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ABSTRACT 

Currently, there are four Varroa species identified worldwide, which present a high interspecific and 
intraspecific variability. The objective of this investigation was to identify the predominant species of 
Varroa and the effect of thymol on the plasticity of the mite. To determine the species and effect of thymol 
on the plasticity of the mite, 150 specimens from 65 hives and 54 from 17 beehives exposed to thymol for 
28 days were morphometrically tested. According to the morphometric measurements, the mites were 
identified as Varroa destructor, there being no morphometric evidence of the infestation by other Varroa 
species. Mite populations differed among apiaries (P≤ 0.05), so that variables genital shield width 
(P=0.013), genital shield length (P=0.002) and genital shield width (P=0.026) were plus variants. We 
found 8 morphotypes, observing differences between the means of the genital shield length for thymol 
effect (P≤ 0.05). It is concluded that Varroa destructor exposed to thymol presents intraspecific 
morphometric variability for adaptation to the selection pressure imposed by the acaricide. 

Keywords: Morphometry, pathogen, acaricide. 

RESUMEN 

Actualmente existen cuatro especies de Varroa identificadas en todo el mundo, las cuales presentan una 

alta variabilidad interespecífica e intraespecifica. El objetivo de esta investigación fue identificar la 
especie predominante de Varroa y el efecto del timol sobre la plasticidad del ácaro. Para determinar la 
especie y el efecto del timol sobre la plasticidad del ácaro se analizaron morfométricamente 150 
especímenes de 65 colmenas y 54 de 17 colmenas expuestas a timol por 28 días. De acuerdo a las 
medidas morfométricas, los ácaros fueron identificados como Varroa destructor, no habiendo evidencia 
morfométrica de la infestación por otras especies del genero Varroa. Las poblaciones de ácaros difieren 
entre apiarios (P≤ 0.05), por lo que las variables ancho del escudo genital (P=0.013), largo del escudo 
genital (P=0.002) y ancho del escudo anal (P=0.026) fueron más variantes. Se encontraron 8 morfotipos, 
observándose diferencias entre las medias de largo del escudo genital por efecto del timol (P≤ 0.05). Se 
concluye que Varroa destructor expuesta al timol presenta una variabilidad morfométrica intraespecífica 
por la adaptación a la presión de selección impuesta por el acaricida. 

Palabras claves: Morfometría, patógeno, acaricida. 
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INTRODUCTION 

Varroasis is the main parasitic disease affecting the bee (Apis mellifera) worldwide; this 
disease is caused by at least four identified species: Varroa jacobsoni Oudemans, 
Varroa underwoodi, Varroa rindereri and Varroa destructor (Oudemans, 1904; Dauphiné 
et al., 1987; De Guzman et al., 1996; Anderson et al., 2000). These four Varroa species 
directly affect A. mellifera pups at the most sensitive stages of their ontogenetic 
development, feeding mainly on the haemolymph of their host, causing: weight loss, 
decreased flight performance, increased premature search of food, diminution of 
learning capacity, diminution of the return rate and reduction of the average life of the 
bees; also that they present a pathogenic function of many viral diseases associated 
with disorders of colony collapse; These negative causes are considered the most 
destructive disease of honey bees (De Jong et al., 1982, Duay et al., 2003, Kralj et al., 
2006, Cox et al., 2007, de Miranda et al. , 2010). 

Elucidating the potential of genetic and phenotypic variability related to the global 
distribution process, gave rise to a series of studies on the intraspecific morphological 
differentiation of the parasite (Delfinado et al., 1989, De Guzman et al., 1996). The 
plasticity of the Varroa mite is influenced by the geographical variability, the natural 
climatic conditions and also with the different host species (Boudagga et al., 2003, 
Maggi et al., 2009, Akinwande et al., 2012, Badejo et al., 2013, Aude et al., 2016; 
Dadgostar et al., 2018). In this sense it has been shown that there is a great phenotypic 
plasticity within the same population of mites in different species of bees worldwide 
(Akimov et al., 2004); this plasticity is classically defined as the phenotypic adjustment of 
an organism to the environment, that is to say adaptation through morphological, 
physiological and behavioral changes of individuals; allowing the maintenance of the 
individual aptitude, and therefore leads to the persistence of the population and the 
species (Pigliucci, 2005; Nussey et al., 2007). 

