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ABSTRACT
Environmental changes in New Zealand over the last 
200 years such as the intensifi cation of agriculture 
have nearly eliminated some species of native bees 
from parts of their historic ranges. Consequently, the 
reproductive success of native plants reliant on native 
bees for pollination may be adversely impacted, thereby 
altering native ecosystems. The potential pollination 
rate of some introduced crops might also be reduced.  
Overwintering prepupae of the ground-nesting colletid 
bee Leioproctus huakiwi Donovan, 2007, were re-
located in nests in soil and in artifi cial cells to new 
nest sites, where they established new populations 
which expanded by about 8-25 times over three years 
(and for the two sites together by 12.75 times), showing 
that large populations can develop rapidly. The two 
transference methods should be applicable to other 
species of colletids, indicating that relocation of these 
bees to new areas for both conservation and economic 
values is readily achievable.  

KEYWORDS
Leioproctus huakiwi, New Zealand native bee, 
population relocation.

INTRODUCTION
Since the arrival of primarily European settlers in 
New Zealand beginning about 200 years ago, the 
environment has been changed enormously by the 
destruction of native vegetation, the introduction of new 
species of plants and animals, and the intensifi cation of 
modern agriculture (Kirkpatrick 2005). For example 
the Canterbury Plains are almost completely devoted to 
maximising the production of food, where cultivation of 
the ground destroys nests of species of Leioproctus, and 
dense populations of introduced grasses and irrigation 
precludes bees from excavating nests. Collection 
localities for some native ground-nesting species of 
the bee genus Leioproctus (Hymenoptera: Colletidae) 
summarized in Donovan (2007) are hundreds of 
kilometres apart, possibly because environmental 
changes have eliminated nesting areas and/or foraging 

opportunities, causing localised extinctions, or 
signifi cant population reductions so that populations are 
not easily detected. Native bees are generally regarded 
as signifi cant pollinators of many fl owering plants 
(Donovan 2007), so insuffi cient bees could impact very 
negatively on the pollination of some native plants, with 
consequent adverse impacts on community ecosystems 
which are dependent on the presence of native plants 
to maintain their integrity. Impacts could be especially 
severe where species of fl owering plants and native 
bees have developed co-dependencies, where the 
plants are visited and apparently pollinated by just 
a few species of native bees, such as some species of 
Carmichaelia and Hebe (Donovan 2007). Also, some 
species of native bees are frequently recorded visiting 
and apparently pollinating several introduced plants 
of high economic value such as kiwifruit (Actinidia 
deliciosa) (Macfarlane and Ferguson 1983, Donovan 
1987, 2007), chestnuts (Castanea sativa), avocados 
(Persea americana) (Donovan 2007), and seed crops 
of white clover (Trifolium repens), onions (Allium 
cepa) and brassicas (Brassica spp.) (Howlett et al. 
2005, Donovan 2007; Rader et al. 2009). The native 
bee Leioproctus huakiwi Donovan (2007), is one 
species that readily collects nectar and pollen from 
a wide range of native plant species (Donovan 2007) 
and economically important introduced crop plants 
including onion and pak choi (Howlett et al. 2009). This 
species is widely distributed in North, South and Stewart 
Islands (Donovan 2007). Despite its wide distribution 
and many former records of nest sites, in 2005 we 
knew of just one nest site in Canterbury, at Lincoln, 
mid-Canterbury, with only half a dozen nests apparent 
each year, and also a few scattered nests at Okains Bay, 
Banks Peninsula, mid-Canterbury. When the presence 
of several hundred nests in a domestic vegetable 
garden at Akaroa, mid-Canterbury, was identifi ed, the 
opportunity was taken to attempt to relocate part of the 
population to a new area. The establishment of a new 
nesting population which increased in numbers each 
year would demonstrate that ground-nesting bees can 
be restored to areas from which they may have been 
eliminated, and that they can be introduced into crop 
environments as a supplemental pollinator. Outcomes 
would be not only of high conservation value, but also 
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of economic importance through increased pollination 
of some crops such as onions and brassicas for seed, and 
kiwifruit and avocados for fruit.
 The annual life-cycle of native Leioproctus spp. is 
very similar to that of the ground nesting solitary alkali 
bee Nomia melanderi Cockerell which is successfully 
managed in the United States of America primarily for 
the pollination of lucerne crops (Donovan 1980, 2007, 
Cane 2008). Beginning about 50 years ago, methods for 
transferring and establishing populations of the alkali 
bee were developed (Bohart 1958, Stephen 1960, 1965, 
Parker and Potter 1974). Alkali bees overwinter as 
diapausing prepupae in cells from about 100-350 mm 
below the surface of nest sites. With the onset of spring, 
prepupae develop to adult male and female bees which 
begin to emerge in early summer. After mating, females 
construct new cells within which bee larvae rapidly 
grow and become diapausing prepupae. By autumn 
adults have died. 
 New populations of alkali bees are normally 
established in suitable crop production areas by 
transferring diapausing prepupae. This can be achieved 
in two ways:
(1) the removal from nest sites of intact blocks of soil 

measuring about 300 mm on all sides, which contain 
an unknown number of cells with prepupae; and, 

