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	 Abstract:	 The aim of this survey was to determine the diet composition of the small sandeel (Ammodytes tobianus L.) from coastal waters 
of the middle coast of Poland. The small sandeel is a fish only occasionally caught on an industrial scale in the Polish exclusive 
economic zone. However, it constitutes an important food source for predatory fish, seabirds, and mammals. Throughout 
its whole life this species feeds mostly on zooplankton. Fish dedicated for the surveys came from manual trawl hauls carried 
out in various seasons of the year, between November 2014 and September 2015, in the region of Łupawa river estuary to the 
southern Baltic Sea. Surveys involved both macroscopic examination of the small sandeel’s degree of stomach fullness and 
detailed analysis of its diet composition. Study results indicated that in the course of the year, over 60% of small sandeel in-
dividuals had their stomachs filled with food in August, while in the early spring and late autumn their stomachs were often 
empty. When the samples from all analyzed months were taken into account, it turned out that the diet of the small sandeel 
varied and consisted of 26 food components. The basis of the diet was mainly made up of Calanoida: Acartia spp. and Temora 
longicornis. Moreover, freshwater Cyclopoida showed a high frequency of occurrence in the small sandeel’s diet throughout 
the year of surveys, as organisms typical for the Lake Gardno, through which the river Łupawa flows, they also occurred in the 
coastal waters. In May, Harpacticoida also appeared in all analyzed small sandeel individuals. Only the largest small sandeels 
fed on fish larvae and Mysidacea. The diet composition of the small sandeel confirmed that these fish are linked with a speci-
fic habitat and do not undertake long-distance food migrations.

	 Keywords:	diet composition, small sandeel, Ammodytidae, Ammodytes tobianus, Baltic Sea

	 Streszczenie:		Celem pracy było określenie  składu pokarmowego tobiasza (Ammodytes tobianus L.) z wód przybrzeżnych środkowego wybrze-
ża Polski. Tobiasz to ryba jedynie okazjonalnie poławiana komercyjnie w polskich obszarach morskich, natomiast stanowiąca 
ważne źródło pożywienia dla ryb drapieżnych, ptaków morskich i ssaków. Gatunek ten w ciągu całego swojego życia odżywia 
się przede wszystkim zooplanktonem. Ryby do badań pochodziły z zaciągów włokiem ręcznym z rejonu ujścia rzeki Łupawy do 
Bałtyku południowego, prowadzonych o różnych porach roku w okresie od listopada 2014 r. do września 2015 r. Badania uwzględ-
niały zarówno makroskopową ocenę stopnia wypełnienia żołądków tobiasza pokarmem, jak i szczegółową analizę składu po-
karmowego. Wyniki badań wykazały, że w ciągu roku ponad 60% osobników w sierpniu miało całkowicie wypełnione żołądki 
pokarmem, podczas gdy wczesną wiosną, jak i późną jesienią żołądki często były puste. Pokarm tobiasza był różnorodny i w jego 
skład wchodziło 26 składników pokarmowych, biorąc pod uwagę próbki z wszystkich analizowanych miesięcy. Podstawę diety 
stanowiły głównie Calanoida: Acartia spp. i Temora longicornis. Ponadto słodkowodne Cyclopoida miały wysoką frekwencję wystę-
powania w pokarmie tobiasza w całym roku badań, ponieważ jako organizmy charakterystyczne dla Jeziora Gardno, przez które 
przepływa rzeka Łupawa, występowały również w wodach przybrzeżnych. U wszystkich przeanalizowanych osobników tobiasza 
w maju pojawiły się także Harpacticoida. Jedynie największe tobiasze odżywiały się larwami ryb i Mysidacea. Skład pokarmowy 
tobisza potwierdził, że ryby te związane są z określonym siedliskiem i nie wykazują dalekich wędrówek żerowiskowych.

