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distinguish species (Soares et al. 2017; Sprenger and Men-
zel 2020), but may also be found within species (Dembeck 
et al. 2015). However, most intraspecific variation is quanti-
tative (Sprenger and Menzel 2020).

Both qualitative and quantitative aspects can be (in part) 
genetically determined (Howard and Blomquist 2005; Mar-
tin et al. 2008; Oliveira et al. 2011; Walsh et al. 2020). Non-
genetic factors also influence CHCs (Holze et al. 2021) and 
can include biotic factors like diet, microbiome, parasites, 
and pathogens, as well as abiotic variables such as humid-
ity and temperature (Sprenger and Menzel 2020). Tempera-
ture shifts in particular have been shown to induce changes 
in the proportion of specific compounds in many insects 
(Otte et al. 2018; Barnes 2021), including ants (Menzel et 
al. 2018; Duarte et al. 2019; Sprenger and Menzel 2020; 
Baumgart et al. 2022; Krapf et al. 2023), beetles (Hadley 
1977), and fruit flies (Etges et al. 2017). Environmentally-
induced changes to CHC profiles may take place in a mat-
ter of hours (Stinziano et al. 2015) or days (Howard et al. 
1995) after exposure. These changes can persist over time to 
eventually become fixed, e.g. in populations of Drosophila 
melanogaster and Drosophila serrata from distinct environ-
mental clines (Frentiu and Chenoweth 2010).

Introduction

In insects, cuticular hydrocarbons (CHCs) (straight-chained 
alkanes, methyl-branched alkanes, and unsaturated alkenes 
(Stanley-Samuelson and Nelson 1993; Gibbs and Pomonis 
1995) are commonly used for protection against desiccation 
and as signaling molecules in intraspecific communication 
(Blomquist and Bagnères 2010). Qualitative differences in 
compounds composition among profiles tend to be used to 

Communicated by Günther Raspotnig.

	
 Ameka Myrie
myriemeka@gmail.com

Eva Schultner
eva.schultner@gmail.com

Jan Oettler
joettler@gmail.com

Tamara Pokorny
tamara.pokorny@ur.de

1	 Zoology/Evolutionary Biology, Universität Regensburg, 
Universitätsstrasse 31, 93053 Regensburg, Germany

Abstract
The Coffee Berry Borer (CBB) Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae: Scolytinae) is an important 
pest species that has invaded all major coffee-producing areas of the world, causing tremendous economic losses every 
year. Since its discovery on the island of Jamaica approximately 40 years ago, the beetle has moved from lowland regions 
with comparably warm and dry climates to higher altitudes with cooler and wetter conditions in the Blue Mountains. Some 
insects have been shown to react to such environmental variation with changes in their cuticular hydrocarbon (CHC) pro-
files. To investigate if this is also the case in CBBs, we characterized the CHC profiles of beetles collected from different 
farms varying in altitude and climate across Jamaica and from one farm in Panama. We found that the CHC profiles of 
CBBs are mainly composed of straight-chain alkanes and methyl-branched alkanes, and that differences in farm location 
or rearing conditions (lab or field) may not necessarily result in CHC variation. The coffee berries provide a microclimate 
which protects the beetles from the conditions outside the coffee berries for the majority of their life cycles, thus poten-
tially buffering this major pest from external environmental selection pressures.
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The Coffee Berry Borer (CBB, Hypothenemus hampei; 
Coleoptera: Curculionidae, Scolytinae) is originally from 
Africa (Le Pelley 1973), but has spread to all major coffee-
producing regions of the world (Johnson et al. 2020). On 
the island of Jamaica, CBBs were first discovered in 1978 
(Reid 1983) in lowland farms, i.e., low elevation with rela-
tively warm climates (Rhodes and Mansingh 1986), similar 
to the climate of the CBB’s suspected place of origin (Har-
greaves 1926; Tutin and Fernandez 1993; Vega et al. 2019; 
Bush et al. 2020). The CBB has since spread throughout the 
island to farms in the Highlands and Blue Mountain regions 
(Rhodes and Mansingh 1986), where the climate is cooler, 
more humid, and rainy (Myrie et al. 2023).

