
 

 

 

P
R

IF
Y

S
G

O
L

 B
A

N
G

O
R

 /
 B

A
N

G
O

R
 U

N
IV

E
R

S
IT

Y
 

 

Representative range of acoustic point source measurements in the
Chukchi Sea
Gonzalez, Silvana; Horne, John K.; Danielson, Seth L.; Lieber, Lilian; Lopez,
Guzman

Elementa: Science of the Anthropocene

DOI:
10.1525/elementa.2021.00055

Published: 30/06/2022

Publisher's PDF, also known as Version of record

Cyswllt i'r cyhoeddiad / Link to publication

Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA):
Gonzalez, S., Horne, J. K., Danielson, S. L., Lieber, L., & Lopez, G. (2022). Representative
range of acoustic point source measurements in the Chukchi Sea. Elementa: Science of the
Anthropocene, 10(1). https://doi.org/10.1525/elementa.2021.00055

Hawliau Cyffredinol / General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or
other copyright owners and it is a condition of accessing publications that users recognise and abide by the legal
requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private
study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to
the work immediately and investigate your claim.

 23. May. 2023

https://doi.org/10.1525/elementa.2021.00055
https://research.bangor.ac.uk/portal/en/researchoutputs/representative-range-of-acoustic-point-source-measurements-in-the-chukchi-sea(4fb3018a-6d96-413c-b2bb-fc53ca97997d).html
https://research.bangor.ac.uk/portal/en/researchers/lilian-lieber(db7b44b1-7234-46fc-bde7-f05ac7e5066a).html
https://research.bangor.ac.uk/portal/en/researchoutputs/representative-range-of-acoustic-point-source-measurements-in-the-chukchi-sea(4fb3018a-6d96-413c-b2bb-fc53ca97997d).html
https://research.bangor.ac.uk/portal/en/researchoutputs/representative-range-of-acoustic-point-source-measurements-in-the-chukchi-sea(4fb3018a-6d96-413c-b2bb-fc53ca97997d).html
https://doi.org/10.1525/elementa.2021.00055


RESEARCH ARTICLE

Representative range of acoustic point source
measurements in the Chukchi Sea

Silvana González1,*, John K. Horne1, Seth L. Danielson2, Lilian Lieber3, and
Guzmán López4

The use of stationary, active acoustics provides an effective approach to characterize and monitor temporal
variability in the abundance and behavior of pelagic organisms, especially in seasonally ice-covered waters of
high latitude marine ecosystems. However, point measurements from stationary echosounders are limited in
their spatial coverage. A quantification of the spatial area represented by point measurements (i.e.,
representative range) is required to ensure effective biological characterization and monitoring. Here,
concurrent mobile and stationary active acoustic data collected during summers of 2015 and 2017 are
used to assess the representative range of fish and zooplankton density measurements from the Chukchi
Ecosystem Observatory located at Hanna Shoal, Northeast Chukchi Sea. Six methods used to calculate
representative ranges of backscatter means and variances resulted in representative ranges between
approximately 0.3 and 86 km, depending on the year and calculation method. Such relatively large
representative ranges reflect the tight bio-physical associations and large characteristic environmental
length scales of the NE Chukchi Sea. Between years, up to 10-fold variations in representative ranges were
attributed to interannual changes in water mass characteristics and associated species assemblages.
Differences of 1–2 orders of magnitude in our calculated ranges among methods are attributed to
differences in the rationale and associated assumptions of each approach. The choice of method and
resulting representative range depends on monitoring goals: detection of change, mapping of spatial
distributions, characterization of spatial variance, or interpolation of temporal variability over space. Our
comparison of stationary acoustic to mobile surveys extends the understanding of spatiotemporal variability
of marine organism distributions in the NE Chukchi Sea and informs cost-effective design of observing
systems to monitor and predict impacts of environmental change.

Keywords: Ocean monitoring, Stationary active acoustics, Representative range, Chukchi Sea

1. Introduction
Detecting and predicting biological responses to episodic
perturbations (e.g., oil spills, marine heatwaves) and
longer-term trends (e.g., global warming, ocean acidifica-
tion) in marine environments requires a characterization
and understanding of the ecosystem’s “natural” or base-
line variability. However, characterizing biological variabil-
ity is not easy because marine ecosystems are comprised
of numerous physical and biological processes operating

over multiple spatial and temporal scales (Stommel, 1963;
Haury et al., 1978; Levin, 1992; Schneider, 1994).

Characterizing and monitoring biological variability in
marine ecosystems requires high resolution, long-term
(i.e., high scope) datasets that can be challenging to obtain
due to limited resources or constrained accessibility. Such
challenges are amplified in high latitude marine environ-
ments where the presence of sea ice during most of the
year limits vessel-based sampling of the water column
(e.g., Mueter et al., 2017; Spear et al., 2019). In these areas,
data acquisition is typically limited in duration and/or
resolution, fragmenting our understanding of important
bio-physical processes over the annual cycle.

The use of echosounders attached to bottom-mounted
platforms or moorings (i.e., stationary acoustics) provides
a non-invasive technology to characterize and monitor
temporal variability in abundance and behavior of pelagic
organisms (e.g., Urmy et al., 2012; Horne and Jacques,
2018; Gonzalez et al., 2021). Stationary acoustics can: 1)
characterize baseline conditions through continuous sam-
pling of fish and zooplankton year-round; 2) quantify the
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amount of change relative to baseline variability to help
determine thresholds of environmental effects; and 3)
monitor changes, episodic or trending, in the abundance
or behaviors of pelagic organisms. The inclusion of active
acoustics in instrumented platforms (i.e., marine observ-
ing systems; e.g. Godø et al., 2014) also allows the simul-
taneous and continuous collection of biological and
physical data, which can be used to understand underlying
mechanisms of observed biological patterns, a prerequisite
to predicting biological responses to environmental
change (Linder et al., 2017).

