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Abstract— Comprehensive ocean planning must account for the 
diversity of human uses that converge in coastal waters and their 
potential impacts on marine ecosystems. Ocean plans have been 
developed at the federal, regional, and state level to address these 
issues; however, the under-documentation of human activities has 
hindered the ocean planning process. SeaPlan, an independent non-
profit ocean science and policy group, has worked to address these 
data gaps through projects focusing on collecting and visualizing 
human use data. One project developed a cumulative impact model 
and maps by combining spatial data on environmental stressors and 
ecosystem distribution and expert opinion on ecosystem vulnerability, 
characterize the intensity of impacts in Massachusetts waters. The 
analysis revealed that areas near the coast and along major shipping 
routes were highly impacted from the co-occurrence and intensity of 
multiple uses and the vulnerability of underlying habitats. One 
outcome of this assessment was an identified need to improve and 
develop robust data on recreational ocean uses. This informed the 
development of a statewide and a regional recreational boater survey 
informed by extensive stakeholder outreach.  Recreational boaters 
reported on their boating expenditures and mapped their boating 
activity using an interactive mapping application. The results of these 
surveys revealed a high concentration of boater routes near the 
coast, and identified fishing as the most popular activity associated 
with recreational boating.  To increase the utility of these datasets in 
the ocean planning process, SeaPlan has contributed to the 
development of the Massachusetts Ocean Resource Information 
System (MORIS), and the Northeast Ocean Data Portal, which 
contain downloadable datasets and interactive mapping tools 
relevant to ocean planning in Massachusetts and the Northeast.  
Characterizing and mapping human uses allows managers to 
visualize the potential impacts of human activity in the ocean 
environment and to identify areas of special concern.  These projects 
represent the first time these particular data types are quantified and 
visualized on a state or regional scale.  Stakeholder and expert 
engagement, filling data gaps on human uses, and developing 
interactive mapping technologies have allowed us to provide 
necessary datasets and tools which improve the marine spatial 
planning process in the Northeast. 
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I. INTRODUCTION  
Coastal and marine environments support an increasingly 

diverse array of human uses, including recreation, tourism, 
aquaculture, energy and commerce.  As these uses continue to 
emerge and expand, it becomes increasingly difficult for 

ocean managers to minimize conflicts between user groups 
while upholding conservation objectives. These issues are now 
being addressed at federal, regional and state levels. At the 
federal level, the National Ocean Policy (NOP) establishes a 
policy imperative to “respect and preserve our Nation’s 
maritime heritage, including our social, cultural, recreational 
and historical values” and provides a framework for 
developing a coastal and marine spatial planning (CMSP) 
process, which it defines as a “comprehensive, adaptive, 
integrated, ecosystem-based and transparent spatial planning 
process, based on sound science, for analyzing current and 
anticipated uses of ocean, coastal and Great Lakes areas”[1].  
The NOP also led to the formation of nine regional planning 
bodies to address ocean planning and data needs based on 
geography and existing efforts in a region. On a state level, the 
Massachusetts Ocean Management Plan puts forth a goal to 
“balance and protect the natural, social, cultural, historic, and 
economic interests of the marine ecosystem through integrated 
management” [2]. 

 
Balancing the needs of multiple ocean users while 

protecting critical ecosystems and enhancing the sustainability 
of coastal and marine economies is a common goal among 
these ocean management plans; however, the issue of 
accounting for multiple human uses and other stressors and 
their linkages with marine ecosystems has hindered the ocean 
planning process, especially given the under-documentation of 
human activities.  SeaPlan, an independent non-profit ocean 
science and policy group, has worked to address these data 
gaps through a series of projects focusing on collecting and 
visualizing human use data for the purposes of comprehensive 
and integrated marine spatial planning.  

