Effects of a no-take reserve in the
Baltic Sea on the top predator,
northern pike (Esox lucius)
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2.2.2 Reference areas

Three reference areas without fishery restrictions, Aspéja, the Sankt Anna archipelago and
Héxvassen, were fished during the same period. The three locations are all situated in the
archipelago of Ostergétland (fig. 2) and the environments are considered to be similar that of
Licknevarpefjarden, with the exception of Aspdja, which is located in the outer archipelago.
At Aspdja 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). Héxvassen is a bay situated not far
from Licknevarpefjérden, with habitat characteristics similar to Licknevarpefjéarden.
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Figure 2. Location of the no-take area (Licknevarpefjérden) and the three reference areas
(Aspdja, Sankt Anna archipelago and Haxvassen)




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 Licknevarpefjarden took place during April 4 to 22, 2005. Fishing in Sankt Anna

archipelago was carried out between April 2 and 14, 2005. In Héxvassen, 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 Licknevarpefjarden (positions:
58,0699 N, 16,7743 E and 58,0675 N, 16,7652 E) and one in Aspdja (position: 58,2490 N,
16,5880 E). Trapped fish were removed daily in Licknevarpefjérden during a period of 9 days,
between April 19 to 29. In Aspdja 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
Licknevarpefjarden, Sankt Anna archipelago and Héxvassen, angling was used as sampling
method, whereas we used pound nets for the comparison between Licknevarpefjarden and
Aspoja. 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 Licknevarpefjarden (sampled April 25 to 29) and 242 pikes from Aspdja
(sampled April 28 to May 5) were used for age analyses, and they were selected to cover a
wide size range. For Licknevarpefjarden 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 (Svardson
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




However, the comparison of the length of pikes caught in pound nets (Licknevarpefjarden and

Aspoja) differed (p<0,001 F=128,28, fig. 11), where pikes in Licknevarpefjarden were
approximately 15 cm larger (mean value). The size distribution shows a bimodal distribution
for Aspdja, 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
Aspoja. In Licknevarpefjarden 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,
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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 Aspdja (fig.
7). Licknevarpefjarden had a significantly slower mean growth rate (p<0,001 In transformed
data, fig. 13 and 14) than Aspdja. 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 eqgq 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.

Licknevarpefjarden Aspdja

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 Aspdja
(Chi-Square = 28,8 df = 1 p<0,001) and in Licknevarpefjarden (Chi-Square = 55,8 df = 1
p<0,001, fig. 15). In Aspdja, females dominated the captures whereas males dominated in
Licknevarpefjérden.
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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*=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 Licknevarpefjarden
consisted of 3 401 individuals (C.1 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.

Mean

length | Standard | Standard

(mm) Derivation | Error
Pound net 586 130 6
Angling 671 104 5
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Length distribution of pikes between methods

B Poundnet
@ Angling

% of total catch .

Length (mm)

270 330 390 450 510 570 630 690 750 810 870 930 990 1050 1110 1170

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 Licknevarpefjarden, + 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 Licknevarpefjarden
and only one in Asp6ja. Furthermore, the two nets used in Licknevarpefjarden 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 Licknevarpefjarden, as the CPUE
results are supported by the estimation of the pike population density. The density of
approximately 15 pikes per hectare in Licknevarpefjardens 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 Licknevarpefjarden are
accurate despite the low number and location of the gears. In addition, angling showed a higher
abundance in Licknevarpefjarden compared to the fished reference areas.

We also found differences in pike lengths between Licknevarpefjarden and Aspdja. 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 Licknevarpefjarden and
Héxvassen could be explained by the low number of pikes caught in Héxvassen.

The distribution of pike sizes shows differences between the angling areas and the
commercially fished area. In Aspdja, 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 Aspdja 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 Aspdja, indicating that the pike population in these areas are at a more natural
state.

The observed differences in age structure between Aspdja and Licknevarpefjarden shows that
Aspoja 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
Licknevarpefjarden and Aspoja. 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 Licknevarpefjarden, males
dominated the catches, whereas females dominated in Aspdja. 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 Licknevarpefjarden may either indicate that males are actually more
abundant, or it may reflect that males are more mobile than females during spawning season
(Svérdson & Molin 1964, Lucas 1992). Thus, the low ratio of males in Aspdja 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 Aspdja.

The difference in mean growth rate between areas shows that pikes in Licknevarpefjarden are
significantly older at the same length, compared to the pikes in Aspdja. As we concluded
before, there was a higher abundance of pikes in Licknevarpefjarden, 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 Licknevarpefjarden, the net effects are still positive, as the pikes are
both significantly larger and more abundant than in Aspdja.

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 (Svardson & 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; Svardson & 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 Aspdja). Therefore, we suggest that no-take
areas have great potential as a management tool for pike in the Baltic Sea coastal areas.
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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.

