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ADJACENT HABITATS .
Many insect pests (i.e~, aphids and leafhoppers) invade crop ~iel~s

and orchards from edge vegetation, especially when the vegetation is
botanically related to the crop. Forest edges, hedgerows, and patc~es
of wild vegetation also provide hibernation and/or alternate fee~mg
sites to natural enemies, which could lead to predators and parasites
moving into agricultural systems (van Emden 1965)... ' .

In northern California, apple orchards are distributed wlthm a
matrix of natural vegetation, which provides abundant opportunities to
study arthropod colonization and interhabitat exchanges of arthropods.

wheat in 1954-) that the ecological equilibrium in simplified crop
communities is fragile: they lack the protective functions of nutrient
cycling, soil conservation, and population regulation (N AS I 972).

We need to design self-sustaining and stable agroecosystems th~t
are based on some existing models from which we can extract basIC
principles. One major frustration encountered b'y U.S.' re~earchers is
that signifi<:ant interactions to develo~ alternative" sust~mab~e agro
ecosystems simply are not present In current, heavily disturbed
monocultures (Edens and Haynes 1982). It is very difficult to find sites
that have minimal energy inputs, lack, continuous disturbances, and
have not yield as their main goal, but interaction between as many
biological components as possible. .

In the tropics, traditional farming systems have these attnbutes.
Most peasants have .,developed or have inherited complex farming
systems well adapted' to the local conditions with which they have. met
their subsistence needs for centuries, even under adverse environ
mental conditions, without mechanization or chemical fertilizers and
pestiCides (Egger 1981). These traditional methods of farming basi
cally rely on the farmer's loc~l res~~rces, hand and an.imal labo~,
natural enemies, and natural sOil fertlhty. Natural enemies and sOil
fertility usually are maintained through bush fallow, polycultures,
cereal-legume rotations, and manure (Gliessman et ale 1981). These
diverse farming systems now are being scientifically proven to be
"right" (Risch et ale 1983). .

Sustainable agroecosystems must have a high degree of vegeta-
tional diversity which allows natural pest control to occur. Our

, greatest challenge as agricultural scientists is to identify plant a~sem
blages that provide these functions, but that are also agronomically
acceptable and economically viable. . . .

In this paper, I will explore the hnkages between agncultural
; diversity, arthropod community ecology, and, the ,cor~~lex facto.rs

involved in designing sustainable agroecosystems. SpecIflc,ally, I Will
discuss (l) the contribution of edges of natural vegetatIon to the
dynamics of arthropod commu~ities of adjac:nt c~lt1vated areas, (2)
the comparative ecology of msect populatl~ns m, .orchards under
various successional stages and management Intensities, and (3) the
effects of within-field plant diversity in the form of polycultures,
cover crops, and weed-diverse crop systems on arthropod, abundance.
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D~ring the early part of this century, U.S. agriculture was char
actenzed by sm.all farms, operated by a family and animal draft
power.. Cro~ yield depended mostly on ,internal sources and the
recych~g of nitrogen and organic matter, on built-in biological control .
me~hanlsms, and ~n rainfall. Nitrogen sources, and pest control came
mamly .from rotatmg crops and legumes. '

Agnculture was diversified. 'Crops and pastures were dispersed
over the lan.dsc~pes in combination with forests or grasslands. There
fore, eX.tenslv~ Interface between' adjoining crops, pasture, and native
vegetation eXisted. Some insects we' know today as major crop pests
o~cur~ed, but their popul~tions were balanced by the "background" of
biological \j control dependent on the ,heterogeneous environment
(TothilI1958). ' ' "

Economic and. politic~l forces, however, have reduced this agricul
tural heterogeneity spatially (the land devoted to single crops ex
panded within regions at the expense of natural vegetation) and
temporally (through year-after-year production of the same crops on
the same land) (USDA 1973). These trends toward monoculture have
concentrated host resources for specialist herbivores' and have in
cre~sed the areas available for immigration of pests from adjacent
habitats. Ex~reme ~~noculture implies not only vast acreages of one
or .tw~ ge~e!lca!ly uniform cultivars, but a lack of an ·age~structure.

