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1 INTRODUCTION

Human life is supported by natural ecosystems and species that constitute them through conditions and
processes which are known as ecosystem services or nature’s services (Daily, 1997: 3). Ecosystem
services (ES) are the life-support systems of the planet (Myers, 1996; Daily, 1997; Daily et al., 1997) and
it is very well understood that human life cannot exist without these services and functions. However,
human activity is rapidly changing the ability of ecosystems to provide ES (Millennium Assessment, 2005).
In the next 50 years, the human population is projected to grow to 9 billion and the global grain demand
will double. Also, the economic and environmental external costs of modern agriculture are immense
(Pretty et al., 2000). The challenge is to meet the food demands of a growing population without
compromising environmental integrity or public health (Tilman et al., 2002: 671).

To date, ES value has been assessed using a ‘top-down’ approach, i.e., the economic value of 17 ES in
16 biomes was calculated by Costanza et al. (1997) to be in the range of US$16-54 trillion per year, with
an annual average of US$33 trillion based on published studies, supported by a few original calculations,
Pimentel et al. (1997) estimated the annual economic and environmental benefits of biodiversity in the
world to be about US$ 3 trillion per year, while in New Zealand, Patterson and Cole (1999) estimated the
economic value of that country’s ES to be US$30 billion for 1994 using the value transfer method.
However, there is lack of detailed understanding of the ES associated with highly-modified or ‘engineered’
landscapes (Balmford et al., 2002). An engineered or designed ecosystem is one that has been
extensively modified by humans explicitly to provide a set of ecosystem goods and services (Takatsuka et
al., unpublished).

2 ECOSYSTEM SERVICES ASSOCIATED WITH ARABLE FARMING

As pointed out above, there is useful information on the ES provided by natural ecosystems (Costanza et
al., 1997; De Groot, 1992; De Groot et al., 2000; Millennium Assessment, 2005) but there is a general lack
of information on the ES associated with modified landscapes, such as farmland. However, Cullen et al.
(2004) and Takatsuka et al. (unpublished) have recognized the potentially high value of ES associated
with arable farming systems and, after reviewing the definitions of ES and discussing the flows of ES
associated with New Zealand arable land, it became clear that arable farming has an ‘ecological footprint’
as well as being an ES provider.

In contrast with the above mentioned broad, value transfer approaches, current work assesses three key
ES (biological control of pests, soil formation, and mineralization of plant nutrients) experimentally and
focuses on one sector of an engineered ecosystem, arable farming, and addresses both conventional and
organic systems attributing dollar values to some of their key ES. A subsidiary aim was to assess the
provision of ES on organic as well as conventional fields, which are ranked according to their ES level.
The experiments were conducted on 29 arable fields (14 organic and 15 conventional) in Canterbury
region of New Zealand.

2.1 BIOLOGICAL CONTROL OF PESTS: Stability of agricultural systems worldwide is maintained by
natural pest control services (Naylor and Ehrlich, 1997: 151). According to De Bach (1974), 99% of
agricultural pests and diseases are controlled by their natural enemies - predators, parasites, and
pathogens. Such ‘natural’ suppression is of great significance in organic agriculture as that system is more
dependent on such services to keep pest populations low. Intensification of agriculture, with associated
habitat destruction has led to a severe reduction of this ES, which is worth US$ 100 billion annually in
cropland worldwide (Pimentel et al., 1997). Severe detrimental effects from increasing pesticide
applications in agriculture are also well known. Pimentel et al. (1992) estimated the environmental and
economic costs of pesticide use in the USA to be US $ 8 billion annually. The process of pest removal by
soil-surface predators (one of many ecological guilds of predators and parasitoids) was assessed in the
current work by using ‘prey facsimiles’ to assess the ‘predation rate’; this provides information on one
subset of biological control carried out by natural enemies in arable farmland.

Assessing the predation rate of aphids and fly eggs in arable fields in Canterbury: Aphids in cereals
and many arable crops and the carrot rust fly (Psila rosae) in carrots are important pests in Canterbury.



