
INTRODUCTION

In the genus Lamproglena Von Nordmann, 1832 
only the adult females are gill parasites of fishes. 
The majority of species occur in freshwater and the 

only exception, Lamproglena lichiae Von Nordmann, 
1832 was collected from the Red Sea (Fryer 1968) 
on the doublespotted queenfish, Scomberoides ly-
san. Six of the 39 species of this genus recorded 
are from southern Africa (Moll & Avenant-Oldewage 
2008) and include Lamproglena monodi Capart, 
1944; Lamproglena clariae Fryer, 1956; Lampro-
glena barbicola Fryer, 1961; Lamproglena cornuta 
Fryer, 1964; Lamproglena hoi Dippenaar, Luus-

227

Onderstepoort Journal of Veterinary Research, 76:227–234 (2009)

Ecological parameters of Lamproglena hoi 
(Copepoda: Lernaeidae) infection on the Bushveld 
smallscale yellowfish, Labeobarbus polylepis 
(Boulenger, 1907)

A. AUSTIN and A. AVENANT-OLDEWAGE*

Department of Zoology, University of Johannesburg, Kingsway Campus,
P.O. Box 524, Auckland Park, Johannesburg, 2006 South Africa

*  E-mail address: aoldewage@uj.ac.za

Accepted for publication 12 November 2008—Editor

ABSTRACT

AUSTIN, A. & AVENANT-OLDEWAGE, A. 2009. Ecological parameters of Lamproglena hoi (Cope-
poda: Lernaeidae) infection on the Bushveld smallscale yellowfish, Labeobarbus polylepis (Bou-
lenger, 1907). Onderstepoort Journal of Veterinary Research,76:227–234

This study describes the distribution and aspects of the ecology of Lamproglena hoi. Bushveld small-
scale yellowfish, Labeobarbus polylepis (Boulenger, 1907) were collected during June 2006 from the 
Phongolo and Assegaai rivers, March 2005 and October 2006 from the Elands River, and January 
2007 and June 2008 from the Komati River in Mpumalanga, South Africa and examined for the pres-
ence of parasites. Lamproglena hoi specimens were collected from the gill filaments of the host. 
Specimens were fixed with warm AFA (alcohol-formaldehyde-acetic acid) and preserved in 70  % 
ethanol. The identification of parasites took place in the laboratories of the University of Johannesburg.

Twenty-five copepods (prevalence 21  %, mean intensity = 4.17, abundance = 0.86) were collected on 
29 fish in the Phongolo River and 46 copepods (prevalence 40  %, mean intensity = 3.83, abundance 
= 1.53) were collected on 30 fish in the Assegaai River. One hundred and sixty eight copepods 
(prevalence 52  %, mean intensity = 12.92, abundance = 6.72) were collected on 25 fish in 2005, and 
527 copepods (prevalence 95  %, mean intensity = 27.74, abundance = 26.35) were collected on 20 
fish in the Elands River. One hundred and sixteen copepods (prevalence 75  %, mean intensity = 7.73, 
abundance = 5.80) were collected on 20 fish in 2007, and 273 copepods (prevalence 63  %, mean 
intensity = 16.06, abundance = 10.11) were collected on 27 fish in 2008 in the Komati River. Labe o-
barbus polylepis from these four rivers was found to have a relatively high L. hoi infection.

Inseminated L. hoi females (immature) attach to the host in winter and their ovaries become con-
spicuous (mature). In spring fertilized eggs are stored in egg sacs hanging from the body (gravid), 
indicating that fertilized eggs start to hatch in spring and continued hatching into summer. Parasites 
prefer the median part of the second gill arch for attachment. No correlation exists between the 
number of parasites recorded on the gills and the sizes (total lengths) of yellowfish sampled.
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Powell & Roux, 2001; Lamproglena hepsetii Van As 
& Van As, 2006. 

