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Abstract 
 
Commercial fishing in the Baltic Sea has led to decrease in abundance of large 
predatory fish and as a result the predation pressure on smaller fish species has been 
reduced. Three-spined stickleback (Gasterosteus aculeatus) is among the species that 
have benefited from reduced predation pressure. Sticklebacks are a small fish species 
that spends its juvenile stage in coastal habitat and its adult stage in the open sea with 
a yearly migration from the sea to coastal habitat and lakes for spawning. 
Sticklebacks have been shown to have a negative effect on fry of coastal species, such 
as perch (Perca fluviatilis). Therefore an increase in stickleback abundance, as a 
consequence of reduced predation pressure, can potentially further reduce 
abundance of fry of coastal species, such as perch. On the other hand sticklebacks 
could be subject to predation from adult perch. This two-species interaction is 
studied in the perspective of general ecological IGP (intra guild predation) theory. In 
order to determine how the observed increase of three-spined sticklebacks negatively 
or positively affects the growth of different stages of perch, a time series of operculum 
bones from perch collected by the coastal monitoring program prior to the increase of 
sticklebacks and up until present was analyzed. Three areas along the Swedish coast 
showing increased stickleback abundance (Gaviksfjärden, Norrbyn and Holmön) 
were compared to areas that had no sticklebacks or only a small increase in 
abundance (Kinnbäcksfjärden, Råneåfjärden, Långvindsfjärden) prior and after the 
general increase in stickleback density. In addition to the growth analysis, a dietary 
analysis of perch was carried out in order to determine to what extent perch utilize 
sticklebacks as a food source. I found that there were significant differences in regard 
to perch growth between the two time periods; however there was no significant 
difference in growth between the control areas and the stickleback areas except for 
perch of medium size. Further, this difference in growth between the control and 
stickleback areas was present both before and after the stickleback increase and could 
therefore not be tied directly to stickleback increase. Consequently, results from a 
multiple regression showed that stickleback abundance was not able to significantly 
explain the observed changes in perch growth. The dietary analysis showed that 
larger and intermediate perch tend to consume sticklebacks as well as benthic fauna 
and other fish species while smaller perch tended to feed exclusively on smaller 
invertebrates. This study concluded that the increase in stickleback abundance had 
only a very weak effect on perch growth. 
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1 Introduction 

 
Normally, an increase in prey abundance causes an increase in individual predator 
growth rates, which is often followed by an increase in predator abundance (Polis et 
al. 1989; Holt et al. 1997). However, when predators undergo ontogenetic niche shift 
this may not always be the case (Hjelm et al. 2000). Changes in resource use from 
invertebrates to fish prey over ontogeny is common in fish and many times involve 
both habitat shifts and interactions where species both prey on and compete with 
each other. This phenomenon is commonly known as intraguild predation (IGP) 
(Werner and Gilliam 1984; Irigoien and de Roos 2011; Byström et al. 2015). In fish 
communities, IGP interactions are strongly dependent on the size relationships 
between the species in the community (Polis et al. 1989). Interactions include classic 
predator prey interactions where adult piscivores feed on prey fish, interactions 
where juvenile piscivores compete with their future prey for shared resources to even 
interactions where adult prey fish feed on young piscivores, i.e. reciprocal IGP 
(Persson et al. 2007a; Fauchald 2010; van der Hammen et al. 2010; Hin et al. 2011).  
Competition from future prey for shared resources may result in a juvenile 
competitive bottleneck in the piscivores which limits recruitment to the adult 
predator stage (Werner and Gilliam 1984; Byström et al. 1998). In the last case, prey 
may impose high mortality on juvenile predators through predation and thereby 
reduce the recruitment of predators (Fauchald 2010). Based on above negative effects 
of prey on juvenile predators, Walter and Kitchell (2001) suggested the presence of 
two alternative stable states (ASS) could occur in fish communities; a high predator 
density state where predators have control the prey population such that they 
increase the growth and survival of their own offspring, or a high prey population 
density state were prey limit predator population growth and density.  
 