Live pea aphids (Acyrthosiphon pisum) were used and frozen eggs of the blow fly (Calliphora vicina) were
simulated carrot rust fly eggs. Predation of these two prey items was assessed in all the fields on each of
two dates: November 2004 (27 fields, when pest populations are low in cropping fields) and January 2005
(23 fields, when pest populations are often at their peak). On each date, two prey densities were
assessed.

Predation rate was assessed using ‘prey facsimiles’ comprising 25cm?® sandpaper pinned to the soil
surface by toothpicks. Live aphids had to be glued on the water-proof sandpaper (P150, Norton) using 3M
repositionable glue.

The sandpaper sheets were pinned at the field boundary, the field centre and midway between the two in
two transects and had a metal plate supported 10cm above to protect them from rain.

Aphid predation: Studies in cereal fields have indicated that polyphagous predators are able to reduce
aphid populations considerably (Lys, 1995). Many of these predators forage mainly on the ground. Their
contribution is partly because a high proportion of aphids can fall from the crop canopy (up to 90% per
day, Winder, 1990). The different aphid ‘prey’ densities were selected in November 2004 (1/25cm? and 4/
25cm?) and January 2005 (4/ 25cm? and 10/ 25cm?) based on the work of Winder (1990), Ekbom et al.
(1992), Winder et al. (1994).

Fly egg predation: Two densities of eggs were used based on the literature on the abundance of carrot
rust fly eggs population on the ground. Published egg densities are in the range of 3-8 per 25cm?® (Burn,
1982) in the field. Prey facsimiles were placed on the ground as described above for aphids.

c 40 . @ Organic fields - _
S g5 | . ional field Organic Conventional
g 30 | @ Conventional fields Fields Fields
o o5 | Mean | SE of Mean SE of
Z o0 mean mean
o 15 Aphid Nov-04 | 1891 | 6.39 2.37 0.841
® 10 predation
g 5 1 Jan-05 | 25.9 5.19 0.97 0.521
2 0 Fly egg Nov-04 | 25.25 | 4.74 3.86 1.361
Nov-04 | Jan-05 | Nov-04 | Jan-05 predation
Aphid predation | Fly egg predation Jan-05 | 34.08 | 3.19 1.56 0.855

Fig. 1 Predation rates of aphids and fly eggs  Table 1 Mean predation rates in organic and
conventional fields

The proportions of aphids and fly eggs removed by the soil-surface predators in 24h were recorded. Table
1 shows the mean percentage and standard error of means of aphids and fly eggs removed in organic
and conventional fields on the two study dates. Predation rate of aphids was significantly higher in organic
fields than the conventional fields (P=0.025, significant at 5% level, November 2004; P=0.001, January
2005). Predation rate of fly eggs was also significantly higher (P=0.001, November 2004; P<0.001,
January 2005) in organic fields than the conventional fields. Although the data does not satisfy the
assumptions for the t test, differences between organic and conventional are so large (and P values so
small), that the differences are real. An illustration of aphids and fly egg predation in arable fields is given
in Fig 1.

2.2 SOIL FORMATION: Soil formation is an important ecosystem service provided by soil biota.
According to Pimentel et al. (1995), earthworms bring between 10 and 500 tonnes/halyear of soil to the
surface and it was estimated that soil biota aids the formation of approximately 1 tonne/ha/year of topsoil.
Under agricultural conditions it takes approximately 500 years to form 25 mm of soil, whereas under forest
conditions it takes approximately 1000 years to form the same amount (Pimentel et al., 1995).
Earthworms are also beneficial by maintaining soil nutrient levels by mixing the soil. Their activities bring
sub-surface soil, providing nutrients in the plant root zone. In the current work, soil formation through the
activities of earthworms was assessed by sampling their populations to provide an estimate of the quantity
of soil formed per ha per year.

