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2.2.2 Reference areas 
Three reference areas without fishery restrictions, Aspöja, the Sankt Anna archipelago and 
Häxvassen, were fished during the same period. The three locations are all situated in the 
archipelago of Östergötland (fig. 2) and the environments are considered to be similar that of 
Licknevarpefjärden, with the exception of Aspöja, which is located in the outer archipelago. 
At Aspöja the commercial fishing for pike is performed in an area 5 km north-south and 4 km 
east-west around the main island. In the Sankt Anna archipelago there is little commercial 
fishing for pike, but the area is a popular location for recreational fishing. It is known to be one 
of the best sites in Sweden for pike angling (Nilsson 1996). Häxvassen is a bay situated not far 
from Licknevarpefjärden, with habitat characteristics similar to Licknevarpefjärden.  
 

 
Figure 2. Location of the no-take area (Licknevarpefjärden) and the three reference areas  

(Aspöja, Sankt Anna archipelago and Häxvassen)

Aspöja

Licknevarpefjärden
Häxvassen 

Sankt Anna 
Archipelago 
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2.3 Methods of fishing 
As pike is important not only as a commercial species, but also for recreational fishing, two 
different sampling methods were used, angling and capture by pound net. In addition to the 
questions above we also investigated possible differences in pike captures between methods, 
and specifically using angling as a sampling method for pike. 
 
2.3.1 Angling 
Angling in Licknevarpefjärden took place during April 4 to 22, 2005. Fishing in Sankt Anna 
archipelago was carried out between April 2 and 14, 2005. In Häxvassen, we performed 
angling between the April 15 to 18, 2005. Fishing was conducted from a boat with sport 
fishing equipment consisting of spinning rods and artificial baits. The main baits used were 
Buster jerk, Zalt, Bomber and Salmo of different colours. Similar material and methods were 
used in all three areas.  
 
2.3.2 Pound net 
The pound nets had a depth of 6 meters. Lead arm was 70 meters with a mesh bar of 26 mm, 
crown arm 23 meters with a mesh size of 26 mm and the pocket net (where the fish gathered) 
was 2 meters with 15 mm mesh. Two pound nets were placed in Licknevarpefjärden (positions: 
58,0699 N, 16,7743 E and 58,0675 N, 16,7652 E) and one in Aspöja (position: 58,2490 N, 
16,5880 E). Trapped fish were removed daily in Licknevarpefjärden during a period of 9 days, 
between April 19 to 29. In Aspöja the nets were emptied 5 times, between April 28 to May 23. 
Differences in capture efficiency due to differences in time were assumed to be insignificant.   
 
2.4 Differences in abundance between areas   
CPUE (catch per unit effort) was used as a measure to estimate abundances of pike. In 
Licknevarpefjärden, Sankt Anna archipelago and Häxvassen, angling was used as sampling 
method, whereas we used pound nets for the comparison between Licknevarpefjärden and 
Aspöja. CPUE in angling was calculated as number of pikes caught per hour, where effort was 
defined as effective time fishing per day. (CPUE=total catch per day/effective time fishing per 
day). The unit effort for the pound net catches was one day (CPUE=number of pikes trapped in 
a net /day). To investigate differences in CPUE between areas one-factor ANOVA was used. 
 
2.5 Differences in age structure and size distribution between areas  
87 pikes from Licknevarpefjärden (sampled April 25 to 29) and 242 pikes from Aspöja 
(sampled April 28 to May 5) were used for age analyses, and they were selected to cover a 
wide size range. For Licknevarpefjärden care was also taken to sample both sex equally. When 
analysing differences in age structure, males and females were separated and analysed with a 
Mann-Witney U test. To estimate differences of pike sizes between the areas, length measures 
were used, for both angling and pound net catches. A one-factor ANOVA was used as 
statistical method.  
 
