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Abstract 

Since it was recorded for the first time in Romania (Nadlac-Arad, in 1996), Diabrotica virgifera 
virgifera Le Conte (Coleoptera:Chrysomelidae), has rapidly expanded its range, at present covers more 
than half of the country. Most research on the spread and changes in adult populations of this invasive 
species has been conducted in the western part of the country, where the insect exceeds the threshold 
level in many cases. In this paper, it presented a mathematical model to analyze the direction of spread 
and changes in population levels depending on geographical parameters and climatic factors. The model 
was developed based on number of catches per trap/day, collected from 18 localities in 8 western 
counties over three years (2008, 2009 and 2010). The selection of locations was based on the movement 
from a low altitude (115 m) to a higher altitude (557 m), which allowed for the corn growth as crops. 
For all localities, the altitude and average trap records, average daily air temperature, humidity, and 
average daily precipitation were taken into consideration. Positive correlations were observed between 
daily mean catches and daily mean air temperature (r = 0.422, p = 0.000). The proposed model is 
the interpolation of a function that includes the points (xi, yj) and the corresponding values nii ,1, =α  . 
Analyzing annual captures (according to post hoc analysis), significant differences were found between 
the three periods under study: year 2008, 2009 and 2010 (F = 53,726, p = 0,00).  

 
Keywords: modeling, spread, invasive species, Diabrotica virgifera 
 
1.  Introduction 

The invasive Diabrotica virgifera virgifera Le Conte of the order Coleoptera and the 
family Chrysomelidae is one of the most important pests of corn in Europe; with very few 
natural enemies in Europe (HUMMEL & DEUKER [1]). This causes uncontrolled growth of 
the population of this species as it adapts to different geographical and ecological conditions. 
In the area of origin, North America (USA and Canada), the insect is considered one of the 
dominant maize pest (KRYSAN & SMITH [2]). Every year, insect costs US farmers at least 1 
billion dollars through yield losses and treatment costs (CHANDLER et al. [3], FLAGEL et 
al. [4]), and both adults and larvae are responsible for these losses. Two possible reasons for 
the rapid spread of D. v. virgifera could be its mobility and its adaptability to various host 
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plants (MABRY & al. [5], O’NEAL & al. [6]). With the insect's history in Europe in mind, it 
is estimated that Eastern and Central Europe (TOEPFER & al. [7], KISS & al. [8]) are areas 
that have favorable conditions for the establishment of the D. v. virgifera; it has the potential, 
however, for invasion throughout the Northern Hemisphere (ARAGÓN [9]). In our work, 
we have focused specifically on climatic factors. This is of special relevance in the case of 
insect pests because climate is one of the most important environmental factors that limits 
the demography and colonization ability of insect species by affecting their physiological 
requirements (CHOWN & TERBLANCHE [10]). 

Adults are present in corn crops from July until September-October (LEVINE & 
OLOUMI-SADEGHI [11], GODFREY & TURPIN [12]). The population levels, as well as 
observed peaks in population, are influenced by temperature and rainfall (MEINKE et al. 
[14], GROZEA & UNIPAN [14]). In the monitoring activities and for the determination of 
adult population dynamics, pheromone and colored traps were used. The results revealed 
that pheromone traps containing the lure Csalomon® caught significantly more beetles than 
the non – baited traps, such as the Multigard

 
yellow sticky-trap (IVEZIĆ & al. [15]). 

