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it 34T

8.4 Skeletal Muscle Mechanics 348

A Closer Look at Adaptation: Muscles Evolved for
Speed 349

muscle organs are groups of muscle fibers bundled tagether by
connective tissue, often attached to skeletal elements in antaganistic
pairs 3459

Contractions of awhale muscle can be of varying strength 350

The rumber of fibers contracting within a vertebrate muscle depends
on the extent of motor unit recneitment 350

The frequency of stimulation can influence the tension developed by
each vertebrate skeletal muscle fiber 351

Twitch summation results from a sustained elevation in cytosolic
calcium 352

Arthropod muscle tension is contrelled by gradation of contraction
withir a motor unit 3533

There is an optimal musgle length at which maximal tension can be
develnped on a subssquent contraction 353

Muscle tension is bransmitted to skeletal elements as the contractile
campenent tightens the seres-elastic compenent. 353

PTH raises plasma Ca>* by withdrawing Ca=* from the bone 326
The Immediate effect of PTH is ta promate the transfer of Ca®* from
bone fluid inte plasma 326

PTH's chronic effect is to promate localized dissolution of bone to
relepase Cattinto plasma 326

PTH acts on the kidneys to conserve Ca* and to eliminate PO 326
PTH indirectly pramotes absorption of Cat* and PO by the
intestine 32T

Thi prirmary signal for re%ulaﬂng PTH secretion is the plasma
cancentration of free Ca=* 32T

Calcitanin lowers the plasma Ca®* concentration, but may not be
essential 327

Yitamin D is actually a hormaone that increases calcium absorption in
the intestine 329

Phosphate metabolism is controlled by the same mechanisms that
regulate Ca®™ metsbolism 330

Disarders in Ca?* metabolism may arise from abnarmal levels of
parathyroid hormene ar vitamin 0 330

Making Connections: How the Endocrine System
Contributes to the Body as a Whole 332

Chapter Summary 333
Review, Synthesize, and Analyze 334
Suggested Readings 33&

Ihe two primary types of contraction are isolonic and isometric 353
The velocity of shortening is related to the load 356

skeletons include endoskeletons, exoskeletons, and hydrostats
skeletons 356

Interactive units of skeletal muscles, tendons, skeletons, and joints
form lever systems 35T

Elastic storage structures can greatly increase the efficiency and
speed of locomation 357

8.5 Skeletal Muscle Metabolism and Fiber Types 358
Muscle fibers have alternate pathways for forming ATP 359
Fatigue may be of muscle or central origin 361

Increased oxygen consumption is necessary to recover from
activity 362

Although muscles can accomplish work, much of the energy (s
corwerted to heat 362

There are three types of skeletal muscle fibers, which differin ATP
hydrolysis and synthesis 362

Molecular Biology and Genamics: Myosin Family
Genetics 364

Muscle fibers adapt considerably in respanse to the demands placed
anthem 365

Unanswered Questions: What signals trigger changes in mauscle mass
and fiber type? 366

8.6 Adaptations for Flight: Continuous High Power at High
Contraction Frequencies 366

Asynchronous muscle contractions are characterized by a nearly
constant myaplasmic Ca®* concentration 36T

8.7 Control of Motor Movement 368

Multiple mater inputs influence vertebrate motor unit output 368
Muscle spindles and the Golgl tendon argans provide afferent
information essential for controlling skeletal muscle activity 370

8.8 Smooth Muscle and Cardiac Muscle 373

Smoath and cardiac muscle share some basic properties with skeletal
muscle 3T3

Smoath muscle cells are small and unstriated 373

smooth muscle cells are turned on E:q,rlC.az"'-de-per'-dent
phospharylation of myosin 3T5

Phasic smooth muscle contracts in bursts of activity: tonic smaath
muscle maintains an angoing level of contraction 376

Muktiunit srmocth muscle is newrogenic 37T

Single-unit smooth muscle cells form functional syncytia 3T8
Single-unit smaoth muscle is myogenic 378

