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TIIVISTELMA

Yleisesti yksilon kelpoisuuden mittarina kayteté#éotettujen jalkeldisten maaraa ja laatua.
Koska kelpoisuus on kuitenkin monesta eri tekija@stipdostuva kokonaisuus, on sen havaittu
olevan yhteydessa lisaantymisen lisaksi myods muitvminaisuuksiin kuten esimerkiksi
metabolian tasoon. Metaboliatason ja yksilon laadéinsesta yhteydesta on olemassa kaksi
painvastaista nakemysta: resurssiallokaatioteomankaan hyvéalaatuisilla yksil6illa on
alhainen perusmetabolia, kun taas vastakkaisennmids=n mukaan alhainen metaboliataso
on yhteydessd huonoon resurssinhankintakykyyn ja &autta huonoon laatuun ja
kelpoisuuteen. Yksilot poikkeavat geneettisestisifbaan ja tasta johtuvat erot myds
kelpoisuudessa. Sisasiitos on merkittdva genesitistojen aiheuttaja lisdten homotsygotian
maaraa. Talldin resessiivisten alleelien mahddllideaitalliset vaikutukset tulevat
homotsygoottisina nakyviin kelpoisuuteen yhteydesetgissa ominaisuuksissa aiheuttaen
yksilon kelpoisuuden alenemisen. Tasta johtuu sigisten yksildiden huonompi kelpoisuus
ei-sisasiittoisiin  verrattuna. Ristisiitoksen vailsl kelpoisuuteen on painvastainen. Sen
seurauksena heterotsygotian maaraa lisdantyy,ino|klkeléisten kelpoisuuden oletetaan
olevan korkeampi kuin vanhempiensa. Sisasiitokses$tivan sisaisen stressin lisdksi myods
ulkoiset tekijat kuten kuivuus ja monet kemikaabivat aiheuttaa elidille stressia. Sisaisilla ja
ulkoisilla stressitekij6illa saattaa olla myos ybdgikutuksia, mink&a seurauksena sisasiittoiset
yksilot karsivat ulkoisesta stressistd enemman laiisisasiittoiset. Pyrin tutkimuksessani
maarittamaan kelpoisuuden ja metaboliatason valsi#@yttd muuntelemalldrosophila
littoralis karpasten laatua kahden eri sisasiitoskasittelghsiitoksen ja suolastressin avulla.
Sisasiitetyissa perheissa oli vahemman jalkeldasréitatun naaraan paino oli alhaisempi kuin
ristisiitetyilla tai peruspopulaation karpasillais&siitos siis alensi kérpasten kelpoisuutta
tunnetuilla kelpoisuusmittareilla mitattuna. Sig@és$iyjen naaraiden metabolian taso oli
alhaisempi kuin mita ristisiitetyilla. Sisasiitggy karpasten alhainen metaboliataso siis tukee
teoriaa, jonka mukaan alhainen perusmetabolia oteyglessd alhaiseen kelpoisuuteen.
Ristisiitos palautti oletetusti sisasiitettyjen pasten alentuneen kelpoisuuden takaisin
peruspopulaation tasolle jokaisella kelpoisuusmiliiamitattuna. Suolastressi ei vaikuttanut
metaboliatasoon yksin, eikd yhdysvaikutuksia sis#sien ja suolastressin vélilla ei havaittu
yhdenk&an mitatun ominaisuuden suhteen.
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ABSTRACT

