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Porina (Wiseana spp) damage in the field (left) and 

a porina caterpillar in its subterrranean burrow (right). 
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ABSTRACT 

Investigations in the development of chipped wheat baits 

for porina control were carried out in the laboratory and the field. 

In the laboratory porina readily accepted untreated chipped wheat 

in the presence of white clover (Trifolium repens L.) or perennial 

ryegrass (Lolium perenne L.). They also accepted equally, three 

different sizes of wheat baits, and fed at temperatures between 

-2°C and 25°C. Porina accepted insecticidally treated baits in the 

presence of untreated wheat or white clover, however did not readily 

accept fungus (Metarrhizium anisopliae (Metsch.) Sorok.), infected 

wheat in the presence of the latter two foods. Baits were removed 

by porina from around their burrow mouths when applied to the surf ace 

of turfs held under controlled conditions. The number of baits 

removed per active porina was related to the density applied. 

Field trials demonstrated that insecticidally treated baits, 

of the smallest size (528 chips/g. dry weight), being the most cost­

efficient ) gave comparable mortalities to conventional spray applications. 

After 10 days fenitrothion spray (0.9 Kg ai/ha) gave 95% control 

of porina populations, and with fenitrothion treated baits (0.13 Kg ai/ha) 

applied at 1 chip/6.25 cm2 the control achieved was 83%. At a 

lower bait density (1 chip/25 cm2 ) a significant increase in mortality 

was seen between 10 and 30 days. The addition of a molluscicide onto 

a treated bait increased its efficiency by 10%. Applying baits infected 

with the fungus Metarrhizium resulted in 53% mortality of porina. 

The optimal bait density was shown to be one wheat chip/12.5 cm2 , 

and the optimal dosage of fenitrothion 0.4% ai/g. dry weight of wheat. 

The cost of bait treatment, including application costs, for porina 

control was $15/ha, compared to $46/ha for spraying. 
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CHAPTEE ONE 

INTRODUCTION 

1.1 THE PEST 

1.1.1. Porina (Wiseana spp.) is a serious pest of developed pastures 

throughout New Zealand , south of a line from New Plymouth to Napier. 

The adult moth does not feed, but the caterpillar is a nocturnal 

foliage feeder spending most of its larval stage in a vertical 

subterranean burrow. Loss of pasture production can be considerable, 

along with the degeneration of the pasture composition. The 

present study was designed to evaluate the use of baits as a cheap 

and efficient method of managing the pest . 

1.1.2. Classification of Wiseana spp. is not definitive (Dumbleton 

1966). Originally the species were designated the genus Porina 

(Cockayne 1915 Gourlay 1931) but later were incorporated under 

Oxycanus (e.g. Kelsey ~.al. 1950). The present terminology lists 

porina under their own genus Wiseana (e.g. Gaskin 1964), and splits 

into at least three clearly defined species; Wiseana cervinata, 

W. umbraculata and~· signata. The presence of other species is 

not clear (Perrott 1974), but a number are classified in the complex 

(Dugdale 1969, Dumbleton 1966). W. cervinata and W. umbraculata 

dominate the pest complex with the former being most common. Relative 

proportions, species abundances and flight periods in different 

localities have been elucidated from light trappings (Carpenter & 

Wyeth 1980, Cumber 1951, Dumbleton 1945, 1966, French 1979, Gaskin 

1964, Helson 1967) and these can be used to predict pasture damage 

by porina caterpillars. 

1.1.3. Identification of porina moths between the three main species 

can be done visually through inspection of general wing colouration 

and markings (Gaskin 1964, T . K. Wyeth pers. comm.). Porina, being 

Hepialids, show traits of this family e.g. wings folded over body 

in tent-shape when resting. Visually porina are light brown moths, 

with white patterned forwings, non-patterned hindwings uften with 

a reddish tinge, and vary in wingspan between about four to ten 

centimetres with the females being the larger. 
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At present specific identification of Wiseana larval 

stages is not possible. The caterpillars pass through between 

fourteen to twenty instars, which may be dependent on species and/ 

or locality (A. Carpenter pers. comm.). Field populations in the 

study areas comprised a range of instars and species, which could not 

be identified by size. For this reason and the similarity in 

morphology between species, larval feeding behaviour in these studies 

has been taken to be identical. 

1.1.4. The life cycle is typically univoltine. The adult female 

mates soon after leaving the puparium generally in September to March, 

depending on species and locality (Helson 1967). She lays up to 

3,000 eggs either while flying (French 1979) or directly on pasture 

plants ( C...Ottie r \qb~)Pottinger 1977). The~ mm diameter eggs are white 

when laid, but change to black within a few hours. Hatching time 

is variable between 3-5 weeks (Dumbleton 1945, Fenemore and Allen 

1969, French and Pearson 1970) and the small larvae spend about 6 

weeks above ground sheltering in foliage loose soil webb e d together 

with silk. (A. Carpenter pers. comm.). When about ten to twenty 

centimetres long the larvae begin to excavate a vertical burrow in 

the soil, which lined with silk may reach 25-30 cm in depth at maturity 

of the caterpillar . From the mouth of the vertical burrow a 

horizontal burrow is extended, constructed of loose debri and foliage 

webbed together. The porina protrudes from this to feed, but 

seldom totally leaves its shelter (M.J. Esson pers. comm.) Under 

profuse foliage cover or in heavily trodden or wet conditions, this 

burrow may be absent or limited to a protective mound over the exit 

hole. In short pasture the horizontal tunnel serves as an extention 

to the larvae's feeding range, since this tunnel may be extended, or 

abandoned for another in a different direction. 

The larvae after approximately seven to eight months of 

feeding through the autumn, winter, and early spring, enter a short 

prepupation period. At this stage the larvae may be up to 8 cm in 

length, and over 2 gms in weight. The reddish-brown pupae is still 

mobile in the burrow and the adult emergESat the surface at dusk or 

later, on generally overcast nights after approximately six weeks. 
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1.2. PORINA Di\¥.AGE 

The effect of porina is most evident when infested pasture 

is at stress periods, during such time that average pasture 

consumption by stock and porina caterpillars exceeds pasture regrowth. 

The frequency of these periods is influenced by two major factors . 

Firstly, the dynamics of porina populations which are controlled by 

interacting factors such as weather, both seasonal and local 

(Fenemore and Allen 1969, French 1973(a), French & Pea rson 1978), 

natural controlling agents (Crawford and Kalmakoff 1977, Eyles 1965, 

1966, Kalmakoff and Crawford 1976, Latch 1965, Moore 1973), pas ture 

management (French 1973(a), (b), 1975, Farrell 1976) and soil structure 

(French 1973(a)). Secondly the type and intensity of farming 

practiced influences such things as, the importance of the feed at 

certain periods of the year, the flexibility of the farming system 

and the efficacy of using insecticidal and cultural control procedures 

(French 1973(a), 1975) and fertilizers (Harris 1973). 

Additional to these two factors is the long term effect tha t 

a large porina infestation has on pasture composition. The replac e -

ment of dominant pasture species by weeds is common (Cassels 1966, 

Christie 1965, Fenemore and Allen 1969, French 1973~,McLaren and Crump 

1969, Patterson 1966, Taylor 1966). This has the effect of lowering 

the overall herbage production and therefore accelerating the onset 

of a stress period. 

1.2.1 Porina in the Lower North Island 

Porina is a severe pest of much 

region of New Zealand (Kain et. al. 1979). 

of the southern North Island 

All types of pastoral 

farming in the region ranging from the intensively farmed flat to 

rolling country devoted to fat stock and dairy production, to the 

store sheep and cattle farms of the steep hill country are affected. 

Cyclic outbreaks (French 1973) occur in many areas, whereas in others 

th~ problem is severe from year to year. There are indications that 

the pest is becoming more prevalent (R. Darwin pers. comm.) 

The sensivity of farming to porina infestations within the 

region varies considerably. In intensively~~rmed dairy country the 
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feasibility of applying insecticides or more fertilizer, is high. 

On lowland sheep and cattle farms where outbreaks occur sporadically 

the latter method is generally adopted. On the less intensively 

stocked hill country areas, the porina populations largely go unchecked, 

although farmer awareness of the pest is evident (Wilson 1974). It is 

here that the use of traditional insecticide applications are 

considered uneconomic because of the high cost of chemicals, their 

transience, difficulties of obtaining suitable conditions for spraying 

(as much of the region is buffeted by high winds and rain, from autumn 

to early spring), the steep contour of much of the hill country, 

which presents application problems (Kain~· al. 1979) and the 

overlapping generations of at least two species of porina (Carpenter 

and Wyeth 1980). An avenue which offers a number of advantages is 

the use of baits for porina control. 

1.3 THE USE OF BAITS FOR INSECT CONTROL 

The use of chemically treated or toxic baits against pest 

animals, particularly vertebrates,is common, but the use of these 

in insect control has been limited (Peregrine 1973). The use of 

baits against insects is increasing (Table 1), due to mainly 

their characteristics of selectivity, low insecticidal loading, 

persistence, more precise application under difficult conditions and 

versatility. 
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TABLE 1 Examples of types of insects controlled by baits. 

Insect Type 
(Common name) 

Ants 

Armyworm 

Crickets 

Cutworm 

Grasshoppers 

Country 

Trinidad 
II 

II 

Cent. & Sth. 
America 

USA 

NZ 

USA 

USA 

NZ 

NZ 

USA 

South Africa 

USA 

USA 

USA 

RefeJ; ences 

Cherrett (1969) 

Cherrett & Merrett (1969) 

Cherrett and Sims (1969) 

Phillips and Lewis (1973) 

Lewis (1972, 1973) 

Lofgren ~.al. (1975) 

Sechriest and Moore (1972) 

Blank~·~· (1980) 

Folson and Woke (1938) 

Foster et.al. (1979) 

Smith (1966) 

Martin (1980) 

Sechriest (1968) 

Coaton (1939) 

Cowan (19 34) 

Guice (1940) 

Mitchener (1941) 

1.3.1. The history of baits for porina control in New Zealand 

In the past, bran (Anon 1943 Dumbleton 1944, Dumbleton 

and Dick 1941, 194 , Dumbleton et.al. 1948) baits treated with 

inor::.an i c insecticides and kibbled (crushed) wheat treated with 

organochlorides (Kelsey 1965) were used for porina control. Because 

the former insecticides were slow acting the pest consumed large 

amounts before death and therefore these formulations were less effective 

at high than low pest densities but generally gave acceptable levels 

of control. The later were less cost effective since the use of 

DDT and BHC in superphosphate would,control porina more cheaply than 

applying baits alone, controlled other insect pests, especially grass 

grub Qp'3telytra zealandica _ and a residual effect was noted (Doull 1951 a>b, 

Kelsey ~lcl.1~4-~, 1950). Baits were therefore superseded in 1951 with the 

advent of these synthetic insecticides. In 1967 DDT was banned for use 

on pastures and this led to the evaluation of replacement chemicals 



especially organophosphates (Kelsey and Reid 1966, Lowe 1966, 

McLean 1968, Taylor 1966) and to the endorsement of fenitrothion, 

generally applied as a spray, for porina control (Waller 1968). 

1.4 THE PRESENT STUDY: 

The initial studies on the re-evaluation of wheat baits 
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for porina control have been reported by Kain~· al. (1979). The 

solid nature of wheat makes it ideal for persistence in the field 

(Blank 1980) and easy spreading qualities (Martin 1980), Kain et . al. 

reports that wheat baits coated with a vegetable oil were acceptable, 

and Martin (1980) states that ':his is a satisfactory diluent 

and sticker for in secticides on bait . This study eva luates the 

use of chipped wheat baits for porina control in the future. 

The general trend in the 1970's in porina research has 

been away from just testing new insecticides , and towards a better 

understanding of the pest in relation to controlling it (e.g. French 

1973, Moore 1973). Therefore these studies were based upon questions 

asked about basic bait acceptance in the laboratory a nd how these 

related to the field s itua tion, and then applying insecticidally treated 

baits in the field to assess the effects. Wherever possible 

questions posed at the beginning of this s tudy (Table 2) were 

answered in turn and the s tudies carried on in a s t ep-wise sequence , 

with these as guides . In this way, field trials to develop baiting 

could be planned and assessed with knowledge of the feeding behaviour 

of porina in relation to bait acceptance, allowing such things as 

optimal bait size to be gained before these trial s commenced. 
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TABLE 2 : Questions posed at the beginning of these stqdjes . 

Laboratory 

(a) Do porina accept c hipped wheat 

bait s : 

b y themselves? 

at different temperatures? 

of different sizes? 

with foliage present? 

in a natural s ituation? 

(b) Do porina show sel ec tion 

preferences: 

between bait and foliage? 

between sizes of baits? 

between treated a nd untreated 

baits? 

(c) What relationships in 

accep tance exist in a na tural 

situation between: 

different bait rates? 

different temperatures? 

different sizes? 

Field 

(a) Do porina accep t treated 

baits: 

in the field s ituation? 

(b) what r ela tionships exist 

between treatments and: 

pe r centage kill? 

bait acceptance? 

persistence? 

(c) Are diffe r en t insectic ides , 

moilusc i c ides, or a f ungus 

equally successful in 

controlling por i naZ 

(d) What relationships exist 

between mortality and : 

density of bait? 

dosage (J O bait ? 

treatment of bait? 



CHAPTER TWO 

GENERAL METHODS 

2 . 1 BAIT SIZES, TREATMENTS AND ANALYSIS 

2.1.1 Bait sizes 

Chipped wheat baits of three sizes, obtained from Hodder 

and Tolley Ltd ., Palmerston North , were used for these studies. 

These were 528 chips/gram, 152 chips/gram and 92 chips/gram, termed 

wheat size No. l , No. 2, and No. 3, res pectively. 

2.1 . 2 Treatments 

To aid identification of baits on the ground surface an 
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inert red dye 'Rhodamine B', was used in parts of Chapters 6, 7, and 

9. This was applied by dissolving a few grains of the dye in water, 

mixing this with the wheat , and then drying it with continual mixing . 

Where chipped wheat bai t s were g iven insec ticide treatments, 

(Table 3) unless otherwise s tated the concentration was constant at 

0.4% active ingredient per gram dry weight of wheat (% ai ./g .dwt.). 

In field trials a concentration of 0.5% vegetable oil/g.dwt. was used . 

The formulation method for treate d baits was t o place the c hipped 

wheat, insecticide and oil into a plastic bag and thoroughly mixed 

by shaking and kneading. These we re then left overnight, and applied 

in tria l s thereafter. 

Metarrhizium anisopliae treated baits cultured on wheat s i ze 

No . 2, were obtained from G. C.M. Latch, D. S . I.R., Palmers ton North. 

These were stored in suitable containers at 7°C until used in the 

laboratory and field studies, and were regularly checked for alien 

fungal contamination. Application of insecticide to these for 

specific trials , was by the same method as above, except that no 

oil was used in the formulation. 
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TABLE 3 Common names a nd ful l names of chemicals used in these 

s tudies ( f rom Thom son 1973) 

Actellic (o r perimophos-me thyl) 

Fenitro thion 

Lindane 

Metalde hyde 

Me thiocarb 

Vydate (o r oxamyl ) 

2 .1. 3 Ana lys i s 

2 - Diethylomino - 6 - methylpyrimidin 

- 4 - yl d i me thyl phosphor othiona te . 

0 ,0 - Dime th yl Q (3-me thyl - 4-

nitrophenyl) phosphorcthiosa l e . 

gamma - 1,2, 3 ,4, 5 ,6 - Hexachor ocy­

clohexane 

metacetalde hyde 

3 , 5 - Dime thyl-4- (me thylthio) 

phe nol me thy l ca rbamate . 

Me thyl Nl , K1 - dimethy l-_!i- (mcthyl­

carbamoyl) oxy) - l - thiooxami midate . 

All analysis of va riance ca l c ula tions we r e ca rried out either 

on a Hewle tt - Pac kard HP 1810, or a Prime 750 compu ter . 

2.2 LABORATORY METHODS 

2 . 2.l . Porina collec tion and s torage 

Porina ca t e rpillars we r e collected in the f i e ld for l a bor a t ory 

feeding studies by digging and sorting soil samples in infes ted areas . 

Healthy larvae were placed individually in c l ean , 9 cm pe tri dishes 

lined with moist filt e r paper, with a port i on of exer c i sed foliage. 

These dishes were taped t oge ther in s tac ks , placed in plas tic bags 

and trans ported back to the labora t ory. A chilly-bin was used i f 

necess a ry, to protect porina from overheating a nd des iccation . These 

larvae were stored at 7°C in a cooler , and fed, c l eaned and watere d 

every third day until used in feeding s tudies . Th is me thod of collect i on, 

trans port and s t or age of porina in pe tri dis hes was also used for post­

sampling observations of porina from fie ld trials , except that these 

were kept a t l5°C. 

Various modifications t o this s t a nda rd met hod we r e used unde r 

appropriate c irc ums tances . Field soil was used instead 
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of filter paper, for larvae to be used in lunch-box studies, if 

the incidence of the fungus, Metarrhizium anisopliae did not cause 

significant mortality. Also various different types of containers 

were used, with the major necessary feature of these being that they 

were airtight, since a high humidity is a very important factor in 

larval survival (Elder 1970). 

2.2.2. Petri dish feeding studies 

Lots of ten individual porina were used in these studies. 

Clean, 9 cm, plastic petri dishes were prepared by placing two layers 

of Whatman No.l filter paper in the bottom, moistening these with 

a measured amount of water and placing weighed amounts of food material, 

and an individual porina inside. They were then each sealed with 

insulation tape, and placed under experimental conditions. 

All weights were recorded on a 'Mettler' eletric set of scales, 

with digital readout to 4 decimal places. 

2.2.3. Lunch-Box selection studies 

These were carried out in clear plastic airtight containers 

measuring 18 cm long, 12 cm wide and 8 cm deep. The boxes were 

prepared by shaping and placing a 2 cm thick sheet of polystyrene, 

with two overlying pieces of moist filter paper, in the bottom. A 

cardboard partition was inserted to split the box into two, and in 

each side, abutting with this wall, an artificial 'hide ' ;consisting of 

a 11 cm x 2.5 cm x 2.5 cm hollow polystyrene block, was pinned. 

Arranged in a semi-circle equidistant from a central exit hole cut 

in the block, were six evenly spaced, 2.5 cm pins each supporting, three 

quarters up their length, a 1 cm x 0.3 cm x 0.3 cm block of pith. In 

this inert material was placed a micro-pin, allowing a portion of 

food to be skewered onto it and held 1 cm above the floor of the 

container and about 3/4 cm horizontally out from the supporting pin. 