In spatially linked ecosystems with IGP, e.g. marine coastal - offshore systems, the 
likelihood for ASS has been shown to depend on the degree of habitat separation (van 
der Hammens et al. 2010) or to depend on the relative productivity of different 
habitats (Schreiber & Rudolf 2008). Anthropogenic impacts like eutrophication or 
fishing mortality in either offshore or coastal ecosystems in the Baltic Sea may cause 
strong effects in adjacent ecosystems through changes abundances of fish that 
migrates between offshore and coastal systems (Eriksson et al. 2011; Casini et al. 
2012). Eutrophication and depletion of large piscivores have resulted in dramatic 
changes in the Baltic Sea ecosystem (Österblom et al. 2007). For example, the 
decrease in cod has resulted in an increase of small planktivores like sprat and three-
spine sticklebacks. Along with the cod decline offshore there are reports on regional 
declines in the coastal keystone piscivores like perch and pike (Casini et al. 2009; 
Eriksson et al. 2011). This decline has been suggested to coincide with the increasing 
densities of adult sticklebacks (Eriksson et al. 2011). Both competition and/or 
predation from increasing densities of sticklebacks on young piscivores have been 
suggested as mechanisms behind the observed patterns (Ljunggren et al. 2010; 
Byström et al. 2015).  
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In the Bothnian Sea, the abundance of sticklebacks has increased substantially the 
last ten years (Eriksson et al. 2011; Byström et al. 2015). Young-of-the-year 
sticklebacks spend the summer in very near-shore shallow areas to in autumn 
migrate out to of offshore areas. Juvenile stickleback sticklebacks spend thereafter 
two or three years offshore before they as adults migrate back to shallow coastal bays 
in spring for spawning. Due to this spatial and temporal habitat separation there are 
periods of the year where perch and sticklebacks have little to no interaction with 
each other and periods when they actively compete for resources as well as consume 
each other depending on size and life stage (Byström et al. 2015, Bergström et al. 
2015). Due to the temporal habitat separation between perch and sticklebacks the 
effects of increased stickleback populations may have different effects on the perch 
population depending on when the adult sticklebacks migrate back to coastal habitat 
for spawning. In cases where stickleback migration coincides with perch spawning 
and hatching of larvae the negative effects through predation may be so severe that 
no recruitment of perch occurs in that area (Klemens et al. 2011; Byström et al. 2015). 
High densities of sticklebacks may also through competition have negative effects on 
the growth of smaller perch (Byström et al. 1998). However, the adult stage of perch 
may benefit from the high stickleback abundance during summer since this provides 
an additional temporal abundant prey fish resource. It can therefore be hypothesized 
that high abundance of stickleback will have a negative effect on growth of smaller 
perch, whereas on the other hand a positive effects on the growth of adult perch can 
be expected.  

The main aim of this study was to determine if the observed increase in abundance of 
sticklebacks may affect the individual growth rates of differently size classes of perch 
(Perca fluviatilis). Additionally, stomach content analysis of adult perch collected in 
2015 was performed to study if adult perch use sticklebacks as prey. More specifically, 
I analyzed the yearly growth rates of perch based operculum bone readings, before 
the increase in sticklebacks and up until present from six different areas along the 
coast of Bothnian Bay and Bothnian Sea. Three areas showed strong increases in 
stickleback abundance whereas three areas, used as controls, had no or very low 
densities of sticklebacks during the same study period. Since difference in perch size 
can be used as a proxy for how perch growth is affected by sticklebacks I tested for 
stickleback effects on three size classes of perch; small, medium, and large.   
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 2 Material and methods 
 

2.1 Overview of data collection 
The operculum bones used in this study all come from ongoing long-term coastal fish 
monitoring programs and were supplied by the Swedish agricultural university’s 
research station in Öregrund. All perch from which the operculum bones were taken 
had been age determined a priori from otholith reading by the staff at the coastal 
laboratory. This age determination was used as a baseline for the back calculation of 
yearly growth rates on the operculum bones. The catch data for the different fish 
species as well as temperature data from the test-fishing period each year were 
obtained from the Coastal fishing database (KUL). The catch data for all fish species 
were recalculated from total catch from two depth intervals (3m and 6m) to catch per 
total effort (CPUE) by dividing the amount of individuals caught for both depths 
zones by the amount of nets used. The perch used for the stomach content analysis 
were caught as a part of the coastal fishing survey during the fishing period 2015.    

