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LOCAL ADAPTIVE PIGMENTATION IN ASELLUS AQUATICUS
— EFFECTS OF UV-RADIATION AND PREDATOR REGIME

INTRODUCTION

One of the objectives of this thesis was to explore
contemporary evolution of locally adaptive pig-
mentation in a freshwater isopod, and the mech-
anisms behind the adaptation. Isopods are
known to vary considerably in pigmentation be-
tween habitats (Steiner at al. 1977, Henry et al.
1996, Turk et al. 1996, Hargeby et al. 2005), and
studies of contemporary evolution are valuable
because they provide opportunity to observe eco-
logical conditions that influence natural selec-
tion. The adaptive pigmentation in the studied
isopod could be a response to a natural habitat
alteration, in terms of e.g. food and selection
pressure, since the adaptation occurred following
a colonisation of a newly established habitat. Fac-
tors behind the adaptive change such as the ge-
netic base of pigmentation, habitat choice, and
selective predation were accounted for. Moreo-
ver, predation is a strong selective force on fresh-
water invertebrate prey traits and behaviour
(Wellborn et al. 1996). Thus, effects of two com-
mon predators on isopod size dependent anti-
predator traits and behaviour, survivor, and the
effect of structural complexity on predation effi-
ciency, were also explored. Finally, I examined
the effect of an abiotic factor, UV-radiation, on
Asellus behaviour and tolerance.

STUDY ORGANISM

Asellus aquaticus is a very common invertebrate
in Swedish freshwaters and can be found in vari-
ous habitats such as small ponds, eutrophic lakes

and caves. In dense stands of vegetation Asellus
densities can exceed 10,000 individuals per
square meter (Hargeby 1990). Generally Asellus
is regarded as a detritivore (Adcock 1982, Smock
and Harlow 1983), feeding on dead organic mat-
ter and the bacteria and fungi associated with the
material. However, Asellus can also be a grazer,
feeding on plant tissue and periphyton (Marcus
etal. 1978, Arakelova 2001). Invertebrate preda-
tors as well as waterfowl, and fish (Berglund
1968, Rask and Hiisivuori 1985) can prey upon
Asellus.

SPATIAL AND TEMPORAL VARIATION IN
PIGMENTATION

Lake Krankesjon and Lake T3kern are two shal-
low Swedish lakes with historical records of struc-
tural shifts between periods with clear water and
abundant submerged vegetation and periods with
dominance of phytoplankton and turbid water
(Blindow 1992). The two alternative states, with
either macrophyte or phytoplankton dominance,
are stabilized by biotic and abiotic feedback
mechanisms, resulting in episodic shifts over a
few years when the submerged vegetation ex-
pands or disappears (Scheffer et al. 1993). In Lake
Krankesjon and Lake Tikern each state tends to
last for several years (Blindow et al. 1993). For
benthic invertebrates, including Asellus, the ex-
pansion of submerged vegetation during a shift
from phytoplankton to macrophyte dominance is
likely to change the light climate, food-source
(periphyton vs. detritus) as well as predation re-
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gime (Scheffer 1998; Jeppesen et al. 1998 and ref-
erences therein). Asellus is highly exposed to pre-
dation from fish in unvegetated areas (Petridis
1990), and during the periods without sub-
merged vegetation Asellus were most likely re-
stricted to the reed belts surrounding the two
lakes. However, when the submerged vegetation,
mainly different stonewort species (Chara spp.),
expanded Asel/us colonised the re-established veg-
etation. In Lake Krankesjon, Chara started to re-
colonise the lake bottom in the mid 1980s and
samples from 1987 showed that Asellus from
Chara beds exhibited similar pigmentation as
those found in nearby reed stands (Paper I; Figure
1). By contrast, in 2000 Asellus in Chara beds
were significantly lighter pigmented than Ase/fus
from nearby reed stands. Thus, there had been a
reduction in pigmentation after the expansion of
Chara beds. A similar pattern of differences in
pigmentation was also found in Lake T3kern (Pa-
per I). Moreover, in Lake Tikern samples taken at
a reed islet situated in-between the Charz and the
reed belt showed intermediate pigmentation of
Asellus (Paper I). The variability in pigmentation
was also higher at the islet compared to the other
sites. It should be mentioned that there were not
only light pigmented Asellus in the Chara and
dark pigmented in the reed. In both habitats there
were a continuous scale of pigmentation, but the

average pigmentation was lighter in Chara com-
pared to reed.

The change in Asellus pigmentation that oc-
curred in the Chara habitat over the 13-year peri-
od could be an example of local adaptive evolu-
tion. Many studies have documented local adap-
tive evolution (Merili et al. 2001) although the
underlying time scale is often unknown. The
change also corresponds with previous observa-
tions of contemporary adaptive evolution in other
natural populations. Contemporary adaptation
tends to fall into two general categories (I) coloni-
zation of new environments, and (II) local adap-
tations in heterogeneous environments and meta-
population structure (Reznick and Ghalambor
2001). The ecological processes associated with
the re-colonization of Chara include exposure to
new food source, a new biophysical environ-
ment, and new sets of predators and competitors.
In contrast to several of the case studies of con-
temporary evolution, the environmental change
in the present system was not associated with re-
cent anthropogenic causes. The mechanisms be-
hind the structural shifts in the lakes vary, and
may be multi-causal, and not necessarily driven
by anthropogenic disturbances (Scheffer 1998).
Therefore, the change in Asel/us pigmentation
could be an adaptive response to a natural habitat
change.

FiG. 1. Pigmentation (means+s.d.)
in gravid females of Asellus from a
Charasite and an adjacent reed site
in Lake Krankesjon in May 1987,
and from four Chara (S1-S4), and
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POSSIBLE SELECTIVE FORCES BEHIND THE
DIFFERENCES IN PIGMENTATION

Below I will discuss possible explanations for the
change in Asellus pigmentation that occurred in
the Chara. In order to assess what factors that
drove the change in pigmentation of Ase/lus it was
necessary to first determine whether pigmenta-
tion was a heritable or plastic trait. If pigmenta-
tion in Asellus was plastic, then factors like differ-
ences in food and pigment adjustment could have
been involved. However, if pigmentation was her-
itable then factors like selective predation in com-
bination with mechanisms that maintain the dif-
ferences such as assortative mating could have
been more important. Moreover, pigmentation
and behaviour might be subjected to correlational
selection (Forsman and Appelqvist 1998). Thus,
independent of whether Asel/us pigmentation was
plastic or heritable, geno- or phenotype specific
habitat choice could be part of the explanation.

