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Abstract

The main goal of this study was to identify the treatment that increases the populations of spiders, which are ef-

fective predators in agroecosystems. In 2013 and 2014 the experimental eggplant (Solanum melongena L.) field

was two different treatments, organic fertilizers and chemical fertilizer treatment, and in 2014 we surrounded or-

ganic fertilizer plots with the flowering plants mealy cup sage (Salvia farinacea Benth.), spearmint (Mentha spi-

cata L.), and basil (Ocimum basilicum L.). Analysis using repeated measures ANOVA revealed significant influ-

ences of fertilizer type on the numbers of linyphiid spiders and Collembola in 2013. In 2014, the numbers of

Collembola, thrips, and lycosid and linyphiid spider were higher in organic fertilizer with flowering plants treat-

ment comparing with the chemical fertilizer treatment. Moreover, the numbers of Henosepilachna vigintiocto-

punctata (F.) were significantly lower in the organic fertilizer with flowering plants treatment than in chemical

fertilizers treatment. Finally, we expect that Thysanoptera and Collembola were important alternative prey for

linyphiid and lycosid spiders and the use of organic fertilizer and flowering plants enhanced the density of these

spiders, and may increase their effectiveness in suppressing the populations of H. vigintioctopunctata (F.).

Key words: farming system, organic farming, predator, spider, beneficial insectary plant

To produce organic vegetables and other crops, it is essential to utilize

indigenous natural enemies of pests in combination with strategic

cultivation techniques, such as planting flowering plants that attract

beneficial insects and applying organic fertilizers. True spiders are

effective natural predators in field crops, but their effects depend on

their densities in agroecosystems (Riechert and Lawrence 1997,

Marc et al. 1999, Landis et al. 2000, Symondson et al. 2002,

Schmidt et al. 2003). They kill and consume a large number of prey

daily (Riechert and Lawrence 1997, Riechert and Maupin 1998).

Hunting spiders decreased numbers of herbivorus Coleoptera in an

old field in Tennessee (Riechert and Lawrence 1997).

The quality of organic materials and the plant structure are very

important to increase the soil organism densities (Yeates et al. 1997).

Besides, the diet for most Collembola species is soil fungus or decaying

material of plant (Verma and Paliwal 2010). Also, organic fertilization

by manure application improves soil quality and structure, and it en-

hanced the population of saprophagous insects such as springtails

(Collembola) and midges (Diptera). These prey are very important for

the survival of their predators (Alderweireldt 1994, Chen and Wise

1999, Nyffeler 1999, Axelsen and Kristensen 2000). Hendawy and

Abul-Fadl (2004) have reported greater densities of lycosid and liny-

phiid spiders in organic fertilization fields than in chemical fertilization

fields. Also, Birkhofer et al. (2008) indicated that organic fertilizer had

a positive effect on the ground-dwelling spiders. Additionally, num-

bers of sheet-web weavers spiders (Linyphidae) had a positive respond

to Collembola (Birkhofer 2007). The organic fertilizers treatment sup-

ported species richness of weeds, numbers of earthworm, and density

and diversity of some invertebrates higher than mineral fertilizers

treatment (Dicks et al. 2013). Öberg (2007) reported that the densities

of lycosid and linyphiid spiders increased in response to organic treat-

ment. Lycosid and linyphiid (Araneae) spiders are commonly found in

arable land in central and northwestern Europe (Toft 1989, Feber

et al. 1998, Samu and Szinet�ar 2002, Pfiffner and Luka 2003, Clough

et al. 2005, Öberg and Ekbom 2006), and play an essential role in sup-

pressing aphid populations (Luczak 1979, Nyffeler and Benz 1987,

Mansour and Heimbach 1993, Lang 2003, Öberg and Ekbom 2006).

On the other hand, Linyphiid spiders can be dispersed by the wind,

whereas lycosid spiders walk (Luczak 1979, Weyman et al. 2002).
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Linyphiid spiders occasional caught Coleoptera as a prey (Nentwig

1983). Alderweireldt (1994) indicated that sheet-web weavers depend

on web captured prey or from time to time by the direct hunt.

Proper habitat management can enhance the populations of nat-

ural enemies for biological control in agricultural ecosystems

(Alomar et al. 2006, Bianchi et al. 2006). Providing good refuges

can enhance the density of spiders (Sunderland and Samu 2000).