	Słowa	kluczowe:		skład pokarmowy, tobiasz, Ammodytidae, Ammodytes tobianus, Morze Bałtyckie 
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INTRODUCTION

The aim of this survey was to determine the diet composition 
of the small sandeel (Ammodytes tobianus Linnaeus 1758) from 
the coastal waters of the middle coast of Poland. The small 
sandeel is a fish of the Ammodytidae family, typical for the 
coastal waters and some transitional waters (Psuty and Mar-
goński 2012). This species commonly occurs in the Baltic Sea 
up to the Gulf of Finland, in the North Sea, and in the Polish 
waters of the southern Baltic Sea – it inhabits the Pomeranian 
Bay, the Gdańsk Bay and the Bay of Puck along with the coastal 
waters of the middle coast (Grygiel 2012). It lives in shoals and 
grows to 18-20 cm in length. The small sandeel usually dwells 
in shallow coastal zones up to 30 m in depth, directly near san-
dy bottoms. It can spend a day buried in the sand and beco-
mes active at night when searching for food. It feeds mainly on 
zooplankton and benthos, as well as on fish larvae and fry (Jac-
kowski 2002, Więcaszek et al. 2007). In the Baltic Sea, repro-
duction of the small sandeel takes place at the turn of summer 
and autumn in coastal waters where females lay gluey spawn 
on a sandy or gravelly seabed. After hatching, the larvae which 
are 4–4.5 mm in length (Munk and Nielsen 2005) become pe-
lagic and move towards the seabed (Russell 1976). In the win-
ter season, the small sandeel moves to warmer waters of up to 
60 m in depth or buries itself in sand entering the hibernation 
phase (Hilton-Taylor 2000). The small sandeel constitutes an 
important element of the food chain of predatory fish, it is also 
an important food source for seabirds and mammals (Rindorf 
et al. 2016). This species is caught to be used as bait for fishing 
predatory fish with longlines (Grygiel 2012). Additionally, it 
can be caught intentionally in the Polish exclusive economic 
zone by fishing fleets. Such a situation is a result of the incre-
ase in demand for resources used to produce fodder intended 
for aquaculture (Psuty et al. 2018).

The diet composition of small sandeels caught in the coastal 
waters of the middle coast of Poland in the area of Rowy was 
examined on the basis of a detailed analysis of their stomachs. 
The middle coast area, due to its distance from industrial cen-
ters and larger cities, is characterized by a good environmental 
condition, and biological surveys are rarely carried out there. 
Providing information regarding the qualitative and quantita-
tive composition of the small sandeel’s diet is important due 
to lack of similar surveys in the recent years. The small sandeel 
is a  species that avoids long-distance migrations, it is rather 
linked to a specific habitat area in which both young and adult 
individuals coexist (Deurs et al. 2009). Hence, results of the 
analysis of the small sandeel’s diet in the area of Rowy reflect 
the condition of this brackish water habitat and at the same 
time  indicate the food preferences of this fish, which does not 
undertake long-distance food or reproduction migrations. 

MATERIAL AND METHODS

Small sandeels were caught in the eulittoral zone at the estu-
ary of river Łupawa near Rowy, with the use of a manual trawl 

with a closing panel section mesh size of 3 mm and with wings 
spread of 20 m. The section of the coast where fish was caught 
was located directly to the west of the Łupawa estuary. The ma-
nual trawl was pulled by two people paddling for 50 m in the 
water along the shore. Surveys were carried out between No-
vember 2014 and September 2015 in the course of 6 months: 
November 2014, January 2015, March 2015, May 2015, August 
2015 and September 2015, but in January 2015 small sandeels 
were not found in the surveyed material. 

If the number of individuals of the small sandeel in the survey-
ed material was less than 40, then all individuals of this species 
were included for analysis. In the case of high species abun-
dance, at least 40 individuals were selected randomly from 
fish of different length classes, which constituted a sample for 
examination of the macroscopic diet composition, as well as 
for the further detailed analysis of stomach contents. An initial 
ichthyological analysis included measurement of total length of 
the fish with an accuracy of 1 mm – Lt (longitudo totalis) [mm]. 
Secondly, the fish were cut in order to carry out macroscopic 
examination of the degree of stomach fullness, on the basis of 
the percentage of the food contents based on a 5-grade scale:  
0 – empty stomach; 1 – stomach filled up to 25%; 2 – stomach 
filled up to 50%; 3 – stomach filled up to 75%; 4 – stomach filled 
up to 100% (Young and Davis 1992). The number of empty sto-
machs of individuals included in the above analysis was coun-
ted. Around 20 stomachs in total were chosen from each sample 
for a detailed analysis of diet composition, including fish from 
different length classes. When the number of stomachs with 
food contents was less than 20 in a sample, the whole sample 
was examined. The food composition of stomach contents was 
subjected to qualitative and quantitative analysis under a ste-
reomicroscope to the lowest possible taxonomic level. Food di-
gestion level was determined on a 3-grade scale: 1 – food signifi-
cantly digested, 2 – food partially digested, 3 – stomach contents 
intact (Young and Davis 1992). Exact taxonomic identification of 
all individuals contained in the food was often impossible due 
to the significant degree of their digestion.  

