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Abstract 
The populations of three–spined sticklebacks (Gasterosteus aculeatus) in the Baltic Sea have 

increased tenfold over the last decade. A large increase in abundance can alter the offshore and 

coastal food webs. Despite of these facts, there are large gaps in the knowledge about the 

stickleback ecology in the Baltic and the possible effect they might have on their environment. 

Earlier investigations state that stickleback mainly occupy the deeper areas offshore, and only 

migrate to the shallow areas during May–July to spawn. Observations by recreational fishermen 

indicate that this may be incorrect, and that some adult sticklebacks are present in the shallow 

areas even during the winter. One aim of this study was to investigate the timing of stickleback 

migration to a shallow coastal area in Kalmar Sound. The study also aimed to examine the 

relative abundance in two adjacent shallow areas in the archipelago south of Kalmar, where one 

of the areas is a pike spawning ground. A one month long test fishing with fyke nets was started 

on the first day after ice break. Results show that the sticklebacks are present in the bays 

immediately after the ice break, and that high abundances coincide with the pike spawning 

period. Stomach analyses showed that sticklebacks consumed a large proportion of crustaceans, 

but also fish eggs were found. These results shed new light on the management actions for many 

of the coastal spring spawning fish species that have shown decreasing abundances during the 

last decades. 

 

Sammanfattning 
Bestånden av storspigg (Gasterosteus aculeatus) i Östersjön har ökat markant, data visar på en 

tiofaldig ökning under det senaste decenniet. Ökningen kan medföra att bl.a. näringsväven, till 

havs och längs kusterna förändras. Trots vetskapen om detta finns det kunskapsluckor kring 

spiggens ekologi och dess möjliga påverkan på sin omgivning. Litteratur säger att spiggen till 

största del bara befinner sig inne längs kusterna under maj-juli. Observationer från sportfiskare 

tyder på att detta inte stämmer, och att vuxen storspigg befinner sig inne längs kusten och i 

skärgårdsvikar året om. Ett syfte med studien var att undersöka när spiggen kom in till de 

grunda vikarna i Kalmarsund. Studien jämförde även spiggtätheterna mellan två närliggande 

områden där den största skillnaden var födan. Ett månadslångt provfiske inleddes den första 

isfria dagen i två skyddade vikar söder om Kalmar, där en av lokalerna var en dokumenterad 

leklokal för gäddor. Resultaten visade att spiggen fanns i vikarna direkt efter islossningen, och 

vid fisket sammanföll de största spiggfångsterna med gäddleken. Maganalyser visade att en stor 

andel av födan bestod av olika kräftdjur, men även romkorn hittades. Resultaten tyder på andra 

förutsättningar för många av de hårt ansatta vårlekande fiskarterna än vad som tidigare är 

dokumenterat. 
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Introduction 

The coastal fish community in the Baltic Sea has changed over the last decades (Nilsson et al., 

2004; Ljunggren et al., 2010). Populations of larger predators such as perch (Perca fluviatilis), 

pike (Esox lucius) and cod (Gadus morhua) have declined, while populations of three-spined 

stickleback (Gasterosteus aculeatus) have increased tenfold (P. Byström, 2013, personal 

communication). Other researchers state increasing offshore stickleback abundances of a 

magnitude of 20 in a five year period (Sieben et al., 2011). Sticklebacks are now dominating the 

littoral fish community (Nilsson et al., 2004; Ljunggren et al., 2010). Reports indicate that one 

of the consequences of this increase may be that the sticklebacks now partly control the 

recruitment success of their future predators by indirectly changing the water quality and food 

sources available (Eriksson et al., 2009; Eriksson et al., 2011), as well as predation of eggs and 

larvae (Nilsson, 2006). A study showed that adult sticklebacks (with a length of 64–66 mm) can 

consume pike fry of a size up to 37 mm (Nilsson, 2010, unpublished manuscript). Other spring 

spawning fish species such as roach (Rutilus rutilus) also show decreasing populations and 

recruitment failure (Nordahl & Holm, 2011), which hypothetically also could be an effect of the 

coastal “sticklebackification”. 

 

The three-spined stickleback is a small teleost fish species that is spread around the northern 

hemisphere in marine and brackish waters. They are also found in many freshwater lakes and 

streams (Wootton, 1984). Sticklebacks feed on a wide variety of prey, such as polychaetes, 

insects and their larvae, zooplankton, crustaceans, mollusks, fish eggs and fish fry. Sticklebacks 

have been observed to feed on pike eggs and fry (Andersson et al., 2000; Nilsson, 2006) and on 

perch fry, but not on perch eggs (J. Nilsson, 2013, personal communication).  