Gradatiaon of single-unit smoath musele eantraction differs
considerably from that of skeletal muscle 379




smooth muscle activity can be modified by the autonomic nemvous
system 379

Smoath muscle can still develop tension, yet inherently relaxes when
stretched 380

smooth muscle is slow and economical, especially in latch and catch
types 381

Cardiac muscle is striated but also has some smooth-muscle
characteristics 382
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Circulatory Systems 3as

9.1 Evalution of Circulation 385

Circulatory systemns evolved to overcome the limits of diffusion 385
Circulatary systems have up to three distinct companents: fluid, pump,
and vessels 3BS

Circulatory systems can be open or closed 386

9.2 Circulatory Fluids and Cells 387

Plaema is an agueous medium for inarganic lons, gases, and nuemerous
organic solutes 38T

Plasrma proteins casry out many of the functions of plasma 388
Lipoprotein complexes carry energy lipids and structural lipids for
biasynthesis 389

Respiratory pigments carry oxygen 391

Erylhrocytes serve primarily to transport cxygen 391

Unanswered Questions: Why are erythrocytes in birds and mammals so
different? 391

Hemoglobins and erythrocytes have additional transpart

functions 392

Hemopoietic tissues continuously replace worm-out erylhrocytes 392
Erythropolesis in mammals and probably other vertebrates is
controlled by erythropaoietin from the kidreys 392

Leukoeyles are key components of vertebrate immune systems 393
Thrombocytes and platelets function in clotting 393

9.3 Circulatory Fluids: Hemostasis 394

Yascular spasm reducas blood flow through an injured vessel 395
Platelets aggregate to form a plug at a vessel defect by pasitive
feedback 395

A triggered chain reaction and positive feedback invelving clatting
factors in the plasma resulzs in blood coagulation 395

The clotting cascade may be triggerad by the intrinsic pathway or the
extrinsic pathway 397

Uranswered Questicns: Why is mammalian clotting 50 complex? 397
Fibrinolytic plasmin dissolves clats and prevents inappropriate clot
formation 398

Hemaocytes and hemolymph probeins provide hemostasis in
arthropods 399

A Closer Look at Adaptation: Vampires
and Medicine 500

9.4 Circulatory Pumps: Evolution 400

Pumping mechanismes include flagella, extrinsic skeletal muscles,
peristaltic muscular pumps, and hearts (chamber muscle pumps) 00
Many animals have primary hearts aided by auxiliary pumps 401
Arthroped systemic hearts are dorsally located and have many valved
operings &02

Vertebrate systemic hearts evolved from a two-chambered to a four-
chambered structure 402

fvian and rmammalian hearts are dual pumps 402

Heart valves ensure that the blood flows in the proper direction
through the heart 03

Vertebrate heart walls are composed primarily of spirally arranged
cardiac muscle fibers interconnected by intercalated discs %05

9.5 Circulatary Pumps: Heart Electrical Activity 406
Facernaker cells have channels that cyclically move them te *firing”
threshold &07

The sinaatrial rode is the normal pacemaker of the vertebrate
heart HOT

The spread of cardiac excitation is cogrdinated to ensure efficient
pumping 408

The action patential af contractile cardiac muscle cells shows a
characteristic plateau %09

Ca”* entry frorm the ECF induces a much Larger Ca®* release from the
sarcoplasmic reticulum &09

Tetanws of cardiac muscle is prevented by a long refractory

period 410

9.6 Circulatory Pumps: Heart Mechanics and the Cardiac
Cycle 412

Heaarts alternately contract in systole ta empty and relax in duastole to
fill %12

9.7 Circulatory Pumps: Cardiac Output and Its Control &1&
Cardiac output is a product of heart rate and stroke volume &14
Feart rate is determined primarily by antagonistic regulation of
autonomic influences on the 54 node 515

Stroke volume is determined by the extent of venous return and by
sympathetic activity &16

Increased end-diastolic volume intrinsically results in increased stroke
volume &17

The contractilty of the heart and venous return are increased by
sympathetic stimulation 17

The heart receives most of its own blood supply through the coronary
circulation 418

