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Highlights 

 We studied the temporal evolution of V. destructor dynamics and genetic structure 

 Our predictions show that the mite performs only inbreeding in the early infection 

stage 

 As the mite population grows, multiple infestation and admixture become frequent 

 We confirmed this model with data showing increased recombination over a season 

 This two-phase dynamics has important significance for acaricide resistance 
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Abstract 

Varroa destructor is the most devastating parasite of the Western honeybee, Apis 

mellifera. In the light of the arm race opposing the host and its parasite, the population 

dynamics and genetic diversity of these organisms are key parameters. However, the life 

cycle of V. destructor is characterized by extreme inbreeding due to full sibling mating in the 

host brood cells. We here present an equation reflecting the evolution of inbreeding in such a 

clonal system, and compare our predictions with empirical data based on the analysis of 

seven microsatellite markers. This comparison revealed that the mites perform essentially 

incestuous mating in the beginning of the brood season. However, this pattern changes with 

the development of mite infestation. Despite the fact that the overall level of genetic diversity 

of the mites remained low through the season, multiple inbred lineages were identified in the 

mites we sampled in June. As a response to the decrease of brood availability and the 

increase of the parasite population in parallel in the colonies, these lineages recombined 

towards the end of the season as mites co-infest brood cells. Our results suggest that the ratio 

of the number of mite per brood cell in the colony determines the genetic structure of the 

populations of V. destructor. This intracolonial population dynamics has great relevance for 

the selection of acaricide resistance in V. destructor. If chemical treatments occur before the 

recombination phase, inbreeding will greatly enhance the fixation of resistance alleles at the 

colony level. 

Keywords: Population Genetics / Host-Parasite Coevolution / Population dynamics / 

Microsatellites / Varroa destructor / Apis mellifera 
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1. Introduction

The Western honeybee (Apis mellifera) has been introduced in Asia for honey and bee 

product business for over a century (Moritz et al., 2005). Due to these introductions, A. 

mellifera came in contact with a broad range of Asian honeybees’ parasites and pathogens, 

including the Varroa destructor mite. This ectoparasite successfully established in its new 

host and consequently spread worldwide due to transhumance (Rosenkranz et al., 2010). 

Today, V. destructor represents a major threat for this ecologically and economically 

important species (Le Conte et al., 2010). On the first hand, the parasite feeds on the 

haemolymph of honeybee brood and adults, weakening these individuals. But the most 

devastating effect of the mite comes from the role it plays as a vector for multiple viruses 

(Genersch and Aubert, 2010; Martin, 2001; Wilfert et al., 2016). This parasite is so 

devastating that if colonies are not treated, they succumb within 2-3 years (Fries et al., 2006). 

As for all invasive species, knowledge on the population dynamics and population 

genetics are essential to understand the invasion process of V. destructor and help 

establishing effective management measures (Sakai et al., 2001). Among other factors, the 

population structure and genetic diversity of the introduced population will greatly influence 

the outcome of the invasion as it will influence the susceptibility to inbreeding depression 

(Ellstrand et al., 1993; Nieminen et al., 2001) and determine the potential for the emergence 

and spread of adaptations to the novel environment (Fisher 1930; Sax et al., 2007). These 

parameters are even more important in parasites like V. destructor, as they can influence the 

arm race with its host (Carius et al., 2001; Van Valen 1973) and its potential to become 

resistant to acaricides (Georghiou and Taylor, 1977; Roush and McKenzie, 1987). 

