Hydrobiologia (2024) 851:2927-2936
https://doi.org/10.1007/s10750-023-05233-3

ROTIFERA XVI

q

Check for
updates

Development of reproductive barriers in sympatry

- Javier Montero-Pau
- Manuel Serra

Ivana Jezkova
Raquel Ortells

Received: 30 November 2022 / Revised: 30 March 2023 / Accepted: 12 April 2023 / Published online: 12 May 2023

© The Author(s) 2023

Abstract Freshwater zooplankter Brachionus pli-
catilis is able to inhabit different habitats and locally
adapt to their environmental conditions. It also shows
a high degree of population structuring in small geo-
graphical regions. Here we try to shed light on the
evolution of reproductive isolation in populations
of B. plicatilis with presumptive gene flow among
locally adapted populations. We have conducted labo-
ratory experiments on admixed pairwise populations
that differ in predictability of the water regime. We
have assessed the potential for within-population
reproductive preferences as a deviation of genotypes
from Hardy—Weinberg equilibrium in diapausing
eggs, a product of sexual reproduction. We expected
heterozygote deficit to increase with environmental
distance. We have found signs for incipient reproduc-
tive isolation in one third of our admixed populations,
however no correlation with environmental distance
was found, nor with genetic or geographic predictor
variables. The overall inbreeding coefficient showed a
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tendency for within-population crosses preferences to
decrease over time.
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Introduction

Understanding the factors and mechanisms that
underline population diversification and speciation
remains to this day one of the challenges in cur-
rent biology, due to the complexity of the processes
involved. The evolution of reproductive isolation is
crucial for the maintenance of population differen-
tiation and, in some cases, subsequent species forma-
tion (Mayr, 1963; Coyne & Orr, 2004; Westram et al.,
2022). Reproductive isolation arises as a result of dif-
ferent processes or events. The main factors involved
in the development of reproductive isolation are suf-
ficiently long periods in allopatry, adaptation to local
environments with subsequent selection for reproduc-
tive isolation, and historical processes related to range
expansion and colonization (Tregenza, 2002; Coyne
& Orr, 2004).

In populations separated by large geographical
distances, where low or no exchange of individuals
occurs, reproductive isolation is expected to arise
randomly, as a part of overall population differen-
tiation and processes such as genetic drift or genetic
hitchhiking (Mayr, 1963; Coyne & Orr, 2004; Feder
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et al., 2013). The situation is different without geo-
graphical isolation, where exchange of individuals
occurs, and subsequent gene flow could continuously
disrupt diverging evolution among populations. Here,
selection for reproductive isolation can follow incipi-
ent local adaptation in order to avoid interpopulation
breeding if outbred offspring show lower fitness due
to disruption of locally adapted genomes (Butlin,
1987; Coyne & Orr, 2004). Reproductive isolation is
in this case likely to occur in earlier phases of species
formation (Coyne & Orr, 1989; Yukilevich, 2012;
Nosil, 2013). Despite the abundance of theoretical
work studying evolution of reproductive isolation,
relatively little experimental studies are investigating
this topic in its breadth (but see Chin et al., 2019).
Environmental gradients in geographical proxim-
ity are convenient to study evolution of reproductive
isolation arising due to local adaptation. In the Ibe-
rian Peninsula, the facultative sexual zooplankter
Brachionus plicatilis (Miiller, 1786) inhabits brackish
ponds ranging from ephemeral puddles to permanent
lakes, embracing wide scales of salinity, temperature,
food quality, etc. The Iberian populations of B. plica-
tilis have been found possessing genetic differences
in their traits for timing for sexual reproduction in
order to match local environmental unpredictability,
as assessed by non-regular fluctuations in the length
of annual periods a pond is flooded (Franch-Gras
et al., 2017a, b). Populations of B. plicatilis consist
of clones of asexual females reproducing by par-
thenogenetic propagation until sexual reproduction
is induced in response to population density (Car-
mona et al., 1993; Stelzer & Snell, 2003; Gilbert,
2007). As a result of sexual reproduction, diapaus-
ing (resting) eggs are produced, and they sink to the
sediment, forming a reservoir that allows rotifers to
survive adverse periods of the annual cycle. The tim-
ing of sexual reproduction (i.e. switching to sexual
reproduction earlier or later) is a relevant trait for
local adaptation, as switching too early or too late
has respectively costs in terms of decreased clonal
proliferation or not producing stages able to sur-
vive adverse periods. This within-species ecological
divergence occurs in a geographical area limited to
a few tens of kilometres. Despite the advantages of
rotifers as model organisms in micro-evolutionary
studies (Declerck & Papakostas, 2016), and contrary
to numerous studies on between-species reproduc-
tive isolation (Gomez & Serra, 1995; Suatoni et al.,
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2006; Schroder & Walsh, 2007; Kordbacheh et al.,
2019, 2023; Zhang & Declerck, 2022a, b) to date,
little attention has been devoted to study the diver-
sification and reproductive isolation within a single
species. In order to address the processes involved in
the evolution of the reproductive isolation, we advo-
cate for a population approach, with studies includ-
ing within —and among— population genetic variation
which are scant (but see, e.g., Jezkova et al., 2022a,
b). A population approach accounts for the genetic
variability harboured in local populations, which is
important when dealing with quantitative and poly-
genic traits, as presumably involved in partial repro-
ductive isolation.