 

In the Baltic Sea three–spined sticklebacks migrate from offshore areas to coastal areas to 

spawn during May to late July (Bertin, 1925; Borg, 1982a in Wootton, 1984). A female 

stickleback produce several clutches of eggs during one long spawning period, where each 

clutch can be a significant part of the total body mass. The female fecundity is correlated with 

body size and food availability as well as the quality of the food (Wootton, 1984). The fact that 

one female can spawn several times during the same season means that female sticklebacks can 

be in very different stages of maturity at the same time, in the same location. Sticklebacks can 

endure a swimming speed of four times their body length per second for at least 8 hours 

(Whoriskey & Wootton, 1987). In Kalmar Sound, in the southern Baltic, there is no information 

published on the timing and the extent of this migration. However, both commercial and 

recreational fishermen report that some sticklebacks are present near shore all year around. 

Moreover, fishermen also report that there seem to be an increase in the abundance of 
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sticklebacks in pike spawning areas during spring. If the stickleback abundance is high near, or 

on the pike spawning grounds, this can affect the recruitment of the already weakened local pike 

populations by an increased egg and fry predation as well as fry vs. stickleback competition for 

food. If the fry achieve lower growth rates due to competition, they will stay in a stickleback 

predator window for a longer time. 

 

There is a large amount of literature on the physiology and the evolutionary aspects of 

sticklebacks (e.g. Ladd Prosser, 1955; Schluter, 1995; Hoekstra & Coyne, 1997). In fact, they 

are used as a model organism in evolutionary fish studies. However, little is known about their 

ecological impact in brackish waters i.e. the Baltic Sea.  

 

The overall aim of this study was to investigate the timing of stickleback migration and the 

relative abundance of sticklebacks in a shallow coastal archipelago (Västra Sjön, south of 

Kalmar) prior and during the pike spawning period; and to investigate if there was any 

difference between areas with or without pike spawning (i.e. areas with or without deposited 

pike eggs). A further aim was to identify if the migrated sticklebacks consume the deposited 

pike eggs in the spawning grounds and if possible, investigate if this diet could give an 

increased fitness compared to the other area where pike eggs were not available (i.e. increased 

gonad weight). 

Predictions 

 There will be an increase in stickleback abundance in the pike spawning area during the 

pike spawning period. 

 Sticklebacks will feed more on crustaceans or other food items prior to pike spawning 

than during and after the pike spawning when they mostly will feed on pike eggs. 

 Sticklebacks will benefit from migrating to pike spawning areas and the changing food 

resource by faster maturing gonads. 

 

The fishing was performed under approval S43-12 (LnU), and the sampling of fish was 

conducted under Ethical approval A24-11 (EEMiS/Umeå University).  

Material and Methods 

Sampling area 

The fishing was performed by using shrimp fyke nets in two shallow bays of the archipelago in 

the central parts of Kalmar Sound in the southern Baltic Sea, south of Kalmar (Fig. 1). The 

fishing was conducted from the first day after ice break (when the areas could be reached with a 

small boat) and ongoing for a month (12.4.2013–12.5.2013). On the day of setting the fyke nets, 
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the water temperature in both fishing areas was 4°C. Temperatures in the bays were measured 

with a bath thermometer.  

 

A total of four shrimp fyke nets were used in the two sites: two fyke nets were placed separately 

150–180 meters outside the stream mouth of Törnebybäcken (fyke nets were set at WGS84 DD: 

56.658815, 16.294334 and 56.658585, 16.294667), an area where pike are known to spawn. The 

other two fyke nets were set in a bay without known pike spawning on the western parts of 

Stensö (WGS84 DD: 56.645834, 16.320115 and 56.645746, 16.32062) with about similar 

physical environmental conditions. The distance between the sites is about 2200 m. All fyke 

nets were placed in the same direction (south west to north east) to avoid the wind direction 

being a factor of variation in catches. The fyke nets were anchored to the bottom from the shore 

and out on a depth of 40–60 cm and marked with a buoy. 

 

 

Fig. 1 Map over the fishing area. The fyke net positions are marked in red, and the distance between the 

two fishing sites is about 2200 m. Original maps from www.eniro.se 

 

The wind direction and water temperature were measured at every fishing effort (every third 

day). The wind direction, wind strength, water level and water temperature in the Kalmar sound 

were noted daily according to the measuring station belonging to the Swedish maritime 

administration outside of Kalmar harbor (WGS84 DD: 56.671615, 16.388994). 

http://www.eniro.se/
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The fyke nets 

A fyke net is a fishing device in which the fish is trapped alive instead of entangled as in 

ordinary gill nets. Fyke nets are anchored to the bottom by poles or weights. The model used in 

this experiment is a typical weight anchored fyke net, that consist of two small mesh sized (8 

mm) fish traps with a 3 m long and 0.4 m high net (mesh size: 15 mm) between them to lead the 

fish in to the traps (Fig. 2). The mesh size determines the minimum fish size caught. 

