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INTRODUCTION

Molluscs have played important role in strengthening our
knowledge of fundamental processes in developmental
biology, with the common pond snail Lymnaea stagnalis
contributing greatly to this body of literature for nearly a
century (Gatenby, 1919; Sturtevant, 1923; Canton and Sloof,
1977). The morphological, morphometric and behavioral
aspects of development of L. stagnalis have been well
documented (Cumin, 1972; Morill, 1982; Marois, 1989;
Mescheryakov, 1990; Marois and Croll, 1991; Voronezhskaya
et al., 1999; Nagy and Elekes, 2000). The freshwater snails of
family Lymnaeidae develop through what corresponds to
trochophore and veliger stages within transparent egg capsules
(Morill, 1982; Mescheryakov, 1990). These capsules while
conveniently permitting observations of growing embryos,
acts as diffusion barrier and prevent passage of large molecules.
The fluid in the eggs capsules has been reported to fulfil
nutritional requirements of the embryos. Molluscs are model
experimental animals because of simplicity in organization of
various organ systems. They have been used as model animals
in various types of studies in many laboratories all over the
world (Canton and Sloof, 1977; Browder, 1980; Victor and
Balamban, 2001). They are also animals of choice in studying
embryonic development. A number of research workers
preferred molluscs over other animal groups for
embryological experimentation (DeWitt, 1954; Barraud, 1957;

The freshwater pulmonate snails lay transparent gelatinous strips of eggs called egg masses or capsules. In the
present study, a gross observation of embryonic development of L. acuminata was done. Early cleavages and
subsequent various embryonic stages and time of appearance of different embryonic stages were recorded. The
study revealed that the cleavage is spiral and holoblastic. After early cleavages followed the appearance of
blastula, gastrula, trochophore stage, veliger stage, hippo stage ultimately resulting into hatching of fully developed
young one on eleventh day. Many developmental characteristics observed are unique in molluscs. Various other
characteristics of embryonic development in molluscs are also discussed.

Bayne, 1968; Suliman et al., 1987; Cumming, 1993;
Rondelaud and Dreyfuss, 1996; Naoaki and Yamakawa,
1999; Okusu, 2002).

Despite many investigations on embryology of number of snail
species, the detailed work on embryonic development of L.
acuminata is either lacking or insufficient. Earlier, Quazi (1974),
Borale (2002) and Sarker et al. (2007) have attempted to study
some aspects of embryonic development of L. acuminata.
However, studies made by them lack in many details and
need to be elaborated further. Present investigation is an
extension of the work carried by these workers and it, we
hope, will add newer details to the existing embryonic
developmental aspects of snail L. acuminata. The present
investigation is an attempt to uncover various aspects of
embryology of L. acuminata based on microphotographs of
various developmental stages.

MATERIALS AND METHODS

Specimens were collected from cement tanks in the botanical
garden in the university campus, made for culture and main-
tenance of various aquatic plants. The animals can also be
had from Kham river near Aurangabad, Maharashtra. After
bringing animals to the laboratory, animals were kept in plas-
tic troughs containing sufficient water. Snails were allowed to
acclimatize to the laboratory conditions for two days. The
active snails ranging from 20-30 mm in shell length were se-
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lected for the experiment. They were fed regularly on spinach
leaves. The swollen petioles and leaves containing eggs strings
were separated carefully with the help of scalpel and kept in
Petri dishes containing filtered tap water. Finally, the egg
masses showing different developmental stages were sorted
out in different Petri dishes according to stages of develop-
ment. Out of these, one or two eggs strings in the earliest
stages of development were selected for observing further de-
velopment and the rest were also observed at the intervals.
The time taken for each of them for hatching was noted. As the
eggs were transparent and surrounded by mucus string,
changes taking place upto the time of hatching could be ob-
served directly. The water temperature during period of inves-
tigation was 25.6+2.3°C. Various developmental stages were
photographed using digital camera of Sony company

