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Food spectrum of grey mullet (Mugil cephalus L.) along the Bulgarian Black Sea coast 

1 2 1 1 1 1R. Bekova *, G. Raikova-Petrova , D. Gerdzhikov , E. Petrova , V. Vachkova , D. Klisarova

1Deptartment of Hydrobiology, Institute of Fishing Resources, 4 Primorski, 9000 Varna, Bulgaria
2Department of General and Applied Hydrobiology, Faculty of Biology, Sofia University St. Kliment Ohridski, 8 Dragan Tsankov, 1164 Sofia,  Bulgaria

Abstract. For the present paper 35 specimens of sea mullet (Mugil cephalus) from different age groups were investigated. The material was collected between 
May 2010 – September 2011 along the coast, the main points are two: Varna Bay and the mouth of the river Veleka. The main objective of the study was to 
establish the food spectrum of mullet, and thus a connection could be made between food components. The methods which were used and defined to study the 
food spectrum and the relationship between different food components are as follows: frequency of occurrence and dominance index of the nutritional 
components; the filling index and stomach emptiness index, as well as selectivity coefficient of a meal.Results showed that detritus, zoobenthos (Rissoa sp. 
and Trochammina inflate – 71.43%) and macrophytes (Cladophoraceae family – 63.64%) dominated in stomachs. Several potential toxic species were also 
found: Amphora coffeaeformis, Pseudo-nitzschia delicatissima, Pseudo-nitzschia seriata, Prorocentrum cordatum, E. pyriformis, P. minimum, Protoperidinium 
crassipes. The results for the frequency of occurrence (pF) showed that the most common in the stomach of a mullet of the macrophytes are the species of 
family Ulvaceae – 45.5% ; family Cladophoraceae – 45.5% ; of phytoplankton – Navicula spp (109,09%).; of zoobenthos: Nematoda g.sp. – 42.9% and 
Trochammina inflate – 28.6 %. The low emptiness index (0.0857) defines the grey mullet as an often eating fish. The small fish reaching up to 3–4 cm eat 
phytoplankton and zooplankton. Until now, research on the food spectrum of sea mullet by the Bulgarian sector of the Black Sea have not been conducted.

Keywords: sea mullet, food, frequency of occurrence, index of dominance, selectivity, Black Sea coast
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Introduction walls in the highly modified gizzard-like pyloric stomach (Thompson, 
1966). Juvenile mullet are primarily carnivorous until they reach a 
standard length of about 30 mm during this period feed on mosquito In the classical concept of aquatic food chains zooplankton are 
larvae, copepods and other zooplankton.considered the first important link in secondary production. What is 

M. cephalus have uniquely equipped for its trophic feeding often ignored is that this concept, like so many other basic principles 
niche. Its highly modified stomach has been described by Al-in marine biology, was derived from observations and research 
Hussaini (1947) as consisting of two parts: the cardiac portion, a thin carried out either in the open ocean or at relatively high latitudes. The 
walled, saccular, blind caecum used for storage, and the pyloric zooplankton is not the most important herbivore link. Williams et al. 
portion, a thick, muscular gizzard-like structure used for pulverizing (1968) have demonstrated that in the vicinity of Cape Hatteras, 
the food. The intestine is extremely long and coiled, often being more North Carolina, zooplankton become steadily less important with 
than five times the length of the fish.  Finally, there is a pharyngeal decreasing depth in areas shallower than 100 meters, in shallow 
filtering device, described in detail by Ebeling (1957). This inshore areas they were shown to be relatively unimportant in food 
mechanism aids in selecting very fine particles from the coarser chains since they grazed only two to nine per cent of available 
sediments which are expelled. This finer material has been shown to phytoplankton.
be much richer in adsorbed micro-organisms than the particles Moreover, in shallow estuaries the phytoplankton itself has 
which are rejected (Wood, 1964; Odum, 1968 a,b).been found to be of secondary importance (Schelske and Odum, 

The Mugilidae family relates 8 genera with approximately 100 1961; Radotzkie, 1959; Teal, 1962; Pomeroy, 1960). The most 
species of fish. The Black Sea coast found six species of three important primary producers in such systems are marsh grasses 
genera (Karapetkova and Zhivkov, 2010) from which most catches (Spartina, etc.), sea grasses (Zostera, Thalassia, etc.), attached 
gray mullet (Mugil cephalus), followed by Golden grey mullet (Liza macroalgae, mangroves (Rhizophora, etc.) and the benthic 
aurata) and Leaping mullet (Liza saliens) (Bekova and Raikova-microflora (benthic diatoms, dinoflagellates, filamentous green and 
Petrova, 2011).blue-green algae). In most cases food chains are based on detritus 