2.6 Differences in mean growth rate between areas 
To age the fish, the standardize method of the Swedish Board of Fisheries (Appelberg 2000) 
was used, based on analyses of the metapterygoid bone (fig. 3-4). In temperate areas the bones 
show seasonal differences (Nilsson 1994). As fishes do not grow during winter (Svärdson 
1985), a white thin zone appears, representing the winter period, and a wider transparent zone 
represent the summer period when the pike grows (Nilsson 1994). To dissect the bone each 
head of the pike was individually marked and then boiled in plastic bags for fifteen minutes, 
where after the metapterygoid was removed and left to dry. To determine age, winter zones 
were counted under a stereomicroscope. Growth was determined by measuring the distances 
between the winter zones under a stereomicroscope with a digital ruler. To calculate the actual 
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However, the comparison of the length of pikes caught in pound nets (Licknevarpefjärden and 
Aspöja) differed (p<0,001 F=128,28, fig. 11), where pikes in Licknevarpefjärden were 
approximately 15 cm larger (mean value). The size distribution shows a bimodal distribution 
for Aspöja, with one peak at 350-375 and the other one at 550 mm. Catch of pikes in length 
classes between the peaks is low, and the occurrence of pikes larger than 600 mm are rare in 
Aspöja. In Licknevarpefjärden the population, caught in pound net (as well as angling) were 
normal distributed (fig. 12). 
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Figure 11. Mean length of pikes captured by pound net, 

+ SE 
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Figure 12. Size distribution of pikes captured by pound  net. 
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3.3 Differences in mean growth rate between areas   
The data was analysed up to age 7, since no older male individuals were caught in Aspöja (fig. 
7). Licknevarpefjärden had a significantly slower mean growth rate (p<0,001 ln transformed 
data, fig. 13 and 14) than Aspöja. However, the female pikes seem to catch up at the age of 7. 
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Figure 13. Differences in mean growth of male pikes between areas, Mean± SE 
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Figure 14. Differences in mean growth of female pikes between areas, Mean± SE 

 
 
3.4 Sex ratio and egg size   
As there were no differences in sex ratio between the years 1997 and 2005 (table 1), a mean 
value of the ratio of the two years was used in the analyses.  

                       
Licknevarpefjärden             Aspöja  
Year Females Males Females  Males 

1997 34 66 62 38
2005 37 63 62 38

Table 1. The sex ratio (%) 
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There was a significant deviation from an expected 50/50 ratio between sexes both in Aspöja 
(Chi-Square = 28,8 df = 1 p<0,001) and in Licknevarpefjärden (Chi-Square = 55,8 df = 1 
p<0,001, fig. 15). In Aspöja, females dominated the captures whereas males dominated in 
Licknevarpefjärden. 
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Figure 15. Mean value of sex ratio of year 1997 and 2005. 

 
Size of the eggs is an effect of maternal size in pike. The relationship was positive between the 
weight of the pike and the weight of the fish egg (linear regression R 2 =0,32 p<0,001 
 y= 0,0003x + 0,0072, fig. 16).  
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Figure 16. Relationship between the weight of the pike and the weight of the fish egg.  

 
 

3.5 Estimation of pike population densities 
According to the Schnabel method (Krebs 1989) the pike population in Licknevarpefjärden 
consisted of 3 401 individuals (C.I 95% 4 488-2 737). With an area of 375 hectare the density 
is approximately 9 pikes per hectare. As pikes normally inhabit shallow waters, a more 
accurate estimate would be to exclude areas deeper than 6 meters. The estimate would then be 
15 pikes per hectare. 
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3.6 Sampling methods 
3.6.1 Pound net vs. angling 
Lengths of the caught pikes differed between the two methods chosen, pound net and angling 
(p<0,001, F=113,01, fig 17). Angling captured significantly larger pikes. 
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Pound net 586 130 6 
Angling 671 104 5 
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Figure 17. Length distribution of pike caught in pound net and in angling. 