 
In one such project, SeaPlan partnered with scientists based 

at the National Center for Ecological Analysis and Synthesis 
(NCEAS) to produce a cumulative impact model.1 Cumulative 
impact models account for the additive effects of 
anthropogenic stressors on ecosystem health, rather than 
examining individual impacts on a sector-by-sector basis. The 

                                                           
1 See the technical report for further details. C. V. Kappel et al., 
“Mapping Cumulative Impacts of Human Activities on Marine 
Ecosystems,” SeaPlan, Boston, MA, Tech. Rep. #03.NCEAS.12, Jan. 
2012. Available at: http://www.seaplan.org/wp-
content/uploads/mapping_cumulative_indicators-nceas-12.pdf 

The Gordon and Betty Moore Foundation provided funding for these 
projects. The Maine Coastal Program provided additional major funding for 
the 2012 Northeast Recreational Boater Survey.  
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project team designed the project using a framework 
developed NCEAS-based scientists to support the 
development and implementation of the Massachusetts Ocean 
Management Plan by filling two major data gaps.  First, in 
order to understand ocean use compatibilities, we gathered 
comprehensive information on the relative vulnerability of 
marine ecosystems and habitats to as many human ocean uses 
as possible.  Second, we developed spatial data and visual 
representations of the cumulative impacts of human activities 
which had been previously unavailable to ocean managers.   

 
The overall cumulative impact analysis and resultant data 

products combine ecosystem vulnerability, ecosystem 
distribution, and intensity of human stressors, using a method 
which has been vetted at a global [3] and regional scales [4, 
5]. Together these data products provide insight into which 
types of ecosystems and places are most vulnerable and which 
human uses, alone and in combination, are putting the most 
stress on marine ecosystems in the waters off Massachusetts.  
Although the analysis focused on Massachusetts and its 
surrounding waters, the framework was designed to be 
flexible, transparent, and easily updateable, and represents a 
tool that could be applied at larger geographic scales.   

 
One outcome of the cumulative impact assessment and the 

Massachusetts Ocean Management Plan completed in 2009 
was an identified need to develop data on recreational ocean 
uses.  This is a sector where little to no data had previously 
existed but which represented an important human use to 
consider in the planning process.  Specifically, the plan 
recognized recreational boating as an activity with “significant 
actual and prospective conflicts among multiple waterway 
uses in Massachusetts”.  It further recognized that the 
economic value of recreational boating was a key socio-
economic indicator which could be used to inform ocean 
planning [2]. 

 
The lack of statistically robust data on recreational boating 

activity led to the development of a statewide and a regional 

recreational boater survey.  For the 2010 Massachusetts 
Recreational Boater Survey,2 SeaPlan (then the Massachusetts 
Ocean Partnership) worked with a team led by the Urban 
Harbors Institute (UHI) of the University of Massachusetts 
(UMass) Boston.  This statewide survey aimed to gather 
temporal, spatial and economic data on recreational boating to 
supplement existing but limited local knowledge using 
scientifically-accepted social science survey methodologies 
and advanced participatory mapping technologies.  
The success of the Massachusetts survey and the 
establishment of a the Northeast Regional Planning Body 
which coordinates ocean planning efforts throughout New 
England led to the launch of the 2012 Northeast Recreational 

                                                           
2 See the technical report for further details. D. Hellin et al., “2010 
Massachusetts Recreational Boater Survey,” SeaPlan, Boston, MA, 
Tech. Rep. #03.UHI.11, Jun. 2011. Available at 
http://www.seaplan.org/wp-
content/uploads/2010_massachusetts_recreational-tr-uhi-11.pdf 

Boater Survey,3 which applied the methodology of the 2012 
survey at a regional level. The 2012 survey included registered 
boaters in Maine, New Hampshire, Massachusetts, Rhode 
Island, Connecticut, and New York and aimed to capture more 
comprehensive region-wide information on boater routes, 
economic impacts, types and locations of boating-based 
recreational activities, demographic information on the 
boating community, and boaters’ opinions on boating-related 
topics.   
 

To increase the utility of these datasets in the ocean 
planning process, SeaPlan has played a role in projects which 
display these and other ocean datasets using an interactive tool 
interface.  SeaPlan worked with MA CZM and the 
Massachusetts Office of Geographic Information (MassGIS) 
to develop the Massachusetts Ocean Resource Information 
System (MORIS)4, which contains the datasets used to 
develop the Massachusetts Ocean Management Plan.  
Similarly, SeaPlan works with the Northeast Regional Ocean 
Council (NROC), The Nature Conservancy (TNC), Applied 
Science Associates (ASA), National Oceanic and Atmospheric 
Administration Coastal Services Center (NOAA CSC), and 
the Northeast Regional Association of Coastal Ocean and 
Observing Systems (NERACOOS) to maintain and develop 
data for the Northeast Ocean Data Portal,5 which contains 
datasets related to ocean planning covering the Northeast 
region.   