With the aid of mating choice experiments, Jezk-
ova et al. (2022a) reported mating behaviour that pro-
motes reproductive isolation between Iberian popula-
tions of B. plicatilis, a trend stronger in populations
with a higher degree of adaptive divergence to unpre-
dictability. However, this study tested for isolation (1)
using high male and female densities (2) in absence
of mating competition (i.e., females of one single
clone are assayed with males of one single clone), (3)
simulating the synchronic timing of sex of the assayed
clones. Here, we approach a more natural setup by
using laboratory cultures that mix genotypes from
two different populations at lower population densi-
ties and, unlike in Jezkova et al. (2022a), who studied
copulation rates, we look for evidence of reproduc-
tive isolation assessed by genetic marker inspection
in the diapausing eggs produced. Focussing on this
stage results in a composite measure that includes a
variety of barriers like assortative mating, fertiliza-
tion success or even early abortion of embryos. We
classified these eggs as produced by intrademic and
interdemic crosses. Mixed pairs of natural popula-
tions covered a range of ecological divergence. Our
hypotheses are that genotypes are prone to intrademic
reproduction, and that this tendency is stronger when
populations are more distant in the predictability of
their environment.

Materials and methods

Study area

The nine studied populations of B. plicatilis inhabit
in a small area of Eastern Spain (Table 1). They differ
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Table 1 Studied populations of B. plicatilis and their pond characteristics

Population Acronym Location® Pond surface area Environmental Group

(m?) predictability®

Atalaya de los Ojicos AYA 38°46' 20" N, 1° 25" 49" W 75.000 0.75 A

La Campana CAM 38°51"'29" N, 1° 29" 36" W 29.000 0.11 A
Hoya Yerba HYB 38°46'46" N, 1° 26" 06" W 1.060 0.34 A
Hoya Chica HYC 38°49"46" N, 1°27' 49" W 32.000 0.12 A
Hoya del Monte MNT 38°50"44" N, 1° 26" 38" W 15.800 0.19 A
Pétrola PET 38°50" 16" N, 1° 33"49" W 1.190.000 1.00 A
Hoya Turnera TUR 38°46' 36" N, 1°24' 37" W 26.000 0.70 A
Hoya Rasa RAS 38°47' 06" N, 1° 25" 37" W 40.000 0.66 B
Salobralejo SAL 38° 54’ 52" N, 1°28' 06" W 237.000 1.00 B

