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BIOGEOGRAPHY, APPARENCY AND EXPLORATION FOR BIOLOGICAL
CONTROL AGENTS IN EXOTIC RANGES OF WEEDS

P.M. Room!

ABSTRACT

Recent literature is used to evaluate the possibility that exploration in exotic, as well as native, ranges of
weeds may discover organisms useful for biological control in regions where the organisms’ own limiting
agents are absent.

The native range should remain, for the present, the first priority for exploration because a margin of
theory and evidence suggests a larger proportion of host-specific agents might be found there. If the native
range proves unprofitable, or the aim is to control a native weed, then prospects for finding host-specific
and effective agents in other parts of the exotic range do not seem greatly inferior.

INTRODUCTION

Most weeds are plants which have been released by man from limiting effects
of the competitors and primary consumers in whose presence they evolved. Most
native and some exotic species have been released by creation of new habitats,
such as cropland, to which they but not their limiting agents were preadapted.
Most exotic weeds have also been released by their dispersal into geographic
regions where their limiting agents do not exist. A great upsurge in these
processes started about 400 years ago with the development of ocean-going
sailing ships, international trade and travel. It is probable that the majority of
exotic weed problems started within the last 200 years at the same time as large
scale planting of crops outside their native ranges (Purseglove 1965).

Many weeds have acquired new primary consumers in parts of their new,
exotic ranges. These primary consumers might have potential as ‘classical’ bio-
logical control agents (sensu DeBach 1974) in regions where their own limiting
agents are absent, either in the native ranges or in other parts of the exotic
ranges of their weed hosts. This paper examines in turn the four main factors
which determine that potential using some of the exciting patterns emerging
from studies of the biogeography and coevolution of plants and primary con-
sumers. Gilbert (1979) and Rhoades (1979) discuss the causes of these patterns.

The term ‘primary consumer’ includes pathogens and herbivores, predators,
parasites and symbionts. It is used here almost as a synonym for ‘natural enemy’
but without the connotation that such organisms always reduce the fitness of
their host plants (Pimentel 1961, Harris 19734, Owen and Weigert 1976).

ORIGINS OF PRIMARY CONSUMERS IN EXOTIC RANGES

A primary consumer of a weed in part of the weed’s exotic range must have a
distribution which includes either:

(a) all parts of the weed’s range, native and exotic; or

(b) the native and some parts of the exotic range of the weed; or
(¢) all exotic parts of the weed’s range but not the native range; or
(d) some but not all of the weed’s exotic range only.
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Primary consumers having distribution type (a) cannot be used for classical
biological control, while those with types (b) and (d) might be useful in parts
of the exotic range where they do not already occur, and those with types (c)
and (d) might be useful in the native range of the weed.

There is abundant evidence, for insects at least, that most species which feed
on exotic plants are of type (d) and restricted to a single part of the exotic

J)to species feeding

range. Goeden (1974) found none of the 28 insects identifie
on ltalian thistle in California present among the 58 identified species on the
same plant in its native Europe. Similarly for milk thistle, only 1 of the 43
identified species from the plant in California (Goeden 1971) was among the 87
1dentified stpecies on the plant in its native Europe (Goeden 1976). More than 85 :
per cent of 1905 insect pests of cocoa were reported from only 1 out of 31
geographic regions (Strong 19744), and 60 per cent of 1645 insect pests of sugar- |
cane were reported from only 1 out of 51 regions with only one per cent from 10 |
or more regions (Strong et al. 1977).

These data suggest that most primary consumers found by exploration in part
of the exotic range of a weed would not be present already in the region where |
biological control is to be attempted, whether that be in the native range of the |
weed or a different part of the exotic range.

THE NUMBER OF PRIMARY CONSUMER SPECIES PER PLANT SPECIES

It is assumed in this section that the probability of finding a useful agent is
correlated with the number of primary consumer species found; the following
sections examine the validity of this assumption.