Some studies demonstrated that the spider population increased and

aphid population decreased when the wheat field contained strips of

flowering plants (Jmhasly and Nentwig 1995). Flowering plants

strips play an essential role in biological control by enhancing the

predators and the alternative prey densities (Frank 2003).

Furthermore, the Lycosid spiders can feed on thrips (Sahito et al.

2013). Likewise, some scientists indicated that high numbers of

Thysanoptera were captured at the web of linyphiid spiders and

they expected that it was a suitable prey for spiders (Harwood et al.

2003). Marc et al. (1999) indicated that it is necessary to manage

the environment (i.e., habitat quality) to enhance the communities

of true spiders. Spider communities are very sensitive to sources of

environmental change, such as soil pollutants and chemical pesti-

cides. Diverse habitats provide an abundance of various food sour-

ces and thus can increase the populations of natural enemies (Hatley

and Macmahon 1980, Landis et al. 2000, Jonsson et al. 2008).

Flowering plants such as mealy cup sage (Salvia farinacea) can

play an essential role in enhancing the natural enemies of crab spi-

ders, predatory bugs, and chalcidoid wasps (El-Nabawy et al. 2015).

Peterson et al. (2010) and Carrel et al. (2000) reported that

Linyphiidae also feeds on pollen. Many scientists have reported the

value of pollen as a food source for natural enemies (Bernardello

et al. 2000, Landis et al. 2000, Jackson et al. 2001, Fiedler and

Landis 2007, Lundgren 2009, Peterson et al. 2010, Messelink et al.

2014). Pollen is an excellent food source also for spiders, particu-

larly for spiderlings, when prey populations are insufficient. Pollen

increases the longevity of spiderlings (Vogelei and Greissl 1989).

Many insect pests attack family Solanaceae, Henosepilachna vig-

intioctomaculata (F.) (the large 28-spotted ladybird beetle) consid-

ered as a serious pest of eggplant in Japan (Nakamura 1987). H.

Vigintioctomaculata (F.), this species size is greater than other lady-

bird beetle species and moves slowly, and when anything disturbing,

it escapes to the ground surface (Kalaiyarasi and Ananthi 2015) and

it can fly for just a short distance (Hao et al. 2006).

In this study, we evaluated the effects of field treatments on spi-

der populations. We tested the effects of organic versus chemical fer-

tilizers, and then the impact of growing flowering plants in an

organic fertilizer plots to attract spiders.

Materials and Methods

Study Site

The experimental field was located in Kiire, Kagoshima prefecture,

Japan, and experiments were carried out during the summers from

10 April till 19 September 2013 and from 18 April till 18 September

2014. The total area of the experimental farm was 800 m2. The

farm was divided into two treatment plots (treated with organic or

chemical fertilizers) with two replicates. Each replicate was 150 m2,

consisting of five rows (10 by 1 m) in the center of the field. The

rows were covered with black plastic mulch. Each row was planted

with 10 eggplant (Solanum melongena L.) seedlings, for a total of

50 plants in each replicate. Planting occurred on 6 May 2013 and

25 May 2014. In addition, each replicate was surrounded by sor-

ghum [Sorghum bicolor (L.) Moench.] as a wind buffer. An area of

200 m2 in the middle of the field separated the replicates. The quan-

tities and composition of organic and chemical fertilizers are shown

in Table 1.

The experimental design was similar in 2013 and 2014, except

that in 2014, some flowering plants were added to the organic plots.

Three species, namely, mealy cup sage (S. farinacea), spearmint

(Mentha spicata), and basil (Ocimum basilicum), were planted in

the organic plot in three alternating rows. A fourth plant species

(Cosmos bipinnatus) was intercropped between eggplants. Weeding

was done manually twice a month, using a brush cutter. No chemi-

cal pesticides were applied throughout the cultivating seasons. For

meteorological data, we used the local weather data published by

Japan Meteorological Agency.

Sampling

Pitfall Traps. Pitfall traps were used to collect ground-dwelling spi-

ders and Collembola. Each trap pot was 10 cm in diameter and

7.5 cm in depth, and was buried with its top just at the soil surface.

