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S1DIII&17 ot Thesis subIIi tted tor Ph.D. degree 

by Stephen G.A. COllpton 

on 

Studies of Insects associated vi th Lotus corniculatus L. 

The major objectives of this study vere to describe the insect fauna 

associated with L. corniculatus and to obtain information on the response 

of insects to cyanogenesis. The latter is of particular interest because some 

molluscs and small mS IIIII\81s have been shown to preter to feed on plants vhich 

have acyanogenic leaves, and the densit.y of these selective herbivores is 

considered to be one ot the tactors vhich influence the frequenCY' of cyanogenic 

plants in populations of L. corn1.cul.atus. 

During 1m and 1978 a survey of the insects reeding on L. corn1culatus, 

and their parasi tea, vas carried out at Epplevorth Qua.rr7, E. Yorkshire and 

was supplemented by samples from a number or additional sites in England, 

Wales and Norway. The novers and seed pods ot L. cornicul.atp vere found 

to support a diverse insect fauna, composed of eight coDllon phytophages and 

over twenty species of parasites. Competition amongst the phJtophages liVing 

in the pods vas investigated, aDd the aoth Cydia C8J!lJ8!i tella vas found to 

displace the other species vhen densities vere high. At Epplevorth Quarr,y 

seed predation vas estimated to result in the destruction of at least :W.o~ 

of the seeds in 1977 and ~·5 % in 1978. 

Laborator;r feeding choice experiments shoved that SOIl8 grasshoppers and 

beetles preferentiall7 eat acyanogenic L • . ,C!!ndmi',W flovers. Greater damage 

to acyanggemc fiovers in field populations couJ.d not be confiraed hovever. 

At Porthdaf'arch (ADglesq) it vas found that in one area the leaves of the 

aCTBDOpnic plants vere more hea'f'i17 cheved, but this vas attributable ma1nlT 

to differential. feeding by molluse8 rather than insects. In the Jo.tedal 

Valley of Norway the L. cornicmla!.us populations groving in harsh periglacial. 

coDdi tiona vere found to contain an \lDexpectedlT high proportion of' cyanogenic 

iDdividual8. Possible axpla:lnatioDB tor this distribution vere iD'f'e8t1gated. 
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The impact of insect herbivory on L. corniculatus is discussed, toeether 

\Ii th an eValuation of the role of cyanogenesis in the chemi cal de fence of 

this species. 



CHAPTER I 

INTRODUCTION 

Lotus corniculatus L. is a perennial herbaceous 1egume,distr1buted 

throughout much of Britain and Europe. It has also been introduced into 

North and South America (Seaneyand Henson, 1970), where it is grow for 

seed and as a honey/fodder crop. Although tolerant of poor, nutrient deficient 

soUs (unlike the related Trifolium rapens L. ) L. cornigu1atus prefers dry' 

condi tions and rarely oocurs where soils are persistently damp. 

Populations of this species in Western Europe are particular1,. interesting 

because they are usuall,. polymorphic tor the &bili ty to release h1drogen cyanide 

(OOB) when tissues are dauged. Thus Vi thin populations 80lle ind1 T1.duals are 

qalJOgenic whereas others are not. HON is generated by the interaction of a 

13 - glucosidase Vi th tvo cyano - glucosides, 10taustralln and llD8.lll8.rln (e.g. 

Conn, 1979). Cyanogenesis occurs in both the leaves and fiower petals, (Guerin, 

1929), but has not been recorded troll other parts of the plant, such as the 

root system or the seeds, a1. tbollgh it is la¥:>vn that seedlings can rapidly" 

develop qanogenesis after germination (Blaim, 1975). 

Four pbeDOtypes relating to cyanogenesis can be recognised. These are 

abbreviated as ++ (both substrates aDd ens;yae present), + - (substrates o~), 

_ + (enQae only), aDd - - (neither substrates !lOr en.,... pre.ent). Only + 

lDd1Y1duals are cyaDOgeld.c. 
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Not all plants are consistantly cyanogenic and Ellis .!l!! (1m. a) have 

shown that sOile plants respond to changes in temperature by al taring their 

phenotype, a drop in temperature usual.l.y resulting in a sviteh to acya.nogenesis. 

The genetics of cyanogenesis in L. cornicu1,'tus is complicated by the presence 

of these unstable phenotypes, and is still imperfectly understood (Ramnan1, 

1979). NDl\etheless, it is known that the alleles determining the presence of 

lotaustralin, linamarin aDd the J3 - glucosidase are dOminant. It has also been 

established that cyanogenesis is inherited imepend.ently by the leaves and 

flowers, and at one site near Birmingham Jones and Cravf'ord (1m) found that 

all 16 possible phenotypic combinations occurred together, although in ratios 

vhich suggested that a significant disequilibrium tora8 present. L. cornigul.atus 

is alSo polymorphic for the character of petal. keel colour, with brown-red 

keels being dominant over yellov ones (Hart and WilSie, 1959). Using cultivated 

material, Bubar and Miri (1965) suggested that at least one locus might be 

involved in the control of both leaf cyanogenesis and keel colour, resulting 

in an exce.. of cyanogenic dark keeled and acyanogenic light keeled plants. ; 

Breeding experiments carried out by RamMni (1979) have failed to contirm 

this relationship, hovever, and Jones and Cravford (1m) found no relevant 

correlations in the field populattom they examined. 

Jones (1977) has mapped the proportions' of leaf cyanogenic plants in 

European populations of La OO1'JJimOaty and has show that there is a general 

decline in the cyanogenic morph from the south vest to the DOrth east. In 

Britain most populations vere fourd to be predom:Snan~ C18DOPn:1c, but with 

more acyanogenic plants occurrJ.ng in the south am vest. SimUiar studies 

of' the keel colour distribution shoved the presence of a cline in Britain, 

Vi th signit1cant regressions of the proportion of' dark keeled plants Vi th 

increasing 1ati tude (Jones and Crawford, 1m) and troll vest to east (Abbott, 

1981). Parallel results vera not obtained on the mainland ot Europe hovever, 

vhere no 1ati tud1nal cline vas observed. 

Cyanogenesis occurs in a Vide variety' of' plant species (e.,. Siegler, 

1975) and an increasing mmber are know to be polymorphiC for this character 
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(F1kenscher and Hegnauer, 1971). It can be argued that in species monomorphic 

for cyanogenesis this character consistently provides a selective advantage, 

either directly or indirectly whereas in polymorphic species, on the other 

hand, there are situations "'here cyanogenesis is neutral or even disadvantageoUS'. 

Selection v.Ul favour cyanogenic morphs only vhen the metabolic costs of main-

taining the ab1l1 ty for cyanogenesis are outveighed b7 the beneti ts that 

cyanogenesis provides. The ab1l1 ty of some individuals to vary their expression 

ot cyanogenesis perhaps represents a r1.exible response to a.mrual. cyclic changes 

in the relative advantage of possessing a particular phenotype. 

Three factors have been DOminated as possible mechanisms for the main-

tanance of cyanogenic po~rphi8JD in L. cornigulatus - temperature, dro.ughting 

and differential feeding bt animals. The infiuence of temperature is known 

to be important in T. repens, vhich is also polymorphic for cyanogenesis. 

Da.day has show convincingly that in European populations of this species 

the frequency of the cya.nogeD1c fo1'll is correlated both with JIeaD Januar;y 

temperature (1954 a) &lid v1tb altitude (1954 b). ~pD1e plante were t01lDd 

to be at a d1l8dvantege at low v1Dter t.peratures, posa1h1T'becauae frost 

daage c&uee poi80JdJIg bf their own mlf (JODe8, 19'12 a). Dadq (1<)65) vu 

able to show that at h1gher t.peraturee it vas the possession of the gluooside 

that vas advantageous, as plants oontaiJd.ng oDl.7 gluooside aDd those with 

both glucoside &Del eJlZ11l8 had the greater reproductive success. He concluded 

that under these conditions it vas some other character, linked to the pr0d

uction of the cyanoglucoside, that vas important, &lid DOt cyanogenesis .2E.!!. 

The relationship between temperature &Del cymogenesis is clearly' 

different in L. cornimll'tus, as the proportions of the eyaDOgemc JIOrph are 

not kDOwn to T&r1 v1th altitude (Ke;ymer, 1978), nor de the7 correapoJ¥l nth 

European mean Januar;y temperatures (Jones, 1977). After f"lDdiug DO differen

tial response to co1d stress, m.is ,et al (l977a) concluded that there vas 

DO convinCing evidence for cold temperature being a selective agent in this 

species. Jones (1970) has provided a possible explanation for .the observed 
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differences in the response to temperature in T. repens and L. cornicu1atus, 

suggestiDg that in T. repeDB the genes concerned With this response are gen

etically linked to the glucosidic genes, whereas in L. corniculaty they- are 

not. 

A differential. response to drought stress vas observed by Foulds and 

Grime (1972), who comparM the proportions of cyanogenic L. 99micul.atus 

groving in drought - prone and normal areas of Derbyshire, and fOUDd that 

significantly fever cyamgenic plants vere present in drought;, prone areas. 

Jones (197.3) confirmed this relationship, but found that it did mt oceur 

vhen the size of drought prone areas vas very small (less than 4 .2). 

Cyanogenesis has orten been considered. to have a defensive tunction in 

plants. This vas first demonstrated e:xper1mentall.7 when Jones (1962) shoved 

that some mollusc species preferred to eat acya.nogenic or weal:l.7 C1'QDOgenic 

L. C9rnicplatus in feed1Dg trials. Cravford - Sidebotbam (1972) and Angseesing 

and Abgseesing (197.3) have subsequently confirmed the existance of differential 

feeding by a JlUIlber ot mollusc speCies, using both La C9mi9nJ ,tus am T. repeDB, 

but observations of significant differential feeding b;y molluscs in natural 

populations (e.g. Jones, 1966 and Whitman, 197.3) have been rather less con

clusive. Ellis ~ A1 (1m b) have nonetheless found good c1rcwll8ta.ntial evidence 

that selective eating by mollusos vas at least partly responsible for the 

distribution of cyanogenic plants on the south vest coast of Holy IslaM, 

!nglesq. 

Bracken, Pterid1wp. am!ll'mp (L.), is also pol1morphic for cyanogenesis. 

Cooper.J>r1ver and Sva.in (1976) have suggested that both sheep and deer prefer 

to eat aOJ8llOgenic f'roDls or this species, yet sheep are not selective vhen 

feeding on T. repeps (Corldll, 1952). Poss1blJ" this retlects differenoes 111 

the concentrations of c;yanide fod in these plant species. Microtus agrestis 

L. (the field 'tOle) is another species vhich v1ll seleot aCf&DOgen:l.c plants 

(Jones 1966), although in feeding trials vith L. corn1qulatua ditferential 

feeding vas observed to occur only' vhen the anima] s vere provided vi th an 
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adequate alternative food supply. Oryctolagus cuniculus (rabbits) were 

suggested as a possible selective agent in the maintenance of a cline in 

L. corniculatus cyanogenesis in the Netherlands (Jones, 1972 b), but this 

was later found to be unlikely (Jones, 1976) and Keymar (1978) has since 

shown that this species is probably not a selective grazer of L. cornicu1atus. 

Studies of the relationship between insects aDd c,.anogenesis in field 

populations of T. rapeRS have failed to tiDd &rS7 teDdeD.C1 for &cyaDOgell1c 

plants to sutfer increased duage (Miller .u.el, 1975, ltnight !! AL, 1978, 

Dritachilo .!! AL, 1979). tane (1962) has show that feul.es of Po1ypmaatus 

icarus Rott. do not distinguish acyanogen1c L. corn1culatus when deciding 

on oviposition sites, and the l&r9'ae of Zmaena species are also non-select! ve 

when examined in 'feeding trials (Jones, 19(6). Perhaps these experiments 

renect the adaptations of insects specialised tor feeding on cyanogenic plants 

rather than the absence of a protective role for e,yanide in Legumes. 

Cyanogenesis can be categorised as a qualitative, toxic defense, typical 

of plant species "unapparent" in the sense of Feeny (1976), yet the ability 

to detoxify small quanti ties of e,yanide is widespread amongst both plants and 

animals (Jones, 1981). The presence of the cyanide de-toJdf'y1ng enzyme rhodanese 

has been confirmed in a var1~y of speCies, including the Lotus feeding 

Po1yoJIIII8.tus icaruS and amera plMtaginis (Degeer) (Parsons mi Rothchild, 

1964), and a second system, involving detoxlfication via p-ayanoal.an1ne 

production, has been suggested for S1tophilus granarius(L.) (Bond, 1961). 

Some of the species which feed on cyanogenic plants are known to use the 

presence of cyanide to their own advantage. Epilachna varivestis Mulshant, 

for example, uses cyanogenic glucosides as feediJig stimulants (Hayer and 

Fraenke1, 1963). The aposematic Lepldoptera of the genus Zuaeua are even 

more specialised and apparently synthesise their ovn cyano-glucosides (Jones 

!! .!l.. 1962). The cyanide is used as' a defense against predators and perhaps 

also against their parasites. It is intriguing that the e,yanoglucosides syn-

thesised de novo by z. N llpandUJ'A are exaetJ.y the same as the ones found 

in L. corniculatus (a preferred food plant), that 1s l1namar1n and lotaustl"l 
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(Davis and Nahrstedt, 1979). 

The concentrations of cyanoglucosides in bracken show a spring ~mum 

that is folloHsd by a decline which continues throughout the summer. A corres

ponding increase occurs in the mnnber of insect species co1onising the plant 

(Lawton, 1976). AI though this may represent the response of the insect community 

to a change in the defensive armoury of the plant, Lawton had argued that a 

more likely explanation is that as the plant develops its architecture becomes 

more complex, thus providing more niches to colonise. 

Acridoids have been used by several workers to study the response of 

insects to cyanogenesis, and Cooper-Driver and Swin (1976) have demonstrated 

that at least one species of Lo.cust, Schistocerca gregaria F. vU1 differentially 

avoid eating cyanogenic bracken fronds. Cyanogenesis has also been shown to 

be a major source of resistance to toCUSta migratoria (t.) in young Sorghum 

bico1or (t.) (Woodhead and Be~s, 1978) and against Zonocerus~ variegatus (t.) 

in Man1b~ eaculenta Crantz. (Bernays ~.!l, 1977), although this has not 

prevented Zonocerus from becoming a pest of this crop (Page ~,!l, 1980). 

Possession of the cyanoglucoside alone can act as a deterrant (Nayer and 

Fraenke1, 1963) but in general it is the release of HCN while tissues are being 

damaged vhich is believed to provide the maJ or deterrant effect (Woodhead and 

Bernays, 1977). 

Fisk (1980) has concluded that it is unlikely that cyanogenesis infiuences 

the palatability- of S. bico1or to the planthopper Peregrinus maidis (Ashmead) 

becauae!~)l1l.oeIl·feed1ng species w1ll come into contact \lith relatively llttJ.e 

cyanide during probing. Results perhaps contrary to this viev were obtained 

by Dritschilo ~!l (1979), however, who found that acyanogenic stands of 

T, repens vere preferentially- colonised b.Y the Aphid Aphis craociwra Koch. 

Harris (1972) and Cavers (1973) have reviewed the effeots of phytophagous 

insects on their food-plants and have show that l.1JII1ted daage is not neoessar1.ly 

barIatul aDd can occaaioD&l.lT enn be beneficial. Thu the obaenat1on or 
preferential feecl1Dl on particular pheDD'tJpee of a po~rph1c plant speciel 
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does not necessarily imply that a corresponding selective pressure would be 

exerted under natural condi tiona. Soybeans (GlYcine max, L~ for example, 

compensate for the removal of up to 22% of their seed pods by increasing the 

weight of the surviving seeds and bY' reducing the rate of natural pod abortion 

(Smith and Bass, 1972). While this emmple demonstrates that the effect of 

damage to reproductive structures can be difficult to analyse, the seed 

mortal1 ty caused by herbi wres (seed predation) can nOl\ethe1ess have an impor

tant inO.uence on the degree of reproductive success in plants (Janan, 1969). 

Ma.ny of the toxic substances found'in seeds are likely" to have a defensive 

f'wlction (e.g. Janzen, 1m) and the relatiD.nsbip between seeds and their 

adapted predators is now seen as a prime example of 'co-evo1ution' (Center 

and Johnson, 1974). 

Wh1ttaker (1979) noted that it is rare for invertebrate herbivores to 

destroy the plants on which they are feeding and has stressed that the major 

resul t of grazing is to reduce the competi ti'Ye &bill ty of the plant. Root 

competition in particular is likely to be affected, because defoliation is 

known to result in a reductiol1 of the ,root/shoot ratio (e.g. Weiss, 1976). 

Crawford-31debotham (1972) and Jones (1972 a) have argued that differential 

.reeding on acyanogemc L. corniculatus would 01111 be of Significance to mature 

plants when the herbi 'YOre load vas extremely haa"", whereas even slight grazing 

would reduce the r:ttness ot seedlings. Furthermore, Schreiber (1967) and 

Lasker and Wakefield (1978) have d88)nstrated the pronounced effects of 

competition by' other species during the establishment of Le- C9rnigulatus 

seedlings. 

The results of simulated grazing experiments on seed production in La. 

cornicu1atus have shoW that particular phenotypes can respond differentJ.y 

to defoliation (Keymer and Ellis, 1978). Plants containing the cyaDOgenic 

glucoside were round to produce signif'ioant.l.y more pods UDder control condi tiona, 

but lost this advantage after clipping. 

The relationship betveen L. corn1culaty and insects has been recognised 
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for ma.n;y years, as is demonstrated by the large number of species bearing the 

specific B8JDe of 'loti' or with 'loti' as a synomym. On the other hand there 

have been fev studies fOCUSing on the insect fauna of L. corniculatus itself 

and even these have been carried out mainly in North America and in Eastern 

Europe, vhere this plant is grow commercially. Collation of records on 1£a. 

comieulatus-feeding insects must therefore rely mainly on host-plant lists 

produced for particular insect taxa. 

Tables 1.1 and 1.2 are lists of the plVtopblgous insects recorded on 

L. cornicu1aty.s. Most of these species vera specifically stated as feeding 

on this plant species, but this was not stated explicitly in some eases. For 

convenience I have included in Table 1.1 only those species gi van bY' "A check 

list of British insects" (second ed1 tion) as occurring in Britain, vbile Table 

1.2 contains the remaining 'alien' species. Table 1.3 provides the authors 

and dates of the publications consulted. A total of over 130 British species 

are present, representing eight insect order. vith the Lepidoptera providing 

alJoost half of the species recorded. 

Neunz1g and Gyri.co (1955) and Guppy (1958) have provided annotated lists 

ot the insect coJlllllUllities preeent on L. oornimaJ'tqI1n the U.S.A., am those 

species round to be destructi 'f8 have been 1Dcluded here. S1Id.l1ar 81Jr'ft78 

OIl culUftteci uterial in lroaam.a aDd Iugoalavia by' Perju aDd Cantoream 

(1973), Per3u (1974), aIKl Balar1n (1975) show that L. corn1culatua (as vith 

so •• other torage legumes) supports a particularly rich H8II1ptera coJlllllUllity , 

vith 74 Heteroptera and 17 Homoptera, Auchenorrhyncha being recorded, some 

of vbich are knowto be of economic importance (MacCollan, 1967, Neunz.ig 

and Gyrlsco, 1958). The Heai}tera host records in tables l.l.and 1.2 include 

o~ the most abundant of the JII8l\Y species listed as occurring on L. corn1cu1atus 

by these European vorkers. 

The a.nal.ysis of the relationsbip betveen insect faunas and tree abtm:lance 

carried out by' Southvood (1961) has stimulated a general interest in the 
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Table 1.1 

Reference Sources 1 

Collembola 
1 Sminthurus viridis (L.) ~3 

Heteroptera 
1 Berytinus signoreti (Fieber) 50 
2 P1agiognathus chrysanthemi (Wolff) 3,21,22,45 
3 Lygus pratensis (L.) 3 
4 Lygus rugulipenn1s POrains 46 
5 Caloooris norvegieus Gmel1n) 3 
6 Calocoris roseomaeulatus (Degeer) 50,62 
7 Adelphoeoris l1neolatus (Goeze) 3,4,6,21,31 
8 Ade1phocoris setioornis (F.) 3,32,46 
9 Notostira elongata (Geotf'roy) 46 

Homoptera 
1 Philaenus spumarius (L.) 2l,4l 
2 Cieadella viridis (L.) 4l 
3 Se1eroracus eornieulus (Marshall) a. 
4 Macrosteles laevis Ribaul t a. 
5 Empoasea pteridis (Dahlbom) 4l 
6 Therioapb1s trifolll (Monell) 57 
7 Aphis cracci vora Koch. 1.3 
8 Aphis loti Kaltenbach 56 
9 Aphis lotlradicls Stroyan 56 

10 Acyrthosiphon loti (Theobald) 9 
11 Aoyrthosiphon pisum (Harris) 9,21 
12 P1ancbonia arabidis (Slgnoret) 1.3 

~sanoptera 
1 Aeo1othrips tenu1corn!s Bagnall 60 
2 Sericothrips abnormis (K::f) 42 
.3 Odoniaotlir1ps" loti (Halldq 6,13,37,.38,40 
4 Kakothrips pisivoruS (Wes~ood) 12 
S· Thrips atratus Halidq 60 
6 Thrips pb;rsapus L. 60 
7 Thrips vulga tissimus Hal.lda.y 60 

Lepidoptera 
1 Trif'ureula crypte1la (Stainton) 18,2.3 
2 Trif'ureula eurema (Tutt) 18,2.3 
.3 1qgaena purpuralis (Brunnich) 48 
4 Zygaena loti (Den. and Sch.) 49 
5 Z1gaena viciae (Den. and Soh.) 48,49 
6 Zygaena f1lipendulae (L.) 40,49 
7 Zygaena trifol1i (Esper) 48,49,58 
8 Zygaena lonicerae (Scheven) 48,49,58 
9 Leucoptera 1ote11a (Stainton) 11,18,33 

10 pqllono17cter insign1 tella (Zeller) 24 
11 pqllonorycter n1grescentella (Logan) 24 
12 Be.bacla seoplgera (Scopol1) 19,48,49 
13 Co1eophora d1scordella Zeller 8,18,3.3 
14 ITstophora pulveratella (Herr-Sch.) 18 
15 Aproaerema antb1'll1de11a (Hubner) 24 
16 Syneopacma. 1arseniella (Gozmany) 18 
17 Syncopacma. sang1ella (Stainton) 18,33 



- 10 -

Table 1.1 (Continued) 

18 Syncopaema taenio1ella (Zeller) 
19 Syncopaema elnetella (Clerek) 
20 Scythris pleaepennis (Havorth) 
21 Scythris sleeella ( Zeller) 
22 Cydia sueeedana (Den. and Seh.) 
23 Cydia composi tella (F.) 
24 01ethreutes 1acUnana (Den. and Seh.) 
25 Aphelia viburnana (Den. and Seh.) 
26 C1epsis seneelonana (Hubner) 
'Zl Paraclepsis elnetana (Den. and Seh.) 
28 Ph11edone gerningana (Den. and Seh.) 
29 Cnephasla eollUlIUll8l18. (Herr. - Seh.) 
30 Cnephasia stephensiana (Doubleday) 
31 Cnephasia lnterjeetana (Havorth) 
32 Cnephasia pasiuana (Hubner) 
33 Cnephasla lneertana (Treltsehke) 
34 Dol1eharthria punetalis (Den. and Sehe) 
35 Endotrieha nammealls (Den. and Seh.) 
36 Oneoeera sem1rubel.la (Scopoli) 
J7 Pima boisduvaliella (Guanee) 
38 Erynnis tages (L.) 
39 Leptldea sinapis (t.) 
JI) Collae l\Y8le (t.) 
41 Collae eroeeus (Geottro7) 
42 Callophr1. 1"Ilb1 (t.) 
43 EYere. argiade. (Pallas) 
44 Plebe3118 argue (t.) 
45 Pol.1o--twt icarus (Rotteaburg) 
Ith LyS&Ddra condon (Poda) 
47 Lasiocupa tritoll1 (Den. and Sah.) 
48 Scopula 8IIlUta.r1a (Hubner) 
49 Idaea oohrata. (Scopoll) 
50 Scotopteryx bipunctaria (Den. and Soh.) 
51 Se11dosema brwmear1a (Villers) 
52 C1eora cincta.r1a (Den. and Sch.) 
53 Aspitates g1l.var1a (Den. and Soh.) 
54 Aspitates ochrear1a (Rossi) 
55 EUema can101a (Hubner) 
56 EUema complana (t.) 
57 Nola aerugula (Hubner) 
58 Egira eonspioillaris (L.) 
59 Euelidia glyph1ca (L.) 
60 Pla thypena scabra (F.) 
61. Mo!X)chroa quaestionella (Herr.-Sch.) 

Coleoptera 
1 Brac~terolus pulicar.1us (L.) 
2 Mellgethes aeneus (F.) 
3 Mellgethes elj"thropus (Marsham) 
4 Subeoccinella 24-punetata (t.) 
5 Bruchus loti Paykull 
6 Bruchidius eist! (F.) 
7 Apion ebeninum Kirby 
8 Aplon l~ti Kirby 
9 Apion subulatwn Kirby 

10 Namphyes graeilis Redtenbacher 
11 Otiorbynchus llgus'tici (L.) 
12 Traelo'Phloeus aristatus (G711enhal) 

. Pers. Ob. ' 

18,33 
18,33 
18,33 
18,33 
10,18,20,33 
10,40 
6 

10 
10 
10,18,33 
10 
10 
24 
24 

10 
7,18,33 

33 
7,18,:n 
7,18 

25,48,54 
25,48,54 
1,33,54 
1,33,54 
1,54 
1,54 

25 
25,48,54 
25,48 
1 . 

48,49 
48 
1,49 

48 
1 
1 
1 
1,48 

48 
1,48 
1,48 
1,49 

36 
.33 

36 
40 
17 
40 
15,59 
59 
28,59 
6,.34,40,47 

26,47,59 
59 
.36 
59 
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Table 1.1 (Continued) 

1.3 Trach;ypbloeus asperatus Bahaman-
14 Phyllobius viridiaeris (Laicharting) 
15 Phylloblus roboretanus Gredler 
16 S1tona lineatus (t.) 
17 Sitona punoticollis Stephens 
18 S1 tona eulc1trons (Thunberg) 
19 S1tona waterhouse1 Walton 
20 Hypera arator (L.) 
21 Hypera me1es (F.) 
22 Hypera nigr:l.rostris (F.) 
23 Hypera plantagin1s (Degeer) 
24 Hypera postica (Gyllenhal) 
25 Hypera susplclosa (Herbst) 
26 Hypera vanuete. (F.) 
2:l Paoh1troh1us haema tocephalus (Gyllenhal) 
28 l)'oh1us fiavicoll1s Stephens 
29 l)'cbius junceus (Reich) 
30 Tychius pus111us Germar 
31 Miarus plantarum (Germar) 

Diptera 
1 Dasineura loti (Kietter) 
2 Jaaplella loti cola (Rubsaamen) 
3 Asphondylla mel.ampus kieffer 
4 Contarinia barbichei (kieffer) 
5 Contar1n1a loti (Degeer) 
6 Melanagrom,yza cunctans (Me1gen) 
7 Liriomyza congesta (Becker) 
8 Phytomyza hortico1a Goureau 

Hymenoptera 
1 Tenthredo acerrima Benson 
2 Tenthredo arcuata Forster 
3 EurTtoma platyptera (Walker) 

1Authors g1 van 1n Table 1.3 

Pers. Ob. 
Pers. Ob. 

59 

26 
47 
47 
26,28,29,59 
59 
26,47 
15 
.39 -
6,27,47 

28,59 
15,26,47,59 
26,59 
15,26,28,47,59 
15,59 

2 
29,59 

5,13 
5,13 
5,1.3 
5,13 
5,13,53 

51,52 
24 
24 

61 
30 
14,35,40,55 
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Table 1.2 phytophagous Insects recorded as OCcurring on Lotus cornicu1atus 
Non-British species 

Reference Sources 1 

Orthoptera 
1 Melanoplus femur-rubrum (Degeer) 21,36 
2 Melanoplus bivittatus (Say) 21,36 
3 Melanoplus differentialis (Thos.) 36 
4 Acheta assimilis (F.) 36 
5 Nemobius fasciatus (Degeer) 36 

Heteroptera 
1 P1aglogna thus poll tus Uhler 45 
2 Lygus llneolaris (P. de B.) 21,31,36,44,45 
3 Ade1phocoris rapidus (Say) 21,31 36 
4 Eusch1stus vario1aris (P. de B.) J6 

Homoptera 
(Harr.) 1 Empoasca fabae 21 

2 Asterolecanium fimbriatum (Fonsc.) 13 

~sanoptera 

1 Taeniothrips meridional1s Priesner 43 
2 Frankllniella tr1 tic! (Fi toh) 35 

1 
Lepidoptera 
Apterona hellclnella (Herr-Schaff) 24 

2 Apterona crenulella Brd. 24 
3 Coleopbora eroeinella Tgstr. 24 
4 Stigmella ridicu10sa Wlsfh. 24 
5 Areh1ps rosaeeana (Harr. 36 
6 Sparganothis sulphurana (F.) J6 
7 Tortrix pallorana (Robn.) J6 
8 Tortrix velutinana (Walker) J6 

Coleoptera 
1 Meligethes seminulum Lee. 16 
2 Phytodeeta fornicata Bruggm. 4D 

lAlithors given in table 1.3 
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Table 1.3 

Authors of Reference Sources .sed in Tables 1.1 and 1.2. Complete references 
are provided in the bibliography. 

1 Allan P.B.M. 1948 32 Massea A.M. 1960 
2 Allen A.A. 1952 33 Mayrick E. 1968 
3 Balarin I. 1975 a 34 Morris M.G. 1975 
4 Balarin I. 1975 b 35 Neunzig H.H. & Gyrisoo G.G. 1958 
5 Barnas H. F. 1946 36 Neunzig H.R. & Gyrisco G.G. 1959 
6 Batinica J. 1971 37 Obrtel R. 1963 
7 Beirne B.P. 1952 38 Obrte1 R. 1965 
8 Benander P. 1939 39 Parsons J. & Rothschild M. 1964 
9 Blackman A. 1974 40 Perju T. 1974 

10 Bradley J.D. et a1 1973 and 79 41 Perju T. & Cantoreanu M. 1973 
11 Brown S.C. 1952 ~ Pitkin B.R. 1976 
12 Buhl C. 1936 43 Popov T. 1976 
13 Buhr H. 1965 44 Ridgway R.t.& Gyrisco G.G. 1960 
14 Burks B.D. 1957 45 Ridgeway Ret. Be Gyrisco G.G. 1961. 
15 Dibb J.Re 1948 46 Ruszkovsld. A. 1968 
16 Dickason E.A. 1954 47 Scherf R. 1964 
17 Easton A.M. 1955 4S Scorer A.G. 1913 
18 Emmet A.M. 1980 49 South R. 1961. 
19 Fiblger M. & liristensen N.P. 1974 ;0 Southwood T.R.E. & Leston D. 1959 
20 Graaf Bantlnck G.A. & Diakonoff A. 

1968 51 Spencer K.A. 1972 
21 Guppy J .C. 1958 52 Spencer K.A. 1976 
22 Guppy J.C. 1963 53 stelter H. 1958 
23 Heath J. 1976 54 stokoe W.J. 1948 
24 Hering E.M. 1957 55 strong F .E. 1962 
25 Higgins L.G. & Riley N.D. 1970 56 stroyan B.L.G. 1972 
26 Hoffmann A. 1958 57 stroyan R.L.G. 1977· 
27 Jones F.G.W. and Jones M.G. 1964 58 Tremewan \l.G. 1965 
28 Joy N.H. 1932 59 Walsh G.B. Be Dibb J.R. 1975 
29 tinsson E.F. 1959 (;() Ward L.K. 1973 
30 Lorenz H. & Kraus M. 1957 6J. Waterhouse F.t. & Sanderson R. 1958 
.31 ·;!:.:.MacCollan G.B. 1958 62 Woodrotfe G.E. 1955 
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factors determining the size and composition of the pnytopbagous inseot 

faunas associated vi th plants. In general this has taken the form of com

parative studies, using faunal lists prepared by extracting information from 

a number of standard tests. Most have conoentrated on the British fauna beeause 

plant distribution and inseot-bost relationships are vell documented here. 

While such extracted information can only be as comprehensive as its souroe 

material. allovs, Lavton and Sohroder (1977) and Lavton !! !l (1981) have 

argued that 8.l13' resultant inaccuracy v.Ul only inorease the varianoe of the 

data, vithout introduoing any ~stema.tic errors. 

Geographioal range has proved to be the major detel'llinant of inseot 

munbers, vi lih more videspread speoies ot plants aooumul:ating larger faunas 

(Strong, 1974. 1979, Lavton and Sohroder, 1977). Grovtb f'cma - tree, shrub 

orlsrb (strong and Levln, 1979) and degree of taxonomio isolation (Connor 

.!.t J:b, 1980) are also influential, but to a lesser degree. 

The size of the L. oornigulatus taunallist presented in tables 1.1 

and 1.2 is far greater than toose included in most of these comparative studies 

of herbaoeous speoies, presumably because of the difference in scope of the 

literature on vbloh the;y are based. Lavton (1976») for eDDlpl.e, reoords no 

herbaceous plants vi th more than 70 associated phytophagous inseots - slightly 

over half the total given here for L. oornigulatus. Evidenoe that the L. AAtp

iculatus fauna may be not unusual.ly' large is provided by the results of Pimental 

and Wheeler (e.g. 1973), vhose S'1lIIIJD81"Y' of the Arthropod fauna on Alfalfa 

(Medieago satin L.) oontains 189 plvtophagous inseots (including neotivores) 

after 'casual' speoies are eliminated. 

Lavton (1976) has shovn that the composition of the insect oollllllUllity on 

braoken differs signifioantly from that foUDd on a seleotion of other herbaoeous 

plants. Using Lavton' 8 data it is possible to compare the species recorded 

on L. oorniculatus in a similiar vay. (table 1.4). The resul taot this oo,.ar1son 

indicate that the fauna of L. oorniculatus is also Significantly ditferent 

from the average aM suggests that it may include both an unusu.al.ly high ' 
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Table 1.4 A comparison of the recorded herbivore communities ot L. corniculatus 
and a selection of other herbaceous plants. Minor groups (for example 
Collembola) have been omitted. 

Order 

Co1e9ptera 
Diptera 
Heteroptera 

Homoptera 
Hymenoptera 
Lepidoptera 

Total Records 
(Data of Lawton,1976) 

146 
162 

44 
152 

4.3 
.359 

906 

'extracted from Table 1.1 

Lotus Records 1 
'Observed' 'Expected' 

.31 20.0 
8 22.2 

9 6.0 
12 20.8 

.3 5.9 
61 49.1 

124 124.0 

2 X BJ = 14.24, P < 0.05 
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proportion of Coleoptera species and a relative scarcity of Diptera.. 

One disadvantage vi th comparative assesments ot this type is that the 

degree of host plant specificity of the animals is not taken into account. 

Monophagous insects restricted to a single species or genus are thus given 

equal status vi th polyphagous insects that occur on a vide variety ot tood 

plants and teed only casually on the plant under consideration. Host records 

based only on the capture of adult insects can also be misleading, because 

the adults of mar:I1 species are considerably more polyphagous than their 

larvae (e.g. Ward, 1973). Bruchus l!U1 Paykull adults can be seen feeding on 

a variety of legumes, including Lotus spp. but in Northern England this species 

breeds coaonly only in Lathnul wateQli' L. Sill1larly .. PhTllobius .pp. 
adW. tI ¥ill feed on the tlover petals ot L. comicu1atU@, but breeding apparentlr 

occurs elsewhere. 

Published accounts on the biology of some ot the species listed in table 

l.l.would suggest that their association with L. C9rnigulatus is, at most, 

infrequent. Notostira elongata (Geo:ffroy" for example, is regarded by Kullenberg 

(1946) as a grass feeding species, and Johnson (1965) has concluded that 

Apion subulatwp lirby breeds only rarely, it ever, on L. corniculatus. While 

these connicting reports partly renect observational inaccuracies, they 

also illustrate the l1m1tations ot faunal comparisons based on records that 

have not been cn t1cally assessed. In some cases there are advantages, there-

tore, in considering only those species that genuinel.7 depend on a particular , 

food plant. 

In Table 1.5 the insects recorded on L. cornicul.atus have been placed, 

vherever possible, into one of three feeding categories, (sensu Slansky, 1976) 

These are :-

1. Monophagous species which DOrmal.ly eat only L. 9Orn1gulatus 
or, in addition, other species of.~. 

2. Oligophe.gous species that are recorded from a number of Leguminosae, 
including L. cornicu1atus. 

3. Polyphagous species that occur on plante from several ditferent 
fam1l1es. 
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Table 1 • .5 A summary of the food relationships of insects recorded from 
L. cOrnicu1atus. Detini tiona of feeding categories are recorded 
in-: the text., 

Order Monophagous Oligophagous Polyphagous Information 
Species Species Species not available 

Coleoptera 7 13 7 4 
Collembo1a 0 0 1 0 

Diptera 6 1 1 0 

Heteroptera 0 :3 6 0 

Homoptera 2 4 .5 1 

Hymenoptera 2 1 0 0 

Lepidoptera 6 32 22 1 

Thysanoptera 1 2 .5 0 

Totals 24 .56 47 6 
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ApproxiJDa te1y equal numbers of polyphagous and ollgoph8,6oUS insects are 

found to occur on L. corniculatus, but monophagous species are in a distinct 

minor! ty. The Diptera show a clear exception to this trend however, mainly 

due to a predominance of species from the Cecidomyiidae, a famUy noted for 

its extreme host specif1cit,y. 

After fiower-feeding species are discounted, comparison of table 1.5 

vi th a similar 8U.IIIID8l7 of the bracken fauna. (Lawton, 1976) leads to the view 

that th88'e two species support approximately the same rmmber of • specialist. 

ilasects, a conclusion which provides support for the assertions of Lawton, 

and of Auerbach and Hendrix (1980), that ferns are not under-utUized by 

ph;ytophagous insects. 

Why then does L. corn1cul.atus, in comparison vith bracken, have such an 

excess of species in the Igeneralistl categories? The major component of the 

fauna consists of insects which vUl feed on several species of Leguminosae _ 

a large family containing more species in Britain than the combined total of 

all ferns. Lawton and Schroder (1977) have used the IllUJIlber of speoies per 

plant genus' as a measure of isolation in their study of the relationship 

between the taxonomic isolation of herbaoeous plants and the size of their 

insect fauna. Perhaps re-analysis using 'speoies per plant family' (as in 

Connor!! y, 1980) would show that isolation at this level is also important. 

A large . polyphagous fauna mq also result partly troll the d1 versi t,y of 

the botanical emronment in which the plant grows. At Wbarram Quarry' in North 

Yorkshire, where L. cornirntlatus is perhaps the most abundant plant, as many 

as 15 other species can be found vi thin half a metre of an lndi vidual 

L. oorn1cu1atus plant (Beesley am Compton, unpublished). This high diversity 

provides manr opportunities for 'accidental' transfer of generalist ph1topbages 

from one plant to another. In contrast, bracken tends to form dense stands 

that contain fw other plant speCies and vUl provide fever opportunities for 

chance colonisation by' insects. 
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The size of the insect assemblage that is associated with L. corn1cylatu§ 

suggests that insects may represent 8. major influence on the genetic structure 

of populations of this plant. Before genecological studies of this relationship 

can be attempted, hO\1ever, it is necessary to clarify the identity, numbers 

and trophic relationships of the insects concerned. It is this rationale 

which prompted the initiation of this study. 

The research presented in this thesis is concerned both \lith the insect 

communities associated \Tith L. corniculatus and also With hO\1 these insects 

react to known variation in the host plant. The specific topics that were 

investigated were:-

1. The identities, life-histories and inter-relationships of 
the species which inhabit the leaf mines and reproductive 
structures of the plant. 

2. The degree of pre-dispersal seed predation and the factors 
'Which influence it, and 

3. The relationslups between plant phenotype and the insect 
communi ties. 
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CRAP'l'ER II 

MATERIAIS, METHODS AND LOCALITIES 

Iptrodugti op 

, The insects that occur in the novers am pods of L. corn1culatus have 

been investigated at a number of localities in Britain, and also in Norvay. 

These investigations consist of a detailed census carr1M. out during 1977 

and 1978 at Eppleworth Quarry in East Yorkshire and, for comparison, a number 

of supplementar.y samPles taken at other sites. 

Epplevorth Quarry" is situated approximately wo mUes vest or Cottingham 

and consists of a large pit (cl.pprox1mate1y six hectares) cut into ninty chalk 

in the valley at the base of Slddby Hill. It has been disused for JD8l1Y' years 

and vas know in the past as Epp1evorth Limekilns (Wright and Wright, 1942). 

National Grid co-ordinates are TA 023.327. 

L. corn1gul.atus is cOJllllon throughout the quarr;y and at the time this 

study vas in! tiated it vas particularly ablmdant on the slopes facing east. 

A relatively homogeneous section of this area, consisting or a gently sloping 

bank approximately 3S metres long, vas chosen for intensive samPling. L. corn

iculatue vas the dominant Plant on the lover part or the bank, and over the 

lovest five metres grew' in an almost continuous mat. 

During 1978 hovever, the qu.a.rI7 began to be used extensively by motor

cycle enthusiasts vho inevitably began to cause vide spread da.mage to the plants. 
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Disturbance has subsequently increased and L. corniculatus is nov declining 

at the site. 

L. corniculatus can propagate vegetatively and form extensive clones. 

It is important therefore to space sampling points at minimum intervals if 

it is required that the same clone should only rarely be encountered Mce. 

Jones (196.3) has determined that a one metre spacing is adequate for this 

purpose and has discussed the statistical implicatiOns of this sampling method 

(1977). Soutbvood (1978) has noted the problems associated vith the sampling 

of vhole insect faunas. Precise sampling regimes that are sui table for a 

single species (such as that described by Guppy and Harcourt, 19T1 on Alfalfa 

for example) cannot be modified for vhole faunal studies because different 

species vary both in their density and pattern of dispersion. 

At Epp1everth samples vere collected at veekly or fortnightly intervals 

during the period vhen novers or pods vere available. In 1m a sampling 

unit consisted of all novers and pods contained vithin a 929 cm2 (1 ft.2) 

solid sided quadrat. Flovers vere removed first in order to prevent au;y dis

turbed insects from escaping. Pods vere picked and then stored together, 

vhereas fiover umbels vere kept individuall.y in plastic containers. In 1978 

this proceedure vas modified slightly, with the sample un1 t being reduced to 

250 ca2 aDd with all the remaining plant tissue also bei. reaond, in order 

to record the levels or bud d.aage that vere present. 

Suapl.1Dg po1Dta wae chosen at raDIo. U81Dg c0-01'd1Date. detel"ll1ned b7 

pairs or pseudo raDio. IllJllbers that vera obtained troa raDdom nuaber tables 

or generated by a Hevlett-Packal'd BP97 calculator. These co-ordinates vere 

paced out and the nearest L. com1culatus plant was chosen. Usually three 

replicates vere obtained on each sampling date, with no attempt being made 

to prevent dirferent clones of the same plant from being sampled. Details of 

dates and sample sizes are gi van in tables 3.1 and 3.2. 

Local1 ties in Britain vhere colleotions of ,. cOrn:1cu1atus have been 
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made are listed in table 2.1. Individual. umbels vere collected at one metre 

plus intervals vhen populations vere sufficiently large, but at smaller sites 

it vas necessary to collect material. as and vhere available. 

One of these smaller sites, at Bulldngton in Warvickshire, vas sampled 

intensively. The site consists of the steep easterly facing side of a section 

of cutting that forms part of the main Leicester to Rugby railvay line. The 

vegetation is dominated by Gorse (lll!! europaeus t.) and rough grasses, but 

because of disturbance and fires (probably caused by sparks from the railvay) 

there are also areas of regeneration vhere shorter herbs, including L. corn

iculatus, are present. During the five years from 1975 to 1980 the main colony 

of L. corPiculatus has been more or less eliminated by encroaching grasses. 

A nev colony has appeared nearby hovever, on an area damaged by fire in 1976. 

Specimens of seed predators and their parasites have also been obtained 

from a small "seed baDk" maintained by Professor D.A. Jones of th' Hull 

Un! versi ty Unit of Genetics. This colleetlon consists of seeds of L. corniculatus 

and other species of Lotus, some of vhich have been provided bY' European 

botanical institutiOns, but mainly collected by Professor Jones himself. 

Recording and Apalnis 

Flovers vere usual.l.y stored in a frozen condition as this prevented 

deterioration and made dealing vith the more active insects much easier. 

Flovers vere dissected under a .binocular microscope and their contents recorded. 

The colour of the keel petals \l8.S also scored as being either dark or light, 

depending on the presence or absence of 8l\Y brown pigment, and the petals 

vere then tested for cyanogenesis. 

Plants vere scored for c,yanogenesis using the sodium picrate test of 

Guignard (1906) as modified by Jones (1966). Briefly, filter paper soaked in 

sodium Picrate solution vas suspended above the plant material to vhich had 

been added tvo drops of toluene in order to disrupt the cells. After 48 hours 

at room temperature (24 for leaf tissue) the petals vere scored as positive 

for cyanogenesis if the picrate paper had turned from yellow to red. With the 
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Table 2.1 U.I. Collecting sites for L. c0rn1gu1atus flowers and seed pods. 

Locality National Grid 
Reference 

Aldbrough, E. Yorks. TA 257398 

Bentley, E. Yorks. TA 021349 

Bulkington, Warvicks. SP 379873 

Burdale Qu., N. Yorks. SE 871626 

Cauldon Love, Starfs. 1 SK 083486 

Chapel Farm, Warwicks. SO 946806 

Church Bay, Anglesey SH 300892 

Cottingham, E. Yorks. TA 020257 

Cottingham Gardens, E. Yorks TA 054327 

Crowle Moors, N. Lines. SE 751159 

Epp1eworth Qu., E. Yorks. TA 023327 

F.lamborough, N. Yorks. TA 254704 

Hutton Cranswick, E. Yorks. TA 032532 

Newbury, Berks. 1 
SP 502718 

North Cave, E. Yorks. BE 918328 

porthdaf'arch, Anglesey. SH 233799 

Porthmelgan, S. Wales. 
2 8M 728280 

Spurn POint, E. Yorks. 

Wawensmoor, Varvicks. SP 129639 

Vharram Qu., N. Yorks. SE 859653 

Windmill Hill, W. Midlandsl SO 970778 

Wol vey, Varwicks. SP 406865 

Dates Description 

6.11.77 Roadside Verge 

5. 7.78 Roadside Verge 

Various Railvay Cutting 

Various Chalk Quarrr 

Various Quarry 

23. 8.77 Roadside Verge 

Various Sea Cliff's 

5. 7.78 Roadside Verge 

5. 9.77 Experimental Plot 

30. 7.78 Railway Embankment 

Various Chalk Quarry 

28. 6.78 Sea Cliff" 

11. 9.79 Roadside Verge 

24. 7.81 Pasture 

5. 7.78 Chalk Quarry 

11. 6.79 Sea Cliffs 

15. 8.80 Earth Cliff 

23. 6.77 Sandy Peninsula 

2.3. 8.77 Roadside Verge 

Various Chalk Quarry 

13. 7.78 Rough Grassland 

23. 8.77 Roadside Verge 

1 Collected by D.A. Jones 

2 Collected by R.S. Key 



exception of certain Norwegian populations, no attempt vas made to differentiate 

between the three different acyanogenic phenotypes or to quantit,y the strength 

of the cyanogenic response. 

Immature insects obtained from the novars and pods vere stored in 7Cf1, 

ethanol or kept in plastic petri dishes for rearing. These vere lined with 

til ter paper and periodically moistened to maintain a sui table humidity. 

Whenever necessary, grovth of moulds vas inh1bi ted by using a veak solution 

of 'Nipagin' (Methyl Ester of Hydroxy Benzoic Acid) rather than pure vater. 

Those species vhich pupate in the soil vere also provided with a layer of sand 

in the bottom of their petri dish. Arty specimens vhich entered diapause vere 

kept through the winter months in an unheated insectary" on the roof of a 

un! versi ty building. 

Insects vere identified using published keys and descriptions, with 

measurements being made using a calibrated eyepiece graticule. Authorities 

on the taxoDOIII1' of the various groups vere then consul ted in order to confirm 

(or correct) the identifications. Details of those peGple vho k1Ddly pronded 

tamDOlllic assistance are included in the ackDOvledgements. In several cases 

it vas DOt possible to ident11')' insects to species either because of taxonomic 

problems in particular genera or because no adults had been reared successf\111y. 

Galls and Leaf Mines 

Galled flowers and leaf mines vere sometimes obtained during routine 

sampling at Eppleworth Quarry and elssvhere. These occurred at lov densities 

hovever add in order to obtain sufficient numbers it vas necessary to carr,y 

out systematic searches ot L. cornicu1aty in areas .&VII1' froll the main study 

si tes. Arter collection, both galls and mines vere in! tiall.y maintained in 

petri dishes in order to anev their occupants to mature, and vere then dissected. 

Further details of experimental aDd anal.ytical proceedures are provided 

in relevant chapters. 
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CHAPTER III 

INSECTS ASSOCIATED WITH THE PLOWERS AND FLOWERS BUDS OF L. CORNICULATUS 

The insects feeding on the reproductive structures of L. corniculatus 

vere investigated at Epplevorth Quarry' during 1977 and 1978, and suppl.~mentary 

information vas obtained from a number of other sites. These studies were 

concentrated on the biology of those p~phagous insects and \heir parasites 

that develop inside the flovers and seed pods and the effects that they had 

on the reproductive success of the 1iJ.ant. During the seooDd tloveriDg season 

& surYfJ7 of tlover bud JIOrtali ty vas aJ.80 UDdertaken, in order to find whether 

feeding by insects lI8B important during the earliest stages of flover devel

opment. 

The sampling programmes at Epplevorth are described belov and this is 

folloved by a 8UJIDD8l"Y' of the flovering phenology of L. cornisu1&tus. Flower 

bud mortality is then ana.l.ysed am the importance of feediDg by' insects is 

discussed. The response of colonising insects to the keel colour polymorphism 

is aJ.so assessed and finally a deScription is provided of the biology of the 

insects assooiated with , ~he f"lovars of L. cornimyAtus. 
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THE SAMPLING PROGRAMMES 

Samples vere taken at regular intervals throughout each season, vith 

the sampling un! t consisting of all the novars and pods present vi thin a 

randomly placed quadrat. Tables 3.1 and 3.2 record the dates vhen samples 

vere collected, together llith the numbem of novers and pods that eaoh con

tained. Usually three samples vere taken during eaoh viSit, but this vas 

reduoed to tvo in October 1977, vhen fev suitable plants vere available, and 

increased to seven in June 1978 in order to allov more novers to be included. 

In 1978 the quadrat size vas reduoed from 929 cm2 to 250 om2 and all the 

included vegetation vas removed, in addition to the flovers and pods. This 

change in quadrat size may have had the effect of changing the apparent 

density of the reproductive struotures. Between July and September 1m the 

mean density of seed pods vas recorded as 1094.3 per m2, compared with 1584.0 

per m2 during the same period of 1978 (t [491 = 1.627, 0.2) P) 0.1). 

The flover buds in the vegetation samples vere separated on the basis 

of colour into tvo age groups, , green! and 'orange'. Green buds vere usually 

sesslle, with peduncle elongation beginning early in the orange phase. Each 

bud vas then recorded as either healthy or de~dying. Buds vere scored as 

'young novers. .. · vhen the petals projected beyond the sepals. Anther cond1 tion 

vas used to monitor the stages of flover development as this vas considered 

likely to oorrespond llith the phasesof insect colonisation. Red and early 

yellov novers had immature t closed' anthers vhich 'opened t during the 

pollination phase and became exhausted (t empty') during senescence. 

Leaves am flovars vere scored for cyanogenesis throughout 1977 but this 

vas discontinued because it became apparent that the population vas effectively 

monomorphic for both cyanoglucoside and l3-glucosidase production. No acyano

genic flowers vere recorded and only one individual had aa,yanogenic leaves. 

The colour of the keel petals vas recorded throughout both seasons. 

A second sampling programme vas conducted during 1978 in another section 

of Epplevorth Quarry, about 30 metres from the main sampling area. One flover 
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Table .3.1 Epp1eworth Quarry - Sampling dates and quadrat contents, 1977 

Date Sample Umbels Flovers Pods 

19.7.77 1.1 44 1.3 89 
2 87 .35 1.39 
.3 52 19 Sl 

26.7.77 2.1 S5 12 1.3.3 
2 50 11 69 
3 W 2 100 

.31.7.77 3.1 97 9 199 
2 47 0 lOS 
.3 '71 17 90 

10.S.77 4.1 65 0 116 
2 69 0 127 
3 60 0 113 

14.S.77 5.1 26 0 50 
2 5S 0 9S 
3 93 0 191 

26.S.77 6.1 103 0 177 
2 2.3 0 30 
.3 13 0 20 

.31.S.77 7.1 13 0 20 
2 97 0 172 
3 S5 0 147 

6.9.77 8.1 34 0 65 
2 S4 0 15~, 
3 13 0 21 

11.9.77 9.1 70 0 120 
2 24 0 41 
3 51 0 75 

9.10.77 10.1 35 0 .39 
2 38 0 51 

27.10.77 11.1 13 0 16 
2 30 0 37 

Totals 1696 118 2888 
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Table 3.2 Eppleworth Quarry - Sampling Dates and quadrat contents, 1978 

Date Sample Umbels Flowers Pods 

23.6.78 1.1 13 39 0 
.2 41 124 0 
.3 9 24 0 
.4 2 5 0 
.5 7 15 0 
.6 20 55 0 
.7 2 5 0 

12.7.78 2.1 24 14 19 
.2 34 39 37 
.3 59 46 91 

'Z7.7.78 3.1 10 1 11 
.2 24 28 22 
.3 30 30 46 

15.8.78 4.1 11 0 19 
.2 9 0 16 
.3 2 6 0 

23.8.78 5.1 3D 0 I~ 
.2 9 0 11 
.3 33 0 70 

30.8.78 6.1 6 0 7 
.2 23 0 51 
.3 31 0 51 

5.9.78 7.1 22 0 3/~ 
.2 33 0 52 
.3 74 .3 126 

12.9.78 8.1 21 0 25 
.2 37 0 64 
.3 8 0 11 

18.9.78 9.1 38 0 66 
.2 6 0 9 
.3 15 0 24 

Totals 683 434 910 
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umbel was removed from each plant, with a limitation that no two wnbels 

were removed within one metre of each other. This allowed the maximum number 

of plants to be sampled, 'While reducing the chance of scoring one clone more 

than once. The umbels that were collected were later scored tor keel colour, 

damage and any insect inhabitants. 

The PhenologY of L, COrn1cq1.atus at Eppl~orthQuarry 

In the spring of 1978 new vegetative growth did not begin before early 

April and was not extensive until mid-May. Subsequent development was rapid 

however, with the first nowers appearing at the end of May and the peak 

nowering period following shortly arter. This extended throughout June and 

July, with ecattered nower production continuing through until September. 

Species of Bombus were observed pollinating the nowers, and Am.! .elliferA L. 

is known to be another pollinating agent (Bader and Anderson, 1962, De Grandi 

and Collison, 1980). 

Seed pod enlargement began during tlover aenelcence and continued until 

the seeds began to reAch _turiV aDd the pod valls dArkened from green to 

brown. In 1978 pods first Appeared during lAte June and continued to be produced 

UntU October. The first mature pods vere found in late July, and no dehiscence 

was noted untU almost a month later. A proportion of the pods produced late 

in the season failed to dehisce before their peduncles rotted and these pods 

fell, intact, into the litter at the base of the plant. The damp conditions 

there made dehiscence unlikely, and resulted in some seeds germinating vhUe 

still inside their pods. 

L. corn1culatus development during 1978 is SUIIIII8l"ised in figure 3.1. 

A1 though bud production vas not moDi tored during 1977, the onset and duration 

of the novering periods vere broadly similar in the wo years (tables 3 • .3 

and 3.4). Exceptional weather conditions can alter considerably this pattern, 

however, as for example during the hot summer of 1976, 'When a survey at 

Bulldngton on July 9 shoved that no nowers remained and pod production \l8.S 

already well advanced. 
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FIGURE 3.1 

The development of L. corniculatus at Epp1eworth Quarry in 197 • 
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Table 3.3 Development of L. corniculatu8 reproductive structures during 
1977. (Healthy umbels only) Sampling dates are provided in 
table 3.1. 

Sample Anthers Anthem Anthers Pods Pods 
Closed Open Empty Entire Dehisced 

1.1 4 5 4 89 
1.2 12 19 131 
1.3 2 13 l~ 74 
2.1 4 6 102 
2.2 4 53 
2.3 2 9 70 
3.1 196 
3.2 5 96 
3.3 6 84 
4.1 115 
4.2 118 
4.3 105 
5.1 46 
5.2 93 
5.3 183 
6.1 172 
6.2 29 
6.3 19 
7.1 20 
7.2 157 -
7.3 141 
8.1 64 
8.2 148 6 
8.3 20 1 
9.1 111 9 
9.2 38 3 
9.3 60 15 

10.1 30 9 
10.2 47 ~. 

11.1 15 1 
11.2 36 1 

Annual Totals 8 44 47 2662 49 
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Table .3.4,.. Development of L. corniculatus reproductive structures during 
1978. (Healthy umbels only) Sampling dates are provided in 
table .3.2. 

Sample Anthers Anthers Anthers Pods Pods Pods 

Closed Open Empty Immature Mature Dehisced 

1.1 - 24 7 
1.2 26 78 11 
1.3 8 11 
1.4 2 3 
1.5 3 8 3 
1.6 22 JO 
1.7 3 
2.1 8 6 18 
2.2 28 5 36 
2 • .3 .3 20 17 85 
.3.1 2 1 11 -
3.2 14 2 21 
.3.3 11 17 1 .38 
4.1 4 1.0 
4.2 5 7 
4.3 4 2 -
5.1 1 36 2 
5.2 10 
5.3 .32 .35 
6.1 6 
6.2 - 8 .37 
6.3 3 38 2 
7.1 29 1 
7.2 - 2 .36 7 
7 • .3 1 2 9 90 9 
B.l 7 11 
B.2 - - 45 5 
8 • .3 2 6 1 
9.1 51 1 
9.2 1+ 3 
9 • .3 - 4 12 

Annual Totals B5 255 67 279 459 42 
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Flower Bud Development at Eppleworth Quarry 

Results 

Flower bud mortality was assessed from quadrat samples taken during 

five weeks of 1978. The dates and contents of the fifteen quadrats and 

the condition of the buds that were found, are given in table 3.5 and tables 

3.6 and 3.7. Figure 3.2 summarises these results. 

In 1978 the main flowering season for L.comiculatus was effectively 

over by the end of July, with only nine flowers appearing in samples taken 

later in the season. This does not appear to have resulted from a reduotion 

in the numbers of flower primordia being produoed, as the number of green 

bud umbels collected did not differ significantly between the five sampling 

dates (Analysis of variance, V.R. [4 and 101 ~ 0.64, P > 0.05). 
' / 

The success of the green stage buds that were produoed did decline 

rapidly, however, and after late July unhealthy buds were consisteDtly 

forming over 75% of the total. This resulted mainly from a greater increase 

in the proportion of totally unhealthy umbels, whioh rose from 46.4% in 

July to 81% over August and September. 

The numbers of older (orange stage) buds rapidly deolined through the 

season, with the numbers of both bud umbels and individual florets showing 

highly signifioant regressions with time (V.R. [1 and 131 -18.34, P <.0.001, 

and 16.73, P < 0.01, respeotively). This had the effect of steadily 

inoreasing the proportion of green umbels in the samples, from around 30% 

in early July to over 90% by the end of the season. 

