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ABSTRACT

Biological invasions are one of the main threats to forest health. Although Arhopalus rusticus and
Arhopalus syriacus (Cerambycidae) are alien species in South America, the ecology of these invasive
species is not well studied. Here, we examined the effect of the female size on potential fecundity, size
and number of mature eggs in ovaries, in both insect species. We also compared egg morphometric
characteristics, larval measurements, larval development and survival between these two species. We
found a positive relationship between the female size and the number of eggs in their ovaries but no
relationship between the female size and egg morphometric characteristics in each of these two species.
The females of A. rusticus were significantly larger and had bigger eggs than those of A. syriacus, but
no significant difference was observed in the number of eggs between them. Larval body length and
head capsule exuviae width were larger in A. rusticus than in A. syriacus. Arhopalus rusticus had the
highest larval survival rate, but A. syriacus had the shortest larval period. Thus, female and egg size,
as well as larval size and survivorship are competitive advantages to A. rusticus. However, A. syriacus
has a similar number of eggs to A. rusticus and faster larval development; these could be key features
to explain the coexistence of these two species.
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RESUMEN

Las invasiones bioldgicas son una de las principales amenazas para la salud de los bosques. Aunque Arho-
palus rusticus y Arhopalus syriacus (Cerambycidae) son especies exo6ticas en América del Sur, la ecologia
de estas especies invasoras no esté bien estudiada. En este estudio examinamos el efecto del tamafo de la
hembra sobre la fecundidad potencial, tamafio y nimero de huevos maduros en ovarios en ambos insectos
plaga. Asimismo, se compararon las caracteristicas morfométricas del huevo, medidas de las larvas, y el
desarrollo y la supervivencia larval entre ambas especies. Se observo una relaciéon positiva entre el tamafio
de la hembra y el nimero de huevos en sus ovarios, pero no asi una relaciéon entre el tamafio de la hembra
y las caracteristicas morfométricas de los huevos. Las hembras de A. rusticus fueron més grandes y tuvie-
ron huevos mas grandes que A. syriacus, pero no se observo una diferencia significativa en el nimero de
huevos. La longitud de lalarva y el ancho de la cipsula encefalica fueron mayores en A. rusticus. Arhopalus
rusticus tuvo la tasa de supervivencia larval mas alta, pero A. syriacus tuvo el periodo larval mas corto.
Concluimos que el tamafio de las hembras y los huevos, asi como el tamafio de las larvas y la supervivencia
son ventajas competitivas para A. rusticus. Sin embargo, A. syriacus tiene un nimero similar de huevos al
de A. rusticus aunque un desarrollo larval mas rapido, caracteristicas que podrian ser clave para explicar
la coexistencia de estas dos especies.

Palabras clave. Cerambicidos, escarabajos longicornios, huevos, insectos plaga, larvas, tamafio corporal

J INTRODUCTION

Egg size and number are critical life-history traits in in-
sects because the former influences offspring fitness by de-
termining initial resources level (Fox 1994, Fox and Czesak
2000) and the latter influences overall progeny production
(Fox and Czesak 2000, Kato et al. 2000). In many insects,
the size and number of eggs produced by a female are
known to correlate with female size and weight (Berrigan
1991, Honek 1993). Larger females tend to have a higher
oviposition rate and/or larger eggs or larvae with higher
larval survival rates (Honek 1993, Jikumaru et al. 1994,
Fox and Czesak 2000, Yanagi and Tuda 2012). Several
studies have suggested that egg size and/or the number
of eggs produced vary depending on maternal conditions
such as body size, nutritional status, age or weight (Fox
and Czesak 2000, Kojima 2015). The size of the female’s
body is related to the number of eggs that a female can
carry or oviposit (Juliano 1985, Lawrence 1990, Ito et al.
1992, Togashi et al. 1997, Kato et al. 2000, Kojima 2015),
and this could be a function of the available space in the
female’s body (Honek 1993). Egg size is probably deter-
mined by the width of the ovipositor (Yanagi and Tuda
2012) or by the mother’s nutritional state and age. Older
or food-stressed females tend to produce smaller eggs or a

lower number of eggs than young or well-fed females (Fox
1993, Kojima 2015). On the other hand, a negative correla-
tion between the number and size of offspring (trade-off)
is frequently reported (Berrigan 1991, Ernsting and Isaaks
2000, Fox and Czesak 2000). In general, it is argued that
this trade-off is a consequence of a fixed level of resource
availability that could affect the production of offspring
(Smith and Fretwell 1974).

Arhopalus (Cerambycidae) is a Northern Hemisphere
genus whose larvae develop in coniferous trees (Hosking
and Bain 1977), mainly Pinus and Picea (Bense 1995). This
genus is present in all major biogeographic regions of the
world. Arhopalus has increased its population in the last
years to levels at which it can be considered a pest (Ciesla
2011). The main damage is caused by the larvae that make
holes and tunnels in the wood of the trees increasing lev-
els of degradation of forest products (Cerezke 1977). Even,
cerambycids cause the death of the plant, and occasional-
ly also damage structural woods (Kolk and Starzyk 1996,
Rassati et al. 2012).