M. cephalus is one of the oldest objects of fish farming and one derived from marsh grasses, sea grasses, macro-algae and 
of the most popular objects for industrial aquaculture, but not good mangroves, or directly on the benthic and epiphytic microflora. 
knowledge on the nutritional demand makes its cultivation under Animals which are able to utilize such energy sources replace 
artificial conditions very difficult. Most difficult cultivation of evident is zooplankton as the critical herbivore link.
after the switching to active feeding first week of age. The young Typically M. cephalus feeds either by sucking up the surface 
larvae caught from natural waters grow much easier (Georgiev, layer of the mud or by grazing on submerged rock and plant 
2002; Boyadjiev, 2011).surfaces. An extensive literature reviewed by Thompson (1954) has 

Being a detritofag fish the grey mullet (Mugil cephalus L.) finds established that the major contents of the stomach may be 
favorable conditions and food in the Black sea area. The newly categorized as: microalgae including epiphytic and benthic forms, 
hatched grey mullet fish feed on phytoplankton and zooplankton. As decaying plant detritus, and inorganic sediment particles. The latter 
they grow up in their menu are included macrophytes, appear to function as a grinding paste in the degradation of plant cell 
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macrozoobenthos, detritus etc. There are no contemporary data Altogether 35 grey mullet (aged 1 to 6 years) stomachs were 
about the grey mullet food in the available literature for Bulgarian investigated. Twenty five of these were originating from the Varna 
part of the Black Sea. There are a variety of contemporary literature Bay and 10 from the mouth of the river Veleka (Figure 1).The 
about the methodology and principles of the research food spectrum standard length (SL), to the nearest 1 mm and the weight (W) to the 1 
in different species, but they are not methodologically and g were measured. Digestive tracts were excised and preserved in 10 
operationally responsible for the operation of this work. The only % formalin. The length of each gut (to the nearest 1 mm) and the 
published data are about the composition of the grey mullet in the weight (to the nearest 0.0001 g) of its contents were measured. Age 
coastal lakes (Aleksandrova, 1964,1967,1973). was determined on scales at magnification of 17.5x with the aid of 

The main objective of the research was to establish the food projector Dokumator, Lasergerat (manufactured by Carl Zeiss, 
spectrum of the grey mullet, and thus reveal relationships between Jena). The occurrence frequency (pF) (number of digestive tracts 
the different food components and the environment. with a certain food item against the total number of digestive tracts, 

expressed as a proportion) of each element in the gut was 
calculated. The index of dominance (DF) (number of guts in which 
certain food item dominates, against the whole number of 
investigated guts, expressed as a proportion) was also calculated. 
To asses the activity and rhythm of feeding of the grey mullet vacuity 

Fish were sampled during the period June – November 2010. 
index (Huslop, 1980) (mean total weight of gut content relative to fish 

The material were collected by cast net fishing – size of the eye from 
weight, in %) and vacuity index (the total number of empty guts 

0.5 cm to 1.5 cm, pound nets whit size of the eye – 6 cm, 6.5 cm and 
relative to the total number guts, in %) were determined. Selectivity 

24 cm. GPS - coordinates of the pound nets “Trakata” are 
factor E is the definite by Iliev (1955). Selectivity coefficient is defined 

43°13'04''N and 27°58'94''E, for the pound nets “Galata” are 
as E-r-p/r+p (r – type of food in the stomach; p – type of food in the 

43°10'27''N and 27°56'73''E. A pound net is a visible passive 
environmentin).

(stationary) gear type used for the live-entrapment of fish species. 
Microalgae are defined in nanoplankton counting chambers 

This gear is constructed using an arrangement of fiber netting 
"Sedgwick Rafter" with volume 0.05 ml of a microscope Olympus 

supported upon a series of stakes or pilings. A pound net usually 
BX41. Taxonomic identification of zoobenthos species was 

consists of three main sections: a “crib/pound” which is the enclosed 
performed by Morduhay-Boltovskoy (1968, 1969, 1972) and 

end where the entrapment takes place; a “heart” that aids in 
Marinov (1977).

funneling fish into the crib and “hedging/leader” which is a long 
straight net that leads the fish off shore towards the crib. Fish 
swimming along shore are turned towards the crib by the hedging, 

Results and discussionguided into the heart, and then into the crib where they are removed 
periodically using various techniques.