Time in exotic range

Contrary to earlier hypotheses (e.g., Fischer 1960), Strong et al. (1977)
reported ‘the unanimous result [of relevant studies] has been that, beyond an
initial few hundred years, younger host populations have a number of parasite
species per unit host range that is indistinguishable from the number supported
by older host assemblages’. Evidence includes studies of insects (Strong 1974b)
and fungi (Strong and Levin 1979) on trees and insect pests of cocoa (Strong
1974a) and sugarcane (Strong et al. 1977). However, using Feeny’s (1976)
concept of apparency (see later), Gilbert (1979) has pointed out that the
majority of plants in these studies would be expected to have quantitative
dcf)ences to which many polyphagous insects should be preadapted. Herbs, with
more qualitative defences, might take longer to become fully colonized, though
the speeed at which insects have become resistant to insecticides (man-made |
plant defensive poisons) suggests otherwise.

There is some evidence that the time needed for the number of primary con-
sumers to reach an asymptote can be tens rather than hundreds of years. Milk
thistle was first recorded from California in 1854 and 117 years later it was
being attacked by 47 species of insects (Goeden 1971), while Ttalian thistle was
first recorded from the same State in the 1930s and only 40 years later had a
fauna close in size to milk thistle’s of more than 40 species (Goeden 1974).
Similarly, numbers of insect pests per unit range of cocoa in Brazil, Papua New
Guinea and Sabah appeared to reach asymptotes in less than 60, 30 and 10
years, respectively, after large increases in areas planted (Strong 1974a). Ten
years is probably close to the minimum time possible for cocoa because trees
take about eight years to become reproductive.
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 Range within exotic region . ‘ '
_Strong (1979) and May (1979) reviewed the extensive evidence thgxt the range
of a plant within a geographic region is the most important determinant of the
number of primary consumer species feeding on the plant in the region. The
data of Lawton (1976), Futuyma and Gould (1979), Strong (1979) and Ward
(1977) suggest that at any one locality, number of species is not related to
the range of the plant throughout the region, each locality having an assemblage
_ of species which incompletely overlaps assemblages at other localities. However,
Opler (1974) showed that species richness of leaf-miners at a locality was
 correlated with the geographic range of oaks. Strong and Levin (1979) showed
for fungi of trees, shrubs and herbs that at least part of the importance of
 geographic range stems from its correlation with ecological range expressed in

terms of vegetation zones.

Local abundance

In a particular locality, the number of primary consumer species increases
with population density of the host plant (Root 1973, Cromartie 1975,
Tepidino and Stanton 1976, Ward and Lakhani 1977). Since most weeds
are more abundant in exotic than in native parts of their ranges, they would
be predicted to have more primary consumers per unit range in exotic than in
native ranges. This prediction does not appear to have been tested.

Local dispersion

The number of species of primary consumers is greater if a host plant is
growing interspersed among other kinds of plants rather than growing as
a monoculture (Root 1973). The maximum number of primary consumers
is expected where the positive effects of increasing host density balance the
negative effects of an associated tendency towards monoculture. Effects of
particular patterns of dispersion and combinations of neighbouring plants will
depend on the dispersal characteristics of the primary consumers which are
present in the locality (Atsatt and O’Dowd 1976, Cromartie 1975). ‘

Growth form and predictablility through time

Size, structural complexity, longevity and probability of a plant being con-
tacted by a primary consumer are all strongly correlated. Strong and Levin
(1979) concluded, as did Lawton (1978), that ‘trees tend to have more pest
species than do shrubs, which in turn have more than herbs, per unit of geo-
graphical distribution’. Similarly, Lawton and Schroder (1978) and Strong and
Lefin (1979) found that annual herbs had smaller insect faunas and fungal tloras,
respectively, than perennial herbs. Plants which are weeds in their exotic but not
their native ranges are probably larger and longer-lived in their exotic range due
to less competition from other plants, less effective natural enemies, or other
ariables. Whether such differences exist and whether they may be large enough
1o result in significantly more primary consumers in exotic ranges do not seem
_to have been investigated.

