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emploved consists of a line of beaters moving
toward two or three shooters on fixed stands.
Using this system, one party which averaged
twenty hunts per vear, shot eighteen deer per
vear for the five-year period, 1952-56.

The sambar are not generally recognized as
constituting a serious economic problem to local
runholders.  The deer provide sport, venison,
and salable skins. The meat is sometimes used
as food for the farm dogs.

Because of the restrieted habitat available to
sambar in the sand-hill country, and the con-
stant hunting pressure that is likely to continue
with deer unprotected, these animals are un-
hkely to become a serious threat to future
orazing interests in this area. Controlled local
shooting has apparently been sufficient to satisfyv
requirements for protection of voung exotic
forest trees from sambar.

As serub land is brought into production, and
as swamps are drained, sambar habitat can be
expected to decrease. As sand dunes are planted
te torest, sambar habitat can be expected to
imerease.  Since the two processes are going on
simultaneously, this involves loeal shifting from
serub areas to exotie forest areas for cover.
['nless serious efforts are made to eliminate

these animals from the entire area, the sambar
should survive further stages of land reclama-
f1omn.

For help with the Indian records, I am
mdebted to Mr. MeCann of the Dominion
Museum; for local records, to Messrs, «J, More-
land, Dominion Museum, and (i. Caughley, New
Zealand Forest Service; and for four sambar
records, to the Wellington Branch of the New
Zealand Deerstalkers Association. 1 am particu-
larly eratetul to Mr. and Mrs. 1. Shailer, and
Mr. and Mrs. M. Shailer, of Rongotea, not only
for supplving mueh of the information on
sambar, but for kindly allowing me to join with
them 1 the excitement of several of their hunts.
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The Hedgehog Population and Invertebrate Fauna
of the West Coast Sand Dunes

L. . Brockie

[t 18 convenient to divide the sand dunes into
three zones, characterized hy their vegetation,
and the invertebrate fauna, which largely de-
pends on the plants for cover and food, can also
be divided into these three zones.

The first of these zones nearest the sea is the
belt characterized by a sparse covering of
marram grass, beach silver grass or pingao.
These plants provide very little ecover or insula-
tion and produce no litter; as a result the
surface temperature of the sand mayv fluctuate
violently throughout the day. During mid-
summer it may range from 120° F. to 60° .,
but despite this some animals are found here,
the most frequently occurring ones being bur-
rowing ecentipedes and ants, digeing wasps
(NSalius spp.), tiger beetles (Cicindella spp.)
and their larve. An important element of this
zone 18 the occasional piece of driftwood or sea-
weed which gives cover to sandhoppers (Talor-
chestia spp.), the littoral earwig (Anisolabus
hittoralis), slaters, termites, the katipo (Ldftro-

dectus katipo), the large caterpillars of the sand
scarab (Pericoptus truncatus), as well as many
species of mosquitoes, sand flies and the kelp fly
(Coelopa Littoralis). These invertebrates atiract
pipits, plovers, sparrows, chaffinches and other
birds by dayv and hedgehogs at night. Slim
orass spiders build their webs in the beach
orasses and take advantage of the many small
dipterans blown in from the foreshore.

The more consolidated sand dunes forming
the seeond zone may have a light covering of
marram, lupin and sedges or an impenetrable
tangle of lupins and bracken overgrown with
tall erasses, Muehlenbeckia, and goose grass.
This dense cover produces an abundance of
litter which provides cover and moisture for
the rich invertebrate tauna. The varied texture
of the sand and soils, the presence of pines,
C'oprosmas, boxthorns, toi-tois, flax and other
shrubs, and great extremes of moisture and
temperature, make this a rich habitat for
invertebrates. The leaves, flowers, roots, seeds
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and litter are each starting points for many
interweaving food chains, e.g.:
Bracken, lupin and Muehlenbeckia
leaf litter
1
v - .
Beetle and moth caterpillars, earwigs, mites, milli-

pedes, centipedes, harvestmen, ants, thrips, dpllld\
sl‘mtm\ slugs, sandhoppers, (nllomlmld nematodes,

snails
\

Predaceous beetles \:md spiders, skinks,
blackbirds, thrushes, hedge-sparrows,
starlings, rats, weasels, stoats, hedge-
hogs,