ThiS slmphf1c~tlon also has reduced environmental opportunities for
natural ene~les.. Consequently, crop disasters can occur if large
num~er.s o~ Immigrant ~ests, or weather favorable for their rapid
mUl~lp~lcatlon, occurs simultaneously with vulnerable' crop stages
(~ltlen and Letourneau 1982). Humankind has received strong re- .
mmders from nature (i.e., the epidemics of race 15 B of Puccinia in
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Figure 3. Patterns of aphid colonization from wild vegetation edges to orchards und.er
various management intensities and successional stages (<> sprayed, +orgamc,
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Figure 2. Mean number of adult Coccinellidae caught in malaise traps placed in the
interface of woodlands and sprayed (0) and organic (-H apple orchards.
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Figure 1. Seasonal mean number of natural enemies (Hym = parasitic Hymenoptera, S =
Syrphidae adults, Pip = Pinpinculidae, Raph = Raphididae, Chry = Chrysopidae, Hem =
Hemerobiidae, Cocc = Coccinellidae and Can = Cantharidae) caught in malaise traps
placed in the interface between apple orchards (A = abandoned, 0 = organic and S =
sprayed) and wild vegetation edges in northern California.
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During the past three years, we have conducted comparative studies
on the ecology of arthropod communities in four ecologically different
dry-farmed apple orchards: (1) an "abandoned" orchard not managed or
disturbed for 25 years, (2) two "organic" (not sprayed with synthetic
pesticides) orchards, one clean-cultivated and the other with a mixed
grass-legume cover crop, and {3} a "commercially" managed orchard
(clean-cultivated and subjected to chemical fertilizer and pesticide
treatments). These ecologically different orchards may constitute a
"cultural evolution continuum" (Risch and Carroll 1982). In the
abandoned orchard, stable relationships between arthropods and the
local vegetation have developed probably because they are not dis
turbed.In the commercial orchard, high energy inputs are substituted
for some plant-insect interactions. The organic orchards combine
characteristics of both systems. All orchards have at least one
bordering edge with multilayered commu,nities of wild vegetation.

Colonization of Orchards
The magnitude of the exchange of predators and parasitic Hymen

optera between the orchards and the wild vegetation edges are shown
in Figure 1. Except for Syrphidae, considerably more individuals move
from edge to orchard in unsprayed (organic) than in sprayed orchards.
Little exchange seems to take place between abandoned orchards and
woodlands. Figure 2 shows the temporal dynamics of colonization of
the different orchards byCoccinellidae. D-Vac~ samples ta~en from
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the s~rub and herb layer of 'the edges revealed that edges of the
organic orchards supported considerably more natural· enemies than
the edge ?f t~e sprayed orchard. In the early season, considerably
more aphids invaded the sprayed orchards than the organic and
abandoned orchards (Fig. 3).

abundant in the abandoned edge early in the season, thereafter ant
catches declined but stabilized. Conversely, ant catches in the
sprayed orchard's edge gradually increased and surpassed the abun
dance levels of ants in the organic edge from July on.

Spider catches were significantly higher in the edges of the
abandoned orchards than in the organic or sprayed orchard edges.
From May 15 through July 15 more spiders were caught in the organic
edge than in the sprayed edge.

Carabidae behaved differently than ants or spiders. Pitfall catches
were higher in the center and border rows of apple trees than in the
edges. This seems to be a normal pattern, as many Carabidae (i.e.,
Agonum dorsale) exhibit seasonal migration between field and edge. In
fact, many Carabidae species depend on hedges for their continued
existence in agroecosystems (Thiele 1977).

Predation Pressure
Predation pressure (mainly by ants), as measured by the removal

rates of potato tuberworm (Phthorimaea operculella) larvae from
cardboard sheets placed on the orchard floor (Table 0, was highest in
the center of the abandoned orchard, followed by the organic orchards,
and the sprayed orchard. Predation was greater in the center of the
organic cover orchard than in the center of the clean cultivated one.
On average, significantly more larvae were removed from the edges of
the clean cultivated organic and sprayed orchards than in the centers
of these same orchards. Removal rates, however, were similar in the
wild vegetation edges and centers of the organic cover and abandoned
orchards. Cultivation and insecticide applications probably disrupted
ant communities in the centers of the clean cultivated and sprayed
orchards, confining ant foraging to the edges.

On the trees, predation of artificially placed Anagasta kuehniella
eggs· was consistently higher in the edges than in the border or center
trees of the managed orchards (Table 1). No differences in predation
were observed between edge and center in the abandoned system. A
clear gradient in predation pressure was observed in the centers of the
orchards, declining from· abandoned to sprayed.

