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FISH AND DIADROMY IN EUROPE

Does global warming impact on migration patterns and
recruitment of Allis shad (Alosa alosa L.) young of the year

in the Loire River, France?
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Abstract The hydrological and thermal changes in
the Loire River were investigated to test the influence
of climatic changes on a short freshwater stage
anadromous fish species, Allis shad, for the 1995—
2004 period. The mean water temperatures during the
adult migration and juvenile growth phases showed
significant increase, and mean water flow during
these two phases decreased significantly. The period
below the threshold of 18°C shortened, and the period
between 18°C and the maximum lengthened, while
the temperature amounts (number of degree-days)
received by aquatic organisms between 18 and 24°C
showed an increase. The pattern of young-of-the-year
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downstream migration was modified. The first day
when the juvenile catches reached 5% occurred
17 days earlier at the end of the 1995-2004 period
than at the beginning. The first day when the juvenile
catches reached 50% was related to the 18°C
threshold (reproductive threshold) and the tempera-
ture amounts accumulated between the 18 and 20°C
thresholds. The year-on-year levels of young-of-the-
year abundance showed wide variations, which were
not explained by environmental parameters, probably
because of the long distance between the study site
and the spawning grounds.

Keywords Water temperature - Hydrology -
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Allis shad

Introduction

The oldest daily air temperature records in Europe
date back to the nineteenth century, but this type of
records is very rare for water temperatures (Webb &
Nobilis, 1994). During the twentieth century, the
water temperature in the Danube in Austria has
shown a significant increase in monthly mean water
temperatures of 0.8°C, varying from 0.66 to 2.0°C.
Severe low water levels and human activities are
accelerating this process (Webb & Nobilis, 1994,
1995). In the upper Rhone River (France), between
1979 and 1999, the average water temperature rose
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by about 1.5°C due to atmospheric warming, and the
flow rates fluctuated around the annual mean without
showing any particular trends (Daufresne et al.,
2003). Linear regression models based on monthly
air temperature and flow rate data were used to
reconstruct the temperatures for the period 1881—
2003 in the middle section of the Loire River
(France). The rapid rise in water temperatures
observed since 1976 is part of a general trend over
the century, marked by other warm periods around
1900 and 1950 (Moatar & Gailhard, 2006). The mean
annual water temperatures increased by 1.6°C
between 1976 and 2003.

The Allis shad (Alosa alosa) is an anadromous
Clupeid historically ranging from south Morocco to
north Germany (Bagliniére, 2000). This species
frequents the Loire watershed where spawning
grounds are located about 550-750 km from the sea
(Boisneau et al., 1990). As there are no stocking
phenomena, this species provides an interesting
model for assessing the impacts of global changes.
The freshwater stage is very short, ranging from 3 to
6 months. The juveniles migrate downstream to the
sea during the summer and early autumn (Taverny
et al., 2000).

The global warming of rivers in temperate zones is
likely to affect ectothermic aquatic organisms. Flow
and water temperature exercise fundamental control
over these ecosystems and their communities (Ward,
1992). Although density-dependent processes interact
with environmental factors to determine recruitment
levels and variability, water temperature and flow are
two important factors that affect freshwater fish
dynamics (Schlosser & Angermeier, 1990; Cattaneo
et al., 2001, 2002). Water temperature controls
physiology and influences phenology, while survival
of fish during their early life may be affected by water
temperature and water flow rates. This can lead to
earlier maturity, change the population age break-
down and generate year class fluctuations (Mann,
1991; Elliott et al., 2000; Davidson et al., 2006).

As climatic factors are known to influence fresh-
water fish abundance, our question in this article is
whether these factors influence an anadromous spe-
cies with a short freshwater stage. Especially, we
address the following questions: (1) What are the
hydrological and thermal changes in the middle
section of the Loire River during Allis shad fresh-
water phases? What are the consequences of these

@ Springer

changes? (2) For the migration pattern of young of
the year, and (3) On their inter-annual abundance?

Methods
Study sites

The Loire River runs over a 1,000-km course from the
centre of France and drains an area of about 117,000
km 2. The study site where fish were caught is located
250 km from the sea and 300 km downstream from
the spawning grounds (Fig. 1). The annual mean flow
at the study site is 364 m’/s. (1863-2004).

