insects 68 
Nerezs 64,& 

cephalopods 71 
cercaria 5 8 , s  
cerebellum 576,577,578 
cerebral ganglia, of arthropods 583 
cerebral haemorrhage (stroke) 477,520,521, 

528 
cerebral hemispheres 577.579-82 
cerebrospinal fluid 575 
cervical cancer 524,525,526 
cervical vertebrae 627,628-9 
cervix 727,752 
CFC (chlorofluorocarbons) 326,327 
chaetae 64, a @& 639,640 
channel proteins 142.143,144 

gated 558 
ion 558,562-3,564,861 
water 693 
see also carrier proteins 

cheese making 402 
chemical competition 326 
chemoheterotrophism 15-16,17,196 
chemotherapy 518 
chiasma 784.788, 817 
chimera 851 
chitin 89,624 
Chlarnydia 399 
Chlorella 33 
chlorenchyma 170 
chloride content of water 352 
chloride ions, in guard cells 444 
chloride shift 482 
chlorine 218,256 
chlorophyll 202-3,213; see also chloroplast 
Chlorophyta (green algae) 33 
chloroplast 135,13&9,159,197,199, 

199-202 
comparison with eukaryotes 200 
ABA synthesis by 547 
C4plants 216 
evolution of 30 
light requirement 551 
protein synthesis 199-200 

chlorosis 213,217 
choice chamber 610-11 
cholecystokinin 249,250,599,669 
cholera 499,500,502,504-5 
cholesterol 

in atherosclerosis 521,522 

in bile salts 669 
in cell membranes 141,142,143 
for corticoid production 606 
and fibre intake 252 
liver production 670,671 
metabolism of 252 
protein food content 405 

cholinergic neurone 562 
cholinergic receptor types 568 
cholinesterase 563 
Chondrichthyes (cartilaginous fish) $ 
chondrin 187 
chordates 63, 73-6 

body plan 76 
chorion 737-8 
chorionic gonadotropin: see HCG 
chorionic villi 737, 741 
chorionic villus sampling 868-9 
choroid 588 
chromatid 776,777. 780, 786 

separation, by microtubules 156,780. 
782,785,786 

chromatin 129,130,137,148-9,776,791 
chromatography 111,208 
chromium 256 
chromosomal basis of inheritance 813-14,815 
chromosome 137,148,7764,780,791 

* giant 820,831 
homologous 614,777 
movement of 782 
mutation of 830-2 
sex-determining 745, 820-2,823 
structure of 790 
see also allele; gene 

chromosome number, and linkage groups 
819-20 

chymotrypsin, pancreatic 245 
cigarette smoking: see nicotine 
cilia 34,35,36, 156-7,230,231 
ciliary muscle 588,590 
ciliated epithelium 184, 185, 186, 284 
Ciliophora (ciliates) 34-6 
circadian rhythm 615 
circulation 

backflow prevention 467 
changes at birth 747-8 
human heart 469,471 
maternallfetal 741 
singleldouble 463,464 
see also blood system 

circulatory disease: see cardiovascular disease 
cisternae 137, 149, 151 
class 4 
classification 3,373 

and bacterial cell shape 1 3 , U  
by comparative biochemistry 904 
by comparative embryology 899,901 
criteria for 5-6 
evolutionary agreement of systems 894 

clavicle 631 
climacteric 551 
climax community 298,317 

dominance in 3 19 
cline 916, 923 
clitellum 6 4 , s  
cloning 701,705, %, 857 

clone library 841,842 
definition of 834 
of plants 705-7 
by tissue culture 705,707-11 
using recombinant DNA 840-1 

cnidarians 5 3 4 , 5 5 4 , 2 3 5  233 
nervous system 583 

coacervation M 883 
cobalt 219.256 . 
cocaine 567,569 



:occi &l 
:occyx 630 
:ochlea 595 
:odominance 8234 
:odon 799,800,803 
:oelom 

of annelids 61 
body plan 63,X 
development 56 
importance 61-2 
of insect 68 

soelomates, blood system of 459-60 
zoenzymes 127 
cofagtors 126-7 
cohebion-tension theory of water movement 
443": 447 

colchicine 831 
cold (infection) 501 
collagen 

ageing effects 528 
in blood vessels 464,465 
in bone 191,625 
as cartilage component 187 
in striated muscle 635 

collecting duct 693,694 
collection methods 358 
collenchyma 168,172-4 
colloid, cytoplasm as 149 
colon (large intestine) 237.246,23 
colorirneter 388 
co los t~m 747 
colour blindness 593 
colour vision 591,593 
columnar epithelium 184,185 
commensalism 230 
community 298,317,318 
companion cell 168.172, 181,182,452,453, 
456 - 

loading into 456,457 
comparative anatomy 896,897 
com~ensation points 22.5 
competition 886, 914, 916-17 

as biotic factor 
chemical 326 

competitive exclusion 325 
competitive inhibition of enzyme 1234 
complement 484 
complementary base pairing 108,109 
composite materials 158 
concentration, and reaction rate 120, 122 
condensation reaction 

ADP 265 
glucose & 
lipid formation by 89 
macromolecules 82 
nucleotide formation by 105,106 
peptide formation by 93,z 
sugars 85 

conditioned reflex 571,612 
cones (conifers) 43-4,s 
cones (eye) 589-91 

and colour vision 593 
convergence and summation 586 

conflict behaviour, in courtship 618 
conidia 26,a 
Coniferophyta (conifers) =,a, 41, 43445 

adaptation to land 48-50 
reproduction 45,48;50 

conjugation, bacterial 14,s 
conjunctiva 588 
connective tissue 187-91, 656,657 
consciousness 579 
conservation 338-9,342-3 
conservation agencies 347-8 
consumers 302,303,304,372 

continental drift 892 
continuous production systems 395,397,403, 
404 

continuous variation 828 
contraception 748-50 
contractile vacuole 35,675-6,677,678 
control systems 647-9 
convergence 586 

in retina 586,590,591 
synaptic 565 

convoluted tubule 681,682,684 
blood supply of 687 
distal 692-3,694 
pH regulation by 692,695 
proximal 685,686-90 

cooling, by transpiration 443 
copper 

in cytochrome oxidase 269,270 
as micronutrient 21 9.256 

corals 54 
core temperature 

monitoring of 659,660 
and surface temperature differences 653, 
654,659 

andsweating 659 
cork 771-2 
corm 702 
cornea 588 
cornified tissue 656 
corolla 713,715 
coronary heart disease 477,484,520,521 
corpus callosum 582 
corpus luteum 731.733,734 

breakdown prevention 737 
hormones from 599 

correlation 549,550 
cortex 684 
Corti, organ of 595 
cortical nephron 681-2 
cortical reaction 736-7 
corticoid, production of 599,606 

fetal 745 
cortisol 599,606,667,668; see also ACTH 
cosmozoan theory 881 
cotyledons 723 
countercurrent exchange, gills 283 
countercurrent heat exchange 654,664 
countercurrent multiplier 691-2 
Countryside Commission 347 
courtship 617-18 
covalent bonding 

enzyme immobilisation by 413 
in organic molecules 77 

Cowper's glands 726,735 
cranial nerves 570 
creatine phosphate 273 
creatinine secretion 690 
cretinism 605 -" 

cristae 137, 269,276 
crop plant 340 
cross bridges (striated muscle) 636 
cross-linking, enzyme immobilisation by 413 
crossing, reciprocal 809 
crossover 784,788,789-90,816,817-18 

double 819 
and mutations 832 
as variation promoter 829 

crossover (recombinant) frequency 818 
cryopreservation 341 
crypts of l ieberbhn 243,244 
cuboidal epithelium 184 

epidermal 656 
in proximal tubule 685,688,689 

culture medium 378-9;see also nutrient 
medium 

culture systems, industrial 395,397 
curare 567,569 
cuticle (arthropod) 52; see also exoskeleton 
cuticle (plant) 170,171 

of Bryophyta 37 
thickness of, and transpiration rate 442 
as transpiration site 435,437 
xerophytic adaptation 171, 651 

cuttings 707 
Cyanobacteria (blue-green) 16-17,& 405 
cyanocobalamin (vitamin B12) 254 
cycads 901 
cycles, of population size 323,324 
cysteine 94, 95 
cystic fibrosis 858, 860-1, 873 
cytochrome c, phylogenic similarities 902,903 
cytochrome oxidase 269,270 
cytokine 545,546-7 
cytokine-auxin interrelations 546, 549 
cytoplasm 129,130.149 

bacterial 9 
cytosine 105,107 
cytoskeleton 156,157 

dairy products 398,401-2, m; see also milk 
damping off (Pythium) 32,229 
dark adaptation 591 
Darwin, Charles 893-4 

origin of natural selection theory 884, 
a, 886-7 

phototropism experiments 5334 
data recording/presentation 368-72 
daylength variation, and flowering 552-3 
DDT 334-5,510 
deamination 674,679 

in liver 668,671 
death rate 321-2 
decarboxylation 267 
decomposers 15,28,228,303,309; see also 

detritivores 
decomposition, and eutrophication 331 
decomposition rate 303 
decremental conduction 583 
deficiency disease causes 495 

acid rain 328 . 
mineral lack in plants 213,217,218,219 
protein lack 262-3 
vitamin lack 253-5 

deflected succession 318 
deforestation 332-3 
dehiscence 717 
dehydration 

human 504,516 
plant (wilting) 294, 652 

dehydration (microscopy) 163,165 
dehydrogenation 267-8 
deletion, mutation by 832, 833 2 

denaturation 104, 120-1 
dendrochronology 770-1 
dendroclimatology 770 
dendrogram 445 
dendron 192,193 ' 
denitrification 310-11 
dental disease 240 
dental formula 238,239,250 

3 .  depolarisation 558-9 7 1 ' 
at motor end-plate 638 , 

as positive feedback 649 
and repolarisation 559 
summation of 563-4 
at synapse 562-3 
in transducers 584- 
see also action potential; polarisation ' 

depolarisation wave 559-60 
depression 568 I ,  9: 

i ' 

' l ' ,  ' 
1 ; '  



dermis 6 5 6 7  
desertification 334 
destarching 223 
detergents 410,412 

use in dis~nfectants 517,518 
detoxification 670,679-80 
detrital food chains 302, 303, 309 
detritivores 232,300.372; see also 

decomposers 
deuterostomes 899, 901, 904 
development 

definition of 758 
1 effect of light on 5 5 1 4  

see also growth 
diadetes insipidus 693 
diabetes mellitus 607, 608, 

genotype frequency 912 
insulin for 841 

dialysis 696-8 
diaphragm 288 
diarrhoea 504 
diastole 471-3,477 
dlauxic growth, bacterial 385-6 
dicotyledons 45,49, a 51,169 

epidermal cell shape 170 
half-flower 714.715 
leaf 198,442-3 
stem 169, 172,446 

diet 251, 259-60 
dietary carcinogens 525 
dietary reference value @RV) 257,259-61 
diifusion 

and area:volume ratio 63 
in bacterial cell 9 
cartilage matrix 188 
in cnidarians 54 
excretory product removal by 673 
facilitated 144, 147 
of fats in gut 245 
food absorption by 146 
of materials, in platyhelminths 54,56,57 
and molecular structure 144 
in plants 428 
as transport mechanism 143-4 
see also transport 

diffusion, gaseous 277-8 
alveoli 286-7 
determination of in leaves 225-6 
earthworm 64,279 
fish 281-3 
insect 66,280-1 
mammal 283-7 
metabolic rate relationship 278 
plant 170,294 
and size 63 

difision gradient, in proximal tubule 688, 690 
diffusion rate 278 
d i i s ion  shell 438,439 
digestion 

in humans 235 
by lysosomes 153,155 
in small intestine 245 

digestive enzymes 248 
of saprotrophs 28 

digits 621. 627, 632 
dihybrid inheritance 811-13 
dihybrid ratio 811 
dihydroxyacetone 83,& 
dioecious plants, cross-pollination of 713,714. 

715,718-21 
diphtheria m, 499,502 
diploblastic body 5 3 , z  
diploid cells 777 
directional control 615 
directional selection 915. 916 
disabilities, and abortion 750 

disaccharides 83,85-6 
discontinuous growth 762-3 
discontinuous species distribution 892-3 
discontinuous variation 828 
disease 

classification of 495-6 
in developed countries 498 
global distribution 496-8 
MCA for detection of 399-400 
pathogens of 500,501-3 
resistance to 497 
viral 20,2J, 2 2 , a  

disinfectants 517 
dispersal, and population size 324 
dispersal of species 892-4 
dispersants, for oil pollution 332 
displacement activity 619 
disruptive selection 915, 916 
dissociation curve 

haemoglobin 479,481 
myoglobin 480,481 

dissolving 80-1 
distal convoluted tubule: see convoluted tubule 
district heating 346 
disulphide bond 95,96,100,101 
diurnal rhythm 615 
diversity 336,356 
diversity index 356 
DNA 

bacterial 9, a; see also plasmid 
base pair bonding 108,109 
cDNA 836.837 
cell classification bv 7 
cell organelle comparison 
as chromosome component 790-2 
direct uptake 851 
as inheritance factor 792 
inter-species transfer 853 
location 7, 147 
non-coding 803,805 
promoter regions 841 
replication of 794-6 
structure 105,107-8,109-10 
T-DNA 846 
unwinding of 794,795.802,807 
viral 20 

DNA, recombinant 834 
cloning 840-1 
production of 837-40 

DNA analysis 869-70 
DNA ligase 794,795.838,840 
DNA polymerase 794 
DNA profiling 874-8 
DNAvims 524 
DOM (dead organic matter) 303,316-17,319 

pyramid representation 307 
soil component 31617  

dominance 
in climax community 319 
genetic &&l 

dopamine 567,568 
dormancy (animals) 663 
dormancy breaking 545.549,555,651 

by cytokines 546,763 
by gibberellins 542,543 

dormancy induction 545,547,548,555,763 
Down's syndrome 830-1,858,863-5 
downstream processing 395,398 
drought 

adaptations to 675 
kidney response to 682 
physiological 699 
see also xeromorphic adaptations 

drug development, ethics of 513-14 
drugs, effect on fetus 743-4 
Dryopterisfilix-mas (male fern) 3 9 4 1 , 4 2 4  

ductus arteriosus 747 
ductus venosus 747,748 
duodenum 237,243 

hormone production 249, $99 
dwarfing 544 
dwarfism 774 

E. coli 
as DNA vector 836,838,840,843 
infection by 515 
structure 10 

ear 594-7 
balance function 596-7 
cochlea 595 
hearing function 595-6 
heat loss through 663 
structure 594-5 
vestibular apparatus 594, 596 

ear bones, comparative anatomy 896,897 
earthworm (Lurnbricus) 

class characteristics 62, 64-5, &j 

ecological importance 317 
feeding mechanism 232 
locomotion 639-41 
nervous system 583,641 

ecdysis 624-5 
echinoderms 72 
ecological niche, multiple 69 
ecological pyramid 304,306-7, 336,372 
ecology 298-9 

autecological assessment 373-4 
ecosystem 299-301 

changes during succession 319 
definition 298 
degradation of 332-4; see also pollution 
structure 299-300 

ecotypes 916 
ectoderm 

cnidarian 53 
human 572,738 

ectopic pregnancy 756 
ectothermy 652 
effector (plasma) cells '487,488 
egestion 228 
egg 

cleidoic 676 
microinjection into 850 

egg donors 757 
elastase 851 
elastic cartilage 188,189 
elastin 189 
elbow joint 632 
electrical impulse conduction, neuronal 191, 

192 
electrochemical gradient 557 
electron carriers, in respiration 267,268-70, 

271; see also NAD 
electron flow, in photosynthesis 206,207 
electron microscopy 131-4 
electrophoresis 111 
electroporation 851 
elephant, conservation of 342-3 
embryo (human), development of 738-41 

CNS formation 572,738 
extra-embryonic membrane formation 

737-8 
implantation 737,738 
maintenance of pregnancy 737 
pre-embryo state 755-6 
role of placenta 741-2 
sex determination: chromosomal 745; 

investigatory 869,874 
substances crossing placenta 742-5 

embyro (plant), development of 546, 7237 766 
embryo sac (plant) 715,718 
embryo transfer (human) 754-5 

em1 
em1 
em! 
enc 
enc 

enc 
enc 



mbryology, comparative 899,901-2 
motions 578-9 
mphysema 294-5,851 
nd-product inhibition 125 
ndocrine system 597-609 

definition of 597 
effect of autonomic nervous system 573 
function and control 599 
location 598 
placenta as 742 
see also hormone; specific gland; specific 

hormone 
:ndocytosis 147, 153 
:ndoderm 

&darian 53 
hizman 738 

:ndodermis (plant) 168. 169, 170, 172 
:ndolymph 595,596 
:ndometriosis 752 
:ndometrium 

effect of hormones on 733,734 
role in implantation 737 

:ndomitosis 831 
;ndoplasmic reticulum (ER) 135. 136-7. 

