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Abstract

Several aspects of the biology of Xylotrechus arvicola (Olivier), an emerging grape
pest, were studied under laboratory conditions. Four diets were tested to rear this
species in the laboratory. Among them, only one made rearing from larva to adult
possible. The highest mortality, in all cases, was recorded during the first days of
larval development. Larvae were kept 45 days at 8°C to break diapause in order to
reduce the normal field larval developmental time. The species’ developmental time
was similar between sexes, while pupal developmental time and weight were
significantly greater for females than for males. As part of a complementary study,
life table parameters of females obtained from the larvae reared on the artificial diet
were compared to those of females emerged from field-infested grape root wood.
Both laid the majority of eggs in the first two weeks after emergence, and they had a
similar pre-laying period. Nevertheless, the females from the diet-reared larvae lived
significantly longer, laid eggs over a longer period of time and showed higher fertility
than those emerging from infested grape root, suggesting that diet fulfils larval
nutritional needs. The species’ laboratory-reared population exhibited a low intrinsic
growth rate value (rm=0.01) as a result of its long egg-to-adult developmental time
and its high larval mortality.
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Introduction

Xylotrechus arvicola (Olivier) (Coleoptera: Cerambicidae) is
a xylophagous species inhabiting dead wood and decaying
broadleaf trees in many parts of Europe, West Asia and
North Africa (Villiers, 1978). However, in the 1990s, it was

recorded in vineyards in La Rioja (Spain) as causing damage to
grape stem and branches (Ocete & Del Tío, 1996). Since then,
it has rapidly expanded throughout this and other important
wine regions, such as Castilla-La Mancha (Rodríguez et al.,
1997), Castilla-León (Moreno, 2005) and Navarre (Ocete et al.,
2002) and endangers one of the key crops in Spain covering
more than 1.3 million cultivated hectares.

The larvae dig galleries that diminish the plant’s capacity
to transport sap by reducing the vascular area and allowing
fungal spread, resulting in smaller berries, which degrades
wine quality by incrementing the proportion of berry skin in
overall wine composition. To the best of our knowledge, it has
not yet been recorded as a pest in any other part of the world.
However, this species could threaten other wine regions
inside, or even beyond, its current distribution area.
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Currently, growers do not have efficient control tools
against X. arvicola, and the available prophylactic measures
are insufficient because little is known about the biology of this
pest. Adults are active in the field mainly between the end of
March and the end of July, with higher population levels at the
end of May with higher temperatures. Eggs are laid in the
cracks of bark, and recently emerged larvae rapidly penetrate
the plant. The number of larval instars is not yet known, but
may be variable, as occurs with other species of the same
family (Adachi, 1988). Low temperature during the last larval
instars’ development induces a diapause. After more than a
one-year larval growing period, a broader gallery connected to
the outside is excavated where larvae moult to pupae. Adults
emerge at between 20 and 30 days. Thus, the four develop-
mental stages can occur simultaneously in the field between
April and June (Moreno, 2005). Egg-to-adult development in
the field normally lasts two years.

In order to develop effective control tools, it is necessary
to know the species’ biology and ecology. One of the most
comprehensive is the intrinsic rate of increase (rm), defined as
“the capacity of increase of a single organism belonging to a
population under some specific physical conditions” (Birch,
1948). It is a good indicator of the fate of a population in a
specific environment, and of the potential of this population or
species to exploit certain resources. Life tables summarise the
most important population characteristics used to estimate
this parameter and to determine the effect of diverse factors,
such as temperature or host species, on the studied pest
species’ capacity of increase (Harcourt, 1969). They are used to
study the population dynamics of many insect pests (Cornell
& Hawkins, 1995; Naranjo & Ellsworth, 2005; Toepfer &
Kuhlmann, 2006). A better knowledge of many of these
questions can only be acquired by establishing a laboratory
colony of X. arvicola. It can be done with the help of artificial
diets that allow one to obtain a large number of specimens
over a discrete period of time to be used in laboratory
bioassays or for ecological, physiological or behavioural
studies, thereby being independent of seasonal resources
(Singh, 1983). Cerambycids are a very difficult group to rear in
the laboratory, mainly because of their high mortality rate
during larval instars and their long life cycle (Galford, 1985;
Linit, 1985), but many authors have already attempted to rear
these species under laboratory conditions for the purpose of
easily exploring effective control methods (Dubois et al., 2002;
Wang et al., 2002) because some of these are among the most
important pests in the world, causing enormous losses in
agricultural and forest plant species. Moreno (2005) pre-
viously tested different diets for cerambycids with X. arvicola,
but only the larvae extracted fromwood could be reared in the
laboratory.

