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surrounding population, as immigration would seriously bias

the results.

Trap density also effects the probability of an
individual being caught, and to cover all points in a given
area, the trapping patterns of individual traps must overlap
(Wolf, Kishaba and Toba, 1971). The density of traps
employed in this study was chosen arbitrarily, but influenced

to some extent by:

(a) Observations of Osborne and Harrison (pers. comm.,)
that beetles may be directly attracted for distances

up to 12 m.

(b) Traps on a 10 m grid spacing in the previous year's
experiment resulted in some small reduction of larva

numbers.

The density of traps used in these experiments, what-
ever their performance, is obviously beyond the realm of
practical feasibility. Also, considering the random weaving
flights of male beetles a greater number of traps would
probably be required to reduce the probability of locating a
female, a factor which would be complicated by higher

population densities.

Intrinsic PFactors

(i) Influence of Weather -~ The conditions under which
grass grub beetles fly are well documented. Lesser numbers

of beetles fly under windy conditions and practically no
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beetlés fly when it is raining. Two peaks of flight activity
were recorded during the trapping period on November 27 and
December 3 at Site II and November 28 and December 3 at Site
I. Both peaks coincide with declining barometric pressures
associated with approaching cold fronts and wind changes

from NW to S or SW, factors similarly linked to the flights
of Argentine stem weevil (Pottinger, 1961) and porina moth

(Prench, 1973) in Canterbury.

(ii) Effect of Exposure - Exposure to weather,
especially wind, reduces flight activity and a fact possibly
reflected in the much lower catches at Site I, despite
higher initial populations of third instars and presumably
emergent adults. However, it may also be as a result of the
lower total population present in the particular field
(compare areas in Figs. 3.1 and 3.2). The effect of exposure
was however, explicitly demonstrated when 10% more beetles
were caught on the more sheltered of the two high population

plots at Site II.

ASSESSMENT OF THE EFFECTS OF TRAPPING

Adults Sampled During the Flight Season

The sampling of adult populations throughout the
trapping period as descriged in the Method section was an
attempt to determine the effect of trapping on the numbers
of beetles and their sex ratios on the base populations of

each plot. Subsequent sexing of these beetles revealed
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lesser numbers of males compared with females occurred in
both control and treatment plots, a result synonymous on
both high and low population areas. At both population
densities the numbers of males per m? on treatment plots
exceeded those found on control plots whereas the number

of females presented a mixed result. Higher numbers were
found on treatment plots in high population areas, but the
opposite occurred on low population areas. Overall, numbers
of males and females on control and treatment plots did not

greatly differ from 1:2 at either population level,

A possible explanation of this result is as follows.
Assuming an overall 1:1 ratio of males to females were
initially present, East (1972) found this ratio repeatedly
in several Canterbury populations, then the resultant 1:2
ratio indicates that approximately half of the male popul-
ation has been removed from areas close to the vicinity of
the traps. The fact that control plots exhibit similar
ratios might also suggest this effect has extended up to
20 to 30 m from the treatment plots. The lack of any large
differences between high and low population areas also
reflects the mobility of grass grub beetles. Despite the
large initial differences in larval populations, males, and
presumably females once they have laid their first batch of
eggs, are free to fly at random over the pasture and become

more evenly distributed.

Plausible explanation of the pattern of events with
respect to females is difficult to reconcile without know-

ledge of their mated status becauge females are generally
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considered to fly only after they have laid most of their
eggs. As sampling for tenereal adults was confined to the
trapping period the development and emergence of female
beetles may have only been‘in its initial phases.

Variation in the periods of development and emergence can
occur between paddocks of the same locality (East, 1972) and
different soil typés (Kain, 1968) and could account for the

apparent lack of pattern.

Post-treatment Egg=First Instar Counts

The variability exhibited by egg-first instar counts
makes concise conclusion as to the immediate effects of
trapping difficult. However, the one trend evident is the
number of occasions egg-first instar counts from treatment
plots exceed those from control plots. Although the
difference was significant at Site II, the trend was not

repeated at Site I.

Three possible explanations could account for the

obsexved result:

(a) With the influx of males into the treatment plots, the
probability of a female being mated must be increased
and assuming males are immigrating from areas
immediately outside, the prebability of a female being

mated in these areas may be reduced.
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(b) Females may be immigrating into treatment plots. The
occurrence of up to a dozen or more mating couples in
close vicinity to the traps were often observed in
the latter half of the trapping period. Although no
counts were made, they appeared to be more numerous

than elsewhere in the plots.

(c) The sampling plan does not give an adequate estimate

of the population present.

However, when initial populations of third instars
are comparable on contrel and treatment plots, (plots A and
C at Site I; plot F at Site II) differences in excess of
two times the numbers of eggs-first instars recorded on
treatment plots suggest there may have been some effect

attributable to factors (a) and/or (b).