“Group” refers to the two population groups relevant in the experimental design

Datum WGS84

"Environmental predictability values based on constancy and contingency metrics from satellite images, range from 0 (highly unpre-
dictable) to 1 (highly predictable environmental conditions) according to Franch-Gras et al. (2017a)

in the length and predictability of the flooding season
of the habitats (Franch-Gras et al., 2017a) and are
locally adapted to these conditions by having different
propensities to initiate sexual reproduction (Franch-
Gras et al., 2017b). Additionally, they have been
characterized in terms of genetic differentiation with
neutral (i.e., microsatellites) and non-neutral markers
(i.e., the gene coding for the mate recognition pro-
tein, mmr-b, which is responsible for the female-male
encounter; Jezkova et al., 2022b).

Culture conditions and clone isolation

Rotifers were cultured at 12 g 17! artificial sea water
(Instant Ocean® Sea Salt, Aquarium Systems), main-
tained at 20°C with moderate aeration, constant illu-
mination of approx. 35 pumol quanta m~> s~!. They
were fed ad libitum once a week with the microalgae
Tetraselmis suecica at 1-10° cells ml~! which was
cultured under the same laboratory conditions as the
rotifers.

In order to establish single-clone cultures, diapaus-
ing eggs were extracted from the pond sediments
using a sugar flotation technique (Gomez & Car-
valho, 2000) and placed individually to hatch at 6 g
17! artificial sea water and kept at 25°C and constant
illumination. Hatchlings were isolated individually,
and single-clone cultures were then established by
allowing parthenogenetic proliferation. These clonal
cultures were taxonomically identified as B. plicatilis

using restriction fragment length polymorphism anal-
ysis (RFLP) on a fragment of the mitochondrial gene
cytochrome oxidase I (COI) (Campillo et al., 2005).
A total of 30—40 clones per population were estab-
lished in 2017 except for CAM, which were estab-
lished in 2019.

Experimental cultures

We created multiclonal laboratory cultures for each
population by placing 5 females carrying asexual
female eggs by clone in 2 1 glass containers (30
clones x5=150 individuals). These cultures were
kept in the same standard conditions as the single-
clone cultures but fed with microalgae at 2x10° cells
ml~". The resulting density ensures that sexual repro-
duction does not occur.

After 4 days the multiclonal laboratory cultures
were filtered through a 30-um Nytal mesh sieve, and
150 egg-bearing females were picked up. The col-
lected females from two multiclonal laboratory cul-
tures were combined in 6 1 of medium and cultured
under the same conditions as above but with a micro-
algae concentration of 1x10° cells mI~!. A total of
28 admixed experimental cultures, resulting from
the combination of seven populations (Franch-Gras
et al., 2017b) referred as “A” populations) with SAL
and RAS (referred as “B” populations) was obtained
(Fig. 1, Table 2). SAL was selected as inhabiting the
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Fig. 1 Experimental setup, illustrated for the combination of two natural populations. Each pair of the two 2-1 cultures correspond to
a natural population. Each of the two 6-1 cultures correspond to a replicate

Table 2 Experimental

o Population combination
combinations of natural

populations B A Geographical Predictability ~ Fgp microsatellites® ¢ gy mmr—b”
distance (km) distance®
SAL AYA 16 0.25 0414 0.130
SAL CAM 7 0.89 0.207 0.433
SAL HYB 15 0.66 0.270 0.561
SAL HYC 9 0.88 0.202 0.140
For each population SAL MNT 8 0.81 0.176 0.566
combination, geographical SAL PET 12 0.00 0.148 0.154
distance (Km), pairwise SAL TUR 16 0.30 0.491 0.000
differences in pond RAS  AYA 1 0.09 0.091 0.000
predictability (Franch-
Gras et al., 2017a) and Fgp RAS CAM 10 0.55 0.239 0.166
and PsT values for neutral RAS HYB 1 0.32 0.083 0.303
markers and mmr-b gene, RAS HYC 0.54 0.123 0.000
respectively, (Jezkova et al., RAS MNT 7 0.47 0.071 0311
2022b) are shown ’ ’ ’
*Franch-Gras et al., (20172) RAS PET 13 0.34 0.143 0.000
N RAS TUR 0.04 0.221 0.000

bJezkova et al., (2022b)

most predictable environment and RAS in the inter-
mediate level of unpredictability. Two replicates per
combination were set up.