On the commencement of each trial, a small portion of each 

food source was placed on alternative pins, and a healthy porina 

placed inside the 'hide'. Two foods were used in each trial to 

compare their removal, and therefore acceptability, after 2 days. Where 

wheat was being tested, a single grain was used to skewer onto a 

micro-pin, and in the case of foliage a small white clover (Trifolium 

repens) leaf (approx. 0.4 cm in radius) or a cut blade of perennial 



ryegrass (Lolium perenne) (about 0.8 cm long) was used. 

2.2.3 Acceptance of baits under controlled natural conditions 

These studies were carried out on infested turfs held in 

steel bins measuring 1.0 m (long) x 0.7 m (wide) x 0.3 m (deep). 
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These were filled with turf by means of a tractor mounted implement, 

which allowed the bin to be pulled firstly into the ground, and then 

under the ground parallel to the surface at a depth and distance which 

filled it to its capacity. The turf was then cut flush with each 

end, and a front-end loader was used to lift the bin and contents onto 

the back of a truck and transported back to the laboratory. In the 

growth rooms, tin end-plates were constructed and put on the ends of 

each bin to stop spillage. 

The laying of baits on the surface in these studies, and in 

the future Hauorongo field studies, was accomplished with the use of 

specially designed grids. These were 0.5 m x 0.5 m, and constructed 

of a 1 cm square steel pipe frame, with interlaced synthetic electric 

fence cable making up the internal grid pattern of varying sizes. Baits 

were placed individually with forceps onto the surface of the ground, 

through these overlying grids, to give the different baiting application 

rates. The disappearance of baits from the surface was measured by 

replacing the grid and counting the number of squares which still 

retained a chip of wheat. 

2.3 FIELD STUDIES 

Field sites were located by visual assessments of populations 

in known porina infested pastures. These visual assessments relied 

on the identification of obvious burrow surface characteristics and 

pasture damage, and were proven by soil sampling. 

Treatment plots were sampled by digging with a spade. The 

samples were generally split into four sections, dug to a depth of 

about 15 cm removed and sorted. A further 15 cm, or to the depth of the 

underlying clay layer, whichever came first, of soil was carefully 

dug, removed and sorted. Porina numbers of alive and dead were 

recorded, with caterpillars that showed clear insecticidal poisoning 

classed as dead. The incidence of Metarrhizium infected dead larvae 

was recorded, knowing that there are three distinguishable phases in 

fungal development; 



1. Early infected; hard, distended, yellow cadavers. ' 

2. Mid infected; hard, distended, white fungal development 

on cadavers. 
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3. Late infected; hard, distended, deep green sporating fungal 

development on cadavers. 

All samples were checked for missed individuals as the soil was 

replaced. 

2.3.1 Cover readings 

Point analysis of pasture was carried out using a 5 pinned 

point analyser, 0.6 m long with evenly spac ed pins, 0.1 m a pa rt. 

From small p lot field trials 20 point rea dings per plot wer e t a ken, a nd 

in the large plot trials, 100 readings per site were taken. In both 

c ases pasture species, either one or more, that were hit by each pin 

point on its travel to the ground were recorded. These points wer e 

located over the plot or site evenly, to allow mean percentage cover 

or bare ground to be calculated. Some pasture species were split 

into groups f o r convenience of recording . 
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CHAPTER THREE 

STUDY AREAS 

3.1 LABORATORY STUDIES 

All laboratory feeding studies with porina were carried out 

in the facilities of, the Pastoral Research Group, Ministry of Agriculture 

and Fisheries, and the Botany & Zoology Department, Massey University, 

Palmerston North. 

3.2 FIELD STUDIES 

Both field sites were located in the porina infested rolling 

and steep hill country of the Lower North Island. A relatively harsh 

climate is typical of both the localities in this extensively grazed 

sheep country. The two areas contrast each other in that the first 

was lower in porina populations, has an earlier peak flight period, 

is more fertile and is less steep than the second site. 

3. 2. 1 Hauorongo study area 

Small plot field trials (Chapter 10) were conducted from 

late July till September at Hauorongo, formerly the 'Best Estate', 

situated approximately 8 kilometres (Km) by road east of Massey 

University (Figure 1). This area is owned by the Ministry of Agriculture 

and Fisheries (MAF), Palmerston North and is used for pastoral research. 

It is sited on rolling country consisting of developed pastureland. 

The locality is exposed, and therefore prone to bitterly cold winds 

and rain throughout the winter. The soil consists of Shannon silt 

loam (rolling phase) probably merging with Tokomaru silt loam, and 

has a dark brown topsoil which is well drained, reasonably structured 

and fertile (J.A. Pollok pers. comm.) A compact yellow clay layer 

at about 30 cm depth is typical. Average yearly rainfall is 

approximately 1000 mm (N.Z. Met. Service 1979). 

The area has a history of sporadically occurring, moderate 

to high infestations of porina caterpillar. The main species present 

is Wiseana cervinata, with W. umbraculata less prevalent. 

The flight period spans September till March, with generally 

a single flight peak occurring between early November and mid December 

(Carpenter & Wyeth 1980). Visible pasture damage occurs from April 

onwards. 



3.2.2 Waikanae study area 

Large plot field trials were conducted from early October 

till late December, on the sheep grazing property ('Ratadale') 

belonging to G. M. Thompson which is situated approximately 10 km 
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by road south east of Waikanae (Figure 1). The farm mainly consists 

of improved pastures, and also has areas of partially broken in and 

unbroken steep hill country covered with natural vegetation. Altitude 

does not exceed 350 metres above sea level. The soil type is Kiwitea 

silt loam, well drained, friable and of moderate fertility, merging 

into the infertile skeletal soils of the steep country. (J.A. Pollok 

pers. comm.) Average yearly rainfall is approximately 1600 mm 

(N.Z. Met. Service 1970, 1971, 1974, 1979). 

The area has a history of very high populations of porina. 

The two main species are again_!!. cervinata and W. umbraculata, and 

their flight periods span October till April, with two distinct peak 

flights per year. The first smaller peak generally occurs in 

November, and the second from mid-February to late March (Carpenter & 

Wyeth 1980). Visible pasture damage is evident from July, and earlier 

if high infestations result from the small November flight. 

3.3 TARANAKI FIELD COLLECTION SITE 

In February 1980, a field collection of porina for laboratory 

studies was made, at the Taranaki Agricultural Research Station 

(T.A.R.S.), M.A.F., Normanby, near Hawera. 
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Figure 1: A map showing the locality of the two field 
experimental sites, Hauorongo and Waikanae , 
in the lower North Island. 
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CHAPTER FOUR 

PETRI DISH FEEDING STUDIES 

4 . 1 INTRODUCTION 

Porina caterpillars emerge from their burrows at night to feed 

on pasture foliage. Their feeding be haviour previously ha s been s tudied 

by: 

(1) Time- lapse photography in the field (Esson 1970); 

(2) Modification of the food source in the field .. 
(French 197 Kain~1979); 

(3) Indirect observations and assessments o[ the 

ecology (e.g . Frenc h 1973), the effects on the 

pasture system (Farrell 1976, Harris 1969) and t he 

outcome of management procedures (e.g . Harris 1973); 

(4) Observing the behaviour of the animal after r emoving 

it totally from , or with part of, its natural 

surroundings, and placing it in control l ed eas ily 

manipulated experimental conditions (M . J . Esson pers. 

comm., Farrell~· al. 1974, W. M. Kain pers. comm.) 

This study fal l s into the last ca tegory. Porina ca terpilla r s 

were studied under completely artificial conditions in the laboratory 

by Farrell and co-workers (1974) and further s uch studies ma y be 

advantageous to our understanding of the pest life sys tem (Fre nc h & 

Thomas 1971, Waller 1968 a) . Overseas laboratory s tudies have been 

carried out with r elated species of hepialids (Elder 1970, Jouber t 1975). 

In New Zealand however, there i s a dearth of published work in this area 

of research probably because : 

(i) the time involved in handling large numbers of 

porina individually, especially since they injure 

each other if kept together; 

(ii) 

(iii) 

(iv) 

the assumed difficulty with artificial rea ring 

(Waller 1968~)Fenemore & Allen 1979 , Wood 1970); 

the justification for such studies (W.M. Kain per s comm . ); 

complications with experimen tal technique, 

especially those r e lating to measurements . 



Isolated individuals have been kept in the laburatory 

either for storage or otl .er purposes (Elder 1970 , Dodgs hun 1970, 

Fenemore & Allen 1979, Frenci1 & Thomas 1971, Moore 1973) . 
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Artificial rearing of porina therefore presents no greai.. technical 

difficulty if two major [actors are stressed; a high humidiLy and 

fresh food (Elder 1970, W.lvi. Kain pers. comm.) A t11irc factor, also 

very impori..ant, is a source of rougi1age in the diet since porina naturally 

consume amounts of soil, as du other species of hepialids (Jourbet 1975). 

In these studies filter paper _i_n the experimental dishes, and fili.er 

paper or soil in the field collecting anJ storage dishes fulfil this r ole . 

The need for information on bait acceptance in petri dishes 

is directly relai.ed Lo the aims of this thesis, and there[ore to the 

practical use of insecticidally-treated chipped wheat uaiLS. The 

object of these experime~ts was to study the acceptabili[y of; 

different sizes of baits at 011e temperature . 

bait of one size with natural food (foliage) pLesent. 

bait of one s ize at different temperatures. 

Relations hips beLween treatments were elucidated f r om 

differ~nces in the amounts of food consumeu. The number of faecal 

pellets and bait chips , and caterpil l ar live weight s , (measured before 

and a[ter each trial), were recorued to g ive additional data on feeding 

behaviour. This allowed assessmentb to be mad e as to whether porina 

in the field would, firstly , consume a chipped wheat bait with pa sLure 

pre sent, secondly, select a certain size of bait, and tr1irdly, wheth e r 

bait acceptance would Le adversely affected by Lhe ambient temperaLure . 

The biggest disadvantage of all feeding studies is that 

immediately the food consumption of any organism is measured its nor111al 

feeding behaviour is altered in some way (French 1973 a) . Therefore 

the amount s of [ood eaten by the larvae in artificictl c onditions may 

not necessarily be equivalent to their field cons umptio11. However, 

the relationships between bait and foliage acceptance should not ~e 

s~gnificantly altered , if sources of experimental error are minimize d. 



In the preference and size treatment s , differences in 

amounts eaten does not necessarily relate to " yes - no" selection 

preferences . As porina exhibits r elative l y random food sel ection 
•1 
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(Kain.;1979) , offering food in petri dishes may show that porina will 

eat whatever is present. However, in the field porina prefer clover 

(Trifolium repens L.)and cocksfoot (Dactylis glomerata L . ) ove r perennial 

ryegrass (Harris 1969), and high resistance to tall oat-grass 

(Arrhenatheum elatius) sweet vernal (Anthoxanthum odoratum L.), Phalaris 

and Lotus pedunculatus Cav. , has also been s hown in the laboratory 

(Farrell et . al. 1974) . Porina when fed in confined conditions with 

two food sources is likely to exhibit preference by eating more of 

one of the two foods offered. When fed with different sizes of a 

single food source, or at varying temperatures, the difference in 

consumption between treatments should reflect a real preference. 

4.2 

4.2.l 

SPECIAL METHODS 

Field Collect ion 

Perina were collected in the field at the Tara nak i Agricultural 

Research Station (T.A . R.S . ), Hawera, in February 1980 by the method 

described earlier (page ~ ) . These larvae were then held in the 

laboratory at 7°C in petri dishes . 

4.2.2 Selection of experimental lots 

One hundred and twenty caterpillars were individually weighed 

before commencement of the study. These were placed in de scending order of 

s ize and sor t e d into lots of ten , from which caterpillars were selected 

at random , making up to ten in each treatment. By t his method the 

chance that s i gnificant mean weight differences occured between 

treatments was minimized. 

4 . 2.3 Experimental design 

Twelve treatments were used, each consisting of fifteen 

petri dishes, ten containing an individual caterpillar and a food 

source(s) , and five controls containing only food. 

Treatments are shown in Table 4 A single chipped wheat 

food source , wheat size No . 2 was tested at varying temperature s . At 

15°C wheat size No.l, size No.2 and s ize No . 3 were compared. Paired 

foods, of white c l over (Trifolium repens L.) and chipped whea t (No.2); 

perennial ryegrass (Lolium perenne L.) and chipped whea t (No. 2) ; and 
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white clover and perennial ryegrass were offered at 15°C. White 

clover and chipped wheat (No.2) was offered over a range of t e mperatures. 

Caterpillars were placed, between each period, in petri dishes which 

were always clean before use, as described on page 10 

Where possible each set of ten was passed throu gh treatments 

of 2 days, 4 days, and 6 days duration with a waiting period of one 

day at 10°C between eac h treatment. Replic ates were taken, wh e re po ss ibl e , 

using a different set of caterpillars. In the bait-size ver s u s 

temperature trials it was found that intermediate temperatures needed 

to be tested later, after the trends were elucidated, to enable the 

relationships to be further substantiated. 

-2°C, 0°C, 3°C, 7°C and 25°C . 

These temperatures were 

TABLE 4 Treatments originally used in petri dish feedin g s tudie s . 

Temperature 
(oC) 

5°C 

10°C 

l5°C 

20°c 

Wheat 
Size 1 

x 

Wheat 
Size 

x 

x 

x 

x 

2 

4 .2.4 Experimental Technique 

Food 

Wheat 
Size 3 

x 

source(s) 

White 
Clover 
Wheat 

(Size 

x 
x 
x 
x 

2) 

+ 
Perennial Pe r e nnial 
Ryegra ss Ryeg r ass 
+ Wheat + White 
( s ize 2) Cl o v e r 

x x 

Pilot experiments were conducted to test whether porina fed freely 

in petri dishes and on how much. The results enabled the experimental 

porina to be fed on adequate (but not excessive) amounts of food over 

the period of each trial. This assessment hinged upon the consumption 

of the largest individual, since each lot of ten test animals were fed 

approximately equal amounts of food. White clover and perennial ry e gras s 

were gathered from the field before the commencement of each trial. 

Uniformly sized leaves of white clover were each cut centrall~ with a 

4 mm radius corkborer , into circles . Perennial ryegrass leaves wer e 

selected for uniformity of size, and 5 cm lengths were cut from these 

with scissors. Chipped wheat was taken from a bulk supply stored at 

5°C. 
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Chipped wheat, white clover and perennial ryegrass were 

weighed before and after the feeding period, and the amount eaten over 

the period corrected from the controls on a fresh weight basis. An 

increase in weight was recorded for all the controls due to the high 

humidity within the dishes. The number of items of each food source 

was recorded after each trial, with the initial number being unif orm within 

each. Faecal numbers, caterpillar weights and observations on moulting 

were also recorde d before and after each trial. Standard errors of 

mean s , where calculated, are to 95% confidence limits. 

RESULTS 4.3 

4. 3. 1 Temperature relationships when fed chipped wheat (No. 2) 

Porina fed readily on chipped wheat baits when offe red in pe tri 

dishe s (Table 5). The relationship between the amount ea t en of 

No. 2 (156 wheat chips/gram dry weight) wheat and t e mper a ture is shown 

in Figure 2. Over 2 days (Figure 2) feeding inc reased with 

temperature, reaching a peak at approximately 20°C. Porina fed at 

temperatures as low as -2°C, although over both two and four day 

intervals the number of non-feeding individuals at this temperature was 

higher than normal. A proportionately higher increase of food intake 

was seen over the 0-10°C range than other temperatures at both time 

intervals. The six day trial results were erratic, probably due to 

food source decay, and therefore trials were not attempted with 

intermediate temperatures. 

TABLE 5: Amount (mg ± SE) of chipped wheat bait (No.2) eaten with 

varying temperatures over two and four days. 

Temperature (°C) 

-2 

0 

3 

5 

7 

10 

15 

20 

25 

2 

0. 1 

4.5 

6.5 

13.3 

14. 1 

26.3 

31.4 

32.9 

32.3 

Weight 

days 

± 0.2 

± 1. 4 

± 2.0 

± 4.0 

± 4.3 

± 6.2 

:!: 4.6 

± 7.4 

± 7. 1 

eaten (mg ±SE ) 

4 day s 

1. 6 ± 0.5 

4.6 ± 0.9 

14.9 ± 3.7 

20.5 ± 4.6 

26.5 ± 6.5 

36.7 :!: 7.8 

46.6 :!: 4.9 

53. 1 ± 9.6 

59.0 ± 13.0 
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The amount of wheat consumed during each of the two and 

four day intervals at a ny given temperature did not s how a consistenl 

one:two relationship. The mo s t probable explanation is that a burst 

of feeding activity occurred after the caterpil la r s were placed in their 

new environme nt with fres h food . Feeding rates s t abil i zed when the 

ca t erpillar s a djusted to this new e nvironmen t . 

10 . 7% of the porina in the wheat-only treatments did 

not feed and 28 . 6% of the live larvae had lost we i ght (Ta bl e 6 ) . lL 

i s possible that if porina behave by having period s of feeding and 

non-feeding, weigh t l oss may occur in some individuals between these 

periods. If so, s ince the r e is a delay between ingestion and d i gestion , 

it would be expec ted that weight change s would lag, in time, behind 

the feeding o r non-feed ing per iods . The peak of feeding would be more 

advanced than the peak of weight inc r ease , and therefore a period of 

non-feeding a nd weigh t gain would result. The opposite effec t may 

be seen where weight loss would continue for a short while after feedi ng 

has recommenced. 

TABLE 6 Relationship between feed ing , and weight c hange (live l arvae) 

Ca t ego ry % of individua l s No . of individuHls 

Didn ' t feed and lost weight 6 . 3 33 

Didn ' t feed a nd ga ined weight 3 . 7 19 

Did feed a nd lost weight 18. l 94 

Did feed and gained weight 71. 9 374 

Changing the temperatur e had lit t le effect on whether or not 

feeding occurred, and loss of weight amongst larvae (Table 7 ) . 

fed at temperatures as low as - 2°C but at this temperature a high 

percentage of individuals l os t weight . 

