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Abstract 
The banana weevil, Cosmopolites sordidus, is an important pest of bananas 

(Musaceae: Musa species) in South Africa. To develop an integrated pest 

management strategy, the population dynamics of the insect was investigated over 

two seasons and at three locations in the South Coast of KwaZulu-Natal. Adult 

activity was monitored with semiochemical (Cosmolure®) baited pitfall traps. Traps 

were moved monthly to a random independent location, or left in situ for the duration 

of the experiment. The ontogeny was determined by dissecting felled plants and 

toppled plants (up to 2-week-old fresh residues), and harvested plants visually 

classified as an early and a late rotting stage (decayed residues). Replicated, 

randomised block designs were used in the experiments. The adult beetles were sexed 

and the percentage females with eggs and the number of eggs per female were 

recorded. Larval head capsule widths were measured with an electronic caliper. 

Ambient temperature and precipitation (rainfall + irrigation) were measured on site. 

Weevils were active throughout the year and mainly collected in stationary traps, with 

a collection peak in May and high numbers in early spring and late autumn/early 

winter. The activity was usually a negative and a positive function of ambient 

temperature and corrected rainfall, respectively. Eggs per female and percentage 

females with eggs were reduced during winter and a positive function of ambient 

temperature. The beetles sampled from plant material represented an equal sex ratio, 

while the pheromone traps collected a female biased sex ratio during spring and 

autumn/early winter. The beetle had overlapping generations with a peak of adults and 

larvae in autumn and late summer, respectively. Adults were mainly associated with 

decayed residues while larvae were mostly found in freshly toppled plants. Adults 

were the main over-wintering stage. The earliest larval instars were usually sampled 

during autumn. The data suggested that the beetle is multivoltine in the study areas 

and provided valuable information for the optimal management of the insect pest. 
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3.1 Introduction 
The banana weevil, Cosmopolites sordidus (Germar), is an important world-wide 

pest of Musa and Ensete (Stover & Simmonds 1987, Gold & Messiaen 2000; Gold et 

al. 2003) and the dominant insect pest of bananas in South Africa. To develop an 

integrated pest management (IPM) system, a thorough knowledge of the biology and 

ecology of a pest insect is required to allow the rational use of cultivation and control 

techniques under different circumstances. 

Females oviposit their eggs singularly (Froggatt 1925; Simmonds 1966) in 

small crevices chewed in the plant tissue, sealed by latex-containing plant sap and 

necrotic tissue (Beccari 1967). Eggs are usually laid at about ground level in the 

crown of the rhizome and pseudostem base (Abera et al. 1999) and flowered plants 

are favoured (Treverrow et al. 1992; Abera et al. 1999). Upon emergence, the larvae 

immediately tunnel into the rhizome or occasionally the pseudostem, producing 

distinctive circular, debris-filled tunnels (Franzmann 1972). Larvae display 

developmental polymorphism and pass through five to eight instars (Mesquita et al. 

1984, Traore et al. 1996; Gold et al. 1999a). The pupa develops in a chamber at the 

corm periphery and eclosion produces a reddish, brown adult (teneral stage), which 

later becomes uniformly dull black (Pinese & Elder 2004). Mating usually occurs at 

night (Delattre 1980) and only mated females produce chorionated eggs (Treverrow 

& Bedding 1993). Weevils breed in residual pseudostems, but prefer rhizomes 

(Treverrow & Maddox 1993). 

Adults are found in moist environments (Hord & Flippen 1956), leaf bases 

and decayed corms and stems (Treverrow et al. 1992), feeding on plant tissues or 

crop debris (Franzmann 1972; Treverrow et al. 1992). Wings are well developed, but 

flight is very rare and being negatively phototropic, adults move mainly by walking 

at night (Simmonds 1966, Ostmark 1974, Uzakah 1995; Gold et al. 1999b). Adults 

are gregarious and usually have a patchy distribution in the field (Treverrow et al. 

1992). Dispersal is slow and weevils normally move less than 10 m per month (Gold 

et al. 1999b). Weevils show aberrant behaviour and experience difficulty in walking 

at low humidities (Roth & Willis 1963). The beetle is highly susceptible to 

desiccation and commonly die within 3 to 10 days on a dry substrate (Viswanath 

1977; Gold et al. 1999b), but can survive approximately 4 to 17 months in moist soil 

without food (Franzmann 1972, Viswanath 1977; Treverrow et al. 1992). Adults are 

 
 
 



 99 

thigmotactic (Delattre 1980), exhibit hydrotropism (Cuillé 1950) and display 

thanatosis (Feakin 1971). Both sexes are attracted to stressed or damaged plants and 

residual corm and pieces of freshly cut pseudostem (Froggatt 1925, Treverrow et al. 

1992, Treverrow & Bedding 1993; Gold et al. 1994). Males aggregate at lower 

humidities than females (Roth & Willis 1963), but distribution patterns of males and 

females in the field are similar (Gold et al. 1999b). Sexes can be morphologically 

distinguished (Cuillé 1950, Roth & Willis 1963, Longoria 1968; Gold et al. 1999b) 

and males produce an aggregation pheromone that attracts both genders (Budenberg 

et al. 1993). 

The reproductive activity of the banana weevil is relatively low (Cuillé 1950), 

with high field mortality of eggs and larvae (Treverrow & Bedding 1993; Abera 

1997). Field oviposition rates are a negative function of weevil density (Abera et al. 

1999; Gold et al. 1999b), but Koppenhöfer (1993) reported that it only occurs at very 

high densities, which can impossibly be attained under field conditions. Egg laying 

activity is negatively influenced by temperature (Franzmann 1972; Parnitzki 1992). 

Under tropical conditions, females usually lay one egg per week (Abera et al. 1999). 

In the subtropics, two to four eggs are laid per week and 50-100 eggs per annum, 

mostly over a 6-month period (Simmonds 1959, Treverrow et al. 1992; Treverrow & 

Bedding 1993). The developmental temperature threshold of eggs is 12°C with an 89 

degree-days thermal requirement (a West African population) (Traore et al. 1993). 

Larval development time (a West African population) is inversely related to 

temperature, with a thermal threshold of 8.8°C and 537.9 degree-days development 

requirement (Traore et al. 1996). The pupal stage requires 10.1°C and 120.7 degree-

days for development (Traore et al. 1996).  

Sexual maturity of males and females is obtained after 2 to 5 and 1 to 3 

weeks, respectively (Uzakah 1995). Females oviposit a week after pupal eclosion 

(Treverrow & Bedding 1993), but 27 to 41 days may also be required (Uzakah 1995). 