Despite covering a wide spectrum of temporal scales
(e.g., seconds to years), acoustic measurements from sta-
tionary echosounders are point source measurements and
are limited in their spatial coverage. Because fish and
zooplankton distributions are heterogeneous (i.e., patchy),
biological similarity is expected to decay with geographi-
cal distance (Soininen et al., 2007). Beyond a certain dis-
tance, known as the representative range, meaningful
inferences cannot be derived as uncertainty and interpo-
lation errors are expected to increase (Martin et al., 2005;
Anttila et al., 2008; Milewska and Hogg, 2010). When

monitoring a large spatial domain, multiple point mea-
surements within the representative range provide redun-
dant information and a reallocation of sampling resources
would lower sampling costs or could be used to expand
the sampling domain. A better understanding of a site’s
representative range ensures appropriate characterization
and monitoring of the environment and, at the same time,
optimizes the cost-effectiveness of monitoring through
the deployment of one or multiple sensor packages.

Located over the Northeast Chukchi shelf on the south-
ern flank of Hanna Shoal, the Chukchi Ecosystem Obser-
vatory (CEO; Figure 1) is a set of instrumented moorings
that has been collecting high-resolution, continuous bio-
logical, biogeochemical, and physical measurements since
2014 (Danielson et al., 2017; Hauri et al., 2018; Lalande
et al., 2020). The location of the CEO enables tracking of
temporal variability and potential trends (i.e., ocean mon-
itoring; Danielson et al., 2017) in a biological hotspot
(Grebmeier et al., 2015). In this study we use concurrent
mobile and stationary acoustic data to characterize spatial
variability in fish and zooplankton densities and to quan-
tify the representative range of CEO’s point source, active
acoustic sampling. Comparison of stationary acoustic data
with data from surface, mobile surveys will further the
understanding of spatiotemporal biological variability in
Arctic ecosystems and inform the design of effective mon-
itoring networks to monitor and detect potential impacts
of environmental change on pelagic communities.

2. Methods
2.1. Study area

The seasonally ice-covered NE Chukchi Sea receives
a nearly continual input of heat, nutrients, organic carbon,
and organisms from Pacific-origin water flowing north-
ward in response to an oceanic pressure head that results
from an elevation difference between the Pacific and Arc-
tic Oceans (Stigebrandt, 1984) (Figure 1). This input from
the Bering Sea, combined with shallow depths, enhances
biological productivity in the Chukchi Sea (Grebmeier
et al., 2015). A large phytoplankton bloom that occurs
seasonally in late spring and summer (Questel et al.,
2013) supports the largest soft bottom benthic faunal
biomass in the world’s ocean (Grebmeier et al., 2006;
Grebmeier et al., 2015), and corresponding populations
of zooplankton (Ershova et al., 2015), seabirds (Kuletz
et al., 2015), and marine mammals (Hannay et al., 2013).
The Chukchi continental shelf is also home to Arctic cod
(Boreogadus saida), a fish species that plays a key role in
the transfer of energy from lower to higher trophic levels
in high latitudes (Lowry and Frost, 1981; Whitehouse
et al., 2014).

2.2. Datasets

To characterize spatial variability in fish and zooplankton
densities in the study area and to quantify the represen-
tative range of CEO point measurements, we analyzed
active acoustic data from a stationary mooring (i.e., tem-
porally indexed data) and coincident mobile surveys (i.e.,
spatially indexed data) conducted in proximity to the
mooring (Figure 1).

Figure 1. Map of the study region showing
bathymetric depths and main flow pathways. The
yellow dashed arrow represents the Beaufort Gyre, black
arrows represent the Alaskan Coastal Current, the brown
arrow represents the Siberian Coastal Current, and
purple arrows represent pathways of Bering Shelf,
Anadyr, and Chukchi shelf waters. The red circle
indicates the location of the Chukchi Ecosystem
Observatory, and selected transects (ML3–ML6) from
the Arctic Marine Biodiversity Observing Network
(AMBON) surveys are shown in black. DOI: https://
doi.org/10.1525/elementa.2021.00055.f1
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2.2.1. Spatially indexed data

Spatial variability in fish and zooplankton density was
characterized using acoustic data from four transects
(ML3, ML4, ML5, and ML6) measured during two Arctic
Marine Biodiversity Observing Network (AMBON) surveys
that included coverage of Hanna Shoal (Figure 1). These
surveys were conducted during the periods of August 8
to September 5 in 2015 and August 5–24 in 2017. Spa-
tially indexed acoustic data were collected using a Tele-
dyne 307 kHz Workhorse Mariner acoustic Doppler
current profiler (ADCP) hull-mounted to the survey vessel
at a depth of approximately 3 m below the sea surface.
Data were collected every 0.5 seconds (2 Hz) at a vertical
resolution of 1 m. ADCPs can be used to measure acoustic
backscatter (i.e., ensemble reflected energy) throughout
the water column as a proxy for pelagic fish and zooplank-
ton densities ( e.g., Cochrane et al., 1994; Ressler, 2002;
Zedel et al., 2003) and have been used to describe diel
migrations and distributions of biological scattering layers
(e.g., Luo et al., 2000; Cisewski et al., 2010). ADCPs cannot
be calibrated using standard reference targets (Demer
et al., 2015) but comparisons of measurements by an
ADCP to a calibrated scientific echosounder showed that
data from the two instruments were highly correlated
(Brierley et al., 1998). We assume that any bias in ADCP
acoustic measurements is constant throughout the survey
and that our measurements can be used to quantify rela-
tive change in acoustic backscatter.