Successional Stage of Orchards and Management Intensity
Most studies comparing the fauna of a continuum of orchards (from

intensively managed to abandoned) have revealed that unmanaged and
abandoned orchards contain a greater diversity of phytophagous and
predaceous species, . with most species at relatively low population
levels. Oatman et ale (l964) noted approximately 760 arthropod
species (about 100 plant feeders) in unsprayed orchards in Wisconsin.
In commercial orchards in the same· region, only 5 to 15 pest species
were present at high densities, and most natural enemies were absent.
Presumably, many of the imbalances typical of a commercial apple
monoculture system are ameliorated in an undisturbed, vegetationally
complex, orchard. However, within the range of orchard successional
states, recently abandoned orchards, which retain appreciable effects
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Table 1. Removal of potato tuberworm larvae, Phthorimaea oper
culella, (placed on the ground) and of mediterranean flour"moth eggs,
Anagasta kuehniella, (placed on the trees) by predators in the centers
and edges of various northern California apple orchards.

1 Predation pressure on the eggs was estimated on four occasions by
hanging twenty-five 8.5 x 11.0 cm paper cards (with 50 moth eggs
each) from the branches of each of five trees in the center, border,
and edge of each orchard. ' ' .. . , ':,

2Means of 3 sampling dates. Larvae removal data were obtained by
placing on the ground forty 22 x 22 cm cardboard sheets (20 in the
center and 20 in the edge) each containing 20 glued 4th instar larvae.
Predation pressure was measured by determining removal of larvae in
an 18 hrperiod.,
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ties in insecticide-treated and organic clean-cultivated orchards than
vegetationally diverse (cover-cropped and abandoned) orchards (Fig.
6). Abandoned orchards were particularly characterized by very low
and stable leafhopper populations. Aphids were present between April
and July, reaching highest numbers in the organic disked orchard,
followed by the cover-cropped and sprayed orchards. Aphids were
virtually absent throughout the season in the abandoned orchard.
Natural enemies (predators and parasites combined) were least abun
dant in the sprayed orchards and most numerous in the abandoned
orchards. Spiders showed a similar but less marked trend. .~o
between-orchard differences in abundance were revealed for parasItIc
Hymenoptera (Fig. 5).

WITHIN-FIELD DIVERSITY
Plant diversification in agroecosystems should increase environ

mental opportunities for natural enemies, and thus improye biological
pest control (Altieri and Letourneau 1982). AgronomIcally plan~

diverse cropping systems can be designed in several ways. One way IS
by manipulating the vegetation in d~tchbanks! h~dg~rows, she1t~rbel.ts,
windbreaks and other adjacent habItats. WIthIn-fIeld plant dIversIty
can be ma~ipulated by designing polycultures of temporal and spatial
crop arrangements. In orchards, ground cover management can alter
the degree of vegetational diversity and complexity. Weed borders,
alternate rows, or weed growth during certain periods of the crop

Figure 5. Seasonal densities of arthropods (Herb == he~bivores, Nat En = n~tuml enemies,
Par Hym = parasitic Hymenoptera) on apple trees In orc~tards. o.r varymg degrees o~
management and vegetational complexity (U =abandoned with t,nlnr,mal management, L 
abandoned unmanaged, C = organic WWl cover crop, D =organrc dlsked, S = sprayed, no
cover).
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Orchard System % Eggs Removed 1 % Larvae Removed 2

Sprayed
Center 21.0 + 5.2 17.0 2: 6.2
Border 26.0:; 8.0
Edge 33.0 ±10.2 32.7 2: 7.6

Organic
Center 25.0 + 8.0 61.5 ± 12.3
Border 34.1 :; 12.1
Edge 43.1 ±10.2 70.5± 13.9

Abandoned
Center 38.0 + 19.2 86.9 ± 14.5 '
Border 42.0:; 10.7
Edge 36.0 :; 4.2 '84.6 ± 15.2
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of fertilization and adequate. moisture, usually harbor greatest diver
sity of plants and insects, therefore exhibiting intermediate stability
(Croft and Hoyt 1983). In Massachusetts, the mite predator complex is'
especially diverse in recently abandoned apple orch~rds (Hislop and
Prokopy 1979). Several predators exploited the still abundant phyto
phagous prey species. As the foliar habitat deteriorated nutritionally,
supporting fewer phytophagous mites, the predatory. mi te complex
narrowed in species composition. "

In northern Califor.nia, arthropod communities respond to plant
successional features of the orchard depending on their degree of
association with the ground plant cover and surrounding vegetation.
Herbivores (mainly Homoptera) exhibited increasing densities with
degree of orchard management and vegetational simplification (Fig.
5), as illustrated by leafhopper populations .that reached higher densi-

lI'. iii . f3tST AV/~/LABLECOpy



Figure 6. Population dynamics of leafhoppers (Homoptera: Ciccidellidae) in sprayed (0--0),
organic disked (0), organic with cover crop (6. ... 6.), and abandoned with minimal
management (...) or unmanaged (._.). . .

