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Foreword 
 

The Norwegian Institute of Public Health (NIPH) has written this document in cooperation with 

Norsk Hussopp Forsikring, and it summarizes the level of knowledge in 2019 regarding the long-

tailed silverfish (Ctenolepisma longicaudata). NIPH acts under the Health and Care Ministry of 

Norway as a national competence institution for governmental authorities, the health service, the 

judiciary, prosecuting authorities, politicians, the media and the public independent of 

commercial interests. The principle of substitution is a recurring theme in the management of and 

research on urban pests in Norway. It states that preventive and control measures must be carried 

out in an efficient way, but also pose the least possible harm on human health and the 

environment. Therefore, it is imperative to promote least-toxic methods as an alternative to 

pesticide use in indoor environments – it is indeed an important public health topic. The 

Department of Pest Control at NIPH is the national competence centre for prevention and control 

of indoors pests.  

 
The long-tailed silverfish has shown a considerable increase in Norway the last years without any 

apparently good explanation. A sensible initial approach is to summarize the current level of 

knowledge of this species through a literature review to illuminate its strengths and weaknesses, 

and to identify potential control options.  The present review is part of a larger project that aims 

to develop control- and management routines for the long-tailed silverfish. This species is clearly 

understudied and all scientific literature identified under the species name Ctenolepisma 

longicaudata in the literature databases Web of Science, SCOPUS and PUBMED have been 

reviewed. Additionally, the literature list of all these papers have been used to find older, non-

searchable literature. Chosen scientific publications on the related, indoor species the common 

silverfish (Lepisma saccharina), the firebrat (Thermobia domestica) and the four-lined silverfish 

(Ctenolepisma lineata) have also been conferred as extended references for control and behaviour, 

and to enlighten biological aspects not yet studied in the long-tailed silverfish. The literature 

review is available at www.fhi.no free of charge. This is the second version, the first edition was 

published in 2018 (only in Norwegian). It is likely that updates will occur regularly as we expect 

new knowledge regarding control to become available. It is considered important to get such 

information to the pest control companies and their technicians. 

 

 

 

 

 

 

 

 

 

Oslo, March 2019 

 

 

 

 

Anders Aak Bjørn Arne Rukke Preben S. Ottesen  Morten Hage 

 

  

http://www.fhi.no/
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1 – The long-tailed silverfish and other relevant species 
The long-tailed silverfish (Zygentoma; Lepismatidae - Ctenolepisma longicaudata) belongs to the 

bristletails and is among the oldest known insects (Truman & Ball, 1998; Whitington et al., 

1996). Evolutionary they appeared before the insects developed wings and are therefore 

considered primitive insects (Hasenfuss, 2002). Among the bristletails there are approximately 

550 described species (Elven & Aarvik, 2018). Most of them are ventrally flattened with an  

elongate and tapered body, small eyes, long antennae and caudal (tail-like) filaments, and many 

of the body parts are often covered with hair or scales (Sturm, 2009b). The bristletails are 

divided into the families Lepismatidae, Nicoletiidae, Ateluridae, Lepidothrichidae and 

Maindroniidae. The first two are found worldwide, but only members of the Lepismatidae are 

encountered indoors. The bristletails appearing in large numbers indoors belong to three 

genera, and the most typical representatives are 

the long-tailed silverfish, the common silverfish 

and the firebrat (Bennett et al., 2010; Mallis et al., 

2011; Robinson, 2005). These three species have 

distinct differences in their preferred habitats 

(Heeg, 1967b; Lindsay, 1940; Sweetman, 1939; 

Tremblay & Gries, 2006), and it is consequently 

important to distinguish between them to allow 

rational and efficient control.      

1.1 – Long-tailed silverfish (Ctenolepisma 

longicaudata) 
The Ctenolepisma-genus contains about 100 

species, and many are found indoors (Goddard et 

al., 2016; Molero-Baltanas et al., 1997; Molero-

Baltanas et al., 2012). Only the long-tailed 

silverfish and Ctenolepisma calva are registered 

this far in Norway (Mattsson, 2014; 2018). The 

long-tailed silverfish may become large if they live 

under good conditions, and maximum length 

without the antennae is expected to be 18 mm 

(Pape & Wahlstedt, 2002). Normal size for the 

adults is approximately 12 mm (Robinson, 2005). 

Here we describe the general appearance of the 

adult long-tailed silverfish (Figure 1), while the 

small discrepancies between the nymph stages 

and gender differences are described in parallel 

with the lifecycle (Chapter 2.1). The long-tailed 

silverfish is mottled in its coloration. The scales 

are in both grey and brown colour tones. They 

appear less silvery and shiny when compared to 

the common silverfish.  Three strikingly long tail-

like filaments are found at the end of the flat, 

elongate and clearly tapered abdomen. The middle 

one points directly backwards and is as long as the 

body, while the two other filaments often point 

directly to the sides. The head has two long 

antennae and two small maxillary palps. When 

Long tailed 

silverfish 
 

 

 

Common 

silverfish 

Figure 1. Long-tailed silverfish (Ctenolepisma 

longicaudata). Illustration -  Preben Ottesen, © 

NIPH 

Figure 2. Difference in the morphology of the 

largest hairs of long-tailed silverfish 

(Ctenolepisma longicaudata) and silverfish 

(Lepisma saccharina). Illustration -  Preben 

Ottesen, © NIPH  
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seen from above, the head and edges of the long-tailed silverfish will appear much more hairy 

when compared to the common silverfish. The shape of the larger hairs (Figure 2) and 

placement of bristle combs are decisive characters for species identification of the long-tailed 

silverfish (see identification key in Appendix A).  

1.2 – Common silverfish (Lepisma saccharina) 
The Lepisma-genus has many known species, but 

only the common silverfish is found indoors. Adults 

of the common silverfish will normally reach a 

maximum length of 10-12 mm (Robinson, 2005). 

The common silverfish is evenly coloured and silvery 

in its appearance (Figure 3). The colour may range 

from dark grey to light and silver shimmering. The 

common silverfish has shorter tail-like filaments, 

and the side-filament are often pointing backwards 

and to the sides. The middle filament is shorter than 

half the length of the body. The head and the sides of 

the body appear less hairy when compared to the 

long-tailed silverfish, but the head and the anterior 

parts carry some protruding hairs. Species specific 

details are given in the identification key (Appendix 

A).  

1.3 – Ctenolepisma calva 
Ctenolepisma calva appears similar to the long-tailed 

silverfish, but is white coloured. The middle caudal 

appendage is as long as the body, while the two 

lateral appendages are 2/3 of the body length. Adult 

body length is 8 mm. 

1.4 – Firebrat (Thermobia domestica) 
The Thermobia-genus also holds many species, but 

the firebrat is most commonly encountered indoors. 

It is large, and the appearance resembles the long-

tailed silverfish by colour and their long tail-like 

filaments. The firebrat will normally appear to have a 

slightly darker thorax, and they are described as more parallel sided and less evenly tapered 

towards the end (Lillehammer, 1964). To distinguish firebrats from the long-tailed silverfish a 

combination of coloration and species specific placement of hairs and bristle combs is required 

(described in identification key in Appendix A).  

1.5 – Other species 
In other parts of the  world, several other bristletails species are encountered indoors (Mallis et 

al., 2011). Ctenolepisma lineata and Acrotelsa collaris are relatively common in the US, 

Thermobia campelli is found in stored food and Nicoletia meinerti in greenhouses. Ctenolepisma 

ciliata, Ctenolepisma diversiquamis and Ctenolepisma targionii have also been occasionally 

encountered indoors (Mallis et al., 2011; Molero-Baltanas et al., 1997; Robinson, 2005). As a 

curiosity it should also be mentioned that Norwegian buildings positioned very close to the 

shoreline sometimes get visits from the Machilidae (jumping bristletails) Petrobius brevistylis 

and P. maritimus (NIPH_Pest-Statistics, 2019). 

Figure 3. Silverfish (Lepisma saccharina). 

Illustration - Hallvard Elven, digital colour 

adjustment- Preben Ottesen, © NIPH.  
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2 – Biology of the long-tailed silverfish 
The long-tailed silverfish is an understudied species, and no scientific description of its natural 

biology exists. The long-tailed silverfish may be considered a true anthropocore as they are 

present in manmade habitats on most continents and depend on human-assisted dispersal for 

reproduction across discrete populations (Goddard et al., 2016; Molero-Baltanas et al., 1997; 

Wygodzinsky, 1972). 

  

2.1 – Life cycle 
The long-tailed silverfish is an ametabolous insect. It means that the individuals that emerge 

from the eggs are small, but relatively similar to the adults and they have a gradual growth 

through moulting. Insects that grow through moulting become passive before they shed their old 

skin. They go through many internal physiological changes before they break down their old 

exoskeleton, split the cuticle lengthwise and emerge as renewed and slightly larger individuals 

(Gullan & Cranston, 2014). The growth rate between the stages in the long-tailed silverfish is 10-

25 %, but depends on access to nutrition and the environmental conditions (Lindsay, 1940). 

Continuous poor conditions may consequently result in smaller individuals than expected. The 

long-tailed silverfish become adults with fully developed genitalia at stage 14 (Lindsay, 1940). 

Figure 4. Illustration of the development of the long-tailed silverfish (Ctenolepisma longicaudata) from egg to the adult 

stages. Time of development of the different stages is according to Lindsay (1940) and indicates this under constant and 

ideal conditions, while the indication of a span in life cycle length is based on expected suboptimal and variable 

temperature conditions. Illustration – Preben Ottesen © NIPH 
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Moulting and growth continue after maturation, but the increase in size diminishes as resources 

are allocated from growth to survival, reproduction and repairs of damage (Delany, 1957; 

Lindsay, 1940). When bristletails shed their skin, they are able to repair damage and regenerate 

lost appendages (Buck & Edwards, 1990). The time they spend at each stage depends on 

temperature and access to nutrition, but it is 

assumed that they may develop to adults 

within 18 months if conditions are optimal 

(Delany, 1957; Lindsay, 1940). Even if our 

indoor environment is stable, day- and annual 

fluctuations in temperature and moisture 

levels will constrain the favourable conditions, 

and by doing so prolong the lifecycle (Figure 

4). There has for example been an observation 

of a doubling in length in the lifecycle of the 

common silverfish when variable and more 

natural conditions are compared to stable 

laboratory conditions (Delany, 1957). In a 

variable environment it is likely that the 

lifecycle of the long-tailed silverfish will 

require approximately 3 years for completion. Adults may live for a few years (Lindsay, 1940). 

This gives the long-tailed silverfish a remarkable long life-span among the indoor pest insects.     

The eggs may be deposited separately or in groups. 10 

eggs are normally deposited at a time (Delany, 1957). 

They are oval with a smooth surface, cream coloured to 
yellow-brown, (Figure 5), 1.15 mm long and 0.83 mm 

wide (Lindsay, 1940). The females probe with her egg 

laying tube into cracks and crevices (Video-link in 

Appendix D), to hide the eggs at protected locations 

with favourable conditions for survival and 

development. The long-tailed silverfish and other 

bristletails are offered cotton for egg deposition in 

laboratory cultures (Whitington et al., 1996; Woodbury 

& Gries, 2013a). At room temperature, 20-22 °C, the 

egg hatches in about 2 months (Lindsay, 1940).  

 

The first instar nymphs (about 2.9mm) emerge from 

the egg. They differ from later instars by being lightly 
coloured and partly transparent, and they have short 

antennae and tail-filaments (Figure 6). To open the egg 

they also have a hatching organ in the shape of a tiny 

edge at their forehead. At room temperature, this stage 

only lasts for a few days. The first stage is also 

described as sluggish, and it is capable of moulting into 

the next stage without feeding (Lindsay, 1940). The first stage is assumed to be a passive stage 

as it carries enough nutrition from the egg and is therefore rarely observed.  

Figure 5. Eggs of long-tailed silverfish (Ctenolepisma 

longicaudata). Photo; Morten Hage, © NIPH.  

Figure 6. First instar of long-tailed 

silverfish (Ctenolepisma longicaudata). 

Photo; Morten Hage, © NIPH.  
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The second and third instars 

(about 3.4 to 4.4mm) have a shape 

that resemble larger individuals, but 

they have fewer hairs, lack scales 

and are not as evenly tapered 

towards the tail-filaments (Figure 7). 