Post~treatment Third Instar Counts

The third instars are undoubtedly the most suitable
stage for assessing grass grub populations, because their
initial highly clumped distribution becomes more random as
the larvae mature. The aim of carrying out a post-treatment
count of third instars was to substantiate the trends
indicated by the less reliable egg data. However, sampling
at this late stage, with respect to the treatment, leaves
the population subject to the modifying effects of other
density dependent and indpendent mortality factors which

may mask the result.
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A significant difference between treatments was only
recorded at Site I with this post-treatment count, a differ-
ence not apparent when the eggs-first instars were sampled.
At Site II, the occurrence of winter snow and damage caused
by sheep treading are suspected to have influenced the
result. The effect of sheep treading in slushy snow would
reduce the higher densities of third instars to lower levels,
more so than among lower population areas, because of the
higher probability of a larva being trodden on and being
damaged. Therefore, at Site II, the occurrence of a signif-
icant difference between treatments may have been masked.

A converse argument may however be as equally valid, in that
. the egg-first instar counts were not representative of the
populations present on each plot as some post-treatment third

instar counts exceed these counts.

From this discussion it is evident that sampling at
this stage did not adequately substantiate the trends exhib-
ited by the egg-first instar data and indicated the numbers
of third instars present had risen oniy slightly overall

from the previous year.

A SUMMARY OF THE EFFECTS OF TRAPPING

The first section of the discussion reasons that control
of the adult stage of the life cycle may be possible,
although methods tried in the past have proven to be unsatis-

factory. The use of an attractant probably has some advantage
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over these other techniques in that the population may be
aggregated for the purposes of destroying them. From these
experiments it has become clear by using traps and attractant
as described the main objective was not fulfilled, i.e.
sufficient males were not removed from the population to
reduce the frequency of mating and result in a decline in
numbers of the subsequent generatién. Although large numbers
of male beetles were attracted, approximately two-thirds of
those escaped capture each night. Whether they would be
attfacted again later in the flight season cén only be
speculation at present. However, despite low trap efficiency,
the effect of large numbers of beetles immigrating onto
treatment plots must have also influenced the outcome. This
conclusion is supported by evidence from the egg-first

instar data where, in the majority of cases, treatment plot
counts exceeded those of control plets. The fact that
sufficient males were not removed from the population is also
probable as there were no large differences between the
numbers of adult males present on control and treatment plots
as determined by regular sampling throughout the trapping

period.

A RETROSPECTIVE ASSESSMENT OF SEX ATTRACTANT TRAPPING FOR
GRASS GRUB CONTROL

The results of these experiments show sex attractant
trapping for grass grub control cannot be achieved on small

plots by the methods described. However, it does not
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conclude the concept of this technique is unsound when the
consequences of low trap efficiency and immigration of
beetles into plots are considered in perspective. Thus, a
small scale assessment of this nature may not have indicated

the true worth of this method of control for grass grub.

An important aspect overlooked in this study, and
others related to the assessment of this sex attractant for

control, is contained in the statement by Knipling (1972):

"A uniform suppressive pressure applied against
a total population of the pest over a peried of
generations will achieve a greater degree of
suppression than a higher level of control on

part of the population.®

The importance of total population suppression is explicitly
demonstrated by the large scale mass trapping programmes
reported for the red banded leaf roller and boll weevil, a
condition also simulated by Read (1975) with grass grub in

large field cages.

It is also clear any further consideration of this
technique should be directed at more discriminatory assess-
ments of the factors involved. For example, the efficacy of
the attractant must be divorced from the efficiency of the
traps or any other control agent employed. In these exper-
iments the attractant acted as a population aggregator, but
it was the traps which failed to eliminate all the beetles
attracted., It therefore becomes apparent a more intimate
knowledge of the factors operating under such conditions need

to be known.
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A mathematical model predicting the outcome of a set
of hypothetical parameters has shown sex attractant trap-
ping for grass grub control is theoretically possible
(Henzell, 1973). The per cent control achieved by such
computations largely depends on how competitive the synthetic
attractant source is to the virgin females in the field.

This model, based on those of Knipling and McGuire (1966)
show sex attractant trapping is more successful on lower than
higher populations. For example, Henzell (1973) calculates
that 90% control could be expected if 178 traps per hectare
which were each 400 times more attractive than a virgin
female and used on a population containing 12,000 females

per hectare (or 2/m?). But by using the same number of traps
on a population of 200 females per m? would result in only
10% control. Therefore with a higher population density, a
greater incidence of traps or a higher competition ratio

would be required to achieve a similar degree of control.