The aim of this study is to develop an artificial diet to rear
X. arvicola in the laboratory that satisfies the nutritional and
metabolic requirements to complete this species’ whole life
cycle, and to make rearing easier and independent of natural
stationary resources. That will enable a comparison of the
most important life history parameters between the specimens
reared in the laboratory and those from the field.

Materials and methods

Insects

X. arvicola adults were collected in 2005 from infested grape
wood brought to the laboratory from 22 different grape fields

located in Cigales (Valladolid, Spain). The wood was placed
into plastic containers measuring 55×40×35cm (length×
breadth×height) at 24±1°C, 60±5% RH and for a photo-
period of L16:D8. Recently emerged adults were paired (one
male and one female) after sex identification based on the
colour of femurs (Moreno, 2005) in 12-cm diameter plastic
cylindrical cages with a perforated lid covered with a
fine mesh. Cage bottoms were covered with filter paper. A
piece of cotton impregnated with a 10% honey solution as a
food source and a laying substrate consisting of 13×4cm
(length×breadth) rolled paper were also added to the cage.
These adult mating cages were maintained in a growth
chamber (SanyoMLR-350H, Sanyo, Japan) at 24±1°C, 60±5%
RH and for a photoperiod of L16:D8. If a male died, another
was added to the cage to allow the female to continue laying
eggs. Cages were checked daily, and the eggs obtained from
the laying substrates were isolated in Petri dishes (55mm
in diameter by 14mm in height), which were covered
with aluminium foil and maintained in a growth chamber
at 24±1°C, 60±5% RH until eggs hatched.

Diet-rearing

Four different diets were evaluated (table 1). Two, SSI
(semi-synthetic Iglesias) and SI (synthetic Iglesias), were pro-
posed by Iglesias et al. (1989) to rear eight different cerambycid
species collected from maritime pine stumps (Pinus pinaster
Aiton) in Madrid (Spain). Rogers et al. (2002) used the R
(Rogers) diet to rear the cerambycid Prionoplus reticularis
(White), while the RM (Rogers Modified) is a modification of
the latter.

Dry yeast, ascorbic acid and nipagin were common to
all diets. Dry yeast is an important source of micro- and
macronutrients for some insect species (Tsitsipis, 1989),
ascorbic acid is a growth factor required for adequate insect
development (Chippendale & Beck, 1965) and nipagin
(methyl paraben) is an antifungal component.

Another source of nutrients for insects was corn meal
present in SSI and RM diets. Oak sawdust was added to all
diets, except the SI diet, as a growth promoter that stimulates
eating (Dubois et al., 2002). Other growth promoters added to
the diets, except the SSI diet, were cellulose, glucose, sucrose
and casein. The mineral content was supplied by adding
Wesson salts, except the SSI diet, and wheat germ, except the
SI diet. The vitamin mixture in the SI, R and RM diets and
L-methionin, present in the SI diet, are antioxidant agents.
Sorbic (R and RM diets) or benzoic acid (SSI and SI diets) were
added to the diets to inhibit the growth of yeasts, bacteria and
fungus, while fumagilin, in the RMdiet, is an antibiotic against
protozoa.