Under ideal conditions they only 

spend 1-2 weeks at each of these 

stages (Lindsay, 1940). The second 

instar is white and only slightly 

yellowish coloured, while the third 

instar is more cream coloured to 

yellow-brown with a purple tint 

around the edges of the carapace and 

the tail.  

 

In the fourth to the seventh instar 

(about 4.8-5.5mm), the nymphs 

become very similar to the adults, 

but they lack any structures 

connected to reproduction (Figure 

8). They are best described as 

miniatures of the adults as they are 

covered in scales, have the 

characteristic bristletail shape and 

have long antennae and tail 

filaments. In good conditions these 

stages will last from 2 to 7 weeks, 

and the time spent at each stage 

increases stepwise (Lindsay, 1940).   

 

Maturation occurs gradually from 

stage eight to thirteen (about 5.7-

9.7mm) and these nymphs become 

even more similar to the adults 

(Figure 9). Internal structures 

develops, and styli and reproductive 

organs become visible at the end of 

the abdomen. These characters are 

located on the ventral side of the 

insect and may be hard to observe 

without good magnification. The time 

spent in each stage becomes longer 

during the development and reaches 

5 to 9 weeks per stage (Lindsay, 

1940). It is possible to separate the 

genders at stage eight. The 

Styli 

Figure 7. Second instar of long-

tailed silverfish (Ctenolepisma 

longicaudata). Photo; Morten 

Hage, © NIPH.  

Figure 8. Morphology of long-

tailed silverfish (Ctenolepisma 

longicaudata) in instars 4 to 8. 

Photo; Morten Hage, © NIPH.  

Figure 9. Morphology of long-tailed silverfish (Ctenolepisma longicaudata) 

in instars 9 to 13. Visible styli indicate start of development of sexual 

organs. Photo – Morten Hage, © NIPH.  
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differences grow more and more distinct through the development, but are not truly relevant 

until stage 14 when reproduction starts. 

The long-tailed silverfish become adults from stage 14 (10-18mm, Figure 10) when the 

reproductive organs are fully developed. Males and females are largely similar, but females have 

a narrow V-shaped opening at the ventral side of the abdomen and a clearly visible egg laying 

tube, while males have a more U-shaped opening and a penis (inset in Figure 10).       

The total reproductive potential of insects is 

connected to the abiotic conditions, nutritional 

status and aging (Chapman, 2013; Price et al., 

2011). The long tailed silverfish may live for a 

long time and deposit many eggs under good 
conditions. This allows them to produce large 

infestations. A mature long-tailed silverfish 

female can probably produce eggs for most of 

her life, but the total lifespan production has 

never been thoroughly studied. In large 

laboratory cultures an average of 50 eggs per 

female per year has been noted (Lindsay, 1940). 

This indicates a maximum production of 100 to 

150 eggs if they survive for up to 3 years after 

maturation, and if the fertility remains high. 

Other bristletails show seasonality in 

reproductive effort, but the long-tailed silverfish 

has a constant production throughout the year 

(Delany, 1957). It is therefore reasonable to 

expect a relatively stable population growth in 

year-round heated buildings.  

 

2.2 – Natural distribution and habitat 
In the early 19th century, the long-tailed 

silverfish was described as an indoor nuisance 

pest in South-Africa and Australia (Heeg, 1969; 

Lindsay, 1940; Womersley, 1937). Descriptions 

from outdoor habitats consist of simple 

observations from cavities under rocks close to 

human activity (Heeg, 1969; Molero-Baltanas et 

al., 2017). Other bristletails and the jumping 

bristletails (Archaeognatha) have a better 

described biology. They often live in the 

transition between soil and the vegetation and 

are found in the litter and under rocks, in small 

caves and animal dwellings in addition to an 

association with ant and termite nests (Delany, 

1957; Molero-Baltanas et al., 2017; Molero-

Baltanas et al., 2010; Molero-Baltanas et al., 

2012; Robinson, 2005). They may feed on simple 

diets consisting of green algae, moulds lichen, 

Male                                                               Female 

Figure 10. Adult long-tailed silverfish (Ctenolepisma 

longicaudata). Photos of the genital opening of 

females and males are inserted. Photo; Morten Hage, 

© NIPH.  

Figure 11. Long-tailed silverfish (Ctenolepisma 

longicaudata) on a piece of wood in a laboratory 

culture. Photo; Morten Hage, © NIPH.  
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pollen or other plant material, or by utilization of a wider and more general diet when they act 

as detritivores that contribute to decomposition and recycling of nutrients (Robinson, 2005; 

Sturm, 2009a; b). Indoors the long-tailed Silverfish appears to be among the generalists as they 

are reported to feed on starches, sugar, proteins and fat (Bennett et al., 2010; Gold & Jones, 

2000; Lindsay, 1940; Mallis et al., 2011). The long-tailed silverfish will not survive outdoors in 

Norway because of the cold winters and low summer temperatures, and its “natural” habitat is 

therefore heated buildings. The indoor insect fauna is variable, but it is often observed that parts 

of a buildings at or below ground level contains the largest number and diversity, and that 

furnishing and construction affect distribution (Leong et al., 2017; Robinson, 2005). These 

general patterns are likely visible within populations of long-tailed silverfish as well, but 

preferences and distribution inside buildings are poorly studied this far.  

 

2.3 – Abiotic preferences 
Most insects are capable of surviving in a range of environments, but outside of optimum 

conditions the environmental stress will increase to create weaker individuals and limit 

population development (Price et al., 2011). This causes patchily distributed individuals even 

though the possibility for activity in large areas is possible. The three most common indoor 

living bristletails is a nice example of this population dynamic in the urban ecosystem. The 

common silverfish prefers rooms with high humidity and is found in bathrooms, rooms with 

ongoing moisture damage or in environments with prevailing high relative humidity (Molero-

Baltanas et al., 1997; Sweetman, 1939). Even if they may move out of these rooms for a limited 

time, the draught stress will become too large for establishment in bedrooms or living rooms. 

The common silverfish is considered an unproblematic pest, which is controlled or kept at bay 

with repair of moisture damage, 

humidity control or simple control 

efforts, such as limited use of sugar 

based baits. The firebrat, which 

demands high humidity and high 

temperatures (Sahrhage, 1954; 

Sweetman, 1938), is often found in 

warm regions far away from Norway, 

and it is doubtful that they will manage 

to develop in normal Norwegian 

buildings. The Firebrat is uncommon in 

Norway (Lillehammer, 1964) because 

they prefer temperatures around 35-37 

°C (Tremblay & Gries, 2006). They may 

appear in special environments such as 

bakeries, in hot machine rooms or other 

special buildings, but control will only 
demand local temperature adjustments to 

prevent survival and reproduction. The long-tailed silverfish is now frequently found in 

Norwegian buildings because there is a substantial overlap between their preferred 

environment and our desired indoor conditions. The long-tailed silverfish may thus be found in 

all type of rooms in our year-round heated buildings (Figure 12).        

2.3.1 – Light  
The long-tailed silverfish are nocturnal insects, which avoid bright light. The biological impact of 

light on the long-tailed silverfish is hardly investigated, with the exception of one behavioural 

Figure 12. Distribution of long-tailed silverfish (Ctenolepisma 

longicaudata) in various types of rooms (n=354, Average 

catch ±SE) from Norwegian apartments and row-houses.  
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study (Heeg, 1967b). It is however known from its close relative, the firebrat, that day-night 

activity is adjusted by a cyclic regulation of activity in its nervous system (Kamae et al., 2010; 

Kamae & Tomioka, 2012; Závodská et al., 2005). When combined with the difficulty of observing 

the long-tailed silverfish during the day, and a day-night activity in constantly lit experiments 

(Lindsay, 1940), it is reasonable to assume that the long-tailed silverfish uses similar 

mechanisms. Light consequently contributes to the local distribution of individuals. During the 

day, the long tailed silverfish is encountered at dark harbourages, such as inside furniture, 

shelves or bookcases, under different objects, behind skirting or in other small cavities. During 

the night they are more active in search of food (Lindsay, 1940) and move from their preferred 

harbourages.  

2.3.2 – Temperature 
The long-tailed silverfish prefers temperatures from 20 °C to 26 °C. Temperatures below 20 °C 

will delay the lifecycle because the time in each developmental stage will increase. The 

development stops at 16 °C, but as opposed to the smaller nymphs, that die after a few weeks at 

10 °C, the larger individuals will survive temperatures down to 0 °C (Lindsay, 1940). There is no 

scientific information regarding tolerance of temperatures below zero and the time needed to 

kill the long-tailed silverfish by freezing. This is a research topic that needs investigation to 

reveal any adaptions or mechanisms behind a potential cold-tolerance. In the other end of the 

temperature scale some information exists, but exact limits for survival at high temperatures 

are also limited. The time needed for hatching and development is reduced as temperatures 

increases to 30 °C. This occurs in parallel with a decreased survival time among larger nymphs 

and adults in the range from 26 to 28 °C (Lindsay, 1940). Activity is also decreased above 24 °C, 

just before the tipping point between fast development and survival time (Lindsay, 1940). This 

indicate that the optimum temperature may be close to 24 °C, while behavioural studies with 

free movement across a temperature gradient indicate a preference for 20 °C (Heeg, 1967b). 

Compared to bed bugs, who also appear as pests in indoor environments, the tolerance against 

heat stress appears to be poor (Lindsay, 1940; Rukke et al., 2015; Rukke et al., 2018). Heat stress 

experiments indicate that the long-tailed silverfish will experience considerable mortality if 

exposed for some time to 35-40 °C, and they will only survive for hours at temperatures above 

40 °C (Lindsay, 1940). These observations coincides with a shortened survival between 30 °C 

and 35 °C, but since survival during heat stress often is connected to interactions between 

temperature, humidity, behaviour and physiology (Chown & Nicholson, 2004) thorough studies 

need to be conducted before the true negative impact for both individuals and the population 

may be revealed.  

2.3.3 – Humidity 
The long-tailed silverfish is considered much more draught resilient compared to the other 

bristletails encountered indoors. Both the common silverfish and the firebrat have their 

optimum development in environments with a relative air humidity above 75 % (Sahrhage, 

1954; Sweetman, 1938; 1939), while the moisture demand is lower in the long-tailed silverfish. 

The long-tailed silverfish will survive for some time during dry conditions, but in the long run 

they will need 55 % air humidity. Even with access to food, they will not survive for more than a 

few weeks at 45 %, maximum one month at 50 % and more than 3 months at 55 % (Lindsay, 

1940). Eggs and the early stages have stricter moisture demands and die even faster at levels 

below 55 %. Microclimatic conditions in cracks and crevices will be crucial for survival as the 

long-tailed silverfish has the opportunity to move to places with good conditions for 

development. It is uncertain if silverfish are capable of drinking water or only obtain liquids 

through their food. On the other hand, the long-tailed silverfish has the ability to absorb water 

from the air (Heeg, 1967a) and may consequently have a better survival than suspected from 
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measures of air humidity. They may also replenish their body with water by spending time close 

to free water, or if the humidity increases for a short time (Heeg, 1967a; Lindsay, 1940). It may 

be difficult for the long-tailed silverfish in dry conditions, but access to free water is likely a key 

for their survival in suboptimal conditions.  

 

2.4 – Nutritional demands and metabolism 
The long-tailed silverfish and several of the other indoor bristletails have been reported to 

utilize starch and carbohydrates from paper (Delany, 1957; Lasker, 1957; Lindsay, 1940; Treves 

& Martin, 1994; Zinkler & Gotze, 1987). The long-tailed silverfish appears to have less 

cellulolytic enzyme activity compared to the firebrat (Pothula et al., 2019) and microorganisms 

in the bristletails digestive system are a somewhat unclear factor. They are probably 

contributing to breakdown and digestion, or as nutritional supplements (Pothula et al., 2019; 

Woodbury & Gries, 2013a; b; c; Woodbury et al., 2013). In spite of the adaption, paper is not 

optimum nutrition for the long-tailed silverfish. The long-tailed silverfish requires proteins for 

full development (Lindsay, 1940), and smaller stages are not capable of moulting when supplied 

a simple carbohydrate diet. The ability to survive for a long time on paper is probably restricted 

to the later stages. Insect egg production is also connected to a high intake of proteins, and 

central insect hormones are based on resources such as amino acids and cholesterol (Chapman, 

2013; Gullan & Cranston, 2014). To ensure fast and complete development in laboratory 

cultures, bristletails are held on a complete diet consisting of proteins, carbohydrates fat and 

other essential nutrients (DeVries & Appel, 2013; Wang et al., 2006; Whitington et al., 1996; 

Wijenberg et al., 2013).     