Fertile eggs can be laid a year after mating (Treverrow et al. 1992) and adults live up 

to 2 (Froggatt 1925, Waterhouse & Norris 1987; Treverrow & Bedding 1993) or 4 

years (Rukazambuga et al. 1998). All post embryonic stages require a thermal 

threshold of 10.2°C and 609.3 degree-days to complete development (Traore et al. 

1996). Depending on temperature, the life cycle is normally completed in 6 weeks to 

6 months (Treverrow & Bedding 1993). 

 Reports of seasonal fluctuations in weevil populations depend on climate, crop 
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management, predators, weevil density, sampling method, weevil development rate, 

and/or weevil biotype. Tropical and subtropical climates greatly affect the seasonal 

development of the weevil. Differences in crop management, e.g. mulching material 

or mulching location, influence field microclimate, which can alter temperatures and 

humidity (Seshu Reddy et al. 1999). Weevil numbers are also influenced and can be 

negatively related to predator densities (Hasyim & Harlion 1998). Adult density 

variation can affect ovipositioning rates and probably influences the rate of migration 

and the effect of destructive sampling. Different adult traps attract specific 

proportions of the population in terms of density and physiology (De Graaf et al. 

2005). Development rate of C. sordidus depends on cultivar, plant stage, diet, relative 

humidity and population density (Mesquita et al. 1984; Gold et al. 1999a). Weevil 

biotypes may, however, also have different developmental temperature requirements 

(Traore et al. 1993). The aim of the study was to quantify the population dynamics of 

the banana weevil under field conditions in South Africa. Adult activity was measured 

by pheromone traps and plants dissected to elucidate life stage occurrences. The 

outcome would be used to eventually develop an IPM programme for the weevil in 

South Africa.  

 

3.2 Material and methods 
3.2.1 Research sites 

Three trials were conducted on commercial farms in the South Coast of KwaZulu-

Natal, South Africa. Soil in the area is a Glenrosa form, with an orthic A and 

lithocutanic B zone. It is a sandy loam soil with 16% clay, 30% loam and 53.75% 

sand (Dochez 1998). Trial sites were located in Munster (30º59’40’’S; 30º14’60’’E), 

Ramsgate (30º54’27’’S; 30º18’58’’E) and Leisure Bay (31º00’52’’S; 30º14’33’’E) 

and ranged from 46 to 60 meters above sea level. Experiments at the respective 

localities were conducted from May 2003 to April 2004, May 2003 to April 2005 and 

June 2004 to May 2005. The locations were all in a summer rainfall area (750-1000 

mm per year), and during the trials the ambient temperature ranged from 12 to 25 °C.   

The Cavendish subgroup of banana cultivars (AAA group, Musa acuminata) 

was grown at all the trial localities. The Williams cultivar was cultivated at all sites 

(2222 plants per hectare), planted during November 1996, November 1993 and 

November 1995 at the Munster, Ramsgate and Leisure Bay location, respectively. 
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Plantations were irrigated with 20 mm water/week, a practise only suspended if 

rainfall exceeded that value in the particular week. Experimental fields were 

representative for South African plantations (see Chapter 1) and no sanitation 

practises were employed. The Munster and Leisure Bay sites utilized sprinkler 

irrigation, whilst dripper irrigation was used at the Ramsgate site. All the banana 

stands were treated (for nematode control) with the oxime carbamate, aldicarb (15% 

GR), at the registered dosage of 2.025 g.a.i./mat, at planting. Each trial site was 

approximately two hectares in size. Pre-trial plant inspections at all sites revealed 

rhizome tunnel damage by C. sordidus. 

 

3.2.2 Experimental design 

Treatments comprised of adult traps, moved monthly or left in situ, and dissections of 

fresh and decayed plant residues. The layout of all the trials followed a randomised 

block design with three replicates. Fields were divided in three blocks, each 

containing 12 plots (for each month of the year). To standardise for abiotic influences, 

replicates were orientated perpendicular to the sea/land breeze and moisture gradient 

in the field. 

 Adult activity was monitored with an aggregation pheromone, individually 

suspended above a pitfall trap. The commercially available aggregation pheromone 

(Cosmolure®) containing kairomone and four sordidin diastereoisomers, were 

imported from the producers, ChemTica Internacional S.A. (San José, Costa Rica). 

Pitfall traps were prepared by cutting four windows (200 × 200 mm) at the sides of 

rectangular prism-shaped containers (width: 250 mm, length: 300 mm, height: 350 

mm) and suspending the pheromone with wire cable in the middle of the openings 

from the top end of the trap. Pitfall traps were filled with a mixture of water and 

ethylene glycol to drown attracted beetles. Ethylene glycol was used to reduce 

evaporation and lower the surface tension of the solution. The traps were placed in-

line with the planting row at a constant direction to the mat. Pitfall traps were buried 

150 mm in the soil at a distance of 300 mm from the pseudostem of the plant. In each 

replicate, one trap was moved monthly to a random independent location and one trap 

left in situ for the duration of the experiment. Traps were separated by 24 m and 

considered independent, as the attractive radius of pheromone pitfall traps have been 

determined to range from 2.5 to 7.5 m (Alpizar et al. 1998) and the former value falls 

within the range recommended and used in previous studies (Ndiege et al. 1996, 
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Jayaraman et al. 1997, Alpizar et al. 1998, Tinzaara et al. 1999; Anonymous 2004). 

The weevils were collected weekly and the pheromone lures were replaced monthly. 

 The seasonal field prevalence of life stages (eggs were excluded) was 

determined by monthly plant dissections. Plant material was divided in two classes: 

plants felled and plants toppled within 2 weeks (fresh residues), and harvested plants 

visually classified as an early and a late rotting stage (decayed residues). Early decay 

remnants were represented by plants where only the distal 20 cm of the erect 

harvested pseudostem could be totally compressed by hand. The late rotting residues 

included plants with prostrate harvested pseudostems which could be totally 

compressed by hand. Only decayed residues attached to the mother plant were 

selected. The rhizome and pseudostem of residues were dissected. Residues were 

randomly selected in each replicate (but each matt was sampled only once) and their 

frequencies in the field assumed to be equal. Larval head capsule widths (dorsal side) 

were measured with an electronic calliper (accuracy: ±0.02 mm). 

Adults collected in both sampling regimes were dissected, the sex determined 

by examining internal genitalia, and the percentage females with eggs and the number 

of eggs per female were recorded. To prevent bias from repetitive monthly sampling, 

adults collected in the stationary pitfall traps were not included. 