Within the rapidly deo1ining numbers of orange buds the proportion 

whioh were damaged or unhealthy fluotuated oonsiderably. Very few orange 

buds were collected later in the season, but those which were present did 

not appear to contain fewer healt~ buds than those produced earlier (table 

3.7). The rapid deo1ine in the density of orange 
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Table 3.5 Flower buds collected in quadrat samples at Epplevorth Quarry 

during 1978 

Date Sample Green Stage Orange stage 
Umbels Buds Umbels Buds 

12.7.78 2.1 .. .. ' 17 40 46 121 
2.2 47 211 128 504 
2.3 33. 138 71 254 

27.7.78 3.1 18 78 20 72 
3.2 43 114 32 85 
3.3 94 374 44 283 

15.8.78 4.1 56 182 1 2 
4.2 38 125 14 38 
4.J 64 218 7 54 

30.8.78 6.1 21 80 0 0 
6.2 21 78 1 5 
6.3 50 152 4 16 

18.9.78 9.1 . 50 145 6 16 
9.2 25 74 2 7 
9.3 69 268 3 11 

'"646 - - 1468 Totals 2277 379 
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Table :3.6 The condition of f1o~er buds of L. corniculatus during 1978. 
stage 1, green buds. 

Sample n Healthy Unhealthy Percentage Percentage 
(umbels) buds buds unheal thy buds totally unhealthy umbels 

2.1 17 22 18 45.0 35.:3 
2.2 47 191 20 9.5 8.5 
2.3 33 132 6 4.3 3.0 
3.1 18 25 53 67.9 55.6 
3.2 43 JO 84 73.7 67.4 
3.3 94 80 294 78.6 72.:3 
4.1 56 22 160 87.9 89.3 
4.2 38 10 115 92.0 92.1 
4.3 64 54 164 75.2 73.4 
6.1 21 18 62 77.5 80.9 
6.2 21 0 78 100.0 100.0 
6.3 50 56 96 63.2 68.0 
9.1 50 43 102 70.3 70.0 
9.2 25 6 68 91.9 92.0 
9.3 69 42 226 84.3 82.6 

Annual 
Totals 646 733 1546 67.8 68.0 
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Table 3.7 The condition of flower buds of L. corniculatus during 1978. 
stage 2, orange buds. 

Sample n Healthy Unhealthy Percentage Peroentage 
(umbels) buds buds unhealthy buds totally unhealthy umbels 

2.1 46 78 43 35.5 43.5 
2.2 128 216 288 57.1 52.3 
2.3 71 56 196 77.8 66.2 
3.1 20 19 53 73.6 60.0 
.3.2 32 .34 51 60.0 53.1 
3.3 44 142 41 22.4 0 
4.1 1 2 0 0 0 
4.2 1'~ 24 14 36.8 21.4 
4.3 17 31 23 42.6 29.4 
6.1 0 0 0 0 0 
6.2 1 0 5 100.0 100.0 
6.3 4 9 7 43.7 50.0 
9.1 6 9 7 43 .. 7 16.7 
9.2 2 5 2 28.6 0 
9.3 3 7 4 36.4 0 

Annual 
Totals 373 726 618 46.0 46.9 



FIGURE 3.2 

Densities of L. corniculatus flover buds in 1978 quadrat samples and the 

proportions of buds vhich were found to be 'lUlheal thy 
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buds was therefore mainly attributable to the rise in green phase morta1it,y. 

An estimate of overall bud mortality can be obtained by assuming an 

ini tia1. average of fi va primordia on each umbel and deducting from this exp

ected value the numbers of healthy buds which still remained (table 3.8). 

Values of 77.]1, green phase and 67.1$ orange phase mortality are produced, 

but these will necessarily be underestimates because it is not possible to 

account for all the whole umbels which die and fall. Most green phase bud 

loss occurred through the death of entire umbels and the loss of individual 

buds was relatively unimportant (table 3.9a). A different pattern of morta1it,y 

was found during the orange phase (table 3.9b) where loss of individual buds 

was more important and a far smaller proportion of the umbels vas totally 

unhealthy". 

Discussion 

The low viabilit,y of green buds throughout much of the summer is likelY' 

to be mainly attributable to a high level of spontaneous umbel abortion, 

rather than to be the result of damage by an~m81s. Joffe (1958) studied the 

development of L. corniculatus flovers under experimentallY' controlled photo

periods and found that sixteen hours of dql1ght vere required for maximum 

nower production. Although the plants vould continue to produce considerable 

numbers of flover primordia at suboptimal dq'-lengths, an increasing proportion 

vould abort as theph0ti0par1Od. :vere reduced. Other factors can also alter the 

levels of bud abortion, including temperature, nutrient levels, disease, insects 

and artificial defoliation (Seaney and Henson, 1970, Winch and Macdonalel, 1961). 

A bud mite (Acarina, Eriopb1idae) DI8.7 also have contributed to the high 

levels of abortion during the green phase. The 1.denti ty' of the species in

volved vas not confirmed, but Erigphya8S eua!R1s Nalepa is the onlY' Eriophyid 

recorded from L. cornicuJ.atus by Buhr (1964) and Farkas (1965). The mite vas 

widely distributed at Epp1evorth Quarry and galled leaves and stems vere 

numerous. Galled plants bad a characteristic appearance, with svollen, often 

red marked, leaves and short inter-oode lengths. No galled novars vere found 
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Table .3.8a Estimated Mortality of L, corniculatus fiower buds 1, Green 
bud stage. 

Sample n 'Expectedt Observed Estimated 
(Umbels) buds buds Mortality (%) 

2.1 17 85 22 7/~.1 
2.2 47 2.35 191 18.7 
2 • .3 .3.3 165 1.32 20.0 
.3.1 18 90 25 72.2 
.3.2 4.3 215 .30 86.0 
.3 • .3 §t 470 80 8.3.0 
4.1 280 22 92.1 
4.2 .38 190 10 9/~.7 

4 • .3 6/~ .320 54 8.3.1 
6.1 21 105 18 82.9 
6,2 21 105 0 100.0 
6.3 50 250 56 77.6 
9.1 50 250 43 82.8 
9.2 25 125 6 95.2 
9 • .3 69 .345 42 87.8 

Annual 
Totals 646 .32.30 7.3.3 77 • .3 

Table .3.8b Estimated Mortality of L. corniculatus nower buds 2. Orange 
bud stage 

Sample n tExpected' Observed Estimated 
(Umbels) buds buds Mortality (%) 

2.1 46 230 78 66,1 
2.2 128 6/1) 216 66.2 
2 • .3 71 .350 56 84,0 
3.1 20 100 19 81.0 
3.2 32 160 34 78,7 
3 • .3 44 220 142 35.4 
4.1 1 5 2 60.0 
4.2 14 70 24 65.7 
4.3 17 85 31 63.5 
6.1 0 -
6.2 1 5 0 100.0 
6.3 4 20 9 55.0 
9.1 6 30 9 70.0 
9.2 2 10 5 50.0 
9.3 3 15 7 5.3.3 

Annual 
Totals 389 19/1) 632 67.4 
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Table 3.9a Frequencies of healthy buds in umbels of L. corniculatus. 
Stage 1, green buds. 

Sample Heal thy buds per umbel 

0 1 2 3 4 5 6 

2.1 6 5 3 1 2 0 0 
2.2 4 0 1 I .. 14 23 1 
2.3 1 1 3 5 7 14 2 
3.1 10 2 1 2 1 1 1 
3.2 29 4 4 6 0 0 0 
3.3 68 6 S 2 1 6 3 
4.1 50 0 2 1 1 1 1 
4.2 35 1 0 0 1 1 0 
4.3 4S 2 3 1 7 3 0 
6.1 17 0 0 0 2 2 0 
6.2 2l 0 0 0 0 0 0 
6.3 34 2 2 3 4 5 0 
9.1 35 3 0 s 4 0 0 
9.2 23 1 0 0 0 1 0 
9.3 58 0 0 4 5 2 0 

Totals 439 Z7 Z7 37 47 59 8 

Table 3.9b Frequencies of healthy buds in umbels of L. corniculatus. 
stage 2, orange buds. . 

Sample Healthy buds per umbel 

0 1 2 3 4 5 6 

2.1 20 4 5 6 9 2 0 
2.2 67 8 9 9 13 21 1 
2.3 47 8 4 . 4 3 4 1 
3.1 12 3 2 1 1 1 0 
3.2 17 3 7 3 2 0 0 
3.3 0 7 10 9 5 10 3 
4.1 0 0 1 0 0 0 0 
4.2 3 5 2 1 3 0 0 
4.3 5 2 4 3 3 0 0 
6.1 0 0 0 0 0 0 0 
6.2 1 0 0 0 0 0 0 
6.3 2 0 0 0 1 1 0 

9.1 1 2 2 1 0 0 0 

9.2 0 2 0 0 1 0 0 
9.3 0 1 1 Q 1 0 0 

Totals 175 45 47 37 42 39 5 
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and umbel development appeared to be inhibited at an early stage. An assess

ment of the importance of this species was not attempted, but the related 

Eriophyses medicagin;ls Keifer is know to have a significant effect on the 

growth of Medicago (Ridland and Halleran, 1979). 

Photoperiod related abortion was unlikely to have been the main cause 

of orange phase bud loss because abortion is usually completed during the 

early stages of bud growth (Joffe, 1952). Feedine by insects was more apparent, 

however, with most of the observed damage being the result of 'blasting' by 

bugs. In smaller umbels this caused the death of the whole cluster of buds, 

whereas feeding on more matl1re umbels often resulted only in the loss of the 

individual buds that were damaged. Damaged buds had a pale, dry appearance, 

with characteristic circular feeding holes. In addition to the feeding activity 

of Hemiptera there was also some damage caused by insects which normally 

developed in the flowers and pods. Those responsible were larvae of Odontb.thrips 

!2.:Y., Contarinia 1-..2.ll, Cydia compos! tella and IiYpera plantaginis. 

Four species of Hemiptera were found to be particularly common on 

L. corniculatus at Eppleworth Quarry. Of these, Philaenus spl.lllB.rius is a 

xylem feeder and Stenocranus minutu@ (Fabr.) is specificly associated with 

the grass Dactylis glomerata L. (Hay, 1975). The remaining two species, .Q!Q.

ocoris norvegicus and Plagiognathus ohfysanthemi, are bud feeders and both 

are recorded as economic pests of L. corniculatus (Balru.·in, 1975 and Guppy, 

1963). 

Q.. norvegicus is a polyphagous species (\t1oodroffe, 1955) recorded from 

a variet.y of host plants, including Urtica dioica and Rumex obtusifolius L. 

(Davies, 1973 and Smith, 1977). It feeds on both buds and stems, and can occur 

in sufficient numbers for flovering to be totaJ.ly inhibited (Steer, 1929). 

f. chrYsanthemi is also polyphagous (Kullenberg, 1946) and has been introduced 

into North America, where it is a pest of L. corniculatus and alfalfa (Wheeler, 

1974). This was the most abundant Heteroptera species on L. corniculatus at 

Eppleworth Quarry. Nymphs vere found throughout the early summer and into 
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August, with the adults present from late July and persisting until September. 

Guppy (1963) estimated that in some cultivated stands of~. corniculatus 

only 20% of the flower buds successi'ully developed into flowers, and that 

P. chrysanthemi vas the major cause of this loy success rate. In the native 

population at Eppleworth Quarry losses vere almost as high, but they cannot 

be attributed to one particular causal agent. 

The importance to the plant of bud losses is particularly difficult to 

judge. Inherently high abortion rates are apparently typical for L. corniculatus 

throughout much of its flowering period and extraneous debudding could 

therefore be compensated for by redUCing the levels of such abortions, in 

addition to responding with increased bud production. Damage is also likely 

to be more significant if it affects mature buds, because the plant has 

committed more resources into their production. Debudding may also have addit

ional indirect effects, for example by increasing the root: shoot ratio (Craille 

and Heichel, 1981). Large bug populations can nonetheless have a dramatic effect 

on the success of sexual reproduction in L. corniculatus. This was shown con

clusively by the studies of MacCollan (1958) and Ridgeway and Gyrisco (1961) 

vho found that treatment with insecticides could increase the veight of seed 

yields by up to 100%. 

Differential abortion rates or flower damage associated with phenotypic 

differences may be of importance and the next section considers one example 

of this type of situation. Ultimately it is the differential production of 

progeny capable of reproduction that is important, and the later in the 

'cycle' that selection acts the more effective it will be. 

Keel Colour Po1;nnorphism and Colonisation of Flowers by Insects, 

Flowers were only present regularly in the quadrat samples during the 

early part of each season, although sporadic nowering did continue until well 

into September. Few of the nowers at Epplewor'bh showed any signs of injury 

(tables 3.10 and 3.11) and only a low density of insects was recorded (tables 

3.12 and 3.13). Flowers scored as unhealthy appeared to be undamaged but were 



Table 3.10 The condition of L. corniculatus flowers collected during 1m. 

Sample Extensively Unhealthy Petals/Calyx Pollen Sacs Galled by Total. 
Damaged Damaged Damaged Contarinia Flowers 

1()ti 

1.1 0 0 0 0 0 13 
1.2 0 2 0 3 1 35 
1.3 0 0 0 0 0 19 
2.1 1 0 0 1 0 12 
2.2 0 0 0 1 0 11 

2.3 0 0 0 0 0 2 
3.1 0 0 0 0 0 9 
3.3 3 0 2 2 0 17 

('<) 
~ 

Totals 4 2 2 7 1 118 

Percentage 3.4 1.7 1.7 5.9 0.8 



Table .3.11 The condition of L. corniculatus novers collected during 1978 

Sample Extensively Unhealthy Petals/Calyx Pollen Sacs Galled by Total 
Damaged Damaged Damaged Contarlw,f Flovers 

loti 

1.1 .3 1 3 5 0 39 
1.2 7 0 4 4 0 124 

1.3 2 0 3 .3 0 24 
1.4 0 0 0 0 0 5 
1.5 0 0 1 0 0 15 
1.6 0 0 1 2 0 55 

~ 
1.7 0 1 0 1 0 5 
2.1 0 0 0 0 0 14 
2.2 1 0 .3 1 0 39 
2 • .3 2 0 1 5 3 46 
.3.1 0 0 0 0 0 1 

.3.2 0 0 2 6 0 28 

3 • .3 0 0 1 0 0 .30 
4 • .3 0 0 0 0 0 6 
7 • .3 0 0 0 0 0 .3 

Totals 15 2 19 Z7 .3 434 
Percentage .3.5 0.5 4.4 6.2 0.7 



Table 3.12 Insect inhabitants of L. cornicml.atus novers collected at Epp1evorth Quarry 1m. 

Sample Flovers Aplon Me1igethes Hypera Th;yaanoptera 
Present loti eiitllfOpus p!an@nis app. 

E L L L L A 

1.1 13 1 2 0 0 10 0 

1.2 35 3 4 1 0 29 0 

1.3 19 1 5 1 0 22 0 

2.1 12 0 2 0 1 5 0 

2.2 11 0 6 0 0 2 0 

t!"\ 2.3 2 0 1 0 0 0 0 

""'" 3.1 9 0 1 0 0 0 0 

3.3 17 1 0 0 0 6 0 

Totals 118 6 21 2 1 74 0 
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Table 3.13 Insect inhabitants of L. corniculatus flowers collected at Epplevorth Quarry 1978. 

Sample Flowers i~tin Me1igethes Hypera Thysanoptera 
Present erxthropus plantaginia spp. 

E L L L L A 

1.1 39 19 7 1 2 0 0 

1.2 124 24 30 2 0 0 0 

1.3 2i~ 2 4 0 1 0 0 

1.4 5 5 1 0 0 1 0 

1.5 15 1 5 0 0 0 0 

-.0 
1.6 55 5 6 0 0 0 0 

.. ,;: 
1.7 5 0 1 0 0 0 0 
2.1 14 0 0 0 0 6 0 

2.2 39 0 1 1 1 2 1 

2.3 46 2 13 6 (j 11 0 

3.1 1 0 0 0 0 0 0 

3.2 28 3 1 0 0 10 0 

3.3 30 0 0 0 0 2 1 

4.3 6 0 0 0 0 0 0 

7.3 3 0 0 0 0 3 0 

Totals 434 61 69 10 4 35 2 
E. Eggs L. Larvae A. Adults 



shoving signs of premature senescence and were unlikely to set seed success-

fully. A mean of 2.0 flovers per umbel was recorded during 1m and 2.7 flowers 

per umbel in 1978. During both seasons the mean number of pods per umbel was 

1.8, representing a loss of 10% of the f'lo\lers during the first year and 33% 

during the second. 

The proportion of dark keeled nower umbels in the quadrat samples was 

71.2% in 1977 and 61.2% in 1978. The second area of the quarry, vhere sampling 

was of one umbel at metre pl'QS intervals, had an average of 48 • .3% dark keeled 

plants. (table 3.14). The munbers of dark keeled umbels remained fairly 

constant through the season, but there vas a noticeable decline in the light 

keeled individuals. It remains to be established vhether this reflects a 

genuine difference in the flovering patterns of the two morphs, but it is 

interesting that Jones and Cravford (1977) obtained increasing proportions 

of dark keeled plants from successive seed samples taken during one season 

at a site in the West Midlands. 

The technique of sampling single umbels at intervals is not sui table for 

comparing the numbers of flovers on each umbel because the eye of the collector 

tends to select the more prominent nover groups, vhi ch contain the most 

flovers. In the quadrat samples (table 3.15 and 3,16) the dark keeled plants 

supported a greater number of flovers per umbel during both seasons (tables 

3.15 and 3.16), but the f'requencies vere not Significantly different (X2 [21 
= 3.fr7 in 1977, X2 [3] = 4.29 in 1978, P >0.05).A similar, but more extensive 

sampl1Dg prograIIIle coDducted at Wharram Quarr7 in 1980 also failed to detect 

aq differences in the JIlDIlbers of tlovers per umbel. preduced by' the keel 

colour morphs (Beesler and Compton, unpubl1shed). 

Which L. cornicul.atus flowers vill be colonised bf insect larvae is 

determined mainl.y or wholly by' adult females vhen they- choose their oviposition 

si teSt Analysis of the distribution of several insect species vi thin L. corn. 

iculatus flovers suggests that their choice is not influenced by' the colour 

of the keel petals (table 3.17). Possible exceptions \l9re at Epplevorth, where 



Table 3.14 L. cornigulatus keel colour frequences in a section of Eppleworth 
Quarry during 1978. Umbels vere sampled at metre plus intervals. 

Sampllng Dark Ieel Lifht Keel % Dark 
Dates n(UJlbels) Flovers n(umbels Flovers Keels 

per Ullbel per UIIbel (umbels) 

';1).7.78 15 2.5 .30 3.2 33.3 
27.7.78 14 2.0 12 2.9 53.8 

15.8.78 19 2.4 18 2.2 51.4 
.30.8.78 16 2.7 15 2.2 51.6 

4.9.78 9 2.1 9 2.4 SO.O 
19.9.78 11 2.5 6 2.5 64.7 

Totals 84 2.39 90 2.67 48.3 
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Table 3.15 Comparison of Oover-munbers per umbel on dark and light keeled 

plants. 1977. 

Sample Dark Keel Light Keel 
n (umbel s) Flowers n(umbels) Flovers 

per umbel per umbel 

1.1 3 4.0 1 1.0 

1.2 15 2.3 

1.3 9 1.8 2 ~.5 

2.1 8 1.5 

2.2 5 2.2 

2.3 1 2.0 

3.1 3 3.0 

3.3 12 1.4 

Totals 42 2.1 17 1.7 
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Table .3.16 Comparison of flower numbers per umbel on dark and light 
keeled plants 1978. 

Sample Dark Keel Light Keel 
n(wnbels) Flowers n(umbels) Flowers 

per umbel per umbel 

1.1 12 .3.2 

1.2 41 .3.0 

1 • .3 7 2 • .3 

1.4 2 2.5 

1.5 5 2.2 2 2.0 

1.6 7 2.7 11 .3.0 

1.7 1 4.0 

2.1 8 1.75 

2.2 16 2.4 

2 • .3 17 2.7 

.3.2 11 2.4 

.3 • .3 .3 2 • .3 6 .3.1 

4 • .3 2 .3.0 

7 • .3 1 .3.0 

Totals 9.3 2.85 59 2.5'~ 



Table 3.17 Comparisons of insect frequenoies in dark and pale keeled L. corniculatus flovers. Sampling methods 
are described in Chapter 2. 

Locality Date Sampling Species Dark Keels Pale Keels X 2[1] P 
Code Method Colonised Not Colonised Colonised Not Colonised 

A 1977 Quadrats A. loti (larvae) 8 79 6 23 2.7 
A 1978 Quadrats A. loti (eggs) 38 216 6 139 11.0 ( 0.001 
A 1978 Quadrats A. loti (larvae) 55 203 6 139 21.3 t.. 0.001 
B 26.6.77 As Available A. loti (eggs + larvae) ~ ~ 17 Z7 1.5 
C 5.7.78 Metre Plus A. loti (eggs + larvae) 24 171 8 79 0.6 
D 23.6.77 M,etre Plus H. plantaginis (larvae) 73 39 J7 28 1.2 
C 5.7.78 Metre Plus H. plantaginis (larvae) 24 171 14 73 0.7 
C 5.7.78 Netre Plus M. er.ythropus (larvae) 26 169 17 70 1.8 

r-l A 1977 Quadrats Thrips (larvae)l 31 56 9 20 0.2 
l(\ 

A 1978 Quadrats Thrips (larvae) 10 248 17 128 9.1 ~0.01 

A 1978 Metre Plus Thrips (larvae) 45 39 51 39 0.2 

C 5.7.78 Metre Plus Thrips (larvae) 35 160 14 73 0.1 
C 5.7.78 l-tetre Plus Thrips (adults) 51 144 15 72 2.7 

Localities 

A Epplevorth Quarry 
B Bulkington 1 Odontothripsloti and Aeolothrips tenuicornis combined 
C Cottingham 
D Spurn Point 
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in 1978 dark keeled novers contained IJl8llY' more Apion loti eggs and larvae 

and thrip larvae but these are clearly not t,r.pical or these species in general. 

The Iilsect CoimnWli ti in and on the Flovers of L. corniculatus 

'Extensively damaged' novers at Epp1evorth had large sections of petals 

and pods removed, probably as the result of grazing by molluscs, mammalian . 
herbivores (voles and rabbits vere present in the quarr,y) or larger chewing 

insects such as grasshoppers. Species of Orthoptera vere recorded as pests 

of L. cornicu1atus by Neunzig am Gyrisco (1955) and Guppy (1958), but this 

mainly graminivorous group rim L. c0rn1culatus leaves distasteful. (Bernays 

and Chapman, 1977). Cyanogenesis may be partly responsible (Bernays and 

Chapman, 1975) but the acyanogenic L. ulifdnosus is also disliked (Blank et 

.!!, 1980). 

Acridids eat L. corniculatus novers much more readily than leaves, 

hovever, and feeding experiments suggest that at least ~o species preter to 

eat acyanogenic novers. Feeding trials vere conducted in rectangular seed 

trays (15.5 x 21.5 cms.) with transparent lids. The noor of each tray vas 

covered with sand, on vhich vere placed eight L. corniculatus umbels bearing 

one (Series A) or two novers (Series B). In order to keep the novers in a 

fresh condition, the peduncles vere inserted into narrov vater filled tubes, 

the tops or vhich vere sealed vith 'B1lPTack'. Flovers vere obtained from 

stock plants that bad orig1M]1y been collected at Porthdatarch, Anglesey and 

vere groving at the University" Botanic Gardens. Four cyanogenic clones (A.. D) 

and four acyanogenic clones (E - H) vere used in each trial, with phenotypes 

arranged alternately in two rows ot tour (tor emmp1e as AEBF : GelID, with 

A facing G etc.). Flowers vere placed approximately J cms. apart trom their 

nearest neighbours, and had their keel petals resting on the sand. 

Adul ts or OmocestuB viridulus (t.) and M:yrme1eotettix maoulatus (Thunberg) 

vere collected on 18 and 25 August 1981 at Wbarram Quarr;r. No food vas proT1ded 

overnight and six specimens ot each species vere introduced into .~a te 

test trays the following morning. The insects vere removed approximately 24 

hours later. 
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The five petals of each flower (the standard, two wings and two 

keel petals) were examined individually and each was reoorded as being 

either undamaged or damaged. Two categories of damaged petals were 

reoognised, consisting of those whioh had less than one quarter of their 

surface area removed and those which had sustained more extensive damage. 

PetaiJ in the first damage category were oonsidered to rasul t frol n 

'investigation' and subsequent rejection of the plant tiGGue. 

The frequencies of undamaged and damaged petals of the two phenotypes 

in eaoh trial are given in table 3.18. The standard was oonsistently the 

most heavily damaged petal on each flower, irrespeotive of phenotype, 

presumably because of its vertioal orientation (Bern~s and Chapman,1970). 

Between phenotype compariSOns indioate a tendenoy for more of the 

aoyanogenio petals to be damaged, although this differenoe was only 

signifioant on two oocasions. ComparisO ns of the fre quenoies of invest

igated and heavily damaged petals again suggest that the aoyanogenio 

phenotype was preferred. 

Similar ohoioe experiments were oarried out using leafy stems of 

L.comiculatus in the place of flower umbels (table 3.19). Both speoies of 

Grasshopper were found to be very reluotant to feed on the leaves and in 

order to obtain reasonable levels of damage it was necessary to maintain the 

insects on the plants for periods of between three and five days. Leaf 

damage was soored on a presenoe or absenoe' basis and the ratios of damaged 

to undamaged leaves were oompared for each phenotype. No clear preferenoe 

for acyanogenic leaves was deteoted, although one signifioant X~ value 

was obtained. 

problems were sometimes enoountered beoause of animals ohewing the leaf 

stems at their bases and caUSing them to wilt. Similar 'felling' behaviour 

has been described in feeding experiments with. molluscs (Dirzo and Harper, 

1980),and was thought to be a res~onse to an unpalatable food plant. 'Fell

ing' may be of value to herbivores when they are required 

," 
, , 

:4¥·~4::: 
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Table 3.18 The feeding preferences of adult OrthopteranB given a choice 

between Cyanogenic and Acyanogenic L.comioulatuB flowers. 

a Omocestus viridulus 

trial L.comiculatus 
phenotype 

Undamaged 
petals 

'Investigated t 
petals with 

Extensively 
damaged 
petals 

1 

2 

< 0.25 removed 

++ 22 17 

9 9 
x2 [1] Damaged: Undamaged petals .. 8.90, P < 0.01 

1 

22 

X2 [1] Investigated: Extensively damaged petals .. 19.56, P <. 0.001 

++ 9 10 1 

7 7 6 
x2 [lJ Damaged: Undamaged petals = 0.42, P ,0.05 

x2 
[lJ Investigated : ~nsively damaged petals = 3.96, P< 0.05 

b Myrmeleotettix macu1atus 

trial L.comicu1atus 
phenotype 

Undamaged 
petals 

'Investigated' 
petals with 
< 0.25 removed 

Extensively 
damaged 
petals 

1 ++ 21 17 2 

2 

11 11 1& 

X2 [1] Damaged: Undamaged petals .. 5.21, P< 0.05 

X2 [1] Investigated I Extensively damaged petals .. 12·54, P<O.OOl 

++ 5 
5 

13 

9 

X2 Ii] Damaged: Undamaged petals .. 0.0, P >0.05 

2 

6 

x2 [lJ Investigated I Extensively damaged petals =- 2.73, P'> 0.05 
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Table 3.19 The feeding preferences of two species of Orthoptera when 

Species 

Omocestus 

given a choice between Cyanogenic and Acyanogenic .' c0rn1culatus 
leaves. 

Cyanogenic Leanets Acyanogenic Leanets )l[l] 
Expt. Damaged Undamaged Damaged Undamaged 

viridUlus a 52 
44 
64 

63 
71 
71 

56 
70 
56 

Myrme1eot,ettix 

b 
c 

maculatus a 
b 

99 
78 

58 
55 

72 
85 

6.82 (P(O.Ol) 
0.014 
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to survive for short periods on food plants vhich vould normally be rejected. 

Bernays (1977), for example, has shown that JV1IIPhs of Zonocerus variegntup (t.) 

preferentially eat v:i.1ted cassSY'a leaves, and that this is probably due to 

a reduced rate of HCN release in wilted plants. 'Felling' behaviour could 

therefore result in a decline in the effectiveness of plant defences, making 

them marginally more palatable. 

Bernays and Chapman (1970) concluded that Chortbippus para"elus (Zett

erstedt) rarely ate plants other than grasses because of chemical inhibition, 

rather than any p~sical deterance. Acyanogenic L. coroiculatus leaves appear 

to be as highly distasterul. to grasshoppers as cyanogenic ones, which suggests 

that cyanogenesis is at most a minor component of the overall feeding inhib

ition. By comparison t. corniculatus flovers are readily eaten, presumably 

because some other deterant chemicals are absent - perhaps Tannic Acids, 

pheny1ethylamine or Alkaloids, all of which have been isolated from L. corn

icu1atus (Bernays and Chapman, 1975). 

Before Acridids begin to feed they perform a sequence of behaviour vhich 

involves palpation of the food surface, biting but not ingesting, nibbling 

small quantities of food and finally con.tinuous feeding (Bernays and Chapman, 

1970). If the food plant proves to be unsuitable at any stage, then the insect 

stops and moves elsewhere. An experiment similar to that devised by Bernays 

am Chapman, (l970) \l8.S carried out in order to determine at which stage in 

the above feeding sequence M. macu1atus rejected the cyanogenio flowers of 

L. cornigulatus' Adults collected from Wharram Quarry were starved tor between 

three and five hours before being introduced (singly) into a glass tube approx

imately 7.5 em. long and Vith a 2.5 om. diameter. The response of the grass

hopper to a single cyanogenic or acyanogenio fiover vas then observed, together 

\lith the stage at vhioh feeding vas terminated. Insects vere removed after 

five minutes if no response had oocurred am in order to avoid any conditioning 

each grasshopper was used only onoe. 

Feeding commenoed on 7'J1, of the aoyanogenic novere, but on onl.y lOS of 
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the cyanogenic (table 3.20), Flover surfaces were inspected by the antennae 

and palps before the first bite, and the insects did not give any indication 

of aversion to cyanogenic flowers at that stage, Inhibition clearly occurred 

later, during nibbling, as most specimens moved off the cyanogenic novers 

at that point, sometimes after jolting backwards or shaking their heads. 

These results demonstrate that cyanogeneaia can cause a Significant 

reduction in the amount of L. corniculatus nover tissue consumed by Acridids. 

The relevance of this protection for natural populations is uncertain,hovever, 

because the degree of flower feeding by grasshoppers is generally considered 

to be limited. Nonetheless,the exclusively cyanogenic flovers at Epplevorth 

may have conferred some protection against generalist herbivores. 

Petal damage at Eppleworth resulted mainly from the feeding aotivit1es 

of the larvae of HYpera RJ,antaginis and CY'dia compos! tella. At other s1 tes 

the adults of Phyllob1us roboretanus and P. viridiaeris vere also found feeding 

on the novera of L. cornigulatus (table 3.21) and feeding choioe experiments 

have shown that both species will preferentially select acyanogenic nowers. 

These experiments vere carried out on a s1milar basis to those With grass

hoppers, except that a plastic petri dish vas used as a test chamber. Three 

umbels of each phenotype vere spaced equally around the periphery of the dish, 

with their peduncles (enclosed in vater-filled tubes) projeoting out throueh 

holes made in the dish vall. Three flovers per umbel vere used vi th P .robore

tanus and two flovers per wnbel vi th P. viridiaeris. Beetles vere starved 

overnight and maintained on the flovers for approximately 24 hours. 

Both Phyllobius spp. consistently' ate more of the acyanogenic petals 

(table ,3.2:2), although the amounts vere not always significantly higher, At 

Bulkington during late May 1979, these species vere found in considerable 

numbers on the flovers of L. corn1cuJ.atus and 8.1V acyanogenio f"lowrs can be 

expected to have suffered disproportionately. Witter am Fields (1977) recorded 

22 host species for adults of P. Oblongus L., and P. roboretanus appears to 

be equa1l.y polyphagous. A collection of this species at Hessle Quarry, E. Yorks. 
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Table 3.20 The responses or adult Myrmeleotettix maculatus dving five 
minute periods with .nowera or L. cornicu1atus. 

Cyanogenic flowers 

Acyanogenic flowers 

No. No Palpating Biting Nibbling Feeding 
tested response 

20 

20 

4 

4 

2 

o 

1 

1 

11 

o 

2 

15 
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Table 3.21 Records of PhYllobius spp. (Coleoptera, Curculionidae) feeding 
on rlovers of L. cornigulatus. 

Species Locality Dates 

P! roboretanus Bulldngton 29 May 1979 
Hessle Quarry 7 July 1981 

. Wharram Quarry 'Z7 Jtme 1978 
18 J\m6 1981 

PI nr;!diaeris Bulldngton 29 Hay 1979 
Hess1e Quarry July 1979 
Ull.y. N. Lincs. 15 JW1e 1980 

Windmill Hill 13 July 1978 

JW16 1979 
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Table 3.22 The feeding preferences of Phyllobius (Col., Curculionidae) 

given a choice between cyanogenic and acyanogenic L.comiculatus 

petals. 

a 

b 

P. roboretanus 

trial 

1 

2 

3 

totals 

L. corniculatus Undamaged 

phenotype petals 

++ 38 
4 

x
2 

[2J :I 5.01, P ) 0.05 

++ 33 
25 

X
2 

[2) :I 3.30, P ) 0.05 

++ 

x2 
[2J = 

++ 

13.89, 

39 
26 

P ~ 0.001 

110 
85 

X2 (21 :I 14.01, P <: 0.001 

• Investigated' 

petals with 

< 0.25 removed 

16 
11 

5 
10 

6 
8 

27 
29 

Heterogeneity x2 [4J = 8.13, P> 0.05 

P.viridiaeris 'Investigated' 
trial L.comicu1us Undamaged petals with 

phenotype petals < 0.25 removed 

1 ++ 14 10 
12 1 

x
2 [2J = 12.78, P < 0.0 I 

2 ++ 16 9 
12 9 

X2[2J :I 1.71, P "0.05 

totals ++ 30 19 
24 10 

2 .~ X [2J = 9.54, P , 0.01 
2 [2] • 4.49, P )0.05 Heterogeneity X 

Extensively 

damaged 

petals 

6 
15 

7 
10 

o 
11 

13 
36 

Extensively 
damaged 

petals 

6 
17 

5 
9 

11 
26 
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(Grid Reference TA 020 257) found adults feeding on the novers of ~ Sp., 

L. corniculatus and a Ranynculus Sp. 

Cnephasia is another genus of flower feeding species that was found on 

L. cormmuatus at some Sites, but not at Eppleworth Quarry. Cnephasla In.rvae 

are 1eaflll1nerS: fOr a short period (Chambon and Genestler, 1980) but soon begin 

feeding in a canopy of flowers and leaves sppn together vith silk (Emmet, 

1980). Three C. longana larvae vere collected from separate L. corniculatus 

flovers at Spurn Point on 23.6.77. By early July these had pupated inside a 

group of dead leaves and adults emerged between eight and ten days later. A 

larva of a second species, C. pasiuapa, was present inside L. corniculatH! 

flowers collected at North Newbald (E. Yorks.) on 6 July 1981 b.1 D.A. Jones. 

The adult had appeared by mid July. Cnephasla species are highly polyphaeous 

(e.g. Bradley ~ R!, 1973) and five species have now been recorded as feeding 

on L. cornicu1atus (table 1.1). 

Cydia compositella was the only member of the Lepidoptera encountered 

frequently in the flovers of L. corhicylatus. This is mainly a seed eating 

species (Chapter four) but some larvae developed in the flovers (or even the 

flover buds), where they fed ind1scrim1nantly on the stamens, corolla and 

immature seed pods. Olaife and A1d.ngbohunghe (1981) have noted a similar 

flexibility in the feeding habits of C. pWchora (MeyricJs). 

The larvae of H. plantaginis vere regularly encountered in the flovers 

of L. cornicu1atus, yet this species has not generally been regarded as a host 

plant (exceptions are Anderson, 1948 and Parsons and Rothschild, 1964). \lalsh 

and Dibb (1975) and Scherf' (1964) list He p1 tp1'«1m. &I bel. &I.oolated 

vi th Plantago, Antm" " aDd L. uJ' lineN- An H. plantaginis cocoon vas 

collected from a Plantago leaf at Bulld.ngton, but as larvae vere found to be 

on L. cornicylatus nearby, this vas probablY only a casual record. The 

AnthyJ1is association vas confimed by Anderson (1948) and larvae of H. plant

¥' nis vere present in both L. c0rniculaW and L. uliginosus flovars collected 

by D.A. Jones at Windmill Hill, Warwickshire on 10 July, 1978. 
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The feeding activity of H. plantaginis larvae produced characteristic 

damage in the novers of L. corniculatus. The areas of the petals al.ongside 

the seed pod vere usually eaten first, together vith the distal. section of 

the pod. In heavily cheved flovers the petals were visibly ragged and the pod 

could be entirely destroyed apart from a short stump projecting from the 

calyx. 

Young larvae are brownish yellow with a prominent prothoracic shield, 

but later they develop a bright green colouration vith a pale yellow mid

dorsal. stripe. Larvae were present in L. corniculatus flowers soon after the 

flowering season had commenced (table 3.23), but vere not found after mid July. 

Suction sampling carried out at Wharram Quarry (figure 3.,3) shove that the 

larval. period is not terminated because of a shortage of potential feeding 

sites as these vere available veIl into August. 

Pupation occurs inside a cocoon that 1s produced in an L. cornicu].atus 

flover or on nearby vegetation. The cocoon is yellovlsh-green im tial.ly but 

gradually darkens to a dull brown. Larvae collected on L. oormculatus produced 

adults from early July until mid August. One very late pupal. cocoon vas coll

ected at Ipplevorth Quarry on 30 August. This may have represented an individ

ual from a partial s~cond brood, although clearly H. plantag1n1s is primarily 

univolt1ne. H. nigrirostris has been foum to have a similar partial second 

generation each year (Detwiler,l923). 

Emerging adults enter a period of voracious feeding which lasts for 

several. days and usualJ.y commences vi th the valls of their cocoon. Flover 

petals are the preferred food item, but at least in the laborato1"1 some 

L. corniculatus leaves are also eaten. Similar post-8mergence periods of 

intense feeding activity have been reported for H. rmNcis (t.) and H. posti91 

by Chamberlain (1933), and Bland (1971). Adu! to reared in August vere sucoess

fully overwintered in an outdoor inseotary and, like some vell known speoies 

of Coccinellidae, were found to oluster together under the aVailable oover, 

A total of seven H.ypera species are recorded in the literature a8 
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Table 3.23 Hypera p1antaginis colleeted on flollers of L. corn! CulB. tUB. 

Dates 
Locality Larvae Pupae Adults 

Porthdafarch 11.6.79 

Epp1ellorth Quarry 2.3.6.78 

Spurn Point 26.6.77 

South Cave 26.6.78 

North Cave 5.7.77 

Cottingham 5.7.78 5.7.78 

Spurn Point 9.7.78 

Bulldngton 10.7.77 

Windmill Hill, Wandoks 10.7.78 

Eppleworth Quarry 12.7.78 12.7.7S -
Hardargerfjord, Norv~ 12.7.79 

F'lamborough 16.7.78 

Epp1ellorth Quarry 27.7.78 

Epp1eYorth Quarry 15.8.78 

EpPlevorth Quarry .30.8.78 



FIGURE 3.3 

Hypora plantaginis larvae collected in D-Vac suction samples at Wharra.m 

Quarry during 1980, and the numbers of L. corniculatus flowers in the 

2 suctioned areas . 14 or 15 samples , each of 0.05 m , were collected on each 

sampling date. 
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occurring on L. cornicu].atus (table 1.1), but H. plantaginis was the only 

species found at over ten British localities where collections were made. 

One possible exception was at Eppleworth Quarry, where a cocoon of H. nigri

rostris \l8.S collected on L. CQrniculatus leaves on 12 July 1978. This is & 

well knov Trifolium feeding speoies (Makkula and Tinn1la, 1956) and Guppy 

(19;8) failed to detect it on L. cOrnicul&tus vhen it vas numerous nearby 

on three species of clover. The cocoon found at Eppleworth may· have been 

produced by a larva that had fed elsewhere and moved on to L. corniculatus 

to pupate. No larvae agreeing with the description of H. nigrirostris (Anderson, 

1948) vere found on k' corniculatys, although adults vere colleoted on this 

plant at Eppleworth Quarr,y (Zl.7.78) and Cornelian Bay, Scarborough (5.7.80). 

The Ichneumonoid genus Bathypleotes was found to oontain the most important 

parasi tes of H. plantAgi nis. Parasi tised beetle larvae were apparently heal thy 

and active until pupation (Ba thyplectes larvae are endoparasi ti 0). Examination 

of their pupal cases however, revealed a seoond coooon rather than a healthy 

larva or pupa. The BathIplectes coooon is a purplish brown ovoid with a raised 

vhite equatorial stripe (figured by Cross and Simpson, 1972). 

Two or more species of Bathyplectes vere reared from H. p1antaginis, but 

their identities have not been established (table 3.24). Females of species 

A and B were most easily separated on the basis of ovipositor and antennal 

characters. Both Bathlp1ectes at Epplevorth Quarry overwintered inside their 

cocoons and are probably univo1tine like their host. The Bathyplectes from 

Flamborough emerged vi. thin one month of collection however, suggesting that 

these males may represent a third species. 

There is an extensive literature on the biology' of B. anura (Thomson) 

and B. curculionis (Thomson) because they are parasites of H. mstica, an 

important alfalfa pest in the U.S.A. B. ourcy1ioN.s is known to be a parasite 

of H. plantaginis (Horstmann, 1974) but this species bas not been recorded 

from Britain (Fitton !!.Il, 1978). 

~athrplectes cocoons collected at Epplevorth and Bu1ldngton exhibited 
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Table 3.24 Contents of theoocoons of Bathyp1ectes spp., parasitic on 
Hypera,. plan"tMinis 

Locality Collection Contents Sex Emergence 
Date Date 

Flamborough 4.7.78 Bathyp1ectes Sp. 3 lvIales 24.7.78 
Epp1eworth Qu. 7.7.78 Bathyp1ectes Sp. A Female 18.4.79 
Epp1eworth Qu. 12.7.78 Bathyp1ectes Sp. B Female 3.5.79 
Epp1eworth Qu. 15.8.78 ~athyp1ectes Sp. Male 12./~.79 

Epp1evorth Qu. Z7.7.78 Gelis Sp. A Female -.8.78 
Epp1eworth Qu. 15.8.78 Ge1is Sp. A Female 23.8.78 

Bulldngton 10.7.77 Sceptrothelys 
grandiclava 1 Male 

5 Females 25.7.77 
Epp1eworth Qu. 6.9.77 Sceptrothelys 

grandic1ava 
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an interesting jumping behaviour which has been described previously vi th 

B. anura, but does not occur with B. curculionis. When placed in direct sun

light the parasite cocoon can react by jumping distances of up to several 

centimetres. The significance of this behaviour has been investigated by 

Day (1970) vho showed that, vhen compared with B. curculionis cocoons, sign

nificantly fewer B. 8.J!l!ta cocoons vere parasitised by the polyphagous Dibrachys 

cavus (Valker). SuccessfUl avoidance vas repeated even after the cocoons vere 

prevented from jumping, which indicates that larval movements inside the 

cocoon vere as important as the jumping ability per .§i. Askev (1971) suggested 

that the Jumping action may be used to force an exit from the surrounding 

liypera cocoon in order to avoid searching parasites, in particular SceptrothelYs 

gra.nd1c1aft. (Viller). The larval movements that cause the cocoon to Jump have 

a different effect vhen the cocoon is st1l1 retained 'Wi thin that of its host. 

Under these conditions they result in the BathYplectes cocoon rotating rapidly. 

This should help to reduce the success of nyperparasites when they find 

Bathyp1ectes in this exposed position, because insertion of their ovipositor 

through the cocoon vall will be made much more difficult. 

S. grandiclava vas recorded as a parasite of H. plantagin1s via aBa tby

plectes SPa by Askew (1970) and as a parasite of H. postica via B. curcyJ.ionis 

by Pike and Burhardt, (1974). In the U.S.A. S. gra.nd1s1A1'& can have three or 

more generations each Tear aDd a generation \be ot o~ 20 dqa (SlI1pBon.!! 

.e;L. 1979). Bathyplectes cocoons with S. grapdic1aya inside vere collected at 

Balldngton and Epplworth Quarry (table 3.24) and contained six and four larvae 

respectively. Those f'rom Epplewrth successtul.ly overwintered as larvae, but 

quickl7 dehydrated after their host cocoon vas opened for inspection, vhile 

the Bul1dngton specimens produced adults shortly after being collected. This 

speeies is therefore likely to be at least bivoltine in the U.K. Graham (1969) 

gives the night period as between June and August, -aM this can nov be ex

tended by the record of one female collected by sveeping on L. corniculatus 

at Epplevorth Quarry on 12 September 1978. 
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The six Bulldngton specimens of S, grandiclava emerged via a cOllDJlOn exit 

hole positioned at one of the poles of the cocoon. One female \las placed \lith 

a healthy (bouncing) Bathyplectes cocoon in a petri dish. The bouncing stopped 

immediately after successful penetration of the cocoon, showing that the female 

of this species paralyses its host. The jumping action of the Bathyplectes 

failed to dislodge the female, as did rolling the cocoon around the bottom 

of the dish. When the cocoon \laS examined the following spring it contained 

three healthy S. grandic1ava larvae. 

A species of Gelis \laS also reared as a secondary parasite of BathYplectes 

(table 3.24). Adult females emerged late in the summer, suggesting that they 

mq overvinter as adults. Gells species are also major parasites of B. cure

,,11onis in the U.S.A., \lhere over 20% of the Bathyplectes can be destroyed 

(Caldvell and Wilson, 1975). A second Gelis speci es vas reared from an 11. 

Blantaginis cocoon as a direct parasite of the beeUe (Epplevorth Quarry, 

cocoon collected 30.8.78, female Gelis emerged 10.9.78). This species differed 

from those reared as hyperparasites by having a relatively shorter thorax, 

paler co1ouration and in the proportions of the antenna! segments. Gelis 

species have been recorded previously as direct parasites of HYpera species 

(!! H. postica, Horn, 1976). 

At Epplevorth Quarry the adults and larvae of Odontothrips 1.2]1 and 

Aeolothrips tenuicornis vere found in L. corniculatus novers throughout the 

flovering period, from late May to September. In 1980 an extensive survey at 

Wharram Quarry' confirmed the long night periods of these species (figure 3.4). 

O. loti has been recorded from the flovers of a number of legume genera, 

including J.~edicago (Banita, 1976), and is v.idely distribUted in Southern and 

Western Europe (Pi tldn, 1972). This species vas present in L. coroiculatus 

£lovers from the Jostedalen, NoNBY' (August, 1979) vhich extends its known 

distribution into Scandinavia. 

Both active stages of O. loti are regarded as economic pests in Czechos

lovakia, vhere leaf curling, noral abortion and reduced seed output are 



FIGURE 3.4 

Odontothrips loti and Aeolothrips tenuicornis on L. corniculatus at l-lharram 

Quarry during 1980. Larvae yere obtained mainly by hand searching of fioYers, 

adults by suction sampling. 
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attributed to their feeding activities (Obrte1, 1965). In Britain the highest 

densities of O. loti yere found at BulK1ngton, yhere up to nine larvae yere 

recorded from one floyer. First instar larvae are pale and virtually trans-

parent, Yhi1e second instar larvae develop a bright orange co1ouration. At 

these high densities their feeding results in the surface of the young pods 

developing a silvered appearance, similar to that developed in Yl!! and Cytisus 

floyers after injury b.Y other Odontotbrips species (Morison, 1928). 

Many O. loti larvae had bright green gut contents, sholdng that chlorophyll 

containing ti.ssues are a major item in their diet. This viev received support 

from the results or a survey ot Coqtaripi, l.2ll flowr galls carried out 

in Leirdalen, Norwa;y. o. loti vas unusual.ly rrumerous in these noyers, ldth 

a maximum of 14 larvae found in one tall. As galled .t"loyere produce almost" 

no pollen this demonstrates that pollen cannot be required by the thrip larvae. 

Chi square analysis of the distribution of thrip larvae wi thin L. corn,1,cuJ,.atus 

flovere at Eppleworth shoved that during 1977 the pollen producing phase ot 

anther development llaS nonetheless preferred (table 3.25). X2 [11 tor novere 

at the 'open' or 'empty· stages, vith or without tbrip larvae = 10.7 (p < 0.01) 

and 0.64 (p > 0.05) for 1971 and 1978. Immature 'closed', novera yere the 

least favoured stage durimg!1 both seasons. 

O. loti larvae eventually vacate the .t"lowrs and pupate in underground 

cells (Obrte1, 1963). Mature larvae vere present on L. cornioulatus from early 

July to September, suggesting thattvo or more generations may be achieved 

each year. Adults have been .round in tur.r samples colleoted during the winter 

(Ward, 1967), but Pi tldn (1972) has suggested that O. loti may normally over-

winter as a larva. 

A. tenuioornis is a more polyphagous species than O. loti, and Ward 

(1973) collected its larvae !'rom the novers of 23 plant speoies. At Epplworth 

and Wharram Quarries adult A. tenuicorn1s were only numerous on L. cornicul,atus 

during the early part of each season and, from late June onwards, only an 

occasional speclmen vas recorded. Ward (1973) observed that adults teed on 
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Table 3.25 The numbers of thrip larvae in L. corniculatus n01.IerS at 
different stages of development. Epp1eworth Quarry, 1977 
and 1978. 

Anther Total Total Flovers flowers 
Year Condition Flovers Thrip: larvae vi th Thrip L. without Thrip L. 

Closed 9 0 0 9 

1977 Open L~7 56 26 21 

Empty 55 16 1.3 42 

~2[2J (novera vi th or W'i thout thr.lp L.) = 16.5, P< 0.001 

Closed 85 1 1 84 

1978 Open 255 2.3 19 236 

Empty 67 7 7 (fJ 

~2C2J (novara W'ith or without thrlp L.) = 5.9, P>O.05 

L •• larvae 
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pollen and suggested that the larvae may be predators on small.rthropods, 

including other thrips. On r...,corn1culatus the A. tenuicornis larvae were 

never as munerous as those of O. loti, and were more dispersed, rarely occurring 

twice in one nower. They vere sometimes found together with O. loti larvae, 

but no clear association vas observed. No pupae vere found in the novers and 

pupation probably occurs in the soil. 

The larvae of Ceranisus species develop as endoparasites in the larvae 

of thrips (Boucek and Ask9\l, 1968). In England C, pacuvius (Walker) adults 

were often found in L. corniculatus novers collected during the early summer 

(table 3.26), but vere not recorded later than mid July. The night period 

appears to extend to rather later in the year in Noway, hovever, wi th adul ts 

recorded through until August. Kutter (1937) reared C. pacuvius from Kakothrips 

robustus Uzel and gave a detailed description of the immature stages. The 

parasi tes pupated inside the pre-pupa of the thrips, and shoved fev signs of 

parasi tism before this point. In the laboratory the adults of both sexes of 

C. pacuvius are agoraphobic, searching deep into L. corn1culatuB flovers or 

vhatever other dark, narrov spaces are available. Attempted oviposition into 

second instar larvae vas observed, but no parasites vere reared. 

C. menes (Walker) vas the only Ceranisus found in L. cornicu1atus flovers 

at Epplevorth, but generally this species vas encountered much less frequently 

than C. pacuvius. This may be because C. pacuvius has a flight period vhich 

corresponds more closely to the peak flovering season of L. corniculatus. 

The development of C. menes has been described by Buhl. (1936), and Saldmura 

(19J7) vho shoved that in Japan four generations vere produced ;each year. 

C. menes bas a vide range of hosts (Boucek and Askev, 1958), one of vhich may 

be associated vith thisUes because very large numbers of C, menes vere collected 

from these plants at Thixendale, N, Yorks, in July 1980. 

Adults and larvae of the pollen beetle Meligethes er;ythropus vere regular 

members of the insect cODlDuni ty inside L. c0rn1culatus flovers, but never 

occurred in large numbers. The eggs of this species are vhite elongate ovoids, 



Table 3.26 Records of Adult Ceranisus menes and Ceranisus nacuvius. 

Ceranisus menes Ceranisus :u!cuvi us 
Numbers Date Location Numbers Date Location 

May i -.4.81 Sldpwi th CODDDon, Yorks 
F ~ 21.4.81 Kenfig Burrow, S. Vales 

June 1 22.6.78 Eppleworth Quarry 1 6 2.6.80 Wharram ~ 
41 29 9.6.80 Wharram Quarrl-
8 2 13.6.78 Wharram ~ 

2 20.6.79 Hessle Quarry 

6 1 26.6.77 Bulk!ngton1 

4 3 26.6.78 South Cave 

6 Zl.6.78 Wharram ~ 
12 2 

C'"\ 
31.6.71 Bulkington 1 

['-

I 
Bulldngton1 July 5 2.7.78 Eppleworth Quarry 2 10.7.71 

1 12.7.78 Eppleworth Quarry 1 1 3 12.7.79 HardangerfJord, Norvay 1 

1 14.7.77 Eppleworth Quarry 1 1 19.7.79 Gaupne, Norvay 1 

30 26.7.80 Thixendale, N. Yorks 1 22.7.79 Stordalen, Norway 

1 30.7.80 Crowle, S. Humber. 13 3 24.7.79 Lelrdal," Norvay1 

August 2 2.8.80 Brumby CODDDon, Lincs. 1 4.8.79 LeirdaJ, Norvay1 

1 1l.8.79 Vi gdal en , Norvay 

1 Collected from flowers of L. corniculatus 
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with parallel ribs running along the major axes. They were found between the 

petals of L. corn1culatus, or in the pollen mass at the apex of the keel, on 

dates in June, July and August. No eggs were found in the flower buds, which 

is the preferred site for M. aeneus (Williams and Free, 1978). Larvae were 

present throughout the same period as the eggs, and were usually found inside 

the keel petals, where they vere feeding on pollen. A characteristic pure 

white frass was produced and in older flowers this proVided a useful indic

ation of past M. erxthropus actiVity. The major dorsal markings of mature 

M. erxthropus 18.l""Q.e are pairs of sub-lateral ovals, \lMch extend the Whole 

length of the trunk. Smaller, more irregular, mid-dorsal spots are also present, 

and these become more conspicuous towards the end of the abdomen. 

Prior to pupation the larvae leave the rlo\lers and enter the soil. Larvae 

collected in June and July produced adults in approximately three weeks. 

Adults \lere collected from L. corniculatys flo\lers at Eppleworth Quarry 

between May and July and suction sampling at Wharram Quarry during 1980 showed 

that the flight period also includes August. M. aeneus overwinters as an adult 

(Fritzsche, 195'7) and the early appearance of adult M. erxthropus in the 

spring suggests that this may also be the case with this species. 

M. erythropus is the only member of the genus associated primarily vi th 

L. corniculatus (Easton, 1955), but more generalist species have also been 

recorded from this plant. M. erichs0n1 Brisout will develop on Lotus spp. if 

its regular host, Hippocrepis como sa L. is not available (Easton, 1955), and 

perju (1974) has also recorded M. aeneus from L. corniculatus. On rare occasions 

the larvae of an unindentif1ed Geoond species of Meligethes were collected 

in L. corniculatus flo\lers (Spurn Point, 23.6.77 and Cob Hill, E. Yorks., 7.7.81). 

These larvae \lere darker, vi th conspicuously long thoracic and abdominal 

setae, and do not fi'b, the description of M. aeneus (Scherney, 1953). 

The potential damage caused by Me1igethes species has received particular 

attention with M. aeneus. which can occur in large numbers on the flowers of 
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Rape and other Crucifers. Fritzsche (1957) fO'Wld that adults causod considerahl e 

damage to the nower buds, but that larval feeding was 'Wlimportant, whereas 

Williams and Free (1978) concluded that no economic damage was causod by the 

activities of either adults or larvae. Ke1m (1976) even considered that ii. 

picipes Sturm was beneficial to Vieia ~, because it improved pollination. 

It is unlikely that H. erythropus larvae were detrimental to L, corniculatus 

because a maximum of two larvae were present in any one flower and Willi runs 

and Free (1978) found that densities of even ten Helieethes larvae per nower 

did not cause noticeable damage to Rape. A parasite of lv!, erxthropus was only 

observed once, when an endoparasitic Hymenoptera larva emerged from a host 

larva collected at Epp1eworth Quarry on 23.6.78. Unfortunately it died shortly 

after and could not be identified. 

\-lalsh and Dibb (1975) record Bruchus loti as being associated with 1. 

corniculatus and this was confirmed when adults of this species were fO'Wld 

feeding on the pollen in L. corniculatus flowers (Bulkington 26.6,77, 20.5.78 

and Hess1e Quarry 18.7.18). A search at Bulldngton showed that B. loti was 

also feeding in the flowers of ~ europaeus L. and Trifolium spp. B. loti 

larvae do not develop on L. corniculatus and although other Druchids have 

been associated with ~ species (Acanthoscelides aureolus and A. fraterculBB, 

in Johnson, 1970 and see Southgate, 1979) there are fev records of any British 

members of this family breeding on L. eornictilatus. 

The major host plant of Be loti appears to be Lath,yrus pmtensis LQ 

(for example records in de Luea, 1965, and Graham, 1969) and visits to Bulk

ington and Hessle Quarry revealed as ma.ny as 89 Bp loti eggs on one vetchline 

pod. The eggs were mainly concentrated around the edges of the pod valves, 

vith some scattered across the face. Larvae tunnelled through the bottom of 

the egg and through the pod wall before entering a seedo A single adult only 

emerged from each seed, in August or September. An overwintering adult was 

found sheltering in an old Biorrhi za J?f!" ida (Olivier) gall collected at 

Bulldngton on 4 l-Iarch 1978. 
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Aphids vere generally scarce on L. corniculatus (see also Jones, 1966) 

and only an occasional green nymph appeared in the flover samples at Epplevorth 

and elsewhere. The largest numbers were recorded in a 5 July 1978 collection 

at a roadside north of Cottingham, vhere 46 nymphs were collected from fever 

than 300 flovers and one flover-contained five nymphs. During June and July 

1980 tvo species of Aphid vere found on the L. cornicu1atus grown at the 

University Botanic Gardens, Cottingham, and these reached very high densities, 

vi th several plants supporting hundreds " of ind! viduals. A larger, green species, 

ACyrthosiphon!2!!, vas found mainly on the flovers, vhile the black Aphis 

(Pergandeida) loti developed on the young shoots and immature seed pods. Both 

Aphids are virtually specific to Lotus species (R.t. Blaclanan, Pers. Comm.). 

The colonies of both vere almost eliminated vhen Syrphid larvae appeared on 

the plants. 

Cantarinia !Q!i is a cecidomyiid gall midee that develops inside the 

flovers of L. corniculatus and produces a distinctive bright red gall. The 

stamens and developing pod become distorted and avollen, vi th seed and pollen 

production usu.aJ.ly prevented. C. loti is also frequently recorded as producing 

galls in the buds and young leaves of L. cormcyla tus, and to fom similar 

bud and flover galls on several species of Yicia (Buhr, 1965 and Neaesu., 1980). 

Problems arise vith the ~entification of bud galling Cecidomyiids on &. 
cornigulntus because Contarinia barbichei and Dasrnaura loti form similar 

galls (Barnes, 1946), and no morphological characters are available for the 

separation of most Contarinia species (K. Harris, Pers. Comm.). 

