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Abstract 

A common peluption about evolutionary biology 15 that ~t ldrgely pertam to the wdy  of fowls or of blologlc~l d i~er -  
sity S i m ~ l ~ ~ i l y  there 1s ottetl 'in mptesslon thdt the 11fe h~story of d species n some hind of flvttd chaia~ttristic of that 
speLies I u x  iewlls from ongolng studles In my ldbolatory on d~rect dnd conel~ted responses to sel~ction tor h t e i  
dtveloplnent and eddy reprodu~t~on in the tnlitfly Dlosophh ~nekmog~rsrei to 1llu5trdte the fe~sibhty nt rigorously 
studying the ecolution ot liie h~stolies In the ldboratory I show thdt ('1) evolutlona~y biology L ~ I I  bt a i~gorous txpen 
mentdl a~ience (b)  vely often t i a ~ t ~  that we think should evolvt do not do so due to genctlr. tonatmnts and ( L )   the^ 
lie gle'tt ddvnntages of woihing with ldboratory systems ~f one is trv~ng to undtrstmd the tvolutionary piocess 

Evolutionary b~ology, tahen in the broadeqt sense, IS today a vast .held encompawng many 
d~fferent areas, m d  utxlizing many different nlethodologies Unlihe many area\ in sub- 
organ~mal  biology, evolutlonaiy blology r ests upon a very well-developed m d  nlathemat~cally 
sophisticated substiaturn of theory, deduced fiom the dxioms of the principles of Mendelian 
inheixtance Tim featu~e makes it different fiom mdny other areas In biology in that ~t permits a 
hlnd of tlgoious feedback between theory and expelirnent, reminis~ent more of the 'hard scl- 
ence' picture of physics than of what most people think about  hen they considel biology 
Within evolutlonaxy blology itxlf we can dehneate four broad areas of research whlch differ 
conqiderably in the issues they address, and the methodology they use 

Palaeontology and, toddy, molecular systematics, are primdrily concerned with understand- 
ing potter ns of bxologlcal dxversity in time, the focus being on reconstructing paqt events Un- 
derstandlng spatial  pattern^ in the divers~ty of extant life forms constitutes the d o m m ~  of bio- 
geography, nowadays often called biodiveisity Many evolutionary b~ologxsts concern them- 
selves wxth trying to understand why and how extant traits in spews  may have evolved The 
focus here IS on extant populations or specles as products of evohtion, and possrble fitness 
consequences of extant t~dlts are the princrpal object of study Fol want of a better label, and In 

order to contrast it wxth the fourth aiea of evolutronary bxology research, I will call this broad 
approach evolutronary ecology F~nally, there 1s evolutionary genetics wherein the major inter- 

* 
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Force Pattern of genet~c correlations 
Natural Sefectron among tra~ts relevant 

(these are affected by past 
selectm, ancestry and chance) 

FIG 1 The evolutiondry trajectory of a population ~n phenotypic space can be wewed JS dnalogous to the trajectory of 
a body upon w h ~ h  a force acts The evolutronary trajectory IS the result of dn Interaction between the force of ndturdl 
select~on (~tself a composite force, being the resolution of mynad ecolog~cal fxtors) m d  the stlucture of the populdtion 
( ~ n  terms of the genetlc arch~tecture of fitness components and the nature of populdtm growth) 

est is In the dynamics of the evolutionary process Here, one is not typically interested in a 
particular extant tralt or species per se, but is rather trymg to eluc~date b~oad plinciples of how 
adaptive evolution occurs in response to certain clearly defined selection pressures 

The evolut~onary trajectory of a populat~on 1s a resolution of the force of natural selection 
actlng on it, the genetlc structure of the population, its past selection history and ancestry, and 
chance 1n the form of genetic drift (Fig 1) ' * The approach used by many practlt~one~s of evo- 
lutionary genetics 1s to work with well-characterized laboratory systems where one can sirn- 
plify and control the selection pressures, allow for and quantify histoncal effects, and circum- 
vent the problems of chance by work~ng w ~ t h  repheated populations '' In such stud~es, the 
logic of one's approach is to study the evolutionary trajectory of a well-charactenzed set of 
populations under a certain set of selection pressures and use this information to draw infer- 
ences about the genetic architecture of fitness In the population 

