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Abstract 5 

Ant invasions and climate change both pose globally widespread threats to the environment and 6 
economy. I highlight our current knowledge of how climate change will affect invasive ant 7 
distributions, population growth, spread, impact, and invasive ant management. Invasive ants often 8 
have traits that enable rapid colony growth in a range of habitats. Consequently, many invasive ant 9 
species will continue to have large global distributions as environmental conditions change. 10 
Distributions and impacts at community scales will depend on how resident ant communities 11 
respond to local abiotic conditions as well as availability of plant-based carbohydrate resources. 12 
Though target species may change under an altered climate, invasive ant impacts are unlikely to 13 
diminish, and novel control methods will be necessary. 14 
 15 
Introduction 16 
 17 
Ant invasions involve the establishment of non-native ant species in new environments with 18 
amenable abiotic conditions followed by population growth as food and nesting resources are 19 
acquired. Impacts of ant invasions are often realized when incipient populations achieve exceedingly 20 
high abundance and outcompete or harass native fauna, facilitate outbreaks of honeydew-producing 21 
pest insects, disrupt ecological processes, or threaten human health or livelihoods [1,2]. Of the over 22 
16,000 described ant species [3], about 200 are known to have established outside of their native 23 
range (alien ants), and 19 of these are currently considered invasive due to their ecological and 24 
environmental impacts [4].   25 
 26 
Climate change also threatens ecological processes and human well-being. Temperature, rainfall, 27 
and atmospheric carbon dioxide concentration are measurably deviating from historical norms and 28 
already changing population growth rates, species distributions, and species interactions across taxa 29 
[5-7]. Future abiotic change and the specific responses of biotic communities will be multi-faceted 30 
and vary with scale and geography. My aim here is to provide a broad overview of how some of the 31 
common components of climate change (increased temperatures, drought, more variable rainfall, 32 
increased carbon dioxide) will affect the introduction, establishment, spread, and management of 33 
invasive ants (Figure 1). 34 
 35 
Transportation, introduction, and establishment of invasive ants 36 

With increasing global population and trade, opportunities for species transport are set to continue 37 
to increase over the coming decades [8]. Small size and ability to persist in close association with 38 
humans enable many ant species to hitchhike in a variety of commodities [9,10]. The ability to found 39 
a population from a single mated queen, or in some cases with just workers and brood, increases the 40 
probability of establishment.  41 
 42 
Once transported to a new location, an introduced species must establish under local abiotic 43 
conditions before it can spread. Species distribution models for 15 invasive ant species based on 19 44 
bioclimatic variables and combining six future climate change scenarios predict a 6.3-35.8% increase 45 
in suitable land area for five species, a 2.6-64.3% decrease in suitable land for eight species, and little 46 
net change for two species [11*]. Overall, by 2080, 37% of land area in biodiversity hotspots in 47 

Manuscript Click here to view linked References

mailto:lori.lach@jcu.edu.au
https://orcid.org/0000-0001-5137-5185
https://www.editorialmanager.com/coinsci/viewRCResults.aspx?pdf=1&docID=245&rev=1&fileID=6387&msid=a6583589-6b76-4ec0-9e60-0ac6ba7c1ccb
https://www.editorialmanager.com/coinsci/viewRCResults.aspx?pdf=1&docID=245&rev=1&fileID=6387&msid=a6583589-6b76-4ec0-9e60-0ac6ba7c1ccb


2 
 

predicted to be suitable for one or more invasive ant species compared to 14.6% in the rest of the 48 
world [11*]. Increases in abiotically suitable locations and subsequent establishment will likely 49 
increase potential for further spread as more locations act as bridgeheads [12]. Decreasing time in 50 
transit or changing abiotic filters may also increase opportunity for additional species or populations 51 
to survive such that species that are alien, but not invasive, or that have not yet moved beyond their 52 
native range, may emerge as new priority invaders. Though predictions of future distributions under 53 
climate change come with many caveats, they collectively indicate that invasive ants will continue to 54 
threaten biodiversity and livelihoods.  55 
 56 
Invasive ant spread and impact 57 
 58 
Following establishment, the spread and impact of introduced ants is dependent on their population 59 
growth, which in turn is linked to their reproductive capabilities and capacity to adapt to their new 60 
environment. Spread and impact are also defined by the ability to compete with resident ant 61 
species, often related to the monopolization of plant-based carbohydrate resources (Figure 1).  62 
Population growth, spread, and impact of invasive ants are all multifaceted processes that will be 63 
influenced by the response of invasive ants and the species with which they interact to climate 64 
change.  65 