season also will provide weed diversity. In the last decade, many
studies have explored the effects of these vegetation management sys-,
tems on the dynamics of insect ,populations. In a recent review, Risch
et ale (1983) examined 150 studies, on agroecosystem diversification
and insect herbivores. They found that 5396 of the herbivore species
decreased in the more diversified systems, 18% increased, 20% varied,
and 8% showed no change.

I . ,11"11 r

Manipulation of Border.Vegetation
The proximity of wild vege~ation can have a fundamental effect on

the occurrence of arthropods in agricultlJral areas. In Czechoslovakia,
apple orchards surrounded by deciduous forests have a tenfold higher
abundance of· Coccinellidae than do· orchards in simplified landscapes.
In Florida, corn fields surrounded by complex semi-permanent borders
(annually burned pinelands and weedy fields) have a more abundant and
rich insect predator fauna than do corn fields surrounded by other
annual crops (Altieri and Whitcomb 1980). Retaining complex, semi-

permanent, uncultivated borders around corn fields ~ncr~ases early
colonization of predators and, as suggested by studIes ~n soybean
(Altieri and Todd 1981), increases distribution of predators In the crop
rows close to the natural vegetation border. Soybean rows close to a
weedy ditch-bank or a wood edge harbor significantly highernum?~rs

of predators. This enriching effect of the borders on the benefICIal
fauna extends toward the center of the field for approximately 40
rows. Soybean plants adjacent to a vegetation-free field have lower
relative densities of predators (especially Coccinellidae) throughout
the season, than soybean bordered by pea fields or weeds (Altieri and
Todd 1981).

The dramatic effects of border vegetation on insect dynamics of
neighboring fields have prompted a few rese~r~hers to manipul.ate
natural border vegetation to encourage specI~Ic predator speCIes.
Altieri and Whitcomb (l979a) found in north Flonda that changing the
'time of soil tillage affects the species co~position.an? abundanc~ ~f

weed cover. By varying the dates of plOWIng, assocIatIons of specifIc
weeds were increased. These changes in the abundance of host plants
altered the populations of associated herbiv.ores, which modified ~he

populations of predators that fed on these Insects. Pred.ator speCIes
fluctuated according to availability of prey as dete!mIned by the
presence of weed hosts and the season of plowing. .

Also each weed had a distinctive herbivorous fauna assocIated
with 'w~ll-defined predator guilds. Leaf beetles were the major
herbivores on Oenothera laciniata, Amaranthus sp., Heterothe~a .sub
axillaris, Ambrosia artemisiifolia, and Chenopodiu~ ambrol~ol.des.

Uroleucon spp. aphids were the major goldenrod (Sohdago altlsslma)
and wild lettuce (Lactuca canadensis) herbivores. The predator
component of the weed food. webs included mai.nly ground beetles,
predaceous stink bugs, ladybIrd beetles, assaSSin bugs, and herb
stratum spiders.

Based on these results several management considerations were
advanced by the authors. 'Since many of the predators likely to be
increased through seasonal manipulation of. selec~ed weeds ar~ v~lu

able enemies of important crop pests, plOWIng stnps of land wIthIn a
crop or other important surrounding habitats in. different seas~ns

might increase populations of selected weeds, whIch would prov~de

alternate prey to numerous important predators when the pest speCIes
become ~carce in the field. Early in the season, some weeds .ma~ ~ct

as a reinforcement for natural enemies of crop pests, thus maIntaInIng
the natural balance of predator populations in the crop are~before t~e
outbreaks of pest species occur. Furth~rmore, certa,In weeds In
habitats adjacent to crop fields can determIne what speCIes of pre~a

tors will inhabit those particular crop fields, since predator speCIes
may disperse from weedy areas. For exa~ple, ~ost of the. p~edator