One area in evolutionary genetlcs that is extensively studled is hfe-h~story evolutlon7 
From an evolut~onary pomt of view, the life h~story of an organism pnmanly refers to the 
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hke most other trarls 

FIG 2 Illustrar~on of what is meant by the l ~ f e  h~story of an organism The t~ming of the events dep~cted IS 

evolut~onarily significant becduse the force of natural selectlon acting on genes IS max~murn when genes dre expressed 
pnol to the onset of reproduct~on decltnes durlng the reploduct~ve phase and 1s zero after the cessation of 
reproduction (dt least in specles lachmg parental care) 

timlng and distribution of its reproduct~ve output dunng the course or ~ t s  l ~ f e  (Fig 2) The 
fruit-fly Dro(;ophrla ~nelanogaster is a good model system for studymg questions In life-history 
evolution It has a short llfe cycle and can turn over a generation from egg to egg in about 10 
days at 25OC (Fig 3) In this paper, I will descrlbe some results from ongoing studies m my 
laboratory aimed at understandmg how populations of D nzelanogaster evolve when under 
selectlon to develop to adulthood fast and reproduce relatively early in adult life 

aterrals and methods 

This study was conducted on elght laboratory populat~ons of D rrzelanogaster four popula- 
tlons selected for fast development from egg to adult and early reproduction (FEJ-1 4, fast 
development, early reproduct~on, derived from JB populatlons), and the control populatlons 
from whlch the selected lmes were derived (JB-1 4) The denvatlon and maintenance of the IB 
populatlons and their ancestors have been described in detail elsewhereg lo and I, therefore, 
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2nd moult 

after eelos~on and start layng from pupa after 
eggs In another few hours - 96 h 

restrict myself to deta~ls pel tlnent here Briefly, the JB popu1,itlons 'ir L i ~ l ~ ~ i ~ i t d l i i ~ d  111 15°C an d 

21-day disaete-generation cycle, under conltmt light, ,~t model,~to ~ L I I \ I ~ ~ U \  of - 60-80 Iwae  
per 8-dram vlal(9 0 cm h x 2 4 cm dm) containing cippiox~mLittly i(l 1111 01 h t l i ~ L ~ ~ ~ L ~  - j ~ g g e ~ y  food 
rnedlum Eveiy generation, adults of each popddt~on ,ue L ~ I I ~ ~ t \ c l  to  OP ~po\lt  toi rlbi)l~t 18 h on 
petn-plates of fresh banana food placed in d pIexlgl,l\\ c ~ g  (25  x 20 x 1 5 mi') F ~ o m  thcte 
petri-plates, - 60-80 eggs ale collected into each of the 40 vi,il\ in whrch I,H v x  then cievelop 
into adults Adults eclosmg fiom these vials 'Ire trmjfei~ecl lo i r  c\h vl,tl+ on thy I ? ,  I4 ,tnd 16 
after egg-lay On the 18th day after egg-lay, adult illels cuc ttrii~sf~t I C ~  into p l ~  ~ t g l ~ s  cages ' \ I I ~  

supplled with banana food supplemented w ~ t h  live yetist p ~ c   lo^ t w  ct,ly\, d t e ~  wh~ch eggs 
ale collected to initiate the next genelation and the ,idult\ di~c,~rclcd Thc pop~11,itron typ~cally 
consists of about 1,500 flies at this stage 

