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Yfirlysing

Heér meod lysi ég pvi yfir ad ritgero pessi er samin af mér og ad hun hefur hvorki ad hluta
til né i heild verio 1ogo fram adur til heerri profgradu.

Svavar Orn Gudmundsson
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Abstract

Crangon crangon was first discovered in Iceland in 2003 and now, seven years later, it
has become an established species in the marine coastal community. Not much is known
about the species in Icelandic waters and here we try to comprehend the population
dynamics of the brown shrimp in Helguvik bay, southwest Iceland. Sampling was done
at Helguvik bay from May to September in 2008 and from spring of 2009 until early fall
of 2010. Individuals from 2008 (n = 652) were weighed, measured and sex was
identified. Density and sex ratio were also calculated. Fecundity and reproductive output
were calculated from a subsample of 28 shrimps and fitted with a simple linear model.
Densities up to 1824 individuals per 100 m2 were observed (Range: 10 - 1824). Sex ratio
and density varied a lot between months, which is not unusual in shrimp populations. In
contrast to other studies from established populations, no relationship was found between
the female size and fecundity or reproductive output. However, reproductive output was
similar in Helguvik bay (0.13) and in the Irish Sea (0.12) for the summer brood and the
sex ratio was similar to other findings.

Key words: Crangon crangon, brown shrimp, fecundity, reproductive output, population
dynamics, sex ratio, appendix masculine, Iceland.



Urdrattur

Sandrakjan (Crangon crangon) fannst fyrst svo vitad sé a Islandi arid 2003 og nina sjo
arum seinna er han ordin mikilvaegur hluti af grunnsevisfanunni vid Islandsstrendur.
Litid hefur verid fjallad um tegundina vid Island, en hér verdur 1josi varpad 4 liffraedi
sandrakjunnar i Helguvik 4 Alftanesi. Synum var safnad fra mai fram i september arid
2008 og fra vori 2009 fram & haust 2010. Péttleiki var metinn og rakjurnar
lengdarmaeldar. Arid 2008 var pyngd og lengd mzld, og kyngreint tr hlutsyni (n = 652).
Frjéosemi og hlutfall eggja af pyngd kvendyra var reiknud ut fra smaerra hlutsyni er
samanstod af 28 raekjum. Péttleiki maeldist mestur 1824 einstaklingar 4 hverja 100 m®
(Sponn: 10 — 1824). Kynhlutfall og péttleiki voru breytileg & milli manada, sem er ekki
Oalgengt hja raekjustofnum. En 6likt 60rum rannsdéknum af C. crangon, fannst ekkert
samband 4 milli steerdar kvendyra og frjosemi peirra annars vegar eda sterdar og hlutfalli
eggja af heildarpyngd hins vegar. Hlutfall eggja af heildarpyngd sumargots i Helguvik og
i Irlandshafi var p6 svipad eda 0.13 og 0.12, einnig var kynhlutfallid svipad hér og komid
hefur fram 1 60rum ranns6knum.

Lykilord: Crangon crangon, sandrakja, frjosemi, stofnsterdarsveiflur, kynhlutfall,
appendix masculine, Helguvik, Alftanes.
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1 Introduction

The common or brown shrimp Crangon crangon is a member of the family Crangonidae,
which includes 24 species (Grave et al. 2009). The brown shrimp is one of the few
crangonid shrimp that is of commercial value. This species is important in the German
Bight where the Germans land annually over 15 000 tons of C. crangon and the Dutch
and the Danish over 20 000 tons each. North Sea annual landings are 25 000 — 30 000
tons with a market value of about 50 - 70 million Euro (Revill and Holst 2004). C.
crangon 1s widely distributed in the coastal areas of the eastern Atlantic (Oh and Hartnoll
2004; Bjorn Gunnarsson et al. 2007). It lives on sandy or muddy bottom in shallow
coastal waters from the White Sea in the north to Morocco in the south. It is also found in
the Mediterranean, the Baltic and the Black seas (Oh and Hartnoll 2004).