species found in Florida fallow fields early In spring on ~. altlsslma, C.
ambroisoides, and H. suooxillaris also were collected In nearby corn
fields, suggesting active dispersal.
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In general, most beneficial insects present on weeds tend to
disperse to crops, but sometimes the prey found on weeds can prevent
o.r delay .this dispersal. Allowing weeds to grow to assure concentra
tIons of Insects and then cutting them regularly to force movement
c~uI~ be an effecti~e' str~tegy. ' ~or example, by cutting patches of
stlng~ng ~ettle (Urtzea dozca L.) In May or June, predators (mainly
Coc~lnelhdae) are forced to move into crop fields (Perrin ,1975). By
CUttl~g hedges of Ambrosia trifida infested with the weevil Lixus
~crobzcollis, boll weevil parasitization by Eurytoma tylodermatis is
l~creased 10%. . ~hes.e practices should be carefully timed to the
bIology of benefIcIal Insects. For example, in California the annual
cle~nup of we~ds along the edges of alfalfa fields should be delayed
untIl after mId-March when aggregations of dormant Coccinellidae
have largely dispersed (van den Bosch and Telford 1964-).

Manipulation of Ground Cover in Orchards
In the early twenties and thirties, several :researchers observed

that. uncultivated ~pple orchards were less severely attacked by the
codhng moth, Cydza pomonella, than continuously cultivated orchards
(Pet7rson 1926, ~eppers 'and Driggers 1934-). These findings were later
~onflrmed by Lelus (1967) who found that the presence of wild flowers
In apple orc;hards resulted in an. 18-fold increase in parasitization of
t~~t caterpIllar pupa:" a 4--fol? Increase in tent caterpillar, egg para
SItIsm, and a 5-fold Increase In codling moth larval parasitism over
non-weedy orcl1ards. I II', II r '

Soviet researchers found that the parasitoid, Scolie dejeani was
more strongly. attracted to i~s grub hosts in the presence of honey
plants, Phacelza sp. and Eryngzum sp.These same plants increased the
abundance of the wasp Aphelinus mali' to control apple aphids and also
impro~ed the activity of Trichogramma spp. in apple orchards. The
effectIveness of the San Jose scale parasitoid' Aphytis proclia im-,
proved. by plan~ing a Phacelia tan?ce~ifolia cover crop. Three
succe.s~lveplantIngs of th~ P. tanacetzfolza cover crop increased scale I

parasItIzatIon from 591,m clean cultivated orchards to '15% when:
honey plants were in full bloom (Telenga 1958).

In the Yakima Valley, Fye (1983) established· various small grain
and crucifer •cover crops. in pear orchards and found that general
~redators (Orz~s spp., Nabzs sp. and spiders) and pear psylla predators
(I.e., Anthocorzs spp. an? Deraeocoris spp.) 'were supported, by aphids
and Lygus bugs present In t~~ ,gro~n~ cov7r. Populations of predators
were generally ~mall due to InsectICIde drift and mowing of the cover
crops. ~he optImum cover should be permanent and should provide a
substantIal complex of soft-bodied insects as alternate prey for
predators.

In northern Calif~rnia, .apple orchards with, a mixed grass-bell
beans .cover crop sustal~e~ hIgher numbers of predaceous ants, spiders,
Carabldae, and Staphyhnldae than clean-cultivated orchards.More
over, orchards containing cover crops had significantly lower numbers
of fruits damaged by codling moth (22.7% in 1981 and 68.091> in 1982)
than slean-cultivated orchards (4-4-.8% in 1981 and 78.0% in 1982).

Table 2,. Seasonal mean densities of arthropods (No. individuals/3 D-Vac· samples/plot)
asso~iated with six cover crops in northern California.

Ground cover also has a significant impact on the number of
leafhopper vectors of x-disease in peach orchards. Most adult
leafhoppers (Scaphytopius acutus) occur on 'trees in plots of red clover
and rosaceous weeds. Few leafhoppers occur on trees in plots with
orchard grass, an, unsuitable host. Therefore, an invasion by leafhop
per can be discouraged if the orch?rd floor is free of naturally
occurring wild host plants and has a pure ground cover of orchard grass
(McClure 1982).
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Farmer's Ladino Mt. Barker Tetraploid Salina Natural

Rye Clover Clover Rye Clover Weeds

Predators 3.0 a l 4.0 b 2,.0 a 2..0 a 2..6 a 3.8 a

Spiders 1.2. a 2..6 a 2..5 b 3.Z b 1.2, a 1.7 a

Paruitlc 15.9 a 32,.6 b 9.1 c 1l.S a 32..3 b 33.2, b

Hymenoptera

Aphids 87.0 a 87.0 a 199.0 b 66.0 a 88.0 a 141.0 b

LeaChoppers 54.0 a 14.3 b 0.4 c 41.0 a 7.2, d 7.0 d

1Means followed by the same letter in each horizontal column are not significantly
different at the 5% level by Duncan's multiple range test.

