
1 
 

Adversarial interspecies relationships facilitate population 
suppression by gene drive in spatially explicit models 
 
Yiran Liu1, WeiJian Teo1, Haochen Yang1, Jackson Champer1* 
 
1Center for Bioinformatics, School of Life Sciences, Peking-Tsinghua Center for Life Sciences, 
Peking University, Beijing, China 100871 
* jchamper@pku.edu.cn 
 
 
Abstract 
 
Suppression gene drives are designed to bias their inheritance and increase in frequency in a 
population, disrupting an essential gene in the process. When the frequency is high enough, the 
population will be unable to reproduce above the replacement level and could be eliminated. 
CRISPR suppression drives based on the homing mechanism have already seen success in the 
laboratory, particularly in malaria mosquitoes. However, several models predict that the use of 
these drives in realistic populations with spatial structure may not achieve complete success. This 
is due to the ability of wild-type individuals to escape the drive and reach empty areas with 
reduced competition, allowing them to achieve high reproductive success and leading to 
extinction-recolonization cycles across the landscape. Here, we extend our continuous space 
gene drive framework to include two competing species or predator-prey species pairs. We find 
that in both general and mosquito-specific models, the presence of a competing species or 
predator can greatly facilitate drive-based suppression, even for drives with modest efficiency. 
However, the presence of a competing species also substantially increases the frequency of 
outcomes in which the drive is lost before suppression is achieved. These results are robust in 
models with seasonal population fluctuations that mosquito populations often experience. We 
also found that suppression can be somewhat more difficult if targeting a predator with strong 
predator-prey interactions. Our results illustrate the difficulty of predicting outcomes of 
interventions that could substantially affect populations of interacting species in complex 
ecosystems. However, our results are also potentially promising for the prospects of less 
powerful suppression gene drives for achieving successful elimination of target mosquito and 
other pest populations.  
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competing species (Figure 2). Though never the dominant outcome, it represents a substantial 
fraction for the entire parameter range except when competition between the species is very low 
(when long-term chasing outcomes dominate). 
 

 
Figure 2 Competition in the discrete-generation model. Drive heterozygotes were released into the middle of a 
spatial population of 50,000 individuals of the target species that were colocalized with a competing species with 
varying population size and competition factor. The frequency of ultimate drive outcomes, the duration of chasing, 
and the average number of fertile females during chasing is displayed. Blue color refers to points where chasing 
continued to the end of the simulation in all cases. 20 simulations were assessed for each point. 
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Another potentially important scenario is asymmetric competition, where species affect each 
other differently. To assess this phenomenon, we adjusted the competition factor separately for 
the target and competing species. As expected, we found that competition from the competing 
species on the target species (competition factor B) was helpful for suppressing the target species 
(Figure 3). As before, a modest increase in this competition factor above zero was sufficient to 
prevent long-term chasing, and further increases could reduce the frequency and duration of 
shorter-term chasing (Figure 3, S2). Drive loss remained a small but significant outcome over 
most of the parameter range. 
 
Surprisingly, we found that the competition factor A (the competition from the target species 
experienced by the competing species) had little effect in the range tested (Figure 3, S2). 
Potentially, higher competition would allow wild-type members of the target species to better 
push back against the competing species after temporary suppression to reclaim its higher 
population. This could facilitate chasing. However, we found that higher competition factor A 
tended to slightly reduce instances of suppression after chasing in favor of suppression without 
chasing. This may be because it enabled gene drive individuals to push back for slightly longer 
against encroaching members of the competing species, giving them more time to mate with 
adjacent wild-type individuals to spread the drive. 
 

 
Figure 3 Asymmetric competition. Drive heterozygotes were released into the middle of a population of 50,000 
individuals of the target species that were colocalized with a competing species with 50,000 population size. The 
relative degree of competition between the species was varied, with competition factor A referring to the 
competition experienced by the competing species from the target species, and vice versa for competition factor B. 
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The frequency of ultimate outcomes is displayed for each simulation, and 20 simulations were assessed for each 
point in the parameter space. 
 
We previously developed a mosquito-specific model, which indicated that successful 
suppression would be substantially more difficult than in our discrete-generation model20. 
Because most mosquito vectors have broadly similar lifecycles, we used a simplified model in 
which the two species have the same reproduction rules, and we assumed symmetric 
competition. As in the discrete-generation competition model, suppression without chasing was 
the most common outcome when competition factor and competing species population was high, 
shifting to suppression after chasing and eventually long-term chasing (Figure 4). However, 
compared to the discrete-generation model, long-term chasing occupied a much greater fraction 
of the parameter range. Furthermore, drive loss become a major outcome, more common than 
suppression after chasing in the intermediate parameter range. This is unexpected because in 
previous studies with one species, drive loss was less common in the mosquito model than in the 
discrete-generation model20. When the competition factor was low, chasing could last for a long 
time with a high average population of adult fertile females, despite the lower initial population 
compared to the discrete-generation model (Figure S3). 
 