Porina 



TABLE 7: Percentage (%) of porina feeding and those loosing 

weight at different temperatures (including dead larvae). 
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Temperature % Didn't feed Total Number % Lost Weight 
(oC) kept 

-2 15 40 50 

0 15 40 35 

3 2.5 40 20 

5 7.5 90 10 

7 20 40 24 

10 4 60 22 

15 10 50 34 

20 12 50 27 

25 10 40 3c; 

Mean 10.7 28.6 

Average mortality over all temperatures was 5.4%. When 

related to temperature, only those exposed to -2°C over 4 days showed 

a marked increase in their mortality (Table 8). At all temperatures, 

of those that died, 92% had fed, indicating that in containers with 

easily accessible food, stressed or sick individuals will feed up to a 

short time before death. 

TABLE 8: Mortality of porina kept in petri dishes at different 

temperatures (fed on wheat baits). 

Temperature (°C) 

-2 

0 

3 

5 

7 

10 

15 

20 

25 

Mean 

Mortality (%) 

20 

0 

2.5 

4 

4 

3.3 

4 

10 

5 

5.9 

Total Number 
kept 

40 

40 

40 

90 

40 

60 

50 

50 

40 



Moulting individuals had an 11.8 percentage-occurrence of 

non-feeding, which was similar to the overall 10.7%. However, 70% 

of these porina, lost weight, an almost three-fold increase to the 

average. 

4.3.2 Acceptability of different size chipped wheat with 

constant t e mpe rature 
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The weight~ of different sized wheat baits eaten was assessed 

over 2 days , 4 days and 6 days at 15°C (Table 9). The results were 

not uniform between the periods and the three sizes. The highest 

amount eaten was over the four day period and the smal l est s ize d ba it. 

However over the two day interval the medium s ized bait was preferred . 

Over six days , observations suggested that decay and germination of 

the wheat was a problem . The number of bait s , or bait fragments left 

after three periods did not show a de finite relationshi p between the 

size of bait and the amount eaten. 

TABLE 9: Comparison of the mean number and weigh t ( mg±SE) of 

bait taken (15°C) 

2 days 4 days 6 days Size of 
bait Numbers we ight (mg± SE) Numbers weight (mg± SE) Numbers weight 

No . l 

No.2 

No.3 

4.3.3 

13 15.5 ± 5.6 16 86.0 ± 19.4 20 

10 31.4 ±11.3 25 46.6 ± 16.5 13 

4 28.4 ± 9.4 11 67.2 ± 15 .4 7 

Temperature relationships when fed chipped whea t plus white 

clover 

When c hipped wheat (No. 2) was offered with white cl over, 16% 

of porina fed on wheat only and no porina fed only on c l over. 

57.6 

40 .8 

58 .6 

Figures 3 & 4 s how the relationship between temperature and the amount 

of wheat and clover eaten over 2 days and 4 days. A gr eater fresh 

weight of wheat was eaten than white clover at all t empera tures ove r 

both feeding intervals (Table 10) . Consumption of both food sources 

increased with increasing temperature. 

4 days was anomalous. 

The result at 15°C over 

± 

± 

± 

(mg 
±SE) 

17. ~ 

14.C 

16. ~ 
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The relationships comp ared favourably with porina fee din g 

on wheat only (Figure 2 ). When fed on wheat only,porina consumed 

slightly less wheat than when in combination with white clover. 

TABLE 10 Fresh weight (mg ± SE ) of wheat (No. 2) and white 

clover consumed in petri dishes, when offered to gether 

to porina at various temperatures (after 2 days a nd 4 days ). 

Temperature Paired foods Number of days 
(oC) offered 2 days 4 days 

-2 Wheat 0.5 ± 0. 2 3.5 ± 0 . 7 

Clover 0.9 ± 0 .3 1.5 ± 0 . 8 

5 Wheat 16.6 ± 4 . 2 15.9 ± 5 . 6 

Clover 2.6 ± G.5 5.8 ± 1.4 

10 Wheat 21.3 ± 2 . 3 28. 5 ± 2 . 2 

Clover 3.7 ± U. 9 10. 1 ± 3 . 2 

15 Wheat 23.9 ± 6 . 9 45. 9 ± 12 .1 

Clover 5.5 ± 1. 9 5.7 ± 12 . 1 

20 Wheat 28.4 ± 6 . 5 56 . 9 ± 18 . 4 

Clover 6.4 ± 1. 4 25 .8 ± 7 . 1 

4.3.4 Acceptability of mixed food sources. 

The acceptability of chipped wheat in the presence of cut 

foliage (white clover or perennial ryegrass) and of the two plant spec i es 

when offered together in the absence of wh eat, was assessed aft e r 2 days 

and 4 day periods at 15°C. (Table 11). 

The results indicate that wheat is an acceptable fo od s ource . 

More wheat than total foliage of both plant species was eaten (Figure 5 ) 

when white clover and perennial ryegrass was offered together, a large r 

total weight of food was consumed than where wheat and foliage of either 

plant was offered. Ryegrass was slightly more pref e rred than white 

clover. 



TABLE 11: Fresh weight (mg± SE) of wheat (No.2), white clover 

and perennial ryegrass consumed, when offered in pairs, 

at 15°C (after 2 days and 4 days) 

Paired foods offered Number of days 
2 days 4 days 

25 

Wheat 23.9 ± 8.5 45.9 ± 8.8 

Wheat clover 5.5 ± 1. 9 5.7 ± 2.3 

Wheat 28.6 ± 4.8 30.9 ± 6.2 

Perennial Ryegrass 10.5 ± 2.5 16.9 ± 3.6 

Clover 12.7 ± 2.4 23.8 ± 7 .1 

Perennial Ryegrass 29.0 ± 9.0 48.8 ± 12 . 2 

4.3.5 Faecal counts 

Faecal numbers generally increased with increasing amounts 

of food eaten. However, numbers were erratic and standard errors 

were large, probably because these pellets were extremely difficult 

to count accurately after the porina had been feeding, moving 

about and webbing inside the petri dishes. An example of faecal 

pellet numbers related to porina feeding on wheat (No. 2),is shown 

is the Appendix. 
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CHAPTER FIVE 

LUNCH-BOX FEEDING STUDIES 

5.1 INTRODUCTION 

30 

Resistance of s0me ~asture plants to feeding by porina has been 

established. In the Iield, this has been shown by growth and ~urvival 

differences, in pabtu~e species under attack, and in the porina 

infesting them(Harris i969, Farrell 1976). In the laboratory, measuring 

the mortality anci weight gain of caterpilla rs fed on uiffere nt foliage, 

has revealed varying levels of resistance iu pasture species (Farrell 

et. al. 1974). However the acceptance of diffeLent 'resistant' pasture 

species in feeding trials (Kain~· al. 1979) in<licates that porina may 

feed at random. Har r is (1966) reported that greate1 survival of 

caterpillars under white clover and cocksfoot (Dactylis glomerata) 

compared with perennial ryegrass, was due to differences in Lhe 

availability of herbage to tl1e larvae in their feeding zone. Observations, 

in the field, of the contents of food caches in burrows indicate that 

a wide range of foliage is eaten and that this appears to rela t e to 

the abundance of available foods. Therefore porlna may feed rela tively 

randomly. 

It is lmpurtant to know if wheat baits are activeiy p1eferred, 

are selected aL random, or are disregarded, in the presence of foliage. 

In petri dish trials porina were given both foliage and wheat in 

confined conditions, and the weight eaten was measured. However to gain 

additional kuowledge on preferences, these experiments were designed 

ro determine if porina could be attract~d to, and show an active response 

in the removing and eating of difierent food sources, namely wheat 

baits and pasture species. 

5.2 SPECIAL METHODS 

Th~ sp~cially designed lunch-box feeding containers, as 

desc1ibed in the general methods (Page 10) were used in these experiments. 

All trials were conducted at 15°C, in complete darkness. White 

clover (Trifolium repens L.), perennial ryegrass (Lolium perenne L.) 

and size No. 2 of untreated, fungus infected and fenitrothion treate<l 

chipped wheat baits were used. Porina were collected from Hauorongo 

field research area in May 1980 and stored at 7°C. Fresh foliage was 

collected from the field when needed, ryegrabs being cut into lengths 

and clover se~arated into uniformly si~ed leaves. 
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These gave consis tent amount s of each food, which favourab l y 

compar ed in s ize to each o ther. Two days wer e a llowed for the larvae 

to ' se ttle in', in which time they were fed c l over leaves . Trials 

each lasted two days , whereupon the number of caches and t ype of 

food removed, and minor observat ions we r e recorded. 

A se t o f boxes were given one trea tment, r epea t ed until it 

was considered enough replica tes had been done. Each caterpillar' 8 

preference arena was ma rked to allow observations on individual feeding 

behaviour , and to check if individuals varied markedly from over al l 

trends. Between each 2-day interval, dead larvae we r e removed and 

replaced by healthy ones , general maintenance and watering was carried 

out, and fresh food was supplied. Porina could be checked easily and 

without disturbing them t oo much, by simply lifting up the poly s t y r e ne 

hide, until they could be identified as dead or alive. If Metarrhizium 

was used and porina had died, the cadaver was removed , and the box 

rinsed with 50% ethyl a lcohol and allowed to dr y befor e r eplacing the 

caterpillar. In the fenitrothion treatment larvae s til l a live. but 

showing typical chronic signs of insecticidal poi soning we r e taken 

as dead. 

Treatments were as follows: 

1. Untreated wheat versus white clover. 

2 . Untreated wheat versus perennial ryegrass . 

3. Metarrhizium infected wheat versus white clover. 

4. Me t a rrhizium treated wheat versus untreated wheat . 

5. Fenitrothion treated wheat versus untreated wheat . 

5 . 2 . 1 Analysis of results 

Feeding results were listed as in Table 12, from recording 

sheets . Before pooling, da ta were checked for major discrepancies 

between individual feeding preferences, and between replications. 

Chi-squared analysis was used to assess overall feeding in each 

treatment for significant preferences between the foods offered. 

5 . 3 

5.3.1 

RESULTS 

General observations 

Perina freely inhabited the polystyrene hides , and mod i f ied 

them considerably . This consisted mainly of burrowinginto the material , 



and depo~iting amoun ts of webbed f r as8 a nd debris , including 

polystyrene, filter paper, pith and pins at the exit hole. Mo st 

shelter s were r e placed al leas t once . Survival in untceaLed uoxcs was 

high; a s urvival r a te in the mid t o high ninety percen t range was 

observed . 

After a s hort accllmaLiza tion period, porina accepted food from 

the pins. Activity of inuividuals was sporadic and contained pcrivds 

of feeding and non- feediug; cons istent patterns we r e not the: rule . 

(Appendix TWO). The re was no e~idence for individua l ~orina ~howing 

marked differences in pieferences from the general Lrends . Disappearance 

of food from aJjac ent sites was not more common than from non-adjacent 

s ites , indicaLin~ tha t items were removed indiviJually and taken away 

uefure another selection was made . Tl1e untreated food removed was 

seldom left outside the hide and little was left uneaten. This l a tter 

point show~ a deviation from the natural field s itua tion whe re a n 

amount of food is ~ tored. There were no s i gns oi: foud being part ly 

eaten while s till remaining on the pins. 

Webbing and mud ification in the arena by the larvae , gave 

a good indica tion of its s tale of heal th . It was common for pith t o 

either be chewed or completely eaten, and for micropins to be r e moved 

and found, less attached food, in the webbing at the hide entrance or 

inside . Large pins were also removed. Unhealthy larvae dici noL s how 

these signs. Vis ual moulting periods of individuals we r e shor t and 

did not appea r to interf ere with feeding activity a grea t deal. A 

period of inactivity fur a~proximately a day was nociced . The head 

capsule and someLim~s the exoskeletal r emains we re found in the webbing , 

as evidence of moulting. 

5.3 . 2 Preference between whea t and white clover 

There was no statislical diffE:rence (p ~ 0. 2) (Appendix THREE) 

between the numbers of white clover and wheat items taken ( Table 12 ). 

The trend, however did show that more clovers were taken overall, 

which may have been due to c11an..:e, a slight difference in accessibility 

of the food source oc to a slight preference. 

Of the 130 representalives 42 .6% did not show feeding dC tivity 

in any one day. The trend showed that most larvae had one or a tieries 

of non-feeding perious, which were not directly r e l ated LO moulting. 

Of the individuals in nun-feeding periods 83.1% were hcalLhy , 11.3% 

had died, 1.9% were unhealthy and 3 . 7% ha d obviously moulted . 



_)..) 

The number of arenas in which clover only was taken, was 

markedly higher than those taking wheat only (Figure 7a). 3 1% of 

individuals r emoved equal numbers of each, and the percen t age o f 

individuals r emoving mor e whea t than clover and vice versa was the same . 

One, two and three items were taken the most often. (Figure 6b ) The 

high value for 'all items removed ', probably indicates that this 

category containe d some individuals whic h would have accepted more 

food if this was available . 

5 .3.3 Preference between wheat and perennial r yegrass 

There was no statistical differences (p ~ 0 . 2) between the 

numbers of perennial ryegrass and whea t items taken. Ryegrass had a 

s ma ll advantage over wheat. (Table 12) . The feeding classes differs 

from those of white c lover and wheat (Figure 7b) . Relatively more 

equal amounts . of r yegrass and wheat were taken, which reflects 

the inc r eased number of times that s ix food items were removed 

(Figure 6a ) . The lower relative removal of two and three items, 

in the ryegrass and wheat over the c l over and wheat indicates tha t 

larvae were taking more . The average number of items taken per individual 

when feeding on r yegrass and wheat was 4.4 , compa r ed to 3 . 1 for c l ove r 

and wheat . A lower percentage (34 . 5%) of non-feeding individuals wa s 

seen in the ryegrass and whea t tests and the reason fo r this is not· 

evident. Individual feeding behaviour was again sporadic (Append i x "Two ) . 

5.3.4 Preference between Metarrhizium infec ted and untrea ted whea t 

From only 32 replicates it was clear tha t Meta rrhizium infected 

wheat is not preferred (Table 12 ) . Only 2 chips of infec t ed wheat 

was removed when offered with untreated wheat. Neither of these were 

t aken by themselves (Figure Ba). A chi- squared test r eveal ed a 

significant differ e nce (p ~ 0 . 001). It can theref ore be conc luded 

that porina make a definite selec tion for untreated whea t s . The 37.5% 

non-feeding arenas compares favourably with the results from untreated 

preference tests.(Fi~ure 6a b) . 

5.3.5 Preference between Metarrhizium treated wheat a nd white clover 

A preference for clover leaves over Me t a rrhizium treated 

wheat was found t o be significant (p ?>::. 0 .04) . Of the 29 replicates, 

27.6% did not show feeding activity, which i s s lightly l ower than tha t 
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found in other trials. (Figure 6a b). Porina did feed on infec ted 

wheat (Table 12 ) but took more combinations with clover predominating 

(Figur e Sb ) . 

All p orina which accepted Metarrhizium infected b a its died 

within eleven days. The typical white a nd then g r een bloom appeared 

after this. 

5.3.6 Preference between fenitrothion trea ted and untreated wheat. 

The acceptance of wheat baits was not significantly different 

(p ~ 0.3) from baits treated with fenit rothion and ve getable o il, at 

the dosage rate used (Figure 8c ). From 40 replicates 52.5% mortality 

occurred and 47.4% of these replicates did not have bait removed. 

Since fenitrothion is not considered to have significant fumigant 

qualities, some of the dead caterpillars which took no food must h a ve 

been affected by contact with treated baits. All porina whi c h took 

wheat had died, and only in one case was there more than one wheat 

removed. (Figur e 8c ) . This implies that the dosage on fresh bait 

was high enough to cause mortality when eaten, but s ufficie ntl y low 

to remain acceptable. 

TABLE 12: Numb e r of food caches taken by porina when offered 

a choice between two foods (after 2 days at 15°C). 

Foods offered Number Taken Rep lica tes 

Untreated wheat and white clover 106 125 130 

Untreated wheat and perennial ryegrass 278 305 206 

Untreated wheat and fenitrothion 
treated wheat 48 40 40 

Untreated wheat and Metarrhizium 
infected wheat 30 2 32 

White clover and Metarrhizium infected 
wheat 45 27 29 
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* Figure 7: The percentage of replicates and the class of porina larval 
feeding in lunchbox arenas at 15°C after two days. 

(a) Wheat bait (size No.2) (Wh) and White Clover (WC) trials. 

(b) Wheat bait (Wh) and perennial ryegrass (PR) trials. 

* Class feeding; a single abbreviation indicates that only that 
food was taken, a double abbreviation, indicates that two 
foods were taken in equal amounts (as indicated), and 
an 'equal' indicates that both foods were taken in 
equal numbers. 
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(c) Fenitrothion treated wheat (Wh.) and white clover (we.) 
Shading indicates the health of the porina. 

* Class of feeding; a single abbreviation indicates that only that 
food was taken, a double abbreviation indicates 
that two foods were taken in unequal amounts 
(as indicated) and an equal indicates that 
both foods were taken in regular amounts. 
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CHAPTER SIX 

ACCEPTANCE OF BAITS UNDER CONTROLLED NATURAL CONDITIONS. 

5 .1 INTRODUCTION 

It is ex tremely useful to study the feeding beh aviour of an 

insec t pest such as porina, under semi-controlled environmental conditio n s , 

whil s t retaining a s much of the natural habitat as possible . Knowin g the 
I 

precise conditions and the insects reactions, an investigator is 

a ble to predict the effect of artificial and natural c h a nges on a n 

insect in its normal habitat. For example, when an impending control 

procedure, that requires the insect to feed, is being t es t ed , it i s 

advantageous to know the effects that some climatic changes may have 

on foraging behaviour. The information can then be used t o understand 

the possible reasons for success or failure in the field, and the 

technique can be modified for optimum r esults. Whe n dealing with porina , 

its soil inhab iting nature and above ground feeding activity a llows a 

small population to be removed relatively undisturbed in a piece of 

it s s urrounding habitat and placed in controlled conditions, to be studied 

for removal of food material from the surface. 

A method for the removal and storage of l arge pasture turf s 

in bins has been devel oped (W. M. Kain pers. comm.) . These s t eel bin s 

hold field collected 1 m x 0.7 m x 0.3 m deep porina-infested turfs, 

which are placed in large climatically controlled rooms. The feeding 

behaviour of porina on baits can be studied by placing bai ts on the 

surface and noting their disappearance. The three m~in advantages of 

using this method compared to field studies are: 

1. Climatic conditions can be modified. 

2. Porina are relatively undisturbed. 

3. The application of fresh bait, removal of old 

baits, and observations on feeding behaviour of 

individual porina is simplified and more 

convenient than in the field. 