Fitness of an individual is commonly measured thlothe number and quality of offspring.
Fitness is, however, the final outcome of all pbimjical and developmental processes and
thus connected also to other features than reptiothydor example to metabolic rate. There
are two opposite views about the connection betweetabolic rate and quality: according to
resource allocation theory low metabolic rate isign of high individual quality when the
opposite view states low metabolic rate is conrtetdelow ability to obtain resources which
further leads to poor quality and fitness. Gendifterences between individuals lead also to
differences in fitness. Inbreeding increases tlyeseetic differences by increasing the amount
of homozygosity. This leads to decreased fitnessnwossible deleterious effects of recessive
alleles become visible in a homozygous state meis-related traits. Because of this effect,
commonly known as inbreeding depression, inbret/iddals have lower fithess compared to
that of outbred individuals. Crossbreeding may eanat the effects of inbreeding as it results
to increased heterozygosity and thus possiblydbdri fithess compared to the inbred parents.
Added to the internal stress caused by inbreedilsg, external factors such as drought and
various chemicals can cause stress to the orgamigennal and external stressors may also
have interactions, so that inbred individuals suffeore from external stress than outbred
individuals. My goal in this study was to specifgtconnection between fithess and metabolic
rate by manipulating the quality of thBrosophila littoralis flies through inbreeding,
crossbreeding and salt stress. There were legsriofisin inbred families and the body mass
of the measured females was lower than in crosstoredse population flies. Thus inbreeding
had lowered the fitness of the flies when measwvétd commonly known fitness traits.
Inbred females had lower metabolic rate than thatassbred females. Based on this, the low
metabolic rate of inbred flies observed supporesttieory of low total amount of resources
indicating poor fitness. Like expected, crossbregdeturned the lowered fitness back to the
level of the base population with all fithess measu Salt stress did not have an effect on
metabolic rate alone nor were there interactionséen breeding treatment and salt stress in
any measured character.
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1.

INTRODUCTION

Fitness is commonly measured through its two mamponents: the total number of

offspring produced and the quality of these offisgriFalconer & Mackay 1996). However, as
fitness is the final outcome of organisms all depetental and physiological processes, it is
influenced also by other characters than the omestly related to reproduction. These are for
example somatic maintenance and basal metabolistye@H& O Connor 1999, Jackson et al.
2001). In addition, some characters, like body,sheese less direct influence on fitness but
may nevertheless be correlated to some more diteess components (Falconer & Mackay
1996).

Metabolism is the sum of all chemical transformasigaking place in an organism. In
these processes energy is released or absorbeddiggpen the reaction (Campbell & Reece
2002, Nelson & Cox 2005). Aerobic organisms usegexy and produce COin their
metabolic processes and by measuring the amowxygien used or carbon dioxide produced,
the amount of energy used in metabolic processesbea obtained. The connection of
metabolism to fithess has been detected at molelayal: inbreeding has an effect on fitness
related traits (see below) and inbred individuaséhbeen noted to have different expression
of metabolism genes than those from outbred indaisl (Kristensen et al. 2005, 2006,
Pedersen et al. 2008, Ayroles et al. 2009). Howelvew resting metabolic rate relates to
individual fitness is an unresolved question. Adioog to resource-allocation theory an
organism has only a limited amount of resourcealltecate to all activities related to survival
and reproduction (Rowe & Houle 1996). Accordingthés idea, low resting metabolic rate
might be positively associated with fitness, as en@sources are then left for allocation to
other fitness-related traits (Hawkins & Day 199%t#la & Kotiaho 2009). However, another
theory states that low resting metabolic rate s&gga of poor individual quality, as low resting
metabolic rate is expected to be associated withttdal amount of resources (Konarzewski
& Diamond 1995, Reinhold 1999). Selection experitaghat have tried to solve this matter
have yielded contradictory results (Hayes & O"Cont@Q9, Jackson et al. 2001, Artacho &
Nespolo 2009).

External conditions such as temperature, humidity @arious chemicals constitute the
environment in which an organism needs to surviad seproduce. What constitutes a
favourable environment varies from organism to oigia. When a change in the environment
reduces the fitness of the organism, the new enmiemt can be considered to be stressful
(Armbruster & Reed 2005). Environment may be com&d stressful due to various factors,
for example noxious or toxic chemicals, nutrienpri&tion, temperature and desiccation
stress, and the effects of competition and pasasi{iArmbruster & Reed 2005). Common
chemicals that are essential nutrients in smalluartsocan also create a harmful environment
in large amounts (Sang 1956). One such chemicahlis (NaCl). When salt is ingested,
extracellular solute concentration becomes highan inside the cells and this makes water to
flow osmotically out from the cells (Hill & Wyse 89, Campbell & Reece 2002). This loss of
water disturbs the cellular balance and can beidered as stress to the organism because it
forces the organism to use its resources to regtiat osmotic balance.