Temperature and flow data

Daily flow rate data were taken from the HYDRO
national database managed by the French Department
of the Environment for the nearest site. Daily
temperature data were recorded by Electricité de
France upstream from the Chinon-Avoine nuclear
power plant, the nearest spot where water tempera-
tures are recorded (Fig. 1). The levels of thermal
waste flow into the Loire are very low, with a median
rise of 0.1°C (Moatar et al., 2006) and they do not
interfere with anadromous fish migration.

To evaluate the effects of hydrological and thermal
changes on Allis shad, the freshwater stage was
divided into two periods, adult upstream migration
and spawning from 15/03 to 15/06, and the young of

0 100 Km |
e A | Orgeans

Loire

! Nantes
N -
”, ™,
Q 3
\_
N
Atlantic
Ocean <
M~
| ‘\\.I ¢ .
N |\ Loire
|II \ .
<> i"\ Spawning grounds Allier

Fig. 1 Location of the temperature recording site, Avoine (1),
the fish sampling site (2), the flow rate recording site (3) and
Allis shad adult control stations (4-5)
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the year (YOY) early growth and downstream
migration, from 15/06 to 15/10. Several hydroclimat-
ic variables were used (Carrel, unpublished data).
They were calculated from daily data, for each year,
from 1976 to 2004:

e The number of days (Julian calendar) between 1
January and the date of exceeding a given
threshold. This shows whether the temperature
rise phase occurs late or early. The thresholds
adopted were 16, 18, 20, 24°C and the maximum.
The temperature range chosen covers the adult
migration period, the egg incubation period and
the initial live stage (Roule, 1923; Hoestlandt,
1958). The variables are called C16, C18, C20,
C24 and Cmax.

e The duration, in days, between the two thermal
thresholds, between 16 and 18°C (D16-18),
between 18 and 20°C (D18-20) and between 20
and 24°C (D20-24). This expresses the variations
in length of the periods between two thresholds.

e The sum of daily thermal differences between the
annual curve and an inter-annual smoothed curve
(1976-2004) for the period between two thresh-
olds, 16 and 18°C (S16-18), 18 and 20°C (S18-
20), 20 and 24°C (S20-24). This is the equivalent
of a degree-day amount as compared with the
inter-annual curve. It quantifies temperature
increases or decreases.

e The average conditions of seasonal water flow
and temperature were estimated from the mean
water temperature, the mean water flow rate and
the median daily flow rate (Q50) over each
migration season.

e The high and low flow level events were
described with the 0.1, 0.2, 0.8, 0.9 percentiles
of water flow expressed as Q10, Q20, Q80 and
Q90 for the two periods of shad migration.

e Flow rate variability was expressed as the ratio
Q10/Q90.

Fish data

Downstream migrating juvenile were intercepted
with a beach seine, because Allis shad juveniles are
near the bank (Taverny et al., 2000) (location 2,
Fig. 1). The mesh size was 10 mm. The water depth
ranged from 0.5 to 1.2 m and the water flow speed

3,0

*
2,5 .

Catches (log)
- N
K k) °
SR
* »
* o
RS
.

o
&
%
-
%o %,

0,5 1 o 000

0,0

Water discharge (m®%/s)

Fig. 2 Relationship between catches of Allis shad YOY and
water flow rate during fish sampling

varied from 0.3 to 0.8 m/s. The substrate was sand
and gravel. Sampling was carried out from Mondays
to Fridays, from mid-June to mid-October, and from
1995 to 2004. The water flow rate ranged from 55 to
254 m%/s. The fish were measured (fork length) to the
nearest millimetre.

The links between YOY catches and effort were
checked for each year. They showed no relationship
except for 2001, which accounted for 6.3% of catches
over the entire series. Catches and effort were still
considered as independent. The links between catches
and water flow were also checked for each year and
did not show any relationship (P >> 0.05, Fig. 2).
The YOY abundance was expressed as catch per unit
effort (CPUE), calculated for each year, as a ratio of
the total number of catches to the total effort.