Over time, studies carried out in the entomology domain, and especially for this 
invasive insect, have highlighted various simulation models of population dynamics. Of these, 
the mathematical model that simulates western corn rootworm population dynamics includes 
component models for immature stages of development, maturation of adults, oviposition, 
mortality, migration of pre-reproductive adults, and adult dispersal (HEIN & ELLIOTT [16]). 
A simulation model of western corn rootworm population dynamics (ROWSIM) has also 
been described (MOONEY [17]). A less complex model of population dynamics based on 
migration and dispersal of adults was developed by HEIN & TOLLEFSON [18]. Another 
model was stochastically developed to address temporal and spatial questions pertaining to 
D. v. virgifera population dynamics. The adult dispersal was allowed within a defined range 
of cells in a daily step model (STORER [19]). A model that represents a scenario in which 
the mobile adults and immobile larvae occur sequentially in time and do not perceive or 
require the same resource was developed by ONSTAD & al. [20], in 2001. In 1999, ONSTAD & 
al. [21] attempted to model the spread of western corn rootworm populations adapting to 
soybean-corn rotation. These models were successfully constructed by studying plant models 
(HIGGINS & RICHARDSON [22]). Previous studies have shown the importance of 
population dynamics in the development of some model structures (HEIN & ELLIOTT [16], 
MOONEY [17], HEIN & TOLLEFSON [18], ONSTAD & al. [21]) depending on biological 
or ecological factors; often these models are based on research carried out on a small scale, 
sometimes on plots of a few square meters. Other models on the prediction of adult dynamics 
are simulations models of a geographic nature used for large-scale areas with continental or 
global coverage, where the invading insect was first identified (ARAGÓN [9], ROBINET & 
al. [23]). A spatiotemporal lattice model to improve legislation for the management on the 
maize pest Diabrotica virgifera virgifera was developed by SZALAI & al. [24]. The model 
outputs were sensitive to changes of parameters in the functions describing. Our own studies 
cover the counties located along the western border of Romania. The surveyed area is 
the agricultural region of the country, which is most affected by insect infestation.  

So far, there are no known studies on the orientation of adult population movements on the 
basis of numerical growth. Thus far, all the studies regarding movement of these insects have been 
focused on food availability or air currents (TOEPFER & al. [7], CAMPBELL & MEINKE [25]). 

There is a great variety of models available in ecology, but the interface between theory 
and experiment is weak (BEDDINGTON [26]). Most attempts at modeling (simulation) were 
conducted in America, where the insect first occurred and was first identified. Generally, the 
models output was sensitive to changes in the parameters of function describing temperature.  
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Given the principle of MEDAWAR [27], that a complex mathematical model for an 
invasive species with many parameters is difficult to understand, and the principle of 
MOLLISON [28] that a few parameters are more intelligible than many; we choose to 
approach as simple model. Usually, mathematical models are complicated, even simple ones 
like the Kendall model (equation), which is here used for modeling insect spread.  

The invasive species, D. v. virgifera is an invader which is established in the western 
part of Romania and is expected to expand into the eastern part. Entered the country 18 years 
ago near Nadlac-Arad (VONICA [29]), it increased numerically and invaded new places. 
We believe that this model, based on temperature, humidity, daily precipitation and altitude and 
taking into account the specific factors (individuals’ number and geographical coordinates/each 
locality), will be realistic and accurate, consistent with observations. In fact, the model is the 
interpolation of a function, not just a simple equation. Is predictable to corn surfaces where 
the insect has not been yet reported.  

With its invasion of corn crops in Eastern Europe in 1992 (BAČA [30], VONICA [29], 
EDWARDS & al. [31]), D. v. virgifera quickly spread in all directions, reaching the economic 
threshold in a number of surrounding countries in approximately 1995 (HUMMEL & al. [32], 
HUMMEL [33], HUMMEL & al. [34], BERTOSSA & HUMMEL [35]). A study of the 
migratory flight of adult populations revealed that most movement is short-range (97% of 
flights last less than seven min) or field to field (COATS & al. [36]). Recent studies 
highlighted several simple and generic spread models that can be applied to D. v. virgifera 
using historic data on its spread in Europe (ROBINET & al. [23]).  

Most of the approaches to date are prediction models (simulations) for new areas of 
potential infestation. The present work paper aims to integrate scientific theory and practice to 
facilitate the containment of the invasive species and to limit its spread into non-invaded 
areas. We use multivariate interpolation in order to predict the direction of spread. The partial 
derivatives of the interpolation function will give us the components of the vector describing 
the direction of spread. The magnitude of this vector is directly related to the speed of spread. 
 
2.  Materials and methods 

 Selection of observation points. The research area included 18 localities in 8 western 
counties of Romania (Timis - TM, Arad - AR, Hunedoara - HD, Bihor - BH, Cluj, Satu Mare - SM, 
Salaj - SJ, Caras Severin - CS). The choice of this area was based on monitoring activities from 
previous years, i.e., the period 1998-2007, which revealed the presence of D. v. virgifera. 
The studied area included part of West Macro-Region of Romania, totaling approximately 
2 mil ha Agricultural Area Used (AAU). Of the 2.5 million ha with corn, nationwide,  
a considerable percentage is related to the West Region.  