~ The, identity of the species responsible for 'C. loti' galls on Vicla 

spp. is also a "problem, because similar galls are know to be caused by 

related species (Barnes, 1946). Galling most commonly involves the flovers of 

L. corniculatus, but a different preference is shollA on Vicia, vhere galling 

of the buds is more frectuent (Dar1lngton,1968 and Pers. Obs.). Stelter (1958) 

has shovn that C. loti and C. craccae Kieffer are distinct species, but whether 

the latter is responsible trom all the Vicla records remains to be established. 
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A number of galled L. COrn1culatus flowers vere collected at Epplevorth 

Quarry during July and August 1977 and between June and September, 1978. The 

galls were kept inside petri dishes and any larvae that emerged were placed 

in sand filled tubes. C. loti larvae were found to be yellowish white in 

colour and, after strongly arching their bodies, were capable of jumpine 

several centimetres. The larvae burrowed eagerly into the sand, and formed 

cocoons around themselves. No adults were reared the first season however, 

as the larvae all failed to survive the winter. Efforts in 1978 vere more 

successful and a 12 July gall collection produced a total of nine Contarinia 

adults less than one month later. They emerged between 17 and 22 days after 

entering the sand, thereb,1 confirming Stelter's (1958) observation that this 

species can be bivoltine. 

A collection of galled £lowers at Leirdal, S.W. Norway, on 4 August 

contained 80 galled £lowers on 36 umbels, and a total of 251 larvae. This 

represented an average of 4.6 C. loti larvae per gall, and the maximum was 

17. At Eppleworth an average of only 1.7,galled flowers per umbel was recorded, 

and the maximum number of larvae in one gall was only six. 

The galled flowers at Leirdal were found to be particularly favoured by 

Odontothrips loti, with up to 14 larvae present in one gall. Cydia compositella 

larvae were also recorded from ga.l.led nowers, at Eppleworth (15.8.78) and 

Bulldngton (21.8.77), lmt Apion !2.:Y. was consistantly absent. 

No parasites vere reared from any novers galled by C. loti in England, 

but there were three species in the 4 August collection at Leirdal. Single 

Ichneumonoid larvae vere found browsing on apparently paralysed Contar1~a 

larvae in six of the galls, but unfortunately none were successfUlly reared. 

A hairy ectoparasi tic Chal oidoid larva \laS also present, but again this failed 

to reach maturity. This larva resembled that of TomBS (Lloterphus) :Jnit1dulus 
(Walker) which HOdges (1969) reared from Oligotrophus betul,ae (Winnertz), 

another Cecidom.yiid, and may have been the ver.y closely related T. fUscicornis 

(Walker) as an adult of that species vas collected in an L. cOrniculatus 
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flover at Leirdal, just eleven days earlier. 

During September and October 1979 adults of Gastrancistrus e;labe11us 

(Nees), (four females, three males), emerged from the sand filled tubes 

provided for the C. loti larvae. The biology of this parasite appears similar 

to that of Gastrancistrus h'!laPl!!! Walker, which Askew and Ruse (1974) reared 

from the Cecidomyiid Massalongia betulifo1ia Harris. They are both endoparasites 

and their hosts vere active and apparently healthy before they entered the 

ground, vhich suggests that most of the parasites development is delayed until 

later. The knO'Wl'l flight period of G. y.labellus extends from June to August 

(Graham, 1969 and table .3.27) suggesting that perhaps the emergence of the 

reared adults in September and October may have been premature, due to the 

larvae being maintained indoors. C. loti may prove to be one of the major host 

species for G. glabellUB because L. corniculatus was growing at all the sites 

listed in table 3.27 and an additional female was found inside an L. corniculRtus 

flover collected b.1 D.A. Jones (Wolla Bank, S. Humberside, 7.7.81). No previous 

host records have been published (Boucek, 1977). 

Leaf/bud galls on L. corniculatus vere collected at Epplevorth Quarry 

between July and September, 1978. These are much less conspiouous than flover 

galls (vhich may partJ.y explain their apparent scarcity) and consist ot a 

group of fattened, distorted leaves that curl aroUDCl and shelter the damaged 

groving point. Leaf galls vere only found at high densities on one oocasion 

(Spurn Point, June 1980), vhere a suspicious laok of any flowr galls suggested 

that another Ceoidom;y11d, and not C.loti, may have been responsible. 

No parasites vere reared trGm leaf galls on L. cotn1oulatus but a female 

Spintherus dubius (Nees) emerged from 1C. loti galls on a Vicia SPa (Eppleworth 

Quarry, July 1978) and a male Mesopolobup sp. emerged from similar Vicia 

galls collected at Bulldngton the same month. S. dubius is a common parasite 

of .. Apion spp. in Trifolium flovers (Bouoek, 1970) and this reoord of a Dipteron 

host appears to be atypical for this species. 

Gijsvijt (1976) recorded Omphale saJ 1cis Haliday as a parasite of C. loti 
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Table '3."Zl Records of adult Gastrancistrus glabe11us (Nees) collected 
by syeep netting. 

Locality Date(s) Numbers 

Epp1evorth Quarry 5.7.78 1 Female 

1.3.8.78 2 Males 

Norway, Faberg 22.7.79 2 Females, 1 Hale 

Norway, Gaupne 19~7.79 2 Females 

N~rway, Kaupanger Zl.7.79 1 Female 

Norway, Vigdal 11.8.79 1 Male 
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on Vicia. The gills were collected in July and adult parasi tee appeared in 

July of the following year. Evidence for a relationship between O. salicis ' 

and C. loti on L. corniculatus is provided by records of several specimens 

collected on this plant in the Jostedalen and one female found inside an 

L. corniculatus flower at Epp1eworth Quarr,y on 31.3.77. 

This chapter has described the biology of the insects that live and feed 

inside the flowers of L. corniculatus, with a particular emphasis being placed 

on the likely consequences of their feeding activities on the reproductive 

output of the plant. The response of insects to known variation in the plant 

has also been assessd, and it has been concluded that petal cyanogenesis can 

deter some generalist herbivores from feeding on the flowers of L. cornic31atua. 

Keel colour phenotype does not appear to influence the colonisation of flowers 

by insects, and the significance of this polymorphism remains something of 

a mystery. 
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CHAPTER IV 

THE INSECTS THAT FEED fNSIDE THE SEED PODS OF L. CORNICULATUS 

The insects which develop inside the seed pods of L. cornictilatu8 form 

an esaentiall.y self-contained .community of phytophages, parasites and de

composers. The relative simplicity of such phytophagous assemblages makes 

them ideal for studies of ma.ny of the basic concepts of community ecology, 

including competition and coexistence, predator-prey interactions and food 

web architecture. Sequential sampling of L. cornicu1atus pods at Epplevorth 

Quarr.1 and elsewhere has provided basic information on the compOSition, trophic 

relationships and dynamics of this particular community. In this chapter the 

biology and interactions of the phytophagous insects are discussed and this 

if followed in chapter five Qy a description of the higher trophic levels 

in the community. 

The Epplewrth Quarr.y collection dates and the munbers of pods obtained 

in the samples were given in tables 3.1 and 3.2. Approximately 3.5% of the 

1977 pods and 10% of the 1978 pods had either dehisced or had become detached 

from their peduncles, and were found at the base of the plant or in the litter 
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beneath (tables 4.1 and 4.2). The seed pods in these two categories have 

not been included in the analyses in this and the following chapter. The 

higher proportion of detached pods in 1978 probably reflects the more efficient 

sorting that was possible in that year because of the removal of all vegetation 

found in the quadrats. 

The insects feeding in the seed pods of L. corniculatus were also in

vestigated at 21 other localities in the U.K., Norw~ and Denmark, and seed 

samples from Austria, France, Holland and Hungary were also examined. A 

summary of the phytophagous species that were present is given in table 4.3. 

Several of the species recorded in the literature from L. corniculatus seed 

pods were not detected, including Cydia auccedana, whose main host appears 

to be ~ (Emmet, 19SO). Only three species were routinely encountered in 

the collections, Cydia composi tella, Eurytoma platyptera and Apion !2.!!. 

All were widely distributed, and Apion loti lias present at every nat! ... 

L. corniculatus population that vas examined. 

A rourth phytephagous species was encountered only rarely in L. corniculatus 

pods. At Eppleworth Quarry six unidentified Cecidomy1id larvae were found 

in separate pods on dates in August and September 1977 and in September 1978. 

and a further specimen lias collected at Bulkington in August 1977. The larvae 

lIere rounded, but mobile, and had a deep red co1ouration. Three of the 

specimens successf'ully overwintered as larvae inside flimsy pupal chambers 

formed inside plant debris, but none produced adults. 

The description of the larvae agrees with that of Clinodiplosis legum

inicola Milne (Milne, 1960) which, together with over thirty other taxa.,. is 

nov synomymised Ul)der C. cUicN Kieffer (Skuhrava, 1973). This species is 

knovn troll a vide variety of locations, including galls on Betula spp., 

Cul tivated~a pods and Trifolium novers (Roskam, 1979), and related species 

have been described from pods of Sweet Pea (Lathyrus odoratus L.), ~ sp. and 

SarothaIDnus scoparius L. (Barnes, 1948 and Parnell, 1963). 
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Table 4.1 The condition of L. corniculatus seed pods collected during 
1977 at Epplsyorth Quarry. Sampling dates are given in table 3.1. 

Sample Dehisced and Externally Unhealthy Total 
Detached Damaged 

1.1 0 0 0 89 
1.2 0 0 0 139 
1.3 2 0 5 81 
2.1 7 9 15 133 
2.2 6 8 2 69 

2.3 9 16 5 100 

3.1 0 2 1 199 
3.2 0 5 7 108 

3.3 0 6 0 90 

4.1 0 1 0 116 

4.2 0 8 1 127 

4.3 0 5 3 113 
5.1 0 4 0 50 

5.2 0 3 2 98 

5.3 0 0 8 191 
6.1 9 0 5 rn 
6.2 0 0 1 30 
6.3 0 0 1 20 

7.1 0 0 0 20 

7.2 12 0 :3 172 

7.3 4 0 2 147 
8.1 0 0 1 65 
8.2 6 0 0 154 

8.3 1 0 0 21 

9.1 9 0 0 120 

9.2 3 0 0 41 
9.3 15 0 0 75 

10.1 9 0 0 .39 

10.2 4 0 0 51 

11.1 1 0 0 16 

11.2 1 0 0 37 

Totals 98 67 62 2888 
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Table 1".2 The condition of L. corniculatus seed pods collected during 
1978 at Epp1evorth Quarry. Sampling dates are given in table 3.2. 

Sample Dehisced and Externally Unhealthy Total 
Detached Damaged 

2.1 0 1 0 19 

2.2 0 1 0 37 

2.3 2 4 0 91 

3.1 a a a 11 

3.2 1 a a 22 

3.3 a a 8 46 

4.1 3 0 2 19 

4.2 1 2 1 16 

4.3 
5.1 3 5 3 48 

5.2 1 0 0 11 

5.3 1 1 1 70 

6.1 a a 1 7 

6.2 2 a 4 51 

6.3 2 2 6 51 

7.1 4 1 0 34 

7.2 10 I.,. a 52 

7.3 14 8 ; 126 

8.1 14 3 1 25 

8.2 11 3 7 6/~ 

8.3 1 2 0 11 

9.1 10 2 3 66 

9.2 4 1 0 ··9 

9.3 7 0 1 24 

Totals 91 40 43 910 
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Table 4.3 Phytophagous Insects recorded from seed pods of L. corniculatus. 
Nap references are provided in Chapter 2. 

Locality Cydia EuIYtoma A12ion ?Clinodlr2losis 
60m12osite11a 121atyptera 12.ll sp. 

Aldbrough + 
Bulkington + + + + 

Burdale Qu. + + 
Caul don Love + + + 
Chapel Farm + + 
Church Bay + + 
Cottingham + + 
Cottingham Gdns. + 
Crov1e Hoor + + 

Epp1evorth Qu. + + + + 

Hutton Cransvick + 

Nevbury + + 
Porthdafarch + + + 

Porthmelgan + 
Spurn Point + + + 
Yavensmoor + + 
Wharram Qu. + + + 
Yolvey + + 
Denmark, Sundstrup + + 
Norvay, Fossen + + 
Nortlay, Gaupne + + 
Norway, Oslo + + 
Austria, Lind + 
Franoe, Col de la Forclaz + + 
France, Sal de Bisanne + + 
Holland, Callantsoog + 
Hungary, Budapest + 
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The larvae found on L. corniculatus vere present in old mature pods, 

some of which vere unhealthy and had an inner lining of mycelia. It appears 

likely that the larvae vere feeding on the decaying pod walls and any assoc

iated mould because there vas no evidence of any harm being caused to any 

other insects and the hard mature seeds that were present vould represent 

an unlikely food source. C. sarothamni Kieffer is believed to have similar 

feeding habits inside the seed pods of Broom (Parnell, 1963). 

Galls caused by a second species of Cecidomyiid were observed on only 

one occasion, at the University Botanic Gardens, Cottingham, on 6 August 1982, 

The bases of two of the four seed pods on an L. corniculatus umbel vere 

grossly avollen to about twice their usual diameter, vhile the remaining 

sections of the pods vere rather narrower than normal, indicating that eall 

formation has impeded the development of the pods as a whole. 

Examination of one of the galls showed that it was unilo'Q'Ill.ar and con

tained a single Cecidomyiid larva. The larva was larger, and more rounded, 

than the larvae of Contarinia~, and was bright orange in colour. 

A, melanopus is the only gall midge that Barnes (1946) recorded from 

the seed pods of L. corn1culatus. The galls of this species are described 

as 'pea-shaped swellings' on the pods, a description which could be applied 

to the galls collected at Cottingham, but would be rather inappropriate. The 

larvae of A. melanopus are described as yellow, not orange, and this also 

suggests that two different species m~ be involved, 

A search of the many other L. corniculatus pods at the Botanic Gardens 

failed to produce any further examples of galls other than those of C. loti. 

L. corniculatus pod-galls are clearly very uncommon, at least in Northern 

England, and perhaps they are caused by an oligophagous species that only 

occasionally utilises L. corniculatus as a host plant. 

Cydia composi tella 

Cydia compositella is regarded as mainly a Trifolium feeding species 
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in the U.K., but elsewhere in Europe this species has been recorded from 

Hedicago sativa and L. corniculatus (Bradley et &, 1979, Graaf I3entinck 

and Diakanoff, 1968, Perju, 197~). When feeding on Trifoliwn, C. composi tel1a 

has two generations each year, with larvae of the first generation developing 

inside the stems, and those of the second in spun terminal leaves or noyer

heads (Emmet, 1980). 

At Eppleworth Quarry, larvae of C. compositel1a yere found in L. corn

iculatus flowers and seed pods from July through until September (tables 

3.12 and ~ .• Lf)' The larvae of both generations fed on the reproductive oreans, 

and no stem boring was observed. The stamens, petals and young pod were 

damaged by larvae feeding in the floyers. Young larvae entered more mature 

pods through a small hole, which was often chewed at the base of the pod, 

from beneath the cover provided by the surrounding calyx. Once inside, feedine 

commenced on the young green seeds and their surrounding pith, and the vho1e 

pod was eventually hollowed out in many cases. Damaged pods contained a 

conglomerate of seed remnants, silk and fraas, whi.ch often spl11ed out through 

the entrance hole. This yas widened as the larva increased in stzo, and if 

the hole vas situated at the basal end of the pod, it vas continued directly 

through the calyx. Normally only a single larva developed inside each pod, 

end on the only occasion when tvo vere present (at Bull'd.ngton in 1976) this 

involved &mmature specimens that were feuding at opposite ends ot the pod. 

It appears that Dl8lJY larvae reed in JIOre than one pod during their developaent, 

as damaged pods considerably outlmllbered the larvae that were colleoted. S1m1lar 

movement from pod to pod baa been seen when C. BUCOedaDa teeds on m.u (Bradley 

~!l" 1979). 

10 eggs were found on either the pOds or nowere of L. cOrniculatus, 

which suggestrthat C. compositella oviposits on tho leaves as it is kno\ln 

to do vhen feeding on Trifolium (Emmet, 1980). Young C. gompositella 

larvae have a dull yellowish colour, but during maturation they 
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Table 4.4 Cydia composite1la in seed pods of L. corniculatus at Epp1evorth 
Quarry. 

a 1977 

Sampling ~ composi tella larvae Seed Pods 
Date Healthy Dead Parasitised Damaged Total % Damaged 

No. 

19 Jul7 3 0 0 3 307 1.0 

26 July 3 0 0 14 280 5.0 

31 July 9 0 0 19 397 4.8 
10 August 12 0 0 25 356 7.0 

14 August 2 1 0 14 339 4.1 

26 August 7 1 3 26 218 11.9 

31 August 8 1 3 29 323 9.0 

6 Septa.her 0 0 3 7 233 3.0 

11 Septe.ber 1 0 0 9 209 4.3 
9 October 0 0 0 3 77 3.9 
2!1 October 0 0 0 0 51 0 

1977 Totals 45 3 9 149 2790 5.3 

b 1978 

12 July 0 0 0 0 145 0 
27 July 0 0 0 0 78 0 

15 August 1 0 1 .3 31 9.7 
23 August 2 0 0 4 124 3.2 

30 August 0 0 1 2 105 1.9 
5 September 0 0 0 2 184 1.1 

12 September 0 1 0 2 76 2.6 

18 September 0 0 0 1 78 1.3 

1978 Totals 3 1 2 14 821 1.7 
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becnme a deep red. This (presumably) varning colouration may help to provide 

protection during the vulnerable period when the larvae leave the pods and 

descend into the ground litter to pupate. Ove~intering larvae lose this 

bright colouration. and dt~ing diapause return to a dull yellow. 

Larvae feeding on L, corniculatus in June and July quickly pupated after 

forming their cocoons · and produced adults in July and August. This species 

fiies during the day and adults vere collected on L. corniculatus at Flamborough 

(3,7,78) and Epplewo~th (26.7,77, 31,7.77 and 10.8.77). Larvae of the second 

generation continued to develop inside L. cOrn1culatus pods until September. 

They overwintered inside their cocoons and, after pupation, produced adults 

the following June. One larva \l8.S atypical because after being collected 

from a Trifolium pratense fiower head in July it produced an adult on 10 

September of the same year, Presumably this vas an indiVidual of a second 

brood which responded to laboratory conditions by failing to enter diapause. 

C. compositella is considered to be more common in the south of England 

than the north (Bradley ~!l, 1979). The rearing results from L. corn1culatus 

also suggest that this species has a southerly preferance, as C. compositella 

was apparently absent from the Jostedal ·Valley in Norway, but was abundant 

in the Midlands of England, vhere at Bulld.ngton up to 25% of the seed pods 

showed signs of damage during the exceptionally warm and sunny summer of 

1976 (table 4.5). 

Eurytoma plaIDtera 

The phytophagous Eurytomld feeding in the seeds of L. corniculatus has 

been known by a variety of mames since its original discovery, For many years 

the 'seed chalcids t developing in a variet,r of legume species were all called 

Bruchophagus gibbUS, but in 1950 Kolobova recognised that the forms on Medicago, 

Trifolium and Lotus were three separate species, and in 1956 FedoBesva des

cribed the new species fromL. cOrniculatBS as Bekolobovae. This separation 

was confirmed by Perju (1960) and strong (1962) and finally Graham (1970) 
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Table 4.5 Cydia composite11a in seed pods of L. 
in 1975 and 1976t1 

cornicul,atus at Bulkineton 

a 1975 
Sampling C. comI2,2s;tte11a Parasite Seed Pods 

Date larvae larvae Damaged Total % Damaged 

15 July 4 0 4 41 9.8 

22 July 2 0 3 18 16.7 

30 July 1 0 1 18 5.5 
6 August 0 0 0 28 0 

13 August 1 0 2 38 5.3 
19 August 1 1 3 39 7.7 
25 August 2 1 7 1.5 15.6 

31 August 1 0 1 31 3.2 

11 September 1 0 2 42 1 •• 8 

17 September 0 1 5 58 8.6 

23 September 3 0 13 60 21.7 
3 October 0 0 1 65 1.5 

1975 Totals 16 3 42 483 8.7 

b 1976 

9 July 3 0 4 55 7.3 
17 July 2 0 3 57 5.3 
2 August 4 2 14 125 11.2 

8 August 3 3 28 145 19.3 
16 August 3 2 23 161 14.3 

24 August 0 4 24 113 21.2 

30 August 0 1 14 56 25.0 

-
1976 Totals 15 12 110 712 15.4· 
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sytlOnymised B, ko1obovae with the older name of B, platYpt,erus, Heanwh1le, 

Bruchophagus is now considered as a sub-genus of Eurytoma (Boucek, 195Jf and 

Fitton ~ al, 1978) and hence the current name of this species is Eurytoma 

pIa trptera. 

E. p1atyptera is videly distributed in England (table 4,3) but was 

rarely found at high densities, At Eppleworth it was found in L, corniculatu's 

seeds throughout the 1977 sampling period (table 4,6) but was almost absent 

in 1978, when only one larva was collected, 

Hayr (1878) cons:!.dered that E, platyptera was a parasite of ARion loti, 

but Crevecoeur (1946) established that it was phytophagous, vith each larva 

developing inside a single L, corniculatus seed, Testa of host plant accept

ability carried out by Neunzig and Gyrisco (1958) and Batiste (1967) have 

abovn that L, cornlculatuB and L, uliginosus are acceptable host plants, with 

seeds of other ~ species being less readily selected. Batiste (1967) also 

reported a second, undescribed, species of Bruchophagus which develops inside 

the seeds of the North American L, purshianus Benth. and Johnson (1970) has 

recorded Bruchophagus spp. from a wide range of legume species, including 

L. crassifo1ius Benth. and L. purshianus. Collections of L. uliginosus seeds 

from Porthmelgan and the Derwent Valley of North Yorkshire have failed to 

confirm that this plant is utilised by natural populations of E, p1atrntera. 

Species closely related to E. p1atxptera are important pests of Trifolium 

and Medicago in the U.S.A. E, platrptera has therefore been studied intensively 

because of worries that it might pose similar problems for growers of 1, 

corniculatus. Batiste (1967) showed that in the U,S.A, (where E. platrptera 

was probably introduced with S'eed of L, c0rnicul,atua) there are three or 

four annual generatiOns, vith larvae as the overwintering stage. In England, 

E. platxotera appears to be normally bi vol tine, as larvae feeding in July 

and early August were found to produce adults v1 thin tvo or three veeks, 

vhereas larvae collected any later did not pupate w,.t1l the folloWing spring. 
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Table 4.6 Eurytoma p1atyptera in seed pods of L. 
Quarry (1977). 

corniculatus at Epp1evorth 

Sample E. Q1atyptera Seed Pods No. of % of seeds 
larvae collected suitable seeds damaged 

1.1 0 S9 A97 0 

1.2 2 139 591 0.003A 

1.3 0 79 287 0 

2.1 0 126 314 0 

2.2 0 63 265 0 

2.3 0 91 38/~ 0 

3.1 0 199 1159 0 

3.2 0 108 297 0 

3.3 0 90 1A6 0 

4.1 10 . 116 388 0 

4.2 4 127 .308 0.0130 

4.3 0 113 321" 0 

5.1 10 50 172 0.0581 

5.2 1 98 157 0.0061~ 

5.3 1 191 41+-'3 0.0023 

6.1 15 168 375 0.0400 

6.2 1 .30 28 0.0357 

6.3 0 20 35 0 

7.1 12 20 105 0.1143 

7.2 2 160 617 0.0032 

7.3 8 143 501 0.0160 

8.1 1 65 2:77 0.0036 

8.2 0 148 675 0 

8.3 0 20 85 0 

9.1 21 III 359 0.0585 

9.2 0 ,38 114 0 

9.3 0 60 351 0 

10.1 7 30 119 0.0588 

10.2 9 47 177 0.0;08 

11.1 0 15 1~9 0 

11.2 2 36 99 0.0202 

Totals 
106 9698 0.0109 
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Larvae overwintered in the laboratory- vere found to emerge as early as March, 

but those kept outdoors did not produce adults until July. 

Ovipositing females drill holes through the valls of the seed pod and 

the seed, laying a single egg on the surface of a cotyledon, immediately 

beneath the testa. Using artificially pollinated flovers, Batiste established 

that seeds ten to twelve days after pollination vere at the stage preferred 

for oviposition. This is several days af'ter the first A. loti and C. compos

itella begin feeding. The larva passes through five instars (Batiste, 1967) 

and usually consumes the entire contents of the seed. Mature seeds that con

tain E. platyptera larvae can usually be distinguished trom healthy seeds 

by their slightly larger size, reduced levels of dark spotting and softer 

valls. Seeds containing overv1ntering larvae also typically develop a thin 

layer of surface mould. 

Adults emerge by cheving an exit hole through the testa and, if necessary, 

through the valls of the seed pod. 201 adults of the overwintering generation 

vere reared (table 4.7), vith females forming 65.'7% of the total. Batiste 

recorded a similar excess of females, but attributed this to increased male 

mortality under artificially dry- rearing conditions. The succeptibility of 

E. platrptera to dehydration proved to be a problem vith the Epplevorth samples, 

because it vas necessar,y to open the seeds in order to record their contents 

and larvae exposed in this vay suffered high mortality rates. It appears 

unlikely that males suffer disproportionatJ.y, hovever, as subsequent dis

section of the seeds collected at other sites shoved that deaths vere in

frequent and could not account for the higher proportion of females that vere 

reared. 

Adul t females of E. plaWPtera vere collected on L. cornicuJ,atus during 

June (Wharram Quarry, 10.6.80), July (Spurn Point, 22.7.80) and August 

(Scunthorpe, JO.S.79). Records of male E. ~BtzPtAra collected b,y sweeping 

have not been included because they are more difficult to distinguish from 
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Table 4.7 Reared adults of the overwintering generation of Eurytoma p1atYptern 

Source Dates l-Iales Females % Female 

Epp1eworth Quarry 1977-8 15 23 60.5 
Bulkington 1977-8 14 8 .36.4 

Wolvey 1977-8 21 66 75.9 
Cottingham Gardens 1977-8 19 35 64.8 

Totals 69 132 65.7 



- 95 -

those of closely related species. 

Apion 12.ll 

Apion lQ.:Y.. was the most numerous inhabitant of L. cornicula tus seed 

pods in all the natural populations that vere examined. Other species of 

Apion have also been described as associated uith L. corniculatus (A. ebininym 

Kirby by Joy, 1932 and A. subulatum Kirby by Scherf, 196/,), but these probably 

represent misidentifications or, at most, atypical host records. Weevils of 

the genera Miccotrogus and T,ycbius have also been reared from seed pods of 

L. corniculatus (Perju, 1974, and quoted by I.rorrts, 1967) but none 'Were found 

during this study. 

The species of Apion are strongly host specific and Dieckmann (1973, 

1977) has established that the records of A. loti developing on L. uliginosus 

refer to a second, closely related species, A. sicardi Desbrochers. Morris 

(1975) sho'Wed that A. sicard! 'Was present in the south of England and tabulated 

its differences from A. loti. Examination of L. uliginosua novera and seed 

pods from Windmill Hill and the DeI'\1ent Valley failed to detect this species, 

but a survey of L. uliginosHB populations in S. Wales, carried out at my 

request, shoved that A. sicardi is \lidespread in South Wales (Key, 1981). 

A third member of this species group, A. fa.Uens Desbrochers, is a southern 

European species which has not been recorded from the U.K. It is a halophytic 

species, and L. tenuis (vhich in Britain has a mainly coastal distribution) 

has been suggested as a possible host plant (D1eclanann, 1977). There are also 

records of A. loti developing on L. tenuis (Scherf, 1964), although this has 

not been confinned in the U.K. (MorriS, 1975), and on TetrMonolobus maritimus 

L. (Scherf, 1964). 

Overvintering A. loti adults have been collected in turf samples from 

ungrazed Dolal grassland (Freeman, 1965). They appear on L. corniculatus during 

May (Epplevorth Quarry 9.5.78, 17.5.78 and 30.5.78, Bulk1ngton 29.5.77, and 

Wharram Quarry 12.5.80), often vell before the first nO\lers are produced. 
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'1\10 females that yere collected on 9 Nay yere found to be sexually immature 

and to have been recently feeding on chlorophyllous tissues. Feeding by adults 

occurred on the stems and peduncles of L. corniculatus and consisted of boring 

short holes into these tissues or, in con.finement, cheyinc at the broken ends 

of peduncles. 

Nating pairs yere first observed on L, corniculatus during late t·1ay 

and oviposition commenced as SOOl1 as fioyers appeared. Females bore a hole 

Yi th their mandibles through the calyx and petals and into the immature seed 

pod. A single egg is then laid at the bottom of the hole. Becauso of tho small 

size of the pod at this stage, the eggs are often partly or yhol1y exposed 

at the pod surface and eges are also sometimes mistakenly placed betyeen the 

petals or amongst the stamens, The tissue at the base of the pod, connecttng 

it to the peduncle, is also a common oviposition site during the floyer stage. 

Eggs laid in these 'accidental' locations presumably hatch successMlYI but 

they never produced mature larvae. BrOlin oviposition scars are produced on 

the surface of the sepals and because the petals are often still expanding, 

neat oval holes are sometimes visible on the petals, reflecting their earlier 

position behind the sepals at the time yhen oviposition took place. 

Oviposition continues after the petals have fallen, but ceases yhen the 

seeds begin to harden. Eggs in maturing pods are generally laid from the dorsal 

surface, again producing an oval broYn scar, These often considerably out

numbered the A, loti present in the pods, suggesting either a large degree 

ot selectivity by ovipositing females or the extensive use of pod tissues for 

adu1. t feeding, Oviposi ting females stand parallel to the long axis ot the pod, 

gnawing a hole through the pod wall. The rostrum is then pushed deep into the 

pod and the head is moved f'rom side to side, presumably videning the hole and 

perhaps also investigating :the podts interior, The antennae are drawn backwards 

along the sides ot the rostrum during this period" This takes eight to ten 

minutes and is foUoved by the female quickly removing her rostrum, turning 
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o through 180 and laying her egg. The surface of the hole is generally sealed 

wi th a drop of clear liquid, in a manner similar to that described by Noe -

Nygaard in A. striatum Kirby (1978). Eggs vere usually found in the pith between 

the seeds, but some vere laid on the surface of seeds. Eggs vere also sometimes 

positioned partially or vholly in the pod valls . and these usually caused 

slight galling of the vall tissue, as described by Buhr (1965). Whether this 

harmed the eggs is unclear, but Van Emden and Way (197.3) have shown that about 

half of the eggs laid by PhYto!!IYZR rufipes Mg. in Brassica napus L. were suf

focated by the growth of similar • callus' tissue. 

The eggs are initially pale yellov, but darken to a yellov brown, with 

the larval head capsule becoming visible prior to emergence. Measurements of 

eight A. loti eggs collected at Bulkington gave an average length of .322'JRIIl and 

v1dth of 246; values slightly smaller than those obtained by Williams (1966). 

At Epplevorth, both eggs and young larvae were found in even the most immature 

flowers and by the end of the flowering stqe a majority of the eggs had 

already hatched (table 4.8). Densities of eggs and larvae vere consistantly 

bigher in pods than nowers (table 4.9) reflecting the additional space avail

able as the pods expand and the long period that pods remain sui table for 

oviposition. 

In novera, the young larvae commence feeding on the seeds/ovules, but 

in more mature pods the area of pith surrounding the larva is usually consumed 

first, before any seeds are damaged. Larvae normally feed by enlarging the 

cavi ty in vhich they are developing. Feeding from inside a seed was only ob

served when small larvae had failed to complete their development before the 

seeds had hardened. These larvae were unable to penetrate the seed walls and 

vere torced to restrict themselves to the relatively softer cotyledons of 

seeds that they had already penetrated. 

Van Emden (19.38) has provided a key for the identification of marv 

Apion larvae, including A. loti. Apion larvae have three larval instare (Williams 
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Table 4.8 The numbers of Ar;i.on ~ eggs and larvae in L, corniculatus 
flowers at different stages of development, Eppleworth Quarry, 
1977 and 1978. 

Year Anther Total A. :Lot;!; A. loti AI :Loti lvtean Apion 
Condition Flowers Eggs larvae total per flower 

Closed 9 1 1 2 0,22 

1977 Open 47 4 4 8 0.17 
Empty 55 1 13 14 0,25 

Closed 85 7 2 9 O,ll 

1978 Open 255 43 47 90 0,35 
Empty 67 8 13 21 0.31 



- 99 -

Table 4.9 The proportion of Anion 12.:ll. eggs and larvae in flo\lers and 
seed pods of L. corniculatus. Epp1eworth Quarry, 19'n and 
1978. Only apparently heal thy eggs/larvae are included. 

Sample No. of No. of % as % A. loti % A. loti 
f!O\o1ers pods flo\o1ers eggs in flo\o1ers larvae in f1o\o1ers 

a 1977 

1.1 13 S9 12.7 2.5 7.1, 

1.2 35 139 20.1 18.2 2.5 

1.3 19 79 19.4 3.8 5.8 

2.1 12 126 8.7 0 0.9 

2.2 11 63 14·.9 0 12.8 

2.3 2 91 2.2 0 1.6 

3.1 9 199 4.3 0 1.1 

3.2 0 108 0 0 0 

3.3 17 90 15.9 6.2 0 

Totals 118 98L~ 10.7 /~.1 2.6 

b 1978 

2.1 14 19 42.4 0 0 

2.2 39 .37 51.3 0 12.5 

2.3 1~6 S9 34.1 8.0 1~.9 

3.1 1 11 8.3 0 0 

3.2 28 21 57.1 25.0 8.3 

3.3 .30 46 39.5 0 0 

Totals 425 223 65.6 59.8 48.1 
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1968, Parnell 1962) and mature larvae enter a short pre-pupal phase prior to 

pupation. At Eppleworth Quarry the first pupae were present during late July 

in 1977 and mid August in 1978 (tables 4.10 and 4.1l and figures 4.1 and 1+.2). 

Pupal cells similar to those of A. fuscirostre (Fabr.) and A. ulicis (Forster) 

in the pods of broom and gorse (Parnell, 1962) are not produced. 

Adults emerge by chewing exit holes through the pod walls. Williams (1966) 

concluded that it was not possible to estimate reliably the numbers of adult 

A. loti that are produced because several adults can emerge from one exit 

hole and because the exit holes produced by parasites are indistinguishable. 

It appears, however, that each A. loti adult llOrmally produces its own exit 

hole, immediately above its pupation Site, and up to eight holes were recorded 

from one pod. Careful searching for ectoparasite exuviae was sufficient to 

eliminate the second complication and it has therefore been assumed that each 

exit hole represents the emergence of one adult A. loti. 

At Epp1eworth Quarry the first adult A. loti emerged in mid-August and 

they continued to appear for another month after this (figures 4.1 and 4.2). 

There was little overlap between recently emerged adults and egg production, 

suggesting that only one generation was produced each year. OViposition at 

Eppleworth vas roughly concurrent With the flowering period of L. corniculatus 

and hence with the production of suitable inunature seed pods (figures 4.3 and 

4.4). In Yorkshire, during 1980, there vas an early spring followed by a gen

erally cold and vet summer. At Wharram Quarry this resulted in an unusually 

long flovering season for L. cornicu1atus that extended from May until Sept

ember (table 4.12 and figure 4.5) and provided many sui table pods for any 

second A. loti generation in the late summer. Pod production was poor during 

the first flovering peak in July, but vas more successful in August. Oviposition 

by A. loti continued throughbut the noveTing period, but again shoved a 

gradual decline, after a spring peak, with no indication of a second generation 

being produced. 
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Table 4.10 Apion loti in the nowers and seed pods of L. cornicula t\\S, 
Epp1evorth Quarry, 1977. Apparently healthy individuals 
only (larvae containing endoparasites are included). 

Sample Eggs Larvae Pupae Adults Exit Total 
Holes 

1.1 40 Z7 67 

1.2 11 80 91 

1 • .3 26 69 95 

2.1 6 106 1 113 

2.2 5 47 52 

2 • .3 6 6.3 69 

.3.1 4 94 1 99 

.3.2 7 114 121 

.3 • .3 16 66 1 8.3 

4.1 98 11 109 

4.2 1 88 :2 91 

1r • .3 4 128 9 141 

5.1 18 2 20 

5.2 75 14 1 90 

5 • .3 106 21 .3 1.30 

6.1 1 45 18 5 10 79 

6.2 1 16 4 2 .3 26 

6 • .3 6 2 .3 11 

7.1 1 20 .3 24 
7.2 .3 46 .39 1~ 18 no 

7 • .3 1 1..2 19 10 'Z7 99 

8.1 .3 10 1 5 19 

8.2 2 15 10 26 5.3 

8.3 .3 1 8 12 

9.1 2 14 32 48 

9.2 .3 20 23 

9 • .3 10 19 .31 

10.1 20 20 

10.2 2 13 15 

n.1 7 7 

1l.2 22 22 

Totals 133 1.359 176 65 237 1970 
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Table 4.11 Apion l2:Yr. in the novers and seed pods or !£, 90rnicul.' tus' 
Epp1eworth Quarry, 1m. Only healthy indiViduals and'larvae' 
containing endoparasi tes are inoluded. 

Sample Eggs Larvae Pupae Adults Exit Total 
Holes 

1.1 19 7 26 

1.2 24 30 54 
1.3 2 4 6 

1.4 5 1 6 

1.5 1 5 6 

1.6 5 6 11 

1.7 1 1 

2.1 2 6 8 

2.2 5 S 13 

2.3 25 31 56 

3.1 2 13 15 

3.2 12 12 21~ 

3.3 29 29 
4.1 2 It-

4.2 1 1 5 7 

11-.3 0 

5.1 1 5 7 13 

5.2 2 2 11-

5.3 1 2 3 

6.1 1 1 2 

6.2 ;1 2 5 
6.3 4 3 2 6 15 

7.1 1 3 1 5 

7.2 1 5 6 

7.3 4 5 2 11 

8.1 I 1 

8.2 8 S 

8.3 1 1 

9.1 7 7 

9.2 0 

9.3 2 2 5 9 

Totals 104 171 22 9 50 356 



FIGURE 4.1 

Densi ties of Apion !2ll in novera and pods ot L. corniculatus at Epp1etlorth 

Quarry, 1977. 
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FIGURE 4.2 

Densities of Apion loti in flowers and pods of L. corniculatus at Eppleworth 

Quarry, 1978. 
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FIGURE 4.3 

L, corniculatus nover and seed pod production and the numbers of Apion 12:!4. 

eggs and larvae that they contained. Epp1evorth Quarry, 1977. Weeks 10 and 

11 are based on just wo quadrat samples and only apparently heal thy ~\, loti 

are included throughout. 
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FIGUF.E 4.4 

L, corniculatus flower and seed pod production and the numbers of Apion 12:!4. 

eggs and larvae that they contained. Eppleworth Quarry, 1978. Week 1 includes 

seven quadrat samples. Only apparently healthy A. loti are included. 
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Table 1 •• 12 Apion ~ in the novers and seed pods of L. corniculatus .at Wharram Quarry, 1980. Samples of 
2 . 

14 or 15 quadrats, each of 0.05 m , vere obtained on the sampling dates. 

Date Flovers Seed Pods Total Flovers A. loti A. loti Mean Apion % AI loti 
and pods eggs larvae per pod as eggs 

24 May 55 0 55 7 1 0.1J~ 87.5 
2 June 189 5 194· 17 17 0.17 50.0 
9 June 570 39 f:lJ9 2% 259 0.85 49.7 
21" June 397 108 505 97 157 0.50 38.2 
2 July 331 67 398 187 ll5 0.76 61.9 
8 July 162 60 222 102 ll9 0.99 46.2 
V. July 93 13 106 36 21 0.54 63.2 

t-- 28 July 115 15 130 1,,3 20 0.48 68.2 0 
r-I 

I Iv Aug 424 165 589 73 82 0.26 47.1 
13 Aug 220 185 405 28 16 O.ll 63.6 
18 Aug 241 199 1140 6 25 0.07 19.3 
26 Aug V.O 292 532 2 16 0.03 li.l 

1 Sept 16 140 156 0 21 0.13 0.0 
16 Sept 0 139 139 2 6 0.06 25.0 

Totals 3053 1337 /.390 866 875 0.40 49.7 



FIGURE 4.5 

L. corniculatus seed pod and flower production and colonisation by Apion 

loti . l-Tharram Quarry 1980. 
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Figures 4.4 and 4.5 illustrate annual variation in the pattern 

of flowering in L.comioulatus, with one flowering peak in 1978 and two 

in 1980. Clearly, monophagous species like A. loti must be ITexible in 

order to adapt to these annual variations in the phenology of their host plant. 

The development of A. loti during five summers from 1975 to 1980 is summarised 

in figure 4.6. The warm early spring of 1980 resulted in early ITowering, and 

hence eggs and larvae being produced in May, a run month earlier than at 

Eppleworth tvo years earlier. The unusually hot summer of 1976 also had pro

nounced effects, vi th adults present by mid July, again a month earlier than 

that recorded during other years. 

Competition for Fodd Inside the Seed Pods of L. corniculatus. 

Introduction 

-Insects developing inside L. corniculatus seed pods are in a microhabitat 

vhich contains only a limited quantity of suitable food : and has a carrying 

capacity which is determined b,y the size, number and quality of the seeds 

that are present. Most U.K. populations of L. corniculatus have two or three 

species of phytophagous insects feeding in their pods (table 4.3) and wo 

species (A. loti and E. platyptera) are particularly vulnerable to food shortage 

because they must complete their development within the confines of a Single 

pod. 

The Jntensi tx of Competition 

Average densities of insects inside L. corniculatus pods at Epp1evorth 

Quarry vere 1.09 in 1977 and 0.41 in 1978 (tables 4.13 and 4.14). These values 

are obtained b,y combining the totals for the phytophagous species with those 

of their parasites. This gives a more relevant measure than if phytophagous 

insects alone are considered, because each host feeds more or less normally 

until it is killed and eventually produces only one parasite (Chapter F:t ve) • 

A. loti vas numerically the dominant species during both seasons at Epplevorth 

and it vas also the most numerous species 1n all the other natural populations 

of L. corniqulatus that vere investigated. 

, 



FIGURE 4. 6 

Annual variation in the development of Apion1£ti in flovers and seed pods 

of L, corniculatus. Vertical bars indicate the periods when records were 

obtained, 
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Table 4.1.3 Densi ties of phytophagous insects in seed pods of L. cornicwnt'ns 
at Eppleworth Quarry, 1977. Note that values include specimens 
desLroyed and replaced by their parasites. 

Sample No. of Pods EI I.!J.at:mtera C I com22§;L te;!J;a AI ;L~t. Total denSity 
per pod 

1.1 89 0 0 72 0.81 

1.2 139 2 0 94 0.69 

1.3 79 0 3 98 1.2$ 

2.1 126 0 3 168 1.36 

2.2 63 0 3 50 O.SI} 

2.3 91 0 8 78 0.94 

3.1 199 0 3 115 0.59 

3.2 108 0 3 137 1.30 

3.3 90 0 13 90 1.1~. 

4.1 116 10 2 1/..1 1.32 

4.2 127 4 11 129 1.13 

4.3 113 0 12 169 1.60 

5.1 50 10 0 39 0.98 

5.2 9S 1 5 127 1.34 

5.3 191 1 9 191 1.05 

6.1 168 15 16 U .6 1.05 

6.2 30 1 7 36 1.47 

6.3 20 0 0 19 0.95 

7.1 20 12 0 31 2.15 

7.2 160 2 9 16/+ 1.09 

7.3 :143 8 17 16'~ 1.32 

8.1 65 1 1 30 0./~9 

8.2 :14S 0 4 110 0.71 

8.3 20 0 1 17 0.90 

9.1 l1l 21 6 99 1.13 

9.2 38 0 0 4/. 1.16 

9.3 60 0 3 48 0.85 

10.1 30 7 0 26 1.10 

10.2 47 9 3 24 0.77 

11.1 15 0 0 14 0.2:7 

11.2 36 2 0 33 0.97 
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Table 4.1/} Densities of p~rtophaeous insects in seed pods of L. corniculntqs 
at Epp1eworth Quarry, 1978. Note that values include spec1.mens 
destroyed and replaced by their parasites, 

Sample No. of E. 121at:.vntera C. comoo~;!tella A. loti Total density 

Pods per pod 

2.1 19 0 0 8 O,/}2 

2.2 37 0 0 14 0.38 

2.3 89 0 0 IJ~ 0.11.9 

3.1 11 0 0 15 1.36 

.3.2 21. 0 0 23 1.09 

3.3 46 0 0 32 0.70 

1 •• 1 16 0 0 8 0.50 

, 4.2 15 0 3 11 0.93 

5.1 45 0 0 19 0./,.2 

5.2 10 0 0 7 0.70 

5 • .3 69 0 It 3 0,10 

6.1 7 0 0 2 0.29 

. 6.2 1.9 0 0 16 0.33 

6.3 49 0 1 20 0./~3 

7.1 30 1 0 8 0 • .30 

, 7.2 42 0 0 10 0.21~ 

7 • .3 112 0 2 21 0.21 

8.1 11 0 1 2 0.'Zl 

8.2 55 0 0 21. 0.41. 
'~' .- 8 • .3 10 0 1 3 0./;0 

9.1 56 0 1 16 0.30 

9.2 5 0 0 0 0.00 

9.3 17 0 0 17 1.00 
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Approximately half of the inhabited pods at Eppleworth contained only 

a single insect, but some pod~ had laree numbers of indi vidUBls (figures 4.7 

and 4.8) with a mBJdmum of nine being recorded in 1971 and six in 1978. The 

major! ty of insect larvae were therefore liable to be sharing pods vi th others J 

and potentially faced cOmpetition for the available resources. 

Mortalities apparently resulting from starvation were occasionally ob

served Within the seed pods. Deaths involving A. loti resulted from larvae 

failing to complete development before the seeds hardened or being in small 

pods where no suitable seeds were present. Mortalities attributable to comp

etition for food were observed when an A, loti larva had a larger larva on 

each side and these tvo had eaten all the available food, or when a larva 

: became isolated because of the feeding activities of Q., comoos!tella or (in 

novers) HYpera p1antaginis, Young E. platvPtera larvae were particularly 

vulnerable and usually died if the seeds that they inhabited were damaged 

. ,by eIther of the other species. no larvae were observed killing or eating 

.' other larvae , and any mortal! ties resul tine from interactions bet1leen the 

Species are assumed to have been caused indirectly. 

Rathke (1976) found that competition vas generally unimportant to a guild 

. ot stem feeding insects in North America and concluded that a lack of comp-

; et~tIve organisation may be widespread amongst insect communities, Varley 

:" et J.1. (197:3) similarly believed that the insect larvae feeding on young Oak 
~--~ 

;; cleaves did not suffer from extensive competition and attributed this to the 

" etrects of parasites vblch maintained population levels below the thresholds 

;>requ.1red for competition to occur, Different resul. ts vere obtained by Zwoelfer 
,~+~:" -, 

-I • ~ • 

::(1979) who carried out a detailed study of the competitive interactions bet1leen 
~. ' ... ~. :" 

'i'd .arvae inhabiting the seed heads of various species of POlIfPOsi.tae. He described 

~;;}~ competitive hierarChy 'Within the seed heads, nth Lepidoptera larvae having 
r::,>f~ 

~;:~t.1ie h1cheat 'intrinsic' superiority' and other epecie. reducIng the eftecta 
rit-

f'>:e/~,/ 
,<~:.,.t .41reot competition by a variety' or easion strategies. A similar hierarchy 
t.{7~}f"~.: 



FIGURE 4.7 

Tlle numbers of insects supported b,y individual L. corniculatus seed pods 

and the abundance of Anion loti, Eurytoma platyptera and Cydia compositella 

in relation to the total nlwbers that each pod contained. Epplevorth Quarry, 

1977. Note that parasites are included vithin the totals of their respective 

host species. 
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FIGURE 4.8 

The nUI!Jbers of ins ects supported by individual L, corniculatus seed pods and 

the abunda.nce of Apion ~, Eurytoma platyptera and Cydia composi tell a in 

r elation to the tot al munbers that each pod contained. Eppleworth Quarry, 

1978. Note thllt parasites are included \'Tithin the totals of their respective 

hos t species . 
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in competitive ability is present inside the seed pods of L. corniculatus, 

where again it is a Lepidopteran, C, compo si tell a , which is the intrinsically 

superior species, The high competitive ability of a, compositella 

resul ts from its large size and mobility; this species having the option 

of moving on to other pods if its food supply becomes exhausted. E, platYptera 

is the weakest competitor because it relies on the reSOllrces provided by a 

single seed and it usually dies if other species also feed on that seed. 

Feeding Qy insects removed a considerable proportion of the total seed 

output of L. corniculatus at Epplevorth Quarry (Chapter Six). Each E. platYJ)tera 

larva destroys a single seed, but the damage caused by the other species is 

more variable , and harder to assess, because the number of damaged seeds 

cannot be counted reliably. Feeding ~ each A, loti larva removed an average 

of approximately tvo seeds, vh11e each O. compositella destroyed at least 

three or four (table 4.15). Competition for food was likely to be most intense 

in pods where no healthy seeds remained and here C. compos1tella had a marked 

effect, destroying all the viable seeds in over 75% of the pods where it was 

present (table 4.16). 

Direct observations ,of mortality levels provide the most convenient 

index of competitive interactions. These only indicate the most extreme con

sequence~ hovever, and more subtle effects, such as a reduction in adult size 

or survival, may be of equal importance. Fev dead C. comJ?Ositella and ~. 

platYptera were recorded at Eppleworth (table 4.17) and numbers were insufficient 

for any quantitative assessments to be made. The proportions of dead A. loti 

were 16.1% in 1977 and 11.0% in 1978, vi th most of the deaths occurring during 

the larval stage (tables 4.18 and 4.19). Deaths of pupae and adults often 

involved small specimens and these may also have resulted from inadequate 

nutrition during the larval period. Not all larval deaths can be attributed 

to a lack of suitable food,however, and paraSites, perhaps through accidents 

during oviposition, may have been important contributory factors, Mortalities 
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Table 4.15 The relationship betveen the presenceof phytophagous insects and the numbers of healthy seeds 

in L. corniculatus seed pods at Epplevorth Quarry. Bote that only seed pods capable of supporting 

insects have been included in the analysis. 

Pods containing Insects Pods Vi th no Insects 
Reduction in 

Species Year No. Insect Density Heal~ seeds No. Heal thy seeds seed rrumbers 
per pod per pod per pod per pod 

C. comoosi tella 1m l42 1.0 0.56 2528 3.81 3.25 

C. __ coDloosi tella 1978 13 1.0 1.08 626 4.79 3.71 

A. loti 1977 1715 1.56 1.56 955 4.44 2.88 

A. loti 1978 230 1.4 2.35 409 6.05 3.70 



Table 4.16 The effects of the presence of insects on the numbers or L. corniculatus seed pods containing 

no heaJ.tby'seeds. Epp1worth Quarry, 1977 and 1978. 

Insects Present Insects Absent 

Species Year Total Pods \lith no ~ Total. Pods \lith no % 
pods heal thy seeds pods heal. thy seeds 

Apion !.2.Y. 1977 1715 380 22.2 1075 212 19.7 

Ipion !.2.Y. 1978 2.30 110 47.8 591 192 32.5 

~ compos! tella 1977 l42 109 76.8 2648 483 18.2 

~ compos! te11a 1978 13 11 84.6 808 291 36.0 

Total Animals 1977 1845 472 25.6 945 120 12.7 
«) 

~ Total Animals 1978 242 120 49.6 579 182 31.4 



Table ~ .17 Dead 19....7'Vae collected in L. __ corniculatlJS seed pods at Epp1eworth Quarry. 

1m 1978 

Dead Healthy Percentage Dead Healthy Percentage 
Larvae Larvae Mortality Larvae Larvae Mortality 

Cydlacomposltella .3 45 6.25 1 .3 25.0 

Eurytoma p1atyptera 7 99 6.6 0 1 0.0 

0"-

~ 
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Table 4.18 Dead Apion ~ collected in the flowers and seed pods of 
L. corniculatus at Epp1eworth Quarry during 1977 

Sample Eggs Larvae Pupae Adults % of Total 

1.1 1 7 10.7 

1.2 1 9 9.9 
1 • .3 7 6.9 
2.1 15 li.7 

2.2 /1- 7.1 

2 • .3 10 12.7 

.3.1 17 1/~.7 

.3.2 16 11.7 

.3 • .3 S - 8.8 

4.1 .30 :?~.6 

4.2 .37 28.9 

4 • .3 1 24 15.1 

5.1 l/~ - 41.2 

5.2 22 19.6 

5 • .3 4.3 21 .... 9 

6.1 16 .3 19.4 

6.2 6 18.7 

6 • .3 5 .31.2 

7.1 2 1 11.1 

7.2 11 1 1 10.6 

7 • .3 ;. 15 .3 15./~ 

8.1 .3 13.6 

8.2 10 8 25 • .3 

8 • .3 0.0 

9.1 7 1 2 17.2 

9.2 1 2 11.5 

9 • .3 4 1 1 16.2 

10.1 1 1 1 1 16.7 

10.2 1 1 11.8 

11.1 - · 0.0 

11.2 1 2 12.0 

Total. 4 .3/.,.5 20 10 

% of Total 2.9 20.2 10.2 .3.2 16.1 
(Apion) 
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Table 4.19 Dead Apion loti collected in the novara and seed pods of 
L. corniculatus at Epp1eworth Quarry during 1978. 

Sample Eggs Larvae Pupae Adults % Total Apion 

1.1 1 '3.7 
1.2 '3 1 6.9 

1 • .3 0.0 

1.4 0.0 

1.5 0.0 

1.6 0.0 

1.7 0.0 

2.1 0.0 

2.2 2 13.'3 

2.3 3 - 5.1 

.3.1 0.0 

.3.2 .3 11.1 

.3 • .3 .3 9./~ 

A.1 0.0 

A.2 1 1 22.2 

4 • .3 0.0 

5.1 3 18.7 

5.2 2 1 /~.9 

5 • .3 0.0 

6.1 - 0.0 

6.2 3 - 37.5 

6 • .3 2 11.8 

7.1 1 16.7 

7.2 1 14 • .3 

7.3 4 26.7 

8.1 0.0 

8.2 4 1 38.5 

8 • .3 0.0 

9.1 2 22.2 

9.2 - 0.0 

9.3 2 12.2 

TotaJ. L~ 37 3 0 

% Total .3.7 17.8 12.0 0 11.0 
(Api on) 
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can also result from unusually severe weather conditions, as was observed 

in the Jostedal Valley during 1979, vhen very heavy rainfall drowned al.most 

all the pod inhabitants. 

Inside L. corniculatus pods the proportion of dead A, loti was inversely 

correlated vith the numbers of viable seeds that vere present, indicatine that 

more mortalities occurred vhen fev seeds vere present (Pearson Correlation 

Coefficients =-0.0902, P( 0.001 and-0.0608, P( 0.05 for 1977 and 197~, n = 

2790 and 821). The proportion of dead A. loti did not increase with the density 

of that speciee, however, (tables /".20a and b) and in 1977 fo:r fever dead 

individuals (P( 0.001) were fOWld in pods containing n large nwnber of in

dividuals. This is unlikely to reflect genuinely improved survival at higher 

densities and suggests that the feeding activities of other larvae may lead 

to the disappearance of dead specimens. The presence of 0, compositelln also 

caused a reduction in the proportion of dead A. loti recorded (not statistically 

significant, table 4.20c) and it must be concluded that the nwnbers of elead 

A. loti do not provide a satisfactory -method for assessing mortallties in 

this species. 

Zvoelfer (1979) used the ratio of eggs to pupae of RhinocYllus comclls 

Froel, as a means of comparing the success of that species in the presence 

or absence of a superior competitor. Comparison of the ratio of eggs and 

larYae to pupae and adults ot A. loti indicates that at high densities there 

is a slgn1t1cantly lover success rate, (tables 4.21a and b). However, the 

presence ot C. comoositella did not influenoe the proportion of A. loti 

reaching the pupal stage (table 4.21c). 

Contingency tables provide a convenient method for detecting vhether the 

distributions of two species occur independen~ within a given habitat 

(Southvood, 1978). The Fisher Exact Test is normally used in-place of the 

Chi Square Test in situations ( for example table 4.22c) where one or more 

cells contain values of zero. Recent studies by Yarnold and Larntz (discussed 
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Table A.20 Dead Arion loti in relation to Anion loti donsj.ty and the 
presence of C'Vdia cooposi telia. Epp1eworth Quarry 1977 and 197~ 

Healthy 

Dead 

% Dead 

HeaJ.thy 

Dead 

% Dead 

Dead 

a 1977 Dend A, loti and A. loti density 

ToteJ. A. loti per pod 

1 2 >2 

851 823 629 

177 1.38 58 
X

2 [2J = 26.6, P < 0.001 

17.2 14 • .3 8.L. 

b 1978 Dead A. loti and A. loti density 

Total A. loti per pod 

1 2 >2 

151 

19 

11.2 

absent 

64 
12 

15.8 

7/t 
3 

c 1977 Dead A. loti and C. composite11a 

C. composi tella 
absent present 

131 x? [1J = 2.57, P > 0.05 

A. loti present 3.34 11 

% pods vi th dead 
A. loti 12.6 7.7 
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Table 4.21 The ratio of Apion ~ eggs and larvae to pupae and adults 
in relation to A. loti density and the presence of Cydia 
composite11a. Epp1eworth Quarry, 1971 and 1978. 

a 1977 

Eggs and Larvae 

Pupae and Adults 

% achieving pupal 
stage 

b 1978 

Eggs and Larvae 

Pupae and Adults 

% achieving pupal 
stage 

c 1977 

Eggs and Larvae 

Pupae and Adults 

~ acldeving pupal 
stage 

A. loti density 

Total A. loti per pod 

1 2 3 )3 
692 1~39 293 176 x2 [31 = 1.9.9, P<O.OOl 

309 317 117 41~ 

30.9 41.9 28.5 20.0 

A. loti density 

Total A. loti per pod 

1 2 3 >3 

93 L~3 21 '2:l 

75 33 21~ 5 r?- [3] = 11.9, P < 0.01 

44.9 43.4 . 53.3 15.6 

The presence of C. composite11n 

C. compositella 
absent present 

1805 

836 

31.6 

29 
11 

z't.5 
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Table 4.22 The frequencies of coexistance amonest phytophagous insects 
in the seed pods of L, cormculatus. Epp19\lorth Quarry, 1977 
and 1978, 

a A. loti and C. compositella. 1977 

absent 
C, compositella present 

A. loti 
absent present 

846 
109 

1682 

33 

b A. loti and C. composi tell a , 1978 

A. loti 
absent present 

absent 398 228 

C. compositella present 11 2 

x2 [11 = 109,7, P < o.OO~ 

x2 [1) = 2.45, P > 0.05 

c C. compositella and E. platyptera, 1977 

absent 

E. platrptera present 

C. composi tell a 
absent present 

2649 
59 

142 
o 

d A, loti and E, p1at.yptera, 1977 

A. loti 
absent present 

absent 934 1677 

E. platyptera present 2.1 - .38 X
2 

[1] = 0.0008, P > 0,05 

l!2!!! - See tery for comments on the validity or the Chi Square 
statistic in contingency tables where one or more cells 
have a value or zero, 

" 
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by We1ls and Kine, 1980) heve concluded, however, that adfH!uate criteri:-l for 

the Chi S~uare Test exist in contingency tables where all expected values 

are greater than 1.33. As this is the case in tables 4.22c 4.23c etc. 

the Chi Square Test has been retained throughout this thesis. Tables 4.22a 

and 4.22b show that at Eppleworth Quarry there was significant disassociation 

between A.loti and C.compositella in 1977, but not in 1978, when the 

densities of both species were considerably lower. No disassociations 

between other species pairs were obtained during 1977 (tables 4.22 c-d) or 

1978, when combinations were too infrequent for "lorthwhile analyses. Simila.r 

analyses of data obtained at Bu1kington in 1975, ,·!hen E.p1atyptera and 

C.comI'odteJJ<I't~erc r,ore numerous, show that both A.1oti and B.p1atyptera 

were significantly displaced by the presence of C.compoGitella (table 4.23). 