For diets preparation purposes, sawdust, cellulose, dry
yeast, cornmeal and wheat germ were sterilised, if needed, in
an autoclave at 120°C for 20min. The antifungal nipagin
solution was prepared by adding nipagin and benzoic acid to
ethanol. Benzoic acid was substituted for sorbic acid in the
R and RM diets. In a graduated two-litre glass jar, distilled
water, agar and the previous nipagin solution were homo-
genised and heated to boiling point (about six min). When the
temperature was below 60°C again, ascorbic acid and, if
required, the vitamin solution were added together with
the rest of the respective diet components and homogenised.
Once cold, diets were kept in rectangular plastic containers
(227×167×30mm) at 4±1°C.

E. García-Ruiz et al.90



Bioassays

For the evaluation of each diet, 70 recently emerged larvae
were used, except for the SSI diet for which 140 larvae were
tested. Plastic cylindrical cages (30-mm diameter and 15-mm
high) filled with the respectively tested diet were used.
Neonate larvae (<24h) were transferred daily to the diet
cagewith the help of a fine camel hair brush. Larvaewere kept
individually to prevent cannibalism. In each cage, a piece of
30-mm diameter paper was also placed over the larva and the
diet to retain excess humidity and to recreate the natural
conditions under the bark. These papers were removed after
a week. Cages were maintained in a growth chamber in
complete darkness at 24±1°C, 60±5% RH.

One month later, developed larvae were transferred to
plastic cylindrical containers (45-mm diameter and 65-mm
high) filled with the same diet to half their capacity, and the
cages were kept under the same environmental conditions.
The diet in these cages was changed monthly to avoid diet
contamination and desiccation. Cages were checked twice per
week and excess humidity was removed by cleaning it with
absorbent paper. About nine months later, the larvae stopped
eating. As proposed bymany other authors, diapausing larvae
were kept 45 days inside a cold chamber at 8±1°C in complete
darkness to break the diapause (Dubois et al., 2002; Hodková
& Hodek, 2004; Keena, 2005). Larvae were then transferred to
containers with fresh diet under the same conditions they had
before the cold treatment, and they started to pupate about one
month later. Sex identification was performed after the com-
plete formation, esclerotisation and melanisation of adults.
Once the fatty abdominal reserves are reabsorbed, it is possible
to distinguish body colours between males and females
(Moreno, 2005). Mortality and developmental time of each
stage (the amount of time that an individual was a larva, a
prepupa and a pupa) were recorded throughout the process.
Once the pupae were completely formed they were weighted.

The adult females originating from the larvae reared on an
artificial diet were then paired with males from the field
population in the same plastic cylindrical cages described
above and were maintained under the same temperature,
humidity and photoperiod conditions. If a male died, another
was added to the cage to allow the female to continue laying
eggs. Cages were checked daily until the last female died,
and females’ daily fecundity and longevity were annotated.
Fertility was determined by placing daily laid egg batches
under the same conditions as previously described. Data were
compared with those obtained with the adult females em-
erging from infested grape wood, and they were kept under
the same mating conditions.

Life table

Life tables from beetles reared on diet were constructed
using the daily number of eggs laid, the pre-laying period and
adult femalemortality. Additionally, themean developmental
time to adult, immature mortality and the sex ratio of the
larvae reared on the SSI diet were considered. Several life
history parameters were calculated: (i) the intrinsic rate of
increase (rm), which is the constant that appears in the
differential equation that describes population increases in a
confined environment, dN/dt= rmt, where N is the number of
individuals, t is time and rm is the intrinsic rate of increase;
(ii) the finite rate of increase (λ) that represents “the number of
times a population with a stable age distribution multiplies in
a time unit” (Birch, 1948), which is calculated as λ=erm; (iii) the
net reproduction rate (R0), which is defined as “the number
of times a population multiplies in a generation” (Laughlin,
1965) and is calculated from the expression 0<R0=Σ lxmx<∞,
where lx is the ‘age specific survivorship’ or the number of
living individuals at age×(days), and mx is the ‘age specific
fecundity’ or the mean number of females produced in a time

Table 1. Ingredients of the Iglesias’ semi-synthetic (SSI), Iglesias’ synthetic (SI), Rogers’ (R) and Rogers’ modified (RM) artificial diets for
rearing X. arvicola.