In 2008-2010, Romania had more than a quarter of corn acreage in the European 
Union which is nearly 25.7%. Taking measures to protect corn crops across the country are 
a priority. In places where the species is present, monitoring activities help assess population 
level, in those where the species is not present yet, monitoring highlight new alert.  

Taking into consideration that not all areas in Romania are infested, we chose to 
describe a mathematical model of population dynamics on data collected from a large infested 
area in the western part of the country (where the first adults have been noticed in a cornfield, 
Nadlac, Arad-AR (VONICA [29]) (Figure 1). Collection location are given for the 18 field 
collected population, used in this study. 

In the monitoring activities and data collection in each locality/observation point, we 
had permission from the Municipal City Halls to explore and install the traps in cornfields. 
In cases where crops were located at higher altitudes (when the study was carried out in 
private areas), we received permission from the landowners. 
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Fig. 1. The spreading map of D.v. virgifera Le Conte, in Romania (from the first appearance,1996 to present). 
The map was constructed by the authors in the context of the research project (215/1.10.2007/ID_889), during 2010. 
The map represents the infested area that was the focus of this paper. The dark section (observation counties) 
represents the area when the insect is present, and the light section represents the area when the insect has not 
been detected. The point round marks the place at which insect first appeared in Romania (Nadlac, Arad). 

 
This work did not require approval by an Institutional Animal Care and Use 

Committee (IACUC) or equivalent animal ethics committee. The D. v. virgifera species is an 
invertebrate animal (phylum Arthropoda, class Insecta).  

Data collection and organizing experiments. During the years 2008, 2009 and 2010, 
data were collected through pheromone traps directly from the fields, from a low altitude 
(115 m) to a higher altitude (557 m) that allowed the growth and development of corn plants. 
Each locality has a representative point of observation: Timisoara (TIM), Gataia (GAT), 
Simand (SIM), Covasant (COV), Chelmac (CHE), Soimi (SOI), Blaja (BLJ), Gura Vaii (GUV), 
Gurasada (GUR), Nusfalau (NUS), Varfurile (VAR), Prisaca (PRI), Resita (RES), Negreni 
(NEG), Teregova (TER), Budureasa (BUD), Valisoara (VAL) and Domasnea (DOM). Starting 
point recorded in Romania, located in the west of the country, were established several 
research points in different direction:  N-E, S-E and E. 

No permission was required to collect the species that is the subject of this work.  
The field studies did not involve endangered or protected species. D. v. virgifera is a pest 
species, and its populations are kept under control through chemical action and non-chemical 
measures (plant rotation). Samples (adults) were collected in southeast Europe, more 
specifically in the western area of Romania. Adult beetles were caught with sticky traps. 

GPS coordinates: Timisoara: Lat. 45.74944°N / Long. 21.22722° E; Gataia:  Lat. 
45.42878° N /Long. 23.430130° E;  Simand: Lat. 46.37523°N / Long. 21.43180° E; Covasant: 
Lat. 46.24127° N /Long. 21.63382° E; Chelmac:  Lat. 46.08847° N /Long. 2188215° E; Soimi: 
Lat. 46.68969° N /Long. 22.10379° E; Blaja: Lat. 47.46746° N /Long. 22.55972° E;  Gura 
Vaii: Lat. 46.28953° N /Long. 22.38888° E; Gurasada: Lat. 45.94677° N /Long. 22.59180° E; 
Nusfalau: Lat. 47.18607° N /Long. 22.71868° E; Varfurile: Lat. 46.29805° N /Long. 22.52209° E; 
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Prisaca: Lat. 46.72710° N /Long. 22.23944°E; Resita: Lat. 45.08847° N /Long. 21.88215° E; 
Negreni: Lat. 46.95301° N /Long. 22.72158° E; Teregova: Lat. 45.16148° N /Long. 22.30357°E; 
Budureasa: Lat. 46.67868° N /Long. 22.50431; Valisoara: Lat. 46.05886° N /Long. 22.82812° E; 
Domasnea: Lat. 45.10047° N /Long. 22.30734. 

The use of traps. For each observation point (corn crops/locality), 2 sticky sexual pheromone 
traps (T1F, T2F) (Csalomon® D. v. virgifera panel type/2 pieces; produced in Hungary) (Tóth 
[38]) were placed. The distance between the two traps was 100 m when the area planted with 
corn crops was sufficiently large (0.05 ha to 75 ha); when the area was smaller; we set traps 
50 m apart. Daily trap readings were performed, and data were recorded on the spot in special 
registers. Pheromone traps (T1F, T2F) were installed (changed) during the period from June to 
September and were read daily; the panels and pheromone were changed every 2 weeks. 