Recently, some species of Arhopalus have colonized South
America. In Cérdoba Province (Argentina), Arhopalus rus-
ticus (Linnaeus, 1758) and Arhopalus syriacus (Reitter,
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1895) were first recorded in 2006 (Lopez et al. 2008),
probably introduced through wood trade from Buenos Ai-
res Province where they were first observed in 2001 (Di
Torio 2004). Arhopalus rusticus, which is found in West-
ern Europe, is the most important borer affecting pine
forests in Cérdoba Province (Pedemonte 2014). Arhopalus
syriacus is an east Mediterranean species that has been
observed in dead standing trees of Pinus elliottii Engelm.
in the southern region of Cérdoba Province (Lopez et al.
2008). Currently, both species are well established in Cor-
doba and distributed throughout the province, although
A. rusticus is more abundant and more widely distribut-
ed in the Calamuchita Valley than A. syriacus (Pedemon-
te 2014). Adults of both species emerge from the trees in
summer and generally show high copulation activity and
dispersal at dusk (Brockerhoff and Hosking 2001, Suck-
ling et al. 2001). Arhopalus rusticus has a life cycle of two
to three years (Bense 1995, Kolk and Starzyk 1996), while
A. syriacus completes its life cycle in one or two years
(Webb and Eldridge 1997). However, there are no studies
about how many larval instars these species could have.
In Argentina, previous studies on these Arhopalus spe-
cies have concentrated on their taxonomy (Di Iorio 2004,
Lopez et al. 2008), life history characteristics (Fachinetti
et al. 2015), and abundance (Pedemonte 2014).

This study aimed to analyze how female body size affects
potential fecundity, size and number of mature eggs in
ovaries, in both invasive species. Additionally, we com-
pared egg morphometric characteristics such as length,
width, elongation index and volume, and larval mea-
surements such as length and exuvia head capsule width,
development, and survival between these two species.

l MATERIALS AND METHODS

Female body size, number of eggs in ovaries, and egg mor-
phometric characteristics

Adults of A. rusticus and A. syriacus were collected in the
centralareaof CordobaProvince (32°33’South, 64°43  West)
in Argentina. In this region, A. rusticus and A. syriacus
were found in a vast pine forest dominated by P. elliottii
and P. taeda L. (Lopez et al. 2008, Pedemonte 2014).
Collections were carried out using cross-vane panel traps
made of two crosswise black plastic sheets (50 cm tall by
30 cm wide), mounted over a plastic funnel at 1.5 m above
the ground. The cross-vane design was chosen because it
is more effective than other trap designs for capturing bor-
ers (De Groot and Nott 2001, Pedemonte 2014). The traps
were baited with 100 ml of turpentine, composed mainly of
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a-pinene, B-pinene, and other terpenes and 100 ml of 70 %
ethanol (Pedemonte 2014). The turpentine and the ethanol
were placed separately in two different bottles, and a col-
lection cup with water with sodium chloride as a preserving
agent was placed at the bottom of the funnel. Traps were
placed in the field from November 2010 to March 2011. All
the individuals collected were kept in 70 % ethanol.

A total of 20 females of each species were employed for the
measurements. The length of the elytron from the scutel-
lum to the tip was chosen as an indicator of adult body size
(Berrigan 1991, Ciach and Michalcewicz 2013). Measure-
ment was made with an ocular micrometer. Then, females
were dissected and the number of mature eggs (length
>1.2 mm) in the ovaries was recorded, which was consid-
ered as a conservative indicator of potential reproductive
output (Juliano 1985). The eggs were carefully cleaned and
their surface was washed (Ciach and Michalcewicz 2009),
and four egg measurements were obtained from 200 eggs
(ten per female): length (L), width (W), elongation index
(E) and volume (V). The elongation index was calculated
as E = L/W, and volume was calculated as V = 0.51 x L
x W2, assuming the prolate spheroid shape (Ciach and
Michalcewicz 2009).

The difference in egg number between the two species and
the effect of body size, measured as elytron size, on the
number of eggs were tested using Analysis of Covariance
(ANCOVA). The relationships between the body size and
egg morphometric characteristics (L, W, E, and V) in each
species were tested using linear regression analysis. Female
body size and egg morphometric characteristics were com-
pared between species using t-tests. Analyses were con-
ducted using InfoStat software (Di Rienzo et al. 2017).