Isolation from similar species of plants

The number of primary consumers in native and exotic ranges should be
related to the number of species preadapted to a plant, which should in turn be
related to the presence of other species of plants having similar defensive,
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nutritional and other properties. Similarity of plants as hosts has been assumed |
to be correlated with their taxonomic relatedness (Ehrlich and Raven 1965).
That assumption appears to be only partly valid as many closely related, |
sympatric plants seem to have evolved to escape from each others’ spectra of
primary consumers (Janzen 1973, Meeuse 1973). :

Powell (1980) found that evolutionary radiation in microlepidoptera had |
occurred more within specialized feeding niches, such as leaf mining, than along |
botanical evolutionary lines. Except for monocot herbs other than grasses,
Lawton and Schroder (1977) found no evidence that taxonomic isolation
influenced the number of species of insects associated with a particular species
of plant. Futuyma and Gould (1979) also found little correspondence between
faunal similarity and taxonomic affinity among woody plants in a forest, though
their result may have been influenced by the polyphagous nature of most
consumers of apparent, woody plants.

These three studies examined long-term associations of plant species whose
community structure might reflect selection for diversity to prevent destructive
increases in primary consumer populations (Atsatt and O’Dowd 1976). Future
studies using measures of similarity based on biochemistry, pilosity and other
attributes and studies of recently introduced plants would still be expected to
show that similar, sympatric plants support similar arrays of primary consumers. |

Island biogeography : !

The patterns described above ‘explain’ about half of the variability in the
number of primary consumer species on plants (May 1979). Janzen (1968,
1973) suggested that MacArthur and Wilson’s 1967 theory of istand bio-
geography might summarize the patterns in terms of the sizes of host ‘islands’
and their physical and defence mechanism ‘distances’ from sources of
immigrants. However, Connor and McCoy (1978), Strong (1979) and Strong and
Levin (1979) have pointed out difficulties in such use of the equilibrium bio-
geographic model on its own. A more realistic model will have to take account
of habitat heterogeneity and passive sampling effects as well as the sympatric
distribution and evolution of host plants in contrast to the allopatric distribution
and independent evolution of true islands. Even then, there will be unexplained
variability due to historical accident in evolutionary and ecological time, an
example of which might be the lack of insects preadapted to feed on eucalypts
in California (Strong 1979) but not Brazil,

Assuming growth form and life cycle of a weed are similar in different parts of
its range, there is a high probability that it will have at least as many primary
consumers per unit range in exotic regions as in native regions. Time since intro-
duction and the taxonomic affinity of other plants in t%e region appear to be
unimportant, but detailed studies of herbs are needed to confirm these two
generalizations for most weeds. More species of primary consumers should be
found in regions in which the weed has a large range and in localities where the
weed is abundant and interspersed among other species of plant.

HOST-SPECIFICITY

Finding many species of primary consumers is of no value for biological
control unless some of them are acceptably host-specific. Discussion of this topic
is difficult because no scale has been devised to quantify host-specificity which is
biologically meaningful and can be used to define what is ‘acceptable’. In most
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Exotic weeds have discontinuous distributions because they have been dis-
persed over barriers such as oceans. On arrival in a new geographic region, an
exotic weed will fall at the extreme left of Figure 1 because there has been no
time for coevolution with local primary consumers and because there is little
chance of coevolved primary consumers following the weed from its native
range (see ‘ORIGINS OF PRIMARY CONSUMERS IN EXOTIC RANGES’,
above). Thus, the probability of finding useful control agents in an exotic region
might be largely a function of the time since the weed arrived and the rates of
evolution of the poorly defined attributes of ‘acceptable’ host-specificity and
effectiveness.