The pattern of juvenile migration was determined
by the days (Julian calendar) when the 0.05, 0.5 and
0.95 percentile of catches occurred. The durations, in
days, between two of these dates (days when 0.05 and
0.5 of the catches occurred; days when 0.5 and 0.95 of
the catches occurred) were calculated. This expresses
the variations in the length of the migrating period.

The numbers of adults reaching the main spawning
grounds in the watershed were obtained from fish
control stations managed by LOGRAMIl, since 1998,
the starting date for data collection. They were
expressed as the total number of adults getting over

' LOGRAMI is an NGO bringing together recreational and
commercial fishermen from the Loire River watershed. It
provides assistance for diadromous fish management.
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the fish pass on the Loire and the Allier Rivers
(Fig. 1, locations 4 and 5), over a period ranging from
14 April to 3 July.

Data analysis

In order to detect trend over time for thermal and
hydrological parameters and in migration patterns, we
used a non-parametric seasonal Kendall test and
seasonal Kendall slope estimator. This non-parametric
test (based on ranks) seeks trend once autocorrelation
effects are removed (Webb & Nobilis, 1994).

The influence of flow and thermal changes on the
migration pattern for YOY was tested with a
Spearman rank correlation between the days of 0.05
and 0.5 percentile of catches and the environmental
variables that showed significant prior trends.

Spearman rank correlations were used to test the
potential relationship between YOY abundance and
some selected environmental variables that showed
significant prior trends, and between YOY abundance
and the number of adults reaching the main spawning
grounds.

Results
Temperature and flow rate data

The mean water temperature during the two periods
of shad migration showed a significant increase of
2.5°C for the adult upstream migration period and
2.0°C for the YOY downstream migration period,
between 1976 and 2004 (Table 1). The numbers of

days before the thermal thresholds (Ci) showed
significant decrease for the 18, 20 and 24°C levels,
but not for the maximum (Table 1). The duration, in
days, between the thresholds (Di) remained
unchanged, but the increase in the heat amount (Si)
between 18 and 20°C and 20 and 24°C was signif-
icant (Table 1).

The mean water flow rate during the two periods
of shad migration showed a significant decrease
(Table 2). These seasonal flow rate falls were part of
a general trend over the entire year. The annual mean
flow rate was 469 m’/s in 1976 and 264 m’/s in 2004
(e = —0.547, P = 0.002), the decrease is around
40%. The mean water flow rate during adult upstream
migration was 626 m’/s in 1976 and 298 m’/s in
2004, and the mean water flow rate during YOY
downstream migration was 218 m%s in 1976 and
98 m’/s in 2004 (Table 2). The high flow levels for
each migration season showed significant falls,
though the low flow levels only dropped during the
adult upstream migration (Table 2). Flow rate vari-
ability increased significantly during the juvenile
downstream migration.

None of these trends were sensitive to extreme
years; they remained significant at the 0.05 confidence
level when we removed the hot years 1976 and 2003.

Fish data

Allis shad juveniles are very difficult to catch, and it
was the first time in France that they has been
successfully sampled over a 10-year period (1995-
2004). 4,613 young Allis shad were sampled, with an
absence of catches in 1996. The mean length was

Table 1 Trends in thermal

. . Parameter Slope of  Significance Change over the study
variables of the median part . .
. . linear of trend (P) period Data for 1976 and
of the Loire River between trend 2004
1976 and 2004
C18 (Julian day for threshold 18°C) —0.56 0.041 Day 140-day 124
C20 (Julian day for threshold 20°C) —0.83 0.010 Day 159—-day 135
C24 (Julian day for threshold 24°C) -13 0.001 Day 198-day 161
S18-20 (temperature increase) 1.64 0.021 46°C. day
S20-24 (temperature increase) 5.31 0.000 102°C. day
Mean water temperature during adult 0.09 0.000 13.3-15.8°C
upstream migration (15/03—15/06)
Mean water temperature during YOY 0.07 0.001 19.3-21.3°C

Only variables showing
significant trends are shown

downstream migration (15/06-15/10)
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Table 2 Trends in the
Loire River flow rate
variables between 1976 and
2004