However since the bins are time-consuming to collect and 

transport, untreated rather than treated baits were used to enable 

replication of trials. Also some natural environmenta l factors are 

lost. This technique is a convenient .method which al lows some 

questions on bait acceptance to be answered, and whic h bridges the gap 
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between laboratory experimentation with individuals and field trial s 

with populations. 

The two major objectives of this study were to assess the 

acceptability of baits of different sizes and densities to porina, 

and relate this to temperature differences. Also since porina hav e 

been suggested to only feed a body length from their feeding tunnels 

(Esson 1970), it is important to know at what application rate porina 

will come into contact and remove baits with foliage present. Ba its 
~~ 

may be selected at random, as indicated by feeding studies (Kairi ; l979), 

or n~y be actively sought out, or ignored. The ambient temperature 

could also affect the acceptability of baits. Once these ques tions 

a re answered, a direct comparison can be made to in sec ticida lly 

treated ba its laid in the field. 

6 . 2 SPECIAL METHODS 

Nine turf bins were filled with infested turf, in early May 

1980 in Taranaki (T.A.R.S.), and transported to Palmerston North. Three 

each were placed in growth rooms at 12°C, 16°C and 20°C. The day 

length was set to that of the outdoors, and bins were watered every 

two days. Before trials commenced each bin was split into four, using 

30 cm deep ' fibrolite ' sheets sunk into the surface 2 ems giving 12 

blocks per growth room. Burrows were identified after vacuuming the 

surface , marked with small nails, and their location recorded by 

overlaying a grid. Dyed untreated chipped wheat of the three st a ndard 

sizes, was spread individually through specially made grids at densities 

of one bait per 6.5 cm2 , 12.5 cm2 , 25 cm2 and 50 cm2 • At each temperature 

there were therefore twelve treatments. After four days the numbers of 

baits removed and active burrows were recorded, and the surface vacuume d 

to remove the remaining wheat. Four replicates were taken, with 

treatments being allocated blocks initially at random, and then this 

order being rotated within each bin, with each new trial. 

The num~ers and weights of baits removed in relation to size 

and temperature were graphed, and other relevant observations were 

recorded. Since plots were selected at random, the burrow numbers pe r 

treatment wer~ not taken into account when the results were graphed. 

A check did not reveal significant differences in numb e rs 

between each replicated treatment, or also between different temperatuce s 

or bins. 
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6.3 

6 . 3 .1 

RESULTS 

General 

The mean number of porina per block was 10 . 3 ± 3 . 2 . Baits 

were removed, and a distinct pattern of r e movals near active burrow 

mouths was seen. Some burrows remained inactive for several days 

a nd baits closest to burrows were not a lways taken, wheat further away 

be ing preferred. During the course of the s tudy , a number of ca terpillars 

had dug new burrows in different pos itions , or had opened new en trances . 

A small number had excavated new burrows in the s of t f ill at t he e nd s 

of bins. The larvae were not generally seen walking on t he surface 

in the daytime, however lone porina was seen on two occas ions complete l y 

out of the ir burrows. 

6 .3.2 Distance f or aged from burrows 

Maximum foraging distance from burrows was es timated by 

counting the number of grid s quares between burrow and r emoved bait 

of the individual who travelled the max imum distance t o remove a bait . 

One record ing was take n per treatment and the r esults were t a bled 

(Table 13 ) . From the s tanda rd devia tions , no s i gnificant (pL0 . 05) 

differences between the rates, or temperatures occu rred . 

ranged from 7.1 to 14.4 ems fr om the burrow openings . 

TABLE l3: The maximum distance foraged (CM± sq f r om anz: 

The distance 

single burrow , 

in each bait treatment on undisturbed turf bins in climate 

r ooms (af t e r 4 days ) 

Size Rate TemEerature (°C) 
Number (One bait/ 

-~2\ 
'- lU I 12°C 16°C 20°c 

6 . 5 12 . 8 ± 4. l 12 . 3 ± 6 .0 17 . 0 ± 3 . 8 

ONE 12.5 14 .0 ± 7.2 14 . 4 ± 5 .4 14 . 4 ± 3 . 2 

25.0 11. 5 ± 4 . 6 9 . 0 ± 4.0 11.0 ± 3.7 

50 12.8 ± 14 . 0 10.7 ± 6.5 10 . 7 ± 10 . 8 

6.5 9 . 0 ± 3 . 8 10 . 5 ± 6 .0 10. 3 ± 6 . 8 

TWO 12.5 7.7 ± 5 . 4 13 . 3 ± 9.5 12 . 3 ± 3 . 2 

25 . 0 9 . 0 ± 7 . 6 14 . 0 ± 4 .0 15 .0 ± 6 . 5 

so .a 14.0 ± 6 . 5 8 . 5 ± 5 .7 14 . 2 ± 13 . 0 

6.5 11. 7 ± 6.8 11. 3 ± 2.2 12.0 ± 8 . 3 

THREE 12 . S 7 . 7 ± 2.2 11. 2 ± 4.9 14 .o ± 4.6 

25 . 0 10 . 0 ± 6.5 10.0 ± 6.5 9 . 0 ± 10.0 

50 . 0 7. ] ± 15 . 9 14 . 2 ± 5 . 7 8 . 5 ± 5.7 
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6.3.3 Weight and numbers r emoved, at dif fe rent rates and temperature. 

Mean wei3ht s ~nd numbers removed for the f our replica tes are 

s hown in Tables 14, 15. A trend of decreas ing number and weight of 

baits taken with decreasing density was seen, at all s izes and 

t emperatures. Trends a lso indicated that numbers of bait chips taken 

were relatively constant between sizes and that only at the highes t 

density were there consistently more smaller chips than larger, taken 

We ights taken therefore, increased with increasing size . Numbers and 

weight of baits of different sizes takeu be tween the three t e mp e ra tu res 

were relatively constant. 

A sharp decline in bait numbers and weight taken wa s seen 

between the bait rates of 0 11 ~ chip/6. 25 cm2 a nd one chip/ 1. 2.5 cm2 , with 

lesser declines be tween the other rates (Figures 9, 10,11) . The number of 

baits taken per active burrow at the three temperatures, seldom dropped 

below one. 

TABLE 14: The mean numbers (X±SE) of baits removed from the surface 

of undisturbed turf bins in climate r ooms (after 4 days) 

Size 
Number 

ONE 

TWO 

THREE 

Rate 
(One bait/cm2) 

6.5 

12.5 

25 . 0 

50 . 0 

6 . 5 

12.5 

25.0 

50.0 

6 .5 

12.5 

25.0 

50 . 0 

12°C 

64.8 ± 7.4 

24 .0 ± 3.4 

15.8 ± 5 .7 

9.5 ± 3 . 3 

40.8 ± 18 . 0 

24.0 ± 14 .8 

14.3 ± 15. l 

6.8 ± 4 . 8 

57 .0 ± 4.3 

25 . 0 ± 11. 3 

12 . 5 ± 7 . 0 

7 . 3 ± 1.6 

Temperature (oC) 

16°C 20°c 

73.1 ± 26.9 75.0 ± 

44.8 ± 25.6 36.8 ± 

16 . 3 ± 9.4 21.8 ± 

14.0 ± 6 . 4 13.0 ± 

65.0 ± 6.0 51.0 ± 

33 .0 ± 8.0 31.3 ± 

17.3 ± 2. 1 17.3 ± 

7.5 ± 4.6 7.0 ± 

56.8 ± 24 .8 40.0 ± 

24.8 ± 27 . 7 35.3 ± 

17.8 ± 7. 2 11. 7 ± 

9.3 ± 3 . 3 8 . 3 ± 

24.2 

6.0 

16.6 

9.7 

38.3 

14. 5 

3.3 

2 . 5 

20.2 

13.2 

5 . 6 

7 . 8 
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TABLE 15: The weight (mg + SE 95%) of baits removed from the s urface 

of undisturbed turf bins in climate rooms (after 4 days) 

Temperature (oC) 

Size Rate 
(One bait/cm2 ) 12°C 16°C 20 °c 

6.5 17. 8 ± 1. 4 20 .3 ± 5 . 1 20 . 6 ± 4.6 

ONE 12.5 6 . 6 ± 0.6 12.3 ± 4 . 8 10 . l ± 1. l 

25 . 0 4 . 3 ± 1. 1 4 . 5 ± 1.8 6.0 ± 3 . 1 

50 . 0 2 .6 ± 0 . 6 3.8 ± 1. 2 3.6 ± 0.5 

6.5 26.6 ± 18.3 42.5 ± 3.9 33 . 3 ± 25.0 

TWO 12.5 15 . 7 ± 10 . 3 21.6 ± 5.2 20.4 ± 9.5 

25 . 0 9.3 ± 9.9 11.3 ± 1.4 11. 3 ± 2 . 3 

50.0 4 .4 ± 3 .1 4 . 9 ± 3 . 0 4.6 ± 3.0 

6 . 5 62.0 ± 4 .7 61. 7 ± 27 .0 43.5 ± 22 . 0 

THREE 12. 5 27 . 2 ± 12 . 2 26 . 9 ± 30 . J 3iL 3 ± 14 . 3 

25.0 13.6 ± 7. 6 19 . 3 ± 7. 8 12 . 7 ± 6 . l 

50 .0 7.9 ± 1. 7 10 . l ± 3.6 9 . 0 ± 8 . 5 
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removed from the surface of turf in bins by porina larvae 
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CHAPTER SEVEN 

EFFECTS OF TREATED BAITS ON SLUGS 

7.1 INTRODUCTION 

Introduced slugs are common on most pas tures in Ne w Zealand. 

The theft of insecticidally treated chipped wheat ba it s by slu gs 

in the field may affect the efficiency of the use of this control 

method for porina caterpillar . A laboratory trial was designed 

to test the toxicity to slugs of baits treated with the proposed 

insecticides and molluscicides used later in the field work. A trial 

was also conducted to assess the spatial dislodgement of baits when 

slugs consume them. Deroceras panormitanum and Q_. reticulatum are 

the most important slug pests in New Zealand (Barker 1979) and on 

pastures in the lower North Island these two species are the most 

abundant. The toxicity of a number of biocides to these slugs has 

been reported, (Van der Gulik and Springett 1980) and these include 

two identical and two closely related chemicals to the ones u sed in thi s 

study. 

7.2 SPECIAL METHODS 

The two slug species were collected under logs at the edges 

of pastures near Massey University, and kept for 48 h ours without food 

before the tests. Slugs were tested for chemical tox icity in 

polystyrene boxes (47 cm x 31 cm) with a fitting muslin lid, as 

described by Van Der Gulik and Springett (1980). Each box contained 

a covered refuge, a floor layer of moist peat, a flat dish containing 

baits, and thirty mixed-age slugs, fifteen each of D. pano rmit a num and 

D. reticulatum. 

Six treatments of baits, size No.2, were used (Table 16). 

All dosage rates were 0.4% a.i./dwt. Baits were given in equal 

amounts, in excess, and the number of slugs killed after 10 days 

at ambient temperature recorded. The t e sts were repeated four times. 

A one-way analysis of variance between the treatments was carried out, 

and the 95% confidence limit calculated. 

To assess the dislodgement of baits a 30 cm x 25 cm plastic 

refridgerator tray was lined with moist paper towels and a 7 x 6 grid 

of 6.25 cm2 squares marked in the centre. Moist rags were placed 

as refuges around the perimeter of the tray. Untreated dyed baits 
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were placed in the centre of each grid squa r e , and 10 slugs o f each 

s pec ies were liberated into the tray. The tray was covered with 

glass and placed at ambient t e mperature in the laboratory . Bait 

dislodgement and condition was recorded after 4 days and the trea tment 

was repeat ed three times. 

7.3 RESULTS 

7.3.l . Bait t ox i c ity 

Mortalities of slugs under different trea tmen t s are s hown 

in Table IG . 

TABLE 16 Mean mortality (%) of slugs fed on treated baits (after 

10 days ) 

Bait treatment 

Fenitrothion 

Actellic 

Vydate 

Lindane 

Metaldehyde 

None (Control) 

Slug 

D.reticulatum 

21.8 

26 . 8 

78 . 5 

11. 8 

43.5 

11. 5 

LSD 5% - 5.2 

mortality (%) 

D. panormitanum Mean 

18. 5 20 . 0 

21. 5 24 .1 

21.8 so . l 
8 .8 10. 0 

5 1.8 47. 6 

13 . 3 12 . 4 

All treatments except Lindane , showed a signif i cant (P<.0.05) 

average mortality advantage over the controls. Howeve r both 

fenitrothion and actellic insecticides proved to be only mildly t ox i c . 

Vydate gave a consistently large mortality with Q_. r e ticula tum onl y . 

The mo]uscic ide, metaldehyde , yielded a high mortality with both 

species . 

7.3.2 Dislodgement of Baits 

No baits were totally eaten; husks or parts of chips remained 

(Table 17). A low percentage (%)of husks were f ound outside their 

respective grid squares, indicating that slugs cons uming baits, do 

not generally move them very far from their original position. 
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TABLE 17: Di s lodgement and condition of untreated bails (after 4 days) 

Condition of bait on 
grid squares 

Husk only remaining 

Part of gra in r emaining 

Miss ing 

Rep.I 

88 . l 

11. 9 

0 

Percentage 

Rep . 2 

81.0 

14.3 

4.7 

(%) of total baits 

Rep . 3 Mean 

71. 4 80 . 2 

2 1.4 15.9 

7;2 3 . 9 



CHAPTER EIGHT 

DISCUSSION OF LABORATORY STUDIES 

8 .1 INTRODUCTION 
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A number of the bas i c a ims of this thesis we r e answered from 

l aborato r y studies. These a r e discussed and the conclusions integra ted 

into the des ign of later fie ld experiments . 

8.2 

8 . 2 .1 

PETRI DISH FEEDING STUDIES 

Feeding r e l a tionships . 

Perina we r e s hown to ea t untreated c hipped wheat baits in 

petri dishes in the laboratory . When offered baits togethe r with ei ther 

perennial ryegrass or white c lover, the folidge has not actively prefer red, 

al though a smaller total fresh weight of food was con sumed than where 

the two plant species were of f e red together. Ryegr ass was slight ly, 

but not significant ly preferable t o white clove r. Significant dif fe r ences 

(p ~ 0.05) however did occur in the extra weight of wheat than rycgrass 

or c l over t aken when the fuliage species were offered with the baits . 

This may be r e lated to factors , other than an active porina preference 

for whea t, s uch as the density difference bet~een these two food types , 

whic h may encourage the caterpillar to consume a grea ter weight of wheat . 

It i s therefore s hown that porina ea t more wheat, but it i s not 

s hown that porina will actively sel ec t wheat in favour of ryegrass 

or white clover . However it i s clear that wheat i s a n acceptnble 

a nd adequate food source . 

An increase in tempera ture led predictably to a n increase 

in con sumption of bait . However the maximum a nd minimum temperatures 

where feeding occurr ed on wheat were surpris ing . Over a two day 

period the maximum r ate of feeding occured at 25°C and the minimum a t 

-2°C . At t yp i ca l field t emperatures , bait consumption should therefore 

onl y be adversely affected on frosty mornings, when l arvae in the 

f i eld a r e known not t o feed (Esson 1970) probaly due to inhibition 

of larval emer gence by the l ow temperatures. The preference for whca~ 

eve n wh en offered with white clove ~ wa s not al t ered by changes 111 

temperature, a nd therefor e in the f i eld it would bu expected that wheat 

was equally acceptable whatever the t emperatur e . 

The size of the wheat chip did not affect t he weigh ts of wheat 

ea t e n by porina ; however slightly fewer of t he l argest bait s ize we r e 
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eaten. This would indica te that porina eat parts of baits and 

not whole baits in confined conditions especially when the baits are 

of larger s ize. These results indicate that there is little select i on , 

in petri dishes, for baits of different sizes. 

8 .2.2 General observations 

A number of incidental observations were made , and some of 

these warrant a short mention. 

Not s urprisingly the mortality of porina increased at 

low temperatures . The lowest sustainable temperature a t which t otal 

mortality occurs is below -2°C . 

Feeding was not inhibited for long periods by ec dysis. 

However it is probable that these periods are larger than observed , since 

visual evidence of moulting is seen late in the process. 

A high percentage of porina which died had fed before death. 

Since the treatment periods were relatively s hort, porina generally 

must f eed up to a short time before death. This may be related t o 

disease or stress characteristics. 

8.3 

8.3.1 

LUNCH-BOX FEEDING STUDIES 

Selection of food 

These studies were primarily concerned with the identi fication 

of definite sel ection preferences by porina be tween wheat a nd two 

pasture species . Pe rina do not select untrea ted wheat a ny more or less 

r eadily than white clover or perennial ryegrass , although s light 

difference s did occur. This is keeping with other workers (Kain e t . al . 

1979). The choice of baits containing a modera te dosage of fenitrothion, 

did not show a marked difference to the choice of untreated baits and 

insecticidally treated wheat, at this dosage, should be consumed in 

the field. 

The choice of fungal infected baits, however may pose a 

problem in the field situation . Metarrhizium treated wheat was not 

readily chosen, when offered with untreated wheat. In the presence 

of white clover the treated baits were chosen more often than when 

presented with untreated baits, indicating that although Metarrhizium 

treated wheat is not a preferred food, it i s none-the-less cons umed . 
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In the fie ld this could be very important . 

8 .3.2 General observations 

Perina are known to be e rratic feeders (French 1973 a) and 

this is seen in these studies . Being placed in total darkness 

did not have the effect on porina of inhibiting non-feeding periods . 

(Appe11J i.x TWO) . 

These selection arenas may be very useful for other studies . 

Important information on bait acceptance, with different carrier 

substances and insecticides, would be gained. 

8.4 ACCEPTANCE OF BAITS IN CONTROLLED NATURAL CONDITIONS: 

These studies simulated the field situation more closely 

than the previous experiments, but could not show in detail seleclion 

preferences, since only wheat removed from the surface could be 

recorded . The main conclusions were: 

(1) porina removed untreated baits from the pasture 

surface although foliage was present. 

(2) porina choice did not change significantly over 

the three moderate temperatures of l2°C, 16°C and 20°C . 

(3) no more small baits were taken than larger baits, 

and therefore more weight of large baits were 

generally taken. 