CBBs spend the majority of their lives within the coffee 
berry: after a female finds and enters a susceptible berry, she 
burrows to the endosperm to lay eggs (Baker et al. 1992). 
The eggs later develop within the berry, and, as adults, 
engage in sib-mating (Baker 1984; Andreev et al. 1998; 
Damon 2000). Newly inseminated daughters then leave the 
natal berry to infest a fresh berry nearby, traveling an aver-
age of < 40  m, and a maximum distance of 65  m (Gil et 
al. 2015), assisted by the wind. Limited dispersal, sib-mat-
ing and repeated genetic bottlenecks have resulted in low 
genetic diversity in the CBB (Andreev et al. 1998; Errbii et 
al. 2024), much like in other invasive species (Tsutsui et al. 
2000; Schmid-Hempel et al. 2007; Puillandre et al. 2008; 
Schmack et al. 2019).

Low genetic variation (Errbii et al. 2024) together with 
a protected lifestyle inside the coffee berry, and essentially 
being buffered from environmental perturbations, may 
limit climatic CHC profile adaptation. Thus, in contrast to 
many other species, such as ants, where CHC variation is 
high (Menzel et al. 2018; Buellesbach et al. 2018), intra-
specific CHC variation in the CBB may be expected to be 
low. To test the hypothesis that CBBs show low variation in 
their CHC profiles, we assessed environmentally induced 
variability in CHC profiles of beetles collected from three 
localities in Jamaica, and one locality in Panama, where the 
CBB was discovered ~ 30 years after it was initially found 
in Jamaica (Fondo Regional de Tecnología Agropecuaria 

2019). For a subset of Jamaican localities, we further-
more analyzed both field and lab-reared beetles to identify 
potential diet-induced effects (natural coffee beans versus 
artificial lab diet). Finally, we reviewed the available litera-
ture on CHC profiles of the ecologically and economically 
important Scolytinae beetles.

Materials and methods

Beetle collection and sample preparation

All beetles used in this study derived from populations in 
Jamaica and Panama (Table  1). Across the farms, berries 
infested with CBB, identified by the presence of an entry 
hole, were collected. In Jamaica, beetles were collected 
from different localities, i.e., coffee-producing farms catego-
rized by specific environmental conditions (elevation, tem-
perature, humidity, and rainfall). We used beetles from two 
Jamaican localities - Highlands & Blue Mountains– in this 
study. Highland farm locations exhibit intermediate condi-
tions with mean temperatures ranging from 18° C to 23° C, 
humidities between 60% and 80%, and a maximum rainfall 
of 632 mm per month (Myrie et al. 2023). Blue Mountain 
farm locations have the lowest temperatures (mean 16° 
C to 23° C), highest humidity (80-88%), and a maximum 
monthly rainfall of 339  mm (Myrie et al. 2023). We did 
not include beetles from the Lowlands, as Lowland coffee 
production has decreased significantly (Lancashire 1995), 
making it difficult to collect enough beetles in these regions. 
In each of the two localities, we collected beetles from 1 
to 2 farms from December 2019 to January 2020: Moun-
tain Spring (493  m above sea level (m.a.s.l) in the High-
lands, Hopewell and Guava Ridge in the Blue Mountains 
(> 1000  m.a.s.l, approximately 16  km from the Highland 
locality and 500 m from each other). In Coclé Panama, aver-
age yearly temperature was 25° C, with an annual precipita-
tion of 3900 mm (INEC 2017 cited in Fujisawa et al. 2020), 
even though temperatures oscillate at 21° C (Santos Murgas 
et al. 2017). There, beetles were collected from one farm 

Table 1  Origin of samples used in this study
Locality Farm Lab Replicates (n) Field Replicates (n) Coordinates Country

Generation
F8 F9 F15 F18

Highlands
(493 masl)

Mountain Spring - 4 2 1 1 18.10905° N, 76.80392° W Jamaica

Blue Mountains (> 1000 masl) Hopewell - 2 1 2 2 18.03674° N, 76.67991°W Jamaica
Blue Mountains
(> 1000 masl)

Guava Ridge - 2 2 1 - 18.0325° N, 76.68012° W Jamaica

Panama
(433 masl)

Turega 2 - - - - 8.62155°N, 80.18705°W Panama

For lab samples, the number of generations that beetles were kept under standardized lab conditions prior to sampling is reported. Each replicate 
consists of one pool of 50 female beetles
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in Turega (433 m.a.s.l, Permit: Solicitud No. 0194,0195) in 
November 2021. Given that the environmental conditions 
at the Panama farm (Ruane et al. 2013) are different from 
the conditions at the Jamaican farms, and the fact that it is a 
mainland country, Panama was treated as a separate “local-
ity” for statistical analyses.

