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ABSTRACT

In examining the relationship between Graphania mutans (Walker) (Lepidoptera:
Noctuidae) and perennial ryegrass infected with the fungal endophyte Acremonium
lolii (Latch in press), the biology of G. mutans was investigated. Two types of larval
development are identified: ‘fast-track’ larvae develop more rapidly through fewer
instars and grow much larger than ‘slow-track’ larvae when reared on both artificial
diet and perennial ryegrass. The complexity of Graphania speciation is discussed.

The presence of endophyte is shown to confer on perennial ryegrass resistance to G.
mutans larvae in the laboratory, with strong antixenosis and possible antibiosis effects
exhibited. Feeding preference tests show that neonate and sixth instar fast-track larvae
significantly prefer excised endophyte-free ryegrass to endophyte-infected leaves. The
effects of endophyte on the development of fast-track and slow-track larvae are to
decrease larval weight, head capsule width, and the number of successful pupations.

The same methods were used to determine the effects of peramine (an antifeedant
compound for Argentine stem weevil extracted from endophyte-infected perennial
ryegrass) on fast-track G. mutans larvae. Incorporated into artificial diet at 10ppm,
peramine has no affect on neonate and sixth instar larval feeding preference. Peramine
does affect larval development, causing reduced larval weight, delayed pupation, and
increased mortality.

The role of peramine in endophyte-induced resistance, and the possible adaptive
significance for perennial ryegrass of endophyte infection is considered. The
interactions between G. mutans, endophyte and perennial ryegrass within the pasture
ecosystem are discussed, and suggestions and hypotheses presented for future
investigation.



1ii

ACKNOWLEDGEMENTS

I am indebted to many people for the assistance and advice which helped make this
thesis possible. Many thanks to my supervisor Professor Brian Springett, who provided
constructive criticism and advice throughout the study, and to Dr. Peter Fenemore who
critically appraised the draft of the thesis.

I am particularly grateful for the help, encouragement and facilities provided by the
staff of the Entomology Division substation of the DSIR at Palmerston North. Peter
McGregor was instrumental in guiding me into research on Graphania mutans, and his
assistance in matters scientific, statistical, and photographic is greatly appreciated. I
am also obliged to Dr. Jenny Dymock, Dr. Darryl Rowan and Steve Pilkington for
much useful discussion.

John Dugdale confirmed the identity of my moths, and supplied helpful information
about Graphania taxonomy. Advice on statistical analyses was provided by Dr. Ian
Henderson, and Mike Moffat helped in the production of the figures. I am also most
grateful for the interest shown by the staff and post-graduate students of the Botany
and Zoology Department, Massey University.

Finally, I thank my family for their invaluable support and encouragement, and in
particular I thank Keitha Eichstaedt for her assistance, understanding, and above all,
tolerance.



v

TABLE OF CONTENTS

PAGE

i o R o PR D= LR R, 1l
IO O RTINS et R e ST R R SR RS PR e AR R R i R R B RO iii
EERRNRE IR CUOMDUION .oty i A5 SRR NE iv
R L T vii
LISE 08 PIONINEE . vistssninsmiosiiimtimiss s s s A s o G s s e AT sssss viii
LR OE P UAEEE . o cnonsnmssnssssniomsionsamsis b s sy G S 35 s Pl ey s e s R S ix
Chapter I IOEEOAUCHON o mrii it e SRS aTs 1
Chapter II Biology OF GrapRonia MUIBIS ...t 5
P e Tl o O 5

Section]l G. NS Lie DESEOTY o.ccvimssssimssssosssnassssassssseniisisinss 7

INtTOAUCHION. .eeeirvereeaeraeesaseerssrnssesaseasssanasssnsasssnsssssssanassnne 7

B 8

(2] LIV v ninsinmsisivomsanmmsssisivoshisse R AR A AR A A SR 9

(3) PUPAC....ceerireeranirsencnansssssessnsnsensassasssssesssnsessssassnananes 11

() AR i isssesis shiasiacioss 13

Section2  Fast-track and slow-track G. mutans ..........cceeeeveeereennnns 16

IOICTION wiiososmmiss s R s A ISR 16

DVARERIOES s usimssmavinsassionsisunonuasnsmorsiasesn s anmic aus Ees iR URTaEARGNA 16

