INTRODUCTION

Volume 2 of the Massachusetts Ocean Management Plan includes documents developed in
support of plan elements desctibed in Volume 1—the goals/strategies/outcomes in Chapter
3, the compatibility assessment in Chapter 3, and the science framework and development of
a system of indicators in Chapter 5. Volume 2 materials consequently provide information
required by the Oceans Act as key components of plan development.

Volume 2 includes four separate documents provided in the following sections:

® Development of an Ecological Valuation Index for the Massachusetts Ocean
Management Plan - This document describes the conceptual foundation,
methodology, and data used in the Ecological Valuation Index.

e Science Framework - This document provides the details of the proposed
framework for future scientific research and data acquisition summarized in Volume
1, Chapter 5.

® Development of Evaluation Measures for the Massachusetts Ocean
Management Plan - This document outlines a proposed approach and process to
develop a set of indicators for use in evaluating the ocean management plan. It also
includes a preliminary set of recommended indicators.

e Baseline Assessment of the Massachusetts Ocean Planning Area - This Oceans
Act-mandated product includes information cataloging the current state of
knowledge regarding human uses, natural resources, and other ecosystem factors in

Massachusetts ocean waters.
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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, 2007¢; 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
critetia: 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 (EV1,)

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 area’.

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 stratum”. 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 (VIRs) collected by the National Marine Fisheries Service
(NMES). 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

! 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 scale’.

In the workgroup process, some data sets specific to individual species wete 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

? For more information, sce the Fisheries Work Group report on-line at
http://www.mass.gov/Eoeea/docs/eea/oceans/112608_ocean_mgt_fish wkep.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 Listof criteria and definitions used to assess the ecological significance of species.

Criteria Definitions

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

Major contribution to ) L .
reproduction). Examples are: areas where individuals of a species

fitness )
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
) ) The spatial coverage of the species datasets used cover less than 10% of
Spatial rarity )
the planning area.
Population of global Massachusetts population (or aggregation) of the species is a major
importance proportion of the global population.

Massachusetts population (or aggregation) of the species is a major
Population of regional | proportion of the regional population. The region refers to the area of
importance 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 . . a .
] Does this area make a major contribution to the survival and/or

fitness 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 Is the Massachusetts extent (or population) of this species a major

importance

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

Population of regional . . . .
p & Is the Massachusetts extent (or population) of this species a major

importance . . . . .
p 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 mon
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 L.

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 (EVL,) in each cell using
alternative methods:

(1) EVI; 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 EVI; for the
grid cell. This generates an ecological valuation map (Figure 3.1)° showing the EVI across a
scale ranging from 1 to 22 and classification on ecological value (Table 3.3).

EVIL. =% "(EVI,+EVL+...+EVI)
Where, EVI; = total EVI score for all individual species in one grid cell
EVI, = EVI score for one species in a grid cell

n = number of species layers in a grid cell

Table 3.3 EVirange 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 EVI for each ecosystem
component. The species were separated into 5 groups (G =1 to 5):

e Avifauna

e Demersal fish

e Mollusks

e C(Crustaceans

e 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 (EVIL;) 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)".
The classification of the EVI scores using quartiles is presented in Table 3.4.

For each 250 by 250 m raster grid cell:
EVI; =3 "(EVL,+EVL+...+EVI)

Where, EVI; = total EVI for group G in a grid cell

EVI, = 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:

EVIGpom = (EVIg/EVIgaax)*10
—vG

Where, EVI} = total EVI for a grid cell

EVIg,
EVIG(MAX) = Maximum value of EVI for group G in each cell

= normalized EVI for group G in each grid cell

norm)

* 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 Evirange 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:

e Background on the species

e Data description and analysis of each species
e 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:

e Terns (Roseate, Common, Least, Arctic)
e Leach’s Storm Petrel
e Long-tailed Duck

e 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 DEFW)

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

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

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

e 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
e 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)
e Is the Massachusetts extent (or population) of this species a major proportion of the

global/regional extent (ot population) of this species?
e 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. Similatly,
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 Major Spatial | Population | Population EVI
name contributio rarity of global of regional
n to fitness | (>10%) | importance | importance
Colonial
Waterbirds N/A 1 1 0 0 2
Leach's Oceanodroma 1 1 0 0 5
Storm petrel | feucorhoa
Long-tailed | Clangnla
Duck hymenalis ! 0 ! ! 3
Roseate Sterna dongalli 1 1 1 1 4
Tern
Least Tern Sz‘e;fmz
antillarum
Common Sterna hirundo 1 0 0 1 2
Tern
Arctic Tern Sfmm.
paradisaea
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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 (Exbalaena 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)’.

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

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

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

L Major Spatial | Population | Population
. Scientific e . .
Species contribution | rarity of global of regional | EVI
name . .
to fitness (<10%) | importance | importance
Fin Whale Balaencptera 0 0 0 1 1
physalus
Humpback Megaptera
Whale novaeangliae ! ! 0 ! 3
North Atlantic | Exbaleana 1 0 1 1 3
Right Whale lacialis
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 5,503 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. Fach tow covers about
0.00385 nautical miles® (5400 m?), with a density of about one tow per 19 nautical miles’.
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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 = [1* quartile + 2*median + 3" 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%0)
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 wolfttish (Anarbichas lupus), rainbow smelt (Osemerus mordax), thorny
skate (Raja radiata), alewife (Alosa psendobarengus) 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 tan), Atlantic tomcod (Microgadus tomeod), Acadian redfish
(Sebastes fasciatns), alligatorfish (Aspidophoroides monopterygins), hogchoker (Trinectes maculatus),
witch flounder (Ghptocephalus cyanoglossus), haddock (Melnogrammius aeglefinus), mantis shrimp
(Squilla empusa), blue crab (Callinectes sapidus), octopus, channeled whelk (Busycotypus
canalicnlatus), knobbed whelk (Busycon carica) and horseshoe crab (Lamulus polyphenins) 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 morbhua), ocean pout (Macrozgoarces americanus),
yellowtail flounder (Limanda ferruginea), winter flounder (Pseudoplenronectes americanus), tautog
(Tantoga 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 mraster 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 critetia.

