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ABSTUCT 

The importance of cereal aphids has increased over recent years. This 

work aimed to compare the aphid/natural enemy comaexes in grassland and 

cereals with reference to current theories on diversity and stability, and to 

investigate the nature and extent of any interactions between the tun 

habitats. Intensive studies were therefore carried out on an area of rough 

grassland with Dactylis dominant, and en adjacent plot of spring-sown barley 

over a three year period. 

. In the grassland population levels of aphids and their natural enemies.  

were estimated by destructive sampling. Aphids were kept alive in the 

laboratory to estimate percentage parasitism, and sticky traps were used to 

assess aerial ponuAations of predators and parasites. Work was concentrated 

on the dominant species, IIValopteroides-  humilis, a monophagous species 

feeding on Dactylis. Changes in the food quality of Dactvlis through the 

year were assessed by measurement of total nitrogen content. Although 

nutritional factors determined the basic population trends of 

climatic factors governed the winter survival rate and natural enemies 

were important in the 'crash' in June. 

The cereal aphid populations were monitored over the same period by 

similar methods, and the importance of natural enemies established. The 

species composition of natural enemies was determined for comparison with 

those active in the grassland, and sticky and water traps on the boundary 

were used to assess movement between the trio areas. The grassland did not 

act as an overrrintering refuge for the cereal aphids, but evidence is 

presented for it providing a source for some natural enemies of the cereal 

aphids. 

Laboratory work was carried out on the response of H.humilis to 

temperature. Calculation of the developmental threshold, and the presence 

of stable age distributions in 1974, enabled the construction of time-. 
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specific life tables. These indicate that generalised predators were having 

a consiaerable impact on the population in June. The searching efficiencies 

of the main parasites of H.humilis (A.urticae) and 11.dirhodum  (A.uibeckist-

anicus) were assessed in the laboratory from their functional responses to 

host density. Work was also carried out on their specificity and rates of 

development. 

Finally the aphid/natural enemy complexes in cereals and grassland 

are compared, and the feasability of manipulating grassland to reduce 

cereal pest populations discussed. 



ABSTRACT 

=MN 

CONT3NTS 

Page No. 

. 	2 

14 T: General Introduction 

1. The Importance of Cereal _`aphids 14 

2. Yield Reduction of Cereals 15 

3. The Importance of Grassland 2-im,hids 16 

. Yield :Reduction of Grasses 16 

5. Aims of the Present Work 17 

6.  Diversity and stabiliti 20 

7.  Nithin-crop Diversity 23 

8.  Crop/Non Crop Diversity 2L 

9.  Biolor,u-  of Aphid Species Found.in the Study 26 

(a) 	Mpnophagous species 26 

('o) 	Polyphagous species 27 

0,CTION II: Population Dynamics of Grassland APhids 	31 

A) Introduction and Yethods 	 31 

1. Literature Review 	 31 

2. Aims of Grassland Field Nork 	 32 

3. Location and Description of :7.ain Sampling Area 	32. 

4. Sampling Hethods 	 35 

-(a) Stratification 	 35 

(b) Botanical Composition 	 - 35 

(c) Aphid Populations 	 37 

(a) Natural Enemies 	 40 

(1) Parasites 	 40 

(ii) Predators 	 42 

(iii) Pathogens 	 4-3 

5. Nutritive Status of the Plant 	 44 

6. :btecrolorrical Readings 	 46 



5 

Page :10. 

7. Subsidiary, Sample Sites 	 • 46 

8. Analysis 	 47 

(a) 2recuency Distribution 1:oclei3 and 
Dispersion Indices 	 47 

(b) Time Opecifid Life Tables - Test for 
Stable Age Distribution 	 ,, ),C1 ..., 

B) Results 	 50 

1. Botanical Composition 	 50 

1972 	 50 

1973 	 53 

1974 	 56  

2. I-Tyalonteroides hun±lis ana its Parasites 	57 

MAIN STUD' AI1SA 	 57 

1972 

(a) Aphids 	 57 

(i) Field. Population Levers 	 57 

(ii) Instar Distribution 	 57 

(h) Parasites and their impact 	 to 

(i) Introduction 	 62 

('.i) Primary Parasites - abundance and sex ratio 	62 

(iii) Secondary Parasites - abundance and sex ratio 64. 

(iv) Percentage Parasitism 	 66 

(v) Percentage 74yperparasitisn 	70 

(vi) Instar Distribution of :::u_Tnialfied Aphids 	70 

(vii) Distribution of ::unnies on crass species 	70 

175 

(a) Aphids 	 73 

(i) Field. Population Levels 	 73 

(ii) Instar Distribution 	 73 

(b) Parasites and their impact 	 77 
(i) Introduction 	 77 



Parse No. 

(ii) Primary Parasites - abundance and sex ratio 	79 

(iii) Seconaary Parasites - abundance and sex ratio 7s 

(iv) Percentaze Parasitism 

(v) Percenta;se Hyperparasitism 	35 

(vi) Adult Parasite Populations 	 85 

(vii) Distribution of old 'Imumaies 	 55 

1974. 

(a) Aphids 	 87 

(i) Field Population Levels 	 87 

(ii) Instar Distribution 	 87 

(iii) Spatial Disitribution 	 91 

(iv) attritive :78uality of Dactylis 	96 

, (b) Parasites and their impact 	 99  

(i) Introduction 	 99 

(ii) Primary Parasites - abundance and sex ratio 	99 

(iii) Secondary Parasites - abundance and sex ratio 99 

(iv) Percentase Parasitism 	102 

(v) Percenta2,e -iyperparasitism 	 102 

(vi) Adult Parasite Populations 	 105 

(vii) Position of mummified aphids on 	105 
Dactylis leaves 

(c) Fathosens and mortality from other causes 	105 

SUBSIDIA= T:ILZ SITS (l972-/) 
	

108 

3. :acrosiphum frasariae  and its parasites 	109 

1972 

(a) Aphids 	 109 

(1) Field Population Levels 	 109 

(ii) Instar Distribution 	 109 

(b) Parasites 	 109 



173 

Page No. 
• 

113 (a) 	Aphids 

(i) Field. Population Levels 113 

(ii) Instar Distribution 113 

(b) 	Parasites 113 

4.. Diurarhis muehlei and its parasites 134 

1972 

(a) Aphids 114. 

(b) Parasites 110 

1973 

(a) 	Aphids 116 

5. Other Aphid. Species 116 

6. Aphid. Predators 117 

1972 117 

1573 117 

1071. 124- 

• 7. Meteorological aecoras 124. 

C) Discussion - 124 

1.  The Aphid. Complex in Grac5;1an;1  124- 

2.  Population Dynamics of H.hulilis 1 31 

(a) Review of population characteristics 

(b) Determination of athia numbers 

(1) 	Introduction 

(ii) Climatic Factors 

(iii) Foaa 	;,uantit.y•alla. 	uit 

(iv) Self-regulatory 	echanisms 

(v) Natural J]nenies 

(vi) Conclusions 

M;CTION III: Population Dynar:lics of Cereal :phis 

1 

133 

135 

1314- 

154. 

133 

158 

143 

14-5 



Page Ho. 

A) Introduction and Methoaa 	 145 

1. Literature Review 	 145 

2. Aims of Cereal J'ield. -,fork 	 147 

3.. Location and Description of Sanipling Areas 	347 

(a) Self-sown Barley 	 31-7 

(b) Spring-sown Barley . 	 - 14.8 

4. Sampling Methods 	 149 

(a) Stratification 	 149 

(b) Plant Growth and Aphid PopUlations 	1/4-9 

(c) Natural _Enemies 	 151 

(i) Parasites 
	 151 

(ii) Predators 
	 151 

.(iii) Pathogens 
	 151 

(a) Interactions between the Grassland and Cereal 	151 

B) Results 	 152 

Winter Sa,n-olinA' 1972 	 152 

1, Botanical Data 	 152 

2. Aphid Po-pulations and. their Parasites 	152 

(a) Aphids 	 152 

(b) Parasites 	 154 

3. Predators 	 154. 

Sarin sown  Barley (1972-4) 	 154 

1. Botanical Data 1972-4 	 154 • 

2. Aphlas and their Parasites and Pathogens 	156 

1972 

(a) Aphids 	 156 

(i) Field Population Levels 	 156 

(ii) Instar Distributions 	 156 

(b) Parasites and their Impact 	 159 



Pace 17-o. 

(1) Introduction 	 159 

(ii) Primary Parasites - abundance and sex ratio 	161 

(iii) SOconaary Parasites - abundance and sex ratio 	161 

(iv) Percentase Parasitism 	 161 

(c) Pathosens 	 164 

1973 

(a) Aphids 	 164 

(i) Field. Population Levels 	 164 

(ii) Instar -Distributions 	 164. 

(b) Parasites and their Impact 	 168 

(i) :2-2atrauct.i.or 	 168 

(ii) Primary Parasites - abundance and sex ratio 	168 

(iii) Seconaary Parasites - abundance and sex ratio 	172 

(iv) Percentage Parasitism 	 172 

(v) Per 	.2-perparasitium 	172 

(vi) Adult Parasite Populations 	 172 

(c) Pathocens 	 174 

1971,, 

(a) Aphids 	 174 

(i) Field. Population Levels 	 172+. 

(ii) Instar Distributions 	 174 

(b) Parasites and their Impact 	 178;_ 

(i) Introduction 	 173 

(ii) Primary Parasites - abundance and sex ratio 	178 

(iii) Secondary Parasites - abundance and sex ratio 	181 

(iv) Percentase Parasitism 	 - 181 

(v).  Adult Parasite Populations 	 181 

(c) Pathoens 	 181 

3. Predators 	 181 



- 10 - 

1972 

1973 

1974 

4. interactions between the Grassland and Cereal 

(a) Aphids, 1972-4 

(b) Natural 3nemles 

(i) Relative abundance of Prey /Hosts, 1972-Li. 

(ii) Parasites and Hyperoarasites 

(iii) Predators 

G) Discussion 

1. Review of Aphid Population Characteristics 

2. Determination of Aphid :Tumbel:.s 

(a) Introduction 

(b) everwinterinc Populations and. Invasion 

(c) Populations on 3ar1oy 

Climatic Pactors 

rood .;uality 

Self-roulatory "echanisms 

Tatar al -2,nemle3 and PanoL;ens 

Page No. 

18,  

184 

191 

191 

191 

195 

195 

195 

205 

206 

206' 

209 

209 

-210 

211 

211 

.oll 

212 

212 

(v) Conclusions 	 7:15 

(a) Grasslanq/Ce-oef,1 Interactions 	 216 

(i) 216 

(ii) 217 

TT.T2T):J TV: Analysis ofH.humills Population Dynics, 11;74, by 
Lize .2aoles 	 221 

Introduction 	 221 

part (1) The R 	r,  eson, 	-13 to Yel-A.,,-,67„re 	.223 

A) '7aterials and 7:ethoas 	 225 

B) Results 	 9 ,-)24., 



Faze No. 

1. Rate of Development 	 224. 

2. Lonevi'cy 	 226 

3. _Tecundity 	 228 

4. Population Growth Paraetors 	 228 

C) Discussion 	 231 

1. Duration of Development 	 . 231 

2. Develo-omental Threshold. 	 232 

3. Fecundity 	 233 

4.. Pcpulation -17owth Parameters 	 236 

Conclusions 	 236 

Part (2) Time Specific Life Table Analysis 	237 

JL) Introduction 	 237 

B) Results and Discur4bion 	 237 

1. Physioloical Time Scale 
	 237 

2. Potential Rate of Increase 
	 237 

3. Observed ac,te of Increase 	 241 

4. Overall Thrtalit-  Rate 	 "Al 

5. Pre-reroductive selective :".brtalities 	211): 

(a) Introduction 	 244.  

(b) Parasitism 	 244 

Bmisration 	 245 

6. Adult Reproductive Hate 	 247 

7. :The Life-Table Approach 
	

24-9 

ZSCTION V: Aspects of the Host-Parasite Interaction of the 
Parasite-s, A.urticae (sp.sp.) and A.usbeckistanicus 	256 

A) Introduction and 1:ethods 
	 256 

1. Introduction 
	 256 

2. 7:eV-Lodz and ::aterials 
	 259 

(a) Cultures 	 259 



- 12 - 
Page No. 

(b) Rate of Development 	 259 

(c) Parasite Behaviour 	 260 

(a) Instar Preference 	 260 

(e) Functional Response to Host Density 	260 

(f) Host Specificity 	 261 

(g) . Fecundity 	 262 

(h) Sex Ratio 	 262 

B) Results 	 262 

1. Rate of Development 	 262 

(a) A.urticae (sp. gp.) on H.humilis 	262 

(b) A.uzbeckistanicus on 1;I.dirhodum 	267 

(c) A.uzbeckistanicus on H.humilis 	 267 

2. Mating Behaviour 	 267 

3. Searching and Oviposition Behaviour 	 270 

4. Instar Preferences 	 272 

5. Functional Response to Host Density (natural hosts) 	272 

(a) A.urticae parasitiSing H.humilis 	272 

(b) A.uzbeckistanicus parasitising M.dirhodum. 	273 

6. Mutual Interference 	 276 

7. Host Specificity 	 278 

(a) A.urticae 	 273 

(b) A.uzbeckistanicus 	 278 

8. Parasite Fecundity 	 281, 

(a) A.urticae 	 281 

(b) A.uzbeckistanicus 	 284 

(i) Parasitising M.di.rhodum 	 284 

(ii) Parasitising H.humilis 	 234. 

9. Sex Ratio 	 285 

(a) tffect.of Host.Density 	 285.  

(b) Effect of Age of Fe,.iale 	 285 



- 13 - 

0) Discussion 

1. Rate of. Development 

2. Mating Behaviour 

3. Searching Behaviour 

4. Functional Response to Host Density 

5. Mutual Interference 

o. Host Specificity 

7. Fecundity 

8. Sex Ratio 

9. Conclusions 

Page No. 

237 

287 

290 

290 

291 

293 

293 

295 

296 

296 

297 

297 

299 

SECTION VI: General Discussion 

1. The Aphid Complex in Grassland and Cereals 
- a comparative approach 

2. The Grassland/Cereal IntersIction .  

3. The Feasability of Manipulating the Grassland/ 
Cereal Interaction in Farming Areas 	 301 

SUM1.TARY 	 304 

..ACKNOV/LEDGETTENTS 	 308 

RE.71113ICE S 	 309 

APPENDIX 1 	 325 

APPENDIX 2 	 329 

APRS-11131X 3 	 338 



SECTION I GENERAL INTRODUCTION 

1. The Importance of Cereal Aphids. 

Over the past ten or fifteen years, there has been a rapid expansion 

of cereal cultivation in Europe and elsewhere. In West Germany, for example, 

the percentage of agricultural land under cereals rose from 57% in 1953 to 

67% in 1968 partly as a result of economic factors and new methods of farm 

management (Kolbe, 1969). In Britain there has been a decrease in land under 

permanent grass and an increase in the cultivation of barley (Southwood, 1972). 

Concomitant with this expansion has been the greatly increased usage of 

chemical treatments on cereals to increase yield, in particular the use of 

herbicides (Adams and Drew, 1965; Southwood, 1972), as well as changes in 

cultural and harvesting methods. These changes have been accompanied by 

more frequent and serious pest outbreaks and a shift in the pest and disease 

spectrum (Feekes, 1967). 

Many workers have reported an upsurge in cereal aphid numbers since the 

middle 1950's (Kolbe, 1967; Stapel, 1967; Adams and Drew, 1965), although 

care must be taken in the interpretation of this, since before chemical 

control became widely used, it is likely that many infestations were over-

looked. Nevertheless, there is no doubt that the importance of these aphids 

has greatly increased, partly because of economic pressures for increase in 

yield, and partly because of a real increase in the numbers of aphids 

possibly related to the cultural changes already described. 

In Europe, the most important species attacking cereals are Macrosiphum  

avenae (F.), 11912E222phium dirhodum (Walker) and Rhapalosiphum padi (L.). 

They can cause reductions of yield in two ways: firstly by transmission of 

Barley Yellow Dwarf Virus (BYDV) and secondly by causing direct losses 

through feeding. The former is usually more serious, although the latter 

may be more widespread. 
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2. Yield Reduction of Cereals. 

BYDV is Iran-witted by all three species, nymphs and adults being 

equally efficient vectors (Plumb, 1974). Huth (1969) found a 70. reduction 
in grain yield of virus-infected oats compared to healthy ones, and in 

Switzerland virus damage has caused up to 80% loss of oats (Schmidt, 1964.). 

In Britain, Watson (1959) has shown that BYDV caused an average yield loss 

of 30% of barley, wheat and oats. However, losses are not usually as severe 

as this, and outbreaks tend to be sporadic.. 

Work on direct losses from cereal aphids has given widely different 

results, in particular with reference to the level of infestation at which 

economic injury results. Rautapaa (1972)found that 50 aphids per main 
shoot resulted in a 27 loss in yield whereas Adams and Drew (1965) could 

detect no difference in yield when populations were as high as 250 aphids 

per tiller. Factors of critical importance which could explain these 

differences include the time of infestation relative to ear development, and 

the water relations of the crop. The general trend however is for the 

economic threshold at which spraying is recommended to become steadily lower 

as more work is done. Kolbe (1969) suggests a critical level of 25-50 aphids 

per shoot and the use of the organophosphate, Metasystox, for control. In 

a more detailed study in South-east Essex, K.George-(pers.comm.)has found 

that with 5 aphids per head and 6 per tiller at the beginning of flowering, 
there is little effect on final yield. With 6-18 per ear and 9-25 per tiller, 

the loss was 4.5 cwt/acre and with 8 per ear and 30 per tiller, a loss of 
10.4 cwt/acre was recorded.. These results led to the suggestion of 

spraying with the selective aphicide, Pirisiicarb, if a mean of 5 aphids or 
more was present at the beginning of flowering, and the population was 

continuing to increase. Experiments on a wider scale throughout Britain 

and the Netherlands partially confirmed the threshold of 5 aphids per shoot, 
and also the importance of the water relations of the plant. 

Spraying of cereals is difficult after ear emergence - a 5r; loss in 
yield can result from ground spraying by tractors, because of weed growth. 
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Empty rows can be left at the time of sowing for the tractors, which is 

partly compensated by the plants at the sides of the rows tillering more 

vigorously. Spraying from aircraft is very effective, especially when large 

areas are involved, but its cost is a disadvantage (K.George-pens. comm.). 

3. The Importance of Grassland Aphids. 

There are about 70 species of aphids in 30 genera that feed on grasses 

in Britain, including the three species already mentioned. Seventeen of 

these occur on the roots and will not be further considered, and only a few 

are especially common. There appear to be no long term records relating to 

infestations of wild Gramineae, either by those species that also occur on 

cereals, or by those restricted to grasses. The occurence on grasses of 

those that do infest•cereals is clearly of great interest particularly 

when such species overwinter there, since grassland is likely to be a source 

of the aphids colonising the cereal crops. 

4. Yield Reduction of Grasses. 

There are few examples of yield reduction caused by aphids on grass 

crops grown for fodder or seed. The comparative rarity of reports of such 

damage in the literature is probably largely a reflection of lack of 

detection and damage assessment, as many species are very inconspicuous, 

especially those feeding on the stems and leaves. 

A number of virus diseases are transmitted by grassland aphids. Some 

grasses (e.g. Bromus spp.) may be severely affected by BYDV, others 

(e.g. Dactylis glomerata) are symptomless carriers and some (e.g. Holcus • 

lanatus L.) appear to be immune (Oswald and Houston, 1953). There are 

several virus diseases of grasses other than BYDV which occur in Europe, 

some of which cause heavy losses of both Dactylis glomerata and Lolium 

perenne L. (Klinkoweki, 1962, 1966). 

Gair (1953) reported that R. padi caused severe damage to Phleum 
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and Festuca spp. in spring, 1950, spreading to Dactylis and Lolium in May 

and June where it was controlled by spraying with benzene heXachloride., 

Metolal tueas (Theob.) lives on many grass species and can cause 

damage in years of heavy infestation (uller, 1966; Kolbe, 1969; Janson, 

1959). Demeton methyl has been commonly used for control although other 

sprays are effective (Edwards and Heath, 1964). DiuraOis muehlei C.B. can 

cause complete elimination of Timothy Grass (Phleum pratense L.) as a result 

of a toxin injected during feeding (Mille Ris Lamers - pers. comm.). 

5. Aims of the Present Work. 

Control measures of aphids on both cereals and grasses have till now 

involved sprays of various insecticides at specified times relative to the 

size of infestation. Despite the apparent efficacy of such methods 

(Kolbe, 1969), continued reliance on insecticides may well lead to major 

problems in particular those of resistence, resurgence after destruction of 

natural enemies, and the creation of new pests. A case of resurgence of 

cereal aphids has already been reported after the application of a systemic 

insecticide, which resulted in an initial drop in the population followed 

by an increase above the levels on untreated crops (Apablaza and Tisca, 1973) 

Problems of this kind led initially to attempts to control pest 

outbreaks using natural enemies, the most spectacular of which was the 

successful biological control of Icerva by Vedalia in California. The 

development of more selective insecticides led to a coordinated approach, 

using both chemical and biological means of control. This concept of 

integrated control (Stern et al, 1959) has since been further developed and 

extended. The objective is to take a holistic view of pest control, 

involving the use of selective insecticides, thus not disrupting control by 

natural enemies, and modification of cultural methods including, where 

feasible, manipulation of the non-crop environment (';4y, 1966b;Southwood and 

'ay, 1970). All the species of cereal aphids of economic importance are 



also farina in grassland, and thus manipulation of this environment may be 

desirable. Potts and "Tickerman (1974) suggested that 'much of the present 

stability of cereal fauna may result from its association with the 

relatively stable and complex grassland fauna:' 

The aims of this work are twofold.: firstly to examine the aphid/natural 

enemy complex in both grassland and cereals to see whether the diversity 

of grassland results in greater stability of the grassland aphid populations; 

secondly to determine the nature and extent of any interactions between the 

aphids and their natural enemies in an area of mixed grassland and an adjacent 

plot of spring-sown barley. The interaction would be detrimental to 

reduction of aphid population levels on the barley if the grassland_ were a 

reservoir for the cereal aphids or the hyperparasites. It would be 

beneficial if the grassland provided a source of predators or parasites. 

The work was carried out At Silwood Park, Berkshire and the experimental 

area is shown in fig. 1 . Since little work has been done on the ecology 

of grassland aphids, it was decided to concentrate on this and firstly 

determine the dominant aphid species in the grassland, and attempt to 

elucidate the main factors in the population dynamics of that species. The 

population dynamics of the cereal aphids infesting the barley were studied 

over the same three year period. 

This field work was followed up in the laboratory with two aims in 

mind. To enable the Hughes Life Table analysis (1962, 1963) to be applied 

to the field data, research was carried out on the rate of growth, fecundity 

etc. of the commonest grassland aphid, H.humilis. The other main field of 

research was in studying the parasites of various species of aphids from 

both grassland and cereals with regard to their effectiveness as aphid 

parasites, and their host specificity. Experiments were carried out on the 

behavioural responses of the parasites to their hosts, and a random search 

parasite model (Messenger, 1968; Rogers, 1972) used to estimate relevant 

parameters. 
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Fig. 1.  Location of experimental area in Silwooa Park. 
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Because an important part of this study hinges on the effects of 

uncultivated grassland on cereals, the problems of inter-crop diversity and 

the diversity-stability theories in relation to pest control become 

important. These will now be reviewed. 

6. Diversity and Stability. 

The idea that diversity promotes stability was first clearly formulated 

by Elton (1958). He pointed out that simple laboratory predator-prey systems 

oscillate about the equilibrium point and do not persist in time; that pest 

outbreaks occur more frequently in simplified agroecosyatems;-and'that there 

exists a polar-equatorial gradient of increasing diversity with increasing 

stability from the low diversity of the polar regions to the high diversity 

of the tropical rain forest. The general validity of these observations is 

undeniable. but they do not necessarily indicate a causal relationship 

between diversity and stability. Moreover, although the general meanings of 

the terms diversity and stability appear obvious, clear definitions are 

essential for discussion of the topic. 

Even in recent literature, stability has been defined in different ways. 

van Emden and Williams (1974) recognise two aspects, persistence in time and. 

the amplitude of oscillations about the equilibrium. They suggest that 

persistence is the best criterion, but that oscillations are important from 

the pest control point of view. Holling (1973) and May (1973) however 

regard stability as the ability of a system to return to an equilibrium 

state after a temporary disturbance. The more rapidly it returns and with 

the least fluctuation, the more stable it is. Resilience determines the 

persistence of relationships within a system and is a measure of the ability 

of these systems to absorb changes of variables and parameters and still 

persist. The recent introauction of classical stability analysis into 

ecological thought is likely to prove particularly instructive, with the 

behaviour of systems being plotted in a phase plane. For example, flay (1972) 
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has shown that certain predator-prey models thought to be unstable from 

traditional methods of analysis, do in fact have either a stable equilibrium 

point or a stable limit cycle. The definition of stability by May (1973) 

is of great,value for theoretical studies and is accepted here - its 

applicability to the crop situation is discussed later. 

Diversity is here taken to include two components: richness - the number 

of species/ unit of individuals and equitability - the relative dominance or 

rarity of the different species (van Emden and Williams, 1974.). A further 

useful distinction can be made between interspecific diversity (ie. at one 

trophic level) and trophic diversity, which is based on the number of links 

between different trophic levels (Southwood, 1966; Way, 1966b). Southwood 

and Way (1970) propose further conditions to the definition of trophic 

diversity, including the direction of energy flow. Only if there are more 

species at the higher level, is the system more diverse. 

Before considering species diversity in isolation, it is essential to 

recognise the importance of two further components of the system, climatic 

factors and structural heterogeneity. Population stability is most likely 

in a favourable and stable environment where perturbations are rare, and 

there are few outbreaks to which natural enemies have to respondt 

(Southwood and Way, 1970). Moreover, climatic conditions also appear to be 

closely linked to species diversity. Environmental stability promotes 

niche diversification and consequent specialisation and speciation, resulting 

in very high trophic diversity. A further characteristic of such communities 

is the general absence of dominants. One can regard environmental stability 

as the major factor leading to community stability in, for example, a 

tropical rain forest, with the interactions resulting from the high trophic 

diversity serving as a buffer against any small disturbances (Clapham, 1973). 

The importance of structural heterogeneity has been shown by Murdoch et al 

(1972). 
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It is considerably more difficult to generalise about the effects of 

species diversity per se on stability. liacArthur (1955) working with 

information theory, proposed that the log number of links in a system was 

correlated with stability. There is however considerable evidence that one 

cannot predict stability merely by considering the number of energy pathways 

(Hairston et al, 1968; May, 1971). More important is the quality of the 

links between the different trophic levels, and in particular the precision 

and extent of the density dependence in the link (Southwood and Way, 1970). 

This factor is particularly important with reference to attempts to control 

pests in the agroecosystem by increasing diversity. More success is likely 

to result from the introduction of a 'little powerful diversity' than in the 

idea of diversity and stability invariably going together (van Emden and 

Williams, 197)i-). One may conclude that the relationship between diversity 

and stability is not necessarily causal, and that other factors, such as 

the quality — of the links in the trophic web, climate and structural 

heterogeneity must also be taken into account. 

When considering diversity and stability in relation to crops, it must 

be borne in mina that stability is not the only criterion for control of 

pests. The equilibrium level maintained must be below the economic injury 

level for the crop in question, as must any fluctuations about that 

equilibrium. There are also profound differences between perennial and 

annual crops. In the former stability may be a measurable criterion, but in 

crops of short duration (eg. cereals) there is no alternative to defining 

stability as an 'absence of pest outbreaks' (Pimentel, 1961), which also 

incorporates the concept of the economic threshold. 

In practice, two kinds of diversity have been introduced: within-crop 

diversity and maintenaince of diversity through the use of non-crop areas. 

Pollard (1971) suggests the former may be more effective. Some examples 

fall midway between these (eg. strip farming) but the distinction is 

generally applicable. Particular instances of diversity in the crop 

situation will now be examined, bearing in mind the theoretical points 

already made and using examples relevant to aphids and their natural enemies 
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wherever possible. 

7. Within-Crop Diversitz. 

One of the best examples of within-crop diversity is provided by 

experiments with underplanting brassicas with clover (Dempster and Coaker, 

1974). The numbers of all pests were reduced, partly as a result of reduced 

oviposition by pests (e.g. cabbage root fly) and partly through an increase 

in the numbers of the predatory carabid, Harpalus rufipes (Deg.). The latter 

took advantage of the extra cover provided by the clover, and proved to be 

an effective controlling agent of Pieris larvae. This is an example of 

greater structural heterogeneity enabling effective trophic links to be 

established. Smith (1969) produced similar results when studying the effects 

of crop baCkground on populations of aphids and their natural enemies. More 

alate Brevicoane brassicae (L.) settled on sprouts in bare areas, compared 

to those surrounded by weeds, and populations of anthocorids were much higher 

in weedy areas. Pimentel (1961) showed that the planting of Brassica  

oleraceae L. in mixed vegetation prevented outbreaks of aphids, flea betties, 

and lepidopterous populations. In the first two of these examples however, 

the crop was affected through competition with the other plants, although 

Dempster and Coaker (1974.) found that low growing white clover had the least 

effect on the crop. 

Reaaudiere and Leclant (1971) demonstrated the importance of the 

distinction between within-crop diversity and the crop-non crop situation 

with their work on the natural enemies of azusmrslall (Sulz.) in orchards. 

In orchards with a dense cover of low shrdbs, parasites and coccinellids 

may be present in large numbers, but the spatial discontinuity between the 

shrubs and trees results in them remaining on the shrubs, despite large 

populations of 11.persicae occuring higher up. Only in badly managed orchards 

where there are high shrubs and no discontinuity, do the coccinellids become 

a major factor. 
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In cereal crops, Potts and Vickerman (1974) found significant correlations 

between faunal diversity and the number of apterous aphids - the greater the 

diversity, the lower the number of aphids. Diversity was found. to be 

directly related to the percentage of predacious insects present, and it was 

suggested that generalised predators were responsible for control of the 

aphids. 

Other examples of within-crop diversity include the mixing of pine with 

hardwoods to reduce white pine weevil infestations (Graham, 1926) and the 

control of mite populations by predators in neglected orchards (Collyer, 

1953). The best example of the successful use of strip-cropping is the 

interplanting of cotton with other crops (Stern, 1969; De Loach, 1971; 

Willie, 1951). In. the Mississippi Delta, strip-cropping with oats, alfalfa 

and corn benefits the cotton crop in two ways: lygus settle preferentially 

on the alfalfa rather than on the cotton, and predators (e.g. anthocorids 

and coccinellids) build up on the strip crops and then move to the cotton 

to control pest populations there. The use of alfalfa which preferentially 

attracts Lygus is a good example of 'a little powerful diversi w(van Emden 

and Williams, 1974). 

8. Cron Non Croja Diversity. 

The general aims behind the maintenance of non-crop areas near to crops 

are to maintain a reservoir of natural enemies of the pests, or to attract 

predators into an area through the provision of food for the adults. 

Physical effects (e.g. windbreaks) may also be involved. Of course, such 

non-crop areas may also serve as a source of the pest, and each situation 

must be examined on its merits. To keep the discussion in perspective, 

some examples of the latter will be given first. 

Many crop diseases are transmitted from wild plants to crops by insect 

vectors. Solanum dulcamara L., a common weed, harbours potato leaf-roll 

virus which is transmitted by Myzuspersicae (de neester-Manger Cats, 1956). 
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Examples of insect populations on wild plants increasing damage to nearby 

crops are also widespread. More damage was caused to crops by the bettle 

Eritrix cucumeris (Harr.) near uncultivated areas, especially where its 

prefered host Solarium dulcamara (Blue Nightshade) was growing in abundance 

(Wblfenbarger, 1940). Kronenberg (1941) advised the destruction near 

strawberry beds of stinging nettles on which adult weevils (Phyllobius  

pomaceus Gyll) also feed. 

There are however examples of the beneficial effects of non-crop 

habitats. There are many cases of nearby flowers apparently causing increased 

oviposition of Zrrphidae on crops (Lyon, 1965; Reaaudiere and Leclant, 

1971; Fluke, 1929; van Emden, 1965) because of the need of the adult flies 

for pollen to mature the eggs. These observations have been challenged by 

Chandler (1968) who found experimentally that neither species requiring 

aphids as an oviposition stimulus, nor those that were more attracted to 

plant factors, oviposited more in plots with flowers present. No detailed 

analysis of the species present is given however, and it is possible the 

effect is only clear with species with weak flight and poor retention of 

eggs (Lyon, 1965). There is no doubt that one of the critical factors in 

the control of the mole cricket, Lassa americana Saussure by its parasite 

Scapteriscus vicanus Schudder is the presence of flowers for the adult 

parasites, especially Borreria spp. Other hymenopterous parasites of crop 

pests also need flowers in the adult stage (Kopvillem, 1960; Leius, 1960). 

Non crop areas can act as reservoirs for natural enemies, often as 

overwintering refuges . The parasite Lamis attacks the grape leafhopper 

in the summer in the United States, but cannot survive the winter in the 

vineyards. Where the vineyards are close to wild blackberries, no treatment 

for leafhoppers is required, as the parasite overwinters on a non-economic 

leafhopper found on Rubus spp., and can spread rapidly to the vineyards 

when pest populations start to rise (Doutt and Nakata, 1965). Similar 

instances are given by Hardy (1938) and Allen (1932). 
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In the examples given above, the element of diversity involved has been 

clearly defined. When more general diversity is considered, such as the 

effects of hedgerows on pest problems, the evidence tends to be contradictory 

and indecisive. Lewis (1965,1969) showed that hedges could_ be dangerous 

reservoirs of pests, but on the other hand there was an increase in diversity 

with more predatory insects in the shelter zone of the hedge. Early work 

by Underhill and Bodenstein (19/i.6) showed that a hedgerow by corn had no 

beneficial or injurious effects on the crop. Pollard (1968) however found 

more Anthocoris nemorum  L. in cereals near the hedge, partly as a result of 

shelter from wind, and protection from the sun. 

It can be seen from this review that not only is it difficult to 

generalise about the, effects of uncultivated land on pest problems - as van 

Emden (1965) concludes 'there is yet insufficient evidence to establish 

whether, on balance, uncultivated land is beneficial or harmful to pest 

control' - but that it is not even particularly profitable or desirable to 

do so. Each situation must be examined and analysed, and the key components 

of the crop/non crop interaction identified. 

9. Biology of Aphid Species Found in the Studz. 

(a) 22221.01m22.2.1 

Hyalopteroides humilis (Walker) 	ayn: H.pallida Theo. 

H.dactylidis (Hayhurst) 

This species is monoecous, and feeds only on Dactylis glomerata L. 

It occurs throughout much of Europe and North America. The mode of over-

wintering probably depends on climatic conditions and in Britain sexual-

forms seem to occur rarely. Hille Ris Lambers (1949) reports the finding 

of a fundatrix, and assumed the species overwinters in the egg stage, but 

no oviparae were found._ However, Shaw (1946) found apterae at the roots 

of Cocksfoot in early spring, indicating that they overwintered as viviparae. 

In New Brunswick where the winter is more severe, oviparae have been 
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found and described by Orlob (1961). The aphids are found in rows along 

the midrib on the dorsal side of the leaf, usually with their heads pointing 

downwards (Plate I). It has been found to transmit cocksfoot streak virus 

in the laboratory, but little damage is thought to result directly from 

feeding. However, large numbers will cause a characteristic yellow-brown 

discolouration spreading out from the midrib (Plate II). 

Diuraphis muahlei C.B. 

This is found throughout much of Western Europe but there are very few 

records in Britain of its occurence. A few specimens were found at Clavering, 

Essex on 23/7/53 and alatae have occasionally been taken in water and 

suction traps in various parts of the country. It is monoecous and feeds 

only on Timothy Grass (.Phleum pratense L.), either inside the new rolled 

up leaves or deep in the seed heads. D.muehlei produces a very characteristic 

discolouration of Phleum leaves, consisting of vivid purple and white 

streaking (Plate III). 

The species is very similar to a widespread European, Asian and African 

species, Diuraphis noxius (Mdw), being only distinguishable from it by the 

length of the process on the eighth abdominal tergite (Bei Bienko, 1967). 

This species has been a serious pest of barley in Russia, especially to late 

sowings. 

Holcaphis holci H.L.R. 

Occurs throughout Western Europe and probably also in the U.S.S.R. 

(Bei Bienko, 1967). It is monoecous and feeds only on Holcus lanatus L. 

and, H.mollis L., usually inside the rolled-up young shoots. 

(b) Polyphagous species,. 

Macrosiphum (=Sitobion) avenae (F.). 

A common species throughout Europe, Amercia and parts of Asia and 

Africa, attacking both wild and cultivated Gramineae, and some Juncaceae 

and Cyperaceae. It is found both on the leaves and inflorescences, more 

frequently the latter. It is a monoecous, holocyclic species, usually 
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Plate I. H;faloT?teroidez hunilLs - adult 

viviparae and nT2phs on Dactvlis 
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Plate 11. Dactylis, feedin ilcanaL-=;e caueea by H.humilis. 

Phleum, fecain3 ana,1,7-e cauzed by Domuehlei. 
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overwintering as eggs on grasses though sometimes in mild winters as 

viviparae on grasses and winter cereals (Dean, 1974d). This is one of the 

three most serious cereal aphid pests in temperate climates. 

Macrosiphum fragariae walk. 

Closely related to Macrosiphum avenae, this species is found in 

Western Europe, South-west Asia and East Africa. Unlike M.avenae however, 

it is dioecous,- migrating from raspberry or Rlibus to various Gramineae in 

the summer. It is most frequently found on the 'inflorescences of grasses. 

Metopolophium dirhodum (Walk.) 

A cosmopolitan species, and another of the main cereal aphids. It is 

dioecous and migrates from Rosa spp. to many species of wild and cultivated 

grasses, living only on the leaves. 

Metopolophium festucae (Theob.) 

M.festucae is found throughout Western Europe and in Britain it may 

on occasions be very common. Unlike M.dirhodum it is monoecous, and frequently 

overwinters on grasses as apterous viviparae. Although sometimes found on 

cereals, it is more frequent on wild Gramineae. 

Rhapalosiphum padi (L.) 

Another cosmopolitan species. Where its primary host, Padus racemosa L. 

(bird cherry) occurs, it is dioecous migrating to many species of Gramineae 

in the summer, and producing sexuales in the autumn. It may however spend 

the whole of its life cycle on Gramineae. This species may be particularly 

injurious to cereals as it is the main vector of Barley Yellow Dwarf Virus. 

It feeds on the leaves and stems, sometimes close to the ground. 



SECTION II POPULATION DYNAMICS OF GRASSLAND APHIDS 

Introduction and Methods. 

1. Literature Review. 

Dean (1974a)states that "the biology and ecology of cereal aphids 

outside the crop especially over winter have received very little attention 

compared with M.persicae." Some work however has been done on these 

polyphagous species on Gramineae. One of the less important species on 

cereals, M.festucae, has been shown to occur on a wide range of grasses 

(Festuca, Dactylis, Holcus, Lolium, Phleum etc.) (Hill, 1971). It is a cola 

hardy species able to reproduce below 600 and overwinters near the base of 

grasses as virginoparae. Hill suggests that the reason it is not a major 

pest on cereals is that the aphid requires a perennial habitat to overwinter 

as nymphs or adults. Dixon (1971) has studied the life cycle and host 

preferences of Rhapalosiphum padi on Bird cherry and Gramineae, and related 

his findings to theories on host alternation in aphids. He proposed that 

flavour discrimination is the dominant factor in host alternation by Retadi 

thus anticipating the seasonal drop in soluble nitrogen content of the Bird 

Cherry in June. 

In April 1957 in Britain, severe aphid attacks were recorded on grass 

seed crops (Dactylis, Festuca, Lolium and Phleum) mainly by 11.festucae 

and R.padi, following a mild winter and early spring. The populations 

declined rapidly in late May as a result of heavy parasitism (Janson, 1959). 

An infestation of R.padi on Phleum and Festuca in spring 1950 in Derbyshire 

spread to Dactylis and Lolium in May and June - previously, no overwintering 

forms of R.padi could be found in the grassland, although M.festucae viviparae 

were present on the lower leaves or at ground surface throughout the winter 

months (Gair, 1953). 

Most work on monophagous grass-feeding aphids has been confined to 
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records of their occurence (Orlob and realer, 1961; Orlob, 1961;; Robinson 

and Hsu, 1963). Shaw (1946) found that H.humilis reached its maximum numbers 

between mid-Nay and mid-June, and suffered little from parasitis4. Hille Ris 

Lambers (194.9) found the same species in the field until December when heavy 

predation by cecidopyid larvae occurred, as well as mortality from fungal 

attack. 

2. Aims of Grassland Field Work. 

The overall aim of the three year sampling programme was to study the 

population dynamics of the dominant aphid species, with particular reference 

to the natural enemies, on the assumption that the species might consitute 

a reservoir for predators and parasites of the cereal aphids. Considerable 

emphasis in 1972 and 1973 was placed on adequately defining the botanical 

composition of the area, since with both monophagous and polyphagous aphid 

species present, this was clearly of importance. Ilyalopteroides humilis  

was found to be the dominant species in 1972 (with II.fragariae and 

D.mulehlei present in lower numbers) so work was concentrated on this species 

in 1973. More detailed information was needed on its parasites, especially 

during late flay/early June when the cereal aphid populations were building 

up, and on the aerial populations of predators and parasites. In 1974, 

work was confined to H.humilis, the aims being to obtain the basic population 

data from January until July, and to investigate the spatial distribution of 

the aphid, and the changes in the nutritional oualtity of its food. 

Location and Description of Main Sampling Area. 

The grassland was situated on a gently sloping hillside on the east 

side of Nash's Field at Silwooa Park, Ascot, Berks (fig. 2). The area 

measured 52 x 44 metres. The barley was in a plot adjacent to the grassland 

further down the slope, and was spring-sown each year. To the west of the 

area chosen was a region with dominant Agrostis and Holcus that was regularly 
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cut. The northern boundary was somewhat arbitrarily defined; when the 

general area had been sown with Dactylis, the northern end had been sown 

one year later than the study area, and a visible boundary was still evident. 

in 1972. To the south, a variety of crops was grown over the three years, 

with barley in 1972 and beans in 1973. The plot beside the barley was 

originally to be used in the experimental lay-out as a ley of Loliwn 

InEaryle (Perennial 	Grass). However, the grass was spring-sown in 1972 

and that year became completely overgrown by Corn Spurrey (ammlp.,,mmaia  

L.). In 1973 there was less Spurrey but application of nitrogen pellets 

resulted in the entire crop lodging severely after some heavy rain. Few 

aphids were observed in this plot, and the area will not be considered. 

further. Beside this plot was a small area of spring-sown oats, which also • 

suffered from competition with weeds and poor fertility of the ground. 

No sampling of the oats was carried out, but no large aphid infestations 

were observed. 