Pigment adjustment and food source

There was no indication of pigment adjustment
due to background matching or differences in
diet as explanations to the differences in Asellus
pigmentation between the habitats. Rearing of
dark and light pigmented Asellus, on shoots of
Chara or decaying leaves from the reed, did not
result in any changes in pigmentation (Paper I).
Hence, plasticity, as in the chameleon, appeared to
have little effect on Asel/us pigmentation. It could be
argued that the results from the short (14 days) du-
ration of the rearing microcosm experiment did not
exclude the possibility that diet could have an effect
on pigmentation over longer periods. However, we
analysed differences in Asellus diet between light
and dark pigmented Aselfus collected in the Chara
in Lake Krankesjon, using stable isotope technique,
and found no difference between dark and light
pigmented Asellus. Thus, it was not likely that pig-
mentation was explained by differences in diet (Pa-
per 1), as the dark and light pigmented Aselfus ap-

peared to feed on the same food source.

Genetic base of pigmentation

To analyse the genetic component of pigmenta-
tion we performed a common environment/gar-
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den, experiment in which we crossed different
combinations of dark and light pigmented Ase/-
lus. The results indicated a genetic base for Asellus
pigmentation. Two dark pigmented parents pro-
duced a darker offspring than two light pigment-
ed parents (Paper I; Figure 2). Offspring from the
combinations with one dark and one light pig-
mented parent did not differ from each other but
from the dark-dark and light-light combinations
of parents, and were intermediate of those (Paper
I; Figure 2). These findings are consistent with
previous work on Asel/us populations that also
showed a genetic base for Asel/us pigmentation
(Kosswig and Kosswig 1940).

Assortative mating

After confirmed that Ase/lus pigmentation was
heritable, assortative mating with respect to pig-
mentation and size was examined. One could ex-
pect that assortative mating, i.e. mating with an
individual that resembles yourself, could help
maintain the difference in Asellus pigmentation
between the habitats. Asellus form pre-mating
pairs; the male grabs a female and carry her
around before the mating can take place, because
the female is only susceptible to fertilization in
connection with moulting. This mate-guarding
behaviour makes it easy to relate male and female
pigmentation from pairs collected in the field.
Pigmentation of Asellus pairs collected in Chara
beds in Lake Krankesjon and in Lake Takern
showed no correlation between male and female
pigmentation, and thus mating appeared random
with respect to pigmentation (Paper I). On the
other hand, mating appeared to be assortative for
size both in both lakes (Paper I). The observations
from the Chara are purely correlative, and provide
no evidence for behavioral mate preferences af-
fecting the genetic variance with regards to pig-
mentation (Lynch and Walsh 1998). However,
on a whole-lake scale, mating was likely to be as-
sortative as a result of the differences in Asellus
pigmentation between the habitats.

Substrate choice

If there was an active substrate choice connected
to Asellus pigmentation the differences in pig-
mentation could be explained by Asel/us pheno-
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FiG. 2. Pigmentation (means+s.d.) in pooled Asellus F, offspring from a common environment/garden experiment
in which pairs were combined from dark and light pigmented parents.

or genotype specific habitat choice. Colour spe-
cific habitat choice has been shown in aquatic
snails (Byers 1983, Negovetic and Jokela 2000),
and different habitat use between the sexes has
been demonstrated in the marine isopod Idotea
baltica (Jormalainen and Tuomi 1989, Merilaita
and Jormalainen 2000). However, there were no
indications that light pigmented Ase//us preferred
Chara shots to decaying leaves from the reed,
when given the opportunity to choose. In an mi-
crocosm experiment, lasting 24 hours, where
Asellus could choose substrate, both dark and
light pigmented Asellus preferred leaves from the
reed to shoots of Chara (Paper I).

Pigmentation selective predation

Predation is one of the strongest evolutionary
forces shaping life history characteristics and mor-
phological adaptations among aquatic inverte-
brate prey (Wellborn et al. 1996), and the forag-
ing characteristics of the predators can determine
which adaptations that reduce predation risk. In
the presence of visual predators, cryptic coloura-

tion (Endler 1986, Merilaita 2001) and small
body size might be important, whereas moderate
activity is favourable if the predator uses more tac-
tile cues (Wellborn et al. 1996). In environments
where predation is a strong selective force, back-
ground colour matching (i.e. crypsis) is an adap-
tation in prey organisms (Endler 1978, 1986).
Thus, local variation in prey colour may indicate
adaptation to the visual characteristics of the
background or predation pressure (Storfer et al.
1999). The Chara appears as a light habitat with a
light green colour of the stems, and full access to
the water surface for the sun. The reed on the oth-
er hand, makes a dark habitat as decaying parts of
the reed are almost black and culms and leaves
reduce incoming solar irradiance. If Ase/lus in the
Chara were exposed to selective predation, i.e.
higher predation rate on the most conspicuous
Asellus, then it could be an advantage for the Asel-
lus to be lighter pigmented in the Chara com-
pared to the reed habitat, and this could explain
the differences in pigmentation.

There are a number of differences between in-
vertebrate and fish predators regarding their for-



aging behaviour. Invertebrate predators often rely
on non-visual, mechanical and/or tactile cues,
whereas fish in general are actively searching and
depend more on visual cues when foraging (Well-
born et al. 1996). In the beds of Chara in Lake
Krankesjon there are both fish and invertebrate
predators (personal observation). Fish predators
consist of e.g. perch, which is known to feed on
Asellus (Rask and Hiisivuori 1985), and perch is
also considered to be efficient in feeding in struc-
turally complex habitats (Diehl 1988). Among
invertebrate predators the damselfly Enallagma
cyathigerum is one of the most abundant (person-
al observation). Pigmentation selective predation
from these two common predators was examined
as explanations for the differences in Asellus pig-
mentation. My results showed that light pigmen-
tation was likely to increase Asellus fitness in an
environment with a light background. Perch fed
more on dark than on light pigmented Asellus
against a light background in a laboratory experi-
ment (Paper I; Figure 3). This is in accordance
with other studies that also have shown that pre-
dation efficiency of fish feeding on isopods was
affected by isopod pigmentation (Maskell et al.
1977, Brattey 1983, Merilaita 2001, Zimmer et