In the grey mullet's stomach content microalgae, macrophytes 
and zoobenthos are present. Several potential toxic species were 
also found: Amphora coffeaeformis, Pseudo-nitzschia delicatissima 
(syn. Nitzschia delicatissima), Pseudo-nitzschia seriata (syn. 
Nitzschia seriata), Prorocentrum cordatum (syn. E. cordata), E. 
pyriformis, P. minimum and Protoperidinium crassipes.

Very little of the food ingested by mullet originates from the 
water column; the possible exception would be settled planktonic 
forms on the benthos. 

The food ingredients have the following frequency of 
occurrence (pF): Navicula sp. – 109.09%; Prorocentrum cordatum – 
27.27%, Prorocentrum micans E. – 45.5%, Peridinium sp. E. – 45.5 
%. These kinds of microalgae are a common component of 
phytoplankton in the Black Sea (Petrova and Gerdzhikov, 2012).

The species of family Ulvaceae are 45.5%; family 
Cladophoraceae – 45.5%, Nematoda g.sp. – 42.9% and 
Trochammina inflate – 28.6 % (Figure 2). 

Hartley (1947) has suggested that the organization of the 
alimentary system of a particular species, as for example in the 
relative concentrations of its digestive enzymes, may be such as to 
obtain maximum advantage for only a limited part of the range of 
material which the animal is actually capable of ingesting. If this idea 
is true, M. cephalus should show a preference for either plant 
detritus or live plant material when both are present in abundance.

Figure 3 shows the index of dominance (DF) of the food 
ingredients. From the microalgae species the highest percentage is 
for Prorocentrum micans – 72.7%. From the zoobenthos species 
with equal percentage are Rissoa sp. and Trochammina inflate – 
71.43%. Macrophytobenthos species are dominated by the 
Cladophoraceae family – 63.64%.

The grey mullet's species preferences can be evaluated by the 

Material and methods

 

Figure 1. Stations of catches 
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different quantities in the stomach content and the environment. The “Diversa “ – 12%. From the Polychaetes some typical species can be 
dominating species phytoplankton in the open sea areas and the identified, e.g. Prionospio cirrifera,Wirén; from the molluscs 
Varna Bay during the September period are: small flagellates Cerastoderma edule Linnaeus and Chamelea gallina Linnaeus. 

6 6 6 Frequently occurring within the Crustaceans group are the ubiquist (Cryptophyceae) – 0.40.10  cells/ltr; 0.36.10  cells/ltr; 0.57.10  
6 species Ampelisca diadema Cost  and Balanus improvisus, Darwin. cells/ltr; diatomeus (Chaetoceros insignis Pr.-Lavr., 1955) – 0.17.10  
6 The spieces dominating in the stomach content are very cells/ltr; peridineus (Gymnodinium sp. Stein, 1878) – 0.03.10  

different from the spices dominating in the environment. That clearly cells/ltr; green-blue algae (Meristomedia sp. Meyen, 1839 ) – 
6 shows the grey mullet's selectivity towards different food types 0.31.10  cells/ltr; Oscillatoria sp. Vaucher ex Gomont, 1892 – 
6 microalgae and zoobenthos (Table 1). Most of the stomachs 0.17.10  cells/ltr and Oscillatoria bulgarica Komárek, 1956 – 
6 examined are showing predominant algae particles which doesn't 0.08.10  cells/ltr.

allow for the macrophytobenthos and detritus to be separated. 42 taxa of macrozoobenthos were identified in 2010. The group 
Because of that they can be identified generally, only as family type. with the highest percentage is the Polychaetes – 38% followed by 
The sand presence into the stomach content is most likely due to the Crustaceans – 29%; Molluscs – 21% and the mixed group 

Punctariaceae
Cystoseiraceae

Lomentariaceae
Ceramiaceae

Cladophoraceae
Ulvaceae

Nematoda g sp.
Foraminifera (Trochammina inflata)

Ostracoda
Gammaraus sp.
Crangon (chast)

Pseudacuma sp.
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Rissoa sp.
Bittium reticulatum

Capitomastus minimus
Talassiosira parya

Thalassionema nitzschioides
Scrippsiella trochoidea

Pseudosolenia calcar-avis
Pseudo-nitzschia delicatissima

Protozoa
Protoperidinium crassipes

Prorocentrum sp.
Prorocentrum micans

Prorocentrum cordatum
Proboscia alata
Pleurosigma sp.