(2) individual prepupae removed from cells and inserted 
into artifi cial cells such as holes drilled in blocks 
of wood and potters clay, or short lengths of paper 
straws arranged vertically side-by-side in trays and 
closed at each end with a sheet of paper or some 
similar material. 

 Soil blocks and paper straw trays are buried in new 
nest sites at about the same depth as cells in the original 
nest sites. With the onset of spring the normal cycle of 
emergence and renesting is initiated. 
 From 1964 to 1972 the methods used to transfer 
alkali bee prepupae within the United States of 
America were used to import and establish the species 
in New Zealand, and later to transfer prepupae within 
New Zealand (Donovan 1979). However, because of 
the unavailability of suitable drinking straws, specially 
manufactured porcelain beads (walls 4 mm thick and 
a central cylindrical cavity 15 mm long and 9.5 mm 
in diameter) were used. Up to 200 beads were sited 
vertically, side-by-side, in a wooden frame on a sheet of 
beeswax comb foundation, and the beads were topped 
with another sheet of foundation. These release trays 
were buried in new nest sites with the tops 80 mm below 
the surface. Adult bees successfully chewed their way 
through the upper sheet of beeswax and tunnelled their 
way to the surface, after which they mated, and females 
subsequently constructed nests in the nest sites.    
 Both methods were applied to L. huakiwi and are 
described here.

MATERIALS AND METHODS
Collection site
On 10 February 2005, in clear, calm, hot weather, 194 
nests of Leioproctus sp. were counted in and around a 
domestic vegetable garden on a north-facing hillside 
in Akaroa (43º49´S, 172.58´E), Banks Peninsula, mid-
Canterbury. Females carrying large loads of pollen in 
their scopae were seen entering nests, and some females 
disappeared into the ground among plant debris before 
nest entrances could be located, so there were perhaps 
several score more nests than were counted. Two 
females which were captured were both L. huakiwi. An 
area about 1 m x 1 m containing at least 49 nests was 
marked out in the vegetable garden.
 On 21 October 2005, two soil cores presumably 
containing intact cells with prepupae, and 65 prepupae 
removed from their cells, were excavated from the 
marked-out area of vegetable garden. The substrate 
had originally consisted of a layer of soil about 200 
mm thick overlying an unknown depth of wind-blown 
loess, but many years of cultivation had intermixed the 
two, although soil predominated towards the surface. 
Preliminary excavation showed that bee cells were 
between about 160 - 450 mm below the surface, so the 
upper 150 mm of soil was spaded away, and a large hole 
was excavated to form a fl at vertical face extending to 
500 mm below the original surface. Straight cuts were 
then made with a fl at-bladed spade to the sides, back and 
base to produce cubes of undisturbed soil about 300 mm 
on all sides. The cubes were slid onto a fl at metal sheet 
and the sides were sheathed in similar fl at metal sheets 
for stability during transport to the new site. Prepupae 
which were uncovered during soil core extraction were 
each placed into a porcelain bead in one of two release 
trays as described for alkali bee prepupae, but with just 
50 beads each. In addition, as a control, three irregular 
chunks of substrate which were thought not to contain 
bee cells were excavated from nearby ground.

New nesting sites
At the research station of Plant and Food Research 
Ltd. at the Canterbury Agriculture and Science Centre, 
Lincoln (43º35´S, 172.28´E), prior to this study, three 
areas 6 m apart on a north-facing, gently sloping grassy 
side of a dry gully were each cleared of vegetation 
and topsoil between 2000 and 2004 to expose 3m x 
3m of the underlying fi ne-grained Temuka silt loam. 
The sites were treated twice annually with a herbicide 
(glyphosphate) to maintain plant-free ground so 
bees could nest freely.  All bared ground was rapidly 
colonised by up to hundreds of nesting female native 
halictine bees, Lasioglossum sordidum, per square 
metre, which showed that the substrate was suitable for 
ground-nesting bees. Adult female L. sordidum at 4.9-
6.1 mm long are distinctly smaller and much less robust 
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compared to female Leioproctus huakiwi which are 9.1-
11.8 mm long (Donovan 2007) (see NZ Entomologist 
Vol. 33 frontispiece). 
The two soil cores were buried in the western area to 
a depth of c. 150 mm (the Core site), the two trays of 
porcelain beads were similarly buried in the central area 
(the Tray site), and the three chunks of substrate thought 
to not contain bee cells were buried in the eastern area 
(the Chunk site). 