Lamproglena hoi was described from specimens col-
lected in the Spekboom River, Mpumalanga (Dip pe-
naar, Luus-Powell & Roux 2001). It is an ectopara-
site on the gills of the Lowveld largescale yellowfish, 
Labeobarbus marequensis and the Bush veld small-
scale yellowfish, Labeobarbus polylepis. Labeobar-
bus polylepis is an indigenous species endemic in 
the southern tributaries of the Limpopo River 
System, as well as the Inkomati and Phongolo sys-
tem, above altitudes of 600 m and prefers perma-
nent rivers with deep pools, riffles and runs (Skelton 
2001). 

The only publication that exists on L. hoi was by 
Dippenaar et al. (2001) and described the morpho-
logical features of this species by means of scan-
ning electron micrographs and drawings. The aim of 
this study is to contribute to the understanding of 
the ecology of this parasite on L. polylepis. 

MATERIALS AND METHODS

Sampling sites and hosts

Specimens of four Labeobarbus polylepis (Bou-
lenger, 1907) populations were collected from In ko-

mati and Phongolo River systems within the natural 
geographical distribution range of the species. 
Twenty nine specimens were collected from the 
Phon golo River (27°22’17.93” S, 30°35’24.50” E) 
and 30 specimens from the Assegaai River 
(27°4’48.22” S, 30°49’15.09” E) during June 2006. 
In the Inkomati system, 25 specimens were sam-
pled from the Elands River (25°36’56.09” S, 
30°30’55.29” E) in March 2005 and 20 in October 
2006. Twenty specimens were collected from the 
Komati River (25°53’40.94” S, 30°17’1.19” E) in 
January 2007 and 27 in June 2008 (Fig. 1).

Collection of fish and parasites

Fish specimens were captured by means of gill nets 
and killed by severing the spinal cord behind the 
head. They were weighed and their sizes were de-
termined in the field by measuring their total length. 
The fish were dissected by cutting from the anus 
towards the head and the sex was determined. The 
gills were removed, dissected apart, placed in water 
and examined for parasites with the aid of a dissect-
ing microscope. The gill arches were divided into 
three areas: anterior, median and posterior, and the 
positions of the parasites on each gill arch were 
noted. Females of L. hoi were collected and fixed in 
warm alcohol-formaldehyde-acetic acid (AFA) and 
preserved in 70 % ethanol. 

FIG. 1 Map indicating the geographic distribution of Labeobarbus polylepis sampled in four rivers (Elands, Phongolo, Assegaai and 
Komati rivers) in Mpumalanga, South Africa. Dots indicate the position of the sampling sites
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Identification of parasites

The identification of the parasites took place in the 
laboratory of the University of Johannesburg. Para-
sites were identified as L. hoi based on their mor-
phology (Dippenaar et al. 2001). Three develop-
mental stages were observed in L. hoi females. 
Inseminated females were categorized as immature 
when attaching to the gill arches of the host. When 
the ovaries became conspicuous the females were 
considered mature. Subsequently, fertilized eggs 
are stored in egg sacs hanging from the body and 
females were classified as gravid.

Data presentation

Lamproglena hoi specimens were counted and the 
data obtained were graphically represented. A com-
parison between the infections in the four L. poly-
lepis populations was done. Geographical locality, 
seasonality and gender specificity of L. hoi were de-
termined. The location of the parasites on the gills 
was recorded. The correlations between the total 
length of the host and the number of parasites were 
determined. Infection levels were expressed as 
prevalence, mean intensity and abundance accord-
ing to the definitions of Bush, Lafferty, Lotz & Shos-
tak (1997).

RESULTS

The combined surface area of the second and third 
gills of L. polylepis is larger than that of the first and 
fourth gills (Fig. 2) and the fact that the former two 
gills are situated centrally in the gill chamber allows 
for maximum water flow over this area.