Ingredients SSI SI R RM

Content % wt Content % wt Content % wt Content % wt

Sawdust 151.8g 14.53 – – 48.7g 4.85 75g 7.41
Cellulose – – 60g 5.20 73g 7.28 73g 7.40
Glucose – – 45g 3.90 12.2g 1.21 12.2g 1.20
Sucrose – – 75g 6.50 20.3g 2.02 20.3g 2.00
Wesson’s salt mixture – – 30g 2.60 8.1g 0.81 8.1g 0.80
Casein – – 36g 3.12 24.3g 2.42 24.3g 2.40
Dry yeast 33g 3.16 90g 7.80 24.3g 2.42 25g 2.47
Cornmeal 66g 6.32 – – – – 30g 2.96
Wheat germ 122g 11.68 – – 24.3g 2.42 60g 5.93
70% ethanol 37.5ml 3.19 37.5ml 2.89 14.5ml 1.44 29ml 2.56
Methyl paraben 3.75g 0.36 3.75g 0.32 1.3g 0.13 2.55g 0.25
Benzoic acid 3g 0.29 3g 0.26 – – – –
Sorbic acid – – – – 1.7g 0.17 3.42g 0.34
Fumagilin – – – – – – 0.2g 0.02
Ascorbic acid 1.8g 0.17 12g 1.04 3.5g 0.35 3.5g 0.34
L-Methionine – – 3g 0.26 – – – –
Vitamin mixture – – 60mla 5.20 16.2mlb 1.61 16.2mlb 1.60
Agar 30g 2.87 42g 3.64 32.5g 3.24 32.5g 3.21
Distilled water 600ml 57.43 660ml 57.23 700ml 69.77 600ml 59.27

1044.72g 100 1153.12g 100 1003.30g 100 1012.22g 100

a Referred to as the vitamin mixture in Gardiner (1970).
b Referred to as the vitamin mixture in Rogers et al. (2002).
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unit (day) by a female at age×(days); the mean duration of a
generation (T ) is defined as the time from the birth of a
generation to the mean birthdate of all its progenies, which
is calculated with the expression: T=lnR0/rm; and (iv) the
duplication time (DT), which is the time necessary for a
population to double its number of individuals, calculated
with the expression DT=ln2/rm.

Statistics

Immature developmental times and pupal weight from
beetles reared on diet and adult biological parameters of
females obtained from the SSI diet and emerged from infested
grape wood were analysed using PROC ANOVA, and the
mean comparisons by sex for immature developmental times
and pupal weight and between populations for adult female
biological parameters were made by a Duncan multiple range
test (P<0.05) (SAS Institute, 2003). Fitting the regression lines
to adult survivorship (see fig. 2) and the associated parameter
assessment were conducted with the help of the TableCurve
2D program (Jandel Scientific, 1994). The Kaplan-Meier
survivorship analysis was performed to compare the adult
female survivorship of the tested specimens from SSI diet and
from infested grape wood, while survivorship distributions
were compared by the Mantel log-rank test (SAS Institute,
2003). After determining the pre-laying period, the pre-
reproductive survivorship, the age specific survivorship (lx)
and the age specific fecundity (mx), the different population
parameters were calculated with the rm 2.0 program (Taberner
et al., 1993). For the variance estimations of the intrinsic rate of
increase and its confidence intervals at 95%, the Bootstrap
technique was followed with 1000 replications, as suggested
by Meyer et al. (1986).

Results

Development of X. arvicola on diets

Themean embryonic developmental time from oviposition
to egg hatch was previously calculated for 115 recently laid
eggs at 24°C and complete darkness. It was 8.02±0.02 days,
with an egg survivorship of 73.04%. Among the four tested
diets, only the SSI diet enabled the rearing of X. arvicola, with
larva-to-adult survivorship percentages of 36% (table 2). No
survivors to the pupal stage were obtained when the larvae
were reared on the SI or the R diet, and only one larva reached
the adult stage on the RM diet. The highest larval mortality
was recorded during the first two larval instars because many
larvae did not accept the diet and could not dig into it. The
prepupa, a 5–6-day transition stage between the larva and the
pupa, and the pupa presented mortalities of 10% and 12%,
respectively. The cumulative egg-to-adult survivorship for the
SSI diet was 26%.