The area of grassland chosen for the study was a mixture of several 

species, sown in 1967. The mixture consisted of Italian Rye Grass (Lolium 

multiflorum Lam.); Perennial IKye.Grass (LoliurLp2renne L.) -S23; Timotlly 

Grass (Fhleum pratense L.) -S51; two strains of Cocksfoot (2actzlis_zloperata 

L.) -s345 and S37; and Red and 'Mite Clover (Trifolium spp.). This is a 

common general purpose grass mixture for grazing. If Dactylis is used 

alone with clover it rapidly becomes dominant, so either Phleum or Festuca 

is added (Prean , 1972). The area in question had not been grazed or cut, 

and consecuently Dactylis and Phleum had become dominant in different areas; 

the Dactylis  in particular had probably become unpalatable to animals. 

Other grasses species not originally planted had invaded the area, the most 

important ones being Holcus species, but various Bromus and Poa sppe were 

also present inqsmall quantities. 
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k. Sam ling I:ethods. 

(a) Stratification. 

Since the field slcQedgently and there appeared to be a change in 

dominance of grass species from Dactylis at the top to Phleum at the bottom, 

stratified random mmpling was adopted. Such an approach maximises the 

accuracy of the estimate of the population, but if only one sample is taken 

per strata, a less accurate estimate of sampling error is obtained (Yates 

and Finney, 1942). Given the costs in time of the methods involved, this 

inaccuracy was accepted. In 1972 the field was divided down the slope into 

nine subplots. By dividing the area into the northern and southern ands 

this was increased to 18 in 1973 and 1971:. 

(b) Botanical Comcosition. 

The most accurate method for determining the species composition of 

grassland plants is hand separation of quadrat samples into the several 

component species, and calculation of the contribution of each component 

to the dry weight (van Keuren and Ahlgren, 1957). Although point quadrat 

methods can be correlated with dry weight hand separation determinations, 

the latter method could be satisfactorily combined with the aphid sampling. 

program, and was thus adopted. _Quadrat size had to be determined arbitrarily 

in 1972 since the population densities likely to be reached by the aphids 

were unknown. It was thought preferable to use a size larger than most 

of the 222Izlia  tussocks, and yet small enough for the cost in time to be 

reasonable for sorting. Consequently a square quadrat of side 0.35m 

(.1225m2) was used. 

In 1972 the quadrat was positioned randomly in each subplot by throwing, 

over the shoulder, and the area adjacent to this location was used for 

sampling. Since the throwing method is liable to bias by the observer 

(Southwood, 1966), in 1973 a series of random numbers from 1 to 1036 (the 

number of possible sampling sites per subplot) was generated from the computer 
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and the position-of each prospective sample in each subplot thus 

determined. Quadrat samples were taken fortnightly in 1972 and 1973; a 

higher frequency would have been desirable but was impractical since the 

barley also had to be sampled. 

The grass species and any dicotyledons present in each quadrat were cut 

down carefully (see aphid sampling) and each species of grass put into a 

separate polythene bag, with the dicots grouped in a single one. After 

removal of the aphids and other insects, the fresh weights were determined 

for each plant species. The plant material was then inserted into paper 

envelopes, dried for 4.8 hours at 7000, and dry weights determined. From 

July 29th (1972) and July 26th (1973), the dry weights of the flower heads 

of Dactylis were determined separately, as.they had virtually dried out by 

the end of July and were unsuitable for aphids. In 1973, as well as total 

dry weights of Dactylis, the leaves still green and apparently nutritionally 

suitable for aphids were separated in five samples on several sampling 

occasions, and the dry weights determined. A conversion factor of the 

Proportion of the dry weight of leaves to the total dry weight was calculated 

to convert data for all eighteen samples. 

Quadrat sampling was not carried out in 1974 as it was too time 

consuming. Instead a-survey was made in June in each of the subplots of all 

the plants present using the Braun Blancuet abundance scale (1932) shown 

below: 

1. Very sparse 

2. Sparse 

3. Not numerous 

4. Numerous 

5. Very numerous. 

Clearly a scale of this type gives a rather subjective picture, but it was 

thought to be adequate for the information required. 



- 37 - 

(c) Aphid Populations. 

A number of methods are available for sampling aphids. In order to 

determine which species were present and (in 1972) on which species of grass, 

a method had to be selected which was free from bias, rather than tending 

to minimise variance about the population means. 

Several workers have used infestation scales (e.g. Banks, 195/14 Way 

and Heathcote, 1966) but they are inaccurate and do not readily allow 

interspecific comparisons. The sweep net has the advantage of being easy and 

quick to use, but in mixed grassland it would not have been possible to 

determine on which grass species the aphids had been living, and aphids 

within rolled-up grass shoots would not have been sampled. Cereals and other 

crops can be sampled by taking a specific row length as the sampling unit 

(Dean, 1971), but this is clearly not possible in rough grassland. A unit 

area method was used by Otake (1958) for estimating the populations of 

Macrosiphuramincanthi on:riee, using a quadrat of 0.025m2, and this appeared 

to be the most appropriate method for estimating the size of populations of 

grassland aphids. One way of extracting insects from quadrats of a given 

area in the field is the use of suction samplers (Southwood and Pleasance, 

1962; Johnson et al, 1955, 1957; van den Bosch et al, 1959). Johnson et al 

(1955) reported an efficiency of 99.8r, for their suction sampler in removing 

aphids from rough grassland. However, they do not state the species present 

and Johnson et al (1957)' admit that the method is only satisfactory for those 

species that fall off from the plant readily (e.g. M.viciae Bukt.). 

Moreover, suction sampling is less efficient when the herbage is wet, and 

when the grass is very tall, as was the case with the ungrazed Dactvlis and 

Phleum. Thus this method was rejected on the grounds that it was likely to 

give biased results. 

Consequently in 1972, the same quadrat samples (.1225m2) that were 

removed to the laboratory to determine botanical composition were also used to 
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estimate aphid populations. Although the species found did not seem to fall 

from the plant readily, great care was taken not to dislodge the aphids as 

the samples were cut, and after all the grass had been removed from the 

quadrat, the bare area was examined and any aphids on the ground removed with 

a pooter. The samples were stored at 2.50C until they could be sorted 

which if done within 48 hours dia not affect aphid survival. Various methods 

were experimented with to extract the live aphids from the cut herbage, 

including the use of methyl-iso-butyl ketone which causes aphids to withdraw 

their stylets (Gray and Schuh, 1941). The latter however gave a rate of 

extraction of less than 505 and since living aphids were required to 

estimate percentage parasitism, it was decided to hand sort the grass in a 

white tray using a lens on a flexible arm. The fine debris was passed through 

two selves to remove material considerably larger and smaller than the 

aphids, and the remaining debris 'reexamined. This procedure was shown to 

have a rate of extraction not significantly different from 1005 by adding 

known numbers of aphids to grass already free of aphids and resorting. 

Although very efficient, the method was time consuming (about two hours 

per sample). 

In 1973, quadrat samples of the same size were again, taken at fortnightly 

intervals for aphids and botanical composition as previously described. 

However instead of using a pooter for any aphids which had fallen off, a 

narrow suction hose sampler was used of the type developed by Johnson et al 

(1957), powered_ by a small four-stroke petrol engine. By mid-'Tay however 

such a small percentage of the total population was extracted from the bare 

earth after the grass had been removed, that the use of this machine was 

discontinued. The crash of the H.humilis  population at the end of May in 

1972 was thought to be of particular interest, so in 1973 a second less time 

consuming method of sampling this species only was devised which could be 

carried out at 3 day intervals, running concurrently with the quadrat 

sampling. Five minutes were spent searching individual leaves in each 
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subplot (total = 34 hours), and the aphid-infested leaves placed in a plastic 

box for counting in the laboratory. The sampling was carried out when 

possible between 9.00 and 12.00 in the morning. IL regression line was 

calculated which related the numbers found per 1-1z hours to the absolute 

population estimate obtained using the quadrat method. The time specific 

method of sampling was continued until October but at a reduced frequency 

after July. 

Due to the cost in time of the previous years sampling methods, the 

population level of H.humilis  in 1974 was assessed by using the time specific 

sampling technique. A sample was taken each week from the beginning of the 

year until the end of June, with the number of leaves examined also being 

counted. After the first seven weeks of sampling, the average number of 

leaves previously sampled per subplot was calculated, and from then on, 

since extra time was needed to note down the number of aphids and 

approximate instar distribution per leaf for distributional studies, 36 leaves 

per subplot were sampled (total = 61f8). The aphid infested leaves from each 

subplot were put into 18 separate plastic boxes and removed to the 

laboratory for recounting and accurate instar determination. In 1972 and 

1973 aphids were separated into instars I-111, IV ap, IV al, apterous adults 

and alatae, but in 1974 tentative identifications were also made for the 

first three instars. 

For all three years, information on the aerial populations of grassland 

aphids was obtained from a Rothamsted suction trap situated about 270 metres 

to the south of the experimental area. This consisted of a base 3.05 x 

.76 x.76 m containing a centrifugal jar and a collecting jar screwed to the 

bottom of a gauze cone. The cone is connected to a tube of diameter 25.4- cm 

which makes the effective height of the trap 12.2 metres. The volume of 

air sampled by this type of trap is 2832 m3  per hour. Sticky traps and 

water traps were also used to sample aerial populations of H.humilis  

(for details of these traps see section 4(d)(14. 
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(d) Natural Enemies. 

(i) 

There are many examples in the literature of parasites having a 

significant effect on aphid populations, and in some cases successful attempts 

have been made to use them in biological and integrated control programs 

(McLeod, 1937; Smith and Hagen, 1965; van den Bosch et al, 1959). Ameasure 

of the impact of parasites on a population can be gained by determining the 

percentage parasitism. There are however a number of different ways of doing 

this with aphids, and regrettably many of those in the literature are not 

comparable. Many workers (e.g. Shand., et al, 1965) have used the ratio of 

mummified aphids to live adults in the sample, but this method has some 

major disadvantages. Firstly, it assumes that adults and mummies have equal 

persistence on the plant (van Emden, 1963) and secondly it does not allow for 

movement of an aphid away from its foodplant when it has been parasitised, 

nor as "Way (1966a)has pointed out, for the dispersal of non-parasitised 

elate aphids. However, it is still essential to collect the mummies found 

in the field and breed them through, since some hyperparasites only parasitise 

after the aphid has become mummified. 

More accurate methods include the dissection of nymphs and keeping a 

sample of aphids alive in the laboratory and breeding through the parasites. 

Hafez (1961) used two methods to estimate percentage parasitism. Advanced 

nymphs were dissected at weekly intervals,, and the percentage parasitism 

of that stage determined. However to determine the fraction of all aphids 

parasitised he used the proportion of field mummies to the sum of adults, 

advanced nymphs and mummies, whilst admitting the inaccuracies of the latter 

method. van den Bosch et al (1966) dissected fourth instar nymphs on the 

grounds that these showed the maximum parasite activity. 

If the aphids are kept alive, it is essential to define the length of 

time involved. If this is•equal to or greater than the developmental length 

of the larvae of the parasites then this method is comparable to the 

dissection method, providing the instars involved are the same. George (1957) 
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used the ratio of the number of mummies bred out over two weeks to the total 

number of aphids. "Hughes (1972) used the ratio of killed aphids in one 

instar period to the number of aphids in those instars which will show 

symptoms in one instar period, usually the 4th instars and adults. 

In this work two basic methods were used to obtain an estimate of 

percentage parasitism for the commonest species of aphid,H.humilis. 

I. An estimate was obtained from the proportion of mummies found in the 

field sample to the sum of adults and mummies in that sample. This method 

was used in all three years. 

II. A sample of aphids of known instar distribution was kept alive 

at 15°C for 18 days in perspex boxes on cut Dactylis leaves, and an estimate 

calculated from the proportion of mummies developing to the number of 

IV and adult aphids. This method was used for aphids from the main quadrat 

samples in 1972 and 1973, but in 1973 up to 250 aphids from the time specific 

samples were also kept alive at 15°C in order to investigate more fully the 

percentage parasitism of each instar. The adults were separated into one 

box and the remaining instars kept in another; every 32 days (the approximate 

instar period at 1500 the new adults were removed from the I-IV instar 

box to a separate box, and any mummies also separated. This was done for 

ai weeks until no more mummies were found in the samples. Thus percentage 

parasitism per instar could be calculated, although mortality during rearing 

caused serious problems. In 1974, the aphids from the samples were 

separated into each instar after sampling and kept in separate boxes from 

the start - this proved less time consuming and more accurate than the 

method used in 1973. 

Parasitism of other aphid species was estimated by breeding through 
1 

mummies found in the field and from samples kept alive at 15°C. The aerial 

populations of primary parasites (Aphidius spp. only were monitored using 

sticky traps and a water trap (see section 4. (d)(ii) ). 
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(ii) ,Predator6:. • , 

Although predators can cause significant mortality to aphid_ 

populations (Hagen and van den Bosch, 1968), their impact is difficult- to 

measure directly,. since a mere negative correlation between numbers of aphids 

and numbers of predators through time can lead to misleading conclusions. 

Van Emden's method (1963) of using marked col6nies was not really feasible, 

since individual grass leaves have only a short life span, and consequently 

aphid colonies trend to be relatively short-lived on any one leaf compared 

to species like Brevicoryne brassicae. It was hoped to use Hughes' (1963) 

time-specific life table approach to assess the impact of predators 

(see section IV). 

Consequently, any dead or injured aphids were recorded for each of the 

three years, together with any known or suspected aphid predators (e.g. symphid, 

coccinellid and staphylinid larvae) found in the samples. In 1972 four 

pitfall traps were set but since the traps were only catching the larger 

ground carabids and not the smaller staphylla ids, their use was discontinued. 

As well as recording the larval stages of predators, the adult aerial 

populations were also monitored. Two methods were used, sticky traps and 

water traps since any single means of trapping flyting insects is liable to 

be biased. A suction trap was also run in 1973 on the rye grass plot, but 

this was mainly to study the mobility of the cereal and grassland aphid 

parasites (see section III). 

A water trap similar to the type designed by Coon and Rinick (1962) 

was used from .;arch to August in 1973 and from March to June in 1974 in the 

position shown in fig. 2 . It consisted of a square metal tray of side 

50 cm and 7.5 cm deep, and was divided into four partitions, each of side 

24.5 cm, by baffles 4.8 cm high. Although there is evidence that yellow 

is not very attractive to cereal and grassland aphids (Coon and Rinick, 

1962) it was thought preferable to use British Standard prime yellow, 

BS 0-001, since Taylor and Palmer (1972) argue for the international 
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acceptance of this colour. Moreover, the primary aim was to sample aerial 

predators, and it would have been impossible to select the optimal colour 

for each group. Syrphids are known to be attracted to yellow (Sol, 1959; 

Parmenter, 1952) but blue or white can be even more effective (Sol, 196). 

The trap was stood on a frame 50 cm above the ground and filled to depth 

of 5 cm with a mixture of 755 water,:.:. 20g formaldehyde and 55 stergene. 

The formaldehyde was the preservative and the stergene acted as a surfactant. 

Holes in the side covered by fine gauze prevented the trap from overflowing 

during periods of rain, and during hot weather the level was topped up every 

two days. All insects caught were removed to the laboratory at weekly 

intervals for separation of aphids and aphidophagous insects. 

Several sticky traps were used since it was hoped that these would give 

a more accurate impression of the adult predator .activity paver the area. 

In 1973 eight were,located in the grassland as shown in fig. 2 from March 

to September; in 1974 only traps 3 and 7 were in operation from March to July. 

They were similar to those used by Broadbent et al (1948) and consisted 

of a cylinder of cellulose acetate of diameter 13 cm and length 30 cm, 

closed at both ends. The trap was held in place on a post by making a hole 

in the base of the cylinder, inserting the post and fixing the top end to 

the cellulose acetate by means of drawing pins. A sheet of greaseproof 

paper was held round the cylinder by paper clips, and 'Plant protection 

banding grease' painted on to the paper, after the grease had been diluted 

to a suitable consistency with white spirit. The traps were set at a height 

of 70 cm from the top of the trap to ground level. The paper was changed 

each week and the aphidophagous insects caught were removed under white spirit 

and put in speciraent tubes. They were then cleaned thoroughly in toluene 

and stored in alcohol for identification.'  

. 
The incidence of Entomophthora was so low in the aphid populations 

studied, that work on this aspect was confined to field records of the 

occurence of the dead aphids. 
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5. Nutritive Status of the Plant. 

The importance of the nutritive aualtity of the plant has long been 

recognised as a factor in the dynamics of aphid populations (Kennedy and 

Booth, 1951 Kennedy and Stroyan, 1959; Dixon, 1966). Kennedy (1958) pointed 

out that generally aphids prefer senescing or young leaves and that 

mature leaves seem to be unfavourable. The main difficulty with assessing 

the relevant chemical changes associated with maturing of the leaves is that 

aphids are mainly phloem feeders (Roberts, 1940) and the only successful 

analysis of phloem sap was achieved by littler (1958) working with willow 

aphid (Tuberolachnus salignus CI-rmelin.). He was able to cut the stylets 

while the aphid was feeding, and collect the sap which continued to exude, 

but the method is not easily applicable to smaller aphids feeding on 

herbaceous plants. Attempts have been made to relate soluble nitrogen 

content to the fecundity of aphids, with a reasonable degree of success. 

Thus increased supply of nitrogen to the plant has resulted in increased 

aphid multiplication only on the occasions that an increase in soluble 

nitrogen levels in the plants has been recorded ,(Uaghray and Singh, 1965; 

7iooldridge and Harrison, 1968; van Emden, 1966). However, although yen 

Emden and Bashford (1969) found that the fecundities of B.brassicae and 

lit_persicae were correlated with total soluble nitrogen within leaves of 

the. same agei.there-was no such relationship between leaves of different 

ages. Moreover, they found that the older the leaves were, the less soluble 

nitrogen they contained which contradicted Mittler's work on stylet sap. 

Since the main aim was to monitor changes in nutrient levels as the 

grasses matured, it was decided to measure total nitrogen content of the 

leaves, while bearing in mind the difficulties in interpretation of such 

data. Nitrogen content was determined by a modified version of the micro-

kjeldhal technique of Varley (1966). The leaf material was oven dried at 

80°C for 12 hours, hand crushed, ground in an electric mill so that it 

passed through a 1 mm screen, and dried at 1000  C for 6 hours. About 60 mg 



of the material were weighed accurately and digested in a Kjeldahl flask 

with 1 g of sodium sulphate seleniun mixture and 2 g of nitrogen free 

sulphuric acid by heating for about 2 hours until the liquid was clear. 

The contents of the flask were diluted to 100 ml and two aliquots taken 

for analysis of nitrogen content in a Technicon Mark 1 Autoanalyser. 

Data oB nitrogen levels was used in three ways. 

(a) Nitrogen levels in infested Dactylis leaves in relation to the time 

of year. During 1974 from January until June, four of the weekly leaf 

samples on which aphids had been found were analysed for total nitrogen 

content. 

(b) Nitrogen levels in relation to the presence of aphids. From 

March 1974 onwards, the leaves on which no aphids had been found were also 

analysed for nitrogen content at two weekly intervals, and the results 

compared with those for aphid infested leaves. It was accepted that a 

significant difference could have two explanations: the aphids could be 

selecting for differing nitrogen levels, or the sink effect caused by the 

aphids could affect the nitrogen levels of infested leaves. 

(c) Effect of cutting the grass before flowering. A randomised 

block experiment was devised as shown below: 

Block I 	C 	U 	C 	U 	C 	U 	U 	C 
Direction of slope 

Block II 	U 	6.UCCCUU 

	

C = cut 	U = uncut 

Each individual plot measured 2.5 m by 1.5 m, and the blocks were in 

subplot eight of the main sampling area. The aim was to obtain a fresh 

flush of grass at about the time that the Dactylis was normally flowering, 

and thus determine if this resulted in an increase in the number of aphids 

on the new grass, and changes in nitrogen levels.. In half the plots the 

grass was cut to 2" with a small hand held electric rotary mower on May 10th 

with the out grass being placed in the centre of the plot, so that any 

aphids on it could return to the living grass. Sampling was carried out on 
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the 16th June, by which time there had been a new flush of grass in the 

cut plots, with normal full-sized leaves, while the grass in the uncut 

plots had flowered and most leaves were in an advanced state of senescence. 

25 leaves were taken from each plot, analysed for nitrogen content and the 

number of aphids and percentage parasitism determined. Further samples 

were taken on 28th June and 9th July. 

6. Meteorological  

Mean daily temperature records were obtained from a 4. ft Stevenson 

screen, taking the mean of chart readings at four hourly intervals starting 

at 02.00 hours. Maximum and minimum records were obtained from maximum 

and minimum thermometers checked. by the chart. The screen was situated 

only 500 metres from the experimental area, and the proximity and the results 

of other workers (R.Ferrin, pers. coiu.) suggested that more detailed on 

site measurements would show no significant differences. 

The total rainfall per day was recorded by a Dines tilting syphon.  

recorder checked by an M.O. gauge. The number of hours of rainfall was 

measured by a Dines recorder. 

7. Subsidiary Sam le Sites. 

As well as the intensive study of the area of mixed grassland, various_ 

grass species growing in Silwood Park and neighbouringlocalitieswere 

examined at intervals for aphids. The only quantitative work was on 

H.humilis, for which 100 leaves of Dactylis were taken from three different 

sites. On March 30th 1974 a sample was taken from Rush Meadow, Silwood 

Park; this is a marshy area with tussock growth of zsvida  and Juncus  
predominating. Two samples were taken from Windsor Great Park on March 

31st and May 26th 1974 in an area approximately one hundred metres by ten 

metres of Dactylis growing beside a ditch. A single sample was taken on 

January 28th 1974 from an area of Daetylis and Festuca growing on chalk 



downland near Shoreham-by-Sea, Sussex, The percentage parasitism and species 

composition of the parasites were also recorded for these samples. 

8. AMIL02- 

Most of the analytical techniques used are standard for dealing with 

insect population data. Much of the data was transformed so that parametric 

statistical tests could be applied, and analyses of variance were carried 

out when required. Two aspects however need to be discussed in more 

detail: the study of the spatial distribution of H.humilis and Hughes' 

(1963) time specific life table approach. 

(a) Frequency Distribution Models and Dispersion Indices. 

A proper understanding of the aggregative tendencies of animals is 

basic to ecological research (Waters and Henson, 1959). It is important 

that a natural unit is sampled and for this reason the number of aphids per 

leaf was counted. The most widely applicable frequency distribution for 

insect counts is the negative binomial (Wadley, 1950; Evans, 1953; Bliss 

and Fisher, 1953). It is a member of the binomial family, suitable for a 

clumped population (i?->A), with the probablity series given by the expansion 

of (q-p)-k where p=.41,/k and q=l+p. The parameters of the distribution are 

the arithmetic mean (A) and the exponent (k). k is related to the spatial 

distribution of the organisms. If clumping decreases (1-a0)) the distribution 

converges to the Poisson series. Conversely if clumping increases (k--->0) the 

distribution converges to the logarithmic series. 

Even if concurrence with the distribution .is 

found, it must be clear that genuine biological contagion is present, 

since at least five biological and mathmatical models can give rise to the 

negative binomial. The main biological models will be considered first; 

they include active behavioural aggregation between individuals, the laying 

of young in groups, and heterogeneity of the habitat. The former is known 



to occur in some species of aphids (e.g. A.fabae) and for this reason the 

distribution of just the adult apterae was also studied, since most aphids 

lay their young in groups and, contagion will result from this. By only 

sampling apparently suitable leaves it was hoped_ to avoid contagion caused 

by heterogeneity of the habitat. The mathematical models are reviewed by 

Waters and Henson (1959); by taking the leaf as the unit of sampling such 

models are unlikely to be applicable. The data was also tested against 

the Poisson, Truncated Poisson, Truncated negative Binomial, Logarithmic.  

and Truncated Neyman type A distributions.. 

Dispersion indices were calculated for the total number of aphids 

(all instars) and the adult apterae. The ideal index of dispersion should 

possess certain attributed (Elliott, 1971) of which the most important 

are (1) that it should provide real and continuous values- over the range 

from maximum regularity through randomness to maximum contagion and (2) 

that it should not be influenced by variation in the size of the sampling 

unit, the nui:a)er of sampling units (11), the sample mean (',t) and the total 

numbers in the sample ( mx). Few indices conform to all these criteria 

but since with the method used the size and number of sampling units were 

constant, indices were chosen which were ine-)endent of :7 ana Ix. (Table 1.) 

Table 1. Dispersion  Tnaices.  

. Formula 	Coefficient :,7ax regularity 	aandom 	lax contagion 

100N/32-7 	Charlier 	imaginary 	0 	' 100n(1-2) 

	

x 	 MT. 

	

2/x)-1 	C-,-.een 1566 	-1 	0 	1 
Zu.-1 	 2:7.-1 

I =n Z( 2) -x  : :ori sita 	1- n-1 	1 	n 
Ti)2-Z:( 	 1 

1/::: 	-1 	0 	n- 1 ...... 
7.-t 	 x 



(b) Time Specific Life Tables- Test for Stable 

Age Distribution. 

The analysis adopted by Hughes (1963, 1972) for elucidating the 

population dynamics of aphids depends essentially on the development of a 

stable age distribution in the field population. Given that this-criterion 

is met, the potential rate of increase can be calculated and compared with 

the observed rate of increase which may be obtained graphically by plotting 

the population per instar period against a physiological time scale. This 

enables the overall mortality rate to be calculated, from which known 

mortality factors can be subtracted. In this way, a residual mortality 

remains which can be assigned to predation. Since laboratory data on 

temperature thresholds and duration of instars is required for the analysis, 

the full analysis will be applied in section IV, when an attempt will be 

made to relate laboratory data on H.humilis to the observed population 

fluctuations in the field. Only the analysis for stable age distribution 

will be carried out in this section. 

The potential rate of increase (e)‘) is calculated as the ratio of 

successively younger instars (assuming equal duration of instars 

eA  = No. of aphids in instars I + II 
No. of aphids in instars II III 

To check that the instar distribution approximates to a geometric series, 

the expected number of third instar aphids is calculated as the first term 

in the series: 

No. of third instars =(Sum of no. of aphids in instars I - 	-1) 

- 1 

The expected numbers of second and first instars are calculated by 

multiplying the above expression by eA  and (e)92  respectively. The fit of 

the observed to the expected series is tested by calculating X2; if a value 

of less than 3.84. is obtained, the hypothesis of a stable age distribution 

may be accepted. 
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B. Result. 

1. Botanical Composition. 

1972. 

The main species of GraminLae present in the experimental area were 

Dactylis glomerate, Phleum pratense, Holcus lanatus, Holcus monis Lolium 

perenne and Lolium multiflorum. Of these, the Holcus and Lolium species 

were grouped as genera, as it was not feasible to separate the species in 

the early vegetative stages of growth. The percentage composition of the 

main species through the year is shown in fig. 3 . Dactylis was dominant 

in terms of food suitable for aphids until the end of June, making up about 

70-80 of the total dry weight of the Graminae:  whereas by August the position 

was reversed with Phleum making up nearly 60 of the total. This was because 

Dactylis flowers in late May and early, June, and by the end of June the 

flower heads have almost completely dried out and become unsuitable for 

aphids. Phleum, nn the other hand, flowers in late June and July. Although 

two species of Lolium had been present in the original seed mixture, they 

contributed only 5-1Z of the total dry weight of Gramine 	Lack of grazing 

probably resulted in the species being unable to compete successfully with 

the Phleum and Dactylis. Holcus species too were relatively uncommon, 

having only recently started to invade the field. 

As well as changes in dominance through the year, there were marked 

differences in different parts of the area, with a gradient of increasing 

abundance of Phleum and decreasing abundance of Dactylis from the top to 

the bottom of the slope (fig. 4). This change in dominance was probably 

a result of the ground being wetter at the bottom, since Phleum only grows 

well on a moist heavy soil, with Dactylis able to tolerate a wider range 

of conditions (Hubbard, 1968). 

Since Dactylis was the foodplant of the dominant aphid species, 

H.himilis, its growth will be examined more fully. The total dry weight 

of Dactylis increased from the beginning of April when the spring flush 

of leaves was produced until the beginning of June (fig. 5). Flowering 



C:::3 Dactylic 
Phleum 
Loliunn 

Ct  Holcus 

A 

I 

SUBPLOT NO. 

- 51 - 

• Fig. 3.  Percentage composition of main grass species, 1972. 

Fig. 4.  Di retribution of Dactylis  and Ph1eum, 1972. 
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_ - Fig.' 5.  Growth of Dactylis, 1972. 

--Excluding  dead flowers 

Fig. 6.  Total plant ,growth, 1972. 
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commenced at the end of May, and all plants were in full flower by mid-June, 

by which time most leaves were in an advanced state of senescence. By the 

end of July, the flower heads too hadcompletely dried out, making the whole 

plant unattractive to aphids until the new flush of leaves in August. A 

log transformation was carried out on the dry weight estimates of Dactylis 

and the derived means and confidence limits are shown in Appendix 1 . 

The mean dry weight of all plants present, including the dicotyledons, 

reached a peak in late May and. June (fig. 6). Thus the mean dry weight of 

plants increased from about 160 g/m2  in April to about 450 g/m2  in June. 

The percentage of dicotyledons in this generally remained below 55 (fig. 7) 

and was comprised mainly of clover (Trifolium) and some Rumex acetosella L. 

1973. 

As well as the species of Gramineae present in 1972, there was evidence 

of invasion by several species of Bromus, Poa and Agrostis. The percentage 

composition of the main species present is shown in fig. 8. The changes in 

dominance of Dactylis, and Phleum through the year followed the same pattern 

as in 1972, but there were differences in the relative proportions of Lolium 

and Holcus. Holcus had increased to about 15-25 of the grasses present, 

compared to 5 in 1972, whereas Lolium contributed less than 55 to the total 

dry weight. Thus the invasion by Holcus into the area was continuing. 

Compared to 1972 there was evidence of some changes in the distribution of 

Dactylis and Phleum within the area (fig. 9). Dactylis was more evenly 

distributed, and Phleum was concentrated at the very bottom of the slope. 

As well as the total dry weight of Dactylis, the dry weight of the 

leaves is also plotted in fig. 10 from March to September. The weight of 

leaves increased to a maximum at the end of May, declined sharply during 

June and July, and rose again in August and September when the new flush 

of leaves was produced. This gives some idea of the quantity of food resources 

available to H.humilis„ but cannot of course give any indication of quality. 

Log transformed data with confidence limits of the mean dry weight of 
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Fi&. 8. Percentage co~position of r~in grass species, 1973 
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Fig. 10. Gcawtli of Dactylis, 1973. 
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Dactylis (total weight) are given in Appendix 1 . Comparison of the peak 

weights of Dactylis in 1972 and 1973 using the transformed data showed no 

significant change in the amounts of Dactylis in the area (t25 = 1.0032). 

It seems likely that the invasion by Holcus was taking place at the expense 

of Lolium spp. rather than of Dactylis. 

As in 1972, the mean dry weight of all plants present (fig. 11) reached 

a peak in late May, although the peak was maintained for a longer period 

and seemed to be lower than in 1972 (330 g/m2  compared to 450 g/m2). This 

could well be accounted for by bias from the method of quadrat location 

in 1972. Dicotyledons again generally contributed less than 5 to the total 

dry weight (fig. 12). Trifolium and R.acetosella were still common as well 

as Senecio jacobea L. and Plantago lanceolata L. 

1974. 

A aualitative survey of the monocotyledons and dicotyledons present was 

made on June 10th, and the results are shown in full in Appendix 1 . 

D.glomerata and P.pratense were still common in 1974, but the invasion of 

Holcus had continued until this species was equally abundant, especially at 

the top of the slope. The other main species invading the area were Bromus  

mollis L., Festuca rubra L. Poa trivialis L., Arrhenatherum elatius (L.) 

and Agrostis tenuis Sibth. The presence of Juncus in-subplot 12 was 

indicative of a very small marshy area. 

Dicotyledoneae were more in evidence in 1974, with about 30 species 

being recorded. The most abundant were various species of Compositae and 

Polygonaceae. Ragwort (S.jacobeae) had spread further into the upper part 

of the field, and thistles (Cirsipm spp.) were locally abundant on the 

northern side. R.acetosella and R.acetosa were fairly common over the whole 

area. The main flowers attractive to insects were various Compositae 

(Crenis, Tiypochoeris) and Cow Parsley (Anthriscus sylvestris (L.) ). 
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2. Ily2:lopteroides hUmilis and  its Parasites. 

MAIN STUDY AREA 1972. 

(a) Aphids  

(i) Field Population  Levels. 

This species was the commonest one of those found on the aerial parts 

of the grasses, feeding only on the leaves of Dactr1is. Although sampling 

was.commencad at the beginning of April, the population was already at a 

high level (fig. 13). Numbers rose until the end. of May, but during June 

there was a pronounced population crash so that by July there were very few 

aphids to be found in the field. There was some evidence of an increase 

again at the end of August and during September. A lOg (1+y) transformation 

was carried out, and the derived means and confidence limits are shown in 

Appendix 2 . Data for the change in population levels from May 28th to 

July 12th and from July 12th to July 28th were compared using the 't' test. 

(Although not strictly valid_ for comparison of means in a time series, the 

test is at least strongly suggestive.) Significant differences at the 5,T:: 

level (tits = 2.233) and at the l level (tit, = 3.3099) respectively, show 

that, despite the low number of samples, the major population trends could 

be detected. 

It Was thought.that the highly contagious distribution of H.hlmilis  

in the samples might have been due. to the markedly clumped distribution 

of its foodplant, Dactylis. However correlation coefficients between the 

log number of aphids and the log dry weight of Dactylis were only found to 

be significant for May 28th go = .689*) and June 12th (p = .829"). There 

was no correlation between the cumulative totals of aphids through the year 

found in each subplot and the cumulative totals of dry weight of Dactylis  

removed. (Spearman rank correlation coefficient rs,•= -0.8).- The 

distribution of H.humilis is examined in more detail in 1974. 

(ii) Instar Distribution. 

The instar distribution of H.humilis is shown in fig. 34. The data from 
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Fig. 14.. Instar distributions of H.humi1is, 1972. 
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June 28th to August 24th is based on very few aphids, but there does seem 

to be an increase in the proportion of apterous adults in late June and 

during July. Adult alatae were found on the leaves in reasonable numbers 

through .'ay and the first half of June, with the percentage of alate 

fourth instars reaching a peak at the end of May. No alate forms were 

found after the end of June. Since the population of H.humilis reached its 

peak at the end of .gay, alate production could possibly be density induced, 

although production of alatae could also be caused by nutritive or climatic 

factors. To separate the effects of density, regression analyses were 

carried out for the nine samples of five sampling occasions from April ljth 

to June 12th. The proportion of alate fourth instar to total fourth instar 

aphids was plotted against the total number and log number of aphids in the 

sample. Similar regression analyses were carried out on the proportion of 

alates to the total number of adult aphids. In April no regressions were 

found to be significant, although the number of elate forms was really too 

low for analysis. On May 12th however regressions of the proportion of 

fourth instar alatae to total fourth instar on the numbers and log numbers 

of aphids were significant at the 5 and 44 levels respectively. On /Jay 28th 

a significant regression on log numbers at the 5 level was Obtained (fig. 15). 

It may be concluded that there is a density dependent factor operating in 

alate production, whether directly or indirectly. Significant regressions 

were also Obtained on these dates by plotting the proportion of elates to 

the total number of adults against the numbers and log numbers of aphids. 

This indicates that the elates are remaining for a period on the plant before 

emigrating. 

Despite the relatively high number of alates present in the field 

during May and the beginning of June, only three speciments of H.humilis  

were taken in the Rothamsted suction trap at Silwood during 1972. They were 

taken on 28/5/72, 4/6/72 and 16/6/72. 
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Fig. 15.  .late production in relation to aphid density. 
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(b) Parasites and their impact. 

(i) Introduction. 

The parasites and hyperparasites recorded from H.humilis during 1972 

were as follows: 

Primary Parasites  

ICIUMMONOIDEA - Braconid.ae, Aphidiinae 

Aphidius urticae sp. group Holiday 

Aphidius avenae Holiday (= A. picipes Nees) 

Ephedrus sp. 

Secondary Parasites  

CYNIPOIDEA - Cynipidae, Charipinae 

Alloxysta vitrix (Westwood) 

A. 	perplexes (Cameron) 

Alloxysta sp. 

Phaenoglyphis sp. 

CHALCIDOIDEA Pteromalidae 

Asaphes vulgaris walker 

A. 	suspensus (Nees) 

PROCTOTRUPOIDEA - Ceraphrontidae 

Dendrocerus sp. 

Mummified aphids were first found in the field towards the end of 

April. Fig. 16 shows the total number of mummies found. in the field on 

each sampling occasion, together with the number of primpry and secondary 

parasites which emerged within two weeks of the sampling date. 

(ii) Primary Parasites - abundance and sex ratio. 

Of 81 primary parasites which emerged from mummies found in the field., 

all but one was identified as Aphidius urticae sp. gp. The taxonomy of 

Aphidius spp. has still to be clarified despite the recent keys of Lady 

(1969) and Stary (1973).. Although this species conformed to the A.urticae  

sp. gp. of Lady's key, it aid not appear to be the A.urticae described. by 

Stary. For this reason the main characteristics of the species are given in 

Appendix 3 , and wing length measurements are given in the results. One 



Fig. 16.  Number of mumrAified. H.:aumilis  in 9 quadrat samples, 1972. 
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specimen of A.avenae emerged_ from a mum•y taken on 12/6/72. Numbers of 

mummies from which A.urticae emerged reached a peak at the end of May, 

but after that the numbers of primary parasites emerging declined sharply. 

The sex ratio of emerging A.urticae was very close to 1:1 (39 males:41 

females) with no apparent seasonal variation. NO significant differences 

were found between wing lengths (one wing only) of A.urticae on different 

sampling occassions nor between males and females, although the few 

specimens emerging from mummies found on June 12th were rather small 

(Table 2). The average wing length of males and females was 1.903 S.B.; 

.019 mm. 

There was evidence of a summer diapause in A.urticae. About 50;0 of 

the mummies taken at the end of May produced no parasites or hyperparasites 

after two to three weeks but instead about. 10;1, of them emerged sporadically 

from August to November. 

All the primary parasites bred from aphids kept alive were of the 

Aphidius urticae sp. gp. The sex ratios of emerging parasites and the 

percentage of mummies from which no parasites emerged are shown in Table 3. 

Unlike the parasites emerging from field mummies, there was a preponderance 

of females, except at the beginning of the year. This could indicate a 

higher mortality of developing female parasites in the field, either from 

disease or hyperparasites. The percentage non-emergence of mummies rose 

at the end of ?ay, but none emerged at a later date; this was probably an 

artefact caused by increased. mortality through crowding of aphids in the 

laboratory. 

(iii) Secondary Parasites - abundance and sex ratio.  

Ilyperparasites first emerged from mummies found in the field at the 

end of ray, increased in numbers during June, and then declined sharply.  

during July. None was found during the remainder of the year. The numbers 

of hyperparasites emerging from field mummies through the year are shown 

in Table 4. By far the commonest species was Asaphes vuigaris, but the 
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Table 2. 77ins lengths (mm) of A.urticae, 1572. 

12/5/72  

cr 	4 

.84 1.88 

S.. 	0.05 0.05 

1.86 
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S .E . 

 

28/5/72  
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1.9)1 1.92 
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1.93 

0.02 

  

12/6/72  
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1.83 1.75 

0.05 0.27 

1.79 

0.09 
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1.90 	1.91 

	

0.03 	0.03 

Table 3. Sex ratio and "=': emergence of A.urticae from ilabora.tory reared 

mumies of ".humilis 1972. 

Date 	a' 	o emergence 

28//72 	15 	o 

	

. 	100 

	

12/5/72 6 12 	83.7 

24/5/72 	13 	26 r,c  59.6 

12/6/722 	3 	75.0 

Totals. 34 50 

. Table 4. Species connosition  of h-!er,y)arasites em'71ULELS=2fi9 la ' 

mummies of 	1972. 

Species 	28/5/72 12/6/72 28/6/72 12/7/72 Total 

iJloxysta vi trix 	2 	2 	1 	- 	5 

A.per;JleXa 	- 	1 	- 	1 	2 - ,O.----..-. 	 4 

Allo4ysta sr:. . 	.._ 	- 	1 	- 	1 

Phaen90_yrhis vp. 	4 	17 	25 

Asanhes vularis 	32 	89 	7 	8 	136 

11,...22a.ensus 	2 	II. 	2 	- 	8 

ar 	
1  ii- Den 
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sex ratio was not determined. The overall sex ratio of the emerging 

Phaenoglyphis spp. was 7 males: 25 females; on ray 28th and June 28th males 

predominated, but on June 12th only one male emerged to 16 females.. The 

sex ratio of all Allox7sta species combined was 5 males: 5 females. 

Iiyperparsites were not recorded from aphids kept alive in the laboratory 

until samples taken on 28/5/72 were reared through, when 8 female Phaenoglyphis 

sp. and one female Alloxysta sp. emerged. One female Allovsta sp, emerged 

from samples taken on June 12th. 

(iv)- Percentage Parasitism. 

When method I is used (see methods), percentage parasitism rose sharply 

during ray, maintained a peak during June and July, and then declined sharply 

in August (fig. 17A). Calculated in this manner,- percentage parasitism 

appeared to reach very high levels (90-10V. Using method II, when a sample 

of aphids is kept alive, not only is a different estimate of percentage 

parasitism obtained, as would be expected, but a markealy different trend 

is shown (fig. 17B). Although the level aid rise sharply during ray, it 

reached a peak at the end of May and then declined. The reasons for these 

differences will be discussed fully when the data for 1973 and 1974 has also 

been considered, but the accumulation of diapausing and dead mummies clearly 

results in rethod I giving a misleadinglyl.high estimate. Plotting the per-

centage parasitism by both methods against the total number of aphids on a 

logarithmic scale (fig. 18A and B) in a time series produced an open backward 

spiral for Method I and a less clearly defined_ figure for ::method II. These 

indicated a delayed density dependent response by the parasite through tine. 

No evidence could be found however of any relationship between the percentage 

parasitism of aphids from individual samples on a particular date and the 

number or log number of aphids found in that sample, using either method I 

or II to determine the percentages. All correlation coefficients calculated 

failed to reach the 50 level, although they were invariably negative which 

might suggest a subproportional response by the parasite to areas of high 



-67- 

Fig. 17.  Rates of parasitiz„n of 	 1972. 
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Fig. 18.  Percentage parasitism of H.humilis in relation to log aphid 

density, 1972. 
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host density. 

(v) Percentage I;yperparasitism. 

The percentage of mummies from which hyperparasites emerged is shown 

in fig. 17C.Itincreased from zero at the beginning of May, maintainod a 

peak of about 50,•during June and declined to zero again by the end of July. 

(vi) Instar Distribution of Mummified Aphids. 