The long-tailed silverfish may move long distances to find food, but if a good source is 

encountered they tend to remain in the vicinity of it (Mallis et al., 2011). There are also several 

observations of long-tailed silverfish feeding on dead insects. This is probably an important 

source of proteins in indoor environments. Cannibalism is also common (Delany, 1957), and 

dead individuals of their own species are probably not only eaten for energy, but also to get hold 

of essential nutrition and symbionts (Woodbury & Gries, 2013a; c; Woodbury et al., 2013). 

Carbohydrates, mostly used as energy, may originate from paper, grain or sugar, but even minor 

leftovers such as fat, breadcrumbs, cereals, seeds and such may constitute important nutritional 

supplies and provide essential trace elements. Close relatives to the long tailed silverfish also 

show variation in the diet as a result of temperature. The common silverfish prefers sugar at low 

temperatures and fat and proteins at higher temperatures when growth and population 

development is most intense (DeVries & Appel, 2014). Adult individuals of both the common 

silverfish and the firebrat also have a low basal metabolism (low energy use at rest) and 

consequently good abilities to survive long periods of time without food (DeVries & Appel, 

2013). Observations of long survival on limited resources in the long-tailed silverfish (Lindsay, 

1940) indicate similar abilities with respect to distribution of energy and resources. 

 

2.5 – Behaviour and sensory system 
All animals depend on a well-developed sensory system to perform essential tasks that lead to 

survival and reproduction (Stevens, 2013). The bristletails are primitive insects (Sturm, 2009a; 

b), but have all basic senses such as vision, olfaction, taste and mechanic sensors for registration 

of moisture, temperature, touch and vibrations (Berg & Schmidt, 1996; 1997; Farris, 2005; 

Hadicke et al., 2016; Hasenfuss, 2002; Heeg, 1967b; Lindsay, 1940; Missbach et al., 2014; 

Woodbury & Gries, 2007). Among higher insects the sensory organs have developed further to 

highly specialized organs, while the bristletails probably hold a somewhat simpler perception 
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and evaluation of the environment in which they reside (Christensen, 2005; Hansson & 

Stensmyr, 2011; Haverkamp et al., 2018). 

2.5.1 – Eyes and vision 
The eyes of the long tailed silverfish consist of 12 facets, and may therefore be described as small 

and simple. Their ability to perceive visual input and orient according to them has not been 

studied, but other nocturnal insects such as the firebrat and bed bugs, which have simple eyes of 

comparable structure, are able to discriminate objects’ light intensity and colours (McNeill et al., 

2016; Tremblay & Gries, 2006). The firebrat also shows preference for black or dark objects in a 

way that indicate that vision contributes to location of harbourages (Tremblay & Gries, 2006). As 

the long-tailed silverfish does not have point eyes, it is likely that the facets acts as light measure 

and, as for the firebrat, probably contributes to regulation of circadian rhythms (Kamae et al., 

2010; Kamae & Tomioka, 2012; Závodská et al., 2005). It has also been observed that the level of 

perceived light affect preference for temperature and moisture to accept less beneficial 

conditions as long as it is dark (Heeg, 1967b). 

2.5.2 – Olfaction and taste 
The ability to register chemicals through sensory organs on the antennae is believed to be as old 

as the insects and depend on the capability of capturing volatiles in the air or chemicals on a 

substrate in addition to interpretation of this input (Hansson & Stensmyr, 2011; Haverkamp et 

al., 2018). The antennae of most bristletails have many sensory structures (sensillae) 

characteristic for both contact and remote detection of chemicals (Berg & Schmidt, 1996; 1997; 

Hadicke et al., 2016; Hansen-Delkeskamp, 2001; Missbach et al., 2015), and the brain contains 

structures needed for handling of such signals (Farris, 2005). These structures are poorly 

studied in the long-tailed silverfish, but it has been shown that contact with specific chemical 

signals affect behaviour and lead to aggregation (Woodbury & Gries, 2007; 2013b). Long range 

detection of volatiles such as odour from food has not been studied, but description of the 

antennae of the most common indoor bristletail species point at taste (contact) and olfaction 

(long range) as behaviour modifying components (Hadicke et al., 2016; Hansen-Delkeskamp, 

2001; Missbach et al., 2015).  

2.5.3 – Mechanical senses, moisture and temperature 
At the antennae and the tail-like filaments there are also several sensory structures connected to 

temperature and moisture registration as well as motion detection (Berg & Schmidt, 1996; 1997; 

Hadicke et al., 2016). These organs are not well studied, but in general they are used for choice 

of habitat, movement and registration of touch (Chapman, 2013). For the firebrat the ability to 

detect temperature is crucial for establishment in harbourages (Tremblay & Gries, 2006), and 

mechanoreceptors in the tail and the antennae are likely to contribute to avoidance of danger 

(Berg & Schmidt, 1996; 1997; Hadicke et al., 2016). A curious observation is also done among 

both the firebrat and the common silverfish. They have the ability to detect weak electrical 

currents and show tendencies to stop and aggregate on objects that contain an electrical field 

(Wijenberg et al., 2013). 

2.5.4 – Aggregation and mating behaviour 
Aggregating insect behaviour means that individuals cluster together to obtain advantages. This 

kind of behaviour is present among the long-tailed silverfish, the common silverfish and the 

firebrat and is based on species specific signals (Tremblay & Gries, 2003; Woodbury & Gries, 

2007; 2008; 2013a; b). The long-tailed silverfish gain advantages through the aggregation signal 

as it indicates beneficial microclimatic conditions and short distance to food. An assembly of 

individuals also reduces the predation risk, increases drought resilience, provides access to 

mating and increased growth (Gullan & Cranston, 2014; Price et al., 2011; Sweetman, 1938). An 
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aggregation will get strengthened gradually when foraging behaviour combines with 

aggregation signals, if both food and beneficial abiotic conditions are present simultaneously 

(Bennett et al., 2010; Mallis et al., 2011). This may explain the observations of elevated densities 

in bathrooms and kitchens (Figure 12). The signal that creates the foundation for the 

aggregation is based on microorganisms in the long-tailed silverfish’s intestinal system. The 

bacteria Enterobacter cloacae and the fungi Mycothypha microspora evoke aggregation in the 

firebrat, while only the fungi does so in the long-tailed silverfish (Woodbury & Gries, 2013a; b). 

Further details are not studied in the long-tailed silverfish, but in the firebrat the 

microorganisms are transferred by ingestion of faeces or other materials contaminated by 

conspecifics, and the substances may act as nutrition and supplements for the early juveniles 

(Woodbury & Gries, 2013c; Woodbury et al., 2013).  

Mating also occur in the aggregations. The bristletails have mating rituals that are specific for the 

individual species. The «mating dance» of the firebrat and the silverfish is described, and it 

consists of a sequence of contact and movements before silk threads are produced to lead the 

female towards a sperm capsule (spermatophore) which fertilises the female without direct 

contact between the genders (Sturm, 1997). The ritual is not described in the long-tailed 

silverfish, but silk threads and spermatophores have been found (Walker et al., 2013). 

 

 

3 – Damage 
The mechanical damage caused by the long-tailed silverfish is limited and partially connected to 

nutrient uptake. As they are capable of chewing on many substrates, they may gnaw on several 

products such as paper, pictures, books and most dried food. Cloth produced from cotton, linen 

or other plant materials may also be chewed on, but wool, silk and fur is rarely ingested (Bennett 

et al., 2010; Mallis, 1941; Mallis et al., 2011). It is important to highlight that mechanical damage 

in a private setting is very limited. Serious damage only occurs if objects of high value are 

damaged, and it is therefore much more problematic with long-tailed silverfish in libraries, 

museums and art collections where irreplaceable objects may become degraded or destroyed 

(Szpryngiel, 2018).  

Bad publicity in media may also impair reputation and create economic loss for shopkeepers, the 

accommodation industry and other service providers if businesses are connected to dispersal of 

the long-tailed silverfish. This is also relevant for housing cooperatives, landlords, schools and 

kindergartens who likewise may get a bad reputation if they house the nuisance pest. In Norway, 

the long-tailed silverfish has also played a part in an increasing number of residential sales 

disputes. In addition to large economic demands from byers of infested apartments, these legal 

problems hold a societal factor as resources in the legal system become occupied.  

The psychological distress of sharing residence with the long-tailed silverfish is a major factor in 

a private home. The cool climate in Norway with fairly closed buildings will normally only allow 

a limited number of indoor insects. When this is combined with a high standard of living and 

good hygienic conditions, the general opinion in Norway is a zero-tolerance for indoor pests. 

This has created the notion of an invasion of our private sphere when the long-tailed silverfish 

becomes established, even though they are hardly observed and the physical damage is 

marginal. The psychological distress is further strengthened by an unjustified fear of social 

stigma and a misunderstood connection to unhygienic conditions. A high density of the long-

tailed silverfish is clearly unacceptable, but low density populations in parts of a building will 

probably be acceptable for some time. It is also important to be aware of the fact that control 
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efforts likely need to be carried out for an extended time, and that rebounding populations from 

failed control attempts may strengthen the unease related to this nuisance pest.  

Allergic reactions to insects may occur. It is common to respond to bites or stings, but reactions 

may also appear after ingestion or inhalation of insect proteins (Arlian, 2002). The connection 

between asthmatic reactions and insects is unclear, but allergens in excrements and insect parts 

are a potential factor in sensitisation and worsening of asthma (Arlian, 2002). Cockroaches are 

well studied according to insect induced allergy, and the typical observation is that individuals of 

lower social status have a higher incidence of cockroaches and thereby more allergic problems 

(Gore & Schal, 2007). Reduced exposure is only achieved by control of the cockroaches and 

removal of allergens (Rabito et al., 2017). The bristletails may also contribute to this kind of 

problem as they moult and leave behind insect hairs, fragments, scales and excrements, but a 

direct connection between bristletails and allergic problems has not been shown (Barletta et al., 

2005; Barletta et al., 2002; Boquete et al., 2008). Small insect populations play a lesser part in a 

total situation with many allergy regulating factors (Arlian, 2002; Bonnefoy et al., 2008), and the 

risk of development of hypersensitivity and asthmatic problems is therefore low in Norwegian 

buildings with high standards and generally low levels of insect-allergens. People who already 

are allergic or experience asthmatic problems released by insect allergens, should pay attention 

to these problems and avoid contact with indoor pests (Arlian, 2002).     

 

4 – Control and handling of the long-tailed silverfish 
The long-tailed silverfish has been found in Norwegian homes for some years, but the last three 

years have shown a numerical escalation. In 2016 there was 511 registered control cases, while 

this number increased to 1516 in 2017 and 3433 in 2018 (NIPH_Pest-Statistics, 2019). It is likely 

that there has been an intermediate activity in Norway in the years before this, and in addition 

to the numbers found in the statistics it is known that the long-tailed silverfish has been present 

for some years. The long-tailed silverfish was officially registered in 2014 through 9 infestations 

(Mattsson, 2014). There is also one 

possible case from Oslo in 2004, and 3 

confirmed cases from Bærum 

(Mattson, 2018 pers. comm.), Årstad 

and Godvik (Djursvoll, 2017) in  2006, 

2008 and 2009, respectively. As a 

curiosity it is also worth noting that 

among some old firebrat observations 

from Norway, we also found the long-

tailed silverfish collected at the 

Zoological Museum of Oslo in 1979 

(NIPH_Pest-Statistics, 2019). 