Population growth and competition with resident ant species 66 
 67 
Population growth in a new environment requires adapting to a new habitat, and this adaptability to 68 
will benefit invasive ants as the climate changes. The eusocial lifestyle generally affords ants 69 
flexibility to adapt to changes in their environment [13**,14**]. Particular traits such as fast brood 70 
development, dependent colony founding, dynamic nestmate recognition thresholds, nest site 71 
flexibility, high aggression, wide geographic ranges, and uniform worker sizes are predicted to confer 72 
some resilience to environmental change [15**], and are common among invasive ant species. 73 
Invasive ants also tend to have broad diet breadth and rapid colony growth in response to high 74 
resource availability [13**]. They tend to thrive in disturbed environments [1], which may advantage 75 
them following extreme events such as floods, fires, and cyclones.  Invasive species have almost 76 
always gone through a genetic bottleneck in their introduction phase, which should limit their ability 77 
to adapt to changes in conditions in their novel range. However, low genetic diversity in an 78 
introduced ant population often reduces intraspecific aggression and allows allocation of workers 79 
away from defense and toward resource acquisition, ultimately enabling extremely high population 80 
density [1,16].  81 
 82 
Whereas the ability to achieve high population densities is a common component of ant 83 
invasiveness, achieving numerical dominance requires outcompeting resident ants for resources. 84 
Resident ant communities themselves will be adapting to abiotic changes. Individual thermal 85 
tolerance in combination with behavior [17,18], diet [19], interaction with other ant species [20,21], 86 
and land use [22-24] will affect ant population growth and composition of ant assemblages, 87 
potentially decreasing their assemblage stability [25]. Although species and community level 88 
responses will vary, some general trends are predicted. Species that are more specialized in their 89 
nest requirements and task partitioning, or are generally less phenotypically plastic, are expected to 90 
be more vulnerable to climate change [13**,15**]. Communities that lose specialists will tend 91 
towards ant assemblage simplification and may be more prone to invasion by introduced ants. The 92 
risk may be tempered if resident dominant ant species more suited to the abiotic conditions provide 93 
biotic resistance [26,27]. Ant communities in the tropics are likely to be most affected by climate 94 
change because they experience narrower temperature ranges, and tropical species are more likely 95 
to exist near their thermal tolerance [14**]. Temperate regions may have some increases in ant 96 
abundance and richness with rising temperatures leading to higher productivity, at least in the near-97 
term [28], which may reduce their vulnerability to invasion. 98 
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 99 
Invasive and other ants will also likely be challenged by greater fluctuation in moisture availability 100 
with climate change. Ants protect themselves from desiccation with a layer of cuticular 101 
hydrocarbons (CHCs), which also are central to nestmate recognition and communication and 102 
facilitate division of labor and colony organization [29]. More viscous CHC layers are more protective 103 
against water loss, but communication requires some fluidity of the CHC layer [29]. Thus, selection 104 
for survival with increasing aridity may come at a cost to chemical signaling. Further investigation of 105 
CHC profiles is necessary to understand potential trade-offs between functions [29]. Another 106 
possibility is that CHC profiles will converge as habitats become more homogenized, which may 107 
decrease territoriality and thus lessen one barrier to high population densities for ants generally 108 
[15**]. Such possible changes may reduce the competitive advantage of invasive ant species, which 109 
commonly trade-off intraspecific territoriality for high population density [1].  110 
 111 
Responses of invasive and other ants to future climate changes will depend on characteristics of ant 112 
species and the broader ecological community. Behavioral and phenotypic plasticity will be 113 
advantageous [13**,15**], but is unlikely to completely explain future ant invasions. Current global 114 
