Spider Distribution In and Around Hawthorne Valley Main Gardens, Summer 2009.

By Rebecca Kranz

Introduction

Spiders play an important ecological role in almost every habitat across the globe.  As of 5 July 2009, the World Spider Catalog recognizes 40, 998 species of spiders (Araneae, Arachnida) belonging to 3,747 families worldwide (World Spider Catalog, 2009).  Spiders are considered generalist predators, preying on most insects, other arthropods, and other spiders.  The exact ecological role played by spiders in agricultural ecosystems is a matter of ongoing debate in the literature, but there is a general consensus that spiders are beneficial organisms on farmland and that they could be useful as natural pest controllers (Riechert and Lockley, 1984).

Many studies have been conducted over the past decade on spider populations in agroecosystems in Europe, specifically on the effects of habitat complexity (field versus the surrounding habitats) on spider density and species richness.  There is strong agreement that complex habitats with forested and other non-crop areas in addition to field habitats are necessary to support increased species richness (Oburg et al, 2007; Schmidt et al, 2005; Clough et al, 2005).  Schmidt et al defined a complex landscape as having greater than 50 percent non-crop habitat.  A simple landscape, on the other hand, had less than 20 percent non-crop habitat.  In their study, non-crop habitat included forest (average of 21%, grassland (average of 13%), and urban areas including gardens (average of 6%).  The authors reported a correlation between greater landscape complexity and increased species richness in twelve 3-km diameter sites around Gottingen, Germany.  They sampled spiders using pitfall traps and collected a majority of Lycosids and Linyphiids  
Oburg et al (2007) compared Lycosid and Linyphiid abundance and diversity between a field site, a field margin site consisting of either grassland or ley, and the edge site in between the field and field margin for eight cereal fields in Sweden.  They reported that Lycosid density was affected by habitat type, with a greater density in the field margin compared with the field.  Linyphiid density, on the other hand, was influenced by the percentage of perennial crops in the surrounding habitats.  Linyphiid species richness was greater in the field margin and species types varied across habitats.  In contrast, increased Lycosid species richness was correlated with an increased proportion of forested land in the surrounding landscape.  Lycosid species richness was greatest in the edge habitat compared with either the field or field margin.  All spiders were collected using pitfall traps.  
Clough et al (2005) surveyed three regions in Germany with varying proportions of crop and non-crop habitats.  Percentage of arable land ranged from 59.7% to 73.8 percent.  While complex versus simple habitats were not explicitly defined, the areas with the fewest non-crop habitats were taken to be more simple while the areas with the greatest percentage of non-crop habitat were taken to be more complex.  Clough et al (2005) also compared samples from pitfall traps placed at the center and the edges of each field.  From this comparison they reported increased spider abundance and diversity on the edges of the field compared to the center of the field, with differences in species composition as well.  Clough et al (2005) corroborated the results of Schmidt et al (2005) and Oburg et al (2007) that species richness is positively correlated with increased landscape complexity.  They suggested that the increased species richness is due to the increased complexity of the habitat in both vegetation type and structure and the stability of the habitat that provides for more reliable food sources.         

Given the impact of landscape complexity on spider density and species richness in agroecosystems, much can be done to increase habitat diversity within farmland to encourage spider populations (Sunderland and Samu, 2000; Samu et al, 1999).  Samu et al (1999) outlined three frameworks for thinking about landscape complexity: the micro-habitat scale, on the scale of the individual spider; the habitat scale, comprising many micro-habitats in a given area; and the landscape scale, which includes multiple habitats over a large area and interacting spider populations. The studies outlined in this introduction as well as the current study focus on the habitat scale.  Samu et al (1999) suggested that increasing the diversity of micro-habitats within a given habitat can greatly increase spider density and species richness.  This diversification can be accomplished by spatially segregating similar vegetation using weed strips or diversifying the crops grown in a single field.    
Sunderland and Samu (2000) made a similar distinction as Samu et al (1999) between spatially segregated crops, what they call “aggregated diversification,” and diversification within a single crop, or “interspersed diversification.”  Intercropping (planting different beds of crops in the same field) and weed strips are examples of aggregated diversification.  Reduced tillage, mulching, and partial weediness are examples of interspersed diversification.  Sunderland and Samu (2000) found that spider abundance was increased in 33% of studies using aggregated diversification techniques and in 80% of studies when interspersed diversification techniques were used.  Interspersed diversification also appeared to increase abundance by a greater magnitude than aggregated diversification.
  The present study seeks to describe the spider density and species richness of habitats in and surrounding the main garden of Hawthorne Valley farm in Ghent, New York (Columbia County).  Given the potential use of spiders as biocontrol agents in agroecosystems, this study is intended as an initial survey of the spider fauna in the area.  Based on the results from this study and the comparison of this study to the published literature, recommendations can be made as to how Hawthorne Valley Farm can best encourage spider populations in its main garden and surrounding habitats.
Materials and Methods