CONCLUSIONS

The native range should remain for the present the first priority in exploration
for organisms to control a weed in part of its exotic range. The sole reason is
~some evidence suggesting greater probability of finding organisms there with
acceptable host-specificity. If the native range proves unprofitable, or the aim is
to control a native weed, then prospects for finding host-specific and effective
agents in other parts of the exotic range do not seem greatly inferior. Further
information is sorely needed on the host-specificity and effectiveness of primary
consumers from different parts of the ranges of herbs to refute or support these
conclusions.
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Isolation from similar plant species

The data of Wapshere (1974) relating host-specificity to supposed centres of
host evolution may be interpreted in terms of the presence of taxonomically
related plants as well as in terms of coevolutionary time. However, use of
taxonomic affinity as an index of similarity suffers from the problems discussed
earlier. It seems unlikely that presence of plants similar to a weed in a region
where an agent is discovered can have much effect on the acceptability of the
host-specifity of the agent in another region. The presence of plants similar to
the weed in the region where the agent is to be released would seem to be far
more important and that of course, is independent of where an agent is
discovered.

Apparency and defensive strategies

The relation of the likelihood that a plant will be found by herbivores
(apparency) to quantitative and qualitative defences (Feeny 1976, Rhoades and
Cates 1976) summarizes much of the variability in host-specificity of primary
consumers. They suggested that large, long-lived plants are more apparent than
small, ephemeral plants and that selection has favoured different defensive
strategies in the two extremes. Apparent plants generally have quantitative
defences, such as tannins or silica which reduce digestibility, act according to
concentration and are relatively expensive to produce. Unapparent plants
generally have qualitative defences such as poisons, which are effective at low
concentrations and are less expensive to produce. Primary consumers of un-
apparent plants tend to be more stenophagous than those of apparent plants
because they must be adapted to specific, uncommon defence mechanisms.

Many weeds are probably larger and longer-lived, and therefore more
apparent, in exotic than in native regions and Rhoades (1979) has suggested that
apparency is at least as important as phylogeny in determining plant defensive
chemistry. Whether this might lead to evolution of significantly different
defences in native and exotic regions in less than 200 years is not known. 'ﬂ

Practical implications are not immediately clear because of insufficient data .
on the time needed to evolve host-specificity and on the results of changesin
apparency. At present, it seems safest to assume a greater proportion of host-
specific organisms in the native than the exotic ranges of weeds. In native and
exotic ranges, there may be cases where establishment of an extensive mono-
culture of a weed could be the best method of discovering host-specific
organisms.

EFFECTIVENESS

Finding many species of host-specific primary consumers is of no value unless
one or several in combination, can maintain populations of a weed at tolerable
densities. Pimental (1961), Harris (1973%) and Winder and Harley (1978) have
discussed the need for control agents which, though acceptably host-specific, are
not so coadapted with their hosts that their relationship approaches symbiosis.
As with host-specificity, effectiveness depends not only on the degree of
coadaptation between primary consumer and host but also on the context in
which they interact.

Time in exotic range
Pimental (1963) reported that 39 per cent of successful cases of biological
control, mostly of insect pests, involved use of organisms collected from species
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other than the ones controlled. Rather than increasing with time, he suggested
that effectiveness should decrease as agent and host coevolve. In practical bio-
logical control this seems to have occurred only to a limited extent for reasons
which are not understood (Green 1975).

Local abundance

Abundance of a weed can give no indication of how effective local primary
consumers might be in other regions where their own limiting agents are absent
_and others may be present (Goeden and Louda 1976).

Race formation in weeds

Populations of exotic weeds have usually started with narrow genetic bases
and it is established that different selection pressures and barriers to gene flow
usually result in different gene frequencies over quite short distances in plants
Levin 1979). Mutation aside, genes in exotic populations must be present in the
native range while genes in one exotic population will not necessarily be present
in another. However, there is no obvious relationship between genetic similarity
of hosts and effectiveness of control agents which can suggest where exploration
might be most profitable. Pimentel’s (1963) examples of lack of ecological
homeostasis associated with great genetic differences appear to clash with the
need for strains of rust fungus adapted to particular strains of skeleton weed in
Australia (Cullen 1973), for example.