The brown shrimp is an important species in the coastal marine community. It is
regarded to be the most important carnivore of the Wadden Sea tidal zone (Phil and
Rosenberg 1984; Kuipers and Dapper 1981). Juvenile brown shrimp mainly prey on
meiofaunal species such as ostracods and harpacticoids, but larger shrimps tend to select
macrofaunal species like the sand clam (Mya arenaria), cockle (Cardium edule), mud
worm (Nereis spp.), mud shrimp (Corophium volutator) and juvenile plaice
(Pleuronectes platessa) (Phil and Rosenberg 1984; Agnar Ing6lfsson 2010). The shrimp
is, in turn, an important prey for many species of fish, for instance cod (Gadus morhua)
and whiting (Merlangius merlangus) (Siegel et al. 2008; Tiews 1970, 1978). Therefore,
fluctuations in the stock size of C. crangon have an immediate effect on commercial
fishing and the coastal marine food web (Siegel et al. 2008). Fluctuations in C. crangon
population size have been reported. Predation and water temperature are believed to be
the main causes (Oh et al. 1999). Oh et al. (1999) found that in the Irish Sea the
population size was not significantly different in the years 1995, 1997 and 1998. In 1996,
however, there was a significant decrease in the population size and it coincided with
colder temperatures recorded that year.

Reproductive strategies of crangonid shrimps are generally quite similar (Oh and Hartnoll
2004). Female C. crangon become mature in their second year at about 50 mm long and
males mature at about 30 mm in length (Lloyd and Yonge 1947). Age at maturity can differ
among regions and there are many reports of smaller shrimps carrying eggs (e.g. Lloyd and
Yonge 1947, Wollebaek 1908). The brown shrimp is an ovoviviparous animal that has
internal fertilization and carries the eggs under the abdomen on carrying setae until they are
ready to hatch. After the female molts from the ‘neuter’ to the egg carrying condition she is
ready for copulation. The male injects a sperm package into the female during copulation and
soon after that the female buries herself in the sand. Spawning occurs instantly for the
smallest females but about 24 hours later for larger shrimps, and up to 48 hours later for the
largest shrimps (Lloyd and Yonge 1947). The reproductive season generally ranges from
January to September. The spawning season has two discrete peaks: one in winter/early
spring, called the winter brood (ranges from January to June) and the other in the summer,
called the summer brood (ranges from July to September) (Oh and Hartnoll 2004; Temming
and Damm 2002).



Since there are more mature and ovigerous females that carry larger eggs in the winter
brood than in the summer brood, the winter brood is considered to be the main breeding
season (Oh and Hartnoll 2004; Kuipers and Dapper 1984; Boddeke 1982). Siegel et al.
(2008) observed in the North Sea population that the ratio of females in the smallest size
classes was around 50%, then the ratio decreases in the 30 — 45 mm classes and at 60 mm
class the population is almost 100% females. Due to those observed changes in the sex
ratio in relation to size, speculation about sex change in C. crangon has been ripe and
many papers have been published on that matter. Boddeke (1962) suggested that C.
crangon is a protandric hermaphrodite, thus changing sex after reaching a certain size,
while others (Meixner 1969; Tiews 1954; Lloyd and Yonge 1947) did not observe any
sex changes in their studies.

The brown shrimp was found in Iceland for the first time in 2003, and is believed to have
colonized the Icelandic coastal waters between 2001 and 2003 (Bjorn Gunnarsson et al.
2007). Most likely the brown shrimp was accidentally introduced to Iceland by ballast
water since the planktonic larvae is too short lived to reach Iceland by currents (Agnar
Ingo6lfsson 2010). And since it is found in Arctic waters in northern Norway and Russia,
colonization is hardly because of temperature increase in recent years (Bjorn Gunnarson
et al. 2007). Nothing is known about the reproductive biology of C. crangon in the newly
colonized Icelandic waters. Here, first attempts are made to estimate density, sex ratio,
fecundity and reproductive output (RO) in Icelandic waters.