Table 6.2 EVi scores for fish species of special concern

Species Scientific name Major Spatial | Population | Population | EVI
contribution | rarity of global of regional
to fitness (>10%) | importance | importance

Alewife Alosa psendobarengus) 1 0 0 1 2
Atlantic Hippoglossus 0 1 1 1 3
Halibut hippoglossus
Atlantic | Anarbichas lupus
Wolffish ! ! ! ! 4
Bluel?ack Alosa aestivalis 1 0 0 1 5
Herring
Rainbow | Osemerus mordax 1 0 0 1 5
Smelt
Thorny Raja radiata 0 1 1 1 3
Skate

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
“07), 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 Major Spatial | Population | Population | EVI
name contribution | rarity of global | of regional
to fitness (>10%) | importance | importance
Acadian Sebastes
Redfish fasciatus 0 ! 0 0 !
Alligatorfis AJpzdop/yomz’de 0 1 0 0 1
h § monopterygius
Haddock | Medancgranmu 0 1 0 0 1
§ aeglefinns
g Hogchoke Tm?ecz‘ef 1 1 0 0 5
= r fasciatus
Oyster Opsanus tan 0 1 0 0 1
Toadfish 4
Atlantic Microgadus
Tomcod tomeod 0 ! 0 0 !
Witch Ghptocephalus 0 1 0 0 1
Flounder cyanoglossus
. Blue Crab | Conects 0 1 0 0 1
= sapidus
S -
§ Elorbseshoe Lz/mub/m 1 1 0 0 5
é Mra : polyphenius
O antis .
Shrimp Squilla empusa 0 1 0 0 1
Channeled | Busycotypus
“ Whelk canaliculatus ! ! 0 0 2
2 Knobbed .
g 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 “17). 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 EViscores for species for which the planning area is important in supporting regional populations

Group | Species Scientific Major Spatial | Population | Population | EVI
name contribution | rarity of global of regional
to fitness (>10%) | importance | importance
Argencan H@bpog{osfozdes 1 1 0 0 5
Plaice platessoides
Adlantc Gadus morbua 1 0 0 1 2
Cod
Black Sea Centropristis stiata 1 1 0 1 3
Bass
Ocean Macr.ozoarm 1 0 0 1 5
Pout anericans
= Stenotomus
& Scup chrysops 1 1 0 1 3
Summer | Paralichthys
Flounder | dentatus ! 0 0 0 !
Tautog Tﬂ.ﬂ roge 1 1 0 1 3
onits
Winter Pxeﬁc.lop/ewoﬂecz‘ex 1 0 0 1 5
Flounder | americanns
Yellowtail | Limanda
Flounder | ferruginea ! 0 0 ! 2
American
g Lobster, 1 0 0 0 1
g north Hamarns
2 Ametican | americanus
3 Lobster, 1 0 0 1 2
south
Bay Memﬂm.m 1 0 0 0 1
Quahog mercenaria
Bay Argopecten
4 Scallop irradians ! 0 ! ! 3
5
3 Ocean | i istandica 1 0 0 0 1
S Quahog
Sea Placopecten
Scallop magellanicus ! 0 0 0 !
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.
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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)®, 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

¢ '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:

e 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.

e 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.

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

e Data gaps need to be identified and addressed.

e 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.

e There is need for further work to address the relationship between biotic and abiotic
components of the marine environment.

DRAFT EVI-35



e Itisimportant 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 | - Species Ecological Valuation Scores for the EVI

Group Species Scientific name Major Spatial Population | Population Ecological
contribution rarity of global of regional valuation
to fitness (>10%) importance | importance | index (EVI)

SAV Eelgrass Zostera marina 1 1 0 1 3

Avifauna Colonial Waterbirds N/A 1 1 0 2
Leach's Storm petrels Oceanodroma lencorhoa 1 1 0 0 B
Long-tailed Ducks Clangula hymenalis 1 0 1 1 3
Roseate Terns Sterna dongallii 1 1 1 1 4
Least Tern Sterna antillarum
Common Tern Sterna hirundo 1 0 0 1 5
Arctic Tern Sterna paradisaea

Crustaceans | Bluye Crab Callinectes sapidus 0 1 0 0 1
Horseshoe Crab Limulus polyphenius 1 1 0 0 5
Lobster, north . 1 0 0 0 1

Hamarus americanus

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 pseudobarengus) 1 0 0 1 B
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 5
Atlantic Halibut Hippoglossus hippoglossus 0 1 1 1 3
Atlantic Tomcod Microgadus toncod 0 1 0 0 1
Atlantic Wolffish Anarbichas lupus 1 1 1 1 1
Black Sea Bass Centropristis striata 1 1 0 1 3
Blueback Herring Alosa aestivalis 1 0 0 1 5
Haddock Melanogrammus aeglefinus 0 1 0 0 1
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Group Species Scientific name Major Spatial Population | Population | Ecological
contribution rarity of global of regional valuation
to fitness (>10%) importance | importance | index (EVI)
Fish Hogchoker Trinects fasciatus 1 1 0 0 2
(COﬂtd-) Ocean Pout Mmmzmmx americanus 1 0 0 1 2
Opyster Toadfish Opsanus tan 0 1 0 0 1
Rainbow Smelt Osemerns 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 Psendoplenronectes americanus 1 0 0 1 2
Witch Flounder Ghyptocephalus cyanoglossus 0 1 0 0 1
Yellowtail Flounder Limanda ferrnginea 1 0 0 1 2
Whales Fin Whale Balaenoptera physalus 0 0 0 1 1
Humpback Whale Megapz‘em ﬂomeaﬂg/z'cze 1 1 0 1 3
N. Atlantic Right Whale Eubaleana glacialis 1 0 1 1 3
Seals Grav Seal Halichoerus grypus
Har}l;or Seal Phoca w'm/z'i;gf/p 1 1 0 1 3
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 magellanicns 1 0 0 0 1
Sutf Clam Spisula solidissima 1 0 0 0 1
Octopus 0 1 0 0 1
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Note: As a key component of the Draft Massachusetts Ocean Management Plan, the
Executive Office of Energy and Environmental Affairs (EEA) is seeking comments on the
contents of this Science Framework. Based on this input and the final version of the plan,
EEA—through its Office of Coastal Zone Management and other agencies—will be revising
this Framework and developing an associated implementation work plan with specific steps,
products, timelines, and associated resources.
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CHAPTER 1 - INTRODUCTION