Mitochondrial and microsatellite DNA studies revealed almost no genetic variation 

within the two main V. destructor haplotypes that switched host and now infest A. mellifera 
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colonies worldwide (Anderson and Trueman, 2000; Solignac et al., 2005). This almost clonal 

population structure was attributed to the peculiar life cycle of the mite which includes 

mating of siblings in the sealed brood cell of the honeybee. Typically, a Varroa female enters 

a honeybee brood cell just before capping and activates its ovaries after a first blood meal on 

the larva. Then she first produces a single haploid male which will later mate with a series of 

diploid full-sister female offspring in the cell. Sometimes, more than one mite originally 

invade the cell. In that case, offspring from different mothers may admix (Fuchs and 

Langenbach, 1989). As soon as the adult bee emerges, the male(s) die(s) and all mated 

mature females (mother and offspring) can infect new brood cells after a short phase as 

phoretic mite on adult bees. Hence, this mating biology results in extreme inbreeding with no 

exchange among lineages in the population as long as a single female mite infests a cell.  

As V. destructor became a major pest of A. mellifera, various products have been 

developed in the last decades to control mite infestations. Among these products, pyrethroids 

have been massively used by beekeepers because they are easy to apply, effective and 

relatively inexpensive (Rosenkranz et al., 2010). Yet, despite limited genetic diversity and 

population admixture, several V. destructor populations have developed quick resistance to 

acaricides such as pyrethroids (Milani, 1999). The resistance mechanisms to these 

compounds have been identified at the molecular level, and recessive point mutations at the 

sodium channel appears to render the treatments inefficient (González-Cabrera et al., 2016, 

2013; Hubert et al., 2014). Interestingly, these studies showed that mites heterozygous at the 

resistance locus (having both, the resistance “r” and the wild type “+” alleles and therefore 

called “r+” hereafter) are commonly found in the colonies and that they are highly susceptible 

to treatments. However, to date nothing is known about how the population dynamics of the 

mite may influence the emergence and spread of these adaptations at the colony level. 
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In order to understand how the interplay between the honeybee colony dynamics and 

the mating behaviour of the mite can affect the population structure of V. destructor, we first 

show with a very simple equation how inbreeding is expected to vary in V. destructor over 

the honeybee reproduction season. We then discuss how this estimate may vary due to the 

colony dynamics of the host. To see how inbreeding varies in a real world setting, we 

compare these theoretical expectations to empirical data. Finally, we show that this temporal 

dynamics is of great relevance for genetically based resistance towards acaricides. 

2. Material and Methods

2.1. Population dynamics 

In order to illustrate the interplay between the population growth of the host and 

parasite, we first used the model from Calis et al. (1999) to estimate the population dynamics 

of A. mellifera and V. destructor under temperate climate (Figure 1). In such an environment, 

A. mellifera queens typically lay eggs from the beginning of March until the end of October 

(Calis et al., 1999). In parallel, we chose to track the evolution of the parasite infestation over 

a year with 50, 100, 500 and 1000 individuals to start the V. destructor population. 

The reproduction of V. destructor is directly dependent on the pupation phase of its 

host, and takes in average 12 days in worker cells and 14 in drones of A. mellifera (Ifantidis, 

1983; Martin, 1995, 1994). Every reproductive cycle being separated by a few days of 

phoretic phase, up to two reproductive cycles per month can be performed by V. destructor. 

As shown in Figure 1, the parasite population growth is greatly affected by the number of 

individuals starting the infection. Interestingly, the mite outnumbers the colony brood already 

in September if 1000 mites originally infest the colony. 
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Graph representing the evolution of the amount of A. mellifera brood (solid line; including
larvae and pupae of drones and workers), and of V. destructor females (dashed lines) over 
a year timespan in a temperate climate with a starting population of 50, 100, 500 and 1000 
mites. Estimates obtained from the model of Callis et al. (1999). 
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2.2. Evolution of Inbreeding 

To estimate the evolution of the population structure of V. destructor under strict 

incestuous mating, we used a simple equation reflecting the evolution of inbreeding in time. 

For this estimation, we intentionally neglected the effects of mutation and genetic drift on the 

genetic structure of Varroa. In fact, the frequency of the former is certainly much reduced in 

such a short timespan. In addition, as the mite population grows exponentially at the 

beginning of the brood season due to the large availability of brood cells and only slightly 

decreases throughout winter (Figure 1), the effects of genetic drift are also very minute. 