 

 

Fig. 2 One of the shrimp fyke nets used in the test fishing. 

Frequency of sampling 

The fyke nets were emptied every third day during the period 12.4.2013–12.5.2013, giving a 

total of 10 samples from each site. At four times, every sixth day from the start, an additional 

thirty newly caught sticklebacks were collected from each fishing area for stomach content 

analyzes and future planned RNA/DNA ratio investigations. The last week of fishing, samples 

were collected twice for the last stomach content analyzes, giving a total of 306 sticklebacks. 

For an overview of the field work, see table 1. 

Table 1. The dates and actions in field during the month of sampling for sticklebacks (STB).  

12.04.2013 First day after ice-break. Setting the fyke nets in the two locations. 

15.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for gonads, stomach contents +RNA. 

18.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight. 

21.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for gonads, stomach contents +RNA. 

24.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight. 

27.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for gonads, stomach contents +RNA. 

30.04.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight. 

03.05.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for gonads, stomach contents +RNA. 

06.05.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for stomach contents. 

09.05.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight.          

Collect 30 fish per area for stomach contents. 

12.05.2013 Emptying fyke nets, collect 2*100 STB. for length and avg. weight. Pull up the fyke nets. 



 

5 
 

Biomass, relative abundance and size class distribution of sticklebacks 

To estimate the relative abundance in the areas, and considering the possibility of migration 

between them, the sticklebacks were released about 50–100 meters away from the fyke nets 

after taking the measurements of biomass. At every fishing occasion, a number of 100 randomly 

chosen sticklebacks from each fishing area were killed, put on crushed ice and kept for later 

measuring of individual length and average weight by dividing the sample weight by 100. This 

way of calculating the average stickleback weight makes it impossible to calculate the standard 

deviation within the fishing efforts. The total number of sticklebacks collected for length 

measurements = 2000 (100 sticklebacks * 10 occasions * 2 sites). The total number of 

sticklebacks caught in each fyke net was estimated by calculating the total weight divided by the 

average weight of the randomly sampled individuals.  

Stomach content and female gonad weight 

At every fishing occasion, the plan for this investigation was to catch thirty female sticklebacks 

per area. For the stomach content analysis, it was important that the sticklebacks were freshly 

caught, quickly killed and put on ice so that the content did not risk being further digested. The 

fyke nets were emptied every five minutes to ensure that the stomach content was as fresh as 

possible. They were transported to the laboratory and investigated for length, weight, gender 

and parasites. After this first investigation and until the stomach content and gonad analysis was 

performed, the sticklebacks were stored in -20 °C.  

 

For the stomach content analysis, the sticklebacks were cut open and the stomach was carefully 

separated from the esophagus and rectum. No consideration of sex or parasites was taken for 

this part. The stomach content was then examined under a stereo microscope and the contents 

were classified according to taxonomic group; crustaceans, polychaetes, arachnida, mollusks, 

insects, and fish eggs. After classification, the stomach contents were summed up per occasion 

and effort, and the average contribution of different prey taxa to the gastric contents was 

determined. No consideration of fullness was taken, nor if the stickleback was infected with 

parasites in the stomach content analysis. 

 

Only the gonads from females without any visual external or internal parasites were weighed, 

since the presence of tapeworms (Schistocephalus solidus) in the fish seemed to considerately 

decrease the gonad size. Fish infected with the microsporidian parasite Glugea anomala was 

also discarded, as these parasites often was found inside of the gonads, and there was an 

uncertainty of how this affected the development of the eggs.  
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A few of the most bulky and mature females were taken in, only to visualize the proportion of 

mature eggs of an individual. This was presented by using Gonadosomatic Indice (GSI: (gonad 

weight / total body mass) * 100). 

Tissue sampling for the future RNA/DNA ratio analysis 

Tissue samples from 240 sticklebacks were collected for a planned RNA/DNA ratio analysis, 

but the results will not be presented in this report. It is only mentioned as it affected the method 

for choosing the fish for examination. The tissue was ~1 * 1 * 4 mm of clean flesh taken from 

the dorsal parts below the spines. 

Statistics 

To test if there was any difference in stickleback sizes, gonad weights and average weights 

between the areas, the Student’s t-test was used. Regression analyzes were used to test if the 

catches could be explained by water temperatures. The statistical tests were performed in 

Microsoft Excel. 