The mean density of A.1oti was lo\-ler in pods shared with C.compositella in 

both 1977 and 1978 (table 4.24). Pods containing neither insects nor any 

heal thy seeds were excluded fro:n the X2 calculations because these ,·:ere 

oonsidered to have been unsuitable for the insects and as such their in-

elusion would have biased the calculations by increasing the apparent 

aggregation of the species. 

Parasites are a major source of mortalities in the A.1oti populations 

at Eppleworth and else\{here (Chapter five) and, as with competitive 

i~teractions, their importance mey vary according to the per pod density of 
., 

A.loti. In order to compare the overall success of A.loti at different -
densities it is therefore necessary to make an assessment which incorporates 

the effects of both these factors. Table 4.25 (al and bl) summarises 

the components of the J,. .loti populations at Epp1e\-lOrth (..~uarry in 1977 and 

1978. The par~sites category includes both parasitised A.loti and those 

whioh had been killed and replaced by their parasites. An estimate of the 

'success' of A.loti at different densities is achieved by comparing the 

pro!lortion v:hic~ h ac nuccessfully reached the !lupal or adult stages \"Ii th 

the rerr.a.inin[" cate,S'ories (table 4.25, a2 and b2). Dead J.. .loti "lere not 
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included in either group because, as noted previously, it appears that 

dead individuals are 'lost' at high densities and hence their inclusion 

would bias the estimates. Chi square analysis suggests that the overall 

success of A.loti varied according to density in 1977, but not in 1918. 

Note that table 4.21 includes fewer A.loti than table 4.25. This is 

because the former does not include those parasitised A.loti where the 

stage at which death occurred could not be established. 

Most insects display an aggregated pattern of distribution, with 

the degree of aggregation often varying according to density' (Southwood, 

1978). Figures 4.9 and 4.10 illustrate the distribution of the three 

major phytophages inside the seed pods of L.comiculatus. Comparison 

of these with a Poisson series of the same mean provides a method for 

de·teoting whether they are distributed at random within the seed pods. 

For E.platyptera in I977 a Jf[l] of 47.44 is obtained, P ~ 0.001, 

indicating a significantly aggregated distribution. Only small numbers 

of C.compositella were detected and despite being observed exclusively 

at a density of one insect per pod the distribution of this speoies was 

not significantly regular in either 1917 or 1918 ( X
2
[lJ. 0.598 and 0.027, 

P)0.05). A.loti did not have an aggregated distribution in 1917 ( x2.[4J 

:0 2.25, Pl"0.05) but did have at the lower densities reoorded in 1978 
2 ( X~J • 16.58, P < 0.001). Southwood (1918) quotes examples of both 

inseot populations which become more aggregated at higher densities and 

of others whioh become more regular. At Bulkington in 1975 both density 

and aggregation ( as measured b.1 the varianoe/mean ratio) of A.loti were 

particularly high, but this collection is not necessarily oomparable with 

those at Eppleworth because the sampling was not carried out at random 

and pods containing high densities of inseots may have been seleoted 

inadvertently. 

The applioation of Taylor's power law provides an index of 
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Table 4.23 The frequencies of coexistance amongst pQytophagous species 
in the seed pods of L, corniculatus, Bulkington, 1975 

a 

absent 

c. com~sitella present 

b 

absent 

E. l?!atn>tera present 

c 

absent 

C. cOmpositella present 

A, loti 
a.bsent present 

160 274 
42 7 

A. loti 
a.bsent present 

306 25/j-

25 n 

E, p1amtera 
absent present 

382 

49 

52 
o 

x2 [11 = 43,2, P < 0,001 

X
2 

[lJ = 0.83, P > 0.05 

!iote ! _ See text for comment on the validity of the Chi Square statistic 

in contingency tables where one or more cells have a. value of zero, 
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Table 4.24 A comparison of the mean dencity per pod of Apion loti in 

the presence or absence of Cydia compositella. Eppleworth 

Quarry 1977 and 1978. Note that pods unsuitable for insects 

have been discounted from the analysis. 

a 1977 

C.com;Eositella C.comEositel1a 

present absent 

No • . of Pods 148 2528 

Mean A.1oti/pod 0.270 1.045 

Varianoe estimate 0.307 1.030 

d [i47 and 2527] = 15.562, P<O.OOl 

b .1918 

C .comEosi tella c. comnosi tella 

present absent 

No. of Pods 14 625 
'. 

Mean A.loti/pod 0.143 0.514 

Varianoe estimate 0.132 0.705 

d [13 and 62~ = 3.611, P<'O.Ol 

The dstatistio was oalcu1ated as in R.E.Parker (1973), Introduotory 

Statistios for Biology, published by Edward Arnold. 
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aggregation (Ib') whioh is independent of the mean and whioh is oonsidered 

to be generally oonstant for eaoh speoies ( Southwood, 1978). Values of~ 

of less than one indioate a tendenoy for a regular distribution, while 

values greater than one indioate an inoreasingly olumped distribution." 

Wi th A .loti (inoluding dead speoimens and parasites) the values of b' ,'\were 

1.17 in 1977 and 1.08 in 1978, and these do not differ signifioantly 

(t @9] • 0.0998). Comparisons of the aggregation of A.loti at different 

stages in its life history during 1977 also indioate that it did not alter 

signifioantly (eggs, b =1.19, larvae, b ... 1.10, JUpae , b • 1.00, adults 

plus exit holes, b = 0.90 -t [24J for' the extreme values - 0.153, P ) 0.05). 

Note that within eaoh stage samples were disoounted if leBs than 3 indiv

iduals were fOund. Insuffioient numbers of A.loti prevent a simi liar 

analysis of the 1978 data. 

Conolusions on the intensity of oompetition in L.oornioula1lus seed pods 

can be summarised as follows: 

1. Many seed pods contain examples of more than one speoies. 

2. Inseots oonsume a considerable proportion of the seeds that are 

available in the pods that they inhabit. 

3. The numbers of dead A.loti do not provide a good measure of 

oompetitive interaotions involving this speoies. 

4. There is some evidenoe of intraspeoifio competition amongst !. 

!2i!. larvae when more than three individuals share a pod. 

5. A hierarohy of intrinsic superiority is presentt, with C.oompositella 

as the best competitor and E.p1atyPtera as the worst. 

6. The presenoe of C.oomposite1la appears to displace A.loti , and 

E.platyptera in years when combined densities are high. 

7. Although physioa1 oontact between A.loti and E.platyptera generally 

results in the death of E.plat:ptera, the number of oontacts was 

insuffioient for competitive displacement to be deteoted. 

Zwoelfer (1979) has desoribed several adaptations which serve to reduoe 

the number of interspecifio oontaots in the seed heads of Compositae 
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Table 4.25 The relationship between the density of A.loti inside 

L.comicu1atus seed pods and the proportion of healthy pupae 

and adults that were recorded. \iharram Quarry 1977 and 1978. 

a1 1977. The categories of A.1oti recorded in relation to density. 

A.1oti 
Categories 

a2 1977. The 

. . 

bl 1978. The 

A.1oti 
Categories 

1 Density of A.1oti per pod 

1 2 

Eggs + Larvae 541 507 
Pupae + Adults 157 174 
Dead A.1oti 177 138 
Parasites 153 147 

3 4+ 

259 165 
114 33 
43 15 
46 12 

proportion of healthy pupae and adults present. 

Density of A.1oti per pod 1 

1 2 3 4+ 
Pupae + Ad.u1ts 1')7 174 114 33 
Remainder 2 6'4 654 305 177 
% 18.4 21.0 27.2 15.7 

X
2 

[3) = 16.66, P < 0.001 

categories of A.loti recorded in relation to density. 

Density of A.loti per podl 

1 2 3 4+ 
Eggs + Larvae 73 29 18 25 
Pupae + Adults 43 24 11 3 
Dead A.loti 19 12 6 1 
Parasites 33 11 10 2 

b2 1978. The proportion of healthy pupae and adults present. 

Density of A.loti per pod1 

1 2 3 4+ 
Pupae + Adults 43 24 11 3 
Remainder 2 106 40 28 27 
% 28.9 37.5 28.2 10.0 

x2 [31 • 7.55, P > 0.05 

1 Includes dead specimens and those rep1aoed by parasites. 

2 . Dead A.1oti are not included, see page 126. 



FIGURE 4.9 

The numbers of Eytytoma p1atyptera and Cydia composite11a in seed pods of 

L. corniculatus. Individuals destroyed by parasites are included. 

E. p1atyptera 

Bulkington,1975 Pods with Zero individuals = 433, x = 0.259, S2/x = 3.30 

Epp1eworth,1977 Pods with Zero individuals = 2731, x = 0.038, S2/X = 2.89 

C. compositella 

Bulldngton, 1975 Pods with Zero individuals = 391, x = 0.046, 

Epp1eworth, 1977 Pods with Zero individuals = 2648, x = 0.051, 

Eppleworth, 1978 Pods with Zero individuals = 808, x= 0.016, 

Dispersion parameters are not appropriate for C, composite11a because tIns 

species occurred only at a density of one individual per pod. 

The hatched areas re present additional L.comiculatus pods where 

C.compos itella damage was recorded. 
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Frequency 
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1 234 5 6 7 1 234 5 6 789 1 1 1 
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Eurytoma platyptera Cydla composltella 

Individuals Per Pod 



FIGURE 4.10 

The numbers of ARion loti present in seed pods of L, corniculatus. Individuals 

des troyed by parasites are included. 

1.141, 
2 -

1975 x = S Ix = 1.97 

1977 x = 0.961, s2/~ = 1.06 

1978 0.393, 
2 -

1.49 x = S· /x = 
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Denaltl .. of A.lotl In Indlvlduel poda 
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and which allow intrinsically inferior species to coexist with their more 

aggressive neighbours. Selection of food plants which are at different stages 

of development is one possible avoidance mechanism. The seeds in L. corniculatus 

pods are only sui table from the time that the ovules are formed until seed 

hardening occurrs and there may not be sufficient time for any temporal sep

aration because this is roughly equal to the period required for insect dev

elopment to be completed. The first arrivals are at an advantage in a 'scramb1e' 

competition situation and selection for early entr,y into the pods might be 

expected if competition is important. E, p1atyptera must rely on the reSOl~COG 

inside one seed, hQ'l.18Ver, and this prevents it from commencing feedine before 

a critical seed size is reached. This species is therefore restricted to older 

pods . and this contributes to its competitive weakness. 

Phytophagous insects can also reduce competi tion by colonisine the srune 

host species at different times of the year. Figure 4.11 illustrates the 

densities of eggs and larvae in L. corniyu1atus pods during the 197/ season. 

The maximum density of each species peaks nt different times, but overlap is 

present throughout almost the whole period. The highest numbers of E. p1ntYptern 

were present ~t the end of the season, when feeding b.Y other species was 

minimal, but this is due to the larval overvintering strategy of this species 

and by September most E. p1atyptera had also ceased feeding. A. loti is unable 

to take full advantage of nove ring during the second half of the season he

cause of its un! vol tine breeding system and this could provide the second 

generation of E. platYptera wIth an advantage. Breeding late in the season 

is often relatively insignificant in Britain, where the summers are relatively 

short, but in warmer climates such as those in central Europe the reproductive 

potential of E. platYJ?tera may be greatJ..y increased, 

Larinus sturnB£! Scholl. females select relatively small CardWk'3 seed 

heads for oviposition, and this reduces the level of larval oompetition because 

most other species preter larger seed heads (Zwoel.ter, 1979), Erdel.11 .u AL 



FIGURE 4.11 

Til ', c;o rnhined nAnp j. tie s of eees and 1arv8.e of the phytophagous specie;-; f eedine 

in the nowel's and seE:d pods of L. cornicula tus . Epp1ewo rth Quarry , 1977. 
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(1979) have aJ.so sbovn that EwtoN rgddi, the Altalta Seed Cbalcid, J1JIrf have 

DO preference for pods containing more than four seeds. vhereas the competing 

Txchius flayus Beck. prefers larger pods. It 1s difficul. t to assess vhether 

C. compositella and A. loti select pods on the basis of their seed content 

because their feeding activity destroys too many seeds and this results in 

both species having a strong negative correlation with healthy seed number, 

Selection on the basis of seed number is easier to investigate with E, platYJ)tern. 

and, unlike E. l¢di, this species clearly prefers pods whichcontain a large 

number of seeds (table 4.26). 

One strategy adopted by inferior competitors is to lay small numbers of 

eggs in as ~. host plants as possible. By 'spreading the risk ' these species 

increase their chances of finding some feeding sites where all the competing 

species are absent. This tactic does not appear to be employed in L. corniculatus 

pods, where E. plat:rntera (the least able competltor) has the most aggregated 

distribution (figure 4.9). 

During 1977 a number of additional quadrat samples vere taken on a re1-

atative1y flat area of short turf approximately 20 metres a\lay from the main 

sampling area at Epplevorth Quarry. The L. corniculatu8 pods collected from 

this 'low growth habitat' contained smaller rrumbers of A. 10M than the nearby 

main sampling area, but had a much higher denSity of E. platYptera ,(table 1, .• 27). 

A. loti numbers are greatly reduced \lhen L. COrn1culatus is grazed b,y 1aree 

mammals (11orris, 1967). A. loti mortality levels yere significantly higher 

in the low growth area than at the main sampling site, (ratio of healthy to 

2 dead A. loti = 184:57, compared \lith 2302:179 giving a X[I) of 15.8, P(O.OOl). 

This is attributable to the increased levels of trampling and grazing by rabbits 

on the flat 10\1 growth area. The relative success of E. p1atYptera ~ A, loti 

can therefore var,y according to the environment in which the host plant is 

groving and this apparent difference in habitat preferences may be one way 

b.1 which E. p1atYptera can reduce the levels of competition with A. loti. 
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Table 4.26 The number of L. corniculatBs seed pods colonised by Eurytoma 
p1atxptera in relation to seed content. Epp1eworth Quarry, 1977. 

Seed Number of Pods inhabited % 
Content pods by E. platYptera 

1 367 4 1.1 

2 355 7 2.0 

3 317 5 1.6 

4 284 7 2.5 

5 236 6 2.5 
6-9 486 20 4.1 

9+ 153 10 6.5 



Table 4.Z'l Apion ~ and Eurytoma platyptera in seed pods of L. colmicW.atus. Epp1eworth Quarry, 1m, flow growth 

habitat'. Note that Val1l3S include individuals represented by their parasites. 

EI U1a typtera AI loti 
Sampling Sample No. of' No. of' EI n1atyptera EI ,I21atyptera percentage AI 10tl AI loti Percentage 
Dates seed pods s eeds total ~r pod dead total per pod dead 

26.8.77 1 39 79 3 0.077 33.3 23 0.820 26.1 

2 66 183 41 0.621 9.8 42 0.636 35.7 

3 26 64 7 0.269 0 16 0.615 12.5 

L~ 57 126 11 0.193 0 21 0.368 33.3 

5 42 90 22 0.521~ 0 13 0.309 30.8 
6.9.77 1 59 176 37 0.6Z'l 8.1 22 0.373 13.6 

2 41 75 39 0.951 2.6 Z'l 0.658 14.8 
c-

3 24 35 1 0.042 0 6 0.250 16.7 frI 
r-I 

I II- 74 210 15 0.203 13.3 31 0.419 29.0 

5 83 266 30 0.361 16.7 lIJ 0.482 15.0 

Totals 511 1304 206 0.403 7.8 241 0.472 23.6 
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E. platYptera may intrinsically prefer to colonise L. cornicule.tus growinz 

in short turf, or the plants may just have been more suitable becauso their 

flowering period vas more conveniently synchronised vi th its oviposition periot1. 

E. platyptera oviposits into seeds that are at a relatively late stace 

of 4evelopment. This is a disadvantage in terms of direct competltion betvoen 

its larvae and those of the other speoies, lJUt it does provide the option of 

avoiding pods which already contain potential competitors. The total absence 

of E. platYptem from pods containing C. composi tell a may have been an example 

of this, but pods containing A. loti ,did not appear to be avoided (tB.ble /1" 28) • 

If pods containing more than ten healthy seeds are discounted, sienificantly 

fever pods contai~ne A. loti ·vere colonised at the main site hovever (table 

4.29a and Paired t [2,] = 8.0, P< 0.05). This \las not repeated in the low erowth 

area (table 1+.29b) and further observations vi11 be required before it can 

be established whether avoidance does in fact occur. 

The competitive displacement that has been demonstrated inside L. corft- ' 

~culatus seed pods does not appear to have resulted in the development of. 

vell defined evasive strategies amongst the less able competitors. E. Platyptera 

may prefer plants growing in open situations and may show active avoidance 

of pods containing potential competitors, but these are likely to have only 

a marginal influence on the number of interspecific contacts that take placo. 

The fecundities of the three species have not been estab1ished,but 

preliminary studies and extrapolation from related species would suggest that 

there will be little difference between their egg laying capacities (Batiste, 

1967, Bradley et !! 197.3, Markkula and Hyllymaki, 1957). E, platrntera may 

benefit from overwintering inside the protective covering of the seed testa, 

but this does not appear to provide protection from parasitic HYmenoptera 

and mortalities due to parasitism were again roughly similar amonest the threo 

pnytophagous species (Chapter five). 

C. compositella is the best competitor inside L. corniculatus pods, yet 
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Table 4.28 The frequencies of coexistnnce of Eurytoron platYptern and 
Apion lili in seed pods of I., cornicula tus, EppleW'orth 
Quarry, 1977. Note that pods containing no seeds suitable 
for E. platxptera have not been included. 

a Main Sampl1Dg Area 

absent 
A. loti present 

b 

absent 

A. loti present 

E. oJ'typtera 
absent present 

21 

38 

Lov Grovth Hab1 tat 

E. platmtera 
absent present 

196 59 
153 34 
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Table 4.29 The frequencies of L. cornicylatus pods containing Eurytoma. 
platyptera in the presence or absence of Apion l2.:Y.. Epploworth 
Quarry, 1977. 

a Hain Sampling Area 

Seeds Present 

1-2 3-5 6-10 )10 

AI ;Lotl absent 0.028 0.0.39 0.062 0.18 

present 0.016 0.02'7 0.05J,. 0 • .32 

b Low Growth Habitat 

Seeds Present 

1-2 .3-5 6-10 » 10 

AI lS2tl absent 0.22 0.26 0 • .31 0 • .3.3 

present 0.19 0./t2 0.29 0 
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E, platrntera occurs in almost equal numbers and A, loti is numerically 

the most successful species. Competitive ability carulot therefore be the 

major factor determining the relative success of these species. One contrib

utory factor may be that the larger size of C, compost tella larvae, wM.eh 

helps to give them a competitive advantage, also makes them more vulnerable 

once they leave the seed pods, C, compositella eegs are also more likely to 

suffer extensive predation because they are laid in exposed pOSitions and 

are liable to predation from mites and Heteropterans (Glen, 1977). 
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1m .. of bolt. (B&l'I1M, 1928, Morril, 1938), but thil tora ot b.ha"f1our vu 

_t ob •• rnd vW. t.hH. .010. vore t.ed1Jtc iuido L, cOraimaJ .tv pod8. 

Grep.r1oUl doftlopaellt Val al8e abl.t, ud each bolt iDd1 Yich1al pro"f1ded 

IUtt1cl.llt re .. urcel tor the IUCCUltal drnlopaeat ot oD17 ... para.l te. 

'IU parui'" nand troa tbI INd poclI ou be leparated iato tift croupl 

•• ~ bu18 ot the1r cbo1c. ctt .It., ~ ot 00<nIrft1lC. ad publi8hed 

helt recorda (tabl. 5.1). Group ct_ ceiW.8ta ot t.he .peel.. reared o~ tro. 

q, gwpt'"'U'. Unl1ke the other ll'Oupl (vb1ah are deai_ted by _.ben ot 

the Chal.cid.eldea) 1 t 1. coapo.ed _1 »17 ot lpOCi.. troa the tudll.o. Draco .. 

ldu .. IchaemloD1dae. 0, COIpOI1t!". 11 cou1de~ larpr tbu. the other 

pbJtopbapu apec1 .. t.."i. ill L, cmJigp1·ty poda aDd 1ih1. pre""bl7 

".1 1 t _re n1D.erab1. to attact by Iolmeu.oDOlda, whioh ia .. aeral require 

larIer •• ta thIUl chal.01d8. IIade - ad .01iop&ruite • • t q, .... 1+&'. were 

collected, b1n the 8Ml1 maber .t recorda prwo.t. &IV' coAOlua1ct .. Oil the 

Incture ot the paruito oollPlu ot thi. apeol0 •• 

!he .ecolKl greup ot parulto. ooui.ta ot tve apeo1.1 ... oo1&tod nth 
IJn1tM platmHra, the lanu ot vh10h are owo.od wid. th ..... ot 

L. Ml'I'lqp,.ty. The OJdoparult1o 'l'!p1;rtdiohp .. ., Val tho •• t .....,. 

parulto ad •• rare ooculO1l1 1t Val tcnmd d.n1oplJll •• altoraUft ho.t., 

vbereU the octoparu1te PUr'ps'p ape O. Val reltr10W -Urel7 to I. 

pl,VPtora. L -WI FObab17 baa a 1I1d. rup .r bolt apeo1.1 (KeWeR. 

Graha, Pone COJIII.) , but in L. gtpicmlttg po4a It dee. _t act u & ~ 

phase ad. the ..,.apt .. of deftlep.ea' 08 other bct.ta d_uv..te. tbat It. 

'drlual. re.triotioll to I, p't1mrtsa 1. raoul_u.... u4 JIlt d.ter.iaecl by 

pbJl1.lolioal liII:l taU_. 

!he p&rUi tea ro.tlioted to Apig 1d1 tum tho larpn INUP· ad thi. 

J'etloota the abundlnce of th11 .at 1p001... The udepuulto Ettodp dioM m 

ad the ectopuui to We'!e.'M mg,. are tho .~ ubiq1d.te1UI puutte., 

hovenr, ad tho 0'U1er p&rUitel, eftll ia o.b1_Uo., are relatilftl.y 



Table 5.1 The host relationships and abuMance of parasites reared from L. corniculatus seed pods 

Approximate no. 
Jllajor host No. of hosts No. of sites or individuals 

Group Parasite species species recorded recorded recorded 

I Scambus brevicornis C. composi tel.l.a 1 1 4 
Scambus eucosmidarum c. COIIpOsitella 1 I :3 
Diadegma ap. C. composi tel.l.a I 1 1 
Clinocentrus sp. C. composi tel.la 1 1 1 
luderus alb! tarsis C. COIIpOsltella I 1 1 

2 retrastichu eDd.eIru E. pla'tJptera :3 9 150+ 
P'tero.al.ua ap. C. E. platJptera 1 8 45 

:3 Intedon diott.uB A. loti 1 14 2000+ 
Tr1choJlalus rufimJs A. loti 1 12 SOO+ 
Trichollalus campestris A. loti 1 2 14 
Trichomalus helvipes A. loti 1 1 :3 

2f 
Necreanus tidius A. loti 1 1 2 
Triaspis sp. A. loti 1 4 SO 
BraCOD Sp. A. loti 1 1 10 

4 Macroneura vesicu1aris A. loti 4 6 20 
Pteromalus sequester E. platyptera 2 4 20 
Pteromalus chrysos C. compositella 4 I 8 
Pteromalus semotus A. loti 2 1 76 
Lestodiplosis sp. A. loti 2 4 10 

5 Pteromalus sp. A 2 1 2 
Mesopolobus ? diffinis 2 2 2 
Homoporus sp. E. platyptera 1 I 2 
Callitula p,yrrbogaster E. platyptera 1 1 1 



- 1/~5 -

UJdapertaDt. Publl.hed &OCCIQIlU .t th.ir b1.1ol7 1UII •• t that th... iatrequeDt 

paruite • • t I.. 1.1;1 &1.8. d."ftl..p •• a zauabw ot .ther Api., 8pea1 •• and their 

pre.eao. 1Ja L. c.raiqglUM peel. retl.cu All oy.rlap v1th o1o'el7 rel.ated 

•• t. tMdiq •• oth.r pl. .. t •• 

Macrep!F! T.RmO .tt. 11&1 'Ule •• t Vid.8pr9&Cl ot the pelJPhaloUI parui tel 

d...-.J..piJII luld. L. corpima'. pad" but &I."," occurred at l.v d.DliU ••• 

",""lUI ... tv val ... rical.l7 \h .... t abuJldaat .t the kDova pel1Phq •• , 

but V&l reared a.lJIo.t 'Dtirel.7 tre. A. 1oti. ru. nrtw r •• trictioD to ODe 

M.t ran.cu a .careiV ot alternaU.,... at Wharr .. Quarr1 - the .~ .it. 

vhere P •• wtg Val r.corded. PHa"u 1!QU •• ter attacked alM.t equal 

.. ber • • t A. ltt! &Dod B. platypttra, vhioh perbapa iBd1oate. a pret.rel109 

t.r tho latter &I E. plapPtel'! val IlUCh 1... D\DI9r9WI tbaD At It'''. ,. '!CIU •• ttr 

u:r han a r9lat!T9lT re.tricted be.t rug" .. it appear. to 1p901&11 •••• 

•• t. tHd1111 tuid. 1.,.. pociI. 

'!'h. tiIaal group ot parui tel COlltat_ 'aooid •• "-1' lpge1 •• which .ccurred 

.-.17 ~ ill L. ctrplsmJ .tv peel. &ad vhH. publi.hed be.t rue" (where 

kaMnl) .ug •• t that thq are -raa1l.7 "Hoiated With M't' that are .t 

01 •• 917 related to thos. utill.ed 11l the .oed peds. Bgtptrv 1p90i •• and 

g.111 tula pmbpwttr g'MrIll7 d.nl..p .. perui tel .t 1U90\I toediJlC ill 

put .te .. , aDd M.80p9loN diw "" 1. a.va u a puui te ot Dipterou. 

The 14eatl't7 aDd ho.t preter9JlC" .t ,..,., M Ip. A ce1lld .t be .1tabl1.hed, 

but t.r 091lYU1.1lC. ud becau • • t 1t1 .caro1V, it hal al .. bee. laolw1ed 

ill tbil group. 

Th. lite-hi.teri •• • t the J)U'!!itu reared t:roa L. qtrIiqullW 

•• ed po4!. 

Speci.1 reared u paru1 tel .t C'3' ==11W'I 
Scambus brey1corn1s (Gravenhorst) (Hym., Ichneumonidae) 

T!Ire. teaal.. and ... 1IAl. St bnyi91tJ1li. vere reared II .otoparul tel 

.t £a gttpt.iW 1 a tN. Lt 99rpigll. podI oell.c'ted at Ipplw.rth Quarrr 
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11l !ugut &lid Septeaber 1m. Adult.' .e!'led 1Ja the Spriq ot 19'78 after 

o'nrviJlter1ag .. larfte 1uld. their aeceo ... RaJlil·n (1982) and oth.rl baT. 

reared S. brenoend., troa Celnphtra altiN'" a Z.ller, Uld !.'OhliN. (1974) 

reared ...u JlQabel"lJ ot both S.!WtIlic1vp aDd S. bt!yigoni' tro. Oil' bo.t 

1pe01.1, the Lepidepteru MaMlla launtl",. K.mah - ~obatt.r. 

SO'e!me !UC!n'd'na (Perldu) (Iqa., Iolmeuaeld.dae) 

! t.ule .t S. !99!R'd'rr vu N&red t.r. L. cortiopl. ••• podl coll.oted 

.t Bulld.agtell 111 1975. It drteloped .... eotoparulte ot • C. oollJ)9litell.. 

lam. aDd, atter 8'nrviJater1J11 .. a lana, papaW ad •• rpd ill April 1976. 

A .al. Sc.r!me, perhapl .t the au. apec1.I, vu reared tro •• C. gtIpO.1Hll' 

lam. cell.oW at Ba.1.lcUgtOD 0.16.8.76. rul .upl. al .. co.tallled a SgpN 

cocoeJl tro. which a leooJ1i1ar7 parulte, "'r9r'p ohm'l, nbtIequellt17 _qed. 
Scaa!me epec1.1 are blew to pr.ter Lep1toptera 1&1"ft. u4 papa. that d.ftl.op 

ill OOBOeal.ed lituatiou (Alkev, 1971). 

pit4tge ..,. (1f1ae, Iou.u..aidu) 

Dled'A' 8p!Cl .. are Nl1tary eDparuitu that una1l7 deftl.op 1uld. 

Lepidoptera lam! t.ed1Dg 1D .m-coaoMled IituU ... (Shav ad AIk., 1976). 

~ one aaapl.. ot tbl. 18" vu .bM1ned, with a 11agl. t-.J.e _erliDl 

trea a C. 29'P'litell' lam. cel1ected ia L. oorpiCJJlaty peda a1; IpplIVOrth 

Qu.n7 o. 26.6.77" 

(Bp., Braoeldda.) 

A CllMC_tra ., • .al. 1IU zw.red boil aC. ,,'iWIa lana ool.l.oted 

at Epplworth Quarr7 Oil 30.8.77. The 81»'01', ot 01' ,9gku are .lIdoparui tee 

ad pupate 1III1d. the lU'ftl. Ik1a .t tIae1r ho,te, vh101l beoo •• dr7 ud hard 

(Shaw ad .llkw, 19'76). !he O. _5+,,11. lana VII al.reaq 1a th:l. oeDd1t1oll 

.hell It. VII coll.cted, ad enwd.U.1l 111 March 1978 •• wed that a 7!1lov 

paru1 te lam had ~red. '!he a41Ilt ..:1. appeared !hert.l7 after, i • 

.lprUl978, ud .,,,peel b7 ohev1ac ID 1rreplar a:1t bol. at OM .m ot Ita 
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.at. Laoatuu .o.M (1978) haft preT1~ reared Cli,gptry cppctator 

Bal1dq rr. a.ed pods ot L. "ra19P"iM, blat the hoat epe01.a va. _t •• t

ahl1shed. 

Merge albiWIi' (ZetteraWt) 

A ..:1.. hdtrM tlhi1jtrt1. eavpd •• 30.8.78 troD &Il L. OIrpig1AIN pod 

colleoted It IppltnlOrth Quarr7 o. 20.7.78. Bum.ti •• ot the ped renaled 

that tlle boat had bea I aall lana ot C. cppoa1t.t', I vh1ch bad be •• d.atroJed 

betore 1 t had retched it. -.xiJIaa .1... I. tlbltan1. 1, I relltt. nl7 poq

plIagou epe01.. ad hal be_ reared tn. Sool.Tt1d beeUe., Ceph1d u.vtl1 •• 

ad ftrioUl Lepi_pter& (SouCek ad Alkw, 19(8). 

B Sped .. I"Ocitted M~DlT with Bprzto. glaDten 

tetry»gbB' ..... (Walker) (Ifla •• Eulopbicla.) 

t. "9M VII 'the .at ... roua ad V1d.apread parui te .t I. ,'.atera 
(table 5.2) &IIIl VII otten reared in larger DlDlbera tbaa 11;8 boat. '!be id.ati V 

.t tlda 'pede, VII oza11' reo .. ~ clar1t1ed (BftOek ad Grabaa. 1979) am 
publ1ahed zoeoerde are rutr:1cW te tbo,. o~ Jl1kel'kaJI (1934) vbe reared 

..u .. bet. fro. Igrltga rsp44i •• Med:1CM9 aad Pan.ll (1964) ad 1_'] 1 

(1982) vI» reared L tpl!l1Ml u a Jvperpuuite .t the papu ot P1i'TM". 

I!9V'ttr Walier ad !1 Mhertp tliDnM (!heM •• ). T. p4epe VII alao reared 

" a aecoDdarT puuite in L. ptpimal tbe pede (tabl. 5.3) uri M.W.R. Grabu 

(Pen. C ... ) bell .... *t T ..... ia a reJ.at1~ ~ epeo1 ••• 

t. "FI ..,. be i)-IV-- vi til t. bra.,"r1 Grahaa, wt tho tn»e 
apec1M. v1l1 DHd ... be otapared ~re thia oaa be ooat1rae4. (M.W.R. Grallaa. 

Per •• eo •• ). Spec1lleu ot L !rrPeberbv1 were obt.a1W'd tN. the u.s. latioul. 

Hu ... (three t..:L .. JI aeedl .t ""qplw Wpn Miller. Quodo., Cal1t

.rat.a ad ... t..ale colleoted iJa a vhoat t1~4 at Lobi, Utul) u4 are "err 

.~.n.r to 8pec:tM_ .~ L m=" reare4 f'1oaa I. n",m1itl'l, 41tterilll -11'17 

1. _e coleur cl:IaraoWr •• 
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Table S.2 '!'h. diatr1bt1t1oR .r parul..... reared tJou .Nd peda .t L. ctraiC!!llatv. Spec1.. are arruapd h 
.rder .r abnd8 UC •• r 1Dd1 rtduala. 

Spec1 .. 

1 

htede. dl.u.u + 
'l'rlchealua ra1'1JIus + 
T.truUchua ...... + 
Triupi. apt 
Pter.ulu a_tua 
I'tereulu apt C. + 
ner.alu aequ..ter 
MacNaeara TNicular1. + 
Trichealu capeatria 
Brace • .,. 
Lut.d1ploa1a ape + 
PMr..al.u chrTHa 
Scaabu brerlceraia + 
'l'rlcheMlu hel.YipN 
Scuba euceRidaraa 
lecreau tldlu 
B ••• peru apt 
~u.,.A 
Me .. pehbu dltt1D:1. 
Calll tala wrr_gu'ter + 
Euderua albi tar.is + 
Diadepa. ap. + 
Cl.1JaeceJltrwJ ap. + 

1 Epplev.rth Quarr;y, I. Yorks. 
2 Bul..1d.Dgten, Varvlcka. 
.3 Wbarra Qaarr;y, B. Yorks. 

2 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

4 Hutto. Cruundclt, E. Y.rka. 
S Cau1.~Jl Leve, Starra. 
6 Cottlltghaa Gardeu, I. Yorks. 
7 Chapel hnI, V.,rvicke. 

Situ 

3 4 5 6 7 8 9 10 11 12 

+ + + + + + + 
+ + + + + 
+ + + + + 
+ + + + 
+ 

+ + + 
+ + 

+ + + 
+ 

+ + 

+ 

+ 

+ 

187 to Site. 

8 Crevl. Vat., I. LillOe. 
9 HevlnIr7, Berka. 

10 Vav.--.r, Varvicka. 
11 Vol't'87, Varv1.cka. 
12 Bardal. Quarr1, B. Yorks. 
13 Portbaelpa, P.be. 
14 Spura Peht, I. Yorke. 

13 14 

+ 
+ 

+ 
+ 

T.tal. 

15 16 17 18 19 20 

+ + + + + 14 
+ + + + l2 

+ 9 
4 
1 

+ + + 8 
4 
6 
2 
1 
4 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

15 Portll Rutf)dcl, hsl"8J 

16 Frulc. - Col de 1& ,.rela • 
17 Bollud - Cal] .. taMg 
18 BoI"Vq - J'o .... 
19 Bervq - Gaupae 
20 Bol'VQ' - Oalo 
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Table 5.3 Tetrastichwl adena reared trOll Mste other thaa hrttoM 

platretera in seed pede ot L. atrpiculatua~ 

Lecall't7 Collecti •• Date Helt Specio. T. 0140", 80X 
ad stage 

Balld.DgtoJl, Warricka 2.8.76 T. rufillWl pupa Mle 

2.8.76 B. di.t1aua pupa teul.o 

8.8.76 B. diotiau lam teul.e 

2.4.8.76 .t lc:Mva tealo 

24.8.76 B. diot1.au papa Mle 

24.8.76 E. diet1au pgpa temale 
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T. bruchophagi is widespread in North America (Butler ~!l. 1968) and 

has also been recorded from Russia (Nikolskaja, 1932), Belgium ( Crevecoaur, 

1946), Hungary (Erdos, 1956), Austria (Domen1ch1ni, 1965a) and Argentina 

(Burks, 1943) e In the U.S.A. the 1.Ilportant ho8t species are the three EurxtoM. 

(Bnchtmlwrtw) species ueoc1aW vita "ediOll!t Tritol1lP &lid LoN aDd 

there is also a recerd or secoDdary parasi ti_ or Hmera postica via l!!h

xalecte8 curW"oni8. European record8 or T. bruchophagi al.o cite E. plat

YJ?tera and E. roddi as the host species (Doaenichini, 1965b, Nikolskaja, 

1932). 

The lite histories or T. end!J!JU8 and T. brucbophagi also appear to be 

very similar. T. endemus larvae were reared as endopar&sites of E. plat;mtera 

larvae, T. rutinu! pupae and both larvae and pupae of I. dioti!DU8e Tbe !. 

!y'otimus larva which acted as host developed a bard and stitr cuticle, through 

which an exit hole vas chewed. Inside the seeds of L. cornicul.atus the T. endel!lUlJ 

larvae &lso exited from their host larvae before pupation, but did not induce 

the conspicuous hard cuticle. 

In L. corniculatus seed pods there are tvo genera tiona each year corres

ponding to the generations of its principal host, whereas Randall (1982) reared 

only one annual generation :from the seeds of JwJ.cus 8guarroSUS L. Mature larvae 

form the overwintering stage and in the laboratory produce adults between March 

and June. Adults or the summer generation -.nerge between August and October. 

Urbahns (1917), Butler!!.!l (1968) and Batiste (1967) have described 

the biology of T. bruchopbagi, and their observations cloeel.y agree with those 

described here for T. endemus. The orginal. account b7 Urbahns does however 

differ in some respects from the t1nd1ngs of the later workers, as he found 

thatT. bnchoph!gi V&8 usuall7 an ectoparasite, vith only. small proportion 

of the larvae developing as facultative endopara8ites. A possible explanation 

is that the host larvae may have been damaged as they' vere being removed from 

the seeds. In the case of A. loti an;y damage orten results in E. diot1mus 

larvae being expelled through the body vall, and this gives the impression 
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tbat the l.arn.e are '''''1,. .. eotoparu1tea. 

Feaal.e T, "N'm' ceD8iderabl7 outmlJlber the male., ad durilll the cour.e 

et tM •• t1ld7 .~ e1aht ot the latter wre obtaineel ... MI.e. were recerded 

rr. .neral llitel aDd reproduoU •• 1D t, map nat be pr1aoipall.)- pu1iheD

.... Uo. '!'here il ... melac. that a hipv preportioa .t .ale T, ..... 

were produced troa the a't7Pical he.ta thaD rr. I, p],trptta. At-Bul.ld.ac1;ea 

.iz 1'. ••• ad1Il te were reared be. ho.te other 'UI&D I, pl,tnt!J'a, .... 

ot which vere alea. Pi .... further JIIle. "... reared tN. E, pl,Vptm, 00.

pue4 with approxiM1Iel1' 13) t-:L ... The il fl.] (with Yate.' CorreoUoa) for 

the.e t:1can. i. 9.74, ad i. 81p1t1oaat at 'Uae ~ 1em, INt IIWIt be reprded 

with cauU •• becaue ot the ftl'1' aall DlDlbera et -.l.. that .ere reared. 

J'.J.aJM!era (1965) bu di.cus •• Inval otMr aup1e • • t parasite .ex raUoa 

ft171Dg with •• t apec1 ... 

T. mMub'd has been reared tro. B, p1 'tntera teecl1Dc 1A both Me 

991'1icml.atg ad Ie. 'emil ad troa other Ip;rt;tM specie. c!eftlopbc 1. 

Mt,". UIIl Mtdioap Ipp. (1nu1c ad OJrilce. 1959 u4 BaUate. 19(7). 

Seed aaapl •• obf;ejned tro. lIuDgarT ha .... a ... that t. el4wy v1ll al:.-o attack 

I. p1 Umttp 11& Ie. trm1. a.e. ( .. t-.l .. &D4 0_ Mle oellected 11l a •• ee! 

.ap1. at 'ape_ser, lIuDgarT, 1972 by O. Borao~ but aell.eoUeu .f Trltoliw 

at Ippln.rtb aII4 B1IJ..k1Dgtoa taUc te ext.d Ita Dova •• t ruee to. I, c1bbt. 

"'m'] M ap. C 

!t.err"g ap. C .. 1"MNd &I a puu1 te of I. p],tntera trea liz 

localiU •• 1a the U.L aDd tv. 1D lIctl'RJ (table 5.2). Delp1te ita widespread 

di.tr1batiOD W. apec1 .. 1. ~ 1DId.ucr1bec! ( .1.. hUek u4 M.W.R. 

On.bua, P .... C .... ) u4 apec1Mu haft bea depo.ited nth Dr. Gralwa at 

..... UJd. .... rIliV Mutna. Oxtord. 

Ia L. ceraSgp1a1M ped. !'i1n" • .,. C vu o~ reoorded troa I. pl,Vptm, 

aII4 dneloped .. aD ectoparulte troa eaa laid on the nrtaoe of ita boat. 
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At Fo •• oa, in 101'Vq, up to .oven egg. were fcnmd OIl •• holt lana. rternp' us 

lip. C oTel'V1atel'l as • lam. iDaide the leeds of L. cortiop1atg &lid it appears 

to be UJd. ftl. ti. .. lID adults were produced. troa current rear IMdI. '1'h11 speciol 

oeuld be a cudiclate for biological coatrol uMle, if .... _ent practicel 

chaJJce .. d I. platxotera becoael a put ot ecolllOllic 1IIportuoe 1D the U.S.A. 

!o u81.t v:l.th the idoat1t1oation .t rtenp"y ep.C an ilato1'Ml delcription 

1. prended below: 

haale 

Male 

Leagth approxlaataq 1."'" Head u4 ~ •• tall1c lNe .. 
hMra, 1114 ad hi. ttlb1u tuaou, paler H&r the j.llat., 
GaIter Ihort, about u loDl .. the tban.z, OJneul .tr1ate, 
.ballovl7 -.rg1Date &Dtel'1orlT. 1Uia1 •• tout, wid.Jd.Dc 
distall:T, v1th all ..... te, except 1IO_\1u. the tint, 
trau'nr.o. Pre_tal cell.r _t ~ uter1.rlT. L1u 
ot hairs Q =81'Ild. ot co.t.]. cel.l. cap1ete. Bual. .... in 
ha1r;y, with the bual. cell baT.lDg a tft hair. di.tallJ, 
MargiDll ve1D _rt, about .. lOBI u the po.~ ad 
1.2 x 1eDgth ot the .tipel 1"81Il. Mediu area of propod. .. 
• tr.DIlT reticulate, with a l&rp '1"8t1cu1..te DIlCha. 

S1-llar 110 t-.1., v:S:th 1.,. paler, ha1'iJll oJllT the t .. 1'& 
taacous • .btemwe _18 el.oIapte, p:rcnd.Ml tmd.a1 .... ate 
d1at1Dctl3' lollpr tha:a brHd, c11atal sepent.. nbq1IIdrate. 

C Parasites associated with Apion loti 
EntedOD diotilny! (Bp., Eulophidae) 
IIt!dg di!"p' is tile o.. ... t epec1 •• of it. , .... III the U.I. (Grabaa, 

1963) ad vas the .. at v.ldeapread ud JIIIMJ."'OU ot the pe.ru11;ea reared tre. 

,. 101.1 (tabl. 5.2). 

Sneral 'pig apec1_ haft beeA receMed u bDatI tor IaWpI epeo1 •• 

(for aupl.. P1ahe.r, 1m). Graha (1971) stated that I. 410" .. bad beu. 

reared rr. .eed pods of Ie. gorpimil'w &lid a TzU"', epeo1 .. , &ad BouCek 

(1m) ngeAed that the prepUl ••• were AWop epeei •• tHd1Jtc •• the •• 

p1aata. SenNl .tber hoat reco1"4l tor I. 4"V,' were li.ted b7 Bodek &lid 

AIPw (1968) u 'd8ubttul.' uad Gnha (1971) hu na.'1iecl tlaat ... • t tM •• 

~rdI IIq reter to I. hertrJ (Bat.,>. Morri. (1967) ... U ........ puu1tic 

~d' reared tra .&.. 1tM ad t.h11 ..,. a1M haft be .. I. 41tt'" &I 
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no other endoparasitic chalcidoids were reared £rom A. loti during this study. 

An Entedon sp. vas reared from A. loti by Williams (1969) vho also des

cribed aspects of its biology. This account probably refers to E. diotimus, 

but enquiries at the British Musem (Natural. History), Oxford University 

Musem and Imperial College, London have failed to trace any material reared 

by Williams, and this opinion cannot be oonfirmed. Williams also reared the 

Entedon SP, from ARion species developing on Rumex stems, but tvo species may 

have been involved because the insects reared from the tvo plants had slightly 

different lite-histories. Rumex stems collected at Bulldngton (18.4.79) vere 

found to contain Entedon pupae, but these proved to be E. Me' ois Graham. 

Entedon!2l1 Erdos, vh1ch vas collected in association vith L. cornioulatust 

is very similar to E. diotimuB and Boucek and Graham (1979) have suggested 

that it maY' be only a form of the latter. Erdos (1951) also collected Ente40D 

Mbs Walker (as E. montanus Erdos) from an area that oontained large quant-

i ties or L. C9rpieul,atus and suggested that an Amop sp. on L. 9Orpicu1aty 

Jd.iht be the Met. E. tgtJ.p vu preeeDt at GaupA. ill I.~ ( •• teu1e 

collected 19.7.79) ,but DO speciaeu were reared troa the A. lot1larTae 

collected at that site. 

E. diotimus females vere tow searching L. cornicu1atV t.lovers at 

Bulkington (26.6.77) and at Leirdalin Nol'V8y (24.7.79). Another E. diotlmus 

female vas observed standing at one end ot a seed pod, while a remale A. loti 

vas ovlposi ting into the same pod (Eppleworth Quarry, 12.7.78). Arter laying 

its egg the beetle disturbed the parasite, which new off Vithout examining 

the oviposition site. 

Beaver (1966) and Fisher (1970) have described three Entedon species that 

oviposit into the eggs or their Coleopteran hosts, vhUe Abedin and Quqam 

(1971) found that the young larvae or an Wl1dentif1ed Entedon species actively 

burroWed into the body can. ties or their hosts. Just hatched A. loti larvae 

already contained E. diotipms larvae, shoving that they are attacked at either 

the egg or very early larval stages. No E. diotimus eggs or larvae vere seen 
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ea the nrtace ot the hoat, ncgest1»s that the7 are probah:q placed iJlterull.7. 

Repeated Searchel were ~e 1n A. lot! .. a aDd lanae, but uatortaately DO 

eaa .t I, d1ei;1'P' were tcnma. 
'!'bree distinct, l.arnl .tapa were d.tected, aDd their -rphol.U Val 

toad to oorrespoDd clolel3' to the three l.arva1 iutara of E, trfliaa Wilker 

de.cribed b7 B_ftr (1966). F.lrat 1Utar 1anae et E. 4ittipa han 'bIIelft 

apparu.t ~ •• penta and a pl'01I1DeDt held. There 1. alao a proJd.unt plate 

o. the nrtace ot tM 1ut aepeat which bean .enral1 •• Ipines &ad then 

are ..... ral rovs ot short spines prej.o~ b&ck.varda tre .... ot the ~ 

I._tal areu. Secoal aJIl t.Jd.1od iutar lanae are tda11 ar to eaoh ether iIa 

.... ral appearance, h&T.IJrC • --.1;h cuticle aad th1rteea boc1J ..... aw. SecoM 

iutar lanae are lIOnetheless .. 11]7 diaUJtcu1ahed lV' the lack .f Iclero1'4.aat1oD 

of the ...siblel. 

A, lot.1l.arvae were d1T1ded b7 .,.. 1Dte three 11 .. clul .... tM buil 

ot t1ae .1_ ot th«lr head capnl.a. !he coateata et tbe lanae nre .. at DAd 

ad the bataN ot .. E, dio1;'.' lanae vee recorded (table S.4&). nnt 1nltar 

lar't'U vere t01lllll 1a all three alMS ot I.. loti larn.e, vhereu the '808m 

ad third paruite iDatara were eftecti~ reetrioted. to the .It .tare bolts. 

The lanae collfi1Jmo to grew cIar1IIs all three iutara (table 5.4b) J lmt develop

... t ls .:Lw duriJtg t.h8 fint lutar. BeaftZ' (1966) tftII4 tllat I, mM lanao 

haft a Ii"] ar pattern ot dne1o,..at. The wtrateg .t I. 41IW." 11 olearlT 

... caue &8 11 ttle c1aap &I posl1bl.. to the .It bettore 1 t hal reached a 

aile tbat 18 sutt:l.c1at to slIJ'PCI'ri the _tare lana. The IInlt iate • leo.Dd 

iutar lana, ad the phase ef rapid £rwth that tell ... , occur at about the 

u.o ot 1ihe .ate ..uLt iJlto • tId.rd 1DItar. The NUOn tor uterillg t.h8 host .t 

.. ear~ ltage 1117 be beease 1t 1. _0981&17 in erder to • .,.14 ucapnlaUoa 

am coapet1t1 •• with ectoparuitel. IarlT ~ 11 • t. __ .t .at .~ 

uitic iUect. (Aakw, 1975). 

The.ud1balar aa1 ... t1aat1 ••• t the three iBat&r. et E. 4it'&1 .. retJ.eote 
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Table 5.4& The 1ar'nl iuta.l1tor hdedtp dio1i'D' iMide Apig It!1 
1arn.e or dittereat ., ... ApiOR ~ vere coUected at 
Eppleworth QUarr7 between 14 AUCUt aDd 6 Septeaber 1m. 

E. diotillwp 

larnliutar 

1 

2 

3 

Est1Uteci A. loti 1arnJ. iutar 
123 

2l 

o 
o 

20 

7 

4 

15 
56 

143 

Totala 

56 
63 

147 

Tab1e 5.4b Lengtha ot late4ta dittim larn.e obta1M4 tr •• Apio. ~ 
lana. ctilected at Ippleverth Qa.a.rrr betv ... 14 August aDd 
6 Septeaber 1m. LeDgtha vere aeuurec1 attar 1ewri.. a 
COftr-alip onto the paruite l.arn.e. All leDgtha are in _. 

I. !U1~aua I1UIIlber of Mean bedyl8111th MuiIlUll MiD1na 

1arnliutar ~nta ± 1 8.D. toDgtb Lueth 

1 26 0.56 ± 0.19 0.96 0.26 

2 17 1.13 ± 0.21 1.59 0.85 

3 28 1.86 ± 0.35 2.60 1.23 



1a agree.1ye eJlCOllD't;en nth .ther B, d1et;'m lana •• Tw .r 8ft. three 

l.arvu were occu1o~ recorded iMid ... boat, but no .ore thu o. aeoOM 

1Utar lana ... ever reoorded, ud there were _ recorda ot two paru1 tee 

81ICoe •• tul.l7 develepiDg OD.M boat. BUm.tioD ot npermaeri.1 IIq haft 

be •• through d1rect t1ghtUs, bat pquololioal. nppre •• ion ., al .. haft be .. 

1Jm)1 Ted, (Piaher, 1970). 

aeoom 1utar lanae feed ....... lOner ti .... of their .Ite ud haft 

veakl.T lolerot1led .ud1bl. ... vb .... tbo.o or t1Dal 1utar lanae are oao • 

.ore .tro~ .oleotiled. Thea. are lIHCleel d1D."1Jac the t1..:L tutU' beO&UlO 

the 1&rft. 4.1'tro7I tho btenal erSUI ot the boat, &lid it IIUIt al .. rupture 

the cuUcle of AI 10 •. ~ .rder to "rae prior to pupation. 

Paru1t1aed .l. loti l.anae appear to teed -1"M1l7 &lid 40 _t IMw ~ 

ward a1gDI ot the preeeaoe .r Ie ditW • .tU ebtrtl1' betore the puu1te 

lam eaergea. Du:r:lJIC thea. later etapa the boq ooateata ot the boat are 

rap1d17 oelllUaed aDd .~ oliQ" th8 head capnl. &lid cuticl. NMin. 

After _erg1Jtg troll ite holt the lana produce. a briaht -ruse _cold._ aDd 

eatera a abort p:ze-papel pW.. '!'he JIl6'1I12P& UI1DI.. the geaera1 .ape or the 

papa ad i. ,,111 to 1.D colour. TJae M1"ft1I8! td.11IWt 1D tile head i. bright red &lid 

the braiA, a pair ot co-..laurea, ud • large oepha11o cuello. are ~ 

d1epl.qed. 

!he papa ot Ie di'';1.' i. &'Jmlar to thole .t .ther _.bera ot the ,0_ 

aid hu & .troDl, barel, bl.-..blaok ~ I, di,1;'. i. alao.t ~ 

1Ud:..,1 t1ae ad the .. pupa. tora the OT8l'V:l.JrHrillg .taco. Vb_ the L. cond.ma1'tv 
pod8 deld..ce tbe pupae are eJected ud tall to the srea4e TheT rl sin OIl the 

nrt&ee, where ... w1ll beoaa covved b7 leaf' l1tter .tc., uad CI.D be obtained 

b7 neUo •• np1'. tollovecl bT bull .ortiJlg. 

OIl two ocouiou B, dip1;'.' lanae taUec1 to de.tNT the holt l.&r't'a 
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betore 11; began to papate. Both parui tee IUcce •• ~ ... rged tro. the !. 

ltJi1 pupae but tomed pupae which vere "f'181blT detoraed aad did _t aur"n:ve. 

ODe adult ..:I,e B. dioYm aaerged 1a 1m fro. a pupa coll.cted in a 

currea1; ;rear L. ctrJd.culatus pod, aDd collections 1. 1978 -Cain produced ODe. 

«nmple (a teule) ot B. dio1;1. t.111 • te enter diapauae. Both adults ha .... 

80M .'tructural teaturee which are a'tJpical tor E. dicptiay. The JUle baa a 

.troJtCl7 arched tbDru: &Dd a scu:tell_ With • part1al. traunre8 croon that 

1e U1JIMtrical. ud ...... The t-..18.1. U1IDftIl.l7 dart, With the areol •• 

ot the .e ... cutum aDl ecutell_ rel.a1ii~ broader aDd .hall.wr thaa ill 

'bJpica1 spec1aeu. There 18 ap1D a traDnere. depre •• 1 •• aero._ the .cutell_, 
ad tile uteaaa are ~ .bort m:l broad, vith the tir.t taicJ. ••• pent 

quadrate &lid .. rter thaa the .eco .. 

0Yerv1ateriJIg E. !Ii'" w pupae require a period .t cold oo.u. t.i.DiJIc 

betore di.paUS8 1. tend.Dated. Pupae kepi; eutdoore duriJIc the v1a~.r produce 

ad1Il te tro. the follov1rlg April, bit ., ad\1l ta are pre4v.oed 11 'Ule pwpae are 

kept 1D the ~rato17 through the _e periecl. Thee. pupae &ttea reu.:I.D heal tbJ 

.. C&Il produce ad11l te atter 18 _Dt1a8 1a diapaue 1t they are upeled to cold 

duriJIg their _ecoad v11ltv. !he nee ... rate 1. none:tbele •• oou1derabl7 lover 

after u erlra ,..are cJ.eJ.q. 

Adult E. di'X'n vera collected be ...... Mq ad Septeaber (tabl. '.5 
aDd ,.6). Mal .. are •• t abundaat 1a 3ae, With t-.1. •• reachiDI tau peak 

.. bora a .oath later. !he earlier appearuce ot the 1111 •• 1. a tat1l1"8 .t 

..,. speci •• ot Cbalc1do1d ~ra' (Aakew, 1968). hMl.8 toraecl appre»

~tel.7 ~ .t the adults that were collected, but reared .. terial ceata1D8d 

equl. proportiou ot the two .8X8I (tabl. 5.7.) cd tld.. ditt.reac. ~ refl..ct 

a l'Dger lit. Ip&Il 1Jl the adult t..:1. ••• 

(B1a., Pteraa1ida.) 

T. nN" 1fU the _et IIUM1'OU ot the ectoparuit.1c epec1 .. reared f'roa 

1e 101;1, ad occurred at aU the II1tu ... ,W'IIe:N exteui:n napl111C toek place, 

(table ,.2). 
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Table 5.5 Recerda of adult htedg di,t1m cellected ift the U.K. b)' 
sweepi. or v:l. th a n.ctioll 8Ulp1.er. 

Leca11't7 Date luabera 
Fewe Male 

Bruab;y C .... Il, Lilles. 2.8.80 3 0 

BalJdJIg'WB, Warvicks. 26.6.7'1 0 1 
21.7.80 1 5 

Crowle 1iute, LiIlC8. 31.7.78 0 1 
2.8.80 1 0 

Epplev.rth QuarI-7, E. I.ru. U.7.71 1 0 
22.6.78 5 3 
7.7.78 2 1 

'Z1.7.78 1 0 
naaber.lIgh, H. Yorks. 5.1.78 5 :3 
Goulceb)', R. LillCa. 1 'Z1.7.00 1 0 
Ha.al. Quarry, E. Iorks. U.5.79 0 1 

2n.6.79 2 1 
10.5.82 1 0 

Ho.a, Laica. 2.7.79 2 0 
10.6.80 1 2 

Laagdale End, R. Ior~. 14.7.78 1 0 
LlaIagn1 til Burrows, Gover. 8.6.80 2 1 
Berth lfevbe1d, E. Yorks. 6.6.79 1 1 

S~be~, H. Yo~. 5.7.80 6 1 
SUp!» Qu&rl"1, !f. Y.rke. 15.7.78 2 3 

16.7.78 1 0 
Uat ftl".i t1 Cupws, Hull 18.6.79 0 1 
WharraIl Qu.rr7, I. Yorks. 2.6.80 0 4 

9.6.80 9 14 
2.7.80 6 0 
8.7.80 1 0 

U.7.80 :3 0 
28.7.80 :3 0 
4.8.80 3 0 

18.8.80 2 0 
26.8.80 1 0 
1.9.80 1 0 

T.tala 
1 Collected by ReS. It.., 

68 43 
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Table 5.6a s.u.ry or recorda or adult EDtecitD dioti. collected in 
the U.K. b;r sweep1Dg or with a nctioD aaapler. 

Month Eatedg 41'u'" 
F...:l.e 

1 

20 

36 
10 

1 

Totals 6i 

Table S.6b Recorda ot adult Eat!4p dioMs collected b;r eveepi._ 
Record. rr.a out.ide tM U.K. 

Local1V Date labor. 

Male 

1 

28 

14 
0 

0 -43 

Ftule Male 

Fraace (PJreIleee)l 

C .... st. Lar.r Seulaa 

Vall.. d "ure 

lforvq (Jo .. tedalen) 

'.1 .. _ 

Loirdal 

lCenected b7 M.J. Cnppa 

11.8.80 
21.7.80 
25.7.80 

24.7.79 
16.7.79 
19.7.79 
6.7.81. 
4.8.79 

0 1 

1 0 

:3 0 

1 0 

2 1 

:3 3 
1 0 

1 0 
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Table 5.7& !be sex rati .. et, adult Iptedg din' ... erg1. troa· JRIPU 
ia spr11tg, 1m. :r..ture stages veN reared u parultes et 
Api. ~ in L. C!1'Iicul.atv pods collected at Bul.ld.JIgtoa, 
Warvicka. 

Collectloa Date Adults FaUed to 
r-.l.e Male EIIerge 

9.7.76 7 4 5 
8.8.76 22 19 6 

16.8.76 24 31 2 

24.8.76 14 18 1 

30.8.76 6 2 3 

- -
'fetal. 73 74 17 

Table S.7b The.ex ratio • • t adult Tr19bee'Y 1"It1agI reand u paruite • 
• r Ap10alGi ill 8eed pede .t L. 9!£IiC!latv. 