Sources of pollen and nectar
For successful propagation, female L. huakiwi require 
ready access to their preferred sources of pollen 
and nectar, which for native fl owers are species of 
Myrtaceae, Malvaceae and Plantaginaceae (Donovan 
2007). The known plants in these families closest to 
the new nest sites were in extensive gardens planted 
around buildings c. 700 m S away across an open fi eld  
where in years past female L. huakiwi had been seen 
foraging particularly on Hebe spp. (Plantaginaceae). 
However, for introduced plants, a plantation of 17 
Castanea sativa (Fagaceae) trees began 70 m E. away, 
where female L. huakwi had occurred on fl owers for 
many years previously. Another 34 trees were about 
60 m further away to the NE. Annually about 60 m² of 
fl owering onions Allium cepa (Alliaceae) 130 m to the 
W. had attracted some female L. huakiwi.

Starting sites for nests
On 9 December 2005, 50 holes about 6 mm in diameter 
and 15 mm deep were punched in the surface around 
the buried release trays, and 20 around the soil cores 
to provide starting sites for female bees to begin 
excavating nest tunnels. 

Bee emergence and identity
On 9 January 2006, the trays of porcelain beads were 
exhumed and examined for evidence of bee emergence 
and for identifi cation of any non-emerged dead bees. 
For further confi rmation of the identity of bees from the 

Akaroa site, six females were caught by Dr. W. Harris 
from 2 - 4 February 2007 over nests in the vegetable 
garden, and four males were caught over fl owering Hebe 
sp. in an adjacent fl ower garden on the same domestic 
property. At the Tray site one male was caught on 13 
December 2008.

Assessing population size
Each summer the nest sites were observed on an irregular 
basis more than 25 times and as weather permitted for 
evidence of bee activity and to count nesting holes. The 
numbers of nesting females were assessed by counting 
the nesting holes, which are often recognizable by the 
presence of fresh spoil ejected onto the surface, forming 
a volcano-shaped tumulus up to 2 cm high as a female 
excavates a tunnel into the substrate. Population size 
can only be estimated rather than exactly determined 
because females will frequently utilize emergence 
holes from which little or even no spoil may be ejected, 
and sometimes nest entrances may be beneath leaves 
or other objects which makes detection diffi cult. Also, 
rain, wind and animal activity, such as scratching 
by foraging birds, can destroy tumuli and fi ll in nest 
entrances, so that sometimes if the surface is covered 
with fi ne loose dry powdery soil, females might enter 
where nests cannot be discerned. In addition, males 
will sometimes return towards the end of the day and 
dig holes within which to shelter for the night, and these 
holes can be confused with those dug by female bees. 
During the summers of 2006/2007 (Year Two), 2007/08 
(Year Three), and 2008/09 (Year Four), nests that 
were entered by female bees were marked with small 
numbered plastic labels to better track the number of 
nests.

RESULTS
Nest numbers established in each of four summers were 
conservatively estimated to range from six to 52 at the 
Tray site, and possibly two to 50 at the Core site. For the 
two sites together the overall increase was 12.75 times. 
Nests and bees were not seen at the Chunk site (Table 1).

Table 1. Conservative assessment of the number of nests of Leioproctus huakiwi per summer at Lincoln. 

