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A Commentary on

Evaluating stock status of 16 commercial fish species in the coastal and
offshore waters of Taiwan using the CMSY and BSM methods

by Ju P, Tian Y, Chen M, Yang S, Liu Y, Xing Q and Sun P (2020) Front. Mar. Sci. 7:618.
doi: 10.3389/fmars.2020.00618
1 Introduction

Fisheries that operate in the coastal and offshore waters of many countries are usually

small-scale and with limited data; that is, the data they generate are insufficient for

comprehensively evaluating the status of exploited fish stocks. Several data-limited

methods have been developed and applied for assessing fish stocks to establish a scientific

basis for fishery management (Dowling et al., 2019). Ju et al. (2020) (hereafter referred to as

JU2020) applied catch-based models (i.e., the Monte Carlo catch-maximum sustainable yield

[CMSY] model and Bayesian Schaefer Model [BSM]) and data from Taiwan’s Fisheries

Statistical Yearbook to assess the exploited fish stocks in the coastal and offshore waters off

Taiwan. Although those models, which are based on catch data, may be useful methods of

data-poor fish stock assessments, the appropriate use and interpretation of fishery data are
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crucial to ensure that appropriate underlying assumptions are applied

(Privitera-Johnson and Punt, 2020). In particular, concerns were

raised regarding the analysis results and conclusions obtained when

catch data are inappropriately incorporated into models to infer the

status of assessed stocks. An essential assumption for catch-based

models is that the catchability and fishing effort must be sufficiently

constant or predictable over catch history (Ovando et al., 2022). The

results derived from the inappropriate interpretation or use of fishery

catch data can lead to unreliable analyses and even incorrect

conclusions regarding stock status, all of which can result in

misinformed management decisions.
2 Use of problematic catch data
in assessments

A major problem of JU2020 assessments is the inappropriate

inclusion of catch data from distinct fish stocks in the Pacific and

Indian Oceans. We discovered that the catch data used in JU2020

combined the data of catches by coastal (within 12 nautical miles),

offshore (12–200 nautical miles), and distant-water (outside

exclusive economic zones) fisheries (Fisheries Agency, 2020). This

method of combining data over multiple regions and fisheries is

problematic for species for which a considerable fraction of catch

data is obtained from different stocks (e.g., Scomberomourus

commerson, Priacanthus macracanthus, and Pennahia spp.

(Supplementary Figure 1), as the population of the same species in

coastal waters and high seas represent distinct stocks. S. commerson

are harvested from as far as the Indian Ocean by distant-water

fisheries, and such stocks are distinct from the coastal stocks

harvested from the waters off Taiwan (Williams and Lester, 2006;

Radhakrishnan et al., 2018; Johnson et al., 2021). Themisgrouping of

catch data can substantially influence catch data results; in 1964, the

catch of Pennahia spp. by the distant-water fisheries in the high seas

was approximately 12,000 mt, which was more than 10 times the

catch obtained in the coastal and offshore waters around Taiwan

(Supplementary Figure 1). Notably, previous studies have indicated

that the fish stocks in distant waters have distinct life history

characteristics, such as age, growth and mortality, from the ones

in the waters around Taiwan (Yamaguchi et al., 2004; Lu et al., 2006).

Stock delineation is a challenging aspect of the stock assessment for

transboundary species, and it should be carefully considered in

assessment models to prevent misleading outcomes.

JU2020 also mixed the catch data for multiple species and

erroneously used the catch data of other species for some species. In

JU2020, the catch data labeled as chub mackerel (Scomber

japonicus) were the catch data for Scomber spp., which mainly

comprised blue mackerel (S. australasicus). The stock status of chub

mackerel was evaluated and determined to be healthy in JU2020.