RESULTS

Egg string: Eggs were laid in triple layer in a gelatinous matrix
which was ribbon shaped and known as egg mass or egg
string (Plate 1, Fig. A) which measures from 0.5 to 3.7 cm in
length and 0.5 to 1 cm in width. All the eggs in same egg mass
were in the same stage of the development suggesting that
they were not laid in batches. Eggs masses were laid generally
in the night or early in the morning. The number of eggs varied
in each egg mass, but on an average there were 50 to 100
eggs per string. The egg is oval in shape, the average dimension
being 1180 um x 640 um. The eggs were transparent so that
the embryonic development could be observed under light
microscope directly. The fertilized eggs are having their own
vitelline membrane. Each egg receives a coat of albumen from
albumen gland and also internal and external membranes as
it passes along sperm oviduct. Each fertilized egg contain
usually a single zygote about 57 + 20um length. The eggs are
isolecithal with moderate amount of yolk. The zygote is
eccentrically located within the egg and remained in the same
position upto the trochophore stage.

Day I: Freshly deposited eggs just after laying were found to
contain a relatively yolk-free zone at one end, called the animal
pole and a yolk rich zone at the other end called as vegetal
pole. No polar bodies were present in eggs examined
immediately after they had been laid. The first polar lobe and
polar body were extruded out from the zygote within 50 to 90
minutes. The polar body and polar lobe were both resorbed
after 15 to 25 minutes after their formation. The second polar
lobe was formed within next 40 minutes. First cleavage initiates
about 2 hr after deposition of egg mass and completed within
next one hour. The type of cleavage is holoblastic, spiral and
meridional. The cleavage furrow first appeared as a very deep
vertical groove on the top of the zygote and gradually
proceeded downwards dividing it into two blastomeres (Plate
1, Fig. E and F). The first division was meridional as it passed
through animal vegetal pole. It might be inclined somewhat
due to absorption of first and second polar lobes and first
polar body which gave rise to a bit larger blastomere labelled
as CD and other smaller blastomere labelled as AB (Plate 1,
Fig. E and F). Second cleavage was also meridional and
holoblastic. It began near about 40 minutes after first cleavage
and about 4 hr after the egg mass has been deposited. The
second cleavage furrow was longitudinal to the first cleavage

furrow and produced four blastomeres labelled as A, B, C and
D (Plate 1, Fig. G and H). This cleavage, like the first cleavage,
was also of spiral type and equal. After each division, daughter
cells were almost spherical and later flattened against each
other. The third cleavage occurred between 8 to 9 hr after the
egg mass has been deposited. The eight-celled stage was
formed after completion of four cell stage. The third cleavage
was horizontal or equatorial. It was unequal and produced
eight blastomeres. These eight cells were comprised of two
different kinds of cells: the four cells were smaller in size and
called as micromeres and remaining four cells were larger in
size called macromeres. Micromeres were located towards
the animal pole of the embryo. The remaining four cells of
embryo were larger in size as compared to the micromeres
and were located towards the vegetal pole (Plate 1, Fig. I).
These cells are called as macromeres. At the time of third
cleavage, the second polar body appeared and was
subsequently resorbed. The sixteen cell stage was observed
10 hr after eight cell stage, that is, between 19 to 21 hr after the
deposition of egg mass. Thus, on the first day embryo reached
upto 16 cell stage.

Day IlI: The fifth cleavage occurred on second day or about
26 to 28 hr after the egg mass has been deposited. Further
stages of cleavage could not be followed with precise timing
but these divisions resulted into the formation of the blastoderm
after about 40 hr of incubation period. As the cleavage
progresses, the size of blastomeres decreases. This
phenomenon was also observed by Cumming (1993) in
opisthobranch, Turbonella. The blastula was a spherical mass
with an outer layer of larger cells and a core of smaller inner
cells (Plate 1, Fig. K and L). We could not observe the blastocoel
in the blastula stage. This was the important difference between
the blastula of higher animals and that of these snails. We
could not record exact process of gastrulation. Blastulation
was then followed by gastrulation. In the present experiment,
gastrulation started at an early phase of development after
about 47 hr of incubation and the process continued until
next 3 to 6 hr. At the time of gastrulation the embryo was more
than 64 cells in its development. The micromeres and their
descendants were situated at vegetal half and underwent
change in shape. At this stage, the egg flattened at vegetal pole
and gastrula was formed. At the time of gastrulation, the size of
developing embryo was about 97 +27um in length (Plate 2,
Fig. M).