 Ambient temperature at each trial site was measured using a waterproof 

WatchDog 100-Temp 2K data logger (Spectrum Technologies, Inc., Plainfield, 

Illinois, U.S.A.) suspended next to a pheromone lure and set to record hourly 

temperature. Rainfall was measured on site and corrected for irrigation quantities. 

   

3.2.3 Statistical analysis 

A factorial ANOVA (Sokal & Rohlf 1997) was used to quantify differences between 

the number of beetles attracted in the two trapping regimes (treatments) and over 

collection dates (time). Multiple regression (model II) (Sokal & Rohlf 1997) was used 

to quantify the relationship between beetle number in traps and mean ambient 

temperature, corrected rainfall, adult and larval density in the field. The proportion of 

females with eggs and the number of eggs per female were compared between pitfall 

traps and decayed and fresh residues (treatments) over time using repeated measures 

ANOVA. The two fecundity variables were regressed with mean ambient temperature 

and corrected rainfall using multiple regression (model II). Occurrence of the 

respective adult and larval stage in fresh and decayed residues over time was 
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evaluated with repeated measures ANOVA. The Tukey HSD test (Sokal & Rohlf 

1997) was used for all post hoc analysis. Multiple regression (model II) was used to 

determine the correlation of adult and larval density in the field with mean ambient 

temperature and corrected rainfall. Deviation from an equal sex ratio was investigated 

using the binomial distribution (two-tailed) (Sokal & Rohlf 1997). The Bonferroni 

method was used to lower the type one error probability for each comparison, 

resulting in an overall significance level not exceeding 0.05 in the entire series of tests 

(Sokal & Rohlf 1997). When necessary, data were transformed to show a normal 

distribution and homogeneity of variances. The data transformation showing the best 

fit to a normal distribution was selected. The STATISTICA Version 7 (Statsoft Inc. 

2004) software program was used for analysis. 

 

3.3 Results 
3.3.1 Munster trial 

3.3.1.1 Adult activity 

The respective adult densities were ln (x+1) transformed to comply with the 

assumptions of factorial ANOVA (Sokal & Rohlf 1997). The data showed a 

significant difference over time (F39, 156 = 3.04, P<0.001) and between treatments (F1, 

156 = 4.79, P=0.030), but no interaction between the independent variables (F39, 156 = 

0.56, P=0.983). Post hoc testing revealed significant differences between sampling 

weeks, divided in three overlapping groups (data not shown). The stationary traps 

collected significantly more weevils than the traps that were moved every month, 

amounting to respective (back-transformed) means of 3.77 and 3.09 adults per week. 

Multiple regression showed a significant relationship between ambient temperature 

(weekly data not available for May and winter months, range: 16.40 to 25.02 °C) and 

corrected rainfall (range: 20 to 125 mm) with adults in stationary traps (F2, 23 = 7.75, 

P<0.003, R2=0.403, m = -0.603 and 0.027, respectively) and overall mean number of 

adults in traps (F2, 23 = 7.59, P<0.003, R2=0.397, m = -0.395 and 0.021, respectively). 

Averaging adult trapping densities per month and multiple regression with monthly 

adult and larval densities in the field, air temperature and/or rainfall produced no 

significant interaction (data not shown). 

One-way ANOVA of mean adult activity between months also showed a 

significant temporal effect (F10, 51 = 3.78, P<0.001). The post ANOVA test revealed a 
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significant difference between the activity in June (early winter) compared to July 

(mid winter), August (late winter) and February (late summer), while the remaining 

months was similar among themselves and to all the other months (Fig. 3.1). 

 

3.3.1.2 Fecundity and sex ratio 

The number of eggs per female, and the proportion of females with eggs, was 

determined by considering adult weevils collected in pheromone traps only, since 

insufficient adult numbers were collected following plant dissections. The number of 

eggs per female varied significantly over time (F10, 21 = 2.34, P=0.049), while no 

temporal effect was revealed in the percentage of females with eggs (F10, 21 = 1.24, 

P=0.321). Post hoc testing, however, did not separate the number of eggs per female 

found for each month (Table 3.1), because the Tukey HSD test adopts a conservative 

approach by employing experimentwise error rates (based on the number of 

comparisons) for the type I error (Sokal & Rohlf 1997). Eggs per female peaked in 

January (mid summer) and March (early autumn), and were minimal in April (mid 

autumn) and June, while the proportion of females containing eggs was highest in 

January and December (early summer) and lowest in April (Table 3.1). Multiple 

regression only showed a significant relationship between ambient temperature 

(range: 15.00 to 23.90 °C) and eggs per female (F2, 98 = 3.50, P<0.081 (ambient 

temperature P=0.036), R2=0.467, m = 0.150). The data showed that the potential 

oviposition (percentage females with eggs × eggs/female) was highest in summer and 

spring and lowest in winter. 

The sample size of adult weevils collected in plant residues was low and did 

not show a biased sex ratio (two-tailed binomial distribution, Bonferroni corrected), 

with the percentage of males varying from 37.50 to 100%. The sex ratio of beetles 

collected in the pheromone traps ranged from 12.77% males in September (early 

spring) to 35.71% males in February, with values significantly female biased (two-

tailed binomial distribution, Bonferroni corrected) in May (late autumn), June and 

September (data not shown). 

 

3.3.1.3 Ontogenic field occurrence 

The respective adult and larval densities in the field were square root (x+0.5) 

transformed to comply with the assumptions of repeated measures ANOVA (Sokal & 

Rohlf 1997). ANOVA showed adult numbers varied significantly over time (F11, 96 = 
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2.25, P=0.018), between treatments (F3, 96 = 4.47, P=0.006) and interacted between 

the independent variables (F33, 96 = 2.19, P=0.002). Post hoc analysis, however, did 

not show a significant separation of adult numbers between months (Fig. 3.2a) or an 

interaction effect between date and treatment (data not shown), because the Tukey 

HSD test adopts a conservative approach by employing experimentwise error rates 

(based on the number of comparisons) for the type I error (Sokal & Rohlf 1997). The 

post ANOVA test showed that significantly more adults were found in the residues of 

a late rotting stage than in the fresh residues. Compared to residues in advanced 

decay, early rot remnants contained fewer, but a statistically similar amount of adults 

(data not shown). ANOVA showed that larval densities did not vary significantly over 

time (F11, 96 = 0.647, P=0.784) nor interacted between time and treatment (F33, 96 = 

0.761, P=0.812) (Fig. 3.2b), but were significantly different between treatments (F3, 96 

= 3.93, P=0.011). Post hoc testing revealed significantly more larvae in toppled plants 

compared to the other residue classes, which were similar among themselves (data not 

shown). Multiple regression showed that adults in decayed residues were significantly 

negatively related to ambient temperature (F2, 9 = 11.56, P<0.003, R2=0.720, m = -

0.100), while the adults in fresh residues, mean number of adults and larval numbers 

were not related to ambient temperature or corrected rainfall (data not shown).  