Laboratory populations were established from each of 
the four farms (Mountain Spring, Hopewell, Guava Ridge, 
Turega) located in the three localities (Highlands, Blue 
Mountains, Panama) (Table 1). After collection and dissec-
tion of infested beans, beetles were transferred to glass vials 
containing artificial diet (following Vega et al. (2011), with 
the addition of formaldehyde (formaldehyde solution min. 
37%) as a microbial inhibitor. Beetles were maintained at 
27° C throughout the day (for 12 h) and 21° C throughout 
the night (for 12 h) in a dark climate chamber at the Univer-
sität Regensburg, Germany, for 8 to 18 generations before 
collecting samples for CHC analyses. For two farms from 
two Jamaican localities (Mountain Spring in the Highlands, 
Hopewell in the Blue Mountains), we also analyzed CHC 
profiles of field-reared beetles (Table 1). To this end, one 
field sample each was collected in Hopewell and Mountain 
Spring in November 2021; an additional field sample was 
collected in Hopewell in August 2022. Beetles from field 
samples were immediately prepared for CHC extraction 
after being dissected from the coffee berries.

For the field-collected CBBs, coffee berries previously 
collected from the field were carefully dissected and the 
live female CBBs extracted. To remove residues of coffee 
(from field collected beetles) and residues of the artificial 
diet (from the lab reared beetles), females were placed in 
an Eppendorf tube filled with Millipore water, and vortexed 
for 3 s, after which the beetles were placed on a Kim wipe 
(KIMTECH Science, White Delicate Task Wipes) to remove 
the remaining water droplets. The beetles were then placed 
into small chambers (diameter 0.8 cm, depth 0.2 cm) drilled 
into a glass plate (13 cm x 13 cm, four chambers per plate) 
to recover from the vortex procedure. Six to seven beetles 
were placed together into each chamber, and a second glass 
plate was placed on top, then sealed using adhesive paper 
labels (Figure S1). The glass plates containing the live bee-
tles were placed in the same beetle-rearing climate chamber 
with a 12 h:12 h and 27° C:21 °C day: night cycle. After 5 
days the beetles were removed from the glass plates, pooled 
in glass vials in groups of 50, and frozen at -20° C for 90 to 
120 min.

Each pool of individuals (50 individuals per pool) was 
extracted with 750 µl of hexane (≥ 99%) for 10 min, after 
which the supernatant was transferred into a fresh vial. 
To obtain potentially remaining cuticular lipids, a second 
hexane wash step was conducted for 5 min using 250 µl of 
hexane, after which both extracts were combined (a total of 

1000 µl of hexane from each pooled sample). The solvent of 
each sample was evaporated to a volume of approximately 
200 µl under a stream of nitrogen. Extracts were fraction-
ated before chemical analysis using silica gel columns 
(Chromabond 100 mg, Macherey-Nagel, Düren, Germany). 
One column was used per sample and was cleaned succes-
sively with 1000  µl of hexane, 1000  µl dichloromethane, 
1000 µl methanol, 1000 µl of dichloromethane, and finally 
1000 µl of hexane. Then, the column was conditioned using 
2 × 500 µl of hexane.

To obtain only the nonpolar extract-fraction, the extract 
and two 100  µl hexane rinses of the respective vial were 
added to the column and fractionated using 2 × 500 µl hex-
ane to elute the CHCs. The eluate was captured in a clean 
vial. Before CHC analysis, the solvent was evaporated 
entirely under nitrogen and refilled with 50 µl hexane.

Gas chromatography-mass spectrometry and 
statistical analyses

Chemical analysis was done by gas chromatography with 
coupled mass spectrometry (GC-MS QP2010 Plus, Shi-
madzu Corporation, Kyoto, Japan), using a BPX-5 column 
(length 60.0  m, diameter 0.25  mm, thickness 0.25  μm). 
Helium was used as carrier gas at a column flow of 1.25 ml 
per minute. One microlitre of each sample was injected 
splitless at an injection temperature of 300  °C, with col-
umn oven temperature at 150 °C. The oven temperature was 
raised at 5° per minute to 310° C, where it was held constant 
for 30 min.