Reported insurance cases regarding 

the long-tailed silverfish (Norsk 

Hussopp Forsikring) show a distinct 

excess of new buildings in the claims 

(Figure 13). Buildings constructed 

after year 2000 appear to be hardest hit 

by this new problem, and an increasing 

number of reports from office buildings 

kindergartens, schools, museums, libraries and other official buildings has appeared in recent 

Figure 13: Reported insurance cases regarding the long-

tailed silverfish (Ctenolepisma longicaudata) according to 

year of construction.  
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1
7
0
1
-1

8
0
0

1
8
0
1
-1

9
0
0

1
9
0
1
-1

9
1
0

1
9
1
1
-1

9
2
0

1
9
2
1
-1

9
3
0

1
9
3
1
-1

9
4
0

1
9
4
1
-1

9
5
0

1
9
5
1
-1

9
6
0

1
9
6
1
-1

9
7
0

1
9
7
1
-1

9
8
0

1
9
8
1
-1

9
9
0

1
9
9
1
-2

0
0
0

2
0
0
1
-2

0
1
0

2
0
1
0
-2

0
1
7

In
s
u
ra

n
c
e
 c

a
s
e
s
 w

it
h
 

th
e
 lo

n
g
-t
a
ile

d
 s

ilv
e
rf
is

h

0

20

40

60

80

100

120



23 
 

years (NIPH_Pest-Statistics, 2019). First observations of the long-tailed silverfish and a similar 

escalation of the problem are also described from the Netherlands, Great Britain, Belgium, 

Sweden, Germany and the Czech republic (Bujis, 2009; Goddard et al., 2016; Kulma et al., 2018; 

Lock, 2007; Meineke & Menge, 2014; Pape & Wahlstedt, 2002; Schoelitsz & Brooks, 2014). The 

pest control industry in Norway has met a new challenge through the long-tailed silverfish. This 

far it has been case-to-case treatment, but the extent of the problem the last years highlight the 

need for thorough control with many approaches, building-wide management and identification 

of sources of introduction and dispersal. 

International literature on silverfish control point at the long-tailed silverfish as more 

demanding to control when compared to the other bristletail species. Strategies should 

consequently include a more complete and integrated pest management approach (Bennett et 

al., 2010; Mallis et al., 2011). Recommendations include reduction of moisture and removal of as 

many hiding places as possible. This also includes attics and basements where cardboard boxes,  

suitcases, bags and stored clothing may create favourable microclimatic conditions (Bennett et 

al., 2010). Vacuum cleaning of potential harbourages in furniture, small cavities, crack and 

crevices and underneath objects is recommended (Mallis et al., 2011), and dried food should be 

kept in closed containers. Conventional pesticides should only be directed towards areas of 

aggregation and potential daytime hiding places (Bennett et al., 2010; Gold & Jones, 2000; Mallis 

et al., 2011).   

 

 

5 – Integrated Pest Management (IPM) 
The most rational approach to control the long-tailed silverfish is an Integrated Pest 

Management (IPM) strategy where the customer handles general population limiting efforts and 

a pest control technician conducts the technical evaluation and adjusts the control methods 

according to local conditions. An IPM-solution utilizes many control elements to achieve the 

desired control and includes preventive measures, inspections and identification, mapping of 

extent and evaluation of the effect. It may also be necessary to increase knowledge and 

understanding of the problem among users to improve the quality of own efforts. In large 

buildings, it may also be crucial with an open minded and collaborative approach between all 

stakeholders to maximize prevention and limit dispersal and re-infestations.  

 

5.1 – Introductions, dispersal and preventive measures 
It is important to differentiate between building types when the risk of introduction and 

preventive measures are evaluated. Problems with the long-tailed silverfish will typically be 

discovered in private homes, office buildings, schools, libraries and museums. All these places 

hold a responsibility for reducing the probability of further spread. In addition to this, it is very 

important to be aware of storage facilities for merchandise, distribution terminals for cargo and 

goods, second hand stores and flea markets, and their potential as distribution terminals for the 

long-tailed silverfish. These kind of commercial handlers operate with a large flow of goods, 

temporary storage and distribution, and it is very easy for the long-tailed silverfish to hitch a 

ride with pallets, crates, cardboard boxes or furniture to establish in new places. Without 

investigations and mapping of dispersal routes it is difficult to pinpoint the path of introduction. 

They do not live outdoors in Norway and must consequently be transported into buildings. 

Product packing, crates and boxes are the most likely candidates because wood, corrugated 
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cardboard, polystyrene, plastic and its like provide a multitude of hiding places. It is not known if 

specific products stand out, but since there is a fast increase in the number of cases, it is likely 

that we have a continuous introduction or dispersal. Central stakeholders within merchandising 

should therefore take responsibility and perform systematic inspections, detection and control 

within their facilities. New buildings are overrepresented in control cases (Figure 13). This 

might be explained by a temporary elevated risk of introduction because new buildings will 

experience an increased influx of objects when all apartments are inhabited simultaneously.  A 

large number of boxes with interior, construction materials, furniture, inventory and electronic 

equipment will in combination with many moving loads, elevate the risk in new buildings with 

synchronous housewarming.  In older and established buildings, it is likely that the introduction 

will occur more sporadic when people move in or refurbish older apartments. The dispersal 

mechanisms will also in these cases be through objects, and it might be possible that we will 

observe a more even distribution according to year of construction in the future.  

It is difficult to prevent sporadic introductions of the long-tailed silverfish. It will require a 

constant surveillance and inspection of all boxed items being brought into a building. It may be 

worthwhile to get rid of packaging quickly to slightly reduce the chance of infestations. There is 

also a minor risk of hitchhiking with handbags, briefcases, bags and backpacks from offices, 

schools, kindergartens or other apartments. The long-tailed silverfish is passive during the day. 

This reduces the chances of accidentally getting unwanted guests in objects brought back and 

forth on a daily basis. If handbags, briefcases or backpacks are placed off the floor and in well-lit 

locations, the risk is close to zero. Objects left over night in infested buildings will have a higher 

risk, and it may be beneficial to inspect them visually before bringing them home. If the long-

tailed silverfish has been observed at the accommodation during vacations, an inspection of 

suitcases or backpacks may be beneficial when arriving at home. Moving loads are particularly 
demanding when it comes to dispersal of the long-tailed silverfish, as large volumes provide 

many potential hiding places. Precautions should be made if moving from infested buildings, but 

100% prevention will require heat- or cold-treatment of the entire moving load, and this is 

costly and logistically challenging.   

The long-tailed silverfish has a good dispersal ability inside buildings if they are established. 

They are small with a flattened body and are capable of walking between rooms, squeezing 

through tiny openings, and they may use pipe penetrations, air- and cable ducts as dispersal 

paths (Mallis, 1941; Mallis et al., 2011). Limitations of the freedom of movement may contribute 

in an IPM-strategy by reducing the possibility of finding suitable microclimatic conditions. To 

maintain a completely sealed building is not feasible, but to leave as few options for movement 

between units, by use of sealants and fine meshed screens in air ducts, may limit dispersal. 

 

5.2 – Building wide strategies and population threshold values 
It is very likely that the long-tailed silverfish will be able to move between apartments in the 

same building, and through time it is expected that a population will produce enough individuals 

to create a significant risk of internal dispersal. This situation makes individual treatment of 

apartments inefficient in the long run because re-infestation from neighbouring units will 

maintain the infestation. Treatment of the long-tailed silverfish should therefore be handled 

more in line with pharaoh ant, cockroach or bed bug infestations where dispersal between units 

is accounted for. The use of detection traps in neighbouring units is a minimum demand to 

obtain a reasonable overview of the infestation, and a total mapping of the building may often be 

necessary to allow a systematic and coordinated control effort. 
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Because a truly cost-efficient control method is currently not available and because the damage 

is limited, it is not expedient to use zero-tolerance in complex buildings. This will probably also 

lead to excessive use of pesticides. A second problem with zero-tolerance is that the risk of 

reintroduction currently appears to be high in Norwegian buildings, and a distinction between 

failed treatment and a new introduction will be very blurred. It is also important to point out 

that too high tolerance is unfortunate as the risk of dispersal increases with the number of 

individuals present. An acceptable threshold should be low enough to avoid both psychological 

distress and risk of dispersal. It is therefore important to elevate knowledge among users of the 

building. This will increase the understanding of the biology of the pest, probably improve own 

effort towards control and reduce mental distress and fear (Bennett et al., 2016). Pest control 

technicians handling the long-tailed silverfish consequently need to have extended knowledge 

about the pest and the ability to disseminate this knowledge in an easy and understandable way. 

A thorough and complete knowledge-based approach is likely to optimize the effects on all levels 

to achieve control success. An acceptable infestation level will depend on personal opinions, but 

low levels, which practically means no object damage and few visible insects, is probably 

something most people will accept. 

 

5.3 – Inspection, detection and evaluation  
A suspected infestation needs to be confirmed by species identification. This might be difficult as 

dead and dried silverfish may lack species specific characters such as hair and scales. Living 

individuals of long-tailed silverfish may also have broken appendages and lack hairs and scales 

and consequently resemble 

the common silverfish. Size 

is not a good character, but 

if large individuals are 

found (more than 12 mm) 

the suspicion is directed 

towards the long-tailed 

silverfish. It is important to 

get hold of complete 

individuals for species 

identification. The long-

tailed silverfish is nocturnal 

and may be difficult to find 

during the day. By moving 

furniture, boxes or 

bookshelves it might be 

possible to encounter 

hidden individuals. The 

long-tailed silverfish are also 
often found behind skirting, 

under doorsteps and inside 

boxes for embedded lights. 

By opening such permanent cavities, one can expect to discover day-resting individuals. The 

owner of an apartment may also conduct night-inspections as it will be easier to find individuals 

moving about to find food. The use of sticky-traps for 14 days is also efficient for detection 

(Figure 14). The placement of traps in areas with suitable conditions and access to food will 

quickly collect individuals for species identification to allow the distinction between the long-

tailed silverfish and the common silverfish. Bathrooms, kitchens and laundry rooms are hot-

Figure 14: Examples of sticky traps used to catch the long-tailed silverfish 

(Ctenolepisma longicaudata), and addition of milled cricket powder. Photo; 

Morten Hage and Anders Aak, © FHI. 
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spots for the long-tailed silverfish. It is important to find more than one individual as the 

common silverfish and the long-tailed silverfish often occur together, and investigations should 

include more than the bathrooms alone to prevent catches of common silverfish only. The use of 

traps under and after control is also important to allow adjustments of strategies and to evaluate 

success. A small number of sticky-traps used for 14 days every 2nd or 3rd month is probably 

sufficient for evaluation. 

 

5.4 – Cleaning and reduced access to nutrition 
The long-tailed silverfish can feed on most of our food, and even tiny leftovers on the floor or 

behind stoves or refrigerators can be utilized. Thorough cleaning routines will consequently 

prevent access to food for the long-tailed silverfish and may contribute to limit the population 

growth. Cleaning will not solve the problem, but is an important contributor in an IPM-strategy. 

Leftovers should be removed, and thorough vacuuming of the floor and furniture as well as 

behind more permanent installations such as ovens and refrigerators, will remove the majority 

of available food in an apartment.  Vacuuming may also move some of the long-tailed silverfish 

present. The vacuum cleaner bag should be thrown away or frozen to prevent individuals from 

crawling out again. It is also beneficial to store dried food in containers to make sure that they 

do not provide the long-tailed silverfish with a constant supply of food. Dried food for dogs and 

cats may also provide a major food source and should always be kept in closed containers.  

 

5.5 – Environmental adjustments 
Adjustments of the indoor environment may be beneficial as a part of a complete IPM-strategy. 

Dry conditions will give the long-tailed silverfish fewer options for reproduction, because the 

eggs and the early stages require higher moisture levels (Delany, 1957). Dry conditions in all 

cracks and crevices are difficult to achieve, but it is probably beneficial to limit the use of water 

during cleaning. Excess water may easily run underneath skirting, kitchen cabinets and cavities 

underneath furniture to provide the long-tailed silverfish with the moisture they need. Desiccant 

dusts are also a possible mean to create dry conditions in small cavities and consequently 

worsen conditions for the long-tailed silverfish (Gold & Jones, 2000; Mallis et al., 2011). This 

kind of approach will not be beneficial in areas with consistently high moisture where more 

permanent solutions, such as dehumidifiers, heat and aeriation, may provide better results.  

A generally lowered temperature in a building will also prolong the time of the lifecycle, and 

decreased temperatures during the night may be beneficial both with respect to the long-tailed 

silverfish development and energy saving. There is however little scientific knowledge regarding 

the practical effect of such measures, but environmental adjustments have the potential to limit 

the available space with beneficial conditions and «buy» more time to succeed with eradication.  