In the case of grass grub, it would probably be more
expedient to increase the number of point sources of attract~
ant so a male, on emergence, will have a greater probability
of detecting the source of the synthetic attractant than a
‘newly emergent, virgin female. Obviously the traps used in
these experiments have no place in this concept of control
and therefore, the development of an entirely new approach
would be required if this attractant is to be employed to

advantage for suppression of grass grub.
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SUMMARY

I. The aim of this study was to determine if sufficient

numbers of males could be removed from a population
of grass grub beetles using the synthetic sex attractant,
Durez 12687, and traps to reduce the frequency of mating
and result in a decline in numbers of the subsequent

generation.

II. The experiments were carried out on two sites in the
Staveley and Alford Forest districts of the

Asbhurton County, Canterbury, during 1972 and 1973.

ITI. Control and treatment plots, 30 x 25 m (0.076 ha) in
size, were replicated twice each on areas of high and

low population densities at both sites.

1v. The effects of trapping were assessed by pre-sampling
third instars, post-sampling the eggs-first instars

and third instars the féllowing year. Additionally,

tenereal adults were sampled on five occasions during the

flight season.

V. Trapping was carried out over a period of three weeks
from November 20 to December 10 using simple water traps,

20 per plot in a 5 x 4 grid arrangement, each 5 m apart.
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Vi, Catches in the traps baited with the attractant
varied little between high and low population areas,
although greater numbers were caught at the more sheltered

of the two sites.

VII. The efficiency of the traps was determined by assess-
ing the number of beetles landing in zones around

the traps, the result indicating approximately two-thirds of

the beetles being attracted were escaping on average each

night.

VIII. Sampling the adults at intervals throughout the flight
season revealed male beetle populations to be
comparable on control and treatment plots with very little
difference between numbers on high and low popuiation areas.
Overall there were approximately twice as many females

present.

IX. Estimates of egg-first instar populations showed their
numbers in treatment plots to exceed those in. control
plots, although the difference attained significance at only

one site.

X. Estimates of third instar populations did not

adequately substantiate the above trends.
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XI. The conclusion apparent from these experiments is
that trapping in this manner did not satisfy the

aim because:

(a) Immigration of beetles into treatment
plots negated the effect of removing
males from the plots.

(b) The efficiency of the traps was so low
a significant proportion of those

attracted, escaped.



- 75 =

ACKNOWLEDGEMENTS

I wish to thank Professor R.A. Harrison and, during
his absence overseas, Dr G.0O. Osborne for their supervision
and guidance throughout this project. Thanks are also
extended to Dr D,N. Ferro for his helpful criticism of the

final draft.

I express my gratitude to Messrs R. Clark, D. Rountree
and T. Withers for allowing me to use their properties and to
Mr and Mrs D. Rountree for their generous hospitality during

the 1973 trapping period.

Thanks are due to Mr,J° Boyd and other members of the
Entomology Department staff who have assisted with sampling.
I also wish to thank Mr A.D. Lowe, Section Leader, Entomology
Division, D.S.I.R., Lincoln, for providing staff to assist

with sampling.

The co-operation of Mr B.G. Love for advice with
statistical analyses, and of Mr B. Goundrill for processing

photographs is gratefully acknowledged.

Finally, I wish to thank Mrs L.P. Herbert for her

capable typing of the manuscript.



- 76 =

REFERENCES

BARTLETT, M.S. (1947). The use of transformations.
Biometrics 3(1): 39-52.

BEROZA, M., C.S. HOOD, D. TREFREY, D.E. LEONARD,
E.F. KNIPLING, W. KLASSEN and L.J. STEVENS
(1974) . Large field trial with micro-
encapsulated sex pheromone to prevent mating
of gypsy moth. J. econ. Ent. 67: 659-664.

BOYD, J.F. (1975). Attractants for the New Zealand grass
grub, Costelytra zealandica (White).
M.Agr.Sc. thesis, Lincoln College, New Zealand.

BOYD, F.J. Jr., J.R. BRAZZEL, W.F. HELMS, R.J. MORITZ
and R.R. EDWARDS (1973). Spring destruction of
overwintering boll weevils in West Texas with
wing traps. J. econ Ent. 66: 507-=510.

DUMBLETON, L.J. (1942). The grass grub (0Odontria zealandica
(White)): A review of the problem in New
Zealand. N.Z. JL Sci. Technol. 23A: 305-321.

EAST, R. (1972). Starling (Sturnus vulgaris L.) predation
on grass grub (Costelytra zealandica (White),
Melolonthinae) populations in Canterbury.

Ph.D. thesis, Lincoln College, New Zealand.

FARRELL, J.A.K. and J.A. WIGHTMAN (1972). Observations on
flight and feeding activity of adult Costelytra
zealandica (White) (Col. Scarabaeidae) in
Nelson province. N.Z., Jl agric. Res. 15:
893-903,

FENEMORE, P.G. (1965). Results of a field trial for the
chemical control of grass grub (Costelytra
zealandica (White), Melolonthinae, Scarabaeidae)
including information on its capacity for
re-infestation. N.Z. Jl agric. Res. 8: 172-187,

FENEMORE, P.G. (1966). Effects of grass grub infestations
on pasture. Proc. N.Z. ecol. Soec. 13: 75-78.