Linear retention indices (LRI) were calculated based on 
n-alkane calibration runs (C7 - C40). Peaks were manually 
integrated using GCMS Solution (Postrun Analysis) Version 
4.45 (Shimadzu Corporation, Kyoto, Japan). Tentative com-
pound identification was based on LRI and compound mass 
spectra. Methyl-branch positions were inferred from char-
acteristic fragmentation patterns (corroborated using Chem-
Draw Professional, PerkinElmer, Buckinghamshire, United 
Kingdom) and LRI were compared with those reported by 
Carlson et al. (1998). Overlapping peaks were integrated 
together and treated as a single peak for further analyses. 
The proportional area of each CHC peak per sample was 
calculated by dividing the area of the respective peak by the 
total area of CHC peaks in the sample. Compounds consti-
tuting less than 0.25% were excluded from further analysis. 
Proportional area for the remaining peaks was recalculated 
and square-root transformed prior to statistical analysis.

Statistical Analyses

All statistical analyses were conducted using R version 4.2.1 
(R Core Team 2022). To assess quantitative differences 
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CHC composition in Scolytinae beetles

To assess how CBB profiles compare to those of related 
beetle species, we conducted two searches of the litera-
ture using the phrases “Cuticular Hydrocarbon Scolytinae” 
and “Cuticular Hydrocarbon Scolytidae”, respectively, in 
Google Scholar to retrieve studies on CHC composition 
in Scolytinae beetles (formerly considered a family, Sco-
lytidae). In total, these searches identified six studies on 
the entire CHC profiles of 23 species. For each species, 
we noted the number of identified compounds and the cor-
responding compound classes (alkanes, methyl-branched 
alkanes, alkenes, and alkadienes).

Results

A total of 21 peaks were identified in the CHC profiles of 
female CBBs (Fig.  1; Table  2). Across all samples, five 
peaks (Peaks 1, 9, 13, 14, and 18) made up over 70% of the 
profile (Fig. 1; Table 2).

Principal component analysis revealed no clear separa-
tion between samples according to locality (Fig. 2, ANOVA 
on PC1 scores, factor: locality, F2,22=1.818, p = 0.191) or 
farm (Fig. 2, ANOVA, factor: farm, F3,22=1.435, p = 0.267). 
There was a slight trend that the two field samples from 
the Blue Mountain Hopewell farm exhibited higher PC1 
scores compared to lab samples (Fig.  2, ANOVA on PC1 
scores, factor: rearing condition (field or lab), F1,22=4.136, 
p = 0.057).

64% (14/22) of the samples had a weighted mean chain 
length (WMCL) of ~ 32, and 36% (8/22) of the samples had 

between samples, a principal component analysis (PCA) 
was run on the transformed proportions of all compounds 
using the ‘prcomp’ command of the ‘stats’ package. To 
investigate the relationship between CHC profile composi-
tion and environmental variables, a linear regression (func-
tion lm) was run using principal component 1 (PC1) score 
as response and “locality” (Highlands, Blue Mountains, 
Panama) and “rearing condition” (lab or field) as explana-
tory variables. A second linear regression was run using PC1 
score as response and “farm” (Mountain Spring, Hopewell, 
Guava Ridge, Turega) and “rearing condition” (lab or field) 
as explanatory variables. Model residuals were tested for 
normality and dispersion (function testResiduals) using the 
DHARMa package (DHARMa 0.4.6). Pairwise p-values 
were calculated and corrected for multiple testing using the 
emmeans package (function emmeans).

Mean chain length influences the CHC class composi-
tion. An increase in chain length will increase lipid melting 
temperature, which affects the insects’ waterproofing abili-
ties (Gibbs and Pomonis 1995). The weighted mean chain 
length (WMCL) is a parameter that encompasses the overall 
composition of the CHC profile. It was calculated for each 
of the 22 samples to identify the average chain length of the 
compounds using the following formula:

((Retention Index 100) * Area of Compound)
( Area of Compounds)

The WMCLs were compared among farms using a Kruskal 
Wallis rank sum test (function kruskal.test).

