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Chapter 5 Gnathostome Fishes

1. Introduction

Living gnathostome fishes: 26000species Chondrichthyes (cartilaginous fishes) and Osteichthyes (bony fishes)

2. Evolution

(1) Evolution of Jaws Fig.5.13 p99

Hinged jaws made possible a revolution in the method of feeding and hence in the entire mode of life of early fishes

(2)  Evolution of Paired Fins

Pectoral fins: balancing and turning

Pelvic fins: stabilizers

Gill Arch Theory (Gegenbaur 1876)

Fin Fold Theory (Thacher and Balfour1876): Cladoselache枝鮫

Fin Spine Theory: Acanthodians 棘魚Fig.5.2

(3) Acanthodians and Placoderm盾皮類 
Acanthodians 棘魚Fig.5.3 earliest-known jawed vertebrates, 440 million years ago <20cm具有spines, ganoid scales, teeth, lateral-line system
Placoderm盾皮類Fig.5.4Devonian -> early Carboniferon石炭紀, 0.3-9m
* heavy armored fishes, 1/2 - 1/3 anterior body甲冑
* no teeth, modified dermal bones lined the jaw cartilages顎無齒有軟骨質骨板

* mobile pectoral fin structures胸鰭可動
* gap between head and body shield, craniovertrbral
 joint -> head to lift, open mouth頭板和體板間有縫有

   助抬頭及張口
*jaws are immovable bound to the cranium

(4) Chondrichthyes



Fig. 5.5sharks, skates, rays, chimaeras



軟骨魚之特徵:


# the skin is typically covered by tooth-like dermal denticles (placoid scales盾鱗), except chimaeras





# unique teeth and tooth replacement mechanism 可不斷更新的牙齒

# skeleton is entirely cartilaginous軟骨

# basal and radial elements of the fins鰭之結構

#the pelvic fins are modified to form claspers in the male雄性有腹鰭特化之鰭腳—交配器官

# gills open separately on the body and not covered an opercular flap, except chimaeras鰓裂

# no lung or swim-bladder無肺及鰾
軟骨魚之分類



@Elasmobranchii板鰓亞綱



Sharks (Pleurotremates橫口型首目)鯊目: 339 species, five to seven  gill opening on each side of head頭側各有五至七個鰓裂






# Squalomorphs刺鮫亞目: 80 species, cold-deep water e.g. dogfish, no anal fin無臀鰭


# Galeomorphs正鮫亞目: 250 species



Batoidae (Hypotremata鰩型首目):424 species, dorsalventrally flattened with five gill slits on the ventral surface體平扁鰓裂在腹側, benthic habitats底棲性, enlarged pectoral fin胸鰭擴大,尾細長



@Holocephali全頭亞綱 中生代至今




# no spiracle沒有噴水孔


# 4 functional gills on each side of the body but only one gill opening and with operculum單一鰓裂有鰓蓋﹐上頷骨和顱骨固結—全頭類


# poison gland associated with the stout dorsal spine----雄性交接器


# 牙齒連成一大塊齒板﹐以貝類為食﹐棲於深海
(4) Osteichthyes
180 million years, evolved in fresh water

97% of known species of fishes

Two major groups Fig. 5.6

Lobe-finned fished (subclass sarcopterygii)

Ray-finned fishes (subclass Actinopterygii)



Sarcopterygii肉鰭亞綱: the primitive bony fishes泥盆紀中期
肺魚(六種﹐澳洲﹑非洲及南美洲):泥盆紀至今﹐從海水到淡水

特徵:


*鰭有肉質基底及中軸骨骼﹐非洲及南美肺魚鬚狀鰭

*上頷固著於頭顱(自接型)﹐上下頷無齒﹐但顎骨palate上有齒板﹐可用來磨碎食物

*層鱗cosmine﹐琺瑯質+齒質

*肺
腔棘魚Latimeria chalummae﹐一種﹐非洲南部印度洋深海300m﹐底棲性1938年才發現Fig.5.7


*鰭無中軸骨有肉質基底

*無肺

Actinopterygii條鰭亞綱

Chondrostei軟質硬鱗下綱，泥盆紀 

鱘(6種﹐北半球)匙吻魚—軟骨﹑硬鱗
Neoptergii新鰭下綱(全骨下綱Holostoei)三疊紀 


 雀鱔gars


 think scales( ganoid scales菱形硬鱗),

jaws armed with sharp teeth, without modified jaws上頷骨固結於頰部或縮小分離
predator吸允攫食或以吻部攫動泥土﹐以底棲無脊椎動物為食
弓鰭魚bowfins