The Oceans Act of 2008 sets the basis and expectations for the development of the first
integrated ocean management plan for the Commonwealth. As evidenced by goals like

25 <¢

“adhering to sound management practices,” “respecting the interdependence of
ecosystems,” and “fostering sustainable uses...without detriment to the ecology or natural
beauty of the ocean,” the clear intent of the Act is to advance a management structure that
places an emphasis on maintaining healthy and resilient estuarine and marine ecosystems and
the values, goods, and services that humans derive from them. Over the last two decades,
great progress has been made in the understanding of estuarine and marine ecosystems, and
there is now wide agreement that healthy and resilient ecosystems have more capacity to
provide the scope and extent of benefits that citizens and visitors to Massachusetts need and
appreciate. Methods that focus on the maintenance of ecosystem structure, functions,
processes, and services through the management of the range of human uses and activities
are referred to as ecosystem-based management (EBM) approaches. A 2005 consensus
statement defines the EBM approach as follows:

“Ecosystem-based management is an integrated approach to management that
considers the entire ecosystem, including humans. The goal of ecosystem-based
management is to maintain an ecosystem in a healthy, productive and resilient
condition so that it can provide the services humans want and need. Ecosystem-
based management differs from current approaches that usually focus on a single
species, sector, activity or concern; it considers the cumulative impacts of
different sectors. Specifically, ecosystem-based management:

e Emphasizes the protection of ecosystem structure, functioning, and key
processes;

e s place-based in focusing on a specific ecosystem and the range of activities
affecting it;

e Explicitly accounts for the interconnectedness within systems, recognizing
the importance of interactions between many target species or key services
and other non-target species;

e Acknowledges interconnectedness among systems, such as between air, land
and sea; and

e Integrates ecological, social, economic, and institutional perspectives,
recognizing their strong interdependences.” (McLeod et al. [COMPASS]
2005)

Working with the Ocean Advisory Commission (OAC), the goals of the Act were used to
develop specific strategies and outcomes for the Massachusetts Ocean Management Plan.
Along with the recognized importance of integrated management and effective stewardship
for the marine ecosystem and human uses, a major principle for the plan is the ability to
adapt to evolving knowledge and understanding of the ocean environment. With the Science
Advisory Council (SAC), the following eight operational objectives were developed for the
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Science Framework in order to provide the best information in support of an adaptive
approach to management:

e Further develop the protocol for ecological assessment and valuation to address the
requirement to identify and protect special, sensitive, or unique estuarine and marine
life and habitats as required by the Oceans Act by incorporating enhanced/new data
resulting from targeted research and new scientific knowledge;

e Obtain/augment data for use in compatibility analysis (particulatly data on socio-
economic/use and technology);

e Increase the understanding of climate change effects on marine and coastal systems
and the resulting implications and considerations for management actions, through
appropriate research;

e Identify the impacts of anthropogenic stressors on coastal/matine ecosystems, with
particular attention to cumulative impacts;

e Employ monitoring protocols that are appropriately scaled (temporally and spatially)
and structured to enable status and trends analysis;

e Develop an indicator framework with a feedback loop to assess and improve the
effectiveness of management measures;

e Enhance data availability for appropriate use in management by providing for:
quality assurance during research; development of research plans at appropriate
temporal and spatial scales; and data delivery protocols that maximize utility for
managers and others; and

e Inform the managers and the public of scientific findings and provide for
appropriate translation/dissemination vehicles.

The Science Framework component of the Massachusetts Ocean Management Plan provides
the blueprint to ensure that the plan can specifically evolve to incorporate new and enhanced
information and understanding in the future. The Framework begins with summaries of the
major marine ecosystem components of the Commonwealth’s ocean planning area and
beyond. Then, organized by six themes, it illustrates important information needs and
describes the key actions that have been identified to further the Framework’s operational
objectives. The actions contained here are developed to address the information gaps and
data integration needs, and to develop management-support tools for plan implementation.
Inclusion of these actions in the Science Framework is not intended to imply that they be
implemented by state agencies alone. Rather, to make meaningful progress in executing these
actions, other organizations and institutions will step forward as willing and capable partners
to join the Commonwealth in lending their expertise and capabilities to address shared goals.
Based on further work and input received on the draft plan, this Framework will be revised
and associated implementation work plans with specific steps, products, timelines, and
associated resources will be developed.

In keeping with the intention of the Oceans Act of 2008, the Massachusetts Ocean
Management Plan is required to be based on the best available science and information and
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an evolutionary approach to EBM. Through the implementation of this Science Framework,
the plan can successfully evolve to incorporate new science and data and respond to
developing ocean management needs and opportunities.
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CHAPTER 2 - ECOSYSTEM COMPONENTS AND DRIVERS

This section summarizes what we know about the estuarine and marine ecosystems in and
beyond the ocean planning area and represents a synopsis of the more detailed compilations
contained in the Baseline Assessment (included in Volume 2 of the draft Massachusetts
Ocean Management Plan) and the ocean planning work group reports (posted at
www.mass.gov/czm/oceanplan/index.htm). Much of this information was developed
through the ongoing scientific investigations and assessments of organizations listed in
Appendix A of the Science Framework, which contains a brief summary of current, related,
ongoing science programs. This section is organized by general groupings of system
components and drivers and incorporates knowledge gaps identified in the work group
reports.

There are several forces that operate across large spatial and temporal scales that encompass
the Massachusetts ocean planning area. These forces are considered “drivers” in that they, in
large parts, drive the dynamics that underlie the abundance, distribution, and condition of
the physical and natural resources subject to the ocean management plan. Enhancing
understanding of these drivers, designing strategies to address predictable changes, and
planning for unpredictable events will enhance the management of the various existing and
future uses of the Commonwealth’s ocean resources. Below is a very brief account of the
major components and drivers of ecosystem dynamics within and beyond the Massachusetts
ocean planning area, and our current understanding of how these elements influence the
Commonwealth’s physical and natural resources.

1 - Climate Change

Climate change refers to the measurable transformation, across decades or longer, in the
average state and/or variability of weather (IPCC 2007). The relevant measures are usually
air temperature, sea surface temperature, wind velocity, and precipitation. In common usage,
climate change also refers to measurable phenomena that are secondary indicators of long-
term weather changes including: ice and snow extent, ocean acidity, mean sea level, and the
frequency of intense storms.