The FEJ populations are rnamtamed on a SIIIIII~~I l e p m  except th,it SO v rd j  of - 60-80 
eggs are collected per population, and once the pupae dltrhcn, the V I , L I ~  J I C  ~10scIy 1110111tored 
and only the first 20% or so of eclosing flies pel vml, rega~dlcs\ 01 sck .uc dutnpcd mto cages 
to constitute the pool of bleeding adults The flies in the c~igcs ,IIC 5uppllccl u t th  yccisted toad 
medium for two days and then allowed to ovipont lo1 - 1 11 on ,i ticlsh food p l m  Thc number 
of breeding adults in the FEJ populations is 800-1,000 Thu\, thc m~ilot dillctcnce\ between 
the two types of population are (a) FEJ eggs are collected dround d'ly I I ,  while those of JB are 
collected on day 21 after egg-lay, (b) the egg-lnyrng wmdow 1s - 1 h lor FEJ ,.ind - 18 11 for JB, 
and (c) only the first 20% or so of eclosing flm contribute to thc next generation in FIX 
whereas ln JB populations all flies eclosing on or before day 12 contilbute to the next genela- 
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tlon (this 1s suffic~ent time for practically all the suiviving ind~viduals to eclose at the ~node~dte 
densities wed to malntain these populations) 

2 2 Collectlo~z oj ndzrltr for assavs 

Prior to assaying, all populations were passed through a full genelation of common learing to 
obviate my  parental effects due to differences in maintenance repme F ~ o m  the running cul- 
tures of each of the FEJ and JB populations, 20 vials of - 60-80 eggs weie collected Adults 
ec1oi;lng in these vials wele collected into cages 14 days aftei egg-lay The progenj of these 
adults (hencefol th referred to as standardised flles) were used for the variou\ dssay:, 

These assays were conducted every 10 generations Stdndatdised flies of each JB ~ n d  FEJ 
population weie supplied with yeasted agai plates in the cages for 2 h Eggs were collected oft 
these plate? with the help of a moistened blush and pl'lced in v~als containing 5 ml banma food 
at a density of 30 eggs per vial eight such vials weie set up per populat~on Once the pupae 
dailtened, the vials were checked every 4 11 and my eclosed adults were removed sexed m d  
the time of the11 eclosion recorded These 4-hourly checks were continued until three con\ecu- 
tive days passed with no eclosion recorded iium any vial Froin these reco~ds, datd on egg-to- 
eclosion development time and surv~vorship were obtdined At gene1 'ition 56 of the selection 
the durations of each la~val instar and the pupal stage were dlso as\ayed on all the FEJ and JB 
populatlon5 

These assays weie conducted every 10 geneidttlons after the 20th generation of selection 
Freshly eclosed flies were kdled by freezing, dried for 18 h at - 70°C and weighed In batches 
of 5 males or 5 females SIX batches each 0.f males and females were weighed for each FEJ and 
JB population The weight data were also used to estimate larval growth rates for each FEJ and 
JR population by d~vidmg population mean diy weight by the mean development time 

Life-span assays weie conducted after 10, 20 and 30 generations of selection, respectwely 
The assays aftei 10 and 30 geneiations of- selection were conducted on reproducing flles, whlle 
the generation 20 assay was conducted on virgin females Standardised flies of each JB and 
FEJ population were supplied wlth yeasted banana food plates in the cages for 2 h Eggs were 
collected off these plates and placed in vials containing 5 rnl banana food at a denslty of - 60- 
80 eggs per vial Three such vials were set up per population Flies eclosing in these v~als were 
used to set up the life-span assay following the method of Joshi et a1 'I One-day-old f%es were 
placed in vials (4 males and 4 females pel vial In the generation 10 and 30 assays, 8 females 
per vial in the generation 20 assay) containing - 3 ml of banana food Ten such vlals were set 
up for each JB and FEJ population The flies were transferred to fresh food vlals every third 
day until all flies had died All vials were checked for deaths daily, dead flies in a vial were not 
replaced over the course of the assay Adult life span (henceforth life span) was measured as 
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the t~me, m days, from eclosion to death In analys~ng hfe-span data, we focussed on females 
only, as female longevity is more directly relevant to fitness it is females who need to survive 
in ordel to lay eggs at a glven age, males can, in principle, tnseminate females and then dle, but 
still have the eggs resulting from that mseminatlon being l a d  up to several weeks later 