- 77 -

FENEMORE, P.G. {(1971). The internal condition of adult
Costelytra zealandica (White) of known age and
mated state. WN.Z. JI Set. 14: 77-88,

FENEMORE, P.G. and D.C.¥. PERROTT (1970). Possible control
of the Melolonthid Costelytra zealandica (White)
using transient insecticides against the adult.
N.Z. Jl agric. Res, 13: 69-86.

FENEMORE, P.G., P.E.C. READ and M.J. ES8SON (1972). Studies
on the phenolic resin Durez 12687 as an
attractant for adults of Cestelytra zealandica
(White). WV.Z. JL agrie. Res. 15: 376~387.

FRENCH, R.A. (1973). Some aspects of the biology, population
dynamics and economic status of Wiseana cervinata
(Walker) (Hepialidae: Lepidoptera). Ph.D. thesis,
Lincoln College, New Zealand.

GASTON, L.K., H.H. SHOREY and C.A. SAARIO (1967). 1Insect
population control by the use of sex pheromones
to inhibit orientation between the sexes. ’
Natuvre, Lond. 213: 1155,

HARDEE, D.D,, W.H. CROSS, P.M. HUDDLESTON and T.B. DAVICH
(1970) . Survey and control of the boll weevil
in West Texas with traps baited with males.

J. econ. Ent. 63: 1041-1048,

HARDEE, D.D., O.H. LINDIG and T.B. DAVICH (1971).
Suppression of populations of boll weevils over
a large area in West Texas with pheromone traps
in 1969. J. econ. Ent. 64: 928-33.

HARTSTACK, A.W. Jr., J.P, HOLLINGSWORTH, R.L. RIDGWAY and
H.H., HUNT (1971). Determination of trap
spacings required to control an insect
population. J. econ Ent. 64: 1090-1100.

HELSON, G.A.H. (1967). Adult periodicity of Costelytra
gealandica {(Wh.) (Fam. Scarabaeidae) in New
Zealand, as indicated by the use of survey type
light traps. Trans. R. Soc¢. N.Z., Zool. 10:
45-49,

HENZELL, R.F. (1970). Phenol, an attractant for male grass
grub beetles (Costelytra zealandica (White))
(Scarabaeidae: Coleoptera). ¥V.Z. JI agric. Res.
13s 294-296.



- 78 -

HENZELL, R.F. (1973). Sex pheromone studies on grass grub
(Costelytra zealandica (White)) and the common
armyworm, Pseudoletia separata. Ph.D. thesis,
Univ. Waikato, New Zealand.

HENZELL, R.F. and W.M. KAIN (1972). Field trials with
phencl for grass grub control. Proc.. 25th
N.Z. Weed and Pest Control Conf. pp 263~267.

HENZELL, R.F., M.D. LOWE, H.J. TAYLOR and E. BOSTON (1969).
Laboratory demonstration of a chemical sex
attractant in Costelytra zealandica (White)
(Scarabaeidae: Coleoptera). N.Z. JL Sei.

12: 252-=257.

HOYT, C.P., G.O. OSBORNE and A.P. MULCOCK (1971}.
Production of an insect sex attractant by
symbiotic bacteria. W~Nature, Lond. 230:
472-473.,

JACOBSON, M. (1965). 1Insect Sex Attractants. Interscience,
N.Y. 154 pp. .

JACOBSON, M. (1972). Insect Sex Pheromones. Academic
Press, N.¥Y. 382 pp.

KAIN, W.M. (1968). Observations on Costelytra zealandica
White within the Central North Island region.
Unpubl. paper presented at 40th ANZAAS Conf.
ChCh. in Pottinger (1968).

KARLSON, P. and M. LUSHER (1959). "Pheromones": A new
term for a class of biologically active
substances. Nature 183: 55.

KELSEY, J.M. (1951). Grass grub and grass caterpillar
control. N.Z. JI Agrie. 83: 113-122,

KELSEY, J.Ma (1957) . Oviposition preference by Costelytra
zealandica (White). N.Z. JL Sei. Technol.
384: 633-637.

KELSEY, J.M. (1965). Note on morphological differences
between sexes of adult Costelytra zealandica
(White). N.Z. JL Sei. 8: 173,

KELSEY, J.M. (1966). C(Costelytra zealandica (White) Sex
attraction. W¥.Z. Ent. 3(5): 57-59,

KELSEY, J.M. (1967). Sampling pasture insects. N.Z. Ent.
4(1): 12-19.