ganoid scales菱形硬鱗﹐背鰭成弓形﹐使其能在水中靜止不動埋伏捕食其他魚類
Teleostei真骨魚類—圓鱗或櫛


鱗﹐侏羅紀
八首目

(1)次特化:腹位真骨魚類
特徵:腹鰭位魚腹部中央﹐腹鱗無硬脊棘﹐通鰾﹐體被圓鱗cycloid﹐上頷由前上頷骨及主上頷骨形成


海鰱首目Elopomorpha海鰱﹑鰻



:狹首形幼體Leptocephalous larva



鯡首目Clupeomorpha鯡魚﹑沙丁魚:銀色﹐海水濾食﹐350種﹐全球1/3魚產量
骨舌首目Ostelglissomorpha—紅龍:217種熱帶淡水﹐口部有骨板﹐捕食者

骨鰾首目Ostariophysi –鯉魚﹑鯰魚:80%淡水魚﹐6000種。韋伯氏器Weberian apparatus-
聽覺系統﹐鰾和脊椎骨有骨片Tripus相接Fig.5.26
(2) 特化:前位真骨魚類
特徵:腹鰭前位到喉部﹐胸位或亞胸位﹐腹鰭多具硬棘﹐閉鰾﹐櫛鱗ctenoid﹐上頷由前上頷骨組成
 原棘鰭首目Protacanthopterygii-鮭魚:脂鰭adipose fin﹐溯河產卵
 燈籠魚首目Scopelomorpha-燈籠魚

:深海﹐發光器Photophore內有發光細菌﹐種間辨識或誘捕獵物
 准棘鰭首目Paracanthopterygii-鱈魚安康魚angler:可動之上下頷﹐鰭具硬棘


 棘鰭首目Acanthopterygii-鱸魚﹑鰈魚﹑吳郭魚、魨﹑大肚魚﹑海馬﹑飛魚:一萬多種﹐其中鱸形目佔7800種
3. Morphology
(1) scales Fig5.8Placoid, Ganoid, cycloid, Ctenoid

(2) Fig.5.9 Bioluminescent light organ

Evolution of jaws and jaw suspension: jaws modified from the gill arch skeleton 第一﹑二鰓弧演變而成amphistylic, hyostylic, autostylic, craniostylic

(3) Fin:


pair fins: 上升下降、移動、控制方向


dorsal and anal fins: oscillation, balance



caudal fin: thrust

Fig. 5.15 Modification of pectoral fins

Fig.5.16 Modification of pelvic fins

Fig.5.17 Major caudal fin modification

(4) Circulation Fig.5.20




Bio-note 5.7 Icefishes

(5) Respiratory System



Fig.5.21 Gill covering: lamellae, gill rakers 
  Fig.5.22 Morphological of teleost gills: gill arch鰓弧 <- gill filaments鰓絲 <- secondary lamellae鰓板 (gas exchange)

  Oxygen exchange氧氣交換(gill filament)



 
afferent blood vessel入



efferent blood vessel出


blood flow opposite to water flow (countercurrent exchange) => as much oxygen as possible diffuse into the gill,血流和水流方向相反 
(6) Digestive system

*口位: 端位﹑次端位﹑下位﹑上位和食性有關
Food of fishes:

1. filter: gill raker鰓耙﹐浮游生物
2. herbivores植物
3. carnivores：sharp or conical teeth

4. omnivores
Teeth: acrodont dentition, thecodont dentition, polyphyodont dentition

   Spiral valve of sharks, lungfish, and some primitive teleosts Fig.5.23
(7) Gas bladder Fig.5.24




@ with pneumatic duct: physostomes 通鰾 gulp air at the surface to fill the bladder and burp gas upon ascent e.g. primitive teleost; bony tongues, eels, herring, anchovies, minnows, salmons


 swim bladder as a lung



@ without pneumatic duct: physoclists閉鰾,advanced 



gas gland: both physostomes and physoclists Fig.5.25 move gas from blood to bladder by rete mirabile迷網(微血管組織)=> gas gland secrete lactic acid使迷網微血管內血液變酸，造成血紅素釋放氧並暫時處存在迷網, 等迷網微血管血液內氧分壓大於鰾內氧分壓時才釋放


ovale卵圓體: muscle valve for gas expanding
(8) sense organ 



Hearing: sense cell = hair cell



 #internal ear (labyrinth organ): semicircular canals, speed and direction, position (gravity detector) => otolith 耳石