Results 

Abiotic factors 

Very small (±1 °C) differences in temperature were shown between the two areas during the 

sampling period (Fig. 3). Fluctuations in the sea water level, wind and exposure to sunlight were 

the same in the two sites. The temperature rise out in Kalmar Sound was more linear than in the 

bays, which is normal for larger water masses compared to shallow areas that are more affected 

and respond quicker to the air temperature. 

 

 

 
Fig. 3 Water temperature in the two bays as well as temperature and water level according to the 

measuring bouy outside of Kalmar harbour. Squares represent the pike spawning area and circles 

represent the reference area. Fishing day 1 is 15.4.2013. 

 

There was no obvious effect of water temperature on the catches in the areas, since the catches 

increased in the pike spawning area over time, while catches in the reference area declined (Fig. 
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4 and 5). Regression analyzes of the catches and bay water temperatures showed no significance 

(pike spawning area: F1,8 = 1.62, df = 8, P = 0.24, R
2
 = 0.17; reference area: F1,8 = 3.81, df = 8, P 

= 0.09, R
2
 = 0.32).  

Total catch 

The total catch of sticklebacks during the sampling period had a biomass of 61569 g, and was 

calculated to be 30435 individuals with an average weight of 2.03 (no standard deviation was 

calculated for the weights due to the method of calculating the average weights). The total catch 

in the pike spawning area had a biomass of 29560 g, and the total catch in the reference area had 

a biomass of 32009 g.  

 

Sticklebacks were present in both areas from the first day of fishing just after ice break, 

however, the outer location that acted as a refence area caught more fish just until the water 

temperature reached about 10°C at fishing day seven (21.4.2013). After that, most of the 

sticklebacks were caught in the pike spawning area with only one exception on fishing day 22, 

6.5.2013 (Fig. 4 & 5). 

 

 
Fig. 4 Total catches in biomass from both areas. More sticklebacks were caught in the reference area in 

the beginning of the test fishing. From day 10 and forward, catches were higher in the pike spawning 

area, except for one occasion (day 22). Fishing day 1 is 15.4.2013. 

 

 
Fig. 5 Total calculated catches in both areas. Calculations are based on the average weight of 100 

sticklebacks from the actual catch per fishing effort and site. 
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Length 

The average total length of the fish caught was 62.12 mm ± SD 6.46 mm. The sticklebacks in 

the pike spawning area was 0.66 mm smaller in mean bodylength than in the reference area.  

The results showed a small, but statistically significant difference in mean lengths (T-test, t1998 = 

2.27, P = 0.023) between the sticklebacks in the two areas. Out of the total 2000 sticklebacks 

collected, the smallest fish was 41 mm, and the largest was 79 mm (Fig. 6 and 7).  

 
Fig. 6 Length distribution of the 2000 randomely chosen individuals collected from both areas during ten 

fishing occasions. The total average length was 62.12 mm ± SD 6.46 mm. 
 

 
Fig. 7 Length distribution of 1000 randomely chosen sticklebacks per site. In the pike spawning area, the 
average length for sticklebacks was 61.79 mm ± SD 6.28 mm, and 62.45 mm ± SD 6.62 mm in the 
reference area. 

 

The average lengths in the catches showed small variations (Fig. 8). The largest sticklebacks 

were caught on fishing day 1 with an average length of 65.08 mm ± SD 6.48 mm. 
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Fig. 8 Average individual length (mm) in both two areas over time. Calculations are based on the average 
length of 100 sticklebacks from the actual catch ±SD. Fishing day 1 is 15.4.2013.  

Weight 

Based on the calculations of the weight of 100 random sticklebacks per area and fishing 

occasion, the average total individual weight was 2.03 g (no standard deviation was calculated 

for the weights due to the method of sampling), but this fluctuated a bit over time (Fig 9). The 

fish from the pike spawning area had average weights from 1.74 g to a maximum average of 

2.24. In the reference area, the average weights spanned from 1.91 g to 2.37 g. There was no 

statistical difference in mean weights (T-test, t18 = 0.87, P = 0.39) between the sticklebacks in 

the two areas when compareing the average weights per fishing effort. 

 

 
Fig. 9 Average individual weights (g) from the different areas over time. The weight was calculated 

based on 100 individuals total weight divided by 100, therefore no errorbars. Fishing day 1 is 15.4.2013. 

Parasites 

The 306 sticklebacks collected for stomach contents and female gonad weights were chosen 

from three criteria: being female, not having visible parasites and being of a similar size class. 
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Despite of this selection, 30.7 % of the sticklebacks (94 individuals) had some sort of internal 

parasite infestation that was not visible without opening them. Glugea anomala (21.6 %) was 

the most represented (in 66 sticklebacks) of the two identified parasites, followed by tapeworms 

(Schistocephalus solidus) (12.1 %, found in 37 sticklebacks). Two tapeworms were found in 

four sticklebacks (1.4 %), and combinations (one or two tapeworms + G.anomala) were present 

in nine of the fish, giving 2.9 %.  