138-9,147-8,149,150 - 
in plasmodesmata 138-9. 159 
ribosomes on 150 
rough/smooth differences 149 
steroid synthesis 149 

endoplasmic reticulum (rough) 
of hypha 27 
protein transport through 803,804 
of yeast 29 

endorphin 567 
endoskeleton: see skeleton (mammalian) 
endosperm food reserve mobilisation 542,543 
endosymbiont theory 30,199-200,229,277 
endothelium 184 
endothermy 652 
energy content of foods 405 
energy flow 197 

through ATP 266 
in ecosystem 300-1 
in food chain 302 
and productivity 308 

energy losses, in food chain 308-9; see also 
productivity 

energy pyramids 307 
energy requirements 196, 2 5 2 , 3 a  
energy sources 196-7 

industrial 346-7 
for microorganism growth 377 
Sun 300-1,302 

energy store 
carbohydrate as 86 
lipid as 91-2 

energy transport: see ATP 
energy units 252,30I 
enkephalins 567 
enrichment medium 379 
enterokinase 248 
enteron 232 
entrapment of enzymes 412 
environment 

and evolution, Lamarckian hypothesis 884 
influence on variation 828-9 
influencing nitrogenous excretion products 

674 
modifying instinctive behaviour 612-13 
and osmoregulation 674-5 

environmental change, and selection pressure 
916 

environmental modification, by succession 319 
environmental resistance 322 
enviromnental safety, and genetic engineering 

855 

enzyme 
action mechanisms 117-18 
activation, during germination 764 
active site modfication 124-5 
allosteric 125 
as catalyst 116 
commercial uses 410 
creation and transport in lysozymes 153 
immobilised 412-14 
induction/repression 806, 807 
industrial production 410 
inhibition of 123-5 
membrane-bound 143 
properties 116-17 
re-design of 409 
reaction rate 118, 120-2 
stability, and immobilisation 412 
temperature effects 377, 652 

enzyme cofactors 126-7 
enzyme technology 409-14 
eosinophils 462, 463 
epidermis (animal) 

respiratory surface 279 
skin 656,657 

epidermis (plant) 168. 169, 170, 171.198 
monocot/dicot differences 170 

epididymis 726 
epistasis (inhibitinggenes) 825, 827 
epithel~um 

ciliated 184, 185, 186, 284 
columnar 184,185 
compound 1 8 6 7  
cornified 187 
cuboidal 184,656,685,688, @Q 
human gut 236,238,243,244,247 
pseudostratified 186 
simple 183-6 
squamous 1834,186,284 
stratified 186-7, 656 
transitional 187 

ER: see endoplasmic reticulum 
erythrocytes: see red blood cells 
essential amino acids 253,862 
essential elements 216-20 
essential fatty acids 252-3 
essential nutrients 375-7 
estimated average requirement (EAR) 257 
ethanol 

commercial use 346,407 
fermentation 270-1,272 

ethene 544,545.548,550 
ethics 

and abortion 748,750-1 
and AIDS 756-7 
of drug development 513-14 
of genetic engineering 853-7 
and genetic screening 871-2 
of kidney transplants 698 

ethology 609-10 
etiolation 551 
eugenics 871, 874, 918 
eukaryote 7,8, 130 

cell/organelle comparison 200 
ribosomes in 150 

euploidy @oIyploldy) 831-2 
eutrophication 306, 329-31 
evaporation 653 
evaporation (sweating) 81, 659-60 
evolution 

convergent 898-9 
divergent 898 
endosymbiont theory 30,199-200,229, 

277 
human 904-8 
parallel 899 
in plant adaptation to land 46-7 

and Protoctista characteristics 30 
saltatory 890 
theories of 884-6 

evolution, evidence from 888 
adaptive radiation 898-9,900 
breeding programmes 894-6 
classification system 894 
comparative biochemistry 902-4 
comparative embryology 899,901-2 
geographical distribution of species 892-4 
history of the horse 890-1 
homologous structures 896-8 
palaeontology 888-91 

evolutionary change 
and fossil record variation 889 
and selection pressure 916 

evolutionary ecology 299 
evolutionary relationships in classification 6 
excitable cells 557, 584 
excitatory postsynaptic potential (epsp) 563-4 
excretion 

autecological investigation of 373 
definition of 672 
function of 672-3 
by insects 676-7 
by protozoans 675 
see also kidney; nephron; osmoregulation 

excretory products 673 
placental exchange of 742 
see also ammonia; urea; uric acid; urine 

exercise 476, 522 
exine 715 
exocytosis 147 

by lysosome 153,155,156 
by pancreatic cell 152 

exon 805,839 
exoskeleton 66,89,624-5,676 
explants 708 
exponential growth 384-5 
extensor muscle 634, 639,645 
extinction 338, 339 

by competitive exclusion 325 
extraction, in sampling 358 
eY e 

accommodation 589 
retinal photoreception 591-2 
retinal structure 589,591 
structure and function 587-9 
see also cones; rods; vision 

F factor 14-15,s 
F (filial) generations 809,810 
facilitation 563, 565 
FAD (flavine adenine dinucleotide) 

as cofactor 126 
in Krebs cycle 268 
in respiratory chain 269,270 

faecal contamination 496-7 
cholera transmission by 500, 504 
and (para)typhoid 514 

fallopian tubes 727 
farming, use of antibiotics in 520 
Fasciola (liver fluke) 57-60, 229 
fast-twitch muscles 639 
fat 90-1 

bile-aided digestion 669 
as insulator 660 
intake recommendations 258-9 
manufacture of 667 
metabolism in liver 668-9,671 
in protein foods 405 
see also lipid 

fat emulsion 245 
fatigue, synaptic 564-5 
fatty acids 89-90 

absorption in gut 245,246 



fatty acids (continued) 
essential 252-3 
hormones as @Q 
oxidation of 269-70 

fed-batch culture 395 
feedback: see homeostasis; negative feedback; 

positive feedback 
feeding 

detrital 35, 232 
filter 230,231,232 
by insect 232,234-5 
by tentacles 53 ,534,  232,233 
see also nutrition 

Fehling's test 86, 111 
,%femur 627, 632 
%ermentation 270-1, 272. 376 
'b for fuel production 407 

industrial 2 7 3 4  - 
lactic acid 401-2 
by yeast 400-1 

fermenter 393,394,395,396 
design of 403,404 

ferns (Filicinophyta) 37,3841, Q, 
ferritin 462 
fertilisation 

definition of 711 
human 736-7 
IVF 755 
plant 721-2,724 
see also embryo, development of; sexual 

reproduction 
fertilisers, as pollutants 329 
fertility 

drugs for 752,755,850 
and inbreeding 917 
for species definition 4 

fetus: see embryo, development of; 
pregnancy 

fever 661 
fibre, human requirement 251-2 
fibres: see phloem; sclerenchyma; xylem 
fibrin 483 
fibrinogen 461 
fibrous cartilage 188-9 
fibula 627.632 
Fick's law 144,278 
field booking sheet 357,368,369 
field gene banks 341 
filament 713,714,715,717 
Filicinophyta (ferns) 37,38-41, 
filter feeding 230,231. 232 
filtration layers, glomerulus 682-3 
filtration rate, glomerular 683,685-6 
filtration slits (slit pores) 683,685 
fimbriae 3 10, 13 
finches, variation in Galapagos 887,' 894,895 
fins 6 4 2 4  
fish 

brain of 576 
characteristics 75 
gaseous exchange by 281-3 
genetically engineered 855 
isometric growth pattern of 761 
locomotion of 6 4 2 4  
osmoregulation of 677,679 
sexual reproduction of 724 

fishing, sustainable 343-4 
fission 14,l5, 701,702 
fixation 163,165.391 
flagella 9, 12, 156-7 
flatworms 54,56-7 
flavine adenine dinucleotide: see FAD 
Flavr Savr tomato 849,853 
flexor muscle 634,639,645 
flight, of insect 641-2 
flow rate index 686-7 

flowering 
effect of plant growth substances 545 
phytochrome-controlled 552-3 

flowering plants (Angiospermophyta) 
44,46 

adaptation to land 48-50 
flower anatomy 713-14 
gaseous exchange 294 
life cycle 712-13 
reproduction 48-50 
see also (a)sexual reproduction 

fluid feeding 235 
fluorine 219,256 
folic acid (vitamin M/&) 254 
follicle stimulating hormone (FSH) 599.602 

in oogenesis/menstrual cycle 733,734 
in spermatogenesis 730, 731 

food 
as carcinogen 525 
genetically engineered 849 
plant species for 340 
intestinal absorption 146-7 

food chains 300,302-3,309 
detrital 302, 303, 309 

food components, energy content 301 
food hygiene 516; see also faecal 

contamination 
food poisoning 502,515-16 
food reserves 702-4,764 

carbohydrate as 86 
mobilisation of 542,543 
in parenchyma 170 

food web 300,304,305 
forearm 632 
forebrain 576,577,578-82 

cerebral hemispheres 579-82 
corpus callosum 582 

forelimb 631-2 
forest 332-3; see also woodland 
forest agriculture 333 
Forestry Commission 348 
fossil fuel 312, 326 
fossil record, incomplete 889-90,901-2 
fossils 888-90,904 
founder principle 913 
fovea 589,591 
fractionation 134 
fragmentation 704-5 
frame-shift 797-8 
freeze fracturing 140 
freezing, effect on organisms 81 
frequency distribution, and variation types 828 
fruit development 7 2 3 4  

plant growth substance interrelations 
550-1 

fruit juice production 411 
fruit ripening 548,551 
fruit setting 544 

auxins for 540,550-1 
by gibberellins 544,546 

FSH: see follicle stimulating hormone 
fucoxanthin 34 
Fucus 33-4,35 
fuel, from biomass 346,406-7 
fuel sources 346-7,407 
Funavia 38 
Fungi 2,25-30 

anaerobic respiration 270-1,272 
asexual reproduction of 701-2 
characteristics 25 
infections from 503,513 
mycoprotein 404-5 
nutrition method 26, 28,30,228 
structure 26, 27,28-9 
see also Oomycota 

fungicide, systemic 428 

Fusauium, as food source 403,404, m 
fusiform initials 769, 770 

GA3 (gibberellic acid) 541,544 
GABA (gamma aminobutyric acid) 93, 567 
Galapagos Islands, fauna of 893-4 
gall bladder 669 
galls 846,847 
gamete, male, non-swimming 49 
gamete intra-fallopian transfer (GIFT) 756 
gametogenesis 728 

mitotic 3 8 , s  
oogenesis 731-2 
spermatogenesis 728-31 
see also meiosis 

gametophyte 37 
of ferns 39, 40-1, 44 
of livemort 40 
of moss 40 
in seed plants 48-9,50,3,712-13 

ganglia, spinal cord 575 
gaseous exchange: see diffusion, gaseous 
gases, movement through plant &? 
gasohol 346,407 
gastric glands 242-3 
gastric juice 248 

secretion control 249 
gastrin 243, 249,250,599 
gastropods 71 
gastrulation 738 
gated channels 558 
gel electrophoresis 837,839, 870 
gene 810 

in cancer 523 
control by 806-8 
copying of 835,836.837 
hormonal effect 601 
inhibiting (epistatic) 825, 827 
lethal 824-5 
mapping 818-19 
mutation 832-3 
nature of 797-800 
physical arrangement 776,777 
promoter 807 
regulator 806 . 
sex4etermining 745 
structural 806 
super-gene 923 
synthesis of 837 
see also allele; chromosome 

gene banks 341 
gene complex 825 
gene flow 913-14 
gene pool 909 
gene position, and crossover frequency 818 
gene probe 841,842 

in DNA analysis 869-70 
multi-/single-locus 875, 877 

gene reshuffling 830,912 
gene therapy 873-4 
gene transfer, and tissue culture 710 
generation time 384-5 
generative nucleus 721 
generator potential 584,590,597 
genetic code 797-800 

punctuation codons 800,803 
sequencing of 800 

genetic counselling 863,872-3,918 
genetic death 912 
genetic disease/syndromes 857,858 

colour blindness 593 
cystic fibrosis 858,860-1,873 
Down's syndrome 858,863-5 
gene therapy for 873-4 
genetic screening for 867-72 
Huntington's chorea (disease) 858, 863 



genetic disease/syndromes (contznued) 
Klinefelter's syndrome 858,865, a. 
PKU (phenylketonuria) 858,861-3 
sickle-cell anaemia 857-60 
Turner's syndrome 858,866,867 
see also haemophilia 

genetic disease predisposition 868 
Alzheimer's 528 
cancer 524,526,527 
cardiovascular disease 523 

genetic diversity, conservation of 339-42 
genetic drift 913 
genetic engineering 376 

for detergent production 412 
kgricultural 405 
af bacteria 834-41 
ethics of 853-7 
of food 849 
history of 835 
products of 841,843-5 
and vaccine production 499-500 

genetic eroslon 338 
genetic fingerprinting 805,874-8 
genetic inertness 821 
genetic load: see recessive allele 
genetic polymorphism 923 
genetic recombination: see independent 

assortment 
genetic screening 857,867-72 
genetic variation 

and asexual reproduction 705 
by meiosis 789 
and self-pollination 718 

genotype 
definition of 810 
determination of 811 
frequency of 910,911 
for sex determination 820 

genus 4 
geographical distribution of species 8 9 2 4  
geotropism 172,532,537-9,766 
germ-line therapy 873,874 
germinal epithelium 731 
germination 

conditions for 764 
and light wavelength 551-2 
and negative growth 758 
physiology of 764-5 
phytochrome involvement 551-2 
respiration during 765 
and stratification 555 
types of 766 

giant panda 339-40 
gibberellic acid (GA3) 541,544 
gibberellins 5414,545,546 

anti-gibberellins 544 
enzyme synthesis activation by 764 
rnterrelations with auxm 548,549 
levels during vernalisation 554 
parthenocarpic effect 544,551 
phytochrome effect of 554 
and pre-chilling 763 
stratification effect 555 

gigantism 774,775 
gill pouches, embryonic 899 
gills 279 

fish 281-3 
mussel 233 
as osmoregulatory organs 677 

glandular epithelium 187 
glandular plant cells 170 
global warming 326-7 
globins, species similarities in 902,903; se 

also haemoglobin; myoglobin 
globulln 

insulin binding to 607 

liver production of 668,671 
867 glomerular filtration rate 683, 685-6 

glomerulus 681,682,684 
capillary structure 466 
filtrate reabsorption 688,690 
filtration layers of 682-3 

glucagon 599.607,608-9,650,667, 668 
gluconeogenesis 667 
glucose 83-5 

component of cellulose 88 
component of starch 86 
control of level 649-50 
production from glycogen 608-9, 666-7, 