Climatic data. The most important parameters were the daily air temperatures, 
humidity, and daily precipitation, which were provided by local weather stations (LWS) and 
the Regional Meteorological Center Banat-Crisana (RMC-BC) in each major locality/infested 
area under the coordination of the National Administration of Meteorology RO(NAM-RO) 
(http://www.meteoromania.ro/anm)  and World Meteorological Organization (WMO). 

Model equation and statistical analysis. Descriptive analysis was perform for all 
data (annual catches), mean, standard deviation (SD) and analysis of variance (ANOVA) was 
applied for all records. Correlations between the number of collected data from 2008, 2009, 
2010, and climate data were studied using Pearson linear correlation coefficient. Statistic 
analysis was made with IMB SPSS 17.  

The final mathematical models of spread prediction were performed using the mathematical 
program Maple 14 (MATLAB). In choosing the statistical methods, we kept in mind the need 
for clear links between a real life field (biology) and an exact field (mathematics). Recent 
advances in computer algebra systems have facilitated the manipulation of complicated 
mathematical formulae. This has made it possible for scientists to focus on understanding 
mathematical biology rather than on the formalities of obtaining solutions to equations. Scientists’ 
models must represent real systems. Real systems are complicated, and observation may alter 
the real system. A good model should be simple and should exhibit the behaviors of the real 
system that is of interest (SHONKWILER & HEROD [37]). The mathematical model of 
spread prediction was developed using the means of captures per trap. Using multivariate 
interpolation aimed to predict the direction in spread of D.v. virgifera and by partial 
derivatives of the interpolation function are highlighted the components of the vector 
describing the direction of spread whose magnitude is directly related to the speed of spread. 

 
3.  Results 

The adult dynamics of D. v. virgifera. Analyzing the daily average catch for a period of 
three years (July 1 to September 3, 2008, June 17 to August 28, 2009, and July 1 to September 30, 
2010) time of three month per year, for the studied locations, we can notice that daily average 
value of captures is highest in Simand (x=52.03 with a standard deviation SD=58.34); the 
minimum daily average value was recorded in Valisoara- Valisoara (x=4.52, SD=5.16). 

The corresponding absolute values recorded were 40119 for Simand and 2345 for 
Valisoara (table 1).  

Among the 18 localities (observation points), insignificant differences were observed 
(ANOVA test, p>0.1) in relation to average catches of Diabrotica v. virgifera recorded during 
the study period, 2008-2010, (3 months per year), in 32 pairs of locations from all the 153 
pairs of locations (table 1), as follows: Timisoara vs. Gataia (p=0.72), Covasant vs. Chelmac 
(p=0.35), Covasant vs. Blaja (p=0.70), Chelmac vs. Blaja (p=0.21), Gura Vaii vs. Gurasada 
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(p=0.34), Gura Vaii vs. Nusfalau (p=0.19), Gura Vaii vs. Prisaca (p=0.72), Gura Vaii vs. 
Resita (p=0.31), Gura Vaii vs. Teregova (p=0.67), Gura Vaii vs. Domasnea (p=0.68), 
Gurasada vs. Prisaca (p=0.20), Gurasada vs. Resita (p=0.06), Gurasada vs. Domasnea 
(p=0.19), Nusfalau vs. Varfurile (p=0.10), Nusfalau vs. Prisaca (p=0.32), Nusfalau vs. Resita 
(p=0.69), Nusfalau vs. Negreni (p=0.38), Nusfalau vs. Teregova (p=0.71), Nusfalau vs. 
Budureasa (p=0.14), Nusfalau vs. Domasnea (p=0.3), Varfurile vs. Negreni (p=0.48), 
Varfurile vs. Teregova (p=0.16), Varfurile vs. Budureasa (p=0.93), Varfurile vs. Valisoara 
(p=0.36), Prisaca vs. Resita (p=0.51), Prisaca vs. Negreni (p=0.05), Prisaca vs. Teregova 
(p=0.13), Prisacavs. Domasnea (p=0.95), Resita vs. Negreni (p=0.18), Resita vs. Teregova 
(p=0.40), Resita vs. Budureasa (p=0.05), Resita vs. Domasnea (p=0.54). 
 