All ADCP data were acquired using VMDas software
(v. 1.46; RD Instruments, Inc.) and post-processed in
WinADCP (v. 1.14; RD Instruments, Inc.) as part of standard
quality control procedures. Data files were then exported
and further processed in Matlab R2020a. Volume-
backscattering strength (Sv measured in dB re 1 m–1, here-
after dB) was calculated across a maximum of 25 vertical
bins from the ADCP’s recorded raw echo intensity data
using the sonar equation as described in Deines (1999)
and updated by Mullison (2017). The backscatter sonar
equation accounts for two-way signal transmission loss
(i.e., time-varying gain) and sound absorption, and uses
an instrument- and beam-specific returned signal strength
indicator (RSSI) scaling factor to convert counts to deci-
bels. This makes ADCP backscatter measurements more
robust compared to raw echo intensity measurements,
which are more readily extracted from an ADCP. Mean
Sv was calculated for each vertical bin along each of the
four beams of the ADCP. The mean of the four beams
(Svmean) was used to calculate mean backscatter in the
water column for each along-track 4-ping (i.e., 2 second)
bin (corresponding to 8 to 10 m at vessel speeds of 8–10
knots). A double pass 1x3 median filter was applied to the
Sv data to reduce contamination/interference from the
ship’s echosounder.

2.2.2. Temporally indexed data

Temporally indexed acoustic backscatter data was col-
lected at the CEO (71� 35.976’ N, 161� 31.621’ W) using
an upward-looking, Acoustic Zooplankton Fish Profiler
(AZFP; ASL Environmental Sciences), deployed at a depth
of 35 m (bottom depth of 45 m; Figure 1). The instrument

operated at 38 (12�), 125 (8�), 200 (8�), and 455 (7�) kHz
(nominal beamwidths, measured between half power
points in parenthesis) since September 9, 2014. The AZFP
collected data every 15 seconds (0.067 Hz) at a vertical
resolution of 4 cm.

Acoustic backscatter from the AZFP was processed
using Echoview software (v. 9.0). Background noise was
subtracted and a minimum signal-to-noise ratio filter of
6 dB was applied. Echoes within 3 m from the face of the
transducer were excluded from analyses to avoid integra-
tion of echoes in the acoustic nearfield (Foote, 2014).
Seawater surface and sea ice edges were delimited using
Echoview’s bottom detection and linear offset operator
algorithm followed by visual inspection and manual cor-
rection. A surface exclusion line was set 0.5 m below the
corrected surface and echoes above the line were excluded
to ensure that backscatter from surface turbulence or sea
ice was not included in analyses.

We used the 125 kHz AZFP mooring backscatter data
corresponding to August and September of 2015 and
2017 to match the timing of mobile surveys in the area.
The 125 kHz data were selected due to the presence of
noise in the 200 kHz dataset. A threshold of –110 dB was
applied and backscatter for the entire water column was
integrated in 1-minute bins (i.e., 4 pings), matching the
resolution of the spatial data.

Spatial and temporal data were collected during peri-
ods of midnight sun (i.e., 24 hours of daylight), and no
significant biases are expected due to differences in avail-
ability of organisms to the acoustic beam throughout the
day.

2.3. Characterization of spatial variability

To characterize spatial heterogeneity and spatial depen-
dence in acoustic backscatter we quantified and compared
spatial variability in across-shore (ML3 and ML4) and
along-shore (ML5 and ML6) transects within years, and
from 2015 and 2017 AMBON surveys using autocorrela-
tion functions (Legendre, 1993) and wavelets (Torrence
and Compo, 1998).

Autocorrelation is a property of ecological variables
that occurs when measurements that are close together
in space or time are more similar than measurements
taken farther apart. Spatial autocorrelation manifests as
patches or gradients in biological distributions that can
result from physical forcing of environmental variables or
community processes (Legendre, 1993). Lagged autocorre-
lation functions quantify spatial dependency in acoustic
backscatter by partitioning covariance over distance clas-
ses (Legendre and Fortin, 1989). Lagged Pearson’s product-
moment correlation coefficients (r) define the correlation
between all measurements at a given lag (h) and can be
modeled using an exponential model:

r̂ðhÞ ¼ r̂ð0Þe�ad

where r̂ð0Þ is the autocorrelation at lag 0, d is the
number of lags, and a is the range at which the autocor-
relation decays by a value of e. We calculated the
isotropic (i.e., direction-independent) and anisotropic
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(i.e., direction-dependent) correlograms of acoustic back-
scatter from transects conducted in 2015 and 2017.

Wavelet analysis can be used to explore spatial struc-
ture along one-dimensional transects (e.g., Torgersen et al.,
2004; Grados et al., 2012; McGowan et al., 2019). A wave-
let transform decomposes a data series as a function of
scale and position through the convolution of a wave-
form—the wavelet—that is stretched or compressed (i.e.,
scaled) and slid through the series (i.e., translation). In this
way, the wavelet decomposition identifies dominant spa-
tial scales that account for variance throughout the series
(Torrence and Compo, 1998). A continuous Morlet mother
wavelet function (Torrence and Compo, 1998) was applied
to each transect.Wavelet power was calculated using the R
package WaveletComp (v. 1.1, Roesch & Schimidbauer,
2018). Statistical significance in localized wavelet power
was evaluated through comparison to a white noise (con-
stant value, equal to the time series variance) null hypoth-
esis at a 95% confidence level (Torrence and Compo,
1998) using 100 simulations. Edge effects were minimized
by adding zeroes at the beginning and end of each data
series to increase the total length of the series to the next
power of two (Torrence and Compo, 1998). Horizontal
integration of wavelet power at each scale over the entire
series—the global wavelet spectrum—allows the measure-
ment of variance contributed by each scale across the
entire transect. The global wavelet spectrum was calcu-
lated using the R package WaveletComp (v. 1.1, Roesch &
Schimidbauer, 2018). Significance of this time-averaged
variance was tested against white noise at a 95% confi-
dence level (Torrence and Compo, 1998).