geographic distributions of invasive ants compared to alien ants indicate that invasive ants have not 115 
shifted their niche, suggesting that biotic interactions and human-associated dispersal are key to 116 
invasive ant spread and impact [30]. For example, the Asian needle ant (Brachyponera chinensis) has 117 
an inflexible, narrow climatic niche but still displaces native ant species because it is aggressive and 118 
its lack of genetic diversity enables it to form large colonies of multiple interacting nests 119 
(supercolonies) [31*]. Long-term prediction of invasive ant spread and impact is further complicated 120 
by invasive ants themselves being agents of environmental change and the many unanswered 121 
questions about their population booms and busts [32].  122 
 123 
 124 
Acquiring plant-based carbohydrate resources 125 
 126 
The availability of plant-associated carbohydrate-rich resources is often a key factor in population 127 
growth for invasive ants that are able to pass through abiotic filters and establish. Honeydew from 128 
sap-sucking insects increases invasive ant colony growth [33-35] and abundance [36,37] across 129 
multiple species and geographic locations [38*]. Floral and extrafloral nectar are also widespread 130 
carbohydrate-rich resources linked to invasive ant success [39-42]. Invasive ants visiting plant-131 
associated carbohydrate-rich resources often affect other insect-plant interactions with 132 
consequences for pollinators [43,44], plant reproduction [45,46], and herbivory [47].  133 
 134 
The availability of honeydew to invasive ants depends on the honeydew producers, their host plants 135 
and natural enemies, and resident ants, all of which may respond to climate change independently. 136 
At the community level, climate change is unlikely to cause honeydew producers to become too rare 137 
to influence ant invasions. The existing mutualisms between invasive ants and sap-sucking 138 
hemipterans are non-specialized and occur despite the interactors usually sharing no evolutionary 139 
history. Many hemipterans recorded as important to ant invasions are themselves introduced, or at 140 
least widespread [38*], and thus likely to thrive on numerous host plants in a variety of habitats. 141 
Interactions with bugs native to the ants’ introduced range may also be important for facilitating 142 
invasion [37]. Honeydew producers may benefit from intermittent drought due to increased 143 
nitrogen availability in phloem [48], which may reduce honeydew excreted per individual [49].  144 
Elevated carbon dioxide and/or temperature affect population growth, behaviour, honeydew 145 
production, and chemical communication of sap-sucking insects sometimes to the benefit of the 146 
ants or their trophobionts, but often dependent on host plants, seasonal timing, ant attendance, or 147 
natural enemies [7,50-54]. Phenological and spatial mismatches characteristic of lagged responses to 148 
warming are more likely between species that share an evolutionary history [5], but more work is 149 
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required to understand its importance for mymrecophilous bugs and their host plants. Future 150 
studies encompassing a broad range of taxa and climates will be most helpful in developing more 151 
precise predictions about the role of honeydew in ant invasions and how changes in the mutualism 152 
may affect broader impacts of ant invasions.  153 
 154 
Climate change is also anticipated to affect floral and extrafloral nectar availability, which would 155 
have consequences for invasive ants and their impacts. In several plant species, water stress reduces 156 
flower abundance, nectar volume, or flower size [55-58] as well as investment in extrafloral nectar 157 
[59,60], but see [61]. Elevated carbon dioxide, temperature, or their combined effects can change 158 
the distribution of floral [62,63] or extrafloral nectar [64,65] across space or time, within individual 159 
plants or at the community level. As with honeydew, invasive ants readily consume floral and 160 
extrafloral nectars despite usually sharing no evolutionary history with their producers and therefore 161 
may be quicker to adapt to spatial or temporal changes in availability of these resources than the co-162 
evolved organisms they are intended to attract.  163 
 164 
Managing ant invasions under a changing climate 165 