9.8 Circulatory Pathways and Vessels: Hemodynamics and
Evolution 419

Blood flow varies directly with the pressure gradient and imeersely with
resistance 19 o

Unanswered Questions: How could a brachiosaur pump blood toits
brant &20

Circulatory fluids transport materials in a parallel manner, especially in
closed systems 21

Circulatory fuids are driven by pressure and can transmit useful

force 422

9.9 Circulatory Pathways and Vessels: Open Circulation 422

810 Circulatory Pathways and Vessels: Closed
Circulation %25

Parallel and series flow are both important for recenditioning the
blood 425

The vertebrate vascular system evolved from one circuit to two
separate circuits 25

Maolecular Biology and Genomics: From Three to
Four 428

9.11 Circulatory Vessels: Arteries 429

Arteries are wide with low total cress-sectional area and store and
release pressura for high-velocity delivery 429

Mean arterial pressure is the main driving force for blood flow &32

9.12 Circulatary Vessels: Arteriales &32

Arteriales are the major resistance vessels and can be dilated or
carstricted 432

Local {intrinsic) influences on arteriolar radmis help match blood flow
with the tissues” “selfish” needs &34

Extrinsic syrmpathetic control of arteriolar radius is important in

the regulation of both blocd flow during activity and arterial blocd
pressure 435

The medullary cardiavascular control center, other brain regions, and
Formanes regulate blood flow and pressure 437

9.13 Circulatory Vessels: Capillaries &37

Capillary anatomy increzses diffusion rates by minimizing distance
AX while maximizing surface area A and the diffusion coefficient O of
Fick's law 437

Blood compasition and perfusion regulation enhance capillary-tissue
concentration gredients AC G439
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Capilkary anatormy increases time for diffusian by slowing blaod flow
due to a high total cross-sectional area kil

Interstitial fluid is a passhee intermediary between the blood and
cells bl

Buslk flow across the capillary wall is impartant in extraceliular fluid
distribution G&2

9,14 Circulatory Vessels: Lymphatic System 444

The lymphatic system is an accessary route by wehich interstitial fluid
ran be returned to the blood &4

The lymphatic systern is impartant for immune functions and fat
transport b5

9.15 Circulatory Vessels: Venules and Veins 4435

Veins serve as a blood reservoir as well as passageways back to the
heart &&5

Venous return is enhanced by & number of extrinsic factors 466

9,16 Integrated Cardiovascular Function 448

Proper gas and heat transpart is the first priarity and regulation of
mean arterial pressure Is the second priedty of the cardiavascular
system G468

Gas transpart and blood pressure are manitored by arterial sensors
and requlated In part by the cardiovascular control center 449

The baroreflex is the most important mechanism for shart-term
regulation of blocd pressure during rest or low actiity 449
Regulation of gas transport and blood pressure are caordinated during
lncomaotery activity by higher brain centers 430

Blood pressure regulation must integrate both short-term and long-
terminfluences &53

Making Connections: How Circulation Contributes to
the Body as a Whole 455

Chapter Summary 455
Review, Synthesize, and Analyze 456
Suggested Readings &5T

Defense Systems 458

10.1 Evolution of Defense Systems &58

Animal defenses target external as well as internal threats including
pathogenic bacteria, viruses, parasites, and cancer §59

Immune responses can be either innate or acquired 459

Immune responses Lse patbern-recognition receplors to distinguish
“splf" from *nonsel™ 460

Immune cells communicate with cytokines and by direct contact 460
sarme animals behaviorally acquire defense companents fram ather
organisms 460

10.2 Innate Immune Systems in Nonvertebrates 461

Rarrier tissues are the first line of defense, using passive and active
mechanisms &61

Phagocytotic cells and inflammatary respanses are the majer form af
cell-mediated second lines of defense &61

Antimicrobial and ather defensive peptides of barrier tissues and
imrune cells are commen noncellular second lines of defense 463
Cipsonin proteins “tag” invaders for destruction by phagecytotic

cells 463

10.3 Immune Systems in Vertebrates: Overview 464

Active immune responses are regulated by feedback systems with
sensors, integratars, and effectors that are primarily leukacytes and
proteins 464