Environmental similarity of infested regions

Several authors have stressed the importance of carrying out explortation in
regions ecoclimatically similar to the region where control is to be attempted
(Harley 1979). Environments may be more similar between exotic parts of a
weed’s range than between exotic and native regions, making discovery of
appropriate organisms sometimes more likely in an exotic region. For example,
the floating fern, salvinia, has a restricted native range in subtropical Brazil but is
causing major problems in tropical Africa, Asia and Australia. However, race
formation in many weeds may make it impossible to find the same plant pheno-
type in any two areas with the same ecoclimate.

elation of effectiveness to host-specificity

The evidence referred to above suggests that host-specificity of primary
onsumers generally decreases with distance and increases with time from the
volutionary origin of a plant, while effectivness peaks at some intermediate
istance and time. Figure 1 illustrates these trends and the implications for
xploration. Note that ‘evolutionary origin’ refers to the time and place of
rigin of a single new taxon of plant, as distinct from the more nebulous concept
f “centre of evolution’ which refers to the area in which a group of related
lant taxa differentiated. Broad bands of probabilities are shown which might
ccommodate many trajectories, each unique to a particular host-agent pair. At
ero time or infinite distance, some organisms might have a degree of host-
pecificity through preadaptation while others may have none. At infinite time
r zero distance the probability of finding host-specific organisms should be
igher. Effectiveness might be low at zero time or infinite distance because of an
ssociation with host-specificity, despite the examples given by Pimentel (1963).
ffectiveness might also be low, or even negative due to symbiosis, at infinite
ime or zero distance, with maximum effectiveness at some intermediate time or
istance.
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Exotic weeds have discontinuous distributions because they have been dis-
persed over barriers such as oceans. On arrival in a new geographic region, an
exotic weed will fall at the extreme left of Figure 1 because there has been no
time for coevolution with local primary consumers and because there is little
chance of coevolved primary consumers following the weed from its native
range (see ‘ORIGINS OF PRIMARY CONSUMERS IN EXOTIC RANGES’,
above). Thus, the probability of finding useful control agents in an exotic region
might be largely a function of the time since the weed arrived and the rates of
evolution of the poorly defined attributes of ‘acceptable’ host-specificity and
effectiveness.

CONCLUSIONS

The native range should remain for the present the first priority in exploration
for organisms to control a weed in part of its exotic range. The sole reason is
some evidence suggesting greater probability of finding organisms there with
acceptable host-specificity. If the native range proves unprofitable, or the aim is
to control a native weed, then prospects for finding host-specific and effective
agents in other parts of the exotic range do not seem greatly inferior. Further
information is sorely needed on the host-specificity and effectiveness of primary
consumers from different parts of the ranges of herbs to refute or support these
conclusions.

ACKNOWLEDGEMENTS

I thank colleagues at the C.S.ILR.O. Division of Entomology Biological
Control Section in Brisbane, and Dr J.M. Cullen, Dr E.S. Del Fosse and Dr J H.
Myers for stimulating discussions and valuable criticism of the first draft of this

paper.
REFERENCES
Atsatt, P.R., and O’Dowd, D.J. (1976). Plant defense guilds Science 193:24—9.,

Benson, W.W. (1978). Resource partitioning in passion vine butterflies.
Evolution 32:493-518.

Bush, G.L. (1975). Sympatric speciation in phytophagous parasitic insects. In
‘Evolutionary Strategies of Parasitic Insects and Mites’. (Ed. P.W. Price.) (Plenum
Press:N.Y.), pp.187—-206.

Connor, E.F., and McCoy, E.D. (1978). The statistics and the biology of the
species-area relationship. Am. Nat. 113:791-833.

Cromartie, W.J. (1975). The effect of stand size and vegetational background on

the colonization of cruciferous plants by herbivorous insects. J. Appl. Ecol.
12:517-33.

Cullen, J.M. (1973). Seasonal and regional variation in the success of organisms
imported to combat skeleton weed Chondrilla juncea L. in Australia. Proc. 111
Int. Symp. Biol. Contr. Weeds, Montpellier, France, 1973, pp.111—7.

