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Many studies investigating the proximate causes of evolution- 
ary adaptations dissect potentially adaptive phenotypes under 
laboratory conditions where organisms are more easily exper- 
imentally manipulated. For such models, it remains unclear if 
organisms maintained long-term under laboratory conditions 
are representative of relatives in their natural environment. 
Drosophila sechellia , a fly endemic to the Seychelles that uses the 
toxic Morinda citrifolia noni fruit as a sole niche, has emerged 

as a powerful (neuro)genetic model for studying the molecular 
basis of ecological adaptations. Many studies have investigated 

the genetic and cellular basis of this species’ specialization in 
a laboratory setting using inbred strains that were collected 

many decades ago and have been maintained under conditions 
very different from those in nature. Here, we compare the 
phenotypes of these strains with recently collected wild D. 
sechellia to ask if long-term laboratory maintenance has led to a 
loss or degradation of phenotypes associated with their special- 
ization. We show that newly derived D. sechellia lines display 
highly similar anatomical and behavioural phenotypes to 
long-term laboratory strains, including noni attraction and ol- 
factory sensory neuron numbers, toxin resistance, egg size and 

circadian plasticity. These results support the use of inbred, ge- 
netically manipulatable, strains to study ecological adaptation. 
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A nnings of ecological adaptation is the 
n ory experimentation. This means that 
m aviour of a wide variety of organisms 
a rastically, from an animal’s natural 
e els, where organisms are brought into 
a n sizes for thousands of generations. 
T ains with their wild counterparts. 

tions, especially early during the es- 
t habditis elegans laboratory strain dis- 
p  and reproductive output compared 

w tory rearing [1 ,2 ]. Moreover, several 
l s, have convergently evolved unnat- 
u tant stage of developmental arrest—
w densities [3 ]. Exacerbating this prob- 
l ratories to experience different artifi- 
c een these environments (e.g. culture 
m typic differences for the same origi- 
n lus , laboratory rearing environment 
i es resulting in the division of genetic 
i

n itself result in differences between 
n ssion [7 ] affects phenotypic measures 
i  sample of the total genetic variation 
p e of small populations renders many 
d d of fixation via genetic drift, which 
c  of the same laboratory strain over 
t rosophila melanogaster isogenic strain, 
C em unlikely to result from laboratory 
a tified to question if laboratory-reared 

s
 rearing is potentially more extreme 

f gical niche that is not always easily 
r llia , which diverged from a common 
a . Despite the phylogenetic proximity 
a  [11 ], D. sechellia occupies a dramat- 
i olitan species, feeding generally on 
r ago, where it specializes on the ripe 
n oxic to most other Drosophila species 
[ d to tropical conditions year-round, 
u  higher degrees of seasonal variation 
a parative studies aimed at describing 
t ological evolution that underlies its 
n

lished with multiple mated females 
c year, this currently represents more 
t tion and potential adaptation to lab- 
o he laboratory, these strains typically 
a ium, only sometimes supplemented 

w ctices of the laboratory and individ- 
u bles noni fruit chemically [18 ], and 

h observations). It is therefore unclear 
h ose living in their specific niche to- 
d ong-term laboratory maintenance in 
a ress similar issues in D. melanogaster 
b lect data that can be compared with 
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. Introduction 

 significant challenge to studying the genetic and cellular underpi
ecessity to remove individuals from their natural niche for laborat
any mechanistic studies of the development, physiology and beh
re traditionally performed in conditions that differ, sometimes d
nvironment. This issue is particularly pertinent for laboratory mod
rtificial environments, inbred and maintained at reduced populatio
his process creates several challenges in comparing laboratory str
One of these is the potential for adaptation to laboratory condi

ablishment of laboratory strains. For instance, a standard Caenor
lays dramatic differences in social and feeding behaviours, growth
ith wild C. elegans , probably resulting from adaptation to labora

aboratory strains of C. elegans, and even other Caenorhabditis specie
ral resistance to dauer-inducing pheromones—a starvation-resis
hich is thought to be an adaptation to laboratory culture at high 

em, it is possible for the same strains maintained in different labo
ial/unintended selection pressures resulting from differences betw
edium and rearing practices), creating laboratory-specific pheno
al laboratory strain. For instance, in the mouse model, Mus muscu
nfluences molecular and behavioural phenotypes [4 ], in some cas
solates into substrains [5 ,6 ]. 

The process of creating isogenic strains through inbreeding ca
atural and laboratory populations. For instance, inbreeding depre
n the laboratory, and inbred strains, at best, provide only a small
resent in natural populations [8 ]. Moreover, long-term maintenanc
eleterious mutations effectively neutral, increasing their likelihoo
an lead to stochastic differentiation and deterioration of isolates
ime. Indeed, laboratory-specific replicates of the commonly used D
anton-S, display significant defects in locomotor behaviour that se
daptation [9 ]. Regardless of the underlying cause(s), it is clearly jus
trains are representative of their original populations. 
This issue of phenotypic divergence upon prolonged laboratory

or specialist species, which display adaptation to a narrow ecolo
eplicated in a laboratory setting. One example is Drosophila seche
ncestor with D. melanogaster no more than 5 million years ago [10 ]
nd high genomic and anatomical similarity of these drosophilids
cally different ecological niche. While D. melanogaster is a cosmop
otting fruit [12 ], D. sechellia is endemic to the Seychelles archipel
oni fruit of the shrub Morinda citrifolia [13 ] ( figure 1A), which is t
15 ]. Moreover, in its near-equatorial habitat, D. sechellia is expose
nlike globally distributed D. melanogaster [10 ], which experiences
t high latitudes. As such, D. sechellia has been a focus of many com
he genomic, developmental, physiological, behavioural and neur
iche specialization (reviewed in [16 ]). 
Most studies on D. sechellia have used laboratory strains estab

ollected in 1981 [17 ]. With approximately 25–30 generations per 
han 1000 generations of isolation, inbreeding, mutation accumula
ratory rearing practices since their establishment. Moreover, in t
re not reared on noni fruit, but rather on standard Drosophila med
ith commercially available noni juice (depending upon the pra
al researcher). Even when it is used, this juice only partially resem
as limited, at most, toxicity for other drosophilids (unpublished 

ow representative these laboratory strains of D. sechellia are of th
ay, or whether specialization has degraded over the course of l
n artificial environment. Recent field studies have sought to add
y observing the behaviours of natural populations of flies to col
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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l s to these questions by performing 
a d lines of D. sechellia from different 
i tiple aspects of D. sechellia ’s host spe- 
c  