Larval measurements, development, and survival

Larval development and survival were examined at 25 °C
under laboratory conditions. The laboratory colony was
started using Arhopalus adults of both species, collected
from November 2013 to March 2014 from pine logs of
weakened trees located in the same area as above. Pairs
of adults, one male, and one female, were placed in 6 cm
height and 4 ¢cm diameter plastic tubes, with a piece of
pine bark that served as a support to oviposition. Then,
adults were placed in incubator chambers at 25 °C, with
a photoperiod of 14:10 h (L:D) and high relative humidity
(= 80 %). The pieces of bark were observed daily to detect
the presence of eggs. Eggs were left in the bark until larvae
were observed at the bottom of the plastic tubes. Newly
hatched larvae (< 12 hours old) were handled using a fine



Table 1. Results of ANCOVA using species and female elytron length as
covariates and the number of eggs in the ovaries as dependent variable.

oo |5 Jar| | |

Species 756 1 04948 0.486
Female elytron length 83 672 1 544457 <0.0001
ISpecies"FemaIe elytron 499 1 0.3264 0.571
ength

Residuals 54 992 36

Total 139919 39

hair brush and individually placed in Petri dishes (6 cm
diameter) filled with 4 g of artificial diet and put back into
the incubator chambers until the first pupa was observed
(Fachinetti et al. 2015).

The artificial diet, modified from Iglesias et al. (1989), con-
sisted of (for 1.5 kg) 600 ml of distilled water, 56 g agar,
8 g nipagin, 4 g benzoic acid, 250 g pine sawdust, 44 g
yeast, 88 g corn flour, 176 g wheat germ, 30 g glucose, 48 g
casein, 30 g sucrose, 4 g ascorbic acid, and two tablets of
Supradyn® mix vitamins. Larvae food replacement and
Petri dish cleaning were made every ten days. The artifi-
cial diet was removed and the Petri dishes were washed
with ethanol 20 % while the larvae remained in another
Petri dish. Food replacement and hygiene were monitored
until the end of the experiment using the same Petri dish
for each individual and no additional food was supplied
during rearing.

Larval rearing started with 131 individuals of A. rusticus
and 100 of A. syriacus. Each was observed daily until the
instar in which the first pupa was observed, to register the
development time in days. The first larval instar or larval
instar I was considered as the period of time in days from
egg hatching to the first molt, the second larval instar or
larval instar I was considered as the period of time in days
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from the appearance of the larva instar I until the next
molt, and so on for each instar. Larval length (cm) and ex-
uvia head capsule width (mm) were recorded when each
molted from one larval instar to the next one. Exuvia head
capsule widths, as well as larval length, were measured us-
ing a caliper (with 0.1 mm accuracy). If the head capsule
exuviae could not be found, but the larva had molted, as
evidenced by an incompletely sclerotized head, only the
larval body length was measured.

The Generalized Linear Model with a Gamma error dis-
tribution was applied for statistical comparison of larval
length and head capsule width between species in each
instar. Survival of larvae was recorded by counting liv-
ing individuals at each larval instar of development until
the first pupa was observed. Differences in survival from the
first instar to the first pupae in both species were analyzed
by the Kaplan-Meier log-rank method (Altman 1991), using
the Infostat software version 2015 (Di Rienzo et al. c2017).

J RESULTS

Female body size, number of eggs in ovaries, and egg mor-
phometric characteristics

Eggs of both species were symmetrically elongated, ap-
proximately three times longer than wide, and slightly
curved along the longitudinal axis. The tips were rounded
and there was a size difference between the two poles, with
one wider. Eggs of both species were covered with a muci-
laginous transparent layer.

In both species, we found a significant positive relation-
ship between female size and the number of eggs carried
(Table 1, Fig. 1). Interaction between species and the fe-
male elytron length was not significant (Table 1). Female
size had no significant effect on egg morphometric charac-
teristics (L, W, E or V) in either species (Table 2). Females
were significantly larger in A. rusticus than in A. syriacus

eges in ovaries and female elytron length in Arhopalus
rusticus (y = 29.036x - 277.05) and Arhopalus syriacus (y
=24.527x - 204.75).

1

13 19 21

Length of elytron (mm)
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Table 2. Regressions between female body size of Arhopalus rusticus and Arhopalus syriacus and morphometric characteristics of the eggs. None were
significant.

Arhopalus rusticus Arhopalus syriacus
Variable
Intercept Intercept
Length 1.73 0.005 0.004 0.87 1.57 0.03 0.001 0.61
Width 0.46 0.02 0.01 0.10 0.52 -0.01 0.003 0.36
Elongation Index 3.68 -0.09 0.001 0.24 3 0.14 0.01 0.27
Volume 0.18 0.02 0.01 0.11 0.23 -0.01 0.001 0.58

(Table 3). We also found statistically significant differences
in egg morphometric characteristics, with the eggs of
A. rusticus being larger than those of A. syriacus (Table 3),
but there was no significant difference between the species
in the number of eggs in ovaries (Table 1).

Larval measurements, development, and survival

Larval body length and exuvia head capsule width were
compared between the two species from instar one to in-
star six because this was the last instar before pupation in
A. syriacus (Fig. 2). Larval body length increased to the
fifth instar and there that remained almost stable in both
species (Fig. 2a). Arhopalus rusticus was significantly
larger than A. syriacus in almost all larval instars, while
the head capsule width was significantly more prominent
in A. rusticus from the fourth larval instar (Fig. 2, Table 4).

