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1. Introduction 

Basically, the best prey is that which gives 

maximum energy for a minimum cost of capture 

Feeding is the only way for an animal to acquire energy for maintenance, growth 

and reproduction. 
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• Position, shape and size of mouth: mainly jaw modifications,  

sometimes also lips 

 - (dorso-)terminal mouth in fish feeding at the surface or in  

  the middle of the water column; ventroterminal or ventral  

  mouth in fish feeding from the substrate 

 

 - piscivores have a wide gape and strong jaws 

 

 - protrusible jaw: occurs in more evolutionary advanced  

  fishes; advantages include a momentarily but crucial  

  increase of the rate of approach to the prey, larger  

  distance from which prey can be captured,  

  decrease of lower jaw rotation needed to close the  

  mouth, and obtaining prey from otherwise  

  inaccessible places 

 

2. Some morphological adaptations to feeding 

Gnathochromis permaxilaris  
© www.malawijan.dk 

Slingjaw wrasse, Epibulus insidiator  
© Advanced Aquarist's Online Magazine 

Hydrocynus sp. 
© JumpNews 
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• Marginal and pharyngeal teeth: teeth may be present on tongue, marginal bones, 

palatal bones and pharyngeal bones 

Lower pharyngeal bone 

(fused fifth 

ceratobranchials) of 

Exochochromis 

anagenys  

(from Oliver 1984) 

2. Some morphological adaptations to feeding 

Premaxillary, vomerine and palatine teeth of Chrysichthys sp.  
© MRAC 

© Hilton Pond Center 

Piranha  
© Wattendorf 

© GJ Fraser et al doi:10.1371/journal.pbio.1000031.g001 
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African Great Lakes cichlids show a large variety of marginal and pharyngeal teeth, 

related to their diet 

2. Some morphological adaptations to feeding 

Rhamphochromis 

Labeotropheus 

Labeotropheus fuelleborni (left) and Maylandia zebra  
© Albertson & Kocher 2006 
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• Gill-rakers: forward-directed projections from the inner margins of the gill arches, 

of which shape and abundance are related to diet: 

 

- numerous long, fine gill-rakers usually  

  found in fish feeding on small food 

  particles 

 

- fewer shorter, blunter gill-rakers  

  found in fish that feed on larger particles 

 

 

 
Gill-rakers and filaments in filter feeders entrap food particles bound in mucus, and 

transport this material back, after which it is sorted and raked by the pharyngeal 

teeth; sometimes the rakers play no direct role, but the food is trapped in mucus 

clumps which pass over the pharyngeal teeth to the oesophagus 

© Seishi Kimura  

2. Some morphological adaptations to feeding 
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• Intestine length:  

- large stomach, short intestine: ichthyophages (carnivores) 

- no stomach, very long intestine: limivores, phytophages (herbivores) 

- no real relation between intestine length and trophic specialisation exists in 

omnivores, zooplanktonivores or invertivores 

  Relative gut length may increase as the fish grows 

 

• Electric organs: used to paralyze prey; e.g. Malapterurus electricus,  

Electrophorus electricus 

Malapterurus sp.  
© www.planetcatfish.com  

Modified from Moller 1995 

Electrophorus electricus  
© William Fink 

2. Some morphological adaptations to feeding 
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• Body form and locomotion:  

 

- preying on dispersed food items (macrophages, filter feeders): body fusiform, 

  caudal peduncle small, caudal fin forked or V-shaped; good swimmers capable 

  of migrating over long distances; e.g. Alestes  

  baremoze 

 

 

 

- hunting moveable prey: body flexible, dorsal fin positioned far back on the  

  body; good swimmers with fast acceleration; e.g. Hepsetus odoe 

Hepsetus sp. © Frank Teigler 

Alestes baremoze (Lévêque et al. 1990) 

2. Some morphological adaptations to feeding 
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- preying on hidden or bottom-distributed prey: in need of manoeuvrable body, 

  made possible by use of the paired and unpaired fins; e.g. many cichlids, 

  Mormyridae, Notopteridae 

 

 

 

 

 

 

 

- generalists have less developed locomotory abilities, but they have developed 

  other catch-adaptations: improved suction, protractile mouth,… 

- fish often have a broader feeding spectrum than morphology indicates 

Gnathonemus petersii  

© www.amtra.de 

Xenomystus nigri  
© www.akwafoto.pl 

2. Some morphological adaptations to feeding 
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• Primary consumers: feed on algae, higher plants (macrophytes) and vegetal debris 

 - phytoplankton feeders, e.g. Sarotherodon galilaeus 

 

 

 - macrophyte feeders, e.g. Brycinus macrolepidotus 

 

 

 

 - sediment and periphyton browsers, e.g. Labeo senegalensis,  

  Citharinus citharus, Distichodus rostratus 

 