 
3.6.2 Angling as a sampling method 
The mean capture rate with angling was 2,01 pikes per hour with a standard deviation of 1,08, 
and a mean of the standard deviation for each day of 0,70. The calculation showed a higher 
coefficient of variation between days (55%) than between fishers (40%) (fig. 18). This implies 
that the variation between days is more than 20% higher than the variation between fishers, 
indicating that it is more important to spread the fishing over a longer period of time, than to 
use the same persons fishing.  
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Figure 18. Mean CPUE per day angling in Licknevarpefjärden, + SD 
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4. DISCUSSION 
 

Studies on effects of no-take areas are mostly performed in tropical waters, and there is a lack 
of studies in temperate regions (Roberts et al 2005). For that reason, the result of this study is 
especially interesting as it is performed not only in a temperate region but also in the brackish 
water of the Baltic Sea. 
Our results showed that pike abundance in the no-take reserve were more than twice as high as 
in a commercially fished area, as well as in two areas mainly fished by anglers. It should be 
noted however, that catch rate estimates are based on two pound nets in Licknevarpefjärden 
and only one in Aspöja. Furthermore, the two nets used in Licknevarpefjärden showed 
differences in CPUE, indicating that the location of the gears may have affected the results. In 
spite of this, we conclude that the abundance is higher in Licknevarpefjärden, as the CPUE 
results are supported by the estimation of the pike population density. The density of 
approximately 15 pikes per hectare in Licknevarpefjärdens is high in comparison to other 
density studies. Colby & Baccante (1996) estimated pike and walleye (Sander vitreus) 
densities in Canada. The target species was the walleye, which declined from 15 individuals 
per hectare before exploitation to 9 individuals after harvest. Although pike were not harvested 
in the lake, the density decreased from 6 individuals per hectare to only 1,5 individuals per 
hectare during the same time of exploitation. Estimates of pike densities in two lakes in 
northern Sweden were 6,1 respectively 2,6 individuals per hectare (Fredhult 2005). For this 
reason we argue that the conclusion of the higher abundance in Licknevarpefjärden are 
accurate despite the low number and location of the gears. In addition, angling showed a higher 
abundance in Licknevarpefjärden compared to the fished reference areas. 
We also found differences in pike lengths between Licknevarpefjärden and Aspöja. The 
difference in length was 13,4 centimetres (mean), or about 1,2 kg in weight. That sizes did not 
differ between the angling areas could be explained by that most of the recreational anglers 
practice a catch-and-release fishing. The lack of difference between Licknevarpefjärden and 
Häxvassen could be explained by the low number of pikes caught in Häxvassen. 
The distribution of pike sizes shows differences between the angling areas and the 
commercially fished area. In Aspöja, the distribution is bimodal with a rapid decline at a length 
of 450 mm. Minimum measures for pike captures in the area is 450 mm, but the decline is 
probably due to a year of poor recruitment. However, the low number of large pikes captured 
in Aspöja is most likely an effect of fishing. The other areas, with little or no commercial 
fishing, have a relatively normal size distribution with a higher abundance of larger pikes 
compared to Aspöja, indicating that the pike population in these areas are at a more natural 
state.  
The observed differences in age structure between Aspöja and Licknevarpefjärden shows that 
Aspöja consists of young individuals. Even though the pikes collected for age analysis were 
not randomly selected after size, basically all large pikes were collected in both 
Licknevarpefjärden and Aspöja. Therefore, we suggest that the differences in age structure 
between the two areas are reliable. We propose that differences found in abundance, age 
structure and size distribution are effects of fishing. Hence, the pikes are allowed to reach a 
higher abundance, they grow and get larger (older) in the no-take area, than in the commercial 
fished area. 
The distorted sex ratio may also be an effect of fishing. In Licknevarpefjärden, males 
dominated the catches, whereas females dominated in Aspöja. Since the material from 1997 
showed the same ratio we suggest that the trend is consistent over years. The higher ratio of 
captured males in Licknevarpefjärden may either indicate that males are actually more 
abundant, or it may reflect that males are more mobile than females during spawning season 
(Svärdson & Molin 1964, Lucas 1992). Thus, the low ratio of males in Aspöja reflects an even 
more distorted sex ratio. This distortion presumably depends on the commercial fishing, which 
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is mainly conducted during the spawning period. A long period of fishing could have 
impoverished the male population in Aspöja.  