0.8
P=0.002

0.6

0.4 I

0.2

Proportion of eaten Asellus

Dark Asellus Light Asellus

FIG. 3. Proportions of eaten dark and light pigmented
Asellus in a predation experiment using perch as preda-
tor, and light sand as background. Error bars denote
95% CI (after arcsine-square root transformation).
Line indicates significant difference with Wilcoxon
signed rank test.
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al. 2002), and with studies showing that preda-
tion affect prey coloration (Endler 1986, Meri-
laita et al. 2001, Bond and Kamil 2002). In two
similar laboratory experiments the damselfly £.
cyathigerum was given the opportunity to feed on
Asellus with different pigmentation. As expected,
the damselfly did not show any preference for the
least cryptic Asellus (Paper III), which indicated
that visual cues were of little importance for feed-
ing in E. cyathigerum. These findings was further
supported by the fact that E. ¢yathigerum did not
reduce feeding in darkness (Paper III). Similar re-
sults were also found for other damselfly larvae,
e.g. Erythromma najas, which were feeding on
chironomids with the same success both during
day and night (Koperski 1998), and for Coenagri-
on hastulatum that did not reduce feeding in dark-
ness (Johansson 1993). Thus, the importance of
Asellus cryptic pigmentation when exposed to
predation from E. cyathigerum appeared to be mi-
nor. In concert, my experiments indicated that
selective predation from perch, but not from E.
cyathigerum, might have been a force behind the
development towards lighter pigmented Ase//us in
the Chara stands.

The differentiation between Asellus in the reed
and the Chara habitats in Lake Krankesjon and
Lake Tékern was not restricted to pigmentation,
but also included size at reproduction. Egg-carry-
ing females in the reed were larger than females in
the Chara (Paper I). In addition, pigmentation
generally increased with Aselus size in the reed,
whereas there was no relationship between pig-
mentation and size in Chara habitats (Paper ).
The absence of a correlation in Chara supports
the theory of differences in predation regime be-
tween the habitats, with dominance of inverte-
brate predators in the reed and fish predators in
the Chara habitat, although this remains to be
shown. An increased importance of visually ori-
ented fish could drive the evolution towards
smaller and lighter pigmented Asel/us in recently
established Chara stands, as a result of correla-
tional selection for small body size and light pig-
mentation.

SIZE DEPENDENT PREDATION RISK

Invertebrate predators are often assumed to be

prey size limited (Wellborn 1994b), i.c. they are
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limited by the size of their mouth or their ability
to capture and handle the prey. In contrast, inver-
tebrate feeding fish are rarely gape limited, and
often prefer to feed on large prey (Mittelbach
1981, Dixon and Baker 1988, Wellborn 1994b).
Given that an invertebrate predator is gape- or
handling limited, there is a potential for a differ-
ential predation pressure on invertebrate prey
during the ontogeny. This means that prey that
reach a size refuge from invertebrate predation as
adults may be highly exposed to predation as ju-
veniles (Wissinger 1988, Wellborn 1994b). A lab-
oratory experiment showed that E. cyathigerum
fed on smaller size classes of Asellus but did not
feed on the largest size class (Paper III; Figure 4),
most likely due to physical constrains. Similarly,
the isopod Lirceus fontinalis was exposed to preda-
tion from a streamside salamander as juveniles
but reached a size refuge as adults (Sparkes 1996).
Invertebrate predators are in general not known
to be size selective, but feed non-selectively on
available prey (Wellborn et al. 1996). Further, 1
tested size dependent predation by perch. The
perch preferred large (7—8 mm) over smaller (3—4
mm) Asellus when given the opportunity to feed
on both size classes (Paper IV). These results are in
line with studies suggesting that littoral inverte-
brate feeding fish can be size selective (Holomuz-
ki and Short 1990, Wellborn 1994). However,
other studies have suggested that littoral inverte-
brate feeding fish are not size selective (e.g. Mit-
telbach 1981, Werner et al. 1983, Persson and

No. of eaten Asellus

Asellus size class

Greenberg 1990). In conclusion, my experiments
suggest that large Asellus were most vulnerable to
predation from fish and small Asel/fus were most
vulnerable to predation from damselfly larvae.
However, one should keep in mind that small
Asellus were still vulnerable to predation from
perch even though the perch preferred larger Ase/-
lus, in contrast to predation from E. cyathigerum,
where the largest Asellus were in a size refuge. This
could have implications for anti-predator behav-
iour.

ANTI-PREDATOR BEHAVIOUR AND TRAITS

Activity

When an organism is exposed to predation risk it
is obviously important to be able to adapt behav-
iourally to the risk. Reduced activity in benthic
invertebrates is a common anti-predator response
to the presence of fish (e.g. Williams and Moore
1985, Andersson et al. 1986, Abjornsson et al.
1997, Abjérnsson et al. 2000). The cost of low-
ered activity is often reduced time to be spent on
activities such as feeding and reproduction (re-
viewed by Lima and Dill 1990). Moreover, prey
species are often treated as one group, and size
dependent predation risk is not often taken into
account (e.g. Williams and Moore 1985, Anders-
son et al. 1986, Main 1987, Holomuzki and
Short 1988, Abjsrnsson et al. 1997, Abjérnsson
et al. 2000). However, size dependent predation

FiG. 4. Damselfly larvae
E. cyathigerum preda-
tion on five size classes
of Asellus. Means+s.d.,
n=7 for each size class.
The size of the Asellus in

0 size class 1 was 3.630.5
mm (meants.d.) and

\ 9.940.7 mm for size
class 5.



risk in benthic invertebrate species has been dem-
onstrated in frog larvae exposed to predation from
a dragonfly (Peacor and Werner 2000), and in
small E. cyathigerum that responded more strong-
ly than larger individuals to chemical cues from
the predatory bug Notonecta glanca (Koperski
1997), indicating higher predation risk for the
small larvae. Further more, juvenile freshwater
snails (Pomacea paludosa) reacted to cues from a
predatory turtle, whereas the reactivity declined,
and finally disappeared as the snails became larger
(Snyder and Snyder 1971).

My results indicated that Asellus could assess
the prevailing predation risk and adapt behav-
jourally. In a three-week mesocosm experiment
(150 L), with natural Chara vegetation, large Asel-
Jus reduced their activity in the presence of perch
(Paper IV), a result that was in line with the fact
that large Asellus suffered most from predation to
perch in the laboratory experiment (Paper IV).
However, the small Asellus were vulnerable to pre-
dation from perch even though the perch pre-
ferred larger Asel/us. This could explain why both
small and large Ase/lus lowered their activity when
exposed to perch cues in a short-term (<1 hour)
laboratory experiment (Paper IV). It is reasonable
that in the short term, both small and large Ase/lus
have to lower their activity as a response to perch
predation risk. It has been suggested that fish
chemical cues are important only in short-term
(less than three days) anti-predatory behaviours
by isopods (Holomuzki and Hatchett 1994).