Of 131 larvae of A. rusticus, 57 survived until the end of
the experiment and of 100 of A. syriacus only 22 survived.
Larval instar development time was variable between the
species and different between instars. Arhopalus syria-
cus registered the slowest time of development in larval
instars (Table 5). The first instar in which A. rusticus and
A. syriacus pupated was instar thirteen and six, respec-
tively (Table 5). The first A. syriacus pupa was obtained
172 days after the egg hatched, while the first A. rusticus
pupa was observed after 278 days. Mean developmental
time from the first instar to the first pupa for A. rusticus

was 311.82 + 56.75 (mean + SD) days, while for A. syriacus
it was 208.86 + 56.38 days.

Survival was statistically higher in A. rusticus than in A.
syriacus (Logrank ¥? = 44.794, P < 0.001) because the sur-
vival of A. syriacus showed a sharp fall in the early stages of
larval development i. e. larval instars one and two (Table 5).

l DIScussION

We observed that A. rusticus and A. syriacus show similar
egg morphologies. Similar to eggs of some other species
of Cerambycidae, eggs of both species are long, slightly
curved along the longitudinal axis, with poles of different
sizes, and covered with a mucilaginous transparent layer
(Hernandez 1990, Ciach and Michalcewicz 2009).

Some studies in cerambycids have found a relationship
between female size and the egg characteristics (i.e. larger
females tended to deposit larger eggs) (Togashi et al. 1997,
Kato et al. 2000), but we observed no such relation. On
the other hand, we found a positive correlation between
female size and the number of eggs carried in the ovaries
in both species. Kato et al. (2000) also reported this trend
in the cerambycid beetle Semanotus japonicus Lacordaire,
1869, with the number of eggs deposited as well as egg size
and weight of the first-instar larvae increasing slightly with
the increase of female size. In Monochamus alternatus

Table 3. Female elytron length and egg morphometric characteristics in Arhopalus rusticus and Arhopalus syriacus (mean + SE), and results of t test.

Morphometric characteristics Arhopalus rusticus Arhopalus syriacus -—

Female elytron length (mm) 14.36 +2.23 1243 +1.28 10.63 < 0.0001
Egg length (mm) 1.75+0.13 1.64 +£0.23 5.87 < 0.0001
Egg width (mm) 0.51 +0.05 0.50 +0.05 2.33 0.0203
Egg elongation index 3.46 +0.34 3.31+0.49 3.51 0.0005
Egg volume (mm?) 0.23 £0.06 0.21 £ 0.06 4.32 < 0.0001
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(Hope, 1843), Monochamus saltuarius (Gebler, 1830),
and Paraglenea fortunei (Saunders, 1853), there were also
positive relationships between female body size and egg
productivity per ovariole (Jikumaru et al. 1994, Togashi
et al. 1997, Togashi 2007). In Tetraopes tetraophthalmus
(Forster, 1771), the number of larvae produced correlated
positively with female body size (Lawrence 1990).
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Our results also show that, although A. rusticus females
were on average larger than A. syriacus, there was no
statistical difference between them in the number of eggs
in ovaries. If the female body size, i.e. the abdominal ca-
pacity, is not different between the two species, produc-
ing larger eggs should be compensated by a smaller num-
ber of eggs according to a trade-off between the size and

Table 4. Results of GLM for comparison of larval body length and head capsule width between Arhopalus rusticus and Arhopalus syriacus at each instar.

ND: Data were not obtained.

Body length Head capsule width
F

Instar | 33 60.89 < 0.0001

Instar 11 46 2.29 0.137 33 0.11 0.737
Instar 11l 45 10.31 0.002 49 0.02 0.889
Instar IV 48 11.68 0.001 48 11.18 0.002
Instar V 47 39.30 < 0.0001 47 11.71 0.001
Instar VI 46 25.19 < 0.0001 46 55.29 < 0.0001
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Table 5. Survival probability estimates (1.00 on day 0) for larvae of Arhopalus rusticus (from 131 individuals) and Arhopalus syriacus (from 100 indivi-
duals) reared on artificial diet at 25 °C. Survival indicates the proportion of surviving individuals. Mean and SD of larval instar development time of

the two species are expressed in days.

Arhopalus syriacus

Survival proportion

Development time in days (mean + SD)

Arhopalus rusticus
Larval instar | Development time in days (mean + SD) | Survival proportion
1 11.25+2.89 1.00
2 12.96 + 3.46 0.93
3 19.44 + 6.40 0.86
4 15.60 + 5.62 0.82
5 17.25 +8.29 0.81
6 22.65 + 14.29 0.77
7 27.74 £20.14 0.70
8 29.91 +16.94 0.64
9 30.65 £ 19.57 0.57
10 33.95+17.55 0.56
11 27.86 £ 10.64 0.53
12 30.44 + 14.58 0.50
13 32.14 £ 14.23 0.48

30.36 £7.61 1.00
31.41 £ 26.00 0.33
36.23 £21.42 0.24
29.05 £ 16.04 0.23
33.64 £11.99 0.22
48.18 + 30.98 0.21

number of eggs, which is commonly seen in insects (Smith
and Fretwell 1974, Berrigan 1991). In A. syriacus, though
smaller, this compensation would consist of producing
smaller eggs.