Approximately 40 ml propylene glycol was added to trap pots to

prevent dead spiders and insects from decaying. A plastic rain roof

cover was placed over the trap, about 5 cm above the trap. Eight

traps were used, with two in each replicate. The traps were used

twice a month and the samples were emptied into plastic jars and

transferred directly to the laboratory for analysis. The collected spi-

ders and Collembola were counted and identified under a binocular

microscope, and preserved in 70% alcohol in glass vials. Spiders

were identified using the appropriate keys developed by Kaston

(1953) and Chikuni (1989).

Population of Two Insect Pests, Aphids, and 28-Spotted Ladybird

Beetles in 2014. Ten eggplant leaves were randomly collected

weekly from each plot. They were preserved individually in plastic

bags, and any aphids on the leaves were identified and counted. The

aphid populations in this study consisted of Myzus persicae and

Aphis gossypii.

We confirmed the number of 28-spotted ladybird beetles, H. vig-

intioctomaculata (F.), by a direct count in the field. Each replicate

was divided into two parts, the eastern and western halves. In total,

10 leaves were selected randomly in each half of the replicate, for a

total of 20 leaves per replicate. The beetles were counted and the

counts were recorded.

By 10 double strokes of sweep net (36 cm in diameter and 90-

cm-long handle) from each plot, we collected insect pests to measure

how treatment affected by habitat structure. After collections, each

catch was kept in a glass jar until identified.

Data Analysis

Repeated measures ANOVA was used to determine the effect of fer-

tilizer type on the numbers of Lycosid and Linyphiid spiders (SPSS

2006). In addition, the correlations between spider numbers and

numbers of some alternative prey were analyzed by the Spearman

Table 1. Chemical and organic fertilization

Treatment Fertilizers type Weight (kg) N% P% K%

Chemical fertilization per 3a Chemical fertilizers 144 48 48 48

Organic fertilization per 5a Oilcake 200 18 8 4

Microbe fertilizer 200 8 16 8

Cattle manure 1,000 22 28 30

Total 1,400 48 52 42
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correlation coefficient. The analysis used the four pitfall traps from

each treatment and served as replicates and the different dates as

repeated measures to improve the significance of experimental

results.

Results

Family Composition of Spiders Collected by Pitfall Traps

During the 2013 and 2014 seasons, 961 spiders, representing 12

families, were captured with pitfall traps (Table 2). Lycosidae and

Linyphiidae spiders represented 68.76–59.4 and 23.94–28.85%,

during the two seasons, respectively, of the total number of trapped

spiders. These two spider families were the primary ground-dwelling

predators in the eggplant field.

Fluctuations of Populations of Linyphiid and Lycosid Spiders, and

Collembola

In 2013, the number of linyphiid spiders differed between organic

and chemical fertilizer plots, particularly in mid-July, after that the

population in each plot declined until the end of the season (Fig. 1a;

F1,6¼6.92, P<0.05). During the seasonal transition of 2013, we

identified differences in Collembola counts between the two plot

types (F1,6¼87.04, P<0.01). Counts were higher in plots treated

with organic fertilizer, particularly early in the season, from mid-

May until mid-July. The counts were very low from the end of July

to the end of summer. The fluctuations of the populations of liny-

phiid spiders and Collembola were very similar after mid-June. But,

there were not higher numbers of lycosid spiders in organic fertilizer

plots comparing with chemical fertilizer plots (Fig. 1b; F1,6¼1.66,

P¼0. 22).

In 2014, there were large differences in the numbers of both spi-

der families and Collembola between the two types of plot (Fig. 2;

Linyphiidae, F1,6¼31.68, P<0.01; Lycosidae, F1,6¼10.82,

P<0.05; Collembola, F1,6¼41.36, P<0.01). The number of

Linyphiid spiders was higher in organic plots than in chemical plots

from mid-June to mid-July, and then the population in each plot

declined until the end of the season. The counts of Collembola were

similarly high in organic plots from early June to mid-July. Clear dif-

ferences between organic and chemical treatments were observed

during June, and from late July to late August. The seasonal fluctua-

tions of lycosid spider counts differed from Collembola counts.

Fluctuations of the Populations of Aphids, 28 Spotted Ladybird

Beetles, Collembola, and Thrips coloratus Schmutz in 2014

An acute outbreak of aphids was observed during June in the plot

treated with chemical fertilizers while the differences between the

two treatments were not significant (Fig. 3a, F1,2¼1.66, P¼0.33).