 

5.6 – Killing of established individuals 
It should be possible to get rid of the long-tailed silverfish, but it is necessary to conduct a cost-

benefit evaluation of the control measures in parallel with a health and environmental risk 

assessment connected to the users of the building. The long-tailed silverfish causes limited 

damage, and the control measures should reflect this. Control efforts must also account for 

building type, damage potential, potential control effect and risk of dispersal from the building. A 

storage facility will for example allow a completely different approach as compared to a 
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kindergarten, and a kindergarten will demand a much higher responsibility with respect to 

information.  

Many indoor pests may be controlled by removal of the sustenance of the population to make it 

collapse. The long-tailed silverfish may not be controlled this way because they live for a long 

time and have a substantial overlap with our environmental- and nutritional preferences. They 

also lead a particularly cryptic life, and in most situations the population has been allowed to 

fully establish before detection. This slow and hidden establishment of many and widely 

dispersed individuals requires an extra thorough approach towards control.  

The time demands for a successful eradication is also expected to be longer than with most 

commonly occurring indoor pests encountered in Norway. It will be hard to reach all individuals 

quickly in a fully established population, and the slow development of the eggs is an important 
and delaying element. Eggs may hatch for as long as 2 months after removal of the last female, 

and these new individuals also need to be removed by the control measures. Individuals 

escaping the treatment may also become adults and deposit new eggs. However, with a thorough 

treatment in a long term IPM-programme there should be room for a successful outcome. In this 

respect, it may be considered beneficial that the long-tailed silverfish has a 2-year lifecycle as it 

provides plenty of time to succeed. If a constant numerical reduction is achieved the population 

will eventually die out.  

5.6.1 – Mass trapping 
Sticky traps are suitable for detection and monitoring. The removal of individuals from the 

population is also beneficial, and although mass trapping is unlikely to be a single solution, the 

traps will contribute towards control. Sticky traps for the long-tailed silverfish are basically a 

passive catch, but Norwegian field 

experiments show that the 

addition of small amounts of 

finely milled cricket powder 

(100% Acheta crickets, Figure 14) 

increases the catch as compared 

to un-baited traps (Figure 15). 

The attraction towards such a 

protein rich substrate may also 

point at proteins as a limiting 

resource in infested buildings. An 

attractant is useful as it has the 

potential to provide higher catch 

rates and better detection. Mass 

trapping is also a potential control 

method because the long-tailed 

silverfish has a very long lifecycle 

and is confined to a single area 

(building) with a low rate of new 

introductions (El-Sayed et al., 

2006), but the effect of trapping is this far limited compared to other methods (Figure 16). The 

need for many traps used for a long time makes people perceive this approach as unpractical.    

 

Figure 15: Average catch (±SE) of long-tailed silverfish (Ctenolepisma 

longicaudata) in sticky traps with or without a milled cricket powder.  
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5.6.2 – Toxic baits 
There are many toxic baits intended for use against insects in buildings, and the low dose of 

harmful substances and the option of controlled placement with small amounts of bait make this 

strategy preferable to conventional spray application. Care should anyhow be taken to ensure 

that bait does not end up 

astray to increase risk of 

unintended ingestion by 

children. Buildings such as 

schools and kindergarten 

offer less possibilities for 

safe application, and it is 

harder to reach all 

individuals with 

toxicological information 

and advice. Children are 

also more susceptible for 

toxins compared to adults. 

Treatment in these kind of 

places, therefore requires 

the bait to be placed 

hidden to avoid 

unintended ingestion. 

Several commercially 

available baits, tested 

against the common silverfish and the firebrat, are consumed as well as competing food sources, 

and the active ingredients indoxacarb, fipronil and abamectin induces significant mortality  

(Sims & Appel, 2012). Baits with indoxacarb, already in use against cockroaches and ants in 
Norway, provide good control effect against 

the long-tailed silverfish (Figure 16 and 

Appendix B). These baits also have low 

chronic toxicity in humans (ADI; indoxacarb = 

0.01mg/kg body weight), and are therefore 

most relevant. By means of bait with 

indoxacarb, Norwegian field trials have 

shown more than 90% population control 

within 10 to 12 weeks (Appendix B). 

Comparable field results have been 

observed in the Netherlands when using 

Maxforce Platin (Gutsmann, 2019). An 

important success factor in both the 

Norwegian and the Dutch bait tests has 

been to use many, evenly distributed, small 

droplets of baits to increase the probability 

of ingestion by the long-tailed silverfish. 

Positions where aggregations are expected, 

are obviously important (according to 

cockroach strategies (Mallis et al., 2011)) 

because bait drops close to harbourages 

also will increase the probability for 

ingestion. The use small cracks and crevices 

Figure 16: The effect from sticky traps (high density of traps baited with ground 

cricket), spray application (permethrin – 0.95%, Pyrethrin II – 0.34%) and bait 

(indoxacarb – 0.05%) used against the long tailed silverfish (Ctenolepisma 

longicaudata) in 30 apartments.  

Figure 17: example of natural bait stations where 

silverfish may get hold of the bait at the same time as 

risk of unintended exposure is reduced. Photo; Anders 

Aak, © FHI. 
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as natural bait stations (Figure 17), is expedient since these places overlap with areas of 

movement and hiding. Such placement also reduces the probability of unintended contact with 

the bait. A nutritious bait will appear attractive for the long-tailed silverfish if encountered and 

consequently get consumed. It is also important to remove competing food sources to increase 

probability of ingestion. Addition of nutrients attracting the long-tailed silverfish has the 

potential of increasing the effect of toxic baits. The cricket-powder (described under mass 

trapping) is in this respect interesting and a possible x-factor capable of improving bait as a 

control strategy.    

5.6.3 – Conventional pesticides 
The use of conventional spray pesticides should be limited in environments with risk of user 

exposure as the effect of baits is better and safer (Figure 16). Typical examples where extensive 

use should be avoided is in schools, bedrooms, kindergartens and hospitals (Dhang, 2011). 

Resistance against pesticides is not known, and the preferred pesticide choice should be 

products with low human toxicity. Repeated and/or preventive application should in general be 

avoided to limit chronic exposure of users of the building and to limit the risk of resistance 

development (Devine & Denholm, 2009; Radcliffe et al., 2008; Zhu et al., 2016). The effect of 

different active ingredients is not studied in the long-tailed silverfish, but the common silverfish 

is knocked out by permethrin in low doses (Faulde et al., 2003), and it is expected that the effect 

is the same for the long-tailed silverfish. Pesticides should only be a minor part of an IPM-

solution, and application should be directed towards aggregations and hiding places. This means 

the use of small amounts in cavities, cracks and crevices, behind skirting and other objects. A 

possible risk of spray application of pesticides is avoidance of treated areas by the insects and 

subsequent increased dispersal to new areas. This may limit the effect substantially. 

5.6.4 – Heat and cold treatment 
Heat treatment appears to have a control potential against the long-tailed silverfish. Mortality 

occurs within 2 hours at 42-44 °C (Lindsay, 1940), and tolerance towards heat stress appears 

low when compared to other relevant indoor pests (Fields, 1992; Pereira et al., 2009; Rukke et 

al., 2017). The long-tailed silverfish will quickly die at temperatures above 50 °C (Lindsay, 1940) 

where proteins start to denature (Chown & Nicholson, 2004). The ability to withstand heat 
stress has not been studied in the long-tailed silverfish, but their low temperature tolerance 

indicates poorly developed heat resilience mechanisms. Treatment of buildings will be difficult 

as the long-tailed silverfish probably will find spots inside wall voids, behind skirting or other 

objects where heat will not penetrate. Local use of hot air in cavities will probably be most cost 

beneficial and should be used as part of an IPM-solution. Steam treatment may provide elevated 

local moisture and create damp conditions inside constructions and cavities. This may provide 

improved local conditions for the surviving individuals. Heat treatment will only kill the long-

tailed silverfish if the individuals are exposed to direct heat. 

Knowledge regarding cold tolerance is absent, but if the cold resilience is found to be weak, the 

possibility of using winter temperatures is present in Norway. Storage facilities may utilize the 

low winter temperatures to knock down or eradicate populations.  

5.6.5 – Desiccant dust and biological control 
Desiccant dust may be a valuable tool against the long-tailed silverfish, but knowledge regarding 

mortality and field effects is limited. Desiccants may destroy the cuticle and kill the long-tailed 

silverfish, but mechanisms and effect have not been studied. However, experiments with the 

common silverfish show that populations will succumb to desiccants (Faulde et al., 2006). The 

common silverfish is more dependent on moisture, and the results are consequently not directly 
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transferrable, but they indicate that desiccants may contribute in an IPM-strategy against the 

long-tailed silverfish (Mallis et al., 2011).  

Insect pathogenic fungi have not been evaluated against the long-tailed silverfish, but this is an 

interesting approach because the long-tailed silverfish is found in distinctly defined populations, 

shows aggregating behaviour and has a long lifecycle (Lindsay, 1940; Woodbury & Gries, 2007). 

They consequently fulfil several of the success criteria for an attract and kill strategy (El-Sayed 

et al., 2009). They also prefer relatively high temperatures and moisture, and since they eat each 

other (Lindsay, 1940) dead and dying individuals may act as a source of infection. The long-

tailed silverfish therefore also fulfil many of the general criteria for use of fungi as a biological 

control method (Hajek & Shapiro-Ilan, 2018). Their active search for nutrition may also allow 

bait stations as a primary source of infection to limit the amount of fungal conidia initially 

introduced to the indoor environment (Lacey et al., 2015). Possible solutions in this direction 

are ahead of us, but if an infectious fungus species or strain is found, further studies are 

warranted. 

5.6.6 – Methods for vulnerable objects of high value 
There are several examples of long-tailed silverfish in Norwegian museums and collections 

(NIPH_Pest-Statistics, 2019). This type of environment requires a full IPM-approach (Appendix 

C) where the control measures are adapted to the local conditions (Querner, 2015; Querner et 

al., 2013; Szpryngiel, 2018; Åkerlund, 1991; Åkerlund et al., 1998). There are also many special 

control methods for vulnerable objects of high value (Beiner & Ogilvie, 2005; Hansen et al., 

2011). Common strategies are freezing at -30 °C, micro-wave or gamma-ray treatment and 

chambers with modified atmospheres (Querner, 2015; Åkerlund et al., 1998). All these methods 

will probably also kill the long-tailed silverfish because survival is prone to normal insect 

physiology. The poor resilience to heat in the long-tailed silverfish (Lindsay, 1940) may be 

beneficial for treatment of valuable artefacts. If an object can withstand 36-40 °C for extended 

time, such «low temperature treatment» may be utilized without risk of damage to the objects.  
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6 – Suggested IPM-protocol against the long-tailed silverfish 
These recommendations will quickly change if new knowledge is acquired through research or 

experience in the pest control industry. The strategy of choice must also be adapted to the 

infested building, and most control programmes will require a substantial own effort from the 

buyer of the pest control service to keep the cost at acceptable levels. A thorough and complete 

strategy should contain as many of the preventive measures below as possible:  

 Inspection, detection and evaluation (Chapter 5.3) 

 Knowledge elevation among residents or users through information and meetings (Chapter 5.2) 

 Reduced probability for new introduction and further dispersal (Chapter 5.1 and 5.2) 

 Removal of food sources and hiding places (Chapter 5.4 and 5.1) 

 Reduction of potential hiding places in the attic, storage rooms and basements (Chapter 5.1 and 5.2) 

 Reduction of heat and moisture in technical rooms (Chapter 5.3 and 5.5) 

 Identification and reduction of moist conditions in the entire building (Specialist required) 

 Sealing and closing of open transitions between rooms (Chapter 5.1)  

 Lowered temperatures in the building (Chapter 5.5) 

 Lowered air humidity in the building (Chapter 5.5) 

 

The preventive measures will make it more difficult for the long-tailed silverfish and provide a 

slower population growth. This is however not sufficient to remove established populations, and 

control should therefore be attempted by use of bait (Chapter 5.6.2) with the following strategy: 

 Use small amounts of bait (1-2 g per 100m2) 

 Place tiny droplets of bait (10-20 mg) evenly distributed along the walls instead of few larger drops  

 Place the droplets as safely as possible by utilizing natural bait stations in cracks and crevices, 

underneath skirting and behind objects.  