 - detritivores, e.g. certain tilapias 

3. Trophic categories 

Sarotherodon galilaeus 

© P. Laleye 

Brycinus macrolepidotus 

© P. Laleye 

Distichodus rostratus  

© K. Mody 
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• Secondary consumers: feed on benthic invertebrates, zooplankton and 

zooperiphyton 

 

 - zooplankton feeders, e.g. Alestes baremoze,  

  Synodontis batensoda,  

  Hemisynodontis membranaceus 

 

 

 - benthivores, e.g. Synodontis schall,  

  Heterotis niloticus,  

  Tetraodon lineatus 

 

 

 - surface feeders, e.g. Brycinus macrolepidotus,  

  Pantodon buchholzi 

Alestes baremoze  

© J.H. Larsen 

Synodontis batensoda  

© Aqualog Verlag 

Synodontis schall  

© Aqualog Verlag 

Tetraodon lineatus  

© Annie Komarisky 

 

Pantodon buchholzi  
© Terra Nova 

3. Trophic categories 
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• Tertiary/final consumers: mainly piscivores feeding on primary and secondary 

consumers 

  

   - strict piscivores, e.g. Lates  

  niloticus, Hydrocynus  

  brevis 

 

 

 

 - partial piscivores, e.g. Schilbe mystus, Bagrus bajad,  

  Hydrocynus forskahlii 

 

 

 

 

 

 

 

Lates niloticus  
© Demeke Admassu 

Hydrocynus brevis  

© Kai Arendt 

S. mystus  
© Exomarc 

B. bajad © NTUGuppy 

H. forskahlii  
© www.fishingmurchinson.com 

3. Trophic categories 
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Other classifications are possible: 

3. Trophic categories 
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Classifications can be too precise, so that species, often omnivores with complex 

trophic relations, do not belong to one category 

Fish 

Terrestrial insects 

Insect larvae 

Zooplankton 

Higher plants 

Phytoplankton 

3. Trophic categories 



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

 Session 2017 

4. Flexibility in feeding ecology 

• Ontogenetic changes 

     Hydrocynus forskahlii: 30mm: zooplanktivores     

          >50mm: piscivores 

     Docimodus evelynae: <50mm: fungi from other fish     

       50-80mm: plankton, insects, algae    

      >80mm: scales, fins, skin 

• Feeding rhythm 

• Seasonal changes 

  e.g. Synodontis batensoda feeds on zooplankton or sediment, depending on 

 the intensity of the drought/water level; Tilapias in Lake Malawi share 

 phytoplankton when abundant, but diverge into their feeding places when 

 phytoplankton becomes scarce 

 

Docimodus evelynae  
© George Turner 

 consequences for classifications (trophic categories)! 

 

Morphological differences between individuals of a species, related to dietary 

differences, can reflect phenotypic plasticity, genetic differences or a combination 

of both; morphological differences between populations, related to trophic 

ecology, can reflect evolutionary processes (e.g. African Great Lake cichlids) 
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• a trophic chain describes the transfer of energy between  

different trophic levels 

 

• this energy transfer is subject to thermodynamic laws: heat  

production and loss of energy; this implicates that trophic  

levels are generally short, not surpassing 4 or 5 levels  

(80-90% energy loss) 

 

• 2 types of trophic chains can be  

distinguished: 

  - vegetal chains based on phyto- 

    plankton: pelagic ecosystems and  

    lakes 

  - detritus chains based in sediment 

    detritus: benthic ecosystems  

Vegetal chain  Detritus based chain 

5. Trophic chains and webs 
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• phytoplanktonivore-dominated communities: 

-shortest chains: fish feeding directly on phytoplankton; only ± 7% of all fish 

  are primary consumers (Labeo, Citharinus, Distichodus, Tilapia, 

  Oreochromis, Sarotherodon) 

 

 

• pelagic community of a great lake: relatively simple web 

-few species adapted to open water environment in continental habitat 

-comparable to marine pelagic food web 

-e.g. Lake Tanganyika 

5. Trophic chains and webs 

Limnothrissa miodon  

© Ali Daud Mohamed 

Stolothrissa tanganicae  

© Liliane Moeremans 
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• complex food web of undeep lakes: 

 

e.g. Lake Chad:  

- 2 closely interspersed food webs, one vegetal and one detrital based 

- zooplanktonivores are food of large predators 

- also important contribution of terrestrial insects (for species like Bagrus 

  bajad and Schilbe mystus, the latter linking external food sources to 

  terminal predators) 

5. Trophic chains and webs 
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Species Summary Page 

Search Page 

6. FishBase: trophic categories and levels 
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6. FishBase: trophic categories and levels 