However, researchers have suggested that the stocks of both blue

mackerel and chub mackerel have been overfished in the East China

Sea for recent two decades (Kurota et al., 2022). In Taiwan’s coastal

and offshore waters, chub mackerel and blue mackerel were

revealed to be overfished and fully fished, respectively (Lu, 2018;

Lu et al., 2019). Consequently, a prohibition on mackerel fishing in

the summer was introduced in 2012 to restore the stock abundance
Frontiers in Marine Science 02
of mackerels (Lu et al., 2019). In JU2020, the misuse of catch data

for other species also occurred. For example, the data for

Scomberomourus guttatus was in fact the catch data for S.

koreanus. There was no Clupanodon thrissa recorded in the

Yearbook, instead the catch data should be for Nematalosa

japonica. Data for Apolectus niger was also mislabeled as

Parastromateus niger. In addition, the authors used the wrong

column “year” instead of the catch data for S. niphonius

(Supplementary Table 1 in JU2020), all of which reduced the

reliability of their assessment.
3 Differences in CMSY results from
those using corrected catch data

In comparison to the findings presented in JU2020 regarding the

stock status of 16 analyzed fish species, our analysis yielded different

results when utilizing corrected catch data in the CMSY model for

certain species. Our analysis applied the cmsy function of the

datalimited2 package in the R program (version 4.2.0; Free, 2018).

Our analysis with catch data corrected for only including catch from

coastal and offshorewaters and the species labeled is shown in Figure 1

(red lines). The life history parameters applied in our analysis are listed

in Table S1, consistent with those used in JU2020, except for the

mislabeled species in JU2020. Differences in parameters settings

comparing to JU2020 include: (1) the priors of r, B/Bmsy (l0), and

Bend/K (lt) for Scomberomorus koreanus, Nematalosa japonica,

Scomber spp. and Apolectus niger because of mislabeled species

name in JU2020, and (2) the B/Bmsy (l0) and Bend/K (lt) of

Priacanthus macracanthus, and Pennahia spp. were adjusted in our

analysis to include only catch data from coastal and offshore waters

(Table S1). We also reproduced the results from JU2020 using their

data and input parameters (black lines in Figure 1), though results of

some species could not completely be replicated (e.g., Scomber

japonica and Mene maculate). Comparing our analysis with

corrected catch data and reproductions of JU2020, we observed that

JU2020 tended to underestimate the stock status in earlier years

(Figure 1). Furthermore, our results indicate that, for the latest year

of assessment, most fish stocks were overfished (B/BMSY < 1),

with only Scomberomourus niphonius being considered sustainable

(B/BMSY > 1) (Figure 1). These findings differ from those of JU2020,

who suggested that S. japonica (which should be Scomber spp.) was the

only taxon not overfished in the waters around Taiwan. These

divergences between our findings and those of JU2020 highlight the

potential biases that can arise from the incorrect inclusion of catch

data and mislabeling of fish species in assessments.

It is worth noting that our reproduction of JU2020 also yielded

slightly different results for certain species, such as Mene maculate

and Scomber japonica. Even when using their catch data and inputs,

Mene maculate was classified as “healthy” in our reproduction

[Figure 1(i), black line] instead of “slightly overfished” as reported

in JU2020 (Table 3 in JU2020). Though, when using corrected catch

data, our model outputs did indicate the species was overfished (red

line). For Scomber japonica, both of our replication and results with

corrected data showed “overfished” instead of “healthy” as reported

in their paper. This discrepancy in replication may be attributed to
frontiersin.org

https://doi.org/10.3389/fmars.2023.1152982
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Kuo et al. 10.3389/fmars.2023.1152982
differences in the software version used by ourselves and Ju et al. or

other reasons. Nonetheless, it underscores the inherent variability in

assessment results of CMSY.
4 Risk of violating model assumptions

Catch-based models should be applied to the fish stocks of

sedentary species, the catch statistics of which can stably represent a

consistent proportion of total removals (Ovando et al., 2022).