Local adaptive pigmentation in Asellus aquaticus

However, my results suggest that in a perspective
of weeks or longer it is still important for large
Asellus to reduce activity.

Since E. cyathigerum were not able to feed on
the largest Asellus (Paper III), the predation risk
from E. cyathigerum and fish should change dur-
ing Asellus ontogeny. To test this I examined if
predator avoidance differed between large and
small Asel/us. In two laboratory microcosm exper-
iments I found that small Asellus (3—4 mm) de-
creased their activity and feeding when exposed to
chemical cues from E. cyathigerum, whereas large
Asellus (8-9 mm) did not (Paper III). The same
difference in behaviour between large and small
Asellus were found in both a short-term (< 1 hour)
activity experiment (Paper I1I; Figure 5) and in an
experiment where secondary effects on periphy-
ton were observed over three days. Small Asellus
exposed to E. cyathigerum cues grazed less peri-
phyton than Asel/us in controls (Paper III).

In conclusion my results suggest that lowered
activity was an anti-predator response both for
large and small Ase//us, and that the behavioural
response differed with varying predation regimes.
The reduced activity in Asellus suggests that Asel-
lus can assess the prevailing predation risk and
adapt behaviourally. The ability to assess preda-
tion risk should be beneficial for prey organisms
so that they do not overestimate the predation
risk and stay too long in refuge with non-optimal
food resources. The results from the periphyton
experiment showed that the small Ase//us, exposed

P<0.0001
3 —_—
Fic. 5. Asellus activity
(numbers of moving Asel-
lus) in the presence (E. cy- 2

athigerum) and absence
(Control) of chemical
cues from E. cyathigerum.
Means+s.d., maximum
numbers of moving Asel-
lus were 5 for small and 1
for large Asellus, n =9
and n,, =10 for each
treatment. Lines indicate
significant, and non-sig-

Asellus activity

—_
1

P=0.97

nificant differences with
t-test.

Small Asellus

Large Asellus
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to cues from E. cyathigerum, fed less on the peri-
phyton and thus probably spent more time in ref-
uge.

Aggregation

In the mesocosm experiment where I examined
the effects of perch presence on Asellus behaviour
and survival I found that the variance in samples
of Asellus density increased a week after the perch
were introduced (Paper IV; Figure 6). The in-
creased variance may be explained by an aggrega-
tive response in Asel/us when exposed to perch.
Patchiness of benthic invertebrates has been ob-
served in the bug Anisops wakefield; (Gilbert et al.
1999), in freshwater mussels (Fukuhara and Na-
gata 1995), in snails (Brown and DeVries 1985),
but also in Daphnia zooplankton (Pijanowska
and Kowalczewski 1997), and may be seen as an
anti-predator response. Prey that sense the pres-
ence of a predator often aggregate at safe sites
where food may be scarce, and food limitation
might thus reduce growth (Scheffer 1997). Patch-
iness of benthic invertebrates can also have conse-
quences for density dependent interactions, such
as competition (Smith et al. 2003).

Cryptic pigmentation

A recent study showed that Asellus pigmentation
can be cryptic over a wide range of habitats and
lakes (Hargeby et al. 2005), and even though Ase/-
lus pigmentation was not plastic, it could be an
anti-predator trait. It is possible that a number of

different levels of Ase/lus pigmentation simultane-
ously could be cryptic in Chara beds because
Chara stems make the light climate variable.

In natural conditions the viewing angle of a
prey may be crucial for visual detection (Johnsen
2002). Because Asellus are present at all levels in
the Chara stands (Marklund et al. 2001), they
may be spotted by predators from different an-
gels. From below, with the overlying water col-
umn as part of the background, a situation that
may select for transparency (Johnsen 2001), or
from above with the sediment and deeper layers
of the vegetation as background. Thus, light or
intermediate pigmented Asellus may be more
cryptic than dark Asellus in the upper vegetation
layers, whereas dark pigmentation may be cryptic
against the sediment or deeper vegetation layers.
This scenario might also be an explanation for the
larger variance in Asel/us pigmentation in samples
from the Chara compared to the more homoge-
neous environment in the reed stands (Paper I).

STRUCTURAL COMPLEXITY

Despite a high density of perch in the experimen-
tal mesocosms, with natural densities of Chara
vegetation, there was no effect of predation on
Asellus survival (Paper IV; Figure 6). This result
was somewhat surprising since perch is consid-
ered to be an efficient predator on invertebrates in
structurally complex environments (Diehl 1988,
Persson and Eklov 1995). A possible explanation
could be reduced efficiency of predation, which is
likely in very dense stands of vegetation (Diehl

FiG. 6. Asellus density
(means+s.d.) expressed as
numbers of Asellus per g
DM of Chara during
each of the three weeks of
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1988, Dichl 1992). Further, it has been suggested
that perch shift diet from benthic invertebrates to
micro-crustaceans if the habitat becomes too
complex (Diehl 1992), which could have been
the case here. Asellus cryptic pigmentation (Paper
I, Hargeby et al. 2005), aggregation, and reduced
activity might also be parts of the explanation.

In a laboratory experiment with three levels of
plant biomass, overall foraging of E. cyathigerum
decreased with increasing complexity (Paper III).
This result was probably attributed to reduced
encounter rate between predator and prey with
increasing complexity. However, there was no dif-
ference in foraging efficiency between the control
and low biomass treatment, which indicated that
E. cyathigerum could be an efficient predator also
in complex habitats, i.e. increased complexity do
not necessarily lower feeding rates. In line with
the lack of difference between the control and the
low biomass treatment, no difference in survival
of small fishes was recorded between a simple and
a complex habitat when exposed to predation
from dragonfly Anax junius larvae (Jordan and
McCreary 1996). High predation efficiency in
complex habitats might be important for the per-
formance of E. cyathigerum, because complex
habitats can provide a refuge against fish preda-
tion (Crowder and Cooper 1982), and often sus-
tain high densities of potential prey organisms
(Gillinsky 1984, Hargeby 1990, Diehl and Korn-
ijow 1998). Moreover, the foraging efficiency of
fish can be reduced in complex habitats (Diehl
1988, Dichl 1992), and thus damselflies might be
important as predators in dense submerged vege-
tation.