2.4. Quantification of representative range

Six different methods described in Horne and Jacques
(2018) were used to quantify the representative range of
point measurements from the CEO AZFP. The use of mul-
tiple methods enables assessment of consistency among
calculated ranges and facilitates generation of guidelines
to design the spatial distribution of monitoring sensors.
All methods calculate the representative range of the
mean or variance of a quantity. Both mean and variance
are considered appropriate monitoring metrics to track
changes in biological variables (Underwood, 1991; Osen-
berg et al., 1994). The six methods can be categorized into
four approaches: 1) distance between sensors based on
spatial correlation; 2) sample size calculations assuming
random sampling to detect a minimum threshold of
change; 3) maximization of spatial variance; and 4) scales
at which spatial and temporal variability are equivalent.
The first approach calculates the optimum distance
between sensors based on the relationship of spatial mea-
surements. Using the decay of spatial correlation with
distance (e.g., Anttila et al., 2008), the representative
range corresponds to the distance at which measurements
become independent. The second approach quantifies the
number of sensors needed to detect change using a paired
t-test, sample size calculation assuming a random sam-
pling framework (e.g., Rycroft, 1949). Methods that use
this random sampling approach include the number of
replicates using a derivative of minimum sample size

calculations for a paired t-test (Gray et al., 1992), a paired
t-test, repeated measures ANOVA (Sullivan, 2006), and
a sample size calculation for a paired t-test including sta-
tistical power (Zar, 2010). The third and fourth approaches
quantify representative ranges of temporal variance rather
than the mean. The third approach models the theoretical
power spectrum as a function of the spatial autocorrela-
tion (modeled in the first approach). The spatial period at
which 95% of the maximum observed variance in fish
density is set as the representative period of variance
(e.g., Gilman et al., 1962). The final approach compares
empirically derived spatial and temporal power-spectra
to identify equivalent scales of spatial and temporal vari-
ability by identifying periods at which identical magni-
tudes of spatial and temporal variability are observed
(e.g., Wiens, 1976).

3. Results
3.1. Characterization of spatial variability

3.1.1. Spatial autocorrelation

The autocorrelation structure of each of the four transects
surveyed in 2015 and 2017 is presented in Figure 2. The
spatial distribution of vertically integrated backscatter cor-
responding to pelagic organism density, described by the
distance at which samples become independent (r = 0)
and the % of variance associated with spatial autocorrela-
tion (r(1)), varied widely among transects. Differences
between calculated ranges within across and along-shore
transect pairs were typically larger than differences
observed between transects of different orientation.
Across-shore measurements became independent
(r(2/

p
l)) at distances of the order of 15,000–53,000 m

whereas along-shore measurements became independent
at approximately 11,000–74,000 m. In 2015, more than
half (58–89%) of the variability observed between

Figure 2. Across- and along-shore spatial
autocorrelation. Correlation (r) as a function of
distance for across-shore (ML3 and ML4) and along-
shore (ML5 and ML6) acoustic transects conducted in
2015 (a) and 2017 (b). Dashed lines indicate the 95%
threshold of significance. DOI: https://doi.org/10.1525/
elementa.2021.00055.f2
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sequential observations was explained by autocorrelation
(r(1)) whereas autocorrelation explained a smaller propor-
tion of this variability (30–38%) in 2017.

3.1.2. Wavelets

Scales of spatial variability differed among transects and
between years (Figure 3; Figures S1 and S2). In general,
spatial variability was concentrated at fewer scales in 2015
than in 2017. Peaks in averaged wavelet power were
observed at scales ranging from 1,024 m to 73,500 m in
2015 and from 64 m to 73,500 m in 2017. In 2015, the
largest peaks in averaged wavelet power (i.e., highest spa-
tial variance) were observed at large scales (greater than
30 km) in ML3 and ML5 and at intermediate (10–30 km)
scales in transects ML4 and ML6. In 2017, largest peaks in
averaged wavelet power were observed at smaller scales

(1–4 km) compared to 2015 for ML3 and ML5 and at large
scales (greater than 40 km) for transects ML4 and ML6.
These observations indicate variability in the spatial dis-
tribution patterns of organisms throughout the area and
between years that could be associated with changes in
the spatial structure of the environment (e.g., water mass
distributions).

3.2. Quantification of representative range

3.2.1. Spatial autocorrelation

Spatial autocorrelation decayed exponentially as a func-
tion of distance (Figure 4). Exponential decay models fit
to the lagged coefficient of determination (squared corre-
lation coefficient, R2) followed y = 0.685e�0.0006456x in
2015 and y = 0.229e�0.0007704x in 2017. The coefficient
of determination at lag 1 (r(1)) indicated that more than

Figure 3. Scales of spatial variability in acoustic backscatter. Averaged wavelet power for across-shore (ML3 and
ML4) and along-shore (ML5 and ML6) acoustic transects conducted during 2015 (a–d) and 2017 (e–h) surveys.
Significant scales (95% confidence against white noise) are shown in red. DOI: https://doi.org/10.1525/
elementa.2021.00055.f3
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half of the variability between sequential observations was
explained by autocorrelation in 2015 (r(1) = 0.68)
whereas a smaller proportion of this variability could be
attributed to autocorrelation in 2017 (r(1) = 0.23). The
mean number of observations per transect (26,488 in
2015 and 25,179 in 2017) was used to calculate a 95%

confidence interval for the lagged coefficients of determi-
nation. Based on calculated thresholds of significance
(0.012 in 2015 and 0.013 in 2017) the representative
range was calculated to be 49,817 m in 2015
(Figure 4a) and 30,101 m in 2017 (Figure 4b). The rep-
resentative area, defined as a circle of radius equal to
the representative range, was 7,797 km2 in 2015 and
2,846 km2 in 2017.

