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INTRODUCTTION

Speciles of the sand weevil Cecyropa, occur on the foreshore
all around the New Zealand coast, and extend for several miles
inland in pastures of consolidated sand country. The adults
vary widely in sigze and in the patbtern of the mottled grey and
brown cryptic colouration of the elybtra and pronoctum. Larvae
of Cecyropa are external feeders on plant roots at depths of up
to eighteen inches.  in the Manawatu there are two specieg of
Cecyropa: a larger specieg (C. maritima) confined to the un-
stabliged sand dune area, and a smaller species (Q. setigera)

-
5.

occurring in both the unstabiligzed dunes and in pastures of
the congolidated sand country.

The gtimulus for the present study was provided by reports

e

ot

indicating that adults of Cecyropa (presumably C. setisera) had
caused damage, sometimes severe, to the seedling sbages of
crops grown in the Manawatu sand country (Graham and Hopkins

1965, lay 1966). Consequently a study was initiated into The

3]

life history and ecology of Cecyrona getigera in pastures of

this area. The study initially took tThe form of a éamglimg
programme designed Lo recover larvae from the field and was
supported by breeding studies in the laboratory. However,
due to difficulties associated with the recovery of larvae

and adults in sufficient numbers, and bthe distance of the

W

study area from the University, the emphasis of the study was
swung to an investigation of two previously undescribed nat-

ural enemies of C. getigera. These were Two entomogenous




2.
fungi, host specific on the immature stages of the sand weevil

C. setigera in pastures of the Manawatu sand country.

Thus the areas of study can be defined as follows:
PART 1., The Host.
Aspects of the bilonomics of C. getigera and a congiderat-

lon of factors affecting spatisl distribution.

PART 2, The 'wo Ifntomosenous Fungi.

(a) the morphdogy and taxonomy of two entomogenous

fungi (Hymenostilbe so.) pathogenic to the lmmature stages of

C. setigera.

(b) the two fungi in artificial culture.

(¢) +the infectivity and etiology of the two fungi.
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F. SPATIAL DISTRIBUTION OF THE LARVAL POPULATION

Both vertical and horizontal distributions of larvae were
investigated during the course of the sampling series in pas-—
ture near Himatangi.

‘1. Description of the Habitat.

The map reference of the field sampling site is given in
Appendix 1 together with the materials and methods employed in
sampling and extraction of larvae. The sampling site was situ-
ated on a pasture-covered sand plain which was characterized by
small undulations. The difference between the highest and low-
est elevation of these undulations was about four feet. In the
winter of 1967 the water table rose to flood the low portions of
the paddock for several days, but the sandy soils of the hummocks
remained comparatively dry. 1/

The pasture cover varied with the elevation and the season.
In the low elevations, subject to winter saturation, Yorkshire
fog and cocksfoot predominated but at intermediate elevations this
gave way to crested dogstail, ryegrass, subclover, some danthonia,

and the flatweeds, catsear (Hypochoeris radicata) hawksbeard

(Crepis capillaris) and hawkbit (Leontodon taraxicoides).

i/ Where subsequent mentions are made of low elevations they
refer to the lowest portions of the paddock that become
very wet in winter; medium elevations are those approxi-
mately two feet above the low elevations, while high
elevations refer to the dry upper levels of hummocks
approximately two feet above those of the intermediate
levels.
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At the highest and driest elevations, the plant cover was
predominately a mixture of moss, DaﬁthOﬂia, crested dogstail,
some ryegrass and a large number of flatweeds.‘ Over the
summer period the sandy soil dried out severely, particularly
at the intermediate and upper levels where the flatweeds
which possessed a very deep rooting system, were the only
common green plants,

The soils of the sampling site are classifed as Hokio
strongly mottled sand (Cowie and Smith 1958) and are part of
the Hokio - Waitarere association consisting of Hokio soils
on the sand plains and Waitarere sand in the dunes. (Cowie,
Fitzgerald and Owens, 1967)Cowie and Smith describe the Hokio
strongly mottled sand as a "weakly gleyed soil developed on
low rises on the sand plains of the younger dune complex.