ACKNOWLEDGEMENTS

Foremost, | would like to express my warmest gratitude to my supervisors Ulf Bergstrdm and
Magnus Appelberg, at the Institute of Coastal Research, Swedish Board of Fisheries for great
guidance and excellent advice and also for their patience and support with the writing and
analysing. Thank you for giving me the opportunity to work with this interesting assignment.
Moreover, | would like to thank; Lars Ljunggren, Alfred Sandstréom, Johan Persson, Géran
Sundblad and Henrik Schreiber and again UIf Bergstrom for helping with the data collection in
angling and for the pleasant company. Thanks also to Sven Larsson for contribution with the
data collection in the pound net fishing; | have never seen anyone cut up a fish in that speed.
Thank you Anne Odelstrém and others at the Institute of Coastal Research, for teaching and
helping me with the age analysis. | would also like to thank Sture Hansson at the Department
of Systems Ecology, Stockholm University for introducing me to the world of fishes.
Moreover, credit to my friend Annika Stédberg and my family for support along the way.
Finally, I would like to thank everyone participating for excellent cooperation and for giving
me a memorable experience.

20



REFERENCES

Aho T., Gardmark A., Florin A-B., 2004. Kustfisk och fiske — tillstdndet hos icke kvotbelagda fiskresurser ar
2003, En sammanstallning av data om fiskbesténdens tillstdnd och fiske av abborre, gadda, gés, piggvar, sik,
siklja, skrubbskadda och al i svenska kustvatten. Fiskeriverket.

Appelberg M. 2000. Swedish standard methods for sampling freshwater fish with multi-mesh gillnets.
Fiskeriverket.

Bagenal T., 1978. Methods for Assessment of Fish Production in Fresh Waters. Third edition. Blackwell
Scientific Publications Ltd.

Baskett M.L., Levin S.A., Gaines S.D., Dushoff J. 2005. Marine reserve design and the evolution of size at
maturation in harvested fish. Ecological Applications 15, 882.901.

Berkeley S.A., Hixon M.A., Larson R.J., Love M.S. 2004. Fisheries Sustainability via protection of age structure
and spatial distribution of fish populations. Fisheries 29, 23-32.

Berkeley S.A., Chapman C., Sogard S.M.. 2004. Maternal age as a determinant of larval growth and survival in a
marine fish, Sebastes melanops. Ecology 85, 1258-1264.

Bevarandeplan Natura 2000. 2005. Lénsstyrelsen Ostergotland.

Bobko S.J., Berkeley S.A. 2004. Maturity, ovarian cycle, fecundity, and age-specific parturition of black rockfish
(Sebastes melanops). Fishery bulletin 102, 418-429.

Brouwer S.L., Griffiths M.H. 2005. Reproductive biology of carpenter seabream (Argyrozona argyrozona) (Pisces
: Sparidae) in a marine protected area. Fishery bulletin 103, 258-269

Carlander, K. D., 1981. Caution on the use of the regression method of back-calculating lengths from scale
measurements. Fisheries 6:2-4.

Christensen, V., Guenette, S., Heymans, J.J., Walters, C.J., Watson, R., Zeller, D., Pauly, D. 2003. Hundred-year
decline of North Atlantic predatory fishes. Fish and Fisheries, 4, 1-24

Colby PJ, Baccante DA. 1996. Dynamics of an experimentally exploited walleye population: Sustainable yield
estimate. Annales zoologoci fennici 33, 589-599.

Frank K.T and Brickman D. 2001. Contemporary management issues confronting fisheries science Journal of sea
research 45, 173-187.

Fredhult H. 2005. Does angler catch-per-unit-effort reflect Northern pike (Esox lucius) population densities in two
boreal lakes of northern Sweden? Degree Thesis. Dept. Of Biology and Environmental Science (unpublished)

Friedlander A.M., DeMartini E.E. 2002. Contrasts in density, size, and biomass of reef fishes between the
northwestern and the main Hawaiian islands: the effects of fishing down apex predators. Marine ecology-progress
series, 253-264.

Halpern B.S. 2003. The impact of marine reserves: do reserves work and does reserve size matter? Ecological
applications 13. 117-137.

Halpern B.S., Gaines S.D., Warner R.R. 2004. Confounding effects of the export of production and the
displacement of fishing effort from marine reserves. Ecological Applications 14. 1248-1256

Halpern B.S., Warner R.R., 2002. Marine reserves have rapid and lasting effects. Ecology letters 5. 361-366

Lelek A., 1987. The freshwater fishes of Europé — Threatened Fishes of Europe, volym 9. European Committee
for the Conservation of Nature and Natural Resources — Council of Europe. AULA-Verlag Wieshaden

Jeremy B. C., Jackson, M. X., Kirby, W.H., Berger, K.A., Bjorndal, L.W. Botsford, Bruce J. Bourque, Bradbury
R.H., Cooke R,. Erlandson J.A., Estes, Hughes T.P., Kidwell S.,Lange C.B., Lenihan H.S., Pandolfi J.M.,

21



Peterson C.H., Steneck R.S., Tegner M.J, Warner R.R. 2001, Historical Overfishing and the Recent Collapse of
Coastal Ecosystems, Science, Vol 293, 629-637.

