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Chapter 4 Early Chordates and Jawless Fishes

1. Introduction

Fig. 4.1 The evolution of vertebrates

Evolution takes on many scales of time

Short time scales: morphological and ecological change

Long time scales: fossils

Ancestral to the vertebrates:

Fig.4.2 Paedomorphosis of larval tunicates

Cephalochordates

Fig.4.3 Pikaia gracilens 520million years ago (1991)

Yunnanozoon lividum 525 million years ago (1995)(Hemichordata?)
Fig.4.4a Cathaymyrus diadexus 530million years ago

Haikouella lanceolata 

2. Calcichordates
Fig.4.4b 600-400 million years ago: covered by small plates of calcium carbonate

3. Conodonts

Fig.4.5 4cm, 510 million years ago, exoskeleton, bone cell, dentine, teeth (predator), without gill
4. Early Cambrian Fish-like fossils

Agnathan from mid-Lower Cambrian (530 million years ago): Haikouichthys ercaicunensis

Myllokunmingia fengjiaoa

Skull and cartilage

5. Evolution

Bio-note 4.1 Homeobox Genes: all animals share a special family of genes
Fig. 4.6 The evolution of the major groups of hagfishs, lampreys, and fishes and their relationships to each other

Fig.4.7 Cladogram of the fishes

(1) The earliest vertebrate

Characters of early vertebrates 


1. bony armor甲冑(避免天敵


2. aquatic filter feeder, using muscular contractions instead of cilia to move water水棲濾食性



3. mobile to search food



4. Jawless, no paired-fin無顎﹐無偶鰭

5.底棲，尾短小側扁

6.終生具有脊索notochord

Fig.4.8a Ostracoderm介皮類 (Arandaspis): a 470 million-year-old jawless fish found in central Australia

Fig.4.8b The first complete Ordovician ostracoderm fossil: Sacabambaspis

Fig.4.9 各種介皮類，下寒武紀至泥盆紀，10 - 50 cm



* Pteraspida: 鰭甲類，亦稱異甲類(heterostraci)



* Coelolepida or thelodonts: 腔鱗類


* Cephalaspida:頭甲類，包括骨甲類(osteostraci),無盔類(anaspida)

Ostracoderm is a sister group of lamprey八目鰻 and hagfishes盲鰻( Cyclostomata圓口類), extinct 100 million years ago

* 圓口類原始特徵: jawless, no pair appendages


* 圓口類特徵:


# skin is soft, often slimy and lacks scales無鱗


# the internal skeleton is cartilaginous

# 7 - 15 gill pouches connected with gut and opening to exterior separately or by a single duct


@盲鰻特徵:530 million-year-ago, change little over the past 330 million years Fig. 4.10 

# < 1m, 15 -20 species, 6屬, world wide distribution, deep sea, bottom dweller深海底棲


# scavenge and also feed on worms and shrimps腐食


# single nasal opening connecting the pharynges


# eye degenerated, cover by skin眼退化隱於皮下


# mouth is surrounded by 6 tentacles supported by cartilage口周圍有六個觸角


# 口內有能外翻之舌，上有角質齒兩列


# mucous gland secrete mucous - defense mechanism皮膚黏液線分泌黏液﹐防衛機制


#心臟在尾部，3 accessory hearts心跳aneural不受神經調控, 血壓低


# some hermaphroditic雌雄同體, large eggs about 1 cm Fig 4.16, cleavage is meroblastic, direct development直接發育


# 皮革製品:eel skin

八目鰻特徵: 300 million-year-ago Fig4.11

# 41 species, 9 genera, 30cm -1m

# a pair of eyes and a median pineal eye眼一對

# seven pairs of gill pouches open separately鰓孔七對

# single nasal opening is a blind-end tube

# heart is nerved by parasympathetic, consists of four parts

# parasite寄生, mouth is ventral and consists of a sucking funnel口球漏斗surrounded by soft papillae乳突 and lined with horny teeth角質齒, oral gland secretes anticoagulant抗凝血劑Fig.4.12 parasite
# anadromous降河產卵: ascend rivers and streams to breed, Fig.4.13 electrical barriers

# construct nests to receive spawn by both sexes, eggs are small and clutch size over thousands, cleavage is holoblastic
  # larvae: burrow, filter feeding, 3-7 year, adult 2 years 

# Population expanding造成危害  
hagfishes and lampreys are paraphyletic group 因為盲鰻無脊椎﹐非脊椎動物﹔但八目鰻有脊椎Table 1 Difference between lampreys and hagfishs

Fig.4.15 kidney of vertebrates 