The effect of parasitism on the aphid population depends on whether the 

aphid is killed before reproduction can occur . Fig. 19 shows the instar 

distribution of mummified aphids found in the field. In most cases, more 

than 50' of the aphids parasitised are killed before reaching the reproductive 

stage, and it seems unlikely that even those that do reach maturity are able 

to produce a significant number of young. Comparison with fig. 14. indicates 

that the percentage parasitism of IV al aphids follows the same trend as 

the percentage of IV al aphids in the population, although a generally lower 

percentage of IV al seem to be parasitised compared to. IV ap aphids than 

would be expected from their relative numbers in the living population. 

(vii) Distribution of mummies on. grass species. 

Although H.humilis only feeds on Dactylis, the mummified aphids are 

sometimes found on other plants, as a result of the aphids wandering off 

the foodplant prior to mummification. Fig. 20 shows the percentage 

distribution of the mummies on the plants present on 28/5/72 with the 

percentage plant composition for comparison. Although no direct relationship 

is present, it can be seen that in the only sample where Fhleum was markedly 

dominant over Dactylis (VII), a higher percentage of mummies was found on 

Phleum compared to Dactylis. Also when clover was present in large quantities-

(IV), a small percentage of mummies was also found on this plant. One may 

conclude that if Dactylis alone is sampled, there will be an underestimate 

of the number of mummies if Dactylis is not clearly dominant in the area. 
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✓id. 20.  Distribution of mummified H.humilis  on grasses in relation 
to percentage species composition of Gramineae. 
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1973 

(a) Aphids. 

(i) Field Population Levels. 

Quadrat sampling was commenced at the beginning of March, when the 

population density was very low (20 aphids,/ square metre of grassland). 

The numbers increased through April and May (fig. 21A) but reached a peak 

of only about 300 ap bids/m2  compared to 1000 aphids/m2  in 1972. As in the 

previous year, the population crashed in'June until there were fewer than 

10 aphids/m2, and then increased again during August and September. A log 

(1+y) transformation was adopted to obtain confidence limits (Appendix 2). 

The numbers taken in the time-specific sampling programme, while more 

erratic, showed the same trends of a sharp decline in June, a trough in 

July, and a resurgence in August and September (fig. 21B). Plotting the 

numbers taken in thequadrat samples against the numbers in time-specific 

samples on the same dates showed very little scatter from a straight line 

relationship, so a regression equation was calculated to convert time-

specific sample sizes (x) to quadrat sample sizes (y) for use in 1974: 

= .0349:: 	.252 

This relationship is only likely to be very approximate, and may not be 

appropriate outside the range of densities found in 1973. 

(ii) Instar Distribution. 

Instar distribution of aphids taken in the quadrat samples is shown in 

fig. 22. The percentage of younger (1-III) instars remained at a high level 

(60-7Z) until the beginning of June and then dropped during June and July 

to about 455. By September they again accounted for 605 of the total 

population. As in 1972, there was a marked increase in the proportion of 

adult apterae in the population at the end of June and during July. This is 

corroborated by the instar distribution of aphids in the time-specific 

samples (fig. 23). Fourth instar alatae were present from the end of May 

to the beginning of July, with alatae on the plants at the beginning of 

June, although they made up a markedly smaller proportion of the population 

than in the previous year. The lower level of elate production in 1973 
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Pip.. 21. Forulation density of H.humilis,  1973. 
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Fig. 22. Instar d.istributions of I-I.hur:ulis (quadrat sa.!!lples). 
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could be explained by the lower population density, but several years data 

would be needed to prove the relationship. No significant correlations 

could be found between the proportion of alate fourth instar aphids and 

either the total number or log number of aphids from cuadrat samples on 

May 24th. There were insufficient elate forms on other sampling occasions 

for analysis. 

No plates were caught in the water trap, but they were taken on the 

sticky traps, both on the ones within the field (C), and on those at the 

boundary with the barley (B/C). A total of 13 was recorded, with over half 

being taken between May 28th and June lath (Table 5). Only three specimens 

were taken in the Rothamsted suction trap at Silwood, two on the 24th Ilay, 

and one on June 8th. 

Table 5. Numbers of elate H.humilis on sticky traps. 

Date (B/C) Total 

14-21/5 2 0 2 

21-28/5 0 2 2 

28/5-4/6 4 3 7 

4-11/6 1 1 2 

(b) Parasites and their impact. 

(i) Introduction. 

In addition to the primary parasite species recorded from H.humilis  in 

1972, a Fraon sp. (Braconidae, Aphidiinae) and Aphelinus abdominatus  

(Aphelinidae) were also recorded. Although abundant in 1972, no Asaphes  

spp. were recorded in 1973, but two more Alloxysta spp..were taken, 

A.erythrothorax (Htg.) and A.circumscripta (Htg.) (Cynipidae, Charipinae). 

Eummified aphids were not found in the field until the end of May, 

whereas in 1972 they were found from the end of April onwards. Fig. 24 

shows the total number of mummies found in the field on each sampling 

occasion in both the time-specific and quadrat sampling programmes. It is 
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Table 6. Snecies com-position ana sex ratio of -primary parasites  

from 'laboratory reareal mummies of 11.11umili-,,  1973. 

Date 

5V5 

3/6 

9/6 

12/6 

15/6 

18/6 

21/6 

25/6 

28/6 

30/6 

3/7 

20/7 

2/7 

2/8 

8/8 

15/8 

22/8 

23/3 

28/9 

Totals 

A.urticae  

3 	8 

4. 	7 

4 	6 

7 	6 

4 10 

2 	6 

O 2 

6 	3 

o 	1 

• L. 

O 5 

3 	3 

1 

O 1 

1 
	

3 

O 1 

O 0 

1 	0 

2 	2 

2 	3 

44 69 

113 
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and an Allovsta sp. in August. Various Charipinae were reared from live 

aphids: a brachypterous Alloxysta sp. in Nay; three Phaenoglyphis sp. 

(2 males:2 females), two female brachypterous Alloxysta sp., and a female 

A.erythrothorax in June; and a female A.vitrix in August. The occurrence 

of brachypterous forms of Alloxysta species was surprising since they had 

not been recorded the previous year when hyperparasites were considerably 

more abundant. 

(iv) Percentage Parasitism. 

Percentage parasitism using Method I on the quadrat samples showed an 

increase through June to reach a peak of 35 at the beginning of July 

(fig. 25A). It is clear that compared with 1972, percentage parasitism by 

this method was markedly lower, since in the previous year a peak of 90,;"; 

was reached during July. The same method used with the time specific samples 

(fig. 26A) gave more erratic results, but still the highest levels were in 

June. Since only Dactylis leaves were sampled, and it has already been 

shown that mummified aphids are sometimes found on the other species of 

grasses, the lower more erratic level is understandable. 

Keeping samples of live aphids from the quadrat samples to estimate 

the rate of parasitism (Method II) produced an earlier peak of around 2010 

at the end of May (fig 25B). The trend was very similar to that in 1972, 

but the level was very much lower. Estimates of percentage parasitism from 

aphids in the time-specific samples were obtained for the apterae and instars 

I-TV grouped together (fig. 26B). Percentage parasitism of the apterae 

declined from between 40-50' in June to 0-20;1, for the remainder of the year, 

and that of instars I-IV oscillated around 5, in June, and remained generally 

lower in later months. 

No relationship between percentage parasitism and the number or log 

number of aphids per quadrat sample could be found for 2k/5/75, the only date 

when parasitism was high enough for analysis. However, delayed density 

) dependence was detected by plots of percentage parasitism against aphid 

density on a log scale (fig. 27). 
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Fig. 25.  Rates of parasitism of H.humilis, 1973 quaarat samples). 
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Fig. 26. Rates of parasitima of E.humilis, 1973 

(tinc-steeifie samples). 
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Fig. 27.  Percentage parasitism of H.humilis  in relation to 

log aphid density, 1973. 
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(v)- Percentae gyperparasitism. 

Too few mummiea were found in the field to get any realistic estimate. - 

a peak of 50,5 was recorded, but this was based on only four mummies. 

(vi) Adult Parasite Populations. 

The numbers of adult A.urticae caught on the sticky traps increased 

during :Tay and the first half of June, and then declined sharply (fig. 28), 

which is in agreementith the data on percentage parasitism. There was some 

indication of twc peaks, one in the middle of 	ana.a higher one in the 

first half of June. The overall sex ratio was 26 males:40 females, a higher 

proportion of females than the sex ratio of parasites emerging from field 

mummies, suggesting greater mobility or longer lifespan of the females. 

Fewer specimens were taken in the yellow water trap, all of them females, 

and all during :ray and the beginning of June. 

Far fewer specimens of A.avenae were caught on the sticky traps, mainly 

at the end of June and beginning of July. The species composition of 

emerging parasites.(Table 6) ahowsathat.thib,apecieararely parasitises 

H.humilis. Only two .specimens were caught. in ..the water..trap, _both females. . 

(vii) Distribution of old mummies'. 

By suction sampling the area from which the grass had been removed 

for the quadrat samples during ;.march and April, the empty mummies from the 

previous years parasite population could be found in the ground litter. 

Ne parasite activity could be detected in the living aphid population at 

that time of year in 1973. There was no significant correlation using the 

Spearman Rank Correlation Coefficient between the number of aphids found 

in the quadrats in early March and the number of old. mummies but calculation 

of the correlation coefficient of log number of aphids and the number of 

old mummies gave a value of p of .718, significant at the 	level. This 

could indicate that the local pattern of abundance-of the aphids remained 

constant through the winter. 
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F4.,  28 Aphidiidae on sticicy and water traps in grassland study area, 1973. 
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1974. 

(a) Aphids. 

(i) Field. Population Levels. 

Sampling in 1974 was confined to sampling leaves of Dactylis from 

31/12/73 to 25/6/74 as described previously. The data was converted so that 

it could be compared with the quadrat samples of the previous two years, and 

is shown in fig. 29. The population tmnds were very similar to those found 

in 1972 and 1973, with the peak reached at the end of May, and a crash in 

June. The population appeared to reach on intermediate level compared to 

the previous two years, but subjectively the peak level was nearly as high 

as that in 1972. This could be because the conversion was underestimating 

absolute aphid numbers/unit area at high densities. 

(ii) Instar Distribution. 

The instar distribution of aphids is shown in fig. 30. Apart from the 

unusually high proportion of first instars at the beginning of February, 

the highest proportion was reached on May 22nd, when the population was 

increasing most rapidly-. After this date, the proportion of first instars 

declined, with some evidence of an increase in the proportion of adult 

apterae, although data from previous years shows that the main increase 

does not take place until July. The proportion of fourth instar alatae 

to total fourth instars reached a peak at the end of May/beginning of June, 

whilst the proportion of alatae to adult aphids peaked slightly later (fig. 

31). A very few males were found in May and June, but they never rose above 

0.5 of the population. 

Alatae were trapped in both the yellow water trap and the Rothamsted 

suction trap operating at Silwood. Numbers on the sticky traps were not 

recorded. The results are shown in Table 7. 

Maximum numbers were caught at the end of May beginning of June by 

both trapping methods. Comparison with data for 1973 shows that substantially 

more alatae were caught in the suction trap in 1974, which would be expected 

from the higher field population levels. 
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Fig. 30.  Instar distributions of H.1-arailis,  19721.. 
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Fig. 31.. Al ate  pro auction of ,iuü1i..  1974. 
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Table 7. Numbers 

91 - 

late H..humilis tz2..Tzpe 	1974. 

  

Water Tral2 Suction Trap 

Date ' 	-. Numbers Date Nu hers 

9-15/5 0 6-12/5 0 

16-22/5 0 13-19/5 3 

23-29/5 9 20-26/5 4 

30-5/6 9 27-2/6 6 

6-12/6 2 3-9/6 2 

13-19/6 0 10-16/6 1 

Total 20 Total 16 

On the assumption that instars 	were of similar duration, the 

potential increase rate can be calculated given a stable age distribution 

(see methods).  The observed nuniber of instars 	were compared to the 

expected number using a chi squared test; the results are shown in Table 8. 

The distribution of instars I-III conformed to a geometric series on 17 of 

the 26 sampling occasions. Data from 31/12/73 and 25/6/73 would not be 

expected to conform since numbers were very low. At the end of May (22/5/74) 

the population was increasing very rapidly, and by June 4th the decline 

had commenced, so again significant departures from a geometric series are 

to be expected. 

(iii) Spatial Distribution. 

The spatial distribution of H.humilis was examined in detail with the 

leaf as the sampling unit. The results for all instars combined are shown 

in Table 9. No data fitted the Poisson or Truncated Nyman Type distributions, 

and on only three sampling occasions in January and February was the Truncated 

Poisson appropriate. The most successful fits were made to the Negative 

Binomial, although most data also fitted both the Truncated Negative Binomial 

and Logarithmic distributions. 

The four dispersion indices chosen as appropriate for the data are 

shown graphically in relation to time in fig.32. The trends shown by each 
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Table 8. Test for stable aGe distribution.L_Lnstars 	1974. 

Observed - (0)  and E:wetted (E)  TosIlKassu 	instar 

Periods I II and 	are eval.). 

Date TO Ig II 0 II III 0 III e X.2  

31/12/72 31 30.2 2 7.8 7 2.0 3.89 16.83*** 

7/1/74 50 46.3 15 25.6 21 14.1 1.81 9.06** 

14/1 45 45.7 22 19.8 7 8.6 2.31 0.55 

21/1 45 46.3 28 24.1 10 12.6 1.92 1.20 

28/1 71 71.5 29 27.2 9 10.3 2.63 0.29 

5/2 30 27.0 15 21.6 21 17.3 1.25 3.14 

12/2 50 49.9 15 15.4 5 4.7 3.25 0.03 

19/2 37 22.2 17 15.6 21 11.0 1.42 19.08*** 

27/2 49 47.4 26 29.8 21 18.8 1.59 0.80 

5/3 59 57.4 19 24.3 14 10.3 2.36 2.53 

12/3 34 32.8 19 21.8 16 14.4 1.51 0.58 

19/3 69 69.4 31 29.8 12 12.8 2.53 0.10 

26/3 56 54.9 33 40.4 31 29.7 1.36 0.22 

69 66.1 7") 39.8 29 24.0 1.66 2.70 

9/4 94 86.3 4, 66.9 62.  51.8 1.29 7.49** 

15/4 1.7 146.5 102 103.9 75 73.7 1.41 0.06 • 

23/4 226 219.5 102 119.9 77 65.5 1.83 4.88* 

30/4 203 203.4 121 119.0 68 69.5 1.71 0.07 

7/5 220 215.5 88 102.1 58 48.4 9.11 3.95* 

14/5 166 164.5 77 81.8 44 4.0.7 2.01 0.56 

22/5 742 736.6 176 202.9 77 55.9 3.63 11.57 

29/5 731 721.6 325 350.3 186 170.1 2.06 3.44 

4/6 534 562.3 281 338.7 240 204.0 1.66 17.02*** 

11/6 214 208 110 125.3 85 75.5 1.66 

13/6 39 39.3 28 27.5 19 19.2 1.43 0.01 

25/6 20 18.9 2 6.1 5 1.8 3.1 7.48** 

P> 0.05 when x2fr 3. 84 l** P > 0.01 when X276. 611. *** P > 0.001 when X>10.83 
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Table 9. Distributions of E.humilis'on Dactylis leaves, 1974 

.(14 leaves, all instarsl. 

DISTTIBUTIONS 	DISPKEISTON INDICES Date - Tot. Y s- • 

7/1 108 0.176 0.05 

14/1 90 0.145 0.73 

21/1 116 0.188 0.77 

28/1 135 0.216 1.35 

5/2 100 0.167 0.60 

12/2 89 0.141 0.63 

19/2 101 0.161 0.66 

27/2 132 0.204. 1.45 

5/3 133 0.209 0.96 

12/3 98 0.149 0.69 

19/3 150 0.231 1.01 

26/3 161 0.248 1.15 

2/4 170 0.262 1.03 

9/4 262 0./04 3.07 

19/4 449 0.693 6.38 

23/4 497 0.767 5.45 

30/4 492 0.759 5.31 

7/5 494 0.762 5.81 

14/5 354 0.546 6.08 

22/5 1381 2.13 20.02 

29/5 1776 2.75 29.03 

4/6 1648 2.54 27.64 

11/6 605 0.943 4,97 

18/6 128 0.198 0.77 

25/6 38 0.059 0.23 

:s2  
x 
 k Green Morisita Charlier 

6.0 0.027 0.046 29.5 532 

5.0 0.027 0.045 29.2 528 

4-.1 0.054. 0.027 17.5 405 

6.3 0.029 0.039 25.4 493, 

3.6 0.073 0.026 16.8 296 

4.8 0.034. 0.043 28.2 519 

4.1 0.062 0.031 20.5 440 

7.1 0.029 0.047 31.3 548 

4.6 0.058 0.027 18.2 4-13 

4-.6 0.033 0.037 25.3 4-90 

4..4. 0.059 0.022 15.5 380 

4.6 0.083 0.022 15.3 278 

3.9 0.077 0.017 12.2 33+ 

7.6 0.052 0.025 17.3 4-04- 

9.2 / 0.059 0.018 12.9 34/1 

7.1 - 0.012 8.9 252. 

7.0 0.077 0.012 8.9 281 

7.6 0.088 0.013 9.6 295 

11.1 0.067 0.029 19.6 4.30 

9.4 0.199 0.006 4..9 198 

10.6 0.251 0.005 4..5 187 

10.9 0.247 0.006 4.9 197 

5.3 0.201 0.007 5.6 215 

3.9 0.065 0.023 15.9: 384 

4.o 0.021 0.079 52.5 709 

/ indicates agreement with distribution (p 7 0.05). 
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Fig. 32.  Dispersion indices for H.huniiis  on Dactilis  leaves. 

40- 

20- 

500- 

X 

250- 

0 

cc 
a- .08-
m 

O 
.04- 

0- 

J 	F I M 

40- 

20- 

A 
	

M I J Jy 



-95- 
Table 10. Distribution of H.humilis on Dactylis, 1974 

1.614 leaves, anterae only). 
Date Tot. DISTTPIUTIONS DISPERSION I ?DIGS 

-ye 	trunc log trunc 
binom -ve 	Poisson 

binom 

k 	Green Morisita Charlie 

7/1 12 0.019 1.15 0.118 0.034 9.3 276 

14/1 12 0.019 0.98 - 	-0.002 0 Lnag. 

21/1 24 0.039 1.13 0.270 0.006 4.5 183 

28/1 23 0.037 1.40 0.067 0.018 12.4 334 

5/2 18 0.030 1.31 0.078 0.018 11.8 319 

12/2 11 0.017 1.17 0.093 0.017 11.5 309 

19/2 16 0.025 Insufficient data to 1.23 0.094. 0.015 10.5 299 

27/2 16 0.025 test significance of 0.98 - 	-0.002 0 

5/3 29 0.046 fits to disti-ibutions 1.30 0.158 0.011 7.8 257 

12/3 15 0.023 1.25 0.077 0.018 12.5 328 

19/3 25 0.039 1.04 0.882 0;002 2.2 106 

26/3 18 0.028 0.98 - 	-0.002 0 Imag. 

2/4 21 0.032 1.06 0.483 0.003 3.1 141 

9/4 34 0.052 1.24 0.234 0.007 5.8 215 

19/4 67 0.103 1.44 0.279 0.007 5.3 205 

23/4 66 0.102 1.05 2.550 0.001 1.5 71 

30/4 58 0.090 1.22 0.386 0.004 3.5 157 

7/5 71 0.109 1.34. 0.278 0.005 4.2 177 

14/5 42 0.065 1.41 0.179 0.010 7.5 253 

22/5 228 0.351 1.82 0.468 0.004 3.3 152 

29/5 244 0.377 1.71 0.525 0.003 2.9 137 

4/6 202 0.312 1.72 0.458 0.004 3.3 152 

11/6 97 0.349 1.31 0.477 0.003 3.1 1,1-3 

18/6 27 0.042 1.18 0.197 0.007 5.5 209 

25/6 7 0.011 0.99 - 	-0.002 0 Miag. 

/ inc1icates agree tent with distribution (P > 0.05). 



of the indices are identical, with a degree of contagion present at all 

times. There was however a gradual decline in the degree of cohtagion as 

the population increased, but after the population crash there was a very 

sharp increase in all the indices. 

Attempts were made to fit data for just.,the. adult apterae to the 

distribution models used for all instars, but the numbers were not high 

enough until the end of May to test the significance of the fits (Table 10). 

The Negative Binomial was the only model appropriate for all three sampling 

occasions. Examination of Green's and Mbrisita's indices of dispersion 

(fig. 32) shows less contagion than was present when all instars were 

considered, and sometimes the apterae were distributed randomly. This 

suggests that the contagion present when all instars are considered is 

caused largely by deposition of the young in one place, or possibly by the 

active aggregation of immature instars. 

(iv) Nutritive Quality of  Dactylis. 

The total nitrogen content of aphid-infested Dactylis leaves at weekly 

intervals is shown in fig. 33. The maximum nitrogen content was reached in 

mid-February (52 mg dry wt), after which it declined to a plateau maintained 

through March and the beginning of April (approx. 1.5 mg/g). There was then 

another decline during April with the level fluctuating around 35 mg/g 

during May. The confidence limits are too wide to attach much credence to 

these fluctuations. At the end of May/beginning of June there was a very 

sharp decline to below 20 mg/g - this coincided with the plant flowering 

and the crash of the aphid population. 

The nitrogen content of uninfested leaves was also measured. It 

declined more steadily from March onwards, remaining at a lower level than 

the aphid infested leaves until June when very few aphids were present on 

any leaves. An analysis of variance was carried out on the nitrogen levels 

to investigate three null hypotheses that were set up: 

(1) That there was no difference in nitrogen level between aphid-

infested. and aphid-free leaves 

(2) That there were no differences in nitrogen levels between sampling 
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Fiz. 33.  Nitrogen content of Dactylis leaves, 1974. 
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occasions 

(3) That there was no interctiOn. between the presence or absence 

of aphids and the sampling occasion. 

The analysis is shown in Appendix 2. All three null hypothesis were 

disproved 	< .001). The aphid-infested leaves were found to have a 

significantly 4gher nitrogen content (generally P < .001) for the first 

five sampling occasions (26/3-22/5), there was no significant difference on 

4/6/74, and on 11/6/74. the aphid-free leaves had a slightly higher nitrogen 

content (P < .05). Significant difference in nitrogen level were found 

between most sampling occasions. 

The results of the grass cutting experiment showed that rather than 

cutting causing an increased nitrogen level in the new flush of grass, a 

lower nitrogen level resulted. The null hypothesis that cutting the grass 

had no effect was disproved (P < .01) (see Appendix 2 ), and'tr  tests showed 

significant differences between cut and uncut grass on June 16th and 28th 

(P< .01) and on July 9th (P< .05). The aphid populations too were lower 

on the cut grass than on the uncut, but this could have been a result of the 

populations not building up again after the disturbance caused by the original 

cutting. The null hypothesis was disproved (I,  < .001) both between cut and 

Uncut grass and between sampling occasions. 

The data for June 16th was analysed further to determine if there was 

any correlation between the number of aphids in the individual plots and the 

estimated nitrogen contents. Data for the cut and uncut plots was treated 

separately. No significant correlations were found (cut grass: rs= -0.39; 

uncut grass: rs= +0.58). There is thus no evidence of a direct correlation 

between the local variation in nitrogen content and the number of aphids, 

although the technique for deteraining nitrogen content may not be accurate 

or consistent enough to detect this. 

The interpretation of these results on the nutritive quality of 

Dactylis will be discussed later. 



(b) Parasites and their-Loact. 

(i) Introduction. 

The same species of parasites were taken as in 197:51  except for 

Alloyvsta er;Ithrothorax and A.circuziscripta. In addition, as in 1972, 

Asayhes vulpris was recorded. 

Mummified aphids were commonly found in the field from April onwards. 

The trends shown by the numbers ofmummies and emergence of parasites and 

hyperparasites (fig. 314-) were similar to those found in previous years. 

Comparison with the number of mummies found in the time-specific samples in 

June, 1973 showed that many more were found_ in 197k. • 

(ii) Primary Parasites  - abundance and sex ratio. 

All the primary parasites emerging from the field mummies were of the 

.41)hidius urticae sp. gp., except for a female Aphidius avenae (28/5/71,-) 

and a female Lphedrus sp. (25/6/74). The sex ratio of these Aphi4us urticae  

was approximately 1:1 (50(P:41V). The species composition and abundance 

of parasites bred from aphids kept alive to determine percentage parasitism 

is shown in Table 11. It should be noted_ that A.urticae was reared from aphids 

brought in from the field in January and February, although no mummies were 

present in the field at this time. This shows - that the parasite overwinters 

in the larval stage. As in previous years, parasites emerging from aphids 

taken alive in the field showed a predominance of females, in contrast to 

those emerging from already mummified aphids. 

(iii) Secondary Parasites - abundance and sex ratio. 

Only eight hyperparasites emerged from field mummies, of which two were 

Asaphes vulgaris (11/6/74). Other species recorded were PhaenoglyPhiq  sp. 

(one female in :ay, two females in June) and one female each in June of 

Alloxysta sp., A.vitrix and Dendrocerus. 

The hyrerparasites emerging from aphids kept alive are shown in Table 12. 

All were Charipinae, with the maximum  level of hyperparasite activity at the 

end of 11,theginning of June. 
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Table 11. Species comnositioh anti sex ratio of Primary  -parasites e  x1'122 

from 'laboratory reared' mummies of 	1974-. 

     

     

Month 	A.urticae  

	

c? 	9 

	

Jan 	3 	3 

	

Feb 	3 	14 

March 12 12 

April 14 16 

rhy 111 139 

	

June 	53 	62 

Totals 196 246 

A.avenae F,Thedrus sp.. 

12 

1 
	

1 

Praon sp. Anhelinus  
abdominatus  

19 

1 
	

1 

Table 12. Species composition and sex ratio of seconaary_EpTasites emerging 

from 'laboratory reared' mummies of H.humilis,  1974. 

klloxysta Alloxysta spp. 
vitrix  (brachy.pterous) 

ta so. 

2cit, 4 

3 

Date  

22/5 

28/5 

4/6 

11/6 

18/6  

Totals 5 5 1 
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(iv)-  Percentage Parasitism. 

Using Method I, percentage parasitism fluctuated between 5 and DO 

in May, rising rapidly to over 25 by the middle of June and 72,; by the end 

of the month (fig. 35A). Although not comparable with Method I on quadrat 

samples in 1972 and 1973, the level is markegy higher than the 1973 June 

figures for the time specific samples. 

From the aphids taken alive from the field, the percentage parasitism 

of each instar was determined (fig.. 35B). Combination of data for instars 

Al-III enabled comparisons to be made with past years. The pattern was the 

same as in previous years with the peak level reached in early June at the 

same level as in 1972 (52). The results from January to March must be 

treated with caution, since the parasite larvae were in a quiescent state 

in the field, and not acting as a mortality factor. 

The extremely low level of parasitism of instars I and II supported the 

view that the parasites aid not usually attack these instars in the field.. 

Parasitism of the third instars showed clear peaks at the beginning of May 

(1Z) and the beginning of June (20) which reflected the peaks of parasite 

activity. Fourth instars showed a peak at the end of ray - (5a) whilst 

parasitism of adult apterae increased from mid-April to a peak of about 

675 at the beginning of June. Parasitism of adult alatae reached nearly 

705 in June. 

The percentage parasitism of H.hrri  lis (r:rethods I and II) was plotted 

against the number of aphids on a log scale (fig. 36). There was a clear 

time lag involved when Method I was used as would, be expected. There was 

also evidence of delayed density dependence when Method II was used, although 

in a complex form. There appeared to be trio; .spiralz (sampling occasions 

4-10, and 10-16) which coincided with the two aphid population peaks at the 

end of April and end of May. 

(v) Percentage gyperparasitism. 

Although aphid and primary parasite populations were higher than in 
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Fi5. 35.  Rates o± par2siticm of H.hu:Ailis,  1974. 
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Fig. 36. Pereentage parasitisu of H.humilis.in relation to log aphid 

70 	
density, 1974. 
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1973, -Percentage parasitism of lohiaius mummies by hyperparasites was still 

very low, reaching a maximum of 1Z in June. 

(vi) Adult Parasite Populations. 

Peak numbers of A.urticae on the two sticky traps were taken during 

May and June (fig. 37), showing an almost identical pattern of seasonal 

abundance as in 1973. Considering only two traps were in operation, more 

parasites per trap were caught in 1974, and the sex ratio showed a higher 

proportion of females. The water trap caught only females with the majority 

in May and June, although a few were recorded at the beginning and end of 

April. Over three times as many were caught in 1974 as in the year before. 

The peak in May and June, and the higher numbers caught by both trapping 

.nethods are in agreement with data on percentage parasitism. 

As in 1973, only a few A.avenae were caught, at the end of June and 

beginning of July. 

(vii) Position of mummified aphids on Dactylis leaves. 

Living aphids were generally found towards the apex of the leaf. 

However, 58 of mummified aphids were found on the basal fifth of the leaf. 

This is further evidence that parasitised aphids leave the living aphid 

colonies before mummification. 

(c) Pathogens and mortality from other causes. 

The percentage of dead aphids of the total is shown in. fig. 38. The 

mortality recorded up till late April is thought to have been caused by 

severe night air frosts (see fig. 48). The dead aphids were darker than. 

living ones, but there was no evidence of fungal attack or injury by 

predators. 

A low percentage (< 	was found killed by Entomophthora in June - 

all were alatae. Evidence of predation was found in June. 
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Fig. 37.  Aphiaiidae on sticky and water traps in grasslana study area, 1974. 
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Fi8.- 30.  Perce:ataz,,e mortality (e::cluaing parasitism) of H.41/milis,  1974, 
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SUBSIDIARY SLIM SITES, 1973-74. 

(i) Sark, Channel Islands(18/4/73) 

H.humilis was fairly common on Dactylis. Pour parasites were reared, 

all of the A.urticae sp. gp. 

(ii) Shoreham-by-Sea, Sussex (28/1/74) 

A total of 29 viviparous H.humilis was found on 100 Dactylis leaves. 

The instar distribution was I (24,5), II (315), III (105), IV ap (7) and 

adult apterae (2q5). One female A.urticae  SP. gp. was reared from the 

fourth instar aphids. 

(iii) Rush readow, Silwood Park, Berks. (30/3/74) 

A total of 106 H.humilis was found on 100 Dactylis leaves. The instar 

distribution was I (6415), II (45), III (45)0  IV ap (7%) and adult apterae 

(145). Percentage parasitism of IV ap was 14,5 and of the adult apterae, 

135; all parasites were of the A.urticae sp. gp. 

(iv) Windsor Great Park, Berks. 

On. 31/3/74 a total of 36 H.humilis was found on 100 Dactylis leaves. 

The instar distribution was I (61), II (6.g), II (14T;), IV ap (65) and 

adult apterae (135). Percentage parasitism of IV ap was 1005 (only 2 aphids) 

and adult apterae, 20%; two A.urticae sp. gp. were recorded. 

On 26/5/74, 201 H.humilis were found on 100 Dactylis leaves. The instar 

distribution was I (4Z5), II (13,%), III (85), IV ap (9), IV al (V, adult 

apterae (210) and alatae (2). 24. mummified aphids were found in the field, 

15 of which emerged to give 6 A.urticae sp. gp. and 9 hyperparasites 

A.vulgaris, 2 Phaenoglyphis sp., 1 Alio:7sta sp., and 2 A.vitrix). 

Percentage parasitism of III instar was 18, IV instar, 505 and adult aphids 

44,r.,, from which 12 A.urticae emerged (10 females, 2 males) and 6 hyper-

parasites (1 Dendrocerus sp., 1 brachypterous Allo:Vsta  sp., and 4. A.vitrix) 

This data from Windsor Great Park shows that the population 

characteristics of H.humilis in the study area may be representative of 

populations in other localities. 
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3. Macrosiphum fragariae and its Parasites. 

NAIN STUDY AREA, 1972 

(a) Aphids. 

(i) Field Population Levels. 

li.fragariae is a polyphagous grass aphid but in the experimental area it 

fed mainly on the flower heads of the commonest grass, Dactylis. When 

Holcus was present in the sample taken, it was also found on the flowers 

of this species. Few were found on either Phleum or Lolium. 

The mean numbers of aphids/sample are shown in fig. 39. The population 

of M.fragariae was estblished by immigrant alatae at the end of May and 

beginning of June, reaching a peak in mid-June. The population declined 

at the end of June and the beginning of July as the flower heads of Dactylis 

began to dry out. By August, no aphids remained in the field. 

(ii) Instar Distribution. 

At the end of Nay, only a very few first and second instars were 

recovered in the samples, but by the beginning of June about 1070 of the 

population sampled consisted of immigrant alatae (fig. 40). Fourth instar 

alatae were produced at the end of June and beginning of July. 

The data from the Rothamsted suction trap at Silwood agreed with the 

field data (fig. 41). A small peak at the end of Nay and beginning of June 

coincided with the migration of alates to the grasses. A second much larger 

peak occured at the end of July and beginning of August when the population 

on Dactylis was declining. A small peak also occurred at the end of October. 

(b) Parasites. 

Only two mminies of M.fragariae were found in the field, on 28/6/72 

and 12/7/72, but neither emerged. A sample of 54. aphids (III-Adult) sampled 

on 28/6/72 produced six mummified aphids, from all of which emerged Aphidius  

spp. Four were very similar to A.uzbeckistanicus, the main parasite of the 

cereal aphids, whilst two were A.ervi. Method I for percentage parasitism 
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3F.  Population density of .1.:.fragariae, 1;72 and 1973.. 
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Pio. 41. 12.2 m suction trap catches of M.frariae, 1972 and. 1973. 
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gives gives an estimate of 2;.; for 28/6/72 and 	for 12/7/72. Method II for 

28/6/72 gives and estimate of 11;,. Although this data is clearly insufficient 

for any anaaysis of the impact of parasitism, it does not appear to be a 

major mortality factor. 

1973 

(a) Aphids 

(i) Field Population Levels. 

The mean numbers of aphids per sample are shown in fig. 39. The 

population level showed the same trends as in 1972 except that there was 

some evidence of a slight increase again in September. The peak population 

was markedly lower than in 1972. 

(ii) Instar Distribution. 

At the beginning of June there was a preponderance of alatae (28) 

and instars I-III (655) (fig. 40). By the end of June fourth instar alatae 

were being produced and adult apterae had risen to nearly 101, of the 

population. Fourth instar alatae were also produced at the end of July, 

giving rise to alatae in August. 

Bata from the suction trap (fig. 41) showed two early peaks, one at 

the end of May and another at the end of June, coinciding with immigration 

to and emigration from the Dactylis heads. The first peak was about the same 

size as that in 1972, but the July peak was much lower (40 compared to 196). 

This could be related to the lower population levels in the field in 1973. 

A few alatae were caught at the beginning of September, and large numbers 

were trapped in October. 

(b) Parasites. 

Only two mummies of M.fragariae were found in the field, both on 23/6/73,  

from which two specimens of the hyperparasite, Alloxysta vitrix emerged. 

The appearance of the mum:lies indicated prior parasitism by Aphidius. From 



9 aphids (Ap-III) kept alive from samples taken on this date, two Ephedrus  

sp. emerged, both females. 

4.. Diuraphis muchlei and its Parasites. 

1972 

(a) Aphids. 

Although monophagous on Phleum pratense, the feeding preferences and 

population dynamics of this species are relatively complicated compared to 

H.humilis. Little work was done on this species since it was uncommon and 

very difficult to sample by quadrat methods, owing to the highly contagious 

distribution of both the aphid and its foodplant. The mean numbers per 

sample from 3-:ay to September are shown in fig. 4.2; although little credence 

can be placed in the estimates, the general trends are probably valid. 

The species was first found inside the young rolled-up shoots of Fhleum  

at the end of May, until by mid-June many of the Phleum shoots showed the 

characteristic purple and white streaking of aphid infested plants. There 

was then a movement of the aphid population from the shoots to the flower 

heads of Phleum where the aphids lived concealed between the seeds. The 

Population reached its peak on the seed heads at the end of July. By the 

end of August, about 80':: of the population had returned to the new shoots 

of Phleum. By September, all the population had migrated to the leaves, 

the Phleum heads having dried out completely. The instar distribution of 

this species was not recorded, but the movements-. from shoots to flower heads, 

and vice-versa were achieved by the production Of alatae. There was however 

little high level migration with only one slate being caught in the suction 

trap (23/8/72). 

(b) Parasites. 

The level of parasitism was low, and confined to July when the aphids 

were on the flower heads. Prom six mummies found in the field, two Aphidius  

sp. (A.urtioae sP. gp?) and one Alloxizsta sp. emerged. Samples of 50 aphids 

taken on 12/6/72 and 10/8/72 produced no parasitised aphids, nor did a 
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Pig. 42. Toulatipn wench' of D.muehlei,  1972 and 1973. 
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sample of 20 aphids taken on 11/9/72. Several dead aphids were found killed 

by EntoMophthoraand this may be an important mortality factor when the 

aphids are in the neW shoots. 

1973 

(a) Aphids. 

The mean numbers per sample are shown in fig. 42. A few specimens were 

found in the young shoots of Phleum in early June, but the main population 

built up on the Phleum flower heads in July and ,lugust, and again in the new 

shoots in September. No alatae were taken in the suction trap and no 

parasite mummies were found in the field, not bred from aphids kept alive in 

the laboratory. 

5.  Qther Aphid Species. 

1972 

flacrosiphum avenge - 2 III instar and 1 IV al on Dactylis 28/6/72 

Eetwoolophium festucae - 2 II instar and 1 III instar. on Phleum 28/6/72 

Rhopalosiphum 	- 4. I-III instars on Dactylis on 12/6/72 

Holcaxhis holc.i - 3 I-III instars inside the shoots of Holcus 26/7/72 

1973 

M.festucae - 2 Alatae on Dactylis (24/4/75 and 6/7/73) and 1 Apterous 

adult .(7/6/73) 

&alai - 3 I-III instars on Dactylis, 7/6/73 

1974- 

M.avenae - 1 II instar (23/41/74),  1 I instar (22/5/74), 2 II instar 

(11/6/74) 

Mfragariae - 3 I, 2 II, 1 Al (29/5/74), 1 I instar (4/6/74),  2 I, 1 AP, 

1 Al (11/6/74), 1 II instar (25/6/74) 

11.dirhodum - 1 II instar (25/4/74) 

R.nadi - 1 Al and 5 I instar (29/5/74) 
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6. Aphid Predators. 

Since the predators found could have been feeding on agy of the aphid 

species described, they are dealt with together. 

1972 

Total nubers of all specifically aphidophagous predators for the nine 

samples are shown in fig. 43. The most noticeable feature was the total 

lack of such predators until the end of ray, and the low numbers even after 

this time. The main aphidophagous predators were syrphid larvae, with ova 

being found at the end_ of May, and the larvae in June. Two syrphid larvae 

were also taken in August. Those that were reared through were all identified 

as Ilelanostoma mellinum. 

Despite the abundance of generalised predators in the ground litter, 

there was no evidence until the beginning of June of them taking aphids on 

the aerial parts of the grasses. From June onwards however there was probably 

some predation of aphids by beetle adults and larvae, and possibly by spiders: 

Luff (1966) has provided_ a full account of the seasonal population changes 

of the beetle fauna in Dact7lis tussocks at Silwood Park. 

1973 

As in 1972, the main specifically aphidophagous predators were syrphid 

larvae, although none was found until the beginning of June. Ova were found 

at this time, with the number of larvae reaching a maximum towards the end 

of June (fig. 4.3). By the end of July, pupae were present in low numbers. 

.There was a second generation later in the year, with large numbers of eggs 

found in mid-August. Too few larvae were reared through to get an accurate 

picture of the species present, but those recorded were  phaerophoria scriDta  

(3), rielanostoma mellinum (6) and Platychirus. albiriqnus (1). Adult 

aphidophagous Coccinellidae were found in April and July, but no larvae were 

found. A single larva of Chrysopa carnea was found at the beginning of June. 

The species composition of the syrphids and coccincllids caught on 
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sticky and water traps, and their relative abundance, are shown in Table 13. 

Fig. 44A shows the abundance through the year of S3rrphus species which 

oviposit in response to aphid stimuli, and fig. 14B the helanostoma 

Platychirus_ and Sphaerophoria species, for which host plant stimuli are more 

important (Chandler, 1968). The closely related species, S.torvus S.ribesii, 

and S.vitripennis, of the former group were the most abundant but there was 

no correlation between the peaks of these species, and the presence of the 

syrphid eggs in the grassland. However, M.mellinum showed two clear peaks, 

the first in May with females present into the beginning of June, and the 

other in August. Platych±rus and Sphaerophoria species showed a similar 

pattern. These peeks coincided with the gyrphid ova in the grassland, 

providing further evidence that the great majority of syrphid predation on 

the grassland aphids was by Melanostomal  Platychirus and Sphaerophoria species, 

and particularly by relanostoma mellinum. The water trap was on the edge 

of the area and would not be expected to show so clearly the syrphid activity 

over the grassland as the eight sticky traps. The overall picture however 

is similar (fig. 45A and B). The first peak of If..mellinum was not detected 

although several were taken during late July and August. 

Although no aphidophagous coccinellid larvae were found in the grassland. 

in 1973, the sticky traps indicated the presence of adult coccinellid activity 

over the study area (fig. 4.6  A and B). Propylea 14.-punctata and Adana 

2-runctata were about eoually common on the sticky traps, with the majority 

of the former present in June, and the latter to be found from April to 

August. Coccinella 7-punctata was seldom caught on the sticky traps, but 

was more common in the water trap than either P.1).i-punctata or A.2-punctata.  

The only coccinellid larvae found in the grassland were Thea 22-punctata, 

a species feeding on the mildew, Erigzphe gra minis, on the Dactyli  leaves. 

These were found in June and July, so the presence of a clear peak of adults 

in June from both the sticky traps and water trap was to be expected. 



ayrphiaae: 

Platychirus  manicatus 

P. 	tarsalis Schummel 

P. 	peltatus Meigen 

albinanus Fab. 

c]v.peatus Meigen 

angustatus Zett. 

Platychirus spp. 

Melanostoma mellinum L. 

scalare Fab. 

Sphaerophoria scripta L. 

ayrphus torvus listen-Sicken 

S. 	vitriuennis 

S. 	ribesii L. 

S. 	luniger  

S. 	corollae Fab. 

S. 	balteatus Deg. 

S. 	auricollis ;:eigen 

Coccinellidae: 
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Table 15. Species composition of Syrphidae and Coccinellid.ae  

sticicy traps ana water traps, 1973.  

Species Sticlzy traps (8) 	;later trap (1) 
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Fig. L:1+. Syrphidae on stic~~l tra]?s, grassland stu:Jy area, 1973. 
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lig. 4.5.  Si-rphiaa,e in water trap, grassland study area, 1973.. 
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CoccImellidae on sticky and water traps, grassland stuay 

area, 1973. 
A Sticky traps 
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1974- 

Wrphid ova and larvae were found on Dactylis leaves from the beginning 

of June (fig. 4.3). The spider Ero cambridgei was positively identified as 

a predator of H.humilis., since two were found actually feeding on aphids, 

one in early May and another at the beginning of June. In both cases however 

there were clear signs of predatory activity on the leaves (dead aphids 

and silk strands), and the paucity of such signs suggests that predation by 

these spiders had little impact on the population. Various nocturnal beetle 

larvae (especially Tachyporus spp.) were common in the ground litter and may 

well have been responsible for the signs of predatory activity in June. 