However, the consequences of recombination and migration, which are also not included 

here, will be discussed in more details in the next parts. 

Hence, our estimates of inbreeding results only from recurrent brother-sister mating in 

the cell. A recurrence equation to determine the inbreeding coefficient F (Wright 1922) in a 

specific generation n accounting for male haploidy can be derived from Figure S1 as 

= 0.5  (1 + ) +  0.5  (1 + ) +  .  .  .  + 0.5( ) 1 + ( )  (1) 

=  ∑ (0.5( ) 1 + ( ) ) (2) 

where 

Fn = inbreeding coefficient in generation n (n≥2) 

Figure 2 shows the increase of the probability for two distinct alleles of a given locus to 

become identical by descent after successive generations of inbreeding. Starting with purely 

heterozygous individuals (F0 = 0), already more than 75% of all loci become homozygous 

after eight generations. As mite reproduction in the honeybee colony is possible throughout 

the brood season with about 16 mite generations within a year, only very few heterozygote 

loci will persist under this scenario of recurrent inbreeding. 
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V. destructor

Graph showing the predicted (F; shaded area) and observed (Fest; 95% CI after 1000 bootstrap over seven loci) 
inbreeding coefficients in the colonies over the season. The black dots and the curve represent the evolution of 
inbreeding assuming a most extreme starting situation assuming a non-inbred mite population in early March 
(F0 = 0). 
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2.3. Interactions between inbreeding and the colony dynamics 

In spite of the life cycle of V. destructor with incestuous mating and reproduction in the 

brood cell, the mites will not always perform inbreeding. If the number of brood cells 

available for reproduction is smaller than the number of mites in the colony, mites need to co- 

infect a cell for reproduction (Figure 1). Yet, multiple brood cell infestations may occur even  

before that stage is reached. Figure 3 shows the temporal changes in single versus multiple 

cell infestation assuming a random choice of brood cell by V. destructor (Fuchs and 

Langenbach, 1989) based on a Poisson distribution. This figure shows that A. mellifera brood 

cells will be mainly infested by a single mite as long as the parasite population remains low. 

However, when the infestation has built up in the colony, the cells will rapidly become 

saturated with Varroa and the frequency of multiple infestations will grow rapidly. 

Thus, the probability of inbreeding in V. destructor will depend on the mite-brood ratio 

and whether multiple females or a single mite infest a brood cell. In the latter case, 

outbreeding may occur if offspring from two genetically distinct foundresses admix, resulting 

in an increase in heterozygosity in the mite population. Since colonies typically have large 

brood nests but only few mites in early spring (Figure 1), multiple infections should be rare 

and inbreeding will be inevitable if the mites randomly infect brood cells (Figure 3). In 

autumn, the situation is exactly opposite: there are many mites in the colony but the brood 

nest is small (Martin, 1998). It is now very likely that mites multiply infest brood cells and 

heterozygosity may be largely restored. 

2.4. Colony samples 

In order to compare our predictions and estimate the magnitude of the influence of A. 

mellifera colonies dynamics on the population structure of Varroa, we compared the results 
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Bar chart representing temporal evolution of the proportions of single (white bars) versus multiple (black bars) infested cells in a 
colony of A. mellifera on a temperate climate. The likelihood of having one foundress or two foundresses was calculated based on a 
Poisson distribution with λ being the ratio of mite per cells. The different graphs represent starting populations of 50 (a), 100 (b), 
500 (c) and 1000 (d) individuals. 
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Table 1 – Information on the samples 

Summary of the V. destructor sampling, different genetic diversity coefficient estimated over 
the seven loci and number of lineages sampled in the two honeybee colonies. Time: month of 
sampling, Inf: infection level (based on how many cells were opened in order to find 12 
infected brood), N: number of mites sampled, N/cells: average number of mite per cell (N/12; 
*: the DNA extraction did not work for one individual in this group, therefore only eleven 
individuals were included in the analyses), NA: average number of allelles, He: 
heterozygosity over loci, %Het: percentage of heterozygous mites (at least one locus), Total: 
total number of lineages detected, Hom: number of homozygous lineages, Het: number of 
heterozygous lineages, Rec: number of recombinant lineages, NSE: Non Sampling Error 
based on the total number of lineages collected. 