Lamproglena hoi congregates on the outside of the 
gill filaments and attaches close to the gill arches 
with the posterior end facing away from gill arches 
(Fig. 3A and 3B). In young females the gut content 
appears green (Fig. 3B) and no proliferation of gill 
tissue is apparent. In mature females the gut is filled 
with a red substance that appears to be blood (Fig. 
3A) and proliferation of gill tissue is observed (Fig. 
3B).

Infection statistics of Lamproglena hoi

Prevalence, abundance (relative density) and 
mean intensity

Sampling in the Phongolo and Assegaai rivers was 
done in winter, while the specimens in the Elands 
River were collected in autumn and spring and in 
the Komati River in summer and winter. The prev-

alence, mean intensity and abundance of the four 
rivers show seasonal variance (Fig. 7). The prev-
alence of L. hoi on the gills of L. polylepis varied 
between the different rivers. The prevalence in L. 

FIG. 2 Gill arches of Labeobarbus polylepis in the gill cham-
ber. Numbers indicate the gills’ position in succession 
from anterior to posterior

FIG. 3  (A) Photograph of a gill arch of Labeobarbus polylepis 
to indicate attachment sites of Lamproglena hoi para-
sites. Gill is divided into three sites (anterior (A), medi-
an (M) and posterior (P)), and (B) an enlargement to 
show attachment and proliferation at attachment site. 
Arrows indicate proliferation

A

B
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polylepis in the Phongolo River (21 %) and Assegaai 
River (40 %) were relatively low, compared to the 
considerable higher prevalence in the Elands River 
(52  % and 95  %) and Komati River (63  % and 75  %).

The highest mean intensity value recorded for L. hoi 
was in the Elands River and increased from 12.92 in 
autumn to 27.74 in spring (Fig. 4). The lowest val-
ues noted were 3.83 in the Assegaai River and 4.17 
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FIG. 4

Graph depicting the prevalence, 
mean intensity and abundance 
of Lamproglena hoi on the gills 
of Labeobarbus polylepis in au-
tumn 2005 and spring 2006 in 
the Elands River in Mpumalanga, 
South Africa
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FIG. 5

Graph depicting the prevalence, 
mean intensity and abundance 
of Lamproglena hoi on the gills 
of Labeobarbus polylepis in win-
ter 2006 in the Phongolo and 
As se gaai rivers in Mpumalanga, 
South Africa
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FIG. 6

Graph depicting the prevalence, 
mean intensity and abundance 
of Lamproglena hoi on the gills 
of Labeobarbus polylepis in sum-
mer 2007 and winter 2008 in the 
Komati River in Mpu ma langa, 
South Africa
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in the Phongolo River during winter (Fig. 5). The 
rest of the values ranged between 7.73 (summer) 
and 10.11 (winter) in the Komati River (Fig. 6).

For this fish species, the abundance values of L. hoi 
ranged from 6.72–26.35 (autumn and spring) in the 
Elands River to 0.86–1.53 (winter) in the Phongolo 
and Assegaai rivers and then increased to 5.80–
16.06 (summer and winter) in the Komati River (Fig. 
4, 5 and 6).

Ecological parameters

Seasonality

When the data sets from the various surveys are 
combined a pattern becomes apparent. The highest 
number of L. hoi was collected in spring. The high-
est prevalence, mean intensity and abundance of L. 

hoi were also recorded in spring. All parameters de-
creased toward summer and the lowest numbers 
were observed during winter surveys (Fig. 7).

In autumn 58 % of females were mature; this per-
centage increased in winter to 95  % and 96  %, re-
spectively with 4  % and 5  % immature, indicating 
that eggs are not released during winter and that 
young females are present in this season.

In spring 84  % of females were gravid and egg sacs 
were hanging from the body.