 Only one pupa was sampled during June in a toppled residue. The data 

suggested that eggs mainly hatched from spring to autumn, with larval peaks in 

September, November to February, May and July, eclosing mainly in November (late 

spring), January/February, May and September (Fig. 3.2a, 3.2b). Probable timing of 

eclosions was mainly based on life stages in fresh residues and assumed that adults in 

decayed residues during winter were not newly emerged (Fig. 3.2a, 3.2b). The adult 

percentage-values indicated that weevils mainly over-wintered as adults in decayed 

residues (mean from June to August: 62.74% adults), relatively more larvae were 

found in fresh residues and that relative adult and larval numbers peaked in September 

and December/March, respectively (Fig. 3.2a). The larval population comprised, on 

average, the earliest instars (smallest head capsule width) in February and August 

(Fig. 3.2b). 

 

3.3.2 Ramsgate trial 

3.3.2.1 Adult activity 

The respective adult densities were square root (x+0.5) transformed to comply with 
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the assumptions of factorial ANOVA (Sokal & Rohlf 1997). Numbers of weevils 

trapped were significantly different over time (F79, 320 = 7.76, P<0.001), but showed 

no difference between treatments (F1, 320 = 2.20, P=0.139), nor an interaction between 

date and treatment (F79, 320 = 0.60, P=0.996). Post hoc testing showed that the means 

separated in 12 groups, with 11 groups overlapping (data not shown). Considering 

only the first season (May 2003 to April 2004), similar patterns of significance were 

found, with two overlapping groups revealed in post hoc testing (data not shown). 

Multiple regression showed a significant relation between ambient temperature and 

adults in stationary traps (F2, 77 = 4.47, P<0.015, R2=0.104, m = -0.522), adults in 

monthly traps (F2, 77 = 8.26, P<0.001, R2=0.177, m = -0.785) and overall mean 

number of adults (F2, 77 = 6.75, P<0.002, R2=0.149, m = -0.653). When only the first 

season was considered, no significant relationship existed between the abiotic factors 

and adults in stationary traps, but adults in monthly traps were significantly related to 

ambient temperature and corrected rainfall (F2, 34 = 6.09, P<0.006, R2=0.264, m = -

0.895 and m = 0.136, respectively), while the overall mean adult number was 

significantly related to ambient temperature (F2, 34 = 4.70, P<0.016, R2=0.217, m = -

0.678). Averaging adult trapping densities per month and multiple regression with 

monthly adult and larval densities in the field, air temperature and/or rainfall produced 

no significant interaction (data not shown). 

One-way ANOVA of mean adult activity between months showed a 

significant temporal effect (F23, 117 = 14.43, P<0.001). The post hoc test revealed a 

significant difference between the activity in September 2003 compared to all the 

other months except for May 2003, June 2003 and November 2003 (Fig. 3.3). The 

significance of the remaining months overlapped in nine groups (Fig. 3.3). 

 

3.3.2.2 Fecundity and sex ratio 

Statistical analysis of the number of eggs per female and proportion of females with 

eggs was restricted to data of pheromone traps, because of insufficient data obtained 

from plant dissections. Data of pheromone traps were sufficient for analysis from May 

2003 to September 2004. ANOVA showed that the number of eggs per female did not 

vary significantly over time (F16, 48 = 1.60, P=0.125), while a significant temporal 

effect was found in the percentage of females with eggs (F16, 48 = 4.59, P<0.001). Post 

ANOVA analysis of the proportion of females with eggs showed three overlapping 

groups of significance, with values generally minimised during winter (19.44 to 
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47.10%) and maximised during the spring and summer months (54.29 to 100.00%) 

(Table 3.2). Multiple regression showed a significant relationship between eggs per 

female (F2, 14 = 2.80, P<0.095 (ambient temperature P=0.036), R2=0.286, m = 0.106) 

and percentage females with eggs (F2, 14 = 9.10, P<0.003, R2=0.565, m = 6.383) with 

ambient temperature (range: 16.75 to 24.76 °C). The data showed that the potential 

oviposition (percentage females with eggs × eggs/female) peaked in spring and 

autumn; being minimised during winter. 

 The sample size of adult weevils collected in plant residues was relatively low 

and did not show a biased sex ratio (two-tailed binomial distribution, Bonferroni 

corrected), with the percentage of males varying from 33.33 to 100%. The sex ratio of 

beetles collected in the pheromone traps ranged from 10.00% males in September 

2004 to 50.00% males in February 2005, with values significantly female biased (two-

tailed binomial distribution, Bonferroni corrected) in May 2003, June 2003, August 

2003, September 2003, October (mid spring) 2003 and September 2004 (data not 

shown). 

 

3.3.2.3 Ontogenic field occurrence 

The number of adults and larvae sampled in the field were significantly different over 

time (F23, 192 = 1.62, P=0.043 and F23, 192 = 2.19, P=0.002, respectively), between 

treatments (F3, 192 = 13.47, P<0.001 and F3, 192 = 4.76, P=0.003, respectively) and 

interacted between month and treatment (F69, 192 = 1.59, P=0.007 and F69, 192 = 1.57, 

P=0.009, respectively). Post hoc testing did not show a significant difference in adults 

over time (Fig. 3.4a), because the Tukey HSD test adopts a conservative approach by 

employing experimentwise error rates (based on the number of comparisons) for the 

type I error (Sokal & Rohlf 1997). The post ANOVA test revealed that significantly 

more adults were found in late decay residues compared to the other residue groups, 

which were similar among themselves (data not shown). Interactively, the values were 

statistically similar, except for July 2003 (late rot), which was only similar to June 

2003 (late rot), September 2003 (late rot), May 2004 (early rot), July 2004 (toppled 

plant), September 2004 (late rot) and March 2005 (early rot) (data not shown). The 

post ANOVA test showed that larvae in February 2005 were significantly more 

numerous than larvae of 11 other months (Fig 3.4b), while statistically more larvae 

were collected in early rot compared to late rot residues (data not shown). The former 

was followed by larvae in toppled and felled plants, respectively, which was no 
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different to either class of decayed residues (data not shown). Interactively, most 

values were similar, except for February 2005 (early rot), which was different to all 

the values except for May 2003 (toppled plant), January 2004 (early rot) and January 

2005 (felled plant). Multiple regression showed that ambient temperature was 

significantly negatively related to adult number in decayed residues (F2, 21 = 2.46, 

P<0.109 (ambient temperature P=0.047), R2=0.190, m = -0.186) and overall mean 

adult number (F2, 21 = 4.88, P<0.018, R2=0.317, m = -0.135), while the adults in fresh 

residues and larval numbers were not related to ambient temperature or corrected 

rainfall (data not shown). 