Invasive ant management is currently largely reliant on insecticides [66], which may become less 166 
effective as the climate continues to change [67]. To maximize efficacy and reduce risks to non-167 
target species, tailoring applications of insecticidal bait to match the diurnal and seasonal activity 168 
patterns of the target ant species is essential, especially for large-scale programs. Aseasonal rainfall 169 
and temperatures and increased frequency of extreme weather events reduce both the 170 
predictability of ant foraging patterns and the frequency of ideal weather conditions for applying 171 
insecticidal bait [68]. Higher temperatures may increase insecticide detoxification due to higher 172 
enzymatic activity [67]. Even increased sensitivity to an insecticide would be problematic, however, 173 
given that to eliminate the colony workers need to remain alive long enough to share the bait with 174 
nestmates. Investment in improved biosecurity and development of more targeted methods (e.g., 175 
RNAi [69] may be a useful way forward to avoid the potentially diminishing efficacy of insecticides.  176 
 177 
Conclusion 178 

Invasive ants collectively will continue to have wide global distribution and impact.  Even if the 179 
geographic distribution of some of the most currently damaging species declines, the global species 180 
pool of alien and other ants is rich, and new invaders may emerge. The greatest insights may come 181 
from determining which aspects of climate change disproportionately affect or favor invasive ants 182 
relative to native ants based on traits associated with invasiveness. Climate change effects on the 183 
resident ant community and on the availability of plant-based carbohydrate-rich resources are 184 
complex and occur across multiple ecological scales and will continue to be important to 185 
understanding future ant invasions.  A key challenge for the future is understanding the interplay 186 
between species’ physiological tolerances to abiotic conditions and the community context under 187 
which challenging conditions occur.   188 
 189 
Acknowledgements 190 
This research did not receive any specific grant from funding agencies in the public, commercial, or 191 
not-for-profit sectors. I thank David Holway, Monica Gruber, Peter Yeeles, Micky Eubanks, and an 192 
anonymous reviewer for suggestions that improved the manuscript. 193 
 194 
 195 
References 196 
 197 
1. Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ: The causes and consequences of ant 198 

invasions. Annual Review of Ecology and Systematics 2002, 33:181-233. 199 



5 
 

2. Lach L, Hooper-Bùi LM: Consequences of ant invasions. In Ant Ecology. Edited by Lach L, Parr CL, 200 
Abbott KL: Oxford University Press; 2010:261-286.  201 

3. California Academy of Science. AntWeb. Version 8.55.2. Accessed 25 March 2021. 202 
https://www.antweb.org. 203 

4. Invasive Species Specialist Group. The Global Invasive Species Database. Version 2015.1. 204 
http://www.iucngisd.org/gisd.  Accessed 27 February 2021.  205 

5. Boukal DS, Bideault A, Carreira BM, Sentis A: Species interactions under climate change: 206 
connecting kinetic effects of temperature on individuals to community dynamics. Current 207 
Opinion in Insect Science 2019, 35:88-95. 208 

6. Stireman JO, Singer MS: Tritrophic niches of insect herbivores in an era of rapid environmental 209 
change. Current Opinion in Insect Science 2018, 29:117-125. 210 

7. Nelson AS, Pratt RT, Pratt JD, Smith RA, Symanski CT, Prenot C, Mooney KA: Progressive 211 
sensitivity of trophic levels to warming underlies an elevational gradient in ant-aphid 212 
mutualism strength. Oikos 2019, 128:540-550. 213 

8. Sardain A, Sardain E, Leung B: Global forecasts of shipping traffic and biological invasions to 214 
2050. Nature Sustainability 2019, 2:274-282. 215 

9. Gippet JMW, Liebhold AM, Fenn-Moltu G, Bertelsmeier C: Human-mediated dispersal in insects. 216 
Current Opinion in Insect Science 2019, 35:96-102. 217 

10. Suhr EL, O'Dowd DJ, Suarez AV, Cassey P, Wittmann TA, Ross JV, Cope RC: Ant interceptions 218 
reveal roles of transport and commodity in identifying biosecurity risk pathways into 219 
Australia. Neobiota 2019. 220 