Leukocytes of innate and acquired immunity are found in circuslation
and localized in tissues Gk

10.4 Innate Immunity in Mammals %65

Barrier tissues form passive walls and can have active mechanisms to
kil oo remcve invaders 866

Inflammaticn in part is triggered by histamine released by mast

colls &6T

The complement system punches hales in microgrganisms

directly, acts as opsonins, works with antibadies, and augments
inflammation 469

MEAIDS and glucocorticoid drugs suppress the inflammatory
response GT0

watisral killer cells destroy virus-infected cells and cancer cells on first
expasure to them 471
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Interferan transiently inhibits multiplication of viruses in most
cells BTL

10.5 Acquired Immunity in Mammals: Overview 472
Acquired immunity includes antibady-mediated and cell-mediated
responses &1

Lympheid tissues store, produce, andfor process lymphocytes 572
An antigen induces an immure response against itself 673

10,6 Acquired Immunity in Mammals: B-Lymphocytes 474
The antigens to which B cells respond can be T-independent or
T-dependent &T4H

Antigens stimulate B cells to corvert into plasma cells that praduce
antibodies &T4

Antibadies are Y-shaped and classified according to properties of their
tail portion T

Antibodies Largely amplify innate immune respanses to promote
antigen destruction 4T3

Clanal selection accounts for the specificity of antibody

production 476

selected clones differentiate into active plasma celis and darmanit
remary cells 476

The huge repertoire of B cells i built by recombination of a small set of
gene fragments 4T9

Active immunity is self-generated; passive immunity is

“borrowed” 480

10.7 Acquired Immunity in Mammals: T-Lymphocytes 480
T cells bind directly with their targets and effector cells via
immuncsyrapses &80

The three types of T cells are cytotosic T cells, helper Tells, and
requlatory T cells &80

Cytatonic T cells secrete chemicals thal destroy target cells 481
Helper T cells secrete chemicals that amplify the activity of other
immune cells 82

T-lymphiocytes respond anly to antigens presented to them by
antigen-presenting cells 482

The major histacompatibility complex (MHC} is the code far self-
antigens &B3

The immune system is normally tolerant of self-antigens 485
Immure surveilance against cancer cells involves an interplay among
immure cells and interferon 486

4 regulatory loop links the immune system with the nensaous and
endocrine systems 488

10.8 Acquired Immunity in Other Animals 489

Unanswered Questions: How did the acquired immune system arise in
Jawed vertebrates? 489

Sharks generate diverse B and T cells with a lower diversity but a
greater number of gene fragments than mammals &89

Lamprey lymphacytes shuffle ancient PRR genes to generate variable
receptors and antibody-like proteins 489

Some arthropods and mallusks have immunity mechanisms resembling
vertebrate acquired processes &89

Molecular Biology and Genomics: An Accidental Origin
for Acquired Immunity? 490

Making Connections: How Defense Systems
Contribute to the Body as a Whole 481

Chapter Summary 491
Review, Synthesize, and Analyze 492
Suggested Readings 492

Respiratory Systems 493

11.1 Gas Demands: General Problems and Evolutionary
Solutions 493

External respiration invalves up to four majer steps of transport and
exchange 493

Gas diffusian follows Fick's law for partial pressure gradients &84
External respiratory processes must meet the demands of size,
rretabolism, znd habitat $96

Gas exchange may be increased by respiratory organs, bulk transport,
and diffusion-enhancing proteins 497

Breathing as a form of bulk transport can be tidal or flow-

through 498




11.2 Water Respirers 498

Water is a more difficult medium than air for gas exchange 498
The limitations of diffusion in water are gvercome with gills and other
external thin, high-surface-area structures, intermal circulation, and
flow-through breathing 499

Breathing muscles in water provide rapid and often flow- thmugh
transport 501

Cauntercurrent blood flow enhances gas pressure gradients in
fishes 502

Aguatic respiratory systems can perfarm numerous nonrespiratory
functions S02

11.3 Air Respirers: Overview and Nonvertebrates 502

Air breathers may have less efficient exchange surfaces and breathing
mechanisms, and their exchange surfaces must be prolected from
drying out 302