668,671 
selective reabsorption by nephron 688, 

689,690 
thyroxine-mediated breakdown 604 
see also glycolysis 

glucose monitoring 415 
glutamate 566-7 
gluten 863 
glyceraldehyde 83,@ 
glycerate phosphate 209,210,215 
glycerate phosphate metabolism 210-11 
glycerol 9 0 , s  

absorption In gut 245,246 
glycine, neural effects 566-7 
glycogen 88 

in muscle a, 273 
liver metabolism 608,609,666-7,668, 

671 
ln yeast 29 

glycogenesis, in liver 666, 668. 671 
glycogenolysis 608-9 
glycolipids 92, 141,142. 143 
glycolysis 210,211.267-8,271 

in anaerobic respiration 270,272 
glycosidic bond a, 85, 8 6 , a ,  88 
goblet cells 184,185. 187 

in gut 243,244 
mucin production 153 
in respiratory tract 284 

goitre 605 
Golgi apparatus 129, 130.135. 136-7. 151-3, 

154 - 
of hypha 27 
for lysosome enzyme production 153 
microtubule guidance of 157 
of neurones 192 
in protein synthesis 149 
of yeast 29 

gonadotrophin releasing hormone (GnRH) 730, 
733,734,752 

~raafianfollicle 731, 732,734 
grafting 707 
Gram bacteria 

antibiotics against 519 
classification system 12 

Gram stain 388, 390, 391 
grana 199,201,202,222 

Kranz anatomy 214 
granulocytes 460,462,462-3,484 
granulosa 731,732 
grazing food chain 309 
greenhouse effect 326-7 
grey matter, spinal cord 575 
gross primary production (GPP) 308 
growth 

bacterial 18-20,384-6 
requirements for microorganisms 375-8 

growth (animal) 
allometric 761,762 

e of arthropods 762-3 
definition of 758 
human 772-5 
isometric (proportional) 761 

measurement of 759-60 
and moulting 624-5 
negative 758, 759,762 
(un)limited 761-2 

growth (plant): see plant growth 
growth centre 764 
growth curve 322-3,758-9,760-1,762 
growth hormone (hGH) 599,602,7724 

control of 772-3 
in farm animals 852-3 
genetically engineered 844 

growth measurement 
of bacterialfungi 386-8 
exponential 18 

growth parameters 759-60 
growth rate (human) 604 
guanine 105,107 
guard cells 170,4434 
gut 

effect of autonomic nervous system 573 
human 236-8 

guttation 447 
gynoecium 713,721 

habitat 299 
assessment 373, 373-4 
influencing factors 312-16 

habituation 612 
Haeckel, Ernst 899 
haem 127 
haemocoel 67-8,z,  459,460 
haemocytometry 387-8 
haernodialysis 696-7 
haemoglobin 278-9 

breakdown of 462,669, fi7J 
as buffer 479,694 
carbon dioxide complex formation 482 
and carbon monoxide 481 
coelomate 460 
dissociation curve of 479,481 
fetal 742 
human 461 
hydrophobic/hydrophilic property 103 
mammalian 479 
oxygen transport 479-80 
primate similarities 902,903 
quaternary structure 1 0 3 4  
in sickle-cell anaemia 858,859-60 
vertebrate 460 

haemolytic disease of the newborn 492,493 
haemophilia 858 

cause of 483 
factor IX production 852 
sex-linked 821-2,523 

hair 656, 660 
hair (plant) 170,171 
hair follicles 657 
halophiles 378 
halophytes 698-9 
halteres 896 
hand-sorting 358 
haploid cells 777 
haplotype 878 
Hardy-Weinberg equilibrium 910-12 
Hatch-Slack pathway 214-15 
haustoria 31 
Haversian system 190,191 
HCG (human chorionic gonadotropin) 39&9, 

599,737,742,752,755 
Heaf test 507 
health, definition of 495 
hearing 595-6 
heart (human) 

abnormal rate 478 
autonomic nervous system effects 573 
contraction mechanism 473-4 



heart (human) (continued) 
cycle of 471-3 
effects of exercise 476 
muscle structure 471 
myogenic stimulation 473-4 
rate regulation 4744,476 
refractory period 474 
structure 469-71 

heart disease: see cardiovascular disease 
heart rate 474,478 
heart transplant 523 
heartwood 771 
heat, for sterilisation 518 
heat capacity, of water 81 
heat exchange, countercurrent 654, 664 

'$eat gainlloss centre 661,662; see also 
temperature control 

hedgerows 345 
height profile 367-8,369,371 
helicase 794 
hemicellulose 157,411 
heparin 463,483 
hepatic portal vein 665 
Hepaticae (liverworts) 37-8,@, 47 
hepatitis B 501. 744 
hepatocytes 666 
herbaceous plants 46,@, 49 
herbicides 

auxins as m, 541 
resistance to 848,849, 855 

herbivores 300 
herbs 766 
heredity: see entries starting with gene or genetic 
hermaphroditism 711-12,713 
heroin 567,744 
herpes virus detection 400 
heterocysts 17 
heterosomes: see sex chromosomes 
heterospory 4 9 , a  
heterotrophism 6, 196, 227-30 

of early organisms 883 
of fungi 25,27 

heterozygote advantage 912 
heterozygous, definition of 810 
hexoses, functions 83; see also glucose 
hGH: see growth hormone 
hibernation, and core temperature raising 659 
high fructose corn syrup (I-IFCS) 413-14 
Hill reaction 220-2 
hindbrain 576,577,578 
hindlimb 627,632 
Hirudinea (leeches) 62 
histamine production 463 
histology 167 
histones 148, 790 
HIV 510,511-12 

and AIDS 513 
fetal 744 
prevention by contraception 748 
test for 512 
transmission routes 510-11 
virus description 20,22,24 

HLA (human lymphocyte antigen) genes 878 
holozoic nutrition 227-8 
homeostasis 647 

control by hypothalamus 579 
of ecosystems 299 
liver control of 665 
and reflex action 570 
see also negative feedback 

homologous structures 631,896-8 
and divergent evolution 898 
evolutionary origin of 890,891 

homozygous, definition of 810 
hormonal control 

comparison with nervous control 556,597 

of heart rate 475 
of labour 745-6 
of oogenesis 733,734 
of spermatogenesis 730 
see also endocrine system 

hormone 
breakdown in liver 670 
chemical nature 600 
definition of 597 
effects on target cells 599,600-1 
level monitoring, by hypothalamus 602, 

605 
mechanism of action 598,600-1 
release control 598, @ 
see also specific hormone 

hormone replacement therapy (HRT) 530, 
734-5 

horse, fossil record of 890-1 
human 

artificial selection in 918 
evolution of 9 0 4 8  
locomotion method 644-6 

human chorionic gonadotropin (HCG) 398-9, 
599,737,742,752,755 

human growth hormone, manufacture 400 
human placental lactogen 742,746 
humerus 627,631-2 
humidity, and transpiration rate 440-1 
humidity measurement 355 
humus 316-17,350 
Huntington's chorea (disease) m, 863 
hyaline cartilage 187-8,190.625, 633 
hybrid 4 

formation of 926 
interspecific 927 
somatic 711 

hybrid sterility 831 
hybrid vigour 831,917,918 
Hydra a 

feeding mechanism 232,233 
nervous system 583 
survivorship curve 322 

hydrochloric acid secretion 242-3 
hydroelectric power 346-7 
hydrogen 81,205 
hydrogen bonding 

a-helix 95,100 
amino acids 9 5 , s  
P-pleated sheet 101 
cellulose 89 
disruption of 104 
DNA 108,109 
triple-helix 101 
water 80 

hydrogen carrier 206 
hydrogen ion gradient, in sieve tube loading 

456 
hydrogencarbonate ions 482, 695 
hydroids 54-55? 56; see also 

Hydra 
hydrological cycle 312,313,314 
hydrolysis 

of ATP 265 
digestive 227 
by lysosome enzymes 153 
of macromolecules 82 
in small intestine 245,246 
of sugars 85, & 

hydrophilic properties 80 
of cell membranes 140-1 
haemoglobin 103 
phospholipids 92 

hydrophobic interactions 
of amino acids 95-6 
and molecular folding 95-6 
in proteins 101 

hydrophobic properties 81 
cell membranes 140-1 
haemoglobin 103 
lipids 90 
phospholipids 92 
triglycerides 91 

hydrophytes, water conservation in 698 
hydrostatic pressure, and filtration rate 683, 

685-6 
hydrostatic skeleton 61-2,624, 63941  
hydrotropism 532 
hydroxyapatite 189, 190 
hydroxyl group 79 
Hydrozoa (hydroids) %,B, 56; see also 

Hydra 
hygrometer 355 
hyperpolarisation 559 

mechanism of 564 
by neurotransmitter 563 
in photoreception mechanism 592 

hypertension 477,522, 531 
hyperthyroidism 605 
hyphae 26,27,28,30,701 
hypothalamus 

autonomic nervous system control 571,578 
function and control 578-9,599.601-2 
glucose level control 649-50 
hormones of 602 
labour control 745-6 
location of 577 
and milk ejection reflex 747 
mood/emotion control by 579 
neurosecretion by 602 
oogenesislmenstrual cycle control 733, 

734 - 
role in osmore-dation 579. 693 
spermatogenegs control 7% 
thermoregulatory function 659,650, 

660-1,662 
hypothermia 662.664 
hypothyroidism 605 

I bands 635,537 
IAA (indoleacetic acid) 535-7; see also auxin 
identification, by key . 6, 356 
ileum 237, 243,244 
imago 6 8 , B  
immune system 485-9 

antibody production by 485-6 
antigen reaction of 486 
blood groups 491-2 
cell-mediated response 486,487,488 
HIV attack on 22 
humoral response 486-7,488 
memory of 487,488.489 
restoration of, in AIDS 512-13 
suppression of 400,494 
see also transplants 

immunity 489-91 
passive 742 

immunoglobulin 485 
implantation 737,738 
impotence 753 
imprinting 612 
in vitro fertilisation 753-6,869 
inbreeding 917 
incipient plasmolysis 430,431-3 
independent assortment (recombination) 

bacterial 1 4 1 5  
as basis of Mendel's second law 812-13, 

815 
andlinkage 814,816 
as variation promoter 711,789, 829 
see also recombinants 

indicator media 379 
indoleacetic acid (IAA) 535-7; see also auxin 



iduced fit hypothesis 118,119 
idustrial biosensors 416 
idustrial melanism 920, 921 
idustrial productlon systems 392-5 
ifectious disease 495,496,500-16 

AIDS 510-14 
cholera 500,504-5 
in developed countries 497 
malaria 507-10 
mortality rate 496, 497 
opportunistic 512,513 
@ara)typhoid 514-15 
tuberculosis 502,505-7,508 

nfertility 751-3 
tteatment for 753-7 

nflammation 484-5 
nflorescence 716 
nfluenza 
nheritance, chromosomal basis of 813-14, 

815 
nhibin 730-1 
nhibition, synaptic 566 
nhibition of enzyme action 123-5 
nhibitory postsynaptic potential (ipsp) 564 
nhibitory reflex 645-6 
nner ear 595 
noculation 379, 380, 382-4 
nsecticide resistance 510, 846,848 
nsects 

adaptive radiation of mouthparts 898 
control by pheronomes 617 
excretion mechanisms 676-7 
flight mechanisms 641-2 
gaseous exchange 280-1 
life cycle 68-70 
locomotion of 641-2 
mouthparts 232,234,235,236 
and plant evolution 44 
pollination attractants 721,722 
water conservation mechanisms 680 

instar 763 
instincts 611-13 
insulin 88,599,607-8,650.668 

biotechnological production 400 
cell membrane effect 600 
genetically engineered 841,843,844 
primary structure 99 
role in liver 666-7,668 

inter-cell signalling 143 
interbreeding, and gene flow 914 
intercalated discs 471 
interferon 513,519 
interflorescence 713 
interphase 149,778,779,780,785 
interspecific competition 325 
interstitial cell 725,729, 730 
interstitial cell stimulating hormone (ICSH or 

LH) 599,730 
intertidal environment 33-4 
intestine 

active transport in 146-7 
hormone production by 249,250 
secretions of 243 

intron 805,837,839 
inversion, mutation by 832,833 
investigations, writing-up 366 
involuntary action: see reflex 
involuntary muscle: see muscle, smooth 
iodine 219.256 
ion 

axon permeability to 557-9 
in blood @L 
in bone 189,190 
as enzyme activator 126 
enzyme inhibition by 124-5 
in organisms 77 

reabsorption in loop of Henle 691 
see also micronutrients; minerals 

ion channels 558,562-3,564, 861; see also 
channel proteins 

ion concentration control: see osmoregulation 
ion exchange, for enzyme immobilisation 414 
ion movement 

for cell potential maintenance 557 
passive 557-8 
in root 448,449-50,451 
see also active transport; transport 

ionic balance, and guard cell opening 444 
ionic bond 

disruption of 104, 121 
in proteins 95,101 

iris 589 
iron 

as macronutrient 256 
reference nutrient intake 258 
in respiratory chain 270 
as trace element 

irritability: see sensitivity 
islets of Langerhans 599,607 
isolation 913,925 
isomer separation 414 
isomerism, of glucose 84-5 
IUD 749,752 
TVF 753,755 