PIGMENTATION AND UV-RADIATION

UV-radiation is attenuated rapidly with depth in
most freshwaters and thus it has been suggested
that harmful effects of UV-radiation on littoral
food webs are restricted to extreme environments,
such as alpine, polar, and anthropogenically acid-
ified ponds and shallow lakes (Vinebrook and
Leavitt 1999). The stands of Chara in shallow
Lake Krankesjon can reach the water surface dur-
ing the summer and UV-radiation might there-
fore be a factor to consider for the behaviour and
distribution of Asellus within the Chara. The pig-

ment in Asellus is a melanin (Needham and Bru-
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net 1957), and has been shown to protect Daph-
nia zooplankton from harmful UV-radiation
(Hebert and Emery 1990).

To my knowledge, differences in behaviour
and tolerance to UV-radiation within a benthic
invertebrate species have not been addressed be-
fore. The pigmentation in Ase//us made it possible
to look for differences between individuals with
different pigmentation when exposed to UV-ra-
diation. I examined if there were any differences
in how dark and light pigmented Asel/us tolerated,
and behaved when exposed to natural levels of
UV-radiation. In a laboratory microcosm experi-
ment I tested the protective importance of the
pigment in Ase/lus, and found that dark pigment-
ed Asellus survived exposure to UV-radiation
longer than light pigmented individuals (Paper
IT). In two other microcosm experiments, both in
the laboratory and outdoors, Ase//us avoided UV-
radiation, and the avoidance behaviour was inde-
pendent of Asel/us pigmentation (Paper II; Figure
7). In line with these results, there were lower
densities of Asellus at sites with natural levels of
UV-radiation compared to sites where the UV-ra-
diation was attenuated by Plexiglas filters in a
field experiment (Paper II).

Stronger avoidance behaviour has been report-
ed in unpigmentated Daphnia pulex than in pig-
mented individuals when exposed to UV-radia-
tion (Rhode et al. 2001), indicating a connection
between pigmentation and behaviour not seen in
Asellus. Comparisons between phenotypes within
a species may provide information on UV-radia-
tion as a selective agent on pigmentation, and be-
haviour and pigmentation are likely to co-vary if
correlational selection is acting (Sinervo and
Svensson 2002). The lack of correlation between
pigmentation and behaviour in Ase/lus indicate,
either an absence of correlational selection on
these traits in Asellus, or that any such selection is
counter-balanced by other selective forces e.g.
predation.

UV-radiation avoidance is widespread among
aquatic organisms and has been found in e.g.
mayflies (Johansson and Nystrém 2004), am-
phibians (Langhelle et al. 1995, Adams et al.
2001), diptera larvae (Donahue and Schindler
1998, Kelly et al. 2001), caddisflies (Kiffney et al.
1997a), and fish (Kelly and Bothwell 2002). The

high frequency of UV-radiation avoidance among
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different taxa of freshwater organisms indicates
that UV-radiation could have been a selective
force also in a historical perspective. This theory is
supported by analysis of sediments from moun-
tain lakes suggesting that UV-radiation penetra-
tion has been higher during periods in the past
than during the present period of anthropogenic
ozone depletion (Leavitt et al. 1997). The interest
in UV-radiation effects on aquatic ecosystems has
received increased interest as a result of concerns
about the thinning of the ozone layer. This in-
creased interest has lead to insights on the general
importance of UV-radiation effects in aquatic ec-
osystems (e.g. Bothwell et al. 1994, Hansson
2000, Rhode et al. 2001). In addition, my results
show that also in lowland lakes ambient levels of
UV-radiation could induce avoidance responses
in the benthic community.

CONCLUDING REMARKS AND FUTURE
PERSPECTIVES

In this thesis I have shown an alteration in a phe-
notypic trait with a genetic basis, and thus also a
change in the genetic composition of the popula-
tion. The alteration could be an adaptive response
to natural habitat change not associated with an-
thropogenic causes. The relatively fast adaptive
change in Asellus pigmentation occurred during
conditions that favour rapid evolution, popula-
tion growth, and a new environment in terms of

Control

UV-exposed

i.e. predators, food, and physical environment.
Moreover, my results suggested that both preda-
tors and abiotic factors such as UV-radiation
might induce behavioural changes in a benthic in-
vertebrate. Asellus can reach high population densi-
ties (Hargeby 1990) within submerged vegetation
and a behavioural change in Ase/fus might therefore
have implications for food web dynamics via effects
on periphyton. Thus, the effect of Asel/us grazing on
periphyton and secondary effects on Chara could be
an interesting road for future studies.

Most often co-existing organisms are well
adapted to each others presence and invertebrate
prey that naturally co-occur with fish are likely to
possess anti-predator traits that reduce predation
risk (Wellborn and Robinson 1991). This could
be one reason why there were no large differences
between the trials with, and without perch, in my
mesocosm experiment. Le. Asellus were used to
the presence of perch and displayed a number of
anti-predator traits that reduced predation risk.
However, I believe that it is somewhat unnatural
to compare between two extremes, e.g. no preda-
tor and predator. It is not very likely that the
perch or the damselfly would be wiped out from
Lake Krankesjon, or that the UV-radiation would
disappear completely, as in the treatment with no
UV-radiation in the UV-experiment. Still, I be-
lieve these experiments are useful in providing in-
formation of the mechanisms that explain the
pattern that is seen in nature.



In the thesis I have presented results from field
samplings, and field-, mesocosm- and laboratory
microcosm experiments. The field sampling in
Lake Kranksjén and Lake Tékern revealed an in-
teresting pattern concerning the differences in
Asellus pigmentation and size between adjacent
habitats. The pattern seen in the field samplings
was the result of a number of mechanisms affect-
ing Asellus, and its biotic and abiotic environ-
ment. Therefore, in my laboratory experiments |
reduced the complexity to study single mecha-
nisms related to Asel/us pigmentation, and effects
of size dependent predation. Among the mecha-
nisms that [ have explored could e.g. selective pre-
dation from perch contribute to the differences in
Asellus pigmentation. Moreover, avoidance of
UV-radiation and predation risk could be factors
behind the low numbers of Asellus that generally
are found in the upper part of the Chara vegeta-
tion. To assess what mechanisms that are most
important could be complex, since the impor-
tance of a mechanism might shift over the year,
but also on a short-term basis, over the day, or
between one minute and another. However, stud-
ies of the importance of different mechanisms in
multi factorial experiments, including multiple
predator treatments could also be a perspective
for coming research.
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SVENSK SAMMANFATTNING

Vattengrasuggan Asellus aquaticus ir ete vildigt
vanligt ryggradslost djur i ménga typer av svenska
vatten. Den kan bli 6ver 10 mm stor och iter allt
frin dote organiske material till levande alger och
viixter. Firgen hos grisuggan kan variera mycket
mellan olika miljder. Den ir oftast mérk men kan
dven vara nistan vit, t. ex. i underjordiska grott-
populationer. Jag har studerat hur pigmentering-
en hos vattengrisuggan varierade mellan tvé olika
livsmiljser, habitat, i Krankesjon i Skdne och i T4-
kern i Ostergdtland. Men jag har dven undersoke
hur vattengrisuggan pé olika sitt undviker act bli
uppiten och hur den paverkas av solens UV-strdl-
ning.