Although the different genotypes of Varroa are known, little is known about the 
epigenetic characteristics and phenotypic differences of Varroa populations that affect 
honey bees in this region; in this sense, it is necessary to use morphometric 
discrimination techniques (Delfinado et al., 1989), which are based on the analysis of 
measurements of some segment of the body and that mainly uses the concepts of size 
and shape (López et al., 2002). In this sense, by means of morphometric analysis, the 
Varroa species was identified and its plasticity varies after treatment with thymol. 

MATERIAL AND METHODS 

Location of the experimental area 

The investigation was carried out in the Tepic municipality, Nayarit, Mexico; located at 
21° 51'and 21° 24' north latitude, 104° 34'and 105° 05' west longitude at 915 m a.s.l. In 
the zone the subhumid warm climate predominates with rains in summer, and the semi-
warm subhumid with rains in winter; the average annual rainfall is 1,121 mm and the 
average temperature is 21.1° C (Fernández et al., 2010). 

Obtaining samples 

Approximately 300 bees were collected that were located between the third and fourth 
chambers of the breeding chamber, said bees were placed in containers with 70% 
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alcohol. Samples were collected on day zero (prior to the first application of thymol) and 
at the end of treatment on day 28. Varroa specimens were obtained using the 
methodology of De Jong et al. (1982), in the Functional Biology Laboratory of the 
Academic Unit of Veterinary Medicine and Zootechnics of the Autonomous University of 
Nayarit. 

Experimental units 

To determine Varroa species and morphometric variability, 150 Varroa specimens from 
65 hives were analyzed, and to determine the effect of thymol on Varroa plasticity, 54 
specimens were taken from 17 hives with the presence of the mite before and after the 
thymol application of the beehives presented the following characteristics: seven spaces 
between racks full of adult bees, queen with posture and a honey cast with pollen; these 
beehives were from 5 apiaries destined for the formation of queen bees fertilization 
nuclei. 

Processing of mites 

Varroa mites were processed for observation following the techniques described by 
Krantz (1978) and Maggi et al. (2009). Each mite was placed in 50 % lactic acid for 2 
hours at 100 °C; subsequently the mites were stored in alcohol at 50% v / v until 
observed. The morphometric characters were measured using a stereoscopic 
microscope with an eye micrometer at 20X. 

 

 

Figure 1. Variables measured of Varroa: (AED) dorsal shield width, (LED dorsal shield length, 
(AEG) genital shield width, (LEG) ), genital shield length, (AEA) shield width anal, (LEA) length of 

the anal shield 
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Morphometry 

Six variables were measured (Figure 1) in each of the specimens: dorsal shield width 

(AED), dorsal shield length (LED), genital shield width (AEG), genital shield length 

(LEG), shield width anal (AEA) and length of the anal shield (LEA). 

Preparation of thymol 

Thymol crystal previously pulverized with a purity of 98.0% was used. The treatment 

consisted of mixing 8 g of thymol and 32 g of icing sugar to obtain a concentration of 

20%. 

Application of the treatment 

For the application, packages with 40 g of the mixture were prepared, which were 

scattered on 20 x 20 cm paper boxes on the breeding chamber. The treatment was 

applied 3 times with intervals of 7 days. 

Statistical analysis 

To determine the morphometric differences of Varroa among the apiaries, a comparison 
of means with a one-way ANOVA test was performed, variables that had significant 
differences were subjected to a second post hoc multiple comparison analysis by means 
of a comparison of Tukey means. A correlation analysis was performed among the 
variables under study. To relate the plasticity with the thymol-based treatment, a 
Pearson correlation was performed. To determine the morphotypes, an analysis of 
average K-clusters was made; for this, the Software Statistical Package for the Social 
Sciences (SPSS) version 20 was used (IBM, 2011). 

RESULTS 

According to (Anderson et al., 2000) it was determined that the predominant species in 
this region is Varroa destructor with averages of AED (1688.40 ± 33.46 μm) and LED 
(1128.10 ± 25.76 μm). The populations of mites differed (P≤ 0.05) among apiaries 
(Table 1), so it was found that the variables AEG (P = 0.013), LEG (P = 0.002) and AEG 
(P = 0.026) were more discriminant in comparison AED (P = 0.086), LED (P = 0.16) and 
the LEA (P = 0.34). The LEG variable was the one that presented a correlation (P≤ 0.05) 
with all the variables studied; however, its correlation was greater in relation to the AED 
and AEG variables (Table 2). 

Table 1. Mean of the variables studied (μm) belonging to the populations of Varroa 

destructor of 5 apiaries evaluated. 