Parameter

Slope of trend  Significance of = Change over the study

trend (P) period Data for
1976 and 2004
River flow rate during adult upstream migration
Q20 (percentile 0.2) —6.72 0.046 372-183 m’/s
Q50 (percentile 0.5) —9.94 0.048 538-260 m>/s
Q80 (percentile 0.8) —15.68 0.039 826-387 m*/s
Q90 (percentile 0.9) —-21.37 0.036 1087-489 m*/s
Mean river flow rate —11.7 0.036 626-298 m>/s
River flow rate during YOY downstream migration
Q50 (percentile 0.5) —3.36 0.038 172-78 m’/s
Q80 (percentile 0.8) —6.4 0.041 306-128 m’/s
Q90 (percentile 0.9) —-9.36 0.047 417-155 m/s
Flow rate variability (Q10/90) 0.07 0.029 0.266-0.468
Mean river flow rate —4.299 0.039 218-98 m’/s

Only variables showing
significant trends are shown

58 mm (standard deviation: 11 mm) with extremes
ranging from 45 to 76 mm.

YOY were intercepted between 28 June and 15
October. The starting date for their downstream
migration was 17 days earlier at the end of the time
lapse than at the beginning (Fig. 3). The days when
50% and 95% of the catches occurred did not show
any significant trend. This means that the duration of
the first half of the migration period is lengthening.

No significant relationships were found between
environmental variables and the day when 5% of
catches of YOY occurred, but significant relation-
ships were found between the day when 50% of
catches occurred and the 18°C threshold (r, = 0.745,
P = 0.012), and the number of degree days between
18 and 20°C (ry = 0.745, P = 0.012).

The year-on-year changes in abundance of YOY
showed considerable variability, with very low levels
in 1996, 1999, 2000 and 2003, and a very high level
in 2004 (Fig. 4), but no links were found between
juveniles abundance and adult abundance, thermal
variables or river flow rates (Table 3).

Discussion

Temperature and flow rate data

The rise in water temperatures observed for the Loire
River is consistent with the changes occurring in

other European rivers, despite differences in their
hydrological regime (Daufresne etal., 2003;

Davidson et al., 2006; Mouthon & Daufresne, 20006;
Webb & Nobilis, 1995). For the Loire, the water
temperatures show significant increases in the spring,
summer and winter (Moatar & Gailhard, 20006).
During the spring and summer, the 18, 20 and 24°C
thresholds are reached earlier, but the day when the
maximum is reached does not show any significant
trends. The period before the 18°C threshold has
shortened, and the period between 18°C and the
maximum has lengthened accordingly, while the
temperature amount received by aquatic organisms
between 18 and 24°C has increased.

In contrast with the trends noted concerning water
flow rates in the Rhone and Sadne Rivers (Daufresne
et al 2003; Mouthon & Daufresne, 2006), the mean
annual flow rate of the Loire is decreasing. This is
also observed for the flow rate parameters, Q50, Q80
and Q90 for spring and summer. The maximum flow
rate and flow rate variability (Q10/Q90) during the
adult migration period do not show any trends. On the
other hand, flow rate variability during the juveniles
migration is increasing. We can assume that species
spawning or/and having their larval development
during spring and early summer probably emerge
earlier and grow faster. This could be accelerated by
lower water flow rates and lower levels of variability.

YOY of Allis shad

Climatic conditions during the larval period generally
determine the survival rate of the fish during their
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Table 3 Relationship between Allis shad YOY abundance and environmental parameters (1995-2004)

Parameter

Correlation (rg)

Probability level (P)

Mean water temperature during adult upstream migration (15/03-15/06)
Mean water temperature during YOY downstream migration (15/06—-15/10)

C18 (Julian day for threshold 18°C)

C20 (Julian day for threshold 20°C)

C24 (Julian day for threshold 24°C)

S18-20 (temperature increase)

S20-24 (temperature increase)

Mean water flow during adult upstream migration (15/03-15/06)
Mean water flow during YOY downstream migration (15/06—-15/10)
Number of adults reaching the main spawning grounds