 

2.2 Study areas 

For this study, data from six areas which are all included in the Swedish coastal fish 
monitoring program were used (Figure 1). Three areas have been shown strong 
increases in stickleback abundance (Gaviksfjärden, Norrbyn and Holmön) whereas 
the three other areas (Kinnbäcksfjärden, Råneåfjärden and Långvindsfjärden) have 
no or very low densities of sticklebacks during the same study period and were thus 
used as controls.  
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Figure 1. Location of the study areas from which data used in this study have been collected from as a part of the 
Swedish coastal fishing survey programs. 
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 2.2.1 Råneåfjärden 
Rånefjärden is a coastal area in northernmost Sweden and is part of the Swedish coastal 
fishing survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem; however, the area is heavily influenced by 
freshwater flow from the Råne River. Since year 2002 the fish community is surveyed once a 
year using gillnets, and species composition, size, and number are recorded. The survey has 
shown that the area has 14 fish species with the most predominant species being Perch (47%) 
(Faktablad Råneå). For this study, catch and environmental data from the year 2002 to 2015 
were used.  

2.2.2 Kinnbäcksfjärden 
Kinnbäcksfjärden is a coastal area in northern Sweden and is part of the Swedish coastal 
fishing survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem. Since year 2004 the fish community is 
surveyed once a year using gillnets, and species composition, size, and number are recorded. 
The survey has shown that the area has 23 fish species with the most predominant species 
being Perch (43%) (Faktablad Kinnbäcksfjärden). For this study catch and environmental 
data from the year 2004 to 2015 were used.  

2.2.3 Holmön 
Holmön is an island area in northern Sweden and is part of the Swedish coastal fishing 
survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem. Since year 1989 the fish community is 
surveyed once a year using gillnets, and species composition, size, and number are recorded. 
The survey has shown that the area has 16 fish species with the most predominant species 
being Perch and Roach, which together make out roughly 90% of the catch in the area 
(Faktablad Holmön). For this study catch and environmental data from the year 2002 to 
2015 were used.  

2.2.4 Norrbyn 
Norrbyn is a coastal area in northern Sweden and is part of the Swedish coastal fishing 
survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem. Since year 2002 the fish community is 
surveyed once a year using gillnets, and species composition, size, and number are recorded. 
The survey has shown that the area has 22 fish species with the most predominant species 
being Perch (Faktablad Norrbyn).  For this study catch and environmental data from the year 
2002 to 2015 were used.  

2.2.5 Gaviksfjärden 
Gaviksfjärden is a coastal area in central Sweden and is part of the Swedish coastal fishing 
survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem. Since year 2004 the fish community is 
surveyed once a year using gillnets, and species composition, size, and number are recorded. 
The survey has shown that the area has 22 fish species with the most predominant species 
prior to 2008 being roach and after 2008 Sticklebacks made up 70-80% of caught biomass 
(Faktablad Gaviksfjärden).  For this study catch and environmental data from the year 2002 
to 2015 were used.  
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2.2.6 Långvindsfjärden 
Långvindsfjärden is a coastal area in central Sweden and is part of the Swedish coastal fishing 
survey. The area has a series of fixed sampling points that are deemed to have no 
anthropogenic factors affecting the ecosystem. Since year 2002 the fish community is 
surveyed once a year using gillnets, and species composition, size, and number are recorded. 
The survey has shown that the area has 25 fish species with the most predominant species 
being Perch, which together with the second most common species roach make up 70% of 
caught biomass (Faktablad Långvindsfjärden). For this study catch and environmental data 
from the year 2002 to 2015 were used.  

2.3 Yearly growth rates 
In order to determine the yearly growth of perch the operculum bone was analyzed. The 
operculum bone is the bone that covers the gills of the fish, and during the individual’s life 
this bone grows continuously. Due to differences in growth during summer and winter a ring-
like pattern develops (Figure 2) with a dark winter zone and a lighter summer zone. In order 
to calculate the yearly growth of an individual, the distance between the yearly growth zones 
is measured. For each area a total of 80 operculum bones were taken each year between 2002 
and 2014 (less for some sites and more for others) giving 4662 bones in total. The bones were 
placed in a petri dish filled with propylene glycol. Each bone was photographed using a 
digital Cannon Eos 7D camera. Each operculum bone was thereafter imported into an image 
analysis program. In the image analysis program a line was drawn from the base of the 
operculum bone to the edge of the bone (Figure 2). Along the line the beginning of each 
yearly winter zone was marked until the end of the bone (Figure 2). The image analysis 
program measured the distance between the marked growth zones and the pixel values 
obtained for each bone were re-calculated to millimeters by dividing the value for each year 
with the measurement reference of 1 cm (Figure 2). To then calculate the growth of individual 
perch, I first calculated a correction factor (1): 

(1)                                               

Where F is the correction factor, FiLtot is the total fish length and GäLtot is the total length of 
the operculum bone. Once the correction factor has been calculated the fish length at a given 
year (FiL) can be calculated according to (2): 

(2)                                            

 using the operculum bone length at the given year (GäLi) and the correction factor F. 
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Figure 2. Picture of perch operculum bone, each year as well as a 1cm measurement reference has been marked 
and distance between years is returned as a pixel value.   