The aerial predators caught on two sticky traps and one water trap 

are shown in figs. 4.7 A and B. The picture is.basically similar to that in 

1973, with adult predators not reaching their activity peaks until June, with 

the exception of Platychirus and Yelanostoma adults, which the sticky traps 

showed to be present over the grassland during the major part of May. 

Propylea 14--punctata adults were also active in re. 

7. Meteorological :Records. 

The weekly mean temperature and the nuMber of nights of air frost per 

week are shown in fig. 48. 

The.weekly•rainfall totals and the number of periods of heavy rain 

are shown in fig. 4-9. 

C. Discussion. 

1. TheAph1122-nle...7.  in Grassland. 

The aphid species found living on the aerial parts of Graminae ranged 

from monophagous, monoecous species to dioecous species, polyphagous on their 

summer hosts. Generally, there appeared to be very little niche overlap 

between the species when components of time, grass species and the part of 

the plant attacked were taken into account. 
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Fig. 4-7. Aphid predators on sticiry and water traps, grassland study area, 1974. 
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Fig. 48. l:iean rree::J.y te.nperatures, 1972-ll--. 
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Fig. 49. WeelcJ,y rainfe.ll toto.ls, 1972-4. 
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Of the monophagous, monoecous species, the commonest was Hyalopteroides  

humilis, a species thought to have evolved from a dioecous species related to 

the genus "IetopcilAphium (V.Bastqp-- pers. comm.). It exploits the leaf 

flushes of Dactylis in spring and autumn, with apterous viviparae remaining 

on the grass in low numbers during the mid-summer and winter months. The low 

number of alatae taken in the suction trap suggests that prodcution of alatae 

is primarily for local dispersion rather than for major migratory movement. 

A similar picture is seen with the monophagous Diuraphis muehlei on Phleum, 

except that it has overcome the problem of the die back of leaves in July 

and August by migrating to the flower head where it lives until the new 

flush of leaves is produced. The species evidently overwintered in the 

grassland since there was no evidence of colonization in early summer of 

alatae, but the method of overwintering, whether by adult viviparae or eggs, 

was not determined. The very low number of alatae caught in the suction trap 

may reflect its scarcity, but also suggests that alatae are only produced 

for migration between parts of the plant, rather than for long distance 

migration. Although only a few Holcaphis holci were recorded, it is likely 

that the population of this monoecous species feeding only on the leaves 

of Holcus spp. will increase at its food plant continues to invade the area. 

2..2L.2sihra,ariae has the more usual dioecous life cycle, exploiting 

the flower heads of Gramineae during the summer months, before returning to 

the primary host, Rubus, for the winter. Large numbers of 

were caught in the suction trap in contrast to the monoecous species. The 

relatively low numbers of alatae produced at the time of migration from the 

primary host to the secondary hosts compared to the higher numbers on the 

wings during later migrations is a common phenomenon, and has been reported 

for A.fabae  (U.Camnell - pers. comm.). Instead of just two main migrations, 

the strategy of Mragariae  is to exploit several aifferent species of grasses 

as they flower through the summer, until the production of sexuales in 

October and the return to the winter host. The coincidence of the production 
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of alatae on Dactylis inflorescences and the large peaks of alatae at the 

end of June might indicate that Dactylis is the main summer host, but Hille 

Ris Lammers (1939) records Glyzeria fluitans as the most favoured species. 

Kennedy's (1951) dual discrimination theory proposes that two kinds of 

discriminatory reactions are at work in aphid species: botanical (flavour) 

discrimination depending on token stimuli of small or no nutritional 

importance and physiological discrimination depending on stimuli strongly 

associated with the nutritionally important materials in the plants. Kennedy' 

&-Booth (1954) have suggested that in the case of monoecous species flavour 

discrimination is strengthened, with alternative nutritional adaptations 

evolving such as reproductive aestivation. This has been shovm by Dixon 

-(1966) for Drepanosiphum platanoides Schr. on Sycamore. The markedly higher 

proportion of adult apterae of H.humilis in July might result from a similar, 

though less clearly defined, adaptation, but nutritional discrimination 

earlier in the season may also be important (see below). In the case of 

D.muehlei, although there is clearly strong flavour discrimination for Phleum, 

nutritional factors are almost certainly responsible for the move to the 

flower heads in August, since there is evidence that plant nutrients are 

translocated to developing inflorescences. Thus the strengthening of flavour 

discrimination in monoecous species does not necessarily reduce their 

nutrient discrimination. Nutrient discrimination does seem the dominant 

factor for the dioecous M..fragariae since within the Gramineae the species 

will feed on the flowers of a wide variety of. species. 

Since the aim was to concentrate work on the dominant species, the 

population dynamics of H.humilis will now be discussed in more detail with 

an assessment of the main factors controlling the population size. 

2. Population Dynamics of H.humilis. 

(a) Review of population characteristics. 

In each of the three years the population increased in April and May 

to reach a peak at the end of May. It then declined sharply during June to 
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reach a very low level in July and early August, not increasing again until 

September. The peak population level reached in 1973 was markedly lower than 

that in 1972 or 1974. Sampling from January onwards in 1974 revealed a 

low population of viviparae during the winter months, reproducing whenever 

the temperature was high enough. The early population peak in May is 

unusual amongst monophagous aphids, and is related to the growth pattern of 

Dactylis (on nettles, for example, Microlophium evansi Theob. reaches 

maximum abundance in June before the population declines - Perrin, 1974). 

Population peaks have been recorded in May for Yetopolophium festucae, 

another grassland aphid which feeds on the leaves (Janson, 1959). Like 

H.humilis, it also overwinters viviparously and is able to reproduce at low 

temperatures early in the year (Hill, 1971). 

The changes in instar distribution through the year also showed similar 

trends in each year with a high proportion of younger instars in April and 

May when the population was increasing most rapidly and production of alatae 

reaching a peak at the end of May and beginning of June. The proportion of 

adult apterae increased in July and August, reflecting a decrease in the rate 

of reproduction. A similar increase in the proportion of adult apterae in 

the summer compared to the younger instars has been recorded for other 

monophagous aphids such as Levansi (Perrin, 1974). 

The spatial distribution was only studied in detail from January to 

June, 1974. For a dioecous aphid on its summer host, the expected pattern 

of distribution would be a transition from random at the time of alate 

invasion, towards a more clumped distribution as the season progressed, 

which would be accentuated if the species were actively aggregative (e.g. 

A.fabae, B.brassicae). In terms of distribution models, the Poisson series 

would be appropriate initially, changing to the negative binomial as the 

population increased, although there is evidence that when mean numbers 

per unit increases to very high levels, the exponent k also increases 

(Anscombe, 1948 1949) suggesting a reduced degree of clumping. For the 



monoecous H.humilis, this study has shown that the distribution between 

leaves fits the negative binomial, or truncated negative binomial on nearly 

every occasion from January until June. The value of k (.02 - .2) was 

smaller than that obtained for M.persicae on potato leaves by Anscombe (1948) 

but he was using counts from 3 leaf units. The k value and dispersion 

indices all showed a reduced degree of clumping between leaves at high 

population levels. The adult apterae were distributed less contagiously, 

and sometimes at random, compared to all instars combined, showing that 

contagion results from deposition of young in one place or heterogeneity of 

the leaves. The degree of clumping early in the year results from the 

overwintering viviparae reproducing whenever conditions are favourable 

-and the reduction in clumping between leaves at peak population levels may 

be explained by the movement of aphids on to previously uninfested leaves. 

The evidence of the aphid population becoming more evenly distributed over 

the plant at high density is of importance when the searching strategies 

of natural enemies are considered. 

(b) Determination of aphid numbers. 

(i) Introduction. 

A number of factors may be responsible for the failure of aphids to 

achieve their potential rate of increase. They are the effects of climate, 

natural enemies and pathogens, food quality and quantity, and self regulatory 

mechanisms. Each of these will be assessed as factors active in the 

population control of H.humilis. Only those factors which regularly act in 

a density dependent or delayed density dependent manner can regulate the 

population, although climatic factors could act in a density dependent 

manner at certain times (e.g. if the aphid spreads to more exposed parts 

of the plant at high densities). Climatic factors, food quality and 

quantity set the maximum possible level of the population at any tirvt in 

the year. 
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(ii) Climatic Factors. 

For an aphid which overwinters in an active stage, the temperature 

conditions prevailing in the preceding winter can be of great importance. 

Outbreaks of the spruce aphid for example are associated With a mild winter 

leading to high survival rates during the winter months (Dixon, 1973). 

The lower population level of H.humilis in 1973 seemed worthwhile examining 

with this in mini, but it should be stressed that no proof can be obtained. 

by a posteriori comparison of population levels and temperature. 

Although the mean temperature of the period from October to Nhrch does 

not indicate that the 1972-3 winter was any colder than other years, the 

number of nights of air frost was considerably greater (Table 14.). Since 

dead aphids were found in the field from January to April in 1974, apparently 

killed by frost, the number of nights with Qir frost could be a:major factor. 

Another difference in 1973 was the failure of the population to increase 

rapidly in April, whereas in 1972 the population was already at a high level 

at this time, and in 1974. increased very rapidly. The lower mean teLiperature 

in April 1973 is again suggestive of temperature having some impact. Lastly 

examination of the data for May 1974 shows a rapid increase in the population 

during the third week of flay, concurrent with an unusually high mean 

temperature for that week of 16.5°C. Thus the prevailing temperature has 

an important inflfiencet,,on the.pontlatioh loth as regards winter 'survival 

and.the-rate of increase in :spring.. 

Heavy rain is known to reduce aphid polmlations when the aphids are 

living in exposed positions (Dunn and Wright, 1955; Dean and Wilding, 1971). 

No evidence of rainfall causing significant mortality to H.humilis was found, 

probably because the aphids were protected by the Dactylis leaves tending 

to bend over. 

(iii) Food Quantity and Quality. 

It is unusual for food quantity as such to be limiting for aphids, 

although severe crowding can result in self regulatory mechanisms coming 
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Table 14- 	Temperatures ana number of nights of air frost 1972-4. 

Year =1.1-  (°C) 
Oct- arch 

• 1:11."-\_II F32.LT172.E 	°C.3 0. ITIGHT3 02 LIR COST 

J V M A _I: J Jy Oct-Yarch Jan :Arch 

1972 6.31, 3.9 4.6 6.7 8.3 10.5 11.9 15.6 35 20 

1973 6.24- 4.2 4.0 5.8 7.1 11.9 15.4 15.7 70 4.5 

1974 6.17 6.2 5.6 5.4 8.0 11.0 14.2 15.6 40 26 
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into operation. Such crowding however usually results from limitation of 

food of the right quality rather than absolute Quantity. Changes in food 

quality were assessed by measurement of the total nitrogen content but since 

aphid fecundity is only known to be associated with phloem nitrogen, and to 

a lesser extent total soluble nitrogen, certain assumptions must be made 

before conclusions can be drawn. 

The results of this work showed a drop in total nitrogen content at the 

beginning of April, coinciding with the new flush of leaves, and in late 

May at the time of flowering. A number of other workers have shown that as 

leaves mature there is a decrease in the total nitrogen content, both in 

the Dictolyledoneae (Dixon, 1963) and the Yonocotyledoneae (Boyd, 1970); 

McNeil (1973) records a drop in the nitrogen level in Holcus monis L. 

(Gramineae) at the end of May from 35 mg N/g dry weight to 10 mg N/g dry weight 

in June. 

When leaves senesce they become a site of proteolytic breakdown, 

resulting in a high level of soluble nitrogen which is then translocated 

away from the area via the phloem causing a drop in total nitrogen (van 

Emden et al, 1969). van Emden and Bashford (1969) failed to find an increase 

in soluble nitrogen when brassica leaves senesced, but higher levels were 

detected by Dixon (1966) in senescent compared to mature sycamore leaves, 

and :littler (1958) found higher levels at the end of the summer in willow 

phloem sap. This results from translocation of nutrients back into the 

tree before leaf fall. The temporary increase in phloem nitrogen may be 

even more marked when senescence of leaves occurs during flowering 

(e.g. Gramineae). Flowers from a site of high respiratory activity and 

metabolism which acts as a sink drawing nutrients towards them (Kidd et al, 

1921; Thomas, 1958). B.brassicae is known to increase very rapidly when 

plants begin to flower, massing on the flowering stems. It is probable that 

when new leaves are being produced there will again be an increase in phloem 

nitrogen as the plant mobilises its nutrient resources, with a drop in the 

total nitrogen. Thus a decrease in total nitrogen is a likely indication 
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of an initial increase in soluble nitrogen, which is then being translocated 

away from the area in the phloem. 

The start of the decline of total nitrogen of aphid-infested leaves in 

early April, 1974 coincided with an increase in the aphid population, as to 

a lesser extent did that commencing at the end of February. The picture is 

less clear in the second half of 	because of wide confidence limits)  

but the peak in mid- lay is a reliable estimate, after which there is a sharp 

decline. Again the initial phase of the decline in nitrogen. level is 

concurrent with a rapidly increasing aphid population. Temperature has also 

been implicated in both the April and May increases in 1974, but the 

population of H.humilis  increased markedly in mid-May at the beginning of 

flowering in all three years. The very low level to which total nitrogen 

drops in June would certainly result in very low phloem nitrogen content in 

the leaves by the end of the decline, since all the nitrogen available would 

have been translocated to the flowers. This drop in food quality is probably 

a major factor causing the population crash in June. The lower rate of 

reproduction in June and July, reflected by the increased proportion of adult 

apterae and the lower proportion of first instars, supports this theory.. 

The consistently higher total nitrogen levels of aphid-infested compared 

to aphid-free leaves is of considerable interest. A greater content of total 

nitrogen would result in higher phloem nitrogen levels when translocatidn 

of nutrients took place. This implies that aphids are actively discriminating 

for higher nitrogen levels, although there were no visible differences in 

the leaves. Alternatively the aphids could be acting as a sink drawing 

nutrients towards the aphid-infested leaves (Way, 1963). 

The grass cutting experiments showed. that if the grass was cut before 

flowering, the resultant flush of leaves in June and July had an even lower 

total nitrogen content than uncut leaves at that time. This is because 

the grass takes up nitrogen from the soil in autumn and winter, with levels 

reaching a peak in February, By June, the nitrogen in the ground available 

for uptake by the plant is probably very limited, leading to low levels of 
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both total and phloem nitrogen levels in the leaves, with consequent very 

low levels of aphid infestation. 

(iv) .2921a-"csylrechanisms. 

High densities of aphids can cause self-regulatory mechanisms to come 

into operation, the most common of which is alate production. Peak 

population levels of H.humilis coincided with the maximum production of 

fourth instar alatae but at this time major nutritional changes were also 

occuring. However, a lower population peak in 1973 resulted in a smaller 

proportion of fourth instar alatae compared to 1972 and 1974. Also significant 

positive correlations were found in 1972 between the proportion of fourth 

instar alatae and aphid density per unit area. Thus high density was a 

major factor inducing alate formation. Alate production reached a level of 

5(), in 1972 and 1974, and 3cV in 1973, and although some alatae seemed to 

remain on the plant and reproduce, many certainly emigrated and were another 

factor in the rapid decline of the population at the beginning of June. 

There is evidence for many species of high density reducing adult 

fecundity (e.g. A-Pisum - Murdie, 1965), but it is thought that nutritional 

factors far outweighed any density effects in the case of H.humilis. 

(v) Natural Enemies. 

Parasites. 

The dominant primary parasite in each year was of the Aphidius urticae 

sp. gp. The only record in the literature of parasitism of H.humilis is 

given by :rackauer and Hei (1965) in Denmark who identified the parasite as 

A.pasouorum,Ilarsholl  (= A-avenae Hal.). This species only attacked. H.humilis 

at Silwood very rarely. Four aspects of the biology of A.urticae. will be 

discussed initially, since they affect the impact of the parasite on the 

aphid population. 

Sampling aphids from January onwards in 1974 showed that A.urticae overwinters 

in a state of hibernal quiescence. Thus as soon as conditions are favourable, 

development of the parasite resumes (unlike diapause). This is the commonest 

form of overwintering for the Aphidiidae in temperate climates (Stary, 1970). 

Despite numerous observations that parasites survive the winter in their 
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cocoons (Rothschild, 1963; Hafez, 1961; Stary, 1964a,1966).A.urticae over-

wintered as larvae in living apterous viviparae, developing gradually within 

itshostwhenever conditions were favourable. There was evidence of aestivation 

within the mumnly during July and August when host numbers were very low but 

it did not occur in all cases, and much of the non-emergence of mummies in 

Hay can be assigned to prematuration mortality. Arthur (1944) recorded 

14.4 mortality in Aphidius avenae. 

Data from 1974 on percentage parasitism of the different instars shows 

that instars three and four were attacked preferentially, although all instars 

with the possible exception of the first were sometimes attacked. Aphidius 

avenae prefers instars two and three (Arthur, 1945) and Praon exoletum 

(Ness.) prefers instars three and four, but attacks all instars except the 

first (Schlinger and Hall, 1960). 

There was evidence of movement of parasitised aphids away from the 

original site of parasitisation before mummification. Z.Iummies were found on 

grass species other than Dactylis when Dactylis was not dominant in an area 

and there was an unusually high proportion of mummified aphids at the base 

of the leaf where few healthy aphids are found. A similar change of behaviour 

before mummification has been recorded for some Cinara species (Stary, 1970) 

when parasitised aphids leave the colony. Such behaviour reduces the likeli-

hood of superparasitism and by reducing the density may affect self regulatory 

mechanisms of aphids, such as alate production. This would result in a 

higher host field density available to the emerging parasite. The activities 

of predators are known to affect aphid self regulatory mechanisms (Bonnemaison, 

1948). 

Aphidius urticae is arrhentokous, as are most of the Aphidiidae. The 

most interesting feature of the sex ratios recorded was the consistent 

difference between the sex ratio of parasites emerging from mummies taken in 

the field (1:1) and those emerging from aphids taken alive from the field 

and reared through in the laboratory, when there was invariably a preponderance 



- 140 - 

of females. It is difficult to tell whether the differential mortality was 

taking place in the field or in the laboratory; certainly no examples of 

this phenomenon in the Aphidiidae could be found in the literature. The 

sex ratio of most aphidlids reared from mumlaies from the field has either 

been about 1:1 (e.g. Schlinger et al, 1960) or shown a slight preponderance 

of females (e.g. Hafez, 1961). 

The two main methods of measuring percentage parasitism gave different 

but equally valuable information. Apart from enabling hyperparasitism to 

be assessed, collection of adult mummies in the field gave an indication of 

when mortality from parasitism became a factor in the population dynamics 

of the aphids. Quiescent larvae may reduce the reproductive rate of aphids 

if temperatures are above the aphids' threshold for reproduction, but they 

are not acting as a direct mortality factor. Percentage parasitism by both 

methods in all three years increased markedly in May at the time when the 

host population was at its peak. In 1973 when the aphid population level 

was much lower, there was a similarly lower level of parasitism than in the 

other two years. The delayed density dependence (Varley, 1953) apparent 

when percentage parasitism by Method I was plotted against host density is 

largely an artefact caused by aestivation and mortality of the parasites, 

and the decline in aphid fecundity. However, delayed density dependence 

is also evident when Method II is used, although the time lag is much 

shortei_. 

Por examination of the causes and impact of the delayed density dependence 

detected, the terminology of Hassell (1966) is used, although it is difficult 

to define intergeneration relationships since the generations of neither 

host nor parasite are discrete. The overall behavioural response of parasites 

to their hosts may be comprised of either an individual response to variations 

in host density, or an aggregative response by the adult parasites, or both. 

Individual responses cannot be measured in the field and the sticlw traps 

were not sensitive enough to detect any aggregative response. However attempts 

were made to measure the overall behavioural response in 1972. The evidence 



..... 141 

was inconclusive but there was some suggestion of a subproportional response 

to regions of high host density. The main reason for the increase in 

percentage parasitism was a numerical increase in the parasite population in 

:lay as shaven by the sticky trap catches. Empty mummies were found in the 

field in 1974 from April onwards, as the overwintering parasites emerged. 

These attacked the aphids in late April and early ':ray, giving rise to a 

second generation in late May and early June. 

The impact of parasitism was considerable in 1974.   since by the end of 

May, when the aphid population was at its peak, nearly 50,ro of fourth instars 

were parasitised, of which about half would have become mummified before 

reaching the adult stage. Of the adult apterae nearly 7q5 were parasitised, 

which means that of the aphids reaching the fourth instar about 8Z would be 

killed before they could reproduce to anything approaching their full potential. 

Such a mortality rate was clearly a major factor in the population crash at 

the beginning of June, in conjunction with nutritional factors and self-regu- 

latory mechanisms. Data on parasitism for 1972 and 1973 is less detailed 

but the percentage parasitism in 1972 indicates.a similar mortality prior 

to reproduction as was found in 1974, and even in 1973 54k: of adult apterae 

were parasitised by the beginning of June. There was little evidence in 1972 

or 1973 of an increase in parasitism again as the host population rose in 

September, but the numbers of aphids were still very low and parasites 

might have helped to maintain this situation. Evidence from other research 

of parasites having a significant impact on aphid populations is scarce, 

partly because of inadeouate data, but one example is given by van den Bosch 

et al (19(;6) of Aphidius smithi Sharma and Subba Rao controlling populations 

of Acyrthosiohon pisura (Harris). A. smithi is highly selective only attacking 

Is..TASUM, and A.urticae is similarly specific (see Section 'V). 

Of the hyperparasites, Asaphes species were only common in 1972 when the 

density of mummified aphids was exceptionally high. Species of Charipinae 

however were present in all three years, which suggests that the threshold 
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host density at which Alloxy-sta and Phaenoglyphis species can operate is 

lower than that for Asaphes species. Some pririoxy parasites are known to be 

rendered ineffective in controlling their hosts by hyperparasites (e.g. Dia-

eretiella rapae Curtis in the Netherlands - Hafez, 1961) but others are 

little affected (e.g. Aphidius nigripes Ashmead. - Shands et al, 1965). The 

incidence of hyperparasitism of A.urticae varied considerably from year to 

year. In 1972 it could have affected the control of H.humilis by A.urticae  

since 205 of the mummies were hyperparasitised by the end of :lay, but this 

seems unlikely. By June, over 50.c, of mummies had been attacked, but by then 

the aphid population was already at a very low level. In 1973 and 1974 

the rate of hyperparasitism was much lower and not recorded until June. 

Thus generally hyperparasites aid not reduce the impact of A.urticae on 

H.humilis. 

Predators. 

Specifically aphidophagous predators were absent until the beginning of 

June, and even then numbers were low in all three years. Zrrphid ova were 

found at the end of ray with larvae reaching a peak in mid-June. They appeared 

to be 'mopping up' the remnants of the population, rather than having a 

significant regulatory effect on it, and may also have been feeding on 

on M.fragariae and D.muehlei. The time lag displayed by predators has been 

commented on several times in the literature (van Emden, 1966a; Way, 1967). 

In 1973 there was a second generation of syrphids, with ova laid in August, 

and larvae present in August and September. With populations of H.humilis  

still low, they probably had more impact on numbers at this time of year. 

Of particular interest is the species composition of the syrphidae - 

mainly Kelanostoma spp. with some Platychirus and Sphaerophoria spp. The 

former two genera, and the latter to a lesser extent, are classified by 

Chandler (1968) as phytozetic, for which the plant stimuli are more important 

for oviposition. Chandler (1966) suggests that the readiness of P.celtatus  

ileigen to lay eggs in the absence of aphids could be of relevance to control 
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programmes, since it may .oviposit in advance of the aphid population build-up, 

but this was not the case with syrphid predation on H.humilis. 

Virtually no predation by coccinellid or chrysopid larvae was recorded, 

probably because at the main time of adult activity over the area, aphid 

populations per unit area of grassland were very low. The significance of 

generalised predators is more difficult to assess, and will be reexamined_ 

in Section (IV). The spider Ero cambridgei Kulczynshi was the only such 

predator positively identified attacking H.humilis, although :nocturnal 

predation by staphylinid larvae was suspected in June. 

Hodek et al(1972) have proposed that different threshold aphid densities 

are required to induce oviposition by aphid. predators and parasites; the 

Aphiddidae and Aphelinidae probably oviposit in response to lower aphid 

densities than most predators, followed by coccinellids, syrphids and.  

Chrysopa spp. This work shows that the p1rtozetic Syrphidae will oviposit 

at lower prey densities than the Coccinellidae. 

Pathogens. 

Two conditions are necessary for the outbreak of a natural epizootic 

in aphid populations: humid conditions and a high aphid density (Hagen and 

van den Bosch, 1968). At the end of :lay in both 1972 and 1974 rainfall was 

very low, and in 1973 aphid density was low. The only aphids killed. by 

Entomophthora spp. were in 1974, and then in very low numbers and mainly 

alatae. Pathogens were thus an insignificant mortality factor over the 

three year period of the study. 

(Vi) Conclusions. 

The basic population trends through the year were largely deterained by 

nutritional factors. Prevailing temperature conditions governed the winter 

survival rate, and the rate of increase in spring. The population crash in 

June resulted from the cumulative effects of the decline in food quality, 

self-regulatory mechanisms and the natural enemies. The relative importance 

of these factors in the final crash will be assessed in Section (IV) using 
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time-specific life tables. The natural enefaies probably prevented_ a major 

resurgence of the aphid population in the autumn as food_ quality again 

improved. 
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SECTION III POPULATION OYNAICS 	CER7;AL APHIDS. _ 

A. 'Introduction and rethods. 

1. Literature Review. 

Only a brief review of the-more important papers will be given here as 

more specific points are to be 'discussed in the relevant sections. In 

Britain, Jones (1972) trapped cereal aphids in emergence cages over cereal 

crops from mid-June to the end of July between 1964 and 1971. Colonization 

occured in May and June, with alatae appearing at the end of June and in 

.July. The emergence of parasites, mainly Aphidius spp., was generally 

found to reach a peak about a week after the peak of alatae. Hyperparasites 

were comon in some years as were both specialised and generalised predators. 

Weather conditions affected cereal aphid populations particularly during 

periods of ±imnigration and emigration. Jones suggests that a major factor . 

in the poulation c namics of the aphids is a high rate of 4yperparasitism 

which reduces the primary parasites so enabling a rapid increase in-aphid 

populations the following year. 

Dean and Luuring (1970) studied the distribution of aphids in cereal 

crops near Harpenden. racrosiphum spp. and retopolophium dirhodum appeared 

in mid-June and were more common than R.padi, which was first found in late 

7.:ay. Aphids were most abundant during the second half of July, and decreased 

in early August. Dean (1971) found that heavy mortality of both M.avenae  

and U.dirhodum in the second half of July was caused by three species of 

Entomophthora. Parasitism of cereal. aphids in Hertfordshire has been found_ 

to range between 10 and 5C (Dean, 1974b), generally reaching a peak in July. 

Hyperparasitism increased from about 307J in early June to 540 in August. 

July populations of aphids were primarily reduced by syrphid larvae, especially 

S.balteatus (Deg.). Potts and Vickerman (1974) found parasitism was generally 

low in ;lest Sussex, reaching a peak of 10 in 1971. They stressed the 

importance of generalised predators in reducing cereal aphid numbers. 
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Considerable work has been carried out on cereal aphids in Finland 

since large losses of barley occurred in 1959 due to infestations of R.Paai 

(Eanervo, 1960). M.avenao and I`Ldirhodum are less important as cereal pests 

Warhulla and c.yllymaki, 1963). A significant negative correlation was 

found by Rautapaa (1972)between the numbers of coccinellid larvae and the 

population growth of R.padi under natural conditions, but no correlation was 

found between the numbers of adult coccinellids -and the numbers of Romai. 

- In North America, many papers have been published on insecticide control 

and catches in ; yellow water traps (e.g. Coon and Rinick, 1962; Pitre and 

Shaunak,. 1971), but little. detailed ecological work has been carried out. 

Adams and Drew (1961;., 1965, 1969) found R.paai, M.avenae and R.maidis in 

decreasing order of abundance in New Brunswick. Over five years infestations 

ranged from less than one to 250 aphids per tiller. 7Ihen the cereal reached 

the panicle stage there was an abrupt decline in the population cause& by 

alate emigration. In 1.1.nitoba, :Ialyk and Robinson (1971)-  found that castas-

trophic losses occurred when there was heavy rain and strong wind, and that 

the stage of plant growth greatly influenced the nu:ribers- of aphids. In 

South America, wheat in Chile is attacked by M.dirhodum,;,  MacrosiPhum sDP., 

R.padi,-S.graminum and R.maidis in decreasing order of abundance (Apablaza and 

Tisca, 1973). Immigration occurred during SepteMber while the plants were 

tillering, and the population peaked by the end of October when the plants 

were heading; the_ population had crashed. by the end of November. Population 

reduction was caused mainly by Entomophthora aphidis and by the increasing 

natural dessication of the plants, although coccinellid and syrphia larvae 

had some effect. 

Ito (1960) in Japan studied habitat segregation among the cereal aphids 

Rhopalosiphum maidis ('itch) M.granarium Kirby (= 	 Tak.) and 

R. prunifoliae Fitch. An imported factor maintaining the population equilibrium 
of aphids on the plant was the dispersal of apterae before the saturation 

densitv on individual tillers was reached. Otake (1958) explained the low rate • 
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of groWth of M.-miscanthi :on rice by proposing that the repn3ductive rate was 

reduced by the aphids spending much of the time moving around. Although 

he could 	no correlation between percentage parasitism and Host density. 

per quadrat, he did demonstrate a delayed density response by the parasites 

to the aphids. R.maidis is the main _species on barley in India and Bhatia 

et al (1973) found the main factors in the population dynamics to be tempera.; 

tore, humidity, parasites and predators. 

2. Aims of Cereal Field Work. 

The aims of the field work on cereal aphias were necessarily limited, 

since peak populations were reached in June when most of the available time - 

for field work was being allocated to study of the decline of H.himilis. 

Moreover, as has been shown, considerably more work has been carried out by 

other ecologists on the main cereal aphid species than on the grassland aphids. 

The aims were therefore restricted to monitoring the population trends, 

identifying the major mortality factors and investigating in more detail 

the precise species composition of the natural enemies for comparison with 

those active in the grassland. Thus an area of spring sown barley adjacent to 

the grassland was sampled in each of the three years (1972-0. In addition, 

since our knowledge of the overwintering of cereal aphids is very - sparse, a 

nearby area of self-sown barley was sampled in January, 1972. 

3. Location and Description of Samplinc Areas. 

(a) Self-sown Barlelr. 

The. barley sampled in January 1972 (Proctor variety) was situated in 

Hill Field, Silwood Park, Berks., with the main grassland plot along its 

northern boundary. The area measured 105 x 36 ra (3780 m2). This barley 

had been sown the previous spring and had. regrown 'after harvesting in August; 

the field was not ploughed until March. To the west was another region of 

grassland with Holcus spp. dominant, but with some Pestuca near the edge. 



- 148 - 

(b) Spring-sown Darla. 

The spring-sown barley was to the west of the main grassland study area 

in a plot measuring 76 x 22 m (1672 m2) (fig. 50). The barley (Proctor 

variety) was sown in rows 7" apart; the sowing dates for 1972-4 were March 

20th, March 13th and ?.:arch 29th respectively. Some damage was caused by 

rabbits in 1972, but this was prevented in later years by erection of a wire 

fence; pigeons were partially deterred by the use of bird scarers. The two 

major factors affecting the yield of the crop were the fertility of the soil 

and competition with weeds. 

The fertility of the soil varied considerably within the plot, and in 

one. small area near the top of the slope. the soil was very heavy and proved 

unsuitable for the growth of barley. Plants there were very stunted in 1972, 

and consequently in 1973 on April 3rd nitrogen pellets were applied. However 

no better results were obtained in the worst affected area, whereas the plants 

at the bottora of the slope grew very tall with the additional nitrogen. As 

a result heavy rain on July 6th and July 14th/15th caused moderate to severe 

lodging. Nitrogen pellets were not applied in 1974. 

The problem of low fertility was aggravated by the abundance of weeds, 

since they were able to compete euccessfulizr with the barley when the latter. 

was growing poorly. The main species was Spergula arvensis  L. (Corn Spurrey). 

Selective herbicides for the control of dicotyledons in the crop were not 

used since it is extremely difficult to control Spergula with herbicides 

and also the literature on the effects of herbicides on cereal aphids is 

conflicting. Rautapaa (1972b) reported a reduction in the total biomass 

of M.avenae after application of Dinoseb, whilst Adams and Drew (1965) 

found that 2,4-D-Amine resulted in increased populations, apparently because 

of high selective mortality of coccinellid larvae. Thus control of weeds 

was confined to hand= hoeing for removal of Spergula with limited success. 



- 349- 

4- Sampling Ilethods. 

(a) Stratification. 

The barley plot in Hill Field sampled. in January, 1972 was divided into 

35 subplots. 

The spring sown barley was also situated on a slope and since soil 

fertility varied so much, it was essential to divide the area into stibplots. 

The stratification adopted, is shown in fig. 50. Subplot 14 was the one in 

which the barley was most seriously affected by low fertility anti competition 

with Spervla. Although the edges of the field (5 m) were sampled separately, 

the plot was so small that the whole field. could be regarded as 'edge' 

in relation to modern agricultural practice. 

(b) Plant Growth and Aphid Populations. 

Aphid populations in January 1972 were very low and the barley very 

patchy, so a sampling unit of one square metre was chosen. The quadrat was 

positioned ranaoh3 r in each subplot by means of random number tables and one 

sample was taken from each of the 35 subaots. The barley was cut down and 

removed to the laboratory for sorting as for the grassland samples. 

The rows of spring-sown barley were clearly discernible. Dean (1974b) 

used a 0.3 m row length of cereal as the sampling unit; for this work two 

adjacent 0.3 m lengths were used (equivalent to an area of 0.105 m2). One 

sample was taken randomly from each of the 15 subplots. The method used for 

sampling was identical to that for the grassland, with the barley being 

carefully cut in the field, transferred to large polythene bags and kept 

at 2.5°C for sorting in the laboratory. In 1972, fresh weight, dry weight and 

the number of tillers of barley were recorded, but in 1973 and 1974 only the 

dry weight was determined. Instar determinations of the aphids Mavenae  

and M.dirhodum were made using antennal characteristics— 

In 1973, a time-specific sampling method was attempted (5 rains/subplot), 

but proved inappropriate for following the population trends of several 
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Fig. 50.  Barley plot, Silwooa Par_c. 
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species of aphids living on different parts of the plant. It did however 

provide live aphids for determination of percentage parasitism by Method II 

(see below). 

(c) Natural Enemies. 

(i) Parasites. 

Mummified aphids found in the field in January 1972 were recorded and 

reared through at 15°C, but no aphids were kept alive to determine percentage 

parasitism. 

Percentage parasitism of aphids on the spring-sown barley was determined 

by two methods, as described for the 'grassland aphids in Section II (p. 4.1). 

Method I was used for both Macrosinhum and Eetopolophium species from 1972-4, 

but there were not always enough aphids present in the quadrat samples to 

obtain a reliable estimate by Method II. The M.avenae taken in the time-

specific samples in 1973 were used for an estimate by the latter method. 

(ii) Predators. 

Active predators in the ouadrat samples were counted, and samples of 

the syrphid and staphylinid larvae identified by rearing them through on 

cereal a-:hids to the adult stage. Aerial predators and parasites were 

sampled. by two sticky traps and four water traps in positions shown in fig. 

50. The traps were of the same design and set at the same height as those 

previously described. 

(iii) Pathogens. 

Any aphids found in the field attacked by Entomophthora were recorded, 

but samples of aphids were not kept alive in the laboratory for more accurate 

estimates. 

(d) Interactions between the Grassland and Cereal. 

The data in 1972 showed that some of the same species of parasites and 

predators were active in both areas so evidence was sought in 1973 of 

movement between the two areas. Indirect means were initially adopted 

using water and sticky traps for directional trapping between the grassland 
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and barley. Catches on the grassland and cereal sides of the five sticky 

traps were counted separately as were the contents of the compartments of 

the baffled water trap between the areas. A suction trap was operated in 

the position shown in fig. 50 to obtain an estimate of the aerial populations 

of the cereal and grassland aphid parasites at a height of 1.2 m. This trap 

was of the standard 18 inch propellor enclosed-cone type (Johnson and Taylor, 

1955). 

It had been hoped in 1974 to measure the degree of interaction of 

parasites between the two areas by using trace elements as internal biological 

markers in the aphids (Lascene et al, 1972), which would then have been 

passed on to the adult parasites. Bennet (1972) however, demonstrated 

phytotoxic effects and careful consideration of the difficulties involved, 

bearing in mind the questionable existence of any interactions, led to the 

decision not to attempt the internal marking of aphid populations. Instead, 

two sticky traps and one water trap were maintained between the two areas 

in 1974, and syrphids feeding at flowers in the grassland were also sampled. 

B. Results. 

Winter Sampling, 1972. 

1. Botanical Data. 

The relevant botanical data concerning the barley sampled on January 

17th, 1972 is shown in Table 15. All the plants were in the two to four leaf 

stage of growth. 

2. Aphid Poonlations and their Parasites. 

(a) Aphid Populations. 

Three species of aphids were found on the barley. In order of decreasing 

abundance they were Lavenae, 11.dirhodum and at  pall. The mean numbers per 

m2 are shown in Table 16. 1:.avenae was the most abundant and most regularly 

distributed species. The instar distribution of this species is shown in 
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Table 15. Botanical data, barley January-  1972. 

No. plants/m2  

Dry wt (g) %m2 

Height (cm) 

Dry wt.  (g)/tiller 

Mean 

	

4..09 	0.21 

	

9.25 	0.70 

	

11.42 	0.68 

0.02 

Table 16. Species composition and 	-.Table 17. Instar distribution of  

population density of 	 11.avenae. 

Cereal aphids, Jan 1972. 

Species 	Mean Yo/m2 	S.E. 	I-III IV ap IV al Ap 	Al 

11.avenae 	22.23 	3.17 	663 	37 	16 	43 	16  

::%dirhodum 	5.17 	1.84 	53 	59 
.. 

R.nadi 	0.86 	0.33 	IV al 	-- 	Al 

	

- 30/  . 	- 	= 27-4'J 
IV 	Adult 	' 

Table 18. Species composition of nrimary parasites  from 'field' raut.nies, 

Species 	or 	Total 

A.uzbechistanicus 	7 	11 	18 

A.avenae 	1 	3 	4 

A.ervi 	1 	1 

Praon sp. 	1 	1 

24 



Table 17. It was reproducing despite the time of year and alatae were being 

produced. The high proportion of adult alatae on the plants suggests that 

they were remaining on the plants for some time. 

(b) Parasites. 

A total of 40 mummified aphids (nearly all Macrosiphum spp.) were found 

in the 35 m2  sampled,from which 24 primary and 14 secondary parasites emerged. 

The species composition of the primary parasites is shown in Table 18. 

Aphidius uzbeckistanicus Luzhetski was the commonest species followed by 

A.avenae. Sweep-netting through the barley on 17/1/72 caught a number of 

adult female parasites (A.uzbeckistanicus), showing that the parasites were 

active at that time of year. 

The commonest hyperparasites were Asaphes spp. (8 A-vulgaris, 3 

A.suspensas). A single male .1212Aut,2271Ipi emerged together with two 

unidentified Alloxysta sp. 

Determination of percentage parasitism by :Sethod I gives a figure of 

38;' for M.avenae. Of the mummies in the field, 37.35 had been hyperparasitised. 

3. Predators. 

The only predators found in the 35 square metres sampled were a syrphid 

larva and a carabid larva. The species were not identified. 

Spring-so n Bar.s12._L.9 2-4 . 

1. Botanical Data 1972-L1-. 

The growth of the spring-sown barley is shown in fig. 51A. In 1972 

and 1974 the rates of increase in dry weight per 2 x 0.3 m row lengths of 

barley were almost identical but in 1973 the addition of nitrogen resulted 

in an increased dry weight during May and June. Heavy rain in July 1973 

damaged the crop resulting in the lower peak dry weight in that month. 

The increase in dry weight per 2 x 0.3 in row lengths does not accurately 

reflect the growth of individual tillers, which is more gradual during May 
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Fi,7. 51.  Gro.7tli of Barley, 1972-4. 
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(fig. 51B). This is explained by fig. 51C. During ray the barley tillered 

vigorously with over 100 stems per 2. x 0.3 m row lengths, although not all 

of these survived and from June onwards the number stabilized at about 75 

until harvesting in August. 

The heads of the barley were fully formed. by early July, by which time 

many of the leaves were beginning to die back; attack by mildew (E.graminis) 

hastened this process. In the areas where the barley was most severely 

affected by competition with Sperr;u1a)  (subplots 13 and 10 the leaves of 

the barley remained green until late July, with flowering retarded. In 

1973 the areas affected by lodging were subplots3 8, 9 and 10, and where 

the barley had been completely flattened new tillers grew from the bases of 

the old plants. 

Frequent weeds other than Sper 	recorded in the barley were Po2;7gonum 

Eersicaria  L., P.convolvulus L., Raphanus sativus  L., Sinapis arvensis  L., 

Cirsum spp., Avena fatua L., and Lolium perenne L. 

2. Aphids and their Parasites and Pathogens. 

1972 

(a) Aphids. 

(i) Field. Population Levels. 

The mean numbers of aphids per 2 x 0.3 in row lengths are shown in fig. 

52. Both Metopolophium and Eacrosiphum alatae invaded. the barley during 

the second week of ':;ay, with M.dirhodum, reaching a peak at the end of June, 

and M.avenae peaking in mid-July. Population levels were very low; in June 

the mean number of 11.dirhodum per tiller was only about 0.2, far below 

the economic threshold. Very few R.padi were recorded, the majority being 

in mid-June. 

(ii) Instar Distributions. 

The instar distributions of Ii.dirhodum and M.avenae are shown in fig. 53. 

Alatae and younger instars of /1.avenae were present in May with signs of a 

decreasing proportion of younger instars from June to August, and an increased 
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53.  Instar. distributions of cereal aphids, 1972. 
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proportion of adult aptorae in August. NO such trend was apparent with 

11.dirhodUm. Fourth. instar alatae of M.dirhodum were found. from mid-June 

reaching 50-6Z by the end of the month; fourth instar alatae of 11.avenae 

were found from late June reaching a similar percentage by mid-July. 

The data from the Rothamsted suction trap at Silwooa is shown in fig. 54- 

There was a single peak of Mirhodum in mid-July when alatae Were being 

produced on the barley, but no evidence of an earlier peak of alatae moving 

from the Winter to the summer host, possibly because numbers were too low 

to be detected. M.avenae was caught in low numbers through May with a small . 

peak in June and a very large peak of alatae at the end of July, coinciding 

with alate production on the barley. The pattern for 11.padi was markedly 

different with a small increase in numbers trapped in July, but a larger 

peak in the late autumn, with a high percentage of males. 

(b) Parasites and their Impact. 