Female gonad weight 

Out of the 306 collected “females”, 82 individuals showed to be males without the obvious 

phenotypical traits of a mature male (blue eyes and more or less red toned throat and abdomen), 

leaving 224 females. Another 70 female sticklebacks were discarded from the gonad weight 

examination because of internal parasite infection, leaving 154 females to the gonad 

investigation. The gonad weights of the females varied a lot between the individuals, where 

some sticklebacks had small immature gonads, while others from the same catch were ready to 

spawn. When looking on the average gonad weights from the collected healthy fish, the weights 

of the different groups increased in a linear pattern in both of the sites (Fig 10). The gonad 

weights seemed to increase a bit faster in the pike spawning area than in the reference area, but 

there was no statistical difference in mean gonad weights (T-test, t152 = 0.81, P = 0.42) between 

the sticklebacks in the two areas.  

 
 
Fig. 10 Average female gonad weights from fish collected on five occasions. Trend lines are added to 
visualize the trends of different gonad weights. There was no statistical difference in mean gonad 
weights. Values are presented as mean weights ± SD. 

 

The first really bulky female that was ready to spawn was collected on fishing day 7 (21.4.2013) 

in the reference area. On fishing day 10 (24.4.2013) a cluster of what is thought of as 

stickleback eggs (smaller size and different texture than pike eggs) was found in one fyke net. 
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Three large and bulky females (from the pike spawning area) that looked ready to spawn were 

chosen and brought in to the lab for documental purposes (Fig. 11). The eggs were taken out for 

weighing, and the Gonadosomatic Indice (GSI) was calculated, showing the relative gonad 

weight in percent to body mass. The highest GSI of the three was 43.4 % of the total body 

weight. A few other bulky females were also examined, and the stickleback with the maximum 

GSI during the sampling period weighed 3.51 grams (79 mm), and contained 1.86 g of eggs 

which represented 53 % of the total body weight. The average GSI of the few bulky stickleback 

females that were examined showed a bit higher values (mean 41.2 % ± SD 10.1 %.) than found 

in literature (Wootton, 1984; Sokolowska & Kulczykowska, 2006), where the GSI for female 

sticklebacks are stated to be between 20–30 % of the body weight just before spawning. 

 

 

 
Fig. 11 Three female sticklebacks. The eggs has been taken out and weighed for GSI. The upper 
stickleback had a GSI of 43.4, the middle stickleback had a GSI of 39.7 and the stickleback at the bottom 
had a GSI of 28.5. 

Stomach contents 

A total of 62 out of the collected sticklebacks had empty stomachs, of which 11 were caught in 

the pike spawning area and 51 in the reference area. Analyzes of the stomach content of the 

remaining 244 sticklebacks showed that the sticklebacks from both areas had a similar food 

composition in the beginning of the sampling, where the diet mainly was composed of different 

crustaceans, insects and polychaetes (Fig 12).  

 

In the pike spawning area, the food composition changed considerably over time (Fig 12), from 

mainly crustaceans, polychaetes and insects, to an increasing consumption of fish eggs. When 

analyzing the fish from the last fishing occasions in the pike spawning area, a large proportion 

of the stickleback stomachs mostly contained a yellow substance which was explained to be 

partially digested fish eggs (J. Nilsson, personal communication). The smallest stickleback that 

had fish eggs / yellow substance in the stomach was 49 mm in body length. Some sticklebacks 
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also had other food items in the stomach mixed with the yellow substance, where the most 

common part was small planktonic crustaceans such as ostracods and copepods. Fish eggs or 

egg membranes were the second most common part in the mix. Other fish usually had mixtures 

of insects and different crustaceans. 

 

   

 
 
Fig. 12 Average food composition of sticklebacks from the pike spawning area (left bars in the pairs, n: 
137) and the reference area (right bars, n:107) shown pairwise according to fishing occasion. Patterns 
are described in legend. 