Apiary AED LED AEG LEG AEA LEA 

1 1696 a 1140 a 721 a 593 a 276 ab 129 a 

2 1684 a 1118 a 718 ab 575 ab 286 a 132 a 

3 1666 a 1119 a 679 b 557 b 271 b 125 a 

4 1691 a 1138 a 715 ab 594 ac 283 ab 134 a 

5 1705 a 1125 a 725 ac 595 ac 286 ac 131 a 

(AED) width of the dorsal shield, (LED) length of the dorsal shield, (AEG) width of the genital shield, (LEG) length of the 
genital shield, (AEA) width of the anal shield and (LEA) length of the anal shield. 
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Eight morphotypes were identified; morphotype A was established in mites collected in 
apiary 1; the morphotype B was found in mites belonging to the apiaries 1, 2; 4 and 5; 
the morphotypes C, F and H were found in mites of the 5 apiaries; morphotype D was 
established in mites of apiary 3; the morphotype E was found in mites of apiaries 1, 2, 4 
and 5; the morphotype G was found in mites of apiaries 2 and 3. The mean of each 
variable studied belonging to the eight morphotypes of V. destructor and the results of 
ANOVA is shown in (Table 3 and 4). By means of an equality analysis (Table 5) a 
correlation (P≤ 0.05) was found between the treatment and the variables AED (P = 
0.065) and LEG (P = 0.002). 

Table 3. Mean of the variables studied (μm) belonging to the 8 morphotypes of V. 
destructor 

MORPHOTYPES AED LED AEG LES AEA LEA 

A 1583 1042 533 483 267 108 

B 1707 1147 738 589 290 139 

C 1699 1146 683 569 281 137 

D 1692 1092 642 583 258 125 

E 1708 1134 718 613 276 131 

F 1653 1115 707 589 281 124 

G 1629 1142 717 533 263 117 

H 1700 1109 725 565 282 127 

(AED) width of the dorsal shield, (LED) length of the dorsal shield, (AEG) width of the genital shield, (LEG) length of the 

genital shield, (AEA) width of the anal shield and (LEA) length of the anal shield. 

 

Table 4. ANOVA hierarchical cluster k averages of 8 V. destructor morphotypes 

Variable Mean F Sig. 

AED 5673.763 15.000 .000 

LED 2958.600 10.197 .000 

AEG 7459.992 32.075 .000 

LEG 4172.858 19.927 .000 

AEA 372.733 2.415 .035 

LEA 369.098 4.720 .001 

(AED) width of the dorsal shield, (LED) length of the dorsal shield, (AEG) width of the genital shield, (LEG) 

length of the genital shield, (AEA) width of the anal shield and (LEA) length of the anal shield 

 

Table 2. Identification of discriminant variables of Varroa destructor by Tukey 
analysis 

Variable F Sig. 

AED 2.181 .086 

LED 1.706 .165 

AEG 3.569 .013 

LEG 4.946 .002 

AEA 3.039 .026 

LEA 1.143 .348 

(AED) width of the dorsal shield, (LED) length of the dorsal shield, (AEG) width of the genital shield, (LEG) 

length of the genital shield, (AEA) width of the anal shield and (LEA) length of the anal shield. 
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Table 5 Equality tests of the means before and after the treatment of the 
variables of V. destructor 

Variables Lambda of Wilks F Sig. 

AED .904 3.631 .065 

LED .988 .412 .525 

AEG .944 2.010 .165 

LEG .745 11.615 .002 

AEA .941 2.115 .155 

LEA 1.000 .000 1.000 

(AED) width of the dorsal shield, (LED) length of the dorsal shield, (AEG) width of the genital shield, 
(LEG) length of the genital shield, (AEA) width of the anal shield and (LEA) length of the anal shield. 

DISCUSSION 

The results found in this investigation correspond to the species of Varroa destructor; 
since the variables AED and LED are similar, but lower than those found in different 
parts of the world (Anderson et al., 2000; Zhang, 2000 ;, Boudagga et al., 2003; Maggi 
et al., 2009; Kelomey et al. ., 2016); however, our results coincide with the general 
average described for this mite (Anderson et al., 2000); these morphometric differences 
are due to the interaction between the parasite and its host. It has been observed that 
when the host has body variation, the parasite also changes this condition (Giménez et 
al., 2017); that is, the morphometric variations of the mite depend on the Apis mellifera 
lineage that Varroa destructor parasitizes; in this sense George et al., (2004) have 
shown that the parasite biomass is controlled by the host metabolic rate, in the same 
way the cell size of the combs affects the body size of the host and consequently mite 
size (Borsuk et al., 2012).  