Sampling of the experimental cultures

Admixed experimental cultures were sampled on
day 15, 22, and 29 (hereafter called “temporal sam-
ples”). We used a vacuum pump to extract 5 1 of the
water column taking care of not disturbing the bot-
tom of the container, where most of the diapausing
eggs accumulate. The remaining volume was filtered
through a 30-um Nytal mesh sieve and diapaus-
ing eggs were collected and stored in 60 g 17! artifi-
cial sea water in the dark at 4°C in order to prevent

@ Springer

spontaneous hatching. We then returned the 5 1 of
the water column to the glass container, adding 1 I of
medium with microalgae at 1x10° cells ml~!. Only
diapausing eggs from the temporal samples of day
15 and 29 were used for subsequent analysis. Density
of diapausing eggs of day 15 and 29 was estimated
in order to cover different phases of the population
dynamics. This density was estimated using a particle
counter (Coulter Counter, Beckman) by counting an
aliquot of the sample.

DNA extraction and egg genotyping

We selected 46 healthy-looking diapausing eggs from
each replicate from the temporal samples collected
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on days 15 and 29. DNA was extracted from each
egg separately. To do this, the diapausing eggs were
washed in distilled water and placed separately in
0.2 ml Eppendorf PCR tubes with 20 ul of 5 mM
TE buffer and sonicated during 60 s in an Ultrasonic
bath FB 15,047, Fisherbrand™ at room temperature.
As the rigid chitin-like double external layer cover-
ing rotifer diapausing eggs (Garcia-Roger et al., 2005;
Denekamp et al., 2010) is sometimes resistant to
breakage, the success of the sonication was inspected
visually under a stereo microscope (Olympus SZX10,
Japan) by searching for an open egg envelope with-
out visible inner content of the eggs. If failed, we
manually disrupted the external layer using a pipette
tip and repeated the sonication. DNA was stored at
— 20°C until further use.

For the identification of the diapausing eggs to
inbred (AxA, BxB) or outbred (AxB) crosses we
used Kompetitive allele specific PCR (KASP™, LGC
Genomics, Teddington, Middlesex, UK) genotyping
assays. Using available genomic information (Franch-
Gras et al., 2018) for the same natural populations,
we designed a set of SNPs with private or quasi-pri-
vate alleles to discriminate between pairs of popula-
tions (Suppl. Table 1). DNA samples from single dia-
pausing eggs were analysed by KASP™ genotyping
assays by Biosearch Technologies (UK). We analysed
92 samples for each population combination from two
temporal samples (days 15 and 29).

Due to the low amount of DNA in a single B. pli-
catilis egg, KASP™ genotyping often had problems
in identifying the genotypes. For this reason, each
sample was run twice and the following genotyping
rules were adopted: (1) if both runs produced the
same genotype, the resulting genotypes was assigned
to the diapausing egg; (2) if only one run produced
results, it was assumed as the egg genotype; and (3)
in case of a discordant genotyping—either (a) differ-
ent homozygotes or (b) heterozygote plus homozy-
gote—between runs, it was assumed as an effect of
allele dilution due to the low concentration of DNA
and the heterozygote genotype was assigned to the
egg. Notice that these rules might result in an overes-
timation of heterozygotes, therefore being a conserva-
tive assumption in relation to the hypothesis of repro-
ductive isolation.