*11. Bertelsmeier C, Luque GM, Hoffmann BD, Courchamp F: Worldwide ant invasions under 221 
climate change. Biodiversity and Conservation 2015, 24:117-128. 222 

This study applied the same species distribution modeling methodology to predict future potential 223 
distributions under a consensus of six climate change scenarios by 2080 for all 15 of the 19 invasive 224 
ants for which there is sufficient data and then compared distributions to biodiversity hotspots. 225 
 226 
12. Bertelsmeier C, Ollier S, Liebhold AM, Brockerhoff EG, Ward D, Keller L: Recurrent bridgehead 227 

effects accelerate global alien ant spread. Proceedings of the National Academy of Sciences 228 
2018, 115:5486. 229 

**13. Manfredini F, Arbetman M, Toth AL: A potential role for phenotypic plasticity in invasions 230 
and declines of social insects. Frontiers in Ecology and Evolution 2019, 7. 231 

A review exploring the idea that environmental change favors more phenotypically plastic species. 232 
Considers plasticity at the molecular, individual, and colony levels.  233 
 234 
**14. Menzel F, Feldmeyer B: How does climate change affect social insects? Current Opinion in 235 

Insect Science 2021, 46:10-15. 236 
A useful overview of how some of the characteristics of social insects will influence how they 237 
respond to climate change. It includes a short section on invasive social insects. 238 
 239 
**15. Fisher K, West M, Lomeli AM, Woodard SH, Purcell J: Are societies resilient? Challenges faced 240 

by social insects in a changing world. Insectes Sociaux 2019, 66:5-13. 241 
A review focusing on four fundamental social traits of complex insect societies that may become 242 
detrimental under climate and other kinds of environmental change. 243 
 244 
16. Eyer P-A, Vargo EL: Breeding structure and invasiveness in social insects. Current Opinion in 245 

Insect Science 2021. 246 
17. Villalta I, Oms CS, Angulo E, Molinas-Gonzalez CR, Devers S, Cerda X, Boulay R: Does social 247 

thermal regulation constrain individual thermal tolerance in an ant species? Journal of 248 
Animal Ecology 2020, 89:2063-2076. 249 

http://www.iucngisd.org/gisd


6 
 

18. Guo FY, Guenard B, Economo EP, Deutsch CA, Bonebrake TC: Activity niches outperform thermal 250 
physiological limits in predicting global ant distributions. Journal of Biogeography 2020, 251 
47:829-842. 252 

19. Bujan J, Kaspari M: Nutrition modifies critical thermal maximum of a dominant canopy ant. 253 
Journal of Insect Physiology 2017, 102:1-6. 254 

20. Frizzi F, Bartalesi V, Santini G: Combined effects of temperature and interspecific competition 255 
on the mortality of the invasive garden ant, Lasius neglectus: A laboratory study. Journal of 256 
Thermal Biology 2017, 65:76-81. 257 

21. Asfiya W, Yeeles P, Lach L, Majer JD, Heterick B, Didham RK: Abiotic factors affecting the 258 
foraging activity and potential displacement of native ants by the invasive African big-259 
headed ant Pheidole megacephala (FABRICIUS, 1793) (Hymenoptera: Formicidae). 260 
Myrmecological News 2016, 22:43-54. 261 

22. Boyle MJW, Bishop TR, Luke SH, van Breugel M, Evans TA, Pfeifer M, Fayle TM, Hardwick SR, 262 
Lane-Shaw RI, Yusah KM, et al.: Localised climate change defines ant communities in 263 
human-modified tropical landscapes. Functional Ecology 2021, 35:1094-1108. 264 

23. Andrew NR, Miller C, Hall G, Hemmings Z, Oliver I: Aridity and land use negatively influence a 265 
dominant species' upper critical thermal limits. Peerj 2019, 6. 266 

24. Cordonnier M, Bellec A, Escarguel G, Kaufmann B: Effects of urbanization-climate interactions 267 
on range expansion in the invasive European pavement ant. Basic and Applied Ecology 268 
2020, 44:46-54. 269 