The size of larvae and their survival were higher in A.
rusticus, which produced larger eggs. Our results match
with previous observations in other species of Coleop-
tera, such as Callosobruchus maculatus (Fabricius, 1775)
(Coleoptera: Bruchidae) and S. japonicus (Coleoptera:
Cerambycidae), in which egg size influences the initial lar-
val size and their survival (Fox 1994, Kato et al. 2000). In
habitats where competition is severe, larvae with higher
initial size may have advantages over smaller larvae (To-
gashi 1997), e. g. a higher size influences resistance against
resin of host trees (Ito et al. 1992, Kato et al. 2000).

Well-fed organisms are typically larger, with high larval
survival proportion and the time development is shortest
than those feed with a poor quality diet (Chapman 1998,
Keena 2005). Arhopalus rusticus and A. syriacus were
reared using different artificial diets contained no host
material (Notario and Baragano 1978, Iglesias et al. 1989)
and contained dried pulverized host material as the diet
used in this study, with similar proportions of ingredients
(DeViedmaetal.1985,Iglesiasetal. 1989,Rogersetal. 2002
for A. rusticus, and Carle 1969, De Viedma et al. 1985,
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Iglesias et al. 1989 for A. syriacus). In this study, the most
commonly rearing methods and environmental condi-
tions were used; however, Arhopalus syriacus’ first instar
larvae low survival could be due to the diet moisture and
environmental conditions (Keena 2017). Adverse effects
on establishment and development were not observed
related to moisture, neither the presence of mites, fungi or
another type of contamination in the stored diets through-
out the breeding. Moisture between 50—65 % has been
commonly used (Galford 1969). In our case, 80 % for hu-
midity could be considered excessive. Future assessments
of larval resistance to desiccation may improve our knowl-
edge about larval survival and development.

The present study registered for the first time that
A. syriacus pupates after six larval instars and A. rusticus
after thirteen larval instars at 25 °C. Although A. syriacus
larvae hatch from smaller eggs, the time required to reach
the pupae stage was shorter. These results do not match
those found by Fox (1994) in C. maculatus, whose larvae
hatching from larger eggs developed faster, which he con-
sidered a fitness advantage in interspecific competition
allowing earlier access to mating and oviposition sites.

Although the two invasive species studied coexist in the
study region, they have a different distribution within
the province: A. rusticus is found throughout the area



where pines are present, while A. syriacus is mainly
restricted to the southern regions of the study area
(Pedemonte 2014). Considering that A. syriacus can car-
ry the same number of eggs as A. rusticus, it is possible
that the smaller size of the eggs of the former is a dis-
advantage when colonizing new pine patches given the
importance of initial larval size for these species.

However, to date there are no studies about competition
between these two species in areas where both are found.
Moreover, there are no data available about reproductive
strategies such as courtship, the moment in which oviposi-
tion occurs, etc., for these species. In this context, specific
studies on competition, behavior, mating and oviposition,
distribution, and abundance of both species in Cérdoba
province are needed.

The successful invasion of exotic species, like those stud-
ied in this paper, can be separated into three processes:
first, the arrival, in which human activity has an important
role (Liebhold et al. 1992); second, establishment, in
which a “minimum viable population” may survive in the
proper environment, and finally, the spread. As soon as a
population is large enough, it will expand into adjoining
areas of suitable habitat, limited by its dispersal potential
(Lander et al. 2014). This seems to be the situation with the
studied species. Both species are recently established and
from now on the spread phase will begin. It is clear that
exotic species invasions have among many other conse-
quences an effect on local biodiversity (Mack et al. 2000).
In our case, a good understanding of the relationship of
these two species and local forests is important in order to
develop strategies for their management in order to mini-
mize the environmental damage they can cause.

AUTHOR'’S CONTRIBUTION

MEFN planed and designed the project; MFN and RF ex-
ecuted experimental work; RF, LP and MG participated
in the field sampling; MG and RF conducted data analy-
ses; MFN wrote the manuscript. All authors discussed the
manuscript.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

Nime et al. 2019, Caldasia 41(2):268-277

l LITERATURE CITED

Altman DG. 1991. Practical Statistics for Medical Research. Lon-
don: Chapman and Hall.

Bense U. 1995. Longicorn Beetles: Illustrated Key to the Ceramby-
cidae and Vesperidae of Europe. Weikersheim: Margraf Verlag.

Berrigan D. 1991. The allometry of egg size and number in in-
sects. Oikos 60(3):313—321. doi: https://dx.doi.org/10.2307/
3545073.