Sampling was done during the spring as earthworm populations are generally highest at this time in New
Zealand (Martin, 1978). Four 25cm° soil samples were taken from each field. The soil was spread on a
plastic sheet and earthworms were extracted and placed in a collection pottle. The results are given in Fig
2. The range of population densities in organic fields was 12-244/m? (mean 132/m2) and 36-184/m’ (mean
99/m2) in conventional fields. There was no significant difference between organic and conventional fields.
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Dollar value: The economic value of soil formation by earthworms in this work is presented in Fig 2.
Populations/m? was assessed. Mean earthworm biomass is 0.2g (Fraser, 1996) and on, an average, one
tonne of earthworms forms 1000kg of soil annually. The value of top soil in New Zealand is NZ$23.08 per
ton (Winstone Aggregates and City Care, pers comm., 18.04.2005). From these assumptions the value of
soil formation was calculated and is presented in Fig 2. The range of values for organic fields is NZ$ 0.55
—11.22/halyr (mean $6.06/ha/yr) and for non-organics NZ$ 1.65-8.46/halyr (mean $4.56/halyr).
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2.3 MINERALISATION OF PLANT NUTRIENTS: Organic matter breakdown carried by soil organisms is
one of the most important services provided by soil. Through decomposition, plant residues are broken
down, releasing previously organically-bound nutrients such as nitrogen for use by plants.

Mineralisation of plant nutrients was assessed in 29 fields using bait lamina probes (Kratz, 1998). These
are strips of rigid plastic with a series of 1mm holes (16) drilled into them. These are filled with gel
comprising of cellulose (65%), agar-agar (15%), bentonite (10%) and wheat bran (10%) that matches to
some extent the key constituents of dead plant material on or in the soil. They were inserted into ground at
specials similar to those of the predation baits described above. The probes were left in the ground for 10
days in January 2005. Soil micro-organisms consume the ‘bait’ and the number of holes that are empty
(partially or fully) gives a measure of the rate of mineralisation (Kratz, 1998).

The mean rate of mineralisation is calculated as the mean removal of baits and is given in Fig 3. The
percentage removal of baits in organic fields was 1.04-17.18% and in conventional fields was 1.56-
14.06%.

3 CONCLUSIONS

Rates of ES were generally higher on organic fields studied. The engineered systems studied are both a
consumer and a provider of the three ES. The levels of ES varied between different management
practices. Current intensive and high input agricultural practices appears to be affecting the ability of these
systems to provide some ES. which offsets their ability to produce large amounts of food and fibre. New
technologies based on novel and sound ecological knowledge are required to enhance these ES and to
ensure farm incomes can be sustained (Tilman et al., 2002; Gurr et al., 2004).

ACKNOWLEDGEMENTS
Participating farmers, Sue Cumberworth, Foundation of Arable Research, Trish Fraser, FRST funded
project (LINX0303), Alison Lister.

4 REFERENCES

Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S., Green, R.E., Jenkins, M., Jefferiss, P.,
Jessamy, V., Madden, J., Munro, K., Myers, N., Naeem, S., Paavola, J., Rayment, M., Rossendo, S.,
Roughgarden, J., Trumper, K., and Turner, R.K. (2002) ‘Economic reasons for saving wild nature’,
Science, 297: 950-953.

Burn, A. J. (1982) ‘The roles of searching efficiency in carrot fly egg loss’, Annals of Applied Biology 154-
159.

Daily, Gretchen ed. (1997) ‘Nature's services: Societal Dependence on Natural Ecosystems’ Island Press,
Washington, D.C.



Dally, G. C., Alexander, S., Ehrlich, P.R., Goulder, L., Lubchenco, J., Matson, P.A., Mooney, H.A., Postel,
S., Schneider, S.H., Tilman, D. and Woodwell, G.M. (1997) ‘Ecosystem services: benefits supplied to
human societies by natural ecosystems’, Issues in Ecology 2: 1-13.

Costanza, R., and Folke, C. (1997) ‘Valuing ecosystem services with efficiency, fairness, and
sustainability goals’ (in Daily, Gretchen (eds) (1997) Nature's Services: Societal Dependence on Natural
Ecosystems, 49-65. Island Press, Washington, D.C.

Costanza, R., d'Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S.,
O'Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., and van den Belt, M. (1997) ‘The value of the world's
ecosystem services and natural capital’, Nature, 387: 253-260.

Cullen, R., Takatsuka, Y., Wilson, M., and Wratten, S. (2004) ‘Ecosystem services on New Zealand arable
farms’, New Zealand Agricultural and Resource Economics Society conference. June 25-26, Blenheim,
84-90.

De Groot, R.S. (1992) ‘Functions of Nature: Evaluation of Nature in Environment Planning, Management
and Decision Making’ Wolters-Noordhoff, Groningen.

