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Abstract  
Semiochemicals are chemicals used to communicate. Animals tend to use these e.g. to locate food 
sources or to find a suitable mate. In this study, the sex pheromone of the Indian meal moth, Plodia 
interpunctella, was analysed. Since this is an economically important species, it is mass-reared in 
labs and science centers worldwide for experimental purposes. A culture of these moths was 
brought into the lab at Lund University for studies and has after that served as a model species 
demonstrating up-wind pheromone-mediated male flight in different courses held by the university. 
As years went by, the culture got less successful in up-wind flights, most probably because of 
inbreeding and bottleneck effects, and therefore, a new culture was taken in. This study focuses on 
using various experiments to see if there was a behavioral and/or physiological difference between 
the two cultures. Results show a significant difference in behavioral traits (frequency of calling 
behavior in females and in male up-wind flights) but not in physiological traits (female pheromone 
production or male antennal response). This study discusses some effects of mass-reared lab 
cultures. 
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Sammanfattning 
Många insekter använder sig av olika typer av kemikalier för att signalera olika saker, tex när de 
hittat föda för att locka dit artfränder eller för att hitta en partner att para sig med. I denna studien 
analyserades sexferomonet hos det Indiska mjölmottet, Plodia interpunctella. Det indiska 
mjölmottet finns i lagerlokaler och kvarnar runt om i världen där det lever på maten det kommer 
över. Eftersom det är en skadegörare är arten av stor ekonomisk betydelse. En kultur av denna 
art togs in i forskningssyfte på Lunds Universitet. Efter avslutade försök så sparades kulturen i 
syfte att uppvisningsflyga individer mot feromon i en vindtunnel vid event och olika kurser. Dessa 
uppvisningsflygningar blev sämre och sämre med åren och man beslutade att ta in ytterligare en 
kultur av samma art. Kulturerna föddes upp parallellt. Denna studie jämför dessa två kulturer 
genom ett flertal olika experiment för att se om där fanns en skillnad. Resultaten pekar på en 
försämring i beteenden (responsen hos hannar flugna i vindtunnel och frekvens i lockbeteende 
hos honor) men inte i fysiologiska egenskaper (antennresponsen hos hannar eller mängden 
producerat feromon hos honor). Studien tar upp varför och hur detta har skett och diskuterar sätt 
att undvika degenerering i labkulturer. 

Ämnesord  
Plodia interpunctella, Indiskt mjölmott, labkultur, degeneration, inavel 
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Introduction 

 
Semiochemicals are used by a large variety of animals to communicate. Chemosensation – 

the sense of smell – is used to locate e.g. prey, a host, sources of food or to mark territory 

and warn conspecifics (Wyatt, 2003). Semiochemicals are defined by interspecific or 

intraspecific use, pheromones and allelochemicals respectively. Plants use allelochemicals 

to attract pollinators to flowers. These olfactory cues may benefit both species 

(synomones). Just like allelochemicals, pheromones can be used in a lot of different ways. 

Signaling alarm, attract mates, mark the path to a food source etc. In this study, focus lies 

on the sex pheromone of the species, the pheromone used to attract mates. 

Plodia interpunctella (Hübner) or the Indian meal moth (Lepidoptera: Pyralidae) is a 

stored-product pest spread worldwide. It infests processed foods such as grains, nuts and 

fruits and is therefore considered an economically important species (Rees, 2004). Ways to 

get rid of these vermin, how it communicates and how it reproduces have been studied for 

well over half a century. It is well known that the species uses a sex pheromone consisting 

of at least four components (Zhu et al., 1999). Today, the moth is being monitored using 

pheromone traps (Mullen and Dowdy, 2001). Since it is the female sex pheromone, this 

method only catches male moths, but is effective nonetheless. The 4-component blend 

consists of (Z,E)‐9,12‐tetradecadienyl acetate (Z9,E12‐14:OAc), (Z,E)‐9,12‐

tetradecadienal (Z9,E12‐14:Ald), (Z,E)‐9,12‐tetradecadienol (Z9,E12‐14:OH) and (Z)‐9‐

tetradecenyl acetate (Z9‐14:OAc) where Z9,E12‐14:OAc is the most abundant (Zhu et al., 

1999).  