Representative ranges calculated using this method
were highly dependent on the length of transects used
in the analysis (Figure 5). To examine the relationship
between representative range and transect length we cal-
culated the representative range for each of the four trans-
ects surveyed in 2015 using transect lengths from 1.6 km
(200 observations) to approximately 250 km in 0.8 km
(100 observations) increments. Representative ranges
increased with transect length with values ranging from
16 m to approximately 70,000 m and constituted 11–32%
of the transect length on average. In general, representa-
tive ranges were similar for all transects up to a transect
length of 18 km after which ranges increased at different
rates. Representative ranges became asymptotic at differ-
ent transect lengths for each transect (Figure 5). Minimal
changes in representative range (i.e., rate change smaller
than 0.5%) were observed for transect lengths greater
than 100 km for ML3, 144 km for ML4, 149 km for
ML5, and 165 km for ML6.

3.2.2. Sample size calculations

The number of required sensors to detect a minimum
threshold of change was calculated for the 2015 and
2017 acoustic grids using the Gray et al. (1992) equation
and derived paired t-test and power test equations. To
meet independence requirements of sample size calcula-
tions, data were averaged into 49,817-m bins for the 2015
and 30,101-m bins for the 2017 data. These bin sizes

Figure 4. Representative range of CEO acoustic
backscatter measurements derived from spatial
autocorrelation. Lagged coefficient of determination
(R2) model for transects conducted in (a) 2015 and (b)
2017 surveys at the Chukchi Ecosystem Observatory
(CEO). Squared correlation values for each individual
transect are shown in grey and model fit is shown in
red. The black point indicates the representative range
at the 95% threshold of significance (black line). DOI:
https://doi.org/10.1525/elementa.2021.00055.f4

Figure 5. Representative ranges of CEO acoustic backscatter measurements for different transect lengths.
Representative ranges obtained using the autocorrelation method for acoustic transects from the 2015 survey at the
Chukchi Ecosystem Observatory (CEO). DOI: https://doi.org/10.1525/elementa.2021.00055.f5
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corresponded to representative ranges calculated using
the spatial autocorrelation method in Section 3.2.1. This
coarser data resolution resulted in only 4–6 observations
per transect. However, no significant differences in sample
size calculations were observed when using at least 30
observations (approximately 375 m bins) per transect
(results not shown).

Representative ranges varied among sample size calcu-
lation methods and between years (Table 1). The repre-
sentative range using the Gray et al. (1992) equation was

12,271 m in 2015 and 19,325 m in 2017. Paired t-test
calculations resulted in representative ranges of 305 m
in 2015 and 756 m in 2017. Representative ranges calcu-
lated using the power test equation at a significance level
of a = 0.05 and a probability of type II error b = 0.90 were
2,677 m in 2015 and 4,215 m in 2017. Because the choice
of a and b are arbitrary, representative ranges for different
combinations of a and b are presented in Figure 6. Set-
ting a = 0.05 and the effect size E = 1 dB constant, the
representative range increased 30% when decreasing beta

Table 1. Spatial representative ranges of acoustic backscatter measured at the Chukchi Ecosystem Observatory in 2015
and 2017. DOI: https://doi.org/10.1525/elementa.2021.00055.t1

Method Description and Reference
Metric
Property

Representative
Range 2015 (m)

Representative
Range 2017 (m)

1. Spatial
autocorrelation

Distance for independent samples; Anttila
et al. (2008)

mean 49,817 30,101

2. Sample size
calculations

Required sample size to detect minimum
threshold of change

n/a n/a n/a

2.1. Gray’s sample
size calculation

Gray et al. (1992) mean 12,271 19,325

2.2. T-test sample
size calculation

(Sullivan 2006) mean 305 756

2.3. T-test power
analysisa

(Zar 2010) mean 2,677 4,215

3. Theoretical power
spectra

Scale with maximum spatial variance from
modeled power spectra; Gilman et al. (1962)

variance 2,524 258

4. Equivalent spatial
and temporal scales

Spatial and temporal scales with equal variance
from wavelet decomposition;(Wiens 1989)

variance 86,152 35,780

aRepresentative range values for power test correspond to a = 0.05 and b = 0.09.

Figure 6. Representative ranges of CEO acoustic backscatter measurements calculated using power analysis.
Representative ranges are shown for combinations of significance level, a (0.05, 0.1, and 0.25), and probability of type
II error, b, for (a) 2015 and (b) 2017 surveys at the Chukchi Ecosystem Observatory (CEO). DOI: https://doi.org/
10.1525/elementa.2021.00055.f6
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from 0.90 to 0.70, from 2,677 m to 3,492 m in 2015
(Figure 6a), and from 4,215 m to 5,500 m in 2017
(Figure 6b). If beta is held constant at a conservative value
of b = 0.90 and a is increased from 0.05 to 0.1, the rep-
resentative range increases from 2,677 m to 2,965 m in
2015 (Figure 6a) and from 4,215 m to 4,670 m in 2017
(Figure 6b).

3.2.3. Theoretical power spectra

The representative range of backscatter variance corre-
sponding to the scale at which 95% of the maximum
variance (21.9 dB2 in 2015 and 2.4 dB2 in 2017) was quan-
tified using the spatially indexed acoustic data. Differ-
ences of one order of magnitude were observed in
representative ranges between years (Figure 7). The rela-
tive variance exceeded the 95% maximum threshold at
a period of 2,524 m in 2015 (Figure 7a) and 259 m in
2017 (Figure 7b) and negligible increases in variance are
expected beyond these distances.