Data analysis

We calculated the percentage of all three genotypes
(AXA inbred, BxB inbred, and AxB outbred) in the
diapausing eggs for each temporal sample separately
(14 combinations of natural populationsX2 repli-
cates X 2 temporal samples). Fixation index (Fjg) and
its significance for heterozygote deficiency (uni-direc-
tional tests) was calculated using GenePop on the web
(Raymond 1995, Rousset 2008). Fg ranges from — 1
(complete outbreeding) to+ 1 (complete inbreeding).
Before testing for heterozygote deficiency, in order to
increase the power of subsequent statistical tests, we
performed a chi-square test of homogeneity for the
two temporal samples and the two replicates of each
population combination, using the chisq.test imple-
mented in R software (ver. 4.1.2) and pooled those
samples that resulted homogeneous. Additionally,
several average F;g were computed after weighting
with egg abundance (see "Results"). The correlation
between Fig values of the two replicates within-pop-
ulation combinations, as well as correlation between
Fis and the different predictors (geographic, envi-
ronmental and genetic pairwise distance, Table 2)
was calculated using cor.test function implemented
in R software (Pearson correlation, one sided). In
these correlations, environmental distance was com-
puted as the difference between the unpredictability
values from each pond according to Franch-Gras
et al. (2017a). Genetic distance was based on the Fqy
value of microsatellites and gy value for the terminal
repeat of the mate recognition gene mmr-b (Jezkova
et al., 2022b).

Results

All 28 admixed experimental cultures produced dia-
pausing eggs. Egg densities varied between replicates
and mostly along the experimental time course. Based
on these egg densities, the daily egg production rate
ranged from 0.04 to 1.54 eggs ml~' day™' on day 15,
and from 0.02 to 0.46 eggs ml~!' day~! on day 29. In
all cases, accumulated egg density on day 15 (which
integrates two weeks of production) was much higher
than the corresponding day 29 of sampling (one week
of production) (Suppl. Table 2).

A total of 4539 SNPs were previously identified
for the different populations (Franch-Gras et al.,
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2018), from those, only 276 SNPs had the capabil-
ity to differentiate between natural populations in
at least one of the 14 population combinations. We
were able to design a KASP™ assay for all popula-
tion combinations in our experimental design except
in two cases (RASXxHYB and SALXxMNT), where
only one and two SNPs respectively were able to
differentiate between the two populations involved
in the cross but gave no result in the KASP™
assays. These two population combinations were
excluded from further analysis. Genotypes could be
assigned to 2005 eggs (between 27 and 46 eggs per
replicate and population combination). Frequencies
of genotypes are shown in Fig. 2. Genotyping rules
(see "Material and Methods") had to be applied to
50.4% of the genotypes as they presented incon-
sistencies among KASP™ runs. From those, 72.0%
were classified as heterozygotes. The percentage
of manually assigned heterozygotes varied among
population combinations (interquartile range:
49.9 and 90.7%). Deficiency of heterozygotes was
observed in 26 out of 48 samples. Temporal sam-
ples and replicates were pooled in 7 combinations

RASXCAM

R

15b-
29a-
29b-
15a -
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a
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Fig. 2 Percentage of diapausing eggs genotypes produced in
each population combination for two temporal samples (day
15 and day 29) and two replicates (a and b). Those popula-
tion combinations with homogeneous samples were pooled for
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(RASXAYA, RASxHYC, RASxMNT, RASXPET
and SALxHYB, SALxPET, SALxTUR) after testing
for homogeneity of the genotypic frequencies. After
pooling homogeneous samples, significant defi-
ciency of heterozygosity was found in four popula-
tion combinations (RASxMNT, RASxPET, SALx-
HYB, SALXTUR; pooled replicate and dates), and
in the 15-day temporal samples of both replicates of
RASXTUR. That is, we found significant heterozy-
gote deficiency in 6 out of 27 tests, involving 5 out
of 12 population combinations.

