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ABSTRACT 
 
Cerambycid beetles perform crucial ecosystem services by beginning the degradation and 
recycling of woody biomass.  Conversely, they can also become devastating pests, particularly as 
invasive species which are freed from the constraints of their coevolved natural enemies, and 
with novel hosts which have no coevolved natural resistance to them.  Surveillance of invasive 
cerambycids is hampered by the lack of effective detection tools.  To address this problem, we 
summarize progress over the last 15 years on the development of effective pheromone-based 
lures for cerambycids, and concurrently, the optimization of trapping methods.  In particular, 
recent research has shown that some pheromone components are highly conserved across genera 
and tribes, whereas others are used by only a few species, or may even be species-specific.  The 
implications of this range of pheromones from “generic” to species-specific is discussed in the 
context of monitoring cerambycids with pheromone-based methods. 
 
Cerambycid beetles are one of the groups of insects that are most easily transported between 
countries and continents by international commerce, with their long-lived larvae hidden within 
dunnage, palettes, and other wooden materials.  They are of major importance as potential 
invasive species, particularly because they can be so difficult to detect until the adults emerge.  
Thus, attractant-baited traps deployed around ports and shipping facilities may form the first line 
of defense for detection of new invasions, and for delineating the range of a new infestation 
should a particular species become established. However, this strategy is obviously contingent 
upon having effective and relatively specific attractants available as trap baits.  
 

For many years, forestry personnel and natural historians collecting cerambycids have 
used host plant volatiles such as turpentine, a-pinene, and ethanol as attractants for cerambycids.  
These materials are cheap and readily available, but for most species, they are only weakly 
attractive or not attractive at all, so they cannot be relied upon as a sensitive detection system.  In 
addition, until about 2005, the general consensus was that cerambycids were not likely to use 
attractant pheromones to any great extent; up to that point, attractant pheromones had been 
identified from fewer than 10 species, and preliminary trials had suggested that the pheromones 



might be only weakly attractive.  However, since 2005, our hypotheses about pheromone use by 
cerambycids have radically changed, based on the identification and demonstrated effectiveness 
of pheromones for ~several hundred species, including important pest and invasive species.  
Furthermore, pheromones for additional species are being identified on a continuing basis.  Thus, 
it appears likely that pheromones can indeed be used as powerful tools for surveillance and 
quarantine efforts aimed at detection and exclusion of potentially invasive species. 
 
So why is it that it took so long to recognize that cerambycids were indeed using attractant 
pheromones extensively in their reproductive interactions, analogous to many other insect 
families?  There are a number of possible reasons, any one or any subset of which may have 
resulted in erroneous conclusions about pheromone use.  These include: 
 
1. In several of the major subfamilies, including the Cerambycinae, Lamiinae, and 
Spondylidinae, the attractant pheromones are produced by males and not females. Because the 
natural indication is to assume that females are the attractive sex, this may have misled some of 
the early researchers. 
 
2. Attraction of beetles of both sexes to the male-produced aggregation pheromones may be less 
obvious than, for example, a male moth responding to a female moth’s sex pheromone, where 
the male will literally damage or kill himself trying to get to the female.  In contrast, cerambycid 
responses to the male-produced aggregation pheromones may be more subtle.  Nevertheless, 
over the course of a day, tens or even hundreds of beetles can be attracted to pheromone-baited 
traps. 
 
3. Another consequence of the male-produced aggregation pheromones is that they are produced 
in much larger amounts (ranging up to ~100 micrograms or more per hour) than female-
produced sex pheromones, which typically have release rates which are orders of magnitude 
lower than this.  A major consequence of the high rate of production and release of the male-
produced pheromones is that trap lures have to approximately match or exceed this rate to be 
effective.  This means that lures have to release at least several milligrams of pheromone per day, 
so that field lures intended to last for a week or more will need to be loaded with 50-100 
milligrams of pheromone, or more.  In contrast, early researchers generally used much lower lure 
loading rates, which likely contributed to the relatively weak attraction that they observed. The 
problem is further compounded because cerambycids do not produce pheromone continuously.  
Instead, the evidence suggests that pheromone is released during species-specific time windows 
of a couple of hours a day.  Thus, it would be easy to miss the calling period, and to be 
bioassaying insects outside their normal activity period. 
 