 

The fish caught in the reference area showed a high proportion of empty stomachs in the 

beginning, and the dominating food sources were crustaceans and polychaetes. Many of the 

sticklebacks had fewer, but larger food items in the stomachs although ostracods and copepods 

were present in fish from this area as well. On fishing day 25 (9.5.2013), one female stickleback 

in the reference area had eaten 38 fish eggs (representing 60 % of her stomach content) and a 

relatively digested polychaete (Fig 13). This was the only stickleback in the reference area that 

had fish eggs in the stomach. The eggs were a bit smaller in size and had a different texture and 

colour than the fish eggs found in the pike spawning area, and were thought to be stickleback 

eggs since some of them had started spawning at the time, and are known to predate on each 

others eggs.  
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Fig. 13 The stomach content of a female from the reference area on fishing day 25. She had eaten 38 
grains of fish eggs and one polychaete. Photograph was taken with a cell phone camera through a stereo 
microscope. 

 

Bycatches 

During the test fishing, the following bycatches were caught and released: 15 common bleaks 

(Alburnus alburnus), 156 Baltic prawns (Palaemon adspersus), one eelpout (Zoarces viviparus), 

16 eels (Anguilla anguilla), one ide (Leuciscus idus), one round goby (Neogobius 

melanostomus) four perch (Perca fluviatilis), nine roaches (Rutilus rutilus), 24 rudds 

(Scardinius erythrophthalmus), 24 silver breams (Abramis bjoerkna) and nine tench (Tinca 

tinca). Out of the 156 prawns, 153 were caught in the reference area. Eel catches showed a 

similar result, where all but one was caught in the reference area. The rest of the bycatches were 

more or less evenly distributed between the areas except for the ide and the goby that were 

caught in the pike spawning area. 

Discussion 

The results showed that sticklebacks could be found in the pike spawning area as early as three 

days after the ice break. This concludes that sticklebacks occupy the investigated shallow area 

earlier than previously stated in literature (Bertin, 1925; Borg, 1982a in Wootton, 1984).  

The study also shows that the abundance of sticklebacks increases rapidly after the ice break, 

and seem to coincide with the start of the pike spawning (as well as several other spring 

spawning species, e.g. roach and ide) which was observed at the same time a few hundred 

meters up in Törnebybäcken. During this project, a simultaneous test fishing for migrating pike 

in a nearby small stream (Dunöbäcken) was conducted. Dunöbäcken had a maximum frequency 

of pike migrating up in the fresh water and start of spawning (15.4.2013–22.4.2013) just before 

the time period that the largest relative abundances in sticklebacks occurred in the pike 

spawning area, and the numbers in the reference area dropped. The close geographic locations, 

the similar size of the waters and the fact that the pike populations (possibly the same 
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population) in Törnebybäcken and Dunöbäcken are very closely genetically related (P. Larsson, 

2013, personal communication), further imply that the timing for pike spawning in the two 

streams are quite the same. According to Prof. Larsson, the largest amounts of pike eggs 

deposited should be about a week after the maximum spawning, since the time from depositing 

the eggs to starting hatching usually take about ten days. Since sticklebacks feed on small 

invertebrates like zooplankton, crustaceans and insects, and are known to predate on fish eggs- 

and larvae, an earlier migration behaviour to shallow areas (or occupying these habitats all year) 

where e.g. pike spawn, they do not only compete for food, but can also act as a predator on the 

pike fry until they reach a “stickleback safe” size (Nilsson, 2010, unpublished manuscript).  

 

The relative stickleback abundance in the areas showed a pattern similar to the hypothesized, 

with lower abundances in the pike spawning area from the start, while the reference area, with 

closer to a bit deeper areas, initially had higher abundances. This is probably due to the ice layer 

that stayed thick (20–40 cm, own observation) for an unusual long time this year and made most 

of the more shallow areas ground frozen and physically impossible to occupy. 

Methodological considerations 

Sampling with fyke nets had both advantages and disadvantages; on the positive side, it is a 

quite manageable method of fishing, it is fish friendly in the way that the fish are trapped alive 

instead of entangled, which also makes the handling time shorter compared to gill nets where 

you have to untangle them fish by fish. Among the disadvantages, the mesh size of the net is a 

cause of error if the true size distribution and average length is of importance, since very large 

abundances of small sticklebacks (approximately 20–40 mm in size) were observed in both of 

the areas. These were too small to catch with the fyke nets, and just swam through the 

entrapments while larger fish were caught. Fyke nets only capture the active fish, since they 

have to encounter the fyke net and try to swim around it to be captured in the entrapments. This 

could have had an effect on the results, as some individuals might stay in one area where they 

have found a highly valued food source, or nest guarding males that are more bound to a smaller 

area. 

 

After taking the weight of the total biomass in the area, and collecting sticklebacks for 

measurements and calculations in the laboratory, the rest of the catches were released alive 

about 50–100 meters away from the fyke nets, to not be caught again immediately as risked if 

they were released to close to the fyke nets. If the whole catch would have been killed, 

sticklebacks that possibly migrated from one area to the other never could have been caught 

again, and the numbers could have been confounded. The disadvantage of this would be if the 

fish stayed in one area, and were caught over and over again. 
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There were only a total of four fyke nets available, two for each site. The captures of the two 

were pooled in the results since two per site is too few to offer replicates. It would have been 

preferred to set a minimum of three fyke nets per fishing area. 