The water table is lower than Hokio sand and during summer
there is insufficient soil moisture to maintain high quality
pasture growth.® A typical profile of this soil is (after
Cowie and Smith 1958):

0 - 2 inches - black to very dark brown sand, very fri-
able, weakly developed fine granular
structure, boundary abrupt.

2 = 5 inches - brown to light'br;wn sand, extremely friable,
loose.

5 ~ 10 inchkes - light grey, loose, single-grained sand with

abundant, distinct, medium yellowish-brown

mottles.
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10 inckes and below - grey, compact sand with a few
distinct dark red mottles.

2. Changes in the soil environment over the year.

Both soil moisture and soil temperature were measured
over the year. Soil temperatures were taken at the surface
and at three, and ten inch depths using an ordinary labora—
tory mercury thermometer pushed severagl inches into the wall
of a hole dug in the sand. Soil temperature changes at

monthly intervals are presented in Table ¢ . Soil moisture

levels were measured at five depths: %, 3, 5, 10 and 14 inches.
Samples for soil moisture determinations were taken with glass
tubes (3 x £") that were scraped sgainst the wall of the hole
at the required depth until they were full of sand. Moisture
levels were assessed in the laboratory by measuring the weight
loss of these samples after drying for 24 hours at 110°C.

Soil moisture levels are expressed as a percentage loss of
weight resulting from the water loss on drying. Soil masture
levels over: ten samples, taken at various times of the year and
at each of the three elevations; low, medium and high, are
presented in Table & .

3. Vertical Distribution of Larvae in the Soil

The vertical distribution of larvae in the soil was assessed
from the combined results of the first ten samples. In each of
the ten samples 16 cores were removed in five layers at depths of

0O -2, 2~-4, 6 - 10, and 10 - 14 inches. These were sieved

separately and results noted for individusl depths. Table 7
presents the combined results for the distribution of different

larval instars over ten samples.




TABLE. 5  Soil temperatures of Hokio strongl

mottled sand at

four depths Over twelve MONLAS (taken in the 1irst

Week Of each month)

Depth (inches)
Months 0 3 10
(1967)
January 28°C. 22 °C. 21°C.
February 24 22 22
March 20 19 19
April 18 17 16.5
May 18 15 14
June 11 9 9
July 8 7 7
August 8 7.5 8
September 14 13 13
October 17 15 14
November 21 16 15
December 33 21 20
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TABLE ¢ Moisture content (% loss in weight on drying) of Hokio

strongly mottled sand at low, medium and high’ elevations

over ten sampling periods at five depths.

Sample 1 Sample 2 Sample 3
23/12/66 15/1/67 6/2/67
Low. Med. High Low. Med. High Low. Med. High
21.1 2.7 1.2 21.0 8.5 4.8 27.1 9.9 2.1
9.7 1.5 1.3 6.6 3.4 1.4 9.3 T.4 0.5
T.1 1.4 1.0 6.3 3.9 0.8 17.7 5.9 1.3
11.7 2.5 0.9 14.6 3.6 3.3 19.0 6.8 1.9
15.3 3.2 0.9 13.0 10.3 2.8 17.0 12,5 3.5
Sample 4 Sample 5 Sample 6
2/3/67 5/4/67 6/5/67
Low. Med. High Low. MNed. High Low. Med. High
29.2 11.9 3.2 14.3 6.4 3.3 10.6 10.2 1.9
2406 204’ 101 703 104' 102 404‘ 501 109
4163 4‘07 101 50‘7 107 038 4.0 4’07 1.8
11.6 4.6 2.4 T.T 2.1 2.6 4.2 4.2 1.8
4.4 5.8 3.7 9.6 5.0 2.9 4.9 4.1 2.5
Sample 7 Sample 8 Sample 9
17/6/67 16/8/67 24/10/67
Low. Med. High Low. Med. High Low. Med, High
19.2 6.9 8.1 25.6 18.4 Te1 26.3 T.4 1.
1.4 3.7 2.8 20.2 9.2 1.7 14.5 5.5 1.0
5.2 6.3 2.1 8.9 8.9 2.3 11.4 6.8 0.7
5.6 4.2 3.5 7.3 6.8 6.3 14.1 6.2 1.0
7.8 4.5 3.5 10.7 8.1 7.5 16.4 8.0 3.3
Sample 10
4/4/68