 # neuromast organs神經丘: formed by hair cells and support cells, dispersed over the surface of the head and body => lateral line system 



(a) structure of lateral line system: hair cells are within copulae 感官頂



(b) mechanism of later-line system: 





water current -> copula displace -> kinocilia bending -> nerve

Vision


靜止時：近視，看遠時將晶體拉近網膜

單眼搜索，雙眼定位及判斷距離

四眼魚：兩眼適應在兩種介質中作用

角膜上部較厚，晶體菱形，每隻眼中

兩片網膜、兩個瞳孔
Olfactory


taste bud organs: mouth, around the head and anterior fins


olfactory organs: on the snout 1/billion


homing behavior of migrant salmons: chemical signal imprinted when they were juvenile, remove olfactory => not homing
(9) osmotic regulation



most osmonic and ion movement across the gills鰓是水份及離子調節的主要器官
Freshwater organism (hypersmotic魚體對水而言是高張): Fig. 5.29



#body surface is low permeability to water



# produce a large volume of urine by large glomeruli大型腎絲球﹐排尿多

#salts are actively reabsorbing鹽類由鰓及腎再吸收--special cells located in the gills that absorb sodium and chloride ions from water, acidity inhibits this active transport of ions酸雨抑制

Marine organisms (hyposmotic): 


# skin is impermeable



# kidney glomeruli are small, small volume of urine小型腎絲球﹐排尿少
#discrete cells分泌細胞: chloride cells氯細胞 in the gills actively pump sodium and chloride ions outward

#drink seawater to compensate for osmotic water loss => influx of sodium and chloride ions喝水補充鹽類
Chondrichthyans軟骨魚 and coelacanth腔棘魚: retain urea -> hyperosmotic to sea water保留尿素維持體內高張


# gain water by osmotic diffusion across the gills



# gills are impermeable to the urea and ions



# large glomeruli



# retal gland直腸腺secreting sodium and chloride ions

 Osmosis regulation of euryhaline species廣鹽性種類


e.g. bull shark, freshwater shark調節體內尿素含量marine: retain high level of urea, freshwater: decline urea
(10) Reproduction


diversity, but most oviparous

marine species海洋性

# most external fertilization; pelagic spawning; large numbers of small, buoyant, transparent eggs with little yolk => planktonic eggs浮游性卵; low survival rate of pelagic larvae大量小型
 some marine species lay adhesive eggs黏性卵 on rocks, plants or gravel of sand, where they may be guarded by parents ( parental care護幼)nest-building e.g. 海棘魚egg-carrying攜卵fin, under lip, in the mouth or gill cavities, specialized protubrtances凸出物
specialized skin pouches (海龍、海馬)

Freshwater teleosts:淡水魚

# few, larger nonplanktonic eggs that produce hatchlings with adult-like body forms and behaviors少量大型沉底

#parental care



* nest-building 慈鯛科雄魚，泡沫性巢(鬥魚雄性)，弓鰭魚雄性挖洞建立領域


*egg-carrying: 慈鯛科雌魚，骨舌魚下顎有袋
Sex reversal性別轉換


# few teleost have specialized sex chromosomes, owning an accumulation sex-related genes linked to a limited number of chromosomes少數有性染色體

#Sex reversal性別轉換 



* without sex reversal:  體型愈大產卵越多﹐例如鯉魚可活到20歲﹐1.2米長23公斤﹐產兩百餘萬顆卵﹐但4歲開始產卵時﹐僅產三萬六千顆卵


*environmental sex determination 環境決定性別


* hermaphrodites雌雄同體: capable of producing eggs and sperm at the same time




@ Protandrous hermaphrodites: male-> female size advantage model羅漢魚﹐體形大生得多
    @ Protogynous hermorphroditism: female -> male female exhibit a preference for spawning with males 
larger than themselves => male-male competition . 一些珊瑚礁魚類﹐雌魚喜和大型雄魚交配




small males may sneak to fertilize eggs during spawnings of females and terrestrial males偷