Migratory fish stocks are typically distributed across wide

geographic ranges and targeted by multiple fisheries, but we
Frontiers in Marine Science 03
discovered that only catches from Taiwan, which do not

represent the total catch or a consistent fraction of total removals

of these species (Hiyama et al., 2002), were used in JU2020’s models.

Mackerels and scads are broadly distributed across the western

Pacific Ocean and harvested by international fleets from China,

Japan, South Korea, and Taiwan. Due to the increasing fishing effort

and catch of China since the 1980s (Shen and Heino, 2014), a

decline in Taiwan’s catch as a proportion of total removals over

time is observed, leading to a pessimistic assessment of mackerels

and scads (Chen et al., 2009; Yukami et al., 2009). Thus, the efforts

required for corrections must be considered in stock assessments,

especially when changes in fishing effort have been reported.
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FIGURE 1

B/Bmsy for 16 fish stocks, as estimated using catch-maximum sustainable yield model and catch data from Taiwan Fishery Statistical Yearbook.
(A) Scomberomours koreanus, which was mislabeled in JU2020 as S. guttatus, (B) Scomberomorus commerson, (C) Scoberomorus niphonius,
(D) Muraenesox cinereus, (E) Nematalosa japonica, which was mislabeled as Clupanodon thrissa in JU2020, (F) Scomber spp., which was mislabeled
as S. japonicus in JU2020, (G) Trachurus japonicus, (H) Decapterus maruadsi, (I) Mene maculata, (J) Atrobucca nibe, (K) Acanthopagrus schlegelii,
(L) Priacanthus macracanthus, (M) Psenopsis anomala, (N) Pampus argenteus, (O) Pennahia spp., (P) Apolectus niger, which was mislabeled as
Parastromateus niger in JU2020. Red lines represent results using corrected catch data corrected for only including catch from coastal and offshore
waters and species labeled. Black lines were the replicated results for JU2020 using their data and input parameters. The solid line represents
mean estimated B/Bmsy, and dashed lines indicate 95% confidence intervals. No replication was conducted for species (C) due to the fact that
the catch data presented in JU2020 was actually the “year”. The Taiwan Fishery Statistical Yearbook only provides catch data up to 2010 for species
(A, E, J, N), and it is unclear in JU2020 regarding the source of data for these species beyond 2010.
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In addition, catch-based models should generally be applied only

when catchability is constant or predictable over time (Ovando et al.,

2022). However, for Taiwan’s fisheries, contraction in traditional

purse seine fishery and the expansion of new Taiwanese Danish seine

fishery have happened since 1990s. The improvement in fishing gears

and change in catchability violate the model assumption and distort

the relationship between biomass and catch of the fish stocks when

models such as BSM are applied (Dowling et al., 2019). Another key

assumption for catch-based models is that fishery regulations have

not been amended over the period assessed; that is, a change in catch

is a consequence of a change in biomass (Branch et al., 2011). A

notable fishery regulation in Taiwan is the prohibition of trawling

within 3 nautical miles of Taiwan’s coast, which was introduced in

1999 to restore coastal resources. This development of conservation

policy to make coastal fisheries sustainable has resulted prompted

trawl fisheries to shift their fishing grounds to areas beyond Taiwan’s

coastal areas, which is regarded as the main reason for the decline in

catch of coastal species such as Pennahia spp., Atrobucca nibe,

Muraenesox cinereus, Priacanthus macracanthus, Psenopsis

anomala, and Pampus argenteus in trawl fisheries (Sun and

Chiang, 2009; Supplementary Figure 2).