2 Materials and methods
2.1 Sampling

Shrimps were caught with a beam trawl in Helguvik bay at Alftanes, southwest Iceland (Figure
1). They were collected twice a month for five months in the summer period from May to
September of 2008 - 2010 and once a month in the winter months of 2009 and 2010.

Helguvik bay

Figure 1: Aerial overview of Helguvik bay at Alftanes, Iceland. The line indicates towing place and
direction.

The beam troll was 1 m wide and 5.5 m long with a tickler chain and trawl opening of 1 m’. It
had 8 mm mesh size in the main body and 5.5 mm mesh size in the cod end. Towing speed
was kept as constant as possible at 35 m/min. and pulled by two people for 50 m at 0.5 - Im
depth parallel to the shore (Figure 1). Usually there were 3 tows taken each catch day, but
severe currents and/or weather occasionally limited the number of tows. The first tow was from
south to north, the second was from north to south, and the third tow the same as the first.



2.2 Sample analysis

From every tow all shrimps were length measured unless the catch numbers were very high
(75 or more individuals), then a subsample was taken. Specimens were length measured
from the posterior margin of the orbit and to the tip of the telson to the nearest 0.01
millimeter. Furthermore, shrimps were picked randomly from the total sample in the summer
of 2008 for further analysis; those shrimps were fixed in formalin for at least 48 hours and
then transferred to alcohol. Length was measured again to the nearest millimeter, wet weight
was measured to the nearest 0.01 gram and sex identified (n = 652).

Sex was classified by the size and shape of the endopodite. One major morphological
difference between the sexes is a much smaller endopodite of the first pleopods on mature
males in relation to that on mature females. Endopodites on males are spine-like, round,
pointed, lie close to or behind the exopodite, and are without hair (Schatte and Saborowski
2006; Tiews 1954; Dornheim 1969). Female endopodites are modified to carry eggs and are
larger than male’s, they are flat and spatula-shaped, they bare setae and are never concealed
by the exopodite (Schatte and Saborowski 2006). On the second pair of pleopods, which is of
the same size on both sexes, the male endopod has the appendix masculine, which is not
visible to the naked eye (Figure 2). Individuals less than 20 mm in length are difficult to sex,
since the endopodite of the first pleopod is of similar size in both sexes and they were
therefore classified as juveniles (Lloyd and Yonge 1947).

Density (individuals per 100 m®) was calculated per each individual tow, and mean
density for every month according to the following equation:

Density = (C/D) /W * 100 (Eq: 1).

Where D is the tow length, C is the total catch of shrimp and W is the width of the trawl
(1 m). No corrections where made for gear efficiency.

2.3 Fecundity and reproductive output

Fecundity was estimated from the June, July, and August catches of 2008. In total, 28 egg
carrying females were used to calculate fecundity and reproductive output. Eggs were
cleaned off the females’ egg carrying setae with forceps. A subsample of 200 - 500 eggs was
counted, egg number in the subsample depended on the total number of eggs the female was
carrying. The subsample, the remaining eggs along with the body of the female was dried at
60°C for 48 hours and dry weight was measured to the nearest 0.01 milligram (mg).

Fecundity was calculated by the total amount of eggs that the female produces. Total
number of eggs was estimated from the proportion of eggs in the subsample to the total
sample, according to the following equation:

Fecundity = (total weight of sample/weight of subsample) *nr. eggs in subsample (Eq: 2)
Reproductive output (RO) was calculated, with the following equation:

RO = dry weight of the female/total dry weight of the brood. (Eq: 3)



Figure 2: External reproductive organs of brown shrimp (C. crangon). First pleopod (A) and second
pleopod (B) of a male and first pleopod (C) and second pleopod (D) of a female brown shrimp.
Endopodites (EP) and appendix masculine (AM) (Schatte and Saborowski 2006).