 Pupae were sampled singly in June 2003 (felled plant), December 2003 

(toppled plant and early decay residue), March 2004 (early decay residue), April 2004 

(toppled plant) and February 2005 (early decay residue). The data over two seasons 

varied, but suggested that eggs mainly hatched from spring to autumn, with larval 

peaks in November to December, January/February, May and July, eclosing mainly in 

December to February, March to May, July and September/November (Fig. 3.4a, 

3.4b). Probable timing of eclosions was mainly based on life stages in fresh residues 

and assumed that adults in decayed residues during winter were not newly emerged 

(Fig. 3.2a, 3.2b). The adult percentage-values indicated that weevils (only in the first 

season) mainly over-wintered as adults in decayed residues (winter mean: 89.06% 

adults), relatively more larvae were found in fresh residues (only in the second 

season) and that relative adult and larval numbers peaked in August, January, 

February (season 1), October (season 2) and November (season 1), February (season 

2), respectively (Fig. 3.4a). The larval population comprised, on average, the earliest 

instars (smallest head capsule width) in March/April (season 1) and May/April 

(season 2) (Fig. 3.4b). 

 

3.3.3 Leisure Bay trial 

3.3.3.1 Adult activity 

The respective adult densities were ln (x+1) transformed to comply with the 

assumptions of factorial ANOVA (Sokal & Rohlf 1997). Pheromone trapping showed 

a significant temporal (F47, 192 = 6.67, P<0.001) and treatment effect (F1, 192 = 59.02, 

P<0.001), but no interaction between the independent variables (F47, 192 = 1.02, 

P=0.442). Post ANOVA analysis revealed numerous statistical differences between 

sampling weeks amounting to 11 homogenous overlapping groupings (data not 
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shown). The stationary traps attracted significantly more beetles over the annual 

period (P<0.001), collecting a (back-transformed) mean of 11.12 compared to 6.10 

adults per week in the traps that were moved monthly. Multiple regression showed no 

significant relation between weekly ambient temperature and corrected rainfall with 

weekly adult density (data not shown). Averaging adult trapping densities per month 

and multiple regression with monthly adult and larval densities in the field, air 

temperature and/or rainfall also produced no significant interaction (data not shown). 

One-way ANOVA of mean adult activity between months was conducted to 

provide an appropriate resolution of the average adult activity in the field. The data 

again showed a significant temporal effect (F11, 57 = 4.65, P<0.001), with post hoc 

analysis revealing statistically similar peaks in August, February, April and May (Fig. 

3.5). The activity in August was significantly higher than during December (Fig. 3.5). 

Catches in February were statistically similar to the other months, whereas the April 

values also significantly exceeded numbers in December. Statistically more weevils 

were collected in May compared to July, September, October, November, December 

and January. 

 

3.3.3.2 Fecundity and sex ratio 

The mean number of eggs per female varied significantly over months (F11, 47 = 3.76, 

P<0.001), but showed no significant treatment effect (F2, 47 = 0.10, P=0.909) nor 

interaction between time and treatment (F22, 47 = 1.28, P=0.236). The percentage of 

females containing eggs were significantly different over time (F11, 47 = 5.80, 

P<0.001), between treatments (F2, 47 = 4.49, P=0.016) and also showed an interaction 

between time and treatment (F22, 47 = 1.79, P=0.048). Post ANOVA analysis showed 

that eggs/female was significantly higher in February (late summer) and March (early 

autumn) compared to June and July (early to mid winter) (Table 3.3). Females in 

October also contained significantly more eggs than in June (Table 3.3). The 

proportion of females with eggs was minimised in June (28.88%) and July (30.08%) 

and significantly higher in September to December and April (73.81 to 85.12%), 

while the values of the remaining months were no different to either group (Table 

3.3). Overall, the percentage of females with eggs was significantly higher in 

pheromone traps (68.32%) compared to fresh residues (53.76%), while the proportion 

in decayed residues (60.68%) was similar to the other treatments (data not shown). 

Interactively, the decayed residues in June and pheromone traps in July had a 
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significantly lower percentage of females with eggs than the January value of the 

pheromone traps (Table 3.3). Multiple regression showed a significant relationship 

between temperature (range: 14.85 to 24.11°C), eggs per female in fresh residues (F2, 

9 = 6.32, P<0.019, R2=0.584, m = 0.235) and overall mean eggs per female (F2, 9 = 

5.35, P<0.030, R2=0.543, m = 0.150). The percentage of females with eggs in 

pheromone traps was also significantly related to ambient temperature (F2, 9 = 4.52, 

P<0.044, R2=0.501, m = 3.550). The data showed that the potential oviposition 

(percentage females with eggs × eggs/female) peaked in spring and autumn; being 

minimised during winter. 

 The beetles collected monthly from plant residues did not show a biased sex 

ratio (two-tailed binomial distribution, Bonferroni corrected) and the percentage 

males varied from 44.29 to 65.12%. The sex ratio of beetles collected in the 

pheromone traps ranged from 10.38% males in February to 29.31% males in 

November, with values significantly female biased (two-tailed binomial distribution, 

Bonferroni corrected) in all the months except during July, November and December 

(data not shown). 

