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Abstract Zooxanthellae fluorescence was measured

in situ, remotely, and in near real-time with a pulse

amplitude modulated (PAM) fluorometer for a colony of

Siderastrea siderea and Agaricia tenuifolia at Lee Stocking

Island, Bahamas during the Caribbean-wide 2005 bleaching

event. These colonies displayed evidence of photosystem II

(PS II) inactivation coincident with thermal stress and

seasonally high doses of solar radiation. Hurricane-associ-

ated declines in temperature and light appear to have

facilitated the recovery of maximum quantum yield of PS II

within these two colonies, although both corals responded

differently to individual storms. PAM fluorometry, coupled

with long-term measurement of in situ light and tempera-

ture, provides much more detail of coral photobiology on a

seasonal time scale and during possible bleaching condi-

tions than sporadic, subjective, and qualitative observations.

S. siderea displayed evidence of PS II inactivation over a

month prior to the issuing of a satellite-based, sea surface

temperature (SST) bleaching alert by the National Oceanic

and Atmospheric Administration (NOAA). In fact, recovery

had already begun in S. siderea when the bleaching alert

was issued. Fluorescence data for A. tenuifolia were diffi-

cult to interpret because the shaded parts of a colony were

monitored and thus did not perfectly coincide with thermal

stress and seasonally high doses of solar radiation as in

S. siderea. These results further emphasize the limitations

of solely monitoring SST (satellite or in situ) as a bleaching

indicator without considering the physiological status of

coral-zooxanthellae symbioses.

Keywords Coral bleaching alerts � PAM fluorometry �
Hurricane cooling � Environmental monitoring

Introduction

The National Oceanic and Atmospheric Administration’s

(NOAA’s) Coral Reef Watch (CRW) utilizes satellite

algorithms for predicting coral bleaching based on the

deviations of sea surface temperatures (SST) above the

climatological monthly maximum (Goreau and Hayes

1994; Gleeson and Strong 1995). Although effective at

highlighting regions of the globe, where SSTs are warmer

than average and bleaching might be expected, these

products neither consider other causative or modifying

factors of coral bleaching (e.g., light, hydrodynamics), nor
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the functional status of coral-algal symbioses. Satellite-

based alerts lack fine-scale spatial and temporal resolution

(McClanahan et al. 2007) further limiting our understand-

ing of the interactive effects these additional factors play in

bleaching (Fitt et al. 2001).

NOAA’s Integrated Coral Observing Network (ICON)

obtains meteorological and in situ oceanographic data

hourly in near real-time (via satellite relay) with high

temporal resolution to complement the high spatial reso-

lution of CRW. The ICON platform measures important

secondary variables (e.g., downwelling irradiance) in

addition to temperature and allows the installation of

additional instruments (Hendee et al. 2006).

Both approaches rely on research divers making visual

interpretations of bleaching, which are qualitative and

highly subjective (Fitt et al. 2001). Pulse amplitude mod-

ulated (PAM) fluorometry measures the photosynthetic

efficiency of photosystem II (PS II) within the endosym-

biotic Symbiodinium spp. that may be used as a quantitative

measure of photoinactivation during coral bleaching

(Warner et al. 1999). Chronic photoinhibition is the irre-

versible photodamage to PS II and is hypothesized to be

one of the primary mechanisms of thermally induced

bleaching (Warner et al. 1999; Gorbunov et al. 2001). It is

expected that a decrease in the maximal quantum yield of

PS II fluorescence (Fv/Fm) will precede any visible signs of

coral bleaching (Fitt and Warner 1995), improving the

early detection of bleaching stress and leading to a better

identification of threshold values for timely feedback of

real-time conditions in situ. Zooxanthellae fluorescence

was measured in situ, remotely, and in near real-time for a

colony of Siderastrea siderea and Agaricia tenuifolia at

Lee Stocking Island, Bahamas during the Caribbean-wide

2005 bleaching event (Donner et al. 2007). The timing of

the loss in PS II activity is compared with trends in envi-

ronmental data.