Béde Krankesjon och Takern skiftar naturligt
mellan stadier med tit undervattensvegetation
och relativt bra siktdjup, och stadier som i stillet
domineras av algblomningar, orsakade av fyto-
plankton, och diligt siktdjup. I bida sjoarna va-
rierade pigmenteringen hos grisuggorna kraftigt.
De ljusaste djuren var nistan helt vita medan de
mérkaste var sd gott som svarta. Dessutom skiljde
sig medelpigmenteringen, alltsd den vanligaste
firgtypen, at mellan de tv4 olika typer av habitat
som jag studerade. Grsuggorna hade ljusare pig-
mentering i bestdnd av undervattensvegetation
(oftast bestdende av olika arter av kransalger), 4n i
nirliggande bestdnd av vass.

Dir bestind av kransalger var nyetablerade, ef-
ter ett skifte frin stadiet med algblomningar till
stadiet som domineras av undervattensvegeta-
tion, blev grisuggornas pigmentering ljusare frin
ar dll &r. Till en bérjan var grisuggorna i de nye-
tablerade bestdnden av kransalger lika mérka som
grsuggorna i vassarna.

Korsningar av ljusa och mérka grisuggor visa-
de att pigmenteringen var genetisk och nedirvdes
till avkomman. Ljusa forildrar fick ljus avkomma
och moérka forildrar fick mork avkomma. Fédan
och anpassning av pigmenteringen hos en enskild
grisugga till bakgrundsfirgen hade diremot ing-
en inverkan pd pigmenteringen. Grisuggorna ror-
de sig inte heller mellan vassen och kransalgerna
beroende pé vilken firg de hade. De kunde alltsd
inte medvetet utnyttja sin firg som kamouflage
och vilja det habitat dir de syntes minst. Valet av
partner att para sig med verkade ocksd ske obero-
ende av pigmenteringen.

Vilka krafter lig d& bakom skillnaden i grisug-
gornas pigmentering mellan kransalger och vass?
En méjlig forklaring kan ha varit selektiv preda-
tion, frin vanliga rovdjur sisom abborrar och
flickslindelarver, p4 de minst kamouflerade mor-
ka grisuggorna i kransalgerna. Solstrilningen och
den ljusgrona firgen gor att kransalgerna kan be-
traktas som ett ljust habitat, och den nistan svarta
botten och den minskade solstrilningen att vas-
sen blir ett mérke habitat. I ett experiment visade
det sig ocksa predation frén abborre kunde vara
en del av forklaringen till férindringen i pigmen-
tering. Abborrarna, som jagar m.h.a. synen, 4t fler
mérka in ljusa grisuggor mot en ljus bakgrund.
Diremot hade grisuggornas grad av kamouflerad
pigmentering ingen betydelse f6r deras risk att bli
uppitna av flickslindelarver, som frimst jagar
med hjilp av kinsel.

Den f6rindrade pigmenteringen hos grisuggor-
na i kransalgerna var troligen en evolutionir anpass-
ning till skillnader i naturliga urvalsprocesser mel-
lan de tv4 habitaten, t.ex. predation. Forindringen
i pigmentering skedde i ett nytt habitat med en
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vixande populationsstorlek vilket 4r forhéllanden
som gynnar snabb evolution.

Flickslindelarver, som placerades tillsammans
med stora och smé grisuggor, 4t av de sma gré-
suggorna, men det visade sig vara fysiskt omajligt
for dem att dta upp de storsta. Detta skulle kunna
forklara varfor smd grisuggor minskade sin akti-
vitet och betning av pivixtalger nir de utsattes
for luke frén flickslindor, medan stora grisuggor
inte gjorde det. Bide stora och smi grisuggor
minskade sin aktivitet nir de utsattes for lukt
frin abborrar under en kort period. Men i ett
mer storskaligt experiment, som varade i tre
veckor, minskade stora grisuggor sin aktivitet
mest. Resultaten visade att grisuggorna kan kiin-
na av vilka rovdjur som finns i omgivningen och
anpassa sitt beteende direfter. I det storskaliga
experimentet, med naturliga mingder kransal-
ger, hade abborrar ingen effekt p4 antalet grisug-
gor, trots att titheten av abborrar var hég. Varia-
tionen i prov pa titheten av grisuggor var dire-
mot hégre i nirvaro av abborre jimfort med i
kontrollerna utan abborre, vilket tyder p4 att gra-
suggorna klumpade ihop sig. Det visade sig att
flickslindor kan jaga effektivt dven dir vegetatio-
nen ir tit. Detta kan gora dem till viktigare rov-
djur in fiskar som verkar vara begrinsade av ve-
getation i sitt fddosokande. Tillsammans visar
mina resultat att egenskaper som kamouflage,

minskad aktivitet och samling i stérre grupper
kan minska risken for en grisugga att bli uppiten
av abborrar i tit vegetation.

Grasuggornas pigment har visat sig skydda djur-
plankton frin skadlig UV-strilning och eftersom
kransalgerna kan nd inda upp till vattenytan un-
der sommaren kan grisuggorna bli utsatta for so-
lens UV-stralning. Mérka grisuggor 6verlevde
lingre n ljusa nir de exponerades for naturliga
nivéer av UV-strilning i ett forsok, ndgot som
inte visats hos bottenlevande ryggradslosa djur ti-
digare. I ett annat laboratorieférsck si undvek
bide ljusa och mérka grisuggor UV-strilning om
de hade méjlighet att gora det. Resultaten styrk-
tes av ett filtexperiment i Krankesjon dir fler gra-
suggor samlades pd platser dir UV-strilningen
var avskirmad med plexiglasfilter jimfért med
platser med naturlig strilning.