The use of complex fishing methods and gears hinders the

measurement of fishing effort in the coastal and offshore fisheries in

Taiwan, and this is another key problem that can affect the

application of the BSM. We discovered that in JU2020, catch per

unit effort (CPUE) was defined as the catch divided by the number

of fishing vessels. This definition can be problematic because they

defined the number of fishing vessels as the number of registered

fishing vessels reported in the Yearbook instead of the number of

active vessels. Taiwan implemented a fishing layoff program and

reduced fuel subsidies in 2002 to reduce fishing effort1; thus, the

number of registered vessels, instead of active vessels, may be an

invalid basis for measuring fishing effort. In addition, the increasing

labor demand of the Taiwanese Danish seine fishery subsector,

which began to develop in the 1990s, must also be considered in

fishing effort estimations (Lu, 2018; Lu et al., 2019). We suggest that

“active” vessels should be used as the base to calculate CPUE for

each fishery, and each fishery determines its own practical effort

measurement, such as the number of fishing days for the squid

fishery or the number of hooks for the longline fishery. These points

highlight the use of the appropriate variables for measuring effort

and the implementation of CPUE standardization for obtaining

reliable abundance-related findings regarding fish stocks.

Given the issues on catch and effort data we proposed above, we

may challenge the validity of BSM results in JU2020. In Froese et al.

(2017), BSM was applied to fish stocks that reliable CPUE and proper

assessment have been conducted, for the purpose of evaluating the

estimation of r and K by CMSY. However, in the case of JU2020, the

nominal CPUE used in BSM was not verified, as the catch and effort

data used could be unrepresentative. The nominal CPUE was not

even been standardized to be a reliable index of abundance for the

fish stocks. In that case, the values for r and K produced by BSM

should not be used to evaluate the outputs of CMSY.
1 https://en.fa.gov.tw/view.php?theme=web_structure&id=175
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5 Discussion

The assessment of fish stocks in coastal and offshore waters is a

complex process, and the catch data from small-scale fisheries should

be used carefully to avoid producing misleading results. Historical

catch series should be carefully examined and appropriately used in

models (Ovando et al., 2022). If a time series of catch data is unreliable

or violates the assumptions of constant catchability, a catch-based

model may produce biased estimates (Pons et al., 2020). In this case,

length-basedmethods should be applied as an alternative approach for

analyzing data-limited fisheries and for establishing a cost-effective

indicator of stock status formanagementpurposes (Chong et al., 2020).

However, both catch- and length-basedmethods are highly dependent

on life history parameters, especially for the assessment of short-lived

species. Therefore, fundamental biological studies must be conducted

to obtain realistic estimates for life history parameters, which in turn

will improve the understanding of fish population dynamics.
Author contributions

T-CK and N-JS wrote the paper. C-CC conducted CMSY

analyses. K-ML, C-SC, H-JL, and M-AL provided inputs and

revised the manuscript. All authors contributed to the article and

approved the submitted version.
Funding

We acknowledge the funding provided by the National Science

and Technology Council, Taiwan (NSTC-110-2636-B-019-001).
Acknowledgments

We would like to thank the two reviewers for their constructive

comments and suggestions for improving this manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note
All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fmars.2023.

1152982/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fmars.2023.1152982/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmars.2023.1152982/full#supplementary-material
https://en.fa.gov.tw/view.php?theme=web_structure&amp;id=175
https://doi.org/10.3389/fmars.2023.1152982
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Kuo et al. 10.3389/fmars.2023.1152982
References
Branch, T. A., Jensen, O. P., Ricard, D., Ye, Y., and Hilborn, R. (2011). Contrasting
global trends in marine fishery status obtained from catches and from stock
assessments. Conserv. Biol. 25, 777–786. doi: 10.1111/J.1523-1739.2011.01687.X

Chen, X., Li, G., Feng, B., and Tian, S. (2009). Habitat suitability index of chub
mackerel (Scomber japonicus) from July to September in the East China Sea. J.
Oceanogr. 65, 93–102. doi: 10.1007/s10872-009-0009-9

Chong, L., Mildenberger, T. K., Rudd, M. B., Taylor, M. H., Cope, J. M., Branch, T.
A., et al. (2020). Performance evaluation of data-limited, length-based stock assessment
methods. ICES J. Mar. Sci. 77, 97–108. doi: 10.1093/icesjms/fsz212