Figure 1. Drosophila sechellia is a M. citrifolia noni fruit specialist, endemic to an equatorial island archipelago. A. Host preferences of 
D. melanogaster and D. sechellia . B. A map of the Seychelles archipelago with specific coordinates of wild D. sechellia strain collection 
sites on three islands marked with red flags (Mahé island coordinates: 4.69424◦ S, 55.46580◦ E, Aride island coordinates: 4.21423◦ S, 
55.66555◦ E and Praslin island coordinates: 4.33340◦ S, 55.74180◦ E), and Cousin island, the collection site of strains 07 and 28, marked 
with a yellow star. Upper-right inset shows the location of the Seychelles on the eastern hemisphere. The maps were generated using 
Generic Mapping Tools (GMT) version 6.6.0 [14 ]. 

2
2
D  trip to three different islands in the 
S nes. Strain M1311 was obtained from 

t ins A3312 and A3F311 were collected 

f rom outside Vallée de Mai on Praslin 
i t females collected directly from the 
s F311 was founded from a female that 
e  and brought back to the laboratory. 
E g (see §5). 

2
D d noni-derived acids over other sub- 
s pling both in the laboratory [22 ] and 

fi clude gustatory sampling, D. sechel- 
l noni volatiles [18 ,24 ,25 ]. This strong 
p  peripheral olfactory sensory system 

[
e first examined their olfactory pref- 

e egar (a fermentation product that is 
h  used laboratory D. sechellia strains, 
t ter laboratory strain. In our trap de- 
s g a choice, limiting the possibility for 
g  laboratory and recently caught, dis- 
p ar, while D. melanogaster displayed a 
s  2B ). Importantly, there were no dis- 
t D. sechellia strains, regardless of their 

Downloaded from ro
by guest
on 19 October 2026
aboratory generated data [19 –21 ]. Here, we also sought answer
natomical and behavioural laboratory assays on recently collecte
slands of the Seychelles archipelago ( figure 1B ). We measured mul
ialization to compare these non-laboratory and laboratory strains.

. Results 
.1. Wild Drosophila sechellia collection 
rosophila sechellia flies were collected in April 2023 during a field
eychelles archipelago ( figure 1B ) and used to establish isofemale li
he grounds of the National Biodiversity Center on Mahé island. Stra
rom a site on Aride island. Strains P7611 and P7621 were collected f
sland. All strains except A3F311 were founded from single adul
urfaces of fallen noni fruits using a manual fly aspirator. Strain A3
closed from a larval-infested fallen noni fruit collected in the field
ach strain was determined to be D. sechellia by molecular barcodin

.2. Olfactory preference for ripe noni volatiles 
rosophila sechellia displays a strong preference for ripe noni fruit an
trates in open trap assays, permitting olfactory and gustatory sam
eld [23 ]. In long-range and short-range laboratory assays that ex
ia displays increased olfactory-mediated preference for noni and 

reference for noni has been attributed, in part, to evolution of the
24 ,26 ]. 

To compare the phenotypes of laboratory and wild D. sechellia , w
rence, given a choice between noni fruit juice and apple cider vin
ighly attractive to D. melanogaster [27 ]). We tested two commonly
he five new wild-caught D. sechellia strains and one D. melanogas
ign, flies could not physically encounter the liquid prior to makin
ustatory sensation ( figure 2A). All seven D. sechellia strains, both
layed a significant preference for noni juice over apple cider vineg
light but non-significant preference for apple cider vinegar ( figure
inguishable differences when comparing the preferences between 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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c tly different preference indices from 

D

Figure 2. Drosophila sechellia display strong olfactory preference for noni in short-range olfactory and oviposition assays. A. Schematic 
of the short-range olfactory preference assay. B. Short-range olfactory preference of wild and laboratory D. sechellia strains (orange) and 
D. melanogaster Canton-S (CS, blue). All D. sechellia strains displayed a significant preference for noni juice over apple cider vinegar (all p 
< 0.01, Wilcoxon test), while CS displayed no significant preference. Sample sizes: 07 (28), 28 (28), P7611 (31), P7621 (29), A3F311 (30), 
A3312 (30), M1311 (26) and CS (28). C. Schematic of the single-fly oviposition preference assay. D. Single-fly oviposition preference for 
the same strains. Point size is scaled by the total number of eggs laid per female. All D. sechellia strains displayed a significant preference 
for noni juice over apple cider vinegar (all p < 0.01, Wilcoxon test), while CS displayed a significant preference for apple cider vinegar 
( p < 0.001, Wilcoxon test). Sample sizes: 07 (40), 28 (39), P7611 (37), P7621 (37), A3F311 (30), A3312 (30), M1311 (36) and CS (34). 
For panels B and D, letters above boxplots indicate pairwise significant differences (all p < 0.01, Wilcoxon test followed by Bonferroni 
correction). 

2
U cial behaviours with other flies they 
e ts ripe noni or noni media for ovipo- 
s to oviposit on ripe noni has been at- 
t eference differences [30 ]. 

nd laboratory D. sechellia strains, we 
r  offered individual gravid females a 
c ith noni juice or apple cider vinegar, 
o e each media using tactile, gustatory 
a isplayed a significant preference for 
o our D. melanogaster laboratory strain 
d egar media ( figure 2D ). All D. sechel- 
l n this assay, we observed significant 
v th of their preference for ovipositing 
i een laboratory and wild D. sechellia 
(
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ollection date. However, all D. sechellia strains displayed significan
. melanogaster . 