Day IlI: The gastrulation continued even upto some hours
after beginning of the third day. The day third was characterized
by the appearance of the rudiments of the foot as a short
ventral protuberance behind the mouth and rudiments in the
form of slight elevation in the preoral or the velar area. In later
half of the third day, that is, after about 66 hr of incubation, the
developing embryo showed developing mouth, velum, head
vesicle and jerking movements that hinted the beginning of
trochophore stage.

Day IV, V and VI: On the day four, the trochophore stage
continued its progress and took a bit elongated shape. The
embryo showed the revolving movements that was indication
of complete development of trochophore stage. The next 24
hr of incubation period were passed for the attainment of
adequate development as the late trochophore (Plate 2, Fig.
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Plate 1: Photographs of successive embryonic stages of Lymnaea acuminata Fig. A: An egg mass, Fig. B: An egg with zygote, Fig. C: Zygote with
polar lobe, Fig. D: Zygote with polar lobe and polar body, Fig. E: First cleavage, Fig. F: Two cell stage, Fig. G: Second cleavage, Fig. H: Four cell
stage, Fig. I: Eight cell stage, Fig. ): Sixteen cell stage, Fig. K: Thirty two cell stage, and Fig. L: Blastula stage. Abbreviations: (A, B, C and D) =
First four blastomeres; AB and CD = First two blastomeres; MAC = Macromeres; MIC = Micromeres; P = Polar body; PL = Polar lobe)
Magnification: 100X for all photographs
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Plate 2: Photographs of successive embryonic stages of Lymnaea acuminata Fig. M: Gastrula stage, Fig. N: Trochophore stage, Fig. O: Early
veliger stage, Fig. P: Late veliger stage, Fig. Q: Hippo stage, Fig. R: Eight-day old embryo, Fig. S: Nine-day old embryo, Fig. U: Ten-day old
embryo, Fig. V: Eleven-day old embryo before hatching, Fig.W: Hatched out young snal, Fig. X: Young snail two days after hatching.
Abbreviations: (DF= Developing foot; E= Eye; S= Shell; T = Tentacle). Magnifications: 100X for all photographs except 10X for Fig. ‘W’ and

D'G
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N). There was no metamorphosis but rather a gradual
assumption of the adult features. At the end of fourth day, the
embryos started to obtain the elongated shape, had curved
foot muscle and embryo turned into early veliger (Plate 2, Fig.,
O and P). Both trochophore and veliger stages are passed
inside the egg in L. acuminata, however, in many snails these
stages occur outside the egg as free swimming larvae. The
heart beat was clearly observed during sixth day and the
embryo exhibited considerable coordination of movements.
The visceral mass showed periodic contraction movements
towards the head-foot region. The foot has increased in size
and with some glandular masses which may be the adhesive
gland, secreted the sticky substances for attachments. The
whole embryo became transparent and increased in length
and width. The tentacle was a little more differentiated from
the velar region and the invagination was deeper than before.
The veliger stage extended upto 7 day.

Day VII and VIII: The veliger stage passed gradually and then
was followed by hippo stage. The hippo stage was
characterized by complete metamorphosis to young snail
(Plate 2, Fig. Q). By this time the embryo was fully developed,
eyes and the heartbeats could be seen; shell and foot were
clearly separated. A pair of eyes, a left eye and the right eye,
appeared each as a black dot at the base of left and right
tentacle respectively. This is an important feature of order
Basommatophora. The heart beat now could be easily
observed. During this period the mantle fold could be
identified. There were slight ciliary movements at the anterior
opening. The length of the capsule was also increased as the
embryo made movements within the capsule. After this, the
foot increases in the size and becomes as long as to extend
longer than the body of the embryo. Shell striations also appear
during the same period. The heartbeat in the rotatory condition
was much faster as compared to the resting condition. The
mantle fold then became clearly distinguished.