Varroa's plasticity studies have found morphometric variations in large regions and 
countries such as Iran, Argentina, and Ukraine; finding 17 morphotypes per study 
(Akimov et al., 2004; Maggi et al., 2009; Dadgostar et al., 2018); however, in a group of 
beehives of local producers, 8 morphotypes were found, which means a great 
morphometric variability in a population of closely related bees, which is why we 
consider that this variation depends on the selection regimes within the habitats, the 
migration, the different epochs of bee reproduction and the possible mutations that the 
mite could present in time (Van Tienderen, 1991, Akimov et al., 2004, Carroll et al., 
2007). 

The phenotypic plasticity was clearly observed after 28 days of having applied a natural 
acaricide, reason why we could observe a significant reduction in the AED and LEG; so 
we agree with Maggi et al. (2009) who has reported the morphometric plasticity of 
Varroa destructor in different regions of South America. This morphometric plasticity has 
been documented in other species where they have found an association between body 
size and susceptibility to drugs (Bridges et al., 2001, Oliveira et al., 2007, Yarahmadi et 
al., 2009). In this sense, the ability of parasites to adjust their phenotype to a pesticide is 
considered as a strategy of adaptation to the intense selection pressure imposed by the 
miticide, causing plastic responses in body or ontogenetic allometry (Wu et al., 2003 ). 
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CONCLUSION 

100% of the mites evaluated belong to the V. destructor species. 8 clearly differentiated 
morphotypes were found, which allowed us to understand the intraspecific morphometric 
variability of V. destructor in populations of A. mellifera geographically related. A 
correlated positive plasticity was observed between the acaricide and the LEG 
decrease; then the post-treatment plasticity is the result of adaptation, due to the 
selection pressure imposed by the acaricide; having indications that the mite adapts by 
means of its morphological variability to the adverse conditions for its survival and to the 
colonies of bees that parasitize. 

ACKNOWLEDGMENTS 

The authors are grateful for the support received from all beekeepers in the Apicultural 
Product System of Nayarit State, who allowed this research in their apiaries and devoted 
time and effort to carry out this research. Also, to the National Council of Science and 
Technology for the doctoral grant to M.C. Henry Jesús Loeza Concha CVU., 479944 
and for the financing, to the Program for the Professional Development of Teachers 
(PRODEP) to the incorporation of new PTC 2016. 

BIBLIOGRAPHY 

AKIMOV I, Benedyk S, Zaloznaya L. 2004. Complex analysis of morphological 

characters of Gamasid mite Varroa destructor (Parasitiformes, Varroidae). Journal of 

Zoology. 38(5): 57–66. ISSN: 0084-5604 

AKINWANDE KL, Badejo MA, Ogbogu SS. 2012. Incidence of the Korean haplotype of 

Varroa destructor in southwest Nigeria. Journal of Apicultural Research. 51:369-370. 

ISSN: 0021-8839 

ANDERSON D, Trueman J. 2000. Varroa jacobsoni (Acari: Varroidae) is more than one 

species. Experimental and applied ácarology. 24:165-189. ISSN: 0168-8162 

AUDE KE, Armand P, Francois A, Charlemagne G, Georg G, Manuelle T, Lamine BM. 

2016. Morphometric characterization of parasite Varroa sp. of bee Apis mellifera L. in 

Benin. European Scientific Journal. 12(33):221-234. ISSN: 1857-7431.DOI: 

10.19044/esj.2016.v12n33p221 

BADEJO M, Ogbogu S, Akinwande KL. 2013. Morphometrics and parasitic load of 

Varroa mites (Acari: varroidae) on colonies of Apis mellifera adansonii (Hymenoptera: 

apidae) in south Western Nigeria.  Russian Acarological Journal. 21:17-26. ISSN: 0132-

8077 

BOSUK G, Olszewski K, Strachecka A, Paleolog J, Kasperek K. 2012. Genetic and 
morphometric variation of the Varroa destructor developing in standard and small comb 
cells. Veterinary Medical Science and Practice (Medycyna Weterynaryjna). 68:599-602. 
http://www.medycynawet.edu.pl/231-summary-2012/summary-2012-10/4223-summary-med-weter-68-10-
599-602-2012 

BOUDAGGA H, Barbouche N, Laârif A, Hamouda, MHB. 2003. Morphological 

identification of the Varroa species (Acari: Varroidae) colonizing Tunisian apiaries. 