Stomach contents were identified with the use of a numerical me-
thod, expressed quantitatively as the percentage of different taxa 
calculated from the number of identified items (Hyslop 1980). 
The frequency of occurrence of food components was determined 
(Fi) taking into account only stomachs containing food:

Fi = 100 ni/n

where:

Fi – frequency of occurrence of food – items (i) in sample, 
ni – number of stomachs containing specific food – items (i), 
n –  total number of stomachs analyzed in sample

Additionally, differences in food composition were made per 
length class of fish. For this purpose, the following fish length 
classes were created: ≤ 50 mm, 51–100 mm, 101–150 mm, 
151–200 mm. 
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RESULTS

In total, 230 individuals of the small sandeel were subjected 
to ichthyological analysis including macroscopic examination 
of the degree of stomach fullness, while a detailed analysis of 
diet composition was carried out in 94 individuals. Among the 
analyzed fish, individuals  with empty stomachs occurred in 
each sample (63 empty stomachs in total), and 31% of the ana-
lyzed stomach contents was significantly digested, difficult to 
identify to the lowest possible taxonomic level (Table I). 

Morphometric characteristics

Small sandeels subjected to food examination were measured 
in order to determine the dependency of their diet composi-
tion on their length. Total length Lt of the small sandeel indivi-
duals ranged from 40 mm in March 2015 to 177 mm in August 
2015 (Table II).

Macroscopic examination of the degree of stomach fullness 

In November, over 50% of small sandeels had empty stomachs. 
In March, 35% of their stomachs were empty, but around 25% 
were identified as completely full. In May, most of their sto-
machs was characterized by the 1st and 2nd degree of fullness. 
In August, 60% of individuals had full stomachs. In contrast, in 
September the majority of small sandeels had their stomachs 
empty or partially filled with food (degree 1 and 2) (Figure 1).

Qualitative diet composition

Twenty six food components were included in the diet of the 
small sandeel, taking into account samples from all analyzed 
months. Organisms that could not be identified in detail due 

to a high degree of digestion were classified as Copepoda nd. 
(not identified), Cladocera nd. and Mysidacea nd. Calanoida, 
primarily Acartia spp. and Temora longicornis, as well as Cyc-
lopoida showed a high frequency of occurrence in the small 
sandeel’s food throughout the year of surveys. Harpacticoida 
appeared in the food of all analyzed individuals in May. On 
the other hand, Bosmina sp. occurred in more than half of 
the analyzed stomachs in November and May, and Daphnia 
sp. in September. Sand grains appeared in the small sandeel’s 
food between May and September. Low frequency applied to 
the following, which showed irregular occurrence in the diet: 
mysida Neomysis integer, young individuals of clams of Limeco-
la balthica and mussels of Mytilus trossulus, larvae Polychaeta, 
hydroid Gonothyraea loveni and vegetal fragments, as well as 
fish from the family of Clupeidae and Gobidae in August and 
September (Table III). 

The quantitative diet composition in relation to the season

The diet composition of the small sandeel varied significan-
tly between months. In November, apart from Copepoda nd. 
(unidentified due to the degree of digestion) and Calanoida, 
Cladocera and Cyclopoida constituted only 10% of the food 
content. In March, food digestion was the highest, as  almost 
80% of food components were recognized as Copepoda nd. 
and the rest of the diet composition was made up mainly by 
Calanoida and Cyclopoida. In May, Harpacticoida clearly do-
minated in the food, with a small proportion of Calanoida and 
Cladocera as well as Cyclopoida, not exceeding 10% in total. 
Calanoida definitely dominated in the small sandeel’s diet in 
August. In September, Cyclopoida were prominent food com-
ponents (70%), followed by Cladocera and Mysidacea: mostly 
Neomysis integer. At last, Calanoida constituted only a few per-
cent in abundance (Figure 2).