Jacob-Monod gene control hypothesis 806-7, 
885 

iaundice 669 
jellyfish g,%, 56 
joints 632-3 

friction in 633 
of insects 641 

juxtaglomerular complex 694,695 
juxtamedullary nephron 682 

kangaroo rat 675 
karyotype 777, 869 
keratin 100,186-7,656 
keto group 3 , 8 3  
ketose 83 
ketosis 262 
key, in classification 6,1,356 
keystone species 342 
kick sampling 358.366 
kidney 680-93 

active transport in 147 
ageing effect on function 530 
autonomic nervous system control of 573 
failure of 696-8 
filtration by 682-6 
histology 684 
reabsorption mechanism 686-93 
structure 681 
water potential in 429 
see also glomerulus; nephron 

kidney hormones, function and control 599 
kidney transplants 698 
killer T cells 487, 488,489,494 
kinesis 610 
kinetin, and dormancy breaking 549 
kingdom (taxonomic) 3,$,6-8 
kite-diagrams 370 
Klinefelter's syndrome 858, 865,866,867 
klinostat 537,538 
klinotaxic response 610 
Kranz anatomy 214 
Krebs cycle 211.268-9,271 

enzyme location 276 
investigation of 274-5 

Kupffer cell 666 
kwashiorkor 262-3 

labium 232,234,236 

labour 649,745-6 
labrum 232,234 
lactase 248 
lactate (lactic acid) 

conversion to glycogen 667,668 
Krebs cycle re-entry 272,273 
in muscle respiration 639 
and oxygen uptake control 280 
production of 271,272,273 
in silage 406 

lactation 746-7 
lactic acid fermentation 401-2 
lactose 85 
lacunae 

of bone 189,190,191 
in cartilage 187-8 

lag phase 18,385,758,759 
Lamarckian evolution 884 
lamellae (animal) 

bone 190,190-1 
gills 281 

lamellae (plant) 222 
chloroplast 201,202 
Kranz anatomy 214 

lamina, dicot leaf 199 
lamina propria 236,238 
land, adaptation of sexual reproduction to 

712-13 
land restoration 320 
landfill 345-6 
language 580,582,907 
laparoscopy 755 
large intestine 237, 246,248 
larval stage, insect 68-9,B 
latency period, viral infection 24,511 
lateial bud development 768 
lateral inhibition 590, 592 
layering 707 
LDso (lethal dose 50) 334 
leaching 408-9 - 
leaf 

food storage in 702 
function of 198.198 
hairs of 441 
laminalmidrib 199.'200 
needle-like 43,442, 651 
as photoperiodic response receptors 554 
shape, and transpiration rate 442 
structure, and temperature adaptation 651 
structure of 197,198,199,200 
water loss rate 440 

leaf, water movement through 435,437-44 
apoplast pathway 437,438 
exit through stomata 437,438,439 
symplast pathway 437,438 
vacuolar pathway 437,438 
see also stomata; transpiration 

leaf mosaic 197 
leaf primordia development 768 
learning 571,612,622 
leeches (Hirudinea) 62 
lens 589,590 
lenticels 170, 294, 435, 437, 771-2 
levelling device 368 
Leydig (interstitial) cells 725,729, 730 
LH: see luteinising hormone 
lichens 30,317 
life cycle, assessment 373, 374 
ligaments 626, 633 
light 

as abiotic factor 313,314 
dormancy breaking by 763 
effect on chlorophyll 203 
effect on transpiration rate 441,443 
growth effects of 551-2 
measurement of 355-6 



light (contznued) 
and photosynthetic rate 212,213,216; 

investigation 224-5, 226 
light-harvesting (antenna) complex 203,205,206 
light trap 358,359 
lignase 28 
lignification 157, 178, 179,768,769 
lignin 445 

function of 157-8 
limb 631-2 

homologous development 896,897 
limb girdles 630-2 
limiting factors 212 
Lincoln index 363 

%line transect 357,360 
\inkage 814-18,923 
linkage group 814,819-20 
lipase 248 

activation of 669 
in detergents 412 
pancreatic 245 

lipid 89-92 
energy content 301 
identification 113 
intake recommendation 25&9 
nutritional value 252-3 
oxidation of 92,266 
in protein foods 405 
respirative oxidation 268 
see also fat 

lipid synthesis 
plants 211 
on smooth ER 149 

lipids, as food reserve 764,765 
lipoproteins, and heart disease 522 
liposomes, as DNA vectors 851 
liquid medium inoculation 384 
Lister, Joseph 517 
listerosis 515 
liver 665-71 

blood storage in 669,671 
carbohydrate metabolism in 6667,668, 

671 
cholesterol production by 670,671 
circulation to 463,464 
detoxifying function 670 
erythrocyte breakdown in 461-2 
as excretory structure 673 
fat metabolism in 668-9,671 
and glucose level control 649-50 
glycogen storage in 88 
growth factor production in 773 
haemoglobin breakdown in 669,671 
hormone breakdown in 670 
mineral storage in 669,671 
protein metabolism 667-8,671 
vitamin storage in 669,671 
see also bile 

liver fluke (Fasciola) 5740,229 
liverworts (Hepaticae) 37-8,a, 47 
lizards, thermoregulation of 655-6 
loading 

of contractile vacuole 675,678 
osmosis promotion by 456 
of sieve tubes 455-6 

lock and key hypothesis 117 
locomotion 623 

and coelomic development 61,62 
earthworm 63941 
fish 6 4 2 4  
human 644-6 
insects 641-2 
quadrupeds 644 
reflex control of 645-6 
and skeletal system 624 
and species stance variation 626-7 

locust 232,234,280 
log phase 18,385,758,759 
loop of Henle 681,682,684,691-2 
looping, mutation by 832 
Lorenz, Konrad 611 
LSD 567.568 
lumbar vertebrae 627,628,629, 630 
Lumbricus: see earthworm 
lunar rhythms 614-15 
lung 279, 283 

capacity/volume 290 
diseases of 294-7 
effect of autonomic nervous system 573 
evaporation from 653 
as excretory structure 673 
see also ventilation 

lung tissue 285,286 
luteinising hormone &H) 599,602 

in menstrual cycle 733,734 
in spermatogenesis 730,731 

lymph 468-9; see also plasma; tissue fluid 
lymphatic system 468,469 
lymphocytes 460,462,463 

B cells 463,486,486-7,488 
location of 469 
see also T cells 

lymphokines (cytokines, interleukins) 487,513 
lymphoma, opportunistic 513 
lysosomes 135.136-7,153,155,156 

plant vacuoles as 159 
secretory 153,155 

lysozyme 240,241 
in gut 243 
mode of action 119 
primary structure 99 
protection against 12 
tertiary structure 104 

Macconkey's agar 379 
macromolecules 82 
macronutrients 217,218 
macrophage 484,666; see also monocyte 
magnesium 

in chlorophyll 202 
as macronutrient 218.256 

ma~nification 132,159 
maior histocompatibility complex (MHC) 494, 

878 
malaria 503,507-10 

and sickle-cell anaemia 860 
malate formation, in guard cells 444 
malate shunt 214-15 
male fern (Dryopterisfiliu-mas) 3 9 4 1 , 4 2 4  
male gametes, non-swimming 49 
malnutrition 261-3; see also deficiency disease 
Malpighian body 681,682 
Malpighian layer 656,657 
Malpighian tubules 677, 678, 679 
maltase 248 
maltose 85,& 
mammal, characteristics a 25 
mammal trap 358.359 
mandibles 232,234. 236 
manganese 219,256 
mapping methods 367-8 
marasmus 262,263 
marrow 191,625 
Mason and Maskell experiments 452,454 
mass 760,765 

and metabolic rate 291 
mass flow 

in animals 459 
in cohesion-tension theory 445 
and complexity 427 
plant energy source for 427 
in sieve tube 455 

mast cells, heparin production 483 
material cycling, in food chain 302 
maternal age, and Down's syndrome 865 
mating behaviour 616-18; see also sexual 

reproduction 
matrix, mitochondrion 276 
maxillae 232, 235,236 
maximum-minimum thermometer 355 
measles 496, 497, $01 

vaccination/immunisation for 490,499 
measurement, using microscope 161-3 
measurement units 130,131 
meat tenderisation 411-12 
medical biosensors 415-16 
medical biotechnological production 395, 

397400 
medulla (hindbrain) 577,578 

breathing control by 288-90 
cardiac control by 474,475 
control of autonomic nervous system by 

571 
osmotic gradient maintenance 691 

medullary ray 179,770,771 
medusa 53,55,56 
meiosis 711, 778,783-90 

animallplant differences 785 
compared with Mendel's hypotheses 814. 

815 - 
compared with mitosis 790 
during gametogenesis 729, 732 
of pollen grain 715 
significance of 789-90 
summary of 787 

Meissner's corpuscles 587 
melanism, industrial 920,921 
membrane: see cell membrane; cell surface 

membrane 
membrane potential 557 
memory 621-2 
memory cells 487,488,489 
Mendel, Gregor 

breeding experiments 808-13 
firstlaw 810 
second law 812 

meninges 575 . 
menopause 734-5 
menstrual cycle 733,734 
mental illness 495 
mental retardation 743,744, 862 
meristem 767 

apical 766-7 
lateral 766,769-72 
primary growth from 766-7 
for tissue culture 708 

mesenchyme 56 
mesentery 61,238 
mesoderm 54,61,738 
mesophyll 169,170, L%!, 199,200 
mesophyll chloroplasts 216 
mesophytes, water conservation in 699 
mesosome 9,12,14 
metabolic pathway 116 

genetic control of 807 
see also specific pathway, e.g. Calvin cycle; 

glycolysis; Kreb's cycle 
metabolic rate 

and gaseous exchange capacity 278 
measurement of 291 

:see also basal metabolic rate 
metabolic rate control 60&5,606, 65S9  
metabolic water 92 
metabolite monitoring 416,602 
metabolite production, bacterial 386 
metameric segmentation 62-3, Zi 
metamorphosis 68-9,B 

incomplete 762-3 



netaphase 779,780,785,786,789, 814,815 
netaxylem 177, 178-9,180 
methane 77-8 
methanogens 407 
iMethylophilus, as food source 403; see also 

Pruteen 
MHC (major histocompatibility complex) 494, 

878 
micelles 140, 669 
microbiological mining 408-9 
microbiology, definition 375 
microbodies 135. 136-7 
microfibr~ls a, 89, 444 
mic$ometry 161-3 
micrbnutrlents 217,219 
microbrganisms 8 

culturing 375-8 
as enzyme source 409 
as food source 403 
see also bacteria 

micropyle 715,718,721,764 
microscopy 159-63 

electronilight comparison m 
limitation of light 131 
material preparation 163-5 

microtome 164 
microtubules 156-7 

as centrioles 779,780.782,785.786 
as sperm tail 729-30 

microvilli @rush border) 135.136-7.157 
of columnar epithelium 184,185 
in distal tubule 692 
of gut 236 
placental 741 
in proximal tubule 688,689,690 
renal 684,685 

middle ear 594-5 
middle lamella 157 
midrib, dicot leaf 199. 200 
milk 747,851-2 

bacterial content 389, 390 
fermentation products 401-2 
nutritional value 255-6 

milk ejection reflex 746-7 
milk production, and BST 844-5 
Millon's test 113 
minerallion channels 558,562-3,564, 861 
mlneral movement (plant) 449.449-50,451 
mineral storage, in liver 669,671 
minerals 

deficiency in plants 213,328 
essential 216-20 
intake, during pregnancy 260-1 
in nutrient medium 376-7 
nutritional value 255,256 
plant uptake 220 
transport through parenchyma 170 
see also deficiency disease causes 

mining, microbiological 408-9 
minisatellites (VNTR) 874,876 
miracidium 5 8 , s  
mitochondria 129.130.135.136-7 

aerobic respiration location 271 
ATP production in 266,271,276 
comparison with eukaryotes 200 
as endosymbionts 20,199-200,277 
Krebs cycle in 268 
location/density 275 
oxidative reactions 267 
polymorphic 275 
respiratory chain location 269 
structure 275-7 

mitosis 38,%,778,779-83 
animaUplant comparison 782,783 
in cancerous cells 523 
in cell cycle 778 

compared with meiosis 790 
during gametogenesis 728 
of plant embyro 723 
of pollen grain 721 
significance of 783 
see also cell division 

MMR (measles, mumps, rubella) vaccine 490 
molecular formula 78 
molluscs (Mollusca) 71 

shell polymorphism of 921-3 
molybdenum 219 
monoamines 567.568 
monoclonal antibodies 398-400,491, 494 
monocotyledons 4 5 , a  

epidermal cell shape 170 
stomatal distribution 442-3 

monoculture, hazards of 340 
monocyte 460,462,463,484; see also 

macrophage 
monoecious plants 713,718-19 
monohybrid cross 810 
monohybrid inheritance 809-1 1 
monohybrid ratio 811 
monosaccharides 82-5 

identification 111-12 
mood control 567.568,578-9 
Morgan, Thomas H. 

explanation of chiasmata 817 
linkage experiments 816,817 
sex-linkage experiments 821,822 

morning-after pill 748, m 
morphine 567 
morphogenesis 758 
morphs 923 
mosquito 508-10 
mosses (Musci) 37,38,40,47 
motivation 613-14, 617 
motor cortex 579,580,581 
motor end-plate 564,638 
moulting (ecdysis) 66, 624-5, 763 
movement 

assessment of 373 
by cilialflagella 156-7 
through ciliated epithelium 184 
detection of, by ear 596-7 
by microtubule system 156-7 

movement (animal): see locomotion 
movement (plant) 532-3 
mucin production 153 
Mucor 26,& 228,702 
mucosa, human gut 236,238,243,244. 