Indian meal moths are nocturnal and are most active during dusk and dawn (Mbata and 

Osuji, 1983). Since they are a pest in mills and warehouses where some lights might be on 

during nighttime, activity in moths is induced during this period. The adult moths only live 

for about a week and the total generation time is approximately 7 weeks. They do not feed 

as adults, but their goal is to mate and lay eggs at a food source providing a good chance of 

survival for hatching larvae (Rees, 2004). Females attract males by emitting a sex 

pheromone by protraction of the abdominal gland. They bend their abdomen back over 

their wings while doing so, usually throughout the night (figure 1). Males then find females 

by flying in a zig-zag fashion through the formed pheromone plume to locate its source. 

https://www.sciencedirect.com/science/article/pii/S0022474X06000671
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However, Irregular light-dark rhythm and/or absence of dusk/dawn affects these behaviors 

(Nordlund and Brady, 1974). It is this female gland that will be extracted and the 

responsiveness in males that will be analysed as part of this study.  

 

Figure 1. A calling Plodia interpunctella female. Photo: rosepestsolutions.com. 

P. interpunctella has been used in several studies performed by the Pheromone Group at 

Lund University (Svensson et al., 2003; Svensson et al., 2007; Ryne et al., 2007) and a 

population has after that been kept in the lab. It serves as a model species in courses such 

as chemical ecology to demonstrate male up-wind flight towards a sex pheromone lure in 

a wind tunnel. This culture has over the years become more and more unsuccessful in these 

wind tunnel show-off flights and therefore a new culture was taken in to replace the older, 

though both cultures are still being reared separately in the lab. This study focuses on 

comparing these two cultures in different behavioral experiments as well as physiological 

aspects to see if, and where there was any difference. Since the old culture has been in the 

lab for roughly 150 generations and has experienced a couple of bottlenecks due to some 

inattention of the rearing procedure (personal communication, Olle Anderbrant), it is likely 

that the fitness of the animals has decreased due to inbreeding depression. Two different 

types of experiments were performed on each sex for the different cultures. Females were 

monitored for their calling behavior and analysed for the amounts of produced main 

component (Z9,E12‐14:OAc) of the pheromone. Gas chromatography mass spectrometry 

(GC-MS) attached with a flame ionization detector (FID) was used to identify and quantify 

the main component. Males were tested for their responsiveness in their antennae using gas 

chromatography electroantennographic detection (GC-EAD). A method that measures the 

action potential in the antennae while they are being stimulated with compounds (female 

gland extract). Males were also flown in a wind tunnel towards female extract and synthetic 

pheromone to measure behavioral response.  
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Materials and methods 

Study populations 
Two different cultures of Plodia interpunctella were used in the present study. The older 

culture was a mix of animals brought in on several occasions: 23 animals from Danish pest 

infestation lab in Lyngby, Denmark, were introduced December 2nd, 1996. Ten adult moths 

were added May 5th, 1998, from Central Science Lab, York, UK. 200 pupae (100/100 

male/female) were added October 29th the same year and the last batch of 50 animals 

arrived March 20th, 2000. The newer culture is offspring from 100 larvae from Insect 

Services, Berlin, Germany, and was introduced in the fall of 2017. 

The two cultures of P. interpunctella were reared on a diet containing 400g wheat germ, 

40g brewer's yeast and 80g of glycerol, and kept in a climate chamber at 22.5 ±1oC and 60 

±5% relative humidity (r.h.). The photoperiod was set to L17:D7 (Light:Dark) where 

scotophase (darkness) began at noon, making it easier to perform experiments during the 

day, as the species is nocturnal. Since the generation time is roughly 7 weeks, different 

batches of the cultures were reared to have a continuous flow of adult animals.   

Larvae were kept in 2-liter plastic containers with a lid together with the food (figure 2). 

The food was filled to roughly ¼ of the container. When the larvae had reached the fourth 

instar, a corrugated paper was put inside the lid to give the larvae opportunity to pupate 

inside the paper rather than in the food. Pupae were differentiated by sex using a microscope 

and put in separate petri dishes. Male and female pupae usually differ in size but are more 

accurately distinguished by the structure of the last few segments (Zhu et al., 1999). A 5-

liter plastic box with a hole in the front attached with a stocking was prepared with patches 

of moisturized paper and the pupae were placed inside (figure 3). Adult moths were 

separated each second day from not yet hatched pupae to keep track of their age.  
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Figure 2. 2-liter rearing containers with diet and corrugated paper serving as pupating medium. Photo: 
Per Heydorn. 

 

 

Figure 3. 5-liter boxes with pupae and hatched adult moths separated by age, sex and culture. Photo: Per 
Heydorn. 