This study is part of a larger study of many different orders of insects and other invertebrates including spiders on Hawthorne Valley Farm in Ghent, NY (Columbia County).  Hawthorne Valley Farm is a 400-acre certified organic and biodynamic farm with a 10 acre market garden.  Several different fields are tilled on the farm, with the present study focusing on the main garden.  Crops grown in the main garden include: carrots, beets, leeks, onions, swiss chard, tomatoes, cabbage, broccoli, cauliflower, kale, parsley, dill, basil, celeriac, celery, cucumber, zucchini, squash, peppers, scallions, spinach, and turnips.  Cover crop is grown in several sections each year to replenish the soil including rye, alfalfa, clover, and vetch.  There are 17 sections in the garden with five to 32 beds each.  Each section is separated by a weed strip and the entire garden is surrounded by hedge rows.  Beyond the hedge rows are pastures and wetlands.  
Forty-three sites were identified for sweep-netting comprising five habitats: Drive Strip, Hedge Row, Wetland, Pasture, and Cover Crop (see Appendix Figure 1—map of garden).  The Drive Strip habitat (21 sites) describes the weed strip approximately one to three meters long that separates sections of the garden from each other.  The vegetation is primarily grass and clover and the strips are periodically mowed, so vegetation height ranged from four to thirty inches.  The Hedge Row habitat (7 sites) describes the rows of shrubs that line the main garden and separate pastures.  Common vegetation includes tall grass, multifloral rose, large shrubs, and trees.  The Wetland habitat (4 sites) describes the swampy areas adjacent to a creek running along the eastern and southwestern edges outside the main garden.  Vegetation includes tall grasses and rushes that are generally three to five feet in height.  The Pasture habitat (6 sites) describes the pastures immediately surrounding the garden periodically grazed by the dairy herd on Hawthorne Valley Farm.  The Cover Crop habitat describes the rye, alfalfa, clover, and vetch growing in several sections of the garden as cover crop.  Vegetation height ranged from several inches when the crop was cut to six feet at the tallest.  
Each site was swept near the ground with a cloth and mesh insect net 75 times and the results were tallied in three groups of 25 sweeps each.  Sweep-netting took place between 8:30am and 6:00pm under sunny or cloudy skies.  No data was collected during the rain or shortly thereafter when the ground was still very wet, as wet conditions may affect spider populations (Lowrie, 1971).    

Data collection began 15 May 2009 and will continue into the fall.  All sites were sampled once every two weeks. Spider collection began 28 May 2009.  Between 15 May and 28 May 2009, spiders were tallied but not collected for further identification.  Spider collection for this study lasted for two months from 28 May to 27 Jul 2009.  Analysis of total spider density includes all spiders tallied since 15 May 2009; analysis of spider diversity excludes spiders tallied before 28 May 2009 because they were not collected for further identification.  Collected spiders were immediately placed in alcohol vials and taken back to be identified down to the family level.  All identification was done by the author with the use of identification guides (Ubick et al, 2005; Howell and Jenkins, 2004; Weber 2003).  Specimens were sent to Dr. Kimberly Russell of the American Museum of Natural History to verify identification.  In addition, Salticidae specimens were further identified to the genus level.  Salticids were chosen for further identification at the recommendation of Dr. Kimberly Russel due to their relatively straightforward and stable taxonomy.  Identifications have not been confirmed.    

