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CHAPTER 1 - INTRODUCTION 

One of the mandates of the Oceans Act of 2008 (the Act) is to “identify and protect special, 
sensitive or unique estuarine and marine life and habitat”. The Act requires development of 
an ocean management plan that “value biodiversity and ecosystem health” (§4C(d)(v)) and 
“respect the interdependence of ecosystems” (§4C(d)(viii)) within the planning area, a region 
encompassing Commonwealth waters from roughly 0.5 km (0.3 nautical miles) seaward of 
mean high water (MHW) to the state/federal boundary (43 U.S.C. § 1312). 

The first step in meeting these mandates is the development of an ecological valuation 
process that utilizes spatial analysis techniques to systematically evaluate the ecology of 
Massachusetts waters. This paper describes that process which involved development of an 
Ecological Valuation Index (EVI) and used available data to contribute to the identification 
of special, sensitive, or unique estuarine and marine life and habitats (SSU areas)  

 Preliminary work carried out by six work groups (Habitats, Fisheries, Cultural and 
Recreational Resources, Transportation and Navigation, Renewable Energy and Sediment 
Resources) for the Massachusetts Ocean Management Plan, identified data gaps in their 
areas of focus which, in general, result in a lack of sufficient understanding of ecosystem 
dynamics and the relationship between human activities and environmental change. These 
gaps and findings emphasize the need, as expressed in the Oceans Act, for a suitable tool 
that will utilize available data and attempt to evaluate the ecological importance of species 
and habitats.  

Coastal planners and marine resource managers have utilized various tools for assessing 
“ecological importance”. Detailed examination of approaches used elsewhere to identify and 
classify marine ecosystems revealed that such classifications are generally based on the goals 
and objectives of the overlaying management effort. Goals and objectives vary with the type 
of area or system being considered, location, environmental characteristics, socioeconomic 
structure, public interest, and the reasons for which the area has value. In addition, they 
emphasized the importance of including socioeconomic and other pragmatic considerations 
in making management decisions.  

In 2004, Fisheries and Oceans Canada (DFO) developed an approach to identify 
Ecologically and Biologically Significant Areas (EBSAs) based on five criteria: uniqueness, 
aggregation, fitness consequences, resilience and naturalness (Levings and Jamieson 1999). 
Based on their goal to establish protection zones, this evaluation was focused strictly on 
biological parameters. This scientifically-based approach permits the use of existing data with 
flexibility to deal with data limitations, enabling a step towards ecological valuation.  

The DFO approach was adopted for application to the Belgian part of the North Sea 
(BPNS) (Derous et al. 2007a, 2007b, 2007c; Degrear et al. 2008) Derous et al. (2007a,b) 
refined this approach using biological information to generate an overall biological value for 
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areas of the ocean and create biological valuation maps (BVMs) for the BPNS. BVMs serve 
as a tool to identify areas of particular high biological significance and facilitate management 
of human activities, making best use of available data sets using criteria for biological 
valuation: rarity, aggregation/fitness consequences, naturalness and proportional importance 
(Derous et al. 2007a).  

For the purpose of the Massachusetts Ocean Management Plan, a process was developed 
that pulls from the basic concepts of the BPNS approach, refining it to develop an ecological 
valuation protocol. This concept incorporated an EVI which was proposed as a basic 
component in attempting to examine the ecological importance of marine habitats in 
Massachusetts. 

The following chapter describes the basic concept underlying ecological valuation and how 
this can be applied to enhance scientific understanding of ecological processes and better 
inform management decisions. 
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CHAPTER 2 - CONCEPTUAL BASIS 

BACKGROUND 

The scope of ecological valuation was developed primarily for terrestrial ecosystems, but its 
application to the marine environment must take into consideration the disparity between 
marine and terrestrial systems, in particular the “continuity” or “openness” of the sea. 
Various tools for assessing the biological or ecological values of marine areas, varying in 
information content, scientific rigor and technological level, have been applied (Agardy 1997; 
Ray 1999; Villa et al. 2002; Roberts et al. 2003). However, most of these methods had 
shortcomings that made it difficult to gain public support for implementation (Derous et al., 
2007a). There are various definitions of marine biological or ecological value. The term 
“value” is always linked to the objectives driving the valuation process (e.g. conservation, 
sustainable use) and generally refers to the socioeconomic value of an ecosystem (i.e. the 
value of goods and services provided by marine ecosystems, or the value of an area in terms 
of its importance to human use).  

Several studies have concluded that the definition of the value of marine areas should be 
based on their assessment against a set of objectively chosen ecological criteria, making best 
use of available scientific monitoring and survey data (Ray 1999; Conner et al. 2002; Hiscock 
et al. 2003). 

In the protocol described in this paper, the EVI is made up of the scores for available data 
for individual species that indicate their perceived ecological importance using certain 
criteria: major contribution to fitness, spatial rarity, and population of global and/or regional 
importance. The endangered or threatened status of a species (Roseate Terns, Right Whales, 
Humpback Whales and Fin Whales) was not considered a direct contributor to ecological 
importance but treated separately in the identification of SSU areas. These species were 
included in the EVI process only by virtue of their ecological importance.  

THE ECOLOGICAL VALUATION INDEX 

For the purpose of the Massachusetts Ocean Management Plan, an Ecological Valuation 
Index is defined as follows:  

The Ecological Valuation Index (EVI) is a numerical representation of the 
intrinsic ecological value of a particular area, excluding social and economic 
interests. 

The purpose of the EVI is to categorize areas within the planning area for their intrinsic 
ecological value, using selected ecological criteria, and permitting comparison of these 
subareas. In particular, development of the EVI allows for the combination of spatial data 
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representing individual components of the ocean ecosystem—species and habitats—thereby 
moving towards consideration of the ecosystem as a whole.  

VALUATION CRITERIA 

Valuation criteria may be defined as a set of conditions or characteristics against which a 
number of species are assessed (Brody 1998). Criteria represent the attributes of a species or 
habitat to be given a “value” that relates to, as closely as possible, the ecological importance 
of a particular species or habitat within an ecosystem. The criteria also reflect the goals of the 
management plan and can be broken down into categories associated with ecological, social, 
economic and pragmatic goals. The use of valuation criteria helps ensure objectivity in the 
identification of sites of particular ecological status. They can be used prospectively to 
identify candidate sites within a management area, and retrospectively to assess progress and 
measure success in identifying opportunities for protection. 

Valuation criteria serve to identify areas for protection and then subsequently can be used to 
prioritize candidate sites as part of the selection process, especially when time and resources 
are limited (Nilsson 1998). This approach makes use of Delphic methods of analysis, where 
a group of stakeholders and experts in the field reach consensus on the identification and 
priority ranking of candidate sites. In order to minimize the influence of personal bias that 
results from these techniques, scoring of criteria uses a semi-quantitative method. Species 
distribution is scored against a set of selected criteria using a binary scale (“1” or “0”) or a 
semantic differentiation scale (high-medium-low). Scores for each valuation criteria are then 
summed to reflect the relative ecological importance of a site (Brody 1998). 

Although complex scoring and summing techniques are considered more objective and 
defensible, the selection of priority sites is usually based on available, and often limited, data 
and inevitably has some element of subjectivity involving assumptions by individuals and 
personal bias even in the most rigorous quantitative analyses (Brody 1998). These concerns 
are reduced by using a simple and easily understood assessment technique that requires the 
least amount of resources and is conducted by a diverse group of individuals.  

For these reasons, a simple scoring and mathematical technique was used for the 
Massachusetts Ocean Management Plan. A detailed description of the process is provided in 
Chapter 3. 
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CHAPTER 3 - ECOLOGICAL VALUATION PROCESS 

An inter-agency work group, composed of staff from the Massachusetts Office of Coastal 
Zone Management (CZM), the Massachusetts Division of Marine Fisheries (MA DMF), 
and the Massachusetts Natural Heritage Endangered Species Program (MA NHESP), was 
established to develop an EVI. The process was peer-reviewed at various stages of 
development and expert feedback was provided. The Science Advisory Council (SAC), 
established pursuant to the Act, provided valuable advice and recommendations throughout 
this process. 

The ecological valuation process involves a series of steps: (1) delineation of the planning 
areas, (2) data collection and selection process, (3) selection of ecological valuation criteria, 
(4) development of assessment questions, (5) scoring, and (6) generation of EVI for each 
species and final EVI for each location (EVIT) 

DELINEATION OF THE PLANNING AREA 

The Massachusetts Ocean Planning Area incorporates most of state waters, as described in 
Chapter 1. Ideally, an area is delineated and subdivided based on biogeographical rather than 
political boundaries. However, in the absence of sufficient data and in lieu of a habitat 
classification system for Commonwealth waters, the area was subdivided into 250 by 250 m 
(roughly 830 by 830 ft) raster grid cells and all data layers were converted or normalized to 
this resolution. Ideally, both benthic and pelagic habitat features should be incorporated into 
a classification scheme for ecological valuation (Roff et al. 2003, Breeze 2004).  