(4) at higher densities more baits were taken, with 

a sharp increase of baits being taken between one 

chip/25 cm2 and one chip/6.25 cm2 • 

(5) the maximum foraging distance from burrows did no t 

alter significantly between the three treatment 

variables. 

8.5 THE EFFECT OF TREATED BAITS ON SLUGS: 

These results indicate that the only insec ticide likely to 

greatly decrease slug numbers in the field is vyda te . The toxicity of 



this insecticide, is dependent on the slu g species and the r efore 

would prove unsatisfactory if slugs of the less susceptible species 

were present. 

Metaldehyde, a molluscicide would be most likely t o kill 

slugs, howeve r this chemical does not have insec tic ida l prope rtie s . 

8.6 CONCLUSIONS : 
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From laboratory work it is clear that porina will r ead ily 

accept chippe d wheat baits over a range of temperatures, with foliage 

present, and whether they be moderately insecticidally trea ted or not. 

This enhances the observation that porina are relatively random feeders 
~~ 

(Kai6; 1980). Selection differences were obtained between Metar rhizium 

infected whea t a nd uninfec ted foods, proving that porina d o se l ec t 

against some unfavourable food sources (Dumbleton and Dic k 1942 ). 

Therefore in field work attention must be paid to the acceptance of 

Metarrhizium baits, and any other types of baits which may b e used , but 

it would be expected that acceptance of insecticidally treated whea t 

baits would not present difficulties. 

Since porina chose about the same number of baits of different 

sizes, chip size No.l should be used as the most cost - efficient ba it. 

From other observations it is clear that this size is the smallest a 

bait can be and , still retain ballistic properties which e nable it t o b e 

applied evenly , does not degrade or disinte grate too rapidly and holds 

a lethal dose of insecticide. These observations reflect the reported 

advantages of a small pelletted bait 'Snylok' used in cutworm 

control in South Africa, by Safsan Agricultural Chemicals (Pty.) Ltd. 

(Anon. unpub.). Here particle size is at least 500 particles per 

gram, and is applied at rates as low as 5 Kg per hectare. 

The rate of application is important in the cost of field 

control of porina by baits. From these laboratory studies, at very 

low rates of application the consumption of untreated baits average less 

than one per caterpillar, with the porina here being able to take more 

than one bait without harmful effects. In field applications for efficient 

control, a bait take of at least one chip per porina is needed, depending 

on the toxicity of the insecticide, and therefore the most efficient 

bait rate would be above one chip/25 cm2 • In field trials the use of 
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of obtaining an optimal bait density level, bearing in mind that 
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a relationship between optimal density and optimal damage is important. 

The effect of slugs on the removal of baits and therefore 

porina mortality in the field situation is not known. Slugs do not 

generally remove wheat baits from their resting place, but do consume 

all but the outside husks of these. Adding rnetaldehyde on to field 

applied chipped wheat, with an insecticide would show what effect slug s 

have on the efficiency of treated baits. 

Metarrhizium infected baits are accepted by porina, although 

actively selected against . In the field situation this later point 

may be important, however due to the ineffectiveness of the fungus, 

the small number accepted may be adequate for control. 

Finally, the original aims related to the laboratory studies 

with untreated wheat baits, and also with some treated baits 

(page 1 ) was fulfilled in these studies, and field work with treated 

baits was instigated. 
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Plate 1: The food types; wheat (No. 2), white clover 
and perennial ryegrass, used in feeding studies 
in petri dishes. 

• • r 

Plate 2: The arenas (two per box) used for lunch-box 
feeding studies. Note the hollowed polyst ~ rene 
hide with central exit hole upturned for 
inspection (right) and the absence of food from 
some micropins, attached to pith blocks held 
in position by large pins. 
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Plate 3: Turf bin used in the studies of bait acceptance 
under controlled conditions. (before removal 
to the laboratory). 

Plate 4: A Metarrhizium infected larva found in the field. 
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Plate 5 : A small plot field s ite at Hauorongo . 

Plate 6: A large plot field site at Waikanae . 



CHAPTER NINE 

HAUORONGO SMALL PLOT FIELD EXPERIMENTS 

9 . 1 INTRODUCTION 

Chipped wheat baits were assessed in small plo t s in the 

field . These trials was designed t o establish the effect iveness 
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of insec ticidal and fungal 

porina populations . 

trea ted baits in controlling natural 

Questions asked were: 

(1) Does application of treated baits in the field 

result in porina mortality? 

(2) What is the relationship between bait density 

and mortality? 

(3) What is the relationship between bait insecticidal 

dosage and mortality? 

( 4 ) What are the comparisons between a conven tional 

spr ay application of an insecticide, and varying 

bait treatments? 

(5) Does the incorporation of mollu scicide in a 

bait increase its effectiveness? 

The previous section, (Sec tion 1) on the behaviour of the 

ca terpillar in relation to bait acceptance, guided the design of 

these trials . A number of comparisons were made between this 

laboratory work and field work, some supplying basic background 

information and others being directly useful . In summary these 

were to use; 

(1) The smalles t bait only , of the original three 

sizes. 

(2) Two bait densities , in all but one trial, 

(3) Predominantly four insecticides. 

Modif ica~ions were made to the design throughout the 

experimental period , to all ow refinement or expansion of the basic 

goals. A sin~le insecticidal dosage wa s applied on baits used in 
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mortality comparisons between different insecticides and bait 

densities . This was assessed as being near optimal from the initial 

dosage trials. Fungal (Metar rhizium anisopliae) treated baits 

with a l ow dosage of fenitrothion were inc luded after the initial 

fungal treatments were indica ting that they would give r e latively 

low control . It was considered that the . effectivity of 

Metarrhizium anisopliae (he reafter referred to as Meta rrhizium) may 

be enhanced by t he use of a low insectic ide dosage on the bait . This 

dosage i s postulated t o decrease the na tura l res i s t ance of the 

insect t o the pathogen. 

To extend basic aims, assessments were made of lindane as a n 

insec tic ide, and sawdus t as a car rier rather than wheat . Lindane 

is a l ess expensive a nd mor e persis t ent insec ticide than fenit r oth i on , 

and sawdust is ext r eme l y c heap . 

9 . 2 EXPERIMENTAL DESIGN 

Plots (0 . 5 m x 0 . 5 m) were marked with 1 m x 0 . 14 m, thin, 

' fibrolite ' shee t s sunk 0 . 03 m into the ground . Four blocks of 

trials were laid (Ta ble 18 , 19 , 20 & 21) and sampled in replicates after 

10 day periods except fo r the two f unga l trea tments which were sampled 

after 3 weeks . Plots for each replica t e were a l located treatments 

at r andom . Samples cons isted of 0 . 45 m x 0 . 45 m squa r es within each 

plot, l eaving a 0.05 m wide buffer zone a round the per i meter . 
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TABLE 11: Trea tments for the a sse ssment of the relations hip be twee n 

the insecticide dosage and morta lity (3 replicates) 

Chemical & Carr i er Dosage 
* ** · Kg ai/ha (% a .i./g dwt) 

Fenitrothion bait 0 . 025 (0 . 08) 

0 . 05 (0 . 17) 

0 .1 (0.33) 

0.2 (0 . 66) 

0.3 (0 . 99) 

Bait Density 
*** ( 1 chip/c m2 ) 

6 . 25 cm2 

* Kg a i/ha - Kilograms active ingredient per hectare 

** ai/g . dwt - equivalent percentage active ingredient per 

gram dry weight of wheat chips . 

*** 1 chip/cm2 - 1 chip of wheat pe r varying area (cm2 ) 

TABLE 19: Treatments for the assessment of bait density and porina 

mortality relationships (3 replicates) 

Treatment & Carrier 

Fenitrothion bait 

Density 

(1 chip/cm 2 ) 

6.25 

12.5 

25 .0 

37 . 5 

62 . 5 

125.0 

Dos age 

(Kg ai/ha ) 

0 . 2 
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TABLE 20: Tr eatmenu. for the assessment of the relationship between 

the t ype of i nsectic ide and carrier, and mortal~t~ . 

Carrie r 

Spray 

Bait 

Nil 

Chemical Applicati_on 
Rate* 

Fenitrothion 0 . 9 K15 i.il/ha 

Fenitrothion (1) 

& Metaldehyde (2) 

Ac t ellic (1) 

(2) 

Vydate (1) 

(2) 

Lindane ( 1) 

( 2) 

Sawdust (1) 

Nil ( control) (1) 

.. . - - (control) 

* (1) 0.13 kg ai/ha (l chip/6 . 25 cm2
) 

( 2) 0.03 kg ai/ha (1 chip/2 5cm2
) 

Number of 
r eplicates 

12 

l 2 

12 

12 

12 

12 

12 

5 

5 

6 

12 

12 

TABLE 2 1. Trea tme nts fo r the assessment of the relationship between 

Me t a rrhiziurn infec t e d baits and mortality . 

Bait Treatment Rate Dosage Number of r eplicates 

(1 chip/cm2
) (Kg ai/ha) 

Metarrhiziurn 6 . 25 33 

Me tarrhiziurn & 
Fe nitrothion 6 . 25 0 . 013 12 
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9.3 srECIAL METHODS 

A sit e on the Ha uorongo resear ch a r ea (Page 1~ was c hosen 

after a survey of the Palmerston North area fo r porina infes ta tions . 

Owing t o adverse wea ther conditions in Au gus t and September the plots 

were covered. 4 metre x 1 metre wire mesh ga t es wer e tied toge ther 

upright to make a rectangular block of 15 me tres x 4 metre s and 

plas tic tarpaulins were placed over this area and l ashed t o these gates . 

Po s t s were placed unde r the t arpa ulins , a long the cen tre line , as 

po in ted stays , giving a 'tent' effect. This e nabled access t o Lhe 

trial s ite undernea th the shee t s a nd the t e nt t o s he d ra inwater . 

Two adjacent 15 m x 4 m s ites were used consecutively . 

App r opria t e l y s ized gaps were left be tween the 0.5 m x 0 . 5 m plot s t o 

enable enough room for access and samp ling . Befo re each sampl e was 

taken, the fib r olite s hee t s we r e r emoved and the diggings placed in 

these ga ps fo r sorting . Surface count s were taken of dead porina in 

aJl t ria l s , a nd also dead slugs a nd worms in the large tria l (Table 

20) . Numbers of dead and live porina sorted from the 0.45 m squa re 

by 30 cm deep soil samples were r ecorded. Since bird a nd hedgehog 

presence unde r the tria l tent was minimized, it was considered that 

the l oss of dea d porina from the surface would be ins ignificant in the 

analys i s of treatment mortalities. 

The first two trials were sample d after 72 hours , Lhe ma in 

trial after 10 days, and the fungal treated tria l af t er 3 weeks . 

The trial area was trea ted and sampled, in a stepwise manne r from one 

end t o the o ther. Because of the time delay Me t arrhiz ium trea tment s 

were laid at the opposite end of the area to a lleviate contamina tion, 

and to allow step-wise sampling to be relatively continuous . 

All baits were treated as described on page 8, with the 

fenitrothion and metaldehyde in combina tion being a pplied a t the 

usual concentration of each . Appropriately sized grids wer e laid 

on the s urface over the plots and each chip was placed individually 

with f or ceps in the centre of each square . A smal l hand he ld ' Cambrian ' 

spr ayer was used for t he fenitrothiort spray app l ications . 

Sawdust from untreated timber was obtained f r om a local 

sawmill . This was selected for its evenness in partic le s i ze , (480 
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particles per g ram) . Be for e treatment with insectic ide, the 

sawdust wa s boiled for two hours a nd rinsed to extract tannins . 

All porina still alive taken back to the laboratory and kept 

at 20°C in clean petri dishes. This enabled the assessment of weight 

differences between treatment porina and controls and also the post­

development of Metarrhizium infestations in the larvae f r om the fungal 

treated plots. 

Cover readings of vegetatio n were recorded for each plot in 

the main treatment plots (Table 10) by means of a point a nalyser. 

Remova l of treated and untreated baits was r ecorded f r om some 

treatment plots. In fou r of the replicates from each bait treatment 

in Table io , dye d b a its were applied, and the disappearan c e of these 

recorded after 10 days. In all the fun ga l treatments and the 

insecticidally treated sawdust replicates, missing baits wer e r ecorded. 

These were expressed as a percentage of the total baits present in the 

beginning of the experiment . 

Analys i s of variance were used to separate the porina 

mortalities in the insecticide treatments. Student' s t - t es t wa s 

used to analyse the difference between the mean mortality in the 

Metarrhizium trea tments and controls . 

9.4 

9 . 4.1 

~ES UL TS 

Bait Dosage Rate and Mortality 

The rela tionship between dosage rate and porina mor t a l i t y i s 

shown in Figure 12 . Perina mortality peak e d at a concentra tion of 

0.4 % ai/g dwt wheat, equivalent to using 0.13 kg ai/ha of insecticide. 

The post peak reduction in mortality indicates that bait s with high 

insecticide r a tes were not being taken by porina. 

9.4 . 2 ~ait density and mortality 

The relationship between bait density and porina mortality 

is shown in Figure 11. The baits were treated at 0 . 2 kg a i/ha, 

which was just above the optimal rate (Figure 12 ). Mortality 

remained relatively constant between 1 chip /6.25 cm2 and 1 chip/12 .5 c m2 • 

The optional bait density would be approximately 1 chip/12.5 cm 2 • 
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9.4.3 Treatment and mortality relationships 

Porina mortalities due tu the different trea tme nt s are shown 

in Table 22 . All trea tments were s i gnificantly diff erent (P < 0.05 ) 

from the controls. 

TABLE 22: Porina mortalities r esulting from various bait a nd 

spray treatments (after 10 days). 

Treatment % Mortality Mean porina Application 
Rate number per 

Spray: 

Baits: 

Nil: 

Fenitrothion 0.9 kg 

Fenitrothion ( 1) * 
** (2) 

Fenitrothion (1) 
& Metaldehyde (2) 

Actellic (1) 

(2) 

. Vydate (1) 

(2) 

Lindane (1) 

(2) 

Sawdust (1) 

Untreated (1) 
(control) 
- (control) 

LSD (5%) - 28.3 

* (1) 
** (2) 

1 chip/6.25 cm2 

1 chip/25 cm2 

plot (± SE 
95%) 

ai/ha 88.4 5.8 ± 1. 7 

73.7 5.1 ± 1. 8 

70.8 4.8 ± 2 . 1 

83.7 4.6 ± 1. 9 
76.5 4.3 ± 1. 5 

84.6 5.3 ± 1. 4 

65 .7 5.3 ± 1. 9 

53 .0 4.8 ± 2. 1 

59.9 4 .7 ± 2 . l 

54 .9 4.6 ± 1. 7 

25.2 5.8 ± 2.0 

34.1 5.4 ± 1. 7 

13.5 6.2 ± 1. 5 

15. 1 4.4 ± 1. 6 

Significant differences (P L.. 0.05) between mortalities at high 

and low insecticidal treatments are shown in Figures 23(a) and 23(b) 

by a (X) and non-significance is by the letters NS. 
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Treatment* 

SD 

L 

Vy 

Act. 

F & A 

F 

Significant differences (P < 0.05) b e tween porina 

mortalities gained from di ffe rent trea tments. 

(a) At 1 chip/6.25 cm 2 (b) At 1 c hip/25c m2 

x x x x NS NS 

x NS x x NS x x x x 
x NS x x x NS NS NS 

NS NS NS NS NS NS 

NS NS NS NS 

NS NS 

s F F&A A l/y L s F F&A A 

Treatment Treatment 

b4 

x 

Vy 

*Key to treatme nt s Carrier Treatment (Abbreviation) 

Sawdust Bait Fenitrothion (S D) 

Wheat Bait Lindane (L) 

Vydat e (Vy ) 

Actellic (Act .) 

Fenitrothion & 
Metaldehyde (F & A) 

Fe nitroth ion (F) 

Spray Fenitro thio n (S) 

Of the bait treatment s actellic gav e the grea t es t mortal ity 

at the highest rate, but at the lower rate dropped below that of 

Fenitrothion. The addition of .rretaldehyde to fenitrol h ion tr e ated 

baits gave a slight increase in mortality at both rates indica ting 

that slugs may be responsible for some removal of baits. Vydate and 

.iindane gave low mortalities at both rates. Sawdust even though it is 

not a food source did give a significant but low mortality, perhaps 

because porina came into accidental contact with the treated particles on 

the surface. 

Metarrhizium treatments gave a slightly lower mortality, although 

this was not significant (P J:. 0.05), from that of Metarrhizium plus 

fenitrothion, while (Table 23) both treatments were significantly 

different (P<. 0.05) from the control. 



9.4 . 4 Porlna morulli t y and fungal Lreat men l s 

The re s ult s are shown in Table24 . 
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TABLE 24: The mortality of porina in relation to different treatment s 

of baits with Me tarrhizium 

Treatment % Mortalit y 

Metarrhizium 43.8 

Me tarrhizium & Fenitrothion 53.6 

Con trol 17 .4 

Metarrhizium De v e lopment in Live Larva e 

Mean po rina number 
per plot 

5.3 

5. l 

4 .3 

Live porina from fungal treated plots were placed in c l ean 

petri dishes at 20°C, and checked after 1, 2 and 3 weeks. 43% of these 

developed Metarrhizium bloom, and healthy larvae from insecticidal l y 

tr eated plots showed 5% development. 

9. 4.5 Ba its r emoved per treatme nt 

The percentage of dyed baits remove d from fo ur r eplica t es 

of varying insecticidal treatments, and all the Me tarrhizium and 

sawdust r e plicates is shown in Table25 

TABLE 25: Percentage removal of baits from varying treatme nt pl~~~ 
(after 10 days) 

Treatment Rate % Remova l 

Fenitrothion (1) 40.3 

(2) 38.0 

Venitrothion & Metaldehyde (1) 33.3 

(2) 49.0 

Actellic (1) 53.0 

(2) 67.7 

Vydate (1) 44.0 

(2) 91. 3 

Lindane (1) 63.3 

(4) 71. 3 

Sawdust (1) 37.5 

Metarrhizium (1) 54 .1 

Nil (controls) (1) 96.8 



The results show an inverse relationship betwe~n the 

percentage morLal ity (Table 22 ) and percentage bait removal of 
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different treatments. Where bait removal i s luw , iuorLality i s high and 

vice versa . 

9 . 4 . 6 Live cater pillaL weighLs 

The average weighL of live caterpillars between the contLol 

and combined treated plots were nut significantly different (P ~ 0 . 05). 