A 27.6 6.2 263
B 23.6 2.5 0.5
C 1402 207 006
D T.0 2.2 0.9
B 8.3 4.1 1.7

Level A -~ O to g"

Level B - 2 to 44

Level C - 4 to ot

Level D - 6 %0 10"

Level B - 10 to 14t
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TABLE 7 The distribution of larval instars at five successive

depths.

Depth Ingtars Total no.
(inches) 1 2 3 4 5 6 of larvae.
0 -2 11 9 2 2 3 0 27

2 - 4 1 3 11 10 13 2 40

4 - 6 0 2 8 13 9 21 53

6 = 10 0 0 1 2 13 7 23

10 - 14 0 0 1 0 5 6 12

Two features are evident from a study of this table.
Firstly, most larvae are found in the two to six inch zone.

Secondly, first instar larvae are found almost exclusively in
the 0 = 2 inch level and there is a general trend for larvae
to move downwards with increasing age.

From an examination of the soil moisture and temperature
characteristics of the various depths (Tables s+6 ) it can be
gseen that the four to six inch level; where most larvae occur,
is characterized, at all periods tested, by generally having
the lowest soil moisture level of any of the other depths.
from O = 10 inches. Larvae at this level would thus have
the least chance of dying from asphyxiation due to saturation
of the soil with surface moisture from heavy rain or in the
medium and high elevations from the rising water table of
winter. Also soil temperatures in this region do not display
the seasonal variability characteristic of the upper level, while
plant roots occur commonly down to the ten inch depth. Also
the goil is generally of a loose single grained structure at the

4 - 6 inch depth permitting easy larval movement.
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The restriction of first instar larvae to the upper soil
horizon further supports the laboratory observations that fe-
males actively seek out damp sand to deposit their eggs, since
over all periods of the year the soil moisture content in the
O - 2 inch zone is higher than that of all other levels down to
ten inches. This is due to the high organic matter content
of this horigzon which retains a large smount of moisture. Thus
in being laid in the upper horizon, the eggs stand the least
chance of being subject to desiccation while in addition they

are in a zone where there is a plentiful supply of roots and

rootlets as a food source. The tendency for the final instar
larvae to burrow deeper into the sgoil probably represents the

fact that there is generally some moisture (from the water table)
at this level over all periods of the year. Thus the immobile
pupae would stand the least chance of being subject to dessication
if they inhabited the lower levels.

It is thus suggested that the general preference shown for
this level is a reflection of the relatively stable soil environ-
ment in this zone connected with adequate food supplies and a soil
structure that permits easy larval movement to find new food
sources or to avoid unfavourable conditions.

4. Horizontsgl distribution of larvae in the field.

The stimulus for this study of the major factors affecting
the horizomtal distribution of larvae in the sand plain pasture
was provided firstly by the realization that the small numbers of
larvae collected in samples five, six and seven were inadequate
to reflect larval population changes and secondly by an examina-

tion of larval distribution characteristics/which revealed that
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larvae were exhibiting a clumped or contagious distribution.
the
Clumped distributions are of negative binomial type where the

intensity of clumping can be eXxpressed in terms of the disper-—
sion parameter 'K' (Southwoed, 1966). A ususgl value of K,
indicating moderate clumping is two. Valueg above eight
indicate a distribution approaching randomness while the

smgller the value of K, the greater the amount of clumping.
—
kK = —X—

= Tiw
were as follows (in order): 1.74, 0.36, 0.31, 0.71, 0.23, 0.54,

The K values of samples one to geven, as estimated by

6.67. It was obvious that there was a considerable degree of

clumping in the larval populations of C.setigers. Accordingly,
in sample eight the number of cores was increased from 16 to 80
to increase the numbers of larvae taken and as it had been noted
that the larval population appeared to be at its greatest density
in the higher elevations of the paddock, each of the 64 additional
cores was subjectively scored for elevation; either low, medium
or high, as defined earlier. The method of sampling for the 64
additional cores is explained in Appendix 1 , but briefly it con-
sisted of taking a series of transects across the paddock along
which samples were taken every 15 yards.
in sample eight,

The mean numbers of larvae per core, taken at each of the
three elevations, low, medium and high were (in order): 0, 0.36,
1.32, A single factor analysis of vaiiance on the population

density at three levels is presented below in Table g . A

log x 4+ 1 transformation was used.