In the analysis of spider diversity, several families have been grouped together due to their small numbers and the author’s uncertainty in identifying particular groups.  The Araneidae, Linyphiidae, and Theridiidae have been analyzed together as “ALT.”  Due to the small numbers of Clubionidae, Theridiidae, and Lycosidae, these families were excluded from analysis of spider density by family.  Instead they were placed in Other.  Schmidt et al (2005) state that these three families are important in crops.
Chi-square statistical tests were performed to determine the significance in spider density variation.  To determine the expected values, the index of density was calculated based on the number of spiders divided by the number of samples taken.  For all values, a degree of freedom of 4 and alpha value of 0.05 were used.  The “Other” category also includes spiders that were recorded but not caught because: the spider could not be caught in time; the author could not accurately identify the specimen; the specimen was too damaged to be identified.  
Results

Since data collection began on 15 May 2009, 774 spiders have been recorded.  Of these 774 spiders, 682 were collected after 28 May 2009 to be identified to the family level.  These spiders represent nine spider families: Araneidae, Salticidae, Tetragnathidae, Lycosidae, Thomisidae, Philodromidae, Clubionidae, and Theridiidae.  Spider abundance by family is described in Table 1.  The Araneidae, Linyphiidae, and Theridiidae together comprised one-third of the total specimens, with Tetragnathidae as the second-most abundant family.  Over one-quarter of the specimens were classified as Other. 
Table 1. Spider abundance based on family
	Family
	#
	%

	ALT
	212
	33.28

	Salticidae
	43
	6.30

	Tetragnathidae
	154
	22.58

	Thomisidae
	15
	2.02

	Philodromidae
	44
	6.45

	Lycosidae
	8
	1.17

	Clubionidae
	1
	0.15

	Other
	190
	27.86

	Total
	682
	100.00



The genera represented by the Salticidae is shown in Table 2.  Six genera are represented, with over half the specimens belonging to the genus Pelegrina.  

Table 2. Salticidae abundance by genus

	Genus
	#
	%

	Eris
	1
	2.86%

	Hentzia
	1
	2.86%

	Pelegrina
	18
	51.43%

	Synageles
	1
	2.86%

	Tutelina
	2
	5.71%

	Zygoballus
	1
	2.86%

	Other
	11
	31.43%

	Total
	35
	100.00%


The 43 sites chosen for sweep-netting comprised five habitats listed above.  The habitats and the number of sites they represent are shown in Table 3.  A more detailed listing of the 43 sites can be found in the appendix.  The number of samples taken from each habitat and the number of spiders found there are also detailed in Table 3.  Data for the Drive Strip habitat includes a significantly greater number of sites and samples than any other habitat.  

Table 3. Number of sites represented by each habitat

	Habitat
	# of sites
	# of samples
	# of spiders
	Index of Density

	Drive Strip
	21
	146
	210
	1.44

	Hedge Row
	7
	51
	197
	3.86

	Pasture
	6
	41
	86
	2.10

	Wetland
	4
	21
	120
	5.71

	Cover Crop
	5
	25
	72
	2.88

	Total
	43
	284
	685
	2.41



Based on chi-square statistical tests, spider abundance was not evenly distributed across habitats (X2 value of 200.78, df = 4, p > 0.05).  More than twice as many spiders as expected were found in the wetland, whereas in the drive strip, the observed spiders were only slightly greater than half the expected value (see appendix).