Day IX and X: The shell increased in size which was too
transparent and margins of the spires could be distinguished.
The foot became stout. The embryo has increased in size and
assumed all adult features (Plate 2, Fig. S, T and U). All parts of
the body undergo further development. Tentacles increased
in length and eyes were permanently observed. The coiling of
the shell was clearly observed. During this period, the mantle
fold was formed and began to extend forward. The pulmonary
sac was clearly seen and it was light blue in colour. The foot
became much stouter and broader and developed a sole. The
radular movements were increased. The mantle fold was
extended towards the anterior side. The mantle collar was
broader and thicker. The pneumostome or opening in to
mantle cavity was differentiated. The foot was slightly tapering
towards the anterior end and the muscular activity increased.
The dimensions of the shell were 568 um x 232 um. Capsule
also increased in dimensions as the embryo increased in its
dimensions. This was the period of nearly complete
development in which mantle obtained its original position
and shell increased in size. The mantle now started the
secretions of the shell because it was co-associated with the
shell. Due to transparency of the shell, the internal organs
could be easily observed. The radular movements became
too fast. The shell with a single gyre was clearly seen. Now the

embryo occupied major portion of the capsule (Plate 2, Fig. S,
T and U).

Hatching Process: The eleventh day is period of hatching.
The fully developed young snail was by that time ready to
emerge out of the egg capsule and to breathe its first in free
freshwater. The dimension of the young snail was 709 um x
369 um at the time just before hatching contain the longest
lengths of all developmental stages. The shell which had, only
a single gyre showed little resemblance to the high spires of
the adult. The head and foot were well developed. The latter
being very heavily ciliated towards its anterior tip. A single egg
membrane surrounded the young one. The young animal
glided around over the inner surface of egg membrane, the
shape of which remained unaltered during these activities.
Eventually, however, the membrane became more flexible
and the foot could be seen to have suction effect upon it as its
gliding activity continued. Thereafter the membrane became
more and more collapsed in folds around the young animal,
so that its diameter decreased greatly. Ultimately, the repeated
tearing movements resulted into the rupture of the eggs
membrane; in the course of events the foot and proboscis
protruded outsider to enlarge the hole. When the size of tear
was increased, the animal rather quickly emerged out. The
process of hatching began on eleventh day and was completed
at the end of it. After hatching, the empty egg membrane
collapsed. Outside the egg, the snail moved freely in the jelly
of the egg capsule and escaped out through a hole made by it
or through an opening made by another snail previously.

Juveniles: At the beginning of the eleventh day, the miniature
snail possessed all the structures found in adult individuals.
The hatched out juvenile snails had a mantle covered by thin
transparent shell. In addition, the foot and tentacles are also
well developed in juveniles (Plate 2, Fig. W and X).

DISCUSSION

The egg type determined was isolecithal as found in many
pulmonate snails (Morill, 1982; Sarker and Jahan, 1998;
Sarker, 2002) and it was found to contain moderate amount
of yolk. Formation of polar body and so-called polar lobe is
noted in the present study. The polar body formation usually
begins about an hour after the egg mass has been deposited.
However, Sarker et al. (2007) noticed that the first polar body
appears usually after first cleavage. In Dentalium also the polar
lobe is formed before first cleavage (Wilson, 1904). The polar
lobes seems to be important structures as Clement (1952)
noted that the removal of polar lobe results in the changes in
symmetry and lack of development of some adult features.
The timing of appearance of polar bodies seems to vary with
the species of snails. For example, in turban shell,
Marmarostoma stenogyris, the first and second polar bodies
were discharged within 30 minutes after fertilization (Naoaki
and Yamakawa, 1999). The polar bodies are formed in almost
all molluscs except cephalopods (Gilbert, 1991). The type of
cleavage is typical of all freshwater pulmonates in being
holoblastic, spiral and meridional as has been supported by
Verdonk and Biggelaar (1983). The first division was
meridional as it passed through animal vegetal pole (Sarker et
al., 2007). Various stages characteristic of molluscan
development such as veliger, trochophore was also observed
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during embryonic development in this snail.

