
Insect Ecology

Introduction
• Insects - most prevalent features in our 

environment, making us fascinated as well as 
irritated over their presence.

• Insect numbers are often of major concern to 
us, sometimes numerous, while other times 
less.

• Insect ecology - to explain the dynamics of 
insect numbers in different time and space.

• Because of pest issues, dealing with them 
requires knowledge of ecological processes.

The concept of population (1)
• Definition:  a group of individuals within a frame 

limited in time and space.

• Every population is unique --- it is important to 
define and quantify it to understand population 
dynamics.

• The characteristics that are used to define and 
quantify them are: 

• Density -- no. individuals per unit of measure.

• Dispersion -- spatial arrangement of those 
number.
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Spatial dispersions among 
insects and other organisms

• Natality -- birth rate (eg. no. eggs per female 
laid per day).

• Mortality -- death rate (eg. no. dead insects per 
day).

• Age distribution -- proportion of individuals 
of different age groups at a specific time.

• Growth form -- refers to growth curves 
during a period.

The concept of population (2)

Growth curves

J-shaped S-shaped
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Ecosystem and Agroecosystem (1)
• No population exists as an isolated entity.

• Individuals interact not only among 
themselves, but also with members of other 
populations.

• The interacting web of populations within an 
area is known as a community.

• On the other hands, the interaction between 
populations is also affected by physical 
environment (abiotic factors).  The assemblages 
of communities and physical environments are 
known as ecosystem.

• Common example of natural 
ecosystems are ponds, lakes, 
forests, etc.

• Any ecosystem created and 
maintained to fulfill the needs of 
mankind is known as 
agroecosystem, or urban 
ecosystem.

• A typical agroecosystem composed 
of uniform crop/plant population, 
weed communities, animal 
communities, microbial 
communities and the physical 
environment.

Ecosystem and Agroecosystem (1)
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Agroecosystem - uniqueness

• Lack temporal continuity -- existence of limited 
duration, and could undergo abrupt changes due to the 
agricultural practices (eg. plowing, burning, etc).

• Dominated by plants selected by man.

• Little species diversity, and crop species has limited 
intraspecific diversity.

• Crop plants of similar type, age and phenological event 
(flowering, podding).

• Enriched with nutrients (fertilizers).

• Have frequently occurring insects, weed and disease 
outbreaks.

Ecological role of insect outbreaks

• In an unmanaged ecosystem, a state of balance 
exists.

• However, under the influence of man to establish 
agroecosystem, the balance is disrupted because 
any modification to the natural ecosystem will 
result in forces reacting to return back to its 
original state.

• Eg. Monoculture of crop (overpopulation of one 
crop species) will lead to pest outbreak.  If 
pesticides are used, and natural enemies of pests 
are killed, it will lead to greater disruption of the 
system.
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Determinants of insect abundance

• Normally, species with high reproductive rate tend to 
have lower survival rates, and vice-versa.

• r strategist --- insect pests with high reproductive 
rates and low survival rates.  Eg. aphids, house flies, etc.

• k strategist --- low reproductive rates, but high 
survival rates. Eg.  American cockroach, codling moth, 
etc.

• The effective environment with factors such as 
weather, food quality and quantity and space may 
support or inhibit population growth, while natural 
enemies is a substrative force.

r strategists

Musca domestica Tribolium castaneum
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k strategists

Periplaneta americana Cydia pomonella 
(codling moth)

Population change
• The model normally used to reflect population 

change:  Nt =N0e(b-d)t - Et + It where Nt = no. in 
the end, N0 = no. at the beginning, e = base of 
natural log (2.7183), b = birth rate, d = death rate, t 
= period, E = emigration, and I = immigration.

• This is a general model of population change and 
shows the relationship between the primary 
factors (births, deaths, and movements).

• It is important to bear in mind that secondary 
factors (weather, natural enemies, breeding 
habitats, etc) may also affect the primary factors.
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Birth rate vs death rate

• Birth rate --- no. born per female in a 
population over a time period.

• Determining factors --- fecundity (egg production 
rate), fertility (rate of new individuals 
production), and sex ratio (male: female ratio).

• Death rate --- no. died over a time period.

• Mortality factor could be biotic, or abiotic  and 
may operate in a single life stage, or over many 
stages.

The 7 causes of insect mortality
• Aging -- physiological death

• Low vitality -- inherent characteristic to resist environmental 
factors.