.3. Oviposition preference for noni substrates 
pon successful location of a host fruit, flies will feed, engage in so
ncounter and reproduce [19 ]. Drosophila sechellia consistently selec
ition over other substrates [22 ,23 ,28 ,29 ]. This inherent preference 
ributed to olfactory receptor tuning changes [28 ] and gustatory pr

To compare the oviposition preferences of our recently caught a
eplicated a single-fly oviposition choice assay [28 ,31 ]. Briefly, we
hoice between two oviposition media of equivalent texture, made w
ver a 24 hour period. During this period, flies were able to sampl
nd olfactory cues ( figure 2C ). In this assay, all D. sechellia strains d
vipositing on noni media over apple cider vinegar media, while 
isplayed a significant preference for ovipositing on apple cider vin
ia strains were statistically distinguishable from D. melanogaster . I
ariation among our D. sechellia strains with respect to the streng
n noni media, but this did not reflect a consistent distinction betw
 figure 2D ). 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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Figure 3. Olfactor y sensor y neuron population expansion and contraction in D. sechellia . A. Left: example images of Ir75b OSNs in ac3I 
sensilla of the third antennal segment of laboratory D. sechellia (07), wild D. sechellia (P7612) and D. melanogaster (CS). Right: quantifi- 
cations of Ir75b OSNs in laboratory D. sechellia (07), D. melanogaster (CS) and three wild D. sechellia strains , one from each island (P7612, 
A3312 and M1311). B. Left: example images of Or85b OSNs in ab3 sensilla for the same strains as in panel A. Right: quantifications of 
Or85b OSNs for the same strains as in panel A. C. Left: example images of Or10a and Or42b OSNs labelled in ab1 sensilla for the same 
strains as in panel A. Right: quantifications of Or10a and Or42b OSNs for the same strains as panels A. For A–C, letters above boxplots 
indicate pairwise significant differences (all p < 0.05, Wilcoxon test followed by Bonferroni correction). Ten antennae were imaged and 
quantified for each sensillum type per strain. 

2 action 
T sechellia are thought to be due in part 
t etecting characteristic noni volatiles 
[ onic 3I (ac3I) sensilla and Or22a and 

O thyl esters and 2-heptanone, respec- 
t

trains are a conserved phenotype of 
D orescence in situ hybridization to la- 
b melanogaster and D. sechellia , as well 
a M1311). Across both laboratory and 

w increase in Ir75b OSNs relative to D. 
m tected a consistent expansion of ab3 
s  increase in OSN number compared 

w
la and/or OSN types are reduced in 

D b expressing OSNs, display a nearly 
t  D. melanogaster , Or42b neurons are 
r se in D. sechellia plausibly reflects a 
l  Or42b neurons revealed a consistent 
r aster ( figure 3C ). 
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.4. Olfactor y sensor y neuron population expansion and contr
he species-specific host location and oviposition behaviours of D. 
o increases in the numbers of olfactory sensory neurons (OSNs) d
32 ], namely hexanoic acid-sensing Ir75b OSNs in antennal coeloc
r85b OSNs in antennal basiconic 3 (ab3) sensilla, which detect me
ively [18 ,24 ,33 ]. 

To determine whether the expansions described in laboratory s
. sechellia in the wild, we used immunofluorescence or RNA flu
el specific OSN populations in one laboratory strain each of D. 
s three of the wild-caught D. sechellia strains (P7621, A3312 and 

ild-caught D. sechellia strains, we observed a consistent twofold 

elanogaster ( figure 3A). Similarly, by labelling Or85b OSNs, we de
ensilla ( figure 3B ), with D. sechellia strains exhibiting a threefold
ith D. melanogaster . 
In addition to these OSN population expansions, several sensil
. sechellia . For example, ab1 sensilla, which house Or10a and Or42
wofold reduction in number relative to D. melanogaster [24 ,33 ]. In
equired for attraction to apple cider vinegar [27 ], so their decrea
ower significance of this sensory stimulus. Labelling of Or10a and
eduction in all tested D. sechellia strains compared with D. melanog
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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Figure 4. Drosophila sechellia adult females display high resistance to the noni toxin octanoic acid. A. Photographs of a single replicate 
of laboratory D. sechellia (07) and D. melanogaster (CS) strains following 60 minutes of exposure to pure octanoic acid. B. Cumulative 
survival probabilities (mean proportion of living flies across all replicates) of laboratory D. sechellia , wild D. sechellia and D. melanogaster 
CS is shown for 5-minute increments over a 60-minute exposure duration. C. Final survival probability (proportion of living flies after 60 
minutes of exposure to octanoic acid) for each replicate is shown for wild and laboratory D. sechellia strains and D. melanogaster . Letters 
above boxplots indicate pairwise significant differences (all p < 0.05, Wilcoxon test followed by Bonferroni correction). Sample sizes: 07 
(14), 28 (13), P7611 (10), P7621 (11), A3F311 (11), A3312 (11), M1311 (10) and CS (12). 

2
A high resistance to octanoic acid, an 
a  for other drosophilids [35 ,36 ]. The 
m still poorly understood, but genome- 
w  genetic architecture [37 ] highlight- 
i toxification [41 –43 ] and metabolism 

[
apted strains with that of recent col- 

l les were combined with 2 μl of pure 
o cored every 5 minutes for loss of con- 
s mulative survival probability across 
1 erved a consistent species difference: 
f ales (supplementary material, figure 
S ster females and no males did. Com- 
p ins for both females ( figure 4C ) and 

m  were significantly different from D. 
m ild-caught D. sechellia strains ( figure 
4 ompared with the laboratory strains. 
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by guest
on 19 October 2026
.5. Adult noni toxin resistance 
s part of its specialization on noni, D. sechellia has evolved a 
bundant noni chemical [34 ] that accounts for this fruit’s toxicity
echanistic basis of adult octanoic acid resistance in D. sechellia is 
ide association and gene expression studies identify a complex

ng candidates involved in cuticle formation [38 –40 ], enzymatic de
44 ,45 ]. 