 
Figure 4 Competition in the mosquito model. Drive heterozygotes were released into the middle of a mosquito 
population with 10,000 adult females of the target species that were colocalized with a competing species with 
varying population size and competition factor. The frequency of ultimate outcomes is displayed for each 
simulation, and 20 simulations were assessed for each point in the parameter space. 
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Regional specialists. For many competing species, instead of being specialized to particular 
ecological niches within a region, they are specialized to certain regions themselves in a variety 
of ways. We modeled this situation by dividing our arena into two equal halves, representing 
different environments (Figure 1B). Each of the two competing species are specialized to one of 
these environments. In their preferred environment, the species compete normally, but their 
competition factor is reduced for interspecies competition when in their non-preferred 
environment. In this scenario, the migration rate is also important because it will determine the 
initial degree of population overlap between the two species, together with the competition 
factor. As expected, higher migration results in more suppression outcomes, while low migration 
results in more drive loss outcomes (Figure S4), consistent with previous results15,17,20. 
Competition also had similar effects in this environment, with a modest level of competition 
allowing suppression without chasing in most cases or shorter chases, as long as migration was 
not very low. 
 
 
In our mosquito model of two regional specialists, we found that the general pattern compared to 
the discrete-generation model was mostly the same (Figure 5, S5), though higher levels of 
competition and migration were required to avoid long-term chasing results. Similar results were 
seen in scenarios when larvae had an advantage in their preferred region (Figure 5) and when 
females had a higher chance of reproduction in their preferred region (Figure S6). This latter 
phenomenon could be caused by different mosquito species being specialized to target humans 
or other animals and thus having different reproductive success in natural environments and 
those with high human populations. 
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of stochasticity, potentially aiding gene drive-based suppression. However, at the beginning of a 
wet season, the pressure from competing species could be removed, allowing the target species 
to achieve high growth rates, which may increase the frequency of chasing. 
 
To investigate this, we first incorporated seasonality into our single-species mosquito model, 
though we did not model extreme seasonality because this requires factors beyond the scope of 
our model to ensure mosquito persistence (such as long-distance migration or aestivation). The 
seasonality factor controls the magnitude of the population fluctuations, representing a 
proportionate increase during the peak of the wet season and a decrease during the low point of 
the dry season. Both sinusoidal models of population capacity fluctuation as well as sharp 
transitions between maximum and minimum population levels were considered. We found that 
successful suppression could only occur when drive conversion efficiency was high, and even 
then, long-term chasing outcomes remained possible (Figure S9-10). High population 
fluctuations due to seasonality of up to 80% did slightly increase the rate of suppression, and 
chasing could be avoided in slightly more instances with sharp transitions between seasons. 
However, higher seasonality also increased the average number of fertile females during periods 
of chasing. 
 
In a competing species model, we set the population of the competing species as equal to the 
target species while allowing the competition factor and seasonality intensity to vary. In this 
situation, seasonality could allow the target species to be partly released from competition during 
the beginning of the wet season. Unlike the single-species model, increased seasonality intensity 
was usually harmful to the drive over most of its parameter range. When competition was high 
enough to potentially enable suppression, higher seasonality with sharp seasonal transitions 
reduced the rate of suppression without chasing, with these results generally converted into 
suppression after chasing (Figure 7). Drive loss outcomes were also similarly changed. However, 
these periods of chasing tended to be short (albeit with a high average number of fertile females), 
so the overall effect of seasonality was not substantial. These effects were also seen to an even 
lesser degree with the sinusoidal seasonal model with softer seasonal transitions (Figure S11). 
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Figure 7 Seasonality and competition. Drive heterozygotes were released into the middle of a mosquito population 
with a baseline 10,000 adult females of the target species that were colocalized with a competing species with equal 
population size and a competition factor of 0.5. The population goes through a yearly cycle with the maximum and 
minimum being above and below the baseline by 10,000 x seasonality constant and a sharp, linear transition 
between these lasting for four weeks. The frequency of ultimate drive outcomes, the duration of chasing, and the 
average number of fertile females during chasing is displayed. Blue color refers to points where chasing continued 
to the end of the simulation in all cases. 20 simulations were assessed for each point in the parameter space. 
 