3 Results
3.1 Size distribution

The length of the brown shrimp in the summer of 2008 ranged from 7.92 mm to 58.06
mm with a mean length of 32.92 mm, and the weight ranged from 0.00 g (was lighter
than the scale permitted) to 2.16 g, with a mean weight of 0.5 grams (Table 1).

Table 1: Size distribution of C. cragnon during the five month study period of 2008.

date Min. length Max. length Mean length Min. wet Max. wet Mean wet

(mm) (mm) (mm) weight (g) weight (g) weight (g)
May 17.06 51.80 32.80 0.05 1.90 0.39 152
June 23.73 47.95 36.62 0.15 1.30 0.56 100
July 7.92 55.18 37.89 0.00 1.76 0.78 100
Aug. 8.06 56.35 31.23 0.01 2.16 0.54 100
Sept. 9.41 58.06 26.08 0.01 2.14 0.30 200

According to the length frequency distribution we observed two distinct recruitment
peaks per year. In June and July (Julian day 191-209) of 2008 through to 2010 we
observed a great influx of juveniles coming into the population (Figure 3 and 4). Those
juveniles came from the winter brood that ranges from January to June. In January 2010
(Julian day 14) we also had a distinct peak in recruitment originating from the summer
brood of the previous year that ranges from July to September (Figure 4).
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Figure 3: Length frequency distribution of C. crangon in Helguvik bay, Alftanes in the summer of
2008. Day refers to a julian day. Densities are in number of individuals per 100 m>.
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Figure 4: Length frequency distribution of C. crangon in Helguvik bay, Alftanes from 2009 — 2010.
Day refers to a julian day. Densities are in number of individuals per 100 m®.

3.2 Density

Monthly mean density calculations (Eq: 1) showed fluctuations during the study period
(Table 2). Mean densities increased during the summer months in 2010 and decreased
again in the winter months (2009 and 2010). The density was high in spring and early
summer (May — June) and decreased generally in July. The recruitment period in late
June and July corresponded to an increase in density in August and September, with
strong recruitment in 2008 compared to 2009 and 2010. The lowest density was 48
individuals per 100 m? in January 2010 and the highest density was found in September
of 2008 with 1573 individuals (Table 2 and 3).

Table 2: Summary of density calculations during sampling, sampling was made from 2008 — 2010.

Yea Mean annual
r Jan. Feb. Mar. Apr. May June July Aug. Sept. Okt. Nov. Dec. density
2008 X X X X 196 140 58 834 1573 x X X 560,2
2009 X X X x 214 147 201 387 353 122 179 233 229.5
2010 48 86 85 93 146 288 185 244 257 X X X 159,1




3.3 Sex

Sex ratio tends to vary a lot in C. crangon populations. In Helguvik bay the female ratio
varied, both between months and also in relation to size. Of all the individuals that were
sexed, 17 % were juveniles, 35 % males and 48 % females. The sex ratio was even in
May and June, but juveniles start to enter the population in July (Figure 5). In August 45
% the population are juveniles. Females were 62 % of the population in September with
both fewer juveniles and fewer males than in the previous month.

160%
ITH
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404
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20%
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41
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Figure 5: Monthly sex ratio during the study period in 2008.



Females were divided up into four size classes. The female sex ratio in Helguvik bay
fluctuated a lot and ranged from 75 % in the smallest size class, down to 33 % in the
second smallest size class and up to 100 % in the largest size class (range: 33 % - 100
%). A variation in the sex ratio is also apparent when it is distributed between months
(Figure 6), but the 100% female ratio in the largest size classes persists.

100%
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50%
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20%
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0%
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B 20-30 m30-40 m40-50 m50+

Figure 6: Female frequency distribution per size class and month in Helguvik bay.