- ~.4.7 Cover readings 

Cover readings were taken from each plot in Lhe treatment and 

mortality trial (Table ,20) . These are shown in summary in ti1e Appe11dix . 

Overall average foliage cuveL wa~ 89.7% and bare grounu acLounted for 

the other 10. 3% in the plots . 93 . 5% uf t!.e cover was clover o r r yegrass , 

aud the remaining 6.5% was weeds. 75.7% of the weeds were flatweeds 

(e . g. Catsear (Hypochaeris radicata L. ), hawksbeard (Crepis capilla ris 

(L) Wdl~r . ) , dandelion (Taraxac um officinale , Weber) and daisy 

(Bellis pe rennis L. ). 

Affect of trea tments ou s lugs and earthworms 

The average number of dead slugs and earthworms on the surface 

of each treatmenc plut of the main trial, was very small . (Table 26) . 

T~enJs indicated that all insecticides were mildly toxic LO slugb , 

arid Mt!taldehyde slight11more so . Vydate was the only t oxic insecticide 

to earthworms . 



TABLE 2~ 

Tr ealmenl 

Spray: 

Ba it : 

Nil : 

* (l) 

~'* ( 2 ) 

67 

Dead slugs and earthworms on treated and unt reated 

plots (af ter 10 d~ys ) . 

Rate 

Fenitrothion 0. 9 kg ai/ha 

Fenitr othion ( l) "' 

(2) "X* 

Fenitro thion & (1) 

Metaldehyde ( 2) 

Actell i c (1) 

Vydate (2) 

(l ) 

Untreated (2) 
(control) 

(l) 

- (control) 

0.13 Kg/ha (1 chip 6 .25 cm2
) 

0 . 03 Kg/ha (1 chip/25 cm2
) 

Mean number dead per plol 

Slugs Earthworms 

0 . 1 0 

0.9 0 . 3 

0.6 0.3 

0.6 0 . 4 

1. 3 0 . 1 

0.3 O. J 

0 .3 0 . 3 

0.4 2 . I 

0.6 I • L 

0 0 
0 0 . 3 
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Figure ll: The relationship between porina l a rval mortality and 

the insec t icide rate (Kg ai/ ha) assuming a bait r a te 

of 1 chip/6.25 cm2 , or dosage (% ai / d . wt), o ( whea t baits 

(No.l) applied i n the field. 
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Figure 13 : The relationship between porina larval mortality and 
the treated wheat bait (No.l) density, applied in the 
field (assuming a fenitrothion rate of 0 . 2 Kg ai/ha) . 
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CHAPTER TEN 

PERSISTENCE OF BAiTS AND SPRAY APPLICATIONS IN THE FIELD 

10 .J INTRODUCTION 

The s uccess of the use of any type of toxic bait for the 

control of a pe~t i s dependent upon the ability uf t he nun- Loxic 
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bait component t o carry enough l e thal substance fo r a peri0d ec1abling 

the pest to come into con t act with it and subsequent ly die (Peregri11e 1973) . 

Th i s i s ext r eme l y important with r espec[ to porina bailing , since it 

is econumi cally necessary t o decLease the insect i c i de dosage per he~ tare 

to less than the equivalen t for spr ay applications . Therefore the 

s uccess of a chip wheat bait i s r e lated t o the length of period th~ 

lethal dosage r a t e i s carried by the carrie r in the fie l d . The two 

main [actors involved in determining this a re: 

l. The ability of the insec ticide to remain un the bait. 

2. The ability of the bait to remain acceptable tu 

tho: caterpillar . 

In thi s trial uoth factors have been assessed :.,y removing treated and 

untreated baits a nd foliage f r om the f i e ld af t er specif i c time periods , 

and scr eening these f ood sources fo r their effects on healthy porina . 

Two iusect i cides were use<l on Lhe ba i ts , f enitrothion and 

a ctellic and the former was used for the s pray applicat i on . On pastures 

[enitrothion has a withholding period of 14 days . Actellic , being 

used mainly as a hort icultural insecticide, has a withhol ding period 

of 28 days on fruit. Therefore it could be assumed that both c hemicals 

are only moderately per s i stent on ' crops '. 

Fenitrothion i1as been used since 196 7 in the pl ace of DuT for 

opera tiona l conti.ol uf Lepidopterous defo liators in Canadian for es t s 

(Moody ~· al. 1977). Since very l a r ge amounts o[ this chemical are 

used , the fc.te of the pesticide afte'i. s pi:aying has received sl!ecial 

a ttention . Reports indica te that 50% of the in i tia l dose is l os t 

by fol i age within four days and 70-80% within two weeks of applica tion 

to piue fores t s • However, 10% persisted for at l east 10 months , which 

..i..niLiated the hypothesis that t he waxes and oils in pine needles we r e 

'micro- s inks ' for the accumulation of the c he mical (McNeil ~. ~ . i 97 '; , 

Moody ~· al. 1977). The rapid disappei:ir auce of fenitrothion from 

co r11 (Zea mays ) and bermudagrass (Cynodon dactylon) 
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has also been reported (Leuck and Bowman 1969). Here, Lhe <lecrea~e 

of the parent chemi cal sprayed on bermudagrass dropped approximately 

100 parts per million (ppm) to 50 ppm over less than four days, 

to 5 ppm after eight days and to 0 . 05 ppm af ter 28 days. These workers 

and later Moody ~· al. (1977) also substantiated the hypothesis that 

fenitrothion dissipation is l argely the result of volatisa tion , and 

not some form of biodegradation. Therefore, it would be reasonable 

to assume that fenitrothion would persist longer in the field if soaked 

into a wheat chip , than if sprayed on foliage, and that oil would act 

as a waterproofing and sticking agent for the chemical (Martin 1980). 

Further it is tentatively postulated that the oil may, in this manner, 

act as a 'micro-sink ' similar to the waxes and oils in pine needles . 

Actellic, because of its closely related chemical structure and 

properties to fenitrothion, may also fulfil the requirements for these 

phenomena. 

LU.2 EXPERIMENTAL DESIGN 

Five ~ m2 plots were selected from closel y grazed , porina 

free pasture . Three of these were sprinkled with 30 grams of one of 

three , presoaked bait treatments; fenitrothion and vegetab l e oil , 

actellic and vege table oil, and vegetable oil by itself . A s mall 

' Cambrian' sprayer was used to apply fenitrothion spray to another 

plot . The last plot was not treated. All insecticide and oil 

concentrations are outlined on page 8 and are those used in Lhe Waika nae 

field trials. 

l U. 3 S.PECIAL METHODS 

Treatment plots were assessed for the presence of l e thal doses 

of insecticide after 0, 2, 4, 10 and 24 days after application . 

In the bait treated plots, at each sample time except 0 days approx imately 

200 chips were removed with forceps . At 0 days , wheat samples were 

taken before application. With the sprayed and untreated plots, 

samples of 5 averagely, but equal , sized clover leaves were removed 

after the time periods . Twenty of these baits or five leaves were 

then placed in individual petri dishes containing a healthy porina, 

making up ten porina for each treatment. An extra ten porina were fed 

individually with 20 pre-oiled, fresh chipped wheat baits . The porina , 

averaging 0.4 grams, were collected from the field (Hauorongo) and 

stored by the usual method at 7°C, until use. 



Eac h of the se t s o f t en porina we re placed at l0°C in 

darkness, a nd the health of the cate rpilla r s assessed af t e r one day 
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and four days . A l a r ge percentage of insecticidally Lreated indivi.dual s , 

throughout these s tudies in the l a bor atory , a nd in the f i eld , we r e 

noted fo r being almost dead but still retaining sporad i c body movement 

fo r a nu mber of days . Therefore since this phase i s e vident por ina 

within it were classed as dead . A visual assessment of the amount 

of food consume d by each caterpillar was also r ecorded after one day . 

Climatic observations we r e r ecorded from a loca l meteor ological 

sta tion ' s repor t. 

10 . 4 RESULTS 

10 .. 4 .l Percentage mortality af t e r four da~~ 

The data are given in Table 27 . . Per ina fed on f r eshly sp r ayed 

clover leaves , and baits freshly trea ted with fenitrothion or actellic 

gav e 100% mortality . The s pray treatment dropped to 80% af t e r four 

days , 40% after 10 days , and after 24 days it was nil. The point a t 

whic h zero mortality as reached would however mos t certainly be l owe r 

than this (Fig . ll'). Fenitro thion baits gave 100% up to 24 days aftc·r 

treatment, and ac t e llic baits gave 90% at a ll points excep t 24 days , 

at which it was 100%. Af ter 24 days bai t s were so degrade d tha t 

t es ting was abandoned. 

The three control morta l ities are also shown in Fig l 4 No 

more than one ca terpillar died i n any of these, and all that died 

developed t1etarrhizium anisopliae fun gus . Therefore t he morLalities a r c 
meaned on the gra ph . 

10 . 4.2 Percentage mortality after one day 

Mortalities after one day ' s exposure compar ed t o fou r days 

is shown in Table 17 Mos t deaths occurred within the first day, 

indicating that both insecticides are fast acting . After four days 

it was evident that if f urther mortality resulted, insecti c id e ef fect 

could not be easily shown to be responsible. 
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TJ\BLE27: Purina mortality ( %) when ( e <l field exposed tn,.'.lted ;incl 

untreated food sou r ces . 

TREATMENT CQt:lIRQLS 

Treatment Field % Mortality Treatment Fie l d % Morta 1 ily 
exposure exposure 

1 day 4 days 1 day 4days 

BAITS BAITS 

Fenitrothion 0 100 100 Oil only 0 0 

2 100 100 2 0 

4 90 100 4 10 

10 80 100 10 0 

24 80 100 24 0 

Actellic 0 90 100 Oil only 
* fre s h 0 (0) 0 

2 90 90 0( 2) 10 

4 90 90 0(4) 10 

10 70 90 0 (10) 10 

24 80 100 0 (24 ) 0 

SPRAY NIL 

Fenitrothion 0 100 100 0 0 

2 100 100 2 0 

4 80 80 4 10 

10 30 40 10 0 

24 0 0 24 0 

* number inside br acke t corr esponds to the time treated f oods 

were exposed . 

10 . 4 . 3 Food consumed after one day 

This assessment was taken after all except 24 days , by 

coun ting the number of bait fragments a nd the amount of clover leaf 

t ha t remained . These ar e expr essed as per centages of total amount 

10 

0 

10 

0 

10 

10 

10 

10 

10 

0 

0 

0 

10 

10 

0 

originally give n (Table 2"8) . The trends showed that the amount of treated 

bait consumed was less than the untreated , which is accounted for by the 

death of the por ina . Untreated baits were chosen less if fre sh than 

if worn , which may be due t o a prefe rence for an increased mois ture 

l evel in the l atter. However ti1est:: latter diffe rences we r e no t 

sig,nifican t (p 0 . 05). 
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TABLE 28: Percentage (%) of total number of bdits and area of c lover 

offereu , cunsumed (af t er 1 day at 10 °C ). 

Treatments Controls 

Trea tment Field /~ Foud Treatment Field % Food 
exposure le f t ± SE exposure left ± SE 
(days) (days ) 

BAITS BAITS 

Fenitrothion 0 94 ± 4.6 Oil only 0 67 ± 2 1. 5 

2 91 .!:. 6 .3 2 48 ± 19.0 

4 98 ± 2 .5 4 44 ± 2 1. 8 

lG 97 ± 3 . 2 10 28 ± 2 I . l 

Actellic 0 93 ± 4.6 Oil Llllly, 
fresh* 0 67 ± 2 1. 5 

2 86 ±12.5 0(2) 61 .!. 2 l. l 

4 9 .5 ± 3.9 0~4) 76 ± 27 . 5 

10 97 ± 5.4 0(10) 56 ± I 7 . 2 

SPRAY NIL 

Fenitrothlon ~ 32 ~ 7.2 0 SS ± 25 . 8 v 

2 54 ± 11. 4 2 42 ± 2b . 6 

4 42 ± 15 .7 4 74 ± 38 . 6 

10 52 ± 27 .2 ic 45 ± 38 . b 

* number inside bracket corrE:sponds to the time treatE:d foods 

we re expuseu. 

10.4.4 Climate 

The average daily rainfall between the f~ve field exposure periods 

in ascending order of lengLh were G.17 nun, 0.6 nun, 2.8 mm and 4.3 mm. 

On the 20th and 21st day 43 nun of rain fe:l. Since these figures aLe 

typical of the rainfall in this area fur tite time of year , it was 

concluded that the comparison of persistence of bait and spray 

applications was not biased by an abnormdl lack of precipitation over 

the trial period. Other climate facto~s were noted, but did not 

show abnormal trends ., and are shown in Appendix five . 
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CHAPTER ELEVEN 

WAIKANAE LARGE PLOT FIELD EXPERIMENTS 

11. 1 INTRODUCTION 

To evaluate the use of chipped wheat baits on a larger scale, 

trials were conducted in hill country inland from Waikanae (see page \5 ). 

This area is renowned for consistently heavy porina infestations. 

Two flight peaks occur each year, a small peak in early December, and 

a second, larger peak in early March . These fluctuations are no t 

directly related to the flight peaks of the two major species, Wisean .a 

cervinata a nd W. umbraculata, present . (Carpenter and Wye th 1980). 

Visible damage is not generally seen until early spring. The area 

is predominat e ly sheep grazed and is typical of the lower North Island 

hill country . Much of the land is only partially cleared, the soils 

are friable, the terrain steep and the weather is extremely changeable. 

Management procedures to counter porina infestations centre on areas, 

oversowing . Control procedures, generally consisting of aerial 

applications of fenitrothion, either as a spray or in a prill formulation, 

are either carried out spasmodically or more often, not at all. Cost 

(page 102 ) is the limiting factor here in porina control, and th e r efore 

the use of lower cost methods is attractive. 

Findings from previous chapters enable these large trials 

to be refined within workable and meaningful limits. These were: 

(1) The size of bait was limited to size No. 1 . Previous 

work has shown that acceptance of chipped bait is not 

significantly affected by the size of the chip (page~ ). 

Size No . 1 is considered also to be the smallest .:i ch ip can 

be to retain ballistic properties enabling even application, 

insecticide retention properties enabling a lethal do se of 

insecticide to be carried, and weathering properties enabling 

the bait to withstand decay and disintegration for an 

extended period. 
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"(2) The use of only two insectic i des, fenit r oLhion and a~ tellic, 

as both had shown promise in t he f ield (page~~) . Later 

two more insecticides , 1indane and ireth i ocarb , we re assessed 

for future r eference . Since the use of the first two 

i nsectic i des validated previ ous work, it was believed that bo th 

lin<lane and methiocar b may refine the f uture use of chipped 

wheat baits ; lindane because of its l ow cos t and persistence , 

and methi ocarb because of its insec tic idal and mol luscLcidal 

properties . Methiocarb in this respec t has a decided advantage 

over metaldehyde which was u sed in the previous t rials since it 

i s a mollusc i c ide only . 

(3) The assessment a t only two baiting rates , and a t one bait 

insec tic ide loading . This e nabled further evaluation , to be 

made on the optima l baiting rate , retaining what i s considered 

the op timal bai t insec tic ide l oading (page~~) constr aint . As 

a precaution one treatment of twice t he fen itro thion insec ticide 

dosage a nd l owes t bai t density was included in a later trial . 

(4) The use of, at firs t, wheat infec t ed with Metarrhizium plus 

a low dosage of fenitrothion . Me t a rrhizium was t ried aga in 

alone later in these trials since it was found that the use of 

an insec tic ide ma y be unnecessary in this area to gain effec tive 

porina mortality . 

Within these limits , the large plot f i e ld trials then we r e 

conducted in the time period r es tric ted by the lifecycle of the insect . 

1980 . 

These trials we re carried out in October, November and December 

The fir st sampling commenced on 19 October , and the last 

concluded on 22 December. Work on the four major trial bl ocks was 

comple ted on 4 December. A co-operat i ve Metarrhizium trial , no t r eported 

on he r e , was comple ted early in the New Year of 1981, when pupat i on of 

the larvae was well under way and flights were beginning . 

11. 2 EXBERIMENTAL DESIGN 

Field plots were sel ec t ed vis ually by l ocating areas with 

varying aspects , and moderate t o high populations of porina . Fourteen 
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centimeter spade-square pre-samples were dug around these areas 

enabling trial sites to be marked within uniform infestations. This 

is not as accurate as may be suggested,since porina populations are 

often sporadic in numbers, even within small areas . However the 

procedure does limit the chance of having large population fluctuations 

within the experimental site. Plots were then measured and marked 

with white pegs and, the location, aspect, and mean cover, (100 points 

per plot) were recorded. 

The original design consisted of seven 2 m x 10 m adjacent 

treatment plots, marked lengthways down the prevailing slope. Later, 

extra blocks used the same pattern, but had less treatment plots. 

The treatments in the original blocks (Table 29) were allocated by 

random numbers, and replicated four times. 

not replicated (Tabl~ 30). 

The two later blocks wer e 

TABLE 29: Original treatments in the large plot trials 

(replicated 4 times) 

Treatment 

Control 

Insecticide 

Spray 

Baits 

Insecticide + 
Fungus 

Baits 

Type of 
insecticide 

Insecticide 
dosage 

Fenitrothion only 0.9 kg ai/ha 

Fenitrothion,Actellic 0.13 kg ai /ha 

Fenitrothion,Actellic 0.03 kg ai/ha 

Metarrhizium 
anisopliae + 

Fenitrothion 0.01 kg ai/ha 

Application 
rate 

1200 litres/ha 

1 chip/6.25 cm 2 

1 chip/25 cm2 

1 ch ip/6.25 cm 2 
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TABLE 30: Later treatme nts in the l a r ge plot trials (not r e plica t ed ) 

Treatment 

Control 

Insecticide 

Spray 

Baits 

Fungus 

Baits 

Type of 
Insectic ide 

Fenitrothion 

Lindane, Methiocarb 

Lindane, Methiocarb 

Fenitrothion 

Me tarrhizium 
anisopliae 

Insect ic iee 
dosage 

0. 9 k g a i/ha 

0 .13 kg ai/ha 

0.03 k g a i/ha 

0.06 kg ai/ha 

Appli ca tion 
rate 

1200 litres /ha 

1 c hip/6. 25 c m2 

1 chip / 25 cm 2 

1 c hip/ 25 cm2 

(1 c hip/6 . 25 cm 2
) 

Four soil samples were taken from each treatment after 

three or four time periods. These were cut 0.4 m square (0.16 m2 ) and 

dug to a depth of approximately 30 cm, or to the depth of the t opsoil, 

whichever came sooner . Porina were neve r fou nd below this topsoil lay e r. 