Simplified modeling two species. In this study, the main general effect of competing species or 
predators is to provide a constant level of competition, preventing the target species from 
achieving its potential low-density growth rate that would be possible in an ideal environment 
where only the target species is present. Though two-species interactions are often more 
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Supplemental Information 
 

 
Figure S1 Performance of the moderate efficiency suppression drive in panmictic 
populations. Drive heterozygotes were released into a panmictic population of 50,000 
individuals (discrete-generation model) or 10,000 adult females (mosquito model) of the target 
species. The drive allele frequencies, total population sizes, and relative fraction of fertile 
females (compared to the starting populations) are tracked. Thin lines represent individual 
simulations (100 total for each model), and thicker lines represent average values. 
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Figure S2 Asymmetrical competition. Drive heterozygotes were released into the middle of a 
population of 50,000 individuals of the target species that were colocalized with a competing 
species with 50,000 population size. The relative degree of competition between the species was 
varied, with competition factor A referring to the competition experienced by the competing 
species from the target species, and vice versa for competition factor B. The duration of chasing 
and average number of fertile females during chasing is displayed. Blue color refers to points 
where chasing continued to the end of the simulation in all cases. 20 simulations were assessed 
for each point in the parameter space. 
 
 

 
Figure S3 Competition in the mosquito model. Drive heterozygotes were released into the 
middle of a mosquito population with 10,000 adult females of the target species that were 
colocalized with a competing species with varying population size and competition factor. The 
duration of chasing and average number of fertile females during chasing is displayed. Blue 
color refers to points where chasing continued to the end of the simulation in all cases. 20 
simulations were assessed for each point in the parameter space. 
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Figure S8 Predator-prey in the discrete-generation model. Drive heterozygotes were released 

into the middle of a spatial population of 50,000 individuals of the target species that were 

colocalized with a predator population of 25,000 with varying predation intensity and predator 

resource fraction (representing the fraction of the importance of the target species to the 

predator’s diet). The duration of chasing, average number of fertile females during chasing, and 

number of predators at the end of the simulation is displayed. Blue color refers to points where 

chasing continued to the end of the simulation in all cases. 20 simulations were assessed for each 

point in the parameter space. 
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Figure S9 Drive targeting predators. Drive heterozygotes were released into the middle of a 

spatial population of 50,000 individuals of the target predator species that were colocalized with 

a prey population of 50,000 with a predation intensity of 1 and varying predator resource fraction 

(representing the fraction of the importance of the target species to the predator’s diet) and drive 

conversion rate. The duration of chasing, average number of fertile females during chasing, and 

number of prey at the end of the simulation is displayed. Blue color refers to points where 

chasing continued to the end of the simulation in all cases. 20 simulations were assessed for each 

point in the parameter space. 
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Figure S10 Predator-prey in the mosquito model. Drive heterozygotes were released into the 

middle of a mosquito population with 10,000 adult females of the target species that were 

colocalized with a predator population of 10,000 with varying predation intensity and predator 

resource fraction (representing the fraction of the importance of the target species to the 

predator’s diet). The duration of chasing and average number of fertile females during chasing is 

displayed. Blue color refers to points where chasing continued to the end of the simulation in all 

cases. 20 simulations were assessed for each point in the parameter space. 
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Figure S12 Competition and equilibrium low-density growth rate. Drive heterozygotes were 

released into the middle of a spatial population of 50,000 individuals of the target species that 

were alone or were colocalized with a competing species with either 5,000 or 50,000 individuals. 

The low-density growth rate was varied for the simulations with no competing species and fixed 

at 10 for the two sets of simulations with a competing species. For simulations with a competing 

species, the low-density growth rate was fixed at 10, and the competition factor was adjusted 

match the simulations with no competing species. Specifically, the population of the competing 

species was assumed to reach its equilibrium value in the absence of the target species (which 

could occur due to local drive suppression). The growth rate of the target species was then 

determined under these conditions, assuming that the target species was present at negligible 

density. This was considered the “equivalent” low-density growth rate. The frequency of 

ultimate outcomes is displayed for each simulation, and 200 simulations were assessed for each 

point in the parameter space. The bottom-right panel shows all outcomes together for the 

simulations with no competing species. 

 

.CC-BY-NC 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 8, 2022. ; https://doi.org/10.1101/2022.05.08.491087doi: bioRxiv preprint 

https://doi.org/10.1101/2022.05.08.491087
http://creativecommons.org/licenses/by-nc/4.0/