4. Some cerambycid species have to undergo a sexual maturation period and/or they may need to 
feed as adults before they begin to produce or respond to pheromones.  Thus, beetles used in 
bioassays may not have been in the appropriate physiological states. 
 
5. In some cases, such as for Monochamus species, pheromones are very strongly synergized by 
plant volatiles, to the extent that either plant volatiles or pheromones are minimally attractive 
alone, but combined, attraction increases by an order of magnitude or more. 
 



6. There is increasing evidence that cerambycids may occupy specific strata in the forest canopy, 
with a number of examples known in which pheromone-baited traps placed high in the canopy 
caught large numbers of beetles, whereas the same traps caught little or nothing when deployed 
at ground level.  Conversely, a subset of species were found only in traps at ground level, with 
none caught in traps deployed high in the canopy.  This obviously has important implications for 
detection and surveillance efforts.  
 
7. Finally, several research groups have now independently shown that effective trap design is 
crucially important for trapping cerambycids, and for retaining them in traps once they have been 
caught.  Thus, vertically oriented cross-vane intercept traps or multifunnel Lingren traps seem to 
be the design of choice.  One of the single most crucial design features is to coat the trap surfaces 
and collection jars of all traps with a Teflon dispersion called Fluon, which renders the trap 
surfaces extremely slippery.  Thus, any beetle that lands on the trap will not be able to hang on to 
the trap surface and will drop down into the collection bucket.  The importance of the fluon 
coating cannot be over-emphasized: field trials have shown that Fluon treatment can increase 
trap catch and retention more than ten-fold. 
 
In hindsight, because of this plethora of factors, it is easy to understand how the extensive use of 
pheromones within the Cerambycidae was missed for so long.  However, the situation started to 
change around 2005, when pheromones for a number of cerambycids were identified in rapid 
succession, initially as the result of large-scale screening trials of the few pheromones which had 
been identified up until that time, along with several possible analogs. These trials showed 
beyond a doubt that many cerambycids were using attractant pheromones.  Subsequent collection 
of volatiles produced by both sexes then showed that the pheromones produced by species in the 
subfamilies Cerambycinae, Lamiinae, and Spondylidinae were all produced by males, but 
attracted both sexes, making them formally aggregation pheromones according to the historical 
definition of these types of pheromones.  However, because their main function is probably to 
bring the sexes together for mating, this definition has been recently modified to “aggregation-
sex pheromones”, which more accurately describes their function. 
 
A second outcome of the large-scale screening trials with the handful of pheromones or likely 
pheromones that were known around 2005 was that this small group of 10 or so compounds was 
shown to attract >100 species, suggesting that pheromone structures were highly conserved, with 
species within the same genus, tribe, or even subfamily using exactly the same pheromone 
components. Furthermore, this conservation reached across continents (and hence millions of 
years of evolutionary time); for example, it is now known that one of the most common 
compounds, 3-hydroxyhexan-2-one, is a known or likely pheromone for cerambycid species 
from all 6 habitable continents.  Similar results have been found with a number of other 
cerambycid pheromones, including fuscumol, fuscumol acetate, monochamol, 2-methybutanol, 
and isomers of 2,3-hexanediol, with each one of these compounds being shown to be a 
pheromone component for a number of closely, and even more distantly related species. This led 
us to hypothesize that cerambycid pheromones, on the whole, were likely to be highly conserved, 
with related species using the same or similar pheromones. 
 
However, results from the past couple of years have suggested that the situation is likely to be 
much more nuanced than that.  In particular, over the space of several years, intensive and 



repeated use of pheromone-baited traps to survey local populations of cerambycid beetles began 
to show that there were a number of species which were known to be present from historical 
records, but which were rarely or never caught in the pheromone-baited traps, suggesting that 
they might be using some other, hitherto unknown, types of pheromone compounds.  Ongoing 
efforts to identify pheromones from these species has shown that this is indeed the case, with a 
steady stream of new and entirely unexpected structures being identified. Furthermore, these new 
structures are sometimes being found in species in genera from which entirely different 
pheromones had previously been identified.  That is, we are finding that in some cases, even 
congeneric species are producing pheromones with entirely different structures.  Thus, our 
revised working hypothesis is that pheromone use within the cerambycids follows a continuum; 
at one end of the spectrum, some compounds are highly conserved and are shared among many 
species, whereas at the other end of the spectrum some pheromone components may be shared 
by only a few species, or may even be species specific.  There are now numerous examples of 
both classes of pheromones/species, and of others somewhere in the middle of the continuum. 
 