(i) Introduction. 

The species composition of parasites found in 1972 was as follows: 

Primary parasites  

IGIEUTUI.:0EDIDEA 	Braconiaae, Aphidi.inae 

Aphidius uzbechistanicus Luzhetski 

Aphidius avenae  

A. 	ervi  

Praon sp. 

Secondary Parasites  

CYNPOIDEA - Cynipidae, Charipinae 

Allo:zysta vitrix  

A. 	macrophedra 

Alloxysta sp. 

PROCTOTRUPOIDEA - Ceraphrontidae 

Dendrocerus sp. 
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Fier. 54.  12.2 m suction trap catches of elate. cereal aphids, 1972. 
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CHALCIDOIDBA Pteromalidae 

Asaphes sagIanaa  

• Coruna clavata  

Parasite murnies of M.dirhodv-1 were found in the field from May 26th 

and of r:.avenae from June 2nd (fig. 55A). More rommified 14.dirhodum were 

found than 71.avenae but the numbers did not increase -as aphid populations 

increase. 

(ii) Primary Parasites - abundance and sex ratio. 

The numbers of primary parasites emerging from field mummies reached 

a peak in early June. The spedies composition through the year is shown in 

Table 19. There was no change in the species composition through June, ana 

the relative abundance of the species attacking M.airhodum and M.avenae was 

• remarkably similar. A.uzbeckistanicus, was the commonest species, followed 

by A.avenae, A.ervi and Praon sp. The overall sex ratio of emerging 

A.uzbeckistanicus from both host species showed. a predominance of females, 

whereas both A.avenae and A.ervi showed a preponderance of males. 

(iii) Secondary Parasites - abundance and sex ratio. 

All hyperparasites recorded were from Anhidius mummies. Those emerging.  

from mummifiedli.dirhodum were rare until the end of June/beginning of July. 

In June single female Coruna clavata emerged as well as single Dendrocerus  

sp. and Asaphes suspensusp.  Only one hyperparasite was recorded from mummified 

M.avenae, a female A.macrophedra in June. 

(iv) Percentage Parasitism. 

Parasitism of M.dirhodum estimated by Method. I dropped from a high level 

in May to about 30 in June, increasing again slightly at the beginning of 

July (fig. 55B). Parasitism estimated by Method II dropped during the first 

half of June but increased again to 	at the end of the month. 

The highest levels of parasitism of M.avenae were recorded at the 

beginning of June after which the rate declined with a slight increase again 

in July. 
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Fig. 55.  Parasitism of cereal aphids, 1972. 
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Table 19. Species eo:apositionand sex ratio - of primary p_arasites, barley, 1972. 

M. di rho &Ira. ii.avenae 

A.usbeck.  A.avenae A.ervi Praon sp. 

cr 	cr 	d 

2 

2 2 	1 1 2 

3 
	1 

1 	1 

10 9 	5 4  2 0 

19 	9 	9 

A.usbeck. A.avenae A.ervi 

e 

1 

1 3 1 

1 

1 

1 	-6  

7 

a 	e 9 

1 2 1 1 

3 	2 

Date 

'Field' 
Mum* ies: 

26/5 

2/6 

.9/6 

16/6 

26/6 

7/7 

Totals 

'Lab reared' 
Mammies: 

2 

1 2 1 

1 	1 

1 5 3 1 

1 

1 	1 1 

0 0 3 
	

5 
	

1 0 0 0 1 2 1 

2/6 

9/6 

16/6 

26/6 

Totals 

Grand. 
Totals 

0 12 6 	0 	2 1 

15 10 31 2 3 
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Plotting percentage parasitism against the nuriber of aphids on a log 

scale did not shoW clearly any delayed density dependence except possibly 

for M.dirhodum ("Illethod II) (fig. 56). 

(c) Pathogens. 

Aphids killed by Entomophthora were found in late June and July. This 

mortality is expressed as the proportion of killed aphids to the sun of 

adults and dead aphids in Table 20. 1Ldirhodum was generally more affected 

than 1Lavenae. 

Table 20. Mortality from Entomophthora, 1972. 

Date 	 5 Mortality 

14dirhodum M.avenae 

26/6 ' 16 9 

7/7 5 7 

17/7 9 

1973 

(a) Aphids  

(i) Field Population Levels. 

The mean numberz of aphids per 2 x 0.3 m row lengths of barley are shown 

in fig. 57. As in 1972, the main species in decreasing order of abundance 
MD 

were Mdirhodum, M.avenae and R-padi. M.dirhodum reached higher levels than 

in the previous year, and M:.avenae was less common, but the latter may be 

an artefact resulting from less frequent sampling than in 1972. It is however 

clear that the populations of both species declined earlier, in the second 

half of June instead of during July. 

(ii) Instar Distributions. 

The instar distributions of H.dirhodum and ::.avenae are shown in fig. 58. 

Invasion by }J.dirhoduin took place in early May, with only alatae and younger 

instars present. The proportion of instars I-III varied between 50 and 75 

during May and June, with alate production reaching a peak at the end of 
June as in 1972. The instar distribution of M.avenae was unusual in that 
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'c'17. 56. Fercenta3e imrasitica of cereal aphids in relation to 

log aphid density. 
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Fig. 58.  Instar iistributions of cereal aphids, 1973. 
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no fourth instar alatae were recorded. 

The numbers of cereal aphids caught in the suction trap are shown in 

fig. 59. Peak numbers of both 11.avenae and L,airhodum were caught in the 

last weeks of June in contrast to 1972 when the peak numbers recorded were 

in the third week of July.. This corresponds exactly to the much earlier 

decline of cereal aphid populations in the field in 1973. Compared to the 

previous year, numbers of R.padi were lower in the summer but higher in 

the autumn, again with many males being trapped. 

(b) Parasites and their Impact. 

(i) Introduction. 

In addition to the species of primary parasites found in 1972, an 

:Ephedrus sp. (Aphidiinae) and Aphelinus abdomdmatus  (Aphelinidae) were also 

recorded. Additional species of hyperparasites were Asaphes vulgaris  

(Fteromalidae) and firtogaster vulgaris (Encyrtidae) but A.macrophedra and 

C.clavata were not recorded. 

liummies of M.dirhodum were found in the field from the end of May and 

of M,avenae  from mid-June (fig. 60.1). 

(ii) Primary Parasites - abundance and sex ratio. 

The species composition of primary parasites through June and July 

is shown in Table 21. Few parasites were reared from M.dirhodum, but those 

that were, A.avenae was more frequent than A.uzbeckistanicus, in contrast 

to the previous year. The species composition of parasites attacking 

Mavenae was similar to that in 1972, with A.uzbeckistanicus, A.avenae  

and A.ervi  present in decreasing order of abundance. 

The field mummies taken in the time-specific samples were not separated 

into aphid species. The relative numbers of emerging primary parasites 

were as follows: 

A.uzbeckistanicus - 9 (z. males, 5 females) 

A. avenae 	- 19 (8 males, 11 females) 

A.ervi 	- 2 (2 males) 

Ephedrus sp. 	- 2 



- 169 - 

Fig. 59.  12.2 in suction trap catches of alate cereal aphids, 1973. 
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Fig. 60.  Parasitism of cereal aphids, 1973. 
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Table 21. Snecles composition an  sex ratio of primary parasite, barlev:  1973. 

31. avenae Date 	M.airhodum 

ramie s 

usbeck 

28/5 3 

13/6 

29/6 

12/7 

25/7 

3 1 

Totals 4 

'Lab rearea' 

0 1 

Totals 

;rand. 
Totals 	5 

2/6 

7/6 

13/6 

17/6 

24/6 

29/6 

0 0 0 

Praon 

2 

2 0 

0 

1 

7 

10 22 

A.  
uzbec,z: 

2 5 

3 

5 6 

39 

A. 
avenae 

1 

5 

13 

3 g 

1 

1 1 

2 

15 

3 

A. 
ervi 

0 0 

1 

0 

Praon 
sD. 
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0 1 
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The majority of these mummies were of ILdirhodum, and the predominance 

of M.avenae over A.uzbeckistanicus supports other data and indicates that 

this species was more important in 1973 as a parasite of TA.dirhodum. 

The overall sex ratio of A.uzbeckistanicus and A.avenae showed a prepond- 

erance of females, but more males of A.ervi were recorded. 

(iii) Secondary Parasites - abundance and sex ratio. 

Asaphes species were the commonest }rperparasites emerging from M.avenae  

and M.dirhodum mummies taken in the row samples in June and July, with a 

single Dendrocerus sp. and a male and female A.vitrix emerging in June. 

Dendrocerus sp. was more common emerging from M.avenae mummies taken in the 

time specific samples in July, with only a few Asaphes spp. 

(iv) Percentage Parasitism. 

As a result of the sudden drop of aphid populations in the second half 

of June, insufficient data was gathered on parasitism during that month. 

Parasitism of M.dirhodum declined from the end of May to mid--June but increased 

again towards the end of June (fig. 60B). Parasitism of M.avenae, as estimated 

by Method I, increased through June, but this is an artefact caused by an 

accumulation of hyperparasitised, dead and diapausing parasite mummies. 

Method II showed a gradual decline in 5 parasitism of this species from early 

June as in 1972. 

(v) Percentage Hyperparasitism. 

About 3C of M.dirhodum mummies were hyperparasitised by late June; 

numbers of mummified M.avenae found in the field were too low for a confident 

estimate, but in July a high proportion of the mummies taken in the time 

specific samples were hyperparasitised by Dendrocerus sp. By this time 

there were virtually no aphids remaining in the field. 

(vi) Adult Parasite Populations. 

The aerial populations of Aphidius spp. are shown in fig. 61. The sticky 

traps are the most accurate indicators of activity over the barley and show 

clear peaks of A.uzbeckistanicusat the beginning and end of June. A.avenae  

were taken in lower numbers at the end of June and beginning of July, with a 



4 

N
O

S.
  T

R
A

P
P

E
D

 

— 173 - 

4 

4 

4 

_miae on ic. 	 h/a  water traps in barley, 1973. 

A.uzbeckistanicus A.avenae 

. 	. 

A.ervi 

_Sticky 

- 

traps(2) 

= 
.. 

0 di 
MI g. 

. 

i n 
Water traps 

V 

19 
IV 

FT-  Ti n n- 
III 

_'L1  

., mr 

. . - 	. 	• J 	Jy 	M 	Jy J I Jy 



- -174 - 

single A.ervi in mid-June. The-water traps round the edges of the barley 

also showed a peak of A.uzbeCkistanicus in late June. The sticky traps and 

' water trap IV were not in operation until June 4th, but water traps I-III 

showed considerable parasite activity during 'flay. Presumably kohidius adults 

were invading the barley at this time, since no evidence was found of 

immigrating alatae being already parasitised. 

(c) Pathogens. 

No aphids killed'by Entomophthora were recorded in 1973. In 1972, such 

pathogens were only important at the end of June and during July; in 1973 

populations had already crashed by this time. 

1974. 

(a) Aphids  

(i) Field Population Levels. 

The mean numbers of aphids per 2 x 0.3 m row length of barley are shown 

in fig. 62. The relative number of the different aphid species were the same 

as in previous years, although all three species were more abundant during 

May and the first part of June. The low sampling frequency during June 

resulted in no information being available on the numbers of aphids in the 

third week of June in either 1973 or 1974.. In both years however populations 

crashed before the end of that month in contrast to 1972. 

(ii) Instar Distributions. 

The instar distributions of M.dirhodum and M.avenae are shown in fig. 63. 

Those of M..dirhodum were very similar to the 1973 data, with the proportion 

of instars I-III varying between 50 and TV. The proportion of younger 

instars was higher in M.avenae (generally 70-8570). Fourth instar alatae 

of M.dirhodum were recorded in June but none was found of M.avenae. 

As in 1973 the peak numbers of alatae of M.dirhodum and Lavenae caught 

in the suction trap were in the last week of June (fig. 64). limbers of 

alate 1.avenae were much higher than the previous year, corresponding with 
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. 12.2 in suction trap catches of alate cereal aphids, 197/4-. 
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the higher field populations, but there was no such relationship for 

M.dirhodum. The picture for R.radi was different from previous years with 

the May/June peak higher than the one in September/October. 

(b) Parasites and their Impact. 

(i) Introduction. 

The same species of primary parasites were recorded as in 1973, but the 

only hyperparasites were Allczysta 	A.macrophedra and A.circumscripta. 

ZIUmmies of 11.1irhodum and M. avenge were found from May 20th onwards, with 

considerably more in late May and early June than in previous years (fig. 65A). 

(ii) Primo4Ey Parasites - abundance and sex ratio. 

The species composition of emerging primary parasites in May and June 

is shown.  in Table 22. As in 1972, A.uzbeckistanicus was the commonest 

species attacking M.dirhodum_, followed by A.avenae, A.ervi and Praon. 

Fewer parasites were reared from M.avenae?  with A.uzbeckistanicus and 

A.avenae present in eoual numbers. Both these species showed a preponderance 

of females (575 and 585 respectively). 

The overall rercentage composition of parasites attacking M.dirhodum 

and.M.avenae for all three years of the study is shown in Table 23. 

Table 23. Species composition of parasites attacking_the cereal 

aphids, 1972-4- 

Aphid species 	Parasite Species Composition 

A.uzbeckistanicus A.avenae 	A.ervi 	Praon sp. 

21.dirhodum 	65 	25 	7 	3 

II. avenge 	61 	31 	6 	2 

There were no significant differences between the relative proportions 

of parasite species attacking the two aphid species. The overall sex ratios 

of the Aphidiinae for all three years were alD calculated. A.uzbeckistanicus 

showed a clear preponderance of females (60), though this was less marked 

in A.avenae_ (5%). 	showed a preponderance of males. 
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Pig. o5.  Parasitism of cereal a -I:Lids, 1972.r. 
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Table 22. Sj)ecies cora-position and sex ratio ofi__2varasites, barleys  1974-, 

Date 

'yield' 
MTIMie, : 

11.•airboclum 

A. Praon 
ervi sp. 

cr 	011 9 cr 9 di  

M.avenae  

Ephedrus  
=beck avenae ervi 	so. 

cr 	cr 2 cr9 	e 

A. 
usbecik avenge  

Totals 

4 4 

5 14- 

6 2 

15 20 

35 

2 4. 

1 2 3 

2 3 

1 1 1 

6 10 4' 0 0 0 

16 	4 	0 

1 

2 2 1 0 1 0 1 

3. 	I 	3. 

20/5 

27/5 

10/6 

25/6 

1 3 

1 

1 Li- 

5 

'Lab rearta' 
flumnies: 

8/5 	2 

13/5 	4 3 

20/5 	17 13 

27/5 	16 18 

10/6 	5 12 

42 4-8 

Totals 	90 

1 

1 3 

3 5 	2 

3 6 

9 14 2 

25 	7 	1 	6 

5 0 1 1 5 

1 

3. 	11- 4 3 

4 3 0 1 

7 	1 

0 0 

Grand. 
Totals 	125 141 11 1 11 11 9 1 
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(iii) Seconlary_pf.rasites - abundance and sex ratio. 

Itrperparasites were very scarce, and all those recorded were female 

Alloyvsta species in late May and early June. 

(iv) Percentage Parasitism. 

Parasitism of M.dirhodum followed similar trends to previous years 

with a high rate in mid-MAT, declining at the beginning of June as aphid 

populations increased (fig. 65B). The percentage parasitism of Lavenae  

(Method I) also declined sharply from mid-May to June. There was no delayed 

density dependent response to the high aphid populations in mid-June. 

(v) Adult Parasite Populations. 

As in the previous year, the adult population of A.usbeckistanicus, 

as sampled by sticky traps, reached peak levels at the beginning and end 

of June (fig. 66). The earlier peak was not reflected by catches in water 

trap I. A.avenae was commonest in early July by both trapping techniques, 

with A.ervi only taken on the sticky traps. 

(c) Pathogens. 

Only 11 aphids killed by Entomophthora were found in late June and 

July; five were alatae. 

3. Predators. 

1972 

ayrphid ova were found on the barley leaves in the first half of June, 

with larvae reaching a peak at the end of June/beginning of July (fig. 57). 

Species identified by rearing the larvae through to the adults were 

Platychirus21matus Mg., Velanostoma mellinum and Sphaerophoria scrirta. 

Staphylinid larvae were also common on the barley, especially during July 

when the syrphid larvae were beginning to pupate. They were observed_ to 

feed on aphids in the field, and were reared through on them in the laboratory. 

The adult beetles were identified as........91TeLporussLhsomelinus and T.solutus. 

No coccinellid or chrysopid larvae were recorded. 
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Fig. 66.  A7-)hi,iiidae on 3tieky ana water trc,ps in b3rle-y, 1974. 
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Fig. 67. Aphid pre~~tors in barley, 1972-4. 
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As in the previous year, syrphicl ova were found a.t the begimling of 

June (fig. 67)) ana. in much larger numbers than in 1972. 1:Ia.ny larvae were 

present through ,June, 'with pupae present in JuJ.y. The species of qy-rphidae 

founa. were the same as in the previous year, with the addition of Platvchirus ... 

albirnanus Fab. 

The data for 13/6/73 was &!a~sed to deterL~ine if the proportion of 

syrphid ova in each sample of the total ova found was dependent on either 

the n~~ber of aphids or the fresh weight of barley per individual sample. 

No significant correlations were found. However a regression ana~ysis of 

the proportion of larvae in each sample to the total number of larvae ~ound 

. compared with, the number of aphids in each sample proved to be significant 

(p.( 0.001) (fig. 68). Thus although the ova were not laid preferential1¥ 

in regions of high aphid densi ty, the larvae did aggregate in such areas. 

staphylinid larvae \yere again COnIDlOn e specially during July. The 

species present were the same as in the previous year. Small ntunbers of 

carabid larvae were also found fro~ inid-July onwards, but the species were 

not identified.. 

Ve~ few aphidozctic s,yrphidae were caught on the sticl~ traps, but 

there were peaks of ~nostoma and. Platy.,.£hirus species in late ?J.ay/early 

June (fig. 69) at the time when ova were found. on the barley. Both these 

genera were again trapped in late July and. August as were Sphaerophoria 

species, reflecting the emergence of adults from pupae in the barley. The 

numbers of Syrphidae taken in 'water traps II-IV round the edges of the barley 

are shown in fig. 70. Numbers of aphidozetic species (which did not OViposit 

in the cereals) peaked in earJy },fay, late June and. August. The plvtozetic 

Ple:o/chirus spp. were caught in lTay and June and again in August, with 

Melanostomf! and. ~~~rophoria spp. o~ taken in late JuJ.y and. August. 

Although no aphidophagous coccinellid larvae were found in the barley, 

both stic~ and water trap catches (figs. 69 and 71) showed that the adults 

were active over the crop. P. 14-punctata was the commonest, followed by 
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Fig. 68.  Aggregation of vrphid larvae in regions of high prey density. 
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Fig. 69.  Anhia loreaators on sticky traps in barley, 1973. 



:b"'ig. 70. Syrphiclae in VIO-ter traps in 'barley, 1973. 
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A. 2-punctata and C. 7-punctata. Adult Cantharidae, although especially 

common in June and July, were not seen to predate the cereal aphids. 

1974- 

Syrphid ova were found at the end of may/beginning of June, again in 

large numbers, with larvae present in June. Syrphidae were more abundant 

in both 1973 and 1974 than in 1972, and were present earlier in June than in 

the first year of the study. In 1974, most syrphids were identified as 

P.albtaanus, although the species found in previous years were also recorded. 

anhutam.s larvae were again found on the aerial parts of the barley. 

The sticky traps (fig. 72) showed activity by Platychirus and Melanostoma  

in May, with Platychirus slightly more common than Melanostoma in contrast 

to 1973. The two female Platychirus sp. trapped were both P.albinanus. 

Adult Coccinellidae were active over the barley with C. 7-punctata the 

commonest, followed by P. 14-nunctata and A. 2-punctata. Adult Chrvsopa  

carnea were caught in May with Cantharidae active in June. 

4. Interactions between the  Grassland and Cereal. 

(a) Aphids 1972-4.. 

There was no evidence in 1972 or 1973 of any of the cereal aphids 

overwintering on the grassland, and migrating to the cereal in May. The 

aphid densities per m2  in the grassland and cereal are shown in fig. 73. 

In 1972 and 1973 the only species of aphid found in any numbers in both 

cereal and grassland, M.fragariae, was not found in the grassland until the 

beginning of June. Invasion of both areas was by alate aphids, and even 

then M.avenae was far commoner than M.fragariae on the barley. In 1974, 

sampling in the grassland was confined to the leaves of Dactvlis. Although 

a very few Mirhodum and M.avenae were taken in April numbers were far too 

low to provide a source of alatae to colonize the barley. 
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Fig„. 72.  Aphid predators on sticky traps in barley, 1974. 
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Fig. 73. Populo.tiol1. densi ties/m2 of grassland. and cereal aphio.G, 1972-4. 
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(b) Natural Enemies. 

(i) Relative abundance of Pre Hosts, 1972-4. 

The relative abundance through time of.the grassland and cereal aphids 

of importance when considering patterns of movement of parasites and 

predators. The aphid density per unit area in 1972 in the grassland had 

two main peaks, one in late May and another in late July (fig. 73). The 

former consisted of H.humilia and the latter largely of D.muehlei. When 

numbers were at their lowest in late June, nearly all the aphids present 

were M.fragariae on the Dactylis flower heads. The pattern in 1973 was 

similar, although aphid densities were much lower; in 1974. only the first 

peak was recorded, since sampling ceased in.  July. In all three years cereal 

aphid populations in June were increasing as the aphid density in the 

grassland was declining, and crashed before the populations of grassland 

aphids again increased. 

Although aphid numbers per unit ground area is a reasonable way of 

expressing aphid density, the numbers per unit plant area are likely to be 

more indicative of apparent density to searching parasites and predators. 

Some correlation may be expected between dry weight and surface area, albeit 

very approximate, and thus in fig. 74 the numbers of aphids per 100 g plant 

material are shown. When expressed in this way, similar trends are apparent, 

although the population increases in May and June are not so sharp because 

the amount of plant material was also increasing at this time. 

(ii) Parasites and Hyperparasites. 

1972 

The species found in both areas were as follows: 

Primary Parasites: 

A avenae  

A.uzbeckistanicus? 

Secondary Parasites: 

Alloxysta  vitrix 

ues  sus-22Eaus 



Fig. 74.  Population densities/100 .g dry Trt plants of grassland and 

cereal aphids, 1972-4. 
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Only those parasites identified to the species level have been listed. 

In the grassland only one specimen of A.avenae  was reared (from H.humilis) 

and that not until early June, whereas A.avenae was already parasitising 

M.dirhodum on the barley by late May. Parasites closely resembling 

A.uzbeckistanicus, the commonest species in the cereals, were recorded from 

11.fragariae on 22nIzlia  at the end of June, and these may have spread from 

the cereals. There was certainly no evidence of the grassland aphids acting 

as a reservoir for the primary parasites of the cereal aphids. 

The hyperparasite A.vitrix was not common in the grassland but some 

were reared from H.humilis at the end of May and during June. A.vitrix 

was recorded fromlLairhodum at the end of June, so some of the grassland 

population may have moved to the barley. Similarly A. suspensus was recorded 

from H.humilis during June and from Mdirhoaumat the beginning of July, 

so there is some circumstantial evidence for the grassland aphids acting as 

a reservoir for hyperparasites in 1972. 

1973 

The species found in both areas were as follows: 

Primary parasites: 

A.avenae 

Aphelinus abdominatus 

Secondary Parasites: 

As in 1972, A.avenae was recorded from both H.humilis and the cereal 

aphids. Again though they were not reared from H.humilis until June and 

then in very low numbers. Fig. 75 AIMS the 1.2 m suction trap catches of 

A.avenae from the beginning of May; none was caught until early June, nor 

were any taken until June in water trap I. However the sticicy traps between 

the grassland and barley did detect some adult A.avenae in April and May 

(fig. 76). (All were caught on the barley sides of the traps but the traps 

are unlikely to be directional for such small insects.) A single adult 



-199- 

Fig. 75., Aphiaiidae in suction trap, 1973. 
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Fig. 70.  Aphicliiaae on barley and grassland sides of water and 

sticky traps, 1973. 

5 

10 

10 

10 

10 

cc 

0 
Z 

10 

10 

10 

_ 	. 
A ervi 

B 

G 

••.... 	Lick, 

_ 
B: 	Barley side 
G: 	Grassland side 

C:=3 di 
ED 2. 

mn M, 

.A.avenge . . 	• 	• 
. 

o19-1 

G . 

A uzbeckistanicus 

B 

n--,-T-11 Fl 	1-1-1 	r 

G 

A urticae  

r1 I 

. 

..- 
. 

—mrn n-I 1 l 

• .. 	.,,, r, 
A 
	

M 
	

J 
	

Jy 
	

I  Jy 



- 201 - 

A.avenae was recorded on a sticky trap in the grassland during May (fig. 28). 

There is thus some evidence of A.avenae being present in the grassland before 

the cereal aphid population increase, but it was not recorded parasitising 

the aphids there at that time. It was however reared from H.humilis in low 

numbers at the end of July/beginning of August after the crash of the cereal 

aphids, suggesting movement from the barley to the grassland. 

Aphelinus abdominatus was not common in either area, with a single 

specimen emerging from a mummified M.avenae found in early June, and three 

being recorded from H.humilis at the same time of year. 

hyperparasites were much less common in the grassland in 1973, with no 

Asa;hes spp. being recorded. Despite this both A.vulgaris and .A.suspensus 

were reared from cereal aphids, which makes it unlikely that the grassland 

was the source of these hyperparasites in 1972. Alloxysta vitrix parasitised 

cereal aphid mummies in June but was not recorded from M.fragariae in the 

grassland until late June, nor from H.humilis until August. There was thus 

no evidence of any interaction of hyperparasites between the grassland and 

barley ih 1973. 

1974 

The species found in both areas were as follows: 

Primary Parasites: 

A.avenae  

Secondary Parasites: 

Alloxysta vitrix  

As in previous years, A.avenae was reared from cereal aphids from mid-May, 

but in 1974 one was also recorded from H.humilis in May. Thus A.avenae  

does occasionally parasitise the grassland aphids before the cereal aphid 

build up. It was not trapped between the barley and grassland before June 

(fig. 77) but a single female was caught on a grassland sticky trap in 

May (fig. 66). 
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Only one species of hyperparasite was definitely recorded from both 

areas, A.vitrix; it was bred from H.humilis from mid-May to mid-June, and 

from M.avenae at the end of Nay. It is thus possible, as in 1972, that the 

grassland was acting as a reservoir for this species. 

(iii) Predators. 

1972 

Syrphid ova were found in the grassland in late May, and in the barley 

slightly later in early June. M.mellinum was the only species recorded from 

the grassland, and was an important species on the barley. Syrphid larvae 

were more abundant in the barley than in the grassland. There was evidence 

of a second generation in the grassland. 

1973 

Syrphid ova were found in both grassland and barley in early June. The 

same species, M.mellinum, S.scripta and P.albimanus, were recorded in both 

areas, but many more ova and larvae were found in the barley than in the 

grassland. Fig. 78 shows that slightly more Melanostoma and Platychirus  

species were caught on the grassland sides of the sticky traps up till mid-

June, which suggests a net movement of syrphids from the grassland to the 

barley at that time of year. There was a second generation in the grassland 

with ova being found in late July/early August. Fig. 78 shows clearly that 

more Platychirus, Sphaerophoria and especially Melanostoma spp. were caught 

on the barley sides of the boundary sticky traps in early August indicating 

a movement of the phytozetic Syrphidae from the barley to the grassland 

for the second generation. 

Although coccinellii larvae were insignificant as predators in both 

cereals and grassland, the grassland could have been acting as an important 

overwintering refuge for the adults of some species. The very low numbers of 

adults found during March and April amongst the litter, and the results 

shown in fig. 79 of coccinellid catches on sticky traps do not support this 

hypothesis. All the coccinellids caught in April and May were on the barley 
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Q,Trphidae on barley and gi-assland sides of sticky traps, 1973. 

Syrpht*spp  
4 

A 	 ‘ly 



205 — 
Fip. 79.  Coecinelliaae on barley and ::1-2,sslana sides of sticky traps, 1973. 
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sides of the traps. 

1974. 

Syrphid ova were found in the cereals during late Nay/early June and 

in the grassland in early June. They were of the same species as those 

found previously. Fig. 80 shows the aphid predators caught on the boundary 

sticky traps, but numbers of syrphids were too low for any valid conclusions. 

However adult Syrphidae caught feeding on the flowers of Anthriscus sylvestris 

during May in the grassland were of the species P.clypeatus and P.albimanus, 

both of which were cereal aphid predators. 

C. Discussion. 

1. Review of Aphid:Population Characteristics. 

In all three years invasion of the barley by Macrosiphum and Metopolophium 

spp. commenced in the second week of Nay. In 1972, numbers increased. through-

out May and early June, with 11.dirhodum peaking in late June and I!. avenae  

in early July. In 1973 and 1974 populations of both species peaked in mid-

June and crashed before the end of that month. M.dirhodum was generally more 

common than M.avenae  . R.padi was present in much lower numbers, invading 

in late Nay/early June and reaching maximum numbers in June. The peak aphid 

densities recorded at Silwood. Park are shown in Table 24• for comparison 

with the results of other workers. 

Deam (1974.b) in Hertfordshire did not detect aphids in the field until 

late Nay in 1970, after which numbers of M.dirhodum peaked at about 400/0.5 m 

row length in mid-July,. with M.avenae peaking at about 40/0.3 m row length 

at the end of July. In 1971 maximum densities of 40-50/0.5 m row lengths 

were reached by both species in mid-July. Potts and Vickerman (1974) 

recorded about 1300 M.dirhodum/m2  in early July. Reference to Table 24 shows 

that the peak densities reached by cereal aphids at Silwood were substantially 

lower than those found in Hertfordshire and West Sussex, and the populations 

crashed earlier, especially in 1973 and 1974. 
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Fig. 80.  kohia preaators on barley ana „yrasslana siaes of sticky traps, 1974. 
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Table 24. Peak er-real aphid densities at S1lwood,barley, 1972-4.. 

rf.dirhodum  11.avenae 

/m2  /0.3m /r.q2  /0.3m 0 /M- /0.3n 
1972 121 6.8 110 5.8 

1973 215 11.3 90 4.8 

1974. 518 27.2 190 9.9 0- 1.3 

Table 25. Numbers of alatae (April-mid-June) and population 

' densities (70.3m) in mid-June at Harpenden 

(1970-1) and Silwood (1972-4). 

yElia M. dirhodum II.avenae R. path 
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The numbers of cereal aphid alatae taken in 12 taluttion traps at 

Harpenden and Silwood up till mid-June are shown in Table 25. Generally 

more 21.dirhodum  and M.avenae alatae were taken at Silwood (1972-4) than at 

Harpenden (1970, 1971). Although this is clearly not reflected in higher 

peak field densities at Silwood, the mid-June aphid densities at Silwood were 

all much higher than those at Harpenden at that time. Clearly the factors 

responsible for the lower population densities reached at Silwood were 

operating primarily after mid-June. 

The results in Table 25 also show that the number of alatae of 

III.d±rhodum and N.avenae recorded in the suction trap at Silwood by mid-June 

from year to year appear to be related to the species' population density 

reached by that time in the field. There was however no relationship within 

each year between the aerial populations of the different species and their 

mid-June relative densities in the field; 11.dirhodum generally had the lowest 

aerial population yet increased the most rapidly in the field to become the 

commonest species by mid-June. 

Few trends were apparent in the instar distribution of Il.dirhodum, 

with instars I-III generally making up 55-75 of the population, dropping 

below this level by the beginning of July in 1973 and 1974. Alatae were 

first produced in mid-June and by the end of that month in 1972 and 1973 

about 60 of the fourth instar aphids were future alatae. Instars 

made up a higher proportion of the population of M.avenae  (70-9Z) with 

fourth instar alatae recording only in 1972. 

2. Determination of Aphid Hunibers. 

(a) Introduction. 

The population dynamics of cereal aphids will be discussed in three 

parts: the overwintering populations and invasion of the barley; factors 

controlling populations on the barley; and the interactions with the nearby 

area of grassland. 
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(b) Overwintering Populations and Invasion. 

Although R.padi and N.dirhodum may overwinter as eggs on their winter 

hosts and M.avenae as eggs on grasses, all three species can overwinter 

viviparously (Edwards and Heath, 1964). Viviparae have been found on winter 

cereals in the west of Britain (G.Dean, pers. comm.) and the presence of 

populations on the barley at Silwood in January 1972 shows that they can 

survive well into the winter on cereals in relatively exposed situations. 

11.avenae was the most abundant species with Y...dirhodum and R.padi less common. 

This agrees with Dean's (1974a) finding that H.avenae viviparae had the 

highest winter survival rate followed by ILdirhodum and R.padi. 

If a large proportion of the population overwinters as viviparae, one 

might expect some correlation between the number of alatae in the spring and 

winter climatic conditions, in particular the number of night frosts between 

January and April (Hurst, 1969). No such relationship was found., but more 

were caught in 1973 and 1974 when the law mean temperature was higher than 

in 1972. The activity of parasites in the winter will also affect the 

number of alate aphids produced in the spring. 

Given a certain aerial alate population, the evidence of a relationship 

. from year to year between the numbers of alatae of a species and its 

population density in the barley by mid-June does conflict with the work of 

Dean (197111) and Potts and Vickerman (1974). However Way and Cannel (1973) 

thave demonstrated such a relationship for A.fabae over a number of years. 

The higher numbers of 1!.dirhodum in the field compared to H. avenae, despite 

lower aerial populations, can be explained by the former's greater intrinsic 

rate of increase on barley (Dean, 1974c). The failure of R.padi to increase 

on cereals in Britain, despite large aerial populations, has been noted by 

other authors in recent years (e.g. Dean, 1971; Potts and Vickerman, 1974), 

although high field populations of this species have been recorded in 1975 

in many ports of the country (K.George, pers. comm.). Clearly more research 

needs to be carried out on the population dynamics of R.padi. 
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In conclusion, spring temperatures appeared to be a more important 

factor affecting the numbers of alatae migrating to the cereals than winter 

climatic conditions. The number of immigrant alatae in late May/early June 

partially determined the field infestation level up to mid-June, but then 

other factors were more important in determining the peak levels reached. 

(c) Populations on Barley. 

(i) Climatic ?actors. 

Temperature was not a major factor affecting the peak levels reached 

by the aphid populations during this study. May and June mean temperatures 

were markedly higher in 1973 than in 1974, yet populations, especially of 

11:.dirhodum, were higher in the latter year. 

There is however circumstantial evidence that rainfall was an important 

factor in the early decline of cereal aphids in 1973 and 1974. Cereal aphids 

live on the ears as well as on the upper surface of the leaves, and are thus 

more exposed than is H.humilis and Dactvlis. Malyk and Robinson (1971) 

recorded catastrophic losses wlan there was heavy rain and strong wind. 

Reference to fig. 4.9 shows that heavy rain fell on June 20th, 1973 and 

June 26th, 1974 ana in both years populations crashed at about this time. 

However, even in 1972, the rate of increase of both M. avenge and 11.dirhodum 

declined in late June/early July, so heavy rain was not the only factor. 

(ii) 7ooa Quality. 

There is evidence tIlat numbers of 71.dirhodum on cereals generally decline 

before those of H.avenae (e.g. Dean, 19741)) as was the case at Silwood in 

1972. This results from 77.dirhodum being restricted to the leaves of barley, 

the food qualit7 of which is likely,  to deteriorate after flowering, as was 

the case with Dactlis. M.avenae moves to the cars as they emerge, thus 

maintaining a nutritionally optimal feeding site and peaking later in the 

year. There was however little evidence at Silwood, even in 1972, of a 

decline in the reproductive rate of I.dirhodum as reelected in the instar 
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distribution, as the plant matured. Moreover populations of both .species 

declined rapidly in late June in 1973 and 1974 before deterioration in food 

quality could have become an important factor. Thus although changes in 

food quality may account for the basic population trends recorded by other 

workers, they were not an important factor at Silwood. 

(iii) Self-reula- vHechanisms. 

Fourth instar alatae of the cereal aphids made up 40-60% of the total 

fourth instars by late June/early July in 1972, but the proportion was much 

lower in 1973 and 1974. This was probably related to the much earlier 

population crash in the latter two years. Although a contributing factor in 

the decline in 1972, generally populations were depressed before self-

regulatory mechanisms could have a significant impact on population levels. 

(iv) Natural Enemies and Patho ens. 

Parasites. 

The three main species of primary parasites of both ILavenae and. 

Mairhoclum were, in order of abundance, Aphidiuz usbeckistanicus, A.avenae  

and A.ervi. These were the same species that Dean (1974b) reported as 

parasitising 11.dirhodum in Harpenden, but there, A.avenae was the most 

frequent (55;) followed by A.ervi (2670) and A.urticae (= A.uzbeckistanicus). 

(195). It is however unwise to compare relative species abundance between 

the two localities since at Harpenden populations of aphids lasted later 

into the summer. There was evidence from this study that A.avenae became 

relatively more common in late June/early July, by which time aphid populations 

at Silwood were very low. A.uzbeckistanicus is recorded by Stary (1973) 

as attacking all three of the main cereal aphids, but he only records 

A.avenae and A.ervi as parasites of Lasmalts2 spp. All the parasite species 

were polyphagous„ displaying no host preferences between the different host 

species. 

The sex ratios of these parasites may explain their relative abundance 

on the cereal aphids. A.uzbeckistanicus showed the greatest preponderance 

of females, enabling this species to be a more effective parasite. This 
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could result in a majority of males at a later date because of some of the 

females remaining unfertilized, and a consecuent decrease in effectiveness, 

but there was no clear evidence of this from the data. 

In all three years, the proportion of mummies from which no parasites 

emerged increased at the end of June. It is possible that some of these 

were going into diapause to emerge the following spring, but in this study 

many were found to be dead. Diapause of these species has been recorded 

by other authors (Stary, 1970) but the records of their activity in January 

indicate that it is not complete. 

Percentage parasitism was not clearly related to host density in 

contrast to the delayed density dependent response of A.urticae to H.humilis. 

The catches of A.uzbeckistanicus on the sticky traps did not show a marked 

numerical response, with the end of June peak only slightly higher than that 

at the end of 'ray. The timing of the peaks explains the low level of 

parasitism in mid-June since few adults were on the wing at this time. By 

late June/early July as the second generation of parasites was emerging, 

the populations of aphids had already crashed in 1973 and 1974. 

The importance of parasitism should not however be underestimate& since 

the highest rates (20-) Z) were recorded in late May when host populations 

were still very low. Hagen and van den Bosch (1968) emphasise the importance 

of parasitism when the host density is low, and cite the example of Trios 

comaanatus, freshly emerged from diapause, preventing spring outbreaks of 
••■■•■■• 

Therioalphis trifolii (van den Bosch et al, 1964). Parasitism probably 

reduced the rate of increase of both 11,dirhodum and 1Lavenae in. late "Lay/ 

early June but then the aphid populations 'escaped* control and it is unlikely 

that parasitism was a major factor in the eventual decline of cereal aphid 

populations. 

Ilyperparasites have been thought to be important by several workers on 

cereal aphids (e.g. Jones, 1972) but in this work hyperparasites were 
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uncommon until late June, and did not reduce the effectiveness of the primary 

parasites in that month. No evidence was found supporting the theory that 

heavy ijperparasitism in one year reduces the overwintering populations of 

primary parasites so enabling the rapid growth of aphid populations the 

following year. 

Predators. 

In 1973 and 1974 many syrphid ova were found in early June, and there is 

little doubt that the larvae were largely responsible for the crash of cereal 

aphid populations by the end of June, in combination with adverse weather 

conditions. Aggregation of syrphid larvae in regions of high aphid density 

was demonstrated in 1973. The density of syrphid larvae by mid-June, 1973 

was exceptionally high with about 170 larvae/m2  to only 320 aphids/m2. In 

1972 larval populations did not build up till early July, and the aphid 

populations in that year declined later. The lower mean May temperature 

in 1972 may have reduced_ syrphid activity in that month. Dean (1974.b) 

recorded ayrphidae as being the most important controlling factor in July, 

tut at Silwood oviposition in early June resulted in their becoming effective 

from mid-June onwards in 1973 and 1974. 

As in the grassland only phytozetic Sirpiddae were present; the absence 

of species such as S.balteatus and S.corollae, common in other localities 

(e.g. Potts and Vickerman, 1974.) in July can be explained by prey populations 

being too low to stimulate oviposition. Chandler's (1966) suggestion that the 

ability of phytozetic Syrphiaae to lay in advance of the aphid_ build-up 

could be of relevance to control programmes is clearly applicable to syrphid 

predation of cereal aphids at Silwood.. Davidson (1922) records the obser-

vation by Curran (in litt.) that the larvae of Yelanostoma obscurum Say, 

consumed both aphids and .decomposing Chickweed, and. Chapman (1905) mentioned 

that /1.mellinum took Tortrix larvae when deprived of aphids. The very high 

syrphid larval densities relative to the aphids suggests they could switch 

to alternative prey in July when aphids were scarce (see also Giara, 1896). 
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Populations of staphylinid larvae generally peaked later than the syrphid 

larvae, preventing any, resurgence of aphids in July. One of the species 

involved Tachyporus chrysomelinus, has been identified as a predator of the 

lettuce root aphid (pemphiplus bursarius L.) by Dunn (1960). Dicker (1944) 

found larvae of T.obtusus and T.hypnorum at a density of 30-50,000/acre 

preying on the strawberry aphid (110AlpkyaskagE4Le), but they made little 

impression on the aphid population, since the prey was 500 times more 

numerous, In the barley the density of larvae reached 200,000/acre in late 

June, 1973 when aphid populations were very low. Tachyporus larvae, as well 

as various other staphylinid and carabid larvae and adults, have been shown 

by serological techniques to be important cereal aphid predators in West 

Sussex (G.Potts, pers. comm.). 

Very few coccinellid or chrysopid larvae were found, indicating that, 

as in the grassland, the aphid population density lay between the threshold 

density for oviposition of phytozetic Wrphidae and Coccinellidae. 

Pathogens. 

Aphids attacked by Entorno,phthora were only found in any numbers in late 

June and July, but had little impact on the population, since by this time 

predators were more important. Gustafssaa(1969) and Bombosch (1963) considered 

that epizootics occur relatively late in the year because of the need for 

spore populations to build up first, but many authors (e.g. Dean, 1971; 

Hall and Dunn, 1955) consider humidity and aphid density to be the major 

factors. Had the humidity in -July, 1972 beenwery high, there might have 

been a major epizootic, but the lack of fungal attack before this time 

when aphid densities were higher may be explained by low fungal spore 

populations in the atmosphere before Jul,. 

(v) Conclusions.  

Although parasitism reduced the rate of increase in the early stages of 

population growth, predation by phytozetic syrphid larvae was the major 
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mortality factor in June; resurgence of aphid populations in July was 

prevented by high populations of generalised predators. Heavy rain in June 

1973 and 1974. was a contribut=y factor in the early population decline in 

those years. 

(d) Grassland Cereal Interactions. 