Summer Year
Nest sites

Tray Core Chunk

2005/06 One 6? 2? 0

2006/07 Two 6 7 0

2007/08 Three 17 12 0

2008/09 Four 52 50 0
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 On 7 December 2005 (Year One), one bee emergence 
hole was present over a tray, and the following day 
there were three, and one over the soil cores. By 14 
December the number of emergence holes over the trays 
had increased to nine, of which one was partly plugged 
with loose spoil and three others had some loose spoil 
around the hole. Two of the nearby punched holes also 
had some loose spoil around them. Unfortunately, the 
surface over the soil cores became powdery dry, after 
which, with much scratching by birds, just two apparent 
emergence holes remained visible. By 16 December one 
of the holes over the trays had become surrounded by 
fi ne soil particles out to about 12 mm, forming a typical 
nest tumulus. The maximum number of nine holes over 
the trays was reached on 21 December, but there was 
no change over the soil cores. No holes were seen at the 
Chunk site, nor were adult bees seen at any site.
 On 9 January 2006, of the 65 beads which had each 
held one prepupa, 12 had a large hole chewed through 
the beeswax topping the bead, and the beads were fi lled 
with soil, which indicated that a bee had emerged from 
each. Two beads held live bee prepupae, ten other beads 
held four dead females and six dead males, and 41 held 
dead stages from white prepupae to black pupae. All 
recognizable bees were L. huakiwi.
 On 3 January 2007 (Year Two), there were six new 
nest tumuli at the Tray site, and fi ve, and possibly six, at 
the Core site: one possible tumulus had been disrupted 
by birds. On 8 January under high thin cloud and mild 
weather, during 30 minutes after 1.30 pm, six female 
Leioproctus sp. entered nests at the Core site, and during 
the following 30 minutes, one entered a nest at the Tray 
site. At least two of the females at the Core site carried 
large loads of pale pollen in their scopae. During the 
next three weeks until 29 January when the last bee 
was seen, seven nests at the Core site were entered 
by females, and two were entered at the Tray site. All 
females carried pollen. There were no nests and no bees 
at the Chunk site. On 18 January about two dozen house 
sparrows (Passer domesticus) were foraging on the two 
sites near mid afternoon. The last female bee for the 
season of activity was seen on 29 January.
 On 18 December 2007 (Year Three), 14 nest 
entrances were present at the Tray site, of which fi ve 
had been eroded by 19 mm of rain which fell during 
the previous several days, so evidently the fi rst bees 
emerged before about 14 December. Five rain-affected 
tumuli were present at the Core site. Bees were seen 
to be active in ten nests at the Tray site, and four at 
the Core site. Bee activity appeared to peak on about 
29 December, and the last bee was seen on 7 January 
2008.
 On 11 December 2008 (Year Four), about half a 
dozen nests were evident at each of the Tray and Core 
sites, and female bees were entering with pollen, and 
were expelling spoil from nest tunnels. At about mid 

afternoon on 13 December two males crawled under 
dead leaf litter on the edge of the Tray site, and a male 
and female mated on the site. From 2.50 pm to 4.40 pm, 
eight females dug into the nest sites, taking from 30 
seconds to six minutes to disappear beneath the surface. 
Peak bee activity was from about 15-24 December, and 
bees were not seen after 6 January 2009, by which time 
female bees had been seen in 14 nests at the Tray site, 
and 20 at the Core site. At the Tray site nests were found 
out to a metre from the release trays, and at the Core 
site the furthest nests from the planted cores were 1.4 m 
away. 
 All bees collected at Akaroa, and the male from the 
tray site, were L. huakiwi.

DISCUSSION
Although bees were not seen at both the Tray and Core 
sites during Year One, the occurrence of emergence 
holes at both sites indicated that bees had emerged. 
The presence of 12 holes in beeswax above 12 beads in 
the trays, and the replacement of bees in the beads by 
soil all indicated that bees had emerged successfully, 
kicking soil backwards as they tunnelled to the surface. 
The presence of only nine emergence holes over the 
release trays might have been due to several bees from 
adjacent beads exiting through the same emergence 
holes, and/or the obscuring of emergence holes by birds 
or other creatures disrupting the surface. Disadvantages 
of soil cores are that the number of prepupae in the soil 
cores is unknown, as is whether cells might contain 
bee enemies such as the prepupae of the parasitoid 
Pseudofoenus sp. (Hymenoptera: Gasteruptiidae) rather 
than bee prepupae. 
 The emergence of only 12 bees from 65 prepupae 
(18.5%) in the trays is much lower than might be 
expected from undisturbed prepupae, and could be due 
to a number of reasons, including unobserved damage 
to prepupae during transference to beads, possible 
lower than normal humidity in release trays causing 
dehydration, and much higher temperatures because 
of the shallow depth of the release trays compared to 
the greater depths at which most prepupae were found 
in their Akaroa nest site. Because most unemerged 
stages died during development to bees, factors such as 
dehydration and higher than normal temperatures may 
have contributed to their mortality. Further research 
focussing on how these factors may affect emergence 
from trays could assist in developing more effective 
techniques for improving the success of bee emergence 
following transfer to new sites. 
 The establishment of rapidly expanding populations 
at both the Tray and Core sites from very small numbers 
of nesting females is quite remarkable, and especially 
so because the sites were not protected from birds such 
as house sparrows which will eat ground-nesting native 
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bees and alkali bees (Donovan 1967, 2007), and which 
were seen on the nest sites. 
 Because L. huakiwi was already known to exist 
at Lincoln MC, there is a possibility that some nests 
at the release sites were made by immigrant bees. 
However, because there was no colonisation of the nest 
sites during four years prior to the emergence of the 
transferred bees, later immigration seems unlikely. On 
the other hand, perhaps bees in the area may possibly 
be attracted by the established nests. Conversely and 
almost certainly, some females may have emigrated 
from the nesting sites. 
 The successful establishment of populations of L. 
huakiwi which increased by 8-25 times over three years 
from small numbers of prepupae transferred by two 
different methods, opens the way for the development 
of new populations of bees wherever required for both 
conservation pollination, and pollination of some 
economically valuable crops. 