Brockerhoff EG, Hosking, GP. 2001. Arhopalus tristis (F.) [= Ar-
hopalus ferus (Mulsant)] (Coleoptera: Cerambycidae), Burnt
pine longhorn. Forest and Timber Insects in New ZealandNo.
27. Forest Research, Rotorua, New Zealand.

Cerezke HF. 1977. Characteristics of damage in tree-length white
spruce logs caused by the white-spotted sawyer, Monochamus
scutellatus. Can. Jour. For. Res. 7(2):232—240.

Chapman RF. 1998. The insect: Structure and Function. Cam-
bridge: University Press.

Ciach M, Michalcewicz J. 2009. Egg morphology of Rosalia al-
pina (Linnaeus, 1758) (Coleoptera: Cerambycidae) from south-
ern Poland. Entomol. News. 120(1):61—64. doi: https://doi.
org/10.3157/021.120.0112.

Ciach M, Michalcewicz J. 2013. Correlation between selected bio-
metric traits of adult Rosalia alpina (L.) (Coleoptera: Ceram-
bycidae) and size of their exit holes: new perspectives on insect
studies? Pol. J. Ecol. 61(2):349—355.

Ciesla W. 2011. Forest Entomology: A global perspective. Oxford:
John Wiley & Sons.

Carle P. 1969. Milieux artificiels pour 'élevage des larves de Pis-
sodes notatus L. (Col. Curculionidae) et autres xylophages du
Pin maritime. Ann. des Sci. Forest 26(3):397—406. doi: https://
dx.doi.org/10.1051/forest/19690304.

De Groot P, Nott R. 2001. Evaluation of traps of six different
designs to capture pine sawyer beetles (Coleoptera: Ceramby-
cidae). Agric. For. Entomol. 3(2):107-111. doi: https://dx.doi.
0rg/10.1046/j.1461-9563.2001.00087.X.

ACKNOWLEDGMENTS

This work was carried out in part with a grant provided by
the Agricultural Ministry of Argentina (SAFO 111, Unidad
Para el Cambio Rural, Ministerio de Agricultura, Ganad-
eria y Pesca, Proyecto BIRF 7520) and the University of
Coérdoba - Secyt 162/2012 and CONICET PID 114 - 201001
00209 KA1.

275


https://dx.doi.org/10.2307/3545073
https://dx.doi.org/10.2307/3545073
https://doi.org/10.3157/021.120.0112
https://doi.org/10.3157/021.120.0112
https://dx.doi.org/10.1051/forest/19690304
https://dx.doi.org/10.1051/forest/19690304
https://dx.doi.org/10.1046/j.1461-9563.2001.00087.x
https://dx.doi.org/10.1046/j.1461-9563.2001.00087.x

Nime et al. 2019, Caldasia 41(2):268-277

Di Iorio OR. 2004. Especies exdticas de Cerambycidae (Cole-
optera) introducidas en Argentina. Parte 2. Nuevos registros,
plantas huéspedes, periodos de emergencia, y estado actual. Ag-
rociencia 38(6):663—678.

Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez L, Tablada
M, Robledo CW. c2017. InfoStat version 2017. Grupo InfoStat,
FCA, Universidad Nacional de Cérdoba, Argentina. [last ac-
cessed: 10 Apr 2017]. http://www.infostat.com.ar

De Viedma MG, Notario A, Baragano JR. 1985. Laboratory rear-
ing of lignicolous Coleoptera (Cerambycidae). J. Econ. Entomol.
78(5):1149—1150. doi: https://dx.doi.org/10.1093/jee/78.5.1149.

Ernsting G, Isaaks A. 2000. Ectotherms, temperature, and trade-
offs: size and number of eggs in a carabid beetle. Am. Nat.
155(6):804—813. doi: https://dx.doi.org/10.1086/303361.

Fachinetti R, Pedemonte ML, Grilli MP. 2015. Tiempo de desar-
rollo y supervivencia de Arhopalus syriacus (Reitter) (Coleop-
tera: Cerambycidae), una plaga potencialmente perjudicial de
Pinus sp. en Argentina. AgriScientia 32(2):95-105. doi: https://
dx.doi.org/10.31047/1668.298x.v32.n2.16560.

Fox CW. 1993. Multiple mating, lifetime fecundity and female
mortality of the bruchid beetle Callosobruchus maculatus (Co-
leoptera: Bruchidae). Funct. Ecol. 7(2):203—208. doi: https://
dx.doi.org/10.2307/2389888.

Fox CW. 1994. The influence of egg size on offspring performance
in the seed beetle, Callosobruchus maculatus. Oikos 71(2):321—
325. doi: https://dx.doi.org/10.2307/3546280.

Fox CW, Czesak ME. 2000. Evolutionary ecology of progeny
size in arthropods. Annu. Rev. Entomol. 45(1):341-369. doi:
https://dx.doi.org/10.1146/annurev.ento.45.1.341.

Galford JR. 1969. Artificial rearing of 10 species of wood-boring
insects. Research Note NE-102. Upper Darby, PA: U.S. Depart-
ment of Agriculture, Forest Service, Northeastern Forest Exper-
iment Station.