ROBUIS .. cocvonansassasnessasmsssnssasassmrossessonanssassassnseonass nsasasassasns i



Chapter III

Chapter IV

PAGE

Endophyte and Graphania mutans...............ccvuueeviiinisiransnessasnns 23

TRUEPOAUCTION oeeoeevvreeereeennsesennsaassssnsssasessssssenssssssssssassssssnsnsesnansnsssnassnsnsnn 25
Seetionl Eodophyte ChoCE tesS wuuuwamsmissssusimasssssssssmmnes 26
Introduction....... GO e R T T 26
MIBHOAR . oot S P R R TR 27
R I s R A A A s A R 29
By L} beins L5 5 (S RN ORGSO Sl 32
Section2  Endophyte and fast-track larvae ... 33
; So4a 0070 111 312) 1 WO OGRS RO 33
IMELHOAS ..eeeeierecernresesossssssansssanssssassanssssssssssssssnsassesnnnnnsen 34
BasillScnnicnmmnnmigiisnssniiaminiimaeviisaimssnwesss 35
B J 1T e 5 12003 (5] o QRO PRTU O TR PORD DN S B 42
Section 3  Endophyte and slow-track 1arvae .........ccocccvviincsncnniinnnns 43
IO CHON sttt s s s s 43
IMELROAS .. eeeeeeeeeemeeesesesesasnnsseessssnsssesassesessnsaseranns 43
Resulis . vmmiimna i s 44
D S T S O M e s o s B BT o SR SR o 50
Sectiond’  ConcTUSION s iimnmiimman T s s esaiatas s Tansis 53
Peramine and Graphania MULans ................coevscssissssssssissassasssasans 55
IRITOTUELION « o vevscannsesnassanansancxsnnssspanssssssnsananssnensensnssnasansaisrssssssssasssionsis 55
Section 1  Peraimnine ChOI0E tES18 iswsivissassssnssnsasrsosuasssvrinassiasssammase 56
D OO DD o nxn s enemasemysanpuss smnassnssmonsnnsnsns stansssa s s At s ARARER 56
Methods i R R TS AR 56
R s crivnsravin i soa i TR R o B e AN AR R 5T



vi

PAGE

Section 2 Peramine and fast-track larvae........cccccociiieniiiiincccnnnnnnn. 59

T RTINS AR 3 59

IO EIRIIREE oo sommissonsmmmnimS MRS i S SORI S S aSS DS RFANE S S 59

BBl mmenin s e i R 59

EHEBHSSTON i s s s A aa 64

Seciion 3 CONCIHSIONG ot s RS s RS E e AT s s 66

Chapter V General discussion and CONCIUSIONS ..........ccoeveiieerersesiesseeiassneneens 68
IR . conasscpupssmimsensa oo oS A3 S R AR R S NS ARSI S 73
= B o0 Tu i), 2 OO PO 74
L o L O f e
ADPERAER LW oooescmmramssusssnantoansassssvonssnsnsosotstsnsrissbsassnissaas sasasspassnesssassssennssnsaessassasanssansasn 76
DD W rrosrvontnicnt et s S e 5 53 T T N SR R K SRS S 77
PO IOTIIREE NP st i e A 3 B AR R AR 78

TR BT OTETIOES cuvovoivisivrasnassime vl i i e e s s s s e S Sk e S i 79



Table 1:

Table 2:

Table 3:

Table4:

Table 5:

Table6:

Table 7:

vil

LIST OF TABLES

Comparison of fast-track and slow-track G. mutans reared on
g () R R NN Sty Mo K Oy 23

Results of fast-track larval feeding preference tests with
endophyte-free and endophyte-infected perennial ryegrass leaves

(a) Neonate larvae
(b) Sixth INStar laIVAC....cceeiieeeeieiriirrereeeeeeisntinesssaesssssssesasasansssesssesanes 31

Comparison of the development of fast-track larvae reared
on endophyte-free and endophyte-infected perennial ryegrass
L 39

Comparison of the mortality of fast-track G. mutans reared on

endophyte-free and endophyte-infected perennial ryegrass

Comparison of the development of slow-track larvae reared on
endophyte-free and endophyte-infected perennial ryegrass

Comparison of the pupae of slow-track G. mutans reared on
endophyte-free and endophyte-infected perennial ryegrass
FERVEE vuussanioneiisssnianasiomisnsn ks s Al S oS AT oS Ab s es AT s 49