Fig. 1  Cuticular hydrocarbon peaks identified in female Coffee Berry Borers Hypothenemus hampei. Numbers above the peaks correspond to the 
compounds listed in Table 2
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a WMCL of ~ 31 (Figure S2). There was no difference in 
WMCL based on farm (Figure S2, Kruskal Wallis rank sum 
test, df = 3, χ2 = 1.797, p = 0.616).

The literature search retrieved six studies that reported 
results of GC/MS analyses of complete CHC profiles of 
23 species of Scolytinae beetles from six genera (Table 3). 
The number of identified CHCs ranged from 9 to 85, with 
alkanes and methyl-branched alkanes being the most abun-
dant and present in all studied species. 83% (19/23) of spe-
cies had profiles containing 3 or more compound classes. 
Alkenes were found in species belonging to the genera Den-
droctonus, Conophthorus, and Ips while alkadienes were 
only found in species belonging to the genera Conophtho-
rus and Ips. In contrast, the CBB profiles were relatively 
simple with a comparably low number of compounds from 
only two compound classes. Only the profiles from species 
within the Xyleborini tribe were similar in their simplicity 
to those of the CBB.

Discussion

The composition of CHCs in insects is influenced by various 
factors including genotype, and the biotic and abiotic envi-
ronment (Menzel et al. 2017). Saturated compounds such 
as n-alkanes and mono-methyl alkanes have stronger Van 
Der Waal forces (Menzel et al. 2017; Maihoff et al. 2023), 
which should result in better waterproofing abilities than 
unsaturated compounds such as n-alkenes (Maihoff et al. 
2023). If the demand for waterproofing increases, there may 
also be an increase in the mean chain length of an insect’s 

Table 2  Composition of CHC profiles of female coffee berry borers
Peaks Compound Linear

Reten-
tion 
Index

Mean Per-
centage of 
Area ± SD

1 C29 2900 11.07 ± 3.27
2 15-me C29, 13-me C29 2927 0.59 ± 0.26
3 5-me C29 2947 0.21 ± 0.15
4 3-MeC29 2973 3.67 ± 1.91
5 C30 & 3,7-dime C29, 3,9-dime C29 3000 2.65 ± 0.79
6 15-me C30, 14-me C30, 13-me C30 

& 3,x, y-trime C29*
3026 1.63 ± 0.51

7 4-me C30 3055 0.21 ± 0.06
8 C31 3100 3.98 ± 0.83
9 15-me C31, 13-me C31 3126 18.41 ± 2.53
10 5-me C31 3146 0.26 ± 0.09
11 9,17-dime C31* 3156 0.29 ± 0.06
12 3-me C31 3173 1.9 ± 0.7
13 3,17-dime C31, 3,15-dime C31* 3201 14.97 ± 2.19
14 3,11,15-trime C31* & 15-me C32, 

13-me C32 & 3,9,15-trime C31*
3228 16.66 ± 3.82

15 3,9,x,17-tetrame C31* (and other 
tetramethyls)

3244 2.04 ± 0.58

16 3-me C32* & x,14-dime C32* 3281 1.13 ± 0.12
17 C33 & methyl-branched C32* 3300 0.64 ± 0.13
18 17-me C33, 15-me C33 3324 11.12 ± 4.08
19 5,19-dime C33 3371 1.14 ± 0.17
20 3,19-dime C33 & 3,17-dime C33 & 

3,15-dime C33*
3399 3.75 ± 0.41

21 3,11,15-trime C33* & 3,9,15-trime 
C33*

3424 3.68 ± 1.09

Compound abbreviations: alkane with a chain length of n C-atoms: 
Cn, monomethyl: me, di-/tri-/tetramethyl: dime/trime/tetrame; x, y 
indicate unknown methyl-branch positions. Asterisks denote uncer-
tain compound identification