http://www.medycynawet.edu.pl/231-summary-2012/summary-2012-10/4223-summary-med-weter-68-10-599-602-2012
http://www.medycynawet.edu.pl/231-summary-2012/summary-2012-10/4223-summary-med-weter-68-10-599-602-2012


 
ABANICO VETERINARIO  ISSN 2448-6132 Publisher Sergio Martínez González  sisupe.org/revistasabanico 

105 
 

Systematic and Applied Ácarology. Systematic y Applied Acarology Society. 8(1): 97-

100. ISSN: 1362-1971. DOI: 10.11158/saa.8.1.12 

BRIDGES CM, Semlitsch RD. 2001. Genetic variation in insecticide tolerance in a 

population of southern leopard frogs (Rana sphenocephala): implications for amphibian 

conservation. The American Society of Ichthyologists and Herpetologists. 1(1):7-13. 

ISSN: 0045-8511. DOI: 10.1643/0045-8511(2001)001[0007:GVIITI]2.0.CO;2. 

CARROLL SP, Hendry AP, Reznick DN, Fox CW. 2007. Evolution on ecological time‐

scales. Functional Ecology. 21:387-393. ISSN:1365-2435. DOI:10.1111/j.1365-

2435.2007.01289.x. 

COX DL, Conlan S, Holmes EC, Palacios G, Evans JD, Moran NA, Quan PL, Briese T, 

Hornig M, Geiser DM. 2007. A metagenomic survey of microbes in honey bee colony 

collapse disorder. Science. 318:283-287. ISSN: 0036-8075. DOI: 

10.1126/science.1146498. 

DADGOSTAR S, Nozari J. 2018. Classical and geometric morphometric methods reveal 

differences between specimens of Varroa destructor (Mesostigmata: Varroidae) from 

seven provinces of Iran. Persian Journal of Ácarology. 7(1):51.60.ISSN:2251-8169. DOI: 

10.22073/pja.v1i1.32063. 

DE GUZMAN L, Delfinado M. 1996. A new species of Varroa (Acari: Varroidae) 

associated with Apis koschevnikovi (Apidae: Hymenoptera) in Borneo. International 

Journal of Acarology. 22: 23-27. ISSN: 0164-7954. DOI: 10.1080/01647959608684077. 

DE JONG D, De Jong P, Goncalves L. 1982. Weight loss and other damage to 

developing worker honeybees from infestation with Varroa jacobsoni. Journal of 

Apicultural Research. 21:165-167. ISSN: 0021-8839. DOI: 

10.1080/00218839.1982.11100535. 

DE MIRANDA JR, Cordoni G, Budge G. 2010. The Acute bee paralysis virus-Kashmir 

bee virus-Israeli acute paralysis virus complex. Journal of Invertebrate Pathology. 1:30-

47. ISSN: 0022-2011 DOI: 10.1016/j.jip.2009.06.014 

DELFINADO M, Aggarwal K. 1987. A new Varroa (Acari: Varroidae) from the nest of 

Apis cerana (Apidae). International Journal of Acarology. 13:233-237. ISSN: 0164-7954. 

DOI: 10.1080/01647958708683777. 

DELFINADO M, Houck M. 1989. Geographic variation in Varroa jacobsoni (Acari, 

Varroidae): application of multivariate morphometric techniques. Apidologie. 20:345-358. 

ISSN:0044-8435. 

DUAY P, De Jong D, Engels W. 2003. Weight loss in drone pupae (Apis mellifera) 

multiply infested by Varroa destructor mites. Apidologie. 34:61-65. ISSN: 0044-8435. 

DOI: 10.1051/apido:2002052. 



 
ABANICO VETERINARIO  ISSN 2448-6132 Publisher Sergio Martínez González  sisupe.org/revistasabanico 

106 
 

FERNÁNDEZ A, Zavala J, Romero R. 2010. Atlas climático digital de México. Centro de 

Ciencias de la Atmósfera, UNAM. Available online: 

http://atlasclimatico.unam.mx/atlas/kml  

GEORGE M, Munoz G, Marquet PA, Poulin R. 2004. Testing the energetic equivalence 

rule with helminth endoparasites of vertebrates. Ecology Letters. 7:527-531. ISSN:1461-

0248. DOI: 10.1111/j.1461-0248.2004.00609.x. 

GIMÉNEZ P, Mendoza Y, Invenizzi C, Fuselli S, Alonso Salces R, Fernández P, Maggi 

M. 2017. Morphometric correlation between Apis mellifera morphotypes (Hymenoptera) 

and Varroa destructor (Acari) from Uruguay. Journal of Apicultural Research. 56:122-

129. ISSN: 0021-8839. DOI: 10.1080/00218839.2017.1287998. 

KELOMEY E, Paraiso A, Azonwade F, Gbemavo C, Goergen G, Tamo M, Baba-

Moussa, L. 2016. Morphometric characterization of parasite Varroa sp. of bee Apis 

mellifera L. in Benin. European science journal. 12(33):221-234. ISSN: 1857-7881. DOI: 

10.19044/esj.2016.v12n33p221. 