To compare the resistance to octanoic acid of our laboratory-ad
ections, we used a plate-based assay [37 ]. Adult males and fema
ctanoic acid in a Petri dish to ensure exposure to its volatiles and s
ciousness over 60 minutes ( figure 4A). When we calculated the cu
0 replicates for our D. sechellia and D. melanogaster strains, we obs
or all D. sechellia strains, more than 60% of females ( figure 4B ) and m
1A) remained conscious, while approximately 20% of D. melanoga
aring the proportion of surviving flies at 60 minutes between stra
ales (supplementary material, figure S1B), all D. sechellia strains
elanogaster . For females, we detected some variation among our w
C ), but this reflected slightly lower octanoic acid resistance levels c
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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2
I ust be able to develop on this toxic 
f n those of D. melanogaster [46 ] and it 
h echanism permitting their successful 
d toward individual eggs is further hy- 
p ndity [33 ,34 ], due at least in part to a 
d ed if and how this trait evolved dur- 
i duced ovariole number is unknown, 
a hitecture [48 ,49 ], and developmental 
s ll number [50 ] and insulin signalling 
[

d reproductive output for mated fe- 
m ition assay described above to deter- 
m ur period. Comparing the total eggs 
p hat all D. sechellia strains were consis- 
t efold fewer eggs (all p < 0.001, figure 
5 had fewer ovarioles (approx. twofold 

r . sechellia strains laid larger eggs than 
D  eggs being 45% greater than those of 
D ot observe any significant differences 
b

ber and increased egg size we doc- 
u ce between laboratory strains of D. 
m othesis of an evolutionary trade-off 
b

2
F uit, it was recently discovered to be 
s period (day length) [53 ]. Drosophilid 

fl  some exceptions), where individual 
fl d sunset [54 ]. Flies living at high lati- 
t ks to match seasonal variation in day 
l atitude [53 ,55 ,56 ]. Drosophila sechellia 
a  minimally throughout the year [10 ]. 
A ening peak activity to match longer 
d ced plasticity has a polygenic basis, 
i ent dispersing factor [53 ]. 

activity patterns of our strains under 
b  recorded male flies of each strain for 
7 t 25◦C ( figure 6A). All strains of both 
s jective dawn and dusk, separated by 
a ivity for each fly per strain during the 
l g activity peak ( figure 6B ). Drosophila 
m ins displayed a high synchronicity of 
t rs). 

 for an additional 7 days under 16 : 8 
h e used the average activity from the 
l  timing of the evening activity peak 
u  described [53 ], we observed a clear 
s ter laboratory strain was able to delay 
i a strains. On average, D. melanogaster 
C 5 hours, just 1 hour shy of subjec- 
t ak time ranged from approximately 
1 ellia strains identifies a single wild- 
c vening peak time relative to just one 
o t discernable difference in circadian 
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.6. Fecundity and egg size 
n addition to adult resistance to noni toxins, D. sechellia ’s eggs m
ruit. The eggs of D. sechellia are larger (approx. 50% volume) tha
as been hypothesized that this phenotype represents part of the m
evelopment on noni. This potential increase in resource allocation 
othesized by some to have resulted in a trade-off with overall fecu
ecrease in total ovariole number, though it remains to be determin
ng D. sechellia ’s specialization [47 ]. While the molecular basis of re
ssociation mapping studies have indicated a complex genetic arc
tudies have identified differences in somatic gonadal precursor ce
51 ] that contribute to this trait. 

To examine these phenotypes in wild-caught flies, we quantifie
ales, ovariole number and egg size. We used the single-fly ovipos
ine the total reproductive output of a single female over a 24-ho
roduced per female, irrespective of oviposition media, we found t
ently distinguishable from D. melanogaster, laying approximately fiv
A). Similarly, all D. sechellia strains, irrespective of collection date, 
eduction) than our D. melanogaster strain ( figure 5B ). Finally, all D
. melanogaster ( figure 5C ), with the average volume of D. sechellia ’s
. melanogaster Canton-S. For these latter two phenotypes, we did n
etween any D. sechellia strain ( figure 5B , C ). 
Taken together, the decreased fecundity, decreased ovariole num

ment is similar to previously described reproductive divergen
elanogaster and D. sechellia [46 ,48 ,52 ], and consistent with the hyp
etween reproductive output and resource allocation [30 ]. 

.7. Reduced circadian plasticity 
inally, in addition to D. sechellia ’s many adaptations to its host fr
pecialized to aspects of its equatorial environment, notably photo
ies typically display a bimodal pattern of circadian activity (with
ies time their peak morning and evening activity with sunrise an
udes display an ability to plastically adjust the timing of these pea
ength, with the degree of plasticity correlating with population l
re found exclusively close to the equator, where day length varies
s such, these flies are far less able to delay the timing of their ev
ays that would be experienced at higher latitudes [53 ]. This redu
ncluding divergent regulation of the circadian neuropeptide, Pigm

We used the Drosophila activity monitor system to compare the 
oth equatorial and high-latitude summer conditions [57 ]. We first
 days under 12 : 12 hour light-dark (LD) (equatorial) conditions a
pecies displayed a characteristic peak of activity surrounding sub
n afternoon period of reduced activity. We next took the average act
ast 4 days of this recording and annotated the timing of the evenin
elanogaster and all the laboratory and wild-caught D. sechellia stra
heir evening peak time with the timing of subjective dusk (12 hou

We next modified the photoperiod for these flies, recording them
our LD (high-latitude summer) conditions ( figure 6C ). As before, w
ast 4 days of this recording period from each fly to determine the
nder extended photoperiod conditions ( figure 6D ). As previously
pecies difference in evening peak plasticity, where our D. melanogas
ts evening peak time significantly longer than any of our D. sechelli
anton-S was able to delay its evening peak to approximately 1
ive dusk. By contrast, our D. sechellia strains’ average evening pe
3 to 13.67 hours. Comparing laboratory and wild-caught D. sech
aught strain from Praslin island (P7611) with a slightly elevated e
f our laboratory strains, Dsec 07. There is, therefore, no consisten
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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p his is unsurprising because, for this 
p r LD cycle at 25◦C) more accurately 
r titudes in the wild. 

