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Supplementary Figure 1: Number of human disease-transmitting mosquito species introduced by 

humans outside their native range compared to the number of species that have become established. 

Values are shown for genera. 

 

Supplementary Table 1: Number of regional introduction records and number of species of each genus 

for introduced species as well as introduced and established species. 

Genus Regional introduction records Number of species  

 Introduced Established Introduced  Established 

Aedes 469 409 15 10 

Anopheles 33 17 15 7 

Armigeres 1 1 1 1 

Culex 192 184 12 9 

Mansonia 2 1 2 1 
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Supplementary Table 2: Numbers of non-native mosquito species for donor and receiving continents. 

Continent All species Species started spreading after 1900 

 Number of 

non-native 

species native 

from this 

continent 

(total: 45) 

Number of 

species 

introduced 

to this 

continent 

Number of 

species 

introduced to 

this continent 

from outside 

the continent* 

Number of 

species 

originated 

from this 

continent 

(total: 38) 

Number of 

species 

introduced to 

this continent 

Number of 

species 

introduced to 

this continent 

from outside 

the continent* 

Africa 8 8 3 2 2 1 

Asia 12 15 2 10 11 - 

Asia/Australia 5 - - 5 - - 

Australia 3 18 9 4 14 4 

Europe 1 13 11 1 11 9 

Americas 4 - - 4 - - 

North America 5 15 9 5 11 5 

South America - 5 4 - 1 - 

Old World 4 - - 4 - - 

uncertain 3 - - 3 - - 

*Species of uncertain origin, along with species introduced to Asia from the Old World, and species originating from Asia and 

Australia introduced to one of these continents are not included in the count. 
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Supplementary Figure 2. Delineation of continents (colors) used for the analysis in this paper. 

Delineation follows the seven continent model1. The underlying world map data were obtained from 

GADM (https://gadm.org/), used under their academic-use license. 

https://gadm.org/
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Supplementary Table 3. Number of regions non-native mosquito species were recorded after they 

were introduced to a continent. Number in () represent the total number of regions that belong to that 

continent. Colors represent the year of the first continental record. o 1495-1700 o 1700-1800 o 1800-

1900 o 1900-2000 o 2000-2022 

Species Number of introduced regions per continent SUM 

 

Africa 

(60) 

Asia 

(126) 

Australia  

(32) 

Europe  

(115) 

North 

America  

(105) 

South 

America  

(42)  

Ae. aegy 8 41 17 15 71 40 192 

Ae. albo 28 17 13 36 59 36 189 

Ae. atro    4 4  8 

Ae. camp   1    1 

Ae. japo   1 18 43  62 

Ae. mcin    1   1 

Ae. noto   1  1  2 

Ae. poly   1    1 

Ae. scut   1    1 

Ae. togo     2  2 

Ae. tris    1 1  2 

Ae. unil  1     1 

Ae. vexa  1 1  1  3 

Ae. vigi   2    2 

Ae. vitt     2  2 

An. albi     2  2 

An. arab 4     2 6 

An. banc   1    1 

An. barb  1     1 

An. cous 2      2 

An. cruc    1   1 

An. darl      1 1 

An. fune 2      2 

An. gamb 2      2 

An. lito  1     1 

An. macu   1    1 

An. phar    1   1 

An. punc     1  1 

An. step 8 1     9 

An. subp  1  1   2 

Ar. suba  1     1 

Cx. annu   1    1 

Cx. ante    1   1 

Cx. bita   1    1 

Cx. coro     1  1 

Cx. fusc  1     1 

Cx. geli   5    5 

Cx. mode    1   1 

Cx. pipi  11 6  46  63 

Cx. quin 3 8 22  60 18 111 

Cx. siti  1 1    2 

Cx. tars     2  2 

Cx. trit  1 1 1   3 

Ma. titi    1   1 

Ma. unif  1     1 
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Supplementary Table 4. Description and sources of the socio-economic, geographic and 

environmental variables that were considered as predictors used in the models to estimate the residuals 

and the models to explain the residuals. 

