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1. FISH PHYSIOLOGY 

•  In FishBase, fish physiology is covered by 7 different tables:  
 

1. VISION 
 

2. BRAINS 
 

3. METABOLISM 
 

4. SWIMMING TYPE  

    and SPEED  
 

5. GILL AREA 
 

6. SOUNDS 
 

7. (PROCESSING) 
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• fish have fairly complex « camera-type » eyes 

• their eyes need to be highly developed: many are sight-feeders 

rather than smell-feeders 

• adaptations to habitat 

• fish have a more spherical lense and flattened cornea 

compared to terrestrial animals 

© Curt Deckert (modified) 

1.1. VISION 

Anableps anableps 

© Ivan Sazima  

Human eye Shark eye  

© Curt Deckert (modified 

Solea solea 

© FAO 

Caecobarbus geertsi 

© RMCA 
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• water deeper than 15 meters acts as an optical filter excluding most infrared and ultraviolet light 

 

  less need for fish to have an extended color vision 

(Shand et al. 1998, modified) 

1.1. VISION 

• the sensitivity of a fish eye is 

maximal at a certain wavelength 

(λmax). This value and its 95 % 

confidence interval are the essential 

entries for the Vision Table in 

FishBase 
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1.1. VISION 

Species Summary Page Search Page 
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• most fishes have small brains, at least when compared to warm-blooded vertebrates  

 

 

 

 

 

 

 

 
• fish have evolved the brain size they need; difference in brain size between species of fish can be 

used to draw inferences on their ‘needs’ (i.e. on their niche) and behavior 

 

• Roland Bauchot and his collaborators developed a brain size database (Bauchot and Bauchot 1986; 

Bauchot et al. 1989) 

1.2. BRAINS 

© Pearson Education, Inc. (modified) 
© 2002 Encyclopedia Britannica, Inc. (modified) 

o because juveniles have larger brain 

relative to body weight than adults, it 

was mostly adult fishes which were 

used for comparative studies 

 

o available in FishBase 
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Search Page Species Summary Page 

Second encephalization coefficient, standardizing for body weight  

1.2. BRAINS 

Scorpaena scrofa © P. N. Duarte 
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1.2. BRAINS 

Relationship between relative brain weight and body 

weight  

 

Grey dots: data from different species in FishBase 

 

Black dots: data for sharks and rays, which have large 

brains, possibly to support their electro sensing ability.  

 

The 6 dots below the cloud belong to lampreys.   

This table shows that large brains require more 

oxygen, and are therefore common in more active 

fish with higher metabolic rates.  

Petromyzon marinus 

© Edmonson and Chrisp 
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Search Page Species Summary Page 

1.3. METABOLISM 

Metabolic rate is 

usually measured 

by the rate of 

respiration, i.e. the 

rate of oxygen 

consumption.  

 

Useful information 

for fish culture and 

fishery 

management a.o.  

Documents the 

oxygen 

consumption of 

species, based on 

experiments 

published in 

literature. 7,000 

records for over 

300 species 
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1.3. METABOLISM 

• available are the factors known or likely to affect the metabolic rate: body weight, temperature, 

salinity, oxygen concentrations, activity level, swimming speed, applied stress, …  

Oreochromis niloticus 

© M.L/J Stiassny 

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html
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• Oxygen = O2 concentration of the test water (mg/l) 

• Saturation = actual oxygen concentration of the test water as percent of the maximum possible 

oxygen content.  

• Activity level = standard (resting fish), routine (spontaneously active fish) and active (swimming 

fish) 

1.3. METABOLISM 
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• Applied stress = pertains to stress applied before or during an experiment (none specified, 

temperature, photoperiod, feeding, starvation, toxins, hypoxia, hypercapnia, (changes in) salinity, 

high or low pH, sedative, transport and other stress 

 
• Swimming speed = another index of activity; reported as/converted to BL/s (BL = fork length or total 

length) 

1.3. METABOLISM 
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Relative oxygen consumption of Oreochromis niloticus (red) compared with 

miscellaneous species (orange). Note the relatively straight descending line and 

the vertical series of values cause by stresses applied.   