In addition to the quality of the external enviraemh the “internal” quality of the
individual affects its reproduction and survivalatihg between close relatives is generally
known to result in inbreeding depression, i.e.utidn in offspring fithess (Keller & Waller
2002, Fox et al. 2007). Inbreeding increases taguiency of homozygous loci in offspring
and reduces heterozygosity (Falconer & Mackay 1996 competing hypotheses about the



genetic mechanism of inbreeding depression are rlome hypothesis and overdominance
hypothesis (Charlesworth & Charlesworth 1987, Ly&hWalsh 1998). According to the
dominance hypothesis inbreeding depression is dabsethe expression of deleterious
recessive genes in homozygous individuals (Lynch VWalsh 1998). The idea in
overdominance hypotesis is that something spetitiieé heterozygous state causes increased
fitness relative to both homozygotes (Lynch & Wals898). Regardless of the genetic
mechanism involved, according to these theoriesntiean phenotypic values of the traits
closely connected to fithess tend to move away frhra optimum with inbreeding
(Charlesworth & Willis 2009).

As the problems that arise from inbreeding are edusy the homozygous genotypes,
the problems are relieved by crossing inbred li&®ssing inbred lines that have different
alleles in the same gene loci increases heterotygé#st generation offspring performance
that exceeds the average parental performanceneraly referred to as heterosis or hybrid
vigor (Lynch & Walsh 1998). Conflicting theoriesali the reversive impact of heterosis to
inbreeding depression exist (Crow 1948, FalconeM&ckay 1996, Lynch & Walsh 1998,
Whitlock et al. 2000). Older theory states thatsemg inbred lines cancels out the effects of
inbreeding depression because same alleles aréveévan both (Crow 1948). However,
according to the newer theory inbreeding depressi@onsidered to be influenced mainly by
alleles of large effect while heterosis is thoughtesults from the accumulation of different
alleles of small effect (Lynch & Walsh 1998, Whtloet al. 2000). In both of these theories,
however, the superiority of crosses is expectednwdetrimental effects of homozygotes are
broken down by heterozygosity.

External stressors and internal quality of thevidlial may have an interaction effect on
fitness and indeed, inbreeding depression has dftam found to be greater in stressful
environments (Armbruster & Reed 2005, Kristensemale2002, 2006, Nowak et al. 2007,
Pedersen et al. 2008). However, in some studie®noection between inbreeding depression
and environmental stress has been detected anel @neralso studies in which inbreeding
depression has decreased in stressful environrAembfuster & Reed 2005).

| tested the effects of inbreeding, crossbreedstrgss and their interactions on resting
metabolic rate irDrosophila littoralis flies. | compared the effects of four differeneéding
treatments from severe inbreeding to crossbreegiaged either in normal conditions or in
salt stress. To examine the effect of breedingtrtreat on other direct and indirect fitness
characters | also measured the number of offsgmmgbody mass of the flies.

2. MATERIALS AND METHODS

2.1. Breeding treatments

A large and genetically diverse (11 out of 14 nsetellite loci tested were polymorphic)
population ofDrosophila littoralis flies was founded in year 2006 from 147 males @8d
females collected from River Tourujoki in Jyvaskynland. In the ¥ laboratory generation

a base population of 500 individuals (sex ratio) Jahd several inbred populations of 10
individuals (sex ratio 1:1) were founded from tlasge population. Eleven generations after
this (referred to as FO in Figure 1), four differdmeeding treatments were created for this
study. First treatment was thase populationand the second treatment walsred N10. The
third treatment,inbred full-sib, was created by brother-sister matings from theeba
population flies. For the fourth breeding treatméli@s from ten inbred N10 populations



(labelled A-J in Figure 2) were crossed with eatttensystematically so that both sexes from
each population were crossed with opposite sexnef ather population (Figure 2). This
breeding treatment | will call theross N10Opopulations. The breeding treatments were created
so that the measurements for all breeding treasnemtild be conducted at the same time
(Figure 1), thus reducing the possible effects erhporal fluctuations in the laboratory
conditions.