• Accidents -- abnormal situation, eg. during molting process.

• Physicochemical conditions -- weather (temperature, 
humidity) can seriously cause population decline.

• Natural enemies -- organisms that prey or parasitize insects, 
density-dependent, and play important role in population 
regulation.

• Food shortage -- reduction in availability of food.

• Lack of shelter -- lack of shelter allows natural enemies and 
harsh weather to find, and affect the insects, respectively.

Insect movements
• Moving in (immigration), moving out (emigration).

• Movement can be the main cause of rapid 
population change in a season.

• In general, movement of insects can be classified 
as trivial (non-migratory) or migratory.

• Trivial movement -- displacement of insects 
within or close to breeding habitat.

• Migration -- usually accomplished by flight, often 
up to several hundreds km.
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Desert locust (Schistocerca gregaria)
Occurs across north and central Africa to middle 
east, Arabia and India.  Causes plagues, and vast 

swarms may be hundreds of km of up to 10 billion 
individuals.  A swarm can consume the same daily 
consumption enough to feed 1.5 million people. 

(please read pg. 197 - 203 Pedigo and Rice)

Environmental effects on insect 
development

• Because insects are poikilothermic, their 
development is greatly affected by temperature.

• The higher the temperature, the faster the 
development because biochemical reactions 
occur more frequently and proceed more rapidly 
at higher temperature.

• Diffusion rates for substrates and enzymes also 
increase, causing greater formation of enzyme-
substrate complexes.

Degree-Day (1)

• Represent the accumulation of heat units above some 
temperature for a 24-h period.

• Below the minimum, no development take place, while above 
it, heat units are accumulated toward development.

• Eg. if the development minimum for German cockroach is 
12oC, and the average temperature for the day is 27oC, then 
15 degree days would be accumulated on that day.

• At the same time, to predict the stage of development from 
degree day, thermal constant for the event must be 
established.

• Thermal constant is the no. degree days accumulated for the 
event to take place.
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• By accumulating degree days and relating it to thermal 
constant for an event (eg. molting, pupation), we can 
estimate whether the event will happen on a particular 
day.

• Degree day (DD) = (max temp. + min. temp)/2 - 
developmental minimum.

• DD may not be applicable in all situations, where 
temperature is less important, when compared to 
other factors.  

• DD should be calculated based on the temperature of 
the environment where the species is present, and not 
a site where the meteorological data was taken.

Degree-Day (2)

Insect population regulation (1)
• Milne (1957) theory proposed that there are 3 types of 

natural factors regulating population numbers: (1) perfectly 
density-dependent factors, (2) imperfectly density-dependent 
factors, (3) density-independent factors.

• Perfectly density-dependent factor (i.e. intraspecific 
competition) never fails to control the increase in population 
numbers.

• Intraspecific competition is a phenomenon where individuals in 
a population compete for a resource in limited supply (eg. 
food).

• Increase in population would deplete the resources, 
increasing the competition, gradually causing some to be 
eliminated because of starvation and the density is reduced.  
When the number is decreased, the competition is reduced.

• Imperfectly density-dependent factor 
normally refers to natural enemies such as 
predators, parasites and pathogens.

• These factors sometimes fail to limit population 
increase due to the limitation of these organisms 
under the influence of environmental factors.

• Density-independent factors impact a 
population without being affected by the 
population number. It does not matter whether 
the number is 500, or 5,000,000.

• Examples include rainfall, temperature, humidity.

Insect population regulation (2)
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• Milne (1957) proposed that the annual insect numbers may 
fluctuate within 3 zones.

• Zone 1 -- low number, and population seldom fall to this 
level from Zone II.  If they do, that is because of an 
unfavorable density-independent (DI) factors. Upon the 
return of favorable DI factor, it will move back to Zone II.

• Zone II -- usual number.  Population normally fluctuates 
within this zone for a long time. Should the DI factor 
becomes favorable, and the imperfectly density-dependent 
(IDD) factors fail, it could move to Zone III.

• Zone III -- unusually high number.  The population is at risk 
of running out of resources.  Eventually, it would be forced to 
be back to Zone II.  

Insect population regulation (3)

• Southwood & Comins proposed that natural 
enemies have little or no impact on population 
growth of r-strategists.  They believed that the 
growth rate could only be brought down by 
good shortages, disease and emigration.

• As for k-strategists, they will be affected by 
natural enemies.

Insect population regulation (4)

28

29

30



31