In summer 55  % females were gravid, indicating 
that fertilized eggs start to hatch in spring and con-
tinued hatching into the summer season, as gravid 
females decreased in number from spring to sum-
mer (Fig. 8) and non parasitic nauplii were observed 
in close proximity to the egg sacks.
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FIG. 7

Graph illustrating the seasonal 
variance of prevalence, mean 
in tensity and abundance of 
Lamproglena hoi on the gills of 
Labeobarbus polylepis found in 
four rivers in Mpumalanga, South 
Africa

FIG. 8

Graph showing composition of 
immature, mature and gravid 
Lamproglena hoi females per-
centages in autumn, winter, 
spring and summer
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Location of parasites on the gills

The gill arches were divided into three areas: ante-
rior, median and posterior and the positions of the 
parasites on each gill arch were noted. From a sub 
sample, a total of 729 parasites were collected on 
the gills of L. polylepis, 49 % were found on the left 
gills and 51 % on the right gills. On both the left and 
right side, 79  % of the parasites were attached to 
the median part of the gill arch. The gill arch’s ante-
rior gill area had 14 % of parasites and the posterior 
gill area 8  %. The second gill on both the left and 
right sides had the highest numbers of parasites 
(Fig. 9). The position of L. hoi on the hosts collected 
from the Elands River in autumn 2005 was exclud-
ed from the sub sample. 

Gender specificity

In the sub sample (excluding Eland River data 
2005) of 126 infected fish, the number of infected 
males (n  = 56 or 81 % of infected fish) was much 

higher than that of the females (n = 13 or 19  %). 
However, mainly male fish were collected in the 
Komati River, hence the large infection on male 
hosts (n = 31). 

Host size preference

No correlation existed between the number of para-
sites and the size of the host (Fig. 10).

DISCUSSION

The highest number of L. hoi females was observed 
during spring and it decreased from summer to au-
tumn. The lowest number of parasites occurred in 
winter. Abundance and mean intensity values differ, 
the numbers in both cases were lower in spring time 
(Komati River) than in autumn (Elands River). La-
beobarbus polylepis in the Elands River demon-
strated extremely high numbers of L. hoi infections 
during autumn and spring. The hosts in the Komati 
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FIG. 9

Graph showing the position (an-
terior (A), median (M) or poste-
rior (P)) of the Lamproglena hoi 
on the left (L) and right gill (R) 
arches of Labeobarbus polylepis

FIG. 10

Graph showing the number of 
Lamproglena hoi compared to 
the total size of Labeobarbus 
poly lepis hosts
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River showed exceptionally high numbers of para-
sites in winter compared to those in the Phongolo 
and Assegaai rivers. Khan & Thulin (1991) suggest-
ed that since ectoparasites are directly exposed to 
the river water, they are in contact with pollutants in 
it, which could reduce continued occurrence or re-
productive tempo. According to Marx & Avenant-
Oldewage (1996) and Avenant-Oldewage (2003) 
higher numbers of ectoparasites occur in less con-
taminated waters, while more polluted water has 
the reverse effect.

The Elands River is geographically isolated from 
the Komati River by two waterfalls, but the sampling 
localities in both rivers are not highly impacted 
(Ferreira, Wepener & Van Vuren 2008). The Komati 
River drainage area is mainly covered by forests and 
the river is therefore not impacted by anthropogenic 
activities. The less polluted Elands and Komati riv-
ers have higher numbers of copepod ecto par a sites 
than those fish in the Phongolo and Assegaai rivers. 
This finding corroborates the results of Avenant-
Oldewage (2003) for L. clariae in the Oli fants River 
and that of Tsotetsi, Avenant-Oldewage & Mashego 
(2004) on L. clariae in the Vaal River.

Only three developmental stages of the life cycle of 
L. hoi females were observed. The immature stage 
occurred in winter and the highest percentage of 
mature females was also observed during this sea-
son. In spring, gravid females dominated in num-
bers on the gills, and this phenomenon continues 
into summer. It appears that fertilized eggs hatch in 
spring and summer. The females die after egg pro-
duction as is evident from the decline in the number 
of gravid females as spring goes into summer (84 % 
compared to 55 %).