At generation 65 of selectlon, four larval behav~ours, all of w h ~ h  a e  known to be energy 
costly, were assayed Larval feeding rate was measured as the number of cephalopharyngeal 
sclerite retractions per mlnute on 48-h old JB larvae and 42-h old FEJ larvae (matched to the 
same physiolog~cal age as the JB larvae) followtng the technique of Josh1 and Mueller lo Pupa- 
tlon he~ght was measured at densities of 30 larvae per v~a l  (20 0 cm h x 2 5 crn dia) as the 
height above the rnedlum that the larvae pupated l 2  Larval d~gging behav~our was measured 
usmg a method modified from that of Godoy-Herrera l 3  Vials (9 0 cm h x 2 5 cm dm) wete 
prepared wlth 3 0 ml of charcoal-impregnated food overlaid with a 5 0 rnm thick layer of regu- 
lar banana food medium Larvae that dug Into the charcoal food were detected after fintshing 
feeding by the presence of charcoal parttcles in the gut, and weie class~fied as dlggers The 
propoitlon of dlggers among larvae of each JB and FEJ population was thus est~mated Larval 
foraging path length was measured as the dlstance traversed by a 48-h old larva (42-h old fot 
FEJ populations) in a five-minute peliod whlle feeding In a petridish containtng agar overlaid 
with a 50% yeast suspension, following Sokolowski l 4  

3 Results and d~scuss~on 

3 1 Development tzme and survzvoishzp 

A strong and consistent direct response to selection on egg-to-ecloqion development time was 
seen, with the mean d~fference between FEJ and JB populations increasing from - 6 h clt gen- 
eratton 10 to - 30 h at generation 60 of selection (Ftg 4) Separate analyses of variance 
(ANOVA) done on the data from generations 10, 20, 30, 40, 50 and 60 revealed significant 
fixed effects of select~on regime and sex (P < 0 01 in all cases), and no sign~ficant sex x selec- 
tion interact~on (P > 0 1 In all cases), suggestmg that the sexes were not responding differen- 
tially to select~on for faster development Until the 40th generation of select~on, egg-to- 
eclosion survivorshlp in individual JB and FEJ populattons varied considerably, but dtd not 
differ significantly between the selectlon reglmes (Flg 4) However, su~v~vorship of FEJ popu- 
lations was sign~ficantly lower than the JB controls at generation 50 and 60 of select~on (Fig 
4) Data from stage-specific development tme assays at generation 56 of selectton ievealed 
signtfrcant reductions of - 4, 10, and 8 h, respectively, in the duration of the fiist and third in- 
stars and pupal stage of the FEJ populations, relative to the JB controls There was no s~gntfi- 
cant change In the duration of the second instar 

Reduction tn the duration of pre-adult development in Drorophda is not, in itself, new, 
with three recent studles having reported successful select~on for faster development ''-I7 The 
magnitude of the response to selection for shorter development time observed by us is consls- 
tent wlth that seen in these prevlous studies "-17 Our observation of a survivo~shlp cost to 
faster development becomtng apparent only after 40 generations of selection 1s also consistent 
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FIG. 4. This composite depicts the main direct and correlated responses to selection for faster development and early 
reproduction. In all four panels, the mean difference between the trait values of the control (JB) and selected (FEJ) 
populations is plotted as a function of generations of FE3 selection. Error bars are 95% confidence intervals about 
the mean difference, based upon variation among the pair-wise differences between each matched JB and FEJ popula- 
tion; any mean difference for which the error bar does not overlap zero is, therefore, statistically significant at the 0.05 
level. 

with the one previous study of comparable duration in terms of the number of generations of 
selection.17 Evidently, it is possible to reduce development time to a degree without incurring a 
cost in terms of reduced pre-adult survivorship; thereafter, a fairly steep cost (a survivorship 
reduction of - 15%) accompanies further reductions in development time. 