Figure 5. Drosophila sechellia lay fewer, larger eggs and display a reduced ovariole number compared with D. melanogaster . A. The total 
eggs laid per female in a 24-hour period is shown for laboratory D. sechellia , wild D. sechellia and D. melanogaster CS. Total eggs laid per 
female was obtained from the experiments shown in figure 2C,D . B. The volume of individual eggs for the same strains as panel A. Sample 
sizes: 07 (30), 28 (30), P7611 (32), P7621 (38), A3F311 (29), A3312 (37), M1311 (36) and CS (30). C. The mean number of ovarioles per 
ovary for individual adult female flies is shown for the same strains as panels A and B. Sample sizes: 07 (10), 28 (10), P7611 (10), P7621 
(10), A3F311 (9), A3312 (9), M1311 (10) and CS (10). For A–C, letters above boxplots indicate pairwise significant differences (all p < 

0.05, Wilcoxon test followed by Bonferroni correction). 

3
3  phenotypes 
H  of D. sechellia strains have resulted 

i nterparts. Our results unequivocally 
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lasticity between laboratory and wild-caught D. sechellia strains. T
henotype, standard laboratory fly culture conditions (12 : 12 hou
eflect equatorial conditions than the variable conditions at high la

. Discussion 

.1. Long-term laboratory strains retain specialism-associated
ere, we investigated whether long-term laboratory maintenance

n anatomical and/or behavioural divergence from their wild cou
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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i oss or degradation of the behavioural 
o s’ specialism. In general, the lack of 
l ture of these phenotypes themselves, 
w ecialist population with low genetic 
d sentative of the genetic make-up of 
t st species that have higher standing 
g . These findings justify the use of in- 
b cies specialize to a specific ecological 
n  basis. 

Figure 6. Drosophila sechellia displays reduced circadian plasticity during long days. A. Maximum normalized average activity plots 
for laboratory D. sechellia , wild D. sechellia and D. melanogaster CS under a 12 : 12 hour photoperiod. B. Mean evening peak time for 
the last 4 days of a 7 day period under 12 : 12 hour photoperiod conditions is shown for individual flies for the same strains as panel A. 
Sample sizes for panels A and B: 07 (21), 28 (28), P7611 (29), P7621 (28), A3F311 (24), A3312 (27), M1311 (26) and CS (24). C. Maximum 

normalized average activity plots for the same strains as panels A and B under a 16 : 8 hour photoperiod. D. Mean evening peak time 
for the last 4 days of a 7 day period under 16 : 8 hour photoperiod conditions is shown for individual flies for the same strains as panels 
A–C. Sample sizes for panels C and D: 07 (23), 28 (16), P7611 (34), P7621 (37), A3F311 (36), A3312 (29), M1311 (25) and CS (22). For 
A and C, histograms display maximum normalized activity of flies in 30 minute bins across a 24 hour period. Error bars denote standard 
error of the mean. Grey and yellow bars along the x-axis represent lights-off and lights-on in the incubator, respectively. Vertical dashed 
lines represent the average evening peak time. For B and D, letters above boxplots indicate pairwise significant differences (all p < 0.05, 
Wilcoxon test followed by Bonferroni correction). 

ds of generations, D. sechellia labora- 
t bstrates in both olfactory and ovipo- 
s ssociated with these preferences. For 
t osophila media supplemented with a 
p that this approximation of noni fruit 
i e. However, chemical comparison of 
t oportions of specific chemicals, such 
a hellia strains were originally sourced 

f  previously maintained for years on 
a ommunication), so it seems unlikely 
t sufficient to maintain preference for 
n nces, and the many known examples 
o ry strains not evolved novel prefer- 
e s, the genetic underpinnings of host 
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ndicate that D. sechellia laboratory strains do not display signs of a l
r anatomical phenotypes previously associated with this specie
aboratory-specific evolution we document might result from the na
hose genetic underpinnings are likely to be fixed in this small sp
iversity [58 ]. The creation of inbred lines is probably more repre
he larger population compared with broadly distributed generali
enetic variation and which might exhibit local adaptation [59 ,60 ]
red laboratory strains to study the mechanisms through which spe
iche. We discuss below our results on a phenotype-by-phenotype
Despite not being reared in the presence of noni fruit for hundre

ory strains show a strong retention of preference for noni-based su
ition assays, along with the increases/decreases in OSN number a
his study, we maintained our D. sechellia strains on standard Dr
aste made with commercially available noni juice. It is possible 
s sufficient to maintain noni preferences during laboratory cultur
his juice with ripe noni fruit reveals differences in the relative pr
s octanoic and hexanoic acids [18 ]. Likewise, our laboratory D. sec
rom the Drosophila Species Stock Center (DSSC), where they were
 cornmeal media (DSSC Director Patrick M. O’Grady, personal c
hat our more recent maintenance on noni juice media would be 
oni. Given the apparent lack of selection to maintain noni prefere
f laboratory adaptation, why, then, have the D. sechellia laborato
nces for laboratory media? It is likely that in this specialist specie
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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p een reared in the laboratory for long 
e atory environment probably does not 
s s have no need to forage and are not 
g xert (or need for) a preference. Thus, 
a oratory setting, and such phenotypes 
w om mutations and genetic drift. 

acid resistance in laboratory popula- 
t ance in the laboratory, as these flies 
n oic acid resistance is not very large, 
s ulation, again rendering it a neutral 
p es. For example, cuticle changes that 
c ation risk, which could still be highly 
f ecisely controlled. Thus, instances of 
s aintain another. 

reviously described in D. sechellia lab- 
o aught flies. Laboratory environments 
t actices [3 ]. Our laboratory strains do 
n  pressure. However, if the hypothesis 
o  size is correct, for laboratory strains 
t ced egg size, which presents a more 
c  fecundity of D. sechellia might repre- 
s es in maternal investment to directly 
t

n specialization to an equatorial en- 
v quatorial conditions with respect to 
p t is notable that D. melanogaster main- 
t periodism, generally supporting the 
i s, aspects of local adaptation to their 
c