There were no significant differences in the parasite 
load between the left and right gill, which indicates 
that L. hoi do not have a gill side preference. Rhode 
(1993) speculated that the preference for a particu-
lar gill side is due to the asymmetrical body shape of 
many parasites. Lam proglena hoi is bilaterally sym-
metrical which may possibly explain why there is no 
gill side preference. Rhode (1993) furthermore sug-
gested that the distribution of parasites on different 
gills differs because of the preference or size of the 
gills. Marx & Avenant-Oldewage (1996) found that 
L. clariae concentrated near the ends of the gill 
arches which are completely different from L. hoi 
which congregates all over the gill surface. Further-
more, Tsotetsi et al. (2004) reported that L. clariae 
specimens attach midway along the gill filament so 
that the genital segment is in line with the apex of 

the filament. In L. hoi, the parasite attaches close to 
the bony part of the gill arch as well as along the 
length of the filament towards the tip.

Seventy-nine percent of the L. hoi were attached to 
the median part of the gill arch. This differs from the 
findings of Tsotetsi et al. (2004), who determined 
that 52  % L. clariae parasites attach to the median 
part of gill arch. According to Tsotetsi et al. (2004) 
the anterior part of the Clarias gariepinus gill arch 
also harboured 14  % of parasites, similar to the 
finding in this study. The posterior gill arches of L. 
poly le pis harboured fewer L. hoi parasites (8  %) 
compared to L. clariae (34  %) were situated on the 
pos terior gill arches of C. gariepinus (Tsotetsi et al. 
2004).

More L. hoi parasites preferred the median position 
on the gill arches. The second gill arch on both sides 
had more L. hoi parasites than any other gills. The 
increased gill surface and water flow through the gill 
chamber might explain why there are more L. hoi 
parasites in these positions. It is suggested that wa-
ter flow in these areas provides the ideal opportu-
nity for attachment. This will furthermore provide an 
advantage for distribution of offspring. On the other 
hand, Tsotetsi et al. (2004) found a higher occur-
rence of L. clariae on the fourth gill on both sides. 
The fourth gill arch of C. gariepinus is shorter than 
the others and consists of fewer, thinner gill fila-
ments. Tsotetsi et al. (2004) suggested that the pro-
tection or diminished turbulence in the part of the gill 
chamber may offer an explanation for attachment 
location.

In 2004 Tsotetsi et al. found that L. clariae had no 
preference regarding the sex of the host. Mainly 
male fish were collected during this study in the 
Komati River which makes this sample survey bi-
ased and a conclusion could not be made on gen-
der preference.

Data of the present study showed no correlation be-
tween the number of parasites and the host size. 
This is in agreement with the results of Tsotetsi et 
al. (2004) on L. clariae on C. gariepinus and those 
of Sproston, Yin & Hu (1950) on Ophiocephalus ar-
gus and number of Lamproglena chinensis. Similar 
results for other copepod studies have been report-
ed by Marcogliese (1991) for Caligus Műller, 1758 
and Lo, Morand & Galzin (1998) for Lernaea cypri-
nacea Linnaeus, 1758. The increase in the size of 
the host will lead to an increase in gill surface and 
volume water flow through the gill chamber. How-
ever, these advantages have no affect on the num-
ber of parasites.
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CONCLUSION

The numbers of L. hoi specimens on the gills of L. 
polylepis from the four rivers indicate a relatively 
high prevalence, mean intensity and abundance, 
and the occurrence of a seasonal variance. These 
observations corroborate those of Tsotetsi et al. 
(2004) for L. clariae. The median part of the gill arch 
on the second gill on both the left and right sides 
was the preferred attachment site. No correlation 
was found between the number of parasites and the 
host size or sex.