 

Bait treatment may be supplemented by traps, local heat treatment and cautious spray 

application of pesticides. Such a supplemented bait strategy will severely affect the long-tailed 

silverfish population (appendix B and C), but the possibility of isolated survivors will demand a 

thorough and extended period of follow-up visits and evaluation. Such evaluation should be a 

collaboration between the customer and the technician and include: 

 Maintenance of the preventive measures (listed above) 

 Follow up treatments with baits (Chapter 5.6.2) 

 Evaluation with traps (chapter 5.3)  

If no long-tailed silverfish are found during two consecutive evaluations, the control should be 

considered a success and treatments terminated.  

  



32 
 

REFERENCES 
 

Arlian LG (2002) Arthropod allergens and human health, Vol. 47: Annual Review of Entomology (ed., pp. 395-
433. 

Barletta B, Butteroni C, Puggioni EMR, Iacovacci P, Afferni C, Tinghino R, Ariano R, Panzani RC, Pini C & Di Felice 
G (2005) Immunological characterization of a recombinant tropomyosin from a new indoor source, 
Lepisma saccharina. Clinical and Experimental Allergy 35: 483-489. doi:10.1111/j.1365-
2222.2005.02214.x. 

Barletta B, Puggioni EMR, Afferni C, Butteroni C, Iacovacci P, Tinghino R, Ariano R, Panzani RC, Di Felice G & Pini 
C (2002) Preparation and characterization of silverfish (Lepisma saccharina) extract and identification 
of allergenic components. International Archives of Allergy and Immunology 128: 179-186. 
doi:10.1159/000064250. 

Beiner GG & Ogilvie TMA (2005) Thermal methods of pest eradication: Their effect on museum objects. The 
Conservator 29: 5-18. doi:10.1080/01410096.2005.9995209. 

Bennett GB, Owens JM & Corrigan RM (2010) Truman's Scientific Guide to Pest Management Operations. 7th 
Edition edn. Advanstar Communications / Purdue University, Cleveland. 

Bennett GW, Gondhalekar AD, Wang C, Buczkowski G & Gibb TJ (2016) Using research and education to 
implement practical bed bug control programs in multifamily housing. Pest Management Science 72: 
8-14. doi:10.1002/ps.4084. 

Berg J & Schmidt K (1996) Moulting of mechanoreceptive hair sensilla of Lepisma saccharina (Zygentoma) and 
Machilis spec (Archaeognatha). Tissue & Cell 28: 9-15. doi:10.1016/s0040-8166(96)80039-5. 

Berg J & Schmidt K (1997) Comparative morphology and moulting of sensilla basiconica of Lepisma saccharina 
Linnaeus (Zygentoma : Lepismatidae) and Machilis sp (Archaeognatha : Machilidae). International 
Journal of Insect Morphology & Embryology 26: 161-172. doi:10.1016/s0020-7322(97)00018-4. 

Bonnefoy X, Kampen H & Sweeney K (2008) Public Health Significance of Urban Pests. World Health 
Organisation - Europe, Copenhagen, Denmark. 

Boquete M, Pineda F, Mazon A, Garcia A, Oliver F, Colomer N, Pamies R, Milian C, Olmo CM, Caballero L, Prieto 
L & Nieto A (2008) Sensitisation to Lepisma saccharina (silverfish) in children with respiratory allergy. 
Allergologia Et Immunopathologia 36: 191-195. doi:10.1016/s0301-0546(08)72548-5. 

Buck C & Edwards JS (1990) The effect of appendage and scale loss on instar duration in adult firebrats, 
Thermobia domestica (Thysanura). Journal of Experimental Biology 151: 341-347. 

Bujis J (2009) Arthropods that annoy Amsterdam people. Proc. Neth. Entomol. Soc. Meet. 20: 14. 
Chapman RF (2013) The insects - structure and function. Fifth Edition edn. Cambridge university press, New 

York. 
Chown SL & Nicholson SW (2004) Insect physiological ecology: mechanisms and patterns. Oxford University 

Press, Oxford. 
Christensen TA (2005) Methods in insect sensory neuroscience. CRC Press, Boca Raton. 
Delany MJ (1957) Life histories in the Thysanura. Acta Zoologica Cracoviensia 3: 32. 
Devine GJ & Denholm I (2009) Insecticide and Acaricide Resistance: Encyclopedia of Insects (Second Edition) 

(ed. by RT Cardé & VH Resh) Academic Press, San Diego, pp. 505-511. 
DeVries ZC & Appel AG (2013) Standard metabolic rates of Lepisma saccharina and Thermobia domestica: 

Effects of temperature and mass. Journal of Insect Physiology 59: 638-645. 
doi:10.1016/j.jinsphys.2013.04.002. 

DeVries ZC & Appel AG (2014) Effects of temperature on nutrient self-selection in the silverfish Lepisma 
saccharina. Physiological Entomology 39: 217-221. doi:10.1111/phen.12064. 

Dhang P (2011) Urban Pest Managment - An Environmental Perspective. CABI, Cambridge - US. 
Djursvoll P (2017) Epost - Personal communication. Entomologisk samling, Universitetsmuseet i Bergen: Tirsdag 

19 desember, att: Ottesen. 
El-Sayed AM, Suckling DM, Byers JA, Jang EB & Wearing CH (2009) Potential of "Lure and Kill" in long-term pest 

management and eradication of invasive species. Journal of Economic Entomology 102: 815-835. 
El-Sayed AM, Suckling DM, Wearing CH & Byers JA (2006) Potential of mass trapping for long-term pest 

management and eradication of invasive species. Journal of Economic Entomology 99: 1550-1564. 
Elven H & Aarvik L (2018) Børstehaler Zygentoma, Vol. 2018:  Artsdatabanken, Naturhistorisk museum - UiO, 

https://artsdatabanken.no/Pages/135810. 

https://artsdatabanken.no/Pages/135810


33 
 

Farris SM (2005) Developmental organization of the mushroom bodies of Thermobia domestica (Zygentoma, 
Lepismatidae): Insights into mushroom body evolution from a basal insect. Evolution and 
Development 7: 150-159. doi:10.1111/j.1525-142X.2005.05017.x. 

Faulde MK, Tisch M & Scharninghausen JJ (2006) Efficacy of modified diatomaceous earth on different 
cockroach species (Orthoptera, Blattellidae) and silverfish (Thysanura, Lepismatidae). Journal of Pest 
Science 79: 155-161. doi:10.1007/s10340-006-0127-8. 

Faulde MK, Uedelhoven WM & Robbins RG (2003) Contact toxicity and residual activity of different permethrin-
based fabric impregnation methods for Aedes aegypti (Diptera : Culicidae), Ixodes ricinus (Acari : 
Ixodidae), and Lepisma saccharina (Thysanura : Lepismatidae). Journal of Medical Entomology 40: 935-
941. doi:10.1603/0022-2585-40.6.935. 

Fields PG (1992) The control of stored-product insects and mites with extreme temperatures. Journal of Stored 
Products Research 28: 89-118. 

Goddard MR, Foster GJ & Holloway GJ (2016) Ctenolepisma longicaudata (Zygentoma: Lepismatidae) new to 
Britain. Br. J. Ent. Nat. Hist. 29: 3. 

Gold RE & Jones SC (2000) Handbook of Houshold and Structural Insect Pests. Etomological Society of America, 
Lanham - US. 

Gore JC & Schal C (2007) Cockroach allergen biology and mitigation in the indoor environment, Vol. 52: Annual 
Review of Entomology (ed., pp. 439-463. 

Gorham JR (1991) Insect and Mite Pests in Food - An Illustrated Key. US Department of Agriculture & US 
Department of Health and Human Services, Washington. 

Gullan PJ & Cranston PS (2014) The insects: an outline of entomology. Fifth edition edn. Wiley-Blackwell, 
Oxford. 

Gutsmann V (2019) Ein "Fischköder" der besonderen Art. DPS - Fachzeitsschrift für Schadlingsbekämpfung DPS 
02: 6-7. 

Hadicke CW, Ernst A & Sombke A (2016) Sensing more than the bathroom: sensilla on the antennae, cerci and 
styli of the silverfish Lepisma saccharina Linneaus, 1758 (Zygentoma: Lepismatidae). Entomologia 
Generalis 36: 71-89. doi:10.1127/entomologia/2016/0291. 

Hajek AE & Shapiro-Ilan DI (2018) Ecology of Invertebrate Diseases. John Wiley & Sons Ltd., Hoboken, NJ - US. 
Hansen-Delkeskamp E (2001) Responsiveness of antennal taste hairs of the apterygotan insect, Thermobia 

domestica (Zygentoma); an electrophysiological investigation. Journal of Insect Physiology 47: 689-
697. doi:10.1016/s0022-1910(00)00159-1. 

Hansen JD, Johnson JA & Winter DA (2011) History and use of heat in pest control: A review. International 
Journal of Pest Management 57: 267-289. doi:10.1080/09670874.2011.590241. 

Hansson Bill S & Stensmyr Marcus C (2011) Evolution of insect olfaction. Neuron 72: 698-711. 
doi:https://doi.org/10.1016/j.neuron.2011.11.003. 

Hasenfuss I (2002) A possible evolutionary pathway to insect flight starting from lepismatid organization. 
Journal of Zoological Systematics and Evolutionary Research 40: 65-81. doi:10.1046/j.1439-
0469.2002.00180.x. 

Haverkamp A, Hansson BS & Knaden M (2018) Combinatorial Codes and Labeled Lines: How Insects Use 
Olfactory Cues to Find and Judge Food, Mates, and Oviposition Sites in Complex Environments. 
Frontiers in Physiology 9. doi:10.3389/fphys.2018.00049. 

Heeg J (1967a) Studies on Thsanura. I. The water economy of Machiloides delanyi Wygodzinsky and 
Ctenlepisma longicaudata Escherich. Zoologica Africana 3: 20. 

Heeg J (1967b) Studies on Thysanura. II. Orientation reactions of Machiloides delany Wygodzinsky and 
Ctenolepisma longicaudata Escherich to temperature, light and atmospheric humidity. Zoologica 
Africana 3: 15. 

Heeg J (1969) Studies on Thysanura. III. Some factors affecting the distribution of South African Thysanura. 
Zoologica Africana 4: 9. 

Kamae Y, Tanaka F & Tomioka K (2010) Molecular cloning and functional analysis of the clock genes, Clock and 
cycle, in the firebrat Thermobia domestica. Journal of Insect Physiology 56: 1291-1299. 
doi:10.1016/j.jinsphys.2010.04.012. 

Kamae Y & Tomioka K (2012) Timeless is an essential component of the circadian clock in a primitive insect, the 
firebrat Thermobia domestica. Journal of Biological Rhythms 27: 126-134. 
doi:10.1177/0748730411435997. 

Kulma M, Vrabec V, Patoka J & Rettich F (2018) The first established population of the invasive silverfish 
Ctenolepisma longicaudata (Escherich) in the czech republic. BioInvasions Records 7: 329-333. 
doi:10.3391/bir.2018.7.3.16. 

https://doi.org/10.1016/j.neuron.2011.11.003


34 
 

Lacey LA, Grzywacz D, Shapiro-Ilan DI, Frutos R, Brownbridge M & Goettel MS (2015) Insect pathogens as 
biological control agents: Back to the future. Journal of Invertebrate Pathology 132: 1-41. 
doi:10.1016/j.jip.2015.07.009. 

Landin BO (1967) Fältfauna / Insekter. Natur och Kultur Stockholm, Stockholm. 
Lasker R (1957) Silverfish, a paper-eating insect. The Scientific Monthly 84: 123-127. 
Leong M, Bertone MA, Savage AM, Bayless KM, Dunn RR & Trautwein MD (2017) The Habitats Humans Provide: 

Factors affecting the diversity and composition of arthropods in houses. Scientific Reports 7. 
doi:10.1038/s41598-017-15584-2. 

Lillehammer A (1964) Funn av Thermobia domestica (Pack.) i Norge (Thysanura). Norsk entomologisk tidsskrift 
12: 340-341. 

Lindsay E (1940) The biology of the silverfish, Ctenolepisma longicaudata, with particular reference to its 
feeding habits. Proc. Roy. Soc. Victoria 52: 47. 