The breeding treatments can be described by inlbrgedefficient (f), which describes
the probability that two genes of an individualaatocus are identical by descent (Wright
1922). Inbreeding coefficient compares the popoiatin question to some specified base
population which has inbreeding coefficient of z@falconer & Mackay 1996). In this study
inbred N10 treatment (f=0.47) and inbred full-sibatment (f=0.25) were compared to the
base population (f=0) which was used as a confiteé inbreeding coefficient of the inbred
N10 treatment was calculated by equation fi.1+(1-2f.1+f.2)/2N) (Crow & Kimura 1970).
Comparisons between inbred N10 and cross N10 tesdtin and cross N10 and base
population were also made as crossing was expéttextet the effects of inbreeding back to
the level of base population.

Earlier generations of the base population andrtheed N10 treatment were raised in
Erlenmayer flask shaped plastic bottles, but toertak living conditions of different breeding
treatments comparable, all the flies used in theeements and their parents were reared in
smaller cylinder shaped plastic vials (diameter528m, height 75.0 mm). In the case of
inbred full-sib treatment also the grandparentshef experimental flies were reared in vials.
Flies were reared at the facilities of Universifydgvaskyla in conditions of 19°C with relative
humidity of 60 %, constant light, and malt mediumaitable continuously. Due to practical
constraints (measuring capacity and time consgplnith sexes could not be measured in the
experiment. | decided to analyze only females b&edhbeir fithess is more important to the
viability of the population than the fitness of mal(Pekkala unpublished data).

FO Base N50
v
F1 Random pairs Base N50 N10
in tube:
Y v / \4
F2 Brother-sister Random pairs Within-line Between-line
pairs in tubes in tube: pairs in tubes pairs in tubes
v \ 4 \ 4 \ 4
F3 Inbred full-sib Base population Inbred N10 Cross N10
f=0.25 N=10 f=0 N=10( f=0.47 N=10( N=10C
Salt Salt No salt Salt No salt Salt No salt Salt No salt
stress | @N=5C QN=5(C ON=50 QON=50 QON=50 ON=5C QON=50 QON=50

Figure 1. Experimental design from generation toegation in different breeding treatments. On the
bottom row is the division of individuals to sattess. f represents the inbreeding coefficient
(see text) and N is the number of individuals.
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Figure 2. Crossed pairs of inbred N10 populati@ssiiting to flies of cross N10 treatment. Letterd A
indicate different inbred N10 populations, eaclssris in its own row.

2.2. Salt stress

Half of the experimental flies from all four breedi treatments were exposed to normal
conditions and the other half to salt stress foe eoveek before the measurement of the
metabolic rate. Salt stress environment was crdateatiding salt to the malt medium, so that
the salt concentration of the medium was 1 %. $hisconcentration has been found to affect

the reproduction of flies, but not to be lethal KRda, Puurtinen and Kotiaho unpublished
data).

2.3. Offspring production and body mass

Parent flies were allowed to copulate and lay €gg8 days. The number of hatched flies 21-
24 days after mating was counted. It has been rnbtadbase population females produce the
same number of eggs when mated with a random nickegfrom the base population and
when mated with its brother (i.e. whether outbrethbred) (Pekkala, Puurtinen and Kotiaho,
unpublished data). However, the number of hatclied fs lower when inbred than when
outbred. Therefore as inbreeding does not haveff@eteon the number of eggs, but to
whether eggs hatch, the number of offspring inrailfacan be considered as a measure of
survival in that family.