Variable Description  Source  

Socioeconomic variables    

Gross domestic product (GDP) per capita 
(log transformed) 

 

5-year average between 2017 and 2021 Worldbank 

(databank.worldbank.org)
2
  

Total trade openness (log transformed) 
  

5-year average between 2017 and 2021, 
average of import and export in US$ at 

current prices in millions 

UNCTAD dataset (United 
Nation Conference on Trade and 

Development)
3
 

Colonial impact 
 

Occupation time by the eight European 
colonial powers: British, Dutch, Spanish, 
Portuguese, Belgian, French, German, 
and Italian. 

Number of European colonial powers that 

occupied the country. 

Lenzner et al. 2022
4
 and 

Lenzner (unpublished) 

Human population (log transformed) 5-year average between 2017 and 2021, 
total number of individuals per country 

Worldbank 

(databank.worldbank.org)
2
  

Sampling bias the average between a country's proactive 
and reactive capacity towards invasive 
alien species 

Early et al. 2016
5
 

Geographic variables   

Insularity 1 = island; 0 = mainland No specific source 

Latitude of centroid absolute value of decimal degree Calculated in QGIS 

Area (log transformed) size of the region/country in km2 Calculated in QGIS 

Environmental variables   

Average annual temperature The average annual temperature from 
1970 to 2000 in °C, resolution 30 Arcsec  

worldclim
6
 

 

Average annual precipitation  The average annual total precipitation 
from 1970 to 2000 in millimeters, 
resolution 30 Arcsec  

worldclim
6
 

 

Landcover (log transformed) 

 
 

Copernicus Global Land Service: Land 

Cover 100m; percentage of 
wetlands/rivers and agricultural land  Copernicus

7
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Supplementary Figure 3. Elbow method to identify optimum number of clusters to group mosquitoes 

represented in the PCA (Figure 3). 
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Supplementary Table 5. List of species names, descriptors, and abbreviations used in the manuscript, along with information on whether each species was 

introduced or also established beyond its native range. Includes the assignment of native ranges for non-native species to continents and relevant data sources. 

Species Author Native Continent Native continents if unclear Abbreviation Established outside 
their native range 

Aedes (Aedimorphus) vexans Meigen, 1830 Asia/Australia8 NA Ae. vexa yes  

Aedes (Fredwardsius) vittatus Bigot, 1861 Old World8,9 Africa/Asia-Trop/Europe Ae. vitt yes 

Aedes (Georgecraigius) atropalpus Coquillett, 1902 North America10 NA Ae. atro yes  

Aedes (Hulecoeteomyia) japonicus japonicus Theobald, 1901 Asia10,11 NA Ae. japo yes  

