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Strain differences

A multivariate analysis (FCA) completed by a Hierar-

chical Cluster Analysis performed on the co-ordinates of

the data on the first two axes of the FCA, revealed strain

differences in cuticular hydrocarbon profiles. As some

cuticular hydrocarbon components bore nearly all the

contribution weight on the axes of the analysis and were

responsible for separating the strains into two groups, the

FCA analysis was performed using dimethylalkane com-

ponents as variables and the rest of the components

(n-alkane and monomethylalkane components) as supple-

mentary variables (Benzecri, 1973). The first three facto-

rial axes accounted for 92% (dichloromethane extracts),

89% (pentane extracts) and 94% (methanol extracts) of

the total variability. The Hierarchical Cluster Analysis

allowed us to identify two main groups of strains, as rep-

resented on the cloud of the data points based on the first

two axes of the FCA. Group 1 included S1, S2, R2, R3,

R5, and R6 strains and group 2 included R1, R4, and R7

strains (Fig. 3). Whatever the extracting solvent, (dichlo-

romethane, pentane or methanol) the cuticular hydro-

carbon profiles separated the strains into the same two

groups. The relative quantities of most of the dimethylal-

kane components differed significantly between the two

groups of strains (t tests, p < 0.05). In group 1, compo-

nents d, f, h and w were in larger proportions than in

group 2, whereas components r, s and u were in smaller

proportions. Only two dimethylalkane components, (p

and x), had similar proportions in the two groups (Fig. 4).

Few differences were observed in saturated monometh-

ylalkanes and n-alkanes between the two groups (Fig. 4).

The centres of gravity of the components a, e, g, l, o and

q, (“missing” in the methanol extracts) were projected

very near to the origin of axes 1 and 2, indicating that

they play insignificant roles in separating the two groups

of strains (Fig. 3).

Two groups of strains were defined in relation to the

relative amounts of dimethylalkanes in their cuticular

hydrocarbon profiles. As extracts were obtained with sev-

eral individuals rather than individual cuticular hydro-

carbon profiles, they represent global variations between

strains that can be compared to the bioassays.

 Strain differentiation

The Cluster Analysis revealed that all R1 samples (R1a,

R1b, R1c, R1d, R1e) were in Group 2 (Fig. 3). All R2

and R3 samples, collected 6 months apart in the same

building, were in Group 1. As R1, R2 and R3 strains were

collected in the same building, they were supposed to be

more closely related genetically to each other than to

other strains. Our results showed that ten years isolation

appeared long enough to induce significant differences in

hydrocarbon profiles.

Strains from Sète with no known genetic relatedness

were both in Group 1. Strains from Rennes were sepa-

rated in Groups 1 and 2 (Fig. 3).

Furthermore, variability between R1 extracts (R1a,

R1b, R1c, R1d, R1e) was as important as that observed

between extracts of strains well separated geographically
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Fig. 1. Gas chromatogram of cuticular hydrocarbons from extracts of larvae from P strain in dichloromethane. 25 peaks are let-

tered (a–y) according to the components identified by GC-MS given in Rivault et al. (1998). This typical sample is lettered P1 in

Fig. 3.



and genetically (variance comparison, F4
11 = 5.67, p >

0.05).

Ten years seemed to be long enough to induce differ-

ences in cuticular hydrocarbon profiles and to separate

strains (R1, R2 and R3) collected in the same building

into two groups. On the other hand, cuticular hydro-

carbon profiles of strains separated geographically and

genetically for much longer periods presented more simi-

larities. The observed variability in cuticular hydrocarbon

profiles seems to be the consequence of the combination

of three factors: time of separation, geographical distance

and genetic relatedness.

Behavioural bioassays

Groups of larvae from different strains were involved in

choice tests between paper conditioned by their own

strain odour and paper conditioned by an unfamiliar strain

odour (see Rivault and Cloarec, 1998, for more detail).