De anpassningar i beteende hos grisuggor som
jag har presenterat hir tyder pd att UV-strilning
och rovdjur kan ge beteenderesponser hos betan-
de bytesdjur och dirigenom ocks4 ha effekeer pa
pavixtalger. Resultaten pekar ocksé pa att natur-
liga forindringar i miljén, sdsom ett skifte frin
ett stadium med dominans av fytoplankton till
ett med dominans av undervattensvegetation,
kan leda till att den genetiska uppsittningen i en
population forindras.



TACK M.M.

INTRODUKTION

Ser man p4, den hir delen av avhandlingen fingade din uppmirksamhet. Men du har vil dtminstone
ocksg ldst ssmmanfattningen? Om du dnnu inte hunnit gora det s kommer hir en extra mycket popu-
lirvetenskaplig sammanfattning pé svenska. Jag ger dven nigra bra tips pa fraser som du kan anvinda for
att bryta isen vid middagsbordet pa disputationsfesten. Dessutom gor jag ndgra reflektioner dver tiden
som doktorand, pdminner om en del ovetenskapliga hindelser, och tackar en del personer for goda
insatser under dren.

POPULARVETENSKAPLIG SAMMANFATTNING

Jag har alltsd jobbat med att bl.a. scanna firgen pé vattengrisuggor i nistan fem &r (tro det eller ¢j). Min
och mina medforfattares forskning visar att grésuggornas firg kan vara anpassad till firgen pd miljon dir
de lever, ett slags kamouflage. Det kan bero p4 att abborrar 4ter upp de grésuggor som ir daligt kamou-
flerade. Flickslindelarver foredrar att dta sma grdsuggor och abborrar foredrar stora grisuggor. Abborrar
jagar m.h.a. synen och flickslindor med kinsel och dirfor 4r kamouflage troligen viktigast for stora
suggor. Grasuggorna verkar dessutom kunna kiinna av om det finns farliga djur i omgivningen och ta
det lite lugnare d4 s& att dom minskar risken att bli uppitna. Precis som hos minniskor s klarar mérka
grisuggor av att vara i solen lingre 4n ljusa minniskor, men generellt sett tycker inte nigra grisuggor,
oavsett firg, om UV-strilning.

REPLIKER

Hir f6ljer nu ndgra exempel pa repliker som kan anvindas for att f3 iging samtalet vid middagsbordet
under disputationsfesten. Om ni inte lyckas plugga nigon av replikerna gir det sikert bra att anviinda
den gamla klassikern ”Och hur kinner Du Jonas?”.
Exempel 1 —Visst dr det fantastiskt att grésuggorna kan kinna av UV-strdlning och undvika den.
—Jaa verkligen
—Det kan ju betyda att UV-strilning har varit en selektiv kraft pd bentiska evertebrater ocks3 i
ett historiskt perspektiv, och inte bara i dessa tider med ett fértunnat ozonlager, fascinerande.
Exempel 2 —Horde du att dom stora grisuggorna inte reagerar pa lukten frin Enallagma cyathigerum,
och att det troligen beror det pd att dom ir i en storleksrefug.
—Jaaa-a
—Det kan ju medfora att predationstrycket frin olika typer av predatorer varierar under
grisuggornas utveckling,
Exempel 3 - Jag tycker att férindringen i grisuggornas pigmentering i kransalgerna i Krankesjon 4r ett
utmirkt exempel pd nutida evolution.
—Ohh jaaaa

—Och det visar att evolution inte alltid sker i vildigt linga tidsperspektiv som man ofta tror.
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REFLEKTIONER

Tiden som doktorand har jag upplevt som bdde positiv och negativ. Det positiva har varit den stimule-
rande arbetsmiljon, minniskorna pd Limnologen, resorna och som jag kallar det, den "totala flextiden”,
vilket har varit ovirderligt sirskilt sedan Agnes och Viktor féddes. Det negativa var till en bérjan 16nen,
inte ens 1999 var 12 500 kr i ménaden, utan sociala fsSrmaner, en virdig 16n for en doktorand. Jag tycker
att man ska hoja statusen pa doktorerandet genom att ta in fiirre doktorander och ge dem bittre villkor
frin borjan.

OVETENSKAPLIG SAMMANFATTNING

Aren som gitt sedan jag borjade som doktorand i december 1999 har utan tvekan varit de mest hindel-
serika dren i mitt liv. Det borjade redan mellan jul och ny&r 1999 nir jag och Sanna parkerade var "nya”
fina SAAB for gott, i vigricket pa E4 an mellan Nykoping och Sodertilje. Sedan, i juni 2000 flyttade vi
till huset i Stdngby dir vi till en bérjan hade hur mycket plats som helst. I november 2000 kte vi
doktorander pé en of6rglémlig resa till Brasilien dir jag bl.a. fick uppleva fotboll pi Maracana stadion i
Rio och en massa capybaras och caipirinhas. I januari 2001 &kee jag till SIL konferensen i Melbourne
och pa vigen dit hilsade jag pd Nils med familj under en mycket minnesvird vecka i Thailand. P&
“vigen hem” passade jag dven pd att ta en tur till Tasmanien. Sedan var det ganska lugnt tills sommaren
2002. Pd kvillen den 11 juli hade Limnologen grillfest pa terrassen i Sténgby. Nir alla hade &kt hem gick
jag och la mig medan Sanna satt uppe och riknade tiden mellan virkarna. Agnes fsddes pa formiddagen
dagen dirpa. I januari 2003 3kte jag tillsammans med et litet giing till Nya Zeeland. Agnes var bara sju
ménader gammal och jag lingtade hem redan innan tiget hade limnat Lernacken och kért ut pé bron.
Hemliingtan blev inte mindre av att jag en stor del av tiden bodde ensam p3 en forskningsstation uppe
ibergen. Agnes kinde inte igen mig nir jag kom hem. I december 2003 kom Viktor och huset i Stdngby
blev plétsligt ganska litet. De sista dren av mitt doktorerande blev vildigt fragmentariska p.g.a. forildra-
ledighet fo6r bide Agnes och Viktor. Men jag och Anders hann i alla fall med en minnesvird tur dll
Gotland och de vita gri(?)suggorna i Lummelundagrottorna. Nir jag bérjade jobba igen efter att ha
varit hemma med Viktor var det knappt tvd manader tills avhandlingen skulle vara klar och hir 4r vi nu,
véren 2005.

Tack

Avhandling

Forst vill jag tacka dem som har haft en aktiv del i tillkomsten av den hir avhandlingen. Det giller i
forsta hand min eminente handledare Anders, som 4r en mycket 6dmjuk och vinlig man med stort
kunnande och tilamod. Utan Anders engagemang och mjuka handledarstil hade det inte blivit ndgon
avhandling. Stort tack Anders!

