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Summary. The proposal (Gaston and Lawton 1988a, 
b) that small species of  insects are more abundant be- 
cause they have lower per capita resource requirements 
than large species does not hold for aphids (Dixon 
1990a). There are good theoretical grounds, supported 
by empirical data, for the suggestion that host specific 
aphids that live on uncommon plants incur great losses 
in finding their host plants and as a consequence have 
a lower realized r,, and are rarer than aphids living on 
common plants. This is also likely to apply to other 
organisms that are host specific and 'time-limited' dis- 
persers. 
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Gaston and Lawton (1988a, b) and Lawton (1989) have 
proposed that small species of  insects are more abundant 
because they have lower per capita resource require- 
ments than large species. Although this may hold when 
comparing generalist species of a range of sizes from 
different taxa, there is no evidence for it at the level 
of a taxum (c.f. Dixon 1990a). For example, both the 
field maple (Acer campestris) and sycamore (Acer pseu- 
doplatanus) have similar sized host specific aphids that 
belong to the same genus (Drepanosiphum aceris and 
D. platanoidis), have similar intrinsic rates of increase 
(unpublished results) and are attacked by the same hy- 
menopterous parasites (P. Stary, personal communica- 
tion) and predators. However, D. aceris is much less 
common per unit area of leaf of field maple than is 
D. platanoidis on sycamore (Stroyan 1977). I f  the 
marked differences in abundance of these two species 
of aphid cannot be accounted for in terms of either the 
efficiency of their natural enemies or their intrinsic rate 
of increase, what determines the difference in abun- 
dance? 

The equilibrium population density of a species is 
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seen as the outcome of the interaction between its rate 
of increase and the strength of the density dependent 
factors acting upon it. Natural enemies do not appear 
to have a great role in regulating the abundance of tree- 
dwelling aphids (Dixon 1985, 1990b). Moreover there 
is no evidence that the efficiency of the natural enemies 
of species differ (see above). Therefore, differences be- 
tween aphid species in rm, or more particularly realized 
rm, appear to be the most likely cause of differences 
in abundance between species. Prey-predator and host- 
parasite models predict that an increase in the r,, of  
the host (or prey) will result in an increase in the equilib- 
rium density of the host (or prey), provided all other 
factors remain constant (Hassell 1978). Thus, even if 
natural enemies have a role in determining aphid abun- 
dance, their population density would be positively cor- 
related with r,,. 

To illustrate the effect of an herbivore's rm on its 
abundance, an appropriate plant herbivore model, which 
has some similarity with plant aphid interactions, is the 
laissez-faire model of Caughley and Lawton (1981): 

dV/dt=rl  V(I - V/K)--C~H[1 - e x p ( - d l  V)], 
dH/d t=H{  - a +  C2 [1 - e x p ( -  d2 V)]}, (i) 

where V=plant  abundance, H =  herbivore abundance, 
rl = intrinsic rate of increase of the plants, K-- maximum 
possible plant density or biomass, C~ =maximum rate 
of food intake per herbivore, d l =  searching efficiency 
of the herbivore when food is scarce, a = rate of  decline 
in abundance of herbivores in absence of food, Cz rate 
at which a is ameliorated by abundant food, d2 = ability 
of the herbivore to multiply when food is scarce. This 
gives equilibrium densities for the plant (V*) and herbi- 
vore (H*) of: 

V* = (1/d2) In [C2/C2 - -  a)], (2) 

H * =  rl V * ( 1 - V * / K )  
Ct [1 - e x p ( - d l  V*)]" 

C2 in this model is roughly equivalent to rm (if a ~ Cz). 
An increase in C2 results in an increase in the equilibri- 
um density of the herbivore providing V* is close to 
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Fig. 1 a, b. A three dimensional surface (a) from Eq. (7) showing 
the dependence of the equilibrium density (X*) on both the 
strength of the density dependent factor(s) (M) and the magnitude 
of the realised rm (R), and (b) from Eq. (11) showing the dependence 
of the equilibrium density (X*) on both the strength of the density 
dependent factor(s) (M) and plant cover (C) 

K/2. This is particularly the case for tree dwelling aphids, 
which are unlikely to affect the equilibrium density of 
their host plants very much, if at all. Aphid population 
dynamics, however, are more complicated than Caugh- 
ley and Lawton's model assumes, because the between 
year dynamics is discrete rather than continuous. The 
significance of this will be discussed in a future paper. 

Thus there are good theoretical grounds for expect- 
ing a positive correlation between r,, and abundance. 
The analysis of empirical data for three species of tree 
dwelling aphids reveals that the relationship between 
peak spring (S) and autumn (A) abundance on a log-log 
scale is: 

Log A =log S+log  R - M  log S (3) 

where R is the realized rate of increase and M the density 
dependent factor. The latter includes both the effect of 
natural enemies and intra-specific competition for food. 
Spring abundance can roughly be equated with abun- 
dance the previous autumn (Dixon 1985, 1990; Gange 
1985)). This gives the following difference equation for 
the between year dynamics: 

Log Xt+l =logXt+log R - M l o g  Art. (4) 

where Z, and X,+ 1 are the peak numbers in spring of 
years t and t-t-l, respectively, which after delogging 
gives: 

X~+ I =RX: -M (5) 

The equilibrium density (X*) of which is : 

X* = R X* 1 - M (6) 

or 

X* =R 1/M (7) 

Thus the empirical data for deciduous tree-dwelling 
aphids also indicate that differences in abundance could 
be determined by differences in realised r,, (R, Fig. I a). 