Statistical analyses of spider abundance based on habitat within each family revealed little statistical variation across habitats except in the cases of Tetragnathidae and Other (Tetragnathidae: X2 = 30.69, df = 4, p > 0.05; Other: X2 = 13.21, df = 4, p > 0.05.  The Tetragnathidae appear over twice as often in the Cover Crop as would be expected based on chance.  Spider diversity based on habitat is shown in Figure 1.  ALT (as well as Other) represent a clear majority in the Hedge Row, Pasture, and Wetland habitats.  They are about equal in the Drive Strip, and Tetragnathidae are by far the majority in the Cover Crop.
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Figure 1. Percentage of spider families found within each habitat

Discussion

The current study compared the spider fauna of five distinct habitats of Hawthorne Valley Farm within the garden and the immediately surrounding wetlands, forested areas, and pastures.  Research on spiders and their contributions to agroecosystems, while prevalent in Europe, is still lacking for New York and the entire east coast.  Unlike the published studies discussed here which used pitfall traps to collect spiders, this study sampled spiders by sweep-netting.  In contrast to the pitfall traps, where spiders belonging to the families Lycosidae and Erigoninae (a subfamily of the Linyphiidae) are most common (Schmidt et al, 2005), this study identified only eight Lycosids out of 774 specimens.  The Linyphiids were grouped with the Araneids and Theridiids and were not brought down to the genus level, so the abundance of Erigoninae in the sample is unknown.  

Oburg et al (2007) found that Linyphiid density was greater in the field and edge habitats than the field margin and that Linyphiid density was influenced by landscape (field, edge, or field margin) and not by habitat (forest, non-perennial crop, etc.).  In the present study, the Drive Strip and Cover Crop habitats can be used for comparison to the field habitat defined by Oburg et al (2007); the Hedge Row habitat can be used for comparison to the edge habitat they define; and the Wetland and Pasture habitats can be used for comparison to the field margin habitat they define.  Given that the ALT represent the Linyphiid population of the present study, our results differ from Oburg et al (2007).  In the current study, Linyphiid presence in both the Drive Strip (25.71 % of all spiders found in Drive Strip) and the Cover Crop (12.5 % of all spiders found in Cover Crop) is less than their presence in the Hedge Row (32.49 % of all spiders found in Hedge Row).  Their presence in the Wetland (41.67 % of all spiders found in the Wetland) and Pasture (40.7 % of all spiders found in the Pasture) is greater than in any of the other three habitats.  It would seem then, that Linyphiid abundance on Hawthorne Valley Farm is greater in the field margin than the edge habitat, and greater in the edge than the field.  In addition, Linyphiid abundance on Hawthorne Valley Farm does appear to differ by habitat type as well.   


The finding of the current study that Linyphiid abundance differs by habitat is most likely due to the differences in the definition of habitat types.  The habitats outlined in the Oburg et al (2007) study include forest, non-crop and non-forest areas, perennial crops, and annual crops.  The current study, on the other hand, defines Drive Strip, Cover Crop, Wetland, Pasture, and Hedge Row as the main habitat types.  Oburg et al (2007) hypothesize that Linyphiids, in comparison to Lycosids in the same study, are more influenced by landscape (field, edge, or field margin) than by a particular habitat (such as forest or perennial crops) because of their ability to balloon from place to place.  The differing results of the present study, then, may suggest that the Linyphiidae on Hawthorne Valley Farm are choosing not to disperse from their habitats on the field margin into the edge or field.    
One reason the Linyphiidae may not be dispersing into field habitats is a lack of suitable web sites (Samu et al, 2006).  Studying the behavior of a Linyphiid species in a wheat field in England, Samu et al (1996) created artificial web sites from holes, plastic plant pots, and cardboard rings.  The authors report that the Linyphiid species studied showed a distinct preference for the holes as web sites, and that different species showed specific preferences.  In comparing their results to similar studies in the literature, the authors suggest that the availability of suitable web sites may limit spider density.  Given these results, the creation of artificial web sites within crop beds may be a way to encourage Linyphiid spiders on Hawthorne Valley Farm to disperse into field habitats.  
An increase in Linyphiid populations may be beneficial to Hawthorne Valley Farm due to their potential as biocontrol agents.  Although Linyphiidae are relatively infrequent feeders, they can be good biocontrol agents because they can form large populations, they rarely feed on other spiders, and because of additional pests that may become caught in their webs (Nyfeller and Sunderland, 2003; Sunderland and Samu, 2000).  
There is some evidence that the great presence of ballooning spiders (Araneidae, Linyphiidae, Theridiidae, and Tetragnathidae) compared to ground-dwelling spiders (Lycosidae, Thomisidae, Philodromidae, Salticidae, and Clubionidae) indicates lesser habitat complexity.  Isaia et al (2006) associate increased habitat heterogeneity with an increase in Ambush spider abundance (Thomisidae and Salticidae); an increased presence of Linyphiidae, on the other hand, is associated with decreased habitat heterogeneity.  It is likely that the findings of the current study in which ALT and Tetragnathidae dominate every habitat is due to the method of collection.  However, it is possible that the increased presence of ballooning spiders indicates the need for a more complex habitat surrounding the gardens of Hawthorne Valley Farm.