Prior to conducting the full analysis of the whole set of operculum bones, a random set of 
approximately 200 bones that had previously been completely analyzed were selected for re-
analysis. This was done in order to make sure that any adjustments to the analysis method 
were carried out prior to the actual data gathering. The analyzed bones were also double 
checked against the data obtained from previous analysis carried out by the staff at the 
coastal laboratory, in order to determine if there was a deviation in results. The analysis 
showed that there was no significant deviation in results from the determination made by the 
staff at the coastal laboratory and that, therefore, the method was deemed suitable for the 
experiment.         

 

2.4 Statistics 
In order to test for potential size-dependent effects of sticklebacks on perch growth, I divided 
the analyzed perch into three size classes small (80-100mm), intermediate (150-170mm) and 
large (180-200mm). In order to deal with outliers, data points for yearly growth that deviated 
more than 2 standard deviations from the mean were discarded from all analyses. In order to 
compare whether there was a difference in perch growth between the three control areas and 
the areas with a higher stickleback density, analysis of variance (Anova) was carried out using 
the program R, comparing the mean growth rates of each area before and after stickleback 
increase, as well as comparing the means of the three control areas against the means of the 
other areas for the period before and after. The growth data were divided into three different 
groups depending on the perch size. To find out in what way the different parameters 
influenced each other, data in the different size intervals were correlated against perch 
density, stickleback density, roach density, and temperature. 
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2.5 Multiple Regressions 
In order to control for other factors that could potentially affect growth of perch, multiple 
regression analysis was carried out. Additional explanatory factors used in these analysis 
were: CPUE of perch (intra-specific competition), CPUE of roach (competitor with juvenile 
perch or prey for adult perch), and temperature, which could influence perch growth 
potential on the three different size intervals within each area. The purpose of the multiple 
regressions was to investigate to what extent the different parameters explained the growth 
of perch. When carrying out the multiple regressions the most significant model for each size 
interval and area was kept (see appendix 4 and 5 for model selection).  

 

2.6 Diet analysis 
For the diet analysis, between 20 and 60 perch from each area were analyzed. The fish were 
provided by the coastal fishing survey and had been caught during the summer of 2015. Each 
perch was dissected and the stomach contents were analyzed using a stereo microscope. 
Stomach contents were noted and divided into the categories empty, containing sticklebacks, 
containing benthic fauna, or containing other fish species. 
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3 Results 
 

3.1 Overview of population development of fish 
There was no or little variation in CPUE of perch or stickleback populations in the three 
control areas Långvind, Råneå and Kinnbäck over the study years (Figure 3 A-C).  On the 
other hand, for Gavik, Norrbyn and Holmön, stickleback abundance increased over time 
(Figure 3 D-F). Gavik showed the strongest stickleback increase, reaching a peak of 250 
caught sticklebacks per effort, and Norrbyn had a large decrease in perch density for the 
years after stickleback increase (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                      

 

 

 

 

 

 

                                                                                                 

Figure 3. Catch per effort of the species Perch, Stickleback and Roach for Kinnbäck (A), Långvind (B), Råneå (C), 
Gavik (D), Norrbyn (E), and Holmön (F). The year where stickleback population increased is highlighted with a 
vertical line. For Kinnbäck (A) the years before the vertical line were classified as having increased stickleback 
density. 
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3.2 Diet analysis 
Perch of intermediate to large size (170 mm and up) utilized sticklebacks as prey in all areas 
where they were available, even so in one of the control areas where stickleback densities 
were low (Långvindsfjärden, Figure 4B).  The diet of smaller perch predominantly consisted 
of benthic fauna. 