From each of these families, one fly was takenhfrrtto the measurement of the
metabolic rate. Eclosed offspring were transfersewjly to plastic vials with regular malt
medium (with no added salt). Seven days after tswlathe body mass of the flies was
measured to see the effect of breeding treatmerttoodly mass (called body mass at 7 days
from here on). After this, half of the experimerilas in each treatment were exposed to salt
for one week. After that the body mass of the fligas measured again just before
measurement of metabolic rate (called body madstatays from here on). The change in
body mass was calculated for each fly as body raad4 days minus body mass at 7 days.
Body mass change was calculated to see whethestsadis and breeding treatment had an
effect on the body mass change between days 7 @anBffect of salt stress to a change in
body mass can indicate stressfulness of the enwvieon



2.4. Measurement of the metabolic rate

When the measured individual was at resting statetimal environmental conditions (19°C)
in respirometry, the resting metabolic rate (RMRJswneasured. Respirometry functions in
the following way: Incoming air is pushed by a pulf§5-3, Sable Systems) through the
respirometric system. First air passes through tim@sabsorbent (Drierite, Hammond Drierite,
Xenia, Ohio, USA) and after that through Ascarite(d.T. Baker, Deventer, Holland) to
remove CQ from the air. Next the dry, CGree air is led to the measurement chamber (~
0.45 cnf). Steady 70 ml/min air flow through respirometsigstem was controlled by mass
flow controller (Sierra Instruments, Monterrey, @ahia, USA). The CQ@analyzer was
calibrated weekly with C®free air and span gas. The span gas was induairifAGA,
Finland) with a calibration gas (450 ppm £@ nitrogen). The respirometric system was
connected to PC and data from the measurementsaegusred and further analysed by
ExpeData software (Sable Systems, Henderson, New#i&). Movements of the fly in the
chamber (i.e. activity) were recorded by activigtettors (AD-1, Sable Systems) the function
of which is based on infrared light and its refless on the silvery cover of the chamber.
Activity detectors were standardized to be equalinsitive before measurements. Another
pump (SS-2, Sable Systems) system with same kindai$ture absorber but soda lime as
CO, absorber pumped air to chambers which were nosuned at that moment to prevent the
accumulation of C@in the measurement chambers and the suffocatitdmedfies.

Resting metabolic rate was calculated as the m&np@duction per unit time (ml/h)
during a 5 minute measuring period. The experiniesga was systematically randomized
across treatments to equalize the possible chaeftest and the possible effect of daytime on
the amount of C@produced. To measure resting metabolic rate offlteg, the amount of
stress caused to flies during the measurement gjatsas low as possible by carrying out the
measurements in same temperature in which flies veared (19°C). The temperature outside
the chambers was controlled with Peltier effectstant temperature cabinet (PTC-1, Sable
Systems) and the air inside the chambers was &f€d ds it was taken from the room which
had the same temperature. The possible activitiieofly which was recorded was taken into
account in analyses. Six flies could be put to sspameasurement chambers of the
respirometry system simultaneously by using a 8wbhmultiplexer (Sable Systems). One
empty chamber was used as a baseline level anduredalsefore and after every chamber.
Chambers were measured one after another and nmepsme set of 6 flies took about 60
minutes.

2.5. Statistical analyses

Statistical analyses were performed with SPSS 1Aralysis of variance (ANOVA) and
multiple comparisons with least significant diffece (LSD) -test were used in the analyses.
The effect of breeding treatment on the numberftdpaong and body mass at 7 days was
calculated with 1-way ANOVA. 2-way ANOVA was useudl test the effect of salt stress and
breeding treatment on body mass change and on atietatate. Body mass was In-
transformed before calculating the change in bodgsrbecause by using this transformation
the body mass change became relative instead o§ ladisolute (Kotiaho 1999). This is of
importance when the body mass of the flies frorfed#t breeding treatments may differ.