248 - 
mucus production 

alimentary canal 241 
in asthma 294 
in bronchitis 296 
and ciliated epithelium 184,185 
in respiratory tract 284 

multi-locus probe 875,877 
mumps 499.501 
Miinch's mass flow hypothesis 455 
murein 9, 12, 89 
muscarine 567 
muscarinic receptors 568 
Musci (mosses) 37,38, 47 
muscle 191 

active transport in 147 
ageing effects 531 
(a)synchronous 642 
of blood vessels 464,465,478 
cardiac 471,634 
exoskeletal attachment 624 
of eye 587-8 
of fish 643 
glycogen storage in 88 
insect flight 642 

mesodermal development 61 
types of 633-4 

muscle, antagonistic 
definition of 634 
in earthworm 639 
of fish 643 
in human walking 645 
inhibition of 645-6 

muscle, skeletal 623 
antagonistic operation 634 
contraction mechanism 636-8 
control of 576,578 
energy supply for 638 
fastlslow fibres 639, @Q 
histology 634-5 
myoglobin in 480 
structure 634-6 

muscle, smooth 
in blood vessels 465,466,623 
control of 571 
definition of 634 
of gut 623 
in milk ejection reflex 747 
in uterus 727 

muscle spindle 587 
muscularis externa 236,238 
mussel (Mytilus edulis) 230,232, 232 
mutagens 524-5,830 
mutation 830-3 

chromosome 830-2 
gene 832-3 
in industrial biotechnology 394 
and resistance development 520 
spread of 914,915 
and sympatric speciation 926 

mutualism 16, 229,235 
as biotic factor 
fungal 30 
in root nodules 310 
in ruminants 250-1 
see also symbiosis 

mycelium 26,=, 31,228 
mycoprotein, as food source 404-5 
mycorrhiza 30,220,229 
myelin sheath 192,193.195.560,564 
myocardial infarction: see cardiovascular 

disease 
myofibrils 471,635,637 
myogenic stimulation of heart rate 473-4 
myoglobin 480,481,638 

as oxygen reserve 273 
species similarities in 902,903 
tertiary structure 101-3 

myosin 635, 636, 637 
in microvilli 157 

myotomes 643,899 
~Mytilus e d i  (mussel) 230,232.232 
myxoedema 605 

NAD (nicotinamide adenine dinucleotide) 127 
as hydrogen carrier 267 
in photosynthesis 206,207 

NADH 268 
NADP 

Calvin cycle 209 
Hatch-Slack pathway 214,215 
photosynthesis 206,207.21.0 

natural selection 4-5,886-7,914-17,920-3 
and distribution of species 893-4 
evidence from breeding programmes 896 
level of operation 909 
species formation by 913 
see also evolution; neo-Darwinism 

Nature Conservancy Council 347 
nature/nurture debate 829 
nectaries 713,714,715 



negative feedback 125,290,299,648-9 
of hormone release 598 
for insulin release 608 
in metabolic pathway control 807 
by oestrogen 733,734 
in pituitary gland 603 
by progesterone 733,734 
to sensory receptors 586 
in thyroxine control 605 
see also homeostasis 

nematoblasts 232,233 
nematodes (roundworms) 60-1 
neo-Darwinism 887-8,909 
nephron 
, collecting duct of 693 

selective reabsorption 686-90 
9 structure of 681-2,687 

ultrafiltration by 682-3, 685-6 
see also convoluted tubule; loop of Henle 

Nereis 6 4 , a  
nerve cord, of earthworm 641 
nerve fibre 147,192; see also neurone 
nerve impulse 556-61 

ageing effects on 528,530 
conduction speed 560-1, &Q 
decremental conduction 583 
as depolarisation wave 559-60 
frequency coding 560,584 
intensity coding 560 
measurement 557-8 
and membrane potential 557 
resting potential 557-8 
see also action potential; depolarisation 

nervous control 
breathing 288-90 
comparison with hormonal control 556, 

597 
digestive secretions 249,250 

nervous system 55669  
divisions of 569 
evolution of 582-3 
peripheral 569. 570 
synapse 561-9 
see also central nervous system 

net primary production (NPP) 308 
nets, for sampling &3 
neural canal 628 
neural spine 628,629 
neural tube 572,738 
neuromuscular junction 564, m 
neurone 1914,556 

active transport in 147 
of autonomic system 571-2 
through conduction tract arrangement 583 

neurosecretory cells 598,602, m 
neurosecretory control of sign stimuli 614 
neurotransmitter 192 

breakdown inhibition 125 
inhibitory 564 
neural effects of 564 
removal of 125,563 
synaptic location 562 
see also acetylcholine; noradrenaline 

neurotransmitter binding effects 562 
neutrophil 462-3,484 
niche 313-14 
nicotinamide adenine dinucleotide: see NAD 
nicotine 522 

effect on fetus 742-3 
neural effects 567,568 
receptors for 568,569 

nicotinic acid (niacinlvitamin BB) 127,254 
night blindness 253 
night vision 591 
Nissl's granules 192, 193. 194 
nitrate 211 

nitrogen cycle 310-11 
nitrogen fixation 220, 310,311 

by cyanobacteria 17 
genetically engineered 849 
and seed inoculation 406 

nitrogen as macronutrient 218 
nutrient medium source 376 

nitrogen oxides 328 
nitrogenous excretion 673; see also ammonia; 

urea; uric acid 
nodes of Ranvier 192,193 
nomenclature system 3 
non-disjunction syndromes 830, 864-5 
noradrenaline 599 

glucose production stimulation 667, @3 
neural effects 567,568,573 
as neurotransmitter 562 
physiological effects 475,507 
secretion of 606-7 

normal distribution, in continuous variation 
828 

notochord 73 
nuclear envelope 135,147-8,780.786 
nuclear pores 148 
nucleic acids 105 

complementary bases 800 
see also DNA; RNA 

nucleoid 10 
nucleolar organiser 801 
nucleolus =7.m, 149 
nucleosomes 148,790,791.792 
nucleotide 105,106.265 
nucleus 129,130.147-9 

animal cell 135. 136-1 
hypha 27 
plant cell 135. 138 
twin 3 5 , X  
yeast 29 
see also anucleate cell 

numbers pyramid 304,306 
nutrient 

essential 375-7 
intake recommendations 256-61 
see also eutrophication 

nutrient cycling 81 
nutrient medium 375-7 
nutrition 196 

animal 52 
assessment of 373 
autotropbic 6, 196 
chemoautotrophic 17 
chemoheterotrophic 15-16,17,196 
bacterial 15-17 
of cyanobacteria 16-17,Q 
of fungi 26,28,30 
human 251-6 
photoautotrophic 16-17,36 
photoheterotrophic, 227 
phototrophic 15,196 
recommended intake in humans 256-61 
see also heterotrophism; saprotrophs 

nymph 68 

Obelia 55,s 
obesity 261-2 
oedema 468 
oesophagus m 241,242,248 
oestrogen 599 

adrenal production 775 
granulosa production 732,733 
and lactation 746 
and osteoporosis 530 
ovarian production 727 
placental secretion 737,742 
target organs 733 

oil 90-1; see also lipid 

oil immersion lens 159 
oil pollution 332 
oil spill clearing 845 
oligochaetes 62,64-5,s;  see also earthworm 
omnivores 304 
oncogenes 523 
oncomouse 856 
oocytes 731, 732,733 
oogenesis 731-2,733,734 
Oomycota 30-2 
Oparin, Alexander 881-2, 883 
opercular cavity 282 
operon 806 
opportunistic species 319 
opsonisation 484 
optic nerve 589 
optical biosensor 416 
optical density measurement 388 
organ, definition of 167 
organelle 129,130 
organic matter in soil 316-17 

investigation of 350 
organic molecules 77 
orgasm 735 
orientation control 615 
origin of life, theories of 87943,884 

biochemical evolution 881-3 
cosmozoan 881 
special creation 879-80 
spontaneous generation 880-1 
steady state theory 881 

osmolarity 691 
osmoreceptors, hypothalamic 693 
osmoregulation 

by adrenal glands 606 
and cell lysis 430 
definition of 672 
as distal tubule function 692-3 
of earthworm 65 
and the environment 674-5 
offish 6774,679 
function of 672-3 
hypothalamic control of 579,693,695 
of Paramecium 35 
of protozoans 675-6 
and sodium-potassium pump 146 
see also excretion; kidney; nephron 

osmosis 145,428,429 
and active loading in sieve tubes 456 
into adjacent cells 431 
in loop of Henle 692 
in plant cells 429-31 
and turgor 167 

osmotic balance for microorganism growth 378 
osmotic gradient maintenance, in kidney medulla 

691 
Osteichthyes (bony fish) 74,E 
osteoarthritis 531 
osteoarthrosis 531 
osteoblasts 189, 190 
osteomalacia 255 
osteoporosis 530,734 
otoconium 596 
outbreeding 917-18 
ovary (human) 727 

hormonal control interactions 733,734 
oestrogen production 732,733 
oogenesis in 731-2,733,734 
progesterone production 727 

ovary (plant) 713,714,715,723 
overcrowding, and population size 324 
overfishing 343-4 
oviduct damage 752,753 
ovulation 733,734 

stimulation of 752 
ovule (plant) 50,713,715,718 



oxidation, in cell respiration 267, 268-70, 271; 
see also NAD 

oxygen 
evolution determination (plant) 224-5 
as excretory product 673 
for germination 764 
for photosynthesis 205 
placental exchange 742 
solubility 353 
transport, by blood 479-80; see also 

haemoglobin; myoglobin 
uptake control, by lactic acid 280 
uptake measurement 292-3 . see also respiration, aerobic > 

oxygen concentration 
Znd breathing control 290 
for microorganism growth 378 
in water 329-31,3524 

oxygen debt 272-3,638,640 
oxytocin 603 

in labour 745-6 
in milk ejection reflex 747 

ozone 
depletion of 326, 327-8 
UV absorption by 302 

P-protein (phloem protein) 452,453.457 
P680 system (PSII) 205,206 
P700 system (PSI) 205,206 
pacemaker (artificial) 523 
pacemaker (biorhythm) 614-15 
pacemaker (SAN) 473,474,475 
Pacinian corpuscle 583,585,587 
palaeontology, and evidence for evolution 

888-91 
palisade mesophyll 198,199,200 
pancreas, digestive function 

digestive enzyme production 245,247.248 
enzyme secreting cells 151,152 
enzyme secretion control 249,250 

pancreas, endocrine function 
glucagon production 608-9,667 
insulin production 607-8,650 

pancreas, location in human 237 
pantothenic acid (vitamin Bs) 254 
papillary muscles 469,470,471 
Paramecium 35-6 

binary fission 702 
contractile vacuole 675.'m 

parapodia, gaseous exchange 64 
parasitic disease 495 

by liver fluke 57-60 
by Plasmodium 508-9 

parasitism 229,230 
definition 16 
fungal 30 
obligate, Phytophthora 31 
Oomycota 31-2 
and population size 325 
pyramid representation 304 

uarasvmuathetic nervous svstem 474.571-2. 
' 573, i74,735 
parathormone 599,603,735 
parathyroid 603 
paratyphoid 514-15 
parenchyma 167,168,169,170-2,179,181, 

768,770 
parietal cells 242 
parthenocarpy 544,551 
partially permeable membrane: see cell surface 

membrane 
passage cell _448 
Pasteur, Louis 517, 881 
pasteurisation 518 
patenting, of transgenic animals 835, 845, 

850-3 

pathogens 500, m-3; see also disease 
PCR (polymerase chain reaction) 875,877 
pecking order 619-20 
pectin 157,411 
pectinase 30,32,411 
pectoral girdle 630-1 
pellicle 34 
pelvic girdle 627, 631-2 
pelvic inflammatory disease 750, 752 
penicillin 518,519 

production of 397-8 
penicillinase 520 
Penzczllium 

asexual reproduction of 702 
structure 2 6 , z  

penis m, 726 
pentose sugars 83,105 
PEP (phosphoenolpyruvate) 214,215 
pepsin 243,248 
peptidases 248 
peptide bond 9 3 , s  

formation on ribosome 803 
test for 113 

perennating organs 702,703 
perianth 713 
pericarp, homologous development of 897 
pericycle 168. 172 
perilymph 595 
periodontal disease 240 
periosteum 625 
peripheral nervous system 569,570 
peristalsis 236, 238, 241-2 

for earthworm locomotion 640-1 
of smooth muscle 623 

peritonea1 dialysis 697-8 
peritoneum 61, 238 
permeability vanation, and sensory adaptation 

584 
pest control 

biological 336-7, 846, 848 
integrated 337-8 

pest resistance 
to insecticides 846, 848 
to viruses 848 

pest resurgence 335 
pesticides 334-6,337-8 

persistence of 334, 335 
selective 337 
synergistic 336 

petals 713,714,715 
pH 

and enzyme controlled reaction rate 121, 
122,123 - 

for microorganism growth 377-8 
protein disruption 95, 104, 121 
of soil 351 
wall loosening by 540 
of water sample 351-2 

pH regulation 672-3 
human 478,692,694-5 
see also osmoreglation 

Phaeophyta 33-4 
phage 834 

as genetic engineering vectors 838,840, 
846 

life cycle 2 0 , a  
phagocytes 484,485 
phagocytosis 147 
pharmaceutical products 

from milk 851-2 
from plants 850 

phasic receptors 584 
phelloderm 771 
phellogen (cork cambium) 771-2 
phenetic classification 6 
phenolics, test for 113 

phenotype 810 
selection pressure on 915 

phenylanaline, in PKU 862 
phenylketonuria 858.861-3,912 
pheromones 337-8,617 
phloem 168.169 

damage repair 457 
of ferns 38-9 
function of 428,450-1 
primary, development of in shoot 768 
secondary, formation of 769-70,771 
in stem 446 
structure 181,182 
translocation through 458 

phloem protein 452,453,457 
phloem translocation 450-8 

bidirectional 453 
evidence for 452-3,454 
features of 451 
as mass flow 455 
mechanism of 453,455-7 
Munch's hypothesis 455 
pressure flow hypothesis 455-7 

phosphate absorption 255 
phosphate group z , 9 2  
phosphates, as pollutants 329 
phosphocreatine 638 
phospholipid 92 

dietary source 252 
phospholipid bilayers 140, 141,142 
phosphoric acid 105,106 
phosphorus 218,256 
phosphorylation 206,210,265 

cycliclnon-cyclic 207 
of glucose 267 

photoautotrophism 16-17,36 
photoheterotrophism 227 
photomorphogenesis 5514,766 
photoperiodism 314,552-3, 61615,617 
photophosphorylation 206; see also 

phosphorylation 
photoreception, mechanism of 591-2 
photosynthesis 209-10 

biochemical reactions 205-10 
C4 213-16 
in carbon cycle 311, 312 
equation for 197,205 
importance of 197 
inhibitors of 213 
light-dependent reaction 199,205,206, 

207,210 
light-independent reaction 199,205, 

207-9 ,>2  
productivity measures 302 
rate factors 212-13,216,2234,226 
using fucoxanthin 34 

photosynthetic membrane, bacterial 12 
photosynthetic organisms, origins of 883 
photosynthetic pi-ments: see under pigments 
photosynthetic system, cyanobacteria 16-17, 