Tab. I.  Number of small sandeels included in macroscopic examination of the degree of stomach fullness and in detailed analysis of diet composition.

No. DaTe of saMplINg NuMber of INDIvIDuals 
INcluDeD IN MacroscopIc 
exaMINaTIoN of The Degree of 
sToMach fullNess

NuMber of eMpTy sToMachs NuMber of INDIvIDuals 
INcluDeD IN The DeTaIleD DIeT 
aNalysIs

NuMber of DIgesTeD sToMach 
coNTeNTs (fooD sIgNIfIcaNTly 
DIgesTeD accorDINg To scale of 
youNg aND DavIs 1992)

1. 21.11.2014 40 21 14 5

2. 18.03.2015 60 21 19 10

3. 05.05.2015 46 4 21 4

4. 07.08.2015 40 2 20 6

5. 17.09.2015 44 15 20 4

IN TOTAL 230 63 94 29

Tab. II.  Size distribution of the small sandeel included in the detailed diet composition analysis.

DaTe leNgTh class [MM] of sMall saNDeel MeaN (± sTaNDarD DevIaTIoN) of leNgTh

November 2014 44 – 155 (n=40) 108,3 (± 27,5)

March 2015 40 – 114 (n=60) 51,2 (± 14,8)

May 2015 47 – 114 (n=46) 54,0 (± 5,3)

August 2015 51 – 177 (n=40) 72,4 (± 18,9)

September 2015 47 – 171 (n=44) 64,1 (± 5,9)
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The quantitative diet composition in relation to the fish length

Differences in the small sandeel’s diet composition occurred 
between all analyzed fish length classes. Harpacticoida com-
prised almost 70% of stomach contents. Calanoida showed a 
low contribution and Cyclopoida were dominant in the food of 
the smallest individuals from the length class of ≤ 50 mm. In 
larger individuals from the length class of 51-100 mm, the pro-
portion of Harpacticoida decreased to 60%, but the abundan-
ce of Calanoida increased. In the length class of 101–150 mm, 
the proportion of Calanoida reached almost 90%, while Har-
pacticoida and Cyclopoida constituted a diet supplement. On 
the other hand, in the largest fish (151–200  mm) Cyclopoida 
played the prominent role in diet composition (about 40%) in 
comparison to smaller sandeels. The remainder was made up 
of Calanoida, Mysidacea, young individuals of Bivalvia, as well 
as fish larvae (Figure 3).

DISCUSSION

The small sandeel is a fish which feeds on zooplankton all 
its life (Jensen 2011). The small sandeel’s diet in the area of 
Rowy was characterized by high diversity of food components. 
Apart from Calanoida, Cyclopoida also had a high frequency 
of occurrence in the small sandeel’s stomach throughout the 
year. Copepoda are a dominant group of zooplankton in the 
Baltic Sea and in terms of their quantity and biomass may 

seasonally reach over 90% of all zooplankton organisms, in-
cluding Acartia bifilosa, Acartia tonsa, Temora longicornis and 
Pseudocalanus elongatus, as well as Eurytemora spp. (Bielec-
ka et al. 2000). What is more, they were dominant in the diet 
of the small sandeel. Cyclopoida are pelagic crustaceans but, 
like Mysidacea, they often inhabit the benthic zone (Telesh et 
al. 2009). Their presence in the food of small sandeel adults 
confirms the preferences of this species for feeding mainly 
at the seabed. Fish of the Ammodytidae family often feed at 
the gravelly and sandy seabed in well-oxygenated areas (Reay 
1970). This was evidenced by the high frequency of occurrence 
of sand grains in stomachs of the analyzed small sandeels. In 
November, mainly Cladocera and Mysiadacea, mainly Neomy-
sis integer were identified in the small sandeels’ stomachs. In 
May, Harpacticoida showed a high frequency of occurrence in 
the diet of the smallest small sandeel individuals with a length 
of up to 100 mm. Harpacticoida are epibentic organisms, in-
habiting the benthic zone, particularly of the shallow littoral 
zone and seabed sediments, even the silty ones (Rybak 2000). 
They are the smallest representatives of Copepoda, with poor 
mobility (Grabda 1985). Their presence in food indicates that 
the small sandeel feeds in the benthic zone. However, it is 
possible that in the area of Rowy, young small sandeel indivi-
duals also fed on Harpacticoida from the pelagic zone, where 
they might have been shifted from the seabed. The studies of 
Goździejewska et al. (2006) regarding Harpacticoida indicate 
that with adequate, smaller than 7 m/s wind power, in shallow 
waters not exceeding 3 m in depth, turbulent water mixing 