DATA COLLECTION AND SELECTION PROCESS  

The initial steps leading to the development of an EVI included an intensive data collection 
exercise by six work groups described in Chapter 1. The work groups were charged with 
acquiring existing spatial data for the subject matter and analyzing the data to begin to assess 
the “importance” of areas in the planning area. Over an intensive series of meetings in the 
summer and fall of 2008, work groups compiled and analyzed available datasets and assessed 
the relevance, reliability, applicability, and level of confidence of the data collected. The EVI 
work group examined in detail data compiled by two of the work groups, the Habitat and 
Fisheries, to assess their viability for integration in the EVI process.  

The Habitat Work Group approached the process of defining habitats from three different 
angles to determine the overall and relative “importance” of particular species or habitats. 
Three main tracks were used to address their task: existing legal protection, biotic criteria, 
and abiotic criteria.  
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For the first track, spatial data for species and habitat areas with special federal and state 
legal protection were acquired and mapped: Ocean Sanctuaries, Areas of Critical 
Environmental Concern, Shellfish Suitability Areas, and National Wildlife Refuges. 

For the second track, biotic parameters were examined to identify habitat critical to 
“important” species or assemblages. Existing data related to the spatial distribution of 
marine mammals, avian species and submerged aquatic vegetation (SAVs) were compiled 
and mapped, then ranked and classified by importance, using criteria and best professional 
judgment, to develop a map of habitats of relative importance in the ocean management 
planning area. 

For the third track, seafloor terrain, rugosity, and seafloor sediments (interpolated from 
usSEABED) data layers were merged to create 56 unique combinations of seafloor habitat 
“classes”. A seafloor habitat heterogeneity index was then calculated based on the number of 
unique abiotic habitat classes (reclassified into quartiles to identify areas of zero, low, 
medium, and high habitat class variety) that occurred within each 250 by 250 m grid cell 
within the planning area1.  

The Fisheries Work Group’s task was to identify locations in the planning area important to 
fisheries. This work group developed two main summary map products: (1) a map indicating 
areas of relative importance to fisheries resources, and (2) a map indicating areas of relative 
importance to commercial fisheries. For the fisheries resource map, data from 30 years of 
trawl surveys by MA DMF were used. Surveys are conducted twice annually, and results are 
spatially organized by 23 strata which are defined by five biogeographic regions and six 
depth classes (some regions do not contain all depth classes, thus only 23 strata rather than 
30). Abundance or biomass data for 22 species captured in the survey were averaged across 
the 30 years for each species in each stratum2. Results were classified into high, medium and 
low categories based on the top 25%, middle 50% and bottom 25% of the data. In order to 
counteract the bias from the number of different species inhabiting different biogeographical 
areas, the data were calculated separately by two regions: north of Cape Cod, and south of 
Cape Cod.  

For the commercial fisheries activity assessment, data from three sources were used to 
analyze fishing effort and landings: (1) MA DMF annual commercial fishermen catch 
reports, (2) Standard Atlantic Fisheries Information System (SAFIS) dealer reports, and (3) 
Federal Vessel Trip Reports (VTRs) collected by the National Marine Fisheries Service 
(NMFS). These data were combined into two layers representing the combined fishing effort 
across all commercial fisheries, and the combined value of landings generated by those 
fisheries (similar to the fisheries resource map, the planning area was divided into two 
regions to account for differences in the scale of commercial fishing activity between waters 
                                                            
1 For more information, go to the Habitat Work Group report on-line at 
http://www.mass.gov/Eoeea/docs/eea/oceans/112608_oceanhabitat_wkgp_draft.pdf. 
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north and south of Cape Cod). These two layers were classified into 10-percentile bins, then 
summed and normalized for equal weighting, and then classified across a high-medium-low 
importance scale2.  

In the workgroup process, some data sets specific to individual species were spatially and/or 
temporarily incomplete and had limitations that precluded their use. The main challenge in 
examining and selecting the appropriate data included limitations resulting from the different 
formats, spatial scales, and density in which the data sets were presented. Best professional 
judgment by the experts in the work groups was used to select those data sets considered 
applicable to the Massachusetts Ocean Management Plan in terms of reliability, 
completeness, and level of confidence.  

Gaps in data for certain species vital to the marine ecosystem (e.g., sea turtle and plankton 
distributions) lead to an incomplete understanding of ecosystem structure and function. 
Most research efforts for the identification of valuable marine areas were initiated at the 
habitat level, where possible, with particular emphasis on structure (bottom topography, 
depth, substrate type). Information on population or community structures (e.g. indicator 
species, species diversity, functional groups) was more limited.  

SELECTION OF ECOLOGICAL VALUATION CRITERIA AND 
DEVELOPMENT OF ASSESSMENT QUESTIONS 

Selection of ecological valuation criteria was driven by the need to portray the ecological 
significance of the area based on its characteristics, the ecological characteristics of species 
and habitats based on current scientific knowledge, and defined by available data. It was 
intended that eventually these ecological data will be combined with considerations of 
human activities and other socioeconomic factors in the identification of use areas and areas 
for conservation in the Massachusetts planning area. These attributes were grouped under 
four criteria defined in Table 3.1: major contribution to fitness, spatial rarity, population of 
global importance, and population of regional importance. To evaluate the available data on 
species populations against these criteria, a set of assessment questions was developed to 
attempt to provide an objective evaluation. A number of questions were developed for each 
criterion as shown in Table 3.2.  

Major contribution to fitness 

This criterion refers to ocean areas and/or features where natural activities which contribute 
significantly to the survival and well-being of a species or population take place as they 
provide favorable conditions for aggregation, feeding, spawning, nursing and other vital 

                                                            
2 For more information, see the Fisheries Work Group report on-line at 
http://www.mass.gov/Eoeea/docs/eea/oceans/112608_ocean_mgt_fish_wkgp.pdf. 
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functions resulting in more offspring and healthier young (DFO 2004). Evaluation of such 
characteristics of ecosystem function lies at the heart of an ecosystem approach to 
management and identifies locations that drive biological and ecological processes, achieving 
preservation of larger marine ecosystems (Brody 1998).  
 
The concept of aggregation plays a key role in the ecology of many species. Although the 
planning area may be used by individuals for certain vital life functions, in many cases 
individuals of a population get together for a particular reason. Aggregation is essentially a 
measure of the degree to which an area is either: (1) a site where most individuals of a 
species aggregate for some part of the year; (2) a site which most individuals use for an 
important function in their life history; or (3) a site where some structural property or  
 
Table 3.1 List of criteria and definitions used to assess the ecological significance of species. 
 

Criteria Definitions 

Major contribution to 
fitness 

For a species or population, its habitat, as mapped by species or 
population’ spatial extent in the ocean planning area, makes a major 
contribution to the fitness of the species (e.g., increased survival or 
reproduction). Examples are: areas where individuals of a species 
aggregate for some part of the year; areas used for some important 
function in their life history; or an area where an ecological process 
occurs with exceptionally high density 

Spatial rarity 
The spatial coverage of the species datasets used cover less than 10% of 
the planning area. 

Population of global 
importance 

Massachusetts population (or aggregation) of the species is a major 
proportion of the global population.  

Population of regional 
importance 

Massachusetts population (or aggregation) of the species is a major 
proportion of the regional population. The region refers to the area of 
the western North Atlantic extending from Nova Scotia to Cape May, 
NJ. 

Table 3.2 Assessment questions used to assess the criteria against the data layers 

Criteria Assessment Questions 

Major contribution to 
fitness 

Does this area make a major contribution to the survival and/or 
reproduction of this species or population? 
Does this species or population aggregate or does it occur with 
exceptionally high density in the planning area? 
Does this species or population carry out an important function of 
its life history in the planning area (e.g. nesting, spawning, mating, 
feeding for seasonal migration)? 
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Criteria Assessment Questions 

Spatial rarity Does the species dataset cover less than 10% of the Massachusetts 
planning area? 

Population of global 
importance 

Is the Massachusetts extent (or population) of this species a major 
proportion of the global extent (or population) of this species? 
Is the Massachusetts population of this species important globally? 

Population of regional 
importance 

Is the Massachusetts extent (or population) of this species a major 
proportion of the regional extent (or population) of this species? 
Is the Massachusetts population of this species important regionally? 

ecological process occurs with exceptionally high density (DFO 2004). For highly mobile 
species including fish, mammals and avifauna, knowledge of locations critical for foraging, 
breeding, spawning and haul out are important management considerations (Derous et al. 
2007).  