 

II. METHODS 
Cumulative impacts 
 

We modeled cumulative impacts by looking at the 
relationship between 21 human stressors and 15 marine 
ecosystem types.  The study team defined 58 current and 
emerging human stressors based on their previous work.  A 
stressor is defined as anything that may perturb an ecosystem 
beyond its natural limits of variation. However, as spatial data 
for all 58 stressors were not available, we synthesized, 
aggregated, and in some cases modeled a wide array of data to 
produce 21 human stressor data layers that represent many of 
the most important human uses in the waters off of 
Massachusetts for use in this analysis.   

 
We modeled stressors using a variety of data sources and 

techniques.  The data sources and approaches are summarized 
in Tables 1 and 2.  The impact that a stressor has on a given 
ecosystem depends on the ecosystem vulnerability.  
Vulnerability is dictated by the probability of exposure to a 

                                                           
3 See the technical report for further details.  Report available in 
August 2013 at http://www.seaplan.org/project/2012-northeast-
recreational-boater-survey/ 
4 http://www.mass.gov/eea/agencies/czm/program-areas/mapping-
and-data-management/moris/ 
5 http://www.northeastoceandata.org/ 



 

TABLE 1. SOURCES OF LAND-BASED STRESSOR DATA USED IN THE CUMULATIVE IMPACTS ANALYSIS 
 
 

 
 

  
Stressor 

Type Stressor Metric Source Data Provider Key processing steps 

La
nd

 B
as

ed
 S

tre
ss

or
s Pollution 

Upstream Farming 

Nitrogen Input 

County-level fertilizer 
application data USGS 

Aggregated by 
watershed; assigned to 

coastal pour points; 
applied least cost path 
diffusive plume model 

Sewage Input 

Wastewater treatment 
plants EPA 

Combined sewer 
overflow locations MWRA 

Sewage outfall diffuser 
pipe locations MWRA 

Modeled septic system 
discharge  US Census 

Atmospheric Deposition 
Nitrate and ammonium 
deposition measured at 

recording stations 

National Atmospheric 
Deposition Program; 
EPA Clean Air Status 
and Trends Network  

Organic point-source 
pollution Organic chemical input 

Known surface water 
discharges of organic 

chemicals 

EPA Toxic Releases 
Inventory 

Organic non point-source 
pollution Pesticide loads Modeled pesticide 

application rates 

Coastal Change 
Analysis Program; 

National Pesticide Use 
Database 

Inorganic point-source 
pollution 

Heavy metal releases to 
surface waters Point source release EPA's Toxic Releases 

Inventory 

Non-point source 
pollution 

Heavy metal releases to 
surface waters 

Impervious surface data 
used as proxy 

National Land Cover 
Database 

Atmospheric pollution Atmospherically derived 
pollutant input 

Wet and dry atmospheric 
deposition of sulfate as 

proxy for other 
atmospherically derived 

pollutants 

National Atmospheric 
Deposition Program; 
EPA Clean Air Status 
and Trends Network  

Light pollution Light seen in coastal 
ocean pixels 

Light pollution from 
coastal development 

NOAA Stable Lights 
at Night database   

Marine debris Average annual weight 
of trash 

CoastSweep beach clean-
ups MA CZM 

Data summarized by 
county and distributed 
evenly along county 

shorelines 

Coastal 
infrastructure 

Entrainment plumes Scale and impact of 
plume Power plant locations EPA Facility Registry 

System 
3 km buffer applied to 

each location 

Hardened shorelines Adjacency to impacted 
shoreline 

Locations of human-
modified shorelines 

NOAA Environmental 
Sensitivity Index 

Ocean pixels next to 
coastal engineering 

shoreline types 
classified as impacted 

 
 
 
 
 
 
 
 
 



 

TABLE 2. SOURCES OF OCEAN-BASED STRESSOR DATA USED IN THE CUMULATIVE IMPACTS ANALYSIS 
 

 
 
 
 
 
  

  Stressor Type Stressor Metric Source Data Provider Key processing steps 

O
ce

an
 B

as
ed

 S
tre

ss
or

s 

Seafood 
Harvests 

Aquaculture Shellfish bed locations Derived from Google 
Earth 2009 Images 

Stone Environmental, 
MA DMF, MA 
Department of 
Agricultural 

Resources, coastal 
town shellfish 

authorities 

  