25. Diamond SE, Nichols LM, Pelini SL, Penick CA, Barber GW, Cahan SH, Dunn RR, Ellison AM, 270 
Sanders NJ, Gotelli NJ: Climatic warming destabilizes forest ant communities. Science 271 
Advances 2016, 2:e1600842. 272 

26. Krushelnycky PD, Holway DA, LeBrun EG: Invasion processes and causes of success. In Ant 273 
Ecology. Edited by Lach L, Parr CL, Abbott KL: Oxford University Press; 2010:245-260.  274 

27. Thomas ML, Holway DA: Condition-specific competition between invasive Argentine ants and 275 
Australian Iridomyrmex. Journal of Animal Ecology 2005, 74:532-542. 276 

28. Kaspari M, Bujan J, Roeder KA, de Beurs K, Weiser MD: Species energy and thermal performance 277 
theory predict 20-yr changes in ant community abundance and richness. Ecology 2019, 278 
100(12):e02888. 279 

29. Sprenger PP, Menzel F: Cuticular hydrocarbons in ants (Hymenoptera: Formicidae) and other 280 
insects: how and why they differ among individuals, colonies, and species. Myrmecological 281 
News 2020, 30:1-26. 282 

30. Bates OK, Ollier S, Bertelsmeier C: Smaller climatic niche shifts in invasive than non-invasive 283 
alien ant species. Nature Communications 2020, 11:5213. 284 

**31. Warren RJ, Candeias M, Lafferty A, Chick LD: Regional-scale environmental resistance to non-285 
native ant invasion. Biological Invasions 2020, 22:813-825. 286 

Investigated both abiotic and biotic resistance to invasion to determine how climatic niche, behavior, 287 
and social structure influenced the geography of invasion impact.  288 
 289 
32. Lester PJ, Gruber MAM: Booms, busts and population collapses in invasive ants. Biological 290 

Invasions 2016, 18:3091-3101. 291 
33. Wilder SM, Holway DA, Suarez AV, Eubanks MD: Macronutrient content of plant-based food 292 

affects growth of a carnivorous arthropod. Ecology 2011, 92:325-332. 293 
34. Grover CD, Kay AD, Monson JA, Marsh TC, Holway DA: Linking nutrition and behavioural 294 

dominance: carbohydrate scarcity limits aggression and activity in Argentine ants. 295 
Proceedings of the Royal Society B-Biological Sciences 2007, 274:2951-2957. 296 

35. Lach L, Volp TM, Wilder SM: Previous diet affects the amount but not the type of bait 297 
consumed by an invasive ant. Pest Management Science 2019, 75:2627-2633. 298 

36. Helms KR, Vinson SB: Widespread association of the invasive ant Solenopsis invicta with an 299 
invasive mealybug. Ecology 2002, 83:2425-2438. 300 



7 
 

37. Lach L, Hoffmann BD, Moir ML: Native and non-native sources of carbohydrate correlate with 301 
abundance of an invasive ant. Neobiota 2020. 302 

*38. Helms KR: Mutualisms between ants (Hymenoptera: Formicidae) and honeydew-producing 303 
insects: Are they important in ant invasions? Myrmecological News 2013, 18:61-71. 304 

A review of the relationship between some of the most damaging invasive ants and their 305 
relationship to honeydew-producing insects that also highlights gaps in our knowledge. 306 
 307 
39. Savage AM, Rudgers JA, Whitney KD: Elevated dominance of extrafloral nectary-bearing plants 308 

is associated with increased abundances of an invasive ant and reduced native ant 309 
richness. Diversity and Distributions 2009, 15:751-761. 310 

40. Ness JH, Morales MA, Kenison E, Leduc E, Leipzig-Scott P, Rollinson E, Swimm BJ, von Allmen DR: 311 
Reciprocally beneficial interactions between introduced plants and ants are induced by the 312 
presence of a third introduced species. Oikos 2013, 122:695-704. 313 