DeBach, P. (1974). ‘Biological Control by Natural Enemies’. (Camb. Univ.
Press), 323 p.




122

Ehrlich, P.R., and Raven, P.H. (1965). Butterflies and plants: a study in co-
evolution. Evolution 18:586—608.

Feeny, P.P. (1976). Plant apparency and chemical defense. Rec. Adv.
Phbytochem. 10:1—40.

Fischer, A.G. (1960). Latitudinal variations in organic diversity. Evolution
14:64—81.

Futuyma, D.J. (1976). Food plant specializatioﬁ and environmental predict-
ability in Lepidoptera. Am. Nat. 110:285-92,

Futuyma, D.J. and Gould, F. (1979). Associations of plants and insects in a
deciduous forest. Ecol. Monogr. 49:33-50.

Gilbert, L.E. (1979). Development of theory in the analysis of insect-plant inter-
actions. In ‘Analysis of Ecological Systems’. (Eds. D.]J. Horn, G.R. Stairs and
R.D. Mitchell.) (Ohio State Univ. Press:Columbus), pp.117—54.

Goeden, R.D. (1971). The phytophagous insect fauna of milk thistle in southern
California. J. Econ. Ent, 64:1101—4,

(1974). Comparative survey of the phytophagous insect faunas of
Italian thistle, Carduus pycnocephalus, in southern California and southern
Europe relative to biological weed control. Environ. Ent. 3:464—74.

(1976). The Falearctic insect fauna of milk thistle, Siybum
marianum, as a source of biocontrol agents for Californmia. Environ. Ent.
5:345-53. ‘

Goeden, RD., and Louda, SM. (1976). Biotic interference with insects
imported for weed control. Annu. Rev. Ent. 21:325—42.

Green, H.B. (1975). Can exotic weeds develop host plant resistance to
introduced insect biological control agents? Bull. Ent. Soc. Am. 21:5.

Harley, K.L.S. (1979). Considerations in the selection and importation of bio-
logical control organisms. Aust. Applied Entomol. Res. Conf. Lawes 1979,
Invited Reviews and Situation Papers, pp.97—109. .

Harris, P. (1973a). Insects in the population dynamics of plants. Symp. Roy.
Ent. Soc. Lond. 6:201-9.

(1973h). The selection of effective agents for the biological |
control of weeds. Can. Ent. 105:1495—1503.

Hatchett, J.H., and Gallun, R.L. (1970). Genetics of the ability of the Hessia
fly, (Mayetiola destructor) to survive on wheats having different genes fo
resistance. Ann. Ent. Soc. Am. 63:1400-7,

]axizen, D.H. (1968). Host plants as islands in evolutionary and contemporar
time. Am. Nat. 102:592—5.

(1973). Host plants as islands. II. Competition in evolutionary an
contemporary time. Am. Nat. 107:786—90 .




123

Lawton, J.H. (1976). The structure of the arthropod community on bracken.
Bot J. Linn. Soc. 73:187-216.

__(1978). Host-plant influences on insect diversity: the effects of
space and time. Symyp. Roy. Ent. Soc. Lond. Symp. 9, pp. 105-25.

Lawton, J.H., and Schroder, D. (1977). Effects of plant type, size of geographic
range and taxonomic isolation on number of insect species assoctated with
British plants. Nature (Lond.) 265:137—40.

——(1978). Some observations on the structure of phytophagous insect
communities: the implications for biological control. Proc. IV Int. Symp. Biol.
Contr. Weeds, Gainsville, Florida, 1976, pp.57—73.

Levin, D.A. (1979). The nature of plant species. Science 204:381—4,

MacArthur, R.H., and Wilson, E.O. (1967). ‘The Theory of Island Bio-
geography.” (Princeton Univ. Press:N.J.), 203 pp.

May, R.M. (1979). Patterns in the abundance of parasites on plants. Nature
(Lond.) 281:425—6.