Table 1. Descriptive statistics for the daily average catches in the West region of Romania 
(during the period from June to September, 2008-2010) 

95% Confidence Interval for 
the Mean Observation 

point Minimum
Maximum of 

daily 
captures 

Mean± SD 
Lower 
Bound Upper Bound 

Total catches 
of individuals 

(adults) 

 
 

N 
(summed 

days) 
Timisoara 

45.74944° N / 
21.22722° E 

0.0 178. 40.7±54,0 34.0 47.5 21151 173 

Gataia 
45.42878° N 
/23.430130° E 

0.0 174. 39.8±47.5 32.6 46.9 27670 173 

Simand 
46.37523°N / 
21.43180° E 

0.0 231. 52.0±58.3 44.5 59.4 40119 238 

Covasant 
46.24127° N / 
21.63382° E 

0.0 155 28.6±37.3 23.9 33. 20552 238 

Chelmac 
46.08847° N / 
2188215° E 

0,0 162 30.7±32.6 26.6 34.9 15183 238 

Soimi 
46.68969° N 
/22.10379° E 

0,0 120 21.1±22.6 18.2 24.0 13670 238 

Blaja 
47.46746° N / 
22.55972° E 

0,0 102 27.7±26.0 23.8 31.6 7859 173 

Gura Vaii 
46.28953° N / 
22.38888° E 

0,0 55 13.9±13.1 12.2 15.5 8812 238 

Gurasada 
45.94677° N / 
22.59180° E 

0,0 63 16.1±14.5 14.0 18.3 8401 173 

Nusfalau 
47.18607° N 
/22.71868° E 

0,0 47 10.7±9,5 9.2 12.1 5553 173 

Varfurile 
46.29805° N / 
22.52209° E 

0,0 48 6.7±9.0 5.5 7.8 5694 238 

Prisaca 
46.72710° N / 
22.23944° E 

0,0 81 13.1±15.5 11.1 15.1 9074 238 

Resita 
45.08847° N 
/21.88215° E 

0,0 46 11.6±10.2 10.3 12.9 6388 238 

Negreni 
Lat. 46.95301° N 

/22.72158° E 
0,0 30 8.4±8.0 7.1 9.6 4361 173 
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Teregova 
45.16148° N / 
22.30357° E 

0,0 48 9.7±10.5 8.4 11.1 4835 238 

Budureasa 
46.67868° N 
/22.50431°  

0,0 31 6.9±8.2 5.6 8.1 3585 173 

Valisoara  
46.05886° N 
/22.82812° E  

0,0 19 4.5±5.1 3.7 5.2 2345 173 

Domasnea 
 45.10047° N 
/22.30734°  

0,0 66 12.9±15,5 11.0 14.9 4129 238 

Total catches represents the number of D. v. virgifera individuals (adults) collected in traps T1F and T2F, 
observation point(locality)/field. This number varies from 2345 individuals adults to 40119 individuals adults. 
For each field, 2 sticky sexual pheromone traps (T1F, T2F) (Csalomon® D. v. virgifera panel type/2 pieces; 
produced in Hungary) (TÓTH [38]). Catches on two traps were quantified. N represents number of days that 
have made records/2008, 2008 and 2010. 

 
Analyzes of D.v. virgifera annual catches (ANOVA) showed significant differences 

among the three periods under study (F=53.72, p=0.00); post-hoc analysis (LSD test) revealed 
significant differences between 2008 and 2009 (mean difference of -10.48, p=0.00) and 
between 2009 and 2010 (mean difference of 10.03, p=0.00). The highest difference registered 
between the daily mean averages was found between Simand: 230.67 mean of daily catches 
in 3 August 2009, and Valișoara, 49.50 mean of daily catches in 1 August 2008. 

The annual maxima of D. v. virgifera captures were recorded in the first and second 
week of August, 2008, in the first week of August in 2009, and in the second and last week 
of August in 2010 (Figure 2). 

 

 
Fig. 2. Daily mean captures of D.v. virgifera per trap during the period of July 1 to September 30, 

2008/2009/2010 in the West region of Romania (error bars: + / - SD). 
 