1.1 Temperature changes and influences

It is known that over the last 100 years, global average temperature has increased by
about 0.74° C [90% confidence interval of 0.56-0.92° C] IPCC 2007), with most of the
increase occurring in the last 50 years. Temperature increases are greater at higher
latitudes, with the Arctic experiencing an average temperature rise that is twice as great as
the rest of the globe. South of Cape Cod, from data collected in Woods Hole, Nixon et
al. (2004) have documented that yearly average sea surface temperature warmed at a rate
of 0.04° C per year from 1970-2002, or 1.3° C (Nixon et al. 2004). During the 1990s,
winter months (Decembet-February) were found to be 1.7° C warmer than winter
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months from the time period 1890-1970. Summer months (June-August) were 1° C
warmer. North of Cape Cod, sea surface temperature data have been collected by the
National Oceanic and Atmospheric Administration (NOAA) over several decades in
Boston’s Fort Point Channel, but the data have not been analyzed for long-term trends.
It is reasonable to assume that similar large-scale climatological changes driving sea
surface temperature increases at Woods Hole are also acting in Massachusetts Bay,
though the magnitude of that change may be different.

The implications for an increase in sea surface temperature of 1° or 2° C are not well
known for estuarine and marine water, but one can infer that temperature-dependent
natural phenomena will be affected. The International Panel on Climate Change (IPCC)
predicts that a global average temperature increase of 1.5° to 2.5° C, in conjunction with
an increase in CO,, will lead to “major changes in ecosystem structure and function,
species’ ecological interactions and shifts in species’ geographical ranges, with
predominantly negative consequences for biodiversity and ecosystem goods and
services” (IPCC 2007). The magnitude and timing of spring blooms of phytoplankton,
the timing of diadromous fish runs, the hatching success of benthic fish eggs, the
metabolism and reproduction of microorganisms, and many other biological processes
could potentially be affected. Further, physical oceanic processes like seasonal mixing,
current strength, the ocean’s ability to hold dissolved gases, and ocean volume and
elevation in coastal areas, may be subject to changes as well.

The number and range of important phenomena that are regulated by temperature and
the relative ease with which temperature can be recorded and analyzed speaks to the high
priority of continuing the long-term monitoring of this parameter and expanding its
coverage, and/or integrating its analysis, across the ocean planning area for specific
management purposes (e.g., circulation models, models of how temperature changes will
affect life histories, etc.).

1.2 Precipitation changes and influences

Rain, snow, and sleet may not seem to be major influences on the Massachusetts ocean
planning area, but their contribution to the Gulf of Maine (Manohar-Maharaj and
Beardsley 1973), especially during the spring thaw and freshets, can be an important part
of current strength (Geyer et al. 1992, Lynch et al. 1997), ocean stratification, ocean
salinity (Blumberg et al. 1993), and nutrient and mineral transport across the Gulf of
Maine, including Massachusetts and Cape Cod Bays.

Lynch et al. (1997) document that the strength of the Western Maine Coastal Current
(WMCC) is influenced by the major rivers in the Gulf of Maine—the St. John, St. Croix,
Penobscot, Kennebec, Androscoggin, Saco, and Merrimack. The WMCC in turn
influences currents in the greater Massachusetts/Cape Cod Bay system, as far east as
Stellwagen Bank, George’s Bank, and the Great South Channel (Geyer et al. 1992). In
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spring, when relatively fresh water enters Massachusetts Bay from the northeast (i.e.,
from the Merrimack and the large rivers in Maine) and the prevailing winds are from the
north, transport in Massachusetts and Cape Cod Bays follows a counterclockwise path.
In later spring and summer, Cape Cod Bay becomes isolated from this circulation (Geyer
et al. 1992, MWRA 2003).

In addition to their inputs of fresh water, rivers are also conduits for nutrients and
contaminants from terrestrial-based drivers (e.g., population, industrialization) to the
ocean. While long-term changes in precipitation may affect Massachusetts and Cape Cod
Bays (due to the influence of the large Gulf of Maine Rivers), the ocean planning area
south of Cape Cod has significantly smaller rivers and is thus much less influenced by
riverine inputs.

Wake et al. (2006) have reported that average annual precipitation in the northeast has
increased from 1900-2002—from roughly 43 inches to 46 inches (7%). Total annual
precipitation in the Boston Harbor region increased by 20-30 cm (8-12 in) from 1900-
2002, while in the Buzzards Bay region it increased 30-40 cm (12-16 in). The IPCC
(2007) predicts little to modest (< 10%) change in runoff in the northeast by the end of
this century. It is unknown how these changes in annual precipitation might affect the
Massachusetts ocean planning area, but continued monitoring of riverine discharges at
the U.S. Geological Survey (USGS) gauges on the Merrimack (gauge # 01100000 in
Lowell) and other rivers will help develop models to predict long-term responses to
coastal precipitation changes.

While regional models predict small or modest increases in precipitation in the Gulf of
Maine, IPCC analyses (2007) predict a large (25-50 cm or 10-20 in) increase in
precipitation in the northern part of the northern hemisphere. This suggests that there
will be a significant increase in freshwater inputs into high latitude marine ecosystems.
Most Gulf of Maine water enters over the Nova Scotian shelf and through the Northeast
Channel (Smith et al. 2001; Ji et al. 2007). It is known that, in the 1990s, freshwater
pulses out of the arctic, due to increased glacial melting, precipitation, and river runoff
(Peterson et al. 2000), brought lower salinity water into the region, which changed the
Gulf of Maine’s physical structure by enhancing stratification (or layering) in the water
column (Smith et al. 2001). Stratification occurs when denser cold and/or saltier watet
settles near the bottom, and less dense fresh or warm water sits on top, unless mixed by
winds and tides. Stratification reduces the upwelling of nutrients and downward mixing
of oxygen that support the base of the food web. Thus, if the IPCC predictions are
accurate, increased precipitation may lead to increased freshwater stratification in the
Gulf of Maine, which is known to strongly affect plankton production. For example, Ji et
al. (2007) provide evidence that the freshening of Gulf of Maine waters from 1998-2006
may have enhanced the westward progression of spring phytoplankton biomass.
Changes in the composition and annual cycles of lower levels of the marine food chain
(phytoplankton and zooplankton) could affect the productivity of all upper levels,
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including fish (Platt et al. 2003), marine mammals, and seabirds. Since most
phytoplankton productivity occurs within 20 m (66 ft) of the surface, it will be affected
by stratification events, because the mixing of nutrients and sunlit surface waters is
reduced (Ji et al. 2007). Strong stratification events can also lead to localized
concentrations of algal blooms (including red tides), and “dead zones,” where oxygen
depletion reaches extreme levels (Cloern et al. 1994).