—-0.479
-0.333
0.033
—490
0.382
—0.261
—-0.127
0.406
0.539
0.464

0.16

0.217
0.463
0.15

0.138
0.191
0.36

0.122
0.054
0.147
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initial life, and their abundance in small or large
rivers (Cattaneo et al.,, 2001, 2002; Elliott et al.,
2000; Daufresne, 2003; Grenouillet et al, 2001).
Annual juveniles abundance shows strong fluctua-
tions, without any apparent relationship with
environmental variables. If the fishing effort is
constant in terms of time and surface when the flow
rate increases, the relative proportion of sampled
habitat is reduced. This could account for the absence
of links between YOY abundance and summer water
flow rate. The distance between the study site and the
spawning grounds is another possible explanation for
the absence of links between YOY abundance and
hydroclimatic variables. The spawning grounds are
located 300 km upstream from the sampling site, and
the environmental parameters are probably different.
It was not possible to test the impact on the YOY
survival rate of flows and temperatures during
incubation and the early stages of life in the spawning
grounds.

There are positive relationships between the day
when 50% of the juveniles catches occurred and the
18°C threshold and the number of degree-days
between 18 and 24°C. As is the case for other fish
species, the durations of egg and larval development
are related to temperatures, and especially to the
temperature for adult reproduction, 18°C being the
median temperature value when spawning occurs
(Hoestlandt, 1958).

The day when the 0.05 percentile of catches was
reached, occurred earlier (27 July in 1995 and 10 July
in 2004). The downstream migration now starts
earlier than the mid-August date given for the
Garonne and Loire rivers (Taverny et al., 2000).

The absence of a relationship between the day for
the 0.05 percentile of YOY catches and the environ-
mental variables could be explained by the location
of the sampling site; but according to Bernard &
Larinier, (1988) water temperature and water flow
rate are not at the origin of juveniles migration on the
Garonne River. It could be the same on the Loire
River; certain biological and physiological parame-
ters (length and hormone concentration) could be
involved in the downstream departure process, as is
shown for twaite shad (Alosa fallax) (Aprahamian,
1988) and Alosa sapidissima (Limburg, 1996).

To conclude, our results indicate impacts of
climatic change in the Loire River either in the
thermal or the hydrological regime for the 19761995

period. This influences the departure of YOY Allis
shad on their downstream migration, but not their
annual abundance. This strongly suggests the need to
take into account the impact of climatic change in
anadromous fish monitoring programs.

Acknowledgements We thank HYDRO national database
managed by the French department of the Environment for the
flow rate data and Electricité de France at the Chinon-Avoine
nuclear power plant for the temperature data. We are grateful
to the three referees who helped to make considerable
improvements to the quality of the manuscript, and to
J. Casas, IRBI, University of Tours, for his helpful remarks.

References

Aprahamian, M., 1988. The biology of twaite shad, Alosa
fallax fallax (Lacépede) in the Severn Estuary. Journal of
Fish Biology 33(Supplement A): 141-152.

Bagliniere, J. L., 2000. Le genre Alosa sp. In Bagliniere J. L. &
P. Elie (eds), les aloses (Alosa alosa et Alosa fallax spp.),
écobiologie et variabilité des populations. INRA, Paris, 3—
30.

Bernard, S. & M. Larinier, 1988. Echantillonnage d’alosons
dans les chambres anti vortex de I’usine hydro électrique
de Golfech. Rapport CEMAGREF, CSP, Ministére de
I’Environnement 32.

Boisneau, P., C. Mennesson-Boisneau & J. L. Bagliniere, 1990.
Description d’une frayére et comportement de reproduc-
tion de la grande alose (Alosa alosa) dans le cours
supérieur de la Loire. Bulletin Francais de Péche et
Pisciculture 316: 15-23.

Cattaneo, F., G. Carrel, N. Lamouroux & P. Breil, 2001.
Relationship between hydrology and cyprinid reproduc-
tive success in the Lower Rhone at Montélimar, France.
Archiv fiir Hydrobiologie 151: 427-450.