 

3.3.3.3 Ontogenic field occurrence 

Dissection of plants showed significant differences in the number of adults and larvae 

sampled between months (F11, 96 = 2.47, P=0.009 and F11, 96 = 6.82, P<0.001, 

respectively), with a treatment effect only evident for larvae (F3, 96 = 1.29, P=0.283 

and F3, 96 = 5.63, P=0.001) and no interaction between the independent variables for 

either dependent variable (F33, 96 = 1.13, P=0.313 and F33, 96 = 1.21, P=0.239, 

respectively). The post hoc test revealed that only significantly more adults were 

sampled in the field in April compared to December (Fig. 3.6a), while larval numbers 

peaked in February and March (Fig. 3.6b). February harboured significantly more 

larvae than the winter (June to August) and spring months (September to November), 

whereas the numbers for March was statistically higher than all the months except 

February (Fig. 3.6b). Significantly more larvae were present in the toppled plants 

compared to the decayed residues (early and late rotting stages), with statistically 

similar values in felled and toppled plants (data not shown). Multiple regression 

showed no relationship between adults and ambient temperature and/or corrected 

rainfall, but revealed a significant relationship between ambient temperature and 

larvae in the decayed residues (F2, 9 = 8.49, P<0.008, R2=0.654, m = 0.311) and the 
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overall (decayed and fresh residues) number of larvae (F2, 9 = 4.57, P<0.043, 

R2=0.504, m = 0.356). 

Pupae were sampled irregularly in June, September, February, March and May 

with overall respective means (±SE) of 0.17±0.17, 0.17±0.17, 0.33±0.33, 2.67±1.67 

and 0.17±0.17. The data suggested that eggs mainly hatched from spring to autumn, 

with larval peaks in September, December to March and May, eclosing mainly in 

November, February to April and August (Fig. 3.6a, 3.6b). Probable timing of 

eclosions was mainly based on life stages in fresh residues and assumed adults in 

decayed residues during winter were not newly emerged (Fig. 3.2a, 3.2b). The adult 

percentage-values indicated that weevils mainly over-wintered as adults in decayed 

residues, relatively more larvae were found in fresh residues and that relative adult 

and larval numbers peaked in November and December, respectively (Fig. 3.6a). The 

larval population comprised, on average, the earliest instars (smallest head capsule 

width) in May and December (Fig. 3.6b). 

 

3.4 Discussion 
The three trial locations showed constant differences in weevil densities trapped, and 

collected from plants in the field. The Munster site harboured the lower number, while 

the Leisure Bay location showed the highest infestation. It was generally found that 

beetles were active throughout the year, with optimum activity occurring in May (late 

autumn). High numbers of beetles were also collected in September (early spring) and 

June (early winter). Previous reports concluded that weevil activity in South Africa 

(Mpumalanga) peaks in either spring (Schoeman 1996) or spring and autumn (De 

Jager 1993), while the latter was also reported in China (Luo et al. 1985; Maolin 

1994). Activity of the weevil in Australia showed a major peak in spring, but weevils 

were also very active in autumn (Treverrow et al. 1992). The significant decline in 

activity during the second season at Ramsgate suggested that pheromone trapping 

caused destructive sampling. A declining tendency in trapping numbers has also been 

reported from pseudostem trapping in Brazil (Arleu et al. 1984).  

 Adult numbers in the semiochemical traps was not related to adult or larval 

densities in the field, but a negative and a positive function of ambient temperature 

and corrected rainfall, respectively. Activity increases have been reported shortly after 

rain in the tropics and subtropics (Treverrow et al. 1992, Smith 1995, Gold et al. 
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1999b, Govender & Viljoen 2002; Pinese & Elder 2004), but the results are in 

contrast to Schoeman (1996), who reported that catches in rhizome traps were 

positively correlated with temperature (in the Kiepersol area, South Africa). Of the 

current factors, temperature was the superior predictor of activity. Trapping densities 

were, however, not related to temperature (or corrected rainfall) at the highly infested 

site, suggesting that other variables (e.g. density) also influenced attraction to 

semiochemicals. No correlation between adult catches and rainfall or sunlight has also 

been reported in Columbia (Cárdenas & Arango 1986), and monitoring with 

pseudostem traps in Brazil also showed general uniform adult movement with no 

climate dependence (Arleu et al. 1984). 

 Analysis of fecundity variables showed that eggs per female were similar 

between weevils collected in traps or from plants, while the proportion of females 

with eggs peaked in traps, followed by beetles in decayed and fresh residues, 

respectively. Eggs per female and percentage females with eggs was reduced in winter 

and was a positive function of ambient temperature, in accordance with the Australian 

findings, where eggs were mostly laid in spring, late summer and autumn (Treverrow 

et al. 1992) and generally ceased during winter (Treverrow & Bedding 1993). Under 

local conditions, oviposition was not related to rainfall as has been reported in the 

tropics (Cuillé 1950). Although it was not empirically tested, the relative number of 

adults compared to larvae between the trials suggested that ovipositional rates were a 

negative function of weevil density (Abera et al. 1999; Gold et al. 1999b). The beetles 

sampled from plants represented an equal sex ratio, while the pheromone traps 

collected a female biased sex ratio in spring and autumn/early winter. Results should, 

however, be interpreted with caution, because the significance of the binomial 

distribution was dependent on absolute weevil number, which was relatively low in 

the plant residues. Nevertheless, the results supported the generally accepted 1:1 sex 

ratio (Cuillé 1950, Viswanath 1976, Delattre 1980; Gold et al. 1999b) of the weevil 

and the hypothesis that sexes have different behaviour patterns (Delattre 1980). 

 Cosmopolites sordidus had overlapping generations with a peak of adults and 

larvae in April/May (mid to late autumn) and February/March (late summer to early 

autumn), respectively. Adults were mainly associated with decayed residues while 

larvae were mostly found in fresh plants (toppled plants). The occurrence of adults in 

decayed residues was negatively related to ambient temperature, but this was not 

found at the highly infested site, where larval density was positively related to 
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ambient temperature. The data suggested that at relatively lower infestations, beetles 

do not mainly breed in decayed residues, but the adult preference of decayed residues 

in winter are more pronounced. In Brazil, no correlation between adult population 

fluctuation and rainfall, relative humidity, or temperature was found, but larval 

populations were positively related to temperature and rainfall (Arleu et al. 1984; 

Batista Filho et al. 1991). In the South Coast of KwaZulu-Natal (South Africa), eggs 

mainly hatched from spring to autumn, with a faint or absent larval peak in September 

(early spring), a moderate peak in November to December (late spring or early 

summer), a pronounced peak in February (late summer) and a variable peak in May 

(late autumn) and/or July (winter). Adult densities showed a moderate peak in 

November (late spring), a variable peak in February (late summer), a pronounced 

peak in April/May (autumn) and a moderate peak in July (winter). The data suggested 

that the beetle is multivoltine in the study areas and is in general agreement with the 

observations of the weevil in Australia and China, where adults mainly emerge during 

spring and autumn and has four to six generations per year (Froggatt 1926, Luo et al. 