(i) Aphids. 

Although cereal aphid viviparae have been found on winter cereals, Dean 

(1974.a) considers it more usual for them to survive parthenogenetically in 

grass tussocks and hedgerows where they are sheltered from wind, rain and 

snow. However the area of grassland studied did not act as a reservoir for 

overwintering cereal aphids. It is necessary first to consider whether the 

grass species present in the area were suitable for the main cereal aphid 

species, since even in June when populations were increasing on the barley, 

few could be found on the grasses, Dean's (1973) experiments were inconclusive 

but did show that all three species of the commoner cereal aphids greatly 

prefered barley to any of the wild grasses. Yarkulla an& Roukka (1972) 

showed that the fecundity of Y.avenae was higher on Phleum pratense than on 

most. other Gramineae, but very low on the dominant species in the area, 

Dactylis glomerata. Since work on the taxonomy of the migrating alatae in 

spring has indicated that more than 5C of the population of R.-eadi in southern 

England overwinters as viviparae on grasses (E.George, pers. comm.), it is 

likely that the unfavourability of Dactylis was partially responsible for 

the lack of overwintering populations in the study area. This is discussed 

in,a broader context in Section VI. 

Although there are records of some species of cereal aphids reaching 

high populations on Gramineae in the spring (e.g. R.padi - Janson, 1959; 

Gair, 1953), there are many examples in the literature of the absence of aphid 

infestations on nearby grasses prior to the build-up of populations on the 

cereals. In Wisconsin, very few cereal aphids were found on grass hosts in 
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spring and early summer (Orlob and Medler, 1961) and Orlob (1961) could find 

no evidence for M.avenae overwintering in New Brunswick. Long distance 

migrations certainly occur in North America and Borner (1921) has proposed 

that 'fl-.dirhodum migrates from the continent across the North Sea to Britain, 

which could explain the higher field infestations recorded in the eastern 

counties.,. Clearly more research needs to be carried out on the overwintering 

of cereal aphids on Gramineae over a wide geographical area. 

(ii) Natural Enemies. 

The decline in the population of H.humilis at the end of May/beginning 

of June concurrent with the increase in cereal aphid. numbers creates an ideal 

situation for dispersal of natural enemies from the grassland to the cereal 

in June, and in the reverse direction in July. Very little is known of the 

dispersal of natural enemies when prey is scarce (71.0y, 19664. It is probaly 

influenced by the natural enemies' own density; as well as by the numbers of 

prey. This process would intensify as the numbers of prey decreased and the 

natural enemies were concentrated. If however they are to exploit other 

aphid populations, they must be sufficiently polyphagous and have the capability 

for dispersal. Parasites have been shown to be important factors in the 

population dynamics of both grassland and cereal aphids and will be considered 

first. 

Parasites. 

Two species of Aphidlidae were present in the grassland at about the 

tire of the cereal aphid invasion and increase, A.urticae and A.avenae. The 

former was restricted to H.humilis (see Section V) but A.avenae attacked 

both the grassland and cereal aphids, and was the second most important species 

in the cereal. However the grassland study area could not have been the only 

source of A.avenae since it was very unoummon there. Neither of the other 

two cereal aphid parasites (A.lubeckistanious and. A.ervi) were recorded from 

the grassland aphids prior to colonization of the cereals although a few 

M.fragariae mummies of these species may have overvrintered in the grassland. 
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In a similar study on the effects of uncultivated land on B.brassicae 

populations, van Emden (1965) failed to find any evidence of the aphids in 

the edgegrowth acting as a reservoir for Praon volucre. 

It seems probable that the sources of the parasites in the cereal covered 

a wide area. Although parasites have been recorded invading areas in 

parasitised alatae, there was no evidence for this in the barley and any 

diapausing mummies from the previous year would almost certainly have been 

killed by ploughing (StarY, 1970). Suction trap catches at Harpenden have 

shorn the presence of aerial parasite populations at a height of 12m from May 

onwards. One feature of parasitism of the cereal aphids was the almost 

immediate attack by parasites of the colonizing aphids when numbers were 

still low. The presence of an aerial population, augmented by local populations, 

would clearly facilitate this, although it does conflict with Stary's (1970) 

conclusion that dispersal via parasitised agate aphids is more rapid than 

dispersal of the adult parasites. 

Hyperparasites are generally less specific than primary parasites in 

their selection of hosts (::uesebeck and Dohanian, 1927) although Sekhar (1958) 

;;'lowed that Aphidius  testaceipes (Cresson) was preferred to Praon aguti  

(Smith) by LE.12.ptcheri (Crawford). The lack of any correlation between 

the grassland and cereal in the abundance of the different species from year 

to year, despite the presence of AE.212sa  spp. and ,k1loYysta vitrix in both 

areas, indicates that as for the primary parasites the origins of the 

hyperparasites were diverse. Large numbers of aphid hyperparasites have 

been caught in 12m suction traps (Dean, 19741)). This is not to say that the 

Grassland study area had no effect on the cereal hyperparasite populations, 

but rather triat it was but one source of a mobile aerial population. 

Predators. 

Phytozetic syrphid larvae were major predators in the cereal, and were 

also active in the grassland. Non-crop habitats have been found to affect 

rrphid predation in crops in two ways. Firstly, pollen is needed for 
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oogenesis before oviposition (Barlow, 1961) and non-crop habitats may provide 

a source. Secondly the syrphids may undergo the first generation in the 

non-crop habitat, migrating to the crop for the second generation (Bombosch, 

1965). 

As was explained in Section I, there are conflicting views on the value 

of flowering plants in the immediate vicinity of the crop. It is worth 

repeating Lyon's (1965) conclusion that flowers are likely to result in 

increased oviposition in the neighbouring areas when the syrphid species have 

weak flight and poor retention of eggs. This applies especially to Platychirus  

and nelanostoma spp., the adults of which were recorded feeding on Anthriscus  

in the grassland and neighbouring areas in rAy, and ovipositing in the barley 

in late nay/early June. The evidence,. although circumstantial, points to 

the abundance of flowers in surrounding habitats (not just the grassland 

study area) being partially responsible for the heavy oviposition by the 

phytozetic Syrphidae on the barley at Silwood. 

The first generation of adults oviposited in both the grassland and 

barley, and although at the time aphid populations were higher in the grass-

land, more ova were generally laid in the cereals, demonstrating the importance 

of plant factors. Thus the first generation occurred simultaneously on crop 

and non-crop, and it was the second generation which occurred only in the 

grassland, exploiting the late summer peak of aphids. Movement of adult 

gyrphias was detected from the barley to the grassland at this time. This 

is the reverse of the situation found by Bombosch (1963) but is of ecual 

importance since it provides a continuous supply of food for the syrphids 

without necessitating long distance migration. Although no overwintering 

larvae or adults were found in the grassland, they may well have been over-

looked. If so, it is likely hat they contributed to the spring population, 

and again oviposited preferentially on the barley. 

The other main predators in the barley were Tachyporus spp., the larvae 
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•of which-were common on the aerial parts of the barley in late June and July. 

buff (1966) has shown that T.chrysomelinus  is one of the commonest beetles 

in Dactylis grass tussocks at Silwood Park, and it seems probable that the 

grassland was a major source of the adult beetles which oviposited in the 

barley. Generalised nocturnal predators were probably also active in the 

grassland, and one of the aims of Section IV is to assess the impact of such 

predation on H.humilis.  
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SECTION IV. ANALYSIS OF H.HUIELIS POPULATION 

DYNAlaC S 19740  BY TIDE-SFECIFIC LIFE TABLES 

Introduction. 

As with other poikilothemic organisms, the rate of development of aphids 

is largely governed by temperature. Although the rates of increase of aphids 

can be determined in the laboratory at constant temperatures, they are 

difficult to apply directly in the field (Hughes, 1962). If however a 

physiological time scale is used, and a stable age distribution developes in 

the field population (see Section II), the Hughes life table approach may 

be adopted (Hughes, 1963). 

The physiological time scale is achieved by the integration of the 

number of degrees in successive time intervals which the organism experiences 

above its threshold temperature of development. Determination of the latter 

assumes a linear relationship between the rate of development and temperature, 

the threshold temperature being taken as that where the rate of development 

is zero. Although this relationship has been shown to be linear for many 

aphids up to between 25°C and 30°C, (Bodenheimer and Swirski, 1957), ,.. 

73adley (1956),% and Davidson (1944) concluded that a logistic curve provides a 

better fit, and Dean (197tio)found the inverse quadratic more appropriate. 

However, the error is unlikely to be large, provided the results at high 

temperatures are excluded, and a straight line relationship is assumed in 

this work for determination of the threshold temperature of development. 

A more valid .criticism of this techniaue is the differences between 

the rates of development of aphids at fluctuating temperatures about a mean 

and at constant temperatures. Messenger (1964a), working on Therioaphis 

maculates, found that rhythmically fluctuating temperatures stimulated more 

rapid development than constant temperatures. Moreover development proceeded 

to completion at lower temperatures. Siddiqui and Barlow (1973) showed that 

alternating temperatures resulted in higher intrinsic rates of increase for 

Acyrthosiphon pisum than constant temperatures. The difference was due to 
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slightly faster development and earlier attainment of maximum fecundity at 

alternating temperature. However, not all workers have found that fluctuating 

temperatures increase development rates (e.g. Clcuds2ey Thompson, 1953) and. 

Lamb (1961) has suggested that other factors (e.g. food quality) may be 

responsible for the differences. There is some evidence that at lower average 

temperature levels, growth is accelerated by fluctuating temperatures 

(Rubtzov, 1935; Stellwaag, 1940; Harries, 1943), at intermediate levels the 

rate of growth is about the same (Yozhanchikov, 1946; Iluunger and Cressman, 

1948), and at higher levels growth is retarded (Pradban, 1945; Kozhanchikoy, 

1946). 

It is also possible that the development threshold may vary with the 

time of year. Harpaz (1953) found that summer populations of aphids were more 

tolerant of high temperatures than spring or winter populations of the same 

species, and aphids might also be expected to adapt to low temperatures. This 

has been recorded for other insects (e.g. Blatella germanica Colhoun, 1954, 

1960). Bonnemaison (1951) did obtain different values for the development 

threshold through the year for Brevicoryne brassicae, but the winter threshold 

was higher than the summer one (8.0°C compared to 3.100. Bonnemaison 

ascribed this fluctuation to changes in the nutritive value of the host. 

Although these limitations must be borne in mind, the integration of 

day degrees using the development threshold has been applied successfully by 

some workers to further our understanding of aphid population dynamics 

(e.g. Hughes, 1963, 1972; Bonnemaison, .1951, ). 	The approach is therefore 

adopted in this study. 

The experimental laboratory data on the rate of development and fecundity 

of H.humilis,in relation to temperature is given in Part(l)of this section, 

after which it is discussed in relation to the results obtained by other 

workers for various aphid species, in particular the cereal aphids. In Part 

(2) the Hughes life table technique is applied to the 1974 field data, using 

the laboratory data in Part (1). 
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PART (1) TEE RESPONSS OF H.HwaLIs TO TE:PERATUPE 

A. Materials and Methods. 

Experiments were carried out in four constant temperature rooms operating 

at 11.5°C, 15°C, 20°C and 25°C. Lighting was provided by banks of fluorescent 

tubes on a 16h light/8h dark cycle. Relative humidity was not controlled, 

but generally ranged from about 50-70,%. The Dactylis leaves used were from 

potted plants taken from the field between February and May, before flowering 

commenced. Since Dactylis is - a perennial, use of potted seedling plants was 

considered too artificial, although standardisation would have been easier. 

The first rearing technique adopted was the leaf disc method used by 

Hughes and WOolcock (1965). Since discs cannot be cut from.Dactylis leaves, 

lengths of 1.5 cm were used and floated in 5 x 2.5 cm glass tubes on modified 

Houghland-Snyder nutrient solution. However, since the leaf portions were 

not circular, they were not held in the centre of the tube by surface tension. 

Moreover, the life of the leaves was short, and they did not lie flat on the 

surface of the solution. These problems were largely overcome by using 

sections of leaf L- cm long in apparatus similar to that described by Blackman 

(1965, 1967). Twelve rearing cells, plastic cylinders 2.5 cm diameter by 

1.2 cm high with the tops covered by nylon mesh, fitted into holes in the 

apparatus under which lay.b, strip of damp hotting paper._ Portions of leaf, 

14.J4.1ong, were positioned under each rearing cell. 

This apparatus was used at 150 and 200C to determine rate of growth, 

fecundity and longevity for about 20 aphids at each temperature.* The leaves 

were changed every week at 15°C and every four days at 20°C. Mortality of 

the immature stages was recorded only if it was clear that it did not result 

from handling when transferring the aphid to a new leaf, since aphids did 

riot always settle down readily after this nrocedure. 

Experiments on rate of growth, fecundity and longevity were also carried 

out at 11.5°, 15°, 200  and 25°C using leaf clip-on cages on potted Dactylis  
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plants (Adorns and van Emden, 1972). The cages were modified so they could 

be used on grass blades by covering one side with muslin and the other with 

cellulose acetate. Although the latter can be toxic to plants (i aramorosch, 

1952; Keickhefer and liedler, 1960; Chada, 1962), it was found that storage 

for long periods(greater than six months) with good air circulation eliminated 

the problem. The cage was moved to a new leaf about every seven days up to 

20°C, but every three days at 25°C. 

For all experiments, third instar aphids were taken from stock cultures, 

originally started from one viviparous aptera, maintained at low density at 

15°C. They were then reared through to the adult aperae at the temperature 

of the experiment, and the fourth or fifth larva produced used for the 

experiments since the first born larva is usually atypical (Dardie, 1969) 

The lengths of the nymphal development periods were determined by observations 

made at three-hourly intervals at 20 and 25°C, and at 6 hourly intervals 

at 11.5 and 15°C, except between 24..00 and 09.00 h. The exuvia were recorded 

and removed. Observations to determine fecundity were made at 12 hourly 

intervals (11.30 and 23.30). When larvae were produced,they were counted 

and removed. 

B. Results. 

1. Rate of Development. 

The mean duration in hours of each instar, and the total nymphal 

development periods are shown in Table 26. The developmental period decreased 

with increasing temperature. Of the first three instar, the first was generally 

the longest by about lor,, although the difference was less narked when aphids 

were onexci.3e, d leaves. The duration of the apterous fourth instar was 

markedly longer than the other three instars. Although apparently significant 

differences were obtained_ between the durations of individual instars on 

living andexcised leaves, there were no significant differences between the 

total nymphal development times at either 15°C (t = 0.324.) or 20°C (t = 1.667). 
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Table 26. Duration of instar periods of H.humilis. 

Temp 

leaf cages: 

11.5 

15.0 

20.0 

25.0 

17,1 +10.1 

82,-.1+5.7 

66.3+5.7 

50.5+5.1 

124.3+7.3 

71.4 +2.2 

53.,64$3;2 

44.1+6.9 

ITT 

127.2±11.5 

73 ±4.2 

53.2-1-5.2 

46.8±3.6 

IV ap 

153 ±?3.3 

105.8t1"1  

69.5±7.4 

63.3±5.4 

131217, EST. 
D.;;Y  

22.83 	4.38 

	

14.43 	6'493 

	

10.30 	9.70 

	

8.25 	12.12 

DITVELOPMENTAL PERIOD (HOURS)+S.E. 

T 
(D_:1-3)  

excised 
leaves 

15.0 

20.0 

	

86.7+4.5 	79.5±3.3 

	

51.9+3.5 	53.4+4.2 

79.9±.3.9 

57.24.1 

96.8+4.3 

66.9+5.0 

14.30 

9.83 

6.99 
10.18 

Development Period_ of IV al at 11.5°C = 220.8+S.E. 18.3h. 

Table 27. Development thresholds of individual instars of h.huniLis. 

    

Regression ern. 
y=rate of devpt 
x=temp. 

 

T(00) 

       

       

       

57.48 

II 	168.02 

III 	159.74 

IV ap 	22.08 

y=2.29x - 7.58 

y=2.62x - 9.68 

y=2.38x - 6.99 

y=1.68x - 1.47 

3.3 

3.7 

2.9 

0.9 



The aifferences 'between the individual instar development periods on living 

.andexcise,dleaves probably result from inaccuracies .caused by the lack of 

observations between 24.00 and 09.00. The duration of the fourth instar 

alate was only studied at 11.5°C, when it lasted significantly longer than 

the fourth instar aptera (t = 5.67, P< .001) by a factor of 1.4. 

The relationship between the total nymphal development period and 

temperature is shown in fig. 81, This relationship is hyperbolic, so that 

plotting the rate of development (5 per day) (Y) against temperature (M)  

produces a straight line: 

y = 0.58x - 1.87 

Substituting zero for y in this equation gives a development threshold of 

3.2°C. Linear regression analyses were also carried out on the rate of 

development against temperature for each instar (Table 27). The thresholds 

for the first three instars were about the same, but that for the fourth 

instar (apterous) was lower. 

Thermal constants for the different instars were calculated in day degrees 

from the formula K = D(t-k) where D = time in days, t = ambient mean temperature 

and k = threshold of development (for this purpose, calculated from overall 

rrjraphal development period). Although K for the first instar was slightly 

greater than for the second and third instar, they were assumed for practical 

purposes to be equal. The instar period was then calculated as 41 day degrees, 

compared to 50.9 day degrees for the apterous fourth instar, and 75.4 for 

the alate fourth instar. 

2. LonP.evit:L. 

Mortality of the nymphal stages was not recorded until 25°C, when 45r, 

of the nymphs died at the time of ecdysis. The mean total adult life span 

decreased with increasing temperature, as did the pre-reproductive period 

(Table 28). The adult life span at 20°C on excised leaves was apparently 

shorter than on living leaves, but this is thought to have been an artefact, 
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Fig. 81. Relationship between temperature and duration and rate of 

developifient for H.hu:41is.  
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Assuming a threshold of 3.2°C, the mean thermal constant for the apterous 

adult life span (11.5°, 15° and 20°C) was 372.9 day degrees and for the pre-

reproductive period, 9.5 day degrees. On the basis of 41 day degrees/instar 

period, the apterous adult life span was 9.1 instar periods, and the adult 

pre-reproductive period, 0.23 instar periods. The adult alate life span at 

11.500 was significantly shorted than the life span of the apterae at this 

temperature (t = 3.11, P < .01) and the pre-reproductive period was significantly 

longer (t = 3.37, P < .01). The mean age of apterous females at the commence-

ment of reproduction (0) was calculated as 4.48 instar periods, and the mean 

age at death (w) as 13.34 instar periods. 

Fecundity. 

The mean fecundity of H.humilis apterae (Table 28) reached a maximum • 

at 15°C (46.6) although the difference between mean fecundity at 15°G and 

11.500 was only significant at the 	level (t = 2.564) compared to a 

difference between 15°C and 20°C at the 0.1, level (t = 6.207). At 25°C, the 

adult aphids were very small and some died without reproducing, resulting in 

a very low mean fecundity (3.5). There were no significant differences 

between the fecundity es recorded on e::cisedana living leaves at either 15°  

or 20°C. The fecundity of alatae at 11.5°C was significantly lower than that 

of apterae at the same temperature (t = 9.0, P< •.Q01). 

Assuming a temperature threshold of 3.2°C, the-reproductive rate was 

tentatively estimated at 3.8 per instar period. 

4. Population  Growth Parameters. 

The data on aphids on exused leaves at 15°C and 20°C was used to 

construct life tables (Southwood, 1966) from the age-specific longevity 

(1x) and fecundity (mx). These are shown graphically in fig. 82. The 

following population growth statistics were calculated: 
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Table 28. Adult Life Span and fecundity of H.humilis 

(A - leaf ca,te- 	D 

Temp. (00) _ 	-re-reproductive 
period (days) 	' 

e-4..cised leave- 

Total A,qult life 
span (days) 

Pecunditu 2ate/bay 

11.5 1.01 + 0.22 45.7 ± 0.8 36.2 + 2.5 0.83 

15.0A 0.9 + 0.09 37.7 + 2.5 46.5 , 2.6 1.23 

15.03 0.9 + 0.08 37.3 + 2.3 46.6 + 2.7 1.25 

20.0A 0.63 + 0.07 21.9 + 0.7 22.3 + 2.4 1.02 

20.013 0.50 + 0.06 15.4 + 1.7 25.3 + 2.1 1.64 

25.0 0.51 -2- 0.05 6.8 + 1.3 3.5 + 1.1 0.51 

Alatae: 

11.5 1.0  + 0.86 34.1 ± 2.8 13.4 + 0.9 0.39 

Table 29. Population frowth statistics for E.humilis. 

Temp. (°c) 
	

ilo
'm 	 T (weeks) 

15 	4.7.6 	1.113 	3.03 	3.45 

20 	30.0 	25.4. 	1.644 	5.16 	1.97 
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32. Age-specific life tables for :r.hulail-ls at 15°C and. 20°C. 
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(i) Gross Reproductive Rate, G.R.R. (=Imx) 

(ii) Net Reproductive Rate, Ro 	•(= :Elxmx) 

the number of times a population will multiply per generation. 

(iii) Intrinsic rate of natural increase, rm  (estimated from 

7-r x  
Le. -9axmx  = e7  (Birch, 1948) by the graphical method of 

Southwood (1966 ). This is the instantaneous growth coefficent expressed 

when the population is growing in an unlimited environment and the age 

structure has become stable . 

(iv) Finite Rate of Increase, X (=e
rm

), the number of times the 

population increases per week. 

(v) The Generation Time, T (=loge  R0) , this is not easily expressed 
rm  

biologically (see Slobodkin, 1962, Laughlin, 1965). 

These parameters are shown in Table 29. Although both the Gross and Net 

Reproductive rates were higher at 15°C, the intrinsic rate of increase was 

higher at 20°C. Although the fecundity at this temperature is lover the 

faster rate of development more than compensates for this. Similarly the 

finite rate of increase was higher, and the generation time shorter at 20°C 

compared to 15°C. 

C. Discussion. 

1. Duration of Development. 

Over the range of temperatures used, increasing temperatures reduoed 

the total nymphal development period of H.humilis from 22.8 days at 11.5°C 

to 8.3 days at 25°C. It is unlikely that this relationship would have held 

above 25°C, since even at that temperature mortality was high, and adults 

were smaller than normal. Comparison with the results of Dean (197)4 for 

the three main species of cereal aphids (Table 30) shows that H.humilis 

developed more slowly at any given temperature than 11.dim if.avenae  

or R.yaai. The total duration of the immature instars of H.dirhodum increased 
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again above 20°C, as did that of M.avenae above 25°C. The fourth instar of 

H.humilis was the longest, with the duration of the alate fourth instar 

longer than that of the apterous. Similar results have been obtained for 

aphids by many other workers (e.g. Dean, 1974c; Hughes, 1963; Sharaf Eldin, 

1970; nacGillivray and Anderson, 1958). The first instar of H.humilis lasted 

slightly longer than instars II and III, and this is also true for the cereal 

aphids (Dean, 19740).  However, the error involved in assuming the first three 

instars to be of the same duration is unlikely to be large. 

2. Developmental Threshold. 

The overall threshold temperature of development of H.humilis was 3.2°C. 

Compared to the values obtained for many species of aphids, p.specially crop 

pests, this is a relatively low threshold (e.g. !!..persicae: 4.3°C 	Shacaf 

Eldin, 1970; 3.brassicae: 5°C - Hughes, 1963; A.fabae: 5.3°C - Rendell, 1973). 

However, Gilbert and Guitterez (1973) determined the threshold of flicrolophium 

maxima (Thinblebery aphid) to be 3.3°C, and Perrin (1974) estimated T for 

M.evansi to be -3.4°C. This latter figure was obtained by estimating the 

threshold of each instar over the range of temperatures 6-25°C, and taking 

the mean of the four thresholds obtained. However, the rate of development 

at 25°C diverges markedly from the linear relationship assumed for this 

calculation, and if the threshold is calculated from the rate of development 

(instars I-IV) at 6°, 12°C 15° and 20°C, a figure of -0.30°C is obtained 

(F = 168.1, y = .533x + .162) compared to -3.0°C (F = 50.4.6) and -5.1°C 

(F = 43.12) respectively when 25°C and 27°C are included. When the rate of 

development does diverge markely from linearity in relation to temperature 

near the upper asymptote, it is unwise to include it in the calculation of 

the threshold, since it will artificially depress the estimate. 

Dean (19746)(lescribed the relationship between the rate of development 

and temperature using the inverse quadratic, which allows for the unfavourable 

effects, of high temperatures beyond the upper asymptote. Dean's data on the 
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rate of development up to the upper asymptote has been used to estimate the 

thresholds of the cereal aphids, and these are shown in Table 31. It is 

clear that they are markedly lower than the threshold found for H.humilis. 

The lowest value was for 1!.avenae (-3.0°C), followed by Mirhodum (-1.4°C) 

and R.padi (2.7°C). It is significant that viviparae of all these species 

were found on barley in January, 1972 (see Section III), and that M.avenae  

was the commonest species, followed by M.dirhodum and R.Padi. 

Slightly higher values were obtained for the threshold temperatures of 

instars I--III of H.humilis compared to instar IV, which would mean that as 

the aphid nears naturity, development could proceed at rather lower temperatures 

This is in contrast to the results of Sharaf radin (1970) for M.persicae  

when the first instar had the lowest threshold (3.84°C) and also for :1.evansi 

(Perrin, 1974). However M.avenae and R.padi have the lowest threshold for 

instar IV (Table 31; Dean, 19749), as does A.urticata (Perrin, 1974). This 

aspect needs further research to see if any generalisations can be made about 

the relative thresholds of the different instars of aphids. 

3. Fecundity.  

The maximum fecunlit: of H.humilis was low (46.6) compared to many other 

species of aphids (e.g. 1.7acCillivray and Anderson, 1958). This may be an 

underestimate of the fecundity possible in the field, since it was determined 

on Dactvlis leaves before the grass flowered, and flowering of the grass 

probably results in an increase in the soluble nitrogen in the leaves for a 

short period of time (see Section II). The maximum fecundity of the cereal 

aphids on young barley plants is about 60 (Dean, 19746),although narkliftla 

and Vyllymaki (1963) found fecunditj.es of the same species to be somewhat 

lower. The peak fecundity of H.humilis is reached at 15°C, whereas for most 

crop aphids (including the cereal aphids) the peak fecundities are reached 

at 20-25°C (e.g. 11.persicae - Sharaf Elan, 1970). The maximum fecundity 

° of M.evansi however is also at 15C (Perrin, 1974). 



	

50.4 48.0 47.8 56.4 	8.44 	11.85 

y = 0.517x + 1.564 (7 = 408.25, P <1.001) 

	

92.9 75.8 73.0 87.2 	13.70 	7.30 

58.4 52.0 52.2 50.8 

37.7 32.9 30.8 38.5 

29.5 25.8 26.2 30.5 

8.89 

5.83 

4.67 

11.25 

17.16 

21.43 
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Table 50. Rates of  development and developmental thresholds (T) of the 

cereal aphids. (Dea 1974c) 

10 

12.5 

15 

17.5 

20 

22.5 

25 

27.5 

Temp. ( .°C) 	D2i/rehOPY2,NTALPIIRIOD 
(x) (Hans) (daY's) 

I II III' IV ap 

84.4 75.1 76.7 99.4 13.98 

64.0 62.9 69.8 86.6 11.80 

52.3 47.9 56.0 61.0 

45.8 48.6 55.6 61.1 8.80 

43.3 39.8 41.3 52.5 7.37 

41.7 40.5 48.2 62.2 .8.03 

38.5 40.2 45.4 62.1 7.76 

46.3 51.9 73 

11.37 

13.57 

12.46 

12.89 

y = 0.629x 0.878 (F = 83.09, P < .001) 

TOT. I-1V RATS PE2 DAY 
(y) 	(5).. 

7.15 

8.47 

11.05 

Species 

Y.dirhodum 

T = -1.4°C 

11.avenae 

T = -3.03°C 

R Paai 

98.5 82.2 91.9 98.2 

85.7 75.1 70.2 74.9 

62.6 62.9 57.9 66.2 

53.9 51.6 52.8 65.2 

51.9 45.5 42.6 54.0 

46.0 43.9 43.8 49.7 

41.9 41.0 38.7 48.4 

10 

12.5 

15 

17.5 

20 

22.5 

25 

27.5 

10 

15 

20 

25 

15.45 

12.75 

10.40 

9.31 

8.08 

7.64 

7.08 

6.47 

7.85 

9.62 

10.74 

12.37 

13.09 

14.12 

T = 2.71°C y = 0.966x - 2.62 	(F = 346.33, P <1..001) 
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Table 31. Develormental thresholds (°c) of cereal  aphids _Dean., 1971;-cl. 

Species ITTSTZLR 

I 	' II III Nap 

-0.96 -1.93 -1.80 -1.10 

M. avenae -1.27 -3.56 -2.06 -5.91 

R.naai 3.49 3.05 2.58 1.50 

Table 32. Intrinsic rates of natural increase (rm) of cereal aphids 

(Dean,  1974c) 

Temp. (°C) n.dirhoaum M.a.venae R.paai 

10 1.0 0.8 0.8 

15 1.9 1.9 1.9 

20 2.0 2.2 2.8 

25 0.4 2.0 3.5 
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4. Ponulation Growth 'Parameters. 

As expected from the slower rate of development and the lower fecundity, 

the intrinsic rate of natural increase (rm) of H.humilis was lower at 15°  and 

20°C than those estimated for the cereal aphids (Table 32). The specifications 

for the realization of rm  are very stringent (i.e. environment not limiting, 

and a stable age structure) but work has been carried out in the laboratory 

to compare the empirical rate of increase of a population with the computed 

value. Although Lamb (1961) found the actual population growth rate compared_ 

quite closely with the computed one, especially at temperatures near 21°C, 

Messenger (1964b)found that the population growth rate of Therioaphis  

maculata exceeded the calculated rm. He attributed this difference to an 

unstable age distribution. 

5. Conclusions. 

H.humilis is an aphid with a relatively low threshold temperature of 

development and a peak fecundity at a lower temperature than most aphids. 

M.evansi is similar to H.humilis in this respect (Perrin, 1974) and it should 

be noted that both species overwinter as viviparae on perennials, and reach 

peak population levels earlier in the year (flay/June) than most crop aphids. 

Given a stable age distribution of H.humilis in the field for most of 

the sampling period (see Section II), and the laboratory data given in Part 

(1) of this section, the Hughes (1963, 1972) life table approach will now be 

applied to the data for 1974. Despite the disadvantages of this approach, 

which will be discussed at the end of this section, it does enable an estimate 

to be made of the reproductive rate in the field for comparison with laboratory 

data, and also theoretically shows the magnitude of any residual mortality 

which may be assigned to predators. 
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PART (?_)  TILT:  SPEGIPIC LIFE TA3LE ANALYSIS 

A. Introduction. 

The basis of the time specific life table method of analysis (Hughes, 

1962, 1963, 1972) has already been described in Section II (D.4-9 ). It has 

been shown that there was a stable age distribution on 17 out of 26 sampling 

occasions from 31/12/73 to 25/6/7k. It must be stressed that detailed 

analysis of one years data is complementary to the discussion after Section II 

covering three years data,, and not a substitute for it. 

B. Results and Discussion. 

1. Physiological Time Scale. 

Given a threshold of 3.200 for H.humilis, a running total was calculated 

of the number of degrees by which the mean daily temperature exceeded this 

threshold (Table 33). The mean number of aphids per 36 leaves was then 

plotted on a log scale against the number of accumulated day degrees (fig. 83). 

This shows that the population trends may be divided into five phases. Until 

sampling occasion (11) the population fluctuated at a low level (Phase I) 

after which it increased steadily until sampling occasion (16) (Phase II). 

After a brief decline to sampling occasion (20) (Phase III) it rose rapidly 

to reach a peak on sampling occasion (22) (Phase IV) before declining 

abruptly to sampling occasion (26) (Phase V). Stable instar distributions 

occured most frequently in Phase II. 

2. Potential Rate of Increase (X). 

The potential rate of increase was determined by taking the natural 

logarithm of the potential increase per instar period, calculated in Section 

II from: 

e' = Instar I + Instar II  
Instar II + Instar III 
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Table 33. Population aata for 11.hui2ilis, 1574. 

eP 
p Yc  

.89 1.36 371.5 

1.81 0.59 (6.35) 

2.31 0.84 1.58 0.46 0.38 24..22 

1.92 0.65 1.25 0.22 0.43 8.90 

2.63 0.97 1.00 0 0.97 47.69 

1.25 0.22 0.78 -0.11 0.33 (463 

3.25 1.18 0.84 -0.08 1.26 138.4 

1.42 0.35 1.07 0.07 0.28 (1.49 

1.59 0.46 1.15 0.14. 0.32 2.97 .2.97 

2.36 0.86 1.15 0.14 0.72 27.43 27.43 

1.51 0.41 1.19 0.17 0.24 2.18 2.18 

2.33 0.85 1.31 0.27 0.50 25.95 25.95 

1.36 0.31 1.31 0.27 0.04 1.14 1.14. 

.66 0.51 1.35 0.30 0.21 3.94 0.3 0.70 5:63 

1.29 0.25 1.41 0.34 -0.09 (0.78 0.25 

.41 0.34 1.39 0.33 0.01 1.39 0.18 0.82 1.70 

.03 0.60 1.30 0.26 0.34 (6.71,  0.12 

_.71 0.54 1.15 0.14 0.40 4.71 0.02 0.98 

2.11 0.75 1.0 0 0.75 15.03; 0.02 0.06 

2.01 0.70 0.74 -0.13 0.83 11.67 0.09 0.11 0.81 14.4-1 

3.63 1.29 2.45 0.90 0.39 241.7 0.25 0.20 

2.06 0.72 1.14 0.13 0.59 13.21 0.46 0.40 0.32 4-1.28 

1.66 0.51 0.92 -0.04 0.55 (3.94 0.46 0.39 

1.66 0.51 0.46 -0.34 0.84 3.94 0.32 0.31 0.47 8.40 

1.43 0.36 0.47 -0.33 0.69 1.57 0.20 0.17 0.66 2.36 

3.10 1.13 (113) 



~ig. 83. Population densiJ~ (per 36 leaves) of H.hilllUlis, 1974. 
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The values of .X are shown in Table 33, as is the existence of a stable 

instar distribution. 

3. Observed Rate of Increase (p). 

This was determined from the plot of the observed numbersdn the 

population against a physiological time scale. The multiplication factor 

(eP) was calculated over the instar period (41 day degrees) prior to the 

sampling occasion, thus corresponding to the value of e as calculated from 

the instar distribution. 

4. Overall Mortality Rate (L). 

The difference between the observed and potential increase gives a 

measure of the overall mortality per instar period, e which is given by 

the expression: 

eP = eX  or p= N - A 	(see Table 33) 
eP 

The values of eX  and eP  plotted against a physiological time scale are shown 

graphically in fig. 84. Various factors affecting the aphid population will 

be reflected in the potential increase. Thus a decline in eX  can be caused 

by (a) a decrease in the adult reproductive rate (b) and increase in emigration 

or (c) an increase in selective pre-reproductive mortalities. An increase 

in overall mortality (e) could result from any of the factors above and also 

from (d), the non selective mortalities. The latter by definition would 

not affect the relative proportions of the younger instars, and thus the 

value of eX . Hughes (1963) gives predation, starvation and exposure to 

extreme climatic conditions (e.g. heavy rainfall) as examples of non selective 

mortalities acting on B.brassicae, although he does admit that after heavy 

rainfall in March, 1960, many of the older aphids climbed back on the plant. 

This resulted in unstable instar distributions the following week when 

reproduction recommenced because the number of new first instars greatly 
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Fig 84.  Observed. (en) and. potential (el) increase per instar 

pe.i.od of ii.hurariis,  1.974. 
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outnumbered the remaining second instars. There is also evidence that 

predation may act as a selective mortality (Dixon and Russel, 1971). 

Fig. 84 shows that up to about sampling occasion (ii) the observed 

increase/instar period declined to below 1.0 and.then-increased a„;ain.to.about 

1.3. The potential increase (eX  ) showed no clear trends during this period 

and it seems probable that the apparently stable age distribution was an 

artefact resulting from the low numbers in the sample. Rendell (1973) 

pointed out the dangers of the 'X2  test for testing the fit to a geometric 

series when numbers are low. 

From sampling occasion (11) to (16) (Phase II) the observed increase/ 

instar period remained constant at 1.2-1.4. During this period only one of 

the seven age distributions was unstable (sampling occasion (15) when 

, eX eP ,, and values of d` were generally between 1.3 and 1.7. The overall 

mortality (e
X
AP) at this time was thus quite small, and may be due to 

mortality from frost. On 19/4/74, eX  and eP  were almost identical, and there 

were no frosts in the first half of April. 

After sampling occasion (16), stable age distributions were less common 

(Phase III). The potential increase/instar period rose but the observed 

increase diverged sharply and declined to below 1.0. Since the mortality 

factor did not affect the potential increase it was acting non-selectively. 

This non-selective mortality resulted from several hard frosts in late April/ 

early May (fig; 48); many dead aphids were found in the field at this time, 

apparently killed by frost. To assign this mortality to frost it must be 

explained why the impact of low temperatures at this time of year was greater 

than during ::arch. By late April/early May the grass was much taller after 

the spring flush, and the aphids were more exposed. Luff (1965) has shown 

that Dactylis tussocks do give protection against low temperatures in winter 

up to about 7 cm above soil level. During a period with frequent frosts, 

H.humilis may also become acclimatised to frequent low temperatures. 
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Phase IV shows rapid increases in both the observed and potential 

increases/instar period, followed by an equally rapid decline. The age 

distribution of sampling occasion (21) was unstable, so the peak value of 

the potential increase is very tentative. The age distribution in Phase V 

was also often unstable, but the data for occasions (24) and (25) indicates 

a drop in the value of eA  following the same trend as e'. The unstable age 

distributions in Phases IV and V may be explained by rapid changes in the 

adult reproductive rate of H.humilis - an increase at the end of May, and a 

decrease in June. Increased pre-reproductive mortality (e.g. parasitism and 

emigration) -would also contribute to the drop in the potential increase. The 

very fast decline of eP  during June ( (25) - (25) ) suggests there was some 

non-selective mortality, which coincides with the appearance of aphid 

predators (e.g. syrphia larvae and spiders). 

5. Pre-reproductive Selective Mortalities. 

(a) Introduction. 

The aim of the analysis now is to estimate the measurable mortalities 

(e.g. parasitism, emigration), the effects of which are additive, and thus 

determine the magnitude of the residual mortality which may be assigned to. 

factors not readily measurable in the field (e.g. predation). The true adult 

reproductive rate may also be calculated if the pre-reproductive mortalities 

are known. The errors inherent in the analysis are such (van Emden - pers. 

comill.) that approximate estimates only are recuirea. 

(b) Parasitism. 

Mortality from this cause may be defined as the ratio of aphids killed 

to the number of aphids in those instars which will show symptom in one 

instar period. These were the IVth instar and adult H.humilis. Although 

in 1973 the number of mummies was counted after each instar period (5j5-  days 



at 15°C), in 1974 parasitism of each instar was determined separately (after 

2 weeks). A reasonable approximation, from examination of 1973 data was to 

assume that 50' of the parasitised IV instars, and 75;: of parasitised adult 

apterae would show gTmptoms in one instar period. The full rates of parasitism 

of IV and adult apterous aphids on a physiological time scale are shown in 

fig. 85 as continuous functions. 

To estimate the effect on the rate of adult reproduction, it is necessary 

to determine the proportion of IV instars which would have been prevented 

from reproducing in the previous instar period. Even if parasitised aphids 

were not killed in one instar period their rate of reproduction would be 

much reduced. Thus the full percentage parasitism of IV instars one instar 

period prior to the sampling occasion gave an approximate estimate of this 

mortality. 

(c) Emigration,  

Hughes (1963) assumed that alate aphids (B.brassicae)  left the local 

population and did not reproduce within it, thus acting as a factor contri-

buting to the overall mortality rate as it is measured. The number emigrating 

in the next instar period may be calculated if the number of 4th instar 

alatae, the length of this instar in instar periods (k) and (A) are known. 

The formula given by Hughes (1963) is: 

No. emigrating in 
next-itstarrperied No. IV al.rexp(-(k-1)A) 	exp(-kX)] 

[1-exP(-kA) 

1-exp(-k 

If it is accepted that the length of the instar should be to the power 

of rather than multiplied by it, this casts doubt on several other 

formulae given in Hughes (1963) but not covered in Hughes (1972). In practice 

the numbers predicted from the two equations differ little, both showing 

However in Hughes (1972) it is given as: 

No. emigrating 	No. IV al. [ exp(-(k-1)A  - exp(-k  )X  = 
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Fig. 85.  Rate of parasitism of H.humilis,  1974. 
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clearly that the actual numbers of alatae in the field were very much greater 

than those predicted on the assumption that they would migrate soon after 

moulting (fig. 86A). This is in contrast to similar graphs for B.brassicae  

(Hughes, 1963) where predicted numbers are much higher than the actual. 

If the H.humilis alatae remaining were reproducing to any extent, this would. 

have contributed to the destabilization of the age structure, since their 

rate of reproduction is much lower than that of the apterae. 

The number of fourth instar alatae moulting to alatae in the next instar 

period has been calculated for the life table analirsis, but an estinete of 

the true proportion of IV al of the total IV instars is needed for calculation 

of the corrected adult reproductive rate ('YC). This of course assumes no 

reproduction from alatae, and will thus be very approximate. If x is the 

number of IV al, and 3r is the number of IV ap aphids, then: 

True proi-Z:: of winged IV instar = 

x aiy 

where x = x(1-e-A) (1-e-k)‘), and h = duration of TV al/duration of IV ap. 

The proportions are shown as a continuous function on a 	siological time 

scale in fig. 86B, 

6. Adult Reproductive Rate. 

Given estimates of selective pre-reproductive mortalities it is possible 

to calculate the adult reproductive rate (7) from the potential rate of 

increase (X). Hughes (1962) gives the derivation of the formula: 

7 = 1-e*(e-10A-e-')') 

where is the mean age of aphids starting to reproduce and w is the mean 

age at death (both expressed in terms of instar periods). When selective 

mortality is operating, a corrected value of the adult reproductive rate 

is calculated from: 

= 
P3 
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where Ps  is the probability that a fourth instar nyiaph.will survive to 

reproduce in the local population i.e. 

Ps  = (1-n2) (1-me) 

where mp  = mortality from parasitism, me  = mortality from emigration (Table 33). 

The cor.oected rates of adult reproduction (for sampling occasions with 

stable instar distribution only) are shown plotted against a physiological 

time scale in fig. 87. On most occasions from sampling occasion (11) to 

(19) the rate of reproduction was calculated at 1-6 per instar period, which 

is in agreement with the rate of reproduction determined in the laboratory 

on Dactylis before flowering (3.8). From sampling occasion (20), there was 

evidence of a sharp increase and then a decline in the rate of reproduction. 

This confirms conclusions reached previously about changes in the reproductive 

rate of H.humilis before and after flowering of the grass. 