- 79 -

KELSEY, J.M. (1968a). Oviposition preference by (Costelytra
zealandica (White) II. N.Z. JL agric. Res.
11: 206-210.

KELSEY, J.M. (1968b). Flight and ground collection records
of Costelytra zealandica (White) at a site in
Canterbury, New Zealand. N.Z. JL Sect.

11: 664-685,

KNIPLING, E.F. (1972). Entomology and the management of
man's environment. J. Aust. ent. Soc.
11(3): 153-167.

KNIPLING, E.F. and J.V. McCGUIRE (1966). Population models
to test theoretical effects of sex attractants
used for insect control. U.S.D.A. Agr. Inform.
Bull 308: 20 pp.

MILLER, D. (1921). Life history of the New Zealand grass
grub. N.Z. JIl Agrie. 23: 199-203.

MILLER, D. (1945). The grass grub problem. N.Z. JZ;Agric;
70: 51=55. ‘

MORRIS, R.F. (1955). The development of sampling techniques
for forest insect defoliators, with particular
reference to spruce budworm. Can. J. Zool.

33: 225-294,.

OSBORNE, G.0. and J.F. BOYD (1975). Studies on the insect
‘ attractant resin Durez 12687: Presence of an
odour synergist. Ann. ent. Soc. Am.
68: 286-288.

OSBORNE, G.0. and C.P. HOYT (1968). Preliminary note on a
chemical attractant for the grass grub beetle
(Costelytra zealandica (White)) from flowers of
the elder (Sambucus nigra L.). N.Z. JL Seti.
11: 137-139,

OSBORNE, G.0. and C.P. HOYT (1969). A chemical attractant
for males of the grass grub beetle Costelytra
zealandica (White) (Col., Scarabaeidae).

Bull, ent. Res. &9: 81-83.

OSBORNE, G.0. and C.P. HOYT (1970). Phenolic resins as
chemical attractants for males of the grass
grub beetle Costelytra zealandica (Coleoptera:
Scarabaeidae). Ann. ent. Soc. Am. 63:
1145-1147.



- 80

PERROTT, D.C.F. (1964). The susceptibility of adult grass

grub to insecticides. Proc. 17th N.Z. Weed and
Paest Control Conf. pp 130~-134.

POTTINGER, R.P, (1961l). A study on the biology and economic

importance of the Argentine stem weevil,
Hyperodes bonariensis Kuschel in New Zealand.
M.Agr.Sc. thesis, Lincoln College, New Zealand.

POTTINGER, R.P. (1968). Comments on the ecology of grass

grub and porina caterpillar. Proe. N.Z.
Grasslands Assoe. 30: 102-12,

RADCLIFFE, J.BE. and W.M. KAIN (1971). Further work on the

importance of ground cover in oviposition of
Costelytra zealandica (White). N.Z., JL agric.
Res. 14: 923-926.

RADCLIFFE, J.E. and E.O. PAYNE (1969). Feeding preference

and oviposition sites of adult grass grub
beetles (Costelytra zealandica (White)) on
pasture plants. N.Z. Jl agric. Res.

12: 771-776.

READ, P.E.C. (1975). Field testing of Durez, an attractant

ROELOFS,

SHOREY,

SHOREY,

SHOREY,

SHOREY,

for grass grub adults. Unpubl. paper presented
at Entomological Society of New Zealand (Inc.)
Annual Conference, 20~22 May.

W.L., E.H. GLASS, J. TETTE and A. COMEAU (1970).
Sex pheromone trapping for red-banded leaf
roller control: Theoretical and actual. J. econ
Ent. 63: 1162-1167.

H.H. (1973). Behavioural responses to insect
pheromones. Ann. Rev. Ent. 18: 349-438.

H.H., L.K. GASTON and R.N. JEFFERSON (1968).
Insect Sex Pheromones. Adv., Pest Control Res.
8: 57126,

H.H., R.S. KAAE, L.K. GASTON and J.R. McLAUGHLIN
(1972) . Sex pheromones of Lepidoptera: XXX,
Disruption of sex pheromone communication in
Trichoplusia ni as a possible means of mating
control. Environ. Ent. 1: 641-645,

H.H., R.S. KAAE and L.K. GASTON (1974). Sex
pheromones of Lepidoptera. Development of a
method of pheromonal control of Pectinophora
gossypiella in cotton. J. econ. Ent. 67:
347-350.



- 8] -

SNEDECORE, G.W. and W.G. COCHRAN (1967). Statistical
methods. 6th ed. Iowa State Univ. Press, Iowa.
593 pp.