Dowling, N. A., Smith, A. D. M., Smith, D. C., Parma, A. M., Dichmont, C. M.,
Sainsbury, K., et al. (2019). Generic solutions for data-limited fishery assessments are
not so simple. Fish Fish. 20, 174–188. doi: 10.1111/faf.12329

Fisheries Agency (2020). Handbook of Fisheries Survey Statistics. Council of
Agriculture, Executive Yuan. Taiwan. Available at: https://www.fa.gov.tw/list.php?
theme=CFSSM&subtheme=&page=1&.

Free, C. (2018). “datalimited2: more stock assessment methods for data-limited
fisheries,” in R package version 0.1.0. Available at: https://github.com/cfree14/
datalimited2.

Froese, R., Demirel, N., Coro, G., Kleisner, K. M., and Winker, H. (2017). Estimating
fisheries reference points from catch and resilience. Fish Fish. 18, 506–526.
doi: 10.1111/faf.12190

Hiyama, Y., Yoda, M., and Ohshimo, S. (2002). Stock size fluctuations in chub
mackerel (Scomber japonicus) in the East China Sea and the Japan/East Sea. Fisheries
Oceanography 11 (6), 347–353. doi: 10.1046/j.1365-2419.2002.00217.x

Johnson, M. G., Mgaya, Y. D., and Shaghude, Y. W. (2021). Analysis of the genetic
stock structure and phylogenetic relationship of narrow-barred Spanish mackerel
Scomberomorus commerson (Lacépède 1800) along the northern Tanzanian coastal
waters using mitochondrial DNA. Reg. Stud. Mar. Sci. 46, 101862. doi: 10.1016/
j.rsma.2021.101862

Ju, P., Tian, Y., Chen, M., Yang, S., Liu, Y., Xing, Q., et al. (2020). Evaluating stock
status of 16 commercial fish species in the coastal and offshore waters of Taiwan using
the CMSY and BSM methods. Front. Mar. Sci. 7. doi: 10.3389/fmars.2020.00618

Kurota, H., Muko, S., Yoda, M., Hino, H., Motomitsu, H., Sassa, C., et al. (2022).
Stock assessment and evaluation for blue mackerel, (2021), marine fisheries stock
assessment and evaluation for Japanese waters (Tokyo: Japan Fisheries Agency and
Japan Fisheries Research and Education Agency).

Lu, H. J. (2018). “Present situation and outlook for mackerel and scad fisheries,” in
Symposium on Sustainable Utilization and Outlook for the Taiwan’s Offshore and
Coastal Fisheries; Keelung, Taiwan, 20 September 2018. 5–11.
Frontiers in Marine Science 05
Lu, H. ,. J., Su, N. J., Lin, C. R., and Chen, T. P. (2019). “On the management and
stock assessment of the mackerels resource in the northeastern Taiwan: current status
and lessons in future,” in Taiwan-Japan. 2019 Bilateral Meeting on Japan-Taiwan
Fisheries Scientific Research Cooperation and Symposium; Yokohama, Japan, June 3-4,
2019.

Lu, P. L., Yang, L., Lu, Z. B., Yang, S. Y., Du, J. G., Zhong, H. Q., et al. (2006). Age,
growth, mortality and population structure of silver croaker Pennahia argentata
(Houttuyn 1782) and red bigeye Priacanthus macracanthus cuvier 1829 in the
north-central Taiwan strait. J. Appl. Ichth. 32 (4), 652–660. doi: 10.1111/jai.13053

Ovando, D., Free, C. M., Jensen, O. P., and Hilborn, R. (2022). A history and
evaluation of catch-only stock assessment models. Fish Fish. 23, 616–630. doi: 10.1111/
FAF.12637