Lock K (2007) Distribution of the Belgian Zygentoma. Notes fauniques de Gembloux 60: 25-27. 
Mallis A (1941) Preliminary Experiments on the Silverfish Ctenolepisma urbani Slabaugh. Journal of Economic 

Entomology 34: 787-791. doi:10.1093/jee/34.6.787. 
Mallis A, Hedges SA & Moreland D (2011) Handbook of pest control : the behaviour, life history, and control of 

household pests. 10 edn. Mallis Handbook & Technical Training Company, USA. 
Mattsson J (2014) En ny børstehale (Lepismatidae) påvist i Norge. Insekt-Nytt 39: 61-64. 
Mattsson J (2018) Kre i Norge ved to av dem. Insekt-Nytt 43: 13-18. 
McNeill CA, Allan SA, Koehler PG, Pereira RM & Weeks ENI (2016) Vision in the common bed bug Cimex 

lectularius L. (Hemiptera: Cimicidae): eye morphology and spectral sensitivity. Medical and Veterinary 
Entomology 30: 426-434. doi:10.1111/mve.12195. 

Meineke T & Menge K (2014) Ein weiterer fund des Papierfischens Ctenolepisma longicaudata Escherich, 1905 
(Zygentoma, Lepismatidae) in Deautchland. Entomologische Nachrichten und Berichte 58: 2. 

Missbach C, Dweck HKM, Vogel H, Vilcinskas A, Stensmyr MC, Hansson BS & Grosse-Wilde E (2014) Evolution of 
insect olfactory receptors. Elife 3: 22. doi:10.7554/eLife.02115. 

Missbach C, Vogel H, Hansson BS & Grosse-Wilde E (2015) Identification of odorant binding proteins and 
chemosensory proteins in antennal transcriptomes of the jumping bristletail Lepismachilis y-signata 
and the firebrat Thermobia domestica: evidence for an independent OBP-OR origin. Chemical Senses 
40: 615-626. doi:10.1093/chemse/bjv050. 

Molero-Baltanas R, de Roca CB, Tinaut A, Perez JD & Gaju-Ricart M (2017) Symbiotic relationships between 
silverfish (Zygentoma: Lepismatidae, Nicoletiidae) and ants (Hymenoptera: Formicidae) in the Western 
Palaearctic. A quantitative analysis of data from Spain. Myrmecological News 24: 107-122. 

Molero-Baltanas R, Gaju-Ricart M, de Roca C & Mendes LF (2010) On Ctenolepisma ciliata and a new related 
species, Ctenolepisma armeniaca sp n. (Zygentoma, Lepismatidae). Deutsche Entomologische 
Zeitschrift 57: 243-252. doi:10.1002/mmnd.201000021. 

Molero-Baltanas R, GajuRicart M & deRoca CB (1997) Anthropophile silverfish: A quantitative study of the 
Lepismatidae (Insecta: Zygentoma) found in human buildings in Spain. Pedobiologia 41: 94-99. 

Molero-Baltanas R, Ricart MG & de Roca CB (2012) New data for a revision of the genus Ctenolepisma 
(Zygentoma: Lepismatidae): redescription of Ctenolepisma lineata and new status for Ctenolepisma 
nicoletii. Annales De La Societe Entomologique De France 48: 66-80. 
doi:10.1080/00379271.2012.10697753. 

NIPH_Pest-Statistics (2019) Database and pest control statistics for Norway - 2007 to 2019(Norwegian Institute 
of Public Health (NIPH). Pest control statistic, educational protocols and official e-mail 
correspondances accessed 2018: www.fhi.no/skadedyr. 

Pape T & Wahlstedt U (2002) En silverborstsvans nyinförd till Sverige (Thysanura: Lepismatidae). Ent. Tidskr.: 
149-151. 

Pereira RM, Koehler PG, Pfiester M & Walker W (2009) Lethal effects of heat and use of localized heat 
treatment for control of bed bug infestations. Journal of Economic Entomology 102: 1182-1188. 

Pothula R, Shirley D, Perera OP, Klingeman WE, Oppert C, Abdelgaffar HMY, Johnson BR & Jurat-Fuentes JL 
(2019) The digestive system in Zygentoma as an insect model for high cellulase activity. PLoS ONE 14. 
doi:10.1371/journal.pone.0212505. 

Price PW, Denno RF, Eubanks MD, Finke DL & Kaplan I (2011) Insect Ecology - behavior, populations and 
communities. Cambridge University Press, Cambridge. 

Querner P (2015) Insect pests and integrated pest management in museums, libraries and historic buildings. 
Insects 6: 595-607. doi:10.3390/insects6020595. 

file:///C:/Users/jujo/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/00CL3WN6/www.fhi.no/skadedyr


35 
 

Querner P, Simon S, Morelli M & Furenkranz S (2013) Insect pest management programmes and results from 
their application in two large museum collections in Berlin and Vienna. International Biodeterioration 
& Biodegradation 84: 275-280. doi:10.1016/j.ibiod.2012.04.024. 

Rabito FA, Carlson JC, He H, Werthmann D & Schal C (2017) A single intervention for cockroach control reduces 
cockroach exposure and asthma morbidity in children. Journal of Allergy and Clinical Immunology 140: 
565-570. doi:https://doi.org/10.1016/j.jaci.2016.10.019. 

Radcliffe EB, Cancelado RE & Hutchison WD (2008) Integrated Pest Management: Concepts, Tactics, Strategies 
and Case Studies. Cambridge University Press, Cambridge. 

Robinson WH (2005) Urban insects and arachnids. First edn. Cambridge University Press, Cambridge. 
Rukke BA, Aak A & Edgar KS (2015) Mortality, temporary sterilization, and maternal effects of sublethal heat in 

bed bugs. PLoS ONE 10. doi:10.1371/journal.pone.0127555. 
Rukke BA, Hage M & Aak A (2017) Mortality, fecundity and development among bed bugs (Cimex lectularius) 

exposed to prolonged, intermediate cold stress. Pest Management Science 73: 838-843. 
doi:10.1002/ps.4504. 

Rukke BA, Sivasubramaniam R, Birkemoe T & Aak A (2018) Temperature stress deteriorates bed bug (Cimex 
lectularius) populations through decreased survival, fecundity and offspring success. PLoS ONE 13. 
doi:10.1371/journal.pone.0193788. 

Sahrhage D (1954) Ökologische Untersuchungen am Ofenfischchen, Thermobia domestica (Packard), und 
Silberfischchen, Lepisma saccharina L: Autorreferat. Zeitschrift für Angewandte Entomologie 35: 495-
499. doi:10.1111/j.1439-0418.1954.tb00737.x. 

Schoelitsz B & Brooks M (2014) Distribution of Ctenolepisma longicaudata (Zygentoma: Lepismatidae) in the 
Netherlands. Proceedings of the Eighth International Conference on Urban Pests 8: 5. 

Sims SR & Appel AG (2012) Efficacy of commercial baits and new active ingredients against firebrats and 
silverfish (Zygentoma: Lepismatidae). Journal of Economic Entomology 105: 1385-1391. 
doi:10.1603/ec12084. 

Stevens M (2013) Sensory ecology, behaviour, & Evolution. 1st edn. Oxford University Press, Oxford, UK. 
Sturm H (1997) The mating behaviour of Tricholepidion gertschi Wygod, 1961 (Lepidotrichidae, Zygentoma) and 

its comparison with the behaviour of other ''Apterygota''. Pedobiologia 41: 44-49. 
Sturm H (2009a) Archaeognatha (Bristletails): Encyclopedia of Insects (Second Edition) (ed. by RT Cardé & VH 

Resh) Academic Press, San Diego, pp. 48-50. 
Sturm H (2009b) Zygentoma (Thysanura, Silverfish) Encyclopedia of Insects (Second Edition) (ed. by RT Cardé & 

VH Resh) Academic Press, San Diego, pp. 1070-1072. 
Sweetman HL (1938) Physical Ecology of the firebrat, Thermobia domestica (Packard). Ecological  Monographs 

8: 285-311. 
Sweetman HL (1939) Responses of the silverfish, Lepisma saccharina L., to its physical environment. Journal of 

Economic Entomology 32: 3. 
Szpryngiel S (2018) Långsprötad silverfisk i museer, bibliotek och arkiv i Sverig. FoU-anslag, 

Riksantikvarieämbetet. 
Tremblay MN & Gries G (2003) Pheromone-based aggregation behaviour of the firebrat, Thermobia domestica 

(Packard) (Thysanura: Lepismatidae). Chemoecology 13: 21-26. doi:10.1007/s000490300002. 
Tremblay MN & Gries G (2006) Abiotic and biotic factors affect microhabitat selection by the firebrat, 

Thermobia domestica (Packard) (Thysanura : Lepismatidae). Journal of Insect Behavior 19: 321-335. 
doi:10.1007/s10905-006-9028-1. 

Treves DS & Martin MM (1994) Cellulose digestion in primitive hexapods: effect of ingested antibiotics on gut 
microbial populations and gut cellulase levels in the firebrat, Thermobia domestica (Zygentoma, 
Lepismatidae). Journal of Chemical Ecology 20: 2003-2020. doi:10.1007/bf02066239. 

Truman JW & Ball EE (1998) Patterns of embryonic neurogenesis in a primitive wingless insect, the silverfish, 
Ctenolepisma longicaudata: Comparison with those seen in flying insects. Development Genes and 
Evolution 208: 357-368. doi:10.1007/s004270050192. 

Walker AA, Church JS, Woodhead AL & Sutherland TD (2013) Silverfish silk is formed by entanglement of 
randomly coiled protein chains. Insect Biochemistry and Molecular Biology 43: 572-579. 
doi:10.1016/j.ibmb.2013.03.014. 

Wang SY, Lai WC, Chu FH, Lin CT, Shen SY & Chang ST (2006) Essential oil from the leaves of Cryptomeria 
japonica acts as a silverfish (Lepisma saccharina) repellent and insecticide. Journal of Wood Science 
52: 522-526. doi:10.1007/s10086-006-0806-3. 

https://doi.org/10.1016/j.jaci.2016.10.019


36 
 

Whitington PM, Harris KL & Leach D (1996) Early axonogenesis in the embryo of a primitive insect, the silverfish 
Ctenolepisma longicaudata. Roux's Archives of Developmental Biology 205: 272-281. 
doi:10.1007/BF00365805. 

Wijenberg R, Hayden ME, Takacs S & Gries G (2013) Behavioural responses of diverse insect groups to electric 
stimuli. Entomologia Experimentalis Et Applicata 147: 132-140. doi:10.1111/eea.12053. 

Womersley H (1937) Studies in Aust. Thysanura - Lepismatidae. Trans. Roy. Soc. Aust.: 96. 
Woodbury N & Gries G (2007) Pheromone-based arrestment behavior in the common silverfish, Lepisma 

saccharina, and giant silverfish, Ctenolepisma longicaudata. Journal of Chemical Ecology 33: 1351-
1358. doi:10.1007/s10886-007-9303-4. 

Woodbury N & Gries G (2008) Amber-colored excreta: a source of arrestment pheromone in firebrats, 
Thermobia domestica. Entomologia Experimentalis Et Applicata 127: 100-107. doi:10.1111/j.1570-
7458.2008.00680.x. 

Woodbury N & Gries G (2013a) Firebrats, Thermobia domestica, aggregate in response to the microbes 
Enterobacter cloacae and Mycotypha microspora. Entomologia Experimentalis Et Applicata 147: 154-
159. doi:10.1111/eea.12054. 

Woodbury N & Gries G (2013b) Fungal symbiont of firebrats (Thysanura) induces arrestment behaviour of 
firebrats and giant silverfish but not common silverfish. Canadian Entomologist 145: 543-546. 
doi:10.4039/tce.2013.35. 

Woodbury N & Gries G (2013c) How Firebrats (Thysanura: Lepismatidae) Detect and Nutritionally Benefit From 
Their Microbial Symbionts Enterobacter cloacae and Mycotypha microspora. Environmental 
Entomology 42: 860-867. doi:10.1603/en13104. 

Woodbury N, Moore M & Gries G (2013) Horizontal transmission of the microbial symbionts Enterobacter 
cloacae and Mycotypha microspora to their firebrat host. Entomologia Experimentalis Et Applicata 
147: 160-166. doi:10.1111/eea.12057. 