 

                                                                                                             

 

                                                                                                                                                                                                                         
Figure 4. Stomach contents of individual perch for Kinnbäck (A), Långvind (B), Råneå (C), Gavik (D), Norrbyn 
(E), and Holmön (F).  
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3.3 Within area comparison 
There were only a few significant differences in growth of perch in the areas, when comparing 
the time period before stickleback increase to the period after. For small perch there was no 
difference in growth between the years before and after stickleback increase (P > 0.05, Figure 
5 A). For the medium sized perch, only Norrbyn had a significant difference (increase) in 
growth after stickleback increase (P = 0.033), whereas the areas Långvind and  Holmön were 
close to have a significant increase in growth (P = 0.080 and P=0.074, respectivley). Large 
perch growth was significantly higher after stickleback increase for the areas Långvind and 
Holmön (P=0.037 and P<0.001 respectivley), while there was no significant differences for 
the other areas (P > 0.05, Figure 5). 

 

 

 

 

 

 

 

 

 

 

Figure 5. Growth rate (mean ± 1 SE) for small (A), medium (B), and large (C) perch, before and after stickleback 
increase.  
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For the entire dataset, multiple regression analysis including population densities (CPUE) of 
perch, stickleback and roach, and temperature as explanatory variables showed that perch 
growth was best explained by CPUE of perch (appendix 2). However, in the three control 
areas Långvind, Kinnbäck and Råneå, only Långvind had a significant model explaining 
perch growth. For small perch growth, the best model included both perch and stickleback 
abundance as expanatory variables (appendix 3), while the best model for the medium-sized 
perch included perch density and temperature as explanatory variables (appendix 3). The 
best models for Kinnbäck and Råneå had temperature as the only explanatory variable; 
however, these models were only close to significant (P=0.081 and P=0.058, respectively). In 
the three stickleback areas small perch growth was not significantly explained by any of the 
included variables. For medium-sized perch in both Norrbyn and Gavik, models were 
significant with sticklebacks and temperature predicting perch growth in Norrbyn and Roach 
in Gavik (appendix 3). For  large perch growth, all three stickleback areas had significant 
models (appendix 3). However, in all significant models stickleback CPUE only explained 
growth for the medium-sized perch in Norrbyn.  

 

3.4 Between areas comparison (control areas vs. stickleback areas) 
Growth of medium-sized perch was higher in stickleback areas compared to in control areas 
both before and after stickleback increase (Figure 6, Table 1 and 2).  No other significant 
differences in growth were found.  

 

  

Figure 6. Growth (mean ± 1 SE) between the control and stickleback areas for small, medium, and large perch 
before (A) and after (B) stickleback increase. 

Table 1. One-way anova results on the effect of area on of perch growth before stickleback 
increase 

      Df Sum Sq Mean Sq F Pr(>F) 

Small perch 

  

1 41.9 41.9 0.166 0.704 

Medium 
perch 

  

1 381.3 381.3 26.800 <0.001  

Large perch     1 353.9 353.9 4.259 0.108 

 

Table 2. One-way anova results on the effect of area on of perch growth after stickleback 
increase.   

      Df Sum Sq Mean Sq F Pr(>F) 

Small perch 

  

1 20.9 20.9 0.188 0.687 

Medium perch 

  

1 169.4 169.4 11.060 0.029  

Large perch     1 77.46 77.46 5.100 0.087  

A B 
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The Multiple regression analysis including the whole data seta had only one significant 
model, which was for perch of medium size with CPUE of perch as the only explanatory 
variable (appendix 2). 

 

3.5 Responses in stickleback areas only 
Using only the data from the stickleback areas and comparing the two time periods in 
a one-way anova showed there was a significant difference in growth for both the 
medium and large size classes (Table 3). There were significant differences in the 
catch per effort for all three measured species (Figure 7, table 3). The only parameters 
that had no significant change over the studied time period was perch growth in the 
small-size interval and water temperature (table 3). 

 

 

 

 

 

 

 

Figure 7. Growth (mean ±1 SE) of small, medium and large perch and CPUE (mean ± 1 SE) of fish species before 
and after stickleback increase in the three stickleback areas combined. 

 

Table 3. One-way anova results on the effects of time period (before and after stickleback increase) on growth of 
differently sized perch, CPUE of species and temperature.   