Abiotic factors 

The measured abiotic factors were not seen as a plausible explanation to the differences in 

catches between the investigated areas, since they were very similar compared to the catches. 

Although the catches in the pike spawning area seemed to follow the bay temperature trend at a 

first glance, the regression analysis showed no significance and the trend line had a low R
2
-

value (0.17) which indicates that stickleback movement did not have a clear relationship with 

temperature in the bays. The intention was to put the fyke nets out the first days of April to have 

an as large temporal difference as possible to when sticklebacks are reported to migrate to 

shallow areas, but the long winter made this impossible. The water level was initially too low to 

be able to reach closer to the more active pike spawning areas up in Törnebybäcken with the 

boat, and the bottom was too loose and muddy to be able to wade in. 

Length 

Since the fyke nets only caught fish over 41 mm, the true abundance and length distribution of 

the stickleback population could not be assessed. Sticklebacks smaller than 40 mm can predate 

on both pike eggs and fry (J. Nilsson, personal communication), and compete for the same food 

source as many other fish fry e.g. pike, roach and perch.  

There was a small, but statistically significant difference in average lengths between the two 

areas, but the difference (0.66 mm) has little if any biological effect on egg and fry predation, 

since fish eggs / yellow substance was found in the stomachs of sticklebacks ≥ 49 mm during 

this project, and considerably smaller individuals are able to predate on both eggs and larvae. 

Weight 

The average weight of the sticklebacks was calculated by sampling 100 randomly collected fish 

from each fishing occasion and area, and dividing the sample weight by 100. The reason for this 

was to save time, but eliminated the possibility to calculate the standard deviation of the average 

weights. In retrospect, the fish should have been weighed separately. 

Parasites 

During the collecting for RNA/DNA and stomach analyses, only “healthy” females were to be 

collected, and to do this selection in the field without opening the fish (and by that risking 

contaminating or destroying the samples), showed to be hard. Sticklebacks that were thought to 

be healthy females with medium sized gonads could be tapeworm infested males that did not 

show the typical color traits for a male. With a total parasitic (G.anomala and S.solidus) 
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prevalence over 30 % in the sticklebacks that looked unaffected, this tells that the true 

prevalence probably is very high. 

 

Gonad weight 

When looking at the female gonads, a striking thing was the difference between individuals. 

Some were full of mature eggs earlier than expected, while in others it was hard to find the 

gonads at all even at the end of the test fishing. Since stickleback females deposit several 

clutches of eggs during the spawning period, three possible explanations come to mind; they 

were immature, they were sterile or most likely newly spawned. There were no noticed 

differences such as left mature eggs or colors that could make it possible to distinguish between 

the three possibilities during the dissection of the females. This made it impossible to determine 

within the frames of this bachelors thesis.  

 

Some extremely bulky females (that had not been picked in the samples of 100 randomly 

chosen) were killed and taken in to the lab for examining. The average GSI of the few chosen 

sticklebacks showed higher values than found in literature (e.g. Wootton, 1984; Sokolowska & 

Kulczykowska, 2006), but this is based on very few fish, chosen because of their bulkiness, 

which might have been outliers if the project was about stickleback fecundity. In this project, to 

really detect if there were any differences shown in fecundity due to the food source between 

the two areas, the GSI should have been taken for all females. To try this hypothesis in a proper 

way, a separate study should be conducted in the laboratory, with a correct scientific set up. 

Stomach contents 

The stomach analyses showed that sticklebacks had consumed food items of the same 

taxonomic groups and in similar proportions in both areas in the first day of fishing (Fig 12). 

During the pike spawning, some sticklebacks in the pike spawning area had intact or partially 

digested fish eggs in their stomachs, and some sticklebacks had consumed the same food items 

as the sticklebacks in the reference area. This might be due to what direction they came from 

before capture, the outer parts of the area or from the stream where pike, roach and ide were 

spawning. The statement that the yellow substance was remains of consumed fish eggs is also 

strengthened by the fact that on some occasions the remains of semi-digested egg membranes 

were found mixed in the yellow substance and the intact grains of eggs that were found had the 

same yellowish color. Nothing about from which species of fish the eggs came can be said 

without further analysis of the substance, but the size, color and texture matched the eggs of 

pike (own observation from dissecting pike with ripe eggs). No fish fry was found in the 

stomach contents. Mysida was the average main contribution to the gastric content (66.9 vol. %) 
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of sticklebacks during a survey in Kalmar Sound in 2001 (Nilsson, 2006), but surprisingly, no 

mysids were found from either of the areas during the diet analyses from this study in 2013.  