Ulli ted K1D&d
Bn1 k1 agtoD. 
Caulde. Love 1 

Epplewrth Quarr1 

Hui;to. Crusv1ck 

Pertbae1gan2 

Rervq 

Fosse. (Jostedalen) 

Olle 
Total. 

FeMle 

lS 

4S 
17 

2 

24 

22 

6 -
134 

Hmaber. 

lCellectecl bT D.!. Jene8 ud T.l. Orawterd 

2c.l1ected b7 a.s. ICe,. 

Male 

9 

31 
6 

5 
5 

22 

o -
78 
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Adult paruite. attribw1tabl. 'to both T. rgtiau ud T. i .. p' (Walk.r) 

vere r.ared tru A. leU, but ditticul.ti •• are •• 1 ••• paratiJll KJV' or the 

.pecia .... I. GNbul'. (1969) ke7 'to the apec1e. ot 'l'riclMp.'p, T. rutilu! 

..a T. 1atP' are .eparated •• the baai. at the celour et th.ir tare- ooxa •• 

81*'111 ... wi t.h t.re-cexae Tell.v/ta.tao"_ .r iatucate at the extr ... bu. 

are placed AI iMp' vhU. the •• with at leut the Guter oexal. tace •• UNIT 

_taJ.ll.c gre •• are placed AI nAp" While att..p'tiag te •• parat. reared 

.m .. • t th •• e tv. 'plci •• it becaae app&reJlt that _ di.crete din.iall .t 

t.re-ceDl cel.urati ..... pre ••• t. A cellpl. •• IpIcVa tN ••• tirelT Tellov 

w •• tlrelT gre •• ottea occarred 1a .pec1lleu reared tre. th. .... .i tee 

Table 5.8 n.ar1 ... the eb.UTecl ft1"1at1oll at tiTe .ite. vhere '1'r1.ohU'l. 

V&I ab1uadaat. 

Beiag uable to t:l.lId. ~ .t.her character. oa vhich te .eparate the •• 8plci •• 

I ceanlW Dr. LW.It. Grahu, VAtt coatil"lled that tlll7 1I.re .eparated oa the 

'ball. .t c.lour aloM. A. thi, appearecl uarelJ.abl. ... iB th. ab.... ot ether 

_rphol.g1oal dittereac •• , I bel1end. that there vere _ greUllde ter mat

a1a1J11 thi. din.i ... A, 1:oth ..... v.re pabU.hed i. the .... paper (Walker, 

183S) I prepo.ed 1'J1fipI .. the ....:Lid ... ad t1Iat 3 PeP' .bould b. regarded 

u a juaiel' -r-.,. (Ceaptea, 1981). 

T. rpfi", vu t:lr.t reared u a paruite ot At loti ~ Richard. (193S) 

ad th1. I'wtieuh1p baa al .. be. reported b;y BeueH (1977) ad bT W1ll1 ... 

(1969) no al .. de.cribed the llte-h1.to17 .. l.arnl. -rp-11 et T. 1'J1fipI. 

R1olw!'d, (1935) al .. reared T. 1'J1fipI trn A. 'icardi ill 'eed pede et ". 

ll'A ... i., ad tbi ••• t "COM _ ceatUMcl b7 tu .. rp_e et tve t.al.. 

L pCP' trea L. p1ic1 ••• peda oell.ctec! at GMdv1ck, Peabrek •• )dre. 

TM l.anae ot T. nt'm deftLep .. ecWpal'ui tel •• the .tv. larn. 

ud pupae .t A. leti. Thq _teh tN. e". tat are laid late the ,eaval 

1,... .t the .oed pecla .1', _re rarel.T, tr.. ea. that are pre.eat •• the 

nrtace ot th.U •• tIt. OYipo.lt11tc teul •• do:!_' appeal" te ~. petatial 



- 162 -

Tabl. 5.8 eelour variatio. ill TriMpp1us ruf'1mm adults reared trom 
Apio. ~ 

Colour or Fere-oOD. 
Local1t7 Su EDtirel:7 IDtermecl1ate 

"ellow 

Bul.ld.l!IgtoD Female 4 
Mal. 1 

CauldeD Lovel F..ale 1 
Male 0 

Epplevorth Female 0 

Qaarr1 Hale 0 

Perlhae1gaa2 Female 0 

Male 0 

Fos.eD Female 2 

(Iorvq) Male .3 

Totals 11 

leoneoted b7 D.!. Jones ad T. Cravf'ord 

2o.nected b7 ReS. ltq 

4 
0 

8 

5 

.3 
2 

0 
0 

1.3 
6 

Al 

Outer aspeot 
•• t1re17 groeD 

18 
9 

.36 
26 

14 
4 

24 , 
7 

1.3 

156 

D 

26 
10 

45 
.31 

17 
6 

24 , 
22 
22 

208 
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ho.ta ad the JeUIII puui te larrae ~ haft both to tiDd, ad to nbciu, 

th.ir T.t.cti... A, 1ft! l.arYa. that ue attacked by T. rutiw quick17 cea.e 

tttdbg and .nea d.mop a blotclV" 'bruised' appearaac •• n.ch ad Rutkov.ka _ 

O.trov.a (1978) .haved that t.-.l.. Tr19bw'v wt.gtu (Walk.r) u • • tiIt-

1Il.ated to oT.t.po.i t 1ato rapt •• ed pod. b.T the pre •• IlC. ot tra.. produced b7 

third iutar larft • • t CeptitrrlqloiM y"p1H. (Pqkull) ad a .1.nu 

Viger patten UT be opera1;1Jlg vith t, pOP'. 

At Epplwerth Quarr7 1', ntip' lame tint appeartcl i. L. otnd,culatM 

ptd, duriJil Jul7 ud A,ugut (tabl •• 5.18 aal 5.19). After t.td1., vu c.1Ipl..ted 

thtat tul1 larYae qu1ckl7 pupated ad the ttr.t adul ta v.rt preduced 1a 

A,upet. W']11 ... (1969) recorded that pupati •• ia T. ntiBy luted 4 - S v.lks, 

but 1a the pre •• at .'tud1' it V&I tOUJld tbat papae kept ia an UJlheatfd reoa 

could prt<lllc. adultl atter .. t_ u tiT' dq8 aDd uaual.l7 to.k 1 ••• thaa 

to. Th. vhe1. lit. qcl. caa pnc.td TU'7 rapidly ad 0 .. T, rnf'ml! ea 

etU.cttd at Bul.ld.JIgtoa .a 1.3.8.75 hatched t.ht aext dq ad had prtduced .. 

adult .1Il7 toun ••• dq8 later. 

Me.t .t the larn.e prtclUOtd late 1a '\he ...... 'Ilter diapause u4 do .t 

papaw UIltil the t.UowiDg SpriDg. Adults u. u alteraati'f" oftrv1llter1JtC 

Itagt,boveftr, &ad C&Il be preduced at late .. Octtbtr. III the labtratol"1onr

viJattrtd lana. produced adult. dur1Jlg Mq &lid Ju •• Me.t ad.:Lta v.r. ctll.c'ttd 

ill the tield chari. J\117 ad A,qut, but ""rds tr.. the vest c.ut ot Britain 

1JIdicate that T, rgt1MI caa be actin u -.r~ u April (tabl. 5.9). Grabu 

(1969) coll.cted aap1. .. ot thi •• 01 •• c1uri1lg Mq ad b.tve •• S'pteaber 

ad .. naber. Coadderabl7 -" t..:a.. tbaa ..:1.. T. rpf1. v.re reared troIJ 

A, let! (tabl. S.7b) ad w.. high tealeaw. rati. vu al •• pre.eat --1lI.t 

the 8pfc1a... ctll.cted u adl1lu. 

Tr1£h"'lV 9''P'.W1s (Walker) (Bp" Pttrnal1da.) 

1 tttal .t 14 T. "'P'etri. adUlt. (12 t-.1 •• , 2 11&1 •• ) vert reared u 

parul tea ot !e loti t:ro. L. omd,gl,tua poda ctllecttd at Vharraa Quarr7 
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Table 5.9 Receris of adult trichp,'. rgfiP' collected bf sweep netting 
or v.l th a suction saapler 

Local1V 

UDi ted KiDgdoa 

Aberttrav, hgles8T 

Barrev HaWD, Lines. 

Bal.ld.Dgton, Warv1cks. 

Crewle, B. L1ncs. 

Epplevorth Quarr7, E. Yora. 

naboreugh, B. toru. 

IJ.ugemd. th Burreva, Gover. 

Spurn Pebt, E. Yerks. 

Wharraa Qaa.r:r7, N. Yorks. 

Fraaoe 

Vallee d'!ure, P)'reneea 

XGl"VIQ" (JGstedal.ea) 

Faberg 

'o.sell 
Gap .. 

I1gard 

TetaJ.. 

l Collected b.1 R.S. 187 

2Collecteci b.r M.J. Crippe 

1 

2 

Date Habers 
Feule Male 

9.6.79 1 0 
10.8.90 0 1 
21.8.77 1 0 
25.8.80 1 0 
13.8.78 0 1 
5.7.78 1 0 

2.3.4,.81. 1 0 
9.7.78 0 1 

28.7.90 1 0 

4.8.80 0 1 
9.8.80 0 1 

26.8.80 1 1 
1.9.80 0 1 

22.8.80 1 0 

22.7.79 2 0 

24.7.79 2 0 
16.7.79 1 0 

19.7.79 2 0 

24.7.79 1 0 

4.8.79 1 0 

6.8.79 1 0 

- -
18 7 
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bew ... 30 JTil7 aai 28 Auguat 1981. Aa addit1oD&l apeo18ell, pe •• ib17 of th1 • 

• 01e., vas reared tro. A, loti collected at B1Illd..lIgtoa •• 21.8.7'1. Mo.t 

T, H!'P',tr1. haft a dark di.cal cleM Oil their fere-v1Jlg. (Grabaa, 19(9), 

but tid. Va! ableat i. aU the uupl. .. reared tro. A. loti. PreYieU8~ re

cordeci M.te tor thi. 00_. epec1e. an A, loY. ad .. Apiop ep. 1A 'l'ritolig 

1atl.re.ceue. (I • .oak, 1m), A. NTlPP' (Mel .. ed.~jar, 1970), ... Apiop 

'P' ill Rga!x .teo (Askew, 1970) ad a Qptbomchua .p. 11l •• oc1 head! of 

Thl!p1 H!!Me L. (Bou~ek, 1970). 

Adul i taul.. are ... nrv1ateriJlg .tap tor t. CYp!'tr!' ad the •• 

are &oiiT' &8 ear17 &8 April (table 5.10). SpeOWD8 coll.cted at Wol"" vere 

eholtoriDg •• Cb'I'!C1pI11.' lav!oI.i'" Murr. :la ceIIpUJ with toul ••• f 1. 
h!l.yipt., a epeo1 •• vh10h allO oftrw11lter. 1D the adult .tag. (Grahu, 1969). 

TricbW'M helyipe. (Walker) (B;yD.., fteroa11dae) 

T, h!l.y;lp!' vu the 1eut abadaat ot the '1'I'i?b*' M epeo1.. te1Dld to 

parui t.i •• A. l.ti. Larfte vere pre.at :la .eed pod. collected at \IU.rru 

Quarry.D .30.7.81. ad 11.8.81 and tbrM adult teal •• ad appeared by late 

AlIIUt. PreT.1.U8 •• t recorda t.r th1. aspecte. are ot Brachy!m »'.t4 p~ 

u! , Api,. 'P. denlopiag 1a aeed hM4a of '1'r1f.l1p (Grahaa, 1<]69). 

!rnwz' t141g (Walter) (1f1ae, hl.ph1clae) 

!vo teMl. k"t"'P' t.i4iv were reared a! parui tel .t A, loti in It. 

H£I1qp1atv .oed pode ..:u.cted at WbIrrIa Quarrr Oil 30.7.81 aa4 U.S.8l. 

'!'he prn1o~ recordeci 1Io.t! t.r th:i.a apeo1 •• aro beetle. of the tudll •• 

C..,....u.dae ad Curoul.iold.dae (!nOR, 1m) ad it ha. bee. reared rro. 

Aplg umn" Weack. 11 111'Ul (MeluaecWladJar, 19?0). 

Mum, ap. (~, BracoJd.du) 

'MMP's, 'P. vu r.recl a! a paruite ot A. leti at tour 1.cal.1Ue., but 

.t tra .itMr B1iI.kbctea.r lppl. ... rtA (table S.ll). At leut 'eTe. AWp 
1p8C1e. Jlan bee. reoerded u •• w .t triypi, epp. (Bertna &lid J.U1'dhn:U, 
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Table 5.10 Adult trieho". cype'tr1s CGlleeted b,y neeping or with 
a suction eaapler 

Numbers 
Location Date Feule Male 

UDi ted KiDgdoa 

Barl'W HaTeD, Lines.1 

Bride.tenes, H. ~orks. 
Bul.k::I.DgtoJa, Warvicks. 

G1bralter POint, Lines. 

Rhesne1gr, hgle.e7 

1Iharraa Quarr7. Yorks. 

Vol vq, Varvicks. 

De.ark 

Jf;JII:lDdepb, Jutland 

France 
2 Valle d' Aure, P;yrenees 

Totals 

1C.lleeted b,y R.S. Key-

2CoUeeted b,y M.J. Cripps 

10.8.SO 
20.8.78 
'ZT.4.77 

15.5.77 
15.9.79 
10.6.79 
1.9.80 

20.4.79 

22.8.80 

1 -- 1 

1.3 -
2 -
2 -
1 -
1 -- -
- 1 

- 1 

20 :3 
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Table S.ll Triypi! sp. reared trn Am,; ~ in 8eed pods or 
L. coraignl !tv. 

Locality' Collection Date Numbers 
resale Male 

1 
CauldOD Lon, statts • 19.10.72 20+ 20+ 

Crovle wute, H. Lince. ~.7.78 - 1 
HutteD Oraasvick, E. Yorks. 19.9.79 6 4 
W'harraa Quarr7, H. Yorks. U.8.81. 2 1 

28.8.81. 3 :3 

lcollected b7 D.A. JODe8 aDd 't.l. Oravf'ord 
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1973, Bu._, 1946, Lacatun.!! Jl, 1978, te .... Jd., 1955, &Dd Melaaed - Madjar, 

19'10) ad the i.ature stages ot repr .... tatt.,.. ot thi. eeau han beea 

d .. oribed bf Obrtel (1960) &D4 Paraell. (1964). Triypi. eees are laid iato 

the .a' ot their host ad!arabllll ad Cbut (1961.) ha ...... ee.ted that 

L thtraciCUf (Curtis) 'I'Iq require •• te which burT their .a. be .... th the 

nrtace of plaai; tiuuea. rA. lanae dnel.op .. adeparui tel &D4 atter d ... 

tn71al their hoate tbq pre4uce a chazoacter1.tic 1 .... eoeooa. Spec1aeu 

reared 1'reII A. loti qui~ papated aai produced adul. t. betveo 'quat ad 

October. Parael.l (1964) teUJld that t. 7 mcurellv (lee.) acbiLta al.o eaereed 

late 1a the ...... , but beliemcl 1t val 1 kel7 that thq .nrwilltered as ad1i1. te 

ad neg •• ted that the1 a:r attack ... other specie. which hal .. 0.,.rviJlt

er:1JlS ell .tage. 

1Dapl.. .r a •• com triApi. !pOc1.. (di.tiJIpi.hed bT 1 te 10.,or 0'91-

po.1tor) were reared tON MtoUp .eed head. ooUect.d at Bul1d.agton (22.7.78) 

ud Epplewortb (4.9.78). 

Bract' ap. (u,.., BraeoJd.dae) 

, 'total or tea 810.1;& 00000 .. were t01Dld ill .... ciatio. nth the ra-

.. te or A. loti 1arn.e 1a L. a rR",'" poda collected at Balklagtoa on 21 0 8.'71. 

Lanae • .,.rv:lJltered iJUdde the OOCOOJUI am ill 1978 t1 n Br&C!I ap. .al •• 

IUCce •• tall7 eaerpd. AD. A. loti eotoparulte oollected at Ipplwerth on 6.9.71 

produoed a .1 wi' ar ceoool&, but 1 t 410cl betore pupatilll u4 1 tI i40.t1 ty caD

.t be coDt1rlled. _ spec1 .. arelalown _h.l1 as paruite. ot Lepidoptera 

(tor UUIple Shav ad .latew, 1976b), bIlt aDOtlMlr BractP ale vu roared .froa 

Ruaa .tea iallabited bf AWplp8Ciea (Co .. 1& oellooted at B\Illd.JllWD 18.4.79, 

precta.c1J11 Ul ad1l1t bT 3.5.79) aid Laoatun.d 51 (1978) han reared Bracop 

ftriator (lee.) £rea !pig aw. clOftlopiJtc Oil Mt.". E!p!M. 

D PoJnhapUI pa:ru1 tel 

JfamMJJr!. J!liwm. (Rets.) (lf1ae, hpolaidae) 

Mo.t puh118hed &Ooo .. ta prior to Grabla (1969b) reter to thi. .peciea 
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as Eupelmella vesicularis (Retz.). M. vesicularis 1s an extremely polyphagous 

parasi te and has been recorded from a wide variety of insect hosts (Gahan, 

1933, Mueabeck !!!!, 1951). More recent host records include Scol:tu8 

pumaeus (Fabr.) under Ulmus bark (Michalski, 1973) and a Tetramesa sp. in 

galls on Phragmi tes australis Car. (Boucek, 1970). In addition to specimens 

reared from L. copnicu1atus pods, M. vesicularis \l&S reared as a parasite of 

an Apion sp. in Lathyrus pratensis seed pods (collected Hutton Cransvick 11.9.79 

and Hessle Quarry, 23.7.78) and from galls of Aulacidea hieracii (Bouche) on 

Hieraciue sp. (Spurn POint, 28.8.79). 

Male M. vesicularis are f\il.1y vinged, but females are brachypterous. 

Females can reproduce parthenogeneticall1 and considerably outnumber males 

in European populations. In North AIIerica, vhere this species is probably 

introduced (Boucek, 1977), reproduotion is entirely by parthenogenesis and 

no males have been recorded. 

In the United States Neunzlg and Gyr!soo (1959) reoorded M. vesicu1aris 

as a parasite of Eurytoma platzotera, and in the U.K. Williams (1969) reared 

it as a Jvperparasi te or Apion l2.:Y. via Tric}p.malus ruf'inus and an Entedon 

sp. These records have been confirmed and M. V8sioularis has also been reared 

as a primary parasite ot A. loti (table 5.12). Adult insects vere collected 

trom May to August, with both sexes represented'bhroughout this period (table 

5.13). Most ot the larvae oolleoted in late summer entered diapause and did 

not pupate until the tolloving Spring. Some individuals pupated quiokly how

ever . and aclul. ts oontinued to be produoed as late as Ootober. 

M. vesiqularis vas reoorded from L. oOrn1gulatus pods at most ot the sites 

where samples vere taken (table 5.2). Densities were always very low,hovever, 

and this appears to be typioal or M. vesicularis, as similar results were 

obtained by Sorenson (1934), Abu and Ellis (1975) and others. 
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Table 5.12 Host records or Macrppnra D8ima'!'r\' iMide seed pods or 
L. oorpigpl,W. 

M. ulima] .rt. aex 
Boat Species Host Stage F.ale Male UDkDown 

Ap:l.OD loti lana :3 - 1 
Ap:l.on loti papa :3 - -
btedon d1et1as lana 2 1 -
Eatecion d1ot1Jm8 papa 2 1 -
Tricho.a1l18 rut1mIa lana 1 - -
Earyto- pla1i1Ptira. lam/pupa 10 - -

- - -
21 2 1 
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Table 5.13 Records or adult Macna.epra Dlicular1s collected by sveeping 

Loca1iV Date Female 
H1DIlbera 

Male 

Um ted KiDgdom 

Aberttrav, ADglesq 9.6.'19 - 1 
Aakbaa Bog, Yorks. 2.3.8.80 1 -
Bal.ld.Dgton, Warvicks. 24.7.80 1 
Crowle Wute, Lincs. 27.5.78 1 -

30.7.78 1 -
Epplworth Quarr7, E. Yorks. 22.6.78 1 1 
P'luborough, H. Yorks. 4.7.78 8 -
SC1Dltborpe, L1Dca. 11.8.78 - 1 
Stone Creek, E. Yorks. 7.6.80 - 1 
Wharra Qaarr;y, H. Yorks. 12.5.80 1 -

29.7.00 1 -
9.8.SO 1 1 

DeDlUlrk 

Bebjerg 2.3.8.'19 2 -
Rold Forest 17.8.'19 2 -

18.8.'19 1 
Ulb3erg 19.8.79 1 1 

20.8.'19 1 -
UDi ted states or Aaer1ca 

DiDosaur State Park, Co .. .3.5.SO 7 -
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pteromalus sequester Walker (HYm., pteroma1idae) 

P. sequester vas reared trom L. corniculatus pods at a number of local

ities {table 5.2),but vas apparently absent from Eppleworth Quarr.r. E. platy

ptera vas found to be the pref'ened host, with A. loti the onl,. other host 

species recorded (table 5.14&). 'l'hree speo1Jlena pro'babl1' conspecirlc with 

H. S!QUester vere also reared troa a lu:ple or Lotus teDUis seed sent from 

Kunpes zer in Hunp.ry, but the host vas not established. 

Parnell (1964) reared P. sequester as a parasite or three Coleoptera 

species in the seed pods ot gorse and broom and has described the immature 

stages and llke-history ot thislpecies. He found that P. sequester had two 

generations each year on gorse, but onl1 one on broom. One generation each 

year may also be typical ot this species when it is developing on L, corn1cul,atus , 
as no adults were reared before late August, which gave little time for the 

production of a second generation, 

Adul t P. sequester are present throughout the summer period (table 5.15&) 

and most specimens were collected from gorse bushes. Parnell (1964) found 

that Ulex was the most important host plant tor P. sequester and this 

was also the case at Bulldngton, where large numbers were reared as parasites 

of ARion ulicis larvae and pupae (pods collected 22,7.78 and 5.8.78 produced 

26 temales and 26 males), P. sequester vas also reared from BrucMd1us ater 

in broom pods (one male produced from pods collected on 28,8.78 from a 

quarry north of' Stoney Stanton, Leics.) and trom seed heads ot a TrifoliuJD 

sp. (Bulk1ngton, collected 22.7,78, one temale). 

The P. sequester speCies group also contains P. cionoblu8 (Erdos) P. act 

!popterae (Hedq'd.st)~ 'and P. medic8 g'Ms (Gahan), (Graham 1969, Hedqvlst, 1977) I 

P. actinopterae bas only recen~ been described (Hedqvist,1977) and the onl,. 

confirmed records ot P, clonoblus are trom Huncar1, (Graham, 1969) although 

specimens from Andorra agree very vell with the deSCription (three temales, 

tvo males collected at S",-Julia on 'Zl and 30 August 1980 b;y M,J. Cripps). 
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!able 5.14 J1enw'. IIPP. reared tro. seed ped8 et L. 9Orp1cp1atv. 

a J1.ereel M sequester 

Local.1't7 c.necUe. Date Holt Speciel 

Botanic Garde_ J CottiDgha 1m E·. plat)'ptera· ; 
Bulld..Dgton, Warvicks. 25.8.75 A. leti 

31.8.75 !. platJpt.JI: 
2.8.76 A. leU 

16.8.76 E. p1&tJpteza 
1 19.10.72 Caulden Love J Statta -

Spana Peint, E. Iorka. -.7.81. E. platJpteD: 

b Pte.,.",'. chrDol 

Local.iV ConectioD Date .at Species 

Bul.ldJIgteJl, Varvicks. -.7.76 C. capo.1 tell.a 

-.8.76 C. oo •• i tell.a 

-.8.76 Scabaa 
eucesa1daraa 

-.8.76 btedeD dietiau 

-.8.76 E. platJptera 

c lier""g a_1aH! 

LocU1't7 Cell.ection Date Host Specie. 

VharraII Quan7 J H. Yorks. 26.lO.79 C. c..poai tell.a 

n.4.802 -
11-28.8.81. A. loti 

leenected b7 DeA. 18.. UI1 T.l. eravtord 

2zD81de a 1979 pod vh:lch had tl1led to dehiece 

Naabera 
JI'.ale Hale 

1 -
2 -
1 -
1 -
5 -
1 -

17 -

1taIIbere 
F..:Le Male 

- 2 
1 2 

1 

1 

- 1 

Ruaber. 
'...:1.e Male 

1 -- 1 
30+ 30+ 
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Table 5.I5 Adult rteM!!'. spp. col1'8cted by SweepiDg 

a fternre' us .eguester 

Location 

Bruab7 COJlJlOD, Lince. 

BulldDgtoa, Warvicks. 

Goodwick Reedsvamp, Pembs.1 

b pte".'. chrnos 

LocatiOD 

Epp1.ewerth Quarr.y, B. Yerks. 

Rev Gall.oV87, Scotland 2 

Scarborvugh, N. Yorks. 

lcollected by' ReS. K87 

2Collected bT D.C. Compt.D 

Number. 
Date Feaal.e 

13.8.78 1 
2.8.80 5 

20.5.78 1 
2.6.78 2 
2.7.78 1 

20.9.80 3 

lfmIbera 
Date '-.ale 

1.6.78 -
13.8.78 1 
23.8.78 1 
21.10.'79 1 

Male 

-
2 

----

Male 

1 

---
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P. !!diM w. i. a parae1 te ot Brml!tPbtpe .oi •• , i.oludiDg E. (Brucboplyyrpe) 

p'.tYRHra (tJrbIJuuJ, 1916) aDd vu t:lrst described tro. the U.S.A. lf1~akaja 

(1932) ree.rded P. 1!d19'r1'" rr.. Rus.1a &lid ce ••• ted that It vu .. • t 

~. !uN,... parasi •• or Bnc_hew app. tbat IIq baTe be.n1ntrociuced, 

vith their he.ta, ate the U.S.A, '!'he pre.ac • • t P. 11!419M1 a1 • in hrepe 

baa .t bee ceatirlled aDd Grahaa (1969) hal neg •• teet that P. I!di0M'P" 

~ be id •• tical. vi th ... • t the betwr 1aMnra hropeaa 'peoles i. the '!QJ!.ttr 

group. P. '!CIU! •• r 1. a .tro. oudidate tor UlT ~ beoau. it hal a 

Spec1uu ot P. aedi9M1 pi. that bad be •• d.tel'lliMd bJ' GUaa vere 

.bta1Jled rr.. the U.S. Batioaal Mule. aDd the •• ban bee. ceaparec1 with 

reared .peo1.aeu .t P. mUMW. The .... .,.o1e. appear te be n'r1 ., .. Ilar, 

bat the .cul.pturiag et the propodeua i. diat1aot17 .tro •• r ilL th. lpeoiHu 

.r l. 1ed1C!r1Ii" Ia thi8 Nepeot P. 1!Cl19'r'P" .. te olo • .q r •••• bl •• 

l,ttm". ap. B, which ft8 reared fra J", otrJIismJ'N pcMla cell.oW 1Ja 

PraIlee and JWf aleo be al....,.-- with P. a"M.ter. A .tud7 ot the tJpe 

.terlal and a are ateu1T. appraiaal. ot the rua • • t ftriation v1l1 be 

.. oesaarr beta" the .,..,.., .t w. gre1Ip oaJl be clar1t:le4. 

!7'tW1J1 ap. B (B;rI., rtere..:Lidu) 

A 1iDIl' r-.1.e r+m='. apt vu obta, aecl rr.. a L. ctrplculatv .eed 

a.apl. celleoW at Cel d. 1& Perolu, Lao dlAmaecr, Hate Sani., Fruoe bJ 

D.A. J ..... The •• t apec1e ..... t eatablJ.8hed, but beth A. leU &lid I. 

plt'\TP'ha vere al •• pre ... t. ner. ,ly ap. B 1. a _ber ot the '."W 
amP, the apeo1ea .t vh:loh ba .... the .. -tertor lUcia ot their cl1Peua deeply 

1Bciaed (GrabIa, 19(9) &lid 1a olIaraoter1.ect bT the t.ra .t the propocm., 

vll1eh is uauu&1l7 ... rt, &ad bT ~ preanco at a maher .t ba1re &lOBg the 

bual nia et the t.NriIIc. It aq be .,....,..u vitll P. '!5Il1!IW • 
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Pten"' UI chrD" Walker (1J;Ja., Ptere-.J.idae) 

P. chm" is a pol.Jpblgous speoie. v:lth a li,t or bo.t specie, that 

coll8ist. aailll7 of Lepidoptera aDd their paruites (BouO.t, 1m) but also 

iJlClude'the plJTt;ophagous ohalc1d ""MuAP' VachU (t ...... , 

1974). L. ctr!1eg1atu peda collected at Bal.ld.mgtoll in 1976 pNduoecl eight 

P. obru" adult. which u lame bad dneloped u ec'tepara.i tel of four 

dittereBt •• t lpec1e. (table 5.l4b). Adult. vere collected bT ... ep111g at 

s .... eral other 11 tel aDd these illCl.uded o. raale fOUDd 011 L. O!£Jd.Watv 

at Ippleverth Qaarr7 (tabl. S.lSb). 

Pte1y.'" s.t. Walker (lf1a., Pterou.l1dae) 

p .... tus i. a c..-on apec1e. that ie kDotm M.1a1,. as a priIIar1 &lid 

.ecoDiary pa.ruite of Lepideptera. Ree .. t ho.t recerda iacl.ude tho.e of Kela1b 

5"" 1980, PJondla ad p,prD1la, 1979, Rulee, 1979 ad Sbu, 1981. Gradvell 

(ia Grahaa, 19(9) reared p •• -ty tr.. Apit; pt ... (~) ill ,..tch pod. 

&DIi A. loti vu the •• t iIlportaat •• t 1a L. oerp1qylr.1y pedII, vi th 0.:17 o. !Dd1-dd1lll reared !rea ... &l:tenati ...... t (0. ot!p9.iH"a). P ••• tv 
va. oal7 toud in L. gtrpimt!.tg ptds at Wbarra Qaarrr (table 5.l4c), where 

~ 1981 it 11&1 o. of the •• t abuduat ef the eoteparui tel reared tn. 

A. Uti. Speciaeu cel.lected ill AlIIUIt 1981 produoed acbalta vith1a a rtN dql, 

_t those celleeted 1a preT.lOWl ;rear. shoved that thi. 8p8c1es au 81.. OT8l\ot 

v.t.Bter .. a larft. P. • ..... V&8 alM reared tN ... ApiM ap. ia pecla ot 

Latpry WLtsaJ,collected at Hut_ Crauw1ck .ll 11.9.79. Lar,. maberI .r 

'kD'hP' lUi vera 8180 preaeat ia the peda, bat -- ot thea were attacked. 

(D1ptera, O.c1da1v11dae) 

Acti,.. Diptera lanae were occui.Ml..q r!1Ud iuide _ture .eed ped. 

er Ie. ctrJicpl&tg· !h ... were iiaatit1ecl as a apeoie. et L!.ttcliplt.i. Wl1_ 

the kq .t Ro8ku (1979), but .. DO adult. were reand their ideativ h&a _t 

ben. coatil'lleci. '!'he l.arn.e are _re ele .. te tbaa tho.e ot f Ql1W"p1ta1, ap. 

(the .alT ether &lp801 •• et DipteJDllteuad 111 L. C01]d.cglaty pod8) &lid are a 
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briCkt red v1t1l orug. am vhite lateral blotch ••• ,.t1l1' •• character1.tic 

.t h'ttdiplt,i. 1anao were the pair. .t ~.ud.ped. ud the ab •• llo. .t a 

.terul ,patula. 

L •• Hdipl.S. 1arn.e haft 11 .. b ••• recorded tro. the •• ed head! ot 

Trittlip ad COLttpt!! (lf1j.,.el.dt, 1963 ud Otter, 1938), Sm»·w ••• ed 

pede (pu.u, 19(3) &ad B.tpla cattiu (Bode .. , 1969). The 1&1'ft. are pred

aUelll, nth ... t beet recom reterrlDC te .ther 00014.lI1iidi (Bara •• , 1928). 

I. L. ctEBiculaty ped. Le.to4ip1.Ii' ap. 1arn.. v.re pro, •• t u.1al.,- in 

the late ..... 1' ud autwln ud were .MIl teed1., •• the 1arn.. ad pupae .t 

A. leti ad •• tho pupa. ot E. cl1oF'W (tabl. 5.16). Paraell (1964) bat 11'0 

recorded L .. t.tdiplp.1. larft. attaokbg larfto .t the parui ta Mt •• pol.tby 

!!d1ttrr!1l- (Mqr), a rare a.aapl. .t tort1&1'7 parul U.. The prot.renc • 

• heva t.r .. ture pod. D7 be b.oaue. Lt.ttdip1oli, au .1117 pill .lIt1'7 af'ter 

A. leU .xi t halo. aro aftilab1a. hadSDI behaTi.ar appearoc1 to be .1a:llar 

to that d.,oribed bT IiJYOldt (1963), nth tb. lana. pi.roi., the eurtaco 

.t th.ir prq ... th .. ftoldJlg .ut their bodT a..te.te. lltMup capabl • • t 

attaold. .. a •• rio. ot •• tt it appeared \bat each parulte o.uld d.m.p 

tro. olllT •••• Mature ",.ttdip1o,l. lanae .nrv.lIltere4 81IOo.,'1Ull7, but JIll 

adult. •• 1'. producacl. 

! • Accid •• tal' .peci •• 

fttm
.' •• p. A (B;ra., Ptereaalida.) 

Tv • .al .. • t thi. epeci ...... ed duriIIC ....... ber 1975 ud Mq 1976 troa 

L. Clraiglaty podI .u.oted at Bulti .... 1a 1975. !h.ir 1arn.o d.nl.eped 

u .ctoparuito • • t .. I. Jil'VPwa 11l'ft ad .. A. leU pupa. The id.at1t

icati •• • t i.olated f1i1rM". aal .. i •• tto. "'.1'7 dUtloult, bitt th.,. cu 

cl1.U.,u11bed troa the .tIler ",re,'Y .al •• reared t.Na L. o.mgg1atM by 

taeir o1o ... to .. to ... (all ...... t. loapr tbaa bread), Ughtq reticalate 

pNpodna, cnpl.te oo,tal hair 11M &lid ba1r7 bual mae 
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Table 5.16 Records of Jdpattdiploai' larvu (CecidoJl1iidae) f.eding in 
s.ed pods or La coraI.gg1atgs. 

Locatd.on 

Hutton Cranswick 

Wbarraa Quarr1 

Date 

21.8.71 
19.7.'71 
l.4.8.'71 
26.8.'71 
26.8.77 (2) 

26.8.77 
31.8.71 
6.9.77 

Z1.10.77 
11.9.'79 
26.10.'79 
30.9.80 

Ho,t Heat Stag. 

- -- -
Apion loti Larft 

ApiOD loti Lana 
• 

Apion leti Pupa 

Eatedoll diotimua Pupa 

ApiGllloti Pupa 

Api •• loti Pupa 

-
EnWoll diot1mwl Pupa 

- -
Ap10n loti Pupa 
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M'lopcplOby T illtiR. (lip., Ptero..:J.idae) 

Tve teuJ.e ,peciaeu et Me!!p!lebgl T dittilli, vere reared rr.. L. 

oeraicm1atUl ,.ed peds. '1'h8 tirtt vu reared rro. E. platzptera coll.cted at 

Bul.t1agtea e. 8.8.76 aDd the .eeem vu reued trw .. A. loti lam. colleoted 

at Wbarraa Quarr.r Oil 1l.8.81. Beth ad'l1 ta .ergee! durilll late Augut. The 

teale, ill thi, grGlIp .t MetopPl..bM are . ditticul t te ide.tit7 aDd ,.e tpec1e, 

reM1a to be described (R.R. "k_, P.ra. C .... ). M. ditfiai. i, Dow .,,.,,

If a parulte et Ceold8Jl111d' (Aatev, 1970, Redtera, 1975) although a Lep1d

epteraa .,t lau ale. beo rec.rded (BeuC'ek, 1m). 'l'hree exaaple. ot the 

diau.ctin ale .t M. ditNWa vere oel.lected duriJIg notlen ,upl1111 at 

WbarruI Qa.arr7 •• 28.7.81, 4.8.81 ad 26.8.81 ud aa ad.c11ti.1I&l aal. vu 

colleoted b7 8Veepillg at GlbraJ.ter Po1Jlt, LillO'. o. 15.9.79. 

M. bmhophtrt vas de.cribecl bJ Gabaa (1917) rr.. the UJd.W state. aDd 

... recorded If a parasite et Iurrlt!a rocldi 1a Rue.ia b7 lfiDl,ka3a (1952). 

1fe1ms:I. ad GJriaoo (1959) .. tabl1.hed t!aat E. platntera vu aD alteru.tin 

.at aDd Peck (1963) has li.ted a total. er tin EgrrltM. (Bnwbn",m) apeo1e, 

If •• tt. M. bruclaep"p vu recorded floe. Europe: lJ,ylibl'kaJa (1932) but 

lJ)OCueas haft .t bee. ooapared with ether Europeaa apeoi .. (tor exaapl. ia 

.... Re •• Il, 1958 &lid Grahaa, 19(9) ad the .tatu ot th1, 'pecl •• i. Europe 

hu .t been olar1fied. 

HtMptn. Bp. (1qIl., Jttereullda.) 

,. am1cplatv eeed asaapl.. celleoted at Bal.k1agten 1D 1m produced 

tve ule. ot a B"'P'ru 8p. ill Apr1l. et the tollev1Dg ;rear. Mal., et thi. 

geJIU are ottea cl1ttJ.cplt t. ldeat1t7 with oerta1Dty arad •••• U.I. epecie. 

llan .t Tet baeD d •• or:I.bed. .. BtMp!£!U! han b ... reared troll E. platDteEl 

botere &ad the .. re uaal •• te are a ftrieV ot iueota deftlop1111 1u1de 

gras •• tea ad CJld.p1da. ia plle eD barbae ... pluta (Oraba, 19(9). 

eel] 1 tula pzrrhtgyt.r VaJ.ker 

A ,iBgle aale (it] J 1 tula purbpWter vu reared tro. aD L. cmdmz1 eN 
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.HCl oelleoted at Ippl_rth Qaarr,r •• l.4. 7.77. vhere 1 t had pre8Ull&bl7 dn

eloped as a peru1 te ot hrYttM. pl.tJptera. The 1u.ct vu t.1IDd 1a a peel 

whioh had beell precluced the prni- ;rear b\1t had ta1l.ed to d.h1.oe ... other 

auaple •• r thi. species were read 1D .1.01atio. With Lt Ofrn19Blatg ad 

the rec.rded .sta are ...n Diptera 111 sru •• tea (BnGek, 1m). BraoJvpteroua 

C. pnrhPlM1iK acbiL til were cell.oted at a .. ber er local1. tiN, 1Jt.Cludilll 

.nval where L. CHBimJ1 &tv .. napled (tabl.. 5.17) ud E, plaVPtera 1. 

clear17 .. except1.~ ho.t ter thi. 8peC1u. 

'!'he paru1te. 0' Apit, 1,» at ba1wwtb Opem ,m the ""'1;,' 'UM P 
be_ .. _ .It dad.., ad f'r!qa.e1lCl .t J)!!!81U ... 

At Eppleverlh 'U1e A. ltjl paruite oaplex va rel.aU:nl1 .1apl.e aDd 

etu1.W .t .~ one eDdoparuite (bHdg di.V.) ad three .ottpuu1te. 

(trichppl V rna PR', MacrI ..... DI1sm1'r1r ad a Lt.teclipleS. ap.). I>ur1D« 

'the five Tear • .apl1ng periN ..q tift epeo1aeu ot K. .,..limaJ'rt. ad II1x 

or wttdiploeil ap. ".re reared troa At lIti, ad tbt •• pe11Pblpua epe01.1 

ther.tore co .. ti taW a D8gllpbl •• rtalJ. 't7 tactor t.r the A, 1.\1, pepulation. 

T. rut1py ... the .at ~ ecteparu1te .t At leU, but DOathole •• 

1DdiY1d11all were reared rn •• Dl.7 1.'m .t the At loti ia 1977 aad 4e9~ 111 

1978. Lanae ot Tt nap' den1.ped. paru1ta • • t beth the 1anae aDd pupae 

ot At 1.U (table. 5.18 ad 5.19) ad .neral .t tbt t.raer vU1 han been 

teecl:iJll o ••• ts which al.reI.d7 centa1aed l.anu ot the eDd'paru1te It 4101;1,. 

E. di.Un8 1fU the .at DiiWt'eV puuite ot At 11M. at Epplworth QuanT, 

&lid attacked ... 1t1aated ".~ ot the .It populat1._ 1. 1977 &lid 32.~ ia 

1978 (tabl .. ~.20 ad 5.21). 

The rel.atiouh:lp betv ... pau1 t1_ aDd ho.t 4011S1't7 1. .t part1cUlar 

iatere.t because 1 t C&1l 1Df'lUIICI the ltab1l1 't7 ot .1t-paru1 te iateracti .... 

The agrep.tioD or paruite. ill &real et ld.gh be.t d ... 1 V (·, ...... rudGD 

.earcldlll') 1.IIprnU the .t&bUiV .t .. 1».t-paraa1te IItcltl. (Bu.tl1 ud 

Mq, 1974) ad hu btOD d .... trated 1a a .. bel" ot labtrate1"1 .tudi •• (ter 
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Table 5.17 Recorda or adult 9'111 WI . pzrrbqga'ter colleoted br sweeping 
aDd with a suction siDJlUer. 

Ruabers 
Lctcat10D Date r-l,e Male 

Askbu Beg, Yorks. 23.8.80 4 -
BalklDgton, Warv1cks. 15.8.78 1 
Geeclv1ck Reedevaap, P_ba.1 20.9.80 1 -
OaDdale, I. Yorks. 18.10.81 1 -
Porthdatarch, hglesq 17.5.81 1 -
Rainc1irt Wood, Scarborough 16.9.78 1 -
Wharram caaarr.r, N. Yorks. 2.6.80 1 -

2.7.80 1 2 
U.7.80 - 2 
28.7.80 - 1 

18.8.80 2 1 
26.8.80 1 -
1.9.80 - 1 
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Table 5.18 =9=='. rgting s.a seed pMia ot L. ctrp1culatp collected 
at Epplevorth Qaarr,y in 1m 

T. ntHue larvae 
Suple on AI 1I:!ii on AI It:!ii bDat Itqe L l"Iltill1l 

I. ad'1'ta'l %. ru1'iJms 
larvae pupae UIlCerta.1n pa:pae exit boles 

1.1 0 0 0 0 0 0 
1.2 0 0 0 0 0 0 

1.3 0 0 0 0 0 0 

2.1 1 0 0 0 0 0 

2.2 0 0 0 0 0 0 

2.3 0 0 0 0 0 0 

3.1 0 0 0 0 0 0 

3.2 0 0 0 0 0 0 

3.3 0 0 0 0 0 0 

4.1 0 0 0 0 0 0 

4.2 0 0 0 0 0 0 

4.3 1 1 0 0 0 0 

5.1 0 0 0 0 0 0 

5.2 3 0 1 0 0 0 

5.3 2 0 0 2 0 0 

6.1 1 3 2 3 0 0 

6.2 0 0 2 0 0 0 

6.3 1 0 0 0 0 0 

7.1 0 0 0 0 0 0 

7.2 5 3 0 0 0 0 

7.3 4 1 2 0 0 0 

8.1 0 0 0 0 0 0 

8.2 1 0 1 0 0 1 

8.3 0 0 0 0 0 1 

9.1 0 1 0 0 1 0 

9.2 0 0 0 0 0 0 

9.3 0 0 0 0 0 0 

10.1 0 0 0 0 0 0 

10.2 0 0 2 0 0 2 
11.1 0 0 0 0 0 0 

11.2 0 0 0 0 0 0 

Totals - - - - - -19 · 9 10 5 1 4 
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table 5.19 Trim"M mn., 1a aeed p84a .f La oorp1cplatga c.uected 
at Epplenrtb Qaarr7 1». 1978. 

T. mOZW' lar9ae 
SUIpl.e on A. ;Lt;!4 on A. li~ hoat atap 'f. nOE! T. rgt,t 1111 %. $111. 

lanae papa. DCC"ta1.D pupa. adults ezlt bU.a 

2.1 0 0 0 0 0 0 

2.2 0 0 0 0 0 0 

2.3 0 0 0 0 0 0 

3.1 0 0 0 0 0 0 

3.2 0 0 0 0 0 0 

3.3 0 0 0 0 0 0 

4.l 2 0 0 0 0 0 

4.2 0 0 0 0 0 0 

4.3 0 0 0 0 0 0 

5.1 0 2 0 0 0 0 

5.2 0 0 0 0 0 0 

5.3 0 0 0 0 0 0 

6.1 0 0 0 0 0 0 

6.2 0 0 1 2 0 0 

6.3 0 0 0 0 0 0 

7.1 0 0 0 0 0 0 

7.2 0 0 0 0 0 0 

7.3 1 0 0 0 O. 0 

8.1 0 0 1 0 0 0 

8.2 0 0 0 3 0 0 

8.3 0 0 0 0 0 0 

9.1 0 0 0 1 0 0 

9.2 0 0 0 0 0 0 

9.3 0 0 2 1 0 0 

- - - -
fetala :3 2 4 7 0 0 
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Tabl. 5.20 Elte40p diotimus in pods of L. c.ra1.cglatJy ad the •• U_ted 
1Id. Ual perc_tag. paru1 tin or Api" 1U1. Epplevorth Quarry, 
1m 

Eptedop 41." .. A~ •• l.ti E.tiaated 
Sapl. lam. pre-pupat papa! total reachlag % paruit1a 

pupat1'Jl 

2.1 - - - 0 1 0 

2.2 - - 0 0 -
2.3 - - - 0 0 -
3.1 - - - 0 1 0 

3.2 - - - 0 0 -
3.3 - - - 0 1 0 

4.1 1 1 2 11 15 

4.2 1 - 1 2 33 

4.3 1 - - 1 10 9 

5.1 1 1 3 5 2 71 

5.2 5 2 4 11 15 42 

5.3 2 7 5 14 24 37 

6.1 3 6 30 39 39 50 

6.2 1 - 1 2 9 18 

6.3 - 1 1 2 5 29 

7.1 1 1 2 4 4 50 

7.2 9 7 35 51 66 44 

7.3 10 3 "Z7 IJ) 60 AD 

8.1 2 - 6 8 16 33 

8.2 - - 35 35 59 37 

8.3 - 4 4 12 25 

9.1 1 - 38 39 52 43 

9.2 1 1 16 18 25 42 

9 • .3 - - 11 11 3.3 25 

10.1 - - .3 .3 22 12 

10.2 - - 3 .3 16 16 

11.1 - - 6 6 7 46 
11.2 - - 8 8 25 24 

Total. 239 m 517 .37 • .3 
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Table 5.21 Batedo, gi,otimus in pede or L. cgrpiculatu aDd the esti_ted 
perceBtage parasi tisa or Api" ~. Epplworth Quarrr, 1978 

Entedon dio;!;igs Api., lU1 Eat1.ated 
Saapl. lame pre-pupa. pupae total reaching % parasi ti. 

pupat10Jl 

4.1 - 1 - 1 1 50 

4.2 1 - 2 :3 6 33 
5.1 - - - 1 15 6 

S.2 - - 1 0 :3 0 

S.3 - - - 0 2 0 

6.1 - - - 0 2 0 

6.2 1 1 3 5 2 71 

6.3 1 1 1 3 11 21 

7.1 - 1 1 5 17 

7.2 - - :3 3 6 33 

7.3 1 4 5 7 42 
8.1 - 0 1 0 

8.2 1 - 7 8 9 47 

8.3 - 2 2 1 66 

9.1 - - 6 6 7 46 
9.2 - - - 0 0 

9.3 :3 :3 9 25 

Tttale 5 33 32.0 
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uupl. Baasell, 1m). Results tro. u.tural pctpulat10u ha", •• .f'te. tailed 

to d.tect this rel.ati ... hi~ bovenr, ud M.rr1.e. ad stre. (1980), after 

qatbg enapl.s where the iateu1't7 ot paras1 t1 .. nrioc:l 1ndopeDdantJ.;y, 

aegat1"'.1:7 aDd poslt:1:n1:7 vith ._t d ... 1t.T, octnoludoc:l that,1n the field, 

po.f U",. correlat1oll8 are uace .... 

Th. &IUlT87 or L. coraicalatua seod pocl1Jlbabftaata at Epplev.rth Qaarr7 

proYidod u epportwd. t)' to relate tla. dens1 t1es ot A.. 1._ vi th tho 1.yel • 

• r parul t1 .. that vore llUIta1aed. H •• t diapers1 •• patteru .tto. n.rr vi th 

the seale •• vhich ..uurae.ta are tak •• (Southvood, 1998) aDd para.ltes aq 

ba",e r •• pe .... vhich alllO TBr1 aacerdiDg to tile .eale .r s .. pllllg wt.1. ta (Hu.el.l 

ud Mq, 1973). The douit1e •• r A. loY. wore coaparod at throe dirt.rellt 

l.nl.s at Eppleworth Qaarr7, vita II&IIp1.1Dg UJd.ta that co_l.ted .t iDdiYidual 

.eed peda, the coateN .r rand.1IlT pl.&ceci qudrats ad ad.1aa •• t areu .t 

qaan'7 tloor. 

Th. 'l.v growth hab1tat' at Ipplworth Quarry co_lsts .r a relatin17 
-

tlat area .r l.v grov1Dg .,..etat1 •• that la adjace.t to tho Mi. s .. pl1Jag area. 

Tn aaapl.s, .. ch coms_ •• r tho c •• teats ot tift 0.0929 .2 quadrate, v.re 

cellected 1D W. area •• 26.8.71 ad 6.9.71. A.. ltt! (1ac1ud111g apoc1aeu 

tMt bad died .r had bee. replaced bT parultes) ... pro ••• t at .. aTort.p 

de .. l't7 .t 24.1 per quadrat, a d ... 1V oeuid.rab17 l.".r tbaa the 61.3 per 

quadrat that vu recorded at the .a1a aaapll. area dur1ag ~ ..... por1od~ 

A o..,.n. •••• r the 1enla .r I. dittim puoult1a at the two .1 to. (tablo 

5,22) nu .. t. that at tMs 1-.1 the d1rr.1'OIlc •• 1Ja tu d •• lt,. or the he.t 

apoc1 .. d1d .t s1p1t1cu't17 lat1uoco the dMr" or parasl \t ... 

IJI41"ddul L. arp1g1atg pluta cnlct .t be •• parated rel.iab17 at 

IpplwenJa Qaarr7 becauo 1ihq wore p .. ~ pwiJIc 1Ja o.a'-ot With each 

.tker. TJao .-bers .t iu.cU catai __ 1Jud.ct. eaoh qua4rat (0.0929 .2 ia 1m, 
0.025 .2 1. 1978) tborot.re ~d •• the o1oso.t approxi.atl •• to do .. lt1.s 

per plat that 1. aft;nable. Ist1-.tes .r I. di.t1., parultla that are bued 
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Table 5.22 "Wop l1oti!l!' parasitisa or Apio! h:Y.. at Epplevorth 
Qaarr7. A coapari80D. .r the lenll or panli tin recorded 
at two ditrerent areaa or the qu&rl7. 

Area. 

Low Growth Hab1 tat Main SupllJlg Area 

leI. or E. diotiawl recorded 

..... r A. loti pupae aDd adults 

Eltiated percentage pe.ruiti_ 

x2 [1J = 2.3, P > O.OS 

49 
S3 

48.0 
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on the ratio of A.loti pupae and adults to E.diotimus larvae and pupae 

suggest a tendency for a higher proportion of A.loti to be parasitised in 

quadrats where the density of this species was hi~ (table 5.23). 

The' regression coefficients are not significant however. 

Healthy A.loti larvae obtained during 1977 sampling weeks five to nine 

were dissected and the level of parasitism b.7 E.diotimus larvae was recorded. 

56.8% of the A.loti were found to contain E.diotimus, a rather higher value 

than the 43.6% obtained using the ratio estimate desoribed above. Regression 

analysis using the data obtained by dissection confirms that a higher 

proportion of the A.loti larvae were attacked in quadrats containing a 

large number of hosts (table 5.24) and therefore that aggregation was 

oceurring at this level. 

Several A.loti can develop inside the same seed pod. In 1977 pods 

containing a number of A.loti larvae were more likely to contain E.diotimus 

(table 5.25a) but a lower proportion of the hosts were attacked (table 

5.25b). In 1978 no significant relationships between A.loti density per 

pod and E.diotimus parasitism were recorded (table 5.25). 

Examination of the responses of T.rufinus to changes in host density 

is limited by the relatively small numbers of this species that were present. 

In ~977, but not 1978,pods with several hosts were again more likely to be 

attacked (table 5.26a) but mortalities caused by T.rufinus were not 

signifioantly related to host density per pod in either year (table5.26b). 

Results from Eppleworth Quarry suggest that E.diotimus responds to 

va.riati'on in the density of its host speoies b.7 aggregating in those quadrats 

whioh oontain the most hosts. Pods which oontain greater numbers of host 

larvae are also more likely to be attacked but, despite ~hese positive 

responses, more larvae escape parasitism in pods which contain several 

larvae. Morrison and Strong (1981) obtained similar: results in a: ft~Udy of 

egg parasitism in the chrysomelid Cephalo1eia consanguinea Baley. 
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Table 5.23 Entedon diotimus parasitism of Apion l2!! at Epp1eworth Quarry 

in relation to host density per quadra~. Estimates of percent

age parasitism are based on the relative proportions of A.loti 

pupae and adults and E.diotimus that are produced. Quadrat 

sizes were 0.025 m2 in 1978 and 0.0929 m2 in 1977. 

Sample 

4.1 

4.2 
4.3 
5.1 

5.2 

5.3 
6.1 
6.2 
6.3 
7.1 

7.2 

7.3 

8.1 

8.2 

8.3 

9.1 

9.2 

9.3 

1977 

total no. Estimated ~~ 
A.loti1 parasitism 

39 
127 

191 
146 

36 
19 

31 

164 
164 

30 
110 

17 

99 
44 
48 

71.0 

42.0 

37~0 

50.0 
18.0 

29.0 

50.0 
44.0 
40.0 

33.0 
37.0 

25·0 
43.0 
42.0 

25.0 

1978 

total no. Estimated % 
A.1oti l parasitism 

8 

11 

19 

7 

3 
2 

16 
20 

8 

10 

21 
2 

24 

3 
16 

17 

50.0 
33.0 

6.0 
0.0 

0.0 

0.0 

71.0 

21.0 

17.0 
33.0 
42.0 

0.0 

47.0 
66.0 

46.0 

25.0 

Regression of arc sine transformed peroentage parasitism on total no. 

A.1oti per sample, r [13] = 0.23 (in 1977) and r 1}4] - 0.46 (in 1978), 

p) 0.05 • 
1 Ino1udes dead speoimens and those destroyed b.f parasites. 
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'l'able 5.24 Entedop dio1;1!lJ! parasitism or ApitB 1Ul in relation to host 
de.lV per quadrat (0.0929 .2). Epplevorth Quarr)r, 1971. 
Parasi ti_ estimated by dissection or A. loti 1arn.e. 

Saple total. DO! A. loti larvae E. dio~ &1 larvae Estimated % 
A. loti dissected preseat abeent paraei tism 

5.1 39 lS 7 8 46.7 

5.2 127 65 38 'n 58.5 

5.3 191 102 68 34 66.7 

6.1 156 46 22 24 47.8 

6.2 36 19 lO 9 52.6 

6.3 19 4 1 3 25.0 

7.1 :n 19 6 13 31.6 

7.2 164 SO 'Z1 23 54.0 

7.3 164 'Z1 18 9 66.0 

Totals 9'Z1 347 197 1SO 56.8 

rEtJ (arc siDe trautoraed) percentage parasitia Oil total 
DI. A. loti per saaple • 0.78, P < 0.01 
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Table 5.25 Parasitism of Apion-1oti by Entedon diotimus in relation to 
the number of Apion ~ inside each seed pod. Epp1eworth 
Quarry, 1977 and 1978. 

A The ntunbers of pods in which A. loti lJSS attacked by E. diotimus 

1977 

Pods containing E. diotimus 
1 Pods with A. loti only 

% of pods wi th 
E. diotimus present 

1978 

Pods containing E, diotimus 
1 Pods with A. loti only 

% of pods with 
E, diotimus present 

A. loti density per pod 2 

1 2 3 >3 
137 103 31 7 
891 380 123 43 x2 [.31 = 17.52, P(O.Ol 

13 • .3 21 • .3 20.1 l/~.O 

A, loti density per pod 2 

1 2 )2 

25 7 5 

145 31 17 x2 [21 = I,ll, P )0.05 

B The numbers of A, loti individuals attacked by E, diotimus 

1977 

EI diotimus produced 

Remaining AI loti 1 

1978 

E, diotimus produced 
1 Remaining A, loti 

AI loti density per pod 2 

1 2 3 >3 
137 122 40 S 

891 844 1~2 217 X2 [3] = 22.28, P< 0,001 

AI loti density per pod 2 

1 2 )2 

25 8 8 

145 68 79 X2 [2] = 1.91, P)0.05 

Irnc1udes all egg, larvae, dead specimens and those destroyed 
by parasites other than EI diotimus, 

2rnc1udes all A, loti present 1n1 tlally 
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Table 5.26 Parasitism of Anion loti by Trichomalus rufinus in re1atlon 
to the number of Apion loti inside each seed pod. Epp1eworth 
Quarry, 1977 and 1978. 

A The numbers of pods in which A. loti was attacked by T. rufinus 

1977 

A, loti density per pod 2 

1 2 3 > 3 
Pods containing T, rufinus 15 22 5 4 

Pods with A, loti only1 1013 461 1'~9 46 X
2 [3J = 17.98, P<O.OOl 

% of pods \there 
T, rufinus was present 

1978 

Pods containing T. rufinus 
Pods with A. loti only1 

% of pods \there 
T, rufinus \tas present 

4.55 3.2 8.0 

A. loti density per pod 2 

1 2 )2 

922 

161 36 20 X
2 [2J = 0.53, P )0,05 

B The munbers of A. loti individuals attacked by T. rufinus 

1977 

T. rufinus produced 
1 A, loti present 

% Parasitism 

1978 

T, rufinus produced 
1 A. loti present 

% Parasitism 

A, loti density per pod 2 

1 2 3 >3 
15 24 5 4 

1013 942 457 221 X
2 [3J = 4.61, P'; 0,05 

1.46 2.48 1.OS 1,77 

2 A, loti density per pod 

1 2 >:2 
934 

161 

5.3 

73 

3.95 

73 X
2 

[2J = 0.21, P> 0.05 
5.2 

1Inc1udes all eggs, larvae, dead specimens and those destroyed by 
parasites other than T. rufinus. 

2rnc1udes all A. loti present initially 
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Tlle7 t.UDd that as egg denai't7 per lear incre .. ed, •• did the Ukelihood .r 
at least .1l0 ogg boiag eli.conred. AIIoJlg the •• lea.,.o. that had bee. di.ceTend, 

tho percentage .r parasi ti.ed ea. tell vi th iacreasilll de .. 1 ty, hovenr, aDd 

tho .. t reault vu a decr ... e ill the .Teran prebabUitr ot para.iti •• u .gg 

deui't7 i.creased. SonN ether .tudi •• ot host-parasite interaotiolUl han 

also toUDI that bost cl1Dlpiag ri8iil.ta i. a lover 1..,.el. or parad tis. (M.rri.OIl 

ad St.roDg, 1981), but the r .... u t.r this are .till Wlc.rta1a, although 

predatersatiationaAd tatert.raace han b ••• sugge.ted. 