Time Inf N N/cell NA He % Het 
N Lineages 

Total Hom Het Rec NSE 

C
ol

on
y 

A
 June 0.30 13 1.08 1.57 0.022 0.15 9 7 2 0 1.91 

July 0.34 22 1.83 1.71 0.045 0.27 12 6 5 1 2.73 
August 0.40 21 1.75 1.86 0.054 0.29 13 7 3 3 3.30 

September 0.20 16 1.33 1.86 0.107 0.44 13 6 5 2 4.09 
Total - 72 - 2.29 0.057 0.29 30 12 13 5 7.42 

C
ol

on
y 

B 

June 0.30 11 1.00* 1.86 0.079 0.45 9 5 3 1 2.56 
July 0.27 18 1.50 1.86 0.134 0.56 13 6 4 3 2.87 

August 0.30 13 1.08 1.71 0.120 0.62 12 5 4 3 2.60 
September 0.53 33 2.75 2.14 0.173 0.70 20 4 6 10 1.39 

Total - 75 - 2.14 0.142 0.61 42 13 15 14 6.00 
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of our equation with empirical data. A total of 147 female adults V. destructor were sampled 

from worker and drone cells in two A. mellifera colonies located in the apiary of the Zoology 

group of the Martin-Luther University in Halle (Saale), Germany. The hives were not treated 

with any acaricide throughout the year. The mites were collected in monthly intervals starting 

in the middle of the parasite infestation peak in June until the end of September 2015 (Table 

1). Sealed brood cells were opened until twelve infected cells had been found. The total 

number of opened cells was recorded to allow for estimates of the brood infection level of the 

colonies (N infected cells / N opened cells). Only pigmented mites (mature females) from early stage 

pupae were removed from the infected cells and stored in 99% ethanol in order to insure that 

any multiply infested cells contained different foundresses and a mother and its offspring. 

2.5. Genotyping 

Before DNA isolation, the mites were washed twice with double-distilled water, dried 

and directly crushed in a PCR plate containing 100 μl 5 % Chelex solution. 5 μl of proteinase 

K was then added in each sample. Total mite DNA was isolated from the individuals using 

standard Chelex thermocycling conditions (Walsh et al., 1991). Four novel polymorphic 

microsatellite markers (Vdes01-04, Table 2) were designed from the published genome of V. 

destructor (Cornman et al., 2010) using the web software Websat (Martins et al. 2009). In 

addition, three previously published loci (VJ292 and VJ294 from Solignac et al. (2005) and 

VD307 from Cornman et al. (2010)) were included in the analyses. All mites were genotyped 

at these seven microsatellite markers in a MEGABACE DNA Analysis System (GE 

Healthcare Life Science, Buckinghamshire, England) using the Fragment Profiler software V. 

1.2. Hardy-Weinberg tests were performed for each marker, population and over all samples 

using Fstat V. 2.9.3 (Goudet, 1995). Pairwise linkage disequilibria were estimated for all loci 
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Table 2 – Information on the newly designed microsatellite primers 

Novel V. destructor primers designed for this study. TA: annealing temperature of the primer, 
Size: size of the most frequent allele. 

Name Forward Reverse TA Size Repeat motif 

Vdes-01 CGATTTCTGCTCCGTCAGTC TGTCCTACCAATCATCACCGTA 60 400 (TTA)12…(AT)7 

Vdes-02 TTCAATCAGACCTCCACCTTTT GCTTATGTAGCCTTTGTCCCAG 60 296 (TAA)6…(TA)9 

Vdes-03 ATATACAGCGCATCGCCTAAA CGAATAACGCGACAGTTTTGTA 60 303 (AT)8…(TA)7 

Vdes-04 AGCTCAGACCATACCGATCAAT CAACTGTATCATCATCGCCATC 60 272 (TA)11 
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using the same software and corrections for multiple tests were applied according to De 

Meeûs (2014).  