Hernandez JM. 1990. Descripcion del huevo de las especies del
género Iberodorcadion (Breunning, 1943) endémicas de la Si-
erra de Guadarrama (Espafia) (Coleoptera, Cerambycidae). Bol.
R. Soc. Esp. Hist. Nat., Secc. Biol. 86(1—4):161-179.

Honek A. 1993. Intraspecific variation in body size and fecundi-
ty in insects: a general relationship. Oikos 66(3):483—492. doi:
https://dx.doi.org/10.2307/3544943.

Hosking GP, Bain J. 1977. Arhopalus ferus (Coleoptera: Ceramby-
cidae); its biology in New Zealand. N. Z. J. For. Sci. 7(1):3-15.

Iglesias C, Notario A, Baragafo JR. 1989. Evaluaci6én de las condi-
ciones de cria y datos bionémicos de coledpteros lignicolas de
tocon de pino. Bol. San. Veg. Plagas 15(1):9-16.

Ito K, Matsumoto K, Sato T. 1992. Effects of female adult size on
progeny size and survival of the cryptomeria bark borer, Se-
manotus japonicus Lacordaire. Trans. Kansai Br. Jpn. For. Soc.
1:261—264.

Jikumaru S, Togashi K, Taketsune A, Takahashi E. 1994. Ovi-
position biology of Monochamus saltuarius (Coleoptera: Ce-
rambycidae) at a constant temperature. Appl. Entomol. Zool.
29(4):555—561. doi: https://dx.doi.org/10.1303/aez.29.555.

276

Juliano SA. 1985. The effects of body size on mating and reproduc-
tion in Brachinus lateralis (Coleoptera: Carabidae). Ecol. Ento-
mol. 10(3):271—280. doi: https://dx.doi.org/10.1111/].1365-23
11.1985.tb00724.x.

Kato K, Yamada H, Shibata E. 2000. Role of female adult size in
reproductive fitness of Semanotus japonicus (Coleoptera: Cer-
ambycidae). Appl. Entomol. Zool. 35(3):327—331. doi: https://
dx.doi.org/10.1303/2€z.2000.327.

Keena MA. 2005. Pourable artificial diet for rearing Anoplophora
glabripennis (Coleoptera: Cerambycidae) and methods to opti-
mize larval survival and synchronize development. Ann. Ento-
mol. Soc. Am. 98(4):536—547. doi: http://dx.doi.org/10.1603/
0013-8746(2005)098%5B0536:PADFRA%5D2.0.CO;2.

Keena MA. 2017. Laboratory rearing and handling of cerambyc-
ids. In: Wang Q, editor. Cerambycidae of the world: biology and
pest management. CRC Press. p. 253—2809.

Kojima W. 2015. Variation in body size in the giant rhinoceros
beetle Trypoxylus dichotomus is mediated by maternal effects
on egg size. Ecol. Entomol. 40(4):420—427. doi: https://doi.
org/10.1111/een.12205.

Kolk A, Starzyk JR. 1996. Long-horn beetle Arhopalus rusticus
(L.). The Atlas of Forest Insect Pests. Multico Warszawa. Po-
land: The Polish Forest Research Institute.

Lander TA, Klein EK, Oddou-Muratorio S, Candau JN, Gidoin
C, Chalon A, Roig, A, Fallour D, Auger-Rozenberg MA, Boivin
T. 2014. Reconstruction of a windborne insect invasion using
a particle dispersal model, historical wind data, and Bayesian
analysis of genetic data. Ecol. Evol. 4(24):4609—4625. doi:
https://dx.doi.org/10.1002/ece3.1206.

Lawrence WS. 1990. Effects of body size and repeated matings
on female milkweed beetle (Coleoptera: Cerambycidae) repro-
ductive success. Ann. Entomol. Soc. Am. 83(6):1096—1100. doi:
https://dx.doi.org/10.1093/aesa/83.6.1096.

Liebhold AM, Halverson JA, Elmes GA. 1992. Gypsy moth in-
vasion in North America: a quantitative analysis. J. Biogeogr.
19(5):513—520. doi: https://dx.doi.org/10.2307/2845770.

Lopez A, Garcia J, Demaestri M, Di Iorio O, Magris R. 2008. The
genus Arhopalus Serville, 1834 (Insecta: Coleoptera: Ceramby-
cidae: Aseminae) in association to Sirex noctilio in Argentina.
Bol. San. Veg. Plagas 34(4):529—531.

Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, Bazzaz
FA. 2000. Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecol. Appl. 10(3):689—710. doi: https://
dx.doi.org/10.2307/2641039.

Notario A, Baragafio R. 1978. Ergates faber Linnaeus (Col. Ce-
rambycidae): descripcion, cria artificial y estudio cariolégico.
Anales Inst. Nac. Invest. Agrarias (I.N.I.A.) Serie: Proteccion
Vegetal 8:45-57.