Land slugs and snails use skin, mantle tissue, or lungs 503

Arachnids use book lungs or tracheae 503

In insects, internal zir-filled tubes—tracheas—supply oxygen {:hr(:’l'_‘ll;-.r
to the tissues 506

114 Air Respirers: Vertebrates 504

Challenges and Controversies: Why Are There No
Large Insects? 505

The first air-breathing vertebrates werne bimodal 505

Frog lungs may be simple or moderately folded and are inflated by
positive pressure S04

Feptiles and mammals have respiratary systems ranging from simple
to elaborately folded chambers inflated by negative pressure 507
Mammallan airways terminate in alveoli, which are invalved in both
ventilation and gas exchange 508

& pleural sac separates each lung from the thoracic wall 510
Mammalian lungs are inflated and deflated tidally by cyclical changes
In Intra-alveolar pressure generated indirectly by respiratory
muscles 510

ventilation and gas exchange are separated in avian respiratery
systerns due to air sacs and parabronchi with air capillaries 511
Flow-through breathing plus crosscurrent blood flow enhances gas
exchange in birds 514

Unanswered Questions: Soaring birds from Saurischian

dinosaurs? 515

Aerial respiratory systems can perform numerous nonrespiratory
functions 515

11.5 Breathing: Respiratory Mechanics in Mammals 517
Interrelationships amang atmaspheric, intra-alveclar, and intraplewral
pressures are impartant in respiratory mechanics of mammals 517
The lungs are normally stretched to fill the larger thorax 51T
Intraplewral and lung pressures decrease during inhalation and
increase during exhalation 519

Respiratory diseases often increase airway resistance 519
Elasticity in mammalian lungs depends on connective tissue and
alveolar surface tension, which is reduced by surfactant 520

11.6 Breathing: Lung Volumes in Mammals 521

Charges in lung volumes are impartant for anzlyzing different
respiratory efforts, disease states, aerobic activity capacities, and
species differences 521

Alvealar ventilation is less than pulmonary ventilation because of the
presence of dead space 523

11.7 Breathing: Flow-Through versus Tidal Respirers 526
[Dead-space volumes are lower in fishes but higher in birds compared
Lo marmmals 526

The work of normal breathing requires as little as 2% of total energy
expenditure = some mammals to as much as 50% in some fishes 52T
Flow-throwgh ventilation yields a greater oxygen uptake than tidal
breathing 527

11.8 Gas Exchange at Vertebrate Respiratory Organs and
Body Tissues 527

Lung air has a lower partial pressure of axygen than atmospheric

air 52T

Oz enters and CO3/HCO; ™ leaves the capillaries in the lungs ar gills
passively dewn partial pressure of concentration gradients 529
Factors ather than the partial pressure gradient influence the rate of
gas transfer 529

(Gas exchange across the systemic capillaries also occurs down partial
pressure gradients 530
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11.9 Circulatory Transport and Gas Exchange 530

Mast O in many animal circulatory systems is transported bound to
hemeglakins, remocyaning, and other metal-containing respiratory
pigments 530

A Closer Look at Adaptation: Life in the Cold: The
Hemoglobinless lcefish 532

Myoglobin stores crygen in aerobic muscle and may facilitate diffusian
from the blood to the mitochondria 533

Hewrens cantain newrsglabin, while fioroblasts contain

cytoglobin 533

The FDz is the primary factor determening the percent hemoglabin
saturation 533

Caoperativity amang hemoglobin subunits allows for effective delivery
of oxygen 533

Evalutionary adaptation resuits in different hemaglobin Pgy

values 535

By acting as a storage depot, respiratary pigments promote the

net transfer of O3 from the respiratory surfaces to the circulatory
fluicd 536

Increased COy, acidity, ternperature, and organic phosphates shift the
0z—Hhb dissociation curve to the right, favering unloading 53T