The sex ratio (females/total) for the SSI diet was 0.54,
indicating a similar male and female emergence to that
obtained for the adults emerging from infested grape wood
(0.47). The only individual to emerge from the RM diet was
male (table 2). Significant differences between males and
females from the SSI diet-reared larvae were found in neither
the larval (F=0.42; df=1, 49; P=0.52) and prepupal (F=1.97;
df=1, 49; P=0.17) developmental times, nor the total larva to
the adult developmental time (F=0.32; df=1, 49; P=0.57)
(table 3). However, female pupal developmental time was
significantly longer than for males (F=9.39; df=1, 49; P<0.01).

The mean female pupal weight was also significantly greater
(F=6.81; df=1, 49; P=0.01).

Adult biological parameters

The biological parameters of adult females obtained from
the SSI diet were compared with those obtained from the
adults emerging from infested grapewood, maintained under
the same climatic conditions (table 4). Although not statisti-
cally different, females from the SSI rearing diet laidmore eggs
(244±37 eggs per female) than those emerging from grape
wood (196±13 eggs per female) (F=2.55; df=1, 71; P=0.11).
No significant differences were either observed in the pre-
laying period (about one day, F=1.25; df=1, 71; P=0.27), in
fertility (about 70%, F=0.27; df=1, 71; P=0.82) or in the
greatest number of eggs laid on one day (about 46 eggs per
female, F=0.00; df=1, 71; P=0.99). In contrast, the females
obtained from the rearing SSI diet lived significantly longer
(37±4 days) than those emerging from infested wood
(24±2 days) (F=14.65; df=1, 71; P<0.01) and showed a
longer post-laying period (F=24.37; df=1, 71; P<0.01). The
mean laying period was significantly longer for the females
reared on the SSI diet (26±3 days) than for those emerging
from infested wood (19±1 days) (F=4.58; df=1, 71; P=0.03).
In both cases, females laid eggs for almost 70% of their mean
whole life span. Females reared on the SSI artificial diet laid
the greatest number of eggs in a day significantly later than
females emerging from infested grape wood (F=5.89; df=1,
71; P=0.02).

Mean fecundity in both the females reared on the SSI
artificial diet and those emerging from infested grape wood
revealed a clearly asymmetric model (fig. 1). Cumulative
fecundity (percentage of total eggs deposited by females at a
specific age) was greater than 50% at the end of the first week,
and greater than 75% at the end of the second week.

Percentage survivorship (fig. 2) of the females emerging
from infested grape wood (field) was above 80% in the first
two weeks but progressively decreased thereafter. No female

Table 2. Survivorship and developmental time of the immature
stages of X. arvicola reared on four different diets.

Stage Parameterb Dieta

SSI SI R RM

Larva No. 140 70 70 70
% Survivorship 44.29 0 0 1.43
T (days) 296.13±7.62 – – 246

Prepupa No. 62 – – 1
% Survivorship 90.32 – – 100
T (days) 5.45±0.20 – – 4

Pupa No. 56 – – 1
% Survivorship 89.29 – – 100
T (days) 17.48±0.34 – – 19

Larva-adult No. 50 – – 1
% Survivorship 35.71 – – 1.43
T (days) 321.96±8.59 – – 269

Egg-adult % Survivorship 26.09 – – 1.04

a SSI, semi-synthetic Iglesias rearing diet; SI, Synthetic Iglesias
rearing diet; R, Rogers rearing diet; RM, Rogers modified rearing
diet.
b No., number of individuals; T (days): Developmental time (±SE)
of each stage in days.
–, no data available.
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lived longer than 50 days. Female survivorship fitted a
linear model (F=2,253.88; df=1; R2

a=0.98; ordinate=107.47;
slope=–2.36). More than 90% of the females from individuals
reared on the SSI diet survived the two first weeks, and about
60% survived 30 days. Approximately 10% of females lived
longer than 60 days. Female survivorship also fitted a linear
model (F=2,245.22; df=1; R2

a=0.97; ordinate=110.10; slope=
�1.54). Females from individuals reared on the SSI diet
lived significantly longer than females from infested grape
wood (Log-Rank test; X2=8.77, P<0.01).