fig 1. The degree of small sandeels’ stomach fullness on a scale of 0 to 4 in relation to the specific months.
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Tab. III.  The frequency of occurrence [%] of food components in the small sandeel’s stomach from November 2014 to September 2015.

No. fooD coMpoNeNT MoNTh

TaxoNoMIc group specIes Ix III v vIII Ix

1.

Crustacea

Copepoda nd. 91 95 57 85 53

2.

Copepoda

Calanoida

Acartia spp. 100 75 24 100 26

3. Temora longicornis 91 50 0 5 11

4. Centropages hamatus 9 85 0 0 5

5. Pseudocalanus elongatus 64 0 0 0 0

6. Eurytemora sp. 82 15 62 0 11

7. Cyclopoida 64 60 62 25 84

8. Harpacticoida 27 0 100 0 0

9. eggs of Copepoda 0 15 81 0 0

10. Cladocera nd. 0 0 38 0 16

11.

Branchiopoda
Cladocera

Evadne sp. 0 0 57 0 0

12. Podon sp. 0 0 5 0 0

13. Bosmina sp. 55 0 67 0 0

14. Daphnia sp. 0 0 0 0 47

15. eggs of Cladocera 0 0 5 0 0

16.
Malacostraca

Mysidacea nd. 0 5 0 0 0

17. Mysidacea Neomysis integer 9 5 0 0 63

18.
Bivalvia

Limecola balthica 0 0 10 10 11

19. Mytilus trossulus 0 0 0 0 5

20. Polychaeta 0 0 10 0 0

21. Hydrozoa Gonothyraea loveni 0 0 0 30 5

22.

Pisces Actinopteri

Clupeidae 0 0 0 5 5

23. Gobidae 0 0 0 0 5

24. fish non- determined 0 0 0 5 0

25. Plants 0 0 0 5 5

26. Sand grains 0 5 52 70 37

down to the seabed causes shifting Harpacticoida up to the 
water column. In such a way, the smelt Osmerus eperlanus 
fed on Harpacticoida in the Vistula Lagoon. Moreover, it was 
determined that Harpacticoida often constituted the food of 
demersal fish, such as sole Solea solea, limanda Limanda li-
manda, plaice Pleuronectes platessa and flounder Platichthys 
flesus (Beyst et al. 1999).

Similar studies regarding the small sandeel’s diet composition 
in the Baltic Sea have been sporadic. Grygiel (2012) states that 
small sandeels from the Baltic Sea feed on small crustaceans, 
worms and small sea plants, as well as the larvae of herring 
and other fish. Fuiman and Gamble (1988) suggested that the 
small sandeel can be predatory. Furthermore, in his  laborato-
ry research, Christensen (1983) demonstrated that adult small 
sandeels preferred the larvae of herring, rather than Copepoda. 
This has been confirmed by the results of these studies, whe-
re clupeids and gobies were also identified in the food of the 
largest small sandeels. On the other hand, 14 species of zoo-
plankton (e.g., Bosmina obtusirostris maritima, Eurytemora hi-
rundoides, Acartia bifilosa) and barnacle larvae were recorded 

(Grygiel 2012) in the food of the small sandeel in surveys from 
the north-eastern part of the Gulf of Riga. Surveys regarding 
diet composition of the small sandeel were also carried out by 
Ustups et al. (2007) on individuals of fish from the littoral zone 
of the Latvian Baltic Sea coast, caught in a shallow water (aro-
und 2 m in depth) station, like in this project. Since the authors 
of the mentioned research determined a similar frequency of 
occurrence (around 50% each) of both zooplankton and Mysi-
dacea (mainly Neomysis integer) in the small sandeel’s diet, this 
type of food selection was called “mysid-copepod”.