41. Lach L: A comparison of floral resource exploitation by native and invasive Argentine ants. 314 
Arthropod-Plant Interactions 2013, 7:177-190. 315 

42. Gippet JMW, Piola F, Rouifed S, Viricel MR, Puijalon S, Douady CJ, Kaufmann B: Multiple 316 
invasions in urbanized landscapes: interactions between the invasive garden ant Lasius 317 
neglectus and Japanese knotweeds (Fallopia spp.). Arthropod-Plant Interactions 2018, 318 
12:351-360. 319 

43. Unni AP, Mir SH, Rajesh TP, Ballullaya UP, Jose T, Sinu PA: Native and invasive ants affect floral 320 
visits of pollinating honey bees in pumpkin flowers (Cucurbita maxima). Scientific Reports 321 
2021, 11. 322 

44. LeVan KE, Hung KLJ, McCann KR, Ludka JT, Holway DA: Floral visitation by the Argentine ant 323 
reduces pollinator visitation and seed set in the coast barrel cactus, Ferocactus viridescens. 324 
Oecologia 2014, 174:163-171. 325 

45. Hanna C, Naughton I, Boser C, Alarcon R, Hung KLJ, Holway D: Floral visitation by the Argentine 326 
ant reduces bee visitation and plant seed set. Ecology 2015, 96:222-230. 327 

46. Ackerman JD, Falcon W, Molinari J, Vega C, Espino I, Cuevas AA: Biotic resistance and invasional 328 
meltdown: consequences of acquired interspecific interactions for an invasive orchid, 329 
Spathoglottis plicata in Puerto Rico. Biological Invasions 2014, 16:2435-2447. 330 

47. Lach L, Hoffmann BD: Are invasive ants better plant-defense mutualists? A comparison of 331 
foliage patrolling and herbivory in sites with invasive yellow crazy ants and native weaver 332 
ants. Oikos 2011, 120:9-16. 333 

48. Gely C, Laurance SGW, Stork NE: How do herbivorous insects respond to drought stress in 334 
trees? Biological Reviews 2020, 95:434-448. 335 

49. Kansman J, Nalam V, Nachappa P, Finke D: Plant water stress intensity mediates aphid host 336 
choice and feeding behaviour. Ecological Entomology 2020, 45: 1437-1444. 337 

50. Blanchard S, Van Offelen J, Verheggen F, Detrain C: Towards more intimacy: moderate elevation 338 
of temperature drives increases in foraging and mutualistic interactions between Lasius 339 
niger and Aphis fabae. Ecological Entomology 2021 46: 406-418. 340 

**51. Blanchard S, Lognay G, Verheggen F, Detrain C: Today and tomorrow: impact of climate 341 
change on aphid biology and potential consequences on their mutualism with ants. 342 
Physiological Entomology 2019, 44:77-86. 343 

An overview of the effects of temperature and carbon dioxide on aphid population growth, behavior 344 
and mobility, honeydew production, and semiochemistry and potential consequences for mutualistic 345 
interactions with ants. 346 
 347 
52. Zhou AM, Qu XB, Shan LF, Wang X: Temperature warming strengthens the mutualism between 348 

ghost ants and invasive mealybugs. Scientific Reports 2017, 7. 349 
53. Sagata K, Gibb H: The effect of temperature increases on an ant-hemiptera-plant interaction. 350 

PLoS ONE 2016, 11. 351 



8 
 

54. Mooney E, Davidson B, Den Uyl J, Mullins M, Medina E, Nguyen P, Owens J: Elevated 352 
temperatures alter an ant-aphid mutualism. Entomologia Experimentalis Et Applicata 2019, 353 
167:891-905. 354 

55. Descamps C, Quinet M, Jacquemart AL: The effects of drought on plant-pollinator interactions: 355 
What to expect? Environmental and Experimental Botany 2021, 182. 356 

*56. Kuppler J, Kotowska MM: A meta-analysis of responses in floral traits and flower–visitor 357 
interactions to water deficit. Global Change Biology 2021, 27:3095-3108. 358 