Life table

The life table parameters obtained for those individuals
reared in the laboratory on the semi-synthetic Iglesias (SSI)
diet are summarised in table 5. Each female produced about
34 females, as R0 indicates. The mean duration of a generation
(T ) was almost one year (342 days), and the population
increased daily by 1.01 (λ), multiplying itself 1.01 times on one
day. Every 67 days (DT), population individuals doubled in
number and the intrinsic rate of increase for X. arvicola was
about 0.01.

Discussion

X. arvicola could not complete its total larva-to-adult
development on any of the tested diets other than SSI diet,
with a survivorship of 36%. The other diets were not ap-
propriate in quality as far as texture, consistency, humidity
and nutrient content are concerned in order to rear this species
under laboratory conditions. The methodological complexity

and the low larval survivorship already reported by other
authors for some species of the same family were the causes
hindering the species from being reared in the laboratory. In a
previous work, Moreno (2005) could not rear X. arvicola from
neonate larvae to adult, and pointed out that neonate larval
mortality was the most important constraint to rearing this
species in the laboratory. Likewise, a high larval mortality has
been reported for many other cerambycid species, such as
Xylotrechus quadripes (Chevrolat) with a 25% larva-to-adult
survivorship (Visitpanich, 1994),Acalolepta vastator (Newman)
presenting a 34% larval survivorship (Goodwin & Pettit, 1994)
or Phoracantha semipunctata F with a mean larva-to-adult
survivorship of 35% (Hanks et al., 1993). Nevertheless, for two
species of the same genus, Phoracantha recurva (Newman)
and P. semipunctata, Bybee et al. (2004) reported larva-to-adult
survivorship percentages of 70% and 64%, respectively,
while Galford (1985) was able to rear Enaphalodes rufulus
(Haldeman) by obtaining an egg-to-adult survivorship of 87%.
Low survivorship on the SSI diet and in the examples pres-
ented below indicates that more work needs to be done to
refine this diet.

The critical phase for the laboratory rearing of these species
appears to be acceptance of diet during the first larval instar,
as indicated by Lee & Lo (1998) for Anoplophora macularia
(Thomson). They confirmed that the reason for this species’
high larval mortality was that many neonate larvae did not
accept the diet and that those that did could actually complete
their development in the normalmanner.Moreover, Kosaka &
Ogura (1990) with Monochamus alternatus (Hope) observed
that the neonate larvae, which did not accept the diet in the
first fewhours after being transferred to it, died during the first
larval instars.

Some authors considered the addition of some host plant
components to diet, particularly sawdust, to stimulate feeding
and as a growing promoter (Necibi & Linit, 1997). Thus,
Kosaka & Ogura (1990) showed that pupae weight and sur-
vivorship increased when a larger quantity of plant-specific
component was added to the diet, while others recommended
it because increasing sawdust increases the probability that
neonate larvae will feed on an artificial diet (Gardiner, 1970).
However, Lee & Lo (1998) verified that a larger amount of
sawdust of the host species in the diet did not seem to increase
the larval survivorship of A. macularia in laboratory rearing,
and the same occurred with the larvae of Prionus imbricornis
L. (Payne et al., 1975). Our results support the importance of
adding sawdust to the diet for rearing X. arvicola since this
species could complete its larva-to-adult development in the
laboratory only on the diet with a significant amount of this
component.