Pons, M., Cope, J. M., and Kell, L. T. (2020). Comparing performance of catch-based
and length-based stock assessment methods in data-limited fisheries. Can. J. Fish.
Aquat. Sci. 77, 1026–1037. doi: 10.1139/cjfas-2019-0276

Privitera-Johnson, K. M., and Punt, A. E. (2020). Leveraging scientific uncertainty in
fisheries management for estimating among-assessment variation in overfishing limits.
ICES J. Mar. Sci. 77, 515–526. doi: 10.1093/icesjms/fsz237

Radhakrishnan, D. P., Vineesh, N., Kathirvelpandian, A., Basheer, V. S., and
Gopalakrishnan, A. (2018). Population structure of Spanish mackerel
Scomberomorus commerson (Lacepede 1800) in the northern Indian ocean
determined using microatellite markers. Aquat. Living Resour. 31, 22. doi: 10.1051/
alr/2018011

Shen, G., and Heino, M. (2014). An overview of marine fisheries management in
China. Mar. Policy 44, 265–272.

Sun, C. H., and Chiang, F. S. (2009). Fleet dynamic analysis of the taiwan offshore
trawl fishery: an application of the sea surface temperature measures. J. Mar. Sci.
Technol. 7, 101–109. doi: 10.51400/2709-6998.2528

Williams, R. E., and Lester, R. J. G. (2006). Stock structure of Spanish mackerel
Scomberomorus commerson along the Australian east coast deduced from parasite data.
J. Fish Biol. 68, 1707–1712. doi: 10.1111/j.1095-8649.2006.01026

Yamaguchi, A., Kume, G., and Takita, T. (2004). Geographic variation in the growth
of white croaker, pennahia argentata, off the coast of northwest Kyushu, Japan. Environ.
Biol. Fishes 71, 179–188. doi: 10.1007/s10641-004-0297-2

Yukami, R., Ohshimo, S., Yoda, M., and Hiyama, Y. (2009). Estimation of the
spawning grounds of chub mackerel Scomber japonicus and spotted mackerel Scomber
australasicus in the East China Sea based on catch statistics and biometric data. Fish.
Sci. 75, 167–174. doi: 10.1007/s12562-008-0015-7
frontiersin.org

https://doi.org/10.1111/J.1523-1739.2011.01687.X
https://doi.org/10.1007/s10872-009-0009-9
https://doi.org/10.1093/icesjms/fsz212
https://doi.org/10.1111/faf.12329
https://www.fa.gov.tw/list.php?theme=CFSSM&subtheme=&amp;page=1&amp;
https://www.fa.gov.tw/list.php?theme=CFSSM&subtheme=&amp;page=1&amp;
https://github.com/cfree14/datalimited2
https://github.com/cfree14/datalimited2
https://doi.org/10.1111/faf.12190
https://doi.org/10.1046/j.1365-2419.2002.00217.x
https://doi.org/10.1016/j.rsma.2021.101862
https://doi.org/10.1016/j.rsma.2021.101862
https://doi.org/10.3389/fmars.2020.00618
https://doi.org/10.1111/jai.13053
https://doi.org/10.1111/FAF.12637
https://doi.org/10.1111/FAF.12637
https://doi.org/10.1139/cjfas-2019-0276
https://doi.org/10.1093/icesjms/fsz237
https://doi.org/10.1051/alr/2018011
https://doi.org/10.1051/alr/2018011
https://doi.org/10.51400/2709-6998.2528
https://doi.org/10.1111/j.1095-8649.2006.01026
https://doi.org/10.1007/s10641-004-0297-2
https://doi.org/10.1007/s12562-008-0015-7
https://doi.org/10.3389/fmars.2023.1152982
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Commentary: Evaluating stock status of 16 commercial fish species in the coastal and offshore waters of Taiwan using the CMSY and BSM methods
	1 Introduction
	2 Use of problematic catch data in assessments
	3 Differences in CMSY results from those using corrected catch data
	4 Risk of violating model assumptions
	5 Discussion
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