3  sechellia 
W enotypes in long-term laboratory D. 
s types among our recently collected 

s reference for noni media paired with 
r lin island relative to the others. No- 
t ty. It is possible that these differences 
r t be both genetically and phenotyp- 
i lation genetic study found that flies 
s cipal components and structure anal- 
y d Marianne (the latter two were not 
s cture could be variation in hybridiza- 
t ive in sympatry, D. simulans [61 ,62 ]. 
F uencing to better elucidate the struc- 
t arison with the phenotypic variation 
w

4
F ms underlying specialism-associated 

t as supported here by the observed 

e s should further investigate in our 
w pression [41 ,42 ,44 ,53 ,63 ,64 ], the ner- 
v [50 ,51 ]. Regardless, our data demon- 
s  further supporting the power of this 
s daptations. Such conclusions are also 
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reference are fixed, and that these inbred strains have simply not b
nough to evolve altered preferences de novo. Additionally, a labor
elect strongly for altered preferences: in standard culture vials, flie
iven a choice between media, and therefore, have little option to e
ny chemosensory preferences might be effectively neutral in a lab
ould only degrade slowly over time via the accumulation of rand
This hypothesis might also explain the persistence of octanoic 

ions. There is no obvious benefit to retaining octanoic acid resist
ever encounter it. However, as long as the cost of retaining octan
election also would not favour its loss in a small laboratory pop
henotype. Alternatively, there might be hidden selective advantag
onfer octanoic acid resistance might also result in decreased desicc
avoured in a laboratory setting where humidity is not always pr
trong laboratory selection on one effect of the phenotype might m
We also show that the reduced fecundity and ovariole number p

ratory strains is indeed representative of the phenotypes of wild-c
ypically select for high fecundity through high-density rearing pr
ot appear to have either responded to or experienced this selection
f a trade-off in D. sechellia of reduced fecundity with increased egg
o evolve increased fecundity, they might also have to evolve redu
omplicated evolutionary trajectory [36 ,37 ]. In this respect, reduced
ent an evolutionary dead-end. Future studies exploring differenc
est this hypothesis seem warranted. 

Laboratory D. sechellia strains have also retained their circadia
ironment. Considering most laboratories maintain flies under e
hotoperiod and temperature, this is unsurprising. In this context, i
ained at equatorial conditions have not lost their capacity for photo
dea that laboratory strains maintain, at least over these time scale
ollection site. 

.2. Phenotypic variation among recently collected Drosophila
hile we did not observe a loss or degradation of specialism ph

echellia strains, we did observe variation in some of these pheno
trains. One pattern that stands out is a reduction in oviposition p
educed octanoic acid resistance in the strains collected from Pras
ably, one of these strains, P7621, also displays the greatest fecundi
eflect population structure, where flies found on one island migh
cally differentiated from flies on the others. Indeed, a recent popu
ampled from Praslin island formed a separate cluster in both prin
sis when compared with flies sampled from Mahé, La Digue an
ampled in this study) [61 ]. One potential driver of population stru
ion and introgression rates between D. sechellia and its close relat
uture endeavours may expand sampling paired with genome seq
ure of D. sechellia populations on the Seychelles for improved comp
e describe here. 

. Conclusion 

inally, while it is most parsimonious to assume that the mechanis
raits are conserved between laboratory and wild-caught strains—
xpansions and contractions of OSN populations—future studie
ild-caught strains the previously described evolution of gene ex
ous system [18 ,24 ,25 ,28 ,30 ,53 ,64 ,65 ] and the reproductive system 

trate robustness in D. sechellia ’s specialism-associated phenotypes,
pecies as a model system to uncover ecologically relevant genetic a
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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e , such as Drosophila erecta [66 ,67 ] and 

D

5
5
F  were established and maintained in 
t st, 5.2% cornmeal and 11% dextrose) 
w ur LD cycle, from May to November 
2  the Benton laboratory on Drosophila 
m lemented with noni juice paste (Raab 
V , Carolina #173 210). From January 
2 media (0.9% agar, 2.6% yeast, 6.25% 

c ing Noni juice combined with instant 
D handeh laboratories, flies were main- 
t  humidity and a 12 : 12 hour LD cycle. 
T cur, all behavioural analyses reported 

h in the Benton laboratory. Quantifica- 
t N number (Benton laboratory) were 
c

5
T 4 349) was maintained on Drosophila 
m  in non-overlapping 2-week genera- 
t The laboratory strains of D. sechellia 
( aintained under the same conditions 
o bed above for each laboratory). 

5
W rcoding of portions of the mitochon- 
d ATTTATTTTGATTTTTTGG 3’) and 

C , by standard methods. In brief, ge- 
n lymerase chain reaction (PCR) using 
O ioLabs #M0480) and purified using 
M L). The resulting products were sub- 
j r. Raw sequence data were analysed 

u equences were compared with those 
i hellia if the mt:CoI amplicon showed 

a 40.1, which is the mt:CoI sequence of 
D me. mt:CoI amplicon sequences from 

t cession numbers: M1311, PX502215; 
A PX502213). 

5
T stigating D. sechellia ’s short-range ol- 
f ere anaesthetized with ice and added 

t s prior to sealing the tops with a fine 
m l of either noni juice (Raab Vitalfood) 
o ncentration 0.2%). Flies can enter the 
t  the opening to escape after selecting 
a roximately 60% humidity under red 

l rapped animals (live and dead) were 
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ncouraging for the use of other laboratory models of specialization
rosophila mojavensis [68 ]. 

. Methods 
.1. Drosophila sechellia wild-caught strain maintenance 
ollowing field collections in April 2023, isofemale D. sechellia lines
he Extavour laboratory on Drosophila media (0.8% agar, 2.75% yea
ithout noni juice at 25◦C, 65% relative humidity and a 12 : 12 ho
023. From November 2023, flies from each strain were reared in
edia (0.6% agar, 5.8% yeast, 5.8% wheat and 10% fruit juice) supp
italfood Bio noni juice combined with instant Drosophila medium
025, flies were reared in the Shahandeh laboratory on Drosophila 
ornmeal and 6.25% molasses) supplemented with noni juice (Heal
rosophila medium, Carolina #173 210). In both the Benton and Sha
ained in non-overlapping 2-week generations at 25◦C, 50% relative
o limit the potential for laboratory adaptation and inbreeding to oc
erein were conducted within a year of collection (by May 2024) 
ions of ovariole number, egg size (Shahandeh laboratory) and OS
onducted from July to December 2025. 