Meeuse, A.D.J. (1973). Co-evolution of plant hosts and their parasites as a
taxonomic tool. In “Taxonomy and Ecology’. (Ed. V.H. Heywood.) (Academic
Press:London), pp.289—316.

Opler, P.A. (1974). Oaks as evolutionary islands for leaf-mining insects. Am. Sci.
62:67—73.

Otte, D. (1975). Plant preference and plant succession: a consideration of
evolution of plant preference in Schistocerca. Oecologia (Berlin) 18:129—44.

Owen, D.F., and Weigert, R.G. (1976). Do consumers maximize plant fitness?
Otkos 27:488--92,

Pimental, D. (1961). Animal population regulation by the genetic feed-back
mechanism Am. Midl. Nat. 95:65-79.

(1963). Introducing parasites and predators to control native pests.
Can. Ent. 95:785—92.

Powell, J.A. (1980). Evolution of larval food preferences in microlepidoptera.
Ann. Rev. Ent. 25:133-59.

Purseglove, J.W. (1965). The spread of tropical crops. In ‘The Genetics of
Colonizing Species’. (Eds.H.G. Baker and G.L. Stebbins.) (Academic Press:N.Y.),
pp.375—86.

Rhoades, D.F. (1979). Evolution of plant chemical defense against herbivores.
In ‘Herbivores. Their Interaction with Secondary Plant Metabolites’. (Eds.
G.A. Rosenthall and D .H. Janzen.) (Acad. Press:N.Y.), pp.3—54.

Roades, D.F., and Cates, R.G. (1976). Toward a general theory of plant anti-
herbivore chemistry. Rec. Adv. Phytochem. 10:168—213.




124

Root, R.B. (1973). Organization of a plant-arthropod association in simple and
diverse habitats: the fauna of collards (Brassica oleracea). Ecol. Momnogr.
43:95-—-124.

Scriber, J.M., and Feeny, P. (1979). Growth of herbivorous ~c:aterpillars In
relation to feeding specialization and to the growth form of their food plants.
Ecology 60:829—50.

Slansky, F. (1976). Phagism relationships among butterflies. J. N.Y. Ent. Soc.
84:91-105.

Strong, D.R. (19742). Rapid asymptotic species accumulation in phytophagous
insect communities: the pests of cacao. Science 185:1064—6.

(1974b). The insects of British trees: community equilibrium in
ecological time. Ann. Mo. Bot. Gard. 61:692—701.

_ (1979). Biogeographic dynamics of insect-host plant communities.
Annu. Rev. Ent. 24:89—119.

Strong, D.R., and Levin, D.A. (1979). Species richness of plant parasites and
growth form of their hosts. Am. Nat. 114:1-22.

Strong, D.R., McCoy, E.D,, and Rey, J.E. (1977). Time and the number of
herbivore species: the pests of sugarcane. Ecology 58:167—75. '

Tepidino, V.J., and Stanton, N.L. (1976). Cushion plants as islands. Oecologia
(Berlin) 25:243-56. z

Wapshere, A.J. (1974). Host specificity of phytophagous organisms and the evo-
lutionary centres of plant genera or sub-genera. Entomophaga 19:301-9.

Ward, LK. (1977). The conservation of juniper: the associated fauna with
special reference to southern England. J. Appl. Ecol. 14:81-120.

Ward, L.K. and Lakhani, K.H. (1977). The conservation of juniper: the fauna of -
food-plant island sites in southern England. J. Appl. Ecol. 14:121-35.

Winder, J.A., and Harley, K.L.S. (1978). Exploration for organisms for bio-

logical control of weeds. Proc. IV Int. Symp. Biol. Contr. Weeds, Gainsville,
Florida, 1976, pp.35—8. ‘

Zw51fer, H., Ghani, M.A., and Rao, V.P. (1976). Foreign exploration and
importation of natural enemies. In ‘Theory and Practice of Biological Control’.
(Eds. C.B. Huffaker and P.S. Messenger.) (Academic Press:N.Y.), pp.189—207.