De Groot, R.S. (2000) ‘Ecological functions and socio-economic values of critical natural capital as a
measure for ecological integrity and environmental health’ (in Crabbe, P., Holland, A., Ryszkowski, L.,
Westra, L. (eds) (2000) Implementing Ecological integrity: Restoring Regional and Global Environmental
and Human Health, Earth and Environmental Sciences vol. 1, 191-214. Kluwer Academic Publishers,
Dordrecht/Boston/London.

DeBach, P. (1974) ‘Biological control of natural enemies’ Cambridge University, Press, London.

Ekbom, B. S., Wiktelius, S. and Chiverton, P.A. (1992) ‘Can polyphagous predators control the bird
cherry-oat aphid (Rhopalosiphum padi) in spring cereals? A simulation study’, Entomologia Experimentalis
et Applicata 65: 215-223.

Fraser, P. M., Williams, P. H. and Haynes, R. J. (1996) ‘Earthworm species, population size and biomass
under different cropping systems across the Canterbury Plains, New Zealand’, Applied Soil Ecology 3: 49-
57.

Gurr, G. M., Wratten, S. D. and Altieri, M. A., eds.(2004) ‘Ecological engineering for pest management:
advances in habitat manipulation for arthropods’ CSIRO, Victoria.

Lys, J (1995) ‘Observation of epigeic predators and predation on artificial prey in a cereal field’,
Entomologia Experimentalis et Applicata 75: 265-272

Martin, N. A. (1978) ‘Earthworms in New Zealand agriculture’, Proceedings of the 31%' New Zeland Weed
and Pest Control Conference, 176-180.

Millennium Ecosystem Assesment Synthesis Report (2005) http://www.millenniumassessment.org

Myers, Norman (1996) ‘Environmental services of biodiversity’, Proceedings of the National Academy of
Sciences, 93: 2764-2769.

Patterson, M., and Cole, A. (1999) ‘Assessing the value of New Zealand's biodiversity’ Massey University,
Palmerston North, New Zealand.

Pimentel, D., Acquay, H., Biltonen, M., Rice, P., Silva, M., Nelson, J., Lipner, V., Giordano, S., Horowitz,
A., and D'Amore, M. (1992) ‘Environmental and economic costs of pesticide use’, BioScience, 42, 750-
760.

Pimentel, D., Wilson, C., McCullum, C., Huang, R., Dwen, P., Flack, J., Tran, Q., Saltman, T., and Cliff, B.
(1997) ‘Economic and environmental benefits of biodiversity’, BioScience, 47: 747-758.

Palmer, Margaret, E. Bernhardt, E. Chornesky, S. Collins, A. Dobson, C. Duke, B. Gold, R. Jacobson, S.
Kingsland, R. Kranz, M. Mappin, M.L. Martinez, F. Micheli, J. Morse, M. Pace, M. Pascual, S. Palumbi,
0.J. Reichman, A. Simons, A. Townsend & M. Turner. (2004). ‘Ecology for a Crowded Planet’, Science,
304: 1251-1252.

Pretty, J.N., Brett, C., Gee, D., Hine, R.E., Mason, C.F., Morison, J.l.L., Raven, H., Raymant, M.D., and
van der Bijl, G. (2000) ‘An assessment of the total external costs of UK agriculture’, Agricultural Systems,
65: 113-136.

Takatsuka, Y., Cullen, R., Wilson, M., Sandhu, H. S., Wratten, S. (2005) ‘Evaluating Ecosystem Services
on New Zealand Arable Farms’ (unpublished)

Tilman, D., Cassman, G., Matson, P.A., Naylor, R., and Polasky, S. (2002) ‘Agricultural sustainability and
intensive production practices’, Nature, 418: 671-677.

Winder, L. (1990) ‘Predation of the cereal aphid Sitobian avenae by polyphagous predators on the ground’
Ecological Entomology 15: 105-110.

Winder, L., Hirst, D. J., Carter, N., Wratten, S. D. and Sopp, P. I. (1994) ‘Estimating predation of the grain
aphid Sitobian avenae by polyphagous predators’ Journal of Applied Ecology 31: 1-12.