Because papers had to be heavily conditioned to induce a

good behavioural response, the odours came from contact

with many larvae. Therefore, reaction to this odour repre-

sents a reaction to the general odour of that strain. Cock-

roaches from S1, S2, R4, R5, R6, R7 and R1 strains were

able to distinguish between their own odour and that of an

unfamiliar strain (t-test, p < 0.05) (Table 2). Although R1,

R4 and R7 strains were in the same FCA group, cock-

roaches from these strains were able to discriminate

amongst their odours (Fig. 3). On the contrary, R2, R3

and R1 larvae were not able to discriminate amongst their

odours (Table 2, t-test, p > 0.05). R1, R2 and R3 larvae

did not aggregate preferentially on the paper conditioned

by their own odour. The fact that they aggregated on

either paper seemed to indicate that they were not able to

discriminate between the two papers and thereby between

the two odours. As the R1, R2 and R3 strains were col-

lected initially in the same building, they were more

closely genetically related than any of the other test

strains. Although they exhibited important differences in

hydrocarbon profiles as shown by the FCA, they did not

discriminate between each other.

It must be stressed that the separation of these strains

into two groups in relation to cuticular hydrocarbon pro-

files is not correlated with their ability to distinguish

strain odours. Cockroaches from strains with only small

quantitative differences in a few cuticular hydrocarbon

components are still able to discriminate between odours

deposited on the filter papers. However, larger differ-

ences in cuticular hydrocarbon profiles do not always

induce strain discrimination. Strain discrimination is

probably due to multiple factors and cuticular hydrocar-

bons may not be the only cue.

DISCUSSION

Cuticular hydrocarbon profiles of different strains of B.

germanica cockroaches were remarkably similar qualita-

tively but presented slight quantitative differences over

the 25 identified components. Six components:

n-heptacosane (a), 3-methylheptacosane (e), n-octacosane

(g), n-nonacosane (l), 5-methylnonacosane (o),

3-methylnonacosane (q), were, for all strains, consistently

less concentrated in methanol extractions than in dichlo-
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Fig. 2. Mean (+ SE) proportions of 25 cuticular hydrocarbon components (a–y) for all strains tested, extracted in three solvents

(dichloromethane, methanol, pentane). a, g, l, o and q were less extracted in methanol. Small asterisk: t-test, proportions in methanol

were significantly larger than in the two other solvents. Large asterisk: t-test, proportions in methanol were significantly smaller than

in the two other solvents.



romethane or in pentane. As the methanol extracts were

less efficient in inducing aggregation behaviour, these

data support our previous results which suggested that

these “missing” components might be responsible for

aggregation behaviour between individuals of the species

B. germanica (Rivault et al., 1998). Furthermore these

components play no part in separating groups of strains in

relation to cuticular hydrocarbons profiles. These compo-

nents can be interpreted as some species-specific invari-

ants. n-heptacosane is present in the cuticular

hydrocarbon profiles of five Periplaneta spp., Blatta ori-

entalis and Leucophaea maderae and n-nonacosane is

present in three Periplaneta spp. (Augustynowicz et al.,

1987). The three other components (n-octacosane,

5-methylnonacosane and 3-methylnonacosane) were

found in B. germanica and B. asahinai but were absent in

B. vaga (Carlson & Brenner, 1988). Cuticular hydro-

carbon profiles differ between B. germanica and B.

asahinai (Blattellidae: Blattellinae), as they do not present

the same peaks or the same proportions of components,
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Fig 3. Projection of relative quantities of 25 cuticular hydrocarbon components extracted in dichloromethane in relation to nine

cockroach strains on the plane defined by axes 1 (vertical) and 2 (horizontal) of the FCA. The ovals delineate strain groups 1 and 2

defined by the Cluster Analysis made on the co-ordinates of the data points on the first two FCA axes.

Legend: a–y. Cuticular hydrocarbon components. R1a, R1b, R1c, R1d, R1e R4a, R4b, R7a and R7b: Strain samples in Group 2;

S1a, S1b, S2a, S2b, R2a, R2b, R3a, R3b, R5a, R5b, R6a and R6b: Strain samples in Group 1 (see text).