In the course of trying to identify pheromones for new species, and in particular, of major target 
species deemed to have both a high probability of invading North America, and of causing 
substantial damage if they did invade and become established, our Asian colleagues were having 
trouble collecting some of the target species for conducting pheromone analyses.  Thus, as an 
alternative, we wondered if it might be possible to take advantage of the highly conserved nature 
of at least some of the cerambycid pheromones by using a “pheromone identification by proxy” 
strategy.  That is, we reasoned that if we could identify the pheromones of some readily available 
North American species that were closely related to the Asian target species, we could then test 
the pheromones with the Asian species to see whether they might respond.  In particular, our 
Asian targets were species in the genera Callidiellum and Semanotus, and our proxy species were 
Californian species in the genera Callidium and Semanotus.  This proxy strategy turned out to be 
highly successful.  Thus, we found that two Callidium species and three Semanotus species 
native to California all had male-produced pheromones consisting of a novel pyrrole compound, 
which we gave the common name semanopyrrole, alone or in combination with the very 
common component 3-hydroxyhexan-2-one.  Collaborators in Japan and China tested 
semanopyrrole and 3-hydroxyhexan-2-one in field bioassays, and found that the blend of the two 
compounds was highly attractive to Callidiellum rufipenne, which has invaded the northeastern 
US, and Callidiellum villosulum, which has been intercepted in shipments entering Maryland, 
but which apparently has not yet successfully invaded and become established.  There were also 
several added bonuses, because further field trials revealed that semanopyrrole is also a crucial 
pheromone component of the North American species Dryobius sexnotatus, as well as several 
South American species.  Thus, it seems likely that semanopyrrole will turn out to be another of 
the “generic” type cerambycid pheromones that is widely shared by a number of related species. 
 
In contrast to this widely shared pheromone, research on a number of other species has suggested 
that their pheromones may attract only a few species, or may even be species specific.  For 
example, as described in detail in the following article by Steve Teale, with a team of 
collaborators in China and Japan, we identified a novel epoxy-aldehyde compound from the 
highly invasive species Aromia bungii, which has recently invaded Japan and several countries in 
Europe, where it is already causing substantial damage.  To date, in field bioassays in Japan, 
China, and Slovenia, there has been no indication that any other cerambycid species are attracted 



by this compound, indicating that it might be species specific. In another example, described in 
detail in the article by Ann Ray, the invasive species Trichoferus campestris, which has become 
established in several US states, produces another novel structure, given the common name 
trichoferone.  In extensive trials in the US, where there are no other native Trichoferus species, 
no other species have been caught, but collaborator Alain Roques has found that several 
European Trichoferus species appear to be attracted to this compound, suggesting that it is likely 
to be a component of their pheromones as well.  In ongoing work with our Brazilian 
collaborators Weliton Silva and Mauricio Bento, we have discovered that South American 
species are producing a wide variety of unexpectedly diverse pheromone structures, including a 
straight-chain hydrocarbon, sesquiterpene hydrocarbons, straight- and branched-chain aldehydes 
and alcohols, an alkylated tetrahydrofuran, and even a sulfur-containing compound.  Not 
surprisingly, given that pheromone structures are often conserved, we are starting to find at least 
some of these structures being produced by species native to other continents as well.  Very 
importantly, the structures of most of these pheromones are simple enough that it should be 
economically feasible to develop them as commercially available lures for surveillance and 
monitoring programs. Thus, in the space of less than 15 years, we have gone from having no 
effective monitoring tools available for any cerambycids, to the situation now, where there are a 
number of highly attractive pheromones available, with many more on the way. 

 
A comprehensive overview of cerambycid beetle biology and the use of pheromones and related 
semiochemicals by cerambycids can be found in the recently published “Cerambycidae of the 
World: Biology and Pest Management” (ed. Q. Wang), CRC Press/Taylor & Francis. The 
reader is also referred to a recent review article, L. M. Hanks and J. G. Millar (2016) Sex and 
aggregation-sex pheromones of cerambycid beetles: Basic science and practical applications. 
Journal of Chemical Ecology 42:631-656. 
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