1.3. METABOLISM 

© M.L/J Stiassny 

Oreochromis niloticus 

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html
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© www.ece.eps.hw.ac.uk 

I. Movements of the body and/or caudal fin:  

 
• Anguilliform 

• Subcarangiform 

• Carangiform 

• Thunniform 

• Ostraciiform 

• The classification of swimming modes of fish consists of two levels (Lindsey 1978):  

 
o the first (Roman numerals) describe what may be called as the swimming “type”  

o the second (bullets) describe the swimming “mode” proper 

The modes in I imply a gradual transition from 

undulation of the entire body (including trunk) 

being used for propulsion to propulsive forces 

being generated only by oscillating caudal fin. 

1.4. SWIMMING MODE and SPEED 
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© www.ece.eps.hw.ac.uk 

II. Undulation of median or pectoral fins:  

• Amiiform 

• Gymnotiform 

• Balistiform 

• Rajiform 

• Diodontiform 
 

III. Oscillations of median or pectoral fins:  

• Tetraodontiform 

• Labriform 

Fish may have two swimming 

modes!  

1.4. SWIMMING MODE and SPEED 

Ranking of modes in I and II to III 

implies gradual transition from 

undulations to oscillations as the 

movements generating major 

propulsive force.  
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• note that this table presently pertains only to juvenile and adult fish; fish larvae have limited 

repertoire of swimming types and modes  

• the aspect ratio of the caudal fin closely correlates with its 

average level of activity (Pauly 1989) 

 

• it is calculated from A = h²/s, where h = height of caudal fin 

and s = its surface area 

Species Summary Page 

1.4. SWIMMING MODE and SPEED 

Esox lucius 

© Brämick et al. (1998) 
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Search Page Species Summary Page 

1.4. SWIMMING MODE and SPEED 

Esox lucius 

© Brämick et al. (1998) 

• mode = describes mode of 

swimming as sustained, burst or 

other 

 

• transformation to SL/s and m/s 

allows comparison 
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•  this table presents measurements of the gill area in fishes so far published 

 

• Gill area = surface area that limits the oxygen intake and hence the metabolic rate and growth 

rate of fishes 

 

• species-specific differences in gill area can be related to swimming mode, activity level (caudal 

fin aspect ration), … 

 

• some species have air breathing organs allowing to take oxygen directly from the air (intestine, 

lung-like structures, modified gas bladders, …)  

 

 

1.5. GILL AREA 

www.talkaboutfish.com 
www.blc.arizona.edu  

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=gokPfPIT7W2TiM&tbnid=wMaIwwz1v5j6aM:&ved=0CAUQjRw&url=http://www.talkaboutfish.com/fish-buying-guide&ei=IR3mUsqqNeGR1AWj6oDwAg&psig=AFQjCNHjrslGU-SBN57VEWmcrR-AWgiUaA&ust=1390898814160332
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Search Page Species Summary Page 

1.5. GILL AREA 

Oreochromis niloticus 

© M.L/J Stiassny 

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html
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1.5. GILL AREA 

Gill area in fishes increases with body weight; slope of 

log-log plot is less than 1 which implies that relative gill 

area must decrease with body size. This is shown in the 

graph below. 

This log-log plot show that the relative gill area declines 

with body weight, with a slope of about -0.2.  
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• selecting “Graphs” in the “Information by Family” section of the Search Page allows the user to 

create Relative brain weight, Gill Area and Relative oxygen consumption graphs for different 

families  

1.5. GILL AREA 

Search Page 
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• sounds are ideal for animals to communicate in water. Fishes produce sounds in different 

behavioral contexts:   

 
o intraspecific competition, territorial behavior, …  

o mating 

o foraging 

o …  

 

• sounds can be produced passively (‘mechanical sounds’, byproducts of foraging, moving, ….) or actively 
(‘biological sounds’, using organs initially developed to perform other functions) 

 