During the summer the most noticeable
animals here are the blue butterfly (Lycaena
labradus), the large copper butterfly (Chryso-
phanus salustius), and smaller copper butterfly
(C'. boldenarum), several species of parasitie
and nectar-sucking wasps, the blowflies ( Callr-
phora erythrocephala, C. hortona, and Sarco-
phaga mullert) and many species of nndge. and
flies which move into the zone at different times
of the day from aquatic habitats outside the
zone, (.msshnppc ( Phauwlacridium spp.) may
oceur in plague numbers during summer. The
ericket (Gryllulus serviler) and locust (Locusta
magratoroides) are also tound. Not so notice-
able are the many phyvtophagous and sapro-
phagous moth and beetle caterpillars which
thrive on the leaves, litter and roots of the

plants. At night a fauna of ervptic animals
emerges.  Commonest are slaters, sandhoppers,

millipedes (probably [ZTwlus sp.), and sluegs.
which are active throughout the wvear, and
snails, eround spiders, adult moths and beetles.
whose activities usually stop with death or
hibernation in winter. It has been estimated
that there may be as many as 8,000 snails per
acre even during August.

The third zone coming further inland com-
prises the grassed dunes. In this zone grazing
and trampling by stock and the effects of farm-
g  practice have caused larger plants to

disappear and be replaced by sward and occa-
sumdl hedges and islands of shrubs. Cumber
(1, 2, 3) operated a light trap near Foxton for a
vear and caught 233 species of inseets.  Most
of these were moths (108 species), flies (75
species), and beetles (21 species). In some
cases it has been possible to estimate the total
number of animals per acre in this zone.

l.akes, marshes, and cattle droppings have :
fauna of their own and contribute to the number
of species 1n this inner zone.

HEDGEHOGS

In New Zealand, as in Burope, hedgehogs are
very abundant in sand dunes. In one area on
the northern outskirts of Paekakariki there are
probably more than one hedgehog per acre.
The bulk of the hedeehogs’™ diet consists of
imveriebrates, and snails prmndo up to 90 per
cent. of their food. During winter when most
snails hibernate the hedgehogs turn to milli-
pedes and sluegs for their food. The hedgehogs’
food requirements drop to below a twentieth
during their fitful hibernation and it seems
unlikely that many starve to death in the dunes.
In summer, when large areas of the dunes dry
out, many snails aestivate and the slug popula-
tion is reduced. At this time of the yvear hedge-
hogs are very difficult to find and their disap-
pearance i1s attributed either to their migration
to moister areas or to their going into aestivation.

Invertebrates impinge on hedgehogs as para-
sites but their effects are negligible.

The abundance of invertebrates can be
attributed primarily to the long mild summer,
which enables many species to have two or three
broods a season:; to the loose, well-aerated soil,
which provides a good habitat for the many
species which spend the earlier stages of their
ife underground; and to the abundance of
itfter and the extensive rooting system under-
ving the varied plant cover, which provides a
rich source of food. The invertebrates are kept

v S

Fstimated No.

Species Locality Date No. per sq. fi. per acre Authority
Cicada— . (grubs) Cumber and
Costelytra zealandica T Man, Nept./Oect, 1.03 45,000 Cowie (5)
. (grubs) Cumber and
Pyronota festiva HE:  Nomm T Man. = ” 3.2 140,000 Cowie (5)
Grass grubs— (larvae)
Melampsalta cruentata . T Fox. 4 2030 1,090,000 Cumber (4)
Helir aspersa ... .. S 8 4 < P Aug. » 8,000 Brockie
Slugs (various species) . T Pki. &6 (1.8 320,000 Broekie

T Manawatu, Foxton, Paekakariki.

* Average No. 40 per lupin bush,
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in check mainly as a result of flooding and by
parasitic wasps and flies, whiech reduce the
numbers of subterranean larv.