3.4 Fecundity and reproductive output

Fecundity was highly variable and not correlated to female size. Maximum fecundity was
about 4177 eggs for a 46.58 mm long female, the minimum fecundity was 214 eggs for a
47.23 mm long female and mean fecundity was 1687 eggs with the mean size of the
female at 47.22 mm (Table 4). Our results indicate that there was no correlation between
fecundity and female length (p > 0.05), nor with the female dry weight (p > 0.5). Also the
relationship between the dry weight of the female and the dry weight of the brood was
not significant (p > 0.5, Figure 7).

Mean reproductive output (RO) for the summer brood was 0.13 (range 0.01 - 0.28), where the
mean length of the females was 47.22 mm (range: 41.01 — 51.94 mm, Table 4). There was no
correlation between reproductive output and the length of the females (p > 0.05, Figure 7).
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Figure 7: Fecundity and reproductive output (RO) of brown shrimp. Fecundity of brown shrimp in
relation to dry weight (A) and length (B). Brood weight of brown shrimp in relation to dry weight
(C) and reproductive output in relations to length (D).
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4 Discussion

In the Helguvik population, the recruitment of the winter brood is a month later than in the
North Sea population (Temming and Damm 2002). According to Temming and Damm (2002)
the winter egg production followed by the recruitment of juveniles (10 — 20 mm) in May/June
is what makes up the autumn commercial catch. Juveniles enter the Helguvik bay population in
July (day 191 — 204) from the winter brood and with a small peak in January from the summer
brood. This difference in recruitment time could be due to latitudinal variation. Oh and Hartnoll
(2004) and Kuipers and Dapper (1984) found that breeding seasons differ between latitudes. In
Oresund, the breeding season ranges from June to September but in Bergen, Norway it ranges
from August to November (Kuipers and Dapper 1984). Weather conditions can also affect
recruitment. Temmings and Damms (2002) showed that after cold winters the recruitment peak
was more definite and occurred weeks later. According to our data, the female C. crangon
grow to be larger than the males. That is not uncommon for shrimp populations. Usually the
number of large females is much higher than that of large males (Schatte and Saborowski
2006; Boddeke 1976; Oh et al. 1999) and large males are almost absent in commercial shrimp
catches (Schatte and Saborowski 2006; Martens and Redant 1986; Tiews 1987). We observed
in Helguvik bay, that female brown shrimps become almost completely dominant in the largest
size class (> 50 mm). Siegel et al. (2008) observed the same trend in the North Sea population,
where the ratio of females in the smallest size classes (less than 30 mm) was around 50%, the
ratio decreased in the 30 — 45 mm classes, and at size classes larger than 50 mm the female
ratio regularly increases to 100%. In Helguvik bay we had a similar trend, where the sex ratio
fluctuated in the smaller size classes but over 50 mm the population was almost exclusively
females. Many factors can affect sex ratio, such as sex change, mortality, gender-linked growth
rates, and migration. Faster growth rate has been reported in studies made by Meixner (1970)
and Tiews (1954) and mortality is higher for males since the sex ratio is almost the same at the
beginning but as mentioned above, females sex ratio is much higher in the bigger size classes
(Siegel et al. 2008).

Many studies and speculations have been made on sex change in C. crangon with
conflicting results. Boddeke (1965) reported sex change in the brown shrimp but Siegel
et al. (2008) and Lloyd and Yonge (1946) did not observe any sex reversals in their
studies. Schatte and Saborowski (2006) did observe sex reversals and they reported
males changing their external sexual characteristics during a single molt cycle. However,
due to low number of reversals they concluded that the brown shrimp is a facultative
protandric hermaphrodite. This conclusion differs from Boddeke’s (1962) research where
he concluded that C. cramgon was an obligate protantric hermaphrodite and thus
changing sex after reaching a certain size.