SOKAL, R.R. and F.J. ROHLF (1969). Biometry. Freeman,
San Francisco. 776 pp. 4

TASCHENBERG, E.F., R.T. CARDﬁ and W.L. ROELOFS (1974).
Sex pheromone mass trapping and mating
disruption for control of red banded leaf
roller and grapeberry moths in vineyards.
Envivon. Ent. 3: 237-243,

TRAMMEL, K., W.L. ROELOFS and E.H. GLASS (1974). Sex
pheromone trapping of males for control of red
banded leaf roller in apple orchards. J. econ.
Ent. 67: 159-164.

WIGHTMAN, J.A. (1972). Some applications of basic research
to the development of grass grub control methods.
Proc. 25th N.Z. Weed and Pest Control Conf.
pp 277-280.

WOLF, W.W., A.N., KISHABA and H.H. TOBA (1971). Proposed
method of determining density of traps required
to reduce an insect population. J. econ Ent.
64: 872-877.

WRIGHT, R.H. (1965). 1In Shorey, H.H. (1970). Sex
pheromones of Lepidoptera, in Wood, D.L., R.M.
Silverstein and M. Nakajima (1970). Control

of insect behaviour by natural products.
Academic Press, N.Y., Lond. 345 pp.



- 82 -

APPENDICES

APPENDIX I

Beetles trapped at Site I,

O ATE PLOT
al B1 c1 bl

20.xi.73 9 4 8 4
21.xi.73 2 1 3 2
22.%i.73 1,653 2,799 2,047 2,186
23.xi.73 2,501 2,160 4,112 1,206
24.%i.73 360 315 706 379
25.%i.73 0 0 0 0
26.%i.73 4,079 3,794 3,303 3,008
27.%i.73 2,623 2,847 3,448 2,821
28.%i.73 6,876 6,533 8,748 5,305
29.xi.73 4,995 5,217 4,868 4,343
30.%i.73 1,752 1,754 1,485 1,628
1.xii.73 261 312 0 6

2.xii.73 624 487 1,198 388

3.xii.73 6,600 6,072 6,186 5,452

4.xii.73 1,938 3,326 942 749

5.xii.73 3,837 4,093 3,967 437

6.xii.73 0 0 0 0

7.xii.73 1,270 1,148 1,613 1,224

8.xii.73 278 460 245 201

9.xii.73 279 245 504 281

10.xii.73 345 398 330 270
Totals 40,382 41,965 43,713 33,890

Total 160 74 67 48

Controls




APPENDIX IX

Beetles trapped at Site II.

DATE FLOT
E1l ‘ Fl Gl H1

20.xi.73 22 1,296 a4 16
21.xi.73 800 472 602 358
22.x1.73 4,425 2,359 4,274 1,572
23.%i.73 1,646 3,359 4,872 1,548
24.xi.73 5,387 3,522 3,295 4,536
25.xi.73 0 0 0 0
26.xi.73 2,465 2,161 1,769 3,990
27.%1.73 11,060 9,088 7,898 11,060
28.xi.73 3,829 6,513 5,448 7,155
29.%1.73 5,408 8,233 2,709 7,740
30.xi.73 5,511 6,278 6,767 4,393
1.xii.73 0 0 0 0
2.xii.73 303 259 312 a11
3.xii.73 9,587 7,282 6,593 8,741
4.xi1.73 427 2,879 180 875
5.xii.73 3,717 5,546 2,068 4,552
6.xii.73 512 1,286 239 635
7.%ii.73 333 454 512 546
8.x11.73 73 308 29 450
9.xii.73 149 12 178 53
10.x1i.73 53 51 213 146
Totals 55,707 61,330 48,042 58,777
Total 74 43 48 50

Controls




APPENDIX TII

Catches in traps surrounded by pit traps on six nights on
4 treatment plots at Site IT.

NIGHT PLOT

El , Fl Gl H1
1 89 466 29 353
2 6 10 3 25
3 362 282 292 316
4 12 26 2 35
5 23 237 81 247
6 22 41 5 35

§/trap/night = 136 beetles

Mean catch per pit trap in zones around traps on control and
treatment plots at Site II. o

ZONE
PLOT
Inner Middle Quter
Treatment 13.14 3.98 3.13
Control 3.78 2.34 2.39
Nett (T-C) 9.36 1.64 0.74
Area of each 1649 4369 6708

zone sz
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Pre~treatment third instar larvae, Site I,

C
Date Samples. / -
Plot Sampled plot %/Sample
a1® 4.ix.73 40 4.53
a2® 4.ix.73 40 4.86
BL 11.ix.73 40 3.60
B2 11.ix%.73 40 1.20
C1 18.ix.73 40 1.23
Cc2 18.i%.73 40 1.20
D1 18.ix%.73 40 0.58
D2 i8.ix.73 40 0.28
al = +treatment plot
b 2 = control plot
€ = 15 x 15 en spade square
Anova summary for pre-treatment third instar data, Site TI.
Source DEf., Sums of sgs. Mean sqg. F.
Replicates 1 1%0.653 196.653
Main-plot tr. 613.278 613.278 14.83
Error a 1 41.328 41.328
Main plots 3 845,259
Sub-plot tr. 1 28.203 28.203 4.46%
Sub X Main 1 12.403 12.403 1.96
Erxor b 314 1984 ,256 6.319
Total 319 2870.121