1985, Treverrow 1985, Treverrow & Bedding 1993, Maolin 1994; Pinese & Elder 

2004). Adults were the main over-wintering life stage, which is in contrast to weevils 

in China, where mainly the larvae over-winter in old banana stems (Maolin 1994). 

Relative to larvae, adult numbers usually peaked in spring, while relative larval 

numbers peaked in summer. In general, the earliest instars in the field were sampled 

during autumn. 

 The trail series provided valuable insight into the population dynamics of the 

banana weevil in South Africa. From a management perspective, the time intervals for 

different control strategy options could be identified. Semiochemical mass-trapping or 

semiochemical attraction to biopesticides will be optimally applied in early spring and 

late autumn to early winter just after rain and/or when lower ambient temperatures 

prevail. Systemic chemicals and/or butt sprays (contact insecticides) to control adults 

should be applied in autumn and late spring, while treatment in summer should be 

validated by dissecting and inspecting plants. Systemic insecticides for larval control 

are recommended in late summer and late spring/early summer, while application in 

autumn should be validated by dissecting and inspecting plants. Contact insecticides 

should be used for injection of decayed residues during winter, especially for adult 

control. Release of potential egg parasitoids are recommended from spring to autumn 

(especially during the warmest times of the year), while adults and larvae are most 
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accessible (in decayed residues) to predators from autumn to spring and summer to 

winter, respectively. 
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Table 3.1. The mean (±SE) number of eggs per female and percentage (±SE) of 

females containing eggs (% Egg females) of Cosmopolites sordidus in pheromone 

traps at Munster (KZN, South Africa) from May 2003 to April 2004. For each 

dependent variable, letters in common indicate no significant difference (P>0.05). 

N/A=Not available. 

 

Dependent variable 
Date 

Eggs/female % Egg females 

May 2003 2.4±0.3a 84.5±3.8 

Jun 2003 1.8±0.2a 64.4±7.2 

Jul 2003 1.9±0.6a 85.3±14.7 

Aug 2003 1.9±0.2a 72.6±17.5 

Sep 2003 2.4±0.2a 89.4±5.8 

Oct 2003 2.5±0.3a 93.7±6.3 

Nov 2003 N/A N/A 

Dec 2003 2.6±0.3a 95.8±4.2 

Jan 2004 3.8±0.2a 97.0±3.0 

Feb 2004 1.8±0.9a 58.3±30.0 

Mar 2004 3.4±0.4a 91.4±4.8 

Apr 2004 1.5±0.8a 51.4±26.4 
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Table 3.2. The mean (±SE) number of eggs per female and percentage (±SE) of 

females containing eggs (% Egg females) of Cosmopolites sordidus in pheromone 

traps at Ramsgate (KZN, South Africa) from May 2003 to September 2004. For each 

dependent variable, letters in common indicate no significant difference (P>0.05). 

 

Dependent variable 
Date 

Eggs/female % Egg females 

May 2003 2.5±0.1 79.6±10.9abc 

Jun 2003 1.8±0.1 47.1±8.5abc 

Jul 2003 2.6±0.8 35.5±7.8ab 

Aug 2003 0.8±0.4 19.4±10.0a 

Sep 2003 2.6±0.3 80.4±6.6bc 

Oct 2003 2.6±0.1 54.3±8.1abc 

Nov 2003 2.4±0.4 100.0±0.0bc 

Dec 2003 2.1±1.1 61.9±31.2abc 

Jan 2004 2.5±0.3 100.0±0.0c 

Feb 2004 2.3±0.1 81.7±4.4bc 

Mar 2004 3.2±0.2 76.4±11.9abc 

Apr 2004 2.1±0.3 68.1±10.8abc 

May 2004 2.5±0.2 77.3±5.6abc 

Jun 2004 1.4±0.2 37.3±2.0ab 

Jul 2004 1.6±0.3 35.0±8.2ab 

Aug 2004 1.8±0.4 35.3±7.6ab 

Sep 2004 2.1±0.6 78.3±12.4bc 
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Table 3.3. The mean (±SE) number of eggs per female and percentage (±SE) of 

females containing eggs (% Egg females) of Cosmopolites sordidus in decayed plant 

residues, fresh plant residues and pheromone traps at Leisure Bay (KZN, South 

Africa) from June 2004 to May 2005. For each dependent variable, letters in common 

indicate no significant difference (P>0.05). 

 