18 
tissue 170 

photosystems 203-5 
phototrophism 15, 196 
phototropism 5 a  533-7 
phragmoplast 782 
phylloquinone (vitamin K) 254 
phylogenetic classification 6 
phylogenic links 901,902 
phylogenic recapitulation 899,901 
phylogeny, human 905-6 
phylum 4 
phytochrome 5514,766 
Phytophthora (potato blight) 31-2, 229 
pigments 

photosynthetic 202-5, 213, 253 



pigments (continued) 
phytochrome 5514,766 
respiratory 278-9 
see also haemoglobin; myoglobin 

pili 9,lO, 13 
pin frame 361-2 
pinocytosis 147, 690,742 
pioneer population 913 
pit 157, 174,175,176,177 

in metaxylem 180 
in tracheids 178 
in xylem 178-9 

pitch discrimination 595 
pitfall trap 358,359 
pith 169 

). pituitary gland 599 
growth control by 602-3,772-3 
hypothalamic connection 578, 602 
neurosecretory response 603 
oogenesis/menstrual cycle control 602-3, 

733,734 
spermatogenesis control 602,730 
trophic hormone production 602-3 

PKU (phenylketonuria) 858, 861-3,912 
placenta 741-2 

early development of 738 
hormonal secretion by 599. 737 
substances crossing 511,742-5 

placenta (plant) 715 
plagioclimax 317 
Planaria 5 7 , B  
plankton net 358 
plant 

active transport in 147 
adaptation to land 46-50,52 
alternation of generations 3 8 , B  
asexual reproduction of 702-4 
autecological investigation 373-4 
CdCa comparison 217 
carnivorous 171,220 
excretory mechanisms 673 
gaseous exchange 294 
genetically altered 854 
movements of 532-3 
temperature adaptation 650-2 
transgenic 845-60 
unlimited growth in 761-2 
water conservation measures 698-700 
water movement through 435,436 
water relations 428-34; see also difFusion; 

osmosis 
see also flowering plants; plants (Plantae); 

xeromorphic adaptations 
plant conservation 340-1 
plant growth 

inhibition of 545.547-8 
xylem adaptations for 178-9 

plant growth, primary 766-8 
plant growth, secondary 

cork cambium 771-2 
from lateral meristems 766 
vascular cambium 769-71 

plant growth regulatorslretardants 544,546 
plant growth substances 533,545 

antagonistic effects 548-51 
distinguished from regulators 541 
interrelations of 548-51 
see also abscisic acid; auxin; cytokines; 

ethene; gibberellins 
plants (Plantae) 236-7 

Angiospermophyta: see flowering plants 
Bryophyta (livenvorts/mosses) 37-8,@ 
Coniferophyta (conifers) 2,441,434, 

45,48-50 
Filicinophyta (ferns) 3 8 4 1  

plaque 240,521 

plasma 460,461 
carbon dioxide transport by 482 
composition comparison with urine 693 
functions 478-9 
see also lymph; tissue fluid 

plasma cells 487,488 
plasma proteins 461, 668,671 
plasmid 9, 13,834-5, 836. 841 

gene insertion into 837-8 
insertion into host 838, 840 
transgenic plant creation by 845-6 

plasmodesma 129,130,138-9,158-9,m, 
438,453,456,782 

and pit formation 174,175, 176 
Plasmodzum 36,229,508 
plasmolysis 430,432 
plastids, sieve tube element 453.457 
plate pouring 380,381 
plate tectonics 892 
platelets 462,463 
Platyhelminthes (flatworms) 54,56-7 

Trematoda 57-60 
Turbellaria 5 7 , s  

pleural cavity 287-8 
pleural membrane 283,287-8 
plumule 723,766 
podocytes 683,685 
point mutation 832-3 
polar body 732,737 
polar molecules 80-1, 144 
polarisation of membrane 557 

repolarisation of 559 
see also action potential; depolarisation 

polio 497,498-9,m 
pollen grains 723 

development of 71615,717 
germination of 718, 721-2 

pollen tube 718,721 
growth of 550-1,722 

pollination 712,717-21 
conifers 43-4 
cross-pollination 714. 715,718-21 
flowering plants 44, 46 
by insect 714.715,719-21 
as mutualism 235 
of seed plants 4 9 , s  
self-pollination 717,718,719 
by wind 7 1 6 . 7 1 9 , a  
see also fertilisation; sexual reproduction 

pollution 
air 315,3264,329 
water 329-32 

pollution scales 364-6 
polychaetes (bristleworms) a ,62 ,63-4 ,65 
polygenic inheritance 828 
polymerase chain reaction (PCR) 875,877 
polymorphism 620 

balanced 860 
in cnidarians 5 3 , s  
and natural selection 921-3 
selection pressure for 916 

polyp 5 3 , s  
polypeptide synthesis 801,802-3 
polyploidy (euploidy) 831-2 
polysaccharides 86-9 
polysome 151,802-3 
pons 577,578 
pooter 358,361 
population, defintion 298 
population change factors 912-14 

and selection pressure 916-17 
population cycles 323,324 
population ecology 3 2 1 6  
population estimation 364 
population genetics 909-12 
population growth, bacterial 384-5,386-8 

population growth curve 322-3, 759 
population size factors 323-6, 886 
Porifera (sponges) 2 
portal system 463 

hepatic 665 
hypothalamus-pituitary 602 

positive feedback 558-9, 649,746 
postganglionic neurone 571-2,574 
potassium 

in guard cells 444 
as micronutrient 2I8.256 
movement through cell 145,146,192 
see also sodium-potassium pump 

potato blight 31-2, 229 
potential difference, cell membrane 146, 147 
potometer 439 
pour plate 380,383 

growth measurement from 386 ' 
pre-chilling 763 
pre-implantation diagnosis 869 
predation, as biotic factor 313 
predator-prey relationship 324-5 
predictive diagnosis, of genetic disease 867 
preganglionic neurone 571-2,574 
pregnancy 

and drugs 743-4 
effect of alcohol 743 
effect of smoking 742-3 
gender determination 869, 874 
maintenance of 737 
nutritional requirements 260-1 
and viral infection 744 
see also embryo, development of; sexual 

reproduction 
pregnancy testing 398-9,737 
premature ejaculation 753 
premenstrual tension 733-4 
prenatal diagnosis, of genetic disease 867 
pressure flow hypothesis 455-7 
pressure potential 

definition of 429 
in plasmolysis 430 
in vacuolar pathway 438 

pressure receptors (baroreceptors) 477,587 
primary structure, in proteins 97, 99 
primary succession 317 
primates 905 
probability 910 
proboscis 235 
producers 300,302,303,372 
production ecology 308-9 
productivity 

agricultural 309 
of biomass 306 
ecology of 308-9 
primary 308 
rate of 307 
secondary 308 

productivity measures, for energy conversion 
302 

profile transect 360 
progesterone 599,733,734 

and lactation 746 
placental secretion 737,742 
production by ovaries 727 

Prokaryotae: see bacteria 
prokaryotic cells: see bacterial cells 
prolactin 599,602,746 

trans-species similarities 904 
promoter gene 807 
promoter regions 841 
propagation, artificial 706-7; see also cloning 
prophase 779,780,784,786,788, 7g9 
proprioceptors 475,587,645, 646 
prostaglandins 745-6 
prostate gland 726 



nosthetic groups 126 
)rotandry 719 
)roteases 

in detergents 412 
in gut 242-3,245,246,246.247 

~rotein 97-104 
in Alzheimer's disease 528 
bonding mechanisms 93,95-6 
in cell membrane 140-1,142 
classification of 9 7 , s  
denaturation/renaturation 104 
energy content 301 

'ys energy source 261,262 
epzymes as 116 
in foods 405 
hormones as 600 
hydrolysis of 243 
identification 113 
modification by Golgi apparatus 151-3 
nutritional value 253 
oxidation of 266 
in phospholipid bilayer 140-1,142 
primary structure 97,99 
quaternary structure 1 0 3 4  
reference nutrient intake 258 
secondary structure 95,99-101 
as seed food reserve 764 
tertiary structure 95-6,101-3,104 
transport on rough ER 149,803,804 

protein deficiency 262-3 
protein engineering 409 
protein excretion 673; see also ammonia; urea; 

uric acid 
protein synthesis 93,95-6 

in chloroplast 199-200 
in germinating seed 764 
location on ER 147-8 
mechanism of 798,800-5 
plants 211 
on ribosomes 149,802-3,804 
see also endoplasmic reticulum; ribo- 

somes 
prothrornbin 461 
Protoctista 2 30-6 

asexual reproduction of 701 
respiratory surface 278 

proto,vy 719 
protostomes 899,904 
protoxylem 177,178-9 
protozoa 34-6 

excretion/osmoregulation system 675-6 
infections from 503,513 

proximal convoluted tubule: see convoluted 
tubule 

Prozac 567 
Pruteen 3934,395,403 
pseudostratified epithelium 186 
public health 496,504-5,515 
pulmonary artery/vein 470 
pulmonary circulation 469 
pulmonary disease 

mortality rate 496. 497 
TB 502,505-7 

pulmonary ventilation, ageing effect 530,531 
pulse 471,472,473 

smoothing of by artery 464,466 
Punnett square 812,827 
pupa 6 8 , B  
pupil 589 
pure breeding 808 
purines 105 
Purkyne tissue 473,474 
pyramid, renal 681 
pyramids 304,3067,336,372 
pyridoxine (vitamin Bs) 254 
pyrimidines 105 

pyruvate formation 
from lactate 272, 273 
by glycolysis 267-8 

Pythium 32,229 

quadrat 360-2 
for population estimation 362-3 

quadrupeds, locomotion of 644 
quaternary structure, in protein 1 0 3 4  
Quorn 403,404,405 

race 923,925 
radiation (ionising) 518, 524 
radicle 723,766; see also root 
radius 627.632 
radon 525 
rainfall 333,334 
rainforest 333 
rate of reaction 118,120-2,212,213 
ray initials 769,770 
receptacle 713,714,715 
receptor molecules, inter-cell signalling 143 
receptors: see sensory receptor 
recessive allele 

elimination of 911-12 
frequency of 911 
as genetic load 913 
spread of 914,915 
see also carriers 

recessive traits 809,810 
recombinants 816,817; see also DNA, 

recombinant; independent assortment 
recombination frequency 818 
rectal glands 677 
recycling 345-6 
red blood cells (erythrocytes) 460. 461-2 

destruction of 461-2 
fetal 669,671 
production, in bone 625 
shape and area 287 
see also haemoglobin; myoglobin 

Red Data Books 339 
redia 5 8 , s  
reducing sugars a 86 

identification 111-12 
reduction, in Calvin cycle 209 
reference nutrient intake (RNI) 257,258 
reflex 249,570-1 

and homeostasis 570 
inhibitory, in walking 645-6 
as innate behaviour 611 
milk ejection 746-7 
stretch 642 
see also autonomic nervous system 

refraction 589, m 
refractory period, heart 474 
regulator gene 806 
reintroduction of species 342 
relative growth 760, 761,762 
releasers 613,614, 615-16,617 
renal capsule 684, 685.686-7 
renal corpuscle 685,686.687 
renin 599,606,694 
rennin 243,248 
repolarisation 559; see also action potential; 

depolarisation 
repressor molecules 806-7 
reproduction: see asexual reproduction; binary 

fission; sexual reproduction 
reproduction, autecological assessment 373,374 
reproductive isolation, and speciation 926 
reproductive system 

deveIopment pattern 761 
female 727 
male 725-6 

reptiles, characteristics Z,E 

resistance, to disease 497 
resistance, of pathogens 520 

and genetically engineered products 853 
of mosquitoes 510 
of Plasmodium 509 
in TB bacilli 507,508 
transfer of 520 

resolution 132 
resource partitioning 324,325,326 
respiration (breathing): see enbzes 

commenczng respiratory; ventilation 
respiration (cell) 266-77 

and active transport 145 
assessment of 373 
definition 264-5 
during germination 765 

respiration, aerobic 264, 268-70,271 
efficiency of 272 

respiration, anaerob~c 264, 270-1,272 
efficiency of 272 
in skeletal muscle 638,640 

respiratory chain 269,270.271 
component location 276 

respiratory disease 294-7 
respiratory efficiency, and ageing 297 
respiratory pathway, histology of 285 
respiratory pigment 278-9 
respiratory quotient 291,292 
respiratory surface 279 

Protoctista 278 
requirements for 277-8 

respiratory system, mammalian 283-8 
respirometer 292-3 
resting potential 147,557-8; see also action 

potential; depolarisation 
restoration of land 320 
restriction enzymes 837,838,839,840.874 
restriction fragment 836, 837 
reticulo-endothelial system 484; see also 

macrophage; neutrophil 
retina 588,589 

convergence 590,591 
photoreception mechanism 591-2 
see also cones; rods 

retinal structure 589,591 
retinine 591 
retinol (vitamin A) 253,254 
retrouirus 52% see also HIV 
reverse transcriptase 2 2 , a  

for gene copying 835,836,837 
HIV replication by 511 

rhesus factor 492,493.744-5 
rheumatoid arthritis 531 
Rhizobilkm inoculation 406 
rhizoids 37 
rhizome 39,703 
Rhizopus, nutrition of 228 
r~boflavin (vitamin Bz) 126,254 
ribose, structure 83,& 105 
ribosomes 135.136-7,138,149-51 

as antibiotic binding site 519 
bacterial 9, 12 
in chloroplast 201 
comparison of m 
80s 150 
onER 149, 803 
formation 149 
freebound 148,150 
of hypha 27 
in neurones 192 
role in protein synthesis 802-3,804 
70s 150,200,201,276,519 
of yeast 29 

ribs 627,629,630 
ribulose biphosphate (RuBP) 209,215 
rickets 255 



ring species 926 
ringing experiments 445,452,454 
risk assessment, in genetic disease 872 
RNA 106,108,149,798 

as chromosome component 790 
role of 801 
viral 20 

mRNA 150-1,798,799,802,804. 805,836 
complementary bases 800 
DNA strand selection 807 
function of 800, 801 

rRNA 149,150,798,801 
tRNA 150,798,801,804.805 

synthesis of, and cytokines 546 
.RNA polymerase 802 
b d s  589-91 
'" convergence and summation 586 

photoreception mechafiism 591-2 
synaptic convergence 590,591 

root 
anatomy of dicot 447 
auxin concentration effects 537,538 
Bryophytes 37 
cell differentiation in 769 
ferns 3 9 , g  
mineral uptake by 448.449-50 
primary growth 768-9 
radicle 723, 766 
structure 170,172 
tap root 704 
water uptake by 447-9 
see also mycorrhiza 

root cap 768,769 
root nodules 220,310,333 

as mutualism 229 
root pressure, and water movement 447 
rubella 499,501,744 
ruminants 

cellulose digestion by 89,250-1 
mutualism in 229 

runner 703 

sacral vertebrae 627,628,629-30 
sacrum 629-30 
salinity, as abiotic factor 314 
salinity investigation 352 
saliva 240-1,248 

secretion control 249 
salivary glands 237,240 
saltatory conduction 560 
saltatory evolution 890 
sampling 356 