Spatial rarity 

Spatially rare species are defined as species that occur in 10% or less of the 250 by 250 m on 
the Universal Transverse Mercator (UTM) grid cells in the planning area. The concept of 
“rare” must be considered with caution. A species that is considered locally rare may not be 
regionally or globally scarce. Rare species or communities may also be restricted to specific 
habitat types which in turn may be rare in the Massachusetts ocean management planning 
area and need to be given a higher protection value based on the significance of their 
ecological role. Due to a lack of systematic assessment of species within the planning area, 
calculating spatial rarity was sometimes challenging.  

SCORING TO GENERATE AN EVI FOR EACH SPECIES 

The process of evaluating data using ecological valuation criteria requires development of a 
scoring system. The inherent complexity of marine ecosystems, the lack of complete data for 
all the species and habitats in the Massachusetts Ocean Management Planning Area, and the 
lack of complete knowledge on ecosystem interactions within the marine environment make 
quantitative scoring a very challenging process, while a completely qualitative scoring system 
can make the process very subjective. A semi-quantitative scoring system is useful when the 
data available are incomplete and best expert judgment is used to complete the information 
(Brody 1998; Derous et al. 2007). The scoring system needs to be flexible to allow for slight 
modification when assessing certain data, as suggested by Hockey and Branch, 1997.  

The EVI work group decided to use a score based on a simple scale, creating a semi-
quantitative scoring system that can be used when data are incomplete and expert judgment 
is used (Croom and Crosby 1998, in: Brody 1998). Each criterion was scored using a binary 
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(presence-absence, “1” or “0”) scale. Equal weighting was given to each criterion. To assess 
the score for each criterion, the relevant assessment questions were applied to each species 
and to the area of distribution of the species population. Due to the nature of the data 
available, the assessment questions were broadly phrased and flexible in order to allow for 
slight modifications when applied to the different types of data. A data set for each species 
was given a score for each criterion and the sum of the scores was then attributed to the 
appropriate 250 by 250 m grid cells. The table of scores is given in Appendix I.  

GENERATION OF THE FINAL EVI 

Once a “1” or “0” was applied to each of the four criteria for each species, the overall value 
of each 250 by 250 m cell within the Massachusetts ocean planning area was determined by 
adding the results for the individual criteria. The data for each species distribution were 
mapped in ArcGIS 9.3 using its corresponding EVI value. Each 250 by 250 m grid cell was 
then spatially analyzed to generate a value for the total EVI (EVIT) in each cell using 
alternative methods:  

(1) EVIT based on the sum of EVIs for all the species occurring in a grid cell  

The sum of the EVIs of all the species found within each grid cell is used as an EVIT for the 
grid cell. This generates an ecological valuation map (Figure 3.1)3 showing the EVI across a 
scale ranging from 1 to 22 and classification on ecological value (Table 3.3). 

EVIT = ∑1
n (EVI1+EVI2+…+EVIn) 

Where,  EVIT = total EVI score for all individual species in one grid cell 
 EVIn = EVI score for one species in a grid cell 
 n = number of species layers in a grid cell 

Table 3.3 EVI range of scores and classification  

Range Value 

0-5 LOW 
6-11 MEDIUM-LOW 
12-17 MEDIUM-HIGH 
18-22 HIGH 

 

                                                            
3 For production purposes, all figures are placed at the end of Volume II of the Draft Massachusetts Ocean 
Management Plan. 
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(2) EVIT based on the sum of normalized EVI for organisms by group found in each grid cell 

Due to the disparate amounts of data layers available for different species within the 
ecosystem, the criteria scores were assessed by group to create an EVIG for each ecosystem 
component. The species were separated into 5 groups (G = 1 to 5): 

• Avifauna  
• Demersal fish 
• Mollusks 
• Crustaceans 
• Marine mammals 

A complete list of species within each group integrated into this evaluation is given in 
Appendix I. An ecological valuation map is generated showing the total EVI (EVIT) across a 
scale from 0 to 24.57. The scale can be categorized into classes depending on the 
management goals. For the purpose of this paper and the Massachusetts Ocean Management 
Planning Area, quartiles and 10 percentile categories are drawn up (Figure 3.2, Figure 3.3)4. 
The classification of the EVI scores using quartiles is presented in Table 3.4. 

For each 250 by 250 m raster grid cell: 

EVIG = ∑1
n (EVI1+EVI2+…+EVIn) 

Where,  EVIG = total EVI for group G in a grid cell 
 EVIn = EVI score for one species in a grid cell belonging to group G 
 n = number of species from group G occurring in the same grid cell 

Normalization of all the group data sets from different groups in a grid cell: 

EVIG(norm) = (EVIG/EVIG(MAX))*10 

EVIT = Σi
G EVIG(norm) 

Where,  EVIT = total EVI for a grid cell 
 EVIG(norm) = normalized EVI for group G in each grid cell 
 EVIG(MAX) = Maximum value of EVI for group G in each cell 

                                                            
4 For production purposes, all figures are placed at the end of Volume II of the Draft Massachusetts Ocean 
Management Plan. 
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Table 3.4 EVI range of scores and classification (quartiles) 

Range Value 

0-6.14 LOW 
6.15-12.29 MEDIUM-LOW 
12.30-18.43 MEDIUM-HIGH 
18.44-24.57 HIGH 

The two alternative methods indicated above represent two ways in which the data may be 
used to assess ecological value. 

Analyses conducted on individual data layers are described in detail in Chapters 4 to 6. Each 
chapter is divided into sections describing how the data for each group of species was 
treated: 

• Background on the species 
• Data description and analysis of each species 
• Application of valuation criteria and scoring for each species 
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CHAPTER 4 - ECOLOGICAL VALUATION OF SEABIRDS 

BACKGROUND 

The coast of Massachusetts supports populations and habitats of various species of sea 
birds. Specific areas along the Massachusetts coast provide shelter and feeding grounds for a 
variety of species of global and continental significance, including 50% of the U.S. 
population of Roseate Terns and regionally significant breeding colonies of Common Terns 
and Least Terns (Mostello 2007). Species such as Laughing Gulls, Black-crowned Night-
Herons, and Snowy Egrets are of management concern because of limited abundance or 
declining populations, restricted distributions, or specialized habitat requirements. 
Massachusetts coastal waters provide over-wintering or migration habitat for hundreds of 
thousands of waterbirds, including Common Loons, Long-tailed Ducks, and Common 
Eiders. Some of these species are listed as federally and/or state endangered or as species of 
special concern. 

The Habitat work group compiled available data on the following sea birds: 

• Terns (Roseate, Common, Least, Arctic) 

• Leach’s Storm Petrel 

• Long-tailed Duck 

• Other colonial nesting water birds (Double-crested Cormorant, Herring Gull, Black-
backed Gull, Laughing Gull, Black Skimmer, Great Egret, Snowy Egret, Cattle Egret, 
Little Blue Heron, Black-crowned Night Heron, Glossy Ibis) 

DATA DESCRIPTION AND ANALYSES 

Roseate Terns (Sterna dougallii) 

The Roseate Tern is a state and federally-listed Endangered Species mainly because of its 
range contraction and its declining numbers. The Massachusetts colonies represent the 
northernmost nesting groups of this species. Based on best professional judgment and 
understanding of Roseate Tern behavior, Roseate Tern foraging areas identified for use in 
the Massachusetts Ocean Management Planning Area were limited to the most important 
sites which include the locations of the two main colonies in Buzzards Bay. 

Source: MA Division of Fisheries and Wildlife (MA DFW) 

Data summary: Data comprises the locations of important nesting, staging, and foraging 
areas for Roseate Terns. Data are collected annually at nesting, staging, and foraging areas by 
biologists of the MA DFW, Massachusetts Audubon Society, and others. All areas were 
defined by MA DFW as: (a) Critical Foraging Areas, which represent the most important 
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areas, critical to the use of the mapped breeding/staging areas, (b) Core Foraging Areas, 
which represent slightly more extensive areas around these breeding/staging areas, and (c) 
Roseate Tern Foraging Areas, which represent the more extensive areas within which 
Roseates forage, although they will also forage outside of these areas. 

GIS analysis: Nesting and staging sites were buffered by 0.3 nautical miles. Areas of 
breeding and staging were combined with Critical Foraging Areas.  

Special Concern Terns: Least tern (S. antillrum), Common tern (S. hirundo), 
Arctic tern (S. paradisea) 

Three tern species are state-listed Species of Special Concern due to their declining 
populations over the last three to four decades. The Common Tern is especially important 
due to its perceived close association with the Roseate Tern and efforts have been made to 
expand the distribution of Common Terns in the hope of restoring their populations and 
those of Roseate Tern colonies in various locations, for example, Monomoy National 
Wildlife Refuge and other locations. Both the Common and Roseate Terns feed close to the 
breeding sites but are known to forage up to 20 to 30 km from the breeding colony.  

Massachusetts is at the southernmost range of the Arctic Tern and this may be one reason 
for the limited numbers encountered. However, observations over the years have noted a 
declining population trend, prompting this species to be declared as a Special Concern 
species. The largest populations of Least Terns in Massachusetts occur on Cape Cod and the 
Islands where the breeding colonies seek refuge between May and September.  