Comparison of the mortality of slow-track G. mutans reared on
endophyte-free and endophyte-infected perennial ryegrass
BEBVIOR. oo cosnavnonsosaniinsus mmassamsin st st ass i B SR e S LSS A AT 8 49



Table 8:

Table 9:

Table 10:

Table 11:

viil

PAGE
Results of fast-track larval feeding preference tests with

peramine-free and peramine-treated artificial diet

(a) Neonate larvae
(D) Sixth INSIAT IATVAL......cocormsmornsssssnsssassssnssasassasassasanssssstsssnnsanessassnspes 58

Comparison of the development of fast-track larvae reared

on peramine-free and peramine-treated artificial

Comparison of the pupae of fast-track G. mutans reared
on peramine-free and peramine-treated artificial

Comparison of the mortality of fast-track G. mutans reared
on peramine-free and peramine-treated artificial



Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

LIST OF FIGURES
PAGE
Age at pupation of fast-track and slow-track G. mutans reared
on artificial diet or endophyte-free perennial ryegrass leaves
(a) Artificial diet
(b) Endophyte-free ryegrass ...... ws' 6

Mean larval weight = SEM of fast-track and slow-track G. mutans
feared ot afttECIRl JI6h.. innasainnvasan st s 19

HCW regression of fast-track and slow-track G. mutans reared on
3L E—— 20

Mean HCW for each instar of fast-track and slow-track G. mutans
reared of arfficial diet.uananunnsnsmiass i RS 21

Mean larval weight £ SEM of fast-track larvae reared on
endophyte-free and endophyte-infected perennial ryegrass

HCW regressions of fast-track larvae reared on endophyte-free

and endophyte-infected perennial ryegrass 1€aves .......ccccvevnvvenrenianes 41

Mean larval weights £ SEM of slow-track larvae reared on
endophyte- free and endophyte-infected perennial ryegrass
leaves

(a) Eight instar larvae
(b) Nine instar larvae
(c) Ten and eleven INStar IArVAC.......cccveerenreeseeessenessssnsessaseesssasasssnssnee 46



Figure 8:

Figure 9:

Figure 10:

Figure 11:

PAGE
Total amount of leaf material consumed daily by slow-track
larvae reared on endophyte-free and endophyte-infected
peEreIIal TYCRTRNS JERVEE . i s i s s ki s 51

Mean larval weight + SEM of fast-track and slow-track
G. mutans larvae reared on endophyte-free and endophyte-
infected perennial TyEgrass l€aAVES .....cueverreeeesenerinsseensnssnesenencerssassnens 54

Mean larval weights + SEM of fast-track larvae reared on
peramine-free and peramine-treated artificial diet

(a) Six instar larvae
(b) P+6NOP and seven INSIAL IAIVAS. .caissssssusssssssmnsssisssssassasssssiss 62

HCW regressions of fast-track larvae reared on peramine-free
and peramine-treated artificial diek.....couuiiinmnasinsassisias 63



Plate 1:

Plate 2:

Plate 3:

Plate 4:

Plate 5:

Plate 6:

Plate 7:

Plate 8:

Plate 9:

List of Plates

G. mutans egg batch laid on filter paper. The pale green

EEPE are IRIErTHE cuaimisnasmmiscmnimmsaa s

First instar G. mutans larvae surrounding the remains of
tREIT BEFSHCIS visnnssismimenanisisriasiiG

Fourth instar fast-track G. mutans larva reared on perennial

ryegrass leaves. Feeding damage is also shown.......cccccvvineninnas

Seventh instar fast-track G. mutans larva reared on perennial

TYCETASS JCRAVES ot o siaiiaimpes i o e m s o v i S

Recently moulted sixth instar fast-track G. mutans larva

reared on arfAeial AIEt . canmnrimnm s R s

G. mutans pupa. The gap between abdomen and thorax on the

ventral surface eventually closed OVer........cociincniiiincinniinnnanes

Male G. MULANS AAULL.ccooeeieeeeee ettt te e e eeeese s s seee e rssranesaens

Female . saans Al . . caniasonismssinasisssisiasss i

Endophyte feeding preference test with a sixth instar fast-track

G. mutans larva. Feeding damage is also shown ...........cccccceucenee.

X1

. 10