Fig. 2  (A) Principal component plot of square-root transformed pro-
portional peak areas of CHCs extracted from female Coffee Berry Bor-
ers. (B) Principal component 1 scores plotted by farm. The blue shade 
represents the Highland locality, different shades of green represent 

localities from the Blue Mountains, while the red shade represents the 
locality from Panama. Triangles represent field samples while circles 
represent lab samples
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emerging to infest new berries or when the current berry 
(usually fallen berries) becomes waterlogged (Constantino 
et al. 2021). The CBBs can also use fallen coffee berries as a 
post-harvest reservoir (Aristizábal et al. 2016) for up to 140 
days when there are no susceptible berries left (Constantino 
et al. 2021). Even though CBBs can fly for up to three hours 
(Baker 1984), CBBs located on productive farms have no 
requirement to cover extensive flight distances due to the 
proximity of shrubs (Gil et al. 2015), which means that the 
beetles are not exposed to the environmental conditions out-
side the berry for extended periods of time. Additionally, 
female beetles might leave the natal berries preferentially 
when outside conditions are favorable, which would further 
reduce the impact of climatic factors. Though our samples 
were collected on a relatively small geographical scale, the 
lack of discernible variation in weighted mean chain lengths 
provides additional support for the idea that there may be 
little to no environmental selection pressure on CHC pro-
files in the CBB.

Our results align with a study on the bark beetle Conoph-
thorus ponderosae, which showed that beetles from 

CHC profile (Menzel et al. 2017; Gibbs and Pomonis 1995; 
Rouault et al. 2004).

We hypothesized that CHC profiles in the Coffee Berry 
Borer show comparably low levels of variation based on 
their lifestyle and genetic background. In support, we did 
not find consistent variation among profiles of beetles from 
different localities or farms. We also did not detect major 
differences between profiles of laboratory- and field-reared 
beetles, though field sample size was very small, and this 
result would need to be verified.

Given that the coffee berry protects CBBs from external 
conditions for most of its life, there may be little selective 
pressure on CHC profiles to adjust to different macro-cli-
matic conditions. Therefore, the most parsimonious expla-
nation as to why there were no differences in the CHC 
composition of CBBs based on locality is the sheltered 
life inside the coffee berry (Dias et al. 2008). A berry pro-
vides a constant microclimate that may protect the beetles 
effectively, preventing exposure to environmental fluc-
tuations. CBBs can remain and reproduce inside the same 
coffee berry on the coffee plant for up to 5 months, only 

Table 3  Cuticular hydrocarbon profile composition in 23 beetle species from six genera in the subfamily scolytinae
Scolytinae 
Tribe

Scolytinae Species Number of Peaks Alkanes Methyl- 
Branched 
Alkanes

Alkenes Alkadienes Refs

Xyleborini Xyleborinus saxenii 16 x x Melet et al. (2024)
Xyleborini Euwallacea fornicatus 9 x x Chen et al. (2017)
Xyleborini E. sp. 25 using 400 females and x x Chen et al. (2017)

16 using 44 females
Cryphalini Hypothenemus hampei 21 (that constitute > 0.25% of 

the profile)
x x This Study

35–50 Howard and Infante 
(1996)

Ipini Ips grandicollis 56 x x x x Page et al. ()1997
Ipini I. cribricollis 51 x x x x Page et al. (1997)
Ipini I. montanus 85 x x x x Page et al. (1997)
Ipini I. paraconfusus 84 x x x x Page et al. (1997)
Ipini I. confusus 82 x x x x Page et al. (1997)
Ipini I. hoppingi 68 x x x x Page et al. (1997)
Ipini I. lecontei 76 x x x x Page et al. (1997)
Hylesinni Dendroctonus 

brevicomis
41 x x x Page et al. (1990a)

Hylesinni D. frontalis 39 x x x Page et al. (1990a)
Hylesinni D. ponderosae 28 x x x Page et al. (1990a)
Hylesinni D. jeffreyi 26 x x x Page et al.1990a
Scolytini Conophthorus 

conicolens
40 x x x Page et al. (1990b)

Scolytini C. ponderosae 45 x x x x Page et al. 1990b
Scolytini C. cembroides 34 x x x Page et al. (1990b)
Scolytini C. edulis 31 x x x Page et al.( 1990b)
Scolytini C. radiatae 16 x x x Page et al. (1990b)
Scolytini C. coniperda 20 x x x x Page et al. (1990b)
Scolytini C. resinosae 17 x x x x Page et al. 1990b
Scolytini C. banksianae 17 x x x x Page et al. (1990b)
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al. 2012; Otte et al. 2018). The CBB infests and feeds on 
the commercial coffee species Coffea arabica and Coffea 
canephora (Baker 1984; Navarro-Escalante et al. 2021); it 
remains to be shown whether differences in the two Coffea 
species (host plants) are a natural cause of variation in CHC 
profiles of CBBs.
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