.2. Drosophila laboratory strain maintenance 
he laboratory strain of D. melanogaster (Canton-S, RRID:BDSC_6
edia (recipes above) in the Benton and Shahandeh laboratories

ions at 25◦C, 50% relative humidity and a 12 : 12 hour LD cycle. 
 Dsec. 07, DSSC 140210248.07; Dsec. 28, DSSC 140210248.28) were m
n Drosophila media supplemented with noni juice paste (as descri

.3. Species identification by molecular barcoding 
ild-caught flies were identified as D. sechellia using molecular ba
rial cytochrome c oxidase ( mt:CoI ) gene, using COI-218F (5’ CAAC
OI-3037R (5’ TYCATTGCACTAATCTGCCATATTAG 3’) primers
omic DNA was extracted from individual flies, amplified via po
neTaq 2X Master Mix (includes 0.62 units Taq; New England B
onarch PCR & DNA Cleanup Kit (New England BioLabs #T1030

ect to Sanger sequencing (Bioscience, Inc.), using COI-218F prime
sing Chromas Lite v. 2.6.6 (Technelysium Pty Ltd., Australia) and s
n GenBank to identify the species. Flies were identified as D. sec
t least 99.5% sequence identity with GenBank accession MK6598
. sechellia voucher DSECH20161109 complete mitochondrial geno
he strains described in this study were deposited in GenBank (ac
3312, PX502212; A3F311, PX502211; P7611, PX502214; and P7621, 

.4. Olfactory trap assay 
he olfactory trap assay was replicated from previous studies inve
actory preference [18 ,25 ]. In brief, 25 3–5-day-old mated females w
o a 12 cm circular plastic Tupperware containing two olfactory trap
esh secured by rubber band ( figure 2A). Each trap contained 300 μ
r apple cider vinegar (Denner brand) mixed with Triton-X (final co
raps through a pipette tip puncturing the cap but are unable to find
n odour source. Traps were stored for 24 hours at 25◦C and app
ight, after which the number of flies in each trap or remaining unt
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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c re more than 25% of flies remained 

u erence indices as: (number of flies in 
t /number of living flies, both trapped 

a al preference indices for differences 
f eference indices between strains. For 
b onferroni method. 

5
T y chamber assay where 30 3–5-day- 
o re they can sample two oviposition 
m strates: a 0.67% agar solution made 
w th apple cider vinegar. Prior to assay, 
f ure they were gravid. The chambers 
w  under a 12 : 12 hour LD cycle. At the 
e t on each substrate was recorded for 
e  laid on the noni media – the number 
o e used a Wilcoxon rank-sum test to 
t ence) and pairwise Wilcoxon tests to 
c e corrected for multiple comparisons 
u

5
H ion (HCR-FISH) was performed, as 
d 078567.5), Or42b (NM_078900.2) and 

O Molecular Instruments (HCRTM RNA 

F es, but have greater than or equal to 
9

viously [18 ], using anti-Ir75b [25 ] di- 
l xa Fluor 488 (A11073, Invitrogen AG) 
w

0 with a 40 × objective and processed 

i Point tool. 

5
T  described plate assay [37 ,44 ] ( figure 
3  CO2 and placed in a 60 mm diameter 
×  previously added to the centre of the 
l minutes for loss of consciousness for 
6 e proportion of surviving flies at the 
fi  correction for multiple comparisons. 

5
T ative humidity, 12 : 12 hour LD) were 
a r 2 hours at room temperature in 4% 

p  ml per approx. 30 flies) on a nutator. 
S ies were dissected in PBS-TX under a 
s ch set of dissected ovaries was briefly 
d s gently teased apart in PBS-TX on a 
c  rupturing the ovary. Ovarioles were 
i bers. Both ovaries from each female 
w
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ounted. We excluded from our statistical analyses any traps whe
ntrapped (supplementary material, figure S2). We calculated pref
he noni juice trap − number of flies in the apple cider vinegar trap)
nd untrapped. We used a Wilcoxon rank-sum test to test individu
rom 0 (no preference) and pairwise Wilcoxon tests to compare pr
oth, p -values were corrected for multiple comparisons using the B

.5. Two-choice single-fly oviposition assay 
o measure individual oviposition preferences, we used a single-fl
ld mated females are housed individually in Plexiglas cells, whe
edia [28 ,31 ] ( figure 2C ). We provided a choice between two sub
ith noni juice, or an agar solution of the same density prepared wi

emales were housed in high densities with males for 3 days to ens
ere housed at 25◦C and approximately 60% humidity for 24 hours
nd of the assay, flies were removed and the number of eggs presen
ach chamber. We calculated preference indices as: (number of eggs
f eggs laid on apple cider vinegar)/total number of eggs laid. W
est individual preference indices for differences from 0 (no prefer
ompare preference indices between strains. For both, p -values wer
sing the Bonferroni method. 