The Fg values of the 48 samples ranged from
— 0.84 to+0.54. Correlation of Fig values between
the two replicates were highly significant (P <0.001
for both days 15 and 29). Six out of 12 popula-
tion combinations showed positive average Fg val-
ues (Fig. 3, average over population combinations:
0.062). A trend of decreasing Fig was observed
between day 15 and day 29 in 10 out of 12 population
combinations. When comparing the Fgy separately
for each temporal sample (day 15 vs. day 29), aver-
age Fig on day 15 was positive (0.112), while on day
29 was negative (— 0.141). Fig (either per population
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analysis and highlighted in black. Stars indicate significant def-
icit of heterozygotes, black horizontal lines accounts for signif-
icant deficit of heterozygotes in pooled replicates and samples
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Fig. 3 Fig values for each population combination and repli-
cate for the two temporal samples (day 15 and day 29). Black
dashed line is averaged over replicates. The number within
each panel is Fig averaged over temporal samples and repli-

combination or for each temporal sample) did not
show significant correlation with any of the predic-
tors (environmental, geographic or genetic distance)
(Suppl. Figure 1).

Discussion

In this study we have investigated the evolution of an
incipient reproductive isolation among populations
of B. plicatilis from geographically close ponds that
differ in their environmental conditions. We selected
nine populations locally adapted to water regime
unpredictability (Franch-Gras et al., 2017b). We have
produced diapausing eggs from 12 population combi-
nations and found signs of assortative mating (deficit
of heterozygotes) in five of them. The emergence of
reproductive isolation in the presence of gene flow is
not easy to evolve as gene flow tends to blur diver-
gence and because mating recognition systems are
under stabilising selection (Lambert et al., 1982; But-
lin et al., 1985). Therefore, our observation of deficit
of heterozygotes in more than one third of our experi-
mental cultures seems to us biologically significant.

cates. The area above the line corresponds to within-population
mating preferences and below the line to among population
mating preferences

The index of inbreeding (weighted Fig) was posi-
tive in eight out of 12 population combinations, pro-
viding signatures for outcross avoidance. The overall
F|g value was very varying (Fig average 0.062; range
— 0.84 to 0.54). The most inbred population combi-
nation in this study was SALXHYB, with an average
Fig of 0.25. Interestingly, in an independent previous
study on mating behaviour, these populations also
showed a significant preference for within-population
mating (Jezkova et al., 2022a), largest differences
in environmental predictability (Franch-Gras et al.,
2017a) and each population belongs to a different
mmpr-b haplotype group (Jezkova et al., 2022b).

Regarding those populations that did not show a
deficit of heterozygotes (4 out of 12), different expla-
nations could be invoked. Our results could be due to
an actual lack of reproductive barrier between these
populations. On the other hand, the experimental
setup could have affected the outcome increasing the
number of heterozygotes found in several ways. First,
the amount of DNA obtained from a single egg is
small, and this can affect the genotyping by KASP™
analyses resulting in random loss of one allele.
KASP™ was run twice for each egg and every incon-
sistency (one different homozygote each time) was
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assigned as heterozygote. By doing this, we may have
biased our data against our hypothesis of heterozy-
gote deficit. Second, by admixing populations at high
concentrations (150+ 150 females in 6 1 of media)
we may have increased the probability of encounters
and forced random mating, overcoming the effect of
the pre-reproductive barrier found in Jezkova et al.
(2022a). In the wild, this equifrequent assemblage
would not occur. Third, as explained below, asyn-
chronous timing of sexual reproduction may explain
events of heterozygote excess.

Whereas average Fig either globally or in eight
out of 12 population combinations, was positive indi-
cating a tendency towards within-population cross-
ing, this index decreased between day 15 (global
Fig 0.112) and day 29 (global Fig — 0.141, with low
effect due to de decreased egg production). Two dif-
ferent biological factors could contribute to this pat-
tern. One factor may be the environment deteriora-
tion between day 15 and day 29 (e.g. accumulation
of metabolic compounds or debris). This deteriora-
tion might be appreciated by rotifers as the end of the
growing season and lead to lower partner discrimina-
tion at later stages (better a bad mate than no mate).
This would imply Fig to tend to zero. The other puta-
tive factor is related to different timing of induction
of sexual reproduction. Asynchrony of reproductive
cycles has been reported as one of the important com-
ponents of reproductive isolation in many species
(Wu et al., 2021). In our study system, natural popu-
lations are locally adapted to environmental unpre-
dictability by adjusting their density threshold for sex
induction, that is, some populations induce sex earlier
than others (Franch-Gras et al., 2017b). Accordingly,
when the later-inducer population starts producing
sexual females, males from the earlier-inducer popu-
lation are already copulating with them, increasing
the number of outbred crosses. Preliminary results
from a model simulation (Serra, unpublished) suggest
that this coupling might explain a period of heterozy-
gote deficiency followed by a period of heterozygote
excess.