 

Calling behavior in females 
Virgin females, 1-6 days old, were put in small plastic containers (250ml) in the morning 

of the same day of observation. Observation of the moths began at 10am and ended at 4pm 

and were monitored every half hour. Two different behaviors were annotated; calling and 

not calling. Calling was defined by the females bending their abdomen upwards over the 

wings and sometimes also extruding the pheromone gland. A red-light flash light was used 

during scotophase to be able to see them in the dark (figure 4), as this light does not affect 

the moths (personal communication, Glenn Svensson). The observation made at 12pm was 

directly after entering scotophase. Differences in frequency of calling between the two 

cultures were analysed using a chi2-test.  



 

9 

 

 

 

Figure 4. A 250ml plastic container with a female being monitored during scotophase. Photo: Per 
Heydorn. 

 

Extraction of female glands 
The plastic box (5 liter) with virgin females was brought out in daylight one hour into the 

scotophase and kept there until extraction was finished. A female was taken out using a 

small plastic cylinder and was put in a freezer (-18oC) for two minutes to make the moth 

more manageable yet keeping it alive. The female was put under a microscope on its back. 

Slight pressure was applied to the abdomen so the gland would protract, which was cut off 

using a small pair of scissors or simply squeezed off with a needle (figure 5). The gland 

was put in 15 µl of solvent (heptane) together with the internal standard (Z)-5-decenyl 

acetate with known concentration (1ng/µl). 15 minutes after extraction of up to 15 glands, 

the solution was put in another vial using a syringe to get rid of the glands and unwanted 

secretion of substances. The vials containing the pooled samples were kept in a freezer 

awaiting further analysis as described below.    
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Figure 5. Scissors, syringe and needles used for extraction of female pheromone glands. Photo: Per 
Heydorn. 

 

Electrophysiological and chemical analysis 
Males 2-5 days of age were put in the room with the GC-EAD in their 5-liter plastic boxes. 

One male was taken out and put in a freezer (-18oC) for the same reason as for the females 

in the extraction process. The following procedure was the same as in Zhu et al. (1999). 

The head of the male was cut off at the neck and placed on an electroantennogram (EAG) 

probe with the help of a needle and blue gel and was mounted on a PRG-2 EAG probe 

stand (10x gain, Syntech, Kirchzarten, Germany) (figure 6). The GC – an Agilent 

Technologies 7890B (Palo Alto, CA, USA) – was equipped with an INNO-Wax column 

(30m x 0.25mm inner diameter, 0.25µm thickness, Agilent Technologies, Santa Clara, CA, 

USA), and an effluent split at a 1:1 ratio allowed simultaneous flame ionization detection 

(FID) for quantification and electroantennographic detection (EAD) to identify antennal 

response. The carrier gas used for the device was hydrogen at a flow of 50cm/s. The oven 

was kept at 80oC for one minute after injection of the sample and was increased by 

10oC/min up to 210oC. The mounted antenna was placed at the outlet of the glass tube with 

the outlet from the GC and a purified and humidified air stream at a flow of 0.5m/s blew 

over it. 10 male antennae from each culture were tested on extract from females from the 

same and from the other culture to see if response differed. To identify the antennally active 

compounds, a GC-MS analysis was performed. In both cases, a Pentium PC was used 

together with a corresponding program (Agilent ChemStation), for analysis. The GC-MS 

device had the same GC- and temperature settings as described above, except that helium 
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was the carrier gas at a flow rate of 40cm/s and was attached with a Hewlett Packard 5977b 

Mass Selective Detector. Amounts of the main component (Z9,E12‐14:OAc) per female 

were calculated by comparing area of the peaks of the internal standard and main 

compound. Only the main component was quantified, since this is the most abundant. 

Difference in pheromone production was compared between the two cultures using an 

unpaired t-test. 

 

Figure 6. The PRG-EAG probe stand mounted with the probe in front of the outlet of the GC. A male 
Plodia interpunctella head with antennae is attached to the probe’s ends. Photo: Per Heydorn. 
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Flight tunnel tests 
A tunnel made of Plexi-glass (0.7m x 0.7m x 2m) with a mesh cover on both ends was used 

(figure 7). Virgin males of age 2-5 days were introduced to the flight tunnel room 3-4 hours 

before execution of the experiment. Relative humidity was 65 ±10% and temperature was 

25 ±0.5oC. Each male was put in a glass cylinder with a mesh on the end hold in place by 

a rubber band (figure 8). Flight experiments started one hour into the scotophase (1pm). 