Aedes (Ochlerotatus) camptorhynchus Thomson, 1869 Australia12 NA Ae. camp no 

Aedes (Ochlerotatus) mcintoshi Huang, 1985 Africa8 NA Ae. mcin no 

Aedes (Ochlerotatus) vigilax Skuse, 1889 Asia/Australia8 NA Ae. vigi yes  

Aedes (Protomacleaya) triseriatus Say, 1823 North America13 NA Ae. tris no 

Aedes (Rampamyia) notoscriptus Skuse, 1889 Australia8 NA Ae. noto yes  

Aedes (Stegomyia) aegypti aegypti Linnaeus, 1762 Africa14 NA Ae. aegy yes  

Aedes (Stegomyia) albopictus Skuse, 1895 Asia10 NA Ae. albo yes  

Aedes (Stegomyia) polynesiensis Marks, 1951 Australia8 NA Ae. poly no 

Aedes (Stegomyia) scutellaris Walker, 1859 Asia/Australia8 NA Ae. scut no 

Aedes (Stegomyia) unilineatus Theobald, 1906 Old World8 Africa/Asia Ae. unil yes  

Aedes (Tanakaius) togoi Theobald, 1907 Asia8 NA Ae. togo yes  

Anopheles (Anopheles) bancroftii Giles, 1902 Asia/Australia8,15 NA An. banc yes 

Anopheles (Anopheles) barbirostris van der Wulp, 1884 Asia8,16,17 NA An. barb no 

Anopheles (Anopheles) coustani Laveran, 1900 Africa8 NA An. cous no 

Anopheles (Anopheles) crucians Wiedemann, 1828 North America8 NA An. cruc no 

Anopheles (Anopheles) maculipennis Meigen, 1818 Europe8,18 NA An. macu no 

Anopheles (Anopheles) punctipennis Say, 1823 North America8,19 NA An. punc no 

Anopheles (Cellia) arabiensis Patton, 1905 Africa8,17 NA An. arab yes 

Anopheles (Cellia) funestus Giles, 1900 Africa8,17 NA An. fune no 

Anopheles (Cellia) gambiae s.s. Giles, 1902 Africa8,17 NA An. gamb yes 

Anopheles (Cellia) litoralis King, 1932 Asia8 NA An. lito no 

Anopheles (Cellia) pharoensis Theobald, 1901 Africa8,17 NA An. phar no 

Anopheles (Cellia) stephensi Liston, 1901 Asia20,21 NA An. step yes  
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Anopheles (Cellia) subpictus Grassi, 1899 Asia22 NA An. subp yes  

Anopheles (Nyssorhynchus) albimanus Wiedemann, 1821 Americas8 NA An. albi yes  

Anopheles (Nyssorhynchus) darlingi Root, 1926 Americas17,23 NA An. darl yes 

Armigeres (Armigeres) subalbatus Coquillett, 1898 Asia8 NA Ar. suba yes  

Culex (Barraudius) modestus Ficalbi, 1890 Old World24 Africa/Asia/Europe Cx. mode yes  

Culex (Culex) annulirostris Skuse, 1889 Asia/Australia8 NA Cx. annu no 

Culex (Culex) antennatus Becker, 1903 Asia8 NA Cx. ante no 

Culex (Culex) coronator Dyar & Knab, 1906 Americas8,25 NA Cx. coro yes 

Culex (Culex) fuscocephala Theobald, 1907 Asia8 NA Cx. fusc yes  

Culex (Culex) gelidus Theobald, 1901 Asia8,26 NA Cx. geli yes 

Culex (Culex) pipiens s.s. Linnaeus, 1758 Africa27 NA Cx. pipi yes  

Culex (Culex) quinquefasciatus Say, 1823 Asia27,28 NA Cx. quin yes 

Culex (Culex) sitiens Wiedemann, 1828 unknown8 Africa/Asia-Trop/Australia Cx. siti yes  

Culex (Culex) tarsalis Coquillett, 1896 North America8 NA Cx. tars yes  

Culex (Culex) tritaeniorhynchus Giles, 1901 Old World8,29 Africa/Asia Cx. trit yes 

Culex (Oculeomyia) bitaeniorhynchus Giles, 1901 unknown30 Africa/Asia/Australia Cx. bita no 

Mansonia (Mansonia) titillans Walker, 1848 Americas8 NA Ma. titi no 

Mansonia (Mansonioides) uniformis Theobald, 1901 unknown17 Africa/Asia-Trop/Australia Ma. unif yes  
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Supplementary Figure 4. Results of two-sided Pearson correlation tests between the year of global 

first record and the number of invaded regions. Panels show: (A) all introduced species, (B) all 

introduced and established species, (C) introduced species with a first global record after 1900, and (D) 

introduced species with a first global record after 1950. Reported statistics include the correlation 

coefficient (r), degrees of freedom (df, in brackets), 95% confidence intervals (CI), and exact p-values 

(p). 
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Supplementary Figure 5. Regional level richness of introduced non-native species. Maps represent 

introduced species richness (A), introduced species with first global record post-1900 (B), established 

species richness (C), and established species with first global record post-1900 (D). The underlying 

world map data were obtained from GADM (https://gadm.org/), used under their academic-use license. 

 
Supplementary Table 6. Summary of Generalized Linear Mixed Models (GLMMs) evaluating the 

effects of socio-economic and environmental predictors on the number of introduced and established 

mosquito vector species. Four models are presented: (1) introductions of all species, (2) introductions 

of species first recorded post-1900, (3) establishments of all species, and (4) establishments of species 

first recorded post-1900. All predictor variables were log-transformed and standardized prior to 

analysis. Continent was included as a random intercept to account for regional clustering. For each 

predictor, the table reports the estimated effect size (β), 95% confidence interval (CI), Wald z-statistic, 

and associated p-value. Significance codes: *p < 0.001, p < 0.01, p < 0.05, .p < 0.1. 