Host plant abundance 

What factors are likely to affect the degree to which 
rm is realised? If there are no density dependent factors 

operating on a population, then the between year dy- 
namics can be represented by: 

Xt+l =P(C)rXt. (8) 

Where P(C) is the probability of finding a host plant 
assuming aphids disperse at least once a year (P(C) is 
an increasing function of the relative cover of the host 
plant, C) and r is the maximum potential growth rate 
(Dixon et al. 1987). Thus, the realized intrinsic rate of 
increase, R, which includes the losses incurred in dispers- 
al, is: 

R= Xt+ I/Xt=r P(C ). (9) 

Thus R increases as plant cover (C) increases. For exam- 
ple, given that the probability of finding a host plant 
[P(C)] after D trials (Dixon et al. 1987) is: 

P(C)= 1 -(1 - c )  (10) 

then the equilibrium density is given by: 

X* = {r[1 - (1 - C) ~ ~/" (11) 

This indicates that, all other things being equal, the pro- 
portional cover of the host plant through its effect on 
realized rm can markedly affect the abundance of an 
aphid (Fig. 1 b). 

Empirical data 

Although the abundance of very few aphids has been 
determined, nevertheless, taxonomists have considerable 
experience of collecting aphids over wide areas and 
sometimes give qualitative estimates of aphid abun- 
dance. One such data set is that of Stroyan (1977) for 
the indigenous deciduous tree-dwelling aphids of Britain, 
which all belong to the same family, the Callaphididae. 
They are either highly host specific or live on at most 
two species of a particular genus of trees. When more 
than one species occurs on a tree, the commonest species 
has been selected, as the rarer species is usually confined 
to plants growing under particular conditions like deep 
shade. Population studies on six of the twelve species 
indicates that they are very similar in terms of their dy- 
namics and the value of the density dependent compo- 
nent (Dixon 1970, 1971, 1990; Heie 1972; Sluss 1967; 
Gange 1985). The abundance of the trees is based on 
the impressions of Dr. O. Rackham. The relation be- 
tween the ranked abundance of tree-dwelling aphids and 
that of their host plants is given in Fig. 2. 

That abundant aphids tend to live on abundant trees 
lends support to the idea that plant abundance is a major 
factor determining aphid abundance. 

Discussion 

There are good theoretical grounds, supported by empir- 
ical data, for arguing that a major factor determining 
the abundance of tree-dwelling aphids is the abundance 
of their host trees. This is likely to apply to other organ- 
isms that are host specific and 'time-limited' dispersers 
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Fig. 2. The rank abundance of twelve species of Callaphididae in 
relation to the rank abundance of their host trees (Aphids: Calla- 
phis juglandis (Goeze); Drepanosiphum aceris Koch; D. platanoidis 
(Schrank), Eucallipterus tiliae (L.); Euceraphis punctipennis (Zett.); 
Myzoeallis boerneri Stroyan; M. carpini (Koch); M. castanicola 
Baker; M. schreiberi H.R.L. & Stroyan; Phyllaphisfagi (L.); Ptero- 
callis alni (DeGeer); Tuberculoides annulatus (Hart.); r5 = 0.61, Z = 
2.02, P<0.05) 

(Ward 1987) like aphids. It follows f rom the idea put 
forward by Dixon et al. (1987) to account for the world 
wide distribution and species diversity of  aphids. Not  
only does the propor t ion  of  ground covered by each 
species of  plant have to exceed a certain critical level 
if  it is to support  an aphid species, but the greater the 
proport ional  cover the more abundant  is its aphid. The 
high abundance of  many  pest species of  aphids may  simi- 
larly be seen as part ly a consequence of  the high propor-  
tional cover of  their host plants (crops). 

Our  approach has greatly simplified the problem by 
ignoring confounding factors like habitat  f ragmentat ion 
(Rabinowitz 1981; Kareiva 1987). However,  it does indi- 
cate that  plant abundance could be important  in deter- 
mining the abundance of  certain herbivores, a role pre- 
viously not at tr ibuted to plants. I f  correct, it needs to 
be borne in mind when at tempting to preserve the habi- 
tats of  such organisms. It  also serves to highlight the 
selective advantage of  reduced dispersal when host 
plants are uncommon.  A decrease in the abundance of  
a host plant could have been a major  factor in the evolu- 
tion of  apterousness in aphids as it not only results in 
an increase in r,, (Dixon 1972), but would also greatly 
reduce the losses incurred in dispersal. That  the tendency 
to produce brachypterous forms, the first step in the 
evolution of  apterousness, is shown only by the rarest 
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of  British Callaphidinae, Drepanosiphium dixoni, sup- 
ports  this idea. 
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