Fecundity is considered a good indication of the reproductive fitness of a crustacean
population (Bilgin and Samsun 2006; Nazari et al. 2003), and it is directly influenced by
natural selection (Bilgin and Samsun 2006; Stearns 1977). In malacostracan crustaceans,
fecundity is often positively correlated with the female body size (Bilgin and Samsun
2006; Chockley and Mary 2003). Bilgin and Samsun (2006) calculated fecundity for the
brown shrimp population in the Black Sea (n = 35). Their mean shrimp size was 59 mm
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and mean fecundity was 2297 eggs per female. They found that fecundity was positively
correlated to the size of the female. Earlier studies have also found that fecundity was the
same for both summer and winter brood but the eggs of the winter brood are larger in
size and are heavier than the eggs of the summer brood (Oh and Hartnoll 2004). Here we
got lower fecundity values and, while our average shrimp size was also lower, we did not
find a correlation with size.

Difference in reproductive output in crustacean species is mostly due to differences in
female body size. Factors such as egg size and latitudinal variation can also have an
effect (Boddeke 1982). Oh and Hartnoll (2004) calculated reproductive output (RO) for
the brown shrimp in the central Irish Sea and found that their winter brood females had
on average RO = 0.20 (n = 126) and in the summer brood RO was on average 0.12 (n =
55). Our study only had data from the summer brood so that Oh’s and Hartnolls’ (2004)
findings are similar to our findings of RO = 0.13 (n = 28). According to the Helguvik
data, there was not a positive relationship between fecundity and body size or between
reproductive output and body length. These findings might be due to the small sample
size and/or small population size as well as a narrow length distribution of the shrimp.

The brown shrimp was found in Iceland for the first time in 2003 (Bjorn Gunnarsson et
al. 2007), therefore, it can be considered an established species in the Icelandic coastal
community. With the introduction of C. crangon the coastal community probably will
have to adapt accordingly considering that the shrimp is usually regarded as one of the
most important carnivores of the coastal community where their populations have a
longer history (Phil and Rosenberg 1984; Kuipers and Dapper 1981). Direct effects on
the community are not known but common garden experiments have been made to
simulate the introduction of the brown shrimp into a coastal population. As mentioned
before, C. crangon feeds mostly on meiofaunal and macrofaunal species including
juvenile plaice (Pleuronectes platessa) (Phil and Rosenberg 1984; Agnar Ingolfsson
2010). Nilsson et al. (1993) observed no significant differences in either meiofaunal and
macrofaunal communities with the introduction of C. crangon into the new system.
Although the brown shrimp is an important prey for many commercially important fish
species (Siegel et al. 2008; Tiews 1970, 1978), the effect of an increased brown shrimp
population size in Iceland is unknown. Densities varied a lot during the study period with
distinct increases in the summer months compared to the winter months. Oh et al. (1999)
observed annual fluctuations in their estimated population size. Their study had distinct
peaks in population size in July, August and September, sometimes starting in June.
Those seasonal fluctuations occurred at the same time as the seasonal change in sea
temperature. There was a positive relationship between the population estimate and the
ambient seawater temperature. The Helguvik bay population seemed to have a distinct
peak in density in May — June and then again in August — September with the recruitment
of the winter brood. With longer sample series we could observe more distinct trends in
density after months and compare it more effectively with environmental parameters.

For future studies of the C. crangon population in Iceland it would be good to have
fecundity data that ranges for at least a whole year so we could cover both the summer
and the winter brood. Egg size and weight measurements would benefit the study.
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Appendix 1

Table 3: Tow information, catch numbers and density for Helguvik bay.