Fishing Average annual landings 

Catch data from 
statistical reporting 

areas (SRAs); Vessel 
Trip Reports (VTRs); 

Marine Protected Areas 

MA DMF; NOAA 
NMFS; National 
Marine Protected 

Areas Center's Marine 
Managed Areas 

Inventory 

Analysis applied to five 
categories of commercial 

fishing: pelagic low-bycatch, 
pelagic low-bycatch, pelagic 

high-bycatch, demersal habitat 
modifying, demersal non-habitat 

modifying low-bycatch, and 
demersal non-habitat-modifying 

high bycatch 

Climate Change 

Sea Surface 
Temperature 

(SST) 
anomalies 

Weeks when average 
SST or UV radiation 
exceeded long-term 
standard deviation in 
average SST or UV 
radiation for a given 
location and week of 

year 

Advanced Very High 
Resolution Radiomater 
(AVHRR) Pathfinder 
Version 5.0 SST Time 

Series 1985-2005 

NOAA 

Global dataset clipped to 
Massachusetts study region 

UV radiation 
anomalies 

GSFC TOMS 
EP/TOMS satellite 

program 
NASA 

Ocean 
acidification CO2 concentrations 

Modeled change in 
aragonite saturation 

state from pre-
industrial times to 

modern times at each 
location used as proxy 

Guinotte et al. 2003 

Pollution 

Commercial 
vessel traffic 

Organic and inorganic 
pollutants 

Commercial vessel 
traffic from AIS 

(Automatic 
Identification System) 

used as proxy 

USCG, Applied 
Science Associates 

(ASA) 

Linear decay rate applied to 
tracks > 25km from shore; 1km 
buffer applied to vessel tracks 

Ports Pollutants Port locations used as 
proxy 

USACE Principal Port 
file 

Pollutant spread modeled using a 
diffusive least cost path surface 

model  

Invasive species 
Introduction 
and spread of 

invasive species 
Invasive spread 

Port volume used as 
proxy for potential of 

invasive species 
introductions 

USACE Principal Port 
file 

Invasive spread modled using a 
least cost path surface model 

Commercial 
Vessel Traffic 

Noise and light 
pollution; direct 

impacts (e.g. 
vessel strikes) 

Average annual density 
of ship tracks 

AIS and ferry route 
data 

USCG, ASA, MA 
Executive Office of 

Transportation, Office 
of Transportation 

Planning 

Linear decay rate applied to 
tracks > 25km from shore; 1km 
buffer applied to vessel tracks 

Tourism Whale 
Watching 

Average number of 
transits by whale 

watching vessels per grid 
cell 

Aggregated GPS data 
points from 2003 - 

2004 Whale Watching 
Guidelines study and 

2008-2009 Whale 
Watching tracks by 

USCG Auxiliary 

Stellwagen Bank 
National Marine 

Sanctuary 

Number  of transits per port 
normalized by research effort 



 
stressor, the sensitivity of the ecosystem to the stressor, 

and the resilience of the ecosystem following the stressor 
[6].  

 
Regional experts with experience studying each 

ecosystem or habitat type responded to a structured survey 
in which they were asked to assess an ecosystem’s 
vulnerability to a list of stressors using five vulnerability 
criteria: spatial scale in km2 of a single occurrence of the 
stressor, frequency in days per year that the stressor occurs 
at a given location, trophic impact from single species up to 
entire community, percent change in biomass of the affected 
ecosystem component, and recovery time in years required 
for the ecosystem to return to natural conditions [7].  
 

We modeled cumulative impacts at each location in a 250 
m raster grid by adding up the combined impacts of human 
stressors, weighted by the average vulnerability of the 
ecosystem(s) found in the location of each stressor.  The 
model runs in the open source GIS software GRASS v. 6.3 
and the maps were produced using ArcGIS. To create the 
cumulative impact maps, we combined ecosystem 
vulnerability and human stressor intensity scores with 
spatial information on ecosystem distribution to create a 
cumulative impacts map as well as other stressor-specific 
maps.  
 
Recreational boating 
 
       In both the 2010 and the 2012 surveys, we used boater 
registration data from each state to recruit survey 
participants, screening for eligibility by targeting boaters in 
coastal counties that were using their vessels for recreational 
purposes, had vessels that were over 10 feet in length, had a 
principal mooring area or hailing port in the Northeast, and 
did the majority of their boating in saltwater.  Based on the 
number of eligible boats, we selected a random sample of 
boaters to invite to the surveys. In 2010, of the 10,000 boats 
to participate in this study, 22% responded.  We had a 
similar response rate in 2012, where 18.5% of the 68,000 
invited boaters participated.  In both studies, survey 
participants completed both monthly surveys from May 
through October, describing their last trip of the season, as 
well as an end of season survey which asked for feedback 
on the survey instrument, estimates of yearly boating 
expenditures and opinions on relevant boating topics. In 
each monthly survey, participants used an online mapping 
application designed by EcoTrust to plot their routes, and 
identify locations where boating-related activities (i.e. 
swimming, fishing, etc…) took place.  
 
      We imported the spatial data into ArcMap, where we 
plotted the route data and activity data, clipped to the region 
of interest and to exclude routes and points drawn in error 
over land or in freshwater.  Using the route data, we also 
created an interpretive map product highlighting areas of 

high densities and low densities of boater routes, using the 
line density tool.  The results were three map types, one 
which displayed boater routes, one which showed the 
locations of activities (both aggregated and separated by 
activity type), and one which showed boater route density.  
The study team used statistical methods to analyze 
demographic information and the Impact analysis for 
PLANning (IMPLAN) economic model to develop 
economic impact assessments.  
 

Stakeholder engagement was also an integral component 
of these projects.  An advisory group which included 
representatives from boating organizations throughout the 
states and other stakeholder groups informed the study 
design and development of surveys, facilitated data access, 
encouraged boaters to participate, reviewed results, and 
disseminated results to the boating community.  
 

III. RESULTS 
 

Cumulative Impacts 
  
      Expert judgment identified coastal and offshore benthic 
habitats, specifically hard bottom shelf, nearshore soft 
bottom, soft bottom shelf, algal zone, nearshore hard 
bottom, and tidal flats to be most vulnerable to human 
impacts in this region.  Top stressors and threats to New 
England marine ecosystems include climate change impacts 
from rising ocean temperatures and ocean acidification, 
invasive species, increased ultraviolet radiation exposure, 
and ocean pollution.  

 
      Not surprisingly, this analysis revealed that the areas 
near the coast had the highest potential cumulative impacts 
[Fig.1]  In these areas, there were as many as twenty and no 
fewer than five different coincident anthropogenic stressors 
over the course of the year.  Areas with the highest 
cumulative impacts occur in generally results from the co-
occurrence of multiple uses, the high intensity of those uses 
and stressors, and the relatively high vulnerability of 
underlying habitats.  Maps of individual stressors and 
stressor subsets reveal differences in the spatial footprint of 
various stressors, especially those that occur on a watershed 
level, such as land-based pollutants compared to the more 
widespread impacts of climate change [Figs. 2, 3].  

 
Recreational Boating Use Characterization 
 
     In both the 2010 and 2012 surveys, route and route 
density maps revealed that the highest amount of boating 
activity took place close to the coast.  In the 2012 survey, 
route maps and  the density analysis also revealed areas of 
high boating activity close to ports and in semi-protected 
bays and harbors, and along major transit results throughout 
the northeast (Figs. 4, 5).   
 



     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In both the 2010 and 2012 survey, survey participants 
identified fishing as an activity taking place during boat 
trips more than any other activity. The 2012 survey results 
highlight important areas for different boating-based 
activities, as well as specific types of fish targeted and 
species of wildlife viewed. In some cases, hot spots 
coincided with well-known fishing grounds and wildlife 
viewing locations, such as Jeffreys Ledge and Stellwagen 
Bank (Fig. 6).  
 
     Survey results demonstrate that recreational sport fishing 
was the predominant activity in the region and in each state, 
except in Maine where other activities such as wildlife 
viewing and relaxing outnumber fishing.  The survey also 
confirms the iconic status of Striped Bass as a premiere 
sportfishery in the Northeast. Boaters most commonly 
targeted Striped Bass (Morone saxatilis) while fishing in 
state waters. Outside of Northeast state waters, boaters 
primarily targeted Atlantic Cod (Gadus morhua) and 
Haddock (Melanogrammus aeglefinus).    
 