2.6. Analysis of the evolution of the population structure of V. destructor 

The number and frequency of alleles and the number and percentage of heterozygous 

individuals were estimated based on the individual genotypes at the seven microsatellite loci 

for each colony and month. All the following tests were performed using R V. 3.1.2 (R 

Development Core Team 2008). 

The inbreeding coefficient Fest was measured for each colony as the frequency of 

homozygote genotypes over all loci in the mite samples and its confidence interval estimated 

with 1000 bootstraps over the seven loci. Using the value of Fest in June, we estimated the 

evolution of inbreeding assuming strict incestuous mating using the equation (2) described 

above. We then compared these estimated values to the values of Fest we measured from July 

to September in both colonies using paired t-tests. 

In the two sampled colonies, no more than two alleles were present for each locus from 

June to August. Hence based on a most conservative coalescent approach, all alleles could be 

traced back to a single heterozygous mite lineage (“ancestral mite”). It is extremely unlikely 

to retain heterozygosity at more than one locus in the set of seven markers after eight 

generations of inbreeding (< 2.02% based on a Poisson distribution). Hence individuals 

which had been heterozygote at more than one locus after eight generations were most likely 

the result of a recombination event between inbred lineages. We determined the regression of 

the frequency of these recombinant individuals on the frequency of multiply infested brood 

cells during the season. 
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3. Results

No significant linkage disequilibrium was found among the seven markers (Table S1). 

In contrast, significant deviations from Hardy-Weinberg were obtained for all markers and 

over all markers and populations (Table S2). This result is not surprising given the inbred 

mating system of V. destructor. 

The empirical levels of inbreeding we estimated (Fest) are well above the estimated 

values from equation (2) in June (Figure 2). This difference indicates that the assumption 

used in the theoretical approach (F0 = 0; the first individuals are purely heterozygous) was not 

verified in the empirical data because the levels of inbreeding in the mite population were 

already important at the beginning of the season. For the following months, the values of 

inbreeding estimated with equation (2) based on the results of Fest from June were 

significantly higher than the measured Fest (paired t-tests, p < 0.001, Figure 4). Notably, this 

difference increased with time, suggesting that the level of incestuous mating diminished 

progressively through the summer. In accordance with this finding, a significant temporal 

increase of the frequency of individual heterozygous for at least one locus was detected in 

both colonies (linear hypothesis test; p = 0.034 and p = 0.007 for colony A and B 

respectively). Altogether, these results reflect genetic admixture among inbred lineages in the 

two colonies (Table 1). Admixture requires the infestation of cells with more than one mite 

from different lineages. Indeed, also multiple infestations generally increased over the season 

(Table 1) and significantly affected the frequency of recombinant individuals in our sample 

(Y = 0.034x + 0.087; r² = 0.501; p < 0.05, Figure 5). In addition to this increase in 

recombination over time, novel alleles were found in each of the colonies in September 

(12.50% and 6.06% of sampled individuals, in colony A and B respectively). 
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Graph representing the temporal evolution of the inbreeding coefficient (Fest) calculated with the equation (2) (black dots, solid line: polynomial 
regression curve) and using the genotypes of V. destructor sampled in two A. mellifera colonies (diamonds, dashed line: polynomial regression 
curve) over four months. 
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The plot represents the linear regression of the multiple mite infestation ratio (number of 
foundresses multiply infecting a brood cell divided by the number of foundresses that 
infect the brood cells alone) on the estimated frequency of recombinant individuals (Y = 
0.034x + 0.087; r² = 0.501; p < 0.05) 
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4. Discussion

Despite the fact that the genetic diversity of the V. destructor haplotypes found in A. 

mellifera colonies is considered to be very limited outside of the natural range of the parasite 

(Solignac et al., 2005), there is growing evidence of significant genetic variation among mites 

at both the colony and population level (Beaurepaire et al., 2015; Dynes et al., 2016).  We 

here demonstrate that in addition to being genetically diversified, the populations of V. 

destructor are dynamic and complex, as the population structure of this parasite varies 

temporally in response to the brood availability of its host colony. 