In addition, there were fewer 28-spotted ladybird beetles in

organic fertilizer with flowering plants plots than in chemical plots,

especially in July and the early part of September (Fig. 3b,

F1,6¼8.45, P<0.05). The population density of pests in the organic

treatment remained low, compared with the chemical treatment,

throughout the season. On the other hand, the numbers of

nonpest Thrips coloratus Schmutz were significantly higher in the

organic fertilizers with flowering plants plot than the chemical

fertilizer plot especially during August (Fig. 3c, F1,2¼169.92,

P<0.01).

Correlation Between the Numbers of Lycosid and Linyphiid Spiders

and Insects

To identify different factors fluctuating spider population density,

we studied the Pearson correlation coefficient between spiders and

prey insects. In 2013, linyphiid spider counts were positively influ-

enced by Collembola (r¼0.48, P<0.01). Additionally, the correla-

tion between lycosid spider and Collembola is significantly positive

(r¼0.26, P<0.05). Similarly, in 2014 Collembola affected the

numbers of Lycosidae (r¼0.34, P<0.01), and thrips positively

affected numbers of Linyphiidae (r¼0.35, P<0.5).

Discussion

Factors Contributing to Increase the Linyphiid and Lycosid Spiders

Densities

Various factors can contribute to increases in spider population den-

sity (Pfiffner and Luka 2003). We compared spider and some insect

populations between organic and chemically treated field plots in

2013 and 2014 separately. The chemical treatments were the same

in both years, whereas the organic treatments differed. In 2013, the

organic plot was treated solely with organic fertilizer, whereas in

2014 it was treated with the organic fertilizer and we also added

flowering plants to the plot.

In 2013, organic fertilizer treatment enhanced the density of

Linyphiidae spiders and Collembola, and there was a significant

positive correlation between linyphiid spiders and Collembola

counts. Birkhofer (2007) showed that sheet-web weavers spiders,

Linyphiidae, had a positive relationship with alternative or nonpest

prey (Collembola), and Pfiffner and Luka (2003) found the numbers

of saprophagous insects such as the Collembola increased by using

organic fertilizer. Moreover, Collembola species feed on soil fungus

or some of the plant decaying material (Verma and Paliwal 2010)

and the organic fertilizers are very essential to rise the soil organism

densities (Yeates et al. 1997).

In 2014, differences in lycosid and linyphiid spider counts for the

two treatments were evident, there are many reasons that may be

responsible for boosted spider density in the organic fertilizers and

flowering plants treatment; 1) organic fertilizers can have indirect

effects to enhance the spider population by increasing the alternative

prey density. Moreover, organic fertilization can improve the soil

structure and microclimate, which is very important for sapropha-

gous insects such as Collembola (Alderweireldt 1994; Chen and

Wise 1999; Nyffeler 1999; Axelsen and Kristensen 2000; Pfiffner

and Luka 2003). Our results are consistent with these previous stud-

ies because we found a positive relationship between the numbers of

Table 2. Total number of spiders (and the families to which they

belong) collected during 2013 and 2014 in different treatment plots

Spider family Total No. trapped in 2013 Total No. trapped in 2014

Organic Chemical % Organic Chemical %

Lycosidae 178 161 68.76 165 113 59.4

Linyphiidae 71 47 23.94 83 52 28.85

Theridiidae 12 11 4.67 15 17 6.84

Gnaphosidae 1 2 0.61 3 1 0.86

Clubionidae 0 0 0 0 1 0.21

Ctenidae 3 1 0.81 0 0 0

Haniidae 1 0 0.2 1 0 0.21

Pisauridae 0 0 0 4 1 1.07

Salticidae 1 0 0.2 2 1 0.64

Nesticidae 0 0 0 1 0 0.21

Oxyiopidae 1 0 0.2 2 0 0.43

Tetragnathidae 2 1 0.61 5 1 1.28

Total number 270 223 100 281 187 100
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Collembola and Lycosidae. Also, we found a positive relationship

between the numbers of Collembola and linyphiid spider in 2013

and between Collembola and lycosid spiders in both years.