As a dependent variable | used a residuaj @©duction that was obtained by removing
variance due to body mass, chamber effect anditgctdf the flies. First | calculated
unstandardized residuals from a regression betw&&nproduction and the body mass at 7
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days. The body mass at 7 days was used in thela@ns instead of body mass at 14 days
because the body mass at 7 days was not effectedltostress, like the body mass at 14 days
was. Next, a standardized residual between thedualsiCQ production and the activity of
each fly was calculated. For this analysis, thea deds split by chamber to simultaneously
remove the mean differences in £@roduction between chambers. Finally, the obtained
residuals were analyzed in 2-way ANOVA to deterntime effects of salt stress and breeding
treatments on metabolic rate.

Equalities of variances were tested with Leveness and no significant heterogeneity
was detected. Analyses were made even thoughmajplea were not normally distributed as
ANOVAs are quite robust to deviations from normabis long as sample sizes are large and
equal (Zar 1999) as they were in this case.

3. RESULTS

Breeding treatment had an effect on the numbeffspong (ANOVA F;, 4079.64, P <0.001)
such that the number of offspring was lower in ithiered full-sib treatment compared to the
other treatments (Table 1, Figure 3a). However,rilmnber of offspring in the inbred N10
treatment did not differ from that of the base gdapan or that of the cross N10 treatment.
There was also no difference between the crossti¢h@ement and the base population (Table
1, Figure 3a).

Breeding treatment had also an effect on the bodysmt 7 days (ANOVAF4;=4.37,
P=0.005). Flies from the inbred N10 treatment wigleter than the flies in other treatments
(Table 1, Figure 3b). Body mass of flies from thbred full-sib treatment did not differ from
that of the cross N10 treatment or from that of Hase population. What is of interest,
however, is that the body mass of flies from thessrN10 treatment was higher than the
inbred N10 treatment but was not different from Ibase population (Table 1, Figure 3b).

Salt stress had an effect on the change of the bbg (Table 2). Flies exposed to salt
stress lost less mass than the flies which wereempbsed to salt (Figure).4However,
breeding treatment had no effect on the changbeobbdy massjor were there interactions
between breeding treatment and salt stress (Talblg@re 4).

Breeding treatment had an effect on the restingabwdic rate (Table 3) such that flies
from both the inbred full-sib and the inbred N1@attments had lower metabolic rate than the
flies from the cross N10 treatment (Table 1, FigGje However, there was no difference
between the two inbreeding treatments or betweenctbss N10 treatment and the base
population (Table 1). Salt stress had no effecthnatabolic rate and there was no interaction
between salt stress and breeding treatment on oietafite (Table 3).
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Table 1. LSD-comparisons between breeding treasnent measured characters. Mean difference
(MD), probablity (P)

Number of Body massat 7 Metabolic rate,
offspring days standardized
(mg) residuals
(see text)
MD P MD P MD P
Base — Inbred full-sib 7.26 <0.001 0.05 0.213 0.20 0.141
Base — Inbred N10 1.82 0.193 0.13 0.001 0.15 0.254
Base — Cross N10 2.54 0.068 0.01 0.792 -0.16 0.230
Inbred full-sib — Inbred N10  -5.44 <0.001 0.08 0.042 -0.04 0.765
Inbred full-sib — Cross N10 -4.71 0.001 -0.04 0.352 -0.36 0.011
Inbred N10 — Cross N10 0.72 0.622 -1.12 0.004 -0.31 0.026

Table 2. Analysis of variance on relative body makange between days 7 and 14. Degrees of
freedom (df), mean square (MS), test statistic gF)bability (P).

df MS F P
Breeding 3 0.010 1.06 0.364
Stress 1 0.077 8.21 0.004
Breeding*stress 3 0.004 0.39 0.761
Error 407 0.009
Table 3. Analysis of variance on resting metabidie (standardized residuals; see methods).

df MS F P
Breeding 3 2.645 2.75 0.042
Stress 1 2.105 2.19 0.140
Breeding*stress 3 0.789 0.82 0.483
Error 407 0.961
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Figure 3. a) Number of offspring (+- 1 SE) and bjlyp mass at 7 days in different breeding treatments
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Figure 4. Body mass change (+- 1 SE) (In-transfdrmmgy) during salt stress in different breeding
treatments. Flies exposed to salt stradsf(ies not exposed to salt stre®s (
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Figure 5. Standardized residuals (+- 1 SE) of mgsthetabolic rate (see text) in different breeding
treatments. Flies exposed to salt and no salt @mvients are grouped together inside each
treatment as stress did not have an effect on oietahte (Table 3).