 

In the aspect of stomach contents, the original purpose was to put the fyke nets closer to the 

stream mouth than they now had to be set, but the location had to be adapted to the low water 

level. This may or may not have made the stomach content results a bit different since fish eggs 

are quickly digested. In retrospect, fishing for sticklebacks for the stomach analyses in order to 

see possible physiological effects of feeding on pike eggs should have been conducted with 

traps where the pike were actually spawning instead of out where the fyke nets had to be placed, 

since pike eggs are easily digested (J. Nilsson, personal communication). The time it would take 

an average sized stickleback to move some 150–200 meters from the actual pike spawning 

ground to the fyke nets at a maximum pace of four times the body length per second would 

probably not be enough for the eggs to take a more fluid like (and hard to identify) state, but the 

sticklebacks in the area seemed to move around in a much slower pace. No pike spawning was 

observed in the close (within a radius of ~150 m.) area of the fyke nets during the fishing, but 

several pikes were seen in the stream mouth, and spawning was observed further up in the 

stream.  

Conclusions 

The conclusion of this work is that high abundances of sticklebacks are present in the 

investigated shallow areas in Kalmar Sound earlier than previously described. This result 

combined with the fact that they feed on zooplankton, invertebrates and fish eggs and fry, 

indicate that sticklebacks could affect not only pike reproduction but also other spring spawning 

coastal species such as perch and roach. More studies on the subject are needed to shed light on 

the ecological effects that the three–spined stickleback have on the coastal food web.  

 

The reports indicating that the stickleback abundance has increased vastly in the Baltic Sea (e.g. 

Nilsson et al., 2004; Ljunggren et al., 2010; Sieben et al., 2011) makes the three–spined 

stickleback a more important ecological factor than previously thought. Higher abundances and 

earlier migration to the coastal areas can be one of the reasons to the decline in many spring 

spawning fish, especially in the outer archipelago and open coastal areas (Ljunggren et al., 

2010). Predation by sticklebacks is probably an important factor to keep in mind when 

constructing or restoring spawning habitats for many of the spring spawning fish.  

 

Knowledge about the ecology of the three–spined stickleback is still sparse, and some of the 

facts seem to be generalized and not really valid for the populations in e.g. Kalmar Sound. An 

example is that sticklebacks are usually known to migrate from the shallow areas in the late 

summer, and spend their winter offshore (Wootton, 1984). Anglers occasionally catch 
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sticklebacks in shallow areas while they are ice fishing in the winter, which indicate that 

sticklebacks are not only present in the areas during the spawning period in late spring/summer, 

and also was shown in this report. It is important that facts such as their location at different 

times of the year, their abundance in the areas and the time of the spawning migration to coastal 

areas are as accurate and up to date as possible to understand how sticklebacks may affect their 

environment, especially if they are a larger predator on fish eggs and fry than previously 

expected.  

 

With a more generous time budget, sampling for the different food items to investigate their 

relative abundance in the areas, fishing for sticklebacks very close to the actual pike spawning 

as well as fishing for pike to compare abundances would have been preferable. 

Future perspectives 

During this project, many other questions concerning the stickleback ecology and thoughts of 

other projects came up. For one; it would be very interesting to fish for sticklebacks offshore to 

determine the abundance out in the open water, and how the stomach contents and gonad 

maturity differ from the shallow areas. More knowledge about their interactions with e.g. cod, 

herring (Clupea harengus) and sprat (Sprattus sprattus) is needed to understand how the food 

web and competition for food really work, which can be of great importance for marine fish 

species, zoo- and phytoplankton and by this the water quality in all. 

 

It would be interesting to compare DNA/RNA ratios to the stomach contents found in the 

sticklebacks. This could explain the reason of the migration to shallow areas by showing a 

higher physiological activity, and thereby a sort of benefit by the behaviour. Investigating and 

comparing RNA/DNA ratios is a well-documented approach to show growth in fish (e.g. 

Bulow, 1970; Haines, 1973), and could give answers to the different choices of food, especially 

in a controlled environment. 

 

Since the winter of 2012–2013 was longer than normal, it would be interesting to compare the 

stickleback migration with a “normal” year to see if / how it differs. 

 

To correctly try a hypothesis of sticklebacks choosing fish eggs as a more valuable prey in a 

proper way, a study should be conducted in the laboratory, with a correct scientific set up 

feeding groups of female sticklebacks different food items and surveying the fecundity. 
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