Info on habitat, general distribution, 

food and feeding (including 

ontogenetic shifts), salinity and 

temperature tolerance,… 



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

 Session 2017 

6. FishBase: trophic categories and levels 
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6. FishBase: trophic categories and levels 

Most pelagic species are either predators 

“hunting macrofauna”, “filtering plankton” 

as they swim near the surface or selectively 

grazing on plankton (“selective plankton 

feeding”) 

Describes feeding habits of fish occupying  

various zones along the water column 



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

 Session 2017 

Application based on feeding type: percentage of herbivores versus latitude  

6. FishBase: trophic categories and levels 
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-express where fish tend to operate in their food webs 

 

-attribute of their interaction with other organisms, so both diet composition and 

trophic level of food organisms must be considered 

 

-estimation: Trophic level = 1 + weighted mean of trophic level of food items; 

primary producers and detritus have a trophic level of 1 by convention 

6. FishBase: trophic categories and levels 
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Application based on trophic levels: relation between trophic levels and maximum 

length of fish species  

6. FishBase: trophic categories and levels 
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7. Diet Composition 

   Assessing the relative importance of food items eaten by fish; several methods 

used to provide quantitative description of samples: 

 

• frequency of occurrence: number of stomachs in which a given food item 

category occurs is expressed as a percentage of the total number of stomachs 

sampled; this method does not gives relative numbers or bulk of categories 

• numerical method: importance of a category is estimated by expressing the 

number of items in that category as a percentage of the total number of items 

counted in all the stomachs; method emphasizes the importance of small and 

numerous items (e.g. zooplankton), but can only be used with discrete and 

individual prey items 

• volumetric and gravimetric techniques: volume or weight of each category in 

each stomach is estimated; relative importance of a food category is expressed as 

a percentage of the total volume or weight of all the categories in the samples 
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• points method: points are allocated to each food category in proportion to its 

contribution to the total volume of the stomach contents; subjective but quick 

 

example: 

Stomach number 1 2 3 4 5 

Chaoborus larvae  4 8 20 1 17 0.5g/piece 

Fish   3 2 0 4 2 100g/piece 

Results: 

1) frequency of occurrence: Chaoborus larvae  100%   

     Fish   80% 

2) numerical method:   Chaoborus larvae  82%   

     Fish   18% 

3) gravimetric method:   Chaoborus larvae  2%   

     Fish   98% 

7. Diet Composition 
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problems for (statistical) analysis: 

- many food categories may be present, which often represent only a small 

amount 

- fish sampled at the same time and at the same place may have stomach 

contents that are very different 

- some food categories are quickly digested and so difficult to detect 

- caught but living fish may, due to stress situations, ingest food items which 

normally are not a part of the diet 

7. Diet Composition 
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8. FOOD ITEMS table 
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Food I Food II Food III 

Detritus detritus debris; carcasses 

plants phytoplankton 
blue-green algae; dinoflagellates; diatoms; green 

algae; n.a./other phytoplankton 

  other plants benthic algae/weeds; periphyton; terrestrial plants 

zoobenthos sponges/tunicates sponges; ascidians 

  cnidarians hard corals; n.a./other polyps 

  worms polychaetes; n.a./other annelids; non-annelids 

  mollusks 
chitons; bivalves; gastropods; octopi; n.a./other 

mollusks 

  
benthic 

crustaceans 

ostracods; benthic copepods; isopods; amphipods; 

stomatopods; shrimps/prawns; lobsters; crabs; 

n.a./other benthic crustaceans 

  insects insects 

  echinoderms 
sea stars/brittle stars; sea urchins; sea cucumbers; 

n.a./other echinoderms 

  
other benthic 

invertebrates 
n.a./other benthic invertebrates 

zooplankton jelly fish/hydroids jellyfish/hydroids 

  
planktonic 

crustaceans 

planktonic copepods; cladocerans; mysids; 

euphausiids; n.a./other planktonic crustaceans 

  
other planktonic 

invertebrates 
n.a./other planktonic invertebrates 

  fish (early stages) fish eggs/larvae 

nekton cephalopods squids/cuttlefish 

  finfish bony fish 

    n.a./other finfish 

others herps 
salamanders/newts; toads/frogs; turtle; n.a./other 

reptiles 

  birds sea birds; shore birds; n.a./other birds 

  mammals dolphins; pinnipeds; n.a./other mammals 

  others n.a./others 

 

Multilevel structure with 

increasing detail level for 

food items (hierarchy of 

food items): 

food I (6 categories) 

food II (22 categories) 

food III (55 categories) 

8. FOOD ITEMS table 
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Stages for both plants and animals 

roots, stem 

leaves/blades, 

fruits/seeds, 

n.a./others 

eggs, 

larvae/pupae, 

recruits/juv., 

juv./adults, adults, 

n.a./others 

8. FOOD ITEMS table 
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• can be used to: 

    - identify food item preferences 

    - define predator-prey relationships 

    - make preliminary estimates of the trophic level (but less accurate than from diet 

      composition), especially when no diet composition information is available 

8. FOOD ITEMS table 
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• Diet information of a fish species at a specific locality is important: 