3.2.4. Equivalent scales of spatial and temporal

variability

Spatial and temporal spectral power increased with period
(Figure 8). Units of space and time were set relative to the
8-m and 1-minute resolutions of the spatial and temporal
datasets. In both years the spatial spectra (y2015 = –0.58 þ
1.25x and y2017 = 0.30 þ 0.99x) increased more rapidly
than the temporal spectra (y2015 = 0.16 þ 0.96x and y2017
= –0.197 þ 0.92x). In 2015, the modeled maximum tem-
poral variance at the Nyquist frequency, equivalent to
a period of 21 days, was 4.46 log10(dB

2). The correspond-
ing spatial variability was observed at a period of 86,152
m. Equal spatial and temporal variance was observed at

a range of 1.5–3 units (250–8,000 m; Figure 8a). In 2017,
the modeled maximum temporal variance, also corre-
sponding to a temporal period of 21 days, was 3.92
log10(dB

2) and the corresponding spatial variability was
observed at a period of 35,780 m (Figure 8b).

3.2.5. Representative ranges of acoustic measure-

ments at the CEO

The spatial representative range of point source acoustic
measurements at the CEO was dependent on the metric
property (mean or variance), analytic method, and year
(Table 1). The representative range of mean backscatter-
ing strength varied over one to two orders of magnitude
among methods with values ranging from 305 to
49,817 m in 2015 and from 756 to 30,101 m in 2017.
Differences of similar magnitude were observed for the
representative range of backscattering strength variance
with values ranging from 2,524 to 86,152 m and from
258 m and 35,780 m for 2015 and 2017 datasets, respec-
tively. Large variations in representative range were also
observed between years but these differences were smaller
(two to tenfold differences between years) than those
observed among methods.

4. Discussion
Our approach comparing two data years and multiple
methods to calculate spatial representative ranges at the
CEO illustrates the occurrence of: 1) variations in calcu-
lated ranges between years (1–10-fold differences), 2) rel-
atively large representative ranges (up to approximately
90 km), and 3) large variations in calculated ranges among

Figure 7. Representative range of CEO acoustic
backscatter measurements calculated using the
theoretical power spectra method. Representative
ranges are shown for acoustic surveys conducted in (a)
2015 and (b) and 2017 at the Chukchi Ecosystem
Observatory (CEO). DOI: https://doi.org/10.1525/
elementa.2021.00055.f7

Figure 8. Equivalent scales of spatial and temporal
variability of acoustic backscatter. Spatial and
temporal spectra are shown for acoustic transects
conducted in (a) 2015 and (b) 2017 at the Chukchi
Ecosystem Observatory. Dashed lines represent linear
regression models fit to spatial (blue) and temporal
(red) spectra. DOI: https://doi.org/10.1525/elementa.
2021.00055.f8
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methods (1–2 orders of magnitude differences). Each of
these observations impacts the choice of representative
range calculation method and the interpretation and
application of results derived from point source observing
systems such as the CEO in the Chukchi Sea.

Differences in representative range values between
years are expected in response to changes in the timing
and spatial distribution of environmental structure (e.g.,
sea ice melt fronts) and processes (e.g., water inflow from
the Bering Sea) that determine water mass characteristics
and associated species assemblages in the region (Spear
et al., 2019). Interannual variations in sea ice extent and
water inflow from the Bering Sea (Chen and Zhao, 2017;
Zhang et al., 2020) result in interannual variations in
water mass spatial distributions (Yang and Bai, 2020). Zoo-
plankton assemblages in the Chukchi Sea can vary from
predominance of small zooplankton species of Pacific ori-
gin (e.g., copepods Neocalanus spp., Eucalanus bungii) to
large lipid-rich Arctic zooplankton species (e.g., Calanus
hyperboreus) depending on interannual changes in advec-
tion pathways into the Arctic (Pinchuk and Eisner, 2017).
Variations in water mass distributions and associated spe-
cies compositions result in changes in acoustic backscatter
spatial patterns that affect calculated representative range
values. In the study area, differences were observed in
current direction and water column characteristics (e.g.,
surface and near-bottom temperature and salinity, pri-
mary production; Danielson, 2021a, 2021b) between the
two survey years, which could be contributing to differ-
ences in the spatial distribution of pelagic organisms and
the resulting calculated representative ranges.

Relatively large representative ranges of acoustic mea-
surements at the CEO, compared to similar studies, could
be a result of low spatial heterogeneity in physical and/or
biological characteristics, low abundance of organisms,
and/or potential limitations of our sampling approach.
Representative ranges calculated by Horne and Jacques
(2018) for a stationary echosounder deployed in Admiralty
Inlet, WA, were much smaller (maximum 1.4 km) than
those observed in our study (maximum of approximately
90 km) but were calculated over a much smaller area
(8 km2), in an environment with different physical char-
acteristics and dynamics (temperate latitude, high tidal
current speeds), and at a much higher spatial resolution
(transects placed every 0.25–0.5 km). Large representative
ranges observed in our study could be expected in envir-
onments with tight bio-physical associations and large
characteristic environmental length scales; for instance,
when spatial variability of physical characteristics that
shape biological distributions is low, or in environments
characterized by weak bio-physical associations when bio-
logical distributions are homogeneous and independent
of the spatial structure of the physical environment. In the
Chukchi Sea, zooplankton and fish distributions are
tightly coupled with environmental features (e.g., water
masses and frontal zones) that vary over scales consistent
with our calculated representative ranges.Water masses in
the study region often retain distinguishing characteristics
over scales ranging from approximately 20 to 100 km (Day
et al., 2013; Gong and Pickart, 2015; Danielson et al.,