Peridinium sp.
Protoperidinium divergens

Nitzschia sp.
Nitzschia sigmoidea

Pseudo-nitzschia seriata
Pseudo nitzschia delicatissima

Navicula sp.
Navicula cansellata

Licmophora sp.
Heterocapsa triquetra

Gymnodinium sp.
Gonyaulax polvedra

Fragilaria sp.
Diploneis sp.

Cyclotella caspia
Copepoda

Cocconeis sscutelum
Ciclotella caspia
Ceratium fusus
Ceracium furca
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Achnanthes sp.
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Percentage ratio (%)
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Figure 2. Occurance frequency of food components in the digestive tract of M. cephalus, %
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accidental intake together with the food. bottom as they grow older. Adult striped mullet have been described 
In this present study, M. cephalus fed mainly on algae, diatoms, as herbivorous, detritivorous and “interface” feeders. The diet and 

plant materials, desmids annelids, crustaceans, bivalves, detritus feeding behaviour of mullet may vary by location, but their major 
and sand grains. Odum (1970) cited by Wells (1984) hypothesized foods are epiphytic and benthic microalgae, macrophyte detritus, or 
that grey mullet show a distinct preference for live plant material inorganic sediment particles (Collins, 1985). Wells (1984) noted that 
(algae) over plant detritus when both are plentiful. The almost the grey mullet M. cephalus fed all year despite temperatures 
constant high percentage of bowels fullness during the different ranging from 7 – 26ºC on a wide range of algal species, some 
times of the day and year is a proof of the fact that the grey mullet macrophyte detritus, inorganic particles and occasionally the snail. 
feed habits is intensive. From the total number of analyzed stomachs Under normal conditions mullet appear to feed almost continuously, 
(35), three of them were completely empty. The low emptiness index however the intensity of feeding is not always the same. Since 
(0.0857) defines the grey mullet as an often eating fish. ingested material is continuously transferred from the cardiac 

Thompson (1966) cited by Wells (1984) agreed that sand grains stomach to the pyloric stomach, the feeding intensity is reflected by 
were found throughout the alimentary canal of mullets, and those the amount of material present in the cardiac stomach. If feeding is 
helped in the trituration of food in the gizzard-like pyloric stomach. intensive the cardiac stomach will remain filled, but if feeding is 
The proportion of sand and detritus in the gut of juveniles increased sporadic the cardiac stomach will be only partially filled. 
with length, indicating that they tend to take more food from the For a “broad spectrum” herbivore such as Mugil cephalus food 

Cystoseiraceae
Ceramiaceae

Cladophoraceae
Ulvaceae

Nematoda g. sp.
Foraminifera

Ostracoda
Rissoa sp.

Pseudosolenia calcar-avis
Prorocentrum micans

Prorocentrum cordatum
Peridinium sp.

Nitzschia delicatissima
Navicula sp.

Fragilaria sp.
Diploneis sp.

Copepoda
Amphora sp.

Achnanthes brevipes

0 10 20 30 40

Percentage ratio (%)

50 60 70 80

Figure 3. Index of dominance (DF) of the food ingredients.

Table 1. Species composition of nutrients in the environment and stomach contents of grey mullet.

The species dominating in the environment

Microalgae

Zoobenthos

Chaetoceros insignis

Pseudo-nitzschia delicatissima

Cyclotella caspia

Gymnodinium sp.

Merismopedia sp. 

Oscilatoria sp

Oscilatoria bulgarica

Prionospio cirrifera

Cerastoderma edule 

Chamelea gallina

Ampelisca diadema 

Balanus improvisus

Rissoa sp.

Ostracoda

Foraminifera (Trochammina inflata)

Nematoda g. sp.

Achnanthes brevipes

Amphora sp.

Copepoda 

Diploneis sp.

Fragilaria sp.

Navicula sp.

Nitzschia delicatissima

Peridinium sp.

Prorocentrum cordatum

Prorocentrum micans

Pseudosolenia calcar-avis

The species dominating in the stomach
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does not appear to be a limiting factor. The ability to ingest and Project № 56/05.04.2012
apparently utilize benthic and epiphytic diatoms, dinoflagellates, We would like to express our special thanks to the Associate 
Protozoa, green and blue-green algae along with macroplant Professor Stoyko Stoykov for his help in determination of the 
detritus and its associated micro-organisms ensures a constant stomach contents of Mugil cephalus.
energy source. In all the environmental systems examined at least 
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