Mean nr.100
Tow Tow Nr. m’ per
Cruise Tow nr. Date Julian Depth length direction Number  100m>* month**
27 1 18.5.2008 139 0.50 40 N 85 213
28 2 18.5.2008 139 0.75 40 S 72 180 196
29 1 3.6.2008 155 0.25 60 N 67 112
30 2 3.6.2008 155 0.75 60 S 55 92
31 3 3.6.2008 155 0.50 50 N 86 172
32 1 17.6.2008 169 0.50 60 N 59 98
33 2 17.6.2008 169 0.75 60 S 144 240
34 3 17.6.2008 169 0.75 60 N 75 125 140
35 1 4.7.2008 186 1.0 65 N 25 38
36 2 4.7.2008 186 0.80 60 S 33 55
37 2 4.7.2008 186 0.50 60 N 46 77
38 4 4.7.2008 186 0.30 60 S 43 72
39 1 22.7.2008 204 1.0 55 N 18 33
40 2 22.7.2008 204 1.0 50 S 5 10
41 3 22.7.2008 204 0.70 50 N 18 36
42 4 22.7.2008 204 0.70 50 S 21 42
43 5 22.7.2008 204 0.30 50 N 68 136
44 6 22.7.2008 204 0.30 50 N 43 86 58
45 1 7.8.2008 220 0.60 60 N 398 663
46 2 7.8.2008 220 0.70 60 N 457 762
47 3 7.8.2008 220 0.70 60 S 646 1077 834
48 1 1.9.2008 245 0.75 50 N 752 1504
49 2 1.9.2008 245 0.50 50 S 912 1824
50 3 1.9.2008 245 0.75 50 N 696 1392 1573
51 1 25.5.2009 146 0.75 50 N 76 152
52 2 25.5.2009 146 0.75 50 S 70 140
53 3 25.5.2009 146 0.50 50 N 175 350 214
54 1 10.6.2009 161 0.50 50 N 62 124
55 2 10.6.2009 161 0.25 50 S 50 100
56 3 10.6.2009 161 0.50 50 N 92 184
57 1 25.6.2009 176 0.50 50 N 78 156
58 2 25.6.2009 161 0.50 50 S 86 172
59 3 25.6.2009 161 0.50 50 N 73 146 147
60 1 10.7.2009 191 0.70 50 - 88 176
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61 2 10.7.2009 191 0.70 50 - 74 148
62 3 10.7.2009 191 0.50 50 - 92 184
63 1 23.7.2009 204 0.50 50 N 74 148
64 2 23.7.2009 204 0.50 50 S 96 192
65 3 23.7.2009 204 0.40 45 N 160 356 201
66 1 11.8.2009 223 0.50 50 - 146 292
67 2 11.8.2009 223 0.75 50 - 174 348
68 3 11.8.2009 223 0.50 50 - 224 448
69 1 26.8.2009 238 0.75 50 N 264 528
70 2 26.8.2009 238 0.75 50 S 116 232
71 3 26.8.2009 238 1.0 50 N 238 476 387
72 1 8.9.2009 251 0.75 50 N 190 380
73 2 8.9.2009 251 0.75 50 S 182 364
74 3 8.9.2009 251 0.75 40 N 126 315 353
75 1 6.10.2009 279 0.75 50 N 59 118
76 2 6.10.2009 279 1.0 50 S 51 102
77 3 6.10.2009 279 0.75 50 N 73 146 122
78 1 5.11.2009 309 1.0 50 N 101 202
79 2 5.11.2009 309 1.0 50 S 67 134
80 3 5.11.2009 309 1.0 50 N 101 202 179
81 1 17.12.2009 351 1.0 50 N 180 360
82 2 17.12.2009 351 1.0 50 S 104 208
83 3 17.12.2009 351 1.0 50 N 66 132 233
84 1 14.1.2010 14 1.0 40 N 26 65
85 2 14.1.2010 14 1.0 30 S 9 30 48
86 1 16.2.2010 47 0.75 50 N 15 30
87 2 16.2.2010 47 0.75 50 S 61 122
88 3 16.2.2010 47 0.75 50 N 53 106 86
89 1 16.3.2010 75 0.75 50 S 32 64
90 2 16.3.2010 75 0.50 40 N 42 105 85
91 1 15.4.2010 105 0.50 20 N 8 40
92 2 15.4.2010 105 0.50 30 N 44 147 93
93 1 14.5.2010 134 0.50 50 N 60 120
94 2 14.5.2010 134 0.75 50 S 25 50
95 3 14.5.2010 134 0.75 50 N 54 108
96 1 25.5.2010 148 0.75 50 N 75 150
97 2 25.5.2010 148 0.50 50 S 105 210
98 3 25.5.2010 148 0.50 50 N 119 238 146
99 1 14.6.2010 165 0.75 47 N 100 213
100 2 14.6.2010 165 0.50 50 S 206 412
101 3 14.6.2010 165 0.40 50 N 290 580
102 1 29.6.2010 180 0.50 50 N 90 180
103 2 29.6.2010 180 0.50 50 S 89 178
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104 3 29.6.2010 180 0.50 50 N 82 164 288
109 1 13.7.2010 194 0.50 50 N 79 158
110 2 13.7.2010 194 0.50 50 S 115 230
111 3 13.7.2010 194 0.40 50 N 83 166
112 1 28.7.2010 209 0.50 50 N 116 232
113 2 28.7.2010 209 0.75 50 S 96 192
114 3 28.7.2010 209 0.50 50 N 67 134 185
115 1 11.8.2010 223 0.50 50 N 171 342
116 2 11.8.2010 223 0.60 50 S 85 170
117 3 11.8.2010 223 0.40 50 N 96 192
118 1 26.8.2010 238 0.50 50 N 152 304
119 2 28.8.2010 238 0.75 50 S 122 244
120 3 28.8.2010 238 0.40 50 N 106 212 244
121 1 9.9.2010 252 0.65 45 N 81 180
122 2 9.9.2010 252 0.65 50 S 168 336
123 3 9.9.2010 252 0.65 50 S 90 180
124 1 23.9.2010 266 0.60 50 N 138 276
125 2 23.9.2010 266 1.0 50 S 153 306
126 3 23.9.2010 266 0.50 50 N 133 266 257