Model 1 - Introduced species         

Predictor Estimate 95% CI z value p-value  

Intercept 2.282 [2.261, 2.303] 211.17 < 0.001 *** 

Island 0.06 [0.005, 0.115] 2.15 0.031 * 

Empire Richness  0.012 [-0.009, 0.032] 1.11 0.268  

Avg. Temp (scaled) 0.011 [-0.013, 0.034] 0.91 0.364  

log(GDP per cap)  0.023 [0.002, 0.043] 2.16 0.03 * 

log(Precip + 1 0.006 [-0.014, 0.025] 0.55 0.584  

log(Population) 0.033 [0.009, 0.058] 2.67 0.008 ** 

log(Wetland %)  -0.009 [-0.028, 0.009] -0.99 0.324  

log(Agriculture %)  0.006 [-0.016, 0.028] 0.52 0.606   

Model 2 - Introduced species, spreading after 1900     

Predictor Estimate 95% CI z value p-value   

Intercept 2.295 [2.28, 2.311] 293.55 < 0.001 *** 

Island 0.021 [-0.019, 0.06] 1.02 0.307  

https://gadm.org/
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Empire Richness  0.012 [-0.003, 0.027] 1.59 0.112  

Avg. Temp (scaled) -0.002 [-0.019, 0.015] -0.22 0.828  

log(GDP per cap)  0.006 [-0.009, 0.021] 0.84 0.402  

log(Precip + 1 -0.001 [-0.015, 0.014] -0.09 0.928  

log(Population) 0.004 [-0.013, 0.022] 0.48 0.634  

log(Wetland %)  -0.002 [-0.016, 0.011] -0.36 0.721  

log(Agriculture %)  0.006 [-0.01, 0.022] 0.72 0.474   

Model 3 - Established species         

Predictor Estimate 95% CI z value p-value   

Intercept 2.293 [2.278, 2.308] 299.23 < 0.001 *** 

Island 0.026 [-0.013, 0.065] 1.32 0.187  

Empire Richness  0.011 [-0.004, 0.026] 1.48 0.138  

Avg. Temp (scaled) 0.007 [-0.01, 0.024] 0.82 0.411  

log(GDP per cap)  0.012 [-0.003, 0.027] 1.59 0.113  

log(Precip + 1 0.007 [-0.007, 0.021] 1.01 0.31  

log(Population) 0.019 [0.002, 0.037] 2.2 0.028 * 

log(Wetland %)  -0.008 [-0.021, 0.005] -1.2 0.231  

log(Agriculture %)  -0.002 [-0.018, 0.013] -0.27 0.79   

Model 4 - Established species, spreading after 1900     

Predictor Estimate 95% CI z value p-value   

Intercept 2.301 [2.293, 2.309] 565.3 < 0.001 *** 

Island 0.003 [-0.017, 0.024] 0.3 0.759  

Empire Richness  0.007 [-0.001, 0.014] 1.7 0.094 . 

Avg. Temp (scaled) 0.001 [-0.008, 0.009] 0.1 0.909  

log(GDP per cap)  0.004 [-0.004, 0.012] 1.1 0.29  

log(Precip + 1 0 [-0.007, 0.008] 0.1 0.931  

log(Population) 0 [-0.009, 0.01] 0.1 0.938  

log(Wetland %)  -0.006 [-0.013, 0.0] -1.8 0.067 . 

log(Agriculture %)  0.005 [-0.003, 0.013] 1.2 0.22   
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Supplementary Figure 6. Correlation matrix for the predictors used in the models to test the drivers. 

Variable description:Log Occupation.timeframe: Time a country was colonized by European colonial 

powers log transformed; Empire.Richness: Number of colonial empires that occupied the country; 

Temperature: average yearly temperature between 1970 and 2000 in °C; Log GDPpc: average GDP per 

capita between 2017 and 2021; Log Precipitation: yearly average precipitation between 1970 and 2000 

in mm log transformed; Log Total population: average total population between 2017 and 2021 log 

transformed; Log Trade Total: average between import and export of trade as total US$ between 2017 

and 2021 log transformed; Log Wetland: percentage of the country's area covered by wetlands log 

transformed; Log Agriculture: percentage of the country's area covered by agriculture log transformed; 

Latitude: absolute latitude indicating only the magnitude of the distance from the Equator without 

specifying the direction (north or south) 
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