Source: MA DFW 

Data summary: Data for Arctic, Common, and Least Terns were pooled because of their 
similar legal status and distribution. Foraging areas vary in degree of use over the year and 
only the more important ones, based on best professional judgment are incorporated. Data 
are collected annually at nesting, staging and foraging sites. Data were divided in the 
following categories: (a) breeding/staging areas, (b) core foraging areas, and (c) secondary 
foraging areas. 

GIS analysis: Breeding/staging areas were combined with core foraging areas. 

Leach’s Storm Petrel (Oceanodroma leucorhoa) 

Leach’s Storm Petrel is a state-listed endangered pelagic bird with a wide range but only two 
known nesting locations in Massachusetts. In the North Atlantic, it breeds from the 
Labrador down to Maine and Massachusetts. Declining numbers in Massachusetts may 
indicate its population has declined although this needs further research since the 
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Massachusetts ocean planning area is the southernmost edge of its habitat. This species feeds 
out in the open ocean, returning ashore on rocky coasts for nesting and breeding purposes. 

Source: MA DFW  

Data summary: Leach’s Storm Petrels breed at only two locations in Massachusetts. These 
locations are known from observations by MA DFW biologists.  

GIS analysis: The locations of the Storm Petrel nesting colonies were buffered by 0.3 
nautical miles. 

Long-tailed Duck (Clangula hymenalis) 

Regionally significant populations of the Long-tailed Duck overwinter in the Massachusetts 
ocean planning area and spend nine months of the year in coastal waters, feeding in depths 
ranging from 10 m (30 ft) to 20 m (60 ft).  

Source: Massachusetts Audubon Society 

Data summary: This dataset was based on the Bird Observer Database, which is a 
compilation of multiple observations by many different ornithologists, and Mass Audubon 
winter aerial surveys conducted in Nantucket Sound in 2003-2006. Reliable techniques for 
monitoring population size and trend need to be developed and lack of scientifically 
designed sampling for most of the coast in Massachusetts necessitated use of Massachusetts 
Audubon Society’s best expert judgment and knowledge of aerial survey data to delineate 
priority areas for Long-tailed Ducks. 

GIS analysis: None 

Colonial nesting water birds (including gulls, egrets, herons) 

Source: MA DFW 

Data summary: Includes Common Terns, Least Terns, Roseate Terns, Arctic Terns, 
Leach’s Storm Petrels, Double-crested Cormorants, Herring Gulls, Great Black-backed 
Gulls, Laughing Gulls, Great Egrets, Snowy Egrets, Cattle Egrets, Little Blue Herons, Black-
crowned Night Herons, and Glossy Ibis, and Black Skimmers. Comprehensive surveys were 
conducted by MA DFW biologists to document the distribution and numbers of colonial 
nesting waterbirds in 1994-1995 and 2006-2007. Sites with over 100 pairs of colonial nesting 
waterbirds were deemed significant and mapped for this analysis. Areas delineated only for 
tern species or Leach’s Storm Petrel were excluded from this category.  

GIS analysis: Nesting areas were buffered by 0.3 nautical miles. 
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APPLICATION OF VALUATION CRITERIA AND SCORING 

The available data for birds are composed mainly of nesting and staging areas, foraging 
distance and number abundance. Data are generally collected from aerial and boat surveys 
along a number of transects during certain parts of the year. For the purpose of the EVI 
process, only the inner core areas used by these species were assessed against the criteria. 
The decisions to use only inner core areas were based on best expert judgment of biologists 
and ornithologists, considering the level of confidence of the data available and knowledge 
of bird habits. The EVI scores for the seabird species are listed in Table 4.1. 

(1) Major contribution to fitness 

• Does this area make a major contribution to the survival and/or reproduction of this 
species or population? 

• Does this species or population aggregate or does it occur with exceptionally high 
density in the planning area? 

• Does this species or population carry out an important function of its life history in 
the planning area (e.g. nesting, spawning, mating, feeding for seasonal migration)? 

Based on best expert judgment as well as existing data, it was concluded that locations within 
the planning area provide a major contribution to the fitness of all the bird species 
incorporated into the EVI process. This conclusion was based upon the aggregation of these 
species in a particular location for a part of their life history for nesting, staging, feeding or 
foraging which are essential for their survival and wellbeing. In general, all these species 
answer positively to the above three questions and received a “1” for this criterion. 

(2) Spatial rarity 

• Does the species dataset cover less than 10% of the Massachusetts planning area? 

Analysis of the data for these bird species in answer to the spatial rarity criterion mainly 
involved an assessment of the spatial distribution of the foraging areas for most species. In 
the case of Roseate Terns, Leach’s Storm Petrels, and colonial water birds, their areas of 
distribution did not exceed the 10% cutoff point and thus scored “1” for this criterion. The 
distribution was restricted to core staging and foraging areas where the greatest number of 
birds occupied or hunted for food. Special Concern Terns and Long-tailed Ducks, however, 
occupied more than 10% of the planning area and therefore scored “0” for this criterion. 

(3) and (4) Population importance (globally/regionally) 

• Is the Massachusetts extent (or population) of this species a major proportion of the 
global/regional extent (or population) of this species? 

• Is the Massachusetts population of this species important globally/regionally? 
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Although population importance was split as two separate criteria, the questions are treated 
collectively for the purpose of this discussion. The Roseate Tern is federally- and state-listed 
as an endangered species. Various studies have shown that at least 50% of the global 
population of Roseate Terns uses certain locations within the Massachusetts Ocean 
Management Planning Area for breeding, nesting, and/or foraging during the year. Thus 
Roseate Tern received a “1” for both the global and regional importance criteria. The 
Common, Least, and Arctic terns are state-listed as Species of Concern and the populations 
in Massachusetts are important but are not considered to make a sizeable contribution to the 
global population. However, they do make up a substantial proportion of the regional 
population and thus received “1” for the Population of Regional Importance criterion. The 
population of Long-tailed Ducks in Massachusetts is important globally and regionally since 
greater than half of the continent’s Long-tailed Duck population spends more than 75% of 
the year here. Thus Long-tailed Ducks received a “1” for both of these criteria. Similarly, 
none of the species of colonial bird populations in Massachusetts represent a major 
proportion of global or regional population, and therefore scored “0” for these criteria. 

Table 4.1 EVI scores for avifauna species 

Species Scientific 
name 

Major 
contributio
n to fitness 

Spatial 
rarity 

(>10%) 

Population 
of global 

importance

Population 
of regional 
importance 

EVI 

Colonial 
Waterbirds N/A 1 1 0 0 2 

Leach's 
Storm petrel 

Oceanodroma 
leucorhoa 1 1 0 0 2 

Long-tailed 
Duck 

Clangula 
hymenalis 1 0 1 1 3 

Roseate 
Tern Sterna dougallii 1 1 1 1 4 

Least Tern Sterna 
antillarum 

1 0 0 1 2 Common 
Tern Sterna hirundo 

Arctic Tern Sterna 
paradisaea 



 



CHAPTER 5 - ECOLOGICAL VALUATION OF MARINE 
MAMMALS 

BACKGROUND 

The marine mammals for which there were adequate data for the EVI process were North 
Atlantic Right Whale, Humpback Whale, Fin Whale, Harbor Seal, and Gray Seal. In its 
report, the Habitat work group compiled data for four species of whales. Sei whales were 
excluded from the EVI process since they are considered to be incidental visitors to the 
Massachusetts ocean planning area and do not depend exclusively on these waters for 
survival. 

The North Atlantic Right Whale (Eubalaena glacialis) is one of the most endangered whale 
species in the world, represented by 350 to 400 individuals in the North Atlantic. They 
aggregate in Cape Cod Bay from January to April and move just off the coast of 
Massachusetts during the spring and summer months. Right Whales take advantage of the 
cool waters of Cape Cod Bay, the Great South Channel, and Stellwagen Bank to feed on 
zooplankton which occur in very high concentrations in these areas. Humpback whales 
(Megaptera novaeangliae) are classified as endangered. More than half the current global 
population (~10,000 individuals) frequents the area off the coast of Massachusetts in search 
of feeding grounds between spring and fall, bringing their calves to feed as part of their 
seasonal migration. The Fin Whale (Balaenoptera physalus), although the most common of 
these whale species, is also federally and state listed as endangered.  

DATA DECRIPTION AND ANALYSES 

Whales: North Atlantic Right Whale (Eubalaena glacialis), Humpback Whale 
(Megaptera novaeangliae) and Fin Whale (Balaenoptera physalus) 

Source: An Ecological Characterization of the Stellwagen Bank National Marine Sanctuary Region, a 
report prepared by the National Oceanographic and Atmospheric Administration’s (NOAA) 
National Centers for Coastal Ocean Sciences’ (NCCOS) Biogeography Team in cooperation 
with the National Marine Sanctuary Program (NMSP)5.  

Data summary: The data for all three cetacean species were based on sightings data 
acquired from two sources: (1) the North Atlantic Right Whale Consortium (NARWC) 
sightings database held at the University of Rhode Island; and (2) the Manomet Bird 
Observatory (MBO) database, held at NOAA Northeast Fisheries Science Center (NEFSC). 
The data, which represented the southern Gulf of Maine region, were corrected for 

                                                            
5 Ch. 5 of the report was accessed from http://ccma.nos.noaa.gov/products/biogeography/stellwagen/ in 
01/09 (Permission granted to CZM by authors). 
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sightings-per-unit-effort (SPUE) to calculate probability of detection functions for individual 
species. Data were then aggregated in 5 x 5 minute grid cells, by season, representing 1978–
2005. The points for each grid cell were then interpolated using an Inverse Distance 
Weighting algorithm. The interpolated SPUE data were then divided into quartiles, with zero 
values (no data) placed in a separate fifth category. The top two quartiles were used to map 
the core areas for each whale species. 

GIS analysis: CZM, in consultation with biologists from PCCS, NARWC and MA DFW, 
extracted the two highest quintiles to represent critical habitat for all three species. 

Seals: Harbor Seal (Phoca vitulina), Gray Seal (Halichoerus grypus) 

Several important seal aggregation areas are located along the coast of Massachusetts, 
including the southernmost breeding site for Gray Seals in the North Atlantic and the largest 
multi-species haul-out (resting) site on the U.S. Atlantic Coast. Adjacent waters support high 
concentrations of Harbor and Gray seals which are protected under the Marine Mammal 
Protection Act. Only the terrestrial areas of the coast used by the seals are well mapped. Seal 
aggregation areas vary slightly spatially from year to year and annual observations should be 
conducted to verify the continued importance of these areas.  

Source: MA DFW, National Marine Fisheries Service (NMFS)/ Northeast Fisheries Science 
Center (NEFSC) / Protected Species Branch (PSB). 

Data summary: The largest seal haul-out areas in Massachusetts were delineated by 
biologists from the MA DFW and corroborated by Mass Audubon’s Wellfleet Bay Wildlife 
Sanctuary. The NMFS/NEFSC/PSB data are twenty point locations of major haul-out sites 
in southern Massachusetts that they survey during their monitoring flights. 

GIS analysis: These data were created by combining data from the MA DFW Natural 
Heritage and Endangered Species Program (NHESP) and NMFS/NEFSC/PSB. In 
consultation with MA DFW, CZM extracted the 13 haul-out sites that seasonally support 
100 or more seals from the NMFS/NEFSC/PSB dataset to represent large seal 
concentrations. These areas were merged with the NHESP sites and buffered by 0.3 nautical 
miles. 

APPLICATION OF VALUATION CRITERIA AND SCORING 

(1) Major contribution to fitness 

• Does this area make a major contribution to the survival and/or reproduction of this 
species or population? 

• Does this species or population aggregate or does it occur with exceptionally high 
density in the planning area? 
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• Does this species or population carry out an important function of its life history in 
the planning area (e.g. nesting, spawning, mating, feeding for seasonal migration)? 

The planning area makes a major contribution to the fitness of the population of Right 
Whales and Humpback Whales which visit these feeding grounds regularly. Right Whales 
feed extensively on zooplankton and other prey in Cape Cod Bay. Humpback Whales bring 
their calves to the feeding grounds in Massachusetts waters, as well as offshore, as they 
migrate northwards. Both Right Whales and Humpback Whales received a “1” for this 
criterion. 

Although Fin whales visit the planning area and may feed during their life history, they are 
only occasional visitors and do not depend on these waters for a part of their life cycle in the 
way that Right Whales and Humpback Whales do. Hence, Fin Whales scored “0” for this 
criterion. 

While Grey Seals and Harbor Seals are not rare in Massachusetts, haul-out areas with more 
than 100 seals are limited and play a vital role in the life history of these social species. As 
such, a score of “1” was given for this criterion. 

(2) Spatial rarity 

• Does the species dataset cover less than 10% of the Massachusetts planning area? 

The core spatial coverage of Right Whales and Fin Whales covers more than 10% of the 
planning area and thus both received a “0” for this criterion.. In spite of their low abundance 
globally, Right Whales aggregate in Massachusetts waters and therefore exceed the 10% limit 
for spatial rarity. The core Humpback Whale coverage in the planning area, on the other 
hand, covers less than 10% and therefore was scored as “1.”. 

In the case of seals, since the data focused on haul-out or aggregation areas and these 
represent less than 10% of the total planning area, a score of “1” was given to these areas. 

(1) and (4) Population importance (globally/regionally) 

• Is the Massachusetts extent (or population) of this species a major proportion of the 
global/regional extent (or population) of this species? 

• Is the Massachusetts population of this species important globally/regionally? 

The two criteria referring to the global and regional importance of the Massachusetts 
populations of whales and seals were treated together for the purpose of this paper. 
Although all three whale species are federally- and state-listed as endangered, the importance 
of the population of each species that uses Massachusetts waters to the global population as 
a whole, is only high for Right Whales. Thus, Right Whales received a “1” for the global 
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importance criterion while Humpback and Fin Whales received a “0.”. All three populations 
of whales are considered highly important on a regional scale and therefore scored “1” for 
this criterion. 

The population of seals in Massachusetts, although prolific, does not make up a major 
portion of the world population, as these species are thriving at a global level. On the other 
hand, haul-out areas are not very numerous in this region. Therefore the population of seals 
at these sites of aggregation constitutes an important part of the regional population of these 
species. The spatial coverage for seal haul-out sites received a “0” for global importance and 
a “1” for regional importance. 

Table 5.1 EVI scores for species of marine mammals 

Species 
Scientific 

name 

Major 
contribution 

to fitness 

Spatial 
rarity 

(<10%) 

Population 
of global 

importance

Population 
of regional 
importance

EVI 

Fin Whale Balaenoptera 
physalus 0 0 0 1 1 

Humpback 
Whale 

Megaptera 
novaeangliae 1 1 0 1 3 

North Atlantic 
Right Whale 

Eubaleana 
glacialis 1 0 1 1 3 

Gray Seal Halichoerus grypus 1 1 0 1 3 Harbor Seal Phoca vitulina 
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CHAPTER 6 - ECOLOGICAL VALUATION OF FISH 
SPECIES, MOLLUSKS, AND CRUSTACEANS 

BACKGROUND 

The MA DMF has been gathering data on fish, mollusks, and crustaceans in Massachusetts 
for 30 years as part of a statewide Resource Assessment Trawl Survey. Data collected from 
these 5,563 standard tows between 1978 and 2007 includes: abundance, weight, size, age 
structure, sex, maturity, and spawning condition for each of roughly 200 species. However, 
only 22 species of fish, eight species of mollusks, and four crustacean species were selected 
by the fisheries biologists as appropriate for incorporation in the EVI process (Table 6.1). 
Details on how these 34 species were chosen are given below. 

Table 6.1 List of fish, mollusk, and crustacean species selected by MA DMF to be included in the EVI process.  

Group Organism 

Fish Acadian red fish Ocean Pout 
Alewife Oyster Toadfish 
Alligatorfish Rainbow Smelt 
American Plaice Scup 
Atlantic Cod Summer flounder 
Atlantic Halibut Tautog 
Atlantic Wolffish Thorny Skate 
Black Sea Bass Atlantic Tomcod 
Blueback Herring Winter Flounder 
Haddock Witch Flounder 
Hogchoker Yellowtail Flounder 

Mollusks Bay Quahog Ocean Quahog 
Bay Scallop Sea Scallop 
Channeled Whelk Surf Clam 
Knobbed Whelk  Octopus 

Crustaceans  Blue Crab American Lobster 
 Horseshoe Crab Mantis Shrimp 

For the purpose of their its trawl survey, MA DMF divides state waters into 23 strata based 
on five biogeographical regions and six depth zones. Trawl locations are selected randomly 
in areas where trawling gear can be used for sampling. The number of trawls per stratum is 
directly proportional to the area of the stratum. Tows are conducted twice per year, over 
approximately three weeks in May and three weeks in September. Each tow covers about 
0.00385 nautical miles2 (5400 m2), with a density of about one tow per 19 nautical miles2. 

DRAFT EVI-23 



DATA DECRIPTION AND ANALYSES 

The data were analyzed for Catch per Unit Effort (CPUE), using abundance data for Species 
of Concern and for Species with Limited Distribution, and biomass data for Species with a 
Major Role in the Ecosystem.  

CPUE = Mean biomass or abundance/tow/season/stratum. The tri-mean of the annual 
CPUE biomass values per season per stratum was then calculated since it was considered to 
be less influenced by outlier years than the mean and less sensitive to “zero” years than the 
median (Fisheries Work Group Report 2008): 

Tri-mean = [1st quartile + 2*median + 3rd quartile]/4 

A normalization algorithm was then applied, dividing each tri-mean value by the total of the 
values in a stratum, thereby giving each species approximately equal weighting. The median 
of the normalized tri-mean values for all species-season combinations was then determined 
for each stratum and used to create a 250 by 250 m raster grid. The finalized normalized tri-
mean values were re-classified into low (1-25%), medium (26-75%) and high (76-100%) 
categories. For the EVI process, fisheries biologists based the selection of data sets on the 
following criteria: 

(1) State-listed Species of Concern for which the planning area is thought to provide 
support to the survivability of the population (based on life history information, 
presence in the trawl survey, and assessment by best professional judgment of its 
regional distribution); 

(2) Species with limited spatial distribution, including both numerically rare and abundant 
species; 

(3) Species abundant within the planning area but for which the planning area plays a 
significant role in supporting the regional population. 

For all the fish, crustacean and whelk species data, the upper quartiles were used for the EVI 
process. The mean of the abundance distributions of the species in categories (1) and (2), 
and the tri-mean of the biomass distribution of the species in category (3) above were 
ultimately included in the EVI process. For each species, the upper quartile of the data was 
classified as “1”, the middle and lower quartiles as “0”. Each grid cell was then multiplied by 
the EVI value of the species occurring in the cell, to be later incorporated into the total EVI 
calculations as described in Chapter 3. 

Due to limitations created by the sampling gear, the timing of the sampling, as well as the 
gear type used, the data sets used were viewed with caution and species were selected for 
incorporation into the EVI process based on best professional judgment.  
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State-listed Species of Concern  

Species of Concern are those species about which NOAA Fisheries has some concern 
regarding status and threats, but for which insufficient information is available to indicate a 
need to list the species under the Endangered Species List.  

Species from the Resource Assessment Trawl Survey listed as Species of Concern in 
Massachusetts and incorporated in the EVI process include Atlantic halibut (Hippoglossus 
hippoglossus), Atlantic wolffish (Anarhichas lupus), rainbow smelt (Osemerus mordax), thorny 
skate (Raja radiata), alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis). These 
species were included by mapping the highest quartile of the abundance distribution.  

Species with limited spatial distribution, including both numerically rare and 
abundant species 

The oyster toadfish (Opsanus tau), Atlantic tomcod (Microgadus tomcod), Acadian redfish 
(Sebastes fasciatus), alligatorfish (Aspidophoroides monopterygius), hogchoker (Trinectes maculatus), 
witch flounder (Glyptocephalus cyanoglossus), haddock (Melnogrammus aeglefinus), mantis shrimp 
(Squilla empusa), blue crab (Callinectes sapidus), octopus, channeled whelk (Busycotypus 
canaliculatus), knobbed whelk (Busycon carica) and horseshoe crab (Limulus polyphemus) were 
incorporated into the EVI process as species with limited spatial distribution. The Resource 
Assessment Trawl data were analyzed to identify species exhibiting a preference or 
dependence on a small proportion of the planning area. These species were included by 
mapping the highest quartile of their abundance distribution.  

A statistical measure of dispersion, the Gini coefficient, was used to evaluate the distribution 
of abundance values for species that were recorded in at least 24 out of 30 (≥80%) annual 
surveys. The Gini coefficient for each year and the mean over 30 years were calculated. A 
value of zero indicates equality in abundance observations across strata for each survey. 
Values approaching 1 indicate that the species was primarily observed in a single stratum in 
each survey. However, a high Gini coefficient for abundance does not necessarily indicate 
that the species occurs in the same stratum in each survey.  

In order to assess the number of strata the observations were distributed across, the mean 
number of strata in which each species was observed, a total count of positive strata, and a 
Gini coefficient for strata count were included for species that are less frequently observed 
in the survey. The Gini coefficient for strata count compares the count of positive years of 
observation over the 30 year survey across strata. A high Gini coefficient for strata indicates 
that positive observations are not evenly distributed across strata but are clustered in 
relatively few strata over the time series. The Gini coefficient for strata count does not take 
into account the scale of observations, and gives a low value whether large catches are 
concentrated in a single stratum, or low catches occur in several strata. 
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In general, no single available metric satisfactorily identified species that may exhibit a 
preference, or dependence, on particular strata. The selection of species was largely driven by 
examining the Gini coefficient for strata count, mean strata counts, and knowledge of the 
species life history. Using best professional judgment, these species were individually 
assessed to select those for which the planning area plays a role in the life history (as 
opposed to seasonal wanderers). Most of the species have relatively low abundance and all 
have limited spatial distribution, and are therefore potentially vulnerable.  

Species abundant within the planning area for which the planning area plays a 
significant role in supporting the regional population. 

The Massachusetts Ocean Management Planning Area is also home to a diverse number of 
species which were selected based on the best professional judgment of the value that 
Massachusetts proportions of these populations have to the ecosystem on a scale larger than 
the planning area. The fish species were included by mapping the highest quartile of their 
biomass distribution – Atlantic cod (Gadus morhua), ocean pout (Macrozoarces americanus), 
yellowtail flounder (Limanda ferruginea), winter flounder (Pseudopleuronectes americanus), tautog 
(Tautoga onitis), scup (Stenotomus chrysops), black sea bass (Centropristis striata), summer flounder 
(Paralichthys dentatus) and American plaice (Hippoglossoides platessoides).  

American lobster (Hamarus americanus) data were also analyzed using this process. Due to the 
fact that data indicated distinctive distribution patterns between the north of Cape Cod and 
the south of Cape Cod, the data layer was analyzed in two separate ways, based on fisheries 
biologists’ expertise. The upper quartile of the “northern” lobster and the middle and lower 
quartiles of the “southern” lobster were incorporated into the EVI, generating different EVI 
scores to represent the ecological importance of the species in the two different locations. 

Shellfish Suitability Maps 

Shellfish Suitability Maps were selected to identify areas that make a major contribution to 
the fitness of the species (where they occur in exceptionally high density). These are the 
locations of existing or historical habitat for surf clam (Spisula solidissima), sea scallop 
(Placopecten magellanicus), bay scallop (Argopecten irradians), ocean quahog (Arctica islandica), and 
bay quahog (Mercenaria mercenaria). There are no mussels, soft shell clam, razor clam, or oyster 
beds in the defined Massachusetts Ocean Management Planning Area.  

From the Shellfish Suitability Maps, MA DMF identified core areas considered vital for the 
survival or reproduction of these five species These core areas represent the highest quality 
habitats with the densest populations of these species. These spatial coverage was converted 
to 250 by 250 m raster grid cells and scored as presence = 1 and absence = 0. The grid cell 1 
or 0 values were then multiplied by the EVI scores of each of the five mollusk species to 
generate EVI coverage maps for each of the species.  
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APPLICATION OF VALUATION CRITERIA AND SCORING 

For the purpose of this paper, the assessment of fish, mollusks, and crustaceans against the 
valuation criteria is described by the categories used by the fisheries biologists (MA DMF).  

State-listed Species of Concern 

The state-listed Species of Concern captured in the Resource Assessment Trawl Survey were 
assessed against the ecological valuation criteria. This was done using best professional 
judgment to interpret the data and analyses results in terms of the assessment questions. 

Over the 30-yr survey, 90% of Atlantic halibut were caught in only two strata. Juveniles are 
sometimes caught, but Massachusetts does not seem to provide important habitat for this 
deeper-water species. Thorny skate is also a species with limited distribution and abundance 
in Commonwealth waters. Only 1200 have been caught in 30 yrs of survey. It is thought that 
these waters may not be vital for their survival, so both scored “0” for major contribution to 
fitness. However, their limited spatial distribution as well as the perceived importance of 
Massachusetts populations to the global population caused them to score positively for all 
the other criteria. 

Atlantic wolffish is a candidate for the Endangered Species List. It prefers hard bottom 
substrata where it guards its nest and occurs mostly along the northern shores of 
Massachusetts. Due to its seemingly vulnerability and rarity, this species scored positively for 
all criteria. 

Table 6.2 EVI scores for fish species of special concern 

Species Scientific name Major 
contribution 

to fitness 

Spatial 
rarity 

(>10%)

Population 
of global 

importance

Population 
of regional 
importance 

EVI 

Alewife Alosa pseudoharengus) 1 0 0 1 2 
Atlantic 
Halibut 

Hippoglossus 
hippoglossus 0 1 1 1 3 

Atlantic 
Wolffish 

Anarhichas lupus 1 1 1 1 4 

Blueback 
Herring 

Alosa aestivalis 1 0 0 1 2 

Rainbow 
Smelt 

Osemerus mordax 1 0 0 1 2 

Thorny 
Skate 

Raja radiata 0 1 1 1 3 

Alewife and blueback herring, collectively known as river herring, spend a portion of their 
life history when they are most vulnerable in estuaries, where they spawn. Rainbow smelt is 
also anadromous and found near spawning river runs but further out than herring. These 
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areas are important for the livelihood of these species and although not completely within 
the planning area, the species have to transit through the planning area in order to reach 
these habitats. Because of this, it is considered that although not spatially rare (therefore 
“0”), Massachusetts waters offer a major contribution to fitness for these species and a score 
of “1” was given for this criterion. 

Species with limited spatial distribution, including both numerically rare and 
abundant species 

The species in this category include fish, mollusks and crustaceans. Oyster toadfish, tomcod, 
mantis shrimp and blue crab occur in low abundance and have limited spatial distribution in 
shallow waters, for which they scored “1”. Their life history depends on estuaries, which are 
for the most part outside of the planning area. The ocean planning area is considered at the 
edge of their “critical” habitat, and the major threats to these species are outside of 
Massachusetts.  

The Massachusetts Ocean Management Planning Area is also the edge of “critical” habitat 
for octopus, Acadian redfish, alligatorfish and witch flounder, which are all found in low 
abundance and limited spatial distribution in deeper water survey strata. These species 
therefore scored “1” for spatial distribution criterion but “0” for the other criteria since the 
planning area is not considered of vital importance to their life history and the population of 
each species does not constitute a major proportion of the global or regional population. 

Hogchoker is mainly encountered in Buzzards Bay and over -winters in estuaries. The 
dispersal mechanism of this species is unknown, so their presence in the planning area may 
be indicative of important life stage processes. They are at the northern extent of their range 
and may be indicators of the northward migration of species due to climate change. For 
these reasons and due to their limited spatial distribution, Hogchoker scored “1” for the 
major contribution to fitness and spatial distribution criteria. However, a “0” score was given 
for the other two criteria since the population of hogchoker in the planning area is not 
considered to be a substantial part of global or regional population. 

Channeled whelk, knobbed whelk, and horseshoe crab aggregate in certain parts of the 
Massachusetts Ocean Planning Area for part of the year. These areas therefore make a major 
contribution to the fitness of these populations and a score of “1” was given for this 
criterion. Their limited spatial distribution of under 10% of the planning area caused them t 
score “1” for this criterion. 
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Table 6.3 EVI scores for species with limited distribution 

Group Species Scientific 
name 

Major 
contribution 

to fitness 

Spatial 
rarity 

(>10%)

Population 
of global 

importance

Population 
of regional 
importance 

EVI 

Fi
sh

 

Acadian 
Redfish 

Sebastes 
fasciatus 0 1 0 0 1 

Alligatorfis
h 

Aspidophoroide
s monopterygius 0 1 0 0 1 

Haddock Melanogrammu
s aeglefinus 0 1 0 0 1 

Hogchoke
r 

Trinectes 
fasciatus 1 1 0 0 2 

Oyster 
Toadfish Opsanus tau 0 1 0 0 1 

Atlantic 
Tomcod 

Microgadus 
tomcod 0 1 0 0 1 

Witch 
Flounder 

Glyptocephalus 
cyanoglossus 0 1 0 0 1 

Cr
us

ta
ce

an
s Blue Crab Callinectes 

sapidus 0 1 0 0 1 

Horseshoe 
Crab 

Limulus 
polyphemus 1 1 0 0 2 

Mantis 
Shrimp Squilla empusa 0 1 0 0 1 

M
ol

lu
sk

s 

Channeled 
Whelk 

Busycotypus 
canaliculatus 1 1 0 0 2 

Knobbed 
Whelk Busycon carica 1 1 0 0 2 

Octopus 
  0 1 0 0 1 

Species abundant within the planning area for which the planning area plays a 
significant role in supporting the regional population. 

Atlantic cod, ocean pout, yellowtail flounder, winter flounder, tautog, scup and black sea 
bass were included in the EVI process because the Massachusetts portion of the population 
is deemed to be important based on data interpretation and best professional judgment of 
fisheries biologists from MA DMF. Therefore, it is assumed that the planning area plays a 
major role in the fitness of these species, probably critical to one or more life history stages 
for these species and therefore a score of “1” was given for this criterion for each of these 
species.  

Atlantic cod populations have decreased in many areas but they are abundant in 
Massachusetts waters (spatial distribution criterion “0”) and it seems these waters are vital 
for the species particularly as it offers habitats that support breeding and juvenile stages 
(major contribution to fitness criterion “1”). Bass, scup and tautog’s spatial distribution was 
under 10% and therefore a score of “1” was given for this criterion for these three species. 
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In addition, the local population of these species was considered to make a major 
contribution to the regional population and therefore these species scored “1” for this 
criterion. 

Bay quahog, ocean quahog, sea scallop, and surf clam species are found over wide habitat 
ranges and in high abundance in the planning area, so a “0” score was given for the spatial 
distribution criterion.. The sea scallop range is fairly large due to the mobility of this 
population. Massachusetts waters were considered to make a major contribution to the 
fitness of these organisms and therefore a score of “1” was given for this criterion. 

Table 6.4 EVI scores for species for which the planning area is important in supporting regional populations  

Group Species Scientific 
name 

Major 
contribution 

to fitness 

Spatial 
rarity 

(>10%)

Population 
of global 

importance 

Population 
of regional 
importance

EVI

Fi
sh

 

American 
Plaice 

Hippoglossoides 
platessoides 1 1 0 0 2 

Atlantic 
Cod Gadus morhua 1 0 0 1 2 

Black Sea 
Bass Centropristis stiata 1 1 0 1 3 

Ocean 
Pout 

Macrozoarces 
americanus 1 0 0 1 2 

Scup Stenotomus 
chrysops 1 1 0 1 3 

Summer 
Flounder 

Paralichthys 
dentatus 1 0 0 0 1 

Tautog Tautoga  
onitis 1 1 0 1 3 

Winter 
Flounder 

Pseudopleuronectes 
americanus 1 0 0 1 2 

Yellowtail 
Flounder 

Limanda 
ferruginea 1 0 0 1 2 

Cr
us

ta
ce

an
s American 

Lobster, 
north Hamarus 

americanus 

1 0 0 0 1 

American 
Lobster, 
south 

1 0 0 1 2 

M
ol

lu
sk

s 

Bay 
Quahog  

Mercenaria 
mercenaria 1 0 0 0 1 

Bay 
Scallop 

Argopecten 
irradians 1 0 1 1 3 

Ocean 
Quahog  Arctica islandica 1 0 0 0 1 

Sea 
Scallop 

Placopecten 
magellanicus 1 0 0 0 1 

Surf Clam Spisula solidissima 1 0 0 0 1 
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The bay scallop population in Massachusetts represents a major proportion of the entire 
global population, which is only distributed from Cape Cod to New Jersey. A new high 
density area around Cleveland Ledge in Buzzards Bay has been identified but not yet been 
mapped. The bay scallop thus scored “1” for both population of global importance and 
population of regional importance criteria. 

American lobster was included because the Massachusetts proportion of these populations is 
deemed to be important according to fisheries biologists, and the planning area plays a major 
role in the fitness of these species, critical to one or more life history stages for these species. 
The lobster population in the Gulf of Maine region is better distributed than the population 
in the Southern New England region. Therefore the data for lobsters from North of Cape 
Cod were mapped separately from those south of the Cape. 

 



 



CHAPTER 7 - CURRENT STATUS AND THE WAY 
FORWARD 

In response to the requirement of the Act to “identify and protect special, sensitive or 
unique estuarine and marine life and habitats” an attempt was made to differentiate areas in 
the marine environment in terms of their ecological value, using available data on marine 
organisms.  

As explained earlier, the EVI serves as a first step in the process to gain an understanding of 
ecosystem structure and function for the Massachusetts Ocean Management Plan. 
Conceptually, it was deemed a sound, scientifically-based tool towards the valuation of 
ecosystem components and the understanding of ecosystem dynamics. Above all, it can 
provide information related to habitats and marine communities that have a particularly high 
ecological or biological significance and play a particular role in the marine environment, 
thereby facilitating provision of a greater-than-usual degree of risk aversion in spatial 
planning activities. 

In spite of its apparent usefulness as a tool for ocean planning, much work is necessary to 
minimize its current limitations. 

LIMITATIONS 

As the EVI process was developed, it promised to be a robust and useful tool. However, 
several limitations were identified which need to be addressed in order to make full 
utilization of the concept in management decisions. 

(1) Data availability, spatial resolution and level of confidence 

During the process of data compilation, the Habitat and Fisheries work groups identified 
several data gaps, and their reports prioritized the need to conduct monitoring and further 
data collection vital to the Massachusetts Ocean Management Plan. For example, the fish 
data were collected using methods that are useful for the purposes of MA DMF in 
identifying the abundance of commercially important species. However, many other species 
that have an important ecological role are not vulnerable to trawl gear, such as species living 
in areas close to rocky bottoms or boulder fields, large pelagic species. Due to limitations 
caused by the selectivity of the towing gear, hard bottom seafloor with high rugosity cannot 
be sampled. Moreover, the species and size selectivity of the gear cause low or zero 
catchability of fast-swimming pelagic species such as striped bass, bluefish and tunas. The 
trawl survey is conducted during two specific times of the year and tends to miss species 
whose life history stages at that time make them largely invulnerable to the trawl gear.  

