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ABSTRACT
In this study the biological and ecological traits of two groups of 
phytophagous insect pests were examined to determine attributes that 

were compared with species that are not currently established. It was found 

plant range than species that have not established. The lower developmental 
threshold temperature was, on average, 4°C lower for established species 
compared with non-established species. These data suggest that species that 

temperatures compared with those that have not established. 
Keywords: biological invasions, biological traits, establishment success, 
phytophagous insect pests, temperate climate.

INTRODUCTION
It is well recognised that there are biological and physiological characteristics that make 

some species more invasive than others. Despite many studies of such characteristics, 

success. Studies in insects suggest that a high reproductive capacity at low population 
levels can often ensure long-term population persistence after initial establishment. 
For example, in their study of the invasion of North American forests by European 
phytophagous insects, Niemela & Mattson (1996) report that invasion success could be 
attributed to parthenogenesis. Parthenogenesis in insects allows them to quickly exploit 

an invasive species. Polyploidy and pseudosexual reproduction (apomixes) are often 
associated with the parthenogenetic process, adding genetic diversity and enabling an 
insect to survive very broad ecological and environmental ranges (Niemela & Mattson 
1996). The ability to survive a wide range of environmental conditions is clearly a key 
factor for the success of insect establishment and invasiveness.

The availability of resources or host plants is essential for insect establishment. 

into North America from Europe is related to the large ecological resources available. For 
the survival of phytophagous insect species in a new location the abundance and biological 
and ecological similarity of potential host plants to the invasive species native host plant 

insect invasion from Europe into North America has been attributed to the taxonomic 
similarity between North American plant species and European plant species. 

Another factor that can determine whether colonisation will be successful is the number 
of individuals colonising or invading the new area (propagule pressure). It is thought 
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that the higher the propagule pressure the greater the chance of successful establishment 

propagule pressure required for successful establishment may vary from species to species 

smaller-bodied organisms are more likely to be successful invaders as they have higher 

bodied insect species were more likely to establish successfully. However, in that study 
the number of insect species that had successfully established was relatively small. 

There have been attempts to link taxonomic status of species to successful establishment 

status from other confounding factors, such as dispersal mechanisms or human assisted 

illustrates these observations particularly well by relating the different proportions of 
insect species belonging to major taxonomic orders arriving into the United States with 

arrived because at that time soil was commonly used as ship ballast. Eventually, the 

and applied aspects of invasion biology, successful and unsuccessful invaders should be 

patterns by comparing biological attributes of two groups of phytophagous insect 

established. For the purpose of the present study the two groups were considered to 
respectively represent successful and unsuccessful invaders.

METHODS

randomly selected for further study. The subset of species was selected using random 

invaders). The second group comprised 21 species that had not established but were 

personal communication were used to verify that the established group of insect species 

Teulon, Crop & Food Research). The variables hypothesised to be different between the 
two groups were host range, developmental temperature thresholds, propagule pressure 
(the number of individuals arriving into the country), body size and taxonomic status. 
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and unsuccessful and invaders. 

RESULTS
Host plant range

between the two groups of insects. The insect species that have established in New 

Developmental requirements
 and 

(P
data for development times were highly variable and therefore a larger sample size would 

Propagule pressure and body size
If it is assumed that the border interception rate for a species is an index of propagule 

pressure or indicates the number of opportunities to establish, it appears that there is 
no difference (P

interceptions per species per year). 
Species that had not established, where body length measurements were available 

Taxonomic differences

species belonging to the families Diaspidae (Homoptera), Pseudococcidae (Homoptera) 
and Pyralidae (Lepidoptera). It appears that many species of the family Aphididae 

insect families. 

DISCUSSION
It is well known that the distribution of insect species is related to the abundance and 

wide host range the established exotic species investigated in this study are more likely 

made possible because of a wide variety of micro-climates. For example, tropical fruits 

However, while the non-established insect species may have reduced probability of 
establishment because they have a narrower host range, that does not fully explain non-

Aspidiotus destructor
and Pseudaulacaspis pentagona, and the thrips species, Thrips palmi, have a wide host 

their climatic requirements are not met. 
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FIGURE 1: The number of species intercepted in each insect Family (1993-1999, 
n=132).

established species could provide an important risk criteria for formal risk assessments 

While the sample sizes for each group in this study was small, other studies such as 

giving greater power to detect differences if they exist. While it is clear that detailed 
information for more species is needed, it is unfortunate that much needed development 
data is lacking for many potential invasive species.

cricket, Metrioptera roeseli, were more successful at colonising new habitat islands within 

(1999) found that the probability of establishment increased with release size of two 
plant feeding chrysomelid beetles, Galerucella calmariensis and G. pusilla, introduced as 
biocontrol agents for purple loosestrife, Lythrum salicaria, in New York. However, there 

to establish successfully. For example, in Hawaii, the release of just 11 individuals of 
the biocontrol agent chalcidid endoparasitoid, Brachymeria agonoxena, resulted in the 

Aphelinus mali

individuals) of the biocontrol agent, Sericothrips staphylinus (gorse thrips), was more 
likely to result in successful establishment than a single release of a large population 

Arytainilla spartiophila could 
establish successfully with just a couple of individuals from initial release (Memmott et 

and unsuccessful insect species. It appears therefore that the role of propagule pressure in 
successful establishment remains unclear or that chance combinations of multiple factors 
for species that are pre-disposed to establishment will result in colonisation. More studies 
need to be carried out to further investigate the role of propagule pressure. 
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In general, insect species with higher rates of population increase are thought to have a 

small bodied species are susceptible to rapid environmental changes resulting in high 

body size on the distribution and abundance of species across taxonomic orders. While 
they found a negative relationship between body size and distribution, they concluded 
that the effect of body size on population abundance and distribution was inconsistent 
between taxonomic groups. They concluded that their data only weakly supported the 
theory that small bodied organisms had an increased probability of establishment and 
survival when introduced to a new locality. Similarly, in the present study there was 
no indication that smaller bodied insect species were more likely to establish in New 

Of all the families intercepted, members of Aphididae were the most successful at 

in temperate regions, particularly in the Northern Hemisphere where they are adapted 
to climates with quite cool winters with many species laying diapause eggs in autumn. 

If aphids from the Northern Hemisphere were to colonise areas on the other side of the 
world they would need to quickly produce at the right time so that viable eggs could 
hatch in the Southern Hemisphere spring. Thus the mode and timing of arrival are very 
important for such species. This is especially true for the egg stage for some species 
where that stage is highly suitable for colonisation. The eggs of aphids often have long 

example is the blue-green lucerne aphid, Acyrthosiphon kondoi, which took less than a 

In conclusion, host plant range and insect development threshold have been shown to 
be important factors for establishment success of exotic phytophagous insects in New 

to have a wider host plant range than insect species that have not established indicating 
a greater chance of survival in a novel location. The 4°C lower development threshold 
for established species indicates increased survival through winter cold and appears a 

for host range and developmental thresholds of invertebrate species, together with other 

that can inform invasive insect risk assessments that are currently largely qualitative.
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