Significant correlations between climate factors (daily mean air temperature, relative 
humidity, mean daily precipitation) and  adult captures were determined:  In 2008, significant 
correlations were obtained: positive correlations were observed between WCR daily mean 
catches and daily mean air temperature (Pearson’s correlation coefficient, r=0.53, p=0.00), 
while significant negative correlations were recorded in relation to daily mean relative 
humidity (r= -0.32, p=0.00) and mean daily precipitation (r=-0.24, p=0.00). 

The daily mean records during 2009 were correlated with daily average air temperature 
(r=0.29, p=0.00) and daily average soil temperature (r=0.42, p=0.00) and inversely correlated 
with mean relative humidity (r=-0.38, p=0.00) and daily average precipitation (r= -0.14, 
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p=0.00). In 2010, significant correlations were obtained: Positive correlations were observed 
between D. v. virgifera daily mean catches and daily mean air temperature (r=0.42, p=0.00), 
while significant negative correlations were recorded in relation to daily  mean relative 
humidity (r= -0.42, p=0.00) and mean daily precipitation (r=-0.14, p=0.00). 

The analyze of all daily mean capture from 2008, 2009, and 2010 in correlations with 
daily mean air temperature, daily mean relative humidity, and daily mean precipitation shows 
that the daily mean records were correlated with daily average air temperature (r=0.34, 
p=0.00) and inversely correlated with mean relative humidity (r=-0.37, p=0.00) and daily 
average precipitation (r= -0.18, p=0.00) (table 2). 

 
Table 2. Pearson’s correlation coefficient between daily mean capture from 2008, 2009, 2010 

and daily mean air temperature, daily mean relative humidity, and daily mean precipitation 
Year Daily mean 

 air temperature 
Daily mean relative 

humidity 
Daily mean  
precipitation 

2008 r=0.53, p=0.00 r= -0.32, p=0.00 r=-0.24, p=0.00 
2009 r=0.29, p=0.00 r=-0.38, p=0.00 r= -0.14, p=0.00 
2010 r=0.42, p=0.00 r= -0.42, p=0.00 r=-0.14, p=0.00 

r=Pearson’s correlation coefficient 
 

Given the observed correlations, we propose to build a mathematical model to predict 
the direction of D. v. virgifera spread based on climate factors. To determine the direction of spread 
we use geographic data, and try to determine geographic interpretations from our model. 

A mathematical model applicable to D. v. virgifera. The proposed model for the 
analysis of adult population spread is the interpolation of a function that takes in (xi, yj)  points 
with corresponding values

 
nii ,1, =α : 

. 

In the above equality, x represents locality longitude, y  represents locality latitude and 
iα  represents the number of captures in the coordinated locality (xi, yj), at the same time t for 

all localities (n = number of localities, a = weight of longitude in influencing iα ,  values). 
f∇ gradient of the function given above indicates the direction of increasing function values.  

Partial derivatives of the function constructed above are as follows: 
 

 

 
Thus, we construct a gradient vector, using which one can determine the direction of 

increasing function values by approximating as follows: 
 

 
. 
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The above model was completed by also taking the time factor t (representing the 
date) into account, thus obtaining: 

 
n = number of localities, 
d = number of days, 

ji,α = number of captures in (xi, yj)  coordinated locality on jd  date, 
a= weight of longitude, 
b= weight of latitude, 
c=1-a-b weight of calendar date. 
The partial derivatives of the function constructed above are as follows: 

 

 

 
Thus, we obtain the following gradient vector: 

 
using which we can determine the direction of increasing function values. 

A model taking into account other factors, such as temperature and precipitation 
quantities, is given by the interpolation function 

 
with partial derivatives on geographical directions  
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the partial gradient vector obtained is as follows: 

 
For all localities, geographical coordinates and mean records of traps, daily mean 

temperature, humidity and daily mean precipitation were taken into account. 
Direction of spread. The adults of species D. v. virgifera are good flyers, by natural 

flight, having an important potential of spreading in Romania. Of course, there are barriers 
that stop or slow the spread, such as, landforms high (mountains) or large areas without corn. 
In West Region, in monitored area, there are no barriers, so that we could take in account, 
the population level and spread direction. In the West area, the adults covered single flights 
up to 10 km, even reached 80 km; the natural spreading of Diabrotica in Romania was 
influenced, mainly by size of the corn fields, large fields allowed movement over longer 
distances, while smaller fields provided displacement over smaller distance.  

Further expansion of species continued over the Romania territory. In 1996, it 
emerged in the west point, Arad-Nadlac, over 10 years it was spread in all direction and after 
2006 it crossed Western Carpathian and continued to expand in all southern counties, located 
along the Danube. We can mention that species had a rapid expansion from entering the 
country, peaking inside Carpathian. We chose to make observation in the West Region due to 
establishment status of the species hold it here, with over 10 years of setting.  

In our research, we focused on D. v. virgifera population numbers. The signs 
obtained for the coordinates of gradient vectors and the corresponding directions of 
population growth of adults are shown in table 3.  

 
Table 3. Signs obtained for gradient vector coordinates and growing population density of adults at observation 

points in the West region of Romania, during the period of three years, 2008, 2009 and 2010 

 Localities-west region/   
GPS coordinates                                    

The sign (*) 
of partial 

derivatives 
on latitude:  

The sign 
(**) of 
partial 

derivatives 
on 

longitudine:  

 Direction of spread 
(growing population 
density of Diabrotica 

adults) 

Timisoara: 45.74944° N / 21.22722° E + +  N-E  

Gataia: 45.42878° N /23.430130° E  - +  S-E  

Simand: 46.37523°N / 21.43180° E - +  N-W  

Covasant: 46.24127° N / 21.63382° E  + +  N-E  

Chelmac: 46.08847° N / 2188215° E +  +  N-E  
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Soimi: 46.68969° N /22.10379° E + -  S-E  

Blaja: 47.46746° N / 22.55972° E - +  N-W  

Gura Vaii: 46.28953° N / 22.38888° E -  -  S-W  

Gurasada: 45.94677° N / 22.59180° E + -  S-E  

Nusfalau: 47.18607° N /22.71868° E + -  S-E  

Varfurile: 46.29805° N / 22.52209° E  + +  N-E  

Prisaca: 46.72710° N / 22.23944° E +  +  N-E  

Resita: 45.08847° N /21.88215° E + -  S-E  

Negreni: 46.95301° N /22.72158° E - +  N-W  

Teregova: 45.16148° N / 22.30357° E -  -  S-W  

Budureasa: 46.67868° N /22.50431 - +  N-W  

Valisoara: 46.05886° N /22.82812° E  + +  N-E  

Domasnea: 45.10047° N /22.30734 + -  S-E  

 (*)a „+” sign in column 2 means direction north; (**)a „+” sign in column 2 means direction east; The data 
from column 2 and 3 represent partial derivatives on geographical directions. Growing population density was 
established based on total catches of adults from pheromone traps (T1F, T2F). The traps were installed on each 
field/locality (observation point), during the period from June to September and were read daily. 
 

The orientation of the population to the east, can be observed, as highlight, partial 
derivates on geographical direction (aF/ax; aF/ay) and growth directions of the adult 
population (≠+≠ or ≠++≠) at observation points.   

 
4.  Discussion 

The mathematical model based on available data for the western region of Romania is 
also applicable to other regions infested with the invasive D. v. virgifera). Knowing the 
direction of invasive movement allows measures to be taken against expansion in new or 
as-yet uninfested regions. This type of model can be applied to a region or area taking into 
account the number of adult captures and climatic factors in the respective area. All data and 
mathematical equations, statistical interpretation and the entire mathematical model are based 
on original ideas, which exclude comparative interpretation. Considering other predictive 
approaches of invasive species spread and orientation, most studies are based on simulative 
models (ARAGÓN [9]) using estimation of global invasion risk zones for D. v. virgifera. 
These simulations aim to integrate distribution models to assess climatic favorability for 
species or to provide models to support the quantitative assessment of invasive spread 
(ROBINET & al. [23]). On the other hand, there are also models of the biotic potential of 
D. v. virgifera adult populations (HEIN & TOLLEFSON [18]) applicable to small areas. 
Our model, which is supported by our research, proposes an evaluation of population 
dynamics and directions of spread through mathematical calculations using daily mean 
captures (adults on traps) and climatic or geographic parameters (altitude). 

The main interesting characteristics of the adult are the consideration of the migratory 
flux between countries and control measures effect. The two features are support points in 
addressing the topic but also in achieving the goal. On the one hand we want to know where 
population is moving, in a given area and on the other hand we want to know the direction 
of propagation in order to get the most effective preventive.   
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