Previous studies suggest a tendency towards pre-
reproductive isolation related to environmental dis-
tance (Jezkova et al., 2022a). In this study, however,
despite signatures for within-population crossing, our
hypothesis of a stronger deficit of heterozygotes in
those populations that are more ecologically distant
was not observed. The tendency of populations to
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avoid interbreeding was not related to environmental
distance, nor to geographic or genetic distance. Lack
of correlation with genetic distance occurred for neu-
tral markers (microsatellites) and mmr-b gene, which
is involved in rotifer mate recognition (see Jezkova
et al., 2022b). We do not consider this lack of evi-
dence definitive. Firstly, our study was limited to 14
population combinations sampled at a regional scale
(240 km?), so lack of correlation could be due to low
statistical power in order to detect a small effect. Sec-
ondly, as previously pointed, experimental factors and
inherent biological characteristic of our populations
may have altered the frequency of heterozygotes in
our experiments, and thus, altering the relationship
among genetic and environmental distance. The nat-
ural populations studied here belong to two aminoa-
cidic haplotype groups of the mmr-b gene (Jezkova
et al., 2022b). SAL and TUR are in one group and
the rest in the other. Correlations of Fg with @gr of
mmr-b in population combinations involving SAL,
but excluding TUR with which there is no genetic
distance, resulted in a positive correlation (P=0.05,
Suppl. Fig. 1) on the edge of the statistical signifi-
cance. This suggests a role of the mating recogni-
tion gene in population divergence but also the high
complexity of mating discrimination and behavioural
isolation, where a panoply of biotic and abiotic fac-
tors might be at work. Indeed, our experimental setup
was based on oversimplified populations formed by
an equal admixture of differentially adapted individu-
als in a homogeneous environment. Moreover, the
involvement of additional genes controlling success-
ful reproduction (Snell, 2011; Hanson et al., 2013)
cannot be discarded.

Zooplankton populations in nature are genetically
structured despite their high dispersal capacity (De
Meester, 1996; De Meester et al., 2002). This paradox
has been explained as the result of persistent founder
effects and local adaptation (De Meester et al., 2002;
Montero-Pau et al., 2018). There is evidence for local
adaptation in cladocerans, rotifers and other zoo-
planktonic groups (Fernindez et al., 2020; Tangwan-
charoen et al., 2020; White et al., 2022). In this sce-
nario, the evolution of a reproductive barrier among
locally adapted populations is advantageous. Our
study points in this direction. However, a trade off
may exist between preserving favourable gene com-
binations that are advantageous in certain habitats
and undesirable negative consequences of inbreeding
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(Tortajada et al., 2009; Cannon, 2021). This trade off
might weaken the reproductive barrier, resulting in
a gradient of reproductive isolation. In this study we
have found signatures of incipient reproductive iso-
lation in some populations of B. plicatilis from geo-
graphical proximity with putative migration among
them. The fact that we worked at an intraspecific
level and controlling only a limited set of factors is
consistent with not finding clear cuts for isolation.
Given that the evolution of reproductive isolation and
speciation are rare historical events in nature, finding
partial isolation within some of the populations stud-
ies seems to us biologically significant. By finding
partial within-species reproductive isolation between
populations, our results make worthy further investi-
gation on the role of local adaptation in shaping the
diversification of small zooplankton populations.
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