In the 1990s the arctic water incursions leading to changes in salinity and stratification
favored large increases in the populations of other smaller species of zooplankton
(Greene and Pershing 2001, Pershing et al. 2004, Greene et al. 2008). Small fish depend
upon the timing and seasonality of particular species of plankton development to specific
sizes that are good to eat. Temperature changes can lead to a poor match in space and
time between the fish and their zooplankton food, which can mean starvation for the
young fish (Pershing et al. 2005, Greene and Pershing 2007).

1.3 Ocean pH changes and influences

The IPCC (2007) reports that since 1750, global ocean pH has decreased (i.e., become
less alkaline) an average of 0.1 pH units. Since pH is a measure of hydrogen ions on a
logarithmic scale, this signifies a 10-fold decrease. Increasing atmospheric CO,
concentrations are expected to lead to increased CO, being dissolved in ocean waters,
leading to further reductions in pH (i.e., because CO, dissolved in seawater forms
carbonic acid). IPCC predictions (2007) are that global ocean pH will decrease between
0.14 and 0.35 units by the end of the century.

Ocean pH has important influence on organisms with calcium carbonate shells (e.g.,
bivalves, gastropods, crustaceans, some polychaetes) because lower pH values are
indicative of greater ocean acidity, which affects the formation and durability of
carbonate shells (Fabry et al. 2008). Research presented at the 2009 Geochemistry
Meeting suggests that several types of ocean organisms with calcium carbonate shells
suffered when seawater pH decreased below 8.2 (summarized in Kerr 2009). Most of the
18 species investigated (including periwinkles, oysters, and calcareous algae) formed less
calcium carbonate under conditions of greater acidification. However, one species of
mussel was not affected and all of the crustaceans investigated (shrimp, American
lobster, and blue crab) grew thicker shells under the most severe acidification. Only one
species of tube-building worm was found to have the ability to protect itself from
acidification by producing a greater proportion of acid-resistant carbonate mineral.

In Massachusetts, pH is not routinely monitored by regional monitoring programs such
as GoMOOS or the National Data Buoy Center, although MWRA measures pH in some
of its surveys in Massachusetts Bay. Of 591 pH measurements taken by MWRA since
June, 2004, the median pH was 7.9 and the range was 7.0-8.4 (A. Rex, MWRA,
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unpublished data). The few data that are available in Massachusetts waters are
insufficient to determine long-term trends.

As pH can affect the basic structure-forming processes of large classes of ecologically
and economically important species (e.g., snails, clams, mussels, crabs, and lobsters),
efforts should be made to install pH probes on existing ocean monitoring assets (e.g.,
ocean observing buoys) and expand coverage with new instrumentation to monitor long-
term changes throughout the ocean planning area. In addition, models should be used to
predict likely changes in pH in Massachusetts waters in the next century. Predictions on
how the modeled changes will affect the biology of key organisms in the Massachusetts
ocean planning area with calcium carbonate shells should be made and tested via
laboratory experiments. Finally, models should be used to identify the possible economic
effects of decreasing pH on key fisheries and industries.

1.4 Sea level

The IPCC (2007) reports with very high confidence (i.e., 90% chance of being correct
based upon expert opinion) that sea level rise across the globe will result in increased
erosion and flooding in coastal areas in the 21" century. Sea level trends in Massachusetts
are computed utilizing gauges at Boston, Woods Hole, and Nantucket. At the Boston
station, 806 years of sea level data from 1921-2007 demonstrate that mean sea level has
increased 2.63 mm/year (0.104 in/year) or a total of 226 mm (8.94 in). At the Woods
Hole gauge, 75 years of sea level data from 1932-2007 (minus data from 1965 and 1967-
1969 which are not available (Hicks et al. 1983)) show an increase of 2.61 mm/year
(0.103 in /yeat) or a total of 196 mm (7.72 in). At the Nantucket station, 42 years of data
from 1965-2007 demonstrate an increase of 2.95 mm/year (0.116 in/year) or a total of
124 mm (4.88 in). The trend information was first computed by Hicks et al. (1983) but is
now available through NOAA’s Tides and Currents website, which provides graphs of
sea level trends for all tide gauges in the United States. The trends for Massachusetts
show an average increase of 2.73 mm/yr (0.107 in/yr). Based on the existing rate of sea
level rise, the average increase in Massachusetts is expected to be 248 mm (9.74 in) by
the end of the 21" century. Even greater increases (up to 880 mm or 35 in) are predicted
depending upon the rate of glacial melt and thermal expansion of the oceans (Wake et al.
20006).

While it is difficult to imagine how sea level rise will affect resources within the ocean
planning area (which are predominantly > 0.3 nm from shore by definition), landside
subsidence, isostatic rebound, erosion, and inundation along the shoreline of
Massachusetts are important issues that should continue to be monitored and modeled
on a site-specific basis.
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1.5 Frequency of intense storms

The IPCC (2007) reports that there is no clear existing trend in the annual number of
tropical cyclones but predicts a future increase in “intense tropical cyclone activity.”
Wake et al. (2006) report that extreme precipitation events (those resulting in >50 mm (2
in.) of precipitation) have increased from 1949-2002 in eastern Massachusetts. Given
that intense storms are important drivers of coastal processes in Massachusetts (because
they affect erosion, sediment transport, and waves) further study is warranted (e.g.,
through modeling efforts).

It is not clear at this point how intense storms and their frequency affect biotic and
abiotic resources in the ocean planning area. Warner et al. (2008) have documented that
intense storms affect the transport of sediments (and thus any particles adsorbed to
them) in Massachusetts Bay. We are not aware of any other studies that attempt to link
other processes to intense storm frequency. Circulation patterns and their drivers in
other parts of the Massachusetts ocean planning area are less well known (e.g., Buzzards
Bay, Nantucket Sound), thus the effect of intense storms on these areas is not known.
One recommendation to address the threat of increasing intense storms in the long-term
is to develop high resolution, validated circulation, sediment transport, and inundation
models for all of the sub-regions of the ocean planning area.