* gignificant at 0,05 level
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APPENDIX V
Pre-treatment third instar larvae, Site II.
Date Samplesc/

Plot Sampled plot x/Sample

a .
El 27.ix.73 40 2,05
E2b 27.,ix.73 40 3.18
Fl 13.ix%.73 40 3.13
F2 13.ix%.73 40 3.35
Gl 11.ix.73 40 0.55
G2 11.ix%.73 40 1,05
H1 11.ix.73 40 1.25
H2 11.i%x.73 40 2.03

al = treatment plot

b 2 = control plot

¢ - 15 x 15 spade square
Anova summary for pre-treatment. third instar data, Site II.

Source Df. Sums of sgs. Mean sq. F.
Replicates 1 43.512 43,512
Main-plet tr. 1 231.199 231.199 288 .,99%%*
Error a 1 0.800 0,800
Main plots 3 275.512
Sub~plot tr. 1 33.800 33.800 5.74%
Sub X Main 0.012 0.012 0
Error b 314 1847.162 5.882
Total 319 2156.487

* significant at 0.05 level

** gignificant at 0.01 level
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Eggs-first instar larvae, Site I.

c
Date Samples / -
Plot Sampled plot X/Sample
a .
Al 20.xii.74 15 5.33
2P 20.xii.74 15 4.66
Bl 20,.xii.74 15 3.33
B2 20.xii.74 15 4.40
cl 20.xii.74 15 14.47
c2 20.%xii.74 15 4.46
Dl 20 .xii.74 15 1.20
D2 20.xii.74 15 8.60
= treatment plot
= gontrol plot
© =15x15 spade square
Anova summary for transformed (y = J x + %)
Eggs-first instar larvae data, Site I.

Source DE. Sums of sgs. Mean sq. F.
Replicates 1 1.857 1.857

Main-~plots 1 4.638 4.638 0.03
Error a 1 136.013 136.013

Main-plots 3 142.507

Sub~plot tr. 1 12.772 12.772 0.54 ns.
Sub X Main 1 21 21 6
Erxor b 114 2651.095 23,255

Total 2806, 395

ns. not significant at 0.05 level



APPENDIX VII

88 -

BEggs—-first instar larvae, Site II.

Date Samples®/ =

Plot Sampled plot %/sample
r1® 19.xii.74 15 1.86
E2b 19,.xii.74 15 2.14
Fl 19.xii.74 15 8.20
F2 "19.xii.74 15 1.47
Gl 19.xii.74 15 2.73
G2 19.xii.74 15 1.80
H1 19.xii.74 15 1.80
H2 19,.xii.74 15 1.40

1l = treatment plot

2 = control plot

¢ = 15 % 15 spade square
Anova summary for transformed {y = J x + %)
Eggs~first instar larvae data, Site II.
Source DEf. Sums of sgs. Mean sqg. F.

Replicates 1 22.413 22,413
Main-plot tr. 1 17.617 17.617 0.52
Error a 1 33.668 33.668
Main-plots 3 73.698
Sub-plot tr. 1 47,203 47.203 4,35%
Sub X Main 20.228 20,228 1.86
Ervob b 114 1235,295 10.836
Total 119 1376.424

¥ gignificant at 0.05 level
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Post-treatment third instar larvae, Site I.
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Date Samples®/ -
Plot Sampled plot x/Sample
a .
Al 25.ix.74 40 4,63
a2® 25,ix.74 40 2.68
Bl 25.ix.74 40 4,05
B2 25,ix.74 40 3.18
cl 25.ix.74 40 2.40
c2 25.ix.74 40 2.15
Dl 3.x.74 40 2.45
D2 3.%.74 40 2,23
a 1l = treatment plot
b 2 = control pleot
¢ =15 ¥ 15 cm spade square
Anova summary for post-treatment third instar larvae
Data, Site I.
Source DE, Sums of sgs. Mean sqg. F.
Replicates 1 0.049 0.049
Main-plot tr. 125.000 125.000 400,00
Error a 1 0.312 0.312
Main-plots 3 125,362
Sub-plot tr. 1 57.800 57.800 7.95%
Sub X Main 1 27.612 27.612 3.80
Error b 314 2280.612 7.263
Total 319 2491 .387

* significant at 0.01 level
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Post~treatment third instar larvae, Site II.
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c
Date Samples / -

Plot Sampled plot x/Sample
g1® 11.ix.74 40 2.90
E2° 11.ix.74 40 2.48
Fl 11.ix.74 40 2.30
F2 11.i%x.74 40 2.23
Gl 17.ix.74 40 3.83
G2 17.ix.74 40 4.53
H1 17.ix.74 40 5.08
H2 17.ix.74 40 2,40

a 1 = treatment plot

b 2 = control plot

¢ = 15 x 15 cm spade square

Anova summary for post-treatment third instar larvae
at Site II.
Source Df. Sums of sgs. Mean sq. F.