Many of the recommendations in the literature to increase spider density and species richness describe practices already used on Hawthorne Valley Farm.  For example, the main garden is composed of 17 sections with five to over 30 beds each.  A variety of crops are planted in the larger sections; only the smallest sections consist of the same crop.  There is a weed strip several meters in length between each section that separates sections from each other.  The main garden is surrounded by hedge rows, as well as pasture, wetland, and forested areas.  The 10 acre growing field is a small fraction of the surrounding 400 acres of the farm that greatly exceeds Schmidt et al’s (2005) definition of habitat complexity (greater than 50 % non-crop habitat).  These methods are all examples of aggregated diversification as defined by Sunderland and Samu (2000), which they state are not as effective as interspersed diversification methods.  Further methods to encourage spider populations in and around the main garden at Hawthorne Valley Farm should therefore focus on interspersed diversification and the spider micro-habitat (Samu et al, 1999).
There is not enough data on Salticidae in the current study to make any ecological conclusions based on habitat.  Salticids were chosen for further analysis due to their taxonomic stability and straightforward identifications in comparison to the families identified in sweep-netting.  They were not common enough, however, to provide a more in-depth look at spider diversity in the different habitats.  Lycosids would perhaps be a better choice for similar studies in the future using pitfall traps.  Their taxonomy is straightforward, adult specimens are typically larger than many other spiders, and they are commonly collected in pitfall traps.  

For their use as biological control agents, spiders must inhabit the crops themselves and not just the surrounding habitats and drive strips between crop beds.  As extremely disturbed environments, crop beds are not necessarily favorable habitats for many spiders.  Web-weavers, including Araneidae, Linyphiidae, Tetragnathidae, and Theridiidae, balloon in from the surrounding areas, but they may not remain within the crops if the habitat is not deemed suitable (Riechert and Bishop, 1990).  The manipulation of habitat through mulching has been shown to significantly increase spider density in vegetable gardens while reducing pest populations and pest damage (Riechert and Bishop, 1990).  The authors hypothesize that the success of mulching in increasing spider density is due to the humid habitat created by the mulch that protects spiders from extreme temperature fluctuations. 

Due to major flooding of the main garden in 2008 and 2009, Hawthorne Valley Farm is considering moving the location of the main garden to what is now a pasture on another part of the farm approximately 0.5 km from its current location.  While the arrangement of the crops with interspersing and weed strips between the crops will likely remain the same, the immediate surroundings of the main garden will be very different.  There are no hedge rows surrounding the new location; the northern and western edges are bordered by a road, and the southern edge by a parking lot; the eastern edge is next to a creek, with woods on either side.  The variety of habitats surrounding the main garden will therefore be reduced at this new location.  As a result of the increase in forested area around the garden, an increase in Lycosid diversity may be expected (Oburg et al, 2007).  Since the relocation site is not far from the current garden site, it is not expected that the move will affect Linyphiid populations in the same way (Schmidt and Tscharntke, 2005).  
To encourage increased spider density, hedge rows could be planted around the edges of the main garden, although the presence of the road adjacent to the hedge row may limit the effects of the new habitat.  A row of tall brush lines the northern and western borders of the garden, which may offset the effects of the road.  A similar study of the main garden next year in its new location could provide new insights as to how the immediate surroundings affect an agroecosystem in Columbia County, New York.  
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