One difference between our results and those of Chippindale et aLi7 who used flies that 
share ancestry with our populations is that we observed a significant reduction in the duration 
of the pupal stage, whereas populations selected for faster development by Chippindale et a1.l7 
showed only a marginal reduction in pupal duration. In fact, it has been a general belief 
amongst Drosophila workers that it is not possible to markedly reduce the pupal duration by 
selection, presumably because of the large-scale developmental changes that need to occur 
during this important stage in metamorphosis. Our selection regime, however, differed from 
that of Chippindale et ~ 1 , ~ ~  in one important respect: our FEJ populations had two full days 
after eclosion before eggs were collected for initiating the next generation, whereas Chippin- 
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dale et a1 '' collected eggs as soon as enough were laid, whlch way o k n  wlthm d day 01 less 
after eclowx~ We speculate that the additional two-day period prlor to egg collection in oul 
FEJ populat~ons has allowed a seduct~on in the pupal dusat~on to evolve becduse the tlres can 
use the addrtional two days to, perhaps, mdture the eggs in thelr ovaries, whlch otherw~re may 
need to be done du~lng the pupal phase itself We do not, at tbl5 time, h u e  an expldnat~on of 
why the duratmn of the second larval instal has not lesponded to selection 

There has now accumuldted a cons~derable body of wolk on life-hrstor y evolutron in Dto- 
rophrla species that ptlmar~ly deals with the elucidation of trade-otts between components of 
fitnesj, espeaally those gene~ated by antagonists plelotiopy 

' In these ytudles, tlade-ofts 
between larval and adult fltness components have recerved ~elatlvely le\s dtter~t~on, even 
though select~on on juven~le qtages in holometabolous ~nsects Lan have profound effects on 
traits directly lelevant to adult fitneas j 7  '' Most work on trade-offs linhng larval and adult 
fitness components rn Drosophda has centled aiound the lelatronshlp between development 
tme, adult s m  and ddult Me spn,'%nd I shall d~scuss oul result$ on coilelated le\ponses to 
sefection fool taster developnlent agmst  the backdrop of pi101 work on the inteiieldt~onsh~p 
between thece three traits 

In the Lourse ot 60 generat~onr ot evolution m the FEJ populations d ~ y  we~ght do41011 at 
both mdea and temales undelwent a decrease of - 36% More ~nterestrngly the ILuval growth 
rate (dry we~ght at eclos~onldevelop~nent t~me)  In FEI nules m d  females cdw decieased 
/Fig 41, with the dlite~ence In la~val growth late at generdt~on 60 bemg 0 32 m d  0 13 x pg/h 
for mdes ~ n d  females, respect~vely 

Laige body size in Dtosophzln tends to be posrtlvely correlated with borh ~ m l e  matlng 5uc- 

cess" and femde tecundrty ? '  Consequently it lwi been thought that theie 1s ,I t~ade-otf be- 
tween h t e l  developnlent and adult Frze, ~ n d  thdt t h~s  trde-off in p a t ,  h,~\ shdped the evolu- 
tlon of lava1 gowth rates In nature '' " In different utudieq on D~owplir lr~,  d ~ r c ~ t  rclectlon tor 
faa development has been seen to yield co~~elated dec r emj  in ddult weight,'' " m d  thi5 no- 
tlon of a trade-off between fast development and adult s ~ z e  1s also r~ippoltcd by ~lu~intrt~tive 
genetic studlea of fitnes eftect\ of chromosome invelsion, in D bn:mtrr " OLD plesent ierult5 
ale clearly consistent wlth prevrous studies wlth respect to the t~ade-off betwcen development 
tlnle and welght at ecloslon It should be noted, however, thht select~on i o ~  fctjta development 
under eltlternely crowded condrttonr does, not result In the evolut~on of m d l e ~  body m e  in 
~ l o s o p l ~ r l a ~ ~ ,  or alter the larval growth rate1', wggestlng that even this f u l y  con\i\tently seen 
trdde-off may be susceptrble to env~ronmental effects, especially den~ily 