The samples were then hand sorted and the number of a live a nd d ead 

porina recorded. Metarrhizium-infected dead larvae we re also n o t ed . 

Ea c h 0.16 m2 sample was taken from one of fo ur squares allocated at 

random within each sub -sit e (Fig .1 5 ) . Samples were taken after 0 days 

(before treatment), 10 days and 30 days. Block two had a fourth sample 

take n after 20 days. Therefore at all excep t one s ite, the treatment s 

had twelve 0.16 m2 samples taken from them; three from each of fou r 

interior sub-sites, leaving one 0.16 m2 from each of these sub-sites 

not dug. The reason for this sampling procedure was to avoid l a r ge 

errors due to patchy porina populations. The four very close areas t o 

be dug within the sub-sites would give the least amount of variabili t y 

in the live larvae at the beginning of the trials. 

11.3 S~ECIAL METHODS 

Comparing these large plot trials and the earlier small plot 

trials, there were some major changes in special methology, due to 

the size difference. These were: 

(1) Plots were pegged rather than bordered by fibrolite 

sheets, and were not covered. 



(2) The treatments were sub-sampled and these samples wer e 

0.16 m2 (0.4 m square) rather than 0.2 m2 (0.45 m. s qua re) . 

(3) The treatments wer e pre-sampled as well as having a 

control that was not treated. 

(4) No counts of baits removed were t a ken. 

(5) Baits were sprinkled on the surface through a perfora t ed 

plastic 'TVL specimen container'. To enable consistency 
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of spread, each treatment was split into four, and the correct 

amount of bait applied to each section. 

(6) Instead of a small 'Cambrian' sprayer being used for the 

spray application , a back mounted propane sprayer with a one 

metre boom was used. Plots were covered by one, timed 

application of spray, up one side of the plot and down the 

other . 

Th~ analysis of percentage mortalities, was assessed, for 

each trea tment, from the mean of each sample from the four s ub- s it es. 

An analysis of variance was carried out to test for significance 

(p 0.05) between treatments, and this was shown as a percentage 

mortality. The presence of significant differences (p 4. 0 .05) b e tween the 

sites , sample replicates and controls were also analysed. 

1L4. RESULTS 

1L4.l Overall trends in initial treatments 

Percentage mortalities can be seen in Table Jl. Overall a very 

high mortality (96.8%) was achieve d with fenitrothion spray. This is 

most probably due to the care taken t o get full coverage, a nd t o ha v e 

ideal conditions for spraying. Fenitrothion and a :: tellic trea t ed 

chipped wheat baits performed very similarly, with the lower baiting 

rates affecting the mortality by approximately 10% after 30 days. 

Metarrhizium plus a low dosage of ~uitrothion was surprising in it s 

large mortality after 30 days. 

li4.2 Trends between mortality and time 

Between 10 and 30 days mortalities in the low bait treatments 

and the Metarrhizium treatments were significantly increased. This is 
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probably because of the relationship between bait availability and 

foraging behaviour of the caterpillar, in the low baiting rates, and 

also, in the fungal treatments, to the time that Metarrhizium takes to 

develop within the insect. This is approximately 14 days (G.M. Latch 

pers. comm.) The high bait rates, and the spray invariably have a 

major effect within the first 10 days, due to the availability of the 

poisoned food source. A significant increase from the initial high 

knock-down does not occur since the number of larvae left is very low 

in the case of wheat baits and spray. In the case of the spray the 

insecticide becomes ineffective after an extended period, also. 

11.4.3 Trends between mortality after three time periods and 

treatments 

In trial No . 2 samples were taken after 10 days, 20 days and 

30 days, and the mortalities are shown in Table 32. This trial was 

complicated by a significant loss in the control population between the 

10 and 20 day interval, which did not occur in any of the other trials. 

This mortality which was not significantly different after 10 days, was 

significantly different from controls after 30 days . The major point 

gained from taking a third sample was that increases in porina mortality 

at low baiting rates was relatively constant. The same was true for 

Metarrhizium mortality. 

11.4.4 The use of lindane and Metarrhizium only 

Mortality with lindane at high and low baiting rates over 

10 and 30 days were similar (Table 33). The control was moderate, and 

did not increase significantly after 10 days , as expected. This 

result with lindane may be due to the emulsified powder/oil solution 

not allowing penetration of the insecticide into the grain, or that 

the lethal dosage rate dropped sufficiently after 10 days, due to 

weathering, allowing porina to consume treated baits safely. 
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TABLE31: Percentage mortality in the major trials, after 10 

and 30 days 

% Mortalit yX 
Treatment xx 

Site 1 Site 2 Site 3 Sit e 4 Mean 
10 30 10 30 10 30 10 30 10 30 

* * * * * (1) 87 .3 90.5 95.6 97.8 98. 8 98.8 97 . 4 100 94.8 96 . 8 
* * * * * (2) 76.9 76.9 80.4 91. 3 84.6 92.3 91. 1 96.4 83.3 89 . 2 

(3) 29.2 58.3**53.3* 82.2** 66.7 53.7 62 . 5 1
< 70. 8 52.9* 66.3H 

xx 

* * ** * * * (4) 74.0 83 .6 63.6 88.6 83.9 87.5 66.0 74.0 71. 8 83 . 4 
* >'< ** * * * (5) 30.9 44 .1 45.9 82.8 61. 2 88 .1 55.2 65 .7 48.3 70. 2 

** ** * ** * -I<* * (6) 16. 2 4 7. 1 25.5 80 .9 27.9 85.2 32 .. 7 90.4 25.6 75.9 

(7) 13 . 8 10.3 20.0 45.8 0 16.7 7.9 27.4 10.4 25 . l 

X A star:; ~'.) after the mortality denotes significa nc e (p40.05) 

of 10 day mortalities from the controls. Two ' s t ars : (**) denot e . 

s i gnificance (p 0.05) of 30 day mor talities fr om the 10 day 

mortalities. 

Treatments were (1) Fenitrothion sp r ay 

(2) Fenitrothion treated bait at 1 chip/6.25 cm 2 

(3) Fenitrothion treated bait at 1 chip/25 cm 2 

(4) Actellic treated bait at 1 chip /6. 25 cm2 

(5) Actellic treated bait at 1 chip/25 cm 2 

-I<* 

>'< -I< 

(6) Metarrhizium plus Fenitrothion at 1 chip/6.25 cm 2 

TABLE 32 

Treatment 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(7) Control 

Percentage mortalities at site No.2 af ter 10 days , 20 

and 30 days 

% 

10 days 

* 95.6 
* 80.4 
* 53.3 
* 63.6 
* 45.9 

25.5 

20.0 

Mortality 

20 days 

91.1 

84.7 

73.3 

79.5 

70.5 

30.2 

42.7 

x 

30 days 

97.8 

91.3 

82.2*1
< 

** 88.6 
** 82.8 
** 80.9 
** 45.8 

x- - A single s tar, denotes a significant (p .40 .05) increase of 10 day 
mortalities over the controls. A double star denotes a signi f i cant 
(p ~ 0.05) increase over the 10 day period. 



TABLE 33: Pe r centage mo rtalitie s a t the f ir s t additio nal si t e , 

No. 5 after 10 days and 30 days 

% Morta lit y 

8J 

Treatme nt 10 da ys 30 d ays 

* Lindane bait at 1 c hip/6.25 cm2 

Lindane bait a t 1 chip/25 cm2 

Me tarrhizium alone at 1 chip/6. 2 5 cm2 

58.1 58 .1 

* 52.2 4 9. 3 

25.0 

* A sta r denotes significant (p <. 0.05) increase of the 10 

day morta lities over the controls. 

** Deno t es a significant incre a se over the 10 day inte rva l. 

** 53.0 

Metarrhizium , by itself, showed a lower mortality tha n whe n 

combined with a n insecticide. However as expected, a signi f i cant 

increase in mortality was seen between the 10 day s and 30 day inte rva l. 

11.4 . 5 The u se of me thiocarb ba it s , a nd fenitro thio n ba it s 

a t a high dosa ge 

Me thiocarb performed extremely well in this unre plica t e d tria l 

(Tabl e 34). Aft e r 10 days trea tme nt s wer e s i gnificantly (p <. 0 . 05 ) 

different from the controls. A significant increase in morta lit y 

between 10 days and 30 days was seen in both the high and low rate 

of baiting, however, again , the low r a te was most pronounced in it s 

change. 

The high fenitrothion bait dosage treatment gain ed slightly 

over the results from the first four trials (Tabl e 31) with th e same 

a pplication rate, but lower insecticide do s a ge . 



TABLE 34: Percenta ge mortalities at the seco nd a dditional site , 

No. 6 after 10 days and 30 days 

Treatment 

Methiocarb at 1 c hip/6.25 c m2 

% Mortality 
10 days 

84.6 * 
Methiocarb at 1 chip/25 cm2 39.6 * 
Fenitrothion at 2 x insecticide 

loading at 1 chip/25 cm2 82.7 * 

30 days 

100.0-

87 .5** 

96.6 

** 
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This rate performed as well as the high application r a te a nd 

low dosage bait treatment in the earlier trials . The increas e between 

10 days a nd 30 days was not significant. 

· · · Differences in mean numbers of live porina between plots and 11.4;6 
sampling times 

An analysis of varidnce on total live porina in samplings between 

treatments, plots and samples (replicates) for the 4 maj or sites was 

carrie d u ut. Significa nt differe nces (p 0.05) occ urre d 

between sites (Tabl e 39 but did not occur Be tween sampling plots 

within these sites. There were also no significant (p 0.05) diff e rences 

between initial populations in each treatment, at each site . Overall 

mean porina numbe rs were 86 porina per m2
, r a n g ing between 107 and 74 

at different sites. 

TABLE 35: Initial mean porina populatiors (per 0.16 m2
) at the 

trial sites. 

Plot Number 

1 

2 

3 

4 

5 

6 

MSD (5%) -

Mean porina population (/0.16 cm 2 ) 

17.1 

11.9 

15.3 

13.4 

15.3 

12.9 

1.6 
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11 ~ 4 . 7 Cover readings 

Cover readings from five of the six sites were record ed by taking 

1 vO r eadings with a po int analyser, uniformly over the area of each 

site . (Table36 ). 

TABLE 36: Cover (%) recording from five treatment sites 

Class of cover Site number 

1 2 3 4 5 Mean 

Ryegrass 85.3 69.1 64.8 92.0 68.0 75.8 

White clover 38.9 11. 7 5.5 48.0 24.0 25 .6 

Fla tweeds 21. 1 34.0 53.8 6.0 28.0 28 .6 

Other weeds 29.5 18. 1 14.3 11.0 16.0 17.8 

Bare ground 5.0 6.0 9.0 0 0 4 .0 

ll u>'~. 8 Aspects of trial sites 

The general ~lrec tion each site was exposed t o a nd th e ir mean 

slope down each site l engthways is shown in tau l ~ 37. 

TABLE 37·: The direction exposed to and slope, of each trial site 

Site Number Direction facing Prevailing Slop e 

1 West 16 ° 

2 North West 21° 

3 North 60 

4 Nil (sheltered) 80 

5 West 50 

6 South East 15° 



Sub-site 2 

1.25m 

SuBB 

}
1.25m 

Su BE 
[]F.m 2 

! 0.4m 0.2 

CJ~. 4 

10 metre 

o.sm 0. 5m 

2 metres 

_ Figure 15: A diagram of the sampling design used in the large plot 

field experiments, for each treatment. Four samples; 

one from each subsite were taken over each time period. 

86. 
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CHAPTER TWELVE 

DISCUSSION AND CONCLUSIONS OF FIELD TRIALS 

12.l HAUORONGO SMALL PLOT EXPERIMENTS: 

Field application of chipped wheat baits treated with biocides 

lead to porina mortality. Bait treatments gave comparative but not 

as effective control of porina populations as the fenitrothion spr ay 

application. The effectiveness of the spray applications were pr obably 

enhanced by the small scale application technique used whic h gave mu c h 

better spray cover than conventional me thod s . Actellic a nd funil r othion 

were the mo s t promising in sec ticides for incorporation onto wheat bait s . 

Metaldehyde increased the mortality rate of fenitrothion bait trealment 

slighLl y ,indicating that slugs may have s tolen baits without a mollusc i c lde. 

The most efficient bait density was found by varying ba it 

density and keeping the dosage rate of fenitrothion on each chip 

constant at 0 . 66 Kg ai/d wt . The optimal density was approximate ly 

l chip/12 . 5 cm2
• These results are substantiated frnm the main tria~ 

since mortality was reduced between 1 chip/6.25 cm2 and 1 chip,125 cm2
• 

By varying fenitrothion dosage r a tes on baits and comparing 

their treatment mortalities , an optimal dosage rate was assessed 

(approximate ly 0.4% ai/ha). At high dosage rates , baits were not 

as effective, possibly because porina were repelled and a r educ tion 

in mortality resulted. 

Bait disappearance and percentage mortality were inversely 

related in the bait treatments. This is the result of mortality being 

directly related to the toxicity,to porina, of the insecticide used . 

The use of sawdust as a substitute for wheat was not successful , 

although the treatment did show a significant advantage over the 

controls . 

Baits infected with Metarrhizium alone and combined with 

the low rate of .fenitrothion were both only moderately successful in 

controlling porina . The continuation of these treatments at the next 

field site , was hoped to enlighten the possible reasons for these results. 
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12 .2 PERSlSTENCE OF BAITS AND SPRAY APPLICATIONS IN THE FIELD: 

Both fenitrothion and a:: Le llic treated baits were persistent 

for the length of life of the bait itself, and gave 100% mortality 

after 24 days, whereas fenitrothion spray had lost its toxicity after 

about 16 days . These results indicate that these chemicals persist 

on baits, with oil being a waterproofing and sticking agent (Martin 1980) . 

The loss of fenitrothion from foliage is in accord with the results 

of others . (Le~ck and Bowman 1969, Moody et . al. 1977). 

The increase in consumption of field exposed untr ea ted wheat 

bait, over unexposed wheat, may be due to its increased moisture level. 

l 2.3 WAIKANAE FIELD EXPERIMENTS: 

Applications of treated baits in these large plot field 

trial s , gave significant porina mortality. Fenitrothion and actellic 

treated baits gave comparable but slightly lower results to spraying 

fenitrothion , however the spray was applied at a high water rate and 

under ideal conditions. 

Between sampling after 10 days, and 30 days both bait treatments 

gave significant rises in control, at low bait densities. This is 

due to the availability of baits to each porina, since with extra time 

foraging porina have more chance to make contact with a wheat c hip . 

Metarrhizium infected baits with insecticide .and without, 

gave relatively high control after 30 days, with the former being more 

effective. 

Cover readings were not directly related to percent mortality 

at sites, but the difference in the composition of the cover was small. 

Flatweeds made up a prominent proportion of the foliage, due to the high 

infestation of porina present. 

The direction exposed of each trial site, and their downhill 

slope were mixed. Any relationships .between these and the treatment 

mortalities were not evident, and therefore pooling of result s was 

acceptable. 
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12.4 GENERAL DISCUSSION AND CONCLUSIONS OF FIELD TRIALS. 

In general the results obtained in field trials were similar, 

but some minor differences occurred. These were most evident in the 

level of control recorded in the lower bait rate of both fenitrothion 

and actellic. Initial mortalities at this rate, assessed af t e r 10 

days at Hauorongo were higher than those recorded at Waikanae. However 

after 30 days levels of control at both sites were similar. One 

reason for the slower knock-down, recorded at the former site, may 

be attributed to the lower night temperatures and rainfall experienced 

at Waikanae which would inhibit porina feeding. Trials at Hauorongo 

were covered with tents, which would shelter porina from both of the 

climatic variables. Comparable mortalities we re recorded after 30 

days, probably due to the fact that the extended time had al l owed mos t 

porina at Waikanae to make contact with treated baits. Anothe r reason 

may be that since populations at the later site were larger than a t 

Hauorongo, the number of baits closely available to individual po rina 

at Waikanae was markedly decreased by bait removal. This assumes 

that a small quantity of baits are remove d from the s urfac e b y p o rina 

before death. Within 30 days surviving foraging porina had mo r e c h ance 

to come into contact with baits, and therefore mortality increased . 

In the past one of the main objections to the continue d us e of 

bran baits treated with inorganic insecticides (e.g. paris-green) 

was their relative ineffectiveness when applied to high porina 

populations. (Kelsey~· al. 1950) This resulted from the removal 

of large numbers of baits from the surface of the pastures permitted 

by the slow knock-down of these chemicals. However this was not the 

case in these studies, where the removal of baits treated with 

organophosphate insecticides was relatively low, indicating that these 

give a more rapid knock-down of porina. 

The use of sawdust as a substitute for chipped wheat did 

not prove successful in the field trial at Hauorongo. This supports 

previous findings that inert carriers are not acceptable to foraging 

porina (Dumbleton & Dick 194~, Dumbleton~· al. 194S). From these 

studies it was obvious that although porina accepted all baits offered 

they had a slight preference for foods compared to inert materials 

(e.g. saw-dust and pith). Further research in this field may be 

instigated by economic considerations. 



Wide differences in the cost effectiveness of baiting 

materials are known to exist for field crickets (Smith 1966, Blank 1980). 

Work herein indicates food preferences of porina are evident but are 

not as marked as those recorded for crickets. Further studies are 

needed to screen, in the laboratory, cheaper sources of baits for porina 

control than wheat, and then evaluate these in the field. Th e optimal 

size and persistent qualities of any substitute material for porina 

baits, is important to its efficiency. Wheat (size No. 1) was sele cted 

as a size which was relatively small, thus it has a reduced cost to 

larger baits, but still retains porina acceptance, ballistic properties, 

and persistence, (page/~ ) and unless the new material has 

identical physical properties and acceptance, these criteria for bait 

size would warrant re-evaluation. 