Birkhofer (2007) showed the importance of Collembola to linyphiid

spider as alternative prey. In addition, Dicks et al. (2013) indicated

that weeds richness and density and diversity of some invertebrates

increased in the organic fertilizer treatment higher than the mineral

fertilizer treatment. 2) The flowering plants may provide suitable

Fig. 1. Fluctuations of the populations of Linyphiidae (a) and Lycosidae spiders (b) and Collembola (c) captured by pitfall traps, according to plot type in 2013.
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refuges for the lycosid and linyphiid spiders. Sunderland and Samu

(2000) found the density of spiders can enhance by increasing suit-

able refuges. Malumbres-Olarte et al. (2012) reported a positive

relationship between the number of lycosid spiders and the diversity

of plant species. 3) Flowering plants change the habitat composition

or may enhance the density of alternative prey and this point was

confirmed by Frank (2003) found that flowering plants strips are

very important to enhance the numbers of alternative prey and also,

Fig. 2. Fluctuations of the populations of Linyphiidae (a) and Lycosidae spiders (b) and Collembola (c) captured by pitfall traps, according to plot type in 2014.
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Landis et al. (2000) indicated that change the habitat composition

can enhance the alternative prey of spiders. Our study showed that

during August high numbers of nonpest T. coloratus Schmutz were

attracted in the organic fertilizers and flowering plants treatment

and maybe they played an important role to increase the numbers of

spiders. Furthermore, high numbers of nonpest thrips (T. coloratus

Schmutz) were attracted to S. farinacea Bench (El-Nabawy, unpub-

lished data). Sahito et al. (2013) found that family Lycosidae,

Hippasa agelenoides feed on thrips. Also, Harwood et al. (2003)

reported that many individuals of Thysanoptera were found at web-

sites of the linyphiid spider, and the authors expected that

Thysanoptera was an efficient prey for linyphiid spider. 4)

Flowering plants also can provide spiders with alternative food

resources (pollen) and some previous studies have indicated the

value of pollen in the good ecosystem as an alternative food resource

for linyphiid spider and its role to raise the fecundity (Peterson et al.

2010). Also, Vogelei and Greissl (1989) reported that pollen can

enhance the spiderlings longevity.

Fig. 3. Fluctuations of the populations of aphids (a) (counted by microscope), 24-spotted ladybird beetles (b) (counted directly) and T. coloratus Schmutz. (c) (col-

lected by sweeping net) between the organic and chemical treatments in 2014.
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Populations of Insects in Organic and Chemical Plots in 2014

In June 2014, the number of Linyphiidae spiders in the organic fer-

tilizer plots was about twice as high as that in the chemical fertilizer

plots which led to the aphid counts in the chemical treatment plots

were temporarily higher than those in the organic plots. While, from

the end of June until the end of August the number of Collembola

and linyphiid spiders had the same trend. Thus, the higher density of

linyphiid spiders might be maintained by partially changing the

main prey from aphids to Collembola and T. coloratus Schmutz.

Interestingly, the numbers of aphids, no significant differences were

detected between the organic fertilizers with flowering plants treat-

ment and the chemical fertilizers treatment, indicating no direct

prey–predator relationship between them. These results are not con-

sistent with those reported by Luczak (1979), Nyffeler and Benz

(1987), Mansour and Heimbach (1993), and Lang (2003), all of

whom reported that lycosid and linyphiid spiders can affect aphid

populations.

The numbers of 28-spotted ladybird beetles were lower in

organic plots with flowering plants treatment comparing with min-

eral fertilizers treatment and we think the first reason is that

increases in lycosid spiders may suppress populations of the beetles.

Generally, most lycosid spiders dwell on the soil surface, and the 28-

spotted ladybird beetle inhabits leaf surfaces. Many of the ladybird

beetle were collected in our pitfall traps (unpublished data), and

especially this species is bigger than other ladybird beetles and

moves slowly, and if any disturbance happens, it falls to the ground

(Kalaiyarasi and Ananthi 2015) and we believe that the main dis-

turbing things were rain and wind because Japan is also the country

exposed to a tropical storm (typhoon) moreover, Japan considers

generally a rainy country and the rainy days numbers during this

study were 10, 6, 12 and 8 d during June, July, August and

September, respectively. So we think that lycosid spiders could easily

feed on these beetles. Some previous studies have also indicated that

lycosid spiders can feed on coleopteran insect pests. Uetz et al.