Tho L. coWCl1latUII .eed pod tood "ob. 

Th. trophic relatiouh1ps toud ial1d. L. coraiculatu! •• ed pod. are 

aau.r1.od 1.n figure S.l. The elirecU •• • t the anon tollov. Gallopin (1972) 

&lid pointe tro. the predators to their pre,.. 'l'ho quutitiod rel1il. te rr.. tour 

_jor .aapli. eite. are gi.,.e • .,.D tab1 •• 5.'Z7 to 5.29, aDd th. c •• billed tetal. 

aro llmUri.ed i. tho tOl'll or a ... tr1x 1. table 5.30. 

All tho relat10uhipa .bon 1a figure 5.1 v.r. obtai •• durilll tho tour 

..,or ... pl.l»g por1eda v1 th the except1.n ot thoeo cencemJag Brae •• ap., 
Cell 1 tula purhogyter,. Iud.", albiw.1., .. pory .p. ad Pttrev.lUl ..... 

(vile. teo41111 •• C. OfFt.ltolla). Th ••• latoraoU.u •• r. uftr troqu •• t. 

ad 1. tetal. repre ••• ted 0111,. fineo. bd1"f1dual •• 

Sapl.iJIg •• thode v.n ditt.rat at tho t.ur 1.oal1t1 ••• At Epplevorth 

(u d •• oribod prmoulT) tho c.atutl ot randomlY' placed quadrat. vere .x

aa1aed. At Wharraa Qu.an7 bdindul pluta onld be d1et1apiehod Mre "'117 
ad WI allowed tho .. tar •• eed pnciuotion ot vhol. pluta to be recorded. 

L. 9!EI1qplaW'" .t u ... N1II at h •••• ad Balldacto., ad at tlle •• 

e1 to. tho .. od pods vore Gbta1_ u ud vhore aftllabl •• 

Th .... rieal ma. do.or1biaa tho trophio 11 •• are nbjeot te tho 

tollov1BC 11111 taUo., 

1. Paru1to lana. vhicla cl1ed betor. thq could b. 1cWatit1ed 
haft not ben 1aol.uded. 



FIGURE 5.1 

Food web of the insects inhabiting L. corniculatus seed pods . Observations 

from all U.K. sampling sites are included. 
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Macroneura vesicularis 
Pteromalus sp. A 
Mesopolobus? diffinis 
Pteromalus sequester 

Entedon diotimus 
~LestodiploSis sp. 

Trichomalus helvipes 
Trichomalus campestris 
Necremnus tidius 
Triaspis sp. 
Bracon sp. 

APION 
LOTI 

1 
LOTUS 

Pteromalus semotus 

Callitula pyrrhogaster)-
Homoporus sp. 
Pteromalus sp. C. 
fetrastichus endemus 

EURYTOMA ~ 
PLATYPTEY 

CORNlCULATUS ~ --{EUderus albitarsis 
~ CYOlA Oiadegma sp. 

COMPOSlTELLA Clinocentrus sp. 
Scambus brevicornis 
Scambus eucosmidarum 

Pteromalus chrysos 
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Table 5.Z1 DIe trophic rel.at4 •• blpe 1u1cle L. _", ... ned pods at tour localities in the UDiW n..-
aDd Bo1'VQ'. J. 'trePd-c lenlJl ODe aDd tINt 

lDteract.iJIe speedea IDcideDCe aDd LocaUon 

Herld:ftre Greea PlaDt Epplewrtih B1Il.ld.JagteD Vbarraa Fo ... c.htned ,.W. 
Api.a let! Leta oorJd..culataa .3004 1210 2470 165 6849 
Earyto- pl.at,ptera Lotu oerD1culatu. lSS l8S ~ '70 .uS 
c,u1a oeapeBi tella Lotu cond.cul.atus 107 46 4 0 15'1 

Habitat UJd. ta (.eed pods) NIIpl.ed 3916 1195 2392 430 1933 
Sap1.1Dg perieda Im-S 197s-6 Aug.l981 Aug.19'19 



Table 5.28 The trophic relatiouh1pe 1a8ide La corp1CJl.atU1 seed pMa at four localities iJl the Uld.ted 

Ibgdoa aDd Borvq. ! Trophic lft'el.a tvo aDd three 

Illteractiug Species IacideDCe aDd Location 

1° Parasite Herbiftre Epplevorth BalklDgteIl Vharraa Fossen CoabiDed 
Total. 

htedon dioUaas Apion loti 1136 478 721. 88 2423 
Triohoulus ruf'inwI Apion loti 64 125 283 '.11 529 
Tetrutiohua adeaus Euryto_ platyptera 11 128 3 0 l42 
lterollAl. s-.otu Api.Bloti 0 0 76 0 76 
P'tero.al.u ap. c. !ur7to- platyptera 6 6 0 3 l' 
Tricbo.uus capestris Apion loti 0 0 14 0 14 
MacroMUra Yesicularis ApioD loti , 3 2 0 10 
Triupis ap. Apio. loti -0 0 9 0 9 
testediploai. ape Apion loti 6 0 1 0 7 
Pterealu sequester EurTto- pla'Qptera 0 6 0 0 6 
PtereuJ.u chrJ80a CJd1a COIIpHi tella 0 S 0 0 , 

'-.C) MaOl'4nleura ft8icul.arie ~ platJPtera 4 0 0 0 4 0' 
r-i SculNa brevioorDis Cfdia co1lp08itel.la 4 0 0 0 4 
I TrichollAlua helYipea ApiOD loti 0 0 3 0 3 

Scubus eueo8llidarull CJd1a collpOai tella 0 3 0 0 3 
P'tero.uua sequester ApioD loti 0 3 0 0 3 
HecreaJIWJ tidiua Apioll loti 0 0 2 0 2 
Diadepa ape Cydia COllpOsi tella 1 0 0 0 1 
CliDoceDtrus ape Cydia COllpOsitell.a 1 0 0 0 1 
ptereaalus sp. A Apion loti 0 1 0 0 1 
Pteroaalus ap. A Eurfto- platyptera 0 1 0 0 1 
M ... polobus ? diffi.nis ApioD loti 0 0 1 0 1 
M ... polobus ? difnnis Eur.rto- platJPtera 0 1 0 0 1 
Pteroaalua chry'80s Ear;yto_ platyptera 0 1 0 0 1 
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Table 5.29 The trophic relatioD8h1pe 1JISide L. C9ralcgl.atu seed pods at four localities in the UDited 

K1Dgdoa aDd Borvq. J2 Trophic le't'8la three and reur 

Interacting species Iac1dence aad Location 
0 

1° Parasite 2 Parasite Epplworlh Bn1 k1 ngten Wbarraa ,. ..... 
Macrenwra ve.icularis Entedon diot1aus 1 5 0 0 

Tetrutichus eDdeJ1U8 lDtedoa diot1Jms 0 4 0 0 

Le.ted1pleais ap. EntedoJl diotilma 1 0 0 0 

Tetr&stiohus elldeas Triohoal,us rutillUB 0 1 0 0 

MacroJleUr& veaicul.ar1s Trioboaalus ran.nus 1 0 0 0 

P'tero.al.us ohr7s0s Soaabus eucosaidarua 0 1 0 0 

P'teroul.us ohr;yso. htedon d10tiIIUs 0 1 0 0 

Coab1Hd 
Total. 

6 

4 
1 

1 

1 

1 

1 



Table 5.30 

2 

1 68.49 
2 0 

.3 0 

4 0 

5 0 

6 0 

18 0 

(0 

~ 
I 

'!'he L. cond.cglatga seed pod tOGd veb .. tn.x. The auMer at the top ot each celua refers to 
the corumaer speci88 aDd the DUllber at the lett ot each rov reters to the host species. Results 

are pooled fro. tour localities, at Eppl8llOrth, Bal.k:l.Dgtoa, Wbarraa uad F.seeD. 

3 4 
415 157 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

5 6 7 8 9 10 U 

0 0 0 0 0 0 0 

2423 529 0 9 76 0 3 
0 0 142 0 0 15 6 

0 0 0 0 0 0 0 

0 0 4 0 0 0 0 

0 0 1 0 0 0 0 

0 0 0 0 0 0 0 

Itq te Specie. 

1 Lotus oorDicuJ.atu8 
2 Apioa loti 
3 Euryto_ platJptera 
4 07d1a coapoB1 tella 
5 EntedoD di.tiInJs 
6 TrioM..J._ ru.t.t.mus 
7 Tetraattchu aDd __ 
8 Triasp1s ap. 
9 Pterc.al.ua slllOtus 

10 Ptero.u.ua ap. C 
11 . Pterualua sequester 
12 Hacreaeura ft81cular1s 

12 13 14 15 16 

0 0 0 0 0 

10 14 7 0 0 

4 0 0 1 0 

0 0 0 5 4 
6 0 1 1 0 

1 0 0 0 0 

0 0 0 1 0 

13 TricbRalue capeetris 
1.4 lAatod1p1es1a sp. 
15 Pteroaalus ohr7 .. s 
16 Scubas br8'f':I.oorrd.s 
17 Mcllow.. bal. T.l.pe. 
18 Soaaba.e eacoaidana 
19 Becremma ttc11u 
20 Diadepa ape 
21 cu..cc'tru apt 
22 Hera pl:u ap. .l 
23 Menpo1obus., d1ff'1ld.s 

17 

0 

.3 
0 

0 

0 

0 

0 

18 19 20 2l 

0 0 0 0 

0 2 0 0 

0 0 0 0 

3 0 1 1 
0 0 0 0 

0 0 0 0 

0 0 0 0 

22 23 

0 0 

1 1 

1 1 

0 0 

0 0 

0 0 

0 0 
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2. Where M.t record. vere 1DlOerta1. the p&rultea coacerHCl 
haTe .t bee. lacl.uded. 

3. Mertal1 V er larTal Egrrit- plltzpttra U7 haTe led te .. 
UJldere.t1aate ot the JIUIlber • • t lta elld.parulte, T.trytichul 
.pleN. 

4. Lanae.t ~ ct'p!.ltell.a _Te tN. pM te peel dur1Jts 
de'Nlopae.t, ad eDter tIM cread te pupate. C. c .... lttlll 
(1JId ".oc11t8d parultea) are theretor. ud.r-repre ••• 'Wd 
1a the tabl ••• 

5. The nuaber. ot the abuIIdaat .lIdo~lte --IaHMa di.t4awp 
ha .... beeD obta.1lled b;r cal.C11latio., with the ratio .t I. 
diot1gl pupa. to A. loti pupae ad adul te UllDled te ropr •••• t 
tho 1en1 ot parasl tia pre.eat 1 .. 1d. the YJ.!! blllana. 
that vere collected. 

A. loti, B. pllt,ypteU aDd C. ct ... 1't!lll vere pro •• at It ... t ot the 

altea vh.re L. ctrpicplatM peel. vere AJpled (table 4.3) ad •• re toUDd It 

all the U.I. a1te. vhere exteu1n napli. WI! cemucted. S.Teral ot the 

paru1tes han .. eqaall;y wide di.tr1butioD (table 5.2) ad the c...u1V 

CI1l be ceu1dered te haTe I high ' ...... t pnbab1ll't7' (Pa1H, 1980). 

The rel.IUye abaDd •• ce ot each .peel •• do •• not TIr7 sr-t17 tMatveeD 

altea (tablea 5.')!'! to 5.29). The core epec1e., co .. 1ati. or L. c,""gpl'w. 

threo herblTOres &lid rO\11" paru1tea, doli_a the veb ad ICCOwat tor OTer 

98% ot the total l1J1kap. recorded It the tour .ltea (figuro 5.2). The additioa 

ot tour othor w1dellPrem paru1toa add. oDl7 O.~ ad tho reu111111111 'pec1 •• 

repro.eat oal7 1.]$ ot the total. 

Prn10u 111ft.tigaUoH ot tho iuecte toad 1a L. 09WAIty pod. baTe 

conc_trated ell the parulte. ot 1Dd1Yidul. apoc1e •• The puu1to. ot A. loti 

vere .tud1ed b7 W1ll1_ (1969) vbe tolUld. that T. at11U' ud .. ht., lIP. 

(pr .... bl7 E. 41.1;1 .. > nro tho oal7 1IIportant para.1te •• Ia the U.S.A. 

lfeuIW«.:ud G7r!'co (1959) 8VYqod the paru1te •• r three Imtta .pec1e. 

ad recerded I total ot ,ovea paruite. or B. plltrpttra. Batiato (1967) 

added ... ighth apoci.a, Liocloatn!l'M perplmp Oahu, reared· trot I. pllV

mn. 1D L. te!R\f. poda. Tho _at lIUIeroWJ parael tel were toad to be 

T,kM1;1.chul J.nchtPh'r1 u4 Vi'm'Y .!dipghl1., vb1Db. aq proTe to be 



FIGURE 5.2 

}Iajor el ements of the L. corniculatus seed pod food ueb at Epp1euorth, 

Bulldngton, Wharram and Fossen. 98.9% of the observed links are represented, 

with 98.4% represented by the thickened lines alone. 

1 L.comiculatus 7 P. seguester 

2 E ·Elat~Etera 8 T.rufinus 

3 A.loti 9 E.diot imus 

4 e.comEositella 10 P.semotus 
I 

·1 5 T. endemus 11 M.ves icularis 

6 pteromalus sp . e 12 LestodiElosis sp . 
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qMJI1IlOU with the Europeu. T. egl!l!\U! ud P. '!Qu •• ter. Macroneura vesimari. 

vu ale8 reared flNII E. plattpterl ill the U.S.A., but the tift reaailling 

~cie. haTe DOt been recorded tre. Britaia. III Ru.il, like1.bja (1932) 

.tudied the parasite. er EgrTtoIa Abba (whioh at that ti.e ino1uded E. plat

mtera> aal agai. recorded T. bnchtPMi ad P. lI!dio,pli ... the _jer 

para.1 te.. M. D81cular1' vas again preeent, as vas T. tibial1. (I 17JI8DJ11 

or T. gd!Iv). Mq.f" (1878) deeCl':l.bed EgrTtoIa de'tata which he bad reared 

!rea uaripe pedl .r L. omJ1Cl1latv, M!d101ft ralcata L. aDd Gem'ta tiPOttria 

L. 110 exaaplee .r E. datata were obtained rro. uq er the eupJ.el collected 

duriDg the pre ••• t .t'Ud7 ud Paraell (1964) hu road that E. de'taB i • 

.... cilted with • .,.eraJ. epecie. er Aelrphpdyl1.a ·(Dipte~). 

A. leU ad E, plltnten. each npport a dollilWlt pair or paraei te .peciee 

which telether ntaaaber the re.t or th. parui te ce...ud. t7 pre. eat ill 11.. 

ceraiO!!latu pea. Iacll pair i. oe •• ed .t .... eotoparui te and OM ezado

parali te, both .r which are. errecti ~ __ pbageu &lid ill each cue it i. 

the eDdeparui te which 1s •• t IUOce •• tal 11 te1"ll8 or DUJlbor. er reared izad-

i Tiduall. A lillilar .1 tuaUe. VII reoorded b7 Takade &ad ludje (1979) who 

etud1ed the para.i te coap1.ex .r tJae leat-a1Jd.1Ig Phrt.t.M htrtiOtla Govea 

ia Japu.. Th.,. round that one ezadeparu1te aDd tv •• cteparuite. vere the 

_Jor paruite., with I turther eenateell epee1e. recorded .ccuiollll7, aDd 

cnoluded that the parasite coapl.x co.i.ted ot a rfN bighlr tpeclalieed 

specie. aDd a larger maher .r pMrali..... that w.re adapted ter reediDg on 

I ftri.V er 1eat-ll1B1Dg iDaecta. Arter a .ore ezteDain IUI'ft1 ot parasite 

~t1e., A.k_ (1980) reached I .'''Jar cowUliea ad argued that because 

er 1.te.. ce.ti tie. each co-=1t7 O&D. 01117 81IpJ»rt I 11111 ted Daher or 

tpeo1t1c paru1 tea. A larger .. her .r poJ.1phapu speci.e 011 he pre •• nt 

hecaue th.,. haTe a broad ruge .r bolt epecle. whioh occur ill dirrerent 

cwauai U... Thi. .erne te reduce onpeU ti.n hetv ... th_ bocaue each 

parui te v1ll haTe dittereat bo.t pretereDCee. The parulte coaplex iuide 
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L. cornieulatus pods provides turther support for these conclusions. 

Askev (1975) provided a detailed comparison of the chalcid communities 

found in Cynipid oak galls and deciduous tree leaf mines. The structure of 

the food veb in L. cOndculatus seed pods has more in common vi \h the leaf 

mine coDUllWli ties, which probably reflects the ephemeral nature of seed pods 

that are liable to dehisce only weeks after they are first produced. Oak galls 

persist for much longer periods, allowing more structured cODlDunities to 

develop. Several characteristics of endophYtic communities that vere listed 

by Askew are evident inside L. corniculaty seed pods. 

1. "Endoparasites attack their hosts earlier than aotoparasites". 
Entedon diotimuB and Triaepis species Oviposit in the eggs 
or early larvae of A. loti vhereas all the ectoparasitic 
species attack mature larvae or pupae. 

2. "Fewer species of endoparasites are present and they tend 
to be more host specifio". Less than 25% ot the species 
reared from L. cornicul,! tUB pods were endoparasi tes and ot these 
only T. endemus attacks more than one host species. 

3. "Endoparasites usual.ly attack pbytophages, only rarely their 
parasites". All secondar.1 paraSites, vith the exception of 
T. endE!DlUB. were ectoparasltee • ., 

4. "Ectoparasl tee attack hosts irrespeotive of whether endo
parasites are already present". A large number (sometimes 
the majority) of I. ruritra develop from hosts already 
containing E. diot1mus. See pages 203 and 205) 

The L. corniculatus seed pod cuaun1 ty also has many similarities vi th 

the RhopaloDLrla gall community described by Force (1974). Endoparasi tes torm 

a small proportion of the species in the Rhopalom,y11 parasite complex, but 

they are numerica.lly very successful. Laboratory experiments demonstrated 

that Platvgaster sp. (which was the most abundant paraSite in natural comm

unities) VAS a poor competitor and lost a large proportion of its papulation 

through multiparasitic competition vith eotoparasites. Salt (1961.) also found 

that Vhen internal and external parasites are feeding on the same host 1 t 1s 

the ectoparasite which norma.ll.y survives and this general conclusion has 

galned additional support from the results of Askew (1975) and Zvoelfer (1979). 
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Th. 1aportaac. .f capeti ti •• betv .. a parul tel vu al •• d1.cua.ed b7 

Pric. (19'11) whe eapbul.ed lta N. 1a the .rgui.ati ••• r the para.ita 

c.lIpl..x .... ciated vith Nttdipritl paiMi Hidd. C.IIY.r.e17 bw.ftr, Dean 

ad Kicld.t. (1m) cowuded 'that there vu De md.RO • • t coapetitioD 

occarr1. betw ••• the parael~ • • t .... Cuad1aa lAp1d.ptara. 

I. L. etm1qpJ,tg poU E. ct:l.t1llg 1. coul.t&Jlt17 tho •• t abudaat 

parul te .r A. 1.ti, 7.t 1 t clear17 d... ft'q baclq in direct c.ap.t1 ti.1 

with T. rutipp. Di ••• Cti.D .t A. 1.U larn.. c.nt:lra.d that nltiparuiti_ 

d .... ccur, ad .1 '1117 .a •• ccul •• vu &Il B. d1ot1!g! lam. .ba.ned te 

••• rg. ncc ••• ~ rr.. a be.t lana wad.ch al •• had a T. rutip' lana f.eding 

.a It. 

Th. eaplr1cal •• tblDd d •• cribed by Ehl.r (1979) prertd •• a COJlftm. •• t 

ae&lll .f d.tocUJIg .f .flect. .t oollpOt1ti ••• a para.ito popalatiou. llI1.r 

d.ti ... eellp8t1t1.a .. H!JIg pre •• at it tho propertl •• • t M.te para.itl.eel 

b1 oa. ~cl.. 1. redtaced by the pre ••• e •• r a •• co*' para.l t.. '!'h. .tr.ete 

.t ceapetit1 •••• tho lUCe ••• • t I. di.1;1". C&Il be ezud.aed by e.IIp&Z'1.JII 

tho .-bor. tbat ncC •• ltull.7 deTel.ped iuid. pod. which wor. .hared Vi th 

t. run ... vi th tho .. whoa T. rgt1N vu ab •• IIt. U.iq thi ••• thed 1 t appear. 

~t at Ipplar.rth (table 5.)]) c'lIpOtiti •• val waiIIportut duriDg both 1m 

ad 1978. 

Capeti ti •• 1. l1kel7 te be •• t 1Dteas. vh •• the d ... l ti •• • t both 1. 

EIfiw ad I. di.'I;1. are hiP. A .upl. • • t L. C9rpioula\y pod. ooll.cted 

at r ••••• (Iorvq) .110 AWCU8t 1979 ool'lta1DOd uuual.17 lars. JlUllbor. ot 1. 

nti .. ud. d_utratod that T. nOm" CUl haft a aarted .tt.ct .D the 

nce ••• • t E. d1.tipI (table 5.32). UII4.r th ... ooDd1t1 ... the .".r1V of 

T. rBfil" w.re d.N.pUc fMa A. lit! lana. .bared vi tll B. di'1;'", al tho1J8h 

capotiti.1 vnld haft beea aftided 1a .... cu •• beC&Ul. T. rutiN al .. 

attacka tla. pupae .t A. l.y. 

De.pita ita ceapotit1T. veakae •• E. ditWm i. unal.l7 .. r. lDDI.mu,; 



Table 5.31 The iDf'lwmce of the pre • ..oe of Triobee1. nAp' •• the .ucc ••• 
ot Eateclol c1io1;1 ... L. ctrpimi'at.p pod8 collected at. Epplevorth 
Qaarr7 in 1971 and 1978. 

a 1m 

Eateclon diotilms reared 

Api.D 1~ remaining 

b 1978 

EDt.ede. diotiJlus reared 

Api.D ~ rema.1n1ng 

= 2. '9.3. P > o.osl 

L. C9rpicpl.atv 
pods 111 t.h T. ru1'1Jms 
AJiNlQt M.en't 

294 13 
2296 78 

L. col'cul.atv 
pods V1hr rut1pwP 
Aba .. t. Present. 

41 0 

263 19 

ls.e Chapter 4 tor coment Oil the ftlidiV of the chi eqaare .tatistio 

in COJlt.iDgeDC7 tables where OM or Mre cells have a value ot seN. 



I.t"\ 

~ 

Table 5.32 CoIIpeti tion betueen paras1 tea of lp1!p ldi 1ul4e a eaple of 265 L. comiC!llatv seed pods 

collected at Fossen (Jostedal.an, Ho1'lllQ") on 10 August 1979. 

Apioll lott EstiMted 
Parasites Percentage paruit1_ 

TrichHalua Hea1tlr1' Dead BDtedon Tric .... ]_ Entedon Trichaal.118 
rut1Dus Larvae Pupae/adul ts Larvae Pupae/adults diotilms rutiJms dio1dJms ratimuI Total 

Present 0 1 2 0 7 51 11.5 83.6 95.1 

Absent 1 7 6 1 42 - 73.7 - 73.7 

A. lott 
Mortal1V(%) 

98.4 

86.1 



- 206 -

thaD T, oN p' 1& lUPle. ot L, ctrp1cglataM poda. Iaide ltb9,paltgil pll, 

the ... parasi te natYgyter vu al.o tOUDd to be .. re 81lO .... tal tbaA i tat 

aapetIDg ecteparuites &D.i Force (1974) attr1bslted tbi. BUCoe •• te a 00 ... 

b1u.t1on or 1DteDl1 ft oeapeti tie. between the eoteparui tel ad to their 

liJd.W reprecluctin capab1l1tie •• loteparaaite. ether thaa T, 1'!lt1my oocur 

relati ftl7 1Jlf'req118D1ilT iuide L. otrpicpl&ty pod, am coapot1 tiOD betwoen 

them 1. DOt lliel.T te be lIIportut. Superparui ti .. bT I, run '" lanae doe, 

eccw; however, ad thi, 1, prebabl7 the •• t treq1leJlt tOI'll ot COllpOti tI •• 

beW ... _tCteparu1te •• The nooe •• • t I. clio",. i. perhap •• ttrib&ttable to 

tacter. vhich uke It 1Bherea~ .ore cl1tf1oul.t te .earoh tor a ...u .. ber 

or .ture larYu thaD t.r a larpr _ber et ea. or nllt!:nl1 ,edelltarT 

~ture lame. 

The owaoteri,tica ad propertie. .t tood .eb. haft reoei ft4 oe .. 14erable 

atteatio. trea _th_tiDal eoelogl,t., ret Cohea (1978) aa4 Bedd111gte1l ud 

Lawtell (1978) haft co.eated. ell a lack et -.pineal data •• the nbjeot. 

tComaeotodM •• t tood Rbi ('un Pa1H, 1980), noa u t1pre S.l, are baaed 

o. pre.eace/ab.eace (1ao1deace) data uri Ii"" the iIIprN.io. that o_"D'Ue. 

baTe a hilh co_c"" ( •• ", Mq, 1973) UKl collplalt7. Bedd1mcto. aD4 

~D (1978) haft arped that 'Ud.. apparot oo.p1a1tr _k. tho relatiftl7 

t_ deu1t7 depeJldut k.,. l1W that coatrol. the dpaaio. et each teed Rb. 

law" nov vebe qau.tItr the 11-.,.. vi thi. co...s. ti •• ad prende 

WOrll&ti •••• their relati..,. iJlpertaaoe. The aclui •• et be.ta that tera 

01117 a aall part .r a predatalt. diet ... cou14erabl:T redllOe teed web .... 

plaiv, bu.t n- (1980) Iau .trN.ed that ncllld._r dietar, coutituetl 

.., ultiUtelT pNn to be ot great npit1ouoe. Palae (1980) u.a BteJM1ed 

thi. upae.t ad coatada that eMr17 nov veb. are et UttJ.e ftlue. Be 

uiataiM that tWlCtioDll nH, baaed en aperiaOll'tal -.a1pulaUon ot COlI

.ud:~ .tructare, proT.l.de the •• t Nl.,..t 1u1&hta iato 01.."."'. erpDieatiolle 

Ia rel.ati •• to the .. bel- et iBd1T.l.dual. tbat are IJ1ftlftCl, the poqpbaceu 
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8peCies contribute a di~rt1e_tel.7 high I11Dlber et liaks in the L. com-
1:cpHtv seed pod tood web. The.. tacUltatiTe •• oolldar7 parui to. appear to 

reMTe heeta 1a direct propertioa to their llkelJ.boed .t beiDl encOWltered 

(table S.33) Uld vi th nftici.a\1.7 larae .aap1e .i ••• Le18ttdip1o.i •• p., 
PW · ? M chm!S aDd Macr!MV! Dt1gp1 aris c.uld prebabl.7 be lillked vi th 

~at all the other epec1e. tOUBd i.ide the pede. The relnuce et nob 

c.JUl8Ctie. to the etabtl1 • ot tM COMiIid.t7 aut be _cUpble,hovner, 

&lid apbuis.s the DMCl ter l1Dkap trequencie. to be tat.n into aOOO1Dlt vbe. , 

the relatioJl8h1p beiiveeA CGDDectaac. aDd ,taM U1i7 i. c.uldered. 

n- aDd Laton (1978) pndicW that 1ueot .at-paruito qst... Jd.lht 

prnlde uceptiens to their geD8Z'll c.acl.Ull •• that .table toed vebl are 1m

likel.7 to ceatain IWI1' epeo1ee that teed at .ore tbaD .ne trepbio level. 

('OD1!'res') aDd that OIIId.'t'Orea are l.1kelT t. teed at adjaoeat trophio levela. 

Pia (1980) dlstiBgUi,hed betvea '_-..cha:lJl' and 'dltter8llwbalD' eJlJd.ft1"1, 

aDd couidered the dle~ctio. to be 1Ilportu., beca.e ditt.rent-ohaia ou1ftrr 

bas 11 ttle ettect on the 8t.abU1 t,' ot Mdel teed vebe whereas ... e-ohain 

OIIDiftrr uua1l.7 produce, 1IUItab1ll t7. J>t.ereee'M chrnt. teed1111 e. Segby 

see'" 4'T!!! (rJ.gure S.l) 18 aa aaple ot a .. e-obain oD1 '"1"1 beoauae I. 

gh'7'" al •• develope d1reot11 troll 9Jd1. co .. ,itel1a. Whe. P. chr7H' attaokl 

I. 41ot''!' it proT.lde' Ul 8DIIpl.e ot dltterat cha1a eu1 TOrr becaute 1 t vu 

DOt recorded .. attaold.Dg A. ltU. 

A tot.]. ot tour 0Illd .... 1"0\18 specie' vere recorded i.ide L. comiog1atv 

pod8 (lImpewa mimjl,tt" Ic!Ittdipleti. lip., P. chrntl aDd fttrvtiotpu 

..... ) aDd all vera totmd to teed at adjoiJd.JJg trepbic 18ftl... 01tl7 tour 

_&-Chi'. lim,., were pre.ent, two ot vh1ch vere proTlded b7 M. Dliqglvi,. 

Thl. 1. a rather lover ,~rU •• thaD tho .. reoordecl 1a the i.ect tood vebs 

~ed b7 PHa (1980) &lid ruulta t.r.a the large maber et uaoo .. n JlGnoph

qns apeo1e. in the .eed pH teed ".b. 

rood web! una1l1' oeDtaiD eal7 a ...:u _ber ot trophio lema, ua4 
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Table S.33 The treqU8IlC7 or attacks by tacul.tatiYe qperparuite. in 

relation to the DWlbers ot hoate that vere aTailable. Resulta 

are co.biDed fro. L. 9Omi5atg a.eel pod auapl.ea collected 

at tour _jor ai tea. Ifcrte that the d8Tel.opaeat ot Tetraatichy 

elld!JllM! ~.n I. pl,trptera ia DOt iDCluded. 

Heat Speciea No.ot % et Ro. ot He. attacked % ot 
hoets total hoats parasite o by total 

aft1l..ble epecie. 2 parasites attacks 

ApioR loti 6849 66.0 2 22 46.8 
BUryto_ platyptera .uS 4.0 2 5 10.6 

Cydia cOllpOlsi tella 15'1 1.5 1 5 10.6 

Entedoll diotiIIwJ 2423 23.4 4 12 2S.S 
Triclwllllus rt1tiDU8 529 5.1 2 2 4.2 

Scaabua euconidarull 3 0.03 1 1 2.1 

10376 -Totala 47 
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are broad rather thaD 101tg (Aakew, 1975, Cohen, 1978). 'l'h1s feature, vhich 

el'JbaDce. the stab1l1t)- of JIOdel .,..teas (PDa, 1980), is ceu1dered b.r Pia 

&Del Lawton (1971) te result trem CODStra1Dts :laposed b.r populatioJl dyDu1cs 

rather than ecological el'le1"IeUos. The food obai DS 1u1de L. gorp1gp"ty 

pods are sbort, and 01217 rnr Vophio lrn18 are NpreseJlted (cl1.oe1UltiDa 

deceJlPOse:rs'. If1perpar&a1 tes were read to be or IliDDr 1aperiaace in the 

RbtM'tpia coaaDi't7 (lerce, 1974) m! 1D L. otraigu1'ty peel. this trophic 

1",:811. sill1larlT poor17 repreaeDted, desp1te vhat appears te be a large 

peel or IlUitable hoats (f'1p.re 5.3). 

Mq (1974) f'OUDd that the atab1l1tJ or a.pl.ex _del ece871teu could 

be iIlprond b7 eli v.l.diJtg the MClel. iato a serie. er 1"'8l7 coupled lI1lbq.t.s. 

HoweTer, vhea the lIOdel.s vore turther retined by excl.12di1ll bie1eg1cal.17 ua

reuoaable phe .. eD& it vas rOUDCl that compa,rtaented MClels were De .ore 

stable than r&Dd~ orpat.seci oae. (Pima, 1979). The bie1og1cal 1apUoatio_ 

er theae reruts vere di.cussed by BeddiDgton aDd Lawtea (1978) UId Pia ad 

Lawton (1980) aDd it wu concluded tbat there vas DO eTide.ce that _tural 

c...w 1'4_ were .. re COIIp8r1aeated than vwld be expected b7 chanco. 

Ia1de L. corp1mt1 a1;u pods the records f'roa the tour aajor supl1Dg 

Ii tea aMv that at the ~ aDd aecoDdar7 paru1 te level. 91.)% ot the 

, 1 nkagea were te1'lled by lIO_phagous speciea deftlep1Jlc e~ on A. 1,ti, 

4.8% vere ronaed bT __ phage. ot I. platmt;era aM 0.28% b7 _DDphqe. ot 

C. cnpolit.ella (TekMtiolm' .... has been treated as a _aophage vhen 

deftlep1Dg on I. p' .trptera). L1Bka t01'lled by parasites teed1Dg on tvo or 

aere hoats accouat tor o.:q 3.$ ot the tot.aJ.. This cl1v.laion i. h.ardl7 sur

prisiDg vi th each hertn-..re bel.oJIIiDg to ~ a 41tterent iDaect order, but 1 t 

dees shov that C8IIp&1"taaUaaUoa based OIl host preference 1. pre.ont. 

Batural cwamd.t:les aq be div.lded into 'coapartaente t at one level. aDd 

reUculate at another (n- Uld Lavtioa, 1980) &lid a coapariaoa ot the co ... 

UD1 ties iuide the .eed pods .f a DUaber ot l .. e. 1Iq renal a cOJUliderable 
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The trophic l evel s ins:i.de L, corniculatus seed pods , Numbers of individuals 

and the percentage of the lower trophic level that thi~ r epresents are 

indicated, 



C 
rl 
("~ 

Secondary 
Parasites 

Primary 

Eppleworth 
n % 

3 0.24 

Bulkington 
n % 

12 

Parasites 1238 37.9 761 

Phytophages 3266 1441 

L.comiculatus 

Wharram 
n % 

o o 

Fossen 
n % 

o o 

1115 45.0 148 63.0 

2479 235 

Totals 
n % 

15 0.46 

3262 44.0 

7421 
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degree of overlap. N8WlSig and G7riICG (1959), for exaaple, eollp&l'8d the 

paruite COIIPlexes of three cl08e:q related epeci .. or Eurtto- (including 

E. pl..typt.tra) ud tom:l that they ven 'ftr'1' 8imil ar. 

A. 101;1 and E. p,.txpten, denlop 01117 in .L2.1aaI,.,species, but C. C91pO.itell,a 

.:Lao teed8 on Trirolig . aDd probahl.7 supporta brMdl.7 siailar parasite co ... 

pleD8, irrespective ot vhich plaDt 1t 18 reediDc on. Lild.ted 8aapl.1Dg ot 

Tritollua pratease L. tlover heads bas itonethe1e88 d8llOnatr&ted that thi8 

plant'8 parasite coDllllmitr 1. couiderabl.7 dirf'erent fro. that ot L. oomlo

ulatua. A collection or T. prateue at BulldDgton (27.8.78) produced 8peoillel18 

et P8ewlotorDga apiop18 (Mqr) a well kDovJl parasite oS Api" spp. in IIit

ell. (tor uuple Richards 1935) that vas ... r recorded fro. L. coraimq.tua. 

SpintbmYI 4Jb1M (Hee8) 18 aDOther parasite not roUDd in L. 99EJismlatua poda 

that attack ApicpAirspp. in Tritg"- (Graham 1969, Bou<S'u, 1970) ad it vu 

reared tro. T. stepse collected at both Bul.kiDgton (27.8.78) ad Epplevorth 

(~9.78). 

The degree or div:l.sioll into compartaents that i8 rowad 111 the 8eed pod_ 

et lepae8 -1 DOt be repr888Dti ti ve of' tbe1r f'aUDU .. a vbele. Reproducti.,. 

8tructure8 are particalar17 diver8e, both cheaioall7 aDd 8truotval.lJ', aDd 

thi. has prebably' re8Ul ted in greater spec1ation than, tor u:uple, 1n the 

1eat-oheviJIg gaUd. A thorough iDft8t1ption or 8everal 1.,.. specie8 grow1Dg 

at 0'" 8ite c.uJ.d provide the .W.mation that i8 nec._Ml7 betore a:q 

coacluaioD8 can be reached on thi_ point. 
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PRE-DISPERSAL PREDATION OF L. CORl!ICULA'l'US SEEDS 

Ia rec.nt J8&1'8 a ceulderabJ.. 11 terature hu appeared en the subjeot 

or ' •• ed predatioa' bJ .p1.,., auch or it .t1JIUlatecl b7 the pubUoatlou 

or D.H. J .... n. Pluts exhibit a oollplex patter. or Napa .... te herbl ... 1' 

(Beata.,. ad Whittaker, 1979) &lid the experil[aeatal zoe_Tal ot leat tileue 1. 

ott .. touad to han -lIlT Ilicht d.tr1a.zatal. .ttecta and cu rnD lead to a 

.t1n1atlon 1» plant grwth rate. (Decker .u Al, 1960, Barril, 1972). COIIp

otit.1..,. lateractloDl With other pluta are l1lr:e17 to zoenlt I» toliage re.oftJ.. 

beiDC _re d •• ·g!ag (Whittaker, 1979), but lov level. of lear c1uace aq nona

~"I han _ll1pblo COD8eqU8Dcel tor the nniftl ot _ture pluta.~e 

.trectl or claage to reproduct1n .tructurel are _re read1]r quaatlt1ed, 

boca.o dauCed .eede or emiLe. v:Ul alJIolt 1~ taU te dnelop. There 

II .'fi4oac. tSt 8OaeooapeneatloDcaa.ccur,hovner, (Helldr1x, 1979 • Satth 

ad Bu., 1972) parthalar17 it ~ .... occur at an ear1r .taco. L. Oom19Ulat. 

preduce. a large excess ot never bade, aJV' ot vhich qu1ok17 abort (8bapter 
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three). Whether this is iDtlue=ed bT .t1over or pod, 10s.es has DOt been 

e.tablished, bat then vnld appear to be couiderable soope tor ooapensation 

to ooour. 

The seed. ot III&lJT specie. .t Lega1DO" oontai. a ruge of .ecoDdar;r 

oOllp01DIds, a JlUllber ot which are believed to haTe a role in the detellce of 

the seed. (Jansen, 19(9). lrupe (1953) t01Uld that extracts ot L. cornicp1aty 

.eeds caued . B«lutlnatlon ot HaaIl blood cell., but Makela (1957) could 

.t ceatira this. L. conr1culatv .eeds are Mt C1&DOgell1c (Jene., 1966) and . 

the .ture ot their chemical detence. (it ~) r.aiu ill doubt. 

Pre-dieperlAl predation ot L. Ctp.imatg .e. at Ippl.evorth Quarr.r 

vu _at t.red bJ C01DItiIlg the .. bere ot heel tIlT .eed. &lid iaacts contained 

1a each et the seed ped8 pre.ent 1a the sap1e q1JAdrata (Chapters tvo ad 

three). Ia addition duriJ11l978 the 1emgth ot each .tun pod vu aeuured, 

aDd the JlUllber ot duaged &lid vnhMltbJ .eeds vu recorded. Pest di.persal 

predation vas .t illftstip.teci, lNt vhereu ia .. a cue. this 1. kDow to 

exceed pre-cU.apersal predation ia 1aportaDoe (tor -.ple Gardaer, 1977) this 

is UDlikel.7 to be true tor L. corp1culatp, whioh has relat1'Yel.7 nall. .eed. 

(Jansen, 1971). 

L. ernicul.atg! .eed precluat101l varie. ooDl1derabq betvMIl lDdi vidual a 

(llbreohtaen !l..Y, 1966 ad Peacock ad WUala, 1960) but umder ctptinll 

gNV1JIg coDd! tiou the plaat can produoe tin to .ix pod. per _bel, 15 - 20 

.... per pH (S8&l181 ad Beuoll, 19?0) aIM1 18,000 .eeds per plant, (Jones 

1970). Saed predatloll 0Ul take the tora ot da.truoti •• er reaoftl. ot vhole 

_bel., 1ad1 vidul pods or .1JIsl. saeds. The 10.. ot ooaplete uaW. could 

.t be deteoted vitb1ll the aaap'l.1JII prep_ used &lid ita relatlve iIIlportaaoe 

rS" D8 unknow. 

Renlte ad Disouston 

novara vb10h taU to be poll1_ted 1110008.tul.l.7 IU1' vi ther ad die, ad 

le.... or vh8le pods Deed DOt neca •• ar1l3' be due to predation. Dar1JIa both 
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1977 and 1978 the average .. ber ot seed pode per _bel (includiDg pods vhich 

had dehisced) vas oD13 1.8 (table 6.1), compared vi th a aean lmllber or novera 

per _bel ot 2.0 in 1m aDd 2.7 in 1978. The maber or pod. preduced i. there

tore cODSiderabl.7 below that V'hich 0Ul be obtained UDder agricultural coDditions, 

but _at et the 10aa88 occur prior to the tloveriDg atage (Chapter three). 

Observations suggeated that tn v_1e pods were 'be1J11 COJUlUlled by' herbiftNa 

becaue pods chewed back te their .epal. were rare. ExterMl. duqe to aeed 

pea at Epplevorth Quar7.7 vas ClUed .'''',. b1 _l1_c. &lid chw1Jtc 1:uecte, 

aDd the.e ~ r_.Yed _re thaa 2~ .f the pod t1ssue. other facto" that 

-:r have ceatr1buted te the lev left1 ot ped preductien iaal.te teed1lac b7 

i .. ects e. tile never. ad buds (Chapter three). iuutticie.t pellill&tiell, 

&lid the peer health et the pareat plots. Stea teedi. b7 HOlIIPteraa. CaD 

al.e haTe a ce .. iderable iDtlueBOe on seed preductie. b.1 leguae. aad Scheoahoven 

et al (1978) bave 8bon that it CD re8Ult i • . t.,er pede 1*1111 preduced, a --
tall in the IlUJlbar ot seed per pod, a reductie. ill iBd1. rtdual .eed veight ad 

.. bcrea.e 1ft the IWIlber or pede which ceDtaill _ nable .eedl. 

The L. corniculat!8 .eed pede at Epplevorth Quar17 oelltaiDed ... average 

or 3.44 hea1th1 seeds in 1m ud 5.04 healt~ .eed. 1n 1978, an iaoreale 

in per pod seed preduction .r alIIolt ~ (table_ 6.2). Heal thJ leed content 

vas one or .eft. n.r1ablel recerded tor each et the .eed pods and the re1-

atie.hipi between theae ftl'iable. are eDll1* uaiDg correlatien aul,.il 

(table 6.3.on11 11p1t1cant C4trrelatie .. are prended). Data in thi. tOl'll i. 

vell lutted tor aultinr1ate auJ.,I •• nch u tho •• aarr1ed eut b7 Moore (1978b) 

in his .tud1 or leed predation ill the .hrub CrtWvia. A preJ.illill&1'1 aul.

tiTariate exaa1_tioll ot the factors inf'.luellcillg healt~ .esd production b.1 

L. am1cul,atM peds (uaiDg the 'SPSS' packq. dmleci b1 lie .u 11. 1975) 

revealed, howeTer, that the reoorded ftr1able. oould explaill olll, appron_tel, 

l~ ot the oblened Tari&llce 1Il1m ad 20% in 1978. ru. rera of &II&118il 

Val there tore dilC4tIlt1aued. 



- 215 -

Table 6.1 The nuabere of seed pods borne on L. COmicu1ar.' _bela 
collected at Epplevorth Quarr;y 1n 1m and 197 • Note that 
dehisced pods are included. 

1m 1978 
Sample No. of Mean pods/ No. or Mean pods/ 

Uabels Umbel Umbels Umbel 

1.1 JJJ 2.2 -
1.2 72 1.9 -
1.3 39 2.0 - -
2.1 70 1.9 16 1.2 
2.2 39 1.8 18 2.1 
2.3 SO 2.0 40 2.3 
3.1 94 2.1 9 1.2 
3.2 47 2.3 11 1.1 

3.3 65 1.4 20 2.3 
4.1 65 1.8 8 2.5 
4.2 69 1.8 8 1.9 
4.3 60 1.9 0 -
5.1 26 1.9 29 1.7 
5.2 58 1.7 8 1.4 
5.3 93 2.0 32 2.2 
6.1 lO3 1.7 6 1.2 
6.2 23 1.3 21 2.4 
6.3 13 1.5 31 1.6 

7.1 13 1.5 19 1.8 

7.2 85 2.0 30 1.7 

7.3 81. 1.8 68 1.8 
8.1 34 1.9 18 1.4 
8.2 84 1.8 33 1.1 
8.3 13 1.6 8 1.4 
9.1 ?O 1.7 29 2.3 
9.2 24 1.7 5 1.8 
9.3 51 1.5 8 3.0 

10.1 35 1.1 - -
lO.2 38 1.3 - -
11.1 13 1.2 - -
11.2 » 1.2 - -

Totals 1538 1.8 475 1.8 
and means or 
total. de. ta 
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Table 6.2 The average Il'lilbera or heal th1 seed. recorded fro. L. c0rniculatus 
aeed pod auple. collected at Eppleverth Quarry. 

1971 1978 
Suple Ne. or Me .. healt!v' No. or Mean heal thy 

pods aeeda per pod pod. aeeda per pod 

1.1 89 5.58 -
1.2 1.39 4.2.4 -
1.3 79 3.63 
2.1 126 • 2.49 
2.2 6.3 4.21 
2 • .3 91 4.22 -
.3.1 199 5.82 -
.3.2 108 2.75 -
.3 • .3 90 1.62 

4.1 116 .3.26 16 3.75 
4.2 127 2.39 15 0.47 
4 • .3 ll.3 2.87 0 0 
5.1 50 3.24 45 2.84 
5.2 98 1.59 10 3.00 
5.3 191 2 • .31 69 6.56 
6.1 168 2.14 7 7.4.3 
6.2 .30 0.90 49 4.88 
6.3 20 1.75 49 .3.71 
7.1 20 4.65 30 4.33 
7.2 160 3.84 42 3.62 

7 • .3 14.3 3.45 112 6.62 
8.1 65 4.25 II 3.82 

1.2 148 4.56 55 .3.67 

8 • .3 20 4.25 10 6.40 
9.1 III 3.04 56 7.20 
9.2 38 3.00 5 S.oo 
9 • .3 60 5.85 17 6.12 

10.1 .30 3.7.3 

10.2 47 .3.S7 -
11.1 1S 3.27 - -
11.2 36 2.69 -

Total. 2790 3." 598 5.04 
and means 
of total data 



Table 6.3 SigD1ficant Pearson Correlation Coefficiente DOug L. cornicula1;w seed pod variables. Degrees of 
t'reedoa = 21SfJ ill 1m and 5'16 in 1978 

Alm Pods per ExterDal. Heal.tb;y/ Apion c,dia Euryto- Hea1tb;y 
U.bel Daage Unhealtb;y loti collp08i tella platyptera Seeds 

Pods per lJJabel. ..(J.04~ ..(J.o~ 0.1433 
Extemal Daage - ..(J.i03 ..(J.o,36 - -3 
Heal ~/Unheai tb;y 

..(J.~~ - -o.i033 -o.i563 -o.~ ApioD loti 
-O.~36l - -O.2i03 Cydia collpesi tella ..(J.O -4.156 ..(J. 

~_ platJptera 
o.ur - -o.i633 ..(J.~3 -0.2103 Heal t.b7 Seeds - -

Bl978 Pods per External Heal.tb;r/ ApioD Cydia Euryto ... Heal.thT 

(Saaples 4.1 - 9.3 Umbel Dall8ge tJnhealtb7 loti OGIIpOsi tel.l.a platyptera Seed8 
t--- only) fj 

Pods per lIabel 
..(J.~8~ 

..(J.08~ 
..(J.0s~ - - ..(J.i~ Extemal Damage - -Heal. t~/CJDheal tb;y 

-o.~f -0.0,51-
..(J.m - -o·w.3 Apion loti - - - ..(J.1733 Cydia collpOsi teJ.la - - - - - -0.151 

Euryto_ pla'tJptera 
..(J.]3,3 -o.~.3 ..(J.i7Y -o.i513 -Heal tlo' Seeds 

lp < O.OS 
2p < 0.01 

3p < 0.001 
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During 1971 hea1tlv' seed coatent vas foUDd te be po.it1'Yel.y correlated 

vi th pods per Ullbe1 and Degati 'Yel.7 c.rrelated with unheal tq pod cond! Uon, 

Api.n l2l1 aDd Crdia COIp!.i tell.a. Bo sigDitioant o.rrelatioD vi th pods per 

uabel va. pr.lent in 1978, but a fourth n.gatiye correlation, with external 

ped duag., vas recorded. Sip1tioaat COI'r'e.io;tiOD8 between the other variable, 

vere al .. obtained, although DO_ iaft1nd !M:y'tt •• p.atTpteta. 

Ullhealtby and extel"llA117 duaged pods were expected to contaia fever 

thaa average heal. t~ seedl · aDd il¥leed. .aD.1' of the unh.al. ~ pod. c.atained. 

_De at all (table 6.4&). In COJlpariSOD, the ettects ot .xternal pod duage 

vere relati'Ye17 II1nor, hovever, .t eft. pNClucing a ,illlitiout reduction of 

leed content in 1971 (table 6.5&). Onlr two C. ot!pO.itella and .. I. platnteEl 

were reoorded troll pods ill th.le categ.nes aDd th.,.. allO oontained rev.r 

than Ml'II&l. A. Itt! (tablel 6.4bJ and 6.5 ij. This sugg.ste that the o'rlpoli ting 

r...:Lel of the insecta di.or:lld. .... te agaiD!t unheal ~ or duaged pod •• 

Th. signit'icant relatioDlhip betweeD pod, per uabel and •• ad coateat 

per pod (1977 oDl1, table 6.3&) could haft been &Jl iDdir.ct reault caused 

b7 the negative correlation or pods per uabel with A. loti aDd C. cO!pQ.iteUa. 

Part.1al correlation .t heal tb7 •• ed. coateat with pod. p.r uabel (co.trolling 

r.r the presence or both inaecta), .hewl that thi. V&I DOt the 0&1' how .... r 

(r [2tg~ • 0.131, p < 0.001). 

A1 tbeugh teediDg b.r the three elJdopb,rtic iD!ect. did _t rem t in vho1e 

pedl becelliDg UDheal tb7 there could haft been .o.e .eed Hrtall tie. that 

raPUl ted troa the iDseota transmi ttiDg 1'u.Dcal. or bacterial. pathoseDl. There 

vas 1l! ,:e91dence that this vas occurr1Dg,hov..,.r, as the prelence or A. loti 

(the .0.10 abulJdant !pec1e.) did .10 increase the 11ke1il»od that a pod would 

a.atain _ulq .eeds (x2 [1] • 0.022, P )0.05, with n pod. • 451) aDd A. loti 

ad _uldy seed centut v.re DOt .ip1ticaatl7 correlated (Pear ... Con. [441J 

• -0.073, P> 0.05). 

E.tillate •• r leeel 1 •• 8 •• caua. b7 inaeot. CD be obtai.ad b7 direct 
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Table 6.4 A comparison or the mabers or seeds aDd insects contained 
in heaJ.tq and unhealUl;y seed pods or L. oOrnioulatus 
Eppleworth Quarzo7, 1m and 1978. 

A Heal tq seed content 

1m 
Seeds Preaeat 

1978 (88lIlpl.es 4-9 only) 
Seeds Present 

0 1 )1 0 1 2-.5 > 5 
Heal thy pods 5Y1 ,361 1892 .54 40 24.3 228 
UDheal thy pods 62 7 1 25 242 

% represent bT 10 • .3 l.9 0.05 .31.6 weal t1q' pods 1.6 

x2 [2J .. 202.6, P < 0.001 

B ,pig kY. (1Dcl.ud1Dg iDdJ:r1dvala represented bT paruite.) 

1m 1978 
A. lit! A. ltti 

absent prelent &bleat preeeat 

1024 

51 

x2 [i] .. .35.7, P < 0.001 

l696 
19 

~ Jlea].th;r pods col.meed .. 62.3% (1977) and 28.9% (1978) 

55.3 

.38 

~ bhealt.b;y pods coloDised .. Zl,J$ (1m) aDd ll.~ (1978) 

225 
5 
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Table 6.5 The effects of external pod damage on the nllllbers or insects 
and haal. thy' seeds contained in &. C9m1culatus seed pods. 
Eppleworth Quarry 1977 aDd 1978. 

A Heal t~ seed content 

1m 1978 (saaples 4-9 onq) 
Seeds Present Seeds Present 

0 1 2-5 >5 0 1 2-5 >5 

Undamaged pods 'J19 359 1168 617 66 /J) 2.34 224 
Damaged pods 20 9 24 14 1.3 2 1.3 6 

% represented by 3.3 2.4 2.0 2.2 16.5 4.8 5.3 2.6 daaaged pods 

x2 [.3J = .3.1, P > 0.05 X2 [.3 ] • 21 • .3, P < 0.001 

B Apion ~ (including individuals represent b7 parasites) 

1977 

A. loti 
1978 

A. loti 
absent present absent present 

1JDdamaged pods 

Damaged pods 

1041 

34 

1682 
33 

555 
36 

226 

4 

x2 [lJ = 4..3, P < 0.05 r?- [13 • 6.8, P < 0.01 

S Undamaged pods colom.sed = 61.~ (1m) and 28.9% (1978) 
% Damaged pods co1omsed I: 49.2$ (1977) aDd 10.0% (1978) 
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counts of damaged seeds or by comparing the numbers of heaJthy seeds in 

pods with or without the seed predators (Moore, 1918). Feeding by insects 

inside the seed pods of L.comioulatus often results in the virtual dis

appearance of some of ~he seeds and it was felt that the seoond of these 

methods would be likely to produoe more reliable results. Using this method 

the estimated seed losses due to inseots were 1.30 seeds per attacked pod 

in 1911 and 1.86 seeds in 1918. Because many more pods oontained inseots 

in 1911 this damage represented a loss of 20.03% of the seeds in 1917, but 

only 8.53% in 1978. Pods which had not oontained insects produced on 

average 4.29 healthy seeds per pod in 1977 and 5.51 seeds per pod in 1918, 

while in the attacked pods the mean seed production values were 2.99 and 

3.65 respectively (tables 6.6 - 6.8). Pods whioh had contained insects were 

more likely to fail to produoe any viable seed and less likely to contain 

more than three (table 6.9). 

This method of estimating seed mortalities assumes that the inseots 

oolonise the seed pods without regard for their seed oontent. In seven of 

the samples there was a greater average number of seeds in the pods con

taining inseots than in those whioh did not (tables 6.6 and 6.7). Most of 

the samples with 'negative' seed mortalities were oolleoted early in the 

season and, although none of the within sample differenoes in seed content 

are signifioant when examined b,y Chi square analysis, this strongly suggests 

that the inseots were selecting pods whioh oontained large numbers of seeds. 

Seed mortalities oaused by inseots will also have been underestimated 

beoause many of the larvae had no~ oeased feeding and the values of' 20.0~ 

removal in 1977 and 8.5% removal in 1978 must, therefore be regarded as 

minimum damage estimates. A total ot 451 of the mature seed pods collected 

during 1978 were soored for overall , length and for any damaged or unhealthy 

seeds. Eighty ti~ % o£' the seeds were found to be healthy, with lO.~/o 

unhealthy and only 4.5% showing Signs of damage. E.platyptera and 

C.oompositella were rarely enoountered, 
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Table 6.6 Estimates or seed losses caused b7 iDeeete reeding iUide 
seed pods .r La corp1culatus. Epplworth Quarrr, 1m 

Est1aated seed losses 
Saaple Pods with insects Pods vi tbout iuecta (a) (b) 

No. Mean seeds/pod Ro. Mean seeds/pod Seeds per J ·or 1Jd. tlal 
attaoked pod production 

1.1 48 5.81 41 5.32 -0.49 -
1.2 70 3.36 fJ:J 5.13 1.71 17.4 
1.3 59 3.64 3) 3.60 -0.04 
2.1 80 2.61 AI> 2.28 -0.32 

._2.2 IJ) 3.95 23 4.65 0.70 9.6 
2.3 59 4.41 .32 3.f11 -0.54 -
3.1 88 5.74 III 5.89 0.15 1.1 
3.2 79 2.71 29 2.86 0.15 .3.8 
.3 • .3 72 1.24 18 .3.17 1.93 48.7 
4.1 89 3.26 'Z1 .3.26 0 0 
4.2 98 2.01 29 .3.69 1.68 35.1 
4..3 94 2...,., 19 .3.37 0.60 l4.8 
5.1 30 .3.47 3) 2.90 -0.43 -
5.2 74 1.35 24 2 • .33 0.98 31.8 
5 • .3 1.35 2.1.3 56 2.75 0.62 15.9 
6.1 122 1.75 AI> 3.3) 1.45 45.3 
6.2 24 0.87 6 1.00 0.1.3 10.4 
6 • .3 11 0.91 9 2.78 1.87 37.0 
7.1 16 .3.75 4 8.25 4.5 4.3.6 
7.2 ll5 .3.75 45 4.09 0 • .34 6.0 

7 • .3 109 2.98 .34 4.94 1.96 30.2 
8.1 24 .3.79 41 1..51 0.72 5.9 
8.2 81 3.a:t 67 5.46 1.65 16.5 
8.3 13 2.46 7 7. '!IT 5.11 43.9 
9.1 78 2.38 .3.3 4.61. 2.2.3 34.0 

9.2 Zl 2.41 11 1..46 2.05 .32.6 
9.3 .38 5.24 22 6.91 1.67 15.3 

10.1 17 .3.53 13 4.00 0.47 6.7 
10.2 26 3.46 2l 3.71 0.25 3.7 
11.1 9 1.67 6 5.67 4.00 42.3 
11.2 20 1.15 16 1..62 .3.47 41.7 

Totals 1845 2.99 945 4.29 1.30 20.03 
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Table 6.7 Est1.llates ot seed losses caused bT insects tMdiDg inside pods 
et L. comicglatp. Epplewortb Qua.rx7, 1978 

Estimated seed loss .. 
Suple Pods vi th insects Pods vi tbout insects (a) (b) 

No. Mean seeds/pod Ne. Mean seeds/pod Seeds per % ot initial 
attacked pod production 

4.1 6 4.67 10 3.20 -1.27 -
4.2 8 0.62 7 0.29 -0.33 -
4.3 0 - 0 - - -
5.1 17 3.29 28 2.57 -0.72 -
5.2 4 1.75 6 3.83 2.08 21.7 
5.3 7 3.86 62 6.fY1 3.01 4.4 
6.1 2 5.0 5 8.~ 3.40 11.6 
6.2 15 4.3.3 .34 5.12 0.79 4.7 

6 • .3 15 2 • .3.3 .34 4..32 1.99 l4e1 

7.1 7 2.86 23 4.78 1.92 9.4 
7.2 5 1.20 37 3.95 2.75 8.3 
7 • .3 2.3 4.96 89 7.04 2.08 6.1 
8.1 .3 .3.00 8 4.12 1.12 7.4 
8.2 15 .3.13 ~ 3.f!/1 0.74 5.2 
8.3 2 5.5 8 6.62 1.12 .3.4 
9.1 12 5.0 J.4 7.79 2.79 7.7 
9.2 0 - 5 5.00 - 0 

9 • .3 10 5.0 7 7.71 2.71 2tJ.7 

Totals 151 3.65 447 5.51 1.86 8.53 
-_ .. _ . . _-- - -
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1'able 6.8 A OOIIpU"180B .r the mabers .t laMltq IMCle ill L.~culae= 
pods in the pre" ... or.wac. ot luect. (Apiop ;Eiitij& 
~ ad CDia 911J)!'Lt4",). Epplevorth ~, 1m ad 

1m 1978 
Bea1tbT .eed" P0d8 Podti v1th Pod. Pods v:f. th 

per pod cente1»iag iJIIecte DO 1Da.c'ta COJrt.e1 a1 JII iu.eta _iD8eote 

Ho. % Ro. % 10. % Ro. % 
0 479 26.0 120 12.7 29 19.2 SO 11.2 
1 268 14.5 100 10.6 22 14.6 20 4.5 
2 259 14.0 100 10.6 17 11.3 33 7.4 

3 194 10.5 122 12.9 12 7.9 51 11.4 

4 158 8.6 124 13.1 17 11.3 46 10.3 

5 136 7.4 99 10.5 14 9.3 57 12.7 

6 88 4.8 52 5.5 10 6.6 34 7.6 

7 81 4.4 65 6.9 8 5.3 36 8.0 

8 62 3.4 56 5.9 9 6.0 30 6.7 

9 47 2.5 36 3.8 7 4.6 24 5.4 

10 36 2.0 22 2.3 1 0.7 12 2.7 

11 5 0.3 21 2.2 3 2.0 14 3.1 
12 11 0.6 8 0.8 0 0 12 2.7 

13 10 0.5 4 0.4 2 1.3 7 1.6 

14 5 0.3 6 0.6 0 0 4 0.9 

15 4 0.2 0 0 0 0 6 1.3 

16 2 0.1 3 0.3 0 0 6 1.3 

17 0 0 2 0.2 0 0 1 0.2 

18 0 0 2 0.2 0 0 1 0.2 

19 0 0 1 0.1 0 0 2 0.4 

20 0 0 1 0.1 0 0 1 0.2 

2l 0 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 0 0 

23 0 0 1 0.1 0 0 0 0 

T.tale 1845 100.0. 945 100.0 1S! 100.0 447 100.0 
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Table 6.9 The erfect. of the presence of iDeecta on the nuabera of 
healtlO" seed. in the pods of L. cornlcu1aty at Epplevorth 
Quarry. 