ACKNOWLEDGEMENTS

The authors acknowledge the financial assistance 
provided by the Water Research Commission and 
the University of Johannesburg. We express our 
gratitude to Gordon O’Brien and Quinton Tam for 
their assistance in the field and laboratory. Gina 
Walsh is thanked for Fig. 2 and Quinton Tam for 
Fig. 3.

REFERENCES

AVENANT-OLDEWAGE, A. 2003. Lamproglena and Lernaea 
(Copepoda) as possible bio-indicators of environmental de-
terioration in the Olifants River. Journal of South African Vet-
erinary Association, 72:96.

BUSH, A.O., LAFFERTY, K.D., LOTZ, J.M. & SHOSTAK, A.W. 
1997. Parasitology meets ecology on its own terms: Margolis 
et al. revisited. Journal of Parasitology, 83:575–583.

DIPPENAAR, S.M., LUUS-POWELL, W.J. & ROUX, F. 2001. 
Lam proglena hoi n. sp. (Copepoda: Lernaeidae) from two 
yellowfish hosts, Barbus marequensis and Barbus polylepis, 
caught in a river in Mpumalanga, South Africa.  Onderstepoort 
Journal of Veterinary Research, 68:209–215.

FERREIRA, M., WEPENER, V. & VAN VUREN, J.H.J. 2008. Die 
invloed van papierpulpmeule-aktiwiteite op die visgemeen-
skapstruktuur van die Elandsrivier, Mpumalanga. Tydskrif vir 
Natuurwetenskap en Tegnologie, 27:83–94.

FRYER, G. 1968. The parasitic Crustacea of African freshwater 
fishes; their biology and distribution. Journal of Zoology, Lon-
don, 156:45–95.

KHAN, R.A. & THULIN, J. 1991. Influence of pollution on para-
sites of aquatic animals. Advanced Parasitology, 30:201–238.

LO, C.M., MORAND, S. & GALZIN, R. 1998. Parasite diversity/
host age and size relationship in three coral-reef fishes from 
French Polynesia. International Journal for Parasitology, 28: 
1695–1708.

MARCOGLIESE, D.J. 1991. Seasonal occurrences of Lernaea 
cyprinacea on fishes in Belews Lake, North Carolina. Journal 
of Parasitology 77:326-327.

MARX, H.M. & AVENANT-OLDEWAGE, A. 1996. Redescription 
of Lamproglena clariae Fryer, 1956 (Copepoda, Lernaeidae), 
with notes on its occurrence and distribution. Crustaceana, 
69:503–523. 

MOLL, J. & AVENANT-OLDEWAGE, A. 2008. ’n Oorsig oor die 
verspreiding, taksonomie en aspekte van die ekologie van 
die genus Lamproglena (copepoda), ’n ektoparasiet op die 
kieue van visse. Tydskrif vir Natuurwetenskap en Tegnologie, 
27:107–124.

ROHDE, K. 1993. Ecology of marine parasites. Wallingford, UK: 
CAB International.

SKELTON, P. 2001. A complete guide to the freshwater fishes of 
Southern Africa, 2nd ed. Halfway House:  Southern Book Pub-
lishers.

SPROSTON, N.G., YIN, W.Y. & HU, T. 1950. The genus Lampro-
glena (Copepoda Parasitica): the discovery of the life-histo-
ries and males of two Chinese species from food fishes, re-
vealing their relationship with Lernaea, and of both to the 
cyclopoidea. Sinensia, N.S. 1:51–54.

TSOTETSI, A.M., AVENANT-OLDEWAGE, A. & MASHEGO, 
S.N. 2004. Aspects of the ecology of Lamproglena clariae 
(Copepoda: Lernaeidae) from the Vaal River system, South 
Africa. Journal of Crustacean Biology, 24:529–536.

VON NORDMANN, A. 1832.  Mikrographische Beiträge zur Na-
tur geschichte der wirbellosen Tiere. Zweites Heft. Berlin: G. 
Reimer.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [850.394 1133.858]
>> setpagedevice