(1992) reported that Lycosa spiders prey on Dermestes beetles, and

Maloney (2002) found that lycosid spiders consume blueberry flea

beetles (Chrysomelidae). According to Riechert and Lawrence

(1997), Hunting spiders reduced phytophagous populations

Coleoptera in Tennessee. Also, we think the second reason is the sig-

nificant numbers of linyphiid spider in organic fertilizers and flower-

ing plants treatment may suppress the numbers of 28-spotted

ladybird beetles because they can move and spread easily by the

wind (Luczak 1979, Weyman et al. 2002). Nentwig (1983) showed

that Coleoptera was seldom captured by linyphiid spiders. Also,

Linyphiid spiders capture prey on their web or stopping periodically

to hunt prey (Alderweireldt 1994).

In conclusion, the use of organic fertilizers and predatory-

attracting plants enhances the density of lycosid and linyphiid spi-

ders and their alternative prey in Japan. And these results suggest

that high densities of these spiders suppress some of the insect pests

in eggplant fields.

Plan for Future

In the present study (2014), we could not determine the impact of

organic fertilizers and flowering plants separately because flowering

plants surrounded the organic fertilizers plots and we studied them

as one treatment, so in our future study, we will compare between

the mineral fertilizers, organic fertilizers, organic fertilizers with

flowering plants, and flowering plants in four different treatments to

determine the actual effect of each factor and the best treatment to

enhance spiders populations.

Acknowledgments

E.M.E. received financial support from the Egyptian government as a scholar-

ship for the Ph.D. degree. We thank all students of Entomological

Laboratory, Faculty of Agriculture, Kagoshima University, for their kindness,

advice and helping in the experimental farm. We also thank A. Nagano for

his kindness, we did our field trial in his farm in 2013 and 2014.

References Cited

Alderweireldt, M. 1994. Prey selection and prey capture strategies of liny-

phiid spiders in high-input agricultural fields. Bull. Br. Arachnol. Soc. 9:

300–308.

Alomar, O., R. Gabarra, O. Gonz�alez, and J. Arn�o. 2006. Selection of insec-

tary plants for ecological infrastructure in Mediterranean vegetable crops.

IOBC/WPRS Bull. 29: 5–8.

Axelsen, J. A., and K. T. Kristensen. 2000. Collembola and mites in plots fer-

tilized with different types of green manure. Pedobiologia 44: 556–566.

Bernardello, G., L. Galetto, and G. J. Anderson. 2000. Floral nectary structure

and nectar chemical composition of some species from Robinson Crusoe is-

land (Chile). Can. J. Bot. 78: 862–872.

Bianchi, F. J. J. A., C. J. H. Booij, and T. Tscharntke. 2006. Sustainable pest

regulation in agricultural landscapes: a review on landscape composition,

biodiversity and natural pest control. Proc. R. Soc. Biol. Sci. 273:

1715–1727.

Birkhofer, K. 2007. Organic farming and generalist predator communities.

Ph.D dissertation, Darmstadt University of Technology, Darmstadt.

Birkhofer, K., A. Flielssbach, D. H. Wise, and S. Scheu. 2008. Generalist

predators in organically and conventionally managed grass-clover fields:

implications for conservation biological control. Ann. Appl. Biol. 153:

271–280.

Carrel, J. E., H. K. Burgess, and D. M. Schoemaker. 2000. A test of pollen

feeding by a linyphiid spider. J. Arachnol. 28: 243–244.

Chen, B. R., and D. H. Wise. 1999. Bottom-up limitation of predaceous ar-

thropods in a detritus-based food web. Ecology 80: 761–772.

Chikuni, Y. 1989. Pictorial encyclopedia of spiders of Japan. Kaisei-sha,

Tokyo, 308 pp.

Clough, Y., A. Kruess, D. Kleijn, and T. Tscharntke. 2005. Spider diversity in

cereal fields: comparing factors at local, landscape and regional scales.

J. Biogeogr. 32: 2007–2014.

Dicks, L. V., J. E. Ashpole, J. Dänhardt, K. James, A. Jönsson, N. Randall, D.

A. Showler, R. K. Smith, S. Turpie, D. Williams, et al. 2013. Farmland con-

servation: evidence for the effects of interventions in northern Europe.

Pelagic Publishing, Exeter, 504 pp.