A 1977 frequencies 
Heal thy seeds per pod 

0 1-2 3-5 6-10 >10 
Iasects present 479 5'Z7 488 314 37 
IllSecw absent 120 200 345 231 49 

~ [4J = 123.6, P < 0.001 

1971 percentages 
Heal. th1' seeds per pod 

0 1-2 3-5 6-10 '710 

Iuects present 26.0 28.6 26.4 17.0 2.0 

Insects absent 12.7 21.2 36.5 24.4 5.2 

B 1978 frequencies 
Heal tlO" seeds per pod 

0 1-2 3-5 6-10 )10 

I .. ocw present 29 39 43 35 5 
Iueeta absent 50 53 154 136 54 

x2 [4] • 31.9, P < 0.001 

1978 percentages 
Heal tD;r aeeds per ped 

0 1-2 3-5 6-10 » 10 
Iueets present 19.2 25.8 28.S 23.2 3.3 
IDlecY absent 1l.2 11.9 34.4 .30.4 12.1 
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and almost all the damage was attributable to A.loti. The 152 A.loti 

recorded in the pods were negatively correlated with total seed oontent 

(healthy, unhealthy and damaged seeds), with a Pearson Correlation Co

effioient [449] of -0.88, (p < 0.05) and examination of the numbers of d.arnaged 

seeds assooiated with individual A.loti shows that this negative oorrelation, 

resulted mainly from 51 pods where A.loti was present, but no seed remnants 

were found. The failure to deteot· any damage in suoh a large proportion 

of the inhabited pods olearly oonfirms that direot oounts of damaged seeds 

are partioularly liable to underestimat'e seed losses in L.oornioulatus pods. 

The L.oornioulatus pods oontained an average of 3.44 healthy seeds iin 

1977 and 5.04 seeds in 1978 (samples 4 - 9 only). As there was no differenoe 

in the numbers of pods produoed on each umbel (table 6.l0a), this inorease 

in seed oontent represents a oonsiderable improvement in the reproduotive 

output of the plants. 

A, oomparison between the healthy seed produotion of plants colleoted 

in 1977 and 1978 indioates that amongst the pods whioh oontained no insects 

there was a higher proportion oontaining large numbers of seeds in the 

second of the two years (X2 [ioJ D , 41.88, P< 0.001). There was no such 

difference amongst the pods whioh had oontained inseots (x2 [lOJ = 12.14, 

P>0.05), despite the higher density of A.loti per oocupied pod in 1977 

(table 6.l0b). The proportion of unhealthy, externally damaged and pods 

whioh failed to set any seeds all inoreased in 1978, showing that these 

factors were not responsible for the inoreased seed output that year 

((table 6.11). A possible explanation is based on the observation that 

insects may preferenti&lly se1eot pods with large numbers of seeds (page 221). 

As a lower proportion of pods were oolonised in 1978 this would have allowed 

more m~ - seeded pods to esoape damage. 

Plants grown as monooultures often suffer a higher degree of attack b,y 

spec.lalist herbivores than do the same plants when they are grown under more' 
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Table 6.10 The DUiilbers of seed pods pres811t on L. corniW.tU! umbels 
at Eppleworth Quarrr and the densities of Aplon loti that 
the)" contained. 

a Seed pod frequencies (note that deh1sced pods are included) 

Pods per U.bel 
1 2 .3 4 /> 4 

1m 822 421 222 104 24 

1978 216 l..4l 57 24 11 

x2 [4] • 6.99, P '/0.05 

b The densities of 1plop loti inside oocupied pods 

1pion loti per pod Mean denai V 1. loti 
1 2 .3 '/ .3 

1m 1028 483 154 50 1.56 

1978 104 104 9 1 1 • .34 

12 [31 • .39.1, P < 0.001 
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Table 6.11 "nle frequencies ot various seed pod categories in L. cerniculatus aampl.ea collected at Epplevorth 
Qu.arr7 in 1m aDd 1978. 

1m 1978 x2[1] P 
Yes Bo ~ Yes no % 

Unhealthy' Pods1 
70 'n2J) 2.5 33 565 5.5 59.8 < 0.001 

ExterD&1.l.7 Daaaged Pods1 67 'n23 2.4 34 564 5.7 18.4 I. 0.001 
Pods conta1.n1.Dg iDB8cta1 1845 945 66.1 151 447 25.2 .340.0 < 0.001 
Peds tailing to set seeds 62 'n28 2.2 14 584 2.3 0.03 ')0.05 

799 1991 28.6 370 228 61.9 240.7 <.. 0.001 

Pods containing A. loti 1 1715 1075 61.5 139 459 23.2 ')$).7 < 0.001 
Pods containing 0. compos1 tella1 142 2648 5.1 13 446 2.2 4.4 <: 0.05 

to 
Pods conta1n1Dg X. platyptel"a1 59 'n31 2.1 1 597 0.2 10.7 < 0.01 

N 
N 

I Th8s8 categories are not JIUtuall.y exclusive 
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dinrae ceDd1tie .. (Root, 1973, Bach, 1980). In Dat11ral pepulati •• Ralph 

(1977) has .bMm that a .-cial1lt .eed eat1Dg bug, O'9!Wtp fYCi.atut 

(Dall.),a1.so displqs this "resource ceacentr&tion ettect" and i. pre.eDt 

at higher deBSi ties per pod in areas vhere pod denai V i. highest, while on 

a sll8ller scale ~el'll&DJl (1980) t.lUld that pre-d1spersaJ. seed predation of 

Ptl_mw tolio'isl1lm! Grq vas again deD8ity depeDdant, vi th !lOre seede 

beiDI destroyed in .varies that set MDT seeds, 

At Eppl.erth Quarr7 the deD8ity ot L. 9Om1Watv .eed pods ruged 

f'reII 15 - 199 per 929 ca
2 

quadrat in 1977 and 5 - 112 per 250 ca2 quadrat in 

1978. L. condcy1atv vas growing alaost oontiDUOUBl1 OTer IlUch ot the supl1mg 

area and the difterent quadrat denai ties retlect oD!7 T8ry localised variation 

in pod production. Th:1s var1ation doe. net appear to haTe lnfiuenced the 

distribution of the insects feec:liDa iD8ide the seed pods &8 the per pod deD

.ities ot uither A. loti, E. pl&\yptera or c. cOlpositell! Dior the degree ot 

aggregation of A, loti. vere sigD1ticantJ..y- related to .eed pod density per 

quadrat (tables 6.12 - 6.14; the mahers ot E. platzpten. aDd C. oomsitella 

vere iD811f'ficient tor anaJ.yei. in 1978). The anrage healtlor seed content of 

the pods vas also iDdepeDlient of pod denaiv (r [i4J = 0.063, P ) 0.05 in 

1977 aDd r [IS] = 0.26, P) 0.05 in 1978) as vas the est1aated len1 ot .eed 

predation 1B the pods (r [231 arc sine trustoraed percentage leed los. With 

pod denait1 per quadrat = -0,285, P > 0.05 in 1977, &Dei r [l2.J • 0.098, P '70.05 

in 1978 - quadrats - v.lth 'negatin' seed losses vere 1pored). 

The maher or pods present on &D _bel repre.ente a naller .cale variation 

in pod denal t,.. Umbels beariDg t1 TO or six pods contained a elightlT lover 

de.iV ot A. loti (x2 [11 • 4.5, P<0.05 in 1977, ad x2 [lJ -3.2, P)O.05 

in 1978) but ,"ran there vas DO sigDU1cant rel.ati'D8hip between pods per 

_bel aDd A. lot! deJUl1v (table 6.15&), E. pl,tIp1jera de.itT vu al.o ua

related to. pod maber (table 6.151», but .ore C. 99!p!8itella vere teUDd on 

tabels that had oDl1' one or two pod8 (table 6,lSc). C. 00I!J?!8itel1' lana. 
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Table 6.12 The relationship heween L. eorn1cu1atUl seed pod density 
(per quadrat) and the densities or Ctdia cO!pO.itella and 
EurTtopa platntera inside the pods. Epplevorth Quarry, 1971 

Su.pl.e No. or Denai t7 per pod 
pods E. plattptera C. CG!!p!'i tella 

1.1 89 0 0 

1.2 139 0.014 0 

1.3 79 0 0.038 

2.1 . 126 0 0.024 

2.2 63 0 0.048 

2.3 91 0 0.088 

3.1 199 0 0.015 

3.2 108 0 0.028 

3.3 90 0 0.U4 

4.1 116 0.086 0.017 

4.2 127 0.031 0.087 

4.3 11.3 0 0.106 

5.1 50 0.2 0 

5.2 98 0.01 0.051 

5.3 191 0.005 0.047 

6.1 168 0.089 0.095 

6.2 .30 0.033 0.233 

6.3 20 0 0 

7.1 20 0.6 0 

7.2 160 0.012 0.056 

7.3 143 0.056 0.119 

8.1 65 0.015 0.015 

8.2 148 0 0.027 

8 • .3 20 0 0.05 

9.1 111 0.189 0.054 

9.2 .38 0 0 

9 • .3 60 0 0.05 

10.1 .30 0.23.3 0 

10.2 47 0.191 0.064 

11.1 15 0 0 

11.2 36 0.056 0 

Totals 2790 0.038 0.051 

r [2oJ Densit1 or I. platzPtera with pods per q\J&drat (Saaple. 4-11 .~) 
III _ 0.271, P) 0.05 

r [2qJ Denait,. or c. COIJ)OaiWl, with peds per quadrat • 0.12<), P > 0.05 
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Table 6.13 The pattern or dispersion or Apion ~ in seed pod. or 
L. 90rpicplatua o.11ected at Bpplenrth Quarr;y 1Jl 1 em. 
Iote that nlues 1aclude iuecta represented b7 their parasite •• 

Saaple Jo. or Deui't7 or A?ation 
pods A. 1.ti (per ped) s IX) 

1.1 89 0.809 1.5.40 
1.2 139 0.676 0.926 

1.3 79 1.241 1.079 
2.1 126 1.016 1.150 

2.2 63 0.794 0.738 

2.3 91 0.85'1 0.949 

3.1 199 0.5'18 1.071 

3.2 108 1.269 1.526 

3.3 90 1.000 0.876 

4.1 116 1.216 0.7'Z7 

4.2 127 1.016 0.781 

4.3 113 1.496 1.0AO 

5.1 50 0.780 0.747 

5.2 98 1.296 1.117 

5.3 191 1.000 0.842 

6.1 168 0.869 0.765 

6.2 30 1.200 1.63 

6.3 20 0.950 1.493 

7.1 20 1.550 1.662 

7.2 160 1.lJ7 0.957 

7.3 l43 1.147 0.933 

8.1 6S 0.462 1.223 

8.2 lAS 0.743 1.082 

8.3 20 0.850 0.778 

9.1 III 0.892 0.84.3 

9.2 .38 1.158 0.818 

9 • .3 60 O.~ 0.881 

10.1 30 0.867 1.m 

10.2 47 o.m 0.8.39 

U.1 15 0.9.33 0.8.37 

U.2 .36 0.917 1.269 

Total. 2790 0.961 1.062 

r [29J Density of pods per quadrat with 82/X - - 0.292, P} 0.05 

r [1.. cg Denai V or A. loti vi th No. or pods in each quadrat • - 0.051, P;> O.OS 
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Table 6.14 The pattern of dispersion of ARion ~ in seed pods of 
L. corniculatus collected at Epplevorth Quar.r;y in 1978. 
Note that '98lues include insects represented by' their parasi tee. 

S8Ilple No. of Densi't7 of A~r~t1on 
pods A. loti (per pod) s I i) 

2.1 19 0.421 0.61 
2.2 3'1 0.378 0.79 
2.3 89 0.494 1.66 

3.1 11 1.364 0.92 

3.2 21 1.095 1.54 

3.3 46 0.696 1.72 

4.1 16 0.500 1.07 

4.2 15 0.733 1.84 

4.3 0 -
5.1 45 0.422 0.81 

5.2 10 0.700 1.60 

5.3 69 0.043 0.98 
6.1 7 0.286 0.83 

6.2 49 0.32'1 0.81 

6.3 49 0.AD8 1.22 

7.1 30 0.267 1.27 

7.2 47 0.238 3.86 

7.3 112 0.188 0.82 

8.1 11 0.182 0.90 

8.2 55 0.436 1.59 

8.3 10 0 • .300 1.52 

9.1 56 0.286 1.36 

9.2 5 0.000 

9.3 17 1.000 1.125 

Totals 821 0.393 1.49 

r [20J Density of pods per quadrat with s2/x =0.047, P) 0.05 

r [1.1] Density of A.10ti nth ne. of pods i8 eaoh quadrat --0.299. P)0.05 
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Table 6.15 The relationship between the number of L. corn1culaty seed 
pods present on each umbel and the !ntens1"t7 ot eolonisation 
b7 seed eatiDg insects. Eppl8llOrth Quarrr, 1m and 1978. 

A Ap1OD~ 

1m 1978 
POC18 on each _bel Pods on each abel 

1 2 3 4 >4 1 2 3 4 )4 

Pods available 794 831 660 ~3 91 216 281 171 96 56 
A. lot! present 790 840 599 389 62 86 134 54 37 12 

A. lot1 / pod 0.99 1.01 0.91 0.94 0.68 0.40 0.48 0.32 0.38 0.21 

x2 [4] ~ 7.06, P > 0.05 X2 [4J. 9.13, P > 0.05 

B Eurzto¥ nlatxptem 

1971 
Pods on each Ullbe1 

1 2 3 >3 

Pods available 794 831 660 S04 
E. p] t!;mtera present 36 25 28 16 X2 [3] .. 3.26, P )0.05 

E. J;iatYDHat'pod 0.045 0.030 0.042 0.032 

c Czdi! cOlll)!sitel1a 
19'71 

Pods on each abel 
1 2 3 >3 

Pods ava:Uable 794 831 660 504 

C. C8B0!itella present 51 47 2l. 23 J? (3) .. 7.94, p( 0.05 

C. collDOli ten!lpod 0.064 0.057 0.032 0.046 



also feed in the flovers (and rarely the flover buds) of L. corniculaty 

(Chapter tbree) and are capable of ao"f'1ng f'roIl one flover to ... ther. Move-

ant is most likely to occur between flovers or pods on the sue umbel and , 

if earl1 feeding damage results in the loss of vhole flovers or pods, this may 

account for the greater number or C. co,positt]] a on umbels that contained 

fever than average pods. 

The 451 mature seed pods collected in 1978 ranged in length froll 

10.5 to 31.25 _. The mean of 20.3 .. vas considerablJr lover than the 25.00 IIJI 

quoted by Seaney and Henson (1970) for coanercial varieties. LoDger pods did 

not contain a disproportionate number of the 152 A. loti that vere present 

(Pearson Corr.r[449] = 0.062, P )0.05) aM the proportion of seeds that vere 

either hea1~, unhealthy' (mouldy) or daaaged vas also UlU"elated to podleDgth 

(table 6.16). Seed losses vere theretore independent or podleDgth, and because 

longer pods initially produce a greater number or seeds this resulted in 

healtb;r seed production be1Dc correlated with podleDCth (Pearson Corr. r ~t,.~ 

• 0.63, P < 0.001). Anal.ysis or iDsect distribution and estimated seed losses 

at three different levels baTe therefore tailed to detect 8DY evidence tor 

densit,.. related seed predation in the L. corn1culatus population at Ipplevorth 

Quarr;y. 

Endopqtic iDsecta reaoTed a a11l1.nm ot lO·O~ or the L. Corpiculatus 

seeds produced at Epplevedh Quarr7 in 1971, and S·~ '.~ ot the seeds produoed 

in 1978. This clear~ repre •• ate a IUbstaat1al proportiOJl et the tetal re

pNducti" eftort ot tho plaat ad d __ trates that toed1Dc bJ iueots 0CNld 

ha" a aip1t1cu.t 1JIf'1ueace oa 'the pepulation d1ua1o. ot L. corp1p1 'tva
Seeefuac recn1tMnt .qllOnetheless haft beeD reJ.at1ftl1' lUIiaportut at 

Epplewrth Qaarr7 becaue 18 tho rel.atiftl1' hoav;y 8VU'd that vas present the 

ajor! t;y ot • ..,,, Dl8 vnld de ~ in co.peti tioD vi th vell established 

plants aDd asexual reproduction M1' be responsible tor the ujor1t;y ot 

D8V 1Dd1 viduals that are produced. 



Table 6.16 The relationship between the length or L, corDiculatus seed pods and ~ surv1 val. or the seeds 
that they contain, Epplevort.b Quarry, 1978. 

Podlength (length in mms) Totals 
1 2 3 4 5 6 7 8 

< 14.5 l.4.51-16.5 16.51-18.5 18.51-20.5 20.51-22.5 22.51-24.5 24.51-26.5 >26.5 

No. or pods 32 45 80 95 71 56 37 29 451 

Heal thy' seeds 60 113 318 503 456 418 336 .308 2512 

Damaged seeds 5 2 17 18 33 20 17 22 l.34 
Mouldy seed.s 11 16 43 42 65 SO 36 30 293 
Total. seeds 76 131 378 563 554 488 389 360 2939 

% or 1n1 tial seeds 
r-Da 1 m DB heal. tb1' 78.9 86.2 84.1 89.3 82.3 85.7 86.4 85.6 85.5 

1,(, % or sui ta.b1~ «"" 

6.7 4.6 6.7 (\/ seeds damaged 7.7 1.7 5.1 3.4 4.8 5.1 

~ C:r] Healthy seeds bf total seeds • 14.75 P < 0.05 
X [7] Damaged seeds b7 total seeds .. 10.63P 70.05 
i2 [7] Mouldy seeds " total seeds .. 10.49P "> 0.05 

~ou1.dy seeds are not included 
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Seed losses are likely to be ot greatest s1gD1t1cance when L. cOmicul,atV 

is becomiDg established at a site were -ngetatioD8l. ncceasien is at an 

early stage and there are DUIIerous open spaces where seedl1ltgs oan becoae 

established. SeedllDg and JuveDile recrui t.ent are in direct proportion to 

the mmber ot seeds am seedl.iJlas that are produced by Ht,nlopappus !9uarrosus 
H.,and A. (Louda, 1982), tor eDlllple,and it a s1Dd.lar pattern were present in 

L. corniculatus then aD .ammal depletion of, let us sq, ~ ot the seed out

put coULd have ciralDatic consequences duriltg a period or rapid population 

expansion. 

Cavers (1973) quotes several examples or the 8UOoessruJ.. control of weed 

species usiDg seed predators, 1nclwliDg the caee of Eurrlo- .tt1D Burks 

which halted the spread ot blaolt sage Cordia MO£OStachya Jacquin when it \laS 

introduced onto the islaJMi or Tr1D1dad. Janzen (1969) bas listed 31 traits 

that he considers mq serve to protect legume seeds troll attacks b7 bru.cbid 

beetles. Bruchids rarely reed on the seeds of L. ctrp1cul.aty (at least DOt 

in the U.K.) aDd their m.che has been exp'lGited b7 E. platxptera. This species, 

together Vi th A. loti aDd c. onpositella, baa obvioualy circuavented whatever 

detences are present in the pods and seeds or La C!micplaty. There is DO 

evidence, therefore, that plaDt detences are l.1JI1 t1Dg the llUJIbers ot these seed 

predators and seed losses wuld be nen higher it it vas DOt tor the high rates 

or paraaiti811 that all three seed predators regularly sustain. 

To 81DIM1"ise this nal.uation otL. oomicul.atus seed predation at Epple

worth Qu.a.rr7l 

1. L. cerpicul.atus produced aD a'YV8ge or 1.8 pod_ per \1IIbel, vi th 
each podcontalnh. an aYWIIge or 3.A4 healtJ:v' seeds in 1977 aDd 
5.04 aeeds 1D 1978. 

2. It is estiJlateci that a IIhwllII ot 20·.0'$ ot the seeds were removed 
b;r ill8ecta in 1977, and $·5 ~ ill 1978. 

3. Pods that did DDt contain iD8eats produced approxlu. tel.y the 88Ile 
mabers or seede in 1m aDd 1978, aDd thi8 iDliicate8 that the decrease 
in the proportion ot pods coloJd,eed b;r iuecta was responsible 
tor the 46. ~ 1ncreaae in seed production dur.1Dg 1978. 



4. There was no evidence that seed predation \las related to seed 
density. 
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.;;;.:CHAP:=.,T.:;;;;ER;;;.; m. 
INSECTS ASSOCIATED wxm THE VEGETATIVE STRUCTURES OF L. CORNICULATUS 

Studie. at Ipplevorth, Bul.ld.Dgtcm aDd elsewhere vere centred on the 

iDSecta associated vi th the reproductive structure. ot L. cOrnicul,aty. At 

the 88IIe tille, obsenatioDS were .ade on other species roUDd on the plants 

in order to provide a .ore co.:plete picture of the iDa.ct cOllJlUD:1 tie. whioh 

were present. 

The mlul. usociated with a partiaular plut apecies can be divided 

subj ect! ye17 on the buis ot teediDc behanov into croups or speoies corr

.epoDding to the 'guUd.' described b7 Root (1967). A guild is a group or 

species which interact stroDgly DODgst th.euelT8s tor the use ot resources, 

bat onl7 ~ with _.bars ot .ther grouP. (Joern and Lawlor, 1981). The 

parts of a plant which a species eats provide. a col1TeDient buis tor in1 tial. 

ga:1ld separation and suggests sroupiDg8 ot root, leat, phlo_ aDd q1em, 

bud, nowr ud seed pod teediDg speCies ('1'umipeeed aDd logan, 1976) 
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Phloem and :xylem feeding species were not investigated, but it was noted 

that both adults and nymphs of the polyphagous Phi1aenus spUlllarius were often 

numerous on L. corniculatus at Epp1eworth and Bulkington. 

The Root-feeding guild 

Although the root system of L. corn:tculntus is not cYA.noeenic, it has 

recently been shown to contain the phytoalexin Vestltol, which has insecticidal 

properties (Russell ~ ~, 1978). 

On 2 July and 1 September 1980 two adults of Trachyphloeus aristatus were 

collected on L. corniculatus at loTharrarn quarry, using a D-Vac Suction Sampler. 

No further examples of this species were obtained and extensive sweep net 

sampling at Bulkington and Eppleworth did not produce any of the root-feedine 

beetles Walsh and Dibb (1975) give from L. corntculatlls (T. aristatus, 1. 

olivieri, Tychius pusi1lus and Sitona yaterhousei). Although no specimens of 

S. waterhousei were obtatned, several other species of ;this genus were collected 

on L. corniculatus, and S. sulcifrons occurred frequently on this plant at 

Wharram. This need not imply a close association hoyever, as the leaf eating 

adults of this genus can be found on a Yider ranee of legumes than their root

feeding larvae (Aesch1imann, 1979). 

Species of the related genus Phyllobius also have root feeding larvae 

and these can reach densities sufficient to cause economic damage to grass

lands (Bevan, 1962). Adults of Pe yiridiaeris and P. roboretB.nus feed on :nowel's 

of L. corniculatus, but this may not refiect their larval host relatlonshlps 

because lhe adults are again polyphagous (Witter and Fields, 1977). 

Bembecia scopigera, the six-belted clearving moth, yas the only member 

of the root-feeding guild of L. corniculatBS encountered at Eppleworth. The 

biology of this species has been described by Fibiger and Kristensen (1974) 

\lho list LotUS. AnthylH s and Onon1s as the major host genera. A Single adult 

female \las found cra\lling through L. corniQulatus vegetation on 12 July 1978. 

apparent17 after having only recently emerged. Yorkshire is at the northern 
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J.1Ilit or the ruge of B. sC9pigera in Great Britain (Auteur Entomological 

SocieV, 1946) aDd tbt.s species is probabl.7 rare in the counv as there are 

tw recent records or this very distinctive insect. 

The Leat ChM. Guild 

EDIIiD&tion or the raUDal 11st g1 yen tor L. com1culatv in table 1.1 

suaests that the leat' chev1ng insects constitute b7 tor the largest ot the 

guilds reeding on this plant. This predom1D8J1ce is not supported ~ field 

observations however aDd 01117 11 species vere recorded. Furthermore, e:xl

tensive defoliation vas o~ observed during one period, (June, Jul.y and 

August 1978, at Bul.ld.Dgton) aDd vas the result ot teedina 171 large mmabers 

or zYgaega lanae. 

The eggs aDd larvae of a sav~ species (Hymenoptera, ~a) vere 

collected from L. C9nd.cu1atus leaves at Wharraa Quarry during 1980 aDd at 

Leirdal, Gaupne, Fabergstolen and R1gardalen in the Jostedal Vall.,. or S.W. 

Be~ (details or Iorveglan localities are given in Chapter 8). These vere 

probab17 T!Pthrecio acemp (Tenthred1oDidae), a umvoltine species vhich i8 

believed to be specifiC to L. COl1I1cu1.tV (Waterhouse aDd Sanderson, 1958, 

Waterhouse, 1964), but as DOne or the larvae sun1'nd the winter this cannot 

be cont1raed. 

In hrny, eggs vere · rOUDi on L. corJdmQ'. throughout Jul.y aDd early 

August. These measured approx:1u.~ 0.9 x l.~ aDd were laid in a Ter'1 

precise JIIJDl8r into the bual halt or sub-te1'll1D&l. leatl.ete. OYipo8i t10n 

occurred !rom above (as shown 171 an incoDSp1cuous curved brow scar) with the 

oviposi tor pushed through the lear tis8U8 unt11 caine to 11e 1lIIIed1.tel.y above 

the lover epidermis, vhere the egg vas laid, The first larn.e eaerged on 

I!!J July' aDd grew qu1~, ceaaiDg teeding and enteriDg di.pauae in September. 

Mature larn.e were bright green vi th a ,..nov stripe alODg the lover halt or 

the trunk segaente aDd aeross the anterior dorsal edge ot the protborax. 
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L. corniculatus is a rood plant or several vell kmvn species or Lycaenid 

Butterf'lln. Larvae or the Sommon Blue (Pglygppatua icarus) vere abundant on 

L. corn;1cplatus at Bulld.ngton aJld Wharram, but wi th the exception or a single 

adult male seen in Jul71978 and a single (hatched) egg round on 15 August 

1978, this species vas !lOt encountered at Epplevorthe The ldas Blue (currently' 

f1ebejua argus ~ (L.), but otten considered as a distinct species, Lxcaeides 

1SY.> has an interestiDg lire historr with the later l.arTal Instar8 living 

in the nests or ants (Higgins and Riley', 1970). Thi8 buttertl..y', vhioh does 

not occur in Britain, was the most abuDdant specie8 in the Jostedalen during 

1979, being seen at Fabergsto1en, Bigardalen and Vusdalen, L. corn1cu1.atg 

vas presuaabl.)r the larval rood plant as this vas the oD17 legaae present at 

these localities, but as DO l.anae vere touM this could DOt be confirmed. 

Larw.e or the DiDg;r Sk1W- (Emp1' tyes) vere oOllJlOn on L. oom1cula.tu11 

ngetat10n at WbarraJa Quarr,y, ba.t vere DOt toUDd at the other sites. Also 

toUDd on17 at Wharram vas t9m1,ole1 1 a (Ge1eohiidae), vl»se lana. 

vere collected in ~ shoots or L. C!rnioulaty on 24 Mq aDd 11 June 1980. 

Adults subsequently emerged rr. the,. aaaples durir:tg late June aDd ear17 

J~, and an add! tloD81. adult vas collected at lIharrua on 28 Jul.T. 

Zlgaeaa trirq111 and ZlmM N11pepdp]'e, the Fin and Six-Spot Burnet 

Moths, vere abuDdant on L. corp:1op1atus vegetation at Spurn Point aDd at 

Bul1d.ngton vhere, in 1978, they' caused extensive detoliation or both L. corn
icp1atus and L§:thmIs prate"is. Damage to the latter vas pre8Ull&bl7 due 

sole:Q- to Z. NHpeQdulae as rr.enn (1965) states that tr1rolli has never 

been round reeding on LatJprus. 

Hale Carpenter (1945) reared a large collection or Z. rU1peDdulae cocoons 

am round an 18% level or paruit1811, v:1th the prinoipal. parasites being 

lPnP "sn1oorp1s (Zett.) (Tach1nidae), Cel'lIIria orbi+.e" 8 GraT. and a 

9'P'brus ap. (both IchneamoD1dae). Several ZDaePa cocoons collected at Bulk

iJJgton duriDg Juq aDl August 1978 produced fUrther exaapl88 or C, orbitAl' , 



a cocoon ot which is illustrated by Shaw aDd Askew (1976). A parasitized 

ZIg&enA larva collected on L. corn1culatus at Wharram Quarry in July 1978 

produced a total of eleven Apantele8 'lzxgaenarum Marshall (Braconidae) and 

six Mestochorus sp. (Ichneum.onidae) hyperparasites. Jone • .!! !! (1962) aentioned 

M. teaporalis Thomson as a ~i te · or A. maenarua and showed that the 

priaary parasite contained RhodaDe.e vhereas the secondary paras! te did not. 

Because ot the toXic , errecta et the cya.rdde ill Z7£aeBid hae .. l.y1Iph it 

is likely that an lUl118U8ll.y high proportion ot their parasites Vi11 be specU'ic 

to thia gellUS - their u.nwru.al. interMl eJlV1romaent prnent1ng the successM 

develop.ent ot .. at geDeralist paraaite8. 

Three other species ot Lepidoptera vere reared tre. L. corniculatus on 

one occasion only. A single lam. or the polyphagous Brooa Moth (Oer!!1ca R1!l) 

vas collected at Gaupne, S.W. }forn,. Oil 3 July 1981, and an unidentified Boc

tuidae larva vas foUDd teed1ng en stock plants Mintained at the Univer8ity 

Betardc Gardens, Oottinghaa. Both pupated successf'Dll1 arter being ted 8lO

olua1 ve11 on L. corniculatg. The third species, The Burnat Oo1lp&nion (Ectna 

a;l;rohica), developed tro. a group ot six eggs collected on a grus ste. 

grev1ng amongst L. oorniou1atus at BulldDgt.on on 10 July 1m. BJ 13 July 

four lanae had ca._ced teeding on 1'OUIJI leaves and shoots or L. cornicul.atua 

aDd, after overwintering as pupae, adults tiDBll.y appeared the toUov1.Dg 

spring. 

In the Bri Ush Isle8 the iDSect taUD& of L. oorpicu1atua !Dcludes at 

least tive species ot leaf mining Lepidoptera: Tritgreul.a omtelia, Trif'urcula 

eur!M, Leucoptera lotella, amb,eia 1ncertAM and aol!Ophora di,cordella. 

Triturcula mseela Woltt a&1 pn'" to be a sixth specie8 (Eaet, 1975). 

Bo exupl.as vere obtained or the po~us a. iacertua, nor ot 1. 

!Ul'!II aDd L. loW", which are asaociated apeclf'1cal.l7 with LoN species 

( ... t, 1980). 

Delucchi (1954) de.cribed the paruite Tetrutichu letenu (later 



SJDOlJ1IIiaed with T •• et!rrst1Dw! Rat •• b7 DoIliDichbli., 1965&), fro. L. lot

ellae larvae collected in Gel"ll&JV'. Several T. aethrstlmlf vere reared from 

llines of an alternative host species, Leucoptera laburnella (Staiaton), (Askw, 

1968) and these proved to be distinct fro. a second Tetrutichw! species that 

1s often present 1n the seed pods .t L. comioulaty (Chapter fiTe). 

T. cmtella aDd T. fUr- vera place in the geDU8 Levarchalla Beirne in 

the second edition of the check list of British Insects (Bradley- ~ M, 1972), 

but the reco_endation ot Borkovsld. (1972) that they be 1ncluded in Triturcul,a 

has subsequently gained general acceptance (A.M. EJIIIet, Pers. Coa.). 

Leaves of' L. coruicp1atus c.nta1n1ng mines of' T. cmtella vere collected 

during JWle and July of' 1m and 1978 at Epplevorth Quarry, and in July 1978 

at Hessle Quarry. Mines vere videly scattered and vere neTer found at high 

densities. Mature aines vere _st conspicuous, but tiadil'll th_ vas made more 

difficult b7 the tendellCY' for !lined leaflets to beco. vertically orientated 

folloving upvarcl f'oldiDg at their stalks. The biolol7 of' T. crxpteUa . at 

Epplevorth'Vas in close agreeaent with the deSCription given b7 Eaaet (1976). 

Eggs vere found attached to the underside of' the leanet. and the aine began 

as a serpentine twmel vhich \18.8 then enlarged iato a blotch mne. Fro. ea~h 

mine a single larva eubsequen~ .erged in e1 ther J~ or Auguat, leaT.l.ng 

via a ill t on the ventral surface of the leanet. B1 the next day a cocoon 

had been produced. Cocoons vhich vere opeDOd 1n late July aDd 1n Deceaber 

contained pupae, but DO adults eaerged until the following April or Mq, vhich 

coDf'1.r1ls the un1 'YOl tine breeding crcle of' this species. DuriDg emergence the 

papal caee vu trP1call7 lett pNtrad1JJg through the l-.outh' of the cocoon. 

J. siagle leafiet of L. ctrpioulatua proT.ldes a "17 lla1 ted quantity of 

plant tissue tor a dtmllopiag lana. Most leat-a1DiDg Nepticulidae teed on 

oJl1.7 one ot the parencl'qJla. levels, bat T. capWl., along vith some other 

ainers ot aaall leaflets, reaDV8S the vhole ot the aesoplv'll. An intenai" 

search tor ainea on 12 July'l978 at Bpplevorth shcNed that T. cmwll. has 
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a preference for mining the te1'ldnal of the t:l. ve available 1eanets. Of the 

33 IIines collected, 25 vere in the tel'D1nal, 6 in the (paired) lateral and 

only 2 in the (paired) basal. leaflets. The advantage gained by mining the 

terminal 1eanet vas demonstrated by measuring the surface areas ot 1ea1"lets 

troll Anglesey stock plants kept at the University' Botanic Gardens (table '.1), 

using a Lambda 1-3000 Portable Area Meter. Within each leaf the central 

leaf'let is the largest aul the basal 1ea.f1ets are the aallest. Leaflet size 

alao n.r1es between leaves on the same plant and betveen plants, but the observed 

preference for the term1na11eafl.et v.Ul clearly help to increase the amount 

of leaf tissue ava1l.ab1e to the developing larva. 

A total of tour species ot parasitic Hymenoptera vere reared from the 

T. cmtella mines collected on 12 July. First to appear vere one macroptarous 

male and one II1cropterous famale of H!!1PtarSeDUB MVicolli. Weatvood. These 

emerged troll seperate llines on 1 August. Most older host recorda for this speciea 

are apparently of doubtM value because or contusion v.l:th R. droRiOR Walker 

(Boutek am Askew, 1968). Even the single record (Dowden, 1941) quoted by 

Bouc.k and Askev is 8U8p8ct as the ac~ figure ahove a macropterous 

female vi th the completely vhi te clava ot H. dropion and Jl&cropterous females 

of H. tnl1mtJ l1 S are kDow to be rare (Aabv, 1968). More reoent:i.7, BouCelc 

(1m) _aU.DB that He cJrppi.p hal itself beea reared fN_ ltat'-a1aera OR 

LotUl aDd allO gifta PhTlloJpmter blycardell.a (P'abr.) &8 a boat ter J1. 

MyicoJ J 1s. Other cont'iraed hoets tor H. fJ1!l2l"" are PhYtoRH rammgul' 

(SchraDk), (D,ye, 1976) and Stip,," drDda11a (Hetman) (AsktV, Pers. CODllDe). 

A third species of Jfr1ptanPepp', H. pterheusllWestv.od, has al •• been 

reared tro_ a 1eaf' .... ner on L. qom1w'tus (ax: T. aur-, SIOCS, 1965). 

No adul ta of H. Mylm11s were detected during extensive eveep net 

supling at Epplevorth, but several vere collected on L. corDicul,a .. at 

Wba.rrul Quarr.1 (1 teul.e 2.7.80, 1 teule 15.7.80, 1 female 1.9.80, 1 female 

and 1 we 28.8.81) where there are the open, · d;7 coDd1 tione that are parti_ 

cularly faTOured b7 this species (Askew, 1968). Females vere also collected 



- :2/~5 -

Table 7.1 A comparison ot the surface areas of L. corpiculatus leaflets 
from 10 plants. Mean values are for 10 basal and lateral 

Clone 

A8 

AlO 
Al2 
A36 
C2 

C4 
C31 
C32 
D31 
E39 

leaflets and 5 terminal leaflets per plant. Plants vere l18.1ntained 
at the University Botanic Gardens from stock collected at 
Porthdafarch, Anglesey. 

Mean Surface Area (Cm2) 

Basal Lateral Terminal 
Leaflet Leaflet Lea1'1et 

0.144 0.207 0.260 

0.137 0.173 0.226 

0.091 0.139 0.186 

0.152 0.21.0 0.270 

0.123 0.188 0.268 

0.147 0.217 0.278 

0.1.35 0.198 0.252 

0.163 0.237 0.368 

0.205 0.257 0.394 

O~l27 0.156 0.210 

OYerall Mean 0.142 0.198 0.271 
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at Bulkington (2.6.78 and 27.8.78) and North Nevbald in East Yorkshire (9.8.80). 

On 2 August 1977 a fe1l&l..e of PnigaHo pectinicorn1s (L.) ollerged trom 

a T. cuptella mine collected on 12 July. This abundant species is a poly

phagous ectoparas1 te that particularly favours leaf-mining Lepidoptera and 

Coleoptera as hosts (Boucek and Askev, 1968). The sue species vas reared on 

25 July 1977 trom a Trifurcula sp. mine on L. cornicul.atus collected at Bulk

ington 15 days earlier. Which species of Trifurcula ... illTe1m could not 

be established, because no adult moths vere reared fro. this site. 

The following spring tvo endoparasitic species emerged trom overwintered 

T. cmtella cocoons collected at Epplevorth Quarrr. A singl e fewe PediobiU8 

acaptha (Walker), another polyphagous species (Boucek and Askew, 1968), escaped 

on 7 June 1978 br chewing an irregular exit hole thro,.h the roof of the hest 

cocoon. Adults of this CODon specio. vere ceUocted at both Bulld.Dgton (ul.e. 

oD 2.6.78, 15.6.78 aDd 27.8.78) aDd !pplevorth (resalo. on 23.8.78 and 12.9.78) 

and some vere swept trom L. COrn1cu1atus. 
Finallr, a aale BracoDid oD1;r identified to Opiinae, e.erged on 20 lUlle 

1978. This is an unusual host record for a member of this subtui17, as the,. 

are usually reared trom lear aiDing Diptera (Askev, 1971). Another BracoDid, 

Acoelius subtasciatus Hal.1dq, has been reared trom T. eureJl& on L. comicul.atv 

(ShaV and Ask_, 1976). 

The species-group ot Co1!OPl!era which includes C. diacordella bas recently 

been placed in the genus Ardania Capuse by' Falkovltsh (1978), but I have re

tained the established c1assineation here. C. dlscordella is the on11 Col8o

phcrid known to develop .on L. corn1culatus although related (non-British) species 

have been described fro. other ~ species ,(Hering, 1957 and Falkovltsh, 

1978). Most reports suggest that C. dlseordella 1s specific to L. cornieu1atus, 

but it has also been recorded tro. M!dicyo br Benander (1939b). 

c. d!scordella Is widespread and occasionally abundant in Britain. I 

have collected larvae from Spurn Point, Fl.aaborough, WharraJI and Epplevorth 
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in Yorkshire and !roll Chapel Farm and Bulld.ngton in Warvicksh1re. Larval. 

cases vere also collected troll L. corDicul.atg at sites in the Jostedalen, 

NOl'Vq on 2S Jul,. 1979 (Vigdal) and 5 August 1979 (Nigardalen). This species 

vas rare at Eppleworth, vhere oDl1 one larval case vas collected and the bulk 

or the rollowing observations vere made !roll Bulldngton, vhere C. discordella 

vas seen frequently'. 

The larnl deve10paent or C. discordella rollovs the pattern typ1cal or 

this genus vi th the young larva initially having a lline in a leaf or L. corp
igulaty vhich 1 t then neate., roraing a protect1 ve cue around 1 tselr. The 

structure of the case is speciea-speoiric . and that or c. discordella has 

been figured by Toll (1962) who placed it as one or the "Lappensacke" CAses. 

Leaves containing aall Ooleopbora lanae vere collected at Bulld.ngton 

betveen 12 June and 23 August 1m. '!'he II1MS vere short, orten sinuate, and 

sOMtimes tvo iDd1 viduals could be seen llin1ng the sue lear. Occasionally 

a larva II1.ght vacate its Dine, rond.ng a new one in a nearbylaar. Construction 

or the 1ni tial case vas achieTed b7 tunnelling along the edge or a leafiet 

and then retreat1ng and widening a short length or II1ne so that a bl1nd-end1ng 

sac 1s romad. The epidermis at the boUDda.r7 or this cleared area vas chewed 

through, allowing the larva to detach itself while reE1n1ng enclosed in an 

arc or epidermal tissue. FeediDg vas otten resumed on the sue leafiet, pro

ducing the characteristic sips or Coleophorid damage - a sllll.l. entrance hole, 

reaoval or the tul.l. depth or the lIe80pqll aDd an abs8llce or &D1' frass. As 

the l&r't"&e grow thq per1od1cal.l.7 enlarge their o&ses, 1irst an area of 

lIesoph1ll at the edge or a leafiet is consumed and then the periphery or the 

leaf bordering this area is chewed open and the l&l"ft pulls its present case 

between the inner epidemal aurtaees. Arter ttmly adhering it. case to the 

tresh leaf' I18.terial, the epide1'll1s in front of the lam. is s8pa.rated at the 

bound&r.Y With the DOD-Id.ned area and the enlargement or the cue is complete. 

Ini tial.l.7 greenish, the new section quictly becomes dark brown. The structure 
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of the cases .r mature larvae suggests that enlargement occurrs at least 

five or six times, but the re1atienship between case enlargement and instar 

deve10paent vas DOt observed. 

After oYer-w1nter1ng, the lanae re.,.. reeding in the spriDg. SpeciJleD8 

collected &8 lliaers in J1217 1m did Dot pupate until Jul.7 1978, pNCiuciDg 

adults shortl7 arter. This s1Dgle generation each TMr is typical tor Cole

phor1ds in Britain, vhere onl;y C. Mlchella (t.) is belleved likely to be 

bi..o1tine (Ffennell, 1976). Figure 3.1 8UJII-.r1ses the lite-history data ob

tained tor 0. di8cordella. Larval cases are present throughout the year, 'With 

some overlap of generatioDs occurring during late Ju!7. The flight period 

for the species extends from June, vhen the first mines appear, to late August. 

Benander (1939) gave a similar night period tor this species in Sweden. 

Table 7.2 records the contents ot 165 mature O. discordella cases collected 

at Bulklngton on .3 June 1971. A high level of paraei tin vas recorded 'With 

7f!J, of the Coleophora destroyed b7 b;ymenopterous parasites, alJaost all b7 an 

unidentified species of Braeon (Braconidae). Many ot those Coleophora larvae 

not parasitized were dead and sbr1Telled. 

Bracon sp. usually developed as a sol1 tar;y ectoparas1 te, but in a tfN cases 

tvo, or even three, parasites developed. successMly upon a single host larva.. 

A sim11ar obaenation vas recorded b;y Cosban (1974) when rearing Bracon 

oscul.ator lees from Coleopl¥?ra eerratella (t.). Most of the Bracon sp. had 

a.J.rea.tq pupated vhen the cases vere .xamined and the first adult emerged on 

16 June. 

The parasitized Coleophora were on nwly m.1ned leaves, shoving that after 

over-w1ntering the;y bad successM..l.T reSUllled feeding. Parasitism must haft 

occurred after this resumption because oviposi ting Bracon temales are know 

to paral;yse their hosts (Beuon, 1973). Healthy 1arn.e (aDd pupae) vera usual.l.7 

round f'irml.7 attached to the plant stems, having already completed reeding. 

If 80 •• Coleophora larvae .on otf L. c!ra1cul,atg to pupate elswhere the;y 



FIGURE 7.1 

Life-history summary for Coleophora dlscordella 
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Table 7.2 The contents or 165 Coleophora diicordella larval cases oollected 
at Bulkington, Warwickshire on 3 •• 71. 

Heal tb7 Coleophora larva/pupa 

Dead Coleophora larva 

One Bracon sp. larva/pupa 

Two Bracon ap. larvae/pupae 

Three Bracon sp. larvae/pupae 

fnigaJ.io pectinicornis 

Sp!n1opus diss1m11is 

14 
26 

105 

11 

1 

5 
3 
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vould not have been round and this My have biased the estimate ot the level 

ot parasitism. 

Benson (1973), vorld.ng with l.aberatol"7 popuJ.atiDll8 ot Bracon hebe tor 

Sq, found that increasing the density or parasites per host larva also in-

creased the proportion ot males that vere reared. Males vere smaller and dev-

eloped more quickJ.7, giving them a COIIp8titive edge over temale larvae at high 

densi ties. Comparison ot the sex-ratios ot the Bracon sp. reared troa ~. 

41AQordellA gave the converse result bovever. A total of 27 gregarious Braoon 

vere reared during the 1977 season at Bulldngton and these vere compared with 

59 others reared singly. The sex-ratios vere (female : male) 19 : 8 and 28 : 

.31 respectivel.y, and these are significantly different at the ~ level of 

probabU11;y (x2[l] :I 3.92, P < 0.05, !fates' corNction bas not been applied). 

Comaenting on possible methods or ovipoei ting on Co1eophora larvae. Sich 

(1923) 81lggested that parasitic Hymemptera might pierce the o&se, or that 

Jlinute species could squeeze through the valves at the apex ot the case. I 

observed the technique ot this Bacon sp. bf placing a reoen~ emerged female 

vi th several. heal tJv' host larvae in a petri dish. Arter searching the surtace 

vith har antennae tor some t1ae, she would climb to the top ot the case and 

reaoh the bost bf forcing her ovipositor between the &D8l valves. The cue for 

ovipositing betveen the valves ~ have been the presence ot traes there, as 

Vinson ~ ~ (1976) have show that ohea1cals in the trass of the host are 

a major st1JJulus tor probing behaviour in the related B. II""tor Sq. The 

only Bracon adult rearect. from theee cues ( a we) appeared 25 dqs later. 

m the other host l&1'fte of'fered vere killed bT the OviP08i t.i.Dc female. Quedu.u 

(19?O) baa reported ,1w1'ar bost _tilatioD in ovipo8iti.n experiaents uiDg 

"'+.h'8 m.,l! (Ratz.) aDd Coltophora lar1c(1" (BubMr), but could not cont1.rm 

that this vas assooiated vi th the adult parasites feeding on their hosts. 

Host JlUtllation by oYiposl tiDg Bracon teaales would .. count tor the number 

of' dead C. 41scordella larvae in the 3 June colleotion, aDd turther increases 
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the .rtali tie. that can be attributed to this species. 

Parasites of C. 41SCOrdella other than the Bracon sp. vere relatively 

unillportant. Two males of SP'piopus di •• i.'11 s Walker were reared as 'Paeud

.hyperparasi tes' (Shaw and Askew, 1976) of Braeon and a female vas reared 

directly troll C. di.e0rdella. S. disaiJlilis haa been reared before trom a 

species of Coleophora (Askew, 1970) and there is also a previous record of 

this species (aa Po1Yscelis lIodesty Gahan) feeding as a faoultative hyperp

arasite (Gahan, 1933). Askew (1960) reared a single JIale of S. dissimilis 

troll a gall of Diplo1ep1a roaae (L.) but doubted vhether the paraaite vas 

genuinely aasociated with this hoat. 

On 20 May 1978 several D. rosae galls were collected a fev metres trom 

where S. di,s'1I1lis had been found parasitising C. discordella. Only the 

gall ulcer and ita parasite Ptero!!!lus bedeguar1. (Thomson) emerged trom the 

galls and &n1 relationship between S. 41ssi"'is and D. rosae cannot there

tore be cont:l.rmed. 

An adult male S. eliss1a'1!s vas collected by sweeping in Thixendale, 

N. Yorkshire 011 26 July 1980 and a secoM we vall swept from Phragmi tee at 

NyJa1ndegab in Jutland, Denark on 22 August 1979. The latter ia apparently 

the first 8DlIlple .r this species obtained from DeJDU.rk. These records, in 

combination with those of Grahu (1956) and Boueek (1972) sugeat that §. 

~as' 1111 is bas a tlight period vhich exteDds throughout the swaer, trom May 

through to September. 

Th~ only other parasites reared trOll the 3 June 1m collection (table 

7.2) vere apac1Jlens .r P. pectiniC9rnis, with three reules and two males 

e.erging tro •• eparate casea between 21 and 23 June. Morley aDd Rait - Saitlt 

(1913) haye recorded four further species or parasitic Hymenoptera that have 

been reared trOll C. discordella. 
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Sericothrips bicornis (Karny) 

As the precise feeding behaviour of S. bicornis has not been obsel~ed 

it currently cannot be placed in any particular guild. Thin species was con

sidered synonymous with S, abnormis (Karny) in the check-list of British thrips 

given by Hound ~ ~ (1976) but Zur Strassen (19S0) has since shown that 2. 

abnormis is a separate species, which he has placed in the eenus Neohy4atotPtrips. 

L. corniculatus is the only host plant give by Hound ~ .& (1976) and lIard 

(197.3), but Priesner (1926-1928) and }torison (1972) list several other hosts 

for S. bicornis, including species of Trifolium, 

L. corniculatus vegetation samples were collected at Eppleyorth Quarry 

from July to September 1978 and occasional larvae and micropterous adults of 

S, bicornis were present throughOut this period. Suction sampling at Wharram 

Quarry in 1980 revealed micropterous indi vidua.ls only in July and these re

presented less than one per cent of the annual total, Larvae were only rarely 

found inside flowers of L, corniculatus, and no adults were recorded there, 

The larvae of S, varillbilis (Beach) feed on the loaves of Soybeans and other 

legumes (Vance, 1974) and S, staphylinus Haliday is another chlorophyll 

feeder, living in the a.xils of gorse (~ sp,) spines. As none of the larvae 

of S, bicornis were seen with the characteristic green digestive tract that 

results from ingested chlorophyll this feeding pattern cannot be confirmed 

in S, bicornis. 
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CHAPTER VIII 

GENECOLOGICAL STUDIFS OF L. COMICULATUS IN ANGLESEY AND lllRWAY 

1 PORTHDAFARCH 

Introduction 

The bay at Porthdatarch is situated on the south vest coast of Holy 

Island, Anglesey (Grid Reference SH 2.34 799). In 1959 Jones (196.3) found 

that at .this locality there was a positive association between distance from 

the sea and the proportion or lear cyanogenic L. corn1culatus in a sample. 

The area investigated, which extends to about 250 metres inland, consists of 

three distinct zones, called the olifr, hollow and mound. The cliff supports 

a short turf, the hollow a taller avard, and the mound a heathland vegetation 

(IDis !!!Jr., 1971b, Keyaer, 1978). The frequency of cyanogenic plants in the 

three z,nes has been found to be relatively stable over a 16 year period 

(Ell1s !!.!l, 1971b) with averages of 25.7%, 74.'2$ and 68.00% cyanogenic on 

the cliff, hollow and JIOund respecti Te11. 
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Ellis ~ l!l (l977b) showed that the clitt site received .ore airborne 

salt than the hollow or mound and suggested that this was probably the (actor 

which was responsible tor the observed scarcit,y ot molluscs on the c1itt. 

The most abundant apecies ot snails at Porthdatarch were Helicella itala (t.) 

and Cochlicella acuta (Muller) and these were shown to preter acyanogenic ~. 

corniculatus in teeding trials (lCelller and Ellis, 1978). As L. corniculatus 

vas known to be the preferred food plant ot H. iWa (Malen, 1973) in the 

area, there was good circumstantial evidenoe that selective grazing by the 

snails played a major part in the maintenance of the cline. This hypothesis 

was supported by further studies carried out along the south west coast of 

Holy Island, where it vas shown that IIOst cliffside areas had lov proportions 

of cyanogenic plants and low densities of molluscs. At those cliff sites where 

mollusc densities were high (tor example South Stack) there was a correspond

ingly high frequency of cyanogenic plants in the population and no cline was 

present. 

On 11 June 1979 a survey ot the L. cOrD1culatus populations was carried 

out at Porthdatarch to obier.e whether the 4itterences in mollusc numbers 

found by Ellis ~ !! vere renected in the levels ot damage sustained by the 

plants, to see if there were similar differences in the densities of insects, 

and to find if acyanogenic plants were subject to greater defoliation than 

their cyanogenic neighbours. 

Methods 

A sampling un! t consisted ot a nover ·wabel and an attached leary stem. 

To reduce the chance ot one clone being sampled more than once the 8ampling 

poInts vere no cl08er than one .etre apart. Atter oollection the flowers vere 

8epctt'&ted and stored at -10 C betore beiDl uaained. 

nover. vere .cored tor the1r keel oolour I their IDhab1 taata aDd the 

pre.eDOe ot daaaCe I aBd til. the petal. vere ta.ted tor o"aaopJl •• 1. u1111 

the .odiWl picrate te.t. A'IJ1' t-ture nover. vere .cored tor keel colour oD17. 
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The numbers of damaged and undamaged leaves on each stem were counted and then 

the leaves were also tested for cyanogenesis. 

Results 

A total of 124 flover umbels and their associated stems were collected 

at Porthdatarch. The proportions of the oyanogenic and keel oolour phenotypes 

are shown in table 8.1. Proportions ot leaf cyanogenic plants trom the hollow 

and mound are considerably higher than those reported by Ellis ~ .!! (1977b). 

an increase which has subsequently been confirmed by a more extensive sample 

collected in June 1980 (Beesley and Co.pton, unpublished). Values for the 

hollow may be misleading however, because only 12 plants vere flowering, and 

results from this zone have not been included in further analyses. 

The higher proportion of leaf cyanogenic plants on the ,mound, relative 

to the cliff, is repeated by the character of flower cyanogenesis, although 

at both sites more plants possess cyanogenic flowers than leaves. This pattern 

is not f'el1oved by the keel colour character, however, as there is no sign

ificant difference in the proportions of dark keeled flowers at the two sites 

(x2 [lJ = 1.09, P > 0.05) • 

As ind.i vidual. plants were scored for all three polymorphio characters, 

the frequencies or the combinations or phenot,ypes can be compared. No plant 

had cyanogenic leaves vi thout having cyanogenic flowers (table 8.2) and there 

is clearly an excess or those plants vi th either both the leaves and flowers 

oyanogenic or vith neither oyanogenic. No such relationship exists between 

keel colour and the expression ot the cyanogenic po1ymorphiBm~ however. 

The egg stage ot ADion ~ and the larvae of HYper! plantaginis were 

the most abundant insects in the flovers ot L. cOrn1culatus at Porthdafarch 

(table 8 • .3). Also present vere small numbers ot Aphid !J1JIphe, Lepidoptera 

larvae, Odontothrips l.2.Y. adults and a single Mel1gethes sp. larva. Both A. 

~ and H. pl!ll't.tg1nis were JlUch rarer on the olift, vi th A. loti virtually 
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Table 8.1. Frequencies of L. corniculatuB phenotypes at Porthdafarch. June 1979. 

LEAF CYAmGENESIS 

Site ++ n %++ 

Cliff 15 lIJ 55 71.3 

HolloW' 12 0 12 100.0 

Mound 53 3 56 94.6 

FLOWER CYAlOGElESIS 

++ D %++ 

'Z7 25 52 51.9 

12 o 12 100.0 

J8 1 39 97.4 

KEEL COLOUR 

Pale Dark n %Pale 

50 

9 

53 

6 56 89.3 

3 12 75.0 

356 94.6 
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Table 8.2 Frequencies of phenotypic combinations in the L. cornicu].atus 
populations at Porthdafarch. 

Table 8.2a Leaf and Flower Cyanogenesis 

Flower ++ 

Phenotype -

Leaf Phenot,ype 

++ 
52 

o 

12 

26 

Table 8.2b Leaf G,yanogenesis and Keel Colour 

Flower Pale 

Phenotype 
Dark 

Leaf 
++ 
64 

4 

Phenotype 

X2[lJ with Yates' Correction, = 0.52, P > 0.05 

Table 8.2c Flower CyanogenesiS and Keel Colour 

Flower Pale 

Phenotype 
Dark 

nover 

'* 22 

4 

Phenotype -
61 

4 

x2[lJvith Yates' Correction, = 0.99, P >0.05 

lSee Chapter tour for comment on the validitY' of the chi square statistic 

in contingency tables where one or more cells have a value of zero. 



Table 8.3 Insects present in L. corniculatus novars at Porthdaf'arch, June 1979. 

Sample Size Hypera plantaginis Apion loti Total Insects 

Site Umbels Flovers n Mean per nower n Mean per fiover n Mean per nover 

curr 56 167 15 0.09 1 0.006 28 0.17 

Mow 56 169 72 0.43 29 0.17 112 0.66 

~ 
C\! 
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absent there. On the mound the overall number of insects per flover vas ~66, 

a density vhich vas over three times that recorded from the cliff and vhich 

resul ted in noticeably higher levels of damage to the flovers (table 8.4). 

Significantly more umbels from the mound had flowers vith damaged petals 

(X2 [lJ = 10.56, P< 0.01) and damage to the young pods vas also higher, although 

the difference vas not significant (X2[1] = 2.96, P'O.l). 

Leaf damage vas scored on a presence or absence basiS, vith missing leaves 

being ignored. Damage vas rarely intensive, with fev of the leaves having 

more than a small amount of tissue removed (table 8.4). The proportion of 

leaves shoving signs of damage vas again much higher on the mound (X2 [1] 8; 

14.02, P<' 0.001), confirming that these plants suffer a ~Iher herbivore lead 

than those groving on the cliff. 