Materials and methods

In situ fluorometry

A specially constructed monitoring PAM fluorometer

(Gademann Instruments, Germany) was deployed at the

ICON station near North Norman’s Patch Reef, Lee

Stocking Island, Bahamas (23.791N, 76.139W) in 2005

(Fig. 1). The PAM unit consisted of a central canister

connected to four monitoring heads. The unit’s internal

battery (12 V) was recharged via the ICON station’s pho-

tovoltaic array. Each sensor was located behind an acrylic

lens within a stainless steel cylinder that was kept in the

proper orientation by affixing each head to a plastic frame

(Fig. 1a). The sensors were oriented to ensure that they did

not shade the coral tissue being measured. A blue LED

(450 nm, 18 nm full-width half-max [FWHM] bandwidth)

emitted a saturating pulse ([3,500 lmol quanta m-2 s-1)

for 0.6 s every hour. The acrylic lenses were wiped clean

with a soft cloth at least every 2 weeks. Fluorescence

measurements were taken from two adjacent locations that

experienced similar conditions on a single colony of

S. siderea and A. tenuifolia (both at 6-m depth) and trans-

mitted via satellite to NOAA’s Atlantic Oceanographic and

Meteorological Laboratory (AOML) in Miami from June

30, 2005 until the end of 2005. This limited sampling (i.e.,

two measurements on the same colony) did not provide

enough data for statistical comparisons, but it did allow

monitoring of two corals in a temporally intensive manner.

The maximal dark acclimated quantum yield of PS II

(Fv/Fm) and the effective quantum yield of PS II (DF/Fm
0)

for light acclimated corals were selected for each day. Fv/

Fm and DF/Fm
0 values were then used to calculate the PS II

excitation pressure (Qm = 1 - [(DF/Fm
0)/(Fv/Fm)]) (Igle-

sias-Prieto et al. 2004). All data were manually screened to

ensure that the nighttime peak Fv/Fm was used because a

dark reduction in Fv/Fm did occur during nighttime periods

as recently shown by Hill and Ralph (2008). DF/Fm
0 was

chosen as the minimum Fv/Fm value for each day, usually

at solar noon.

Environmental variables

Sea temperature was measured with a Falmouth Scientific

CTD (1 m) and wind speeds were obtained from two RM

Young Model 05106C anemometers. Irradiance was mea-

sured with an in-water (1 m) BIC2104x radiometer

(Biospherical Instruments) equipped with four 2 p cosine

corrected sensors, oriented to record downwelling irradi-

ance of ultraviolet (UVR) and photosynthetically active

radiation (PAR): UV-305 nm with 5 nm FWHM; UV-330

and UV-380 nm with 10 nm FWHH, and integrated PAR

(400–700 nm). Subsurface irradiance sensors were cor-

rected for the immersion effect by applying the appropriate

coefficients: 305 nm, 0.623; 330 nm, 0.635; 380 nm,

0.641; PAR, 0.662 (Calibration certificates, Biospherical

Instruments). Hourly averages of temperature and wind

measured every 6 min and light measured every 30 s were

transmitted in near real-time. Hourly doses of PAR and

UVR were estimated by multiplying the hourly reported

averages by 3,600 s. Daily dose was estimated by summing

the hourly dose values during the period of most intense

solar radiation (10:00–15:00 h). Underwater light intensi-

ties were low and highly variable outside this time-frame

and did not contribute substantially to the estimates.

All instruments were calibrated prior to deployment and

the optical sensors were wiped clean with a soft cloth at

least every 2 weeks. Plotting the light data pre/post
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cleaning showed no observable change in the diel irradi-

ance cycle that would indicate significant bio-fouling.

Although this is not a precise way to ensure data quality, if

we couple these results with the qualitative observation that

there was no visible organism recruitment to the cosine

collectors in between cleanings, these data are satisfactory

to illustrate the trends discussed herein. Post-deployment

calibrations of optical sensors have shown a maximum

sensor drift due to solarization and abrasion of \0.1% per

week. This drift is trivial in comparison with the diurnal

range of irradiance values (0–2,000 lmol quanta m-2 s-1)

and day-to-day changes in those values.

Results and discussion

The minimum values of Fv/Fm for S. siderea occurred

coincident with the inflection point of daily average sea

temperature (Fig. 2). S. siderea never turned white, but

rather displayed characteristic signs of bleaching for this

species (i.e., paling from dark brown to blue/purple with

mottled pigmentation). Conversely, the parts of the colony

of A. tenuifolia that were not shaded (and not facing the

fluorometer sensors), did show substantial paling during

the late summer (Fig. 1b, c).