Crop Diversity in Annual Agroecosystems
It has been proven that increased within field vegetational diver

sity reduces pest loads in agricultural systems. Also, the abundance of
particular herbivores is reduced in diversified crops (polycultures)
when compared with monocultures (Risch et al.1983, Altieri and
Letourneau 1982). Two ecological hypotheses, resource concentration
and natural enemies, may explain why.

1. Resource concentration hypothesis: Insect populations can be
directly influenced by the concentration or spatial dispersion of their
food plants. Many herbivores, particularly specialists, are more likely
to find and remain on hosts that are growing in, dense or nearly pure
stands (Root 1973), like monocultures. In diverse systems, the visual
and chemical stimuli from host and nonhost plants affect both the rate
of colonization of herbivores and their behavior. Usually, a herbi
vorous insect has greater difficulty locating a host plant when the

The choice of cover crop can have an important impact on the
predaceous fauna. In Courtland, California, significantly more Carabi
dae were caught in salina strawberry clover and ladino clover cover
crops., Conversely, Staphylinidae were mostly abundant in rye or
natural weed cover crops. Table 2 provides a summary of the
abundance levels of various arthropods associated with different cover
crops in the region. Ladino clover and salina strawberry clover were
the only cover crops that remained green and in full bloom until late
summer. All other cover crops tested dried early and therefore did
not harbor natural enemies towards the end of' the season.
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relative resource concentration is lower. For example the presence of
a tall companion crop reduces the colonization and tenure time of
herbivorous pests on. a target crop (Bach 1980, Risch 1981). .

2. Natural enemy hypothesis: Polycultures contain a greater
abundance and diversity, of natural, enemies of pest insects than do
monocultures (Root 1973). Predators tend to have broad diets and
habitat requirements, so they encounter a greater array of alternative
prey, pollen, nectar, shelter, and breeding and nesting sites in a
heterogeneous environment. Relatively stable populations of general
ized predators can persist in these habitats because they can exploit

,the wide variety pf herbivores and resources thCltt become available at
different times or in .different microhabitats. Moreover, specialized
predators are less likely to fluctuate widely because the refuge
provided by a complex environment enables their prey.' to escape
widespread annihilation (Root 1973). ;. .

Many crop combinations are possible and each can have different
effects ,on insect populations. The choice of a tall or short, early or
late maturing flowering or nonflowering companion crop can magnify
these, effects. For example, adding a crop that bears flowers during a
certain period of the growing season can attract beneficial parasites.
Similarly, the inclusion of legume crops or other plants supporting
populations of aphids that serve as alternate prey/hosts can improve
survival. and reproduction of beneficial insects. Early planting of an
aphid-supporting legume in patches within the field can initiate the
build up of parasitoids before the rest of the crop is planted and more
aphids colonize the field. The presence of a tall associated crop plant
can affect the visual stimuli ,by which insect pests orient to their
suitable host plant, or may interfere with the herbivore's movement
and dispersal within the system. Shading by the tall crop can also
affect insect development; for I example, low light intensities inhibit
feeding in leafhoppers (Altieri and Leto';Jfneau 198~). ,

Weed Management
Weeds can reduce yields by directly competing with crops or by

harboring insect pests and plant diseases. ' Certain weed species,
however, are important' components of agroecosystems as they offer
many important requisites for natural enemies: alternate prey/host,
pollen and nectar, and microhabitats (van Emden 1965). Also, out
breaks of certain crop pests are more likely' to. occur in weed-free
fields than in weed-diversified crop systems (Altier1eta!. 1977). Crop
fields with a dense weed cover and high' diversity usua:Hy have more
predaceous arthropods than do weed.;..free fields (Altieri and Whitcomb
1979). For example, alfalfa plots, infested with weeds have a less
diverse substrate predator complex but a greater foliage predator
complex that do weed-free plots' (Barney et at. 1984). .The carabid,
Harpalus pennsylvanicus, is abundant in alfalfa fields where grass
weeds are dominant. Foliage predators (i.e., Orius insidiosus and
Nabidae) also are significantly more abundant in grass-infested alfalfa.

In weed-covered bean plots, populations of the leafhopper,
Empoasca kraemeri, were reduced not because of the higher efficiency
or abundance of natural enemies, but because of the chemical inter
action between the grasses and the insect (Altieri et ale 1977). The
grasses (Leptochloa filiformis and Eleusine indica) apparently repelled
the leafhopper. Their regulatory effect was greater than that of
broadleaf weeds such as Amaranthus dubius. Also, pure stands of L.
filliformis reduce adult leafhopper populations significantly more than
E. indica (Schoonhoven et al. 1981); this effect decreases when the
weed, is killed with paraquat (Table 3).