Heck K.L., Valentine J.F., Spitzer P. 2004. Predicting Seagrass Survival in Nutrient Enriched Waters: Toward a
New View of an Existing Paradigm, EPA Agreement Number: R 82-7072-010

Johnston T.A., Leggett W.C.. 2002. Maternal and environmental gradients in the egg size of an iteroparous
fish. Ecology 83, 1777-1791

Krebs, C. J. 1989. Ecological Methodology. Harper Collins, New York.

Law, R., 2000. Fishing, selection, and phenotypic evolution. — ICES Journal of Marine
Science, 57: 659-669.

Lucas M.C. 1992. Spawning activity of male and female pike (Esox Lucius), determined by acoustic tracking.
Canadian Journal of zoology-revue, 191-196.

Maitland P.S., Campbell R.N., 1992. Freshwater fishes. Harper Collins Publishers.

McClanahan T.R, Mangi S., 1999. Sprillover of exploitable fishes from a marine park and its effect on the
adjacent fishery. Ecological Applications 6, 1792-1805.

Morrow,J.E., 1980 The freshwater fishes of Alaska. University of. B.C. Animal Resources Ecology Library.

Mosquera, 1., C6té, I. M., Jennings, S., Reynolds, J. D. 2000. Conservation benefits of marine reserves for fish
populations. Anim. Conserv. 3, 321-332.

Myers R.A., Worm B., 2003. Rapid worldwide depletion of predatory fish communities, Nature 423, 280 — 283.

Nilsson P.A., Nilsson K., Nystrom P. 2000. Does risk of intraspecific interactions induce shifts in prey-size
preference in aquatic: predators? Behavioral ecology and socio-biology 48, 268-275.

Nilsson O. W., 1996. Sveriges landskapsfiskar. Natur och kultur

Nilsson O. W, Smedman R., 1994. Fiskar i vara vatten. ICA forlaget AB.
Nilsson O. W,. 1987. Sa lever fisken. Settern

Nordberg P., 1997. Gadda: en artmonografi. Albert Bonniers boktryckeri.

Roberts M. Callum, Bohnsack A. James, Gell F, Hawkins P. Julie, Goodridge R. 2001. Effects of Marine
Reserves on Adjancent fisheries. Science, vol 294.

Roberts C.M., Gell R.F. 2003. Benefits beyond boundaries: the fishery effects of marine reserves. Trends in
ecology & evolution 18, 448-455.

Roberts C.M., Hawkins J.P., Gelly F.R. 2005. The role of marine reserves in achieving sustainable
Fisheries. Phil. Trans. R. Soc. B: 123-132

Rose K.A., Cowan J.H., Winemiller K.O., Myers R.M., Hilborn R. 2001. Compensatory density dependence in
fish populations: importance, controversy, understanding and prognosis. Fish and Fisheries 2, 293-327.

Russ R.G,. Alcala A.C. 2003. Marine reserves: Rates and patterns of recovery and decline of predatory fish, 1983-
2000. Ecological Applications 13: 1553-1565.

Russ G.R., Alcala A.C., Maypa A.P., Calumpong H.P., White A.T. 2004. Marine reserve benefits local fisheries.
Ecological applications 14; 597-606.

Pace M.L., Cole J.J., Carpenter S.R., Kitchell .J.F. 1999. Trophic cascades revealed in diverse ecosystems. Trends
in ecology & evolution 14, 483-488.

22



Pauly, D., Christensen V., Guénette S., Pitcher T.J., Sumaila U.R., Walters C.J., Watson R., Zeller D. 2002.
Towards sustainability in world fisheries, Nature 418: 689-695.

Sale P.F., Cowen R.K., Danilowicz B.S., Jones G.P., Kritzer J.P., Lindeman K.C., Planes S, Polunin N.V.C., Ruse

G.R., Sadovy Y.J. and Steneck R.S. 2005. Critical science gaps impede use of no-take fishery reserves. Trends in
ecology & evolution 20, 74-80.

Saulamo K., Neuman E. 2002. Local management of Baltic fish stocks — significance of migrations. Fiskeriverket.

Shears N.T., Babcock R.C. 2002. Marine reserves demonstrate top-down control of community structure on
temperate reefs. Oecologia 132, 131-142.

Skotselplan.1998. Kvadé naturreservat. Lansstyrelsen Ostergétland
Smaskaligt kustfiske och insjofiske — en analys. 2001. Fiskeriverket.
Svérdson G. 1985.Fiskeribiologi. LTs forlag.

Svardson G. 1964. Resultatls gaddodling. Information fran Sétvattenslaboratoriet, Drottingholm. Kungliga
Fiskeristyrelsen

Svardson. G,. & Molin G. 1968. Fiskets effekter pa gaddans storlek och numerar. Information fran
Sotvattenslaboratoriet, Drottingholm. Kungliga Fiskeristyrelsen

Pictures and maps
Photograph of the metapterygoid is taken by Jenny Palmkvist at the Institute of Coastal Research, Swedish Board
of Fisheries

The maps in the appendix are not for navigation. Used with permission from the Swedish maritime administration
03-02913

The drawing of the location of the metapterygoid is taken from The Swedish Board of Fisheries handbook:
Metoder for 6vervakning av kustfiskebestand. 1996. (unpublished)
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