The intra-colony variability noted in Fv/Fm within

S. siderea (Fig. 2b), corresponded to a higher level of PS II

excitation pressure in one area of the colony from mid July

to mid September as compared with the other colony sec-

tion (Fig. 3). Likewise, Qm declined substantially to B0.2

in both monitored sections on exceptionally cloudy days

(PAR B 500 lmol quanta m-2 s-1), suggestive of some

light limitation, and a seasonal trend of slowly declining

Qm was noted throughout the study (Fig. 3). Low Qm

values indicate that most PS II reaction centers remain

open (i.e., light limitation), whereas high Qm values signify

Fig. 1 a SCUBA diver

positions PAM heads on

Siderastrea siderea (diameter of

colony *30 cm). b, c PAM

heads on shaded parts of

Agaricia tenuifolia. Note

extensive bleaching on parts of

colony not monitored (PAM

head diameter = 2.9 cm)
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that most reaction centers are closed suggesting photoin-

hibition (Iglesias-Prieto et al. 2004). Notably, the largest

decline in Fv/Fm in S. siderea occurred while Qm was no

higher than the preceding month when Fv/Fm was high and

near expected ‘normal’ levels (Fig. 4a). However, closer

inspection of daily fluctuations in the fluorescence signal

during these times indicated a lack of complete recovery in

Fv/Fm for many days into early September (Fig. 4b, c); a

lack of recovery suggests continued PS II photoinactivation

(Warner et al. 2006).

Recovery of Fv/Fm and Qm in S. siderea occurred

coincident with the declines in sea temperature and solar

radiation associated with the passage of Hurricane Rita

(Figs. 2, 3, 4, 5). These data provide additional evidence

that hurricanes can facilitate the recovery of bleached

corals (Manzello et al. 2007b). The passage of Hurricanes

Dennis, Katrina, Rita, and Wilma caused declines in the

daily average sea temperature from 1.0 to 1.7�C (Table 1).

A. tenuifolia displayed a recovery response associated with

Hurricane Rita, but both monitored areas continued to

show signs of chronic photoinhibition shortly thereafter

(Fig. 2c). One sensor stopped reporting soon after, but the

remaining functional sensor output did not display persis-

tent recovery until the seasonal decline in both temperature

20

22

24

26

28

30

32
S

ea
 T

em
p

er
at

u
re

 (
°C

)

0

1

2

3

4

5

6

D
H

W
 (

°C
)

H. Katrina H. Wilma

(a)

(b)

H. RitaH. Dennis

*

(c)

0.35

0.45

0.55

0.65

0.35

0.45

0.55

0.65

F v
/F

m
F v

/F
m

2-Aug 1-Sep 1-Oct 31-Oct 30-Nov3-Jul 30-Dec

Fig. 2 a Daily average (bold line) and running 30-day mean (gray
line) sea temperature (�C, 1 m) compared to degree heating weeks

(DHW, bars). Bleaching threshold is dashed horizontal line (29.8�C:

Manzello et al. 2007a). Star indicates issuing of satellite-based

‘‘Bleaching Alert Level 1’’ (i.e., bleaching is expected based on the

accumulation of four DHW over the past 12 weeks: NESDIS 2007)

on September 17 (NOAA CRW 2007). One DHW implies that SSTs

have been C1�C than the expected annual maximum monthly SST for

1 week; thus, four DHWs indicate SSTs C1�C, the seasonal

maximum for 1 month (Gleeson and Strong 1995). Fv/Fm reported

by two sensors positioned on (b) S. siderea and (c) A. tenuifolia (bold
and dashed lines correspond to two individual sensor heads on each

coral). Fv/Fm time-series were smoothed by plotting the running 3-

day mean. One of the two sensor heads on each coral failed within

several weeks of each other. Timing of hurricane impacts was noted

to illustrate cooling
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Qm values removed for clarity). Fv/Fm and DF/Fm
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20 days from b July 12–August 3 and c August 22–September 15
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and solar radiation was evident (Figs. 2, 5). The different

trends in Fv/Fm observed between the two species are

hypothesized to be a result of the different irradiances

experienced by the differently oriented coral tissues,

because parts of the monitored A. tenuifolia colony were

shaded, whereas the entire S. siderea colony was fully

exposed (Fig. 1). These two species generally harbor dif-

ferent Symbiodinium spp. within the C clade (LaJeunesse

2002), which may have been an additional factor in the

differing Fv/Fm trends. The data for A. tenuifolia are not

discussed further because they do not represent those parts

of the colony that were exposed to the combined effects of

temperature and light, and consequently bleached.