• fishes can make different types of sounds:  

 
o grunts  

o croaks 

o clicks 

o snaps 

 
• fish sounds are produced by:  

 
o rubbing or striking together skeletal components or teeth (stridulating)  

o using muscles (sonic muscles) on or near swim bladder (drumming) 

o quickly changing speed and direction while swimming (hydrodynamics) 

1.6. SOUNDS 

Synodontis melanopterus 

© RMCA 
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Search Page Species Summary Page 

1.6. SOUNDS 

Caranx hippos © D. Flescher 

Sounds available for 90 fish species  
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1.6. SOUNDS 

Synodontis squeaking 
https://www.youtube.com/watch?v=Z0P3rNl

0FeI 

https://www.youtube.com/watch?v=Z0P3rNl0FeI
https://www.youtube.com/watch?v=Z0P3rNl0FeI
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Species Summary Page 

1.7. PROCESSING  

Scomber scombrus © E. Svensen 

• this table is an attempt to incorporate fish as a consumable product in FishBase 

Search Page 

http://www.uwp.no/
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1.7. PROCESSING  

© E. Svensen 

http://www.uwp.no/
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• Fish genetics is covered by 4 main tables in FishBase: 
 

1. GENETICS 

2. ALELLE FREQUENCIES 

3. HERITABILITY 

4. STRAINS 

 

 

2. GENETICS 

Search Page 

Species Summary Page 
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• this table contains karyological and cellular DNA content data, important for studies of the 

genetics and systematics of fishes 

Search Page 

2.1. GENETICS  

Clarias gariepinus ©Lothar Seegers 

Species Summary Page 
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• Chromosome number = haploid and diploid chromosome number, range given if variable 

• Chromosome type =  numbers of chromosomes of different types 

2.1. GENETICS  
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© Houghton Mifflin Company  

2.1. GENETICS  

Position of the centromere in (A) metacentric; (B) submetacentric; (C) acrocentric; and (D) telocentric chromosomes.  

Chromosome type depends on the position of the centromere 
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• Chromosome arm number = largely dependent on chromosome type; metacentric chromosome 

has 2 arms, telocentric only one    

2.1. GENETICS  

=(2*8)+(2*24)+24 
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• Sex determination mechanism = information on how males and females of the species are 

designated; ZW = females, two different kinds of chromosomes; ZZ = males, same chromosomes  

2.1. GENETICS  

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://2010g09r3bdnawiki.wikispaces.com/(a)%2BChromosomes&ei=e1ZxVaHjLon8UKbcgbgH&bvm=bv.95039771,d.d24&psig=AFQjCNEj3Y2flJJJm6tiSRBaJxvIDL_1eQ&ust=1433577415290673


Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

• DNA content (‘C-value’) = gives specific haploid cellular content (in picograms); a measure for cell 

size (large cells = high amount of DNA per cell)  

2.1. GENETICS  
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• Genetic marker = states whether genetic marker(s) exist in the species; a genetic marker is a gene 

or DNA sequence with a known location on a chromosome; used for paternity testing, tracing 

inheritance, …    

2.1. GENETICS  
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Search Page Species Summary Page 

• information on genetic structure and variability of fish populations 

 

• important for species/strain selection for aquaculture and will help the management and 

conservation programs for natural stocks 

Clarias gariepinus © Lothar Seegers 

2.2. ALLELE FREQUENCIES 

• Allele frequency = number 

of copies of particular allel 

divided by number of 

copies of all alleles at 

genetic place (locus) in a 

population 
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• Heterozygosity = proportion of individuals in a population that are heterozygous at a given 

number of loci 
 

An individual with two different alleles (forms of a gene) at a particular locus is called a heterozygote; an individual 

is called a homozygote when two alleles at a particular locus are the same 

• Expected heterozygosity = proportion of individuals which are prospective 

heterozygotes based on the allele frequencies and assuming Hardy-Weinberg 

equilibrium; these are computed for every locus, population and species and 

help to indicate, for example, the potential for selective breeding   

2.2. ALLELE FREQUENCIES  
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© ML.J. Stiassny 

Oreochromis niloticus 

Crossing of strains?  