Plant residues Traps 
Date 

Dependent 

variable Decayed Fresh Pheromone 
Mean 

Jun 2004 Eggs/female 

% Egg females  

0.8±0.75 

11.1±11.11a 

0.0 

0.0ab 

1.5±0.13 

50.3±4.83ab 

1.0±0.32b 

28.9±10.38b 

Jul 2004 Eggs/female 

% Egg females 

2.0±1.00 

55.0±5.00ab 

2.0±0.00 

22.5±2.50ab 

0.8±0.44 

18.5±9.80a 

1.5±0.36bc 

30.1±7.55b 

Aug 2004 Eggs/female 

% Egg females 

1.8±0.75 

25.3±11.04ab 

1.3±0.25 

61.9±4.76ab 

2.3±0.19 

52.2±5.07ab 

1.8±0.26abc 

47.3±6.74ab 

Sep 2004 Eggs/female 

% Egg females 

2.9±0.53 

91.7±8.33ab 

2.8±0.75 

87.5±12.50ab 

2.7±0.20 

79.2±5.73ab 

2.8±0.22abc 

85.1±4.50a 

Oct 2004 Eggs/female 

% Egg females 

2.8±0.25 

83.3±16.67ab 

3.2±0.32 

68.8±18.75ab 

2.8±0.42 

77.8±4.54ab 

2.9±0.20ac 

76.8±6.17a 

Nov 2004 Eggs/female 

% Egg females 

2.0±0.67 

83.3±5.56ab 

2.6±0.05 

86.1±2.78ab 

3.4±0.12 

79.7±5.63ab 

2.8±0.28abc 

82.6±2.75a 

Dec 2004 Eggs/female 

% Egg females  

2.7±0.67 

83.3±16.67ab 

1.2±1.2 

50.0±50.00ab 

3.2±0.33 

83.3±9.62ab 

2.5±0.47abc 

73.8±13.54a 

Jan 2005 Eggs/female 

% Egg females 

3.5±2.00 

50.0±16.67ab 

2.3±2.3 

16.2±12.36ab 

2.6±0.08 

81.8±4.47b 

2.8±0.70abc 

63.5±13.20ab 

Feb 2005 Eggs/female 

% Egg females 

1.75±0.75 

50±16.67ab 

5.0±2.00 

37.5±37.5ab 

3.3±0.25 

89.8±5.11ab 

3.4±0.69a 

54.0±12.13ab 

Mar 2005 Eggs/female 

% Egg females 

3.9±0.13 

65.0±15.00ab 

3.7±0.67 

36.4±6.43ab 

2.9±0.17 

82.0±0.37ab 

3.4±0.23a 

64.1±8.49ab 

Apr 2005 Eggs/female 

% Egg females 

3.2±0.33 

63.3±3.33ab 

2.7±0.29 

88.9±11.11ab 

2.5±0.15 

76.3±3.21ab 

2.8±0.16abc 

76.2±4.84a 

May 2005 Eggs/female 

% Egg females 

2.3±0.67 

66.7±33.33ab 

2.1±0.10 

62.5±37.5ab 

2.0±0.08 

49.0±4.41ab 

2.1±0.16abc 

57.9±11.53ab 
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Figure legends 
Figure 3.1. The mean weekly activity (+SE) of adult Cosmopolites sordidus 

measured by semiochemical (Cosmolure®) baited pitfall traps in stationary positions 

(triangles with solid lines) and independent monthly positions (squares with dotted 

lines) at Munster (KZN, South Africa) from May 2003 to April 2004. Significance of 

the mean monthly activity (shaded area) is indicated on the x-axis, where letters in 

common indicate no significant difference (P>0.05). 

 

Figure 3.2a. The mean monthly number (+SE) and percentage (±SE) (secondary y-

axis) of adult Cosmopolites sordidus in decayed (D, black bars) and fresh (F, white 

bars) banana residues at Munster (KZN, South Africa), measured from May 2003 to 

April 2004. Significance of the mean monthly densities (shaded area) is indicated on 

the x-axis, where letters in common indicate no significant difference (P>0.05). The 

black dots indicate the percentage of adults in decayed residues, while the white filled 

dots present the adult percentage in the fresh residues. 

 

Figure 3.2b. The mean monthly number (+SE) and head capsule width (mm) (±SE) 

(secondary y-axis) of larval Cosmopolites sordidus in decayed (D, black bars) and 

fresh (F, white bars) banana residues at Munster (KZN, South Africa) from May 

2003 to April 2004. The shaded area represents the mean monthly densities. The 

black dots indicate the mean larval head capsule width in the decayed residues, while 

the white filled dots present the head capsule width in the fresh residues. 

 

Figure 3.3. The mean weekly activity (+SE) of adult Cosmopolites sordidus 

measured by semiochemical (Cosmolure®) baited pitfall traps in stationary positions 

(triangles with solid lines) and independent monthly positions (squares with dotted 

lines) at Ramsgate (KZN, South Africa) from May 2003 to April 2005, represented 

as annual figures. Significance of the mean monthly activity (shaded area) are 

indicated on the x-axis’s, where letters in common indicate no significant difference 

(P>0.05). 

 

Figure 3.4a. The mean monthly number (+SE) and percentage (±SE) (secondary y-

axis) of adult Cosmopolites sordidus in decayed (D, black bars) and fresh (F, white 
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bars) banana residues at Ramsgate (KZN, South Africa) from May 2003 to April 

2005, represented as annual figures. The shaded area represents the mean monthly 

densities. The black dots indicate the percentage of adults in decayed residues, while 

the white filled dots present the adult percentage in the fresh residues. 

 

Figure 3.4b. The mean monthly number (+SE) and head capsule width (mm) (±SE) 

(secondary y-axis) of larval Cosmopolites sordidus in decayed (D, black bars) and 

fresh (F, white bars) banana residues at Ramsgate (KZN, South Africa) from May 

2003 to April 2005, represented as annual figures. Significance of the mean monthly 

densities (shaded area) is indicated on the x-axis, where letters in common indicate 

no significant difference (P>0.05). The black dots indicate the mean larval head 

capsule width in the decayed residues, while the white filled dots present the head 

capsule width in the fresh residues. 

 

Figure 3.5. The mean weekly activity (+SE) of adult Cosmopolites sordidus 

measured by semiochemical (Cosmolure®) baited pitfall traps in stationary positions 

(triangles with solid lines) and independent monthly positions (squares with dotted 

lines) at Leisure Bay (KZN, South Africa) from June 2004 to May 2005. Significance 

of the mean monthly activity (shaded area) is indicated on the x-axis, where letters in 

common indicate no significant difference (P>0.05). 

 

Figure 3.6a. The mean monthly number (+SE) and percentage (±SE) (secondary y-

axis) of adult Cosmopolites sordidus in decayed (D, black bars) and fresh (F, white 

bars) banana residues at Leisure Bay (KZN, South Africa) from June 2004 to May 

2005. Significance of the mean monthly densities (shaded area) is indicated on the x-

axis, where letters in common indicate no significant difference (P>0.05). The black 

dots indicate the percentage of adults in decayed residues, while the white filled dots 

present the adult percentage in the fresh residues. 

 

Figure 3.6b. The mean monthly number (+SE) and head capsule width (mm) (±SE) 

(secondary y-axis) of larval Cosmopolites sordidus in decayed (D, black bars) and 

fresh (F, white bars) banana residues at Leisure Bay (KZN, South Africa) from June 

2004 to May 2005. Significance of the mean monthly densities (shaded area) is 

indicated on the x-axis, where letters in common indicate no significant difference 
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(P>0.05). The black dots indicate the mean larval head capsule width in the decayed 

residues, while the white filled dots present the head capsule width in the fresh 

residues. 
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Figure 3.1 

 

 

 

0

2

4

6

8

10

12

14

16

18

20

1 8 15 22 29 9 16 23 30 8 15 22 29 8 15 22 29 8 15 22 29 8 15 22 29 8 15 22 29 13 20 27 3 10 17 24 2 9 16 23 30 8 15 22 29

   May03  
ab

  Jun03 
b

   Jul03  
a

  Aug03 
a

 Sep03
ab

  Oct03 
ab

  Nov03  Dec03
ab

 Jan04
ab

  Feb04 
a

   Mar04  
ab

  Apr04 
ab

Date and significance

M
ea

n 
nu

m
be

r 
of

 w
ee

vi
ls

 (+
S

E
)

 
 
 



 127 

Figure 3.2a 
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Figure 3.2b 
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Figure 3.3 
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Figure 3.4a 
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Figure 3.4b 
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Figure 3.5 
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Figure 3.6a 
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Figure 3.6b 
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