Table 3. Effect of two weeds with and without paraquat application on
kr ·1nymphal and adult' populations of the leafhopper Empoasca aemert

(after Schoonhoven et ale 1981).

1 Average population in four replications found between 20 and 71 days
after planting (eight observations).

2Figures followed by the same letter are not significantly different at
,the 5% level by Duncan's multiple range test.

Weeds within a crop system can reduce pest incidence by enticing
pest insects away from' the crop. ~or exa.mple, flea b7etles
(Phyllotreta cruciferae) concentrate theIr feedIng more o~ ~nter

mingled Brassica campestris plants than ,on collards (AltIerI and
Gliessman 1983). The weedy species has significantly higher concen
trations of allylisothiocyanote (a powerful attractant of flea beetle
adults) than collards, thus diverting the beetles from the crop (Table
4).

Andow (1983) designed an experiment to separate the effects of
decreased pest attack (from Epilachna varivestris and Empoasca
faboe) and increased plant competition that often occur .simultane
ously in weed-diversified bean system~. He. observ:d that l~s~ct pest
attack on beans decreased as the mtenslty of mterspeclflc plant
competition increased. At low levels of interspecific plant .competi
tion, the slight decrease in pest attack. compensated for the Increased
competition, and bean yields were no dIfferent from the monocultures
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16.9a
14.0ab
14.6ab
12 .. lb
9.2c
6.9d

Adults/m2

6.3a2

6.la
6.0a
4.8b
4.3b
0.7c

Nymphs/leaf

E. kraemeri populations

Treatment-

Live Amaranthus dubius
Control ,
Paraquat-treated A. dubius
Paraquat-treated Leptochloa filfformis
Live L. filiformis
No weeds with insecticide
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Table 4. Mean Ilea beetle (Phyllo!reta cruclfer-ael d"~It1es, weed aDd crop biomaM in ..uioWi colllll'd cropping systema 10 Santa
Cruz, California. Means followed br the aameletter in each column are Dot significantlr different (p .. 0.051. All means are
..erllges of three sampling dates (15, 30 and 45 dar' after tran.plaDting) (After Alti~rl and GlIl!SlIman 1983).

Number of flea beetles C)
Lea..es In each
collard plant Wbole-plant

Per 5 Br.l ...~lca with beetle damage W.."d Weed collard
Per 10 campe~trl:t (45 darsalter densitr biomass

drr;~~tCropping system collard planta plant. lransplantlng)(%1 (plants/mZ) (g/mZI

Collard monoculture.

Weed-lree alllleallOD 34.0 !o Z.& a S4.4 a 0 Z13.6

Weed-lree lor ••eeb alter Z9.3! 1.7 b 78.1 ! 1&.3 a 44.6 b 4Z 5Z.3 361.3
collllrd transplanting

Wf'Pd-Iree for Z weeb alter Z9.0! 1.7 b 73.7! ZO.I a «.5 b 5Z 55.Z Z4J.O
col1llrd transplantlog

Wf'Pdr all ....UOD &.&!' 3.8 c Z5.0 !o11.5 b Z9.9 c .14Z 438.Z ZZ&. ,

Collard-bean polrculturea

WePd-free alllleuoD Z.3! 1.1 d 34.1 c 334.4

Weed-fre" lor 4 weeu alter l.&!. 0.9 d 4.3 !.3.] c 10.9 d Z8 Z5.7 Jl4.0
colllll'd transplanting

W..r.d-f~" lor Z w",,1uI alter ••9!' Z.3 c IJ.l ! &.5 d 6.7 d 84 93.Z 309.4
collard transplanting

W_d alllle.son 0.6 !.0.5 f! 15.0 !.7.8 d Jl.I c 85 ZJ4.5 115.Z

181

without
Insects

with Insects

CD ".. CD
:;, " "~ CD CD
:;, " CD "U

.. :: CDco
0 ~ CD
C CI) >t ~
0 :;,

::I C
~ ~ ., ::::)

...-..-.
fI)

E
CO..