OUI observdtion that the FET populatrons have evolved '1 i edu~ed  laival glowth i~ite 15 

somewhdt countei-intult~ve because rndivrdudk in the FEJ population\ dre undcr \elcct~on to 
develop fast and also be reasonably large, dnd therefore, mole fecund, at eclo~ton One mdy, 
therefore, naively expect larval growth rates to have rncleased during the courw of FEI sclec- 
tlon We speculate that preadult development in D~osophrla consrsts of dlstlnct phase5 during 
which either welght gain or developmental processes take piecedence, respectively If so, it 
may be that the fitness cost of reduction in penods of weight g m  n less than thd  of reduct~on 
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in ~ e l l o d s  when developmental processes are occurring, thereby explaining why larval growth 
rate in the FEJ population.; has slowed down over time Possibly, if the aelect~on regime was 
such that both shorter development and larger adult slze (perhaps through longer adult life 
span) weie at a prernlurn, larval giowth rdtes would actually maease dullng $election There IS 

some ev~dence from the lepidoptelan Epznzta nutlnnnatll, that short development tlme and 
larger adult size can evolve simultaneously " Although prevlous studies in whlch iarter devel- 
opment was selected for1' l 7  did not explicitly address the Issue of larval growth rate, as op- 
posed to development tme,  some data from othel studxes are conslrtent wrth our lesult that 
shorter development t m e  is accompanied by a slowei larval growth u t e  I 6  " '7 

Compared to our understandmg ot the relat~onshlp between development time and \urvivo~ship 
01 welght at ecloslon, the prcture regaid~ng the relationqhip between llfe spdn dnd developlnent 
t ~ m e  in Drosophzla 19 lather more unclear In one study, longevlty of rep~oducing ternales did 
not change as a correlated response to selection for faster development alone, wlthout con- 
comrn~tant selection tor early ieproduction l6  However, t h1~  may be due to the tact that the 
selected f l~es  were small dnd less fecund, and the11 loweied fecundity may hdve offset any de- 
creased life span that evolved as a conelated response to selection for f~ development In 
anothel study, selectmn tor Easter development and reproductron at day 14 from egg-lay cllso 
did not yield a conelated change In longevlty, although in thls case longev~ty was dssdyed on 
vlrglns l i  in two other stodies, selection for Increased late age fecund~ty (and, therefore, also 
indirect select~on for Increased l ~ f e  span) was obselved to yield a correlated increase 111 devel- 
opment tlme, although In one case the flles takxng longer to develop were heavrer than controls 
and had lower egg-to-adult v1abdit~,2~ wheieds in the othei case dower developmg flre5 did 
not srgnrficantly dltfer rn welght at eclosion from controls, but had higher egg-to-adult v~abil- 
~ t y  '' However, in another study in whrch selection was dnectly for lnc~eased llfe span, rather 
thdn late life f e c u n d ~ t ~ * ~  the evolution of hlgher lrfe apan was not accompanied by a. coriel~ted 
change in development time Moleover, a study of several sets of populations with dlfferent 
rnedn longevity ranging from -30 days to over 90 days revealed that t he~e  was no significant 
among-population coneliition between development tlme and llfe span1', suggesting that there 
may not be a fundamental physrological link between development time and adult life span 
contrary to the developmental theory of agelng '' 