      Df Sum Sq Mean Sq F Pr(>F) 

Small perch 

  

29 132.0 131.5 1.136 0.295 

Medium perch 

  

30 585.4 585.4 8.678 0.006 

Large perch 

  

32 653.7 653.7 8.069 0.008 

CPUE Perch 

  

30 847.0 847.3 4.352 0.046 

CPUE Roach 

  

30 33485.0 33845.0 11.890 <0.001 

CPUE Sticklebacks 

 

30 4498.0 4498.0 16.920 <0.001 

Temperature (C°)   30 0.5 0.5 0.302 0.587 
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4 Discussion 
The stomach analysis showed that adult perch consumed sticklebacks in all areas where 
sticklebacks were present, suggesting a positive effect of increasing stickleback abundance on 
growth of adult perch. However, my results only provided some support for positive effects 
on adult perch growth related to the observed increase in stickleback abundance. Growth of 
medium-sized perch was higher only in the Norrbyn area, and large perch had higher growth 
after stickleback increase only in one out of three areas showing an increase in stickleback 
abundance (Holmön). When contrasting growth in control and stickleback areas, only 
medium-sized perch in stickleback areas had higher growth rates, but this higher growth rate 
was also present before the stickleback increase, suggesting that the stickleback increase 
could not explain this growth difference.   

When analyzing only the stickleback areas, the growth rates were higher for both medium 
and large perch after stickleback increase, while small perch growth was unaffected. At the 
same time, CPUE of perch was lower, and roach CPUE higher, after stickleback increase. The 
decreased density of perch (i.e. decreased intra-specific competition) could explain the higher 
perch growth rates, as well as the increase in roach (potential prey), but no conclusive 
evidence is present for positive effects of stickleback abundance on perch growth. Moreover, 
the multiple regressions models showed that stickleback density was only one variable 
explaining the variation in perch growth in the Norrbyn area, and both temperature and 
CPUE of roach explained more of the variation in growth in most other areas. Roach are one 
of the most common prey for adult perch, which may explain why roach had a positive effect 
on adult perch growth (Persson 1988, Persson et al. 1995) Similarly, water temperature has 
been shown to be tightly linked to growth of most fish species (Lefebure et al. 2014) including 
perch, and Le Cren et al. (1958) showed that perch is influenced strongly by water 
temperature, and that temperature in some cases can account for as much as two thirds of 
yearly growth variation. To summarize, I found little or no support of negative effects of 
stickleback increase on small perch growth. Similarly, I found no or little conclusive support 
for any positive effects on adult perch growth. The results thus suggest that the observed 
increases in stickleback abundance along some areas in the Bothnian Sea coast have had no 
positive effects on adult perch growth. 

The diet analysis showed that that sticklebacks were part of the diets of adult perch.  
However, a more detailed analysis by Mustamäki et al. (2012), as well as a study by 
Lappalainen et al. (2001), showed that while sticklebacks were a part of the diet of adult 
perch, there were other species such as gobiidae that accounted for a much larger part of 
perch diet. It is thus reasonable to assume that other fish species that are available all year, 
such as roach, which also had a positive effect on perch growth in some areas, may have a 
larger impact on perch growth than sticklebacks. Studies on optimal foraging have shown 
that perch feeding efficiency is reduced when it feeds on multiple types of prey (Person et al. 
1985) and, therefore, if some prey species are available all year round it may not be optimal 
for perch to temporally switch to consume sticklebacks when those are abundant.  

One study found that sticklebacks can have large impact on the recruitment of coastal 
predators, such as perch, by decreasing the densities of perch larvae through predation in 
certain areas (Byström et al. 2015). The same study did not observe any significant reduction 
in zooplankton, which suggests that perch that managed to avoid predation by sticklebacks 
will experience less competition for that resource, and, hence, little negative competitive 
effects from stickleback on small perch growth. While this study did not find any strong effect 
of stickleback increase on growth of individual perch, other studies have shown that 
recruitment of perch and other coastal species suffer greatly from increases in sticklebacks 
(Nilsson et al. 2004, Ljunggren et al. 2010, Bergström et al. 2015). 
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The three-spined stickleback/perch intraguild predation system is characterized by an 
extensive time period involving spatial separation between perch and sticklebacks. Due to the 
offshore life stage of the latter, there is a substantial decoupling of perch growth and 
stickleback abundance, which the results in my study support. Instead, perch population 
densities will to a large extent be dependent only on coastal resource dynamics and 
environmental conditions, which, in turn determine the strength of perch top-down control 
on sticklebacks. Therefore, an increase in stickleback density can occur independent of 
changed coastal perch densities due to other factors like reduced predation pressure during 
the offshore stage (Casini et al. 2009; Eriksson et al. 2011) or higher food availability due to 
increased productivity in offshore habitats (Lefebure et al. 2014). If so, higher densities of 
sticklebacks may have only small positive or no effects on individual perch growth. Effects on 
coastal perch densities from increased stickleback densities are instead likely to be 
exclusively negative due to increased predation on the early stages of perch, which leads to 
reduced perch recruitment. When negative effects on recruitment of coastal predators occur, 
a feedback loop is created, with a reduced predator control of coastal stages of sticklebacks. 
As a result stickleback densities will increase further, leading to the coastal ecosystem 
becoming dominated by sticklebacks and low densities of perch (Eriksson et al. 2011).  