*significantly different values (t-test, p < 0.05)

0.392.061.0212.98*0.88   4.94*58R7 / R1(FCA)

0.351.311.2610.80*1.347.87*41R4 / R1group 2 

0.874.210.978.930.89  6.8575R3 / R1

0.904.571.007.951.00  7.4666R2 / R1

0.501.960.8612.19*0.78    5.84*94R6 / R1

0.391.061.2811.26*1.27    7.67*46R5 / R1

0.542.541.1411.93*1.14    5.52*48S1 / R1(FCA)

0.290.851.0210.86*1.018.28*67S2 / R1group 1 

SEMeanSEMeanSEMean

DishOwn odourUnfamiliar strain odourNumber of testsTested pairs

                                                                             Number of cockroaches on:

TABLE 2. Results of choice tests between two conditioned papers: own odour and unfamiliar strain odour.

R1 groups of 20 larvae were presented a choice between their own odour and the odour of an unfamiliar strain (S1, S2, R2, R3,

R4, R5, R6 or R7). Symmetrically, groups of 20 larvae from strains : S1, S2, R2, R3, R4, R5, R6 or R7 were presented a choice

between their own odour and R1 strain odour. As symmetrical paired tests were not significantly different (t-test, p < 0.05), data per

pairs were pooled. When R1 larvae discriminated, larvae of other strains were also able to do it.



but they resemble each other more than they resemble

profiles for Periplaneta americana or Blatta orientalis

(Blattidae: Blattinae). Furthermore the differences

between B. germanica strains presented by Carlson &

Brenner (1988) resemble the differences we found

between our strains. These components are common to

several cockroach species that are also urban species,

which means that recognition of the specific aggregation

pheromone must be based on discerning small quantita-

tive differences. However, the fact that cuticular hydro-

carbon profiles have already been used by several groups

for species identification (Carlson & Brenner, 1988; de

Renobales et al., 1991) does not mean that these compo-

nents are relevant per se for insect communication sys-

tems. Nevertheless the quantitative stability of the six

components (a, e, g, l, o and q) in all strains and the

absence of behavioural response with methanol extracts

led us to assume that they play an important part in spe-

cies recognition as well as in aggregation behaviour in B.

germanica.

Our results enabled us to separate the strains into two

groups based on the most important differences in hydro-

carbon profiles. The greatest differences were observed

for the dimethylalkane components (d, f, h, p, r, s, u w,

x), whereas the other components (n-alkanes and the

monomethylalkanes) showed no important differences

between the two groups. Quantitative differences in

cuticular hydrocarbons play a role in nestmate recognition

in Reticulitermes termites and Camponotus ants, espe-

cially dimethylalkanes which differ significantly in pro-

portion between societies where aggression is high

(Bonavita-Cougourdan et al., 1987; Vauchot et al., 1996).

Even though differences based on quantitative variations

of dimethylalkane components could be observed in B.

germanica, we were not able to relate these differences

with strain discrimination. Before definitely rejecting our

initial hypothesis, a larger number of strains must be

tested. Furthermore, these differences were not directly

related to geographical origin, temporal separation or

genetic relatedness. Gene flow and founder effect are

major factors in genetic structure of German cockroach

populations. The fact that the genetic structure of B. ger-

manica populations points to differentiation on a local

scale but not on a large geographical scale (Cloarec et al.,

1999) is in agreement with variation in cuticular hydro-

carbon profiles. B. germanica forms a large metapopula-

tion with a world-wide distribution. Strain discrimination

behaviour in B. germanica and the quantitative variations

in cuticular hydrocarbon composition are very similar to

those reported for the spider Anelosimus eximius. In this

spider, variation in cuticular hydrocarbon profiles does

not lead to group closure and the observed differences are

not directly linked to dispersion of the colony. They vary

independently and seem to be the result of the genetic

background of the colony (Pasquet et al., 1997). Brown et

al. (1996) came to the same conclusion concerning inter-

colony variation in the termite Drepanotermes perniger,

where differences were no greater than those between

individuals of one colony.
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Fig. 4. Comparison of mean (+ SE) proportions of 25 cuticular hydrocarbon components extracted in dichloromethane between

the two FCA groups of strains. * : significant difference (t test, p <  0.05).
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