2020) and depend in part on the inflow of water masses
from lower latitudes and the presence of sea ice and melt
water in the summer (Spear et al., 2019). The length scale
of lateral boundaries between oceanic water masses is set
by the internal Rossby radius of deformation, which in the
Chukchi Sea is often on the order of 1–5 km (Nurser and
Bacon, 2014). Frontal zones in the Chukchi are found
between water masses associated with sea ice melt, winter
water, and summer shelf water (Lu et al., 2020). Zooplank-
ton abundances, species compositions, and spatial distri-
butions have all been shown to be influenced primarily by
water mass properties (e.g., Hopcroft et al., 2010; Ershova
et al., 2015; Pinchuk and Eisner 2017; Spear et al., 2019).
Fish distributions in the Chukchi Sea are also influenced
by physical environmental factors including bottom
depth, water temperature, and salinity (Norcross et al.,
2010; De Robertis et al., 2017; Iken et al., 2019; Forster
et al., 2020). Iken et al. (2019) observed that distributions
of demersal fish assemblages contained little spatial struc-
ture with variations in species composition and abun-
dances observed mainly between coastal and offshore
areas from samples collected during the 2015 AMBON
survey. Day et al. (2013) reported variability in zooplank-
ton and fish biomass across three regions located approx-
imately 40 km apart in the NE Chukchi Sea. Large
representative ranges could also be a result of weak spatial
patterns due to low abundances and diversity of pelagic
organisms in the benthic-dominated Chukchi Sea (Greb-
meier et al., 2006).

Limitations of our sampling approach might also con-
tribute to large representative ranges observed in our
study. The lower sensitivity of ADCPs, compared to scien-
tific echosounders, could result in weak biological spatial
patterns that result in large representative ranges. In addi-
tion, acoustic backscatter measured using a 300-kHz
ADCP includes small particle aggregates, bubbles, and
electrical or mechanical noise that would reduce signal-
to-noise ratios, and potentially obscure biological pat-
terns. We observed strong biological scattering layers
throughout all transects, and biological patterns are not
expected to be affected by the sensitivity of the ADCP or
by the inclusion of non-biological backscatter sources in
our study. Finally, acoustic backscatter measurements inte-
grate all sources of energy reflected from particles and
animals in the water column. These values correspond to
assemblages of zooplankton and fish species of different
age/size classes where each category potentially has a dif-
ferent spatial distribution. As a result, strong heteroge-
neous spatial patterns of some species could be masked
by homogeneous distributions of abundant species. A
higher discrimination of integrated backscatter measure-
ments into species and/or groups of species using cali-
brated, multi-frequency scientific echosounders could
enable a more accurate characterization of spatial patterns
and provide representative ranges specific for taxa of
interest.

Differences in calculated representative ranges among
methods are attributed to differences in the methodolo-
gies, rationale, and associated assumptions of each
approach. Variations of 1–2 orders of magnitude in our
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calculations are consistent with differences of up to 2
orders of magnitude (approximately 30 to 1,400 m)
observed by Horne and Jacques (2018) in a much smaller
study domain. A comparison of methods to calculate rep-
resentative ranges of air quality monitoring stations in EU
countries also resulted in variations of 1–3 orders of mag-
nitude in calculated ranges that were attributed to differ-
ences in the basic principles of the methods, in the
definitions of similarity criteria and thresholds, and in the
underlying definitions of representative ranges (Kracht
et al., 2017). The choice of method will depend on the
purpose of the study and the available data. Horne and
Jacques (2018) provide a decision tree for method selec-
tion depending on the study/monitoring objective includ-
ing detection of change (sample size calculation
approach), mapping of spatial distributions (autocorrela-
tion function approach), characterization of spatial vari-
ance (maximization of spatial variance approach), and
interpolation of temporal variability over space (equiva-
lent scales of spatial and temporal variability approach).
This decision tree can be applied to any size sampling
domain of interest.

Monitoring programs using stationary platforms in the
Arctic will play a key role in the detection of biological
responses to climate change, oil and gas exploration and
exploitation, increased marine traffic and other ongoing
environmental changes in high latitudes. Biological mon-
itoring in remote areas needs to be efficient and cost-
effective to be sustainable in the long term. Stationary
sensors are assumed to be more cost-effective than
repeated, mobile surveys and enable year-round sampling
in areas with limited access due to seasonal sea ice cover.
Quantifying the representative range removes uncer-
tainty in the monitoring network design and reduces
monitoring costs by identifying the minimum number
of sensor packages for complete coverage of a site and
provides a quantitative measure of the spatial scope of
ongoing monitoring efforts. Stationary acoustic measure-
ments at the CEO are representative of circular areas up
to 24,000 km2 (7,000 nmi2), depending on the calcula-
tion method, which correspond to areas of up to 46% of
that covered by our spatial surveys. The study/monitor-
ing goals, including the extent of the spatial domain, will
impact the number of monitoring packages and their
spatial distribution.

The calculation of representative range and design of
a monitoring network system are best completed as part
of a baseline characterization of spatial and temporal bio-
logical patterns in the study domain. All methods used in
this study require synchronous spatial and temporal char-
acterizations of biological distributions prior to the calcu-
lation of representative range(s). Spatial datasets used in
this study come from surveys conducted in the vicinity of
the CEO but were not explicitly designed for this study.
Differences in equipment and frequency between spatial
and temporal measurements could have introduced error
in the calculation of representative ranges when using the
equivalent spatial and temporal scales method. However,
we expect differences among methods and between years
to be larger than any differences associated with sampling.