As the reproductive season of V. destructor typically starts in March in Central Europe 

when the first eggs are laid by the honeybee queens (Figure 1), approximately four months 

(or eight generations) may have separated the mites we sampled in June from the first 

individuals reproducing in the colonies. After eight generations of inbreeding, at least 78.39% 

of the alleles would have become identical by descent. The samples from our case study 

colonies were highly inbred after the mite populations had expanded to elevated levels of 

infestation early in the season (Figure 2). The mites had apparently mostly infested brood 

cells alone and their offspring had to reproduce via incestuous mating. This is an inevitable 

process as long as the mite population is much smaller than the number of brood cells 

available in the colony, as is typical in the early season but also later if the infestation levels 

are low. However, despite this extreme inbreeding under large brood nest conditions, genetic 

drift does not eliminate the initial genetic variation in the mite populations because the 

number of mites can exponentially expand with every generation. Hence, the population 

retains all alleles in the colony although within every inbred lineage heterozygosity is almost 

completely lost and heterozygous loci will become extremely rare. Thus, with incestuous 
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mating the mite population in the colony will eventually be comprised of numerous inbred 

lineages harbouring different alleles all in homozygous state.  

However, as the amount of available brood cell decreases and the mite population 

increases during summer and fall, many of these alleles will recombine because mites 

inevitably need to co-infest cells for reproduction. In addition, the mite population is not 

completely closed. Particularly towards the end of the season, there is a considerable influx of 

foreign mites into the colony (Frey and Rosenkranz, 2014; Greatti et al., 1992) which is 

supported by enhanced worker drifting that has been suggested to be induced by the mites 

themselves (Forfert et al., 2015; Kralj and Fuchs, 2006). Admixture of mite populations from 

different colonies will then take place, increasing the levels of heterozygosity beyond the 

plain recombination of the resident inbred mite lineages. Also in our study, novel mite 

genotypes appeared in September suggesting the introduction of new mite lineages into the 

tested colonies. This might have been caused by the drifting of workers carrying new parasite 

genotypes from surrounding colonies, although we cannot exclude that we did not detect 

these alleles earlier on because of the finite sample size of this study. 

Clearly our estimates on the evolution of inbreeding in V. destructor over time are most 

conservative, as we chose to start with a single outbred lineage originally in the colonies at 

the beginning of the season. However, existing inbreeding from the previous year may have 

been retained over the winter phase. Indeed, our empirical data suggests that multiple mite 

lineages were present in the colonies at the beginning of the season and that these lineages 

had substantial levels of inbreeding. Thus, it is not surprising to see the empirically estimated 

inbreeding coefficients based on the frequency of homozygote loci (Fest) in June to be higher 

than the theoretically predicted inbreeding coefficient. Moreover, our equation (2) only 

addresses the increase of homozygosity within an inbred mite lineage and does not 

incorporate any admixture of the mite lineages and flux of new alleles in the colony due to 
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multiple cell infestation and migration. Hence the lower Fest estimates later in the season 

exactly reflect recombination of resident inbred lineages the one hand and admixture with 

novel genotypes on the other. 