     Economic results from the 2010 survey show a $529 
million contribution to the economy, although this should be 
considered an underestimate, as it doesn’t include 
expenditures from out of state boaters.  The 2012 survey 
was able to capture spending on a regional level, estimating 
a $3.5 billion contribution to the Northeast economy.   
 

IV. DISCUSSION 
     The cumulative impacts project revealed that most 
coastal areas in Massachusetts are impacted by a number of 
human uses.  While this project was a significant first step in 
describing the interactions of multiple human activities on 
coastal and marine environments, it excluded a number of 
potential stressors due to a lack of data.  The 2010 and the 
2012 recreational boater surveys attempted to fill one of 
those gaps on both a state and regional level.  Both projects 
provide a framework for developing improved quantitative 
understanding of the extent and impact of human uses in 
coastal and ocean environments.  The cumulative impacts 
project highlights the need for comprehensive data on 
regional human-uses affecting the ocean, and the 
recreational boater surveys provide a framework that can be 
applied to other under-documented uses such as 
characterizing a known data gap in the spatial extent of 
recreational fishing activities. Future cumulative impact 
models or similar studies could incorporate these improved 
human use datasets to better characterize the impact of 
recreational uses on coastal and marine ecosystems.  
     
     Characterizing and mapping human uses allows 
managers to visualize the potential impacts of human 
activity in the ocean environment and to identify areas of 
special concern.  These projects represent the first time these 
particular data types are quantified and visualized on a state 
or regional scale.  By engaging experts and stakeholders into  

 
 

Fig. 1. Average cumulative impacts of human stressors on 
marine ecosystems 

 
 

Fig. 2. Average land-based impacts of human stressors on 
marine ecosystems 

 
 

Fig. 3. Average climate change impact on marine 
ecosystems 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
project design and implementation, filling in the data gaps 
on human uses, using advanced participatory mapping 
technologies to visualize these datasets, we provided 
necessary tools and datasets to improve the marine spatial 
planning process in the Northeast. 
 

ACKNOWLEDGMENT 
     Acknowledgment must be given to the researchers who 
worked on the previous NCEAS cumulative impact studies 
in other areas, such as the California Current and Hawaiian 
Islands. Their work provided the basis for this 
Massachusetts cumulative impact study.   

 

REFERENCES 
[1] Obama B. 2010 July 19. Stewardship of the ocean, our coasts, 
 and the great lakes [Internet].  Executive Order 13547 [cited 
 2013 July 18] Available from http://www.whitehouse.gov/the-
 press-office/executive-order-stewardship-ocean-our-coasts-and-
 great-lakes. 
  
[2] Massachusetts Executive Office of Energy and Environmental 
 Affairs. 2009 31 Dec. Massachusetts Ocean  Management Plan.  
 Boston (MA).  Available from: http://www.mass.gov/eea/ocean-
 coastal-management/mass-ocean-plan/final-massachusetts-
 ocean-management-plan.html 
 

 

 
 

Fig. 5. 2012 recreational boater route density 

 
 

Fig. 4. 2012 mapped recreational boater routes 
 

 
 

Fig. 6. 2012 recreational boater activities 
 



[3]  B. S. Halpern et al., “A global map of human impact on marine 
 ecosystems,” Sci., vol. 319, pp. 948-952. 2008.  
   
[4] B.S. Halpern, K.L. McLeod, A.A. Rosenberg and L.B. Crowder.  
 “Managing for cumulative impacts in ecosystem-based 
 management through ocean zoning,” Ocean. Coast. Manage., 
 vol. 51, pp. 203-211. 2008.  
 
[5] K.A. Selkoe et al. “A map of human impacts to a “pristine” 
 coral reef ecosystem, the  Papahānaumokuākea Marine National 
 Monument,” Coral Reefs, vol. 28, pp. 635-650. 2009. 

 
[6] Millenium Ecosystem Assessment. 2005. Ecosystems and 
 human wellbeing.  Island Press, Washington, DC. 
 
[7] B.S. Halpern, K.A. Selkoe, F. Micheli, and C.V. Kappel. 
 “Evaluating and ranking the vulnerability of global marine 
 ecosystems,” Conserv Biol, vol. 21, pp. 1301-1315. 2007.  

 
 

 


	Select a link below
	Return to main menu
	Return to previous view



<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