The SSI diet is not the only one to contain more sawdust,
but it contains fewer ingredients. Continuous rearing of

Table 3. Sex-differentiated developmental time (±SE) of the immature stages and pupal weight (±SE) of the X. arvicola reared on the
semi-synthetic Iglesias rearing diet (SSI).

Sexa Developmental time (days) Pupal wt (mg)

Larva Prepupa Pupa Larva-adult

Male (23) 305.04±13.92a 5.78±0.34a 16.43±0.49a 327.26±14.10a 399.13±26.80a
Female (27) 293.89±10.56a 5.19±0.26a 18.37±0.41b 317.44±10.61a 489.63±22.43b

The means within a column followed by the same letters are not significantly different (P<0.05; Duncan test).
a In brackets, the number of individuals.

Table 4. Mean biological parameter values (±SE) of the adult
females of X. arvicola from infested grape wood (field) and
laboratory rearing on semi-synthetic Iglesias (SSI) artificial diet
(reared).

Parameter Field Reared

No. of females 45 27
Fecundity (eggs per female) 196.22±12.51a 244.42±36.69a
Longevity (days) 23.64±1.55a 37.42±4.19b
Laying period (days) 19.38±1.34a 25.79±3.32b
Pre-laying period (days) 1.11±0.16a 1.68±0.75a
Post-laying period (days) 3.15±0.69a 9.95±2.26b
Day of greatest egg-laying
(days)

4.29±0.40a 7.47±1.92b

Greatest egg-laying on one day
(eggs per female)

46.13±4.19a 46.21±6.80a

Fertility (%) 69.03±3.30a 74.00±4.66a

The means within a row followed by the same letters are not
significantly different (P<0.05; Duncan test).
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X. arvicola in the laboratory has demonstrated that the SSI diet
supplies larvae’s nutritional requirements and helps rear the
species easily. The diet remains free of microorganisms for
more than amonth, maintains its texture and consistency, thus
minimising larval mortality risks as a result of excess
handling. It is subsequently possible to reduce the quantity
of antimicrobial components to reduce the potential delete-
rious effects caused by these components given their insec-
ticidal activity (Singh, 1983). This appears to be the direction to
follow to improve diet in the future.

Rearing cerambycids in the laboratory has already
been seen to shorten life cycle duration in relation to the
field (Gardiner, 1970; Galford, 1985). Thus, the life cycle of
X. arvicola (two years in the field) has been reduced to half
its length when reared in the laboratory (332±9 days). As
reported by other authors (Shintani & Ishikawa, 1997; Dubois
et al., 2002; Rogers et al., 2002) and as corroborated by our

results, a chilling period of variable duration (45 days in this
case), during the last larval instars, effectively terminates the
larval diapause and shortens development time; but this
matter requires further study.

The females born of those individuals reared in the
laboratory have a significantly longer mean pupal develop-
mental time, and they weigh significantly more than males.
Similar results have been reported for other cerambycid
species like Acalolepta vastator (Newman) (Goodwin & Pettit,
1994), Anoplophora glabripennis (Motschulsky) (Dubois et al.,
2002) or Oemona hirta F. (Wang et al., 2002). More importantly,
a positive relationship between pupal weight and fecundity
has been demonstrated for cerambycid species (Jikumaru et al.,
1994; Smith et al., 2002; Wang et al., 2002). Our results reveal
that the fecundity of those females born to individuals reared
on the SSI diet is greater (244 eggs per female) than for the
females emerging from infested grape wood (197 eggs per
female). This suggests that the SSI diet satisfies larvae nu-
tritional requirements. The fecundity values obtained from
X. arvicola are higher than those shown for other species of the
same subfamily, such as X. quadripes (103 eggs per female)
(Visitpanich, 1994), Aeolesthes sarta (Solsky) (123 eggs per
female) (Mazaheri et al., 2007) and E. rufulus (80 eggs per
female) (Galford, 1985). Our fecundity and longevity results
are also better than those offered by Moreno (2005) for

Fig. 1. Mean and cumulative fecundity (±SE) of the females ofX. arvicola emerging from infested grapewood (field) and reared on the semi-
synthetic Iglesias (SSI) artificial diet (reared).