Even though we screened for microsatellite markers that reflect the random processes 

of drift and inbreeding, our findings are also most relevant for understanding how selection 

operates in V. destructor. Previous studies have reported that multiple resistant alleles can be 

found in a given population and that rr individuals (i.e. homozygous with a resistance allele) 

can resist to acaricide treatment (González-Cabrera et al., 2016, 2013). Interestingly, these 

mutations were found in 45% of mites sampled in colonies that were not treated with tau-

fluvalinate, but in 98% of the treated hives of the same apiaries (González-Cabrera et al., 

2016). Our results help understanding how this resistance can take place in V. destructor 

populations infecting A. mellifera colonies. Inbreeding will randomly affect all loci including 

those with recessive alleles for acaricide resistance. So, whereas random mating would result 

in many r+ heterozygotes that are susceptible to the acaricide, incestuous mating will 

enhance the frequency of rr mites. Increased inbreeding will therefore result in more resistant 

mites in the colony even before any selection caused by acaricide treatment is applied. 

Furthermore, acaricide treatments during periods of highly inbred mite populations will 

accelerate the selection for any recessive resistance allele in the colony. In contrast, treatment 

during periods of high mite infestation may be more effective. As the ratio of mite per brood 

cell increases, multiple infestations will become more frequent and will enhance the 

recombination of inbred lineages, increasing the frequency of susceptible r+ individuals in 

the colony. Thus, if no treatments are performed beforehand, much less mites should survive 

the treatment after this recombination phase. 

To conclude, it may be prudent to consider the interaction between brood availability 

and inbreeding when designing acaricide application schemes in apicultural management. 
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General recommendations for Varroa control are to treat with different compounds 

throughout the year. However, if these treatments are performed once inbreeding is at its 

peak, selection of resistance will be swift. In addition, rotating compounds not only in time 

but also in space between colonies of a given apiary may help preventing the development of 

acaricide resistance as drift of mites from one colony to another in the late season will 

enhance the production of heterozygous sensitive individuals.  
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Supplementary Information 

Table S1 – Results of the linkage disequilibrium test 

Linkage disequilibrium estimated for all pair of markers using Fstat v.2.9.3 (Goudet, 1995). 

After Bonferroni correction, adjusted P-value for 5% nominal level was 0.002381. 

Marker pairs p 

VD307 & VJ292 0.23810 

VD307 & VJ294 0.65952 

VJ292 & VJ294 0.92381 

VD307 & Vdes-01 1.00000 

VJ292 & Vdes-01 1.00000 

VJ294 & Vdes-01 1.00000 

VD307 & Vdes-02 0.54048 

VJ292 & Vdes-02 0.41429 

VJ294 & Vdes-02 0.00714 

Vdes-01 & Vdes-02 0.92619 

VD307 & Vdes-03 0.87381 

VJ292 & Vdes-03 0.50476 

VJ294 & Vdes-03 0.45238 

Vdes-01 & Vdes-03 0.16429 

Vdes-02 & Vdes-03 0.09762 

VD307 & Vdes-04 0.48571 

VJ292 & Vdes-04 0.50952 

VJ294 & Vdes-04 0.07381 

Vdes-01 & Vdes-04 0.03810 

Vdes-02 & Vdes-04 1.00000 

Vdes-03 & Vdes-04 0.04048 

Table S2 - Results of the Hardy-Weinberg test 

Hardy-Weinberg tests estimated for all pair of markers and over all markers and populations 

using Fstat v.2.9.3 (Goudet, 1995) using the FIS statistics and based on 2000 randomisations. 

The results shown are the probability that the randomisations are larger than the observed 

values of FIS. 

Marker Result 

VD307 < 0.05 

VJ292 < 0.05 

VJ294 < 0.05 

Vdes-01 < 0.05 

Vdes-02 < 0.05 

Vdes-03 < 0.05 

Vdes-04 < 0.05 

All Loci < 0.05 
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Pedigree showing the first four generations of inbreeding. Females are diploid but males 
are haploid causing a swift increase in the inbreeding coefficient. The inbreeding 
coefficient of a female in generation 3 is composed of F3 = 0.5² (1+F1) + 0.5³ (1+F0) = 
0.375 (F0 and F1 = 0). 
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