The quality of food influences seasonal changes in the condi-
tion of the small sandeel during the course of the year, which 
was observed in the North Sea. In the spring, this fish shows a 
low condition, and its improvement continued until June. Not 
only the temperature, but also abundance of food and size of 
prey are factors that influence the growth rate of fish and their 
condition (Rindorf et al. 2016). The availability of large species 
of Copepoda often affects selective food consumption and in-
crease in the small sandeel’s condition. It was demonstrated 
that small sandeels from the North Sea avoid small Calanoida 
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fig 2. The diet composition [%] of the small sandeel in relation to the month.

fig 3. The diet composition [%] of the small sandeel in relation to their length class.
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when larger species, e.g., the Calanus type are available in the 
environment. In the North Sea, it was observed that the ave-
rage length of small sandeels began to decrease from the late 
1980s, which coincided with the lower quantity of Calanus fin-
marchicus in the environment, a species which is much larger 
than other Copoepoda (Deurs et al. 2014). The length of the 
small sandeels from the area of Rowy is comparable to that 
described in small sandeels from the Gdańsk Bay ranging from 
9 to 16 cm (Więcaszek et al. 2007). 

In the Baltic Sea bays, apart from Copepoda typical for open 
waters, the following freshwater species also occur: Daphnia 
sp., and from Cyclopoida: Cyclops sp., Megacyclops viridis, Me-
socyclops leuckarti, Eucyclops speratus, Eudiaptomus gracilis, 
M. viridis. (Chojnacki et al. 2007). Cyclopoida constitute the 
most numerous group of Copepoda inhabiting fresh waters. 
There are around 51 species that belong to this order known in 
Poland (Rybak and Błędzki 2010). A few species of Cyclopoida 
occur in the shallow waters of the Baltic Sea bays (Żmudziński 
1990), which they can also reach with river waters. As a result, 
they are abundant at river estuaries. Cyclopoida occur in both: 
water columns and at seabeds: in sediments, among vegeta-
tions or in algal mats (Rybak 2000, Telesh et al. 2009). In these 
surveys, it was observed that species typical for Lake Gardno 
appeared in the diet composition of the small sandeel. Zoo-
plankton surveys of Paturej and Jabłońska (1999) and Paturej 
(2005) indicated that apart from the most numerous rotifers 
in the Lake Gardno, cladocera Daphnia cucullata and cyclopo-
id Cyclops vicinus are dominant species in the zooplankton in 

quantitative composition and in terms of biomass. Lake Gard-
no is a coastal reservoir through which the river Łupawa flows. 
It inflows into the lake in its eastern part and flows out in its 
north-western section, going into the Baltic Sea near Rowy 
(Paturej 2005, Bochyńska 2012). The distribution and density 
of various taxonomic groups of zooplankton in Lake Gardno is 
affected not only by the physico-chemical conditions, but also 
water circulation dynamics resulting in the water flow betwe-
en the sea and the lake (Paturej 2009). The effect of potamic 
waters causing inflow of completely fresh waters from Lake 
Gardno towards the sea is seasonal (Cieśliński et al. 2009, Cie-
śliński 2010). This is most likely the reason for increased abun-
dance of Cyclopoida and Daphnia sp. being observed in the 
diet of the small sandeel only during one month in the period 
of the year-long surveys, i.e., in September.

CONCLUSIONS

It was noted that not only mesozooplankton – Copepoda: Ca-
lanoida, but also freshwater Cyclopoida constitute a conside-
rable proportion of the small sandeel’sfood sources due to the 
vicinity of the river Łupawa estuary. Only the largest small san-
deels preferred food constituting a substantial ingredient of a 
diet of the Ammodytidae, i.e., the clupeids and the gobies as 
well as the larger crustaceans – Mysidacea. This study provides 
evidence that  both adults and young individuals of the small 
sandeel feed mainly on food occurring in the research area due 
to the lack of long-distance food migrations.
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