Sedan vill jag tacka 6vriga medforfattare Jonas A., Ola och Pia for gott samarbete.

Efter det vill jag tacka alla de som har bidragit med goda rdd och/eller nigon ging list och kommen-
terat avhandlingens manus och/eller sammanfattning. Sirskilt tack till min bitridande handledare
Christer, men dven till Patrik, Per, Emma, Lars-Anders, Hikan, Sanna och Lasse.

Slutligen tack till Hikan och Jacob for bidrag med fisk och till Balint och Peder for [4n av utrustning
till en del av experimenten och till Gunilla for layoutarbetet med sjilva avhandlingen.

Arbetskamrater

Men det finns ju naturligtvis ocksa andra personer som har gjort min tid pd Limnologiska avdelningen
mer eller mindre uthirdlig. Jag vill diirfor skicka ett stort tack dill...



Patrik, min kompetente och omtinksamme rumskamrat som aldrig frivilligt skulle beritta ndgot om
sig sjdlv. Tack for att du alltid intresserat dig f6r mina knepiga frigor och idéer om saker och ting under
drens lopp, rorande allt ifrAin hur man bygger trappor och bullermurar, till filosofiska frigestillningar
om kriftdjursforskning, och for att du fir mitt fotbollsintresse att framstd som ljumt i férhéllande dill
ditt fiskeintresse.

Niklas, jigaren och fiskaren som jag ldst nistan alla kurser pa biologutbildningen tillsammans med,
och som nu disputerar en vecka efter mig. Tack for allt kott, alla fisketurer och all annan trevlig samvaro.

Leo, mannen, myten, konceptet. Jag 4r djupt imponerad 6ver ditt otroliga kunnande och ditt enga-
gemang i undervisningen. Tack for att du har lirt mig helt ovirderlig kunskap som att man ska le
mycket nir man undervisar, for d fir man bittre betyg pa kursutvirderingen. Tack dven f6r hirliga
veckor i Aneboda och middagar i Agerup.

Per, Mr Nice Bum, ocks8 en person vars engagemang jag beundrar. Tack for att du ringde mig den
dir sommarveckan nir Agnes var nyfédd och undrade om jag skulle med till Nya Zeeland. Det var
fantastiskt att fi se Nya Zeeland, och jag kommer aldrig att glomma de blé ankorna i den bruna &n i den
grona regnskogen. Dessutom blev det ju fakeiskt ett papper av det hela, trots att jag lingtade hem.

Nils, framfor allt for den hirliga veckan i Thailand nir vi dkte runt och letade limpliga vitmarker pa
diverse obskyra platser och triiffade flygande poliser med stal i muskler och blick, men ocks3 for samva-
ron utanfor jobbet och i samband med litteraturinldsning,

Hakan, for alla pingismatcher i killaren, jag har for mig att du vann en match dill slut, och for
givande diskussioner i samband med olika fester och litteraturinlisning

Jag vill dven tacka...

Emma for alla pratstunder.

Kerstin f6r hjilp med det praketiska.

Anders K. for hjilp de ginger datorn har strulat.

Marie for att du alltid 4r s glad och vinlig.

Karin R. f6r att du kom som en frisk flikt och rérde om i gubbgrytan pa Limnologen.

Alla ni som gjorde Brasilienresan of6rglomlig, speciellt tack till min stjirtolycksbroder och rums-
kamrat Mikael.

Per, Patrik, Niklas, Karin, Carina och Lisa for att ni gjorde resan till Nya Zeeland uthirdlig.

John, Cina, Alex, Pia, Kajsa, Hkan S., Ola, Lars-Anders, Annika, Susanne, Marika, Cesar och Kelly
och alla andra kvarvarande och flyktade personer p Limnologiska avdelningen som gjorde de hir dren
mestadels trivsamma.

Finansidrer

Jag vill dven tacka Kungliga Fysiografiska Sillskapet i Lund f6r en 100% utdelning pa mina ansckningar
om resestipendier. Tack Ville, jag misstinker att du haft ett finger med i spelet ndgon ging.

Viinner utanfor jobbet

Jag vill dven nimna ndgra som gjort och gor livet utanfor jobbet roligare: Markus, Liselott och Leo,
Tommy, Mattias och Magnus med familjer, grannarna i Stdngby och Jens och Lisa med barn. Rosas bér
dven det s.k. "Soppginget” vars trevliga tillstillningar har blivit allt firre med &ren, troligen p.g.a. de
dynamiska liv som medlemmarna idag lever (Holmqvist 2005). Antalet dllstillningar verkar vara starkt
negativt korrelerat till antalet barn som gingets medlemmar lagt sig till med, men 4ven andra faktorer

har troligen betydelse.
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Family

Sist och dérfor mest vill jag tacka min idlskade familj. Utan er hade avhandlingen sikert blivit bide lingre
och bittre, men jag har ju mycket hellre tillbringat tid med er in med grisuggorna (vilken kompli-
mang). Ni betyder mycket mer én ni tror f6r mig 4ven om jag inte alltid visar det pd limpligt sitt.
Kanske har ni inte heller alltid frstdtt vad jag sysslat med under de hir aren. Jag hoppas det har blivit lite
klarare pd den punkten nu nir ni har list eller precis ska till att lisa min avhandling (giller ¢j Agnes och
Viktor dnnu)......

Tack

Helena, for all hjilp med barnpassning,

Annika och Lasse, bl.a. for att ni flyttade till Blentarp. Det har gjort Sannas och mitt liv [ittare.

Anna, for att du (nistan) alltid finns dir nir det behovs

Mor och Far, for att ni alltid stdctat mig

Agnes och Vikeor, for att ni ldgger till en dimension i livet som inte gdr att beskriva, f6r dem som inte
har egna barn, utan som maste upplevas.

Sanna, f6r att du vill leva och stdr ut med mig. Jag ilskar dig innerligt, #ven om det inte alltid framggr

s4 tydligt!

Slutligen

Om det nu ir ndgon som kinner sig forbigéngen s& beror det enbart p& min vilkinda oférméga att
komma ihdg. Tveka inte att upp problemet med mig i s fall. Girna efter middagen pa festen, eller s&
fort Ni har fatt tag p avhandlingen och uppticke att just Ni var bortglomd, sa ska jag forsoka gottgora
Er pa nagot sitt.