Cattaneo, F., N. Lamouroux, P. Breil & H. Capra, 2002. The
influence of hydrological and biotic processes on brown
trout (Salmo trutta) population dynamics. Canadian
Journal of Fisheries and Aquatic Sciences 59: 12-22.

Daufresne, M., M. C. Roger, H. Capra & N. Lamouroux, 2003.
Long-term changes within the invertebrate and fish com-
munities of the upper Rhone River: effects of climatic
factors. Global Change Biology 10: 124-140.

Davidson, 1. C., M. S. Hazlewood & R. J. Cove, 2006. Pre-
dicted growth of juvenile trout and salmon in four rivers
in England, Wales based on past and possible future
temperature regimes linked to climate change. In Harris,
G. S. & N. J. Milner (eds), Sea Trout: Biology, Conser-
vation & Management. Proceedings of the First
International Sea Trout Symposium, Cardiff, Wales.

Elliott, J. M., M. A. Hurley & S. C. Maberly, 2000. The
emergence period of sea trout fry in a Lake District stream
correlates with the North Atlantic Oscillation. Journal of
Fish Biology 56: 208-210.

Grenouillet, G., B. Hugueny, G. A. Carrel, J. M. Olivier & D.
Pont, 2001. Large-scale synchrony and inter-annual vari-
ability in roach recruitment in the Rhone River: the

@ Springer



186

Hydrobiologia (2008) 602:179-186

relative role of climatic factors and density-dependent
processes. Freshwater Biology 46: 11-26.

Hoestlandt, D. H., 1958. Reproduction de I’alose atlantique
(Alosa alosa, Linné) et transfert au bassin méditerranéen.
Verhandlungen der Internationalen Vereinigung fiir The-
oretische und Angewandte Limnologie 13: 736-742.

Limburg, K., 1996. Growth and migration of 0 year American
shad (Alosa sapidissima) in the Hudson River estuary:
otolith microstructural analysis. Canadian Journal of
Fisheries and Aquatic Sciences 53: 220-238.

Mann, R. H. K., 1991. Growth and production. In Winfield, I. J.
& J. S. Nelson (eds), Cyprinid Fishes. Systematics, biol-
ogy and exploitation. Fish and fisheries Series 3. Chapman
& Hall, London: 456-482.

Mouthon, J. & M. Daufresne, 2006. Effects of the 2003 heat
wave and climatic warming on mollusc communities of
the Sadne: a large lowland river and of its two main
tributaries. Global change Biology 11: 1-9.

Moatar, F. & J. Gailhard, 2006. Water temperature behaviour
in the River Loire since 1976 and 1881. C. R. Geoscience
338: 319-328.

@ Springer

Roule, L., 1923. Notes sur les aloses de la Loire et de
I’ Aquitaine. Bulletin de la Société Centrale d’Agriculture
et de Peche 30: 14-22.

Schlosser, 1. J. & P. L. Angermeier, 1990. The influence of
environmental variability, resource abundances and pre-
dation of juvenile cyprinid and centrarchid fishes. Polskie
Archwum Hydrobiologii 37: 265-284.

Taverny, C., J. J. Cassou-Leins, F. Cassou-Leins & P. Elie,
2000. De I’ceuf a 1’adulte en mer. In Bagliniere, J. L. & P.
Elie (eds), les aloses (Alosa alosa et Alosa fallax spp.),
écobiologie et variabilité des populations. INRA, Paris:
93-124.

Ward, J. V., 1992. Aquatic Insect Ecology, 1; Biology and
Habitat. JWiley, New York, USA.

Webb, B. W. & F. Nobilis, 1994. Water temperature behaviour
in the River Danube during the twentieth century. Hyd-
robiologia 291: 105-113.

Webb, B. W. & F. Nobilis, 1995. Long-term water temperature
trends in Austrian rivers. Hydrological Sciences 40: 83-96.



	Does global warming impact on migration patterns and recruitment of Allis shad (Alosa alosa L.) young of the year in the Loire River, France?
	Abstract
	Introduction
	Methods
	Study sites
	Temperature and flow data
	Fish data
	Data analysis

	Results
	Temperature and flow rate data
	Fish data

	Discussion
	Temperature and flow rate data
	YOY of Allis shad

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