2.2. ALLELE FREQUENCIES 

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html
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• Polymorphic loci = number of polymorphic loci/total number of loci examined; a locus is 

considered polymorphic if the frequency of the most common allele does not exceed 95%.  

2.2. ALLELE FREQUENCIES  
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• aims to assist the application of genetics to modern aquaculture 

• contains records of heritabilities and responses to selection 

Search Page 

2.3. HERITABILITY  

Species Summary Page 

Oreochromis mossambicus 

© Leonard Lovshin 

http://www.ag.auburn.edu/dept/faa
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• Trait = the desirable phenotypic character for improvement by selective breeding (e.g. growth rate, 

age and size at first maturity, egg number, size, weight and survival, larval survival, disease resistance, behavior, 

resistance to environmental factors, dressing weight, carcass quality, fat content, protein content, …)  

• Heritability (h²) = the proportion of additive genetic variance in the total phenotypic variation, i.e. 

will the trait be expressed or passed on to the offspring? If a trait is sufficiently heritable (‘fixed in 

the genes’), selective breeding is likely to be very effective; if h² is low, environmental factors have 

caused most variation and little genetic gain can be obtained by selection.  

2.3. HERITABILITY  
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© Fish Culture Research Institute Szarvas Hungary 

• allows the documentation of ancestry of cultivated strains 

 
• strains may emerge through the simple act of domestication and 

restricted gene flow among farms or through breeding practices 
(selective breeding, chromosome-set manipulation, hybridization and/or 

gene transfer) 

Tilapia ND 56 strain 

© Aquaculture Production Technology Ltd 

2.4. STRAINS  

Common carp varieties resulting from selective breeding and genetic improvement 
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© www.edas.com.au 

• the registry can be used to locate fish with specific characters and to track genetic improvement 

technologies. However, by recording the number of breeding individuals in the strain, the registry 

can also serve as a watch list for potentially threatened strains.  

 

• the genetic data, including histories of founding population, broodstock management, status of the 

strain and descriptions of the distinguishing characters of the strains will assist in the utilization and 

conservation of intraspecific genetic variation in aquaculture.  

© ppga.tripod.com/lukesales3c.html 

Oryzias latipes “glowfish” 

© Aquaculture Production Technology Ltd 

Tilapia ND-41 strain: all-male population without 

hormonal treatment for sex reversal  

Rare guppy strain “Japan full golden 

albino” (Poecilia reticulata) 

2.4. STRAINS 
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Oreochromis niloticus 

© ML.J. Stiassny 

2.4. STRAINS  

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html
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• Strain code = unique combination of letters and a 3-digit number, the first two letters refer to 

the first two letters of the genus, letters 3-5 refer to the first three letters of the species, letters 

6-7 refer to the first two letters of the subspecies; the number is sequential; if no subspecies 

exists, the letters 6-7 are XX; for hybrids, the letters 6-7 are HX 

e.g. OR – NIL – NI – 002  

2.4. STRAINS  
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• Breeding strategy = refers to the method of propagation of the stock (e.g. chromosome manipulation 

(polyploidization and sex reversal), selective breeding, hybridization, gene transfer and normal mating).  

• Viability = refers to whether the strain is reproductively viable; for example, a strain of all female 

triploid trout would not be able to reproduce 

 

• No. of broodstock = refers to the current number of fish used as breeders and helps determine the 

conservation status of and threat of extinction to the strain 

2.4. STRAINS  
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• = a collection of all publicly available DNA sequences 

 

• a new release is made available every 2 months 

 

• each GenBank entry includes a description of the sequence, the scientific name and taxonomy, and 

a table of features that identifies coding regions and other sites of biological significance 
(transcription units, sites of mutations or modifications, and repeats).   

 

• protein translations for coding regions and bibliographic references are included 

 

• FishBase provides a link in the « Internet Resources » section of the Species Summary Page 

GENBANK 

Species Summery Page 
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Oreochromis niloticus 

© ML.J. Stiassny 

GENBANK 

http://research.amnh.org/ichthyology/staff/mljs/mljspubs/mljspubs.html