4. DISCUSSION

Both inbreeding treatments (inbred full-sibs anldré@d N10) had lower resting metabolic rate
than that of the cross N10 treatment. This reswoifttrasts with results from earlier studies,
where resting metabolic rate of male crickets eithid not differ between inbred individuals
and crosses (Rantala & Roff 2006), or inbred irdirals had greater resting metabolic rate
(Ketola & Kotiaho 2009). | measured females whilales were studied in the earlier studies
and one explanation for contrasting results candifferent selection pressures acting on
different sexes. In general, large adult body s&zéavoured as it contributes positively to
mating success, fecundity and survival (Kingso&dtduey 2008). In females the large size is
specifically favored as it allows them to lay mordarger eggs (Ricklefs & Miller 1999).
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Body size has been noted to correlate with mamg$g characters (Falconer & Mackay
1996), also with metabolic rate (Broggi et al. 208Msson 2009 but see also Van Voorhies
2004). This can be seen also from my results asedhb10 flies, which had low level of
resting metabolic rate, had also low body masha#t also been discussed that it is actually
metabolic rate which determines the body size aotdtime other way around (Yamamoto
1998). The connection between low metabolic raté B body mass which | observed
supports the theory that low metabolic rate is gn of a poor fitness (Konarzewski &
Diamond 1995, Reinhold 1999). This is because Waeye body mass is favored, as it was in
female flies in my study, inbreeding leads to lowtabolic rate and further to low body mass
which is selected against. This theory applies hysmally active species in optimal
environment, as flies in my study. Active speciagenhigher resting metabolic rate and thus
also higher energy expenditure than less activeisp€Reinhold 1999). When food supply is
sufficient to meet this energy demand, as it isptimal environment, high energy expenditure
can be afforded. However, if environment changethaway that food supply declines - a
situation faced often in the wild - individuals Witow metabolic rate would require less food,
would be less likely to starve and would in turtvdaghe selective advantage. Because of this,
different results may appear from laboratory stsididen compared to studies made in the
wild (Alvarez & Nicieza 2005). The environment inhigh a species or a population has
evolved affects its metabolic strategy: low metaboate is favored in areas where food
supply is scarce while in environment of abundaadfindividuals with high metabolic rate
can have selective advantage (Mueller & Diamondl200hus even a laboratory experiment
made with individuals from high productivity are@wd probably give different results about
the quality of low metabolic rate than an experitnemade with individuals from low
productivity environment (Mueller & Diamond 200E)ies used in my experiment have been
reared 21 generations in laboratory with abundawidf During these generations some
adaptation to food abundancy may have happenedifgvblies with high resting metabolic
rate and energy usage, possibly contributing taesults of low resting metabolic rate of poor
guality individuals.

Flies from the inbred full-sib treatment did noffeli in their resting metabolic rate or
body mass from the base population flies (thess flvere compared to base population and
not to flies from the cross N10 treatment, as tbeginated from the base population). The
reason for the lowered metabolic rate and body nmasdbred N10 flies but not in inbred full-
sibs is that inbred full-sibs were not as inbreed(25) as N10 flies (f=0.47) were. Thus the
probability that an inbred full-sib fly got two ges identical by descent at any locus (i.e.
became homozygous) was lower than in inbred NB3 f{iVright 1922, Falconer & Mackay
1996). As there was less homozygosity among infukkgibs, also the effects of inbreeding
depression on metabolic rate and body mass occlassedrequently.