A meta-analysis of the effect of water stress on 23 floral and reproductive traits drawn from 40 359 
studies representing 22 plant families.  360 
 361 
57. Rering CC, Franco JG, Yeater KM, Mallinger RE: Drought stress alters floral volatiles and reduces 362 

floral rewards, pollinator activity, and seed set in a global plant. Ecosphere 2020, 11. 363 
58. Gottlinger T, Lohaus G: Influence of light, dark, temperature and drought on metabolite and ion 364 

composition in nectar and nectaries of an epiphytic bromeliad species (Aechmea fasciata). 365 
Plant Biology 2020, 22:781-793. 366 

59. Rocha MLD, Cristaldo PF, Lima PSS, dos Santos AT, do Sacramento JJM, Santana DL, Oliveira BVD, 367 
Bacci L, Araujo APA: Production of extrafloral nectar in the Neotropical shrub Turnera 368 
subulata mediated by biotic and abiotic factors. Flora 2019, 260. 369 

60. Yamawo A, Hada Y, Suzuki N: Variations in direct and indirect defenses against herbivores on 370 
young plants of Mallotus japonicus in relation to soil moisture conditions. Journal of Plant 371 
Research 2012, 125:71-76. 372 

61. Newman JR, Wagner D: The influence of water availability and defoliation on extrafloral nectar 373 
secretion in quaking aspen (Populus tremuloides). Botany 2013, 91:761-767. 374 

62. Descamps C, Maree S, Hugon S, Quinet M, Jacquemart AL: Species-specific responses to 375 
combined water stress and increasing temperatures in two bee-pollinated congeners 376 
(Echium, Boraginaceae). Ecology and Evolution 2020, 10:6549-6561. 377 

63. Alzate-Marin AL, Rivas PMS, Galaschi-Teixeira JS, Bonifacio-Anacleto F, Silva CC, Schuster I, 378 
Nazareno AG, Giuliatti S, da Rocha LC, Garofalo CA, et al.: Warming and elevated CO2 379 
induces changes in the reproductive dynamics of a tropical plant species. Science of the 380 
Total Environment 2021, 768. 381 

64. Fabian B, Atwell BJ, Hughes L: Response of extrafloral nectar production to elevated 382 
atmospheric carbon dioxide. Australian Journal of Botany 2018, 66:479-488. 383 

*65. Holopainen JK, Blande JD, Sorvari J: Functional role of extrafloral nectar in boreal forest 384 
ecosystems under climate change. Forests 2020, 11. 385 

Key review of the effects of climate change on EFN production and predicted distribution of EFN-386 
producing plants. 387 
 388 
66. Hoffmann BD, Davis P, Gott K, Jennings C, Joe S, Krushelnycky PD, Miller RH, Webb G, Widmer M: 389 

Improving ant eradications: details of more successes, a global synthesis and 390 
recommendations. Aliens: The Invasive Species Bulletin 2011, 31:16-23. 391 

67. Matzrafi M: Climate change exacerbates pest damage through reduced pesticide efficacy. Pest 392 
Management Science 2019, 75:9-13. 393 

68. Ziska LH, McConnell LL: Climate change, carbon dioxide, and pest biology: monitor, mitigate, 394 
manage. Journal of Agricultural and Food Chemistry 2016, 64:6-12. 395 

69. Meng J, Lei JX, Davitt A, Holt JR, Huang J, Gold R, Vargo EL, Tarone AM, Zhu-Salzman K: 396 
Suppressing tawny crazy ant (Nylanderia fulva) by RNAi technology. Insect Science 2020, 397 
27:113-121. 398 



Declaration of interests 
 

☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
 

☐The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests:  
 

 

 

 
 

 

Conflict of Interest



 

 

Figure 1.  Stages of ant invasion with some of the important characteristics of invasive ants and community and larger scale dynamics relevant to each 

phase.  Characteristics in italics are those currently predicted will be affected by climate change. See text for discussion and references.  
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