
FE SPOTLIGHT

Current and future challenges of predictive insect
population modelling
Sharon Bewick*

Biology, University of Maryland, 20742 College Park, Maryland, USA

Like the plot of a one-star horror movie, bug swarms, bug

invasions and bug outbreaks have dominated recent

headlines. Last year alone, insects shut down a bridge in

Pennsylvania (WorldNetDaily News, 2015), gathered in a

50-mile-wide swarm over Texas (Arciero 2015) and created

such an infestation at Burning Man Festival that organiz-

ers suggested ‘[nuking] the city’ (White 2015). From coast

to coast, no one was spared – and everyone had a (differ-

ent) explanation. Perhaps spring and summer rains stimu-

lated an unprecedented bug hatch. Or maybe it was last

year’s mild winter that resulted in high bug survival.

Increasing bug populations might be a sign of an improv-

ing environment. On the other hand, population explo-

sions could be part of a natural boom/bust cycle. While

these are all good guesses, the truth is that we do not

always know what drives population dynamics. This not

only makes it challenging to explain the sudden appear-

ance of a hoard of Hemiptera at an outdoor arts festival,

but also impedes our ability to predict how and when

insect populations might respond to environmental pertur-

bations, including global change.

Three of the most significant factors known to influence

insect populations are temperature (including seasonal,

day-to-day and multidecadal trends), intraspecific competi-

tion and interspecific interactions. Temperature alters the

timing, duration and abundance of different insect life

stages through its effect on development, fecundity and

mortality (Bale et al. 2002). Intraspecific competition influ-

ences access to food or other limited resources and can

lead to interesting density-dependent dynamics, including

multiyear boom/bust cycles or even chaos (Klomp 1964).

Interspecific interactions influence insect demography

through a range of processes, including additional compe-

tition, plant–insect effects, predator–prey interactions,

host–pathogen interactions and even parasitoid–host
effects (Crawley 1983). Individually, the roles of tempera-

ture, competition and interspecific interactions have been

studied both empirically and theoretically as determinants

of insect population dynamics (Shelford 1927; Hassell

1975; Abbott & Dwyer 2007). Despite this, few studies

have considered more than one of these factors simultane-

ously, limiting our understanding of how different drivers

combine to create variation in abundance of insect popula-

tions in the field.

Recently, efforts to understand and predict insect popu-

lation dynamics have taken on a new direction and a new

urgency. Specifically, in the context of global change, we

are now faced with a world where prediction of insect pop-

ulation dynamics is becoming necessary for everything

from conservation (McLaughlin et al. 2002) to food secu-

rity (Gregory et al. 2009) and protection against disease

(Sutherst 2004). In response to the ongoing threat of cli-

mate warming, a number of studies have extended models

of both insect temperature dependence (degree-day mod-

els) (Powell & Logan 2005) and species interactions

(Abbott & Dwyer 2007) to forecast future trends in pest

and endangered (Gregory et al. 2009) insect populations.

Unfortunately, most of these approaches continue to focus

on single drivers of population dynamics. Thus, while they

are useful for understanding the independent contributions

of altered species interactions (Fagan et al. 2014), altered

competition (Bewick et al. 2016) or altered temperature

regimes (Zipkin et al. 2012), they fail to be fully predictive

because they do not consider combined effects. This is par-

ticularly problematic in the context of climate change,

because many of the common drivers of insect population

dynamics are likely to be perturbed independently and to

different extents in response to global warming.

In a recent issue of Functional Ecology, Johnson et al.

(2015) take an important step towards developing fully

predictive models of insect population dynamics by com-

bining degree-day models with sophisticated descriptions

of intra- and interspecific interactions. They then use this

approach to predict complex seasonal changes in a bor-

dered plant bug population. Bordered plants bugs are an

ideal system, because this species exhibits an unusual

abundance pattern where adults are prevalent during sum-

mer and fall, but are nearly absent in late spring and late

summer. Johnson et al. (2015) show that no single factor

can independently predict these dynamics over the course

of a year. Considering only density dependence, for exam-

ple, bordered plant bugs are predicted to exhibit a steady-

state population size. Considering density dependence and

seasonal temperature variation, fluctuations are observed

in the plant bug population; however, predicted adult den-
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does not match trends observed in the field. Considering

density dependence and seasonal resource variation gives a

closer match to field data, but greatly underestimates bug

abundances, resulting in bug extinction over the course of

several years. Only when density dependence, seasonal

resource variation and seasonal temperature variation are

considered simultaneously, do the authors accurately reca-

pitulate observed seasonal changes in plant bug abun-

dance. These results clearly demonstrate the need for

considering multiple factors when attempting to predict

insect population dynamics.

The novel and comprehensive approach taken by John-

son et al. (2015) should serve as a template for future stud-

ies of insect populations, both under current conditions

and in the context of global change. Attempts to predict

future population dynamics of pest or endangered species

should not, for example, rely on degree-day models alone.

Instead, models should incorporate phenology information

for insect food resources and insect predators/parasitoids.

This could involve use of data from phenology databases,

or webcam or satellite NDVI green-up data. Likewise, it

could involve multilevel degree-day models where insect

prey/predators/parasitoids are, themselves, subject to

changing seasonal abundances in response to changing sea-

sonal temperatures. Regardless of the approach, transi-

tioning from single factor analyses to multifactor analyses

is a necessary next step in predictive insect population

dynamics modelling. Although we are currently just begin-

ning this fruitful avenue of research, the likely benefits are

great. Increased ability to predict insect population

dynamics will allow us to better define regional differences

in vector-borne disease risk, predict years where certain

crop pests may be problematic and identify species at risk

of population decline or extinction. Indeed, improved pre-

diction of insect population dynamics could even benefit

the organizers of Burning Man, who are no doubt wonder-

ing whether or not to prepare for an onslaught of unin-

vited, six-legged guests at their 2016 festival.
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