2 - Physical Ocean

There are large-scale phenomena (on the scale of hundreds or thousands of kilometers) that
influence the wind, waves, currents, sediment transportation, water temperature,
stratification, and nutrient and plankton concentrations throughout the ocean planning area.
Such external forces originate in the Gulf of Maine, Mid-Atlantic Bight, outer continental
shelf, or open ocean to ultimately affect the Massachusetts ocean planning area.

2.1 Wind

Currently, winds in Massachusetts Bay measured at the GoMOOS A buoy (and in the
Gulf of Maine, in general) are predominantly from the southwest or southeast in
summer, while fall winds are out of the north-northwest. Winter winds are
predominantly out of the northwest, however, winter and spring storms can bring
intense winds out of the northeast (GoMOOS 2009).

The North Atlantic Oscillation (NAO), the Atlantic analog of the Pacific El Nino-
Southern Oscillation, is a periodic fluctuation in the relative strengths and positions of
two permanent pressure systems called the Icelandic low and the Azores high. This
oscillation in pressure controls the strength of westerly winds and storm tracks across
the North Atlantic. The NAO can also affect the position of the Gulf Stream relative to
the coastline of the northeast. For example, when the NAO is in its “positive” or “high”
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phase, the Gulf Stream is closer to the coast. When it is in its “negative” or “low” phase,
the Gulf Stream tracks further out to sea and allows cold Labrador Slope water to track
closer to the coast and potentially enter the Gulf of Maine on ocean dynamics
(Vakalopoulos et al. 2006). Kropp et al. (2003) have suggested that some components of
the plankton community in Massachusetts and Cape Cod bays (e.g., the copepod Calanus
finmarchicus) may respond to large-scale factors such as the NAO. Variations in wind
forcing in the Gulf of Maine (e.g., upwelling vs. downwelling) and resulting cell transport
has been posited as a mechanism for annual differences in shellfish toxicity associated
with Alexandrinm blooms (Stock et al. 2007). To the extent that the NAO affects
upwelling and downwelling winds, it may also affect the incidence of shellfish toxicity.

Winds are known to drive currents and surface wave height and thus affect storm surge
and erosion and the transport of sediments and contaminants (Warner et al. 2008), as
well as other processes driven by currents and surface waves. Storms with winds from
the north cause transport of sediments, metals, and other particles southward along the
western shore of Massachusetts Bay, while storms with winds from the south and east
drive transport northerly along the shore (Warner et al. 2008). Knowing the direction
and intensity of wind is an important piece of designing models that accurately predict
conditions that are needed for determining management options (e.g., when to close
shellfish beds in advance of wind- and current-driven harmful algal blooms).

Wind velocity (speed and direction) can have profound effects on the currents that
circulate nutrients, contaminants, sediments, eggs and larvae, phytoplankton and
zooplankton, and heat through the waters of the ocean planning area. We know that
Massachusetts Bay’s circulation pattern is in part dependent upon wind direction. For
example, Warner et al. (2008) found that the winds from directions greater than 60
degrees (e.g., from the east or south) produce a clockwise circulation in Massachusetts
Bay, whereas the predominant circulation otherwise is counterclockwise. Wind velocity
also affects surface wave production and water level in Cape Cod Bay with winds from
the east producing significant waves and winds blowing into large bays increasing sea
level (Warner et al. 2008). Less is known about how wind velocity forces or affects the
circulation of Buzzards Bay and Nantucket and Vineyard Sounds, but it is predicted that
high winds and waves from hurricanes tracking in line with the long axis of Buzzards
Bay (northeast) can have considerable effects upon wave height and storm surge (ACOE
20006; Ramsey et al. 2005).

The most consistent wind data collections are at the GoMOOS/University of Southern
Maine “A” buoy in Massachusetts Bay. NOAA buoy 44013 in Boston Harbor, NOAA

buoy 44018 south east of Cape Cod, and NOAA station BUZM3 in Buzzards Bay have
been collecting wind data since 2003 or 2004. Wind data collection at these sites should
continue so that modelers have the opportunity to validate their models with long-term
data.
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2.2 Temperature

Sea surface water heating and cooling is mainly due to seasonal cycles in air temperature
with atmospheric forcing of Massachusetts waters via heat flux (Libby et al. 2009).
Temperature is a major determinant of the speed of many physiological actions (e.g.,
metabolism, gonad development, cell division) and is a major cue for behavior (e.g.,
migration, egg laying). Intra-annual fluctuations in temperature are also implicated in
strong seasonal patterns of zooplankton community structure in Massachusetts and Cape
Cod Bays (Kropp et al. 2003).

The Merrimack and the large rivers in Maine and New Brunswick provide a large
quantity of the freshwater inflow into Massachusetts and Cape Cod Bays (Manohat-
Maharaj and Beardsley 1973). Spring freshets produce salinity stratification in
Massachusetts Bay (see for example Jiang’s Massachusetts Bay Environmental Forecast
System http://www.harborl.umb.edu/

forecast/index.html). Rising sea temperatures as the season progresses amplify that
stratification (Geyer et al. 1992). In most years, strong stratification persists through
summer months and into October, with occasional mixing by storm events (MWRA
2003).

Seasonal stratification is important because it can serve as a physical barrier to nutrients
upwelling from the depths to the surface and thus can create a limit to the growth and
reproduction of phytoplankton through nutrient limitation. While the issue of
stratification has been well- studied in Massachusetts and Cape Cod Bays, we are not
aware of efforts to study system-wide stratification in Buzzards Bay and Nantucket and
Vineyard Sounds.

2.3 Tides

Owing to the shape of the Gulf of Maine, the waters of Ipswich Bay, Massachusetts Bay,
and Cape Cod Bay experience a semidiurnal tidal range of up to 4.1 m (13.4 ft).
Changing tides and the flow of freshwater from the large rivers to the north generate the
currents in the Gulf of Maine, but they can also be influenced by winds, especially out of
the northwest or northeast (Lynch et al. 1997, Warner et al. 2008). Waters to the south
of Cape Cod were thought generally to be dominated by semidiurnal tide-generated
currents, and influenced by southwesterly winds; however, a recent modeling effort
identified that winds play a more dominant role than tides in the generation of Buzzards
Bay currents (Sankaranarayanan 2007).