UVR and PAR dose declined due to the nearby passing

of hurricanes and tropical storms (Fig. 5). These short-term

reductions in UVR and PAR dose are superimposed upon

the characteristic trend of a summer peak followed by the

seasonal decline. Declines in solar radiation corresponded

with peaks in wind speed associated with Hurricanes

Dennis, Katrina, Rita, and Wilma (Fig. 5). These results

show that storm-related declines in solar radiation, in

addition to sea temperature, occur at distances far greater

([500 km for H Wilma) than the narrow damage swath

width of tropical cyclones (B90 km from storm center) and

may potentially facilitate regional bleaching recovery (e.g.,

Manzello et al. 2007b).

A ‘‘Bleaching Alert Level 1’’ [i.e., bleaching expected

based on the accumulation of four degree heating weeks

(DHW: Gleeson and Strong 1995) over the past 12 weeks

(NESDIS 2007)] was issued for the Bahamas on September

17 (Fig. 2, NOAA CRW 2007). One DHW implies that

SSTs were 1�C above the expected annual maximum

monthly SST for 1 week; thus, four DHWs indicate that

SSTs were 1�C above the seasonal maximum for a month

(Gleeson and Strong 1995). S. siderea began undergoing

discernible photoinactivation, indicative of chronic pho-

toinhibition, over a month prior to the issuing of the

satellite-based SST bleaching alert (Fig. 2a, b). In fact,

recovery had already begun in S. siderea by the time the

satellite-based bleaching alert was issued. The 30-day

running mean in situ sea temperature reached the bleaching

threshold for this site on August 18, 30 days prior to the

satellite-based bleaching alert (Fig. 2a).

These results and recent work (Dunne and Brown 2001;

McClanahan et al. 2007) emphasize the limitations of

solely monitoring SST (both satellite and in situ) without

considering the physiological status of coral-zooxanthellae

symbioses. Satellite-based bleaching alerts are effective at

identifying large areas where bleaching may have occurred,

but they appear to be poor indicators of real-time stress.

Although in situ temperature was a better indicator than

satellite SST of the actual timing of photobiological ‘stress’

shown by the S. siderea data, it is still not ideal as any

temperature-based ‘stress’ index by itself ignores the fun-

damental interaction of light in the bleaching response

(Dunne and Brown 2001). The difficulties associated with

maintaining this current setup (e.g., keeping sensor heads

in proper orientation and clean from bio-fouling) prevent

larger-scale implementation at this time. However, PAM

fluorometry coupled with simultaneous long-term mea-

surement of in situ light and temperature can provide much

more detail for understanding coral photobiology and

bleaching than sporadic point measurements and subjective

assessments by researchers.
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Table 1 Nearest distance from and magnitude of cooling (D�C)

associated with named storms that affected the Bahamas in 2005

Storm name Distance (km) Category D�C

H Dennis 452 3 1.5

H Katrina 7 TD 1.2

H Rita 80 TS 1.0

H Wilma 539 3 1.3

Category refers to strength of the storm [Saffir–Simpson scale

(Simpson and Reihl 1981)] when the distance was noted from the site.

TD tropical depression; TS tropical Storm

Coral Reefs (2009) 28:209–214 213

123



(CMRC) provided logistical support. M. Shoemaker, L. Florit, E.

Mueller, and J. Craynock helped with this project. R. Dunne and two

anonymous reviewers provided feedback that substantially improved

this manuscript.