Pedemonte ML. 2014. Efecto de la conectividad del paisaje, el
tamafio y la calidad del parche sobre la abundancia poblacional
de dos especies de insectos herbivoros. [Tesis]. [Cordoba]: Uni-
versidad Nacional de Cérdoba, Argentina.


http://www.infostat.com.ar
https://dx.doi.org/10.1093/jee/78.5.1149
https://dx.doi.org/10.1086/303361
https://dx.doi.org/10.31047/1668.298x.v32.n2.16560
https://dx.doi.org/10.31047/1668.298x.v32.n2.16560
https://dx.doi.org/10.2307/2389888
https://dx.doi.org/10.2307/2389888
https://dx.doi.org/10.2307/3546280
https://dx.doi.org/10.1146/annurev.ento.45.1.341
https://dx.doi.org/10.2307/3544943
https://dx.doi.org/10.1303/aez.29.555
https://dx.doi.org/10.1111/j.1365-2311.1985.tb00724.x
https://dx.doi.org/10.1111/j.1365-2311.1985.tb00724.x
https://dx.doi.org/10.1303/aez.2000.327
https://dx.doi.org/10.1303/aez.2000.327
http://dx.doi.org/10.1603/0013-8746(2005)098%5B0536:PADFRA%5D2.0.CO;2
http://dx.doi.org/10.1603/0013-8746(2005)098%5B0536:PADFRA%5D2.0.CO;2
https://doi.org/10.1111/een.12205
https://doi.org/10.1111/een.12205
https://dx.doi.org/10.1002/ece3.1206
https://dx.doi.org/10.1093/aesa/83.6.1096
https://dx.doi.org/10.2307/2845770
https://dx.doi.org/10.2307/2641039
https://dx.doi.org/10.2307/2641039

Rassati D, Toffolo EP, Battisti A, Faccoli M. 2012. Monitoring
of the pine sawyer beetle Monochamus galloprovincialis by
pheromone traps in Italy. Phytoparasitica 40(4):329—336. doi:
https://dx.doi.org/10.1007/5s12600-012-0233-5.

Rogers DJ, Lewthwaite SE, Dentener PR. 2002. Rearing huhu
beetle larvae, Prionoplus reticularis (Coleoptera: Cerambyci-
dae) on artificial diet. New Zeal. J. Zool. 29(4):303—310. Doi:
https://dx.doi.org/10.1080/03014223.2002.9518314.

Smith CC, Fretwell SD. 1974. The optimal balance between size
and number of offspring. Am. Nat. 108(962):499—506. doi:
https://dx.doi.org/10.1086/282929.

Suckling DM, Gibb AR, Daly JM, Chen X, Brockerhoff EG.
2001. Behavioral and electrophysiological responses of Arho-
palus tristis to burnt pine and other stimuli. J. Chem. Ecol.
27(6):1091—1104. doi: 10.1023/A:1010355710509.

Togashi K. 1997. Lifetime fecundity and body size of Monochamus
alternatus (Coleoptera: Cerambycidae) at a constant tempera-
ture. Jpn. J. Entomol. 65(3):458—470.

Nime et al. 2019, Caldasia 41(2):268-277

Togashi K. 2007. Lifetime fecundity and female body size in
Paraglenea fortunei (Coleoptera: Cerambycidae). Appl. En-
tomol. Zool. 42(4):549—-556. doi: https://dx.doi.org/10.1303/
aez.2007.549.

Togashi K, Akita Y, Nakane I, Shibata Y, Nakai I. 1997. Relative-
ly larger eggs produced by smaller females of Monochamus
alternatus (Coleoptera: Cerambycidae). Appl. Entomol. Zool.
32(1):264—266. doi: https://dx.doi.org/10.1303/aez.32.264.

Webb GA, Eldridge RH. 1997. Arhopalus syriacus (Reitter) (Co-
leoptera: Cerambycidae): a potential economic pest of Pinus in
Australia, with notes on its biology and distribution. Aust. For.
60(2):125-129. doi: https://dx.doi.org/10.1080/00049158.199
7.10674707.

Yanagi S, Tuda M. 2012. Female size constrains egg size via the
influence of reproductive organ size and resource storage in
the seed beetle Callosobruchus chinensis. J. Insect Physiol.
58(11):1432-1437. doi: https://dx.doi.org/10.1016/j.jinsphys.
2012.08.007.

277


https://dx.doi.org/10.1007/s12600-012-0233-5
https://dx.doi.org/10.1080/03014223.2002.9518314
https://dx.doi.org/10.1086/282929
https://dx.doi.org/10.1023/A:1010355710509
https://dx.doi.org/10.1303/aez.2007.549
https://dx.doi.org/10.1303/aez.2007.549
https://dx.doi.org/10.1303/aez.32.264
https://dx.doi.org/10.1080/00049158.1997.10674707
https://dx.doi.org/10.1080/00049158.1997.10674707
http://dx.doi.org/10.1016/j.jinsphys.2012.08.007
http://dx.doi.org/10.1016/j.jinsphys.2012.08.007