Filling of the gas bladder is aided by the Root effect 539

Mest C0; is transported in the blood as bicarbonate 560

‘ariogus respiratory states are characterized by abnarmal blood gas
levels 542

Other unusual respiratory states such as aprea are not necessarily
pathological 543

A Closer Look at Adaptation: High Fliers and Deep
Divers Si4

11.10 Control of Respiration 546

Spiracles that control tracheal ventilation in insects are regulated
intrinsically and extrinsically for both gas eschange and evaporation
contre| 546

Extrinsic and intrinsic controls act on the smooth muscle of
marmmzlian airways and arterioles to maximally match ventilation to
perfusion 56

Respiratory centers in the vertebrate brain stem establish a rhythmic
breathing pattern 54T

Molecular Biology and Genomics: HIF to the
Rescue 549

The magnitude of ventilation is adjusted in response to three chemical
factors: Po,, Feo,, andH* 550

Feedhan:knmrulanng af blood gases and H accurs hoth peripherally
and centrally 550

Decreased arterial P increases ventilation more strangly in fish than
in air breathers 550

Carbon dicside—generated HY in the brain is normally the main
reguiator of ventilation in air breathers 551

Adjustments in ventilation in response ko changes in arterial H* are
impaortant in acid-base balance 553

Activity profoundly increases ventilation, possibly due to anticipatory
mechanisms 553
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Chapter Summary 554
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Excretory Systems ss7

12.1 Evolution of Excretary Systems 557

Selective excretion is crucial to internal fluid homeostasis and involves
several systems 35T

Mitrogen metzbolism creates special stresses and produces three
major end products: ammonia, wrea. and uric acid 558

Excretory organs have transpart epithelia, which typically use Ma® K"
ATPases 561

12.2 Renal Excretory Organs: Overview 363

Renal tubules prodwce urine wsing the processes of filtration,
secretion, reabsorption, and asmoconcentration 563

The major renal organs are protonephridis, mesa- and metanephridia,
and Malpighian tubules 563
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Carbohydrate and protein are both absorbed by secondary active
transport and enter the blood 696

Witamin absorption is largely passive 699
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Extensive absorpticn by the small intestine keeps pace with
sacretion TO1
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14,8 Hindgut/Large Intestine T01
The hindgut of insects actively transports nutrients and may house
symbionts TO1

Molecular Biology and Genomics: Big Bugs Have Little
Bugs... TO2

Thie vertebrate hindgut or large intestine consists of the colon, cecum,
and rectum or cloaca 702

The large intestine terves as a temporary storage site for excreta,
furctions in electralyte and fluid balance, and harbors micrabes for
fermentation and production of volatile fatty acids TO2

Diet composition governs variation in structure of the large

intestine TO3
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irgesta TOT

The enviranment of the rumen fosters the growth of anaerchic
microbes TOT

Mutrients for the host ruminant are generated by anagrohic

microbes TOS
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15.1 Introduction: Thermadynamics and Life T15

Life follows the laws of thermodynamics T15

To compensate for entropy, animals require input of feod energy, most
of which is ultimately converted to heat output. 716

15.2 Energy Balance: General Principles 717

Erergy input must equal energy output, which is measured

as metabalic rates of basal metabalism, activity, diet-induced
thermogenesis, and production T1T

Energy af praduction determines net energy balance T19
BMR and SMR are regulated in part by thyrosd hormones 720
BMR and SMR scale with body mass 720

Increased muscle activity is the factor that can most increase
rmetabalic rate, as indicated by metabolic scope T20

Challenges and Controversies: A Universal Scale of
Life? 122

Diet-induced tharmogenesis oceurs after eating in most animals 722

15.3 Energy Balance: Regulation 724

Some adult animals maintain long-term neutral enengy balance, while
others undergo regulated periods of positive or negative energy
balarce T24

Food intake in mammals is contralled prirarily By the hypothalamus in

“response to numerous inputs T2

Leptin and insulin are signals of long-term energy balance 725

Molecular Biology and Genomics: Discovering the
Obesity Gene 726

Effectors for energy balance are mechanisms to regulate eating and
expenditures T28