Comparisons between the levels of herbivory present on different phen

otypes groving in the same area are hampered by the scarcity of acyanogenic 

morphs on the mound and the generally lov numbers of dark keeled plants. Nont

theless, on the mound, the proportion of damaged leaves vas significantly 

higher in the acyanogenic plants, vith 25.4% of the leaves shoving signs of 

damage, compared with only 12.1% of the leaves on cyanogenic plants (table 

8.5). 

'Within site comparisons related to flover cyanogenesis are not possible 

from the mound, vhere only one acyanogenic flover vas recordttd. Results from 

the cliff suggest that there was no relationship between damage to the flovers 

and both leaf and nover cyanogenesis (table 8.6). Furthermore, acyanogenic 

plants did not oontain signifioantly more insects. There va.8 no indioation 

ot either ani •• ] di8tribution or f'lever daaap beine related to keel colour 

pheDetype at either 81 te (table 8.7). 

Diseussion 

Thi8 Study!8 suppleaentarJr to the re8earch carried out previoue!i at 

Porthdatarch b1 E1l1s JU ... (19'77b) and by Keymer and Elll. (1978). The cline 
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Table 8.4 Levels of damage to leaves and novers of L. corniculatus at Porthdafarch, June 19'79. 

Site 

Cliff 

Mound 

Leaves 
Damaged n 

205 

568 

4002 

4552 

% Damaged 

5.1 

12.5 

Flower Petals 
Damaged n % Damaged 

37 

65 

167 

169 

22.2 

.38.5 

Imma ture Seed Pods 
Damaged n % Damaged 

Z7 

40 

167 

169 

16.2 

23.7 
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Table 8.5 Leaf damage in relation to leaf cyanogenic phenotype. 
Porthdafarch June 1979 

Hound Cliff 

Leaf Cyanogenesis Leaf CyanogenesiS 

-f+ ++ 

Undamaged leaves 3381 303 1088 2640 

Damaged leaves 465 103 61 143 

X2[lJ = 55.9, P< 0.001 x2[11 = 0.048, P> 0.05 
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Table 8.6 Damage and Insect contents of L, corniculatuB flowers in 
relation to cyanogenic phenotype. Cliff, Porthdafarch June 1979. 

Table 8.6a Insects 

Umbels with Insects 

Insect Free Umbels 

Leaf Cyanogenesis 

+r 

.3 18 

12 22 

Table 8.6b Petal Damage 

Leaf Cyanogenesis 

+r 

Umbels with petal damage 4 

Undamaged Umbels 11 

Table 8.6c Immature Pod Damage 

21 

19 

Leaf Cyanogenesis 

+r 

Umbels with pod damage 11 26 

Undamaged Umbels 4 14 

X2 [lJ = 0,34, P> 0,05 

Flower Cyanogenesis 

++ 

7 12 

20 1.3 

Flower Cyanogenesis 

++ 

9 15 

18 10 

X
2

[lJ = .3.71, P) 0,05 

F.lover Cyanogenesis 

++ 

7 8 

20 17 

x2 [11 = 0.24, P> 0.05 



Table 8.7 Insect numbers and flover damage in relation to Keel Colour. 
Porthdaf'arch 1979, Mound and Cliff' sites combined. 

Table 8.7a Colonisation by Hypera plantaginis 

Umbels containing HYPera 

HYPera - free umbels 

Keel Colour 

Pale Dark 

4.3 

60 

1 

8 

X2[lJ v1th Yates' Correction = 2.1, P) 0.05 

Table 8.7b Petal damage 

Umbels vi th petal damage 

Undamaged umbels 

Keel Colour 

Pale Dark 

60 

43 

6 

3 

X2[1] with Yates' Correction = 1.2., P'> 0.05 
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in L. corniculatus leaf' cyanogenesis that theY' described has been found to 

be mirrored bY' parallel changes in the proportions of flower C)"anogenic plants. 

Scoring of individual plants for both polymorphic characters has shoVJl that· 

their expression is related, resulting in aa excess of those plants whioh 

share a similar phenotype. A similar relationship was demonstrated by Jones 

and Crawford (1977) in an L. corn1culatu! population from near Birmingh~. 

Ellis et al (1977b) concluded that maintenance of the cline in leaf --
cyanogenesis at Porthdafarch vas probably the result of plants from the cliff 

and mound supporting different degrees of herbivore pressure, Snail numbers 

were found to be high on the mound, giving cyanogenic plants an advantage, 

whereas on the cliff the number of snails was reduced and this allowed the 

acyanogenic plants to flourish. Comparison by direct counts of damaged leaves 

has confirmed that the differences in snail densities observed bY' Ellis!! !l 

are reflected in corresponding ohanges in the degree of leaf damage 8us~ned 

by: L. corniculatys. Plants groving on the clift : also had fever damaged nowers 

than those on the mound and this was related to the smaller numbers of both 

phytophagous insects and molluscs on the cliff (tab.le 8.4, x2[lJ = 10.56). 

Several species of snail display a preference for feeding on acyanogenic 

L. COrniculatus when tested in laboratoq experiments, but field observations 

of selective feeding have been less conclusive. Jones (1966) tor example, 

found only one year in three when sign1f1cantJ.y- more of the acyanogenic plants 

in natural populations showed signs ot damage~ It is interesting therefore 

that vi thin the mound population the acyanogenic plants suffered significant17 

more leaf duage, although it must be stressed that this is based on scores 

from only three acyanogenic plants, which had 25% leaf damage compared with 

a 10% average for the cyanogenic plants. Such a large difference in damage 

levels would appear to provide a potent selective force acting against acyan

ogenic plants grov1ng on the mound. 

There is no evidence to suggest that animals were also preferentially 
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eating acyanogenic plants on the cliff. Acyanogenic flower umbels did not 

contain more insects (table 8.6a) and the levels of petal damage did not 

differ significantly between phenotypes (table 8.6b). 

At Porthdafarch the possession of a partioular keel colour appears to 

be independent of the cyanogenio phenotypes. Keel oolour also has a quite 

different pattern of distribution, with the cliff and mound populations 

sharing a similar high proportion of pale keeled plants. Unlike cyanogenesis 

keel oolour frequencies are olearly not influenoed by the range of environ

mental conditions observed at this site. 

The results of this survey have provided further evidence in support of 

the hypothesis that the oline in oyanogensis at Porthdafarch is at least 

partly the result of a higher level of herbivore aotivity on the mound. 

Both insects and molluscs are more abundant there, resulting in oonsiderably 

more leaves and flowers being eaten and, as aoyanogenio plants suffer 

proportionally more damage, this provides oyanogenic individuals with a 

selective advantage. The nature of the advantage that aoyanogenic plants 

have when growing on the cliff remains to be established, although diff

erences in salt tolerance has been suggested (Keymer and Ellis, 1978). 

Recent studies (Compton, Beesley and Jones, in preparation) have found 

that prior oonditioning can have a marked influenoe on the responses of 

herbivores to cyanogensis. This m~ explain why mollusos appear to be 

selective grazers on the mound, but not on the cliff. 
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50 JOSTEDALEN 

Introcisction 

The 1979 Hull Un! verst ty- Exped1 tion to Nol"W'q provided an opportunity

for the research on L. corn1culatus to be extended to Scandinavia. Six weeks 

during July and August 1979 vere spent in the Jostedal Valley- of the Indre 

Sogn region of south-vest Norway. This vas followed by a short return visit 

to the area during early July 1981. 

The Jostedalen is situated approx1ma.te1y 200 RD. north of Bergen, at 

latitude 61 N, longitude 7 E (figure S.l). The main valley- is approximately 

50 Km. long and extends northVards trom the town of Gaupne which is located 

on a branch or the Sogn Fjord. Several side valleys enter the Jostedalen, and 

one of these, the Nigarda1en, is particularly interesting because the glacial 

tongue which it contains has been retreating rapidly since the little ice

age of the 17th Century and has lett behind morraine deposits which have been 

accurately da~ (Andersen and Sollid, 1971). 

L. corniculatus is the most widespread species or its genus in Norway 

and is found as far north as Finnmark and at al ti tudes of up to 1380 metres 

(Hulton, 1950 and Lid, 1963). No previous studies of L. corniculatus polymor

pbism have been recorded from Norway, although populations elsewhere in 

Scandinavia have been investigated by Jones (1977) and Jones and Crawford 

(1977). They recorded very lov levels of lear cyanogenic plants in the popul

ations (0 - 3%) with the major exeeption of a population at Esk11stuna in 

SvEiden, where 68.6% or the plants vere cyanogenic. Dark keel colour vas found 

to predominate in Sweden, re""", between 48% and 8% in the tour populations 

studied, in contrast with the situation in Denmark, where a maximum of 50% 

of the plants had dark keels. It vas likely, therefore, that L. corn1culatus 

in Norway would be predom:1 nantly acyanogenic and dark keeled. 

L. cornicu1atus is not generally recognised as a periglacial. plant, 

(Stork, 1963 and Elven, 1974) y-et this species is extremely abm3da.nt j in the 



FIGURE 8.1 

The Jostedal Valley, S.",I. Norway. 
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Jostedalen and was found growing close to the retreating face of the 

Nigardsbreen, on soil only exposed this century. Whether the presence of 

L. corniculatus is unusual under such conditions remains to be seen, but it 

can be noted that a search of the nearby Austerdal Valley failed to detect 

this species. 

Methods 

Flowers vere available throughout the 1979 visit to the Jostedalen, 

alloving a survey of both nover and leaf phenotypes to be completed. Wi thin 

each population, plants vere sampled at one metre plus intervals by removing 

a nover umbel and its associated 1eaf,y stem. 

Leaf tissue vas assessed for herbivore activity b.Y counting the proportion 

of leaves vhich shoved signs of damage and b.Y scoring the three leaves subtended 

at the base of the flover head as being either healthy, damaged or absent. 

All four leaf cyanogenic phenotypes vere scored at sites examined in 1981. 

The + - phenotype was determined b,y adding one drop of B-glucosidase (extracted 

from linseed) to leaf material that had given a negative response in the Sod1\~ 

Picrate test. If this produced a positive result then it vas concluded that 

the phenotype vas + -, and if there vas no clmnge then the phenotype vas - -

or - +. These two phenotypes vere separated b,y including one drop of 20mM 

linamarin (Calbiochem) in a further picrate test on material from the arume 

source. A posti ve response shoved that the phenotype vas - +. Both enzyme 

and substrate deteriorate under warm conditions and therefore it \las necess~r 

to store them in the meltwater stream of the Nigardebreen as a substitute 

for refrigeration. 

. L. cornicu1atus cuttings \lere kept in sealed plastiC bags during transit. 

On arrival at Hull they vere planted into a 50 : 50 Grit and Compost mixture 

and rooted in a mist unit. Leaf phenotypes vere scored once the plants had 

become established and had reached sufficient size for leaf removal not to 

be damaging. 
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A soil sample vas obtained at each of the seven sites visited during 

1981. A small pit vas dug immediately beneath an L. corniculatus plant and 

soil from the sub-surface layer vas removed for subsequent analyses. These 

vere carried out by Mr. D. Newsome of the Department of Geography at Hull 

University. 

Results 

In 1979 L. cornigulatus populations were examined at a total of thirteen 

sites in the Jostedalen area. The frequencies of dark keeled and cyanogenic 

plants are given in table 8.8 and figures 8.2 and 8.3. Table 8.8 also provides 

brief descriptions of the habitats that vere involved. The sample sites in 

table 8.8 and in the subsequent tables are ordered in decreasing latitude. 

An almost complete spectrum of phenotypiC frequencies vas present. Plants 

near the Gaupne car park vere exclusively acyanogenic and had over 90% of 

their keels dark, in contrast with those from an exposed cliffside c10s8 to 

the Nigardsbreen, vhere all the plants vere cyanogenic and less than 10% had 

dark keels. 

These two extreme examples reflect a clear trend in that populations 

further north in the valley contain a higher proportion of cyanogenic and dark 

keeled plants. AnalysiS of this relationship using arc sine transformed per

centage data and national grid northings gives the folloving correlation 

coefficients: 

Leaf cyanogenesis 
Flover cyano~enesis 
Keel Colour (dark) 

r f" J = 0.79, P < 0.001 
r :\1 = 0.79, P( 0.001 
r . 'I~ =-0.73, P < 0.01 

Sampling sites in the north of the Jostedalen vere generally at higher 

altitudes than those further south, and a similar regression of the transformed 

percentage data with altitude provides the following significant coefficients: 

Leaf cyanogenesis 
Flover C,1ano~enesis 
Keel Colour (dark) 

r ' nil = 0.62, P <. 0.02 
r ellJ = 0.65, P < 0.02 
r [IIJ =..0.60, P < 0.05 



Table 8.8 Polymorphism of Lotus cormculatus populations within the Jostedalen area 1979 (ContiIRled on next page) 

Leaf Flover Keel 
Altitude Sample Cyanogenesis Cyanogenesis Colour 

Sample Location Date Habitat (Metres) Size (% +ve) (% +ve) (% Dark) 

1 Stordalen Birch Scrub 
MP U8 472 22.7.79 Understorey 560 56 87.5 96.4 46.4 

2 Stordalen Braided River 
MP 121 471 22.7.79 Sediment 560 51 '80.8 80.4 .31.4 

.3 Fabergsto1en Birch Scrub 
MP U8 425 7.8.79 Understorey 470 72/72/88 95.8 80.6 .39.8 

4 Nigardalen 
Mp 058 .390 16.7.79 Cliffside 400 11 100.0 100.0 9.1 

5 Nigardalen Vaccinium 
rl MP 069 384 2.8.79 Morraine .300 91 64.4 72.5 .38.5 
~ 

6 Nigardalen Vaccinium 
MP 077 .377 5.8.79 Morraine 270 10.3 17 • .3 1.3.6 .34.9 

7 Nigarda.len Vaccinium 
MP 087 ,368 .30.7.79 Morraine 250 49 24.5 .30.6 42.9 

8 Espe Roadside 
MP 092 3.37 9.8.79 Verge 230 59/28/28 1.7 0.0 64.0 

9 FOBsen 
MP 089 249 .30.7.79 Hay J.leadov 120 57/56/57 7.0 7.1 28.1 



Table 8.8 (Conttd) Polymorphism of Lotus corniculatus populations vi thin the Jostedal.en area 1979 

Leaf Flower Keel 
Altitude Sample Cyanogenesis Cyanogenesis Colour 

Sample Location Date Habitat (Metres) Size (% +ve) (% +ve) (% Dark) 

10 Vigdalen 
MP 099 214 28.7.79 Roadside Verge 5].0 57 0.0 0.0 50.9 

11 Leirdalen 
MP 048 171 24.7.79 Roadside Verge 360 85 5.9 20.0 56.5 

12 Gaupne 
MP 091 091 19.7.79 llaste-Ground 10 30 0.0 0.0 93.3 

13 Gaupne 
MP 091 089 19.7.79 \rl et Meadow 5 76 1.3 0.0 92.1 

(\l 

~ 



FIGURE 8.2 

The frequencies of plants with light or dark keeled flowers in Jostedalen 

populations of L. cormculatus. Summer, 1979. 
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FIGURE 8. 3 

The requencies of l eaf and f1o~er cyanogenic individuals i n Jostedalen 

populations of L. corniculatus. Summer , 1979. 
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These analyses suggest that in the J~stedalen populations the phenotypic 

frequencies of the three polymorphisI:ls are related. This is confirmed by 

correlating the transformed phenotypic percentages with each other: 

Leaf: Flower cyanogenesis, 
Dark Keel: Flower cyanogenesis, 
Dark Keel: Leaf cyanogenesis, 

r [II) = O.9S, P< 0.001 
r [II] = 0.69, P<O.02 
r [II.] =-0.67, P<0.02 

The frequencies of leaf cyanogenesis at six of the original sites were 

re-tested in 1981, together with a population close to the retreating face 

of the Nigard Glacier (table 8.9). Results were generally in close agreement 

'With those obtained previously and confirmed the pattern of distribution 

discovered in 1979. The leaf cyanogenesis cline in the Jostedalen popule.tiona 

can therefore be considered as effectively stable, as no marked changes had 

occurred be~een samples taken two years apart. 

Over 90% of the cuttings taken on 5 and 6 July 19B1 were successfully 

established, despite a noticeably h:lgher mortality in the plants 'Which had 

remained in transit for an extra day. PhenotypiC frequencies again agreed with 

the pattern found in 1979 (table 8.10), although not as clearly ns the 1981 

scores taken in the field. The number of glucosidic individuals in each pop

ulation was closely related to the frequency of cyanogenesis, with relatively 

few plants containing the substrate 'Without the associated enzyme. 

Phenotypic relationships can also be investigated within each population 

because durine 1979 individual plants we-n9 scored for all three polymorphic 

characters. Chi square analysis was not appropriate at every site, however, 

because of low frequencies in one or more cells. At the remaining sites some 

of the phenotype ratios are extreme and this also prevents chi square analysis 

of the data 'When summed over location (Everitt, 1977). Within individual 

populations there are highly significant associations between the expression 
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Table 8.9 Frequencies of leaf cyanogenic phenotypes in Jostedalen L. corniculatus 
Populations. 1981. 

Location Date Phenotypes Percentage Cyanogenic 
-H- +- -+ (1979) 

Stordalen 
MP 118 472 2.7.81 42 5 0 0 89.4 (87.50) 

Stordalen 
MP 121 471 2.7.81 34 3 9 1 72.3 (SO.8) 

Nigardalen 
MP 055 397 3.7.81 28 6 1 13 58.3 (-) 

Nigardalen 
Mp 087 .368 .3.7.81 7 0 14.6 (24.5) 

Fossen 
MP 089 249 5.7.81 2 1 8 .37 4.2 (7.0) 

Leirdalen 
MP 048 171 5.7.81 2 4 4.2 ( 5.9) 

Gaupne 
MP 091 089 5.7.81 0 0 4 M- 0 (1 • .3) 
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Table 8.10 Frequencies of leaf cyanogenic phenotypes in cuttings obtained 
trom Jostedal.en L. C9m1.cul,aty populations. 

Location Date o£ Date Phenotypes Percentage 
collection scored ++ +- -+ cyanogenio 

Nigardalen 
5.7.81 18.9.81 MP 055397 14 3 19 23 23.7 

Nigardalen 
MP 074385-

093374 6.7.81 23.9.81 59 13 2 7 72.8 

Nigardalen 
MP 087368 6.7.81 18.9.81 16 3 3 5 59.2 

Fossen 
MP 089249 5.7.81 2.10.81 9 5 17 34 13.8 

Leirdalen 
MP 048171 5.7.81 23.9.81 7 7 5 23 16.7 

Gaupne 
MP 091089 5.7.81 2.10.81 1 2 7 40 2.0 



- ?:'I8 -

of cyanogenesis in the leaves and petals at three of thH sites, but not 

elsewhere (table 8.11). No significant relationship between combinations 

of keel colour and flower cyanogenesis is suggested (table 8.12) although 

there is a degree of heterogeneity and one population does provide a margin

ally significant chi square value. 

The percentages of damaged leaves recorded at sitos in the Jostedalen 

(table 8.13) show that during July 1979 damage was minimal at the more 

exposed northern sites, but reached quite hlgh levels in the Gaupne and Leirdal 

populations. The two estimates of subtended leaf damage in table 8.13 give 

broadly similar results, but including all missing leaves as damaged S1 ves, 

as expected, a slightly higher estimate. As the measures of subtended leaf 

and total leaf damage are stronely correlated (r [t,.1= 0.97 vi th estimate a, 

and r [J,.]= 0.81 with estimate b, using arc sine transformed percentages), 

counts of the subtended leaves alone may provide a convenient alternative 

to total leaf counts as a measure of herbivore pressure on L. corniculatus. 

The flowers alae shoved signs of greater damage at the southerly sites 

(table 8.14). Thrips vere the only insect group found 'consistantly in the 

nowers, with Odontothrips loti the dominant species. Also present, but in 

smaller numbers, were Contarinia ~, Arion loti, and a species of Aphid. 

Hypera 12lantaginis was apparently absent from the valley, although larvae 

were found nearby at the Hardangerfjord and any petal damage vas probably 

caused by large chewing insects and molluscs rather than by the inseots 

living inside the flowers. 

Heaningful comparisons between the herbivore pressure sustained by (Uff

erent phenotypes are not possible for most sites because of the generally 10\1 

degree of damage that \las recorded and by the scarcity of particular phenotypes. 
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Table 8.11 L. corniculatJ!fj, populations with individual plants scored for 
both leaf and petal cyanogenesis. 

Leaf ++ Leaf - n X2[11 p 

Petal ++ -H- (Incl. Yates' 
Correction) 

Location 

stordalen 35 6 6 4 51 1.87 "> 0.05 
MP 121471 

Fabergstolen 56 13 2 1 72 0.02 :> 0.05 
MP1l8425 

Nigardalen 44 14 21 11 90 0.63 :> 0.05 
MP 069384 

Nigardalen 10 8 4 81 103 28.52 <. 0.001 
MP 077377 

Nigardalen 
MP 087368 

11 4 1 33 1+9 21~.21 <. 0.001 

Leirdal L~ 0 13 68 85 11.95 < 0.001 
MP 048171 
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Table 8.12 L. corniculatu8 populations with indivIdual plants scored for 
both keel colour and flower cyanogenesis. 

Lieht Keel Dark Keel n x2[11 P (Incl. Yates t 

Petal +I- +I- Correction) 

Location 

stordalen 7.! 8 lit 2 51 0.75 > 0.05 
MP 121471 

Fabergstolen 34 10 24- 4 72 0.78 :> 0.0.5 
MP1l8425 

Nigardalen /.,5 11 20 14 90 1~.89 < 0.05 
MP 069384 

Nigardalen 10 56 4 33 103 0.38 I 0.05 
MP 077377 

Nigardalen 9 19 3 Ie "9 2.07 "1 0.05 
MP 087368 

Leirdal 7 30 10 38 85 0.05 ) 0.05 
HP 01~8171 
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Table 8.13 Estimates of leaf damage sustained by Jostedalen L. corniculatus in July 1979 

Location 

Stordalen Woods 

Nigardalen (aample 4) 

Nigardalen (Sample 7) 

Leirdal 

Gaupne Waste Goo. 

Gaupne Meadow 

~te n Subtended lear Damage (%) 
(stems) Estimate a1 Estimate 1)2 

22.7.79 23 4 • .3 0.0 

16.7.79 10 0.0 0.0 

30.7.79 24 5.6 4.2 

24.7.79 26 17.9 12.2 

19.7.79 12 16.7 3.4 

19.7.79 18 25.5 24.0 

~st1mate a scores missing leaves as damaged 

~stimate b ignores missing leaves 

Total Leaf 
Damage (%) 

2.0 

3.4 

4.8 

11.9 

13.9 

17.2 



Table 8.14 Inhabitants and damage to L. corniculatus nowers, Jostedalen 1979. 

Sample Si ze 
% +ve Flover Crt- % Dark Keell 

% Umbels Thrips Mean Thrips 
Location Date Umbels Flovera Damaged Total. Per Flover 

Stordalen 22.7.79 25 101 100.0 40.0 4.0 10 0.09 

Nigardalen 16.7.79 11 44 100.0 9.1 0.0 15 0.32 

Nigardalen 'YJ.7.79 25 84 36.0 .32.0 9.5 4 0.05 

Leirdal 24.7.79 'Zl 109 22.0 70.4 16.5 99 0.91 

Gaupne 19.7.79 15 56 0.0 93.3 8.9 10 0.18 

Gaupne J.ieadov 19.7.79 20 68 0.0 85.0 14.7 3 0.04 
(\) 
to 
(\/ i --

These da.ta. are included vi thin the general collections in Table 8.8 
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Analysis of the nower damage at Leirdal and Nigardalen (30 July sample), 

however, shows that this was not influenced either by keel colour (X2 [11 = 

1.89 and 1.14 respectively) or by flower cyanogenesis (X2 [lJ= 2 • .31 and 1.14 

respectively, with Yates t Correction). 

The pattern of leaf damage in the 30 July Nigard sample is interesting 

because a higher proportion of the cyanogenic leaves shosred signs of injury. 

A lov level of overall damage was present at this Site, with only 8.0% of the 

cyanogenic and .3.2% or the aC)"8llOgen1c leaves damaged, aDd this result vas 

DDt repeated elsewhere. 

The results of the soU uaJ.ysis carried out by D. Nwsome are given in 

table 8.15. Although the sites exhibited considerable variation in soil 

chemistry, this does not appear to be related to the frequencies of cyan

ogenesis found in the L. COrn1culatus populations as no significant correlations 

vere found between &n1 soil characters and leaf cyanogenesis. 

Discussion 

The initial intention of the field work in NorYay was to study the rel-

ationship between insects and L. corniculatus in a region where individuals 

vere predOminantly acyanogenic. As cyanogenic plants were found to be numerous 

the emphasis of research vas changed and priority vas given to an investigation 

of the phenot.ypic frequencies in the Jostedalen populations. , 

Some individuals of L. corn1culatue possess an unstable oyanogenic 

phenotype (Jones, 1977) and leaves scored as atanogenic in July and August 

may be acyanogenic at other times. This instability would not have invalidated 

the comparisons between sites in the present study because all the samples 

vere obtained within a six veek period. 

A series of clines clearly exist wi thin the L. oornigulatus populations 

of the Jostedalen, at least in the summer, with the proportions of leaf cyan

ogenic, nover cyanogenio and pale keeled plants all inoreasing with an inorease 

in latitude. Several environmental variables show changes that may be correlated 



Table 8.15 The soil chemistry of sites colonised by L, comieulatus. July 1981. Data of D. New-some. 

Total Organic Ca 
~ 

Na K 1'04 NH4 003 N Locality 
Me/lOOg He OOg Me/loog Me/lOOg MYloog MYlOOg Ng/lOOg Mg/lOOg % total soU pH 

\It. 

stordalen 1.48 0.35 0.33 0.22 0.05 3.22 0.0026 222.0 7.09 4.4 
1-11' 118472 

Stordalen 0.57 0.06 0.18 0.06 0.71 0.83 0.0008 8.0 0.55 5.0 
MP 121471 

Nigardalen 0.47 0.04 0.17 0.07 0.82 0.88 0.0017 5.7 0.74 5.1 
MP 055397 

Uigardalen 0.72 0.08 0.28 0.14 0.03 0.92 0.0016 28.0 2.38 4.7 
...;t MP 087368 
to 
N 

4.6 Fossen 2.24 0.15 O.Y! 0.17 0.74 5.07 0.0017 591.0 10.49 
MP 089249 

Leirdal 2.05 0.22 0.29 0.25 0.08 2.94 0.0029 275.0 6.54 5.2 
MP 048171 

Gaupne 0.56 0.19 0.58 0.16 1,43 0.83 0.0000 34.0 1.03 6,0 
MP 091089 
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with these clinal distributions, including temperature, droughting and herb

ivore activity. 

L. corniculatus novers have predominantly dark keels in the south of 

the Jostedalen and light keels in the north. The significance to the plant 

of possessing a particular phenotype is currently uncertain, but clearly the 

dark keeled plants have an advantage in the south of the valley vh1ch is lost 

further north. 

Relationships betveen the cyanogenio and keel oolour po!ymorphisms in 

the Jostedalen populations are broacily similar to those found at Porthdafarch. 

There is again an excess or plante sharing the same leaf and nover cyan

ogenesis phenotypes, but no excess of plants vi th a particular combination 

of a,yanogenesis and keel colour. Expression of cyanogenesis in the leaves and 

novers therefore appears to be related in some vay, but ocourrs independently 

of keel colour. 

The populations that have high proportions of cyanogenic plants are sit

uated in the more recently glaciated regions of the Jostedalen, on soils that 

are relatively n~ly formed. These young so11s are strongly acidic and contain 

very 10v concentrations of metallio catiOns, nutrients and organic carbon. 

Similar soU conditions have been described from periglacial. areas both else

vhere in Scandinavia and in North America. (Stork, 1963, Tisdale ~!.1, 1966, 

Viereck, 1966 and Worsley and Ward, 1974). The sites with predominantly acy

anogenic populations have soils vh1ch do not differ greatly from theBe peri

glacial soils, hovevez; (table 8.15) and, since a,yanogenic frequencies are not 

correlated with arrt of the sol1 characters that vere investigated, it vould 

appear that the observed. cline is unlikely to be related to edapbic condit16ns. 

Winter temperatures are the most important factor determining the dist

ribution or cyanogenic Tr1&olium repens in Europe (Daday, 19'4 $). No similar 

role has been demonstrated vi th L. cOrnicuJ,atus. however, either in field population 
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studies (Jones, 1977) or survival experiments (Ellis ~ !! 1977a) and the 

preponderance of cyanogenic plants at higher altitudes and at more exposed 

sites in the Jostedalen is directly contrar.y to that found with T. repens. 

The high altitude sites in the south of the Jostedalen give further support 

to the viev that temperature and altitude are not determining the frequency 

of cyanogenic L. corniculatUl because their populations are typical of the 

nearby valley noar, and not the northerly sites at equivalent altitudes. 

On the morraine deposits of the Nigard Valley, L. corniculatus vas most 

numerous at the sides of streams and in other relatively damp situations. 

This distribution may have resulted directly from soil vater limitations, 

because the lov cl~ and organic carbon content of glacial soils generally 

results in very rapid drainage, even delaying colonisation on glacial out

wash gravels (Ugolini, 1968). Alternatively, the more extensive moss cover 

of these damper areas may simply have provided better conditions for the 

germination and establishment of the plants. 

Droughted conditions have been shown to increase the proportions of 

acyanogenic plants in Derbyshire L. corniculatus populations (Foulds and 

Grime, 1972), but the relationship between availability of water and cyanogenesis 

is evidently complex as drought conditions are known to increase the oyanogenio 

response of Trifolium repens (Rogers and Fr.ykoIm, 1937), Sorghlw (Nelson, 

1953) and Cassava (de Bruijn, 1973 and Butler ~!!, 1973). Nonetheless it 

is perplexing that it appears to be the drier sites in the Jostedalen vhich 

have the highest frequencies of cyanogenesis - in direct contrast to the 

findings from Derbyshire. This underlines the comments of Jones ~ !! (1978) 

that it is the combination of a number of selective factors which determines 

the frequency of cyanogenesis in L. cornicul.tus populations and that each 

area must be e:xam1ned individually in order to determine which factors are 

most influential. 

The figures obtained in July 1979 would suggest that selective feeding 
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by animals is unlikely to be of importance in maintaining the clines in 

cyanogenesis. Leaf and flower damage were highest at the sites where plants 

vere mainly acyanogenic and cyanogenic plants did not appear to suffer less 

damage. Observations during 1981, however, revealed the presence of a potentially 

important herbivore whose distribution is likely to be limited to the areas 

where most plants are cyanogenic. Evidence of a very large population of 

Norwegian Lemmings (Lemmus lemmus L.) vas found in Stordalen, particularly 

around site ~o (table 8.8). Many characteristic lemming runs were present 

(Corbet and Ovenden, 1980), piles of lemming dung measured up to several metres 

across, and the bodies of several dead lemmings (presumably killed during the 

vinter) littered the area. Lemming numbers are notoriously variable (e.g. 

Semb-Johansson ~!!, 1979) and tvo years previously there was no sign of 

lemmings in this area. 

Lemmings are usually restricted. to the sub-alpine zone of birch and 

willow scrub, vi th animals only moving into the lowlands during migratory 

years (Marsd.en. 1964. Finerty, 1980). The presence of lemmings was not con

firmed at any other sites where L. cornioulatus was growing, but it is clear 

that they are more likely to encounter L. corniculatus in the north of the 

valley than elsewhere, and it is here that the plants are predominantly 

cyanogenic. 

Lemmings eat mainly short growing mosses during the winter (when they 

continue to feed under continuous snov cover) and a combination of grasses 

and mosses during the summer (Kale1a ~!:1, 1961). Evidently Dicotyledons 

usually form only a minor part of their diet, although Baltmschat and Uberboch 

(1976) found that this was not alv81's the oase. L. corniculatus has not been 

recorded as a food item. In oapti vi ty, lemmings have been reared for malG" 

generations on a diet of mosses, rolled oats, apples and vho1e-wheat bread 

(Semb-Johansson ~.!i, 1979). 

Lemming activity vas so intensive at Stordalen that even minor i tams of 

the lemmings' diet must have suffered extensive damage. In Stordalen the 
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frequencies of cyanogenic L. corniculatus vere the highest recorded in the 

Jostedalen ( 70%) and it is tempting to speculate that this has resulted from 

intensive (allbeit spasmodic) selection for plants ~ch lemmings find dis

tasteful. Microtus agrestris vill preferentially eat acyanogenic L. corniculatus 

in feeding trials (Jones, 1962) and as Lemmings and Voles are closely 

related (Subfamily Microtinae) this may also be the case vi th L. lemmus. 

The commitment of nitrogen for cyanoglucosides at the periglacial sitee 

is particularly striking because nitrogen is likely to be in unusually short 

supply there. This is the result of a combination ot lov exogenous ni trogen 

levels, vith lov calcium and magnesium concentrations, lov pH and low temp

eratures - all of which inhibit fihizobium 1\mctioning (Vase and Jones, 196.3, 

Vincent, 1962, Graham and Parker, 1964 and Pate, 1977). Jo ~ !! (1980), for 

example, found that growth of L. corniculatus at pH 5 was only 55-72%, and 

root nodule veight was only 3710, of that obtained at pH 7. Although resources 

allocated to cyanoglucosides can be recovered relatively cheaply (Mckey, 1979), 

the degree of commitment found at these northern sites would suggest that a 

strong selective advantage must be gained b,y their retention. 

Rhoades (1979) concluded that plant defensive compounds were allocated 

in proportion to the risk of tissue damage and the value of a particular 

tissue to the plant. Janzen (1974) and Mckey n .!l (1979) also developed this 

argument and have shown that plants growing in harsh environments may contain 

unusually high levels of protective compounds as a result of their tissues 

being hard to replace, and hence more valuable. The nutrient poor SOils, lov 

temperatures and short groving season (in early July 1981 snow cover was still 

extensive in Stordalen and Nigardalen) at the periglacial sites vill limit 

the new growth that L. cornigulatus can produce. This may be an important 

subsidiar,y factor in the selection for cyanogenic plants at these sites because 

arry leaves or flovars lost through herbivory are clearly likely to be difficult 

to replace. 
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The following research will be necessary in order to establish whether 

feeding by lemmings is indeed a major factor in the maintenance of cyanogenic 

clines in the Jostedalen: 

1 Carry out feeding trials in order to (a) estimate the 
relative palatability of L. corniculatus when compared 
with known major food items such as mosses and grasses, 
and (b) detennine whether L. lemmus wlll distinguish 
between cyanogenic phenotypes. 

2 Confinn that the distribution of lemmings is correlated 
with high frequencies of cyanogenic plants in the L. corniculatus 
populations. 

:3 Check in the field that L. corniculatus is eaten by lemmings 
and establish whether acyanogenic plants suffer greater 
damage, 



- 290 -

CHAPTERl! 

DISCUSSION 

"The ultimate discussion ot the cyanogenio glucoside content of Lotus 

leaves v1l1 bave to include a discussion of Lotus root protection against 

nematodes through phytoalex1n production, and hov each defence 1s bought 

at the expense ot the other, and hov each kind ot herb1vo17 lovers the fitness 

ot the plant rather than hov much 1 t lovers the yield of leaves or roots" 

- Janzen (1981). 

The information gained 1n this studY' about the animal communities assoc

iated with L. 9Ornicg1atgs provides one ot the necess&l7 tirst steps 1n 

achieving this "ul tiJlate discussion- ot the geneco1ogy ot the cyanogenic 

po1)'JDorpbi8JI in L. eorpisrulatv. Because the plant, its herbivores and their 

parasi tes interact both directly and via the medium of the resource budget 

ot the plant (Jellen, 1973), conclusions about the 8igniticanoe ot &D1' one 

particular selective pressure are llke17 to be distorted it the1 are conaidered 
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in isolation. Considerations of the more important results describod in thin 

thesis have already been included in the relevant chapters, so here I shRl1 

restrict fUrther discussion to an overvie~ of cyanQgenesis as a menns of 

defence against herbivory in the light both of original and r eview arUc1es 

and of my own research. 

Jones (1979) has a,rgued that cyanogenic glycosides may be primary 

metabo1i tea and that cyanogenesis in plants has appeared via mutations in 

regulatory genes that have resulted in the extravagant production of these 

compounds. Small quantities of cyanogenic glycosides are therefore probably 

present in all L. corniculatus plants and the cyanogenesis which ve can detect 

\Ii th the sodium picrate test · is only distinguishing beween the re1ati va 

amounts of these compounds that are being produced. The fact that some llerbivores 

respond differently to individuals soored as tcyanogenic' or t acyanogenic' none

theless confirms that this distinction is ecologically meaningfUl. 

Chemical defence is nov considered to be the major function of cyanog

enesis in L. oorni0ulatus and T. repene (Jones, 19720.). Previous studies 

(Crawford - Sidebothnm, 1972, Keymer, 1978) have concentrated on the relation

ship between molluscs and oyanogenesis, but Keymer (1978) and Dritschi10 ~ ~ 

(1979) have both commented that insects could also prove to be important factors 

in the maintenance of the cyanogenic polymorphism in L. corniculatns. 

The feeding experiments described in chapter three have provided the 

first examples of selective feeding by insects on L. cor111culatus (notuith

standing a misquote by Culvenor, 1970). Subsequent experiments (Compton, in 

preparation) have sholln that a third specias elf grasshopper (Chort.1Uppus 

brunneus Thun.) also prefers to eat acyanogenic L. cornicylatus flouers and 

that the Common Earwig (F6rficula auricularia L.) selectively eats acyanogenic 

leaves and flowers. 

The significance of these laboratory results is largely dependent on 

whether L. oorniculatus is a regular item in the diet of these insects. 
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P!Jyllobius adults have been seen to feed on L. corniculatus nowers at several 

localities in the U.K., but casual observation has failed to confirm that 

8JJ1 of the species of grasshoppero feed on L. COrn1cuJ.atUl under natural 

conditions. All three species are considered to be primaril1 grass feeders, 

and Bernays and Chapman (1978) concluded -U-t Chorth1PPUS spp. were total.l.7 

intolerant of the chemicals contained in broad-leaved plants, Kaufman (1965) 

tested the feeding responses of a large number of acridoids and found that 

even those species which no1'lll8l.ly feed on forba (Oedipoda and Psophus sPP.) 

did not touch L. cornicuJ.,tus. Contr&ry' observations were recorded by Clark 

(l948), hovever, am Richards and Wolff (1954) concluded that L. cornicul,atus 

can be moderately acceptable to some species. No accoun' vas taken of the 

polymorpbiSJl of cyanogenesis in utt of these studies and their differing 

conclusions about the palatabUity of the plant may merely be the result of' 

comparing responses to different morphs, These accounts also considered onl.y 

the relative palatab1l1t,y of leaves to grasshoppers . and feeding on novera 

has been mentioned rarely. The preference shown for L. corniculatus !'lovers 

in the feeding experiments suggests that this ~ be a significant omission. in 

that nover feeding JII81' prove to be Ere widespread than is uaually believed. 

Nonetheless, it is unlikely that L. corn1cul.atus forms a major item in the 

diet of any British grasshoppers, and selective feeding by' these insects is 

more likely to be of importance to the plant in Southern Europe or parts of 

the U.S,A., vhere acridoids are more numerous and diverse. 

F. auricu',na, the adults of PhyllobiU4 spp. and, to a lesser extent, 

the members of the Acrididae are generalist hi ting insects tba t feed upon 

a variet,y of plant species. Theae pbytopbages almost certainly lack specialised 

adaptations for feeding on Ire corp:l,culatwp and can be considered as the ecol

ogical equivalents or -111;1 .r the aolluscs that are &1..e kDovn to be deterred 

b1 CJ&DlllUes1s. It 1s the.e, aDd other ,eaerallat apecles, that are l.1ke17 

to ban aD iatlueace on C18MPDic f'requeDCie. in natural. populat1oDe or 

L, corBicul.atg ~U8e the apec1al1st leaf' am never chev1111 insecta vhich 



- 293 -

regularlY' feed on this plant do DOt shov selection when tested experimentally 

(Lane, 1962, Jones, 1966 and Compton in preparation). 

Myrmeleotettix JDaculatus vas enl.y' deterred from feeding on cyanogen1c 

L. corniculatus arter it had bitten, and therefore physioally damaged, the 

plant tissues. This agrees with the results ot Cooper-Driver and Swain (1976) 

and Woodhead and Bernays (1977) vhe touM that it vas the release of HCN, 

rather than the presence ot cyaDOgenic glucosides, that vas responsible tor 

the inhibition of feeding b,- locusts on Braoken (Pteridium agullinum) and 

SolJ''hum spp. unrortunate~ L. c0rn1cu1atU@ flowers that contained cyanogenic 

glucosides, but no ~ - glucosidase, vere not available, and this prevented 

direct confirmation that reeding inhibition vas caused b.1 OY'anogenesis BIt 

!!. Exposure to BCN results in the iDhibi tion ot insect peripheral senso17 

responses (Levinson.!:!c.!l, 1973) and this may be one mechanism b,- which 

cyanogensis is detected because Blaney (1981) has shewn that relative senso17 

input trom the palps of locusts has an important role in the deteotion ot 

unpalatable chemicals. 

Some species of polyphagous molluscs and inseots are capable ot &8S0C

iating the S)'JDPtoms of poisoning 'With the food plant on whioh they' are reeding 

(Gelperin and Forsythe 1975, Dethier, 1980). Specimens which survive the 

tox:1ne show 'tood aversion learning' and subsequentlY' avoid feeding on that 

particular plant species. ~ - glucosidase activit,' haa been reoorded trom 

the digestive s1'8tems of both insects and molluscs (Kastur1 !! .!Wa, 1981, 

Dirzo and Harper, 1982), aDi FcMien and Lea (1979) have concluded that aD;Y 

cyanog].lloosides that are ingested by phTtophages v1l.l. be rapicil.1 lqdrolyHd. 

Approx1matel3' l$ of the f'resh weight ot T. rep!pS leaves is composed ot CY'&D

aDOglucoside (Col11nge ... and Hughes, 1981) and as L. cornieu1,atue leaves are 

more strongly cyanogenic (Jones, 1966), there is a poss1bUitY' that feeding 

inhibition could also occur if animals that feed on L. 92rnicul,atu! tissue 
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illness with this food plant. A possible example of the toxic effects of 

consuming large quantities of cyanoglucoside was described by Fisk (1980) 

",ho showed that specimens of Peregrinus maidis produced less honeydew when 

maintained on artificially high concentrations of cyanoglucoside. The insects 

did not show any signs of. distress, however. 

Cyanogenesis is often considered as a prime example of the 'Qualitative ' 

plant defellses that are typical of 'unapparent' plant species (for example 

Fox, 1981). Qualitative poisons are described as 'lov-cost' defens('!G t.hat 

are effective at loy concentrations and can cause a serious reduction in the 

fitness of generalist phytophages. They also exert strong selective pressures 

on specialised phytophages and, by :the process of tco-evolution', it is rel

atively easy for specialists to develop effective defenses against them. 

Humans, and mammals in general, are notoriously sensitive to cyanide 

(Feeny, 1976, Conn, 1979) and the entomologistst cyanide ldlling bottle 

effectively demonstrate.s the susceptabili ty of insects to this poison. In 

insects as vith other groups of animals, the toxic effects of cyanIde exposure 

result from the inactivation of cytochrome oxidase (Keister and Buck, 1971,). 

Several groups of insects are somevhat resistant to cyanide hovover (members 

of the Chrysomelidae, Meloidae and Zygaenidae - for example, Povolny and 

Weyda, 1981) and insects in general can tolerate and recover from much hieher 

doses of cyanide than mammals (Bond, 1961). 

Cyanide detoxification is believed to be carries out by t.he enzymes 

rhodanese and f3 - cyanoalanine synthase and Conn (1979) has suggested that 

the ability of animals to survive on cyanogenic plants should be correlated 

vith the amounts of these enxymes that they contain. Other adaptations may 

also be necessary and Brattsen (1979) has concluded that the ability to feed 

on cyanogenic material for long periods may reflect a combination of modified 

respirator,y enzymes, detoxifying enzymes and even sequestration into specialised 



- 295 -

organs. Parsons and Rothschild (1964) and Bratteen (1979) have shovn that 

rhodanese is present in insects and a survey carried out recently by a.G. 
Beesley (Pers. Comm.) bas show that this enzyme ocourrs in a vide variety 

of insect species. ~ - cyanoalamne synthase is also vide.pread, at least 

amongst the Lepidoptera (n. Dans, Pers. Comm.) and it is likelY' therefore 

that the majority of phytophagous insects possess at least some degree of 

resistance to HeN. The widespread distribution of these enZ1lDes need not 

reflect a general need for cyanide detoxification because Volini and Alexa.rder 

(1981) have argued that the traditional role of rbodanese as a sulphur donor 

to cyanide is only complemen1:.ar7 to its routine fUnction as a sulphur donor 

to proteins. 

Despite cyanides 'vell known toxiCitY' to insects' (Drltschilo!! il. 

1979) there is DO evidence to date that the aaounts ot C18.nide released 

during C1anogenesis (an estimated equivalent ot 0.5 - 1.0 ~ HCN from Sorghum 

_ Woodhead and BerDqS 1m) or by subsequent digestion are acutely poi8onoua 

to insects. The speCialist species which routinely teed on OJUOgeDic plants 

are ev1dentJ.y resistant, as are some pOl.yphagous species, such as the Southern 

A1'DJ1WOrm (Spodoptera eridania Cram.) which vas UDatfected by cy&DOgenesis 

in L. cornicu1atus am Phaseo1M 8p. (Smber,1978 and 8 •• al80 Jones, 1981). 

The question ot cyanide toxLci ty is nonetheless most relevant in connect

ion vi th those species vMch are kDovn to be deterred b7 cyanogenesis, as it 

is assumed that these species are the 'targets' ot this defense strategy. 

Molluscs that are maintained exclusively on cyanogenic L. oorDicul,atue tor 

:hong periods do not have a greater mortality- rate then those feeding on the 

acyanogenic form (D.A. Jones, Pers. Comm.) and Dirzo and Harper (1982) 

found that when slugs were kept on cyanogenic T. repens theY' had only a 

slightly lover grovth rate than controls kept on the aoyamgenic morph. A 

reduced grovth rate vas to be expected as the slue ate more ot the ac,anog

enic T. repeRS and this result need not 1mpl.y that chronic poiSOning was 



- 296 -

taking place. Although the grasshoppers M. maculatus and O. viridulus are 

unable to survive tor long periods on an exclusive diet ot L. corniculatus 

(up to 50% die vithin three days) there is similarly no evidence that they 

die more quickly when kept on cyanogenic plants, while the eaNig, F. auri

cularia can be maintained on cyanogenic L. corniculatus for periods ot 

several weeks without any visible signs of ill-health (Compton, in preparation). 

The animals that are deterred by cyanogenesis in L. corniculatus are 

therefore physiologically capable ot coping with cyanide for far longer than 

they would need to under natural conditions, and it oan be concluded that 

they would not be sublect to acute cy8l1ide poisoning if they failed to show 

selection and continued to teed despite cyanogenesis. This need not be the 

case vhen animals are teeding on plants vi th higher c1&JlOeluooside concent

ratians (tor e:raaple the seeds ot Vicia sativa L.) and in these situations 

generalist feeders might suffer acute poisoning. In general, however, it 

appears unlikely that the HeN liberated during cranogenesis acts as an acute 

poison to unadapted phytophages and as such it cannot be considered as a 

typical 'qualitative' defence. 

It generalist insects and aolluscs are not poisoned by the cyanide lib

erated by L. corDicu1atus , why are they selective' reeding on cyanogenio 

plants presumably has disadvantages, including subtle erfects due to chronio 

cyanide exposure and the metabolic costs involved with detoxification, but 

these could be outveighed by the costs of deciding to "oove-on" to another 

plant. L. corniculatus, in co_on with many other cyanogenic species, contains 

a variety of additional putative derensive compounds (Bernays and Chapman, 

1975) and one ExplcLnation may be that cyanogen&sis has a role that is anal

agous to the red and black waming colouration of aposematic insects and so 

varns generalist herbivores that a plant i8 potentially unpleasant. Cyanogenesis 

wuld appear to be vell sui ted to such a role because it is recognised by 

a vide variety of animals (M.-als, Molluscs, Insects), it is relatively 
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• cheap' , particularly tor legumes (Mckey, 1979, Feel11', 1976, Janzen, 1981) 

and it is widespread amongst both nowering and non-tlowering plants (Cul venor, 

1970). Horn (quoted b;r Culvenor, 1970) has cOlIDDented on the general distaste 

shovn by herbivores tor bitter-tasting plants . and has even suggested that 

a tona ot milIicry could develop whereby non-toxic bitter-tasting plants could 

escape herbivory. 

Studies of the insects associated vith L. oornlculatus, carried out at 

Epplevorth Quarry and elsENhere, have confirmed that this plant supports an 

extensive and diverse insect tauna. The number ot species that are represented 

is nonetheless considerably smaller than that suggested b7 a renew of the 

literature, particularly with respect to exophytic leaf chewing insecta. This 

Jl&y be due in' .part to species being more or les8 re8tricted to Southern 

Britain . and the fauna ot L. corn1culatv should prove to be evell 1I0re diverse 

in that part of the country. With the exception ot members of the Hemiptera 

and Heteroptera, which vere not InY8stigated thorouchl1. the phytophagous 

insecta that were regularly found on L. OOro1culaty vere specialist species 

IIOre or less restricted to this, and related, tood plants, and generalist 

pbytophages were poorly represented. 

The L. corn1culaty population at Epplevorth Quarry is efrective1y 

monollOrph1c tor both lear and nover cyanogeneSis and i8 therefore UDsui table 

for an Investigation ot the responses of insects to cyanogenesis in the 

field. At Porthdatarch it was round that there was greater leaf and flover 

damage on the mound area and this agreed vi th the expectations or Ellis n 
!l (1977b). The pattern of leaf claaage vas typIcal. ot that produced by grazing 

molluscs (vi th IIOst of the damaged leaves having less than 2S% of their 

surface area reacTed frOll their distal edge) and any leaf chev1ng by in8ects 

vas insignificant in comparison. Much ot the flower damage at Porthdafarch 

was attributable to teeding by larvae of H:rpera plantagin1s and because this 

species does not appear to be influenced b7 cyanogenesis (Chapter eight and 
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Beesley and Compton, in pt"eparation) this probably accounts tor the failure 

to detect a significant excess of damage to acyanogenic flowers. In the 

Jostedal valley the frequencies of cyanogenic plants in the L. corniculatus 

populations vere not correlated vi th the observed levels of leaf and nover 

damage and, therefore, it again appears that selective feeding by' insects ia 

unlikely to play a u.jor role' in the ll&inte. .nance or cyanogenic polymorphism 

there. 

During the course of thia s~ extenei" defoliation of L. corn1culatus 

by insects va. only observed on one occasion (vhere there vas an \UlU8ually 

high local concentration of ZYgaena larvae) and in general the amount of leaf 

tissue consumed b.1 insects vas found to be relatively small in comparison 

vi th that vhich could be attributed to feeding by' molluscs. Mature plants 

have a veIl documented resistance to leaf damage (MacCo1lan .!!: .!l, 1982, 

tor example, found that even vhen 38% of the leaves of Alfalfa vere mined 

bf an 19romyzid there vas ne detectable reduction in yield) and this suggests 

that even vhere insects do displq selective herbivory they 111.1' not consume 

enough lear tissue for selection to be of significance to a mature plant. 

Feeding by snails can kill T. repens seedlings even 30 days arter Coty

ledon formation (Kalmbacher !! .!J., 1979) and it has been postulated that 

reduction of grazing pressure at the seedling stage ~ be a particularly 

important role tor leaf cyanogenesis (Jones, 1971, Cravrord-Sldebotham, 1972, 

Ennos, 1981). Insects vere never seen feeding on L. c0rn1culatus cotyledons, 

hwever, and an examination or seedlings groving at Wharram Quarrr revealed 

again that it vas molluscs vhich vere causing most ot the damage. 

Feeding by' insects vould appear to have 1 ts greatest impact on the sexual 

repwductive output or L. corniculatus. There is no evidence that any or the 

specialist 1nsects lIhich teed 1n L. cornicul.atus pods aDd novara are inauenced 

by' flower petal cyanogenesis, hollever, and it is these l!Ip8ciea lIhioh cause 

most of the damage to the reproductive structures. reeding b)" Hemiptera 1s 



- 299 -

a second major source of seed losses, but the mode of feeding of this group 

minimises their exposure to cyanogenesis. NOIle.the1ess it is known that cyan

ogenic glucosides can be transported in the phloem of some plants (Clegg !! 

~, 1979) and therefore aD1 phloem-feeding species may be liable to come into 

contact with HON liberated by their endogenous ~-glucosidB8'es. External. daDl8ge 

to seed pods (much of vhich vould have oocunted vhile the immature pods vere 

still surrounded by the petals) WAS a significant source of seed losses at 

Epp1evorth Quarry. Larvae of ~ COmp9sitella and HYpera plantaginia vere 

responsible for some of the damage, but th« remainder vas due to feeding by 

unidentified larger insects and bymollusos. It is as a deterrant to these gen

eralist feeders that tlover a,ranogenesis is likel1 to be suocessful. 

The presence or absence of cyanogenesis is only one of manr factors 

which influence the degree of herbivory sustained by an L. cornieulatus plant 

growing under natural conditions and it is therefore not surprising that studies 

of the deterrant value of cyanogenesis in natural populations have generally 

been less conclusive than parallel laboratory experiments. Studies vi th 

mollUSCS have shown that their pattern of response to cyanogenesis varies 

betveen individuals, vith 'deviani1 non-selective individuals ocourring in 

typically selective species (Crawford-8idebotham 1971, Dirzo 1980) and Jones 

(1981) has concluded that it may be necessary to consider herbivores as being 

polymorphiC in terms of their response to cyanogenesis. Herbivores are also 

likely to become less selective as their hunger increases, and Voles, for 

example, were show to be selective only when alternative toods vere also 

available (Jones, 1966). 

The intensity of herbivore dauge sustained by iDdividual L. oornicul.1tu&! 

plants will also be influenced by the nature or their aurroundiDg plant 

communi ty. Dirzo and Harper (1982) shoved that T. repeps groving near nettles 

(Urtica dioica L.) suffered inoreased. herbivory trom snails, because the 

nettles acted as reruges for molluscs. Feeding trials have also shovn that 
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slugs from areas where certain unacceptable plants are present do not eat 

as much of these plants as 'naive' individuals collected from areas where 

the plants are absent (Whelan, 1982). On a similar basis it could be postulated 

that the degree of selectivity shown by herbivores from areas where L. corn

iculatus is predominantly cyanogenic vill be more highly developed than that 

of individuals from mainly acyanogenic sites. If cyanogenic conditioning 

does lmve a significant influence on feeding responses then the situation 

could be highly complex because in chalk greasland there are at least four 

species tlmt are polymorphic for cyanogenesis (Achillea millefoliu.ID L •• 

Centaurea scabiosa L., T. repena and L. corniculatus). A relationship between 

cyanogenic frequencies in L. cornigulatus aM T. reP'M ~. already been 

demonstrated by JODeS (1968) who shoved that there were .1gn1tlcant17 fever 

cyaDOgeD1c individuals in 'I. repeps populations where L. corNcul,.tue (cyan

ogenic) vas also present than in nearby populations where L. 90rnicula.tus 

was absent. 

Characteristics other than differential palatability have also been 

associated 'With cyanogenic polymorphism. Dritschilo !! !oJ" (1979) concluded 

that cyanogenic T. repens were better competitors, and Dommee !l !l (1980) 

have provided a basis for this advantage by shoving that cyanogenic T. repens 

display faster root growth. Under certain conditions the cyanogenic morph 

of L. corniculatus also shows better root growth (Keymer and Ellis, 1978) 

and preliminary results suggest that the acyanogenic plants at Porthdafarch 

(irrespective of cliff or mound origin) are less suooessfUl when transplanted 

into a dense sward.(S.G. Beesley, Pers. Comm.). If an assooiation between 

cyanogenic phenotype and competitive abilit.y is confirmed then this will 

further complicate studies of the genecology of cyanogenesis. For example, 

at Wharram Quarry there is a significantly higher proportion of strongly 

cyanogeniC L, corniculatua growing in areas or dense vegetation than in 
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nearb,y more open areas (Beesley and Compton, unpublished). This distribution 

could be attributed to the higher density of large snails that are present 

in the dense ward, or to a possible greater competitive ability aDlongst the 

cyanogenic plants, or to a combination or the wo. 

The feeding choice experiments described earlier have shown that some 

insects prefer to eat acyanogenic L. corniculAtus, but evidence that this 

is translated into a selective advantage in the field has not been obtained 

and the results that are available suggest that (at least in the U.K.) molluscs 

are more important herbivores than generalist insects. Deterrence of insect 

and mollusc feeding is likely to be complementary, however, and in situations 

where L. corniculatqs is growing in dr,y or acid conditions selective feeding 

b,y insects may assume a greater significance. 

Studies at Porthdararch have shown that L. corn1cul.atu! plants are grazed 

more heavily bf snails on the moUDd rather thaD the cl1tt and that the ua1la 

eat lION of the leaves .t ac~seDlo plants. Froa t1d.s it baa been ooDOluh4 

that an the 1IOlIDd, unlike the ol1tr, the decree of ditferential herb! 'YO'Q' 

conters a ael.ectiTe adftDta,e en C1UOPDlc iDdiv1duala. Confiru.tion or this 

view, that it is primarily the distribution or molluscs which determines the 

frequency of' cyanogenic plants,vUl require relatively long term examination 

of' the plants at Porthdatarch. ReCiprocal transplants of cyanogenic and 

acyanogenic L. corniculatus between the mouM and cUtf un provide one means 

of' comparing the success of' mature individuals of' known phenotype growing 

in the two areas. It has been argued, however, that selective grazing may 

be particularly important at the seedling stage. Seedlings were observed only 

rarely at Porthdafarch and the introduction of seeds into artificially tis

turbed areas vi11 probably be necessary before seedling mortali t)" can be 

investigated. Problems arise, however, because \lith the complex inheritance 

of cyanogenesiS and the self-incompatab1lity of L. corp1culatqs it is currently 

impossible to produce seeds (and hence seedlings) of known phenotype. 
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Sequential removal of seedling sub-samples J or the scorlng of individuals 

after germination, provide means of circ1.Ufiventing this difficulty J but 

neither method is entirely satisfactory. 

The study of selection in natural populations is not readily compressed 

into the three year period allocated to most research programmes. In order 

to obtain a thorough understanding of the selective pressures operating on 

L. corniculatus populations it may be necessary to establish and to mom tor 

carefully an isolated population of known genetic character for a period of 

several years. An ideal location for such a project would be 8 recently 

abandoned chalk quarry or similar site where native L. corn.tculatus are absent, 

but the species is likely to prosper once introduced. F.:arly successional 

development could be speeded up by the provision of a well broken substrate 

(for example chalk rubble) which will favour seedling establishment and by 

seeding the area with examples of the local nora. Peripheral infol"Jnll. tion 

would also be generated on topics like the establishment and development of 

the fauna associated With L. cornicul8,tus and the interaction between plant, 

herbivores a.nd parasites. A possible elaboration of such an experiment could 

involve the division of the transplants into zones where molluscs a.nd/or 

insects cOlud be eliminated by appropriate chemical treatments. 

This thesis had the objective of describing the insect commun:tty assoc

iated with L. corniculatup and of providing a preliminary assessment of the 

likely importance of insects in the tnaintenanceor cyanogenic polymorphism 1n 

natural populations. Insects l'lIOnetheless form only one component of the biotic 

environment of L. corniculatup and in order to assess the significance of 

insects in the genecology of cyanogenesis it will be necessary to conslder 

their impact in combination \lith the other factors W'hich together determino 

the relative success or failure of an individual plant. 
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