ACKNOWLEDGEMENTS
We thank Dr Warwick Harris for informing us of 
the presence of nests of L. huakiwi at Akaroa and for 
collecting specimens, and for allowing us to dig up and 
remove part of his vegetable garden. We also thank The 
Editor and two anonymous referees whose comments 
materially improved the text. This paper was partly 
funded by New Zealand’s Foundation for Research, 
Science and Technology (contract CO2X0221)

REFERENCES
Bohart GE. 1958. Transfer and establishment of the 

alkali bee. Report of the 16th Alfalfa Improvement 
Conference, Ithaca, New York: 1-4.

Cane JH. 2008. A native ground-nesting bee (Nomia 
melanderi) sustainably managed to pollinate 
alfalfa across an intensively agricultural landscape. 
Apidologie 39: 315-323.

Donovan BJ. 1967. Bionomics of the native bee 
Leioproctus boltoni Cockerell. M.Sc. thesis, 
Auckland University. 218 pp. 

Donovan BJ. 1979. Importation, establishment and 
propagation of the alkali bee Nomia melanderi 
Cockerell (Hymenoptera: Halictidae) in New 
Zealand. Proceedings of the Fourth International 
Symposium on Pollination. Maryland Agricultural 
Experiment Station Special Miscellaneous 
Publication 1: 257-268.

Donovan BJ. 1980. Interactions between native and 
introduced bees in New Zealand. New Zealand 
Journal of Ecology 3: 104-116.

Donovan BJ. 1987. Give native bees a helping hand. 
New Zealand Kiwifruit, May: 19-20, 22.

Donovan BJ. 2007. Apoidea (Insecta: Hymenoptera). 

Fauna of New Zealand 57, 295 pp. Manaaki Whenua 
Press, Landcare Research, P. O. Box 40, Lincoln, 
Canterbury, New Zealand. 

Howlett BG, Donovan BJ, McCallum JA, Newstrom 
LE and Teulon DAJ. 2005. Between and within 
fi eld variability of New Zealand indigenous fl ower 
visitors to onions. New Zealand Plant Protection 
58: 213-218.

Howlett BG, Walker MK, Newstrom-Lloyd LE, 
Donovan BJ and Teulon DAJ. 2009. Window traps 
and direct observations record similar arthropod 
fl ower visitor assemblages in two mass fl owering 
crops. Journal of Applied Entomology 133: 553-
564.

Kirkpatrick R. 2005. Bateman contemporary atlas 
of New Zealand: the shapes of our nation. 2nd ed. 
Auckland, New Zealand, David Bateman Ltd. 174 
pp.

Macfarlane RP and Ferguson AM. 1983. Kiwifruit 
pollination: a survey of the insect pollinators in 
New Zealand. Fifth International Symposium on 
Pollination, Versailles, 27-30 September 1983: 367-
373. 

Parker FD and Potter HW. 1974. Methods of 
transferring and establishing the alkali bee. 
Environmental Entomology 3, 5: 739-743.

Rader R, Howlett BG, Cunningham SA, Westcott 
DA, Newstrom-Lloyd LE, Walker MK, Teulon 
DAJ, Edwards W. 2009. Alternative pollinator 
taxa are equally effi cient, but not as effective as 
the honeybee in a mass fl owering crop. Journal of 
Applied Ecology 46: 1080-1087.

Stephen WP. 1960. Artifi cial bee beds for the 
propagation of the alkali bee, Nomia melanderi. 
Journal of Economic Entomology 53, 6: 1025-1030.

Stephen WP. 1965. Artifi cial beds for alkali bee 
propagation. Oregon Agricultural Experiment 
Station Bulletin 598: 1-20.

80954 NZ Entomologist Book_artic113   11380954 NZ Entomologist Book_artic113   113 8/3/10   12:27:54 PM8/3/10   12:27:54 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