Different energy-balance sel points among species result from
evolutionary adaptations to different food supplies T29

15.4 Thermal Physiology: General Principles T30

Temperature alters rates of chemical reactions and denatures
macromolecules T30

Biormalecules can be altered to work optimally at different
temperatures T31

The thermal adaptation strategies of animals depend on their primary
source of heat 733

Heat exchange between the body and the environment takes place by
radiation, conduction, convectian, sand evaporation T34

Heat gain versus heat loss determines core body temperature, with
mechanisms to gain external heat, retain internal heat, generate more
internal heat, and lose excess heat T35

15.5 Ectothermy T36

*. Body ternperatures of ectatherms may follow the environment. or may

be regulated by heat gains, retention, and losses 736

Same ectotherms can compensate biochemically for changes in body
temperatures T3T

Ectathesms survive extreme cold by metabolic dormancy and by either
freeze avoidance or freeze tolerance 739

Ectotherms may survive temporary extrema heat with the heat shock
response T&0

15.6 Endothermy and Homeothermy 740

Challenges and Controversies: What Is the Maximum
Temperature for Life? T4l :

Unanswered Questions: How, when, and why did endothermy
evolve? Thl

Birds and mammals maintain a consistent internal core temperature
fhomeothermy} Tl

To maintain a stable core temperature, heat gains must balance
hieat loss, with mechanisms to galn, retain, generate, and lose excess
hieat T&3

The hypothalamus and{or spine integrates a multitude of
thermasensary inputs from both the core and the surface of the
body T8

Ta regulate core temperature homeostatically, the hypathalamus
simultanecusly coordinates heat production, heat loss, and heat
conservation mechanisms T8

During a fewver, the hypothalamic thermostat is “reset” to an elevated
temperature, which can be beneficial TS0

15.7 Heterothermy 750

Regional heterotherms heat enly some parts of their bodies TS0
Temporal heterotherms maintzin high body temperatures onty for
certain time periods TS0

Some colonial heterotherms create homeothermic
“superorganisms’ T2

15.8 Thermal Physialogy and Climate Change 752

Arctic regions have warmed the mast, and climate is becoming mare
extreme 752

A Closer Look at Adaptation: The Naked Mole Rat—
Mammalian Hive Ectotherm 753
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Reproductive Systems 757

16.1 Introduction: Reproductive Processes 757

Animals may reproduce asexually or sexually T5T

Animals may reproduce by r-selected, K-selected, or intermediate
ecological strategies TS8

Animals may reproduce physialogically by aviparity, oveviviparity, or
viviparity T58

Apimals use various strategies o ensure breeding at the appropriate
tirme: TE0

16.2 Reproductive Systems and Genetics 761

The reproductive system of vertebrates includes the hypathalamus,
gonads, and reproductive tract TBL

Reproductive systems in insects include the neuroendacrine organs,
gonads, and reproductive tract TE&

Reproductive cells each contain a half set of chromasomes 765
Gametogenesis cocurs by mesosis, resulting ingenetically unique
sperm and ovs TBS

The sex of an individual is determined by the combination of sex
chromasomes or by environmental stimuli T66

An unfertilized egg can develap inta a male or female in
parthenagenesis TET

Sex differentiztion in mammals depends on the presence or absence
al Y-chromaosoeme masculinizing determinants during critical periods o
embryonic development TET -

16.3 Male Reproductive Physiclogy 770

Testes in most mammals descend into the seratum to become
external TTO

The scratal location of the testes provides a coaler ermironment
essential for temperature-sensitive spermatogenssis in

mammals TT0

Unanswered Questions: Why can’t sperm develop at core bady
temperatures? TTO0

The testicular Leydig cells secrete masculinizing testosterone during
the breeding season TT1

Spermatogenesis yields an abundance af highly specialized, mohile
sperm T13

Throughout their development, vertebrate sperm remain intimately
associated with Sertoli cells TTS

LH and F5H from the antenar pituitary control testosterone secretion
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