* Number of individuals per 100m®

** Average number of individuals per 100m? in every month.
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Appendix 2

Table 4 Fecundity and reproductive output data (n = 28).

Id Length (mm) Wet weight (g)  Dry weight (g)  Nr. eggs total RO
0808 1 46.58 1.48 0.27 4176.51 0.11
0808 2 49.43 1.58 0.24 1207.87 0.10
0808_3 51.94 1.91 0.30 2526.94 0.16
0808_4 51.94 1.92 0.32 2123.98 0.15
0808_5 47.31 1.23 0.21 221.71 0.04
0808 6 49.58 1.46 0.23 222.27 0.03
0808 7 50.87 1.71 0.26 2006.57 0.16
0808 8 49.91 1.78 0.33 1686.61 0.10
0808 9 51.16 1.69 0.30 1937.04 0.14
0808 10 50.89 1.63 0.29 547.34 0.06
0808 11 49.10 1.49 0.30 1544.75 0.10
0808_12 48.02 1.45 0.26 963.40 0.10
0708 1 48.64 1.67 0.25 2728.18 0.17
0708 2 47.23 1.29 0.30 214.00 0.01
0708_3 46.37 1.54 0.19 2654.19 0.27
0708_4 47.61 1.53 0.24 1796.50 0.14
0708 5 44.12 1.22 0.19 1734.68 0.17
0708 6 45.02 1.37 0.24 1218.42 0.11
0608 1 48.95 1.57 0.30 1911.56 0.13
0608 2 42.48 1.11 0.18 476.49 0.06
0608 3 43.59 1.26 0.21 2293.62 0.18
0608 4 45.42 1.43 0.24 1858.49 0.15
0608_5 45.98 1.45 0.23 2828.28 0.23
0608_6 43.73 1.25 0.23 2168.37 0.16
0608_7 46.90 1.46 0.25 1716.83 0.15
0608_8 41.01 0.93 0.16 837.71 0.13
0608_9 42.72 1.15 0.15 2048.67 0.28
0608_10 45.68 1.41 0.21 1598.81 0.15
Mean 47.22 1.46 0.25 1687.49 0.13
Maximum  51.94 1.92 0.33 4176.51 0.28
Minimum  41.01 0.93 0.15 214.00 0.01

19




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (Custom)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [399.685 586.772]
>> setpagedevice