.6. Histology and imaging 
ybridization chain reaction RNA fluorescence in situ hybridizat
escribed in [69 ]. RNA probes for Or10a (accession number NM_
r85b (NM_079555.2), amplifiers and buffers were purchased from 

ISH v. 3.0). Probe sequences correspond to D. melanogaster Or gen
5% identity with orthologous Or s in D. sechellia . 
Immunofluorescence for Ir75b was performed as described pre

uted 1 : 500. Secondary anti-guinea pig antibody conjugated to Ale
as diluted 1 : 1000. 
Images were acquired using a Zeiss confocal microscope LSM 71

n ImageJ . Neurons were counted manually using the ImageJ Multi

.7. Octanoic acid resistance assay 
o measure adult resistance to octanoic acid, we used a previously
A). In brief, 10 male or female flies were briefly anaesthetized with
15 mm high Petri dish to which 2 μl of pure octanoic acid had been

id. Upon recovery from anaesthesia, the flies were scored every 5 
0 minutes. To test for differences between strains, we compared th
nal time point using pairwise Wilcoxon tests, followed by post hoc

.8. Ovary dissection and counting 
hree–five-day-old, mated females (reared at 25◦C, approx. 60% rel
naesthetized on CO2 and sorted by sex. Whole flies were fixed fo
araformaldehyde in PBS containing 0.3% Triton X-100 (PBS-TX; 1
amples were washed three times for 5 minutes in PBS-TX and ovar
tereomicroscope. To enhance contrast for ovariole visualization, ea
ipped in crystal violet solution (K1184, APExBio). Each ovary wa
eramic slide using an eyelash probe to separate ovarioles without
dentified as individual strings of progressively developed egg cham
ere counted and averaged to obtain mean ovarioles per ovary. 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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5
O  in distilled water, and diluted with 
n tes were poured into 60 mm diame- 
t  females (3–5 days old; conditioned 

w sh plates and allowed to oviposit for 
a idity and 12 : 12 hour LD cycle. For 
i gs were placed into a single file line 
o g with a ruler for scale using a Nikon 
Z te’s surface. Egg size was quantified 

i nd width (W) were measured using 
t iously established formula [70 ]: V = 

1 ndependently estimated egg volume 
u plementary material, figure S3), as a 
c he colour of substrate used for each 
s  among D. sechellia strains, but these 
d material, figure S3). Both observers, 
h . melanogaster strains. 

5
W  activity patterns of our strains under 
b  8 hour LD) photoperiod conditions 
[ asticity in D. sechellia [53 ]. Briefly, we 
e l photoperiod, followed by 7 days of 
a ped algorithm to quantify the timing 
o iod, discarding the first 3 days as an 
a  our strains using pairwise Wilcoxon 
t

 flies to a 12 : 12 hour LD cycle for 
f nditions. We used the constant dark- 
n -running period with the R package 
R n [72 ]. We compared periods across 
s n for multiple comparisons. 

5
A . 4.6.0) in R (v. 4.4.2) [73 ]. Data were 
v ine represents the median value, with 
t s signify the last quartiles excluding 
o

E animal welfare committee. 
D  statistical analysis and data visualization 
a  in this study were deposited in GenBank 
( ; P7611, PX502214; P7621 and PX502213). 
D his article. 
A lysis, funding acquisition, investigation, 
m original draft, writing—review and edit- 
i , writing—original draft, writing—review 

a iginal draft, writing—review and editing; 
P original draft, writing—review and edit- 
i g—review and editing; A.S.B.: investiga- 
t K.: investigation, methodology, writing—
o roject administration, resources, supervi- 
s ion, project administration, resources, su- 
p

ountable for the work performed therein. 
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.9. Egg collection and size measurements 
viposition plates were prepared as 5% sucrose and 2% agarose
oni juice or apple cider vinegar to a final concentration of 1%. Pla
er Petri dishes and cooled to room temperature. Groups of mated
ith males at high density for 3 days prior) were transferred to fre
pproximately 20 hours at 25◦C, approximately 60% relative hum
maging, a dissecting scope was used to locate eggs; individual eg
n the plate on their dorsal side. We photographed each plate alon
50 DX 16-50 mm on a tripod approximately 24 cm above the pla
n Fiji/ImageJ ( https://imagej.net/ij/ ). For each egg, length (L) a
he straight-line tool. We calculated total egg volume using a prev
/6 πW2 L for approximately 30 eggs of each strain. Two observers i
sing the same images to control for observer bias ( figures 5C ; sup
ompletely blind study was not possible owing to differences in t
pecies. Note, a second observer found greater variation in egg size
ifferences were not consistent across observers (supplementary 
owever, found consistent differences between all D. sechellia and D

.10. Drosophila activity monitoring 
e used the Drosophila Activity Monitor system to record the daily
oth equatorial (12 : 12 hour LD) and high-latitude summer (16 :
71 ], replicating experiments used to describe reduced circadian pl
xposed individual 3–5-day-old males first to 7 days of an equatoria
 high-latitude summer photoperiod. We used a previously develo
f each fly’s evening peak using the last 4 days of each 7-day per
cclimation period [53 ]. We compared evening peak time between
ests, followed by correction for multiple comparisons. 

To estimate the circadian period of each strain, we acclimated
our days before subjecting them to 5 days of constant darkness co
ess behavioural data to calculate the duration of each strain’s free
ethomics, which was also used for all circadian data visualizatio
trains with pairwise Wilcoxon tests subjected to post hoc correctio

.11. Statistical analysis and data visualization 
ll statistical analyses were conducted using the ‘stats’ package (v
isualized using ‘ggplot2’ [74 ]. For boxplots in all figures, the bold l
he length of the box displaying the interquartile range. Whisker
utliers. 

thics. This work did not require ethical approval from a human subject or 
ata accessibility. All data presented in this manuscript and the code used for
re available at [75 ]. mt:CoI amplicon sequences from the strains described
accession numbers: M1311, PX502215; A3312, PX502212; A3F311, PX502211
eclaration of AI use. We have not used AI-assisted technologies in creating t
uthor’s contributions. M.P.S.: conceptualization, data curation, formal ana
ethodology, project administration, supervision, visualization, writing—

ng; L.A.: data curation, investigation, methodology, project administration
nd editing; O.A.J.: data curation, investigation, methodology, writing—or
.A.J.: data curation, investigation, methodology, visualization, writing—
ng; S.G.: data curation, investigation, methodology, visualization, writin
ion, methodology, writing—original draft, writing—review and editing; J.
riginal draft, writing—review and editing; C.G.E.: funding acquisition, p
ion, writing—review and editing; R.B.: conceptualization, funding acquisit
ervision, writing—original draft, writing—review and editing. 
All authors gave final approval for publication and agreed to be held acc
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260680/​6163618/​rsos.​260680.​pdf
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