The difference in mean growth rate between areas shows that pikes in Licknevarpefjärden are 
significantly older at the same length, compared to the pikes in Aspöja. As we concluded 
before, there was a higher abundance of pikes in Licknevarpefjärden, which would indicate a 
density-dependent growth. A possible cause could be competition for food (Nilsson 1987, 
1994, Rose et al 2004). Another cause is that high density of pikes could affect foraging 
behaviour. Nilsson et al (2000) showed that northern pike in dense populations preferred 
smaller prey to avoid long handling time, thereby avoiding cannibalism. Even though the 
growth rate was slower in Licknevarpefjärden, the net effects are still positive, as the pikes are 
both significantly larger and more abundant than in Aspöja.  
The positive relationship between maternal size and egg size indicates that when the body 
weight of the female increases from 1-10 kg (10 times), the egg weight increases 
approximately 1,3 times. Even though the increase in egg weight is fairly low we suggest that 
the increase could consist of important fat contents which, according to Berkeley et al (2004), 
increase growth and survival rate of the larvae. An increased growth has clear benefits as it 
allows larvae to rapidly pass through the most vulnerable stage in life. A rapid development 
helps in avoidance of predators, capture of prey and resistance to environmental challenges 
(Berkeley et al 2004). We conclude that females of larger size among northern pike are of high 
importance as they contribute to the reproduction by producing high-quality eggs, which could 
increase the survival of offspring.  
The evaluation of methods showed that the catchability differed. In angling, most of the fish 
captured were fairly large females, whereas the pound nets seemed to trap smaller individuals, 
mostly males. An explanation to this could be that the baits used were too big for fish of 
smaller size (Svärdson & Molin 1968). Furthermore, it is normal to have a higher rate of males, 
which usually are smaller than females (Nilsson 1996), in net captures because males are more 
mobile (Lucas 1992; Svärdson & Molin 1968). In order to estimate population characteristics, 
we therefore suggest that both methods are used to complement each other. However, a correct 
assessment of the population is difficult to make, mainly because that pikes that have not yet 
reached maturity are not likely to be trapped in nets, as they have low mobility, while they at 
the same time are too small to be captured by baits.  
Additionally, if angling is chosen as a method it is more important to distribute the fishing 
effort over a sufficiently long period of time, than using the same persons fishing. The 
suggestion is based on the higher variability between days than between fishers, thus capture 
rates depend on differences between days (weather conditions) rather than differences in 
efficiency between persons angling.  
Even though the study is not a BACI (Before-and-After-Control-Impact) analysis, we propose 
that the found differences are due to the fishing prohibition rather than differences attributed to 
better habitat quality for pikes in the no-take area or to other environmental factors. This 
mainly because our results showed different population characteristics between the no-take 
area and the reference areas, in most of the questions studied but also because that the studied 
areas are similar in habitat (for the exception of Aspöja). Therefore, we suggest that no-take 
areas have great potential as a management tool for pike in the Baltic Sea coastal areas.  

 
 
 
 
 
 
 



 20

5. CONCLUSION 
 

We have showed that a no-take area has a positive effect on the abundance and size of northern 
pike compared to a commercially fished area, while only on abundance in comparison with two 
areas with primarily recreational fishing. The results demonstrate that commercial fishing can 
have a profound impact on a pike population and therefore also the ecosystem as the 
population of top predator is reduced.  
Effects of angling seem to be of less importance, probably due to that catch-and-release fishing 
is usually practiced. However, if the pikes in angling were to be removed, it could have a 
greater effect on the population than commercial fishing, as angling selectively captures large 
pike.  
In spite of the slower growth rate in the no-take area, the individuals there are as large, or 
larger, than in the fished areas. We therefore suggest that the effects of the no-take area are still 
positive. Furthermore, the positive effects of high density and size could extend outside the 
boundaries of the no-take area and enhance fisheries in adjacent areas. The positive 
relationship between maternal size and egg size will contribute to these effects even more. 
Therefore, the establishment of no-take reserves in areas of the Baltic Sea where pike fishing is 
intense may contribute both to reinforce stocks and to secure a natural age and size structure of 
pike populations.  
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