In our study, representative ranges were calculated based
on spatiotemporal patterns of biological characteristics,
and we did not consider physical features (e.g., depth,
water mass characteristics) that may influence biological
distributions. Also, best practice dictates that temporal
and spatial data should be collected using instruments
with the same characteristics. For acoustic data, calibrated,
scientific echosounders operating at the same frequencies
should be used for both temporal and spatial sampling.
In all cases, a prior delineation of the study domain and a
definition of what constitutes “similar” or “representative”
should be aligned to meet the purpose of the study.

Although there has been considerable interest in
understanding spatial and temporal biological patterns,
little attention has been paid to the consequences of
observed patterns for monitoring design (Rhodes and Jon-
zén, 2011). The concept of representative ranges was ini-
tiated and predominantly used in association with
meteorological (e.g., Ciach and Krajewski, 2006; Milewska
and Hogg, 2010) and air quality (e.g., Piersanti et al., 2015;
Yatkin et al., 2020) monitoring. Attempts to evaluate and
standardize methods to calculate representative ranges
have been advocated in air quality measurements (Martı́n
et al., 2015; Kracht et al., 2017). However, this renewed
interest is not evident within the oceanographic commu-
nity. Despite continued use of moorings and increased use
of ocean observing systems, quantifying spatial represen-
tative ranges of stationary sensors is not commonly used
to optimize sensor layout nor to quantify the spatial scope
of monitoring measurements. Our results emphasize the
importance of defining the study/monitoring spatial
domain in conjunction with study objectives to ensure
that representative samples are obtained for analyses. A
calculation of representative ranges improves monitor-
ing and characterization of biological communities and
enables the design of cost-effective monitoring including
the number, location, and spacing of sensors. Under-
standing how representative ranges of point measure-
ments change depending on the timing of the survey,
the location of stationary platforms, and the design of
baseline spatial characterization (e.g., grid resolution and
extent) is key to ensure the collection of representative
samples and/or measurements. Research to understand
how spatial representative ranges are affected by these
factors could be achieved using simulated sampling
schemes. Ensuring the collection of representative sam-
ples in a cost-efficient way becomes even more relevant
in the face of environmental changes that are driving
shifts in species distributions within high latitude
environments.

Data accessibility statement
ADCP data from the Arctic Marine Biodiversity Observing
Network projects can be accessed through NOAA National
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25921/00zm-r593). Chukchi Ecosystem Observatory data
can be found at https://aoos.org/project-page/ecosystems/
chukchi-ecosystem-observatory/.
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Figure S1. Wavelet decomposition of ADCP-derived
acoustic backscatter data from the 2015 AMBON cruise
transects: (a) ML3, (b) ML4, (c) ML5, and (d) ML6.

Figure S2. Wavelet decomposition of ADCP-derived
acoustic backscatter data from the 2017 AMBON cruise
transects: (a) ML3, (b) ML4, (c) ML5, and (d) ML6.
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Art. 10(1) page 14 of 15 González et al: Representative range of ocean observatories for cost-effective monitoring
D

ow
nloaded from

 http://online.ucpress.edu/elem
enta/article-pdf/10/1/00055/719605/elem

enta.2021.00055.pdf by Bangor U
niversity user on 20 July 2022

https://dx.doi.org/10.1016/j.dsr2.2016.11.003
https://dx.doi.org/10.1016/j.dsr2.2016.11.003
https://dx.doi.org/10.1016/j.csr.2012.11.003
https://dx.doi.org/10.1016/j.csr.2012.11.003
https://dx.doi.org/10.1016/S0967-0637(02)00117-6
https://dx.doi.org/10.1016/S0967-0637(02)00117-6
https://dx.doi.org/10.1111/j.1600-0587.2011.06370.x
https://dx.doi.org/10.1111/j.1600-0587.2011.06370.x
https://dx.doi.org/10.1111/j.2006.0906-7590.04817.x
https://dx.doi.org/10.1111/j.2006.0906-7590.04817.x
https://dx.doi.org/10.1007/s00300-019-02498-0
https://dx.doi.org/10.1007/s00300-019-02498-0
https://dx.doi.org/10.1175/1520-0485(1984)014<0464:tnpags>2.0.co;2
https://dx.doi.org/10.1175/1520-0485(1984)014<0464:tnpags>2.0.co;2
https://dx.doi.org/10.1126/science.139.3555.572
https://dx.doi.org/10.1126/science.139.3555.572
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.600189
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.600189
https://dx.doi.org/10.1175/1520-0477(1998)079<0061:APGTWA>2.0.CO;2
https://dx.doi.org/10.1175/1520-0477(1998)079<0061:APGTWA>2.0.CO;2
https://dx.doi.org/10.1071/MF9910569
https://dx.doi.org/10.1093/icesjms/fsr205
https://dx.doi.org/10.1093/icesjms/fsr205
https://dx.doi.org/10.1007/s00300-014-1490-1
https://dx.doi.org/10.1146/annurev.es.07.110176.000501
https://dx.doi.org/10.1146/annurev.es.07.110176.000501
https://dx.doi.org/10.3390/w12051434
https://dx.doi.org/10.3390/w12051434
https://dx.doi.org/10.1016/j.apr.2019.10.004
https://dx.doi.org/10.1016/j.apr.2019.10.004
https://dx.doi.org/10.1016/S1054-3139(03)00067-5
https://dx.doi.org/10.1029/2019JC015308
https://dx.doi.org/10.1029/2019JC015308
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González et al: Representative range of ocean observatories for cost-effective monitoring Art. 10(1) page 15 of 15
D

ow
nloaded from

 http://online.ucpress.edu/elem
enta/article-pdf/10/1/00055/719605/elem

enta.2021.00055.pdf by Bangor U
niversity user on 20 July 2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