The use of different biocides on baits for porina control 

also merits further investigation . Results using both an insecticide 

and mciluscicide (fenitrothion and metaldehyde) treated bait at 

Hauoronp,o, and a combined moluscicide-insecticide (methiocarb) treated 

bait at Waikanae, indicated that protection of baits from slug s 

increases the effectiveness of porina control obtained. Methiocarb 

is a known bird repellentand molluscicide, J and hence confers bird 

protection, as well as slug protection to baits applied for porina 

control. The use of this chemical against porina needs a fuller 

assessment than has been possible in these studies, to ascertain optimal 

dosages and cost. Since fenitrothion and actellic treated baits give 

high levels of control at about optimal baiting rates (page b~ ) the 

main reasons for evaluating other insecticides for bait treatme nt would 

be to increase the cost efficiency of bait formulations. As the 

cost of the insecticide is only a small fraction of the total 

formulation cost (Appendix SIX ) unless candidate biocides increase 

the spectrum of invertebrate pest control or protect baits from 

theft by non-target animals, advances in the cost-efficiency of porina 

control through this method are · ~~likely to be spectacular. However 

feeding studies to determine the acceptability of different insecticides 

applied at different dosages to baits merits further consideration, 

since these studies have shown that high insecticidal rates on baits 

can be repellent and therefore adversely affected porina control. 

The resistance of porina to some chemicals, e . g. synthetic pyrethroids 

(du Toit and Townsend 1978), also merits consideration when assessing 

new chemicals. 
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The u s e of ba its as a carrie r f o r the introdu c tio n of 

natura lly o ccurrin g diseases appears promising. Metarrhiziurn infes t e d 

b a it s i n hoth f i e ld trials gave significant pes t morta lity. High e r 

dea th rates were recorded at Waikanae when· cove r was much r e du ce d t o 

tha t a t Ha uo r o n go , whi c h would affec t the acce p ta nce of f unga l 

in fes t e d b a it s , a nd the ove rall da ily temp e r a tures we r e high e r 

affecting the development of the organism. Metarrhiziurn a pplied with 

rates of fenitr o thion b e l ow tha t which gave detectable leve l s of 

c ontrol, ( Fi gu re 12 ) had __ slight although non-significant (P z 0. 05 ) 

inc reases in control at Hauorongo and Waika nae over ju s t Me t a r r h iziurn. 

In vie w o f c l a ims from Red China (Hsiu~· a l. 1973)tha t l ow r a t es 

o f BHC has a synergistic effect on Beauvera bra ssiana in contro l of the 

European Corn-borer (Ostrinia nubilalis (Hubner) ) f urthe r examina tion 

of po rina c ontro l with Metarrhiziurn and sub-letha l do s e o f insect i c i des , 

is r e quired. The relationship between temperature and the l e vel of 

Metarrhizium control obtained is also in need of further study . The 

s e lec tio n o f mo r e coo l tolerant strains o f thi s f un gu s , in o rd e r to 

expa nd the range o f t e mperatures tha t this pa tho gen i s ef f e ctive aga inst 

porina , wa rra nt s c onside r a tion a s the r esult s f r o m Waikanae clearly 

demonstrate tha t it is a n effective metho d of contro l under suitabl e 

e nvironmental conditions. 

Laboratory studies have shown that Metarrhizium infec t ed 

bait s a re not as readily accepted by the pest as untreat e d bait s and 

herbage. This did not seem to adversely affect the levels of c ontro l 

obtaine d at Waikanae and f ungal infected baits were f ound in foo d cach es 

in porina burrows here. This may be due to the adva nced s t age of 

p es t dama ge on the trial sites, which increase the accepta nc e , r a t e o f 

Metarrhizium infested baits. 

The substantial proportion (43%) of apparently hea lthy l a rva e 

collected from fungal treated plots after 30 days raises the ques tio n as 

to what the true mortality resulting from this treatment under f i e l d 

conditions was. It is the author 1
3 opinion that porina kept unde r 

stress conditions in the laboratory, which favour development o f 

Metarrhizium, will be susceptible to the fun g us. It is imp l i e d that the 

field collections of live porina which died in the laborat or y a nd we r e 

found to be infected with the fungus, if left in the field may n o t h a v e 

been killed by this disease. Hence the mortality assessed in the f i e ld, 

at Hauorongo (44%) after 30 days, may reflect the true e ffe c t o f the 

fungus, more so than results corrected from .labora tory observa t ion.s 



on infection of live larvae after sampling. 

It is clear from these and other studies (Latch 1965) tha t 

under low temperatures the mortality caused by Metarrhizium ma y be 

too low and/or s low to minimize economic losses in pasture. Henc e 

the efficient use of this disease will have to take into account 
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important variables influencing its rate of application and e ff ec tive ness . 

12. 5 COST ANALYSIS FROM FIELD TRIALS: 

The cost effectiveness of traditional fenitrothion spray s 

in relation to a high and low bait density, at near optimal bait 

loading was assessed (Table 1) using results obtained in these 

studies, and cost estimates obtained from various sources (see Appendix SI~). 

TABLE 38 A comparison of spray and bait treatments . 

Treatment Rate 

Control 

Insecticide formulation -

Spray - 0.8 kg ai /ha 

Bait - 0.13 kg ai/ha 

1 chip/6. 25 cm2 

0.03 kg ai/ha 

1 chip/25 cm2 ) 

LSD (5%) 

* including application costs 

% Mort. 

14.3 

88 

81 

71 

* Cost 

$46.00 

$19 . 10 

$11. 30 



CHAPTER THIRTEEN 

GENERAL DISCUSSIONS AND CONCLUSION 

13.1 GENERAL DISCUSSIONS : 

The intended use of ch ipped wheat baits for porina cont r ol 

is direc ted towards the extensively farmed pastoral hill country 
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of the lower North Island (page 1). Its relevance t o othe r areas 

of New Zealand, where manag~u~n t procedures are gene r al l y viable 

alternatives to insecticide us3g~ (mob s t ocking to reduce pasture 

cover essential to the s urvival of s urface dwelling porina l arvae 

generally present in the summer , the sowing of annula ryegrasses , using 

infes ted pasture as run-off , direct drilling of damaged areas . and 

additional fertilizer applications (French 1973 a , b.). is questionable . 

All the management procedures for control of this pest are severely 

limited in hill country areas because of topography (Wilson 1974) . 

The use of spray appl i cations for porina control in this hill-country 

is generally impractical. This is due to problems s uch as the 

topography limiting access and adverse weather conditions, such as 

character i s tic high rainfall and wind run, jeopardis ing the correc t 

timing, even spread and persistence of appl i cations . Overlapping 

generations of porina found in the southe rn North Isla nd hill country 

also complicates the situation. These factors , together with the low 

va lue of hill country pasture compared with the high cos t of spray 

applications of insectic ide, make porina control here a high cos t /r i sk 

operation. 

The lower cost, increased persistence and superior sp r ead ing 

qualities pr ovided by bait formulations, as elucidated in the foregoing 

studies, come some way t o answering the inherent problems of porina 

control in this country with traditional spray applications of ins e c ticides . 

Additional advantages of baits are that they, have no stock withholding 

periods and hence do not necessitate the removal of stock from areas 

treated, a costly operation in itself, are environmentally more 

acceptable since less insecticide is used, and in certain cases present 

the opportunity to control other import pasture pests such as s lugs . 

The minimal danger to bird life presented by baits, may be further 

reduced by the choice of an insecticide which has bird r epellant 

properties e . g . methiocarb. 
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13.2 CONCLUSION: 

Results obtained in these studies have permitted the 

optimal bait density , size and insecticide rate for porina control 

to be estimated, and field trials have shown that efficient control 

of porina can be obtained at approximately one quarter of the cost of 

spray applications. This reduction in cost is accompanied by a 

reduced risk involved in the efficacy of a bait over a spray application 

due to the baits super ior spreading qualities and increased persistence, 

making porina control both economically and practically feasible. 
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APPENDIX ONE 

TABLE: Faecal pellet numbers and weight eaten, of porina fed 

with chipped wheat (No.2) at varying temperatures . 

Temperature Feeding period Faecal number 
(oC) (days) (± SE) 

5 2 10.3 ± 2. 1 

5 4 16.4 ± 4.7 

5 6 23.4 ± 3 . 8 

10 2 19.4 ± 3.8 

10 4 24 .1 ± 4. 1 

10 6 36 .1 ± 13.0 

15 2 18.5 ± 2 .4 

15 4 42 . 7 ± 9.4 

15 6 47 . 5 ± 11.8 

20 2 30.4 ± 6 .1 

20 4 57.7 ± 10.5 

20 6 43 . 8 ± 6 . 4 
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Weight 
(mg) 

13.3 

20.5 

41.0 

26.3 

36.7 

42.0 

31.4 

46.6 

40.8 

32 . 9 

53 .1 

4 1.0 



APPENDIX TWO 

EXAMPLES OF FEEDING PATTERNS IN LUNCH-BOX STUDIES 

TABLE * Number of caches taken in clover and untreat ed 

wheat individual feeding arenas 1 with each r eplica te . 

(2 days) 

Box Number Replicate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 2 3 4 5 6 7 8 

0 0/1 0 2/1 2/1 2/1 0 1/1 

0 0 1/ 1 0 0 0 0/1 2/1 

0 0/3 0/1 1/2 1/1 1/1 0 1/2 

0/2 0 1I1 1/1 3/1 0 0 2 /3 

0 0 3/2 3/2 3/3 1/2 0 0/1 

0 0 0 0 1/1 2/2 0 0 

0 0/1 0/3 0/3 0 0 1/1 3/3 

0 0 1/0 0 0 0 2/1 1/2 

0/1 0/1 0 0/2 1/1 0 0 0 

1/0 1/0 2/0 2/0 0 3/1 0 0 

* The first figure is the number of clover caches removed 

and the second is the wheat caches removed. 
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9 10 

3/3 3/3 

3/3 1/3 

0 0 

0 0 

2/3 1/2 

2/2 1/1 

2/3 3/3 

3/3 3/3 

2/2 1/0 

1/ 1 0 
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TABLE Number of food caches taken* in ryegrass and untreated 

wheat individual feeding arenas with each replicate (2 days) 

Box Number Replicate 

1 2 3 4 5 6 7 8 

1 1/0 0 3/3 3/3 2/2 0 0 0 

2 3/3 3/2 1/0 2/3 0 3/2 3/3 0 

3 0 2/2 3/3 3/3 0 1/0 2/3 0 

4 2/3 2/2 3/2 0 0 1/2 0/1 0 

5 0 2/1 2/0 1/0 3/3 2/3 0/2 1/3 

6 0 3/3 2/1 0 3/3 2/2 0 2/2 

7 3/3 3/3 1/0 1/3 3/3 3/3 2/2 0 

8 1/1 1/2 2/2 3/3 0 0 0 2/2 

9 0/1 0/1 0 0 0/1 1/3 0 1/3 

10 2/1 0 0 0 2/2 0 0 1/0 

11 3/3 3/3 0 1/3 2/3 3/3 0/1 1/0 

12 0 3/3 0 2/2 3/3 1/2 0 0 

13 3/3 0 0 3/3 3/3 3/3 0 0 

14 3/3 1/3 3/2 3/3 3/3 0/1 3/3 3/3 

15 1/0 3/3 3/1 1/0 2/2 2/2 2/2 0 

* The first figure is the number of ryegrass caches removed 

and the second is the wheat caches removed . 

9 10 

1/1 0 

0 2/0 

0 2/3 

0 1/1 

3/2 3/3 

1/0 1/1 

3/2 3/3 

1/0 1/1 

3/3 0 

3/3 1/3 

0 3/3 

3/2 0 

0 1/3 

0 0 

3/3 2/0 



APPENDIX THREE 

CHI-SQUARED (X2 ) TESTS FOR LUNCH-BOX FEEDING STUDIES 

White Clover and whea t (untrea ted) Hypo rh As i s the re i s no 

diffe rence in preference between white clover and untreated whea t. 

Wheat Caches Cl over Caches 
Replicates 130 Removed Removed 

w c Total 

0 106 125 231 

E 115.5 115.5 231 

221. 5 240.5 462 

x2 
(O-E) 2 

0 . 8 + 0.81 E 
1.6 with df=l 

Not s ignificantly different to the 5% l evel p t;: -~ 0.2 

Perennial Ryegrass and Wheat (untreated) 

Hypothesis there is no difference in preference between 
perennial ryegrass and untreated wheat. 

White Caches Ryegrass caches 
Total reps 206 Removed Removed 

0 278 305 583 

E 291.5 291 . 5 583 

569.5 596 . 6 1166 

x2 (0-E) 2 

0.6 + 0.6 E 
1. 2 with df = 1 

Not significantly different p ',-.: 0.2 
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Clover and Metarrhizium infected wheat: 

Hypothes is: That there i s no difference between pre feren ce 
to fungal wheat and untreated c l over. 

Total reps. 29 

x2 

0 

E 

Meta. 

27 

36 

63 
(0-E) 2 

E 2.25 

4 . 50 

Significantly different to 5% level . 

Clover 

45 

36 

81 

+ 2 . 25 

with df 

p ~· 0.04 

Untreated Wheat and Metarrhizium infected Wheat: 

Total 

72 

72 

144 

1 

105 

Hypothesis: That there is no difference in prefe r e nce 
between untreated and fungicidally treated wheat. 

Total reps . 

x2 

32 

0 

E 

(O-E) 2 

E 

Untreated Fungus 

30 

16 

46 

12 . 3 + 12.3 

2 

16 

18 

24 . 6 with df = 1 

p > O ·C>OI 

Fenitrothion Treated Wheat and Untreated Wheat: 

Total 

32 

32 

64 

* Hypothesis: That untreated wheat is not preferred to 
fenitrothion treated wheat. 

* A bias will occur in favour of untreated wheat s ince porina 
will die when a treated wheat is consumed . This may affect 
the result . 

Total reps 40 Treated Untreated 

0 40 

E 44 

84 
·x2 = 

(0-E) 2 

E 0 . 35 

0 , 72 

Not significantly different 

48 

44 

92 

+ 0.35 

with df 1 

p ~ 0.3 

Tota l 

88 

88 

176 
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APPENDIX FOUR 

TABLE Cover (%) readings from treatment plots at Hauorongo. 

Type of cover 

* Treatment Rye gr ass Clover Weeds Bare ground 

Fenitrothion spray 93.2 18.0 8 . 8 7.5 

Fenitrothion bait (1) 98 34.6 8.8 5 . 8 

Fenitrothion bait (II) 93.4 28.4 5.4 9 . 0 

Fenitrothion + 
Metaldehyde bait (I) 65.7 6.7 6.3 16. 7 

Fenitrothion + 
Metaldehyde bait (II) 98.0 8.0 6 . 0 10.3 

Ac tellic bait (I) 98 . 2 7.3 6 . 3 16.0 

Actellic bait (II) 84.8 23.8 2 . 2 10.2 

Vydate bait (I) 97 .0 15.3 9.5 8.8 

Vydate bait (II) 86.7 26 . 0 6.0 13. 3 

Lindane bait (I) 97.3 26 . 8 10.3 1. 3 

Lindane bait (II) 92.7 48 . 7 12 . 7 8.3 

Controls Nil 99.1 23.3 2.3 19. l 

(I) 100 27 .0 5.3 10 . 0 

Sawdust (I) 79.8 23 . 2 4.4 9 . 2 

Metarrhizium 95.3 21.4 6.4 9.2 

* (I) 1 chip/6.25 cm2 

(II) 1 chip/25cm2 
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APPENDIX FIVE 

WEATHER RECORDINGS FOR PERSISTENCE STUDIES 

DSIR, Palmerston North data was obtained daily from the 

'Evening Standard' newspaper. 

TABLE Weather recordings for each day of the experimental 

exposure periods 

Period Rainfall Sun R.H. Temp. ( °C) Mini. Temp. ( °C) Frost 
(Day) (mm) (hrs) (%) Min. ·Max. Grass lOcm 

1 0 7.4 59 7.9 12.7 -4.9 9.3 0 

2 1. 2 4.0 82 0.3 12.6 -3.5 6.0 0 

3 2. 1 7.4 59 7.9 12.7 -4.9 9.3 0 

4 1.2 4.8 80 10.4 14.5 -7.7 9.9 0 

5 0 0.4 76 7.0 14.5 -2.5 9.5 0 

6 0 1.0 80 8.6 13.0 -8.0 10.2 

7 5.2 4.0 

8 1.6 6.6 87 9.3 14.0 5.9 9.9 0 

9 8.4 0 86 9.9 14.6 9. 1 10.9 0 

10 1.1 4.4 94 9.5 14.0 6.6 9.9 0 

11 2.0 2.0 59 1. 5 13.9 -1.0 7.5 1.0 

12 0.2 10.3 80 7.4 11. 9 3.2 9.7 0 

13 0 1. 7 59 4.6 14.3 0.9 8.0 0 

14 0 5.7 

15 2.9 0.4 86 7.9 13 .1 -7.4 9.3 0 

16 3.4 0 

17 

18 0.1 5.8 83 7.1 13. 1 6.0 9.6 0 

19 1.8 3.1 87 8.5 13.5 7.2 10.('} 0 

20 20.0 0.2 89 10.1 12.7 8.5 11. 0 0 

21 23.0 0 72 10.8 13.2 9.6 12.0 0 

22 0.7 10.0 18 9.5 14.6 6.9 11.0 0 

23 1.2 5.0 86 9.3 13.9 -7.1 10.5 0 

24 4.7 5.3 73 8.6 14.8 6.6 10. 1 0 



108 

APPENDIX SIX 

BREAKDOWN OF COSTS IN APPLICATION OF SPRAY AND BAIT FOR PORINA CONTROL 

TABLE Individual costs involved in bait and spray applications 
(page qi_ ) . 

Spray 

Baits 

Subject 

* Fenitrothion (E.C. 60% ai) 

Unmilled Wheat** 

Insecticide 
(0.9% ai/ha) 

** Aereal application 

Insecticide * 
(0.4% ai/d.wt) 

- Aereal seeding 
(Helicopter) 

- Wheat 

** 

Cracking and oil 

Cost 

$10. 50/litre 

$150.00/tonne 

$15.75/ha 

$31.25/ha 

$2.28 ( 1 f'.,"" 

$0.53 (11) 

$11. 25/ha (1) 

$9.38/ha (11) 

$4.56/ha (1) 

$1.14/ha (11) 

$1.00/ha (1) 

$0.25/ha (11) 

* from Hodder & Tolley Ltd, Palmerston North (June, 1981). 

** from 'Farm Costs & Prices',MAF, Technical paper 1/81 (1981) 
144 pp. 

***(1)1 chip/6.25 cm2 

(Il)l chip/ 25 cm 2 