Wygodzinsky P (1972) A review of the silverfish (Lepismatidae, Thysanura) of the United States and the 
Caribbean Area. American Museum Novitates 2481: 1-26. 

Závodská R, Sehadová H, Sauman I & Sehnal F (2005) Light-dependent PER-like proteins in the cephalic ganglia 
of an apterygote and a pterygote insect species. Histochemistry and Cell Biology 123: 407-418. 
doi:10.1007/s00418-004-0728-3. 

Zhu F, Lavine L, O’Neal S, Lavine M, Foss C & Walsh D (2016) Insecticide resistance and management strategies 
in urban ecosystems. Insects 7. doi:10.3390/insects7010002. 

Zinkler D & Gotze M (1987) Cellulose digestion by the firebrat Thermobia domestica. Comparative Biochemistry 
and Physiology B-Biochemistry & Molecular Biology 88: 661-666. doi:10.1016/0305-0491(87)90360-9. 

Åkerlund M (1991) Ängrar - finns dom... ? Svenska museiföreningen i samarbete med Naturhistoriska 
riksmuseet, Uppsala. 

Åkerlund M, Flato S & Hellekant A (1998) Från silverfisk til hälsorisk - Skadedjur och åtgärder i samlingar. 
Elanders Berlings, Arlöv. 

 

  



37 
 

 

 

 

 

 

 

 

 

 

Appendix A – Identification key to indoor living bristletail species 
 

 

 

 

Ctenolepisma longicaudata 

Ctenolepisma lineata 

Ctenolepisma calva  

Lepisma saccharina 

Thermobia domestica 
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This identification key is mainly based on two earlier keys for the species in question (Gorham, 1991; 

Pape & Wahlstedt, 2002), together with a more general insect identification key (Landin, 1967). 

 

Fig. 1a: Head of a jumping bristletail (order Archaeognatha), 1b: head of a bristletail (order Zygentoma). 2a: The larger setae of silverfish 

(Lepisma saccharina) (cf. 3 og 5, uh), 2b: Larger setae of the long-tailed silverfish (Ctenolepisma longicaudata). 3: Silverfish with larger setae 

(uh) and the caudal (tail-like) appendages (ht) and the last abdominal segment (sb). 4: Ctenolepisma calva with lateral caudal appendages 

(yh). 5: Long-tailed silverfish with bristlecombs (bk). 6: Firebrat, only body with dark spots are drawn, otherwise resembling long-tailed 

silverfish. 7a: Last abdominal segment of long-tailed silverfish, cf. 5, sb. 7b: last abdominal segment of C. lineata 
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1 Large, overlapping eyes (fig. 1a). Can jump. (Order Jumping bristletails, 
Archaeognatha, family Machilidae, genus Petrobius) 
 

 

  Two Norwegian species, P. brevistylis og P. maritima. Living on rocks and beaches in the 
intertidal zone along the coastline. Sometime entering buildings in these areas. Common 
all along the coast of Norway. 

 

  

- Small, not overlapping eyes situated on each side of the head (fig. 1b). Do not 
jump. (Order Bristletails, Zygentoma) …………………………………………………………………… 
 

 
2 

2 Caudal (tail-like) appendages about half as long as the body length (fig. 3, ht). Head 
sparsely haired (fig. 3). Last abdominal segment elongated, longer than wide (fig. 3, 
sb). The largest, erect setae on the side of the body (fig. 3, uh) are smooth, seen 
with at least 60 x magnification (fig. 2a). Without bristlecombs at the abdominal, 
dorsal plates (fig. 3). One-coloured, but individuals varying from silvery to dark 
grey ……………………………………………………………………………   Silverfish, Lepisma 
saccharina 
 

 

- Caudal appendages longer than half of the body length (fig. 5, ht), (NB! They easily 
break off and therefore may appear shorter). Head densely haired with «beard» 
(fig. 4, 5). Last abdominal segment short, shorter than wide (fig. 5, sb). The largest, 
erect setae on the side of the body (fig. 5, uh) are saw-toothed, seen with at least 
60 x magnification (fig. 2b) ..…..…………………… ………………………………………………………… 
 

 
 
 
 
3 

3 The two lateral caudal appendages (fig. 4, yh) are 2/3 of the body length. The 
middle caudal appendage is approximately as long as the body. The abdominal, 
dorsal plates without visible bristle combs. Up to 8 mm long, excluding antennas 
and caudal appendages. Shimmering white, one-coloured ……… Ctenolepisma calva 
 

 
 
 
 

- All caudal appendages as long as the body. The abdominal, dorsal plates with 
bristle combs (fig. 5,6, bk). Dark coloured ………………………………………………………………. 
 

 
4 

4 Body scales with a clear, mixed beige and black pattern on the dorsal side (fig. 6). 
The abdominal, dorsal plates on the second to sixth abdominal segment with two 
bristle combs on each side – one dorsally and one laterally (fig. 6, bk). Up to 12 mm 
long, excluding antennas and caudal appendages …. Firebrat, Thermobia domestica 
 

 

- Grey or beige dorsal side, dark scales on a silvery background can be seen in a 
stereo microscope (worn individuals that partly lack scales appear yellow or brass 
coloured). The abdominal, dorsal plates on the second to sixth abdominal segment 
with three bristle combs on each side – two dorsally and one laterally (fig. 5, bk). 
Up to 18 mm long, excluding antennas and caudal appendages  ....……………………….. 
  

 
 
 
 
5 

5 Last dorsal plate (=abdominal segment X) trapezoidal (fig. 7a). Three bristle combs, 
of which two dorsally, on each side of the abdominal segments II – VI (fig. 5) ……… 
………………………………………   Long-tailed silverfish, Ctenolepisma longicaudata 
 

 

- Last dorsal plate triangular (fig. 7a). Three bristlecombs, of which two dorsally, on 
each side of the abdominal segments II – VII  ……………………...  Ctenolepisma lineata 
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Detailed description of the long-tailed silverfish (Ctenolepisma longicaudata) 

The long-tailed silverfish grows large in good conditions, and maximum body length without caudal appendages and antennas is assumed 

to be 18 mm (Pape & Wahlstedt, 2002). Normal adult length is around 12 mm (Robinson, 2005). The long-tailed silverfish appear somewhat 

speckled as the scales vary in grey and brown colour tones. Therefore, they appear less silvery than the silverfish. Positioned at the end of 

the flattened, elongated and tapered abdomen, three conspicuously caudal appendages are as long as the body. The middle one points 

straight backwards, while the laterals point perpendicular from the body. The head has two antennas in addition to two shorter maxillary 

palps. From above, the forehead and sides of the head appear much more hairy than in the common silverfish. The shape of hairs and 

specific location of bristlecombs are good species characteristics. Contrary to the common silverfish, the long-tailed silverfish has a pair of 

bristlecombs on the dorsal side of each thorax segment, and it has three such bristlecombs on each side of the abdominal, dorsal plates. 

One of these three bristlecombs is placed laterally on the abdomen. An important characteristic that can be used to differentiate between 

worn specimens of the two species is that the largest setae of the long-tailed silverfish are saw-toothed, while those of the common 

silverfish are smooth. To see this, a magnitude of at least 60 x is needed. Additionally, the last abdominal segment is shorter than wide, 

while this among the common silverfish is longer than wide. In English literature, the long-tailed silverfish is also called grey silverfish or 

giant silverfish (Bennett et al., 2010; Gold & Jones, 2000; Mallis et al., 2011). 

 
 

Detailed description of Ctenolepisma calva 
Ctenolepisma calva is white coloured, as the scales are white. The middle caudal appendage is as long as the body, while the two lateral 

appendages are 2/3 of the body length and points out perpendicularly to the body. C. calva is as hairy as the long-tailed silverfish, and the 

largest setae are saw-toothed. The last abdominal segment is shorter than wide. Maximum body length is 8 mm. 

Detailed description of the common silverfish (Lepisma saccharina) 
The common silverfish is uniformly coloured with individuals varying between silvery to dark grey. The common silverfish has caudal 

appendages shorter than half of the body length, and the lateral appendages point obliquely backwards. Compared to the long-tailed 

silverfish, the common silverfish do not appear hairy, but the head and anterior part of the body have some erect setae. These setae are 

smooth, not saw-toothed like in the long-tailed silverfish. The last abdominal segment of the common silverfish is longer than wide.  

Detailed description of the firebrat (Thermobia domestica) 
The firebrat resembles the long-tailed silverfish, as it is large and hairy with the lateral caudal appendages pointing perpendicular from the 

body. Normally, the firebrat have a darker thorax than the long-tailed silverfish. In addition, the species is described as more parallel sided 

as individuals are not as gradually tapered toward the end as the long-tailed silverfish (Lillehammer, 1964). To distinguish the firebrat from 

long-tailed silverfish, one must look at the colour pattern combined with species specific positioning of bristlecombs and setae. On the 

dorsal, abdominal plates, the firebrat has two bristlecombs on each side, while the long-tailed silverfish has three. The firebrat is not a 

relevant pest in Norway, but appears frequently in warmer countries (Mallis et al., 2011).   
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Appendix B – effect of bait in laboratory studies and field experiments.  
 

These results is a part of an ongoing study conducted by the Norwegian Institute of Public Health 

(Department of pest control). The concluded results are expected to be published in 2019/2020 

 

Bio-assay: The five most 

commonly used baits against 

insects in Norway were 

tested in small arenas with 

harbourages, free water and 

competing food sources. 16 

adults and 16 juveniles were 

used per bait. Three of the 

baits were efficient. The 

Advion baits has lower 

toxicity for humans compared 

to the Goliath bait.  

 

 

Field studies: This is an 

ongoing study and none of 

the experiments are 

concluded. The examples 

show control by use of bait 

in an office building (light 

green), single family house 

(dark green), Row house 

(yellow) and apartment 

building (Red). The initial 

density of long-tailed 

silverfish is set to 100% to 

show relative reduction of 

the populations. The 

experiments illustrate the 

effect of bait in general and 

an improved effect of high 

density of many small bait 

droplets (yellow and red) compared to low density of larger drops of bait (light and dark green).    
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Appendix C – Example of long-tailed silverfish control in library  
 

Library with associated book storages: The long tailed silverfish was discovered in a library in 2016. 

Several measures were taken to limit the potential damage at all the locations of the library and 

sticky traps were used to monitor the situation. The library used an IPM-strategy containing the 

following elements:  

 

1) Discussions and constructive 

dialog with the building owner.  

2) Openness regarding the 

problem among the employees.  

3) Written information regarding 

biology, preventive measures 

and control.  

4) Focus on thorough cleaning.  

5) Total cleaning of areas with 

observations of long-tailed 

silverfish. 

6) A tidy-and-throw-away 

campaign led to destruction of 

12 metric tonnes of paper.   

7) Avoidance of eating outside of the 

canteen to prevent leftovers and 

unnecessary available food.  

8) Storage containers of cardboard was 

replaced with plastic containers.  

9) Yearly inspections of collections and 

storage rooms. 

10) Clear definition of storage zones and the remaining rooms. 

11) Use of double-sided tape to prevent silverfish movement between zones. 

12) Freezing of objects (-20 to -30 °C) before long-time storage. 

13) Local use of toxic baits. 

14) Local use of desiccant dusts. 

15) Local use of spray pesticides. 

 

The development of the long-tailed silverfish population was very positive for the library and 

highlight the importance of many efforts pulling in the same direction. The approach was in line with 

recommended strategies for pest control in museums. (Querner, 2015; Querner et al., 2013; 

Åkerlund, 1991; Åkerlund et al., 1998) and point at the importance of IPM. It is hard to identify which 

element contributing most when many approaches are used in parallel, but this case-study show that 

it is possible to decimate the population even in highly complex and large buildings.    
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Appendix D – Video link and pictures 

 

https://www.fhi.no/nettpub/skadedyrveilederen/smadyr-andre/skjeggkre/ 

 

Pictures of Ctenolepisma longicaudata: 

 

 

 

 

 

ovipositor 
Long-tailed silverfish female depositing eggs (photo M. Hage, © FHI) 

Eggleggingsrør 

Long tailed silverfish in natural habitat 

(photo A. Aak, © FHI) 

Long-tailed silverfish in sticky trap 

(photo M. Hage, © FHI) 

https://www.fhi.no/nettpub/skadedyrveilederen/smadyr-andre/skjeggkre/