Table 5. Life table parameters of X. arvicola reared in the
laboratory on the semi-synthetic Iglesias (SSI) artificial diet at
24±1°C, 60±5% RH and 16:8 (L:D).

Parameter

Net reproduction rate (R0) 34.45
Mean duration of a generation (T ) (days) 341.83
Intrinsic rate of increase (±SE) (rm) 0.0104±0.0004
rm confidence interval 95% 0.0095–0.0112
Finite rate of increase (λ) 1.01
Duplication time (DT) (days) 66.65
Egg-to-adult survivorship (%) 26.09

Fig. 2. Observed survivorship values of the females of X. arvicola
emerging from infested grape wood (field) (Δ) and reared on the
semi-synthetic Iglesias (SSI) artificial diet (reared) (.).

E. García-Ruiz et al.94



X. arvicola, who reported a daily fecundity of between one
and 20 eggs per female and a mean longevity of 16 days
(with a range of 11–30 days). Thus, the females of this species
lay more viable eggs and over a longer time than originally
thought.

Cerambycids that feed during the adult stage generally
live between one and two months, depending on the sex
and the rearing method employed (Hanks, 1999), although
longer life spans have been documented for species of
the subfamily Lamiinae (Linsley, 1959), with adults of
A. glabripennis, for example, living up to 112 days (Keena,
2005). Individuals of the subfamily Cerambycinae, to which
X. arvicola belongs, have shown life spans that vary between
21 days for the adults of E. rufulus (Galford, 1985) and 29 days
for the adults of X. quadripes (Visitpanich, 1994). The
longevity obtained for the females of X. arvicola emerging
from infested plant material (24±2 days) is highly similar to
that reported for other species in the same subfamily. In
contrast, the longevity (37±4 days) and laying period of the
females obtained from individuals reared on diet are
significantly longer.

Knowing the distribution of eggs laid over the entire life
of a female of X. arvicola is very important in order to design
the control strategies against this pest in the field because
colonisation and damage levels depend on dispersal and
reproduction ratios (Myers et al., 2000). The mean pre-laying
period was very short (less than two days), and no significant
differences were found between the females from infested
wood and those reared on the diet. Hanks (1999) established a
mean feeding period before mating of almost seven days for
21 species of the subfamily Lamiinae, while in the subfamily
Cerambycinae, the pre-laying timewas eight and four days for
E. rufulus (Galford, 1985) and A. sarta (Mazaheri et al., 2007),
respectively. The laying behaviour ofX. arvicola resembles that
described by Visitpanich (1994), who stated how the majority
of eggs of X. quadripes are laid by females during their first
week of life and how the fourth day was the day on which
mean female fecundity was greater. Adult females of
X. arvicola laid 65% (for those following the diet) and 80%
(for those from infested wood) of the eggs laid in the first ten
days after their emergence.

Specific survivorship, fecundity and egg viability are the
main factors affecting the reproductive success of a given
species because they have a huge impact on the intrinsic rate
of increase (rm). Akbulut & Linit (1999) reported values of rm
for Monochamus carolinensis (Olivier) of 0.04 to 0.13 on
pinewood and Mazaheri et al. (2007) of 0.0067 for A. sarta,
which are very similar to the values of 0.01 obtained for
X. arvicola in this work. Low rm values are the result of
long developmental times (322 days) and high larval mortality
(55%) and, to a lesser extent, are caused by a shorter adult
life span than other species of the same family. Despite all
this, R0 of X. arvicola is near 34.5; consequently, it can be
considered a species with moderate expansion ability (Powell,
1982). The data presented in this work not only highlight
the potential of this species to become a problem for many
wine growers in the near future, but can also help towards
the application of specific control strategies after adults
have emerged. Thus, these results should merely promote
more exhaustive field- and diet-based laboratory studies to
clarify other important aspects of this species’ biology and
ecology, which could be applied to develop more effective
control tools to be incorporated into this species’management
program.
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