7. The Life Table Aroch. 

Analysis of the factors affecting 'Y involved consideration of mortality 

factors acting over the instar period prior to the sampling occasion. The 

potential rate of increase will now be used to predict the population level 

one instar period later. The procedure follows that given by Hughes (1972) 

and was applied to data for sampling occasions (11), (14), (16), (20), (22) 

and (24). 

(a) The instar distribution is expressed as divisions of a vertical 

column, of which the height represent the number of aphids in the sample 

(Column A). 

(b) To show the population potential one instar period later, column A 

is reproduced to the right with Instar I = instar II, instar II = instar III 

etc. The column is topped with a new instar I, its frequency being calculated 

by multiplying the number of instar I on the first sampling occasion by e>  

(Column 3). 
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Fig. 87.  Mult reproductive rate/instar period of H.humilis, 1974.. 
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(c) 7lithin each instar section, the various subtractive processes are 

indicated. Death from old age can be estimated if the average life span of 

aphids in instar periods is known - for H.humilis this is 9.1 instar periods. 

Irethods for estimating the effects of parasitism and emigration have already 

been given. However the most difficult subtractive process to estimate is 

the reductiondf. reproduction by deaths of potentialy reproducing females. 

Hughes (1972) gives no indication of how this was determined, and gives it 

as an "approximate" reduction. In the diagrams he gave, the proportionate 

reduction of first instars was similar to the proportionate mortality of 

the apterous adults, and in this work an approximate estimate was obtained in 

this way. 

(d) The losses in each instar are then grouped at the top of a new column 

to the right (Column C). 

(e) The observed population one instar period later (taken from fig. 83) 

is shown by Column D. The diffe rence between the number of surviving aphids 

in column C and the height of column D shows the magnitude of the residual 

mortality. 

The results are shown in figs 88 and 89. From sampling occasions (11).  

and (14) the nurbers observed one instar later were very similar to those 

predicted assuming death from old age to hav been the only subtractive 

process. Mortality from frost during this period was clearly negligible. This 

period represents Phase II in fig. 83, when the age distribution was consistent) 

stable and the population was increasingly at a steady rate. For the instar 

period after sampling occasion (16) however, (Phase III), there was a consid-

erable difference between the numbers predicted and the actual numbers one 

instar period later. The cause of this residual mortality can be assigned 

to the frosts in late April. 

Sampling occasion (20) was at the beginning of Phase IV, the rapid 

increase of the population. This increase was predicted from the instar 

distribution, with parasitism accounting for most of the mortality. The 
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nu Cher of aphids predicted in column was only 6'J above the actual population 

estimate. The predictions from sampling occasions (22) and (24) however 

were markedly higher than the observed population levels (by 26T: and 14Z 

respectively). Parasitism reduced numbers cons 	but does not explain _ aerably,  

the magnitude of the crash which occured. The adult reoroductive rate also 

declined, whereas the method assumes that this remains constant, at least 

over the instar period. However, even if only instars I, II and III survived 

from the population one instar previous (i.e. no reproduction, all IV instar 

either emigrating or dying from parasitism), nuaibers would still have been 

higher than the observed population. Clearly, in early-mid--June, predators 

were having a significant impact on the population. Much of this must be 

assigned to generalised predators (probably spiders and staphylinia larvae),. 

since syrphid larvae were not sufficiently abundant. The apparent absence. of 

such predators compared to the barley could be explained by the lack of ground 

cover in the cereal crop, forcing the larvae to live on the aerial parts of 

• the plant. In the grassland, such predators would remain in the ground 

litter during the daytime, becoming active at night. In conclusion, the 

increase in the population was halted by high rates of parasitism and a 

decline in the reproductive rate, but predation by generalised predators 

was a major factor in the population crash. 

The value of this analysis may now be assessed. Hughes (1972) states 

that the life table analysis may be applied to the data from any sampling 

occasion on which the immature instars have frecuencies approximating to a 

geometric series. However, this stable age distribution must also be maintained 

over the instar period after the sampling occasion, and this will not be the 

case when the reproductive rate is changing rapidly (e.g. Phase TV). Other 

difficulties with the analysis are the large errors involved which cannot 

be nuantified, in particular the very approximate estimate of the reduction 

of reproduction by deaths of potentially reproducing females. 
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Despite these drawbacks, the analysis has shown itself to be valuable 

in this study, being quick and relatively easy use; accurately describing 

the steady population growth in Phase II; and indicating non-selective 

mortality in Phase III (frost) and Phase V (predation). In comparison to 

computer modelling of aphid populations (e.g. Gilbert and Hughes, 1971), 

it is certainly less flexible, but it is probably as instructive as more 

sophisticated techniques when data is limited. 
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SECTION V ASPECTS 07 THE HOST-PARASITE INTERACTIONS OF 

THE PARASITES1  A-URTICAE (SP. GP.) AID AXZBECKISTANICUS. 

A) Introduction and 1':ethods 

1. Introduction 
, 	. 

Since it was found that the most important parasites in the grassland 

and cereal were A.urticae (sp. gp.) and A.uzbeckistanicus respectively, 

research was concentrated on these species. In the field the impact of 

A.urticae on its host, H.humilisa  was greater than was that of A.uzbeckistanicus  

on the cereal aphids. The aim of this work was to investigate some of the 

factors which may have been responsible for the difference in effectiveness 

between the two species. 

Of the many aspects of parasite behaviour, Hassell and Rogers (1972) 

have emphasized the importance of three basic parasite responses when 

considering the host-parasite interaction. They may be summarised as the 

functional response to host density, of which the main components are the 

intrinsic searching efficiency (a') and the handling time (b) of the parasite; 

the response to host distribution, expressed as the measure of aggregation 

(p); and the response to other parasites, i.e. the degree of mutual inter-

ference (m). The ways in which these parameters can affect average host • 

population levels and the stability of the host/parasite interaction are 

given by Hassell and May (1973). Thus, a high intrinsic searching efficiency 

leads to reduced average population levels; a low handling time relative 

to the total adult searching life time, minimises the instability that,results 

from the parasite functional response; and some degree of mutual interfer 

ence, and a high level of parasite aggregation increase the stability of 

the interaction. Hassell and May suggest that estimation of these parameters 

is of value in comparing potential parasites for a biological control 

programme. In this work a comparative approach was adopted hetween 

A.urticae and A.uzbeckistanicus along these lines. 
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It was not possible in the time available to estimate all these parameters, 

and the greatest emphasis was placed on the parasite functional response to 

host density. The model used to estimate the searching efficiency and 

handling time is based on Holling's (1959) disc equation: 

Enc = Tt.a'.N 

where Enc is the number of encounters, a' is the intrinsic searching efficiency, 

b is the handling time, and N the host density. To estimate a' and b from 

the outcome of an experiment, the - value for the number of encounters is 

incorporated into Thompson's (1924) exploitation model for parasites searching 

at random (assuming one egg to be laid at each encounter). 

Npar = N(1- e-Enc/N) 

where Npar  is the number of hosts parasitised. 

Thus Npar  = N(1-e-Tt.a
1/(14-al -113-11)) (Messenger, 1968; Rogers, 1972). 

The mutual interference constant (m) was determined for A.uzbeckistanicus 

since both the sticky traps and field observations indicated relatively high 

adult parasite populations, despite the generally low percentage parasitism. 

For this the inductive model of Hassell and Varley (1969) was appropriate: 

Ns  = N.exp(-Q.Ps(1-111)) 

where Ns  is the number of hosts surviving parasitisM, Q is the 'quest constant' 

and Ps  the adult parasite density. Although it would have been desirable to 

calculatep, the aggregative index, of each species, aggregation is probably 

of less significance for parasites of grassland and cereal aphids than for 

parasites of highly aggregative aphids like A.fa'bae and B.brassicae. 

Another important aspect of the host/parasite interaction is the degree 

of host specificity. The mechanisms involved in the field can broadly be 

divided into habitat preferences and host preferences, so even if a host is 

apparently suitable under laboratory conditions, the parasite's habitat 

preferences may result in it not encountering that host species in nature. 

From a biological control viewpoint specific parasites are better able to 

respond to changes in density of their hosts than polyphagous parasites. 



-258- 

The density of the latter is less dependent on that of a single host species, 

and their aggregative behaviour is likely to depend on the relative abundance 

of the different host species (Hassel anall,,y, 1973). The field work of 

Royama (1970) indicates that great tits maximise their hunting efficiency 

to exploit var,./1.ng prey densities in different niches. 

When considering the interactions of parasites between the grassland and 

cereals, a degree of poly phagy,is required for movement of parasites from one 

aphid host to another as relative densities change. In the laboratory 

most workers have concentrated on switching (i.e. attacking whichever is 

relatively the most abundant prey supraproportionately) when two types of 

prey are presented in the same habitat (e.g. Murdoch and Ifarks, 1973). 

Although this is usually an artificial situation, it does demonstrate host 

preferences more clearly. In this work searching parasites would probably 

encounter both grassland and cereal aphids at the boundary of the two habitats, 

and were switching to occur it would facilitate movement of the parasite 

population from one host to another. Work on switching to date has been 

confined to predators (e.g. %urdoch, 1969; Richman and Rogers, 1969), and 

although evidence is meagre for invertebrate predators, Lawton et al (1974-) 

consider that it may occur more generally than has previously been suspected. 

The models used for invertebrate predators are also applicable to 

parasites. Thus if two species of hosts are presented to a parasite, the 

percentage of host (1) attacked (Y) if no switch occurs is given by: 

Y = 100.c.X./(100-X) 04; 	(Ynraoch, 1969) 

where X is the percentage of host (1) in the environment and c is a constant 

expressing the preference for host (1) to host (2) at similar densities. 

Deviation from the predicted curve in a sigmoid manner demonstrates switching. 

The model used by Manly (1973) is essentially similar. A more sophisticated 

approach may be adopted if the functional responses of the parasite to the 

densities of the two host species in isolation are of the same form (Lawton, 

et al, 1974). The outcome is predicted from the parameters of the two 
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individual functional response curves; if no switch occurs: 

N(l)par  = N(417-exp(-Tt.ati/(1+all.bi.NI-Fat2.b2.N2))] 

N(2)par =11(2).[1-exp(-Tt.at 2/(1+at2'.b2:11+afi.bi.Na )] 

where Npar  is the number parasitised, and N the number in the _environment. 

Although the fUnctional response of the two parasite species to host 

density was fundamental to the approach adopted, other features of the host/ 

parasite interaction were also investigated. Determination of the rate of 

development of the two species at various temperatures enabled the developmental 

thresholds to be estimated. These. could then be compared with meteorological 

data and field records of the commencement of parasite activity. Work was 

also carried out on the factors controlling the sex ratio, mating and searching 

behaviour, and host instar preferences. 

2. Methods and Naterials. 

(a) Cultures. 

The culture of Aphidius urticae(sp. gp.) was started from one fertilised 

parasite female, and maintained on H.humilis feeding on Dactylis at 15°C, 

16h light/8h dark. The culture of A.uzbechistanicus was also derived from 

one female, and was maintained at the same temperature and lighting conditions 

on Mdirhodum feeding on barley. 

(b) Rate of Development. 

Parasites of both species, 24.-36h old, were allowed access to about 

50 third instar aphids of their normal host for six hours at 15°C, 20°C and 

25°C. The parasites were then removed and observations made at 12h intervals 

to determine the time of development from oviposition to emergence of the 

adult. The time of development of A.uzbeckistanicus on H.humilis at 15°C 

was also recorded. 
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(o) Parasite Behaviour. 

All observations of parasite behaviour were recorded at the time on 

a casette tape recorder. The mating behaviour of at least ten pairs of both 

species was observed, and comparative data obtained on the time from mounting 

to copulation, and the length of copulation for each species. Observations 

were also made on the pattern of oviposition behaviour, with the time spent 

searching and the number of stings being recorded. 

(d) Instar Preference (A.urticae only). 

About 50 H.humilis, composed of equal numbers of instars I-IV, were 

exposed to a single female A.urticae (24-36h old, mated and provided with 

water). The parasite was allowed to oviposit for 24.11 (15°C, 16h light) 

after which the instars were separated into different plastic boxes and 

reared through. The cages used for the experiment were those used in the 

functional response experiments (see below). Five replicates were carried 

out. 

(e) Functional Response to Host Density  

The cages used for these experiments were designed to maintain a high 

humidity since.  this was found to be an important factor affecting adult 

longevity of the parasites (see also Fox et al, 1967). They consisted of 

transparent plastic boxes of height 21.5 cm, width 11 cm and breadth 7 cm. 

0.0017 m3) with two holes (diameter - 1,5 cm), one at the top and another 

at the front. They were plugged with cotton wool and kept damp by spraying 

with water. In each cage was placed three 'double' leaves of Dactvlis, with 

the outer older blade cut to 30 cm length, and the inner younger blade to 

20 cm, each resting on a pad of damp filter paper at the base of the cage. 

Although similar lengths of barley were used initially for 1I.dirhodum it 

was found that this species also settled satisfactorily on Dactylis. Since 
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no difference in parasiteliehaviour could be detected when Dactylis was used 

rather than barley, and since the barley was often badly affected by powdery 

mildew, the great majority of the replicates of A.uzbeckistanicus attacking 

M.dirhodum were carried out with the aphid on Dactylis. Third instar aphids 

of both H.humilis and M.dirhodum were used. Approximately equal numbers of 

aphids were carefully transferred to each leaf, after which the aphids were 

allowed to settle down for six hours before introduction of the parasite. 

Movement during the first hour sometimes resulted in a few more on some 

leaves than others. The densities of aphids used were 5, 10, 25, 50, 75 

and 100. Parasites used in these experiments were between 24 and 36 hours 

old. Within 12 hours of emergence, the females were confined with a recently 

emerged male for 24. hours, during which time mating took place. For this 

period the parasites were provided with water soaked on cotton wool. 

After introduction of the female, the experiments were run for 24h at 

15°C, 16h light/8h dark, after which the parasite was removed. The H.humilis 

were kept alive on excised Dactylis leaves in plastic boxes, and the 

M.dirhodum on young potted barley plants at 15°C for two and a half weeks 

when the number of mummies was counted. If mortality of the aphids for 

other reasons (e.g. fungus) rose above 20,r, the results were discounted, 

because of evidence of differential mortality. For lower rates of mortality 

the number of mummies was corrected by multiplication by the original number 

of aphids/(the number surviving + the number of mummie). Five or six replicates 

were carried out at each density for each parasite on its normal host. 

(f) Host Specificity,. 

A.uzbeckistanicus parasites were provided with densities of H.humilis  

ranging from 5-100 aphids, and A.urticae with a similar range of densities of 

M.dirhodum for 24h as previously described for functional response experiments 

using the natural hosts. A.urticae was also provided with ::acrosiDhum 

avenae and ::.fragariae as hosts, but these experiments were not mantitative. 
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The response of A.uzbeckistanicus to a mixture of M.dirhodum  and 

H.humilis was assessed by presenting a total aphid density of 50 aphids made 

of three different ratios of the two species (10:40; 25:25; 40:10). 

Conditions were as for the functional response experiments, with five or 

six replicates for each of the three different species compositions. 

(g) Fecundity. 

The potential fecundities of both species on natural and unnatural hosts 

were determined by dissection of the ovaries of 12-24h old parasites. 

Accurate counts of apparently mature ova were obtained but it proved extremely 

difficult to count the immature eggs, and generally only approximate numbers 

are given. In addition the realisable fecundity of A.urticae at 15°C was 

determined by providing females with 50 third instar H.humilis per day for 

the full adult life span. For these experiments conditions were the same 

as those previously described except that the parasites were fed with a 

solution of honey and water. Only four replicates were successfully, completed 

since some parasites were injured during the transference each day to a 

new cage withunparasitised aphids. 

(h) Sex Ratio. 

The sex ratio of both species of parasites emerging from aphids used in 

the functional response experiments was recorded to investigate the effects 

of host density. For A.urticae the experiment to determine realisable 

fecundity also provided data on the effects of parasite age on sex ratio. 

(a), Results. 

1. Date of Development. 

(a) A.urticae (sp. gp.) on H.humilis (Plate IV) 

The developmental periods from oviposition to adult emergence at 15°C, 20°C 



/ 



- 264 - 

and 25°C are shown in Table 3/:-. 

ifore (T  to was available at 15°C since this was the temperature at which 

most experiments were carried out. There was no significant difference in 

the length of the developmental periods of males and females at 15°C (t=0.363). 

There was however evidence that after the species had been in culture for a 

long period of time (>1 year), development took about 5 longer. It seems 

that continuous inbreeding did weaken the stock slightly, and towards the end 

of the exreriments males were sometimes found to have one antenna deformed. 

The relationship of the rate of development (T; per day) (y) to temperature 

(x) was linear (p = 820.1+66, P < ,,001 

3r = 0.559x - 4.916 

Substituting y=0, the threshold of development was calculated as 8.8°C. 

The thermal constant 	for the development period was 180 day deerees. 

Parasites bred at higher temperatures were generally smaller (Table 35) and 

a negative linear correlation was found between wing length (y) and tempera-

ture (x): 

y = -.029x +2.302 	(P = 13.253, P< .01) 

Fig. 90 shows the results of applying the developmental data to field 

data and meteorological records, by plotting accumulated day degrees above 

8.8°C against time for 1972-4. It can be seen that in both 1972 and 1974, 

the accumulated day degree total rose in early April, and in both those 

years mum es were found during that month. There was no increase in 1973 

until the end of April, and in that year mummies were not found until Lay. 

However on the assumption of a total developmental period of 180 day degrees, 

fig. 90 indicates that the earliest possible time of emergence of a second 

generation of A.urticae (assuming the first to be the adults from the over-

wintering larvae) would be midelate June, whereas field data shows this 

occurea several weeks earlier (late May-early June). The reasons for this 

discrepancy are discussed later. 
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Table 34. Dura ion of development from ovinosition to ererence 

of A.urticae. 

Temp (0C) 	Time 	(hours) + S.3. 

male female 

150  (early 1974) 690+12.32 667.2+8.58 

150  (late 1974) 723.4+8.21 732.5.94 

900 385.1+3.84 

250  264 	+2.56 

Table 35. Wing lengths (mm) of A.urticae at 150, 20° and 250. 

Temp. °C 	LEMTH (mm) t 

males females 

15 1.87+.025 1.84+.017 

20 1.64+.017 1.85+.028 

25 1.59+.021 1.544-.028 

Table 36. Duration of develonment from ovinosition to emergence of 

A.uzbeckistanicus. 

	

Temp. 	' Time (hours) + S.E.  

	

(oc) 	males 	females 

15 570.5+4.56 578.1+6.11 

20 328.8+ 6.11 337.3+7.33 

25 252 	+ 24 246.5+5.2 
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Fig 90. .-Aoeumulated day degrees abovethreshola temperature 8.8°0 

for A.urtieae. 
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(b) A.uzbeckistanicus on ....dirhodum. (Plate v) 

The developmental periods from oviposition to adult emergence at 15°C, 

20°C and 25°C are shown in Table 36. 

There were no significant differences in the lengths of developmental 

periods co.P 	is. The relationship of the rate of development 

(5 per day) (y) to temperature (x) was again linear. 

y = 0.545x - 3.891 F = 716.716 (p < .001) 

The threshold of development was calculated as 7.14°C, and the thermal 

constant (K) of the developmental period, 182.6 day degrees. 

The accumulated day degrees up to July for 1972-4 are shown in fig. 91. 

The lower threshold compared to A.urticae allows some development even during 

January and February, and this was corroborated by the winter sampling in 

January 1972 when adult parasites were found on the wing. The other main 

point of interest is that if hosts remain in the field until late July 

.g. in 1972) a much greater numerical increase is possible than was the 

case with A.urticae, the host of which had invariably declined to a very 

low level by mid-late June. 

(c) A-uzbeckistanicus.on H.humilis. 

Developmental -,:eriods were only measured at 15°C. For males the period 

from oviposition to adult emergence lasted 629 4. 7.67 h, and for females, 

640.8 8.77 h. Development was thus significantly slower at 15°C on 

H.hunilis than on 1:.dirhodum (males: t = 6.799, P< .001); 

females: t = 	P < .001). 

2. Mating  Behaviour. 

No differences were observed between the mating behaviour of A.urticae  

and A u-beclristanicus except for the duration of the different phases, which 

are shown in Table 37. Soon after the male was introduced to the female, he 
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became considerably more active, vibrating his wings and antennae rapidly, 

and chasing the female. The male mounted the female from behind or from 

the side and initially positioned himself with his thorax over that of the 

female. At this stage the male continued the vibrate his wings and brushed 

the female's antennae with a characteristic 'side to side' movement. The 

female remained passive during this, not moving her antennae. After a short 

period of time the male moved backwards until his thorax was over the base 

of the female's abdomen, and bent the end of his abdomen downwards to 

copulate with the female. Once contact was made, the vibration of the male's 

antennae changed to an 'up and down' movement tapping the female's antennae, 

rapidly at first but declining gradually as copulation proceeded. The wings 

of the male were usually held vertical during copulation. Copulation was 

generally terminated by the male (605 of matings for A.uzbeckistanicus, 1005 

for A.urticae). On many occasions there was an attempt to separate about 

5-20 seconds, when they took up the end-to-end position of mating, before 

the final separation. 

Table 37. Duration of Mating of Aphidiids. 

SPSCUS 
	

TE,I3 (secs) + S.E. 

Introduction 
-amounting 

Mountigg 
—?copulation 

Copulation 
-->separation 

A.urticae 192.5+72.5 52.5+10.5 86+427 

A. uzbeckistanicus 179.1+28.8 43.6+7.6 103+488 

A.uzbeckistanicus 
on H.humilis 

(1 pair only7 160 60 	110 

  

Attempts to mate A.uibeckistanicus specimens reared on different hosts 

(H.dirhodum and H.humilis) were generally unsuccessful, especially when the 

male was the smaller (i.e. reared on H.humilis) although the male did show 

considerable sexual activity. He often succeeded in mounting the female but 

when attempting to move back to enable his genitalia to contact the female's, 
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his antennae were no longer able to contact those of the female. Consequently 

she no lenge: remained passive and usually dislodged the male. 

Frequent attempts were made with both field and laboratory specimens 

of A.urticae to obtain coatings between A.urticae and A.uzbeckistanicus (the 

latter also reared on H.humilis to eliminate size difference) but on no 

occasion was any sexual activity evoked (e.g. male wing vibration). 

3. Searching' and Ovinosition Behaviour. 

Both species searched for aphids by moving up and down the grass blades 

(generally the inner side of the leaf) detecting the hosts by actual contact 

with the antennae . Upon encountering an aphid, the parasite curved its 

abdomen round while tapping the aphid with its antennae and oviposited in 

less than one second, after which searching was resumed. Generally only one 

'sting' was made, but up to four 'stings' in one aphid were recorded. 

Although A.uzbeckistanicus generally continued up on the same side of the 

leaf after oviposition, A,urticae frequently moved round to the back of leaf 

and moved up a few centimetres, before coming round to the inside again. 

The parasites had spells of searching and ovipositional activity, followed 

by rest periods lasting 5-20 mins, during which they would sometimes clean 

themselves or feed. Fig. 92 shows the number of istingt'and length of 

resting periods over a period of 11- hours of a female A.uzbeckistanicus 

attacking H.dirhodum soon after introduction. The parasites were generally 

far more active soon after introduction compared to near the end of the 24_h 

period, and the data shown in fig. 92 supports this observation. They did 

not appear to oviposit in the clerk. 

Observation of both A.urticae and A.uzbeckistanicus while parasitising, 

provided no evidence of any ability to discriminate between previously 

parasitised and unparasitised hosts. However, sometimes the reaction of 

".dirhodum to parasitism did result in a slight reduction of superparasitism. 

After this species had been parasitised by A.uzbechistanicu.2., it frequently 



- 27'1 - 

92.. Searching behaviour of A.uzbeckistanicus parasitising 

airhodum. 

lh after introduction 

23h after introduction 

C)  300- 
cn 

cc 

cn 

a_ 

In 
0 

0 

• 

                      

                       

                       

                       

                       

                       

                       

                       

                       

                       

                       

                       

                       

                       

   

n n 

  

n n 
310 

    

n n 

      

              

90 

               

60 
TIME (MIN) 



272 - 

adopted a characteristic posture with the back legs in the air, and jerked 

vigorously for several minutes. If the parasite encountered. the same aphid 

again while this was still occuring, it did not oviposit but continued on 

up the- leaf. Very rarely previously unparasitised aphids (mainly :..dirhod.um) 

would move away rapidly from the parasite when touched by its antennae, but 

generally the act of oviposition was too rapid for any defensive reaction to 

be successful. On some occasions the jerking movements of the parasitised 

aphids disturbed other aphids feeding nearby, which moved away and therefore 

avoided the parasite. 

4. Instar Preference. 

This was determined only for A.urticae attacking H.humilis. The results 

are shown in Table 38. 

Table 38. Instar Preference of A.urticae. 

REPLICA= IITSTAR I INSTAR II IUSTAR III IN ]TAR IV 

No. 	No. No. 	No. No. 	No. No. 	No. 
aphids. mummies 5 aphids mummies% aphids mummies 5 aphids mummies 

(1) 4 	0 	0 11 	5 	45 13 	11 	85 11 	9 -  82 

(2) 9 	0 	0 12 	0 	0 12 	. 	7 	58 11 	5 ' 4.5 

(3) 11 	0 	0 12 	1 	8 17 	5 	29 13 	4`31 

(4) 13 	2 	15 12 	3 	25 12 	4 	33 12 	3 	25 

(5) 13 	0 	0 12 	2 	17 11 	8 	72 13 	7 	54 

Mean ( 3.0; (19) (55) (47, 

It can be seen that instars III and IV are prefered to instars I and II, 

which is in agreement with data from the field. 

5. Functional Resronse to - Host Density (natural hosts) 

(a) A.urticae parasitising H.humilis. 

The number of H.humilis parasitised by A.urticae in relation to host 
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density is shown in fig. 93. The relationship is curvilinear (Hollingrne II 

functional resnonse curve) although at lower densities the line is almost 

straight. The fit of these results to the attack model (=:essenger, 1968) can 

be tested by plotting 1/loge  (proportion of hosts surviving) against host 

density (Roc7ers, 1577). A significant linear relaionship was shown for this 

data. 

y = .0104x - .9006 	= 27.776 (P < .001) 

Given the slope (-13/Tt.p)asid.the- intercept(-1/Tt.a .p), and assuming Tt to 

be 1 day and p to be 1, a' was calculated as 1.11 and b as 0.0104 days. The 

expected numbers parasitised can then be calculated from the attack model: 

Npar = 

The broken line in fig. 93 shows the expected numbers parasitised. It can 

be seen that the actual number parasitised rose more steeply at first, and 

then levelled off more abruptly than the number predicted from the model. 

Although Tt has been given as one az;,,,, the parasites were almost certainly 

not active at night. The lighting regime was 16h light/8h dark so more 

realistic estimates of a' and b would be 1.665 and 0.0069h (10 mins) 

(Ascuing Tt to be 16h, use of these values does of course 

_ , r4ve the same pre,.:_Lctecl values for numbers attacked as the values previously 

^ 

(b) A.uzbeckistanicus pa.rasiti sins,  .:.1..dirhodura. 

The number of 1%dirhodum parasitised by A.uzbeckistanicus in relation 

to host density is shown in fig. 94. The relationship was curvilinear as 

for A.urticae, but A.usbec!zistanicus was more effective than A.urticae at low 

densities (5-25). 1:lotting 1/loge  (prof of hosts surviving) (y) against 

host density (x) gave a setter fit to linearity than did the data on 

A.urticae: 

y = -0.01718x - 0.5275 P = 108.009 (P < .001) 

a' was calculated as 1.856 and Tn as .0172 days. The curve predicted from 
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Fib. 94.  Functional response of A,usbechistanicus to M.d rhadum. 
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the attack model was a better fit to the data than was the case with A.urticae, 

but the actual curve still showed a more rapid initial increase, and a more 

abrupt arproach to the asumptate at higher densities. Assuming the effective 

Tt to be 16h, a' = 2.8!4 and b = 0.0114. days (16.4 mins). Thus A.uzbeckistan-

icus had a higher intrinsic searching efficiency (a') than A.urticae but a 

slightly longer 'handling time' (b). Clearly the 'handling time' as calc-slated 

from the model does not refer to the actual handling time for each aphid 

(i.e. from detection to resumption of search) but incorporates the resting 

periods between spells of oviposition. 

6. Mutual Interference. 

The area of discovery at each density of adult parasites was calculated 

from: 

a = 3 loP nl 
	

(Hassell, 1971) 
p 	u 

where a = the area of discovery (Nicholson, 1933), p = adult parasite density, 

ul = initial host density and u = the number of hosts surviving parasitism. 

Since the model of Hassell and Varley (1969) (see Introduction) is derived 

from the ecuation: 

log a = log 	m. log p 

plotting 1°310  a against log10 p should produce a linear relationship of 

slope -m. This relationship for .Luzbeckistanicus attacking M.dirhodum is 

shown in fig. 95. The ecuation for the straight line is: 

y = .-0.311-72C 0.467 P = 4-2434 (P< .001) 

Thus the mutual interference constant is 0.547. It is possible that the true 

relationship is curvilinear, but more data would be needed to confirm this. 

Direct observations showed that when two searching parasites met, the 

most frequent respone was for one parasite to move round to the other side 

of the leaf for a short period of time. Only rarely would one or both of 

the parasites cease searching and fly to the side of the cage. 
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Piz. 95.  Mutual interference of A.uzbeckistanicus parasitising M.aiT;hoaum. 
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7. Host Specificity,. 

(a) Aphidius urticae. 

When provided with fl-dirhodum, L-urticae was observed to attack them 

but there was no development of the parasite in this aphid. The searching 

behaviour of a female parasite when provided with a mixture of 25 M.dirhodum 

and 25 H.humilis was observed in detail for one hour (fig. 96). Of the 18 

'stings' during this period, half were in /1.dirhodum. Dissection of the 

aphids failed to reveal any ova but they would have been extremely difficult 

to find had there been no development. Attempts to rear this species on 

Macrosiphum fragariae and M.avenae also failed. 

(b) A. uzbeckistanicus. 

A.uzbeckistanicus was successfully reared on H.humilis. The functional 

response to host density is shown in fig. 97. However the relationship 

between the number of hosts attacked and the host density was not of the 

type shown by the parasite attacking its normal host. Instead the curve 

was sigmoid (Hollins, Tyre III). Fewer H.humilis were parasitised at low 

densities compared to 11.dirhodum, although when high densities of H.humilis 

were provided, the number attacked was similar to that when M.dirhodum was 

given. Because of the different response, there was no linear relationship 

between 1/loge  (propn of hosts parasitised) and host density (F = 1.3305 ns), 

so consequently comparative estimates of the searching efficiency and 

handling time could not be calculated. 

When n.dirhodum and H.humilis were given together to A.uzbeckistanicus  

in equal numbers (25;25) the parasite showed a clear preference for H.dirhodum. 

Calculation of Murdoch's (1969) proportionality constant (c) where 

c  = N(1) par / 11(2) par 

(N(1) per Number of iLdirhodum parasitised, N(2) par= Number of H.humilis 

parasitised), gave a value of 1.74- The 'no switch' curve of Murdoch was 



- 27'9 - 

+;;. 96. Searching behaviour of A.uzbeckistanicus Parasitising 
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calculated from the equation: 

Y = 100-c.X/(100-X)+c.X (see Introduction) 

The predicted curve and the actual percentages parasitise& are shown in fig. 98. 

The 'no switch' curve provides a good fit to the data. 

Similar results were obtained from application of :Tanly's (1973) linear 

model for frequency dependent selection . 'Where Ni, N2  are the number of 

hosts provided, N(1)par, N(o)par  are the number parasitised,111/(111+N2)(=p) 

is plotted against (Nmpar/N)/bNmpar/NA:T(2)Dar/N2d4. If frequency 

dependent selection occurs the relationship is linear with a positive slope. 

There was no correlation between p and S for A.uzbeckistanicus  parasitising 

M.dirhodum and H.humilis 

Since the shapes of the functional response curves of A.uzbeckistanicus  

on M.dirhodum and H.humilis were different, it was not possible to use the 

approach of Lawton et al (1974). 

8. Parasite Fecundity. 

(a) A.urticae. 

A mean of 257 + S.E. 8.5 eggs was found by dissection of the ovaries 

of 12-24h old female parasites. Of these 88 4. S.E. 34 were apparently 

mature. 

The results of providing 50 aphids/dray for the lifetime of the adult 

parasite at 1500 are shown in fig. 99. Assuming random oviposition (i.e. no 

discrimination between parasitised and unparasitised hosts) the number of 

ova laid was estimated from the number of mummies from the ecuation: 

Npar = N(1-exp(-Neggs/N)) (Thompson, 1924) 

where rpar  = number parasited, IT= original number of hosts, and N eggs = '  

number of eggs laid. 

Thus H eggs = N (loge  N-lo ge(r-Npar)) 

Of the four replicates successfully completed, the mean estimated fecundity 

was 270 + S.E. 35. The adult life span was 18-20 days, but 75-85;5 of the 
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.Proportion of IL,dirhoduth in total parasitised in relation to 

proportion. of lr. i rho alma  in II huranis  •irhodura mixture. 
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Fig. 99. Realisable fecundity of A-urticae  parasitising H.humilis.  
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full complement of ova was laid within the first 10 days. 

(b) A.uzbeckistanicus  

(i) Parasitising M.dirhodum. 

The number of ova found by dissection of the ovaries is shown in Table 39. 

Table 39. Number ovarian eggs, A.uzbeckistanicus on M.dirhodum. 

AGE 
	

NUMBER ET RIGHT OVARY_ NrJ1-3ER IN LEFT OVARY TOTAL 

Mature Total Mature Total 
S.E.  (approx) S.E. (approx) 

12-24h old - 61. 3±4.3 250 61.5-±3.4 250 (500) 

50h old 
(after 6h 
ovipositing) 79.2+6.2 220 76.6-15.7 220 (440) 

The potential fecundity of A.uzbeckistanicus bred on M.dirhodum was 

much greater than that of A.urticae on H.humilis. No significant differences 

were found between the number of ova in each ovary (for 12-24h old parasites, 

t = .3171, for 30h old parasites, t = .0279). After 6h ovipositing was 

permitted, the number of mature ova increased but the total decreased. 

(ii) Parasitising H.humilis. 

The number of ova in the ovaries of specimens reared on H.humilis 

it shown in Table 40. 

Table 40. Number ovarian  eggs, A.uzbeckistanicus on H.humilis  

AGE  NUMBER IN RIGHT OVARY 	NUMBER IN LEFT OVARY 	TOTAL 

Yatur Iota], 	Nature Total 
+ S.E. 	+ S.E. 	+ S.E. 	+ S.E. 

12-24-h old 39.7+2.7 125.7+5.2 	39.7+3.4 122.4+7.8 	248 

It can be seen that the potential fecundity of A.uzbeckistanicus on H.humilis  

was only about 55 of that on its natural host. This was reflected in the 

smaller size of parasites reared on H.humilis - wing lengths were 

1.75+S.E. .052 (male) and 1.75+S.E;.022 (female) compared to 2.45+S.E. .02 • 
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(male) and 	.014 (female) for those reared on 1,I.dirheaum . The parasites 

bred on H.humilis were thus significantly smaller (t = 19.28, P 

t = 15.91, P <:.001). 

9. Sex _Ratio. 

(a) Effect of Host Density. 

The sex ratios of A.urticae and A.uzbeckistanicus in relation to host density 

are shown in Table 4l. 

Table 4.1. Effect of host density on hex 12atio-. 

SPECIES (70 OF FEYAMS 

Host Density  
10 Z 12 

83 79 81 

5 

A.urticae 	76 

A.uzbeckistanicus  
(on 11.dirhodum) 	61.5 

A.uzbeckistanicus 
100 

100 

91 

85.2 56.8 78.7 66.7 

78 69 57 61 

There were no consistent trends between sex ratio and host density over 

the ranges of density used, but for A.uzbeckistanicus parasitising H.humilis  

the percentage of females was higher at ihe lower densities. 

(b) Effect of Age of 7enale.  

The effect of the age of the female on the sex ratio was only examined 

for A.urticae. The results (progeny of four females combined) are shown in 

fig. 100. There is a gradual decrease in the proportion of female progeny 

from over '3°15 in the first two days of life to below 20:, just before death. 

The sex ratio shows a predominance of females until about the mid-point 

of the adult life span, by which time, as has already been shown, 75-85 

of the femaless total fecundity has been realised. The relationship between 

the percentage of fenales and time was linear, and is described by the 

ecuation : 
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Pig. 100.  Proportion of female progeny of A.urticae  in relation to 

age of female. 
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y = 3.54x .4- 87.53 	(7 . 175.1, P < .001) 

where y is the of female progeAy, 	is age of female (in days). 

D. Discussion. 

1. Rate of Develo,r.ent. 

Tt is  usual for the develoluent of Aphidiia parasites to take longer than 

that of their hosts (Bodenheimer and Swirski, 1957) and this was the case 

with both A.urticae and A.usbeckistanicus. The significance of the develop-

mental threshold has been demonstrated by Bodenheimer (1947) for Aphelinus  

mali parasitising Eriosoma lanigerum. The threshold for the former is 3.6°C 

and for the latter, 4.2°C. ConseGuently the Eriosoma population develops 

two full months earlier than Aphelinus. The thresholds of both A.urticae  

and A.yzbeckistanicus were higher than those of their hosts. The developmental 

thresholds of some other aphidiids are given in Table L1.2 for comparison with 

the values obtained in this work. They range from 5.5°C far Aphidius smithi 

to 10.9°C for PreonpLiii.ns, although the true value for the latter is 

much higher because it goes into diapause below about 15°C. 

The limitations of the developmental threshold have already been 

discussed, but the lower threshold found for A.usbeckistanicus did correlate 

with the observed activity of this species (and not A.urticae) in the winter 

months. For A.urticae, the correlation of the first appearance of mummifiea 

aphids in the field with temperatures above the threshold, also supports 

the validity of the threshold value. The apparent overestimate of the length 

of development of A.urticae (135 day degrees above 8.8°C) could well result 

from a higher rate of development at fluctuating compared to constant 

temperatures. 

In order to compare the rates of development and developmental thresholds 

of the two parasite species the values for the hosts must also be considered. 

Although A.usbeckistanicus has a faster rate of development and a lower 

developmental threshold than A.urticac, the sane is true of its hosts, 



T = 55°C 	y = 0.49x - 2.719 

P.oalitans 15.6 

18.3 

21.1 

23.9 

26.7 

48 

23 

17.2 

14.2 

12.1 

2.08 

4.34 

5.81 

7.04 

8.26 

(Force and ilessenser, 
1966)  

Species Temp (°C)  Development 
Period ( days)  

/0 per day 

A. smithi 10 

15.6 

21.1 

26.7 

84.7 

16.0 

12.5 

10.3 

1.18 

6.25 

8.0 

9.68 

(V?iackowski, 
1962)  

T = 10.9°C 	y= 0.54x - 5-93  

T.utilis 15.6 
21.1 	. 

26.7 

29.4 
8.3°C 	y = 0.53x 

26.9 

14.4 

9.7 

9.3 

- 4.40' 

3.71 

6.94 

10.31 

10.75 

(Force and 7'essncer, 
1964)  

T = 

A. semiflavus 15.6 

21.1 

26.7 

29.4 

38.4 

13.3 

11.3 

10.4. 

2.6o 

5.46 
8.85 

9.62 

(Force and lj:essenr,er, 
1964)  
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Table ?r2. Rates  of aevelopment and develomental thresholas Cc" 

of Al)hif95iaae. 

(oviposition--), e:aerGence except *, oviposition---).pupation)  

T = 10.6°C y = 0.53x - 5.58 
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Table 42 (continued). 

Species Tema) (°C) 	Development 
Period (days) 

per clay 

D.ra-oae 
(Sedlag, 1958) 15 20.2 4.95 

20 6.80 

25 10.4 9.62 

T = 4.7°C y = 0.1-5x - 2.22 

11 22.2 4.5 (Hughes, 1963*) 

15.6 12.7 7.9 

23.8 5.96 16.8 

T = 6.8°C 3T = 0.98x - 6.66 

D.raDae 10.3 4.3 2.3 
(Hafez, 1961) 

14.5 26.8 3.73 

19.7 13.5 7.4 

25.3 10.3 9.71 

T = 6.3°C y = 0.81x - 5.12 
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r.dirhodum and 3.avenae comparea to H.humilis (see section TV). Thus from 

consiAeration of the rate of develo=ent, 2„usbecla.stanicus is likely to be 

no more effective a parasite than A.urticae, an1 TIossibly less so. 

2. :iatin:;- 'Behaviour. 

The mating of Aphidiids is described by Stary (1970) and only those 

aspects that differ from this account will be considered. Stary describes 

the vibration of the antennae before copulation but states that 'this 

behaviour continues unchanged during the copulation act'. In both A.urticae 

and A. usbeckistanicus the plane of movement of the antennae changed as soon 

as copulation commenced., after which the rate of vibration declined steadily. 

Stary records that copulation is mostly terminated by the female, but it was 

terminated by male A.usbeckistanicus after 610T: of the coatings observed, and 

by male A.urticae on every occasion. The mean lengths of the copulation acts 

(A.urti_cae - 86 secs, A.usbeckistanicus - 103 secs) were somewhat longer 

than those recorded by many other authors for Aphidiids (e.g. Aphidius ervi 

40 secs: Stary, 1962; A.s-lithi - 15-80 secs: ',;iackowski, 1962). 

3. Search? n:; Behaviour. 

The pattern of oviposition behaviour shown by both A.uzbeckistanicus and 

A.urticae, with short spells of searching followed by rest periods, is 

typical of most aphidiid parasites (Schlinger and Hall, 1959, 1960;. Hafez, 

1961; ::essenger, 1968), as is the cessation of oviposition at night. The 

behaviour observed in A.urticae of frequently moving round to the other side 

of the leaf after parasitising an aphid will result in a relatively dispersive 

pattern of oviposition. This has been recorded for other aphidiids 

(e.g. Fraon objectuE, Ephedrus_plaiator) which after ovipositins run a 

short distance, so that parasitised aphids can never be found in dense 

groups. This is clearly of relevance when considering possible aggregative 

behaviour in regions of high host density. Not all ilphidiids show this 
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behaviour - Rai2hiebus  fabarum attacks A.fabae colonies quietly and gradually, 

resulting in heavy  parasitism of the colonies (stary, .1970). 

4. Functional Res-oonse to Host .Density. 

Before consideration of the values of the parameters obtained, the 

applicability of the random parasite model to the data will be reviewed. 