KRALJ J, Fuchs S. 2006. Parasitic Varroa destructor mites influence flight duration and 

homing ability of infested Apis mellifera foragers. Apidologie. 37:577-587. ISSN: 0044-

8435. DOI: 10.1051/apido:2006040. 

KRANTZ G. 1978. A manual of ácarology. –Oregon State University Book Store. Inc. 

Corvallis. 509 p. ISBN: 0882460641, 9780882460642. 

LÓPEZ E, Acosta N, González N, Fernández M, Ferreira E, Rojas De Arias A. 2002. 

Diferencias morfométricas en poblaciones de Triatoma infestans provenientes de las 

regiones Oriental y Occidental del Paraguay. Memorias del Instituto de Investigaciones 

en Ciencias de la Salud. 1:51-57. ISSN: 1812-9528. 

MAGGI MD, Sardella NH, Ruffinengo SR, Eguaras MJ. 2009. Morphotypes of Varroa 

destructor collected in Apis mellifera colonies from different geographic locations of 

Argentina. Parasitology research. 105:1629-1636. ISSN: 0932-0113. DOI: 

10.1007/s00436-009-1605-8. 

NUSSEY D, Wilson A, Brommer J. 2007. The evolutionary ecology of individual 

phenotypic plasticity in wild populations. Journal of evolutionary biology. 20:831-844. 

ISSN: 1420-9101. DOI: 10.1111/j.1420-9101.2007.01300.x. 

OLIVEIRA EE, Guedes RNC, Totola MR, De Marco Jr P. 2007. Competition between 

insecticide-susceptible and-resistant populations of the Maize weevil, Sitophilus 

zeamais. Chemosphere. Europe PMC. 69:17-24. ISSN: 0045-6535. DOI: 

10.1016/j.chemosphere.2007.04.077. 

OUDEMANS AC. 1904. On a new genus and species of parasitic acari. Notes from the 

Leyden Museum.24:216-222. ISSN: 1872-9231. 

http://www.repository.naturalis.nl/document/551518.  

http://atlasclimatico.unam.mx/atlas/kml
http://www.repository.naturalis.nl/document/551518


 
ABANICO VETERINARIO  ISSN 2448-6132 Publisher Sergio Martínez González  sisupe.org/revistasabanico 

107 
 

PIGLIUCCI M. 2005. Evolution of phenotypic plasticity: where are we going now? 

Trends in Ecology y Evolution. 20:481-486. ISSN: 0169-5347. DOI: 

10.1016/j.tree.2005.06.001. 

VAN TIENDEREN PH. 1991. Evolution of generalists and specialists in spatially 

heterogeneous environments. Evolution: International Journal of Organic Evolutio. 

45:1317-1331. ISSN: 1558-5646. DOI: 10.1111/j.1558-5646.1991.tb02638.x. 

WU R, Ma CX, Lou XY, Casella G. 2003. Molecular dissection of allometry, ontogeny, 

and plasticity: a genomic view of developmental biology.Bioscience. 53:1041-1047. 

ISSN: 0096-7645. DOI: 10.1641/0006-3568(2003)053[1041:MDOAOA]2.0.CO;2. 

YARAHMADI F, Moassadegh M, Soleymannejadian E, Saber M, Shishehbor P. 2009. 

Assessment of acute toxicity of abamectin, spinosad and chlorpyrifos to Thrips tabaci 

Lindeman (Thysanoptera: Thripidae) on sweet pepper by using two bioassay 

techniques. Asian Journal of Biological Sciences. 2:81-87. ISSN: 1996-3351. DOI: 

10.3923/ajbs.2009.81.87 

ZHANG ZQ. 2000. Notes on Varroa destructor (Acari: Varroidae) parasitic on 

honeybees in New Zealand. Systematic and Applied Ácarology Special Publications. 

5:9-14. ISSN: 1461-1183. DOI: 10.11158/saasp.5.1.2 