Further support about the detrimental effects bfeeding comes from lowered survival
of inbred full-sib flies (measured as the numbero@itpring). Flies from the inbred N10
treatment with higher inbreeding coefficient did show a reduction in survival, even though
inbred full-sibs with lower inbreeding coefficiedid. Possible reason for this lies in the ability
of selection to eliminate recessive deleteriousledl (i.e. purging) when inbreeding is slow
(Ehiobu et al. 1989, Reed et al. 2003). Duringeggenerations which inbred N10 lines had
been kept at adult population size of 10 individu& males and 5 females), selection has had
opportunities to remove recessive deleteriousedlélom the population. In full-sib treatment
instead, inbreeding was sudden - a result of onky generation of inbreeding. That is why
selection did not have time to purge recessiveteietelis alleles but the deleterious effects of
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inbreeding became visible. The effectiveness ofjipgr depends also on the magnitude of the
deleterious effect of an allele on fitness (Hedd&@4). If inbreeding depression is caused by
alleles with severe detrimental effects, inbredvirdiials may not reproduce or they may die,
and purging is efficient. However, alleles that @anly a small detrimental effect reduce the
fitness of an individual only slightly and thus ilot be purged from the population but will
persist (Hedrick 1994). As lower body mass redubeditness of an individual only slightly,
this feature was not purged from my inbred N10ttnemt contrary to deleterious alleles
leading to reduced survival which were purged.

As mentioned above, inbred N10 flies had lower inatia rate and body mass than that
of the cross N10. This means that crossbreedirtgrezs both the resting metabolic rate and
body mass back to the level of base populationcaosised N10 flies had better performance
than the average performance of their inbred NI@mis i.e. there is evidence for heterosis
(Falconer & Mackay 1996, Lynch & Walsh 1998). Samilkind of improvement in
performance due to crossbreeding has been obsexged in other studies concerning
particularly species and characteristics of econanierest (Zhang et al. 2008).

During the week before the measurement of the roétatate, both control flies and
flies exposed to salt stress lost some of theilybodss, but salt stressed flies lost less mass.
This may be explained by an accumulation of flulghe bodies of salt exposed flies as a
consequence of high salt intake. When after sgistion extracellular solute concentration is
higher and water flows osmotically out from thelgethe organism tries to retain cellular
homeostasis and accumulates water to its body makself heavier. This shows the
effectiveness of salt as a stressor. Salt strgzssexe did not cause differences in body mass
change between inbred and outbred flies. It alsondit affect metabolic rate alone or have
interactions with breeding treatment. Effects obs$ on inbreeding depression are highly
stress-dependent and differ with the strength efdtness (Bijlsma et al. 1999, Bijlsma et al.
2000, Dahlgaard & Hoffmann 2000, Nowak et al. 208Tristensen et al. 2008). Thus
controversial results have been reported aboutactiens between internal and external
stressors (Keller & Waller 2002, Armbruster & R&i05). The majority of cases reviewed in
Armbruster and Reed (2005) showed the increaseboéeding depression under stress. There
were, however, quite a few exceptions to this trenche showing better performance in
stressed conditions while to some stress did ngg hay effect.

In conclusion my results give further support toliea theories about the effects of
inbreeding on resting metabolic rate and its cotioes to body mass, and it also showed the
ability of crossbreeding to relieve the negativiees of inbreeding. My results also raised an
intriguing possibility that different selection gmires may act on the metabolic rate of males
and females. If high metabolic rate leads to lasige, it may be favored in females because
their fitness is more dependent on body size thahdf males. This would also explain why
different results were observed in studies madéh witale crickets. Theory about the
connection between poor fithess and low restingabwic rate is also supported. However, it
needs to be taken into account that low restingabwdic rate observed in inbred flies in this
study should not be considered as an undisputed ¢figow fitness because of the high
dependency of the environment in which the popaaéivolved. Instead it can be generalized
as a sign of low fitness in active species whickiehavolved in environment of abundant
resources.
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