References

Donner SD, Knutson TR, Oppenheimer M (2007) Model-based

assessment of the role of human-induced climate change in the

2005 Caribbean coral bleaching event. Proc Natl Acad Sci USA

104:5483–5488

Dunne RP, Brown BE (2001) The influence of solar radiation on

bleaching of shallow water reef corals in the Andaman Sea,

1993–1998. Coral Reefs 20:201–210

Fitt WK, Warner ME (1995) Bleaching patterns of four species of

Caribbean reef corals. Biol Bull 189:298–307

Fitt WK, Brown BE, Warner ME, Dunne RP (2001) Coral bleaching:

interpretation of thermal tolerance limits and thermal thresholds

in tropical corals. Coral Reefs 20:51–65

Gleeson MW, Strong AE (1995) Applying MCSST to coral reef

bleaching. Adv Space Res 16:151–154

Gorbunov MY, Kolber ZS, Lesser MP, Falkowski PG (2001)

Photosynthesis and photoprotection in symbiotic corals. Limnol

Oceanogr 46:75–85

Goreau TJ, Hayes RL (1994) Coral bleaching and ocean ‘hot spots’.

Ambio 23:176–180

Hendee JC, Stabenau E, Florit L, Manzello D, Jeffris C (2006)

Infrastructure and capabilities of a near real-time meteorological

and oceanographic in situ instrumented array, and its role in

marine environmental decision support. In: Richardson LL,

LeDrew EF (eds) Remote sensing of aquatic coastal ecosystem

processes. Kluwer Academic Press, Dordrecht, pp 135–156

Hill R, Ralph PJ (2008) Dark-induced reduction of the plastoqui-

none pool in zooxanthellae of scleractinian corals and

implications for measurements of chlorophyll a fluorescence.

Symbiosis 46:45–56

Iglesias-Prieto R, Beltran VH, LaJeunesse TC, Reyes-Bonilla H,

Thome PE (2004) Different algal symbionts explain the vertical

distribution of dominant reef corals in the eastern pacific. Proc

Roy Soc Lond Ser B 271:1757–1763

LaJeunesse TC (2002) Diversity and community structure of symbi-

otic dinoflagellates from Caribbean coral reefs. Mar Biol

141:387–400

Manzello DP, Berkelmans R, Hendee JC (2007a) Coral bleaching

indices and thresholds for the Florida Reef Tract, Bahamas, and

St. Croix, US Virgin Islands. Mar Pollut Bull 54:1923–1931

Manzello DP, Brandt M, Smith TB, Lirman D, Hendee JC, Nemeth

RS (2007b) Hurricanes benefit bleached corals. Proc Natl Acad

Sci USA 104:12035–12039

McClanahan TR, Ateweberhan M, Ruiz Sebastian C, Graham NAJ,

Wilson SK, Bruggemann JH, Guillaume MMM (2007) Predict-

ability of coral bleaching from synoptic satellite and in situ

temperature observations. Coral Reefs 26:695–701

NESDIS (2007) Operational satellite coral bleaching monitoring

products methodology. http://www.osdpd.noaa.gov/PSB/EPS/

SST/methodology.html#dhw

NOAA CRW (2007) SST/DHW Time Series and Satellite Bleaching

Alerts. Lee Stocking Island, Bahamas: alerts. http://coralreef

watch.noaa.gov/satellite/sba_summaries/hist_baha.txt

Simpson RH, Reihl H (1981) The hurricane and its impact. Louisiana

State University Press, Baton Rouge

Warner ME, Fitt WK, Schmidt GW (1999) Damage to photosystem II

in symbiotic dinoflagellates: A determinant of coral bleaching.

Proc Natl Acad Sci USA 96:8007–8012

Warner ME, LaJeunesse TC, Robison JD, Thur RM (2006) The

ecological distribution and comparative photobiology of symbi-

otic dinoflagellates in reef corals in Belize: Potential implications

for coral bleaching. Limnol Oceanogr 51:1887–1897

214 Coral Reefs (2009) 28:209–214

123

http://www.osdpd.noaa.gov/PSB/EPS/SST/methodology.html#dhw
http://www.osdpd.noaa.gov/PSB/EPS/SST/methodology.html#dhw
http://coralreefwatch.noaa.gov/satellite/sba_summaries/hist_baha.txt
http://coralreefwatch.noaa.gov/satellite/sba_summaries/hist_baha.txt

	Remote monitoring of chlorophyll fluorescence in two reef corals during the 2005 bleaching event at Lee Stocking Island, Bahamas
	Abstract
	Introduction
	Materials and methods
	In situ fluorometry
	Environmental variables

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 [5952.756 8418.897]
>> setpagedevice