Replicates 15.753 15.753
Main-plot tr. 172.578 172.578 55.238
Error a 0.003 0,003
Main-plots 3 188,334
Sub-plot tr. 1 29.403 29,403 3.49 ns.
Sub X Main 1 11.628 11.628 1.38
Error b 314 2643.881 8.420
Total 319 2873.246

ns. not significant at 0.05 level



Mean nos. male and female beetles per sample on five sample dates at Sitell.

3 7 3 ] < i 7 .l 1 3 5
p1OT POPULATION 22.x1.74 26.x1.73 29.%1.73 3.2ii.73 €.xili.73
* LEVEL M F M F M F M F M F
El 0.02 0.02 0.10 0.25 0.25 0.35 0.45 0.35 0.25 0.10
B2 0.15 0.05 0.05 0.35 0.15 0.25 0.40 0.50 0.30 0.40
High
Fl 0.10 0.05 0.30 0.7% 0.65 1.45 0.05 .60 0.15 .10
F2 .15 0.35 0.30 0.15 0.45 0.20 0.25 0.60 0 0.50
X Treatments 0.15 0.13 0.20 0.50 0.45 0.80 0.25 0.48 0.20 0.60
X Controls 0.15 0.20 0.18 0.25 0.30 0.23 0.33 0.55 0.15 0.45
Gl 0.05 0.25 0.20 0.25% 0.20 0.45 0.15 0.10 0 0.50
G2 0.10 0.10 0.25 0.15 0.35 1.35 0.20 0.55 0.15 0.45
Low
H1 0.25 0.05 0.25 0.20 0.25 0.20 0.20 0.80 0.05 0.80
H2 0.20 0.05 0.45 0.10 0.35 0.50 0.15 0.60 0.50 1.10
X Treatments 0.15 0.15 0.23 0.23 0.23 0.33 0.18 0.45 0.03 ¢.65
X Controls 0.15 0.08 0.35 0.13 0.35 0.93 0.18 0.58 0.33 0.80
zé
!'::

- T6
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Meteorological Data

AIR TEMPS. (°C) GROUND TEMPS. °C RAINFALL (mm) WIND 8:30 P.M.

DATE RH

8:30 Daily Da%ly Daily 5 ecm Surface Daily Total Velocity Direction
p.m. Max. Min. Mean m/sec

20 Nov 14.5 - - - 12.5 9.5 54 - - 7.0 NW
21 11.1 20.7 4.9 11.9 16.2 9.4 40 - - 8.6 NW
22 12.2 19.8 9.4 11.2 15.6 11.4 61 - - 1.7 NE
23 11.1 18.7 9.4 13.4 15.0 10.5 62 - - 2.8 NE
24 15.0 1.8 6.6 12.0 15.5 13.5 38 - - 2.9 NW
25 7.5 20.9 1.1 9.2 * * 100 10.8 10.8 0 SW
26 10.5 23.1 2.5 11.7 16.9 8.3 56 - 10.8 2.1 NW
27 13.5 21.4 6.0 12.9 18.9 11.1 89 - 10.8 0.3 S
28 10.8 16.5 6.0 10.7 19.8 11.0 75 - 10.8 2.6 E
29 11.5 15.9 2.2 10.3 17.8 11.2 88 - 10.8 1.4 S
30 12.2 18.2 8.2 12.7 18.0 11.6 63 - 10.8 5.1 s
1 Dec 8.8 18.2 7.7 12.2 * * 100 1.3 12.1 1.8 NE
2 9.3 12.6 7.2 8.6 16.8 8.5 90 - 12.1 3.1 NE
3 22.0 24.8 2.2 16.3 22.1 17.5 42 - 12.1 3.1 NW
4 15.5 22.5 12.1 19.7 22.0 16.0 75 - 12.1 8.3 sw
5 13.5 16.5 9.9 12.3 18.2 12.5 95 - 12.1 2.2 sw
6 13.0 13.2 8.3 10.9 16.0 12.5 100 0.3 12.4 0 NE
7 17.7 21.4 10.4 14.8 17.0 12.5 S5 - 12.4 # 8
8 15.5 23.1 10.4 15.8 23.0 15.5 90 - 12.4 * SW
9 14.4 15.4 7.2 9.0 17.3 12.4 78 - 12.4 # NE
10 9.4 20.9 7.2 12.0 15.1 13.2 100 Trace 12.4 * SE

* Not recorded
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