33

TABLE ¢ Analysis of variance on the number of larvae at

three elevations (Log X + 1 transformation)

Anglysis of Variance

Source d.f. S.5. M.S. P teet
Elevations 2 0.69 0.345 T.Q7¥%
Error 61 2.64 0.043

Total 63 3.33

There was a highly significant difference (P<0.01) between the
larval population densities at the three elevation categories.
On a comparison of the means it was found that the population
at the high elevation was significantly greater (P<0.05) than
that at either the medium or the low elevations but that the
density at the medium elevation was not significantly differ-
ent from that at the low elevation.

It is suggested that the complete absence of larvae in
samples recovered from the low elevation was directly due to
the effects of winter flooding as at the time of this sample
the soil in this level was saturated and two weeks previously
had been under several inches of water. Survival of larvae
under such conditions is unlikely. High moisture contents
also probably had a similar effect on the populations at the
intermediate levels but it must be noted that there is the
possibility that the lower ;arval density at this elevation
could be an indirect reflection of the effect of water content

on the distribution of preferred host plants.




34

These observations on the preference of larvae for
regions of higher elevation were further strengthened by
samples nine and ten. In sample nine the mean larval densi-
ties/core (in order of increasing elevations) were 0, 0.77 and
2.19 while in sample ten the mean larval densities/core of the
intermediate and higher elevations were 0.37, and 0.77. (In
sample ten, cores were not taken from the low elevation beca-—
use of the previously demonstrated absence of larvae.)

Although these results cast light on the gross distribu-
tion characteristics of the larvae they did not satisfactorily
explain the high degree of clumping exhibited. In samples
one to ten, all cores had been scored for percentage plant
cover. However on analysis this was found to be an inade-
quate method for assessing the preference of larvae for
various plant species. No correlations were evident and
Whittaker and Fairbanks' Index of Association (Southwood 1966)
failed to reveal any clear associations between larvae of

C.setigerq and any particular plant. However from observa-

tional data it was noted that larvae and adults appeared to

be grouped under the flatweeds:.catsear, hawkbit and hawkbeard.
Accordingly on the 15th of April samples were taken from a
different sampling site (Appendix 1) 6% miles inland from
Himatangi beach. This site was chogen because fromkprevious
spade observations it was thought that larval populations were

high in this particular paddock.
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The method of investigation involved taking 30 cores in
which one edge of the four inch diameter soil corer was placed
over the centre of a large flatweed or group of flatweeds and
a core taken to a depth of 12 inches. The remaining 30 cores
were taken in the same area but at sites &hich were at least 18
inches distant from the nearest flatweed. A comparison of the

numbers of larvae of C.setigera and other insects under flat-

weeds and not under flatweeds is presented in Table 7 below.

TABLE 94 A comparison of the numbers of larvae of C.setigera
and larvae oi other insects under flatweeds and nod
under Ilatweeds.

Species Under flatweeds Not under Iflatweeds
No. No./core No. No./core
C. setigers 126 4.2 29 0.97
Graphognath us leucoloma | 280 9.3 123 4.1
Boheman
Phlyctinus callosus 173 5.8 9 0.3
Boheman
Listroderes sp. 0 0 4 0.13
Grassgrubs 17 0.56 6 0.2
Phycocug lobatus Broun 122 4 .07 21 0.7
(adults)
Desiantha maculata 11. 0.33 3 0.08
Boheman

(A complete list of Coleoptera recovered in all of
the eleven samples is presented in Appendix 1B)