One of the problems m unravelling the genetic cross-connect~ons between development 
t m e  and life ?pan is that the relatlonshlp between these two life-history traits is likely to be 
mediated thlough leproductive output Since selection for faster development often also In- 
volves selection f o ~  ~elatlvely early reproduction1' 1 7 ,  as well as rndlrect selection foi smallei 
slze (which can itself have effects on fecundity), it rs not clear a prron exactly how we might 
expect longevity to respond to  election on development tlme and vlce versa Moreove~, chffer- 
ent laboratories tend to use different strains of flles from geograph~cally disparate soulces as 
well as protocols differing m potentially important respects, such as population slzes and the 
degree to which dens~ty is controlled, it IS, therefore, not clea whether d~fferences among re- 
sults from dlfferent laboratones are due to differences in expermental protocols, or fl~es, or 
both 
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We observed a clear col~elated decrease in female life span after 10 genelations of selec- 
tlon (Fig 4) When life span was assayed on reproducing females, the FEJ females hved about 
7 days less, on average, than their JB counterparts, a life-span reduction of about 20% This 
difference in life span of reproducing females was similar when assayed at generations 10 and 
30 of FEJ selection, suggesting that there is a lower hmit to which life span can decrease, per- 
haps due to a 'pleiotropic echo' of traits conferring high fitness very early in 11fe '' '' We also 
observed that the life span of virgin females from FEJ and JB populations dld not differ 9g- 
nificantly, when assayed at generation 20 of FEJ selection (Fig 4) Thus, the reduction of 
span, when assayed on reproducing flies, in the FEJ populations 1s likely to be causally related 
to some aspect(s) of reproduction, rather than being a reflection of some ditect link between 
development time and l ~ f e  span It is possible that FEJ females are expendmg a proportionately 
greater fractlon of their body mass on early life egg production compared to the JB contioh 

3 4 Lnr vnE behavloul 

Fol all four latval behaviours studied individuals from the FEJ populations d~ffeied signif[- 
cantly from those of the control populat~ons (Fig 5), m a direct~on suggesting the evolution of 

Distance traversed by FEJ and JB larvae 
in a five-minute interval 

0 '---- 
FEJ J 

larvae larvae 
Pu~artion he~ghts of 

FEJ and JB ~apulatrons 

FEJ JIB 
pupae pupae 

- -- ---- I 
FEJ JB 

larvae larvae 

FIG 5 This cornposlte deplcts the difference between the trait values of the control (JB) and selected FEJ populat~ans 
for tour larval behawours that are known to be energy costly All ditferenres between FEJ a~ld  JB populations 'ire 
statistically s~gnificant at the 0 05 level 
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a general syndrome of decreased enezgy expend~ture in the FEJ mdiv~duals Mean larval feed- 
ing rates In the FEJ populations were lower than those in the JB populations by about one stan- 
dard deviation, a difference slrnllar m magnitude to that observed in populations subjected to 
very h ~ g h  densities and the~r controls lo Foraging path lengths, pupat~on heights and fract~on of 
diggers m the populat~on were also less in the FEJ populations, as compared to the JB controls 

Overall, our results clearly suggest that select~on on development tlme has mult~farious effects 
on the whole life history 1n Drosophzla Fhes from the faster develop~ng populatlons are 
smaller at eclosion, and through adult hfe, live less long, are less fecund at early ages, and 
show reduced levels of energy-expensive larval behav~ours Somewhat counter-intu~tively, 
they also e x h ~ b ~ t  reduced larval growth rates, wh~ch is not what one would pied~ct from simple 
optimization arguments This highlights a very general but often tgnored problem in evolution- 
ary studies although evolution does optimize, typ~cally we do not know a prior1 whdt the ge- 
netic constramts on such evolutionary change are and, consequently, predictions from smple 
optrrnization arguments based on prlmanly ecological constraints are often l~kely to be wlong 
I also hope that the work dlscussed here serves to h~ghl~ght the fact that evolut~onary genet~cs 
1s a rigorous exper~mental sclence and that, indeed, laboratory systems offer opportunities for 
well repl~cated and controlled studies of: the evolutionary process that, In many ways, far ex- 
ceed those presented by natural populatlons 
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