It was observed that the development of all adult features,
except maturation of gonads, occurs by the day IX or X after
the egg has been deposited. Borale (2002) and Sarker et al.
(2007), also noted the similar observation in their respective
studies on L. acuminata. In this study we observed the
incubation period of egg of L. acuminata to be about 11 days
at temperature between 23-28°C. However, incubation period
varies with temperature and this has been reported in number
of molluscs by many workers (Calabrese and Davis, 1966;
Raut, 1981; Aziz and Raut, 1996; Caveriviere et al., 1999;
Przeslawski, 2004 and Sarker et al., 2007). Sarker et al. (2007)
reported that the incubation period of L. acuminata was
maximum (17.50+0.86 days) in January when the water
temperature was 17.50 +0.38°C. It was minimum (6.90+0.12
days) in July when the water temperature was 30.92 +0.24°C.

ACKNOWLEDGEMENT

One of the authors, Pande G S, is thankful to Dr. Babasaheb
Ambedkar Marathwada University, Aurangabad-431004
(M.S.) for providing financial support through JRF to conduct
the present research work.

REFERENCES

Aziz, M. A. and Raut, S. K. 1996. Thermal effects on the life cycle
parameters of the medically freshwater snail species Lymnaea (Radix)
luteola (Lamark). Mem. Inst. Oswaldo. Cruz. 91(1): 119-128.
Barraud, E. M. 1957. The copulatory behavior of the freshwater snail
Lymnaea stagnalis L. Br. J. Anim. Behav. 2: 55-59.

Bayne, C. ). 1968. A study of the desiccation of the egg capsules of
eight gastropod species. J. Zool. 155: 401-411.

Borale, R. P. 2002. Effect of pyrethroid cypermethrin on some
physiological aspects of freshwater snail Lymnaea acuminata. Ph. D
Thesis. B. A. Marathwada Univ., Aurangabad (M.S.) India.

Browder, L. W. 1980. Developmental Biology. Saunders College,
Philadelphia. p. 602.

Calabrese, A. and Davis, H. C. 1966. The pH tolerance of embryos
and larvae of Mercenaria mercenaria and Crassostrea virginica. Biol.
Bull. 131: 427-436.

Canton, ). H. and Sloof, W. 1977. The usefulness of Lymnaea stagnalis
L. as a biological indicator in toxicological bioassays (model substance—
alpha-HCH) Water. Res. 11: 117-120.

Caveriviere, A., Francois, D. and Diallo, A. 1999. Observations on
the influence of temperature on the length of embryonic development
in Octopus vulgaris (Senegal). Aqua. Living Resources. 12: 151-154.
Clement, A. C. 1952. Experimental studies on germinal localization in
Ilyanassa. 1. The role of polar bodies in determination of cleavage pattern
and its influence in later development. J. Exp. Zool. 121: 593-625.

Cumin, R. 1972. Normantafel zur organogenese von Limnaea stagnalis
(Gastropoda: Pulmonata mit besonderer Bercksichtigung der
mittekdarmdrse. Rev. Suisse. Zool. 79: 709-774.

Cumming, R. L. 1993. Reproduction and variable larval development of
an ectoparasitic snail, Turbonilla sp. (Pyramidellidae, Opisthobranchia),
on cultured giant clams. Bull. Mar. Sci. 52: 760-771.

DeWitt, R. M. 1954. Reproduction, embryonic development and
growth in the pond snail, Physa gyrina Say. Trans. Am. Micros. Soc.
77: 124-137.

Gatenby, J. B. 1919. The cytoplasmic inclusions of the germ cells. V.
The gametogenesis and early development of Lymnaea stagnalis L.
with special reference to Golgi apparatus and the mitochondria.
Quart. J. Micr. Sci. 63: 445.

Gilbert, S. E.1991. Developmental Biology. Third Edition, Sinauer
Association, Inc. Publishers, Sunderland Massachusetts, USA, p. 89.

Marois, R. 1989. Embryonic development of Lymnaea stagnalis -
general, neuronal and behavioral aspects. Department of Psychology,
Dalhousie University, Halifax, p. 219.