 
My results suggest that for coastal fish communities a combination of reciprocal intraguild 
predation interactions and migrations between offshore and costal habitats lead to a case 
where piscivores may not benefit from increased prey fish densities. This is mainly due to two 
factors. First of all, the persistence of coastal piscivore populations is dependent on the 
availability of recruitment habitats where negative interactions with temporarily high 
densities of offshore planktivores can be avoided. Secondly, positive effects on individual 
growth and responses of coastal piscivore populations, to increasing densities of offshore 
planktivores and, hence, increased top-down control of the latter cannot be expected. 
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4.7 Conclusion 

The study aimed to investigate what impact the recent increases in the stickleback population 
in the Baltic Sea has had on individual perch growth. After conducting growth analysis and 
comparing different areas prior to and after stickleback increase it was evident that 
sticklebacks seemed to have no strong effect on the growth of individual perch. However, 
there are several factors that suggest making future studies on the same system would be 
worthwhile. If the study was to be repeated it would be useful to increase the amount of 
replicates for the stomach content analysis and adjust the size intervals to make sure the 
small interval contains only perch that has not undergone the ontogenetic shift to piscivory. 
It could also be a good idea to use different areas that have had a larger increase in 
stickleback abundance to make even small effects of IGP visible.  
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Långvind (S) 73 21 13 21 35 34 16 24 15 24 N/A N/A

Långvind (M) 44 55 85 70 34 30 50 47 31 26 15 19

Långvind (L) 55 47 41 61 64 34 41 52 41 33 26 14

Råneå (S) 46 53 38 28 24 29 28 19 19 11 16 N/A

Råneå (M) 141 102 85 52 65 66 41 48 18 24 23 N/A

Råneå (L) 155 103 70 70 66 96 43 52 43 23 23 N/A

Kinnbäck (S) 50 68 17 58 18 53 22 23 26 10 N/A N/A

Kinnbäck (M) 8 36 20 43 26 49 11 43 17 27 30 9

Kinnbäck (L) N/A N/A 28 25 18 35 30 24 16 16 28 11

Gavik (S) 84 24 10 13 15 25 29 10 23 35 N/A N/A

Gavik (M) 30 6 7 18 12 36 6 11 19 11 N/A N/A

Gavik (L) 11 34 28 22 14 21 37 13 15 18 15 18

Norrbyn (S) 38 61 10 16 26 14 19 26 20 42 N/A N/A

Norrbyn (M) 58 27 9 44 12 14 10 14 9 10 21 N/A

Norrbyn (L) 7 30 16 22 23 10 16 13 8 7 9 14

Holmön (S) 99 83 69 36 61 62 89 42 71 43 12 N/A

Holmön (M) 57 24 97 75 38 49 44 73 38 38 27 N/A

Holmön (L) 56 84 41 46 61 26 16 39 32 28 42 N/A

7 Appendix 
 
Appendix 1. Table showing number of yearly growth measures of perch individuals used for each area, size group 
and year.   
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Appendix 2. Multiple regression results on average perch growth prior to stickleback increase and after 

the increase within and between areas.  

 

Entire material 
                     df R2 P 

 Full model:Perch+Sticklebacks+Roach+Temperature 
    

Small=11.94255+0.07913*Sticklebacks 0.3828*Roach+2.70533*Temperature 
 
25 0.142 0.272 

          Medium=52.6788-0.2424*Perch 
   

28 0.163 0.027 

          Large=40.9374+0.0872*Perch         30 0.016 0.489 
 
 
Appendix 3. Multiple regressions results on original data showing the most significant model for each size 
interval of perch. 
 