bias in 357 
ecological factors 356-7 
methods of 357-62 
point quadrat 361 

SAN (sino-atrial node) 473,474, 475 
saprotrophs 15,28-30,228,303,309; see also 

detritivores 
sapwood 771 
sarcolernma 564,565, 637-8 
sarcomere 635, 636-8 
sarcoplasmic reticulum 149, m 
satellite 874 
saturated bonds 79 
saturated fats 252 
saturated fatty acids 90, 142 
saturation level, oxygen in water 353 
saturation of receptors 584,586 
scaling up, industnal processes 393-4 
scapula 627,631 
Schwann cell 192,195 
scientific investigation method 808 
sclera 588 
sclereids (stone cells) 174,176, 181 
sclerenchyma I& 174,175 

screening, for new products 392-3 
screw auger 349 
Scyphozoa (jellyfish) 2, 56 
sea anemones g 55,233 
sea urchin 22 
sebum 657 
second messenger mechanism 600-1,731 
secondary sexual characteristics 771,774 
secondary structure of protein 95,99-101 
secondary succession 317-18 
secondary thickening 770,771 
secretin 249,250.599 
secretory cells, Golgi apparatus in 151-2 
sectioning 163-4, I65 
seed 49-50,52 

development of 7 2 3 4  
dormancy 763 
embryo growth 766 
food reserve 542, $43,7024,764 
reproduction strategy assessment 724 

seed banks 341 
seed plants 41 

reproduction 48-50 
seedless fruit development 544,551 
segmentation 

of arthropods 66 
metameric 62-3,z 

segmented worms: see annelids; earthworm 
segregation 809-11,815 
selection pressure 914,916-17,920 
selection: see artificial and natural selection 
selective advantage 887 
selective medium 379 
self-sterility 719 
semicircular canals 594,596-7 
semi-conservative replication 794,795,796 
seminal vesicles 726 
seminiferous tubules 725, 726, 729 
senescence: see ageing 
senile dementia 528 
sensitivity 

of animals 556 
visual 586,590,591 

sensory areas of brain 579-80 
cortex 579,580,581 

sensory cells 
adaptation of 584 
as excitable cells 584 
thresholds of 584,585,586 

sensory neurones, spinal cord connection 575 
sensory receptor 583-6 

convergence of 586 
feedback control system 586 
mechanoreceptors 586-7 
spontaneous activity 586 
summation of 586 
thermoreceptors 587 
see also ear; eye; transduction 

sepals 713,715 
septa 2 6 , z  
sere 317,320 
serial dilution 391 
serosa, human gut 238,248 
serotonin 567.568 
Sertoli cells 729,730-1 
serum 460 
serum globulins 461 
severe combined immunodeficiency disease 

(SCID) 873-4 
sewage 329 

contamination detection 379 
processing of 346,496-7,515 

sex attractants 617 
sex chromosomes 745,820-2,823 

(non-)homologous regions 822 
sex determination, fetal 869, 874 

sex genotypes 820 
sex hormones 

and cardiovascular disease 522 
and growth 774 
see also follicle stimulating hormone; 

gonadotrophin releasing hormone; human 
chorionic gonadotropin; inhibin; 
luteinising hormone; oestrogen; 
testosterone 

sex-limited inheritance 821 
sex-linked syndromes 821-2 

colour-blindness 593 
Klinefelter's m, 865,866, 867 
Turner's 858, 866, 867 
see also haemophilia 

sexual behaviour, and androgens 775 
sexual reproduction 711-12 

adaptation to land 47,48-50,52, 712-13 
of amphibia 725 
bacterial 14-15,z  
of birds 725 
comparison with asexual reproduction 

71 2 
conifers 43-4 
earthworm 63, 65 
fern 41 
of fish 724 
Fucus 3 4 , s  
and meiosis 778 
Phytophthora 32 
reproductive organs, development pattern 

761 
of reptiles 725 
seed plants 48-50 
and water dependence 46,47 
see also alternation of generations; 

gametes; gametophyte; reproduction 
sexual reproduction, flowering plants 712-24 

adaptation to land 48-50 
anatomy of flower 713-14 
assessment of 724 
fertilisation 721-2 
ovule development 715,718 
pollen grain development 714-15,717 
seed and fruit development 723-4 
see also embryo, development of; ovary; 

pollination 
sexual reproduction, human 

fertilisation 736-7 
intercourse 735 
movement of sperm 735-6 
see also birth; birth control; embryo, 

development of; infertility; ovary; 
pregnancy 

shell, of mollusc 71 
polymorphism of 921-3 

shivering 658-9 
shoot growth 

auxin effects on m, 538 
cell differentiation during 768 
plant growth substance interrelations 548 
primary 767-8 

shunt vessels 466,658,659 
sickle-cell anaemia 103, 833, 857-60, 912 
sieve plate 159, 181,182.451,452,453,457 
sieve pore 453 
sieve tube 158,168,181,182.452 

development in root 769 
development in shoot 768 
loading of 4554,458 
structure of 451-2,453,456 
as translocation element 452-3,454 
unloading 4567,458 
see also phloem 

sign stimuli 613, 614 
silage 406 



silk 100-1 
single cell protein food 402-5; see also Pruteen 
single-locus probe 875,877 
sino-atrial node 473,474,475 
sinusoids 666 
Sites of Special Scientific Interest (SSSI) 347 
size, and difision 63,143-4 
size measurement, using microscope 161-3 
skeletal muscle: see under muscle 
skeleton 

cytoskeleton 156, 157 
exoskeleton 66,89,624-5,676 
function of 623-3 

;hydrostatic 61-2,624,639-41 
'skeletal tissue 187-91 

skeleton (mammalian) 
anatomy of 627-33 
axial 627-8 
limb girdles 630-2 
limbs 631-2 
ribs 627,629,630 
vertebrae 628-30 

skin 
autonomic nervous system effect 573 
as excretory structure 673 
structure of 656-8 
thermoregulation by 658,659 

skull, anatomy of 627 
slash and burn 333 
slime moulds 3 0 , a  
slit pores 683,685 
small intestine 237,243-6,248 
smallpox 498,501 
smoking 294,295,295-6 
smoking-related disease 

asthma 294 
bronchitis 295-6 
cancer 296-7,525 
emphysema 2 9 6 5  
heart disease 522 
osteoporosis 530 

smooth muscle: see under muscle 
social behaviour, human 907-8 
social disease 495 
social hierarchies 619-21 
social organisation 620-1 
sodium 

as macronutrient 218.256 
movement prevention 192 

sodium absorption, effect of aldosterone 694 
sodium blood level control 693-4 
sodium gate 558 
sodium-potassium pump 145, 146, 147 

aldosterone effects 694 
ATP usage 557,558 
in loop of Henle 691 
in neurone 557 
of proximal tubule @Q 

sodium reabsorption 
in loop of Henle 691 
by nephron 689,690 

soil 316-17 
erosion of 333,334 
as habitat factor 313,316-17 
investigation of 349-51 
texture of 351 

solenoid fibre 790,791 
solute potential 

of blood, control mechanism 693,695 
definition of 145,429 
determination of in plant tissue 431-3 
of plant cell 429-30 
of plasma 467-8 
of sucrose solutions 432 

solutes, movement through plant 428 
solvent, water as 80-1 

somatic cell therapy 873 
somatomedins 773 
sorus Q,Q 
sound 5 9 5 4  
sparger 393 
special creation theory 879-80 
specialisation 917 
speciation 315, 924-7 

allopatric 892-4, 925 
interspecific hybridisation 927 
intraspecific 925 
isolating mechanisms, for 925 
sympatric 926 

species 913,923 
definition of 4-5 
density of 362 
diversity of 336,356 
frequency of 362 
reintroduced 342 

species cover 363 
specificity 

enzymes 116,117-18 
pesticides 335 

spectrophotometer 388 
speech 580,582 
sperm 729-30 

absence of 753,754 
antibodies to 753 
movement to egg 735-6 
spermatogenesis 729-31 
tail structure 729-30 
see also gametes 

sperm count 753,754 
sperm receptor sites 736,737 
sphincter 238,243,246,466 
spina bifida 869 
mina1 cord 575 

autonomic nervous system ganglia 572, 
574 - 

effect of glycine 567 
locatlon in vertebra 628 

spinal nerves 570,575 
spinal reflex 570,575, 611 
spindle 156,779,750, 782,785, 786 

colchicine inhibited formation 831 
spiracles 

in insect ventilation 280-1 
water loss adaptations to 676 

spirilla 14 
spirometer 291 
Spirulina, as food source 405 
splanchnic mesoderm 61 
split brain patients 582 
split genes 837 
sponges (F'orifera) 52 
spongy mesophyll 169,170,198,200 
spontaneous generation 880-1 
sporangiaisporangiophores 2 6 , z  

male fern 40, Q 
Phytophthora 31 

spore 701-2 
bacterial 12 
disinfectant resistance 517 
fungal 26, B, 28,701-2 
heterospory 4 9 , s  

spore dispersal 
liverwort/moss 47 
male fern G 

sporophyte 37 
conifer 43 
fern 41, Q 
livenvort Q 
moss @ 

spread plate 380,386 - - 
sprouting inhibition 540 
squamous epithelium 183-4,186,284 

stab culture 384 
stabilising selection 914-15 
staining 164,165, 166, 388 
stamen 713,714.715.716.717 
stance 626-7 
standing crop biomass 306 
starch 86-8 

destarching 223 
geotropic function 172 
grains of 86,88, m 
identification 112 
as seed food reserve 764,765 
staining of 166 
synthesis 210,211 
test for 223 

starch sheath 166,172 
starch-statolith hypothesis 538 
starch-sugar hypothesis of stoma1 control 444 
starfish 72 
Starling's law 475 
starvation 261,262-3 
stationary phase (growth) 18,385 
stations (transect) 367,371 
steady state theory of life 881 
stem 173. 175 

of dicot 169, 172,446 
food storage in 702-3 
growth promotion of 542 

stem cells, as DNA vectors 850-6 
stereoscopic vision 593-4 
sterilisation, bacterial 379-80, 381.382, 393, 

395,518 
sternum 627, 630 
steroid synthesis, on smooth ER 149 
steroids, hormones as 600 
sticky trap 358 
stigma 713,715,718 
stimuli 

causing hyperpolarisation 592 
detection of 584 
intensity coding of 560 
intensity detection 584 
motivational 613, 617 
releasers 613,614. 615-16, 617 
terminating 613 
see also sensory receptor 

stolon 703 
stomach 237.242-3,248 

hormone production by 249,250.599 
stomata 52, 170,171, 294 

control by growth substances 545,548 
distr~bution of 442-3 
effect of light on 441 
structure and mechanism 443-4 
sunken 440-1 
as transpiration site 435,437 
water loss through 437,438,439 
xerophytic adaptation by 651 

storage centre 764 
stratification 555 

in lakes 330-1 
and light avail~bility 314 

stratified epithelium 186-7, 656 
stratum corneum 656,657 
streak plate 380,382 
streamlining 642 
Streptococci 

infection detection 399 
inmilk 

stretch receptors 475,587, 645, 647 
stretch reflex, insect flight 642 
striated muscle: see muscle, skeletal 
stroke 477,520,521,528 
stroke volume 474,475 
stroma 201 

light-independent reaction on 205,210 



structural gene 806 
strychnine 567 
style 713, 714, 715, 718 
sub-zonal insemination (SUZI) 757 
suberin 170,448,449,771 
subjectivity 609 
submucosa, human gut 236,238,248 
substitution 833, 860 
substrate concentration, and enzyme action 117 
succession 298,299,317-20 
sucrase 248 
sucrose 85,122 

circulation in plant 451 
dilution table for 432 
solute potential of 432 

)sugar level control: see glucagon; insulin; 
* pancreas 
sugars, identification 111=12; see also 

carbohydrates; dlsaccharides; glucose; 
monosaccharides; sucrose 

sulphonamides 124,518 
sulphur, as macronutrient 218.256 
sulphur dioxide 328 
sulphydryl group 79 
summation 563,586 

in ear 596 
eye 586 
spatial 565,596 
temporal 566 

Sun, as energy source 300-1,302 
super-gene 923 
support systems 623 

by cell wall 158 
collenchyma 172 
of flowering plants 46 
herbaceous plants 46 
by lignification 158 
by parenchyma 167 
plants 89 
sclerenchyma 174 
stance for 626-7 
xylem for 39,174, 179 
see also skeleton; xylem 

suppressor cells 487,488 
surfactant 284 
surrogate mother 757 
survivorship curves 321-2 
suspensory ligament 589,59J 
sustainable development, environmental 343 
sustainable resource use 343-5 
sweat glands 657 
sweating 81,659-60 
sweep net 358 
swim bladder 643, 644 
swimming, by fish 6 4 2 4  
symbiosis 228-9; see also commensalism; 

mutualism; parasitism 
symmetry 53,56,72,76 
sympathetic nervous system 571-2,573,574 

heart rate regulation by 474-5 
(nor)adrenaline effects 606-7 
see also adrenaline; noradrenaline 

sympatric speciation 926 
symplast 139,158 
symplast pathway 

leaf 437.438 
root 447-9,450 
in sieve tube loading 456 

synapse 561-9 
effect of amino acids on 566-7 
effect of chemicals on 566-9 
excitatory 5 6 3 4  
functions of 564-6 
inhibitory 564 
mechanism of transmission 562-3 
at neuromuscular junction 564,565 

role of 563-4 
structure 561-2 

synapsis 784 
synaptic cleft 561,562 
synaptic sensitivity increase 565 
synaptic vesicle 561,562 
synecological investigation 366-73 
synergy, in plant growth substances 548-51 
synovial joints 633 
syphilis 502 
systemic circulation 469 
systole 471-3 
systolic pressure 477 

T cells 486, 487,488 
T-helper (T4) cells 487,488 

decrease in AIDS 512 
HIV replication in 510,511 

T-killer 487,488,489 
and graft rejection 494 

T-system (transverse tubule) 564,637, 638 
tachycardia 478 
Taenia (tapeworm) 229,230 
tap root 704 
taste buds 240,241 

and saliva control 249 
taxes 532-3,610,611 
taxonomy 3-4; see also classification 
TB: see tuberculosis 
teeth 

herbivores 250 
human 23840 

telophase 779,780,786 
temperature 

as abiotic factor 313,314 
animal response 652 
corelsurface differences 653,654.659 
and dormancy breaking 763 
effect on partially permeable membrane 

43 1 
and enzyme controlled reaction rate 

120-1,122-3 
for germination 764 
and leaf drop 651 
measurement of 355 
of microhabitat 355 
for microorganism growth 377 
and nerve impulse conduction 561 
optimum 120 
and photoperiodic response 553,554-5 
and photosynthetic rate 212,213 
and transpiration rate 440,443 

temperature adaptation 
animals 663-5 
plants 650-2 

temperature coefficient 121 
temperature control 

behavioural 664 
by ectotherms 654-6 
heat gain systems 652-3 
heat loss systems 653 
and properties of water 81 
vertebrate 652,653 

temperature control, by endotherms 656-65 
and body size 663 
ear size 663 
heat loss 659-60 
heat sources 658-9 
hypothalamic control 579, 659,660, 