From this table it is evident that larval populations of

Cecyropa setigera display a marked clumping under flatweeds. ( It

was also observed that the distribution of dezd larvase infected

with the Hymenostilbe fungi followed a very similar pattern of

clumping.)
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The association of the larvae of Cecyropa setigera with flat-

weeds illuminates the observation of an increase in the density of
larvae at the higher elevations of the sand plain. It has been
shown previously that larvae do not inhabit the lower elevations
of the sand plain pasture. This is probably due to the saturated
and sometimes flooded conditions over winter and early spring.
Thus the larvae are confined 10 the medium and high elevations.
However, these elevations dry out severely over summer and larvae
and adults must find some source of food and moisture to survive.
Flatweeds, the most common of which is catsear, provide these
requirements. The extensive and deep root systems of these
plants enable them to penetrate the sand to sufficient depths to
reach the moisture. Thus larvae, in being clumped under these
plants, are supplied not only with food in the form of roots but
alsoc with moisture absorbed through the roots from the water below.

- In addition, flatweeds supply shelter to adults of C.setigera

which burrow into the sand beneath the spreading leaves, and from
the laboratory observations, it is suggested that they also serve
as a source of food for the adult. The close association of
larvae with the flatweeds of the sand plain of pastures is thus
the basis for the strong degree of clumping evident in the distri-

bution of the larval pppulations of C.setigera.
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Go. GENERAL DISCUSSION

In habits and biology Cecyropa setigera has proved similar
to other Otiorrhynchid weevils. From a comparison of the bio-
logy of C. discors with that of C.setigera it is evident that
the two weevils display a close similarity and that the correct
identification of the larvae described by May could in fact be
C.getigers.

The area of major interest in this gtudy was found in the
investigation of factors affecting the spatial distribution of
Cecyropa setigera in pastures of the sand plain. The vertical
and horizontal distributions charasteristic of the larval popu-
lation of (C.setigera can be regarded as a response to the

dominating environmental influence of changing soil moisture
levels at various times of the year.

The vertical distribution of C.setigera in the soil reflects
the varying capacities of different soil horigons to provide con-
ditions most suitable for the survival of the different stages
in the life cycle. The adults of C.setigera deposit their eggs
in the top two inches of soil, a region in which moisture reten-
tion is greater than at any other depth, because of the large
gquantities of raw organic matter present in this horizon. In
view of the clumped distribution of both adults and lajae and the
necesgity for an easily available food source for first instar
larvae, it is probable that oviposgsition takes place beneath
the flatweeds. After hatching the larvae exhibit a downward move-
ment through the soil with increasing age, to the more stable but
drier environment of the four to six inch zone. Both food and

moisture are available from the deep and extensive root systems of
the flatweeds. The greater proportion of final ini£?£0&3£X3i at

the deep levels probably represents a selection of this“stable yet
moist zone for pupation.

The clumped horizontal distribution of C.setigera is a reflec—
tion of the changing soil moisture conditions of the sand plainyg
which by winter saturation of the low lying areas and summer drought
of the higher elevations, favour the close association of larvae
with the deep rooted flatweeds. It is also evident that the dis-

tribution of other soil inhabiting Coleoptera is similarly affected.
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As weevil speclies ere the most numerous of the injurious
Coleoptera in pastures of the sand plains the demonstration of
this association with pasture flatweeds is probsbly the most
importent single point discovered in the sampling programme,
large areas of the Menawatu sand country are characterized by
open pastures containing large numbers of flatweeds. These
pastures thus supply a mualtiplicity of suitable sites for the

meintensnce of high weevil populations and as farmers generally

select the poorer weedy pastures for cropping the chsnces of
demage to the seedling stsges of crops becomes corresponaingly

high. The zssociation demonsgtrated thus opens the possibility

e

of reducing weevil numbers in psstures by controlling the plant

host., This ¢

ntrol could be effected by improved pasture

e

o

menegement techni or by the emplovment of weedicides and

r—'
[

e

n

in being sn indirect cultural method would diminish the need

Tor the spolicetion of iasechtlcides with thelr attendent

residue problems,