 
 

 

Råneå 
                       df R2 P 

Full model: Perch+Sticklebacks+Roach+Temperature 
    

          Small=-38.301+4,729*Temperature 
   

9 0.344 0.058 

          Medium=-1.6719-0.5571*Roach+2.9935*Temperature 
 

8 0.344 0.185 

          Large=4.8844-0.2437*Roach+2.2779*Temperature     8 0.110 0.627 

Långvind 

                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 
    

          Small=40.3171+0.5736*Perch+8.9113*Sticklebacks 
  

7 0.602 0.039 

          Medium=-94.4875+0.2828*Perch-0.4711*Roach+8.7543*Temperature 5 0.794 0.012 

          Large=-59.598+6.273*Temperature       7 0.228 0.193 

Kinnbäck               
                       df R2 p 

Full model:Perch+Sticklebacks+Roach+Temperature 
    

          Small=-0.1119+2.7442*Temperature 
    

5 0.488 0.081 

          Medium=21.5018+1.0107*Perch 
    

6 0.530 0.183 

          Large=37.9334-0.4669*Sticklebacks         8 0.319 0.089 
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Norrbyn 
                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 
    

          Small=55.0982-0.3204*Perch 
    

8 0.337 0.078 

          Medium= 6.7388+0.4820*Sticklebacks+2.4136*Temperature 
 

8 0.574 0.033 

          Large=120.4152+2.1746*Roach+-6.0330*Temperature     7 0.779 0.005 

Holmön 
                       df R2 P 

Full model: Perch+Sticklebacks+Roach+Temperature 
    

          Small=75.3300-0.4583*Perch 
    

9 0.179 0.196 

          Medium=70.1259-0,6313*Perch 
   

9 0.332 0.064 

          Large =155.632+2.358*Roach-8.316*Temperature     8 0.904 <0.001 

Gavik 
                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 
    

          Small = 37.88179+0.05681*Sticklebacks 
   

6 0.395 0.095 

          Medium= 58.3327 -0.3012* Roach 
    

6 0.573 0.029 

          Large= 27.0068 + 0.3170* Roach         7 0.564 0.020 
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Appendix 4. Multiple regressions results on log growth data, most significant model for each size interval of 
perch. 
 
 

Långvind 

                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 

    

          Small= 1.41955+ 0.26532* Perch + 0.08195* Sticklebacks 

 

7 0.382 0.185 

          Medium=0.4176+0.9546 * Temperature 

   

10 0.157 0.202 

          Large=1.0737+0.2722 * Perch         100 0.105 0.303 

 
 
 

Kinnbäck 

           df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature       

      Small=-0.07427-0.22529*Perch-0.05652*Roach+1.63188*Temperature  4 0.686 0.164 

      Medium=0.04671+1.29150*Temperature 8 0.296 0.104 

      Large=-1.61024-0.68080*Perch-0.07353*Roach+3.36846*Temperature-0.10060* Sticklebacks  5 0.779 0.068 

 
 
 

Råneå 

                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 

    

          Small= -1.261+2.360*Temperature 

    

 9 0.381 0.043 

          Medium=0.4508+0.4511*Roach+1.3868*Temperature 

    

 8 0.314 0.222 

          Large= 0.6042-0.1852 * Roach + 0.9910* Temperature          8 0.123 0.591 
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Norrbyn        

     df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature     

        

Small= 0.68194 -0.11689*Perch+0.96816*Temperature  7 0.638 0.028 

        

Medium=0.49705+0.22773*Roach+0.88371*Temp   8 0.659 0.013  

        

Large=2.5602+0.1195*Roach0.8583*Temperature   9 0.540 0.030 

 

Gavik 

                       df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature 

    

          Small= 1.47832+0.08743*Sticklebacks 

   

6 0.439 0.074 

          Medium= 1.97176-0.20035*Perch -0.04166* Sticklebacks 

 

5 0.625 0.086 

          Large=1.16068+0.27535*Roach         7 0.604 0.014 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Holmön 

           df R2 P 

Full model:Perch+Sticklebacks+Roach+Temperature       

      Small=2.2663 -0.3278*Perch 9 0.221 0.145 

      Medium=1.48043+0.17884*Roach 9 0.327 0.066  

      Large=3.79341-1.98550*Temperature+0.23070*Sticklebacks 8 0.716 0.007 
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