A curvilinear relationship of the number of hosts attacked to host density 

has been recorded for many insect parasitoids (e.g. Burnett, 1951, 1951., 

1958; Ullyett, 1949, 1950; De Bach and Smith, 1941). Rogers (1972) has shown 

that the functional responses of these parasitoids are satisfactorily 

described by the random parasite model. However application of the model 

to Aphidiid functional responses shows that the number of hosts attacked, 

in relation to host density rose more rapidly at first than predicted and 

then levelled off more abruptly. The came features have also been observed 

by. ::essenger (1968) for Praon exoletum and Akinlosotu (1975) for Diaretiella 

rapae, although only the former attempted to account for this. He suggested 

that it was "tied up with the phenomenon of superparasitism" but a better 

explanation can be given when the searching behaviour and pattern of ouipositio 

are taken into account. The actual handling time of the parasite is extremely 

short (4 1 sec) and the model also incorporates the resting periods in the 

estimated 'handling time'. Providing these resting periods are not longer 

after more aphids have been parasitised (there is no evidence in the literature 

of them being so) the proportion of time available for searching will not 

decrease with increasing density, and thus the relationship of numbers 

attacked to density will be linear. The abrupt levelling off is a result of 

the pattern of oviposition under experimental conditions. 1:essenger (l96$) 

found that the great majority of ovipositions by Praon took place within 

the first two hours of introduction of the parasite to the hosts, after which 

the rate of oviposition (over a 12h period) was very low. This observation 



-292- 

is supported by the mutual interference experiments in this study when 

percentage parasitism by one female after 6h was almost as high as after 244 

(16h light) in the functional response experiments. This decline in -- 

ovipositional activity may serve-to. allow more eggs to '- 

mature since only a proportion are mature when the parasites commence 

oviposition (Table 39). Although the data on the number of mature parasite 

ova after the mutual interference experiments does not support this hypothesis 

it is extremely difficult to assess the maturity of the eggs on appearance 

alone. Whatever the reasons it is clear that the ovipositional 'urge' did 

decline rapidly, and result in the observed levelling off of the functional 

response curve. The observed pattern may have been partly an artefact 

Caused by preventing the parasite ovipositing in the first 24,-36 hours from 

emergence. 

Although the functional responses to host density were not precisely 

described by the Random Parasite :.:odel, it is still worthwhile to compare 

the parameters with those obtained for other species of Aphidiidae. 

Different cage volumes and durations of experiments make this difficult. 

Converting the data of Hessenger (1968) to eouivalent values (i.e. per day) 

gives estimates for Praon.at 15.6°C of a' = 23.02 and b = 0.0056 days. The 

very small ca7e volume (0.00016 m3) explains the very high value for a' 

relative to A.urticae (1.665) and A.usbeckistanicus (2.844). For D.ranae 

at 20°C, Akinlosotu (1973) found a' = 2.33 and b =. 0.004 days, similar to 

the values obtained in this study. 

The most valuable comparison is between the intrinsic searching 

efficiencies of the two species in this study, A.urticae and Aolzbeckistanicus. 

The higher value for the latter implies that this species is more efficient 

at finding its hosts than is A.urticae. The field data does show that the 

rate of parasitism of the -cereal aphids was unusually high, when the 

populations were still very low during Hay. Clearly, other factors were 

counteracting the high searching efficiency of A.usbeckistanicus during June. 
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5. Mutual Interference. 

Generally the presence of other female parasites does reduce the searching 

efficiency of a parasite (e.g. Burnett, 1956), Ullyett, 194-9, Bakker et al 

1967) although Griffiths and Holling (1969) found a slight increase in the 

number of eggs laid per female with increasing parasite density for an 

ichneumonia. The searching efficiency of A.uzbeckistanicus certainly diminishes 

with increasing parasite density, as is shown by the mutual interference 

constant of 0.34.. This is however a relatively low value compared to many 

other.parasitoids, and the decrease in efficiency was probably causea more 

by the reaction of the hosts to frequent superparasitism (i.e. jerking 

vigorously and disturbing other aphids) than by contact between adult 

parasites resulting in a reduction of the time spent searching. It is not 

thought to have been an important factor in the host parasite interaction 

in the field. 

6. Host Specificity. 

Of the two parasites studied, A.urticae was the more specific, developing 

successfully on17; in its natural host, H.hunilis. Although the parasite 

oviposited in r..airholium and :SacrosiahLun spp., there was no development 

in these aphids. Similarly, Griffiths (1960, 61), working with rbnoctonus 

crevidis, which normally parasitises the lettuce aphia(Nasonovia ribisniPri 

rosl.), found that although oviposition occurred in other host species under 

laboratory conditions, development of the ova was arrested at an early stage 

either by encapsulation or humoral reactions. Habitat preferences probably 

prevented A.urticae from ovipositing in unsuitable hosts in the field 

(e.g. H.humilis is only found on the leaves of Dacizlil, whereas 11,m4241Las 

generally lives on the flower heads). It is more usual for the specificity 

of aphidiids to be narrow if the host is monoecous (Hagen and van den Bosch, 

1968), and this is likely to be a major factor contributing to the effective- 
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ness of A.urticae as a parasite of w.hurail -;13. 

A. uzbeckistanicus, on the other hand, was more polyphagous, attacking 

IlacrosiDhum and Iletonlophium spp., in the field, and H.humilis and !.-oersicae 

in the laboratory. This polyphagy.could to some extent counteract the higher 

searching -efficiency of A.uzbechistanicus, and diminish its ability to respond 

to changes in the densities of the different cereal aphid species. Another 

difference is that in the grassland A.urticae was the only common parasite 

of H.humilis, whereas in the cereal three species of parasites (of which 

A.uzbeckistanicus was the commonest) were attacking all the main aphid 

species. However van den Bosch (1971) has shown that there is little or no 

evidence from field data for a decrease in the ability of a complex of 

parasites to control its host compared to a single parasite species. 

Although A.uzbechistanicus attached all the aphid species found. in the 

barley, there was no evidence of it parasitising H.humilis in the grassland, 

even though this aphid was accepted in the laboratory. However the functional 

response of the species to H.humilis alone was very unusual for insect 

parasitoids in that it was sigmoid rather than curvilinear. This could 

result from a threshold density above which the ovipositional response is 

readily evoked even if the aphid is relatively unsuitable. This phenomenon 

has been recorded under natural conditions, for example when .1:laismai 

becomes abundant on apple, it is attacked by parasites normally attacking 

saa.. .is species (Evenhuis, 1962). Comparison of the functional responses 

of A.uzbechistanicus to 11.dirhodum and H.humilis  indicates that if the two 

species were given together, 11.dirhodum would be.the preferred species, and 

moreover that H.humilis would be proportionately more acceptable at high 

densities than at low densities (i.e. a switch would become apparent using 

ITurdoch's (1969) model. The results show that although ILdirhodum was the 

preferred species, the ratio remained the same at high and low proportions 

of H.humilis. This can be readily explained by assuming that when the less 

favoured species was present in low numbers, oviposition was increased by 

the proximity of the favoured species. This has been recorded for other 
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Aphidiids (Start', 

The reluctance of A.usbechistanicus to parasitise H.humilis is of 

selective value, since the parasites reared on this species are smaller, and 

their potential fecundity is 501, lower than that of those reared on 1:.airhoaum. 

Fox et al (1967) found that A.smithi reared on 12T.tpersicae were much smaller 

than those reared on the normal host, AcyrthosLplyalbum, but gave no 

information as to the relative fecundities. They also found that, like 

A.uzbeckistanicus, specimens of A. smithi bred on different hosts could not 

mate successfully. This latter observation is of significance since it could 

well result in speciation if populations of parasites on different host species 

could not interbreed. 

In addition to the observed preference of A.usbeckistanicus for 

ovipositing in M.dirhodum rather than H.humilis it is likely that Mbi tat 

preferences are also important. However, parasites similar to A.uzbechistan-

icus were found attacking S frar-lriae on the Dactvlis heads in the grassland, 

but taxonomic difficulties make it impossible to be certain if it was the 

same species. Before further profitable work can be carried out on the 

specificity of Aphidius spp. in the field, considerably more research needs 

to be done on the taxonomy of this genus. 

7. Fecundity. 

The potential fecundity of Aphidiids has been determined by many workers, 

although there are wide variations even for the same species, possibly caused 

by different culture conditions and the age of the female. For D.ranae 

the number of ovarian eggs is about 500-400 (Ullyett, 1938; Sedlag, 1958) 

which is of the same order as the number found for 2_.urticae (257) and 

A.usbeckistanicus (500). The presence of both mature and immature eggs in 

the ovaries at the time of emergence, and the fact that the total number of 

eggs (potential fecundity) is determined at the day of emergence, show that 

aphidiLds represent a group intermediate between proovigeny and true 
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synovigeny (Ctary, 1970). mhe substant4ally hiher fecundity of A.u..:;beckistan-

icus compared to112LtLcLe is a factor which would favour greater effective- _ 

ness of the former in the host-parasite interaction in the field. 

3. Sex Ratio. 

3oth species showed a clear preponderance of females in the progeny of 

mated parasites. A major factor affecting the sex ratio of A.urticae was 

the age of the female. The increase in the proportion of males with 

increasing age is due to the gradual exhaustion of the sperm supply in the 

female's spermatheca. Similar results have been obtained by Vevai (194-2), 

Sekhar (1957) and I:essenger and Force (1963). Although other workers have 

found that a high host density decreases the proportion of female progeny 

(e.g. Wiackowski, 1962) this was not apparent from this study. An important 

factor in the field affecting the overall population sex ratio would be the 

proportion of unmated females, the progeny of which would all be males. 

9, Conclusions. 

In conclusion, A.unbeckistanicus is relatively polyphagous and my be 

at a greater disadvantage as regards its rate of development when attacking 

cereal aphids, than is A.urticae when parasitising H.humilis. On the other 

hand it has a higher searching efficiency and a greater potential fecundity 

than A.urticae. From this one would not expect A.uzbeckistanicus to be any 

less effective a parasite than A.urticae. In the field however it is likely 

that the effectiveness of the former is limited by the disruptive action of 

predators in June, and had these not reduced population levels so drastically, 

this work shows that A.uzbeckistanicus has at least the potential to have a 

significant impact on cereal aphid populations. 
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SECTIWVI =M  AL  DISCUSSTON 

1. The Aphid Complex in Grassland and  

Cereals - a comparative approach. 

:axed grassland and cereals provide very different habitats for the 

Aphidoidea. The former is a perennial habitat of considerable diversity, 

derived from the different species of grasses and dicotyledons and thei' 

various growth forms and flowering times. The different flowering times 

result in a changing spatial pattern of nutritionally optimal feeding sites 

for polyphagous aphids as the grasses translocate their nutrients to the 

developing flower heads. Barley on the other hand is a monoculture, with all 

the plants at the same stage of growth, and provides only a temporary habitat 

which has to be invaded each year. Potts and Vickerman (1974) found that 

the faunal_ diversity (using the Mlliams (194.5) index) of grassland was 

much higher than that of spring-sown barley, and suggested that much of the 

present stability of cereal fauna may result from its association with the 

relatively stable and complex grassland. 

The concept that diversity promotes stability has been discussed in 

Section I. Stability was defined in terms of the rate at which a system is 

able to return to an equilibrium state after a temporary disturbance, but in 

the field situation the only practical measure is the severity and frequency 

of pest outbreaks (Pimentel, 1961; Stary, 1970). Although ,'lay (1972) has 

pointed out that large field units of abundant even-aged plants may 'swamp' 

available colonizing phytophagous species, the examples given in Section I 

show that within-crop diversity often reduces the severity of pest outbreaks. 

In comparing the relatively complex grassland with the cereal crop, there 

was no more evidence of aphids reaching outbreak levels in the cereal than 

in the grassland, with high populations of H.humilis on Dactylis in 1972 

and 1974, and of 11...dirhodum on barley in 1974. It is however true that the 

polyphagous cereal aphids occurred in much lower nubbers in the grassland 
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than in the cereal. 

This is partially explained-by the species composition of Granineae in 

the area studied. Dactvlisis relatively unfavourable for the development 

and reproduction of the polyphagous cereal aphid species (see Section III), 

whilst supporting .:large populations of the monophagous H.humilis. Host 

specificity is relatively low in most graminaceous aphids, and 2astop (1973) 

suggests that this might result from grassland being a continuous habitat 

containing many plant genera, thus reducing the advantage of specificity in 

much the same way as has the diversity of tropical vegetation. However some 

species of Gramineae are relatively unpalatable to the polyphagous grassland 

and cereal aphids, probably because of differences in their chemical composition; 

it is on these species that there is selective pressure for speciation of 

the Aphidoidea enabling better adaptation to those particular grass species 

(e.g. H.hunilis on Dactylis; iletopolophium albidum on Arrhenatherum eta ties  

(L.)). Orlob and 2:edler (1961) also found that those species of grasses which 

had monophagous aphids attacking them (e.g. Ii21121ELEallELanibers on 

Agroyyron reuens L.) supported only low populations of the cereal aphids. 

The low populations of polyphagous species are not entirely due to the 

grass species being relatively unfavourable, since pure stands of Dactylis 

and Phleum grown for seed are occasionally attached Quite seriously by the 

cereal aphids (Lair, 1953). Very few cereal aphid alatae were found in the 

grassland study area indicating that mixed grassland, with the species at 

different stages of growth, may be less attractive to alatae than single 

species stands. Another factor is the much earlier flowering time of 

Dactylis compared to barley which allows the leaf-feeding LLdirhodum only 

two to three weeks to build up in numbers after colonization and before food 

nuality declines. 

The reduction in severity and frequency of pest 'outbreaks' in more 

diverse habitats is thought to result from higher numbers of generalised 

natural enemies which attack whichever aphid species is the more abundant 
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(Pimentel, 1961). However the parasites of monophagous aphid species are 

- themselves usually fairly specific (e.g.. A.urticae on H.humilis). Although. 

the specificity of A.urticae enabled it to respond well to chanes in the 

density of its host, it aid not prevent rapid increases of H.humilis during 

Nay. Generalised predators were important in the final decline of this 

species, but their impact came too late to prevent the high spring 

population levels. D.muehlei probably avoids such predators by the concealed 

nature of its habitat. Thus to some extent the monophagous species have 

adapted, either temporally or spatially, to the high numbers of generalised 

predators in the more diverse grassland habitat. The lack of such adaptations 

by the cereal aphids could be another reason for the low numbers of M.avenae  

and 11,dirhodum in the grassland. 

Although the population levels of these polyphagous species were much 

higher in the cereal, they remained verylow, even in 1974, compared to those 

recorded by other workers (e.g. Dean, 1974b). Whereas changes in food 

duality determined the underlying population trends of the different aphid 

species in the grassland, the natural enemies, in particular the predators, 

had more impact in the barley. :oth relatively specific predators (syrphid • 

larvae) and generalised predators (staphylinid larvae) were important in 

reducing aphid nuMbers in June and July, It seems that the low plant 

diversity within the cereals was counteracted by the high diversity of 

surrounding non-crop areas: This crop/non crop interaction will now be 

considered. 

2. The GrasslandZperea1 Interaction. 

The interaction between the grassland and cereal studied has been 

examined and discussed in Section III. Although there was no evidence from 

this study of the grassland acting as an overwintering refuge for the cereal 

aphids, it must be stressed that this may not be generally true, and the 
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specie- connosition of the grassland must be considered, in this respec-6. 

This function of uncultivated land as a reservoir for aphid parasites 

has been discussed in so: e detail by Stary (1970). He introduced the concept 

of 'foci', a general tern covering the whole classification of the occurence 

and sources of parasites in nature irrespective of whether the parasite 

species are economically valuable or indifferent. Uncultivated land is 

analagous to a chronic focus in this terminology, serving as a source of 

parasites during the whole time of its existence (e.g. A.urticae on H.humilis), 

whereas an example of a temporary focus is lesiphlebus fabarum Marshall 

parasitising A.fabae on Cirsium spp. in some cereal fields (Stary, 1970). 

It is clearly advantageous if the parasite focus is on economically indifferent 

hosts, with the parasite having a sufficiently wide range of host specificity 

to attack economically important aphid species, as was the case with A.avenae 

attacking H.humilis. Another example of this is given by Stary (1970); in 

S. Europe I91.21TIL11121cis.  Pass. on Irundo donax reeds is attacked by 

Anhidius  transcasnicus Telenga which is also an effective parasite of 

yalonterus nruni on PhnIzites reeds and peach trees in the neighbourhood. 

A similar situation has been utilized in Czechoslovakia in the successful 

control of H. nruni on Phramites by the creation of artificial foci. Boxes 

containing plants infested by Aphis. craccivora Koch parasitised by Anhidius 

transcazpicus were sunk near the reed beds, and the emerging parasites 

attacked H.pruni. 

The present studs has highlighted one of the problems associated with 

economically indifferent aphids acting as hosts of useful parasites. By 

far the commonest parasite of H.humilis was the very specific A.urticae; 

parasites of monophagous aphids tend to be relatively specific (Hagen and 

van den Bosch, 1968; Stary, 1964b)and this specificity has resulted in 

A.urticae becoming better adapted to exploit the H. humilis population than 

more polyphagous aphid parasites (e.g. A.avenae). 



- 301 - 

If parasites are reared in the laboratory on an 	host, they 

may become sufficiently adapted to the new host to .attack it in the field; 

Trio:ws pallida Hal. in California was reared on Tinocallis carvaefoliae • 

Davis as well as on its natural host Chromaphis juraandicela I:alt. and was 

found to attack both hosts in the field (Schlinger et 	1960). 

A.uzbeckistanicus has the potential to be a very effective parasite of cereal  

aphids in the field, and can develop successfully on H.humilis in the 

laboratory. Its low searching efficiency at low host densities however 

renders it ineffective on the latter host in the field but intensive 

rearing on H.humilis might produce a better adapted strain. This will 

provide a profitable field of research in the future, enabling foci of 

selected parasite strains to be established on economically indifferent 

aphid species. 

Predators are generally less specific than parasites, and the surrounding 

non-crop environment aia provide a source of the phytozetic Syrphidae and 

staphylinid and car abid larvae. In the latter case the similar density of 

plant cover in grassland and barley probably facilitated the interaction. 

3. The Feasibility  of1:.anipulatinq the Grassland/Cereal  

Interaction in Farmin0.  teas. • 

Much of the work previously devoted to crop/non crop interaction 

(e.g. Lewis, 1969; Perrin, 1974) has been concerned with elements of the 

non-crop habitat that have diminished as a result of the economic pressures 

of modern farming, such as hedgerows and stinging nettles. This is also true 

of grassland to some extent (Southwood, 1972), but grassland is a crop 

itself when grown for grazing, hay or seed, and remains as a non-crop 

environment adjacent to cereals in some areas like the South Downs. 

Provided species of grasses more suitable for monophagous aphids are dominant 

(e.g. Dactylis), this work shows that the effects may well, be beneficial in 

reducing cereal aphid populations. 
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The aim of this project was to study the aphid complex in grassland and 

barley, but aphids are not the only pests of cereals ana any cultural 

approach to pest control must be compatible with control of the whole pest 

and aisease spectrum. Although examples were given in Section I of grasslana 

acting as a serious reservoir of pests, there is evidence that the species 

composition of the Grpnineae is again of critical importance. Nye (1959) 

carriea out a survey of the shoot fly larvae (Diptera, Acalypterae) within 

pasture and cereals in England, including cereal pests such as Oscinella frit  

(L.) and LeDtohylemia coarctata (Fall.) 0.frit was found attacking 11 of 

the common grasses, including Lolium„ Holcus anaLarostis, but not Dactylis. 

A closely related species, O.albiseta (llg.) was monophagous on Dactylis. 

Several other species, including L.coarctat.'1, were also unable to develop 

on Dactylis. There is therefore a case for manipulation of grassland near 

cereals to increase the proportion of species like Dactvlis. 

The acricultural importance of Dactylill has declined markedly in recent 

years, partly because it takes longer to mature than the Lolium sin., and 

also because in grass mixtures it freouently becomes dominant. It is still .  

however used in the drier parts of the country (e.g. Suffolk) and these are 

the major cereal growing areas in England. The aavantages and disadvantages 

of the use of such grasses must be assessed in the field under local conditions, 

but it does seem that Dactylis would minimise the risks of grassland acting 

as a reservoir for cereal pests, whilst providing a source of natural enemies, 

especially if mibellifers were also present for the Srrphidae. The importance 

of the species composition of the grassland and of uubellifers demonstrates 

the necessity of identifying the key components of the interaction, and shows 

how 'a little powerful diversity' (van Emden and 'jilliams, 1974) can be more 

effective than diversity per se. The latter in fact could well be detrimental; 

the increasing use of grass species, such as Lolium spp., more suitable for 

the polyphagous cereal aphids, may be a contributory factor resulting in the 



higher populations of cereal aphids recorded in recent years. 

Grassland is too often regarded as a relatively homogenous- habitat while 

it is instead highly couple:, especially from a nutritional aspect. here 

is great potential in further investigating the grassland/cereal interaction 

in agricultural situations with a view to contributing to the- development 

of an inte:Yrated control approach to cereal pests. In future however such 

research by graduate students would be more profitable if organised on a 

team basis. This would have not only immediate .practical advantages 

(e.g. reduction in the overall cost in time of sampling) but would also 

facilitate interchange of ideas. It may even promote some 'interaction' 

between field entomologists and those more mathematically inclinea who could 

plan a cohesive strategy for the project to obtain data for computer 

simulation studies. 
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SUMITAPY  

The aims of - this work were twofold: firstly to compares the aphid/natural 

enemy complexes in rough grassland and spring-sown barley to see whether the 

greater diversity of the grassland resulted in greater stability of the 

grassland aphid populations; secondly to determine the nature and extent of 

any interactions of the aphids and their natural enemies between the two 

areas. The literature on diversity-stability theories in relation to rest• 

control is reviewed. 

2. The population dynamicsof aphids in an area of srassland with Dactylis 

dominant are described. The commonest aphid was 7,yalo-oteroides humilI7)  

a monophasous species feeding on Dact-lis, an most work was concentrated 

on this species. ?_.hug ilis overwintored as viviparae, with the population 

increasing in April an,1 :ay to reach a peak in late :ay. Yumber's then 

declined s'iarply;  and alel not increase asain until late August/Sente.lber._ 

3. 3tudies on instar distribution of-H.humilis shored product! on of alatae --------- 

in Lay and June, and an increased profortion of adult apterae in June and 

July. Alate production was partially density in'Inced. 	table age distrib-,  

utions in 1'274 were found on 17 of the 26 sampling occasions. The spatial 

distribution of H.humilis was best described by the negative binomial 

distribution. 

The dominant primary parasite of H.humills was .;iphidius urticae (sp. SP.) 

but A.aver,ae was also recorded occasionally. A.urti_cae showed a delayed 

density dependent response to its host. Levels of yierparasitism varied 

considerably from year to year, being highest in 1972. Few predators were 

found until June when plutozetic syrphid larvae and staphylinid larvae 

became active. 
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5. Chanees in food Guality determined the basic popnlation tren,l--or 

H.humilis through the year. Prevailing temperature conditions governed the 

winter survival rate, and the rate of increase in spring. The cumulative 

effect- of declining food ouality, natural enemies and alate production 

resulted in the population crash in June. 

6. The other main aphid species recorded in the grassland were the polyphagous 

Macrosinhum frrIzariae and the monophagous Weara-ehis muehlei. Alatae of the 

former colonized the grassland in early June, with the population on the - 

inflorescences peaking in mid-late June. D.muehlei was found in the young 

rolled-up shoots of Phleum in June, moving to the flower heads in July when 

the population peaked. .s food ouality declined, the aphids returned to the 

leaves. This is discussed in relation to the 'dual discrimination' theory. 

A very few of the common cereal aphids, ::etoi)olophium airhodum 1,:acrociphum 

avenae and allopalo:;rhum ieadi were recorded on grasses in June. 

7. SaTTling of barley in January, 1972 revealed populations of 11.avenae, 

#1i-horM71 nd Ipedi in decreasing order or abundance. Adult parasites 

were also active at this time of year. 

3. The slTinc-soen barley .-s colonized primarily by &late Ir.avenae and 

17..airhodm  in :171y, and 2.-eadi in June, with numbers increasing until mid-late 

June. The population crash occurred later in 1972 than in 1973 or 1974.. 

Peak population levels were much lower than those recorded by other workers 

in Brit:. n. 

9. mhe comnonr-st parasites attacking the cereal aphids in order of 

abundance were Alohidius usbeckietenicus, A.avenac and 21..ervi. There was no 

evidence of a delayed density dependent response to chances in host density. 

Oviposition by phytozetic Syrphidae in late Lhylearly June resulted in high 

-yrphl larval porulations in the barley in June. Generalised predators, 

especially Thchl-yorus larvae, were common in late June and July. 
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10. The number of immigrant alatae partially determined populations levels of 

cereal aphids on barley up to mid-June, with parasitism reducing the initial 

rate or' increase. Predators and heavy rainfall were responsible for the 

decline of the populations. 

11. The degree c)-' interaction between the two areas was assessed by sticky 

and water traps on the boundary and comparison of the species composition 

of aphids and their natural enemies in the two areas. The grassland did not 

act as a reservoir for overwintering cereal aphids but was a contributory 

source to a mobile aerial population of A.avenae. Flowers in the grassland 

provided a source of pollen for the phytozetic Zrrphidae in May, and evidence 

is presented of a movement of adult syrphidz from the barley to the grassland 

in July/August for a second generation. 

12. The response of H.humilis to constant temperatures between 11.5°C and 

25°C was sturlled. The relationship between developmental period anE temperature 

was inversely hyperbolic, and the develol-mental threshold was calculated 

as 3.20 . The fecundity of H.humills was rather low compared to ninny crop 

aphids, r3nd the n=inum was reached at a relatively lower temperature (1500). 

13. Liven a stable age distribution on most sampling occasions, tine specific 

life tables were constructed fro _.1 the population data on H.humilis in 1974. 

They indicated the importance of non-selective mortality in April (frost) 

and of predators in June. 3stim,:tes of the reproductive rate sug:csted an 

increase in mid-::ay when Dact7lis began flowering and a sharp decline in 

June. 

14. A comparative study'  was ma(lc of A.urtcae and A.usbeckistanicus by 

estimating their intrinsic searching efficiencies from their functional - 

responses to host density. A.usbeckistanicus was found to have a higher 

searching efficiency when at 	1I.dirhodum than A.urticae parasitising 

H.humilis. 
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15. Jork on host specificity showed that A.urticae was very specific, but 

__ 	micus ,v.oula parasitise and could develop successully ill .humilis.  

The searching efficiency w?en attacking this host was however very low at low 

host densities, and the fecundit- of parasites reared on this host was 

reduced by 5g:. There was no evidence of switching by A.uzbec1:istanicus  

when various mixtures of the two aphid species were provided. 

16. The rates of development 'of the two parasites at constant temperatures 

between 15°C and 250C were determined. The developmental threshold of 

A.usbeckistanicas was lower than that of A.urticae,  but so were the develop-

mental thresholds _of the cereal aphids compared to H.humilis. 

17. It is concluded that A.uzbeckistanicus has the potential to be a highly 

effective parasite of 1:.dirhodum, but in this study its activity was 

disru7tea by heavy predation of the cereal aphids. 

18. The aphid/natural enemy complexes in grassland and cereals are compared 

in the light of theories on diversity and stability. Although the polyphazous 

cereal aphids were very uncommon in the grassland, the monophagous species 

reached gi1.1_ilar polulation levels to the anhids on the cereals. The 

unsuitability of Dactyl's for the polyphagous cereal aphids and other cereal 

pests is discussed in connection with the feaso:bilL.,y of r..5.nipulating grass-

land areas to reduce overwintering populations of cereal pests and increase 

the numbers of natural enemies. It is suggested that the increasing use of 

Loll  L17 spp. in grassland may be one factor in the growing importance of 

cere-1 aphids. 
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APT-Jcirrart 	BOTA'''.TOAL 	 STIILDI 202A; _ 

197274. 

Table; 1. Derived means and confif.ence limits of dry wt (g) of D-ctr152-  

Date 

0.1925m.2, 	1972-3. 

COIL:.71.Di:317CE LraTs (95;:;) LOG. TRAIT320.111...LED 

1972 

S" U 	L 

13/4 9.81 0.85 	0.17 7.08 14.66 	3.42 

28/4 13.28 0.98 	0.10 8.61 15.06 	4.92 

12/5 15.17 1.05 	0.18 10.13 21.27 	4.82 

28/5 23.68 1.20 	0.11 19.05 34.29 	10.58 

12/6 40.00 1.47 	0.36 29.51 84-.99 	10.25 

28/6 31.20 1.37 	0.16 23.4-4  48.05 	11.43 

12/7 23.60 1.11 	0.57 12.82 48.59 	3.38 

26/7 7.83 0.76 	0.13 5.78 10.98 	3.04 

10/8 6.90 0.58 	0.43 3.77 12.03 	1.18 

24/8 10.35 0.89 	0.09 7.83 13.23 	4.63 

1973 

15/3 5.34 0.49 	0.32 3.12 5.96 	1.63 

27/3 5.01 0.49 	0.32 3.11 5.91 	1.64 

10/4 5.27 0.50 	0.36 3.16 6.23 	1.60 

24/4 10.12 0.88 	0.15 7.57 11.81 	4.85 

8/5 13.03 1.02 	0.12 10.35 15.32 	6.99 

24/3 29.64 1.34 	0.19 21.68 22.76 	20.65 

7/6 20.83 1.24 	0.08 17.36 224-16 	12.50 

23/6 16.32 1.11 	0.12 12.75 18-.87 	8.61 

6/7 16.80 1.03 	0.28 10.67 19.63 	5.80 

29/7 13.32 0.97 	0.21 9.39 15.87 	5.56 

17/8 11.96 1.06 	0.04 11.38 14.34 	9.03 

23/9 16.21 1.01 	0.11 10.23 14-.95 	7.01 
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Application of Taylor's Power Law (Taylor, 1961) to the data for Dactvlis 

glomerate. (ary weight, g) indicated that a transformation was required. 

The regression of log variance on log mean (F = 68.163, P. .001) gave a 

value for b of 1.96, and hence a log transformation was adopted (Table 1). 

The derived mean (g) is lower than the arithmetic mean (x) and has no real 

meaning biologically; the 95 confidence limits however do set the limits 

to the range within which the true value lies. 

Table 2. Qualitative survey of I:onocotyledoneae in grassland study area 

using Brawn-BlanquElsaleiyerysmrse .(1)--) very numerous ((1974). 

Species 	SUBPLOT HOMER 

I - II III 'IV 	-' VI ,VII.  VIII IX 

12 	4 56 7 8 9 10 

1 

1 

1 

5 5 

1 

4- 

1 

1 1 

3 3 

1 

5 

1 

14- 

Gramineae: 

Bromus sterilis L. 

B. 	mollis L. 

I.,--govoarisErans (L.) 

Festuca rubra L. 

F. 	jratensis Huds. 

Lolium  loerenne L. 

Foa trivialis L. 

Dact74211omerata L. 

Arrhenatherum elatius (L.) 

Holcus spp. 

Anthoxanthum. oaoratum L. 

Agrostis  tenuis Sibth. 

Phleum pratense L. 

Juncaceae: 

Juncus effusus 

3 3 3 

1 

1 

14- 

1 

5 

1 

1 

4- 

1 

3 

1 

1 

1 

5 

1 

2 
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Table 3. Oualitative survey of Dicotyledoneae in rassland study area 

using.  Braun-Blanouet scale. 

Species SUBPLOT =BR 

Ranunculaceae: 

Ranunculus reuens L. 

I II III IV V 'VI Y II 

1 

1 

2 3 

1 

4- 5 6 

1 

7 

1 

1 

8 

1 

1 

1 

910 

1 

2 

11 

1 

12 

1 

1314. 15 16 171 

1 

1 

1 

R. 	acris L. 

Cruciferae: 

Thaphanus rauhanistrum L. 

Polygolaceae: 

Folvgola vulgaris L. 

Carophyllaceae: 

Silene vulgaris (..:bench) 

Cerastium sp. 1 1 1 1 

3tellaria c-razlinea L. 1 	: 1 1 

Geraniaceae: 

Geranium molle L. 1 1 1 

Papilionaceae: 

:ed_icago sativa L. 1 

Trifolium sp r. 1 1 1 1 1 1 1 1 

aosaceae: 

Cratauus monovna Jacq. 1 

Onagraceae 

alLobium sp. 1 1 

Umbelliferae: 

Anthriscus sylvestris (L.) 1 1 1 

Pubiaceae: 

Galium aparine L. :3- 1 
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1 

Table 3 (continued). 

Species SUBPLOT NUMBER 

Compositae: 

I II III IV V VI VII VIII IX 

1 2 -t1. .16 18 910 1119 1516 

Achillea millefolium L. 1 9 1 9 1 1 1 1 1 1 
Senecio jacobaea L. 2 3 2 9  1 1 1 1 1 1 1 

Cirsium vulgare (Savi) 1 1 1 1 1 2 1 3 1 1 2 

C. 	arvense (L.) 1 1 

C;72pla  sp. 1 1 1 1 1 3. 1 

aacinsis sp. 2 1 1 1 1 2 1 

Taraxacum officinale Weber 1 1 1 1 1 1 1 1 1 1 211 1 1 1 1 1 
Scrophulariaceae: 

Veronica chamaedrvs L. 1 1 1 1 11 1 

Plantaginaceae: 

Plantao lanceolate L. 2 2 1 9 1 12 1 1 1 . 	1 1 1 

Chenopodiaceae: 

ChenToodium album L. 1 
Polygonacer.e: 

Polygonium aviculare L. 1 

Rumex acetosa L. 1 1 1 1 1 1 1 3. 1 1 1 
R. 	acetosella L. 1 1 2 3 2 2 2 1 

Urticaceae: 

Urtica dioica L. 2 1 1 1 

Fagaceae: 

Ouercus sp. 1 1 

Salicaceae: 

Salix sp. 1 
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APPENDS'S N.' POPULATION DATA ON Hiliala-LIS (1972-3) 

AND NALYS2S OF V_ RI 	OY FOOD TALITY ItTA. 

Table 1. Derived means-and confidence units of lopL(Umber of 

H.humilis  1)/0.1225m2, 1972-3. 

Date LOG (1-1-x) TRANSFULED DATA CONFIDENCE LEETS (9%4 

1972 

5E 	 s2 U 	 L 

13/4 54.00 1.08 	0.99 11.08 62.71 	0.93 

28/4 74.22 1.48 	0.59 27.84 109.80 	5.99 

12/5 78.00 1.61 	0.32 39.74 108.30 	13.45 

28/5 123.40 1.67 	0.39 45.77 137.20 	14.16 

12/6 21.22 1.06 	0.30 10.38 25.60 	3.04 

28/6 2.22 0.35 	0.12 1.22 

12/7 0.33 0.09 	0.J3 0.22 

26/7 0.63 0.16 	0.06 0.44 

10/8 0 0 	0 - 

24/8 1.67 0.28 	0.11 0.72 

11/9 2.22 0.26 	0.19 0.30 

1973 

15/3 2.93 0.14 	0.06 0.39 

27/3 2.83 0.31 	0.18 1.02 omm. 

lo/4 3.17 0.40 	0.19 1.54 

24/L 6.33 0.57 	0.30 2.68 3.98 	0.44 

8/5 7.11 0.55 	0.28 2.56 3.66 	0.40 

41/5 33.56 1.23 	0.34. 15.83 29.8- 	7.12 

7/6 12.17 0.94 	0.19 7.77' 11.90 	3.68 

23/6 2.78 0.49 	0.08 2.12 

6/7 1.33 0.27 	0.08 0.86 

29/7 1.33 0.24- 	0.10 0.73 

17/8 5.72 0.51 	0.30 2.23 3.15 	0.19 

23/9 5.50 0.55 	0.21 2.55 3.34 	0.50 
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Application of Taylor's Power Law to the data for 1972 on the number 

of Ti.humilisiquacirat gave a value for b of 1.886 (p = 662.9, P‹ .001). 

Consequently a log (1 x) transformation was adopted (since zero counts 

were present) (Table 1). This transformation however was not appropriate 

when nirnbers dropped very low, with a large number of zero counts. This is 

because the subtraction of 1 from the confidence limits is only a suitable 

approximation when the numbers are large; when the derived means are very 

low, upper 95 confidence limits lower than g are obtained by this method. 
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Table 2. latroen levels Ca/r) of arihid-infected (Al) and uninfostea (A0) 

Dactylis leaves from 26/5/74 (T1) to 18/6/74 (T ). 

TEE (T) 	APHIDS (A)  BLOCKS (aeplioates) TOTALS 

T1  

T2 

T3  

T14..  

T5  

T7  

TOTALS 

45.8 45.8 45.2 43.4 

42.1 44.2 39.4 38.2 

44.6 44.6 45.1 L5.2 

33.1 34-.7 36.3 38.9 

36.9 36.8 36.8 36.6 

26.7 30.7 28.9 33.8 

27.5 31.3 29.8 37.9 

94.0 25.3 24.8 28.4 

29.8 27.9 37.0 35.3 

21.0 '4.8 26.6 26.9 

26.4 30.0 26.7 29.1 

22.3 27.1 24.8 29.9 

20.7 17.4 17.5 18.6 

21.5 22.3 22.9 23.3 

422.4 W.6 441.8 467.5 

182.2 

163.9 

346.1 

179.5 

143.0 

322.5 

147.1 

120.1 

267.2 

126.9 

102.5 

229.4 

190 

99.3 

229.3 

113 

104.1 

217.1 

74.2 

90.5 

164.7 

1776,5 

Ai 
!so 

Al 

Ao 

Al 

A0  

Al 

Ao  

Al 

A0  

A1  

A0  

Al 

A0  



7.74*** 
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Table 3. Analvsis  of variance  for aiffe:::ences in nitror,en contentjoetween 

aT)11a-infestea and uninfestea leaves. 

Source of 
	Sum of souares hlban snuare 	F-ratio 

variation 

Replicates N 	3 	73.143 	24..381 

Infestation (A) 	.1 	299.469 	299.4.69 

Time (T) 	6 	2987.430 	497.913. 

Interactions: 	6 	235.393 	39.232 

T x A 	 39 	197.621+ 	5.067 • 

Error 	 55 	3793.109 

Total 

Table 4. Differences  between infestation vlithin  time. 

T2 	T3 	T4. 	T5  	T6 	T
7  

Al A0Al 1  Al AO 	A  Ai 0 	 Al 
	Ao  

4.5.55 4.0.98 4..88 35.75 36.78 30.03 51.73 25.63 32.5 24..83 28.25 26.03 18.55 22. 

4.57** 	9.13*" 	(3..75*** 	7.63**^- 	2.22 	-2.08* 

Table 5. Differences betv:ecn times. 

T, .i. 	T2 	T3 	m 
4'4. 	T5 	Tr 

	

o 	T7  
45.26 40.31 55.4 28.68 20.66 27.12+ 20.59 

2.05* 	6.91*** 	0.02 	6.55*** 

ri 

A1 
A1 	4=!1  
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Table 6. latrosen lcvals (r.:1;) of cut 00) ana uncut (G1 ) Daty1j„3. 

loaves on 16/6/  74 (T1), 23/6/74. (T2) and.  9/7/74 (:1:)). 

Reps. 

T1  

G-G  

1 2 	3 4 1 2 	3 /4- 

23.3 25.1 	27.3 21.5 27.8 94.5 	30.4 29.4 
Blocks 

IT 25.9 22.5 	20.2 25.2 23.9 04.2 	34.6 25.7 

Totals 191,5 220.5 

4-12 

Reps. 

I 

Tl 

Go  Clu 

1 

18.3 

2 

23.7 

3 

2L-.6 

4 

19.2 

1 

26.9 

2 	3 

4.1 	26.5 

4 

23.7 
Blocks 

II 20.6 20 19.3 22.7 21.8 31.9 	25.8 25.4 

Totals 206.1 168.9 

375 

Go  Gu  

Reps. 1 3 4 1 

I 20.9 19.6 13.2 17.9 22.9 19.4 	24.5 21 
Blocks 

II 13.3 17.9 15.3 20.6 16.9 19.8 	25.5 20.6 

Totals 163.6 

313.3 

Totals 

I 	561.7 

II 543.6 

Totals 
	1105.3 
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Table 7. AnalySis of variance for differences in nitroL;en content 

between cut and uncut Dact-!lis. 

Source of Variation D. P. Sum of squares 17ean souare F-ratio 

Blocks (B) 1 6.825 6.825 

Replicates (a) 3 25.764- 7.921 

Treat tents 1 150.375 150.875 21.681*** 

Ti::e (T) 2 273.408 139.204. 20.063*** 

Error 40 278.362 6.959 

Total 47 738.235 
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Table Q. Differences between treatments within time.  . _   _ . .              

  

0 
U. 

       

Ll 

           

23.94 27.56 21.11 '):5.T.'").  1.71  21.03 

3.625** 	 2.36 

Table 9. Differences between tines. 

25.75 	23.L4 	19.39 

3.54 



Table 10. Lo;; numbers of aphids (per 25 loaves) on cut and uncut Dactylis  on 

 

 

16/6/74 (T1) and 28/6/7L (T2).  

T2 TOTL.L S 

Reps. 

Gc G
11 

Gc  Gu  

1 2 3 4 1 2 	3 4 1 2 	3 4 1 2 	3 4 

Blocks 1 0 0.778 0.301 0.659 1.342 1.146 1.4.15 0.699 o 0 	o 0 0.778 0 	0.301 0.301 7.76 

11 0 0.477 0.477 0.477 0.301 0.699 1.041 0.858 0 0 	0 0.301 0.477 0.301 0.477 0.477 6.35 

Totals 3.209 7.4.88 0.301 3.112 14.11 
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• Table 11.  	of variance for aifferences in-lo.7 numbers of 

aphids on cut and uncut Dactrlis. 

Source of 

 

D.2. 	Sum of squares Than snuare 	17—ratio 

         

variatn 

        

        

BlocTh (D) 	1 	0.062 	0.062 

2eplicates (2) 	3 	0.090 	0.030 

Treatments (G) 	1 	1.571 	1.571 

Time (T) 	1. 	1.658 	1.658 

Error 	25 	1.897 	0.076 

Total 	31 	5.278 

20.67* 

21.82"* 

Table 12. Differences between treat7ents within tire. 

Gc 	s-711 

0.4.01 0.936 

0.535***  

GC 	Cu 

0.038 	0.339  

0.351* 



A.urticae on H.humilis—field sample 

A. urticae on H.humilis— lab. culture 

A.urticae on H.humilis from Sark 

1mm 

APPIILTDIX. 3. 

2,..T,TD -.sou-Lpririt.3. ON FIRST 

aciWidliT OP GL.Mli 01' .,4_11:1ID1.1.1)AB. 

1. Wing ,venation of A.urticL,.e (sp. 3p.) • 



A. uzbeckistanicus on M.dirhodum,—lab. 
culture 

A. uzbeckistanicus on M.dirhodum— field 
sample 

1mm 

A.uzbeckisianicus on H.humilis  

770 0 

Wing venation of A.uzboeList;micus. 



A. avenae on M.avenae 

A.avenae on H.humilis  

kervi on M,avenae 

34.0 

3. 	venation of A.avenae  and. A.ervi. 



A. uzbeckistanicus.on M.dirhodum 

A. uzbeckistanicus orn H.humilis 

A. avenae on H_humilis  

2i2,*. Li-. Lateral view of firnt se.qment of the zaster of Aphiaiiaae. 

A.urticae sp.gp. 

A.avenae on M.dirhodum 

A. ervi 