Light intensity was kept at 3-5 Lux from 12pm onwards. Glass cylinders and stand used for 

the filter paper was sterilized in an oven at 200oC for 2 hours. A 1cm2 filter paper was put 

on the stand with the help of a needle and placed up-wind in the tunnel. 10µl of extract, 

roughly the equivalent of one female, or synthetic compound at a ratio of 1:1:10:2 for 

Z9,E12‐14:Ald, Z9‐14:OAc, Z9,E12‐14:OAc and Z9,E12‐14:OH respectively, was applied 

to the filter paper. Previous studies have used similar ratios (Zhu et al., 1999). Wind speed 

was set to 0.5m/s. A male was introduced into the formed pheromone plume for up to 30 

seconds before it was released. Four parameters were scored: take flight, orientation (zig-

zag flight in the plume), 50cm (using orientation to navigate to within 50cm of the filter 

paper), and source contact (landing on or touching the filter paper after having used 

orientation). Males were allowed up to 3 minutes in the wind tunnel to respond to the 

stimulus and were then taken out. Random flight within 50cm or to filter paper did not 

qualify as a response. Statistical significance was analysed using a chi2-test. 

 

 

Figure 7. The wind tunnel with sliding plexiglass doors. The nozzle to the left is an outlet taking up the 
pheromone plume when it leaves the tunnel to avoid contaminating the room. Photo: Per Heydorn. 
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Figure 8. Glass cylinders with mesh, seen from above, placed in a 5-liter box. All cylinders contain one 
male. Photo: Per Heydorn 

 

Results 

Calling behavior 
The only significant difference between the cultures is one hour into the scotophase 

stretching to two hours into it. 1: p<0.001 (chi2=11.9), 1.5: p<0.05 (chi2 = 5.2), 2: p<0.05 

(chi2 = 3.8) (n=93) (figure 9). However, there seems to be a trend: females in the old culture 

are calling less frequently in general but no significance was found for remaining hours.  

 

Figure 9. Frequencies of calling females from the two cultures. 
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Amount of produced pheromone  
No significant disparities appeared in amount of pheromone (main component) produced 

per female in the two different cultures (p>0.05) (n=12). Average for the old culture was 

8.6 ±4.8 ng per female equivalent (n=6) and for the new culture 6.3 ±2.7 ng per female 

equivalent (n=6) (figure 10). Samples were pooled and contained 3-15 female glands. 

 

Figure 10. Average produced main component (Z9,E12-14:OAc) per female with standard deviations. 
Samples are pooled and contain up to 15 glands. 

 

Electrophysiological and chemical analysis 
3 of the 4 antennally active compounds were identified: Z9,E12‐14:OAc, Z9,E12‐14:Ald 

and Z9,E12‐14:OH. In a previous study (Zhu et al., 1999), 7 EAD-peaks were found of 

which 4 with a corresponding measurable FID-peak. In this study, the fourth component, 

Z9-14:OAc, was not found. All males showed response to the three other components and 

all females produced these three components (figure 11). Non-numbered FID-peaks are 

impurities, solvent solution or produced female compounds that males don’t respond to. 
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Figure 11. The quadrants depict response in one male antenna vs female extract. All 20 runs look roughly 
the same. The runs were as follows: A = antenna from old culture vs extract from old culture, B = antenna 
from new culture vs extract from old culture, C = antenna from old culture vs extract from new culture, D 
= antenna from new culture vs extract from new culture. The red lines 1, 2 and 3 indicate FID peaks with 
antennal response for Z9,E12-14:Ald, Z9,E12‐14:OAc and Z9,E12-14:OH respectively. 

 

 

Flight tunnel tests 
There was a significant difference between the two cultures in male flight towards extract 

from conspecific females for the three parameters Orientation (p<0.05) (chi2=4.5), 50cm 

(p<0.05) (chi2=6.3) and Source contact (p<0.001) (chi2=14.5) (n=34) (figure 12). An even 

larger difference was discovered in flight vs synthetic blend: Orientation (p<0.001) 

(chi2=11.9), 50cm (p<0.001) (chi2=18.7) and Source contact (p<0.001) (chi2=25.4) (n=34) 

(figure 13).  
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Figure 12. Male up-wind flight towards extract from females of the same culture. TF was not analysed 
since there was no apparent difference (TF = took flight, Or = orientation, 50cm = used orientation to 
within 50cm of source, SC = orientation following source contact). 