Marois, R. and Croll, R. P. 1991. Factors influencing hatching
synchrony within the egg mass of the pond snail, Lymnaea stagnalis.
Invert. Reprod. Develop. 19: 139-146.

Mescheryakov, V. N. 1990. The common pond snail, Lymnaea
stagnalis L. In: Animal species for developmental studies. Dettlaff,
D.A. and Vassetzky, S.G. (Eds). Plenum Press, New York and London,
pp. 69-132.

Morill, J. B. 1982. Development of Pulmonate Gastropod, Lymnaea.
In: Developmental biology of freshwater invertebrates. Harrison F.
W. and Cowden R. R. (Eds). Liss, New York, pp. 399-483.

Nagy, T. and Elekes, K. 2000. Embryogenesis of the central nervous
system of the pond snail Lymnaea stagnalis L., an ultrastructural study.
J. Neurocytol. 29(1): 43-60.

Naoaki, K. and Yamakawa, H. 1999. Spawning and early development
of the turban shell, Marmarostoma stenogyrus (Vetigastropoda:
Turbinidae). Venus: Jap. J. Malac. 58(4): 217-221.

Okusu, A. 2002. Embryogenesis and development of Epimenia babai
(Mollusca: Neomenimorpha). Biol. Bull. 203: 87-103.

Przeslawski, R. 2004. A review of the effects of environmental stress
on embryonic development within intertidal gastropod egg masses.
Molluscan Research. 24: 43-63.

Quazi, A. 1974. Biological studies in Indian pulmonate snail Lymnaea.
Ph. D Thesis. Dr. Babasaheb Ambedkar Marathwada University,
Aurangabad (M.S.) India.

Raut, S. K. 1981. Population interaction among freshwater snails.
Proc. Symp. Ecol. Anim. Popul. 2: 163-173.

Rondelaud, D. and Dreyfuss, G. 1996. The development of tissue
lesions in the snail Lymnaea glabra, exposed to sub-lethal dose of
Molluscicide. Vet. Res. 27: 79-86.

Sarker, M. M. 2002. Developmental ecology of freshwater lymnaeid
snails. Ph,D Thesis. Department of Zoology, University of Rajshahi,
Bangladesh, p. 187.

Sarker, M. M. and Jahan, M. S. 1998. Embryonic development of
freshwater snail Lymnaea stagnalis (Linnaeus) (Order:
Basommatophora, Family: Lymnaeidae). Univ. J. Zool. Rajshahi. Univ.
Bangladesh. 17: 11-17.

Sarker, M. M., Nesa, B. and Jahan, M. S. 2007. Embryonic
developmental ecology of freshwater snail Lymnaea acuminata
(Lymnaeidae: Gastropoda). Pak. /. Biological Sciences. 10(1): 23-31.
Sturtevant, A. 1923. Inheritance of direction of coiling in Limnaea.
Science. 58: 269.

Suliman, M. A., Khaeir, H. S. M. and El-Badawi, E. K. S. 1987. The
effect of temperature and pH value on growth, hatching and mortality
rate of L. natalensis under laboratory conditions. Bull. Anim. Hith.
Prod. Arf. 35: 150-153.

Verdonk, N. H. and Biggelaar, V.D. J. 1983. Early development and
formation of germ layers. In: The Mollusca. Wilbur, K. M. (Ed). 3: 91-122.
Victor, N. I. and Balamban, M. 2001. Ontogenesis of the snail, Helix
aspera: Embryogenesis timetable and ontogenesis of GABA-like
immunoreactive neurons in the central nervous system. J. Neurocytol.
30: 73-91.

Voronezhskaya, E. E., Hiripi, L., Elekes, K. and Croll, R. P. 1999.
Development of catecholaminergic neurons in the pond snail,
Lymnaea stagnalis. |. Embryonic development of dopamine containing
neurons and dopamine dependant behavior. /. Comp. Neurol. 444:
285-296.

Wilson, E. B. 1904. Experimental studies in germinal localization-I.
The germ-regions in the eggs of Dentalium. J. Exp. Zool. 1: 1-74.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