C!l
...........
c:: 14
CO

a.
....... 10..
.c
C)

6
CD
3=

2
-C
CD
CD

U'J

Figure 7. Yields of beans (as seed weight per plant) with and without herbivores, with and
without weeds. TIle insects were eliminated with insectic!des. TIle four levels of
weediness were: 1) no weeds, 2) interplanted with 8200 clumps of wild mustard (Brassica
kaber)/ha midway between alternate bean rows, 3) natural popUlations of weeds for the
first 35 'days after planting and weeded from tllen on ("July weeded"), 4) natural
populations of weeds for the entire growing season. (After Andow 1983).

CONCLUSIONS
Arthropod diversity and stability in agroecosystems is influenced

by the (1) within-field plant species and structural diversity, including
temporal and spatial arrangements; (2) composition, management, and
permanence of surrounding plant communities; (3) distance of crops
from sources of colonists; (4) permanence of crops, and therefore the
time available for colonization, and (5) complexity of trophic relation
ships between crop anq non-crop plants and herbivores and natural
enemies.

Developing a base from which we can exploit the interactions
between these various elements will require a fundamental exploration
of agroecosystem design and management and an understanding of the
relationships between all components of an agroecosystem. For
example, measuring interactions in abandoned orchards can provideim
portant ecological and design information for improving the stability
of modern orchards. Orchard arthropod populations may respond to
plant successional features depending on their degree of association
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with insects. However, at the highest level of interspecific plant com
petitipn, even though pest attack was the lowest, competition was. so
intense that it negated any effect the lower pest attack may have had,
and bean yields were much lower than the monocultures (Fig. 7).

Thus, in some circumstances, encouragement of specific weeds in
crop fields is desirable to improve natural control of certain insect
pests (Altieri and Whitcomb 1979). Careful manipulation strategies
need to be defined to avoid weed competition. This means that we
must understand the factors affecting crop-weed balance within a crop
season. Shifting the crop-weed balance so that crop yields are not
economically reduced may be accomplished using herbicides, through
selective cultural practices, or by manipulating crop combinations to
favor crop cover rather than weeds. Tolerable levels of' desirable
weeds supportive of populations of natural enemies or that directly'
deter herbivores can be attained within fields by (1) designing compet
itive crop mixtures, (2) allowing weed growth only as alternate rows or
in field margins, (3) using cover crops, (4) adopting close-row spacings,
(5) determining periods of weed-free maintenance (e.g., keeping crops
free of weeds during the first third cycle of .' their' growth), (6)
mulching, and (7) timing cultivation regimens.

Besides minimizing the competitive interference of weeds, changes
in the species composition of weed communities are-desirable to insure
the presence of plants of entomological significance. The composition
of weed species composition can be altered by (1) changing levels of
key chemical constituents in the soil, (2) using selective herbicides
that suppress certain weeds while encouraging others, (3) sowing
desired species, and (4) timing soil disturbances and other vegetation
management practices (Altieri and Whitcomb 1979b).
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IMPACTS OF ORGANIC FARMING AND REDUCED TILLAGE

ON FISH AND WILDLIFE

Terry Cacek
U.S. Fish and Wildlife Service

P.O. Box 25486
Denver Federal Center

Denver, Colorado 80225

The well-being and health of wild animals, domestic crops, farm
ers, and consumers are intertwined into a complex web. The purpose
of this; paper is to describe some of the interconnections and to show
how conversion from conventional agriculture to the more sustainable
alternative systems will benefit wildlife. The conversion will also
benefit domestic crops, farmers, and consumers, but I will leave these
analyses to oth~r speakers.

INTEGRATING THE WILDLIFE COMPONENT
Wildlife influences farmers and farming in at least five primary

ways. First, wildlife has aesthetic and recreational values. Most
farmers take pride in the deer and geese on their farms and enjoy the
morning calls of pheasants and doves. They like to hunt and many
derive satisfaction from providing hunting opportunities for their
families and friends. Many also take pleasure in the epicurean values
of wild game.

The second value is derived from the first. Sportsmen will pay
dearly for the privileges of hunting and fishing on privately owned
lands; therefore, fish and wildlife can become cash crops. Wildlife
production and payments from hunters have· become major considera
tions for farmers and ranchers in parts of Europe, southern Africa, and
the United States, and commercial fish farming is a major activity in
the southeastern portion of the United States.

Third, wildlife can help control pests. Mice. can compete with
livestock for forage, but mouse populations are influenced, to some
limited extent, by hawks, foxes and other predators. Likewise, many
birds prey on insects pests.

The fourth interaction is the converse of the third. While wildlife
can be beneficial, it also can create problems. Even in well managed
agricultural ecosystems, deer can damage orchards in the winter and