 

 

Figure 13. Male up-wind flight towards 4-compound synthetic blend (ratio 1:1:10:2, TF = took flight, Or = 
orientation, 50cm = used orientation to within 50cm of source, SC = orientation following source contact). 
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Discussion 
One might argue that calling frequencies before entering scotophase should be close to 0% 

since the species is nocturnal, however, no dusk or dawn is present, which probably induces 

calling behavior during light hours (Nordlund and Brady, 1974).  

Differences in amount of pheromone produced would probably not become significant even 

with an increase of samples, the variation is simply too large. Further investigation would 

need refining, such as weight of female pupae/adult in correlation to produced amounts. 

This was not done in this study. 

Regarding the electrophysiological tests there is no significant difference between the 

cultures. Still, the males from the older culture respond poorly to both extract and synthetic 

pheromone in the wind tunnel experiments. These males would have a hard time to 

reproduce in the wild, but in the lab, mating with females is easy. The problem seems not 

to reside in the antenna of the male, but in the pathway from the antenna to the brain 

(personal communication, Glenn Svensson). Since GC-EAD shows perfectly healthy and 

responding antenna, this seems rather plausible.  

The fact that adult moths are put in 2-liter plastic containers for rearing suggests that sexual 

selectiveness may be neglected. Secretion of and response to pheromone is of little or no 

use because of the high population density (Linn et al., 1988). A fact that is confirmed by 

both the non-responsiveness in males in up-wind flights but also by the frequency of 

females calling. Clearly, this would not - or at least very rarely - happen in the wild, as the 

moths that diverge from the normality would be of great disadvantage mating-wise and 

most likely would not parent any offspring. 

The occurrence of bottleneck effects in the old culture probably plays a major role. There 

have been incidents where the population almost died out (personal communication, Olle 

Anderbrant) and only a couple, maybe even only one male and female reproduced. Usually 

5-10 moths of each sex are used for further rearing to ensure some genetic variation.  

It is notable that the batches procured some 20 years ago from Central Science Lab (York, 

UK), have been reared for scientific purposes since late 1960. It is unclear for how long the 

culture from Insect Services (Berlin, Germany) was reared before it was brought to Lund 

University. However, presumably both cultures were being reared under mass-rearing 
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conditions and thus keeping a large genetic variation before acquired by Lund University, 

and both cultures performed well in wind tunnel tests initially.   

Another explanation of the reduced fitness in the older culture might be that males invest 

less sperm in females they are related to in order to minimize inbreeding (Lewis and 

Wedell, 2009). This probably enfeebles the following generation, however, the quality and 

fitness of the offspring emerging from siblings is not presented in the mentioned study. In 

another species (Bicyclus anynana, Lepidoptera: Nymphalidae), males that were offspring 

to siblings had a risk of being sterile (Saccheri et al., 2005) while females remained fertile. 

This seems not to be the case in P. interpunctella but is yet to be confirmed. 

Researchers have found a similar problem with a culture of bark beetles at the Swedish 

University of Agricultural Sciences. The bark beetles reared in the lab showed no 

consistency in response towards attractants, whereas the wild type did, although there are 

no data confirming this; the lab culture was simply replaced (personal communication, 

Martin Andersson). However, no difference in male response towards female sex 

pheromone was found in a study performed on sweet potato weevils that had been in the 

lab for 40-95 generations under mass-rearing conditions (Kuriwada et al., 2013) indicating 

that some species might be less sensitive or resistant to inbreeding. 

Another study found a drastic change of composition of sex pheromone in female cabbage 

looper moths Trichoplusia ni (Lepidoptera: Noctuidae). The conspecific males did at first 

not respond to the change, however, after a few generations, male response followed the 

change and they were simultaneously responsive to the old sex pheromone composition 

(Haynes and Hunt, 1990). This occurrence in broadening of male responsiveness towards 

pheromones proposes a step of speciation and thus, evolution (Liu and Haynes, 1994). 

Studies like these seem rare since lab cultures that perform inconsistently compared to the 

wild type simply can be replaced. However, this phenomenon not only occurs in lab 

cultures under mass-rearing conditions or similar. In the wild, inbreeding is more pervasive 

than first thought and may influence the viability of isolated, small populations (Keller and 

Waller, 2002). Further studies might yield knowledge on not only how to improve lab 

culture rearing without losing important traits in the animals studied, but also how to imply 

preservation if wild populations fall under severe conditions. 
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