The high level of hedgehog population can
also be attributed to the long mild summer,
which enables them to have two or three litters
a season. Large numbers of snails, millipedes,
and slues provide them with an abundance of
food and contribute to their suecess. It is
diffieult to estimate whieh faetors hold the
iedegehog population in ceheck. There is some
evidence which suggests that most hedgehoes
die during the winter., This eannot be the result
of starvation because of the abundance of food

at that time of the vear. Predation and para-
sitism play a negligible role. Diseases such as
pneumonia probably play an important part,
and it 1s likely that many hedgehogs are
drowned in their nests during hibernation.
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Discussion

The eight speakers of the morning session formed a
panel under the Chairmanship of Mg, Gisss, and the
diseussion, which was inaugurated by N. T. Moag, took
the form largely of questions from the floor and answers
by the panel, and the following additional points were
covered,

Me. Cowir said that the size of sand grains is con-
trolled by the veloeity of the wind: the higher the
veloeity the larger the grain that can be moved; but
he had no special information on wind direction or on
average wind velocity., In the north the grains ave
composed  mainly of ferromagnesium and magnetite;
south of the Manawatu River vou have grevwacke and
tertiary quartz, On the formation of dunes, he said
that in the low rainfall areas, where the regeneration of
plants is not good, there will always be some drifting;
further south, with inereased rainfall, the dunes are
more paraboliec and tend to be parallel to the foredune.
The most stable dunes are parallel to the prevailing
wind,  Where vegetation has been removed, vou get
crescent-shaped dunes and not much development of the
sand plains,  Fairly strong wind, from a steady divee-
tion, and patchy vegetation, are necessary for the
development of these dunes in this distriet by blowing
out,  Where there is an inereased supply of sand, and
where the wind is stronger, the dunes become longer
and stream out inland. The dunes are widest from
about Santoft down to the Manawatu River, but further
south, with better vegetation and higher rainfall, thev
seem to be backed up and not to have streamed in so
far., He said he had no regular measurements of
moisture in the soil. In the wetter parts water would
be not more than 2 ft. below the surface: in the higher
parts up to 7 ft. below.

Mr. HockiNg said, without having actual measure-
ments, he thought the sand was ecoarser up towards
Wanganui, possibly because of ‘the remoteness of the
hills further south. On the loeal effect of vegetation on
the water-table, he said you could permanently lower
the water-table in wet flats and swamps by planting the
surrounding hills in trees, provided water is not creeping
in from an extensive source bevond the sand. You
might thus change a swamp site into very favourable
conditions for growing trees, Where the water is coming
i off the back country the trees probably have no effect.

Mg, Saxsy said that, beeause of the differences in
vegetation produced by slight variations in the water-
table, the farming practice was to sow the same mixture
over an area, and it would sort itself out., From the
pasture point of view, control of abrasion was very
important;  crops must be established before sand
started blowing. Pasture associations were sometimes
sown with very quick-growing annuals so as to lessen
the movement of sand and the danger of abrasion to
voung plants,

C. W. 8. Vax Kraavexoorn deseribed an experiment
now in progress to measure the water-table and maximum
and minimum temperatures in the soil, and to covrelate
these with vegetation. He emphasized that, although
drains had to be cut in the very wet places, there was
very real danger of over-draining: it is possible to spoil
o0 acres of good pasture in trying to drain a wet pateh
of five acres. He suggested that boards might be placed
across the drains in September or October to eonserve
witer and retain the level. He spoke of smoothing off
dunes into the hollows: he knew a farmer who bull-
dozed off the tops with their vegetation, into the
hollows, and so improved the organic content of the soil
in the bottoms.

N. L. Erper deseribed a private venture which had
met  with considerable suecess in bringing in  raupo
country in Hawke’s Bav, They attributed their success
to getting the depth of the drains just right, not getting
the peat dried out, or the subsoil drained, too completely.

Me. CARNAHAN said that botanically the dunes do not
differ mueh from Kaipara to Manawatu. In the north
Cassinia retorta replaces €. leptophylla, Viscaria dis-
appears, and pohutukawa comes in as elimax, Dominants
are largely the same and any other changes are very
minor.

Me., Brocxie said the nests of hedgehogs have a
general pattern, which may be modified by habitat or
available material: usually in a dry depression, some-
times overgrown by dense shrubs, such as flax or lupin,
or, in suburban areas, under or behind buildings, they
are lined with grass, dried leaves, paper or rags. Nests
are sometimes made in rabbit burrows. The hedgehog
rolls round until enmeshed, leaving himself no exit. In
sand dune country these sites are restricted to gullies