El-Nabawy, E. M., K. Tsuda, and Y. Sakamaki. 2015. Attractiveness of spi-

ders and insect predators and parasitoids to flowering plants. Egypt. J. Biol.

Pest. Control 25: 245–250.

Feber, R. E., J. Bell, P. J. Johnson, L. G. Firbank, and D. W. Macdonald. 1998.

The effects of organic farming on surface-active spider (Araneae) assem-

blages in wheat in southern England, UK. J. Arachnol. 26: 190–202.

Fiedler, A. K., and D. A. Landis. 2007. Attractiveness of Michigan native

plants to arthropod natural enemies and herbivorous. Environ. Entomol.

36: 751–765.

Frank, S. D. 2003. Evaluation of conservation strips as a conservation biologi-

cal control technique on golf courses. M.S. thesis, University of Maryland,

College Park, MD.

Hao, W., M. Lu, X. L. Jiang, G. D. Chao, and X. F. Cao. 2006. Study on biologi-

cal characteristic of potato ladybird. Chinese plant protection. 26: 22–23.

Harwood, J. D., K. D. Sunderland, and W. O. C. Symondson. 2003. Web-lo-

cation by linyphiid spiders: prey-specific aggregation and foraging strate-

gies. J Anim. Ecol. 72: 745–756.

Hatley, C. L., and J. A. Macmahon. 1980. Spider community organization:

seasonal variation and the role of vegetation architecture. Environ.

Entomol. 9: 632–639.

Hendawy, A. S., and H. A. Abul-Fadl. 2004. Survey of the true spiders com-

munity and its response to chemical and organic fertilizers in the Egyptian

corn fields. Egypt. J. Biol. Control 14: 231–235.

Journal of Insect Science, 2016, Vol. 16, No. 1 7



Jackson, R. R., S. D. Pollard, X. J. Nelson, G. B. Edwards, and A. T. Barrion.

2001. Jumping spiders (Araneae: Salticidae) that feed on nectar. J. Zool.

255: 25–29.

Jmhasly, P., and W. Nentwig. 1995. Habitat management in winter wheat and

evaluation of subsequent spider predation on insect pests. Acta Oecol. 16:

389–403.

Jonsson, M., S. D. Wratten, D. A. Landis, and G. M. Gurr. 2008. Recent ad-

vances in conservation biological control of arthropods by arthropods. Biol.

Control 45: 172–175.

Kalaiyarasi., L., and R. L. Ananthi. 2015. Evaluation of a few botanical insec-

ticides against the insect pest Henosepilachna vigintioctopunctata (Fab.) On

Solanum melongena plant. J. Agric. Vet. Sci. 8: 63–67.

Kaston, B. J. 1953. How to know the spiders. Wm. C. Brown, Dubuque, IA,

220 pp.

Landis, D. A., S. D. Wratten, and G. M. Gurr. 2000. Habitat management to

conserve natural enemies of arthropod pests in agriculture. Annu. Rev.

Entomol. 45: 175–201.

Lang, A. 2003. Intraguild interference and biocontrol effects of generalist

predators in a winter wheat field. Oecologia 134: 144–153.

Luczak, J. 1979. Spiders in agrocoenoses. Pol. Ecol. Stud. 5: 151–200.

Lundgren, J. G. 2009. Relationships of natural enemies and non-prey foods.

Springer Science, New York.

Maloney, D. 2002. The ecology of wolf spiders (Lycosidae) in lowbush blue-

berry (Vaccinium angustifolium) agro ecosystems. MS thesis, University of

Maine, Orono, ME.

Malumbres-Olarte, J., C. J. Vink, J. G. Ross, R. H. Cruickshank, and A. M.

Paterson. 2012. The role of habitat complexity on spider communities in na-

tive alpine grasslands of New Zealand. Insect Conserv. Divers. 6: 124–134.

Mansour, F., and U. Heimbach. 1993. Evaluation of lycosid, micryphantid

and linyphiid spiders as predators of Rhopalosiphum padi

(Hom.:Aphididae) and their functional response to prey density – laboratory

experiments. Entomophaga 38: 79–87.

Marc, P., A. Canard, and F. Ysnel. 1999. Spiders (Araneae) useful for pest lim-

itation and bio indication. Agric. Ecosyst. Environ. 74: 229–273.
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