2.4 Currents

Ipswich, Massachusetts, and Cape Cod Bays are connected to the larger Gulf of Maine
system via the Maine Coastal Current (MCC) (Bisagni et al. 1996). The western branch of
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the MCC, or WMCC (Lynch et al. 1997), derives in part from water flowing east to west
over the Scotian Shelf, but also from the major rivers in the Gulf of Maine—the St.
John, Penobscot, Kennebec, Androscoggin, Saco, and Merrimac. The part of the
WMCC that enters Massachusetts Bay forms a counterclockwise current, though its
direction and intensity may vary seasonally. In addition, there are many smaller currents
in Massachusetts Bay that branch off of and may run opposite to the main
counterclockwise current (Lermusiaux 2001, Jiang et al. 2008a, Jiang et al. 2008b). The
branch of the WMCC that enters Massachusetts Bay flows south through most of the
bay, then exits north of Race Point in Provincetown. Further south, the currents in Cape
Cod Bay are fairly weak, except during strong freshwater run-off periods (Pettigrew et al.
2005). While the above descriptions generally characterize the major surface currents
north of Cape Cod, on a more local scale, three dimensional currents are likely to be
more complex and driven by varied forces such as storms, wind, and tides. For example,
in most locations, the variability is as large as the mean flow (Geyer et al. 1992). Most of
the planning area north of Cape Cod is in open, unrestricted water with currents less
than 1.8 kilometers per hour (km/hr or roughly 1 knot). However, at the mouth of
Boston Harbor, cutrents can get as high as 2.6 km/hr (1.4 knots) during the full and new
moon cycles (White and White 2007). In addition, currents greater than 1.8 km/hr (1
knot) can be found off of Cape Ann (White and White 2007).

Lacking the Gulf of Maine’s large riverine inputs, the waters south of Cape Cod (i.e.,
Buzzards Bay, Vineyard Sound, and Nantucket Sound) are largely influenced by tidal
currents and wind (Sankaranarayanan 2007). Waters to the east of Cape Cod are
influenced by both the tides and the Gulf of Maine waters flowing around Provincetown
(Geyer et al. 1992). The currents within Buzzards Bay are less than 1.8 km/hr (1 knot),
except at the mouth, between Cuttyhunk Island and Westport, where currents can be as
great as 2.6 km/hr (1.4 knots) on the flood tide (White and White 2007). In Vineyard
Sound, maximum currents are 7.2 km/hr (3.9 knots) and average currents are 2.9 km/hr
(1.6 knots) (Limeburner and Beardsley, unpublished data). White and White (2007)
report that the average maximum current velocity between Nonamesset Island and
Woods Hole is 8.3 km/hr (4.5 knots) on a flood tide and 6.7 km/ht (3.6 knots) on an
ebb tide and that velocities can exceed 13 km/hr (7 knots). In the Nantucket Sound area,
the currents in Muskeget Channel and Pollock Rip Channel southeast of Monomoy
Island are 8.1 km/hr (4.4 knots) and 4.4 km/hr (2.4 knots), respectively (White and
White 2007). On an ebb tide, currents in the Cape Cod Canal can be as great as 7.4
km/ht (4 knots) (White and White 2007).

2.5 Upwelling, fronts, and waves
Upwelling is a hydrodynamic phenomenon whereby sustained winds push warm,

nutrient-poor surface waters offshore, inducing the upward motion of deeper, cooler,
and nutrient rich waters along the adjacent shoreline. Upwelling influences the growth
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and blooms of phytoplankton due to this advection of nutrients into the photic zone and
may result in periods of increased primary productivity in the ocean.

Oceanic fronts are areas where two water masses meet. The sharp gradients in
temperature or salinity that define a front may result in the upwelling of nutrients that
promote primary productivity (however, some fronts result in downwelling). Like wind-
driven upwelling areas, fronts are typically sites of increased primary and secondary
productivity and concentrate filter feeding organisms such as clupeid fishes (Friedland et
al. 2000). Because these oceanographic features can be used as predictive tools to find
higher than average concentrations of marine mammals, fish, and phytoplankton
(Friedland et al. 2006), oceanic fronts may be part of important trophic interactions
(Schick et al. 2004). The location and duration of fronts are not very well understood in
the planning area, however, one persistent front that has been documented near the
planning area is on the eastern portion of Nantucket Shoals, where more saline Gulf of
Maine waters meet fresher Nantucket Sound waters (Limeburner and Beardsley 1982).

Surface waves are generated by winds passing over the ocean. Their height is dependent
upon the velocity of air moving above the ocean, the fetch over which it moves, and the
density of the water. Wave height and period are measured at NOAA’s Massachusetts
Bay “A” buoy (42° 31’ 21” N, 70° 33’ 57 W) and the Boston Harbor buoy 44013 (42°
217°00” N, 70° 41” 24” W). Wave height and period data are not available for the
planning area north of Cape Ann or South of Cape Cod.

Internal waves are sub-surface, oceanic waves that propagate either obliquely when the
ocean is uniformly stratified or horizontally when the ocean’s stratification is confined to
discrete, narrow bands. The momentum and energy distributed by internal waves can
thus be used to de-stratify, or mix the ocean waters and its associated sediments,
nutrients, and plankton. This mixing may be important to sustaining deep-water
communities that are otherwise sequestered from the productivity at the surface by
persistent stratification. Internal waves have also been shown to transport plankton
onshore (Shanks and Wright 1987). On one offshore bank in the Gulf of Maine, internal
wave passage resulted in upward movement and concentration of euphausiids (krill) in
these areas through a coupling of physical processes and euphausiid behavior, resulting
in surface swarms. Thus, internal waves appear to provide a critical mechanism
enhancing trophic energy transfer (Stevick et al. 2008). Researchers speculate that
internal waves may also be important in large-scale, deep ocean circulation due to the
transfer of heat from the surface (Zimmerman et al. 2008). Research by Butman et al.
(2006) has identified internal wave activity over Stellwagen Bank as well as in northern
Cape Cod Bay and the waters north east of Cape Ann. Their key findings were that the
near-bottom currents associated with large internal waves (LIWs), in concert with the
tidal currents, resuspended bottom sediments; that sediments may be resuspended for as
long as five hours each tidal cycle; and that at 85 m deep (279 ft), the duration of
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resuspension associated with LIWs is estimated to occur for about the same amount of
time as caused by surface waves (Butman et al. 2000).