660-1,662 
reflex control summary 662 
shunt vessels 658,659 
skin structure 656-8 
skin thermoreceptors 660,662 
through insulation 660 
and TRH release 605 

temperature stability, aquatic 652, 654 
tendons 626,634 
tentacles 3, S-6, 232,233 
terminating stimuli 613 
territorial behaviour 615-17 
territoriality, and population size 3 2 3 4  
tertiary structure of protein 95-6, 101-3,104 
test cross 811 
testis 725,726 
testosterone 599 

production of 725 
and secondary sexual characteristics 731 
in sex-determination 745 

tetanus 499,502,567 
tetraploidy 831 
thalassemia 871 
thalidomide 744 
thallus 33,34 
theca 731,732 
thermal biosensor 416 
thermal pollution, of water 331-2 
thermal stratification 330-1 
thermoreceptors, of skin 660,662 
thiamin (vitamin B,) 254 
Thiobaczllus 408 
thirst centre 693 
thoracic vertebrae 627,628, 629,530 
threat displays 615-16, 618-19; see also 

agonistic behaviour 
threshold of sensory cells 584,585.586 
thrombin 483 
thrombosis 4834,670 

ageing effect 531 
from plaque formation 521 
and hypertension 477 
see also cardiovascular disease 

thrush (candidiasis) 30,229,503 
thylakoid 199,201, 204 

light-dependent reaction 204,210 
thymine 105,107 
thymus gland 486,487 
thyroid gland 599, 603-5 

dysfunctions of 605,774 
thyroid stimulating hormone 599, 602, 604 
thyrotrophin releasing hormone 605 
thyroxine 599, 604 

and cholesterol production 670 
control of 605 
lysozome-mediated production 153 
and growth 774 
heart rate control by 475,478 
as heat production hormone 658 
release control 649 

tibia 627. 632 
tidal volume 290,290,291 
tillers 48, 704 
tissue 52 
tissue culture 389,705,707-11; see also cloning 
tissue fluid 467-9; see also lymph; plasma 
tissue matching 878 
tissue plasminogen activator 852 
tissue typing 400 
TMV, protection against 847,848,849 
tobacco, transgenic 847,848,849 
tocopherol (vitamin E) 254 
tomatoes, transgenic 849 
tonic receptors 584 
tonoplast 135,159 
tools, early human 906-7 
topography 

as abiotic factor 313,315-16 
and speciation 315 

total counts 387-8 
totipotency 705,707 
touch receptors 587 
toxicity, of pesticides 334, 335 



FA (tissue plasminogen activator) 852 
rabeculae 191 
:race elements 77,216-17,219 

nutritional value 255,256 
tracheal system m.280-1,283 
tracheids 174,178 
training (exercise) 476,478,638-9 
transamination, in liver 668,671 
transcription 801,802,805 

control of 806-7 
reverse 22,24 

transduction 583 
'; in ear 595 
$nechanism of 584 
$ee also sensory receptor 

transects 357,360 
transfer cell 456 
transferrin 669 
transformed cells 846 
transgenics 

animals 845,850-3 
bacteria 835 
plants 845-50 

transition temperature 676,678 
transitional epithelium 187 
translation 801,802-3,804 

control of 806-7 
translocation (genetic) 

in Down's syndrome 865 
mutation by 832 

translocation (plant) 427-8 
damage repair mechanism 457 
of minerals (ions) 450 
see also phloem; vascular system; xylem 

transpiration 435,436 
cooling by 443 
functions of 443 
and mineral (ion) movement 450 
sites of 435 

transpiration rate 
effect of environment on 440-1 
measurement of 438-40 
and plant structure 442-3 
xerophytic adaptations 700 

transplants (organs) 487,492,494,878 
of heart 523 
of kidney 698 
rejection of 400,494,878 

transport 
across cell surface membrane 143-7 
active 145-7 
by blood vascular system 61 
of energy: see ATP 
by Golgi apparatus 151 
through parenchyma 170 
utilising water 81 
see also active transport; di£fusion 

transport system 
and size 63 
and coelom development 61 
vascular tissue as 39 

transverse process 628,629 
traps, for sampling 358 
Trematoda 57-60 
Trent Biotic Index (TBI) 364-6 
TRH (thyrotrophin releasing hormone) 605 
triangulation, in gene mapping 818-19 
trichromacy theory 593 
triglyceride 90-2; see also lipid 
triose phosphate 209,210-11 
triple-helix 101 
triploblastic body 76 
trisomy 830-1, 864 
tristearin 91 
trophic hormones 602-3 
trophic levels 302-3 

trophic pyramids 372 
tropical rainforest management 344 
tropisms 532 
tropocollagen 101 
tropomyosin 638 
troponin 638 
trypanosomiasis 503 
trypsin, pancreatic 245 
TSH: see thryroid stimulating hormone 
tuba1 disease 752,753 
tuber 703-4 
tuberculin 507 
tuberculosis (TB) 502,505-7,508 

and AIDS 507 
antibiotic resistance 507,508 
bovine 505-6 

tubulin 156 
Tullgren funnel 358, 359 
tumours 523,833; see also cancer 
Turbellaria 5 7 , s  
turbidity measurement 388 
turgor 

cause of 430 
and cell wall strength 158 
and control of stoma 443-4 
for support 89,167 

turgor pressure 698 
Turner's syndrome 858,866,867 
tympanic membrane 594,595 
typhoid 502,514-15 
typhus 502 
tyrosine, as essential amino acid 862 

ulna 627,632 
ultrafiltration 682-3, 685-6 
ultrasound scans 871 
ultraviolet (W) radiation 327,524-5 
umbilical cord 741 
units 

for cell measurement 130, I31 
of energy 252,301 

unloading, of sieve tube 456-7,458 
unsaturated bonds 79 
unsaturated fats 252 
unsaturated fatty acids 90,142 
uracil 105 
urea 674 

formation in humans 678-80 
placental exchange 742 
reabsorption in proximal tubule 690 

urethra 72i  
uric acid 674 
urine 

composition comparison with plasma 
formation by ultrafiltration 682-3, t 
secretion in proximal tubule 690 
selective reabsorption 686-90 

urinogenital systems 726,727 
uterus 727,752 

contraction of 745-6 
W radiation 327, 524-5 

vaccination 489-91,498-500 
for bacterial disease 502 
for cholera 502. 505 
for (para)typhoid 515 
programmes of 498-9 
for TB 502,506-7 

vaccine 
ethics of development 514 
safety of 500 
types of 490,499-500 
for viral disease 501 

vacuolar pathway 
leaf 437,438 
root 447-9 

vacuolation, in shoot 767-8 
vacuole 130,135. 138-9,159 
vacuum activity 619 
vagina 727 
vagus nerve 474 
valves 

heart 469, 470, 471 
venous 467 

variation 828-30 
vas deferens 726 
vas efferens 725,726 
vasa recta 682,684,691,692 
vascular system (blood) 427; see also blood 

system; blood vessels; circulation 
vascular system (plants) 427-8; see also 

phloem; xylem 
vascular tissue 

meristematic origin 767,768 
properties 38-9 
structure/function 198 
vascular bundle 445,446 
see also phloem; xylem 

vasoconstriction 477 
vasodilation 476,477 
vasomotor centre 477,478 
vasopressin (ADH) 579, L%, 603,693 
vector (disease) 496 
vector (genetic engineering) 

bacteria as 836,838,840-1,845-6 
gene insertion into 837-8, S40 
phage as 838, M, 846 
see also plasmid 

vegetative propagation 702 
vein 465,467 
vena cava 470 
ventilation (breathing) 

control of 288-90 
fish 282-3 
insect 280-1 
mammalian 288 
see also entries commencing respiratory 

ventilation rate 291 
ventricles (brain) 575 
ventricles (heart) 469,470 
venules 467 
vernalisation 553, 554-5 
vertebrae, structure and function 628-30 
vertebral column 73,627-8 
vertebrates 73 
vestibular apparatus 594,596 . 
vestigial organs 898 
viable count 385,386-7 
vibration receptors 587 
vibrios 14 
villi 243, 244; see also microvilli 
viral disease 20, a, 22,24, 501 

and cancer 524 
opportunistic 513 
prevention by tissue culture 710,711 

virus 2 , s  
antibiotics for 519 
characteristics 19-20,z 
effect on fetus 744 
as genetic engineering vector 834,838, 

840,846,851 
growing 388-9 
life cycle 24 
resistance to 848 
structure 20, a, 22 

visceral reflex 571 
visible spechum 587,593 
vision 

binocular/stereoscopic 593-4 
colour vision 593 
contrast enhancement 592 
see also cones; eye; retina; rods 



visual acuity 590,591 
visual area of brain 579.582 

association area 579,580 
cortex 593,594 

visual field 593-4 
visual interpretation 594 
visual sensitivity 586,590, 591 
vital capacity 290 

ageing effect $30,531 
vitamins 253-5 

A 253,254,591 
B, in yeast 405 
Bz 126,254 
C 114,255 

, D 254,255 
4. as coenzyme source 127 
'a, fats as source 252 

in nutrient medium 376-7 
reference nutrient intake 258 
storage in liver 669,671 

voluntary movement control 576,578 

walking, reflex control 645-6 
Wallace, Alfred R, 885,886-7 
washing powder, biological 412 
waste management 3454,376 

fermentation for fuel 407 
water 

as abiotic factor 313,314 
biological significance 79-81,a 
in cell vacuole 159 
in decarboxylation reaction 269 
for germination 764 
heat capacity 81 
human requirement 251 
measurement of properties 351-5 
metabolic 92 
in nutrient medium 377 
oxygen content 352-4 
as oxygen source (Krebs cycle) 269 
pH of 351-2 
as photosynthetic oxygen source 205 
and photosynthetic rate 213 
salinity of 352 
and seed enzyme activation 764 
shortage of, and abscission 549-50 
in soil 317,350 
see also rainfall 

water availability, and nitrogenous excretion 
products 674 

water channels 693 
water conservation mechanisms 

algae 698-700 
hydrophytes 698 
insect 676-7,678.680 
mammal &Q 
mesophytes 699 
plant 549-50,698-700 
see also drought; excretion; 

osmoregulation; xeromorphic adaptations 
water content, and mass determination 760 
water current measurement 355 
water cycle 312,313 
water-dependence for reproduction, plants 46, 

47, 49, 50, 52 
water exclusion 101; see also hydrophobic 

interactions 
water molecules, in cohesion-tension theory 445 
water movement (human) 

in proximal tubule 688-90 
placental exchange 742 
reabsorption, in loop of Henle 691 

water movement (plant) 428,435,436 
adjacent cells 158, 431 

exit through stomata 437, 438,439 
in leaf 198 
through parenchyma 170 
root uptake 447-9 
through tracheids 174, 178 
through xylem 178-9 
see also leaf; phloem; xylem 

water movement theory 445,447 
water pollution 329-32 

scales of 364-6 
water potential 145 

definition of 428-9 
determination of in plant tissue 433-4 
effect on cells 430 
in kidney 429 
for mass flow in plants 445 
and transpiration stream 435 
and turgor pressure 698 

water potential gradient 
in medulla 682 
vacuolar pathway 438 

water regulation, ecological factors 314 
water relations, plant 428-34; see also 

diffusion; osmosis 
water shortage adaptation: see xeromorphic 

adaptation 
water supply 

cholera transmission by 500,504 
(para)typhoid transmission by 514 
see also faecal contamination; public health 

water transport: see water movement 
water vapour, as greenhouse gas 327 
waterlogging 334 
waterproofing 

of exoskeleton 624 
of periderm 771 
of pollen 715 
of skin 657 

weedkillers 
auxins for $40,541 
dicot-specific 540,541 

Went's geotropism experiments 537-8 
Went's phototropism experiments 5 3 4 - 5 , s  

white blood cells 462 
amoeboid movement of 462,484 
basophil m , 4 6 3  
eosinophil 462.463 
granulocyte 460,462,462-3 
lymphocyte 460,462,463 

B cells 463,486,486-7,488 
location of 469 
see also T cells 

lymphokine control of 487 
macrophage 484,666 
monocyte 460,462,463,484 
neutrophil 462-3, 484 
phagocyte 484,485 
production in bone 625 

white fibrous cartilage 188-9, 625 
white matter, spinal cord 575 
WHO 

co-ordination function 498 
EPI (Expanded Programme of 

Immunisation) 499 
malaria eradication programme 509-10 
and TB 505 
vaccination programme 491,497 

whooping cough (pertussis) 497.499.502 
Wildlife Trusts 347 
wilting 294, 652 
wind, and transpiration rate 441 
wind measurement 356 
wine production 401 
wing speed, insect 642 

wings, insect 641-2 
Winkler method 352 
wood (secondary xylem) 46,769-70, m 
woodland community 318 
woodland food web 305; see also forest; 

rainforest 
woodland management 344-5 
woody plants 46,3,2,51 
wound healing 

phloem 457 
role of blood 482-4, 485 
see also haemophilia 

writing-up of investigations 366 

X chromosome 820-1 
monosomic patterns 866, 867 
trisomic patterns 865-7 
see also sex chromosomes 

X-ray crystallography, DNA 105, 107 
xeromorphic adaptation 314,315, 440-2 

by Bryophytes 37 
by C4 plants 216 
by conifers 43 
to land 46-7 
of leaf 440-2,651-2 
wilting as 651-2 
see also drought 

xerophytic adaptations 652,699,700 
xylem 

development in roots 769 
of ferns 38-9 
material transport through 158 
primary 768 
root 447,448.769 
secondary (wood) 46,769-70,771 
stem 446 
structure and function 168, 169, 174,177, 

17841,427-8 
transportation of water to leaf 435 
water flow through 445-7 

xylem fibres 181 
xylem parenchyma 179,181 
xylem sap, tensile strength 445 

Y chromosome 82011 
monosomic patterns 866, 867 
trisomic patterns 865-7 
see also sex chromosomes 

yeast 
asexual reproduction of 702 
bread making 400-1 
brewing 401 
optimum pH for 378 
as parasite 30 
structure 2 7 , z  
viable cell count 386,387-8 

yeast extract, food uses 405 
yellow elastic cartilage 188,189, 625 
yellow fever 
yoghurt 401-2 
yolk sac (human) 737-8 

Z line 635,637 
zeatin 546 
zinc 219,256,258 
zona pellucida 736 
zonation 33, 315,316, 320-1 ,3 l  
ZOOS 341-2 
zwitterion 93 
Zygomycota 21 
zygote formation: see fertilisation 
zygote intra-fallopian transfer (ZIFT) 756 
zymogens, in stomach 242 