- to assess its ecological function and impact  

- for the construction of ecosystem models 

- to help define nutritional requirements of potential aquaculture species 

 

• Diet composition data in FishBase also used to estimate trophic levels 

 

• Entries are based on 

  - wild populations, not experimental studies 

  - weight or volume (or energy) percentage, not frequency of occurrence 

9. DIET table 
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9. DIET table 
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O. niloticus niloticus 

9. DIET table 
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Species-specific consumption can be expressed in 2 ways: 

 

- at the individual level, i.e. as the daily consumption of a particular food 

  type by a fish of a certain size, in the form of a daily ration: Rd 

 

 

 

 

 

- at the population level, i.e. as the consumption Q by an age-structured 

  population of weight B, in the form of a population weighted food 

  consumption per unit biomass: Q/B 

10. Rate of food consumption 
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• Effects of prey, conspecifics and predators 

 

 

 

 

 

 

 

• Hunger and appetite: depend on systemic demand and rate at which the digestive 

system can process food, gastric evacuation rate, physiological state, light level, 

photoperiod, pH,… 

 

10. Rate of food consumption Individual level 

functional response  

curve: 

benefial and adverse reduce the food  

consumption rate 
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10. Rate of food consumption Individual level 

RATION table 
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Ration, evacuation rate and food conversion efficiency K1 vary with: 

- weight of the fish studied 

- type of food ingested 

- mean water temperature 

10. Rate of food consumption Individual level 

RATION table 
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• important for:  

- assessing demands that fish make on their food resources 

- assessing the extent to which survival, growth and reproduction are limited by 

  food availability 

- estimating the energy and nutrients available for allocation between 

  maintenance, growth and reproduction 

 

• indirect methods must be used: 

- estimation of the rate of passage of food through the gut 

- integration of consumption over a relatively long period and estimating it by 

  calculating the rate that would give the observed growth during that period 

- using the flux in a radioactive isotope with a relatively long half-life 

- quantitative collection of faeces produced over known time period 

- using material opaque to X-rays in the food (e.g. small glass balls) 

10. Rate of food consumption Population level 
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10. Rate of food consumption Population level 

FOOD CONSUMPTION table 
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10. Rate of food consumption Population level 

FOOD CONSUMPTION table 
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11. PREDATORS table 

Lists the reported predators for a particular fish species 

 

Information used: 

- by fishery and conservation workers, as predator-prey relationships may help 

to explain the status of fish stocks 

- for the construction of trophic pyramids 

- to test hypotheses about relative sizes of prey and predator 

Nycticorax nycticorax  
© K.K. Kuo 
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11. PREDATORS table 
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othersothers

whales/dolphins; seals/sea 

lions
mammals

sea birds; shore birdsbirds

salamanders/newts; 

toads/frogs; crocodiles; 

turtles; snakes

herps

sharks/rays; bony fish; 

n.a./other finfish
finfish

sea starsechinoderms

insectsinsects

copepods; mysids; 

isopods; amphipods; 

stomatopods; euphausiids; 

shrimps/prawns; lobsters; 

crabs; other crustaceans

crustaceans

gastropods; 

squids/cuttlefish; octopus
mollusks

jellyfish/ hydroids; sea 

anemones; corals
cnidarians

Predator IIPredator I

othersothers

whales/dolphins; seals/sea 

lions
mammals

sea birds; shore birdsbirds

salamanders/newts; 

toads/frogs; crocodiles; 

turtles; snakes

herps

sharks/rays; bony fish; 

n.a./other finfish
finfish

sea starsechinoderms

insectsinsects

copepods; mysids; 

isopods; amphipods; 

stomatopods; euphausiids; 

shrimps/prawns; lobsters; 

crabs; other crustaceans

crustaceans

gastropods; 

squids/cuttlefish; octopus
mollusks

jellyfish/ hydroids; sea 

anemones; corals
cnidarians

Predator IIPredator IHierarchy of predators: 

11. PREDATORS table 
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11. PREDATORS table 
N

e
ro

d
ia

 s
ip

e
d
o
n

 ©
  

w
w

w
. 

s
n
a
k
e
s
a
n
d
fr

o
g
s
.c

o
m

 



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

 Session 2017 

Available from the Search Page 

12. Trophic pyramids 
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FishBase routine outputs a pyramid whose steps represent different trophic levels 

and the species (and/or functional groups) therein: 

12. Trophic pyramids 
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Reported as food item or 

predator in ecosystem 

12. Trophic pyramids 