Knowing the location of upwelling and fronts is important to the ocean planning process
because of the expectation that these areas will, at certain times of the year, concentrate
organisms that are important to society for their economic value (e.g., herring, sportfish)
or their cultural value (e.g., whales). Permanent structures placed in these areas may
interrupt or affect circulation of ocean waters and negatively affect the organisms that
rely on the currents for larval dispersion, suspension feeding, etc. The role of internal
waves is less known, but the risks associated with placement of permanent structures
may be the same. Knowing the areas of high surface wave height and frequency in the
planning area will help to predict the frequency and intensity of disturbance and may
help avoid or mitigate wave-induced structural damage; may help better understand
erosion, accretion, and sediment transport; and will certainly be important for any future
siting of wave energy devices. Similarly, physical oceanographic characteristics could
affect the transport of pollutants resulting from future ocean uses, such as waste
disposal, construction, or aquaculture—thus being able to predict these characteristics
with some level of certainty will be important to ocean planning.

3 - Important Biotic Components

The various living organisms inhabiting the ocean planning area can themselves be
considered drivers as they too affect the abundance, distribution, and condition of the
physical and natural resources of the ocean.

3.1 Primary producers

The fundamental underpinning to trophic interactions in the Massachusetts ocean
planning area are primary producers. For the most part, these primary producers are
attached or free-floating plants or cyanobacteria that perform the important role of
capturing the sun’s energy and transforming it to a form that other organisms can utilize,
although there are also chemosynthesizers, which do not photosynthesize. While
seagrasses and macroalgae may be the most obvious primary producers, the major
contributors to primary production in the ocean are free-floating photosynthesizing algae
known as phytoplankton.

The abundance of photosynthesizers in a certain area is sometimes used to estimate
primary productivity. Data collected by the Sea-viewing Wide Field-of-View Sensor
(SeaWiFS) and Moderate-resolution Imaging Spectroradiometer (MODIS), satellite-
mounted sensors designed to monitor chlorophyll-a, can be used to monitor algal
concentrations on the ocean’s surface and detect algal blooms (Cracknell et al. 2001).
Satellite chlorophyll data are available for the planning area, but have not yet been
processed as part of the ocean planning effort.
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3.2 Zooplankton

Zooplankton graze on phytoplankton and are, in conjunction with climatological and
nutrient cycles, responsible for the periodic subsidence of phytoplankton blooms. In a
recent assessment, the zooplankton community in Massachusetts Bay was dominated by
the copepods Oithona similis and Pseudocalanns spp. Other copepod species typical of the
Gulf of Maine include: Calanus finmarchius, Paracalanus parvus, Centropages tjpicus, and
Centropages hamatus (Libby et al. 2009). Early life stages of bivalves, gastropods,
polychaetes, crustaceans, and fish are also important components of the zooplankton
community. MWRA has documented (Libby et al. 2009) a decrease in total zooplankton
abundance in Massachusetts Bay from the 1992-2000 period to the 2001-2006 period.
Copepod abundance in particular was found to be lower in Massachusetts Bay and
offshore, with the most abundant species, O. similes, showing the most dramatic decrease.
Notably, the relatively larger copepod C. finmarchins has not decreased in abundance and
in fact has increased in abundance since 2000 (Libby et al. 2009). While it is not the most
abundant, the size of C. finmarchius relative to other zooplankton makes it the most
important contributor to the zooplankton biomass cycle on Georges Bank (Backus and
Bourne 1987). Within Cape Cod Bay, C. finmarchius aggregations are also important as
they are associated with high probabilities of right whale (Exbalaena glacialis) occurrence
and feeding activity (Jiang et al. 2007).

3.3 Benthic organisms

The species that typify the soft bottom benthic communities in Massachusetts include
polychaete worms, amphipods, sand dollars, bivalves, and sea anemones. Hard bottom
communities include algae, sponges, and sea anemones (Maciolek et al. 2008). A few
areas of soft coral also exist within the planning area. The vast number of benthic
organisms perform the important ecosystem functions of filtering the water column,
aerating sediments, providing shelter, and serving as a food source for upper trophic
level predators and their various life stages.

The most robust dataset examining benthic community species composition and spatio-
temporal trends in the planning area has been collected by the Massachusetts Water
Resources Authority during impact assessment and environmental quality monitoring for
the Deer Island Treatment Plant outfall (Werme and Hunt 2006, Maciolek et al. 2008).
Other studies that cover many miles of seafloor are the pre- and post-construction
benthic monitoring studies in the footprint of the Hubline, Northeast Gateway, and
Neptune natural gas pipelines across Massachusetts Bay. There are also smaller studies
with benthic infaunal information in Buzzards Bay and associated with the immediate
vicinity of ocean construction projects. However, Massachusetts is lacking a
comprehensive map of benthic habitats and communities.
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3.4 Nekton (fish, mollusks, crustaceans, cnidarians)

There are over 200 species of fish that utilize the Massachusetts ocean planning area.
Some of these fish school by the tens of thousands, providing an important food source
for predators such as other fish, marine mammals, birds, and humans. In particular, the
annual cycles of landward-migrating spawning adults and estuary-bound juveniles of
alosids (herring, menhaden, shad) and smelt form a relatively predictable bounty that is
important to the life cycles of many predators. Other important seasonal migrations are
the movement of striped bass and bluefish from the mid-Atlantic states into the Gulf of
Maine in late spring and summer and the winter migration of winter flounder from
deeper waters to their spawning areas in estuaries.

Several types of mollusks contribute to the Massachusetts ocean ecosystem, including
bivalves (mussels, oysters scallops, and clams), gastropods (snails and whelks), and
cephalopods (squid and octopus). In addition to their important ecosystem roles as water
filterers, sediment bioturbators, grazers, and predators, mollusks serve as prey for fish,
birds, crustaