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Abstract  32 

Cosmopolitan pests such as Brevicoryne brassicae, Lipaphis pseudobrassicae, and 33 

Myzus persicae (Aphididae) cause significant damage to Brassicaceae crops. 34 

Assessment of the important biotic and abiotic factors that regulate these pests is an 35 

essential step in the development of effective Integrated Pest Management programs for 36 

these aphids. This study evaluated the influence of leaf position, precipitation, 37 

temperature, and parasitism on populations of L. pseudobrassicae, M. persicae, and B. 38 

brassicae in collard greens fields in the Triângulo Mineiro region (Minas Gerais state), 39 

Brazil. Similar numbers of B. brassicae were found on all parts of the collard green 40 

plants, whereas M. persicae and L. pseudobrassicae were found in greatest numbers on 41 

the middle and lower parts of the plant. While temperature and precipitation were 42 

positively related to aphid population size, their effects were not accumulative, as 43 

indicated by a negative interaction term. Although Diaeretiella rapae was the main 44 

parasitoid of these aphids, hyperparasitism was dominant; the main hyperparasitoid 45 

species recovered from plant samples was Alloxysta fuscicornis. Parasitoids seem to 46 

have similar distributions on plants as their hosts. These results may help predict aphid 47 

outbreaks and gives clues for specific intra-plant locations when searching for and 48 

monitoring aphid populations.   49 

 50 

Introduction 51 

The aphid species Brevicoryne brassicae (L.), Lipaphis pseudobrassicae (Davis), 52 

and Myzus persicae (Sulzer) are cosmopolitan pests that cause substantial damages to 53 

plants in the Brassicaceae family (Blackman and Eastop 2000; Micic, 2005, Collier and 54 

Finch, 2007, Gu et al. 2007).   55 

Aphid-parasitoid interactions on Brassica crops constitute a complex system that 56 
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has been much studied because of its importance to biological control (Waterhouse and 57 

Sands 2001, Cividanes 2002; Akhtar et al. 2010). For instance, the endoparasitoid 58 

Diaeretiella rapae (McIntosh) (Braconidae, Aphidiinae) may significantly affect the 59 

biotic regulation of aphid populations (Mackauer and Völkl 1993; Sullivan and Völkl 60 

1999) including those of Brevicoryne brassicae, L. pseudobrassicae, and M. persicae, 61 

all known hosts of D. rapae (Starý et al. 2007). Nonetheless, it is well known that both 62 

abiotic and biotic factors regulate insect populations (Price et al. 2011) and so assessing 63 

the relative effects of these factors on natural pest populations is as difficult as it is 64 

essential for improving future controls of these aphid species (Dent 1995). For example, 65 

studies aimed to establish whether or not hyperparasitoids interfere with the impact 66 

of primary parasitoids on aphid populations (Höller et al., 1993), works dealing with 67 

the effect of environmental conditions on the parasitism rate (Zamani et al., 2006), and 68 

research into the feasibility of the Integrated Pest Management of certain parasitoids 69 

that naturally occur under fluctuating conditions  (Desneux & Ramirez-Romero, 2006) 70 

have all been widely conducted in the Northern Hemisphere. However, a broader 71 

perspective of the maintenance of natural aphid-natural enemy interactions in tropical 72 

regions is lacking. Thus, the study of Brassica aphids appears to be a suitable model for 73 

further exploring the effect of abiotic conditions on aphid-parasitoid interactions. This 74 

approach is particularly interesting, as few studies have ever been carried out under field 75 

conditions in the Tropical region. 76 

The research reported here aimed to examine the influence of abiotic and biotic 77 

variables on Brassica aphids under field conditions. We first investigated the influence 78 

of leaf position, precipitation (estimated as seven-day accumulated values), and average 79 

temperature on populations of L. pseudobrassicae, M. persicae, and B. brassicae. We 80 

hypothesized that the response of aphid species to temperature would follow the same 81 
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gradient in the field as it had under laboratory conditions. In addition, we expected that 82 

leaf position would also have an effect on aphid distribution and that species colonizing 83 

the lower leaves of the plant would be less affected by precipitation than those 84 

colonizing upper leaves. Secondly, we investigated the influence of abiotic and biotic 85 

variables on the communities of L. pseudobrassicae, M. persicae, and B. brassicae 86 

parasitoids in collard fields. 87 

Materials and methods 88 

Experiment setup 89 

Our study was conducted in the fields of the Glória Experimental Farm of the 90 

Federal University of Uberlândia in southeastern Brazil (18º57’07”S, 48º12’27”W). 91 

This farm is in the Triângulo Mineiro region and lies in the Brazilian Savannah 92 

ecosystem, locally known as the Cerrado. This ecosystem occupies about 20% (206 93 

million ha) of Brazil’s land surface, although in the past 30 years 50% of the natural 94 

vegetation has been replaced by agricultural crops and cultivated pastures (Assunção 95 

and Chiavari 2015). The agriculture of the Cerrado provides 60% of Brazilian grain 96 

(mainly soybean and corn), 75% of its cotton, and 19% of its sugar cane, and also 97 

harbours 50% of its cattle, which demand large areas of pastureland (CONAB 2015). 98 

The Cerrado includes a great diversity of habitats, from open fields to dense forest 99 

formations, and has two well-defined seasons (dry winter and rainy summer). Although 100 

its soils’ morphological and physical characteristics vary widely, the predominant soils 101 

(about 54%) are latosols that are generally nutrient-poor (especially phosphorus) and 102 

highly weathered, and have a low cation exchange capacity and high acid and 103 

aluminium toxicity (Malavolta and Kliemann 1985).  104 

The farm’s fields are surrounded by cropland (corn and soybean) and pastures. 105 

The crops are rotated and the position of each crop is changed every year. The rotation 106 
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schedule include collard greens, cabbages, cauliflowers, lettuces, beet, and carrots. 107 

Taking into account the crop rotation system adopted in the fields, the study was 108 

conducted in a similar matrix structure in two enclosed areas (100 m apart) inside the 109 

fields. Collard greens Brassica oleracea var. acephala L. was chosen as the aphids’ host 110 

plant due to its importance as a food crop in Brazil and the peculiarities of the 111 

disposition of its leaves. This species constantly produces new leaves from the top of 112 

the plant, which allows the plant’s aphid distribution to be observed for longer than on 113 

other Brassica crop species. By contrast, other Brassicae crops such as cabbage, 114 

cauliflower, and broccoli stop producing new leaves in order to form flowering heads 115 

(Filgueira 2003).  116 

Seedlings were taken from the lateral shoots of the mother plants of the Talo 117 

Roxo cultivar and kept in 2-litre plastic bags with organic substrate in a greenhouse for 118 

one month. Afterwards, seedlings were transplanted into the field. The plants in the 119 

experiment in Area 1 were planted in July 2005 and sampling was carried out in August 120 

2005–March 2006. This experimental field consisted of two rows, each of 35 plants, 121 

and one row of 19 plants, giving a total of 89 collard green plants. The second study site 122 

(Area 2) was planted in September 2006 and sampling was carried out in October 2006–123 

January 2008. In this case, the experimental field had three rows, each of 25 plants, 124 

giving a total of 75 collard green plants. In both areas, the spacing between plants was 125 

constant: one meter between rows and 0.5 meters between plants.  126 

In both experimental areas, only organic fertilizer was applied (at 10 kg cattle 127 

manure per meter) and no insecticides were used. Sprinkler irrigation was performed 128 

daily and lateral shoots were manually removed each week.  129 

In southeastern Brazil, where this study was conducted, the highest 130 

temperatures and rainfall occur in September–March (IBGE, 2010). We counted aphid 131 



 6 

populations in 101 samples taken in the hot rainy season, since the chief aim of the 132 

study was to assess the effects of high temperatures and precipitation on aphid 133 

populations. Climatic data were obtained from a meteorological station located about 134 

500 m from the experimental areas.  135 

 136 

Sampling of insects and species identification  137 

To quantify aphid population dynamics, samples were taken on a weekly basis 138 

(32 samples over the course of the experiment for Area 1 and 69 for Area 2). Each 139 

sample consisted of three randomly selected plants, one from each row in each plot. A 140 

total of three leaves per plant were removed and examined, one from each of the three 141 

positions (upper, middle, and lower). Upper leaves were considered to be upright and 142 

still expanding; middle leaves were fully expanded but not yet senescent; and lower 143 

leaves had already reached senescence. All samples were taken from plants that had 144 

been in the field for at least one month, enough time to permit aphid colonization. In 145 

order to guarantee the independence of the samples taken from a plant, the sampling 146 

design include a restriction that the same plant would not be sampled again for another 147 

four weeks. 148 

In the lab, the parasitized and non-parasitized individuals of each of the three 149 

aphid species were counted and studied under a stereoscopic microscope. After 150 

identifying the parasitized aphid species, including mummified individuals and empty 151 

mummies (bearing the parasitoid’s exit hole), mummies were removed from leaves and 152 

placed in separate Eppendorf tubes. These tubes were kept for up to a year to allow 153 

primary and secondary parasitoids to hatch. However, practically all parasitoids and 154 

hyperparasitoids emerged within two weeks and were identified to family, genera, or 155 

species level whenever possible following (Pike et al. 1997; Powell, 1982).  156 
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Data analyses 157 

Since aphids tend to congregate, when monitoring aphid population dynamics 158 

in crops it is not unusual to find no aphids on successive samples but then find a very 159 

large concentration once a colony is encountered (Maunder and Punt 2004). One 160 

solution to this clumping is to adopt what are generally known as ‘hurdle models’ since 161 

sampling rates of zero can complicate calculations and, in addition, if not properly 162 

modeled the presence of many zero rates can invalidate an analysis’ assumptions and 163 

jeopardize the integrity of the inferences (Potts and Elith 2006). The use of hurdle 164 

models is particularly suited to datasets with many zeros (Maunder and Punt 2004; 165 

Mayer et al. 2005).  166 

Hurdle modeling combines two components that are simply two particular 167 

examples of generalized linear models (McCullagh and Nelder 1989). For the binary 168 

component of the conditional model, we used a logistic model assuming a binomial 169 

distribution given the binary nature (presence/absence) of the zero catch rates (Mayer et 170 

al. 2005; O’Neill and Faddy 2003; Potts and Elith 2006). By contrast, for the second 171 

component of the conditional model we used a log-normal distribution (conditional 172 

upon their presence), the most commonly selected distribution model (Maunder and 173 

Punt 2004; Potts and Elith 2006), after checking the normal distribution of the residuals 174 

of the obtained data set. 175 

In order to meet the assumption of the dependence of simultaneously taken 176 

observations, the analyses of the biotic and abiotic factors affecting aphids’ density and 177 

parasitism rates were tested using generalized linear mixed models (Bates et al., 2008). 178 

Analyses were conducted for the three main aphid species, B. brassicae, L. 179 

pseudobrassicae, and M. persicae. In all analyses, leaf position (upper, middle, and 180 

lower), average weekly temperature, seven-day accumulated precipitation, and the 181 
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interaction between average temperature and accumulated precipitation were included 182 

as fixed factors. The sampling period was included as a random effect term to account 183 

for the fact that samples taken at the same time were not independent.  184 

In the analyses, aphid density was taken as the number of parasitized aphids + 185 

the number of non-parasitized aphids, while the parasitism rate was the number of 186 

mummified aphids/aphid density. All mummified aphids are used in the analyses, 187 

including both empty mummies and mummies from which parasitoids did not emerge.    188 

Ad hoc contrasts from ANOVA variance were evaluated for the three species 189 

of aphid to compare their relative abundance after adjusting for leaf position.  190 

All analyses were performed on R 3.0.2 (R Development Core Team 2013); 191 

library lme4 (Bates et al. 2008) was used for model fitting and library lmerTest 192 

(Kuznetsova et al, 2013) was used for inference methods with mixed models. 193 

 194 

Results 195 

Aphid, parasitoid and hyperparasitoid abundance  196 

A total of 469,795 Brassicae aphids were counted during the 101 sampling 197 

sessions. With a total of 303,200 individuals, Brevicoryne brassicae was the most 198 

abundant aphid species found, followed by L. pseudobrassicae (153,364) and M. 199 

persicae (13,231). In terms of the average population density of the three aphid species, 200 

B. brassicae was more abundant than both L. pseudobrassicae (t = -3.58, P <0.001) and 201 

M. persicae (t = -6.93, P <0.001); the population of L. pseudobrassicae was greater than 202 

that of M. persicae (t = 3.35, P <0.002). The population dynamics of each aphid species 203 

was distinct: while L. pseudobrassicae was abundant throughout the sampling period, B. 204 

brassicae was all but absent in October 2005–August 2007 and M. persicae in 205 

December 2006–August 2007. Aphid species have their own endogenous intra-annual 206 
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rhythm: B. brassicae is mostly unimodal, while M. persicae and L. pseudobrassicae are 207 

both bimodal (Figure 1). 208 

The relative abundance of the hyperparasitoids that emerged from the mummies 209 

of the three aphid species was greater than that of the primary parasitoids (Table 1). The 210 

most abundant primary parasitoid was D. rapae, while Alloxysta fuscicornis (Hartig) 211 

was the most abundant hyperparasitoid. However, a large number of Syrphophagus 212 

hyperparasitoids also emerged from L. pseudobrassicae and M. persicae mummies. 213 

Hyperparasitoids belonging to the genus Pachyneuron were infrequent and parasitoids 214 

of the genus Aphelinus and hyperparasitoids of the genera Dendrocerus and 215 

Tetrastichus only occurred sporadically (Table 1).  216 

Aphid parasitism of B. brassicae averaged 16.2 ± 2.28 %, with a maximum of 217 

87.5 % from a single sampling sessions. For L. pseudobrassicae, parasitism averaged 218 

0.8 ± 0.19 %, with a maximum parasitism of 11.1%, while for M. persicae parasitism 219 

averaged 8.5 ± 1.44 %, with a maximum of 72.2 %. 220 

 221 

Influence of climatic factors on aphids and parasitism   222 

During the sampling period, climatic conditions followed the typical pattern for 223 

southeastern Brazil in the rainy season (September–March). The highest temperatures 224 

were registered during this period (Figure 1). A common feature of the three aphids’ 225 

populations was the occurrence of a population peak between September and November 226 

(spring) at the beginning of the rainy season. Aphid population patterns are also 227 

correlated with peaks in the populations of primary and secondary parasitoids, which 228 

was especially obvious in the case of B. brassicae (Figure 1). 229 

Responses to temperature and precipitation in these Brassica aphids varied 230 

according to species. Higher temperatures benefited the presence of B. brassicae and M. 231 
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persicae, and favoured their abundances whenever they were present (Tables 2 and 3). 232 

Similarly, precipitation positively affected the presence of B. brassicae and M. persicae, 233 

although only the abundance of B. brassicae seems to be determined by precipitation 234 

patterns. By contrast, the presence and range of abundance of these two species was 235 

negatively related to the interaction between temperature and precipitation (Tables 2 236 

and 3). Variation in L. pseudobrassicae colonies was not significantly related to any of 237 

those climatic variables. 238 

In turn, parasitism rates of the three species varied in relation to climatic variables. 239 

Although both precipitation and temperature increased the parasitism rates in these 240 

species, the interaction between these two climatic variables had a negative effect on the 241 

parasitized aphids’ presence (Tables 5, 6, 7). 242 

 243 

Intra-plant distribution effects on aphids and parasitism 244 

Both L. pseudobrassicae and M. persicae populations were significantly related 245 

to leaf position. The logistic model showed that there was a greater probability of 246 

finding colonies of both species on the middle and lower leaves than on the upper 247 

leaves. Nevertheless, the lognormal model indicates that when colonies of these species 248 

are present the number of individuals is also positively related with those positions, with 249 

greater populations on middle and lower leaves than on upper leaves (Tables 3 and 4). 250 

The presence of parasitized aphids of these two species followed the same pattern as for 251 

the aphid species themselves: more on middle and lower leaves than on upper leaves 252 

(Tables 6 and 7).  253 

By contrast, neither the presence nor density of B. brassicae was significantly 254 

affected by intra-plant location, a phenomena that might be explained by the greater 255 

abundance of B. brassicae, a species that forms larger colonies with more individuals 256 
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than the other two species. Nonetheless, intra-plant locations do explain the greater 257 

range of B. brassicae parasitism on the bottom leaves than on the upper ones, as the 258 

significant effect indicates (Table 5). However, the probability of finding parasitized 259 

individuals showed no significant relation to leaf position. 260 

 261 

Discussion 262 

Our results add to a growing body of work that indicates that both abiotic and 263 

biotic factors play an important role in Brassica aphid regulation (Waterhouse and 264 

Sands 2001; Cividanes 2002; Micic 2005; Akhtar et al. 2010). However, the particular 265 

effects of these factors differed between species. 266 

During each of the 101 weekly sampling periods 303 plants and 909 leaves were 267 

inspected and in total 469,795 Brassicae aphids were counted. Of the three aphid 268 

species monitored, B. brassicae and L. pseudobrassicae were the most abundant. 269 

Although B. brassicae reaches higher population levels than the other two aphid 270 

species, its populations may decline in number and even disappear for several months. 271 

According to Micic (2005), B. brassicae tends to colonize heavily single plants or small 272 

groups of plants and create ‘hot spots’ within crops. High aphid populations may reduce 273 

plant quality and, according to Dixon (1977) and Karley et al. (2004), such a reduction 274 

may negatively influence aphid population size. 275 

 276 

Effects of intra-plant distribution on aphids 277 

Brevicoryne brassicae was the only species that was evenly distributed across all 278 

three plant strata. Both L. pseudobrassicae and M. persicae were more abundant in the 279 

middle and lower regions of the collard plants. A greater concentration of defensive 280 

compounds is expected to exist in young upper-region collard leaves due their 281 
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importance in areas with greater photosynthetic activity (Brown et al. 2003; Reifenrath 282 

and Müller 2007). Thus, their ability to avoid Brassicaceae defense compounds, i.e. 283 

glucosinolates (MacGibbon and Beuzenberg 1978; Weber et al. 1986; Bridges 2002), 284 

may explain differences in the intra-plant distributions of the aphid species that colonize 285 

Brassica species. Both B. brassicae and L. pseudobrassicae can synthesize the enzyme 286 

myrosinase and thus hydrolyze glucosinolates as a defence against their toxic effects 287 

(MacGibbon and Beuzenberg 1978; Weber et al. 1986; Bridges 2002); conversely, M. 288 

persicae cannot (Weber et al. 1986). According to MacGibbon and Beuzenberg (1978), 289 

B. brassicae has higher levels of myrosinase activity than L. pseudobrassicae, which 290 

may allow it to colonize young leaves with greater glucosinolate levels. Other feasible 291 

explanations for the presence B. brassicae on higher leaves is that its greyish-white 292 

powdery wax covering offers greater waterproofing, or that the colour of its wax makes 293 

it less obvious to would-be predators (Pope, 1983).  294 

These varying intra-plant distributions of the aphid species that colonize 295 

Brassica indicate that the upper leaves of these plants are the best for searching for and 296 

monitoring B. brassicae populations; on the other hand, the middle leaves are the most 297 

useful for searching for populations of all three aphid species. 298 

 299 

Abiotic factors effects on aphids 300 

A rise in temperature provoked a population increase in B. brassicae and M. 301 

persicae without seeming to affect L. pseudobrassicae. Constant-temperature laboratory 302 

studies of the biology of aphids that attack Brassica suggest that L. pseudobrassicae has 303 

a greater tolerance (Liu and Meng 2000; Godoy and Cividanes 2002) to higher 304 

temperatures than either M. persicae (Liu and Meng 1999; Kanegae and Lomônaco 305 

2003) or B. brassicae (Cividanes 2003; Satar et al. 2005). However, at a constant 306 
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temperature of 30°C, M. persicae did not develop and all individuals died (Kanegae and 307 

Lomônaco 2003). At the same temperature, B. brassicae merely showed a reduction in 308 

its development speed that did not affect its relative mortality rate (Cividanes 2003). By 309 

contrast, at 30ºC the development rate of L. pseudobrassicae continued with no negative 310 

effects (Godoy and Cividanes 2002), thereby suggesting that L. pseudobrassicae has the 311 

greatest tolerance of these three aphid species to high temperatures. That there was no 312 

negative effect of high temperature on these three aphid species indicates that the 313 

average temperature during the sampling period was optimal for the development of 314 

Brassica aphids. 315 

As in the case of temperature, a rise in precipitation increased the populations of 316 

both B. brassicae and M. persicae but did not influence those of L. pseudobrassicae. 317 

The mechanical effect of precipitation – for example, during intense rainstorms – may 318 

cause aphid populations to fall or even disappear from a crop (Pinto et al. 2000; Karley 319 

et al. 2004), and is likely to affect most of all the species that use the plant’s apical 320 

leaves (Pinto et al. 2000) since the upright position of these leaves offers little 321 

protection. Although other studies have observed a reduction in B. brassicae 322 

populations coinciding with an increase in precipitation (Dixon 1977; Cividanes 2002), 323 

we observed no such reduction in B. brassicae in our study. Thus, the effect of rain and 324 

its relationship with upper leaf colonization needs to be more fully investigated for this 325 

aphid species. 326 

The significant negative interaction between temperature and precipitation 327 

indicating that the combination of high temperatures and precipitation has a negative 328 

impact on aphid populations could be interpreted in biological terms (as we discuss 329 

below) or from a more technical standpoint.  330 

In spring and summer, heavy rains and high temperatures are common in the 331 
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study region. The positive effect of precipitation and temperature on aphid populations 332 

suggests that increases could be represented by a straight line. However, this pattern is 333 

only true for a certain range of values and will not increase indefinitely, since extreme 334 

temperatures will not have a positive effect on any aphid population. Thus, when these 335 

continually increasing variables begin to approach an asymptote, their interaction 336 

should be understood as a small negative correction or adjustment of their sum. 337 

  338 

Population dynamics of aphids and parasitoids 339 

Brevicoryne brassicae peaked once a year between the second week of 340 

September and the second week of October. Conversely, L. pseudobrassicae and M. 341 

persicae peaked twice a year, with one peak in September–November and another in 342 

January–March.  343 

It is impossible to determine when aphid species reach the fields in Uberlandia 344 

because they are almost always there and so it is rare to fail to find aphids in, for 345 

example, a two-week sampling period. Unlike in temperate regions, where aphids 346 

disappear for some months, this pattern is common in the Tropics. Of the total of 347 

samples taken, in 67% L. pseudobrassicae was present, in 48 % B. brassicae was 348 

present, and in 33 % M. persicae was present. Similarly, Auad et al. (1997) found 349 

aphids on peach leaves throughout the year in Brazil, while Jenkins et al. (2011) report 350 

that aphids could be a problem in canola in Australia in autumn, winter and spring, that 351 

is, almost the whole year. 352 

A whipsaw effect in parasitoid populations can generally be explained by 353 

fluctuations in host populations (Haddad et al. 2001; Caballero-López et al. 2012); thus, 354 

the response of D. rapae to temperature and precipitation was quite similar to patterns 355 

in their hosts. Likewise, the spatial distribution of parasitism across plants followed the 356 
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same trend as that of the host aphid, with an increase in the percentage of parasitism 357 

wherever aphid density was greatest. These findings can be linked to observations that 358 

the parasitoid D. rapae prefers to search and increase patch time on plant parts with 359 

hosts or where they find cues such as honeydew indicating the presence of hosts (Ayal 360 

1987; Sheehan and Shelton 1989). Additionally, as Shaltiel and Ayal (1998) have 361 

reported, the number of aphids attacked by D. rapae is greater in large host populations. 362 

Nonetheless, the emergence rates of primary parasitoids for L. pseudobrassicae is very 363 

low, 11% parasitism being much lower than the 60% previously reported (Jeon et al. 364 

2005; Akhtar et al. 2010). Conversely, emergence rates of secondary parasitoids are 365 

astonishingly high. Thus, our findings support previous studies that suggest that primary 366 

parasitoids may be constrained by the presence of secondary parasitoids (Mackauer and 367 

Völkl 1993; Sullivan and Völkl 1999), which may also significantly affect the biotic 368 

regulation of aphid populations. According to our results, the impact of D. rapae on 369 

aphid regulation is limited due to the abundance of secondary parasitoids such as A. 370 

fuscicornis. The low parasitism rate of L. pseudobrassicae could be explained by a 371 

resistance effect in the aphid population to D. rapae. Laboratory studies have detected 372 

high mortality rates in immature D. rapae, which seems to indicate the presence of 373 

aphid clones of L. pseudobrassicae that are resistant to this parasitoid (Oliveira et al. 374 

2013). Aphid resistance to certain parasitoid species has been attributed to the presence 375 

of a secondary symbiont (Leclair et al. 2016, Rothacher et al. 2016) but in some cases 376 

the cause of this resistance remains unknown because it occurs in the absence of any 377 

secondary symbiont (Martinez et al. 2014). Nonetheless, we were unable to identify 378 

which was the most relevant factor for explaining the pattern of secondary parasitoid 379 

dominance or the low rate of parasitism on L. pseudobrassicae.  380 

381 
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 Conclusions 382 

Our results show that an increase in either precipitation or temperature favours 383 

an increase in aphid populations. Nevertheless, high levels of precipitation combined 384 

with high temperatures did seem to act as a brake on Brassica aphid populations. The 385 

close match between the distribution of parasitoids and that of their hosts also suggests 386 

that there is an important biotic element in aphid population control. Thus, an efficient 387 

monitoring system taking both abiotic and biotic factors into account has the potential to 388 

improve Integrated Pest Management strategies and reduce the risk of Brassica aphid 389 

outbreaks. 390 
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