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Chapter 1 The Vertebrate Story: An Overview

· Introduction

Life on Earth began 3.5 billion years ago

Life on Earth is truly amazing

Classification分類

kingdoms

Bacteria 

Archaea

Fungi

Protista

Plant

Animals

Characters of Phylum Chordata脊索動物門

(1) a dorsal, hollow nerve cord神經索

(2) notochord


(3) pharyngeal slits or pouches

(4) postanal tail

Subdivision of Phylum Chordata
(1) Subphyla Urochordata尾索亞門Fig. 1.1Tunicate海鞘 Figure 1.2 Metamorphosis of tunicate

(2) Subphyla Cephalochordata 頭索亞門Fig. 1.4a Amphioxus 文昌魚closest living relatives of vertebrates

(3) Subphylum Vertebrata 脊椎亞門Fig. 1.4

Characters: backbone, cranium ( Craniata), pharyngeal pouches (embryo) Fig. 1.3, pair appendages and limb girdles

Dividing the more than 53,000 living vertebrates into major groups

Group  
種數

Hagfishes(Myxinoidea)盲鰻
43

Lampreys(Pteromyzontoidea)八目鰻
41

Shark, skates/rays, and ratfish

 (chondrichthyes)軟骨魚類
850

Ray-finned fish (Actinopterygii)

條鰭魚類

25000+

Lobe-finned fish (Sarcopterygii)     
4

Salamanders, caecilian (Microasuria) 552 Frogs (Temnospondyli) 
         3,800
Turtles (Anapsida or Testudomorpha) 230


Diapsids (Diapsida)

 Tuatara, lizard, snakes (Lepidosauramorpha)
 8,702

 Crocodiels, birds (Archosauromorpha)
9,624

Mammals (Synapsida)
4,629

Total 
53,745

Range in size:

 9.8mm ( Cuban leptodactylid frog) to

 30 m, 123,000Kg (blue whlae)

Wide-ranging of habitat: Arctic to Antarctic, aquatic to terrestrial

Poikilothermy: variable body temperature

Ectothermy: derived heat from the environment

Homeothermy: constant body temperature

Endothrermy: derived heat from metabolism

· Vertebrate Features

Diverse in body form, structure, and the manner in which they survive and reproduce
1. Body Form:

Most aquatic species are fusiform body  

Most fishes are fusiform (Fig. 1.5a)

Larval amphibians

Aquatic mammals, e.g. whales

  Terrestrial locomotion 

 Movable head and caudal region as balancing organ

 Bipedal locomotion Fig. 1.6 Saltatorial locomotion of frog and kangaroo

Reducing of limbs for burrowing
Aerial locomotion: birds and bats

2. Integument:

Skin: epidermis and dermis

Functions of skin:

Condition of skin: health

Significant changes occurred as vertebrates adapted to life in water and later to the new life on land

Entire epidermis of fishes consists of living cells

Land life→ inner laying of living cells: stratum germinativum ,Outer layer of dead cornified cells: stratum corneum
Accessory structures: scales, feathers, hair, bony armor (Fig. 1.7 armadillo犰狳), claws, nails, hooves, and horny beaks
3. Skeleton:

Vertebral column Fig. 1.8 A composite vertebra

Fish: trunk and caudal vertebrae

Tetrapods: neck (cervical), trunk ( rib-bearing thoracic and ribless lumbar) , sacral, and tail (caudal) region 

Skull: cranium ( chondrocranium)

7gill arches: secondary gill arch→ jaw

Teeth


Homodont dentition

 Heterodont dentition Fig. 1.9 incisors, canines, premolars, and molars

4. Appendages

Tetrapods evolved from lobe-finned fishes Fig.1.10

Characters of tetrapod limbs:

(1) large amounts of muscular tissue

(2) positerior limbs are larger than the anterior limbs

(3) enormous modification, Fig. 1.11 types of locomotion in mammals

Homlogous:  a structure that arises from the same embryonic tissues in two or more organisms sharing a common ancestor. Fig. 1.12a

Analogous: different embryological origins Fig. 1.12b

Aquatic environment: finlike structures

Homologous structures: sea turtle, penguins, whales, seals, and manatees

Convergent evolution: forelimbs of sharks, penguins, and porpoises

5. Musculature:

Fishes: Fig.1.13 myomeres, myosepta, epaxial, and hypaxial muscle, the muscles that move the fins are essentially within the body-extrinsic to the appendages

Tetrapods： muscles developed entirely within the limb is intrinsic 
6. Respiration

Vascularized gills Fig. 1.14

Lungs

Swim bladder

7. Circulation

Heart, arteries, veins, and blood

Transport

Regulate temperature

Gill breathing: two-chambered (atrium and ventricle) Fig.1.15a Basic pattern of the vertebrate circulatory system

Lung breathing: Fig. 1.15b four-chambers

8. Digestion:

Mouth

Digestive tube: esophagus, stomach, intestine

9. Control and Coordination

Nervous and endocrine systems: brain and sense organs

Fig. 1.16Comparison of the olfactory tract portion of the brain

(1) Olfactory: nasal sacs or olfactory region connected to the oral cavity

(2) Vision: Fig. 1.17 paired eyes

Parietal eye: light-sensitive organ in the tuatara

(3) Hearing and Vibration Receptors

Receptor of sound waves Fig. 1.18 labyrinth in the inner ear迷器

Infrasound and outrasound

Aquatic vertebrate: Neuromasts (hair cell), water wave

(4) Encocrine system

Endocrine organ of different groups of vertebrates are homologous

10. Kidney Excretion:

Pronephros, opistonephros, metanephros

Nephrons are functional units of kidney (Fig.1.19)腎元

Freshwater fish: large nephrons

Marine fish: reducing the size of their nephrons

Cartilaginous marine fish: retaining nitrogenous wastes in the body fluids

Terrestrial vertebrates: small nephrons, water reabsorbed, uric acid or urea.

11. Reproduction:

Breeding season: breeding in many vertebrates has a periodicity correlated with the environmental condition 

Reproductive strategy: Table 1.1 

r-strategists

K-strategists

Reproductive behavior:

 sex recognition and courtship

  dioecious雌雄異體
  hermaphroditic雌雄同體

  parthenogenetic孤雌生殖

modes of reproduction: 


 Oviparous (egg laying)

  Viviparous (giving birth to

nonshelled young)

Fertilization: 

External or Internal fertiliation

Delayed fertilzation

Amniotes: with four extraembryonic membrane, including amnion

Anamniotes

Parental care:

Fig. 1.20 Female salamander guarding her eggs

Fig. 1.21 Precocial young 早熟Altricial young晚熟

12. Growth and Development

General characters develop first, then the more specific characters

Period of parental care

Period of larval stage

The time required to reach sexual maturity 

Life

· Role of Vertebrates

They form an essential link in the ecological processes of life

Pollinator Fig. 1.22

Transport

Food

  Humans have negative impact on the most forms of life

  Ecotorism

  Zoos

· Future Research

 Most vertebrate biologists concentrate their attention on only one group

Biology, ecology, genetics, evolution, and behavior of vertebrate species

Examples:

(1) Fig. 1.23 Blue dart poison frogs produce toxic alkaloids in their skin

(2) Mysteries of migration

(3) Discovering new species Fig.1.24, 1.25

(4) DNA sequencing and hybridization to provide data concerning the relationships of living populations and extinct, e.g. examine mammoths 47,000 years B.P.
(5) Saving endangered species, reintroduction