The spatial resolution of the available data also constituted another limitation. The data for 
different species came from different sources and were collected using widely different 
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methods, thereby rendering it harder to make non-biased decisions when comparing widely 
different species.  

Data for many important species are not available currently. The Science Framework, 
prepared in response to the data gaps and needs identified during the development of the 
Massachusetts ocean plan, includes provisions to conduct monitoring programs and collect 
data using standardized techniques for inclusion in the EVI. 

(2) Biotic vs. abiotic data 

Due to the lack of data and the incomplete understanding of the ocean ecosystem, several 
abiotic data sets were developed to provide additional insight regarding the presence of 
important habitats. Abiotic refers to non-living components of the marine environment, for 
example, bathymetry, roughness, current regimes, etc.  

The abiotic layers included: 3D structure, high frontal probability and rare habitats. 3D 
structure is important for a wide variety of organisms (wolffish, cod, lobster, cusk), and for 
some widely distributed animals this habitat serves as a known population bottleneck (cod, 
lobster). A bottleneck refers to a unique feature or area where a particular life history stage 
or activity takes place. 3D structure was mapped using a combination of grab, video, and 
photo samples of gravel, cobble, and hard bottom. Due to sampling limitations, seafloor 
sample-based data were combined with a high rugosity model to generate a 3D structure 
(rugosity is a measure of seabed roughness). Areas with high ocean frontal probability were 
identified by MA DMF as important for a wide variety of animals of regional and state 
importance. Rare habitats were generated by combining results from the Benthic Terrain 
Model (BTM)6, rugosity, and bottom type individual datalayers, which resulted in 56 unique 
bottom-type combinations in the Massachusetts Ocean Management Planning Area. 
Combinations that represent less than 2% of the plan area were examined prior to mapping 
using a 30 m x 30 m grid. 

Despite their perceived value in helping identify areas of relative ecological importance, these 
data by themselves could not be used reliably as the basis of final decision-making due to a 
lack of complete knowledge of the relationship between abiotic data and the species using 
the habitats represented by such data.  

(3) Ecological evaluating criteria 

The selected criteria were limited by the data sets available. Ideally, criteria are more 
representative of the ecological value of a particular area and are general enough to be easily 
applied to different ecosystem components. Criteria also need to have cutoff points or 

                                                            
6 The Benthic Terrain Model (BTM) is an ArcGIS-based tool used with bathymetric data sets to quantitatively 
classify the benthic environment into terrain features (e.g., depressions, flats, slopes) at both broad and fine 
scales (http://www.csc.noaa.gov/products/btm/) 
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thresholds to help guide the determination of the ecological value of a species, and for this 
purpose the available data need to be complete and robust enough to inform these values. In 
addition, criteria should be universally applied to the data, minimizing the need to vary the 
way in which assessment questions are applied. In the future, the revision of criteria and the 
application of threshold values is one of the priority actions that have been included in the 
Science Framework to be conducted in order to revise and update the EVI protocol. 

(4) Evolving understanding of ocean ecosystems 

The Massachusetts Ocean Management Plan includes a science framework to address the 
data and knowledge gaps during the coming five years. As human understanding of the 
marine ecosystem evolves and monitoring programs are implemented to collect data, tools 
such as the EVI will become more useful in informing decision-making by incorporating this 
additional data and understanding. As the EVI framework evolves in the coming years with 
the generation of more data and the updating of existing data to obtain more reliable 
information, a more scientifically robust and meaningful way of integrating habitat data with 
species data will be developed through development of a habitat classification system. This 
will help pave the way towards a better understanding of ecosystem resources, functions and 
services. 

CONCLUSION AND RECOMMENDATIONS 

The EVI is a useful tool that if correctly designed and populated by robust data and used 
carefully can help inform management decisions. To maximize its utility, the following 
recommendations are made: 

• The EVI process needs to be reviewed and revised as appropriate to ensure that the 
criteria, and their associated assessment questions, are appropriate to capture the 
ecological importance of a species or habitat. 

• The methods of calculating the EVI need to be examined further to identify the best 
algorithm that will give the most realistic ecological value of an area. 

• The data sets used need to be of comparable and compatible spatial and temporal 
scales.  

• Data gaps need to be identified and addressed.  

• Data for species living in various ocean habitats need to be incorporated in order to 
give a better understanding of complex ecosystem dynamics and ensure that the role 
of different organisms in ecosystem structure and function is understood and 
included. The data should not be biased towards a certain group of species.  

• There is need for further work to address the relationship between biotic and abiotic 
components of the marine environment. 
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• It is important to understand that EVI is only one component that goes into 
decision-making. Important social, ecological, and cultural issues need to be 
incorporated in order to implement an ecosystem-based management in ocean 
planning. 
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APPENDIX I - Species Ecological Valuation Scores for the EVI 

Group Species Scientific name Major 
contribution 

to fitness 

Spatial 
rarity 

(>10%) 

Population 
of global 

importance

Population 
of regional 
importance

Ecological 
valuation 

index (EVI) 
SAV Eelgrass Zostera marina 1 1 0 1 3 
Avifauna Colonial Waterbirds N/A 1 1 0 0 2 

Leach's Storm petrels Oceanodroma leucorhoa 1 1 0 0 2 
Long-tailed Ducks Clangula hymenalis 1 0 1 1 3 
Roseate Terns Sterna dougallii 1 1 1 1 4 
Least Tern Sterna antillarum 

1 0 0 1 2 Common Tern Sterna hirundo 
Arctic Tern Sterna paradisaea 

Crustaceans Blue Crab Callinectes sapidus 0 1 0 0 1 
Horseshoe Crab Limulus polyphemus 1 1 0 0 2 
Lobster, north Hamarus americanus 

1 0 0 0 1 
Lobster, south 1 0 0 1 2 
Mantis Shrimp Squilla empusa 0 1 0 0 1 

Fish Acadian Redfish Sebastes fasciatus 0 1 0 0 1 
Alewife Alosa pseudoharengus) 1 0 0 1 2 
Alligator Fish Aspidophoroides monopterygius 0 1 0 0 1 
American Plaice Hippoglossoides platessoides 1 1 0 0 2 
Atlantic Cod Gadus morhua 1 0 0 1 2 
Atlantic Halibut Hippoglossus hippoglossus 0 1 1 1 3 
Atlantic Tomcod Microgadus tomcod 0 1 0 0 1 
Atlantic Wolffish Anarhichas lupus 1 1 1 1 4 
Black Sea Bass Centropristis striata 1 1 0 1 3 
Blueback Herring Alosa aestivalis 1 0 0 1 2 
Haddock Melanogrammus aeglefinus 0 1 0 0 1 
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Group Species Scientific name Major 
contribution 

to fitness 

Spatial 
rarity 

(>10%) 

Population 
of global 

importance

Population 
of regional 
importance

Ecological 
valuation 

index (EVI) 
Fish 
(contd.) 

Hogchoker Trinects fasciatus 1 1 0 0 2 
Ocean Pout Macrozoarces americanus 1 0 0 1 2 
Oyster Toadfish Opsanus tau 0 1 0 0 1 
Rainbow Smelt Osemerus mordax 1 0 0 1 2 
Scup Stenotomus chrysopr 1 1 0 1 3 
Summer Flounder Paralichthys dentatus 1 0 0 0 1 
Tautog Tautoga onitis 1 1 0 1 3 
Thorny Skate Raja radiata 0 1 1 1 3 
Winter Flounder Pseudopleuronectes americanus 1 0 0 1 2 
Witch Flounder Glyptocephalus cyanoglossus 0 1 0 0 1 
Yellowtail Flounder Limanda ferruginea 1 0 0 1 2 

Whales Fin Whale Balaenoptera physalus 0 0 0 1 1 
Humpback Whale Megaptera novaeangliae 1 1 0 1 3 
N. Atlantic Right Whale Eubaleana glacialis 1 0 1 1 3 

Seals Gray Seal Halichoerus grypus 
1 1 0 1 3 

Harbor Seal Phoca vitulina 
Molluscs Bay Quahog  Mercenaria mercenaria 1 0 0 0 1 

Bay Scallop Argopecten irradians 1 0 1 1 3 
Channeled Whelk Busycotypus canaliculatus 1 1 0 0 2 
Knobbed Whelk Busycon carica 1 1 0 0 2 
Ocean Quahog  Arctica islandica 1 0 0 0 1 
Sea Scallop Placopecten magellanicus 1 0 0 0 1 
Surf Clam Spisula solidissima 1 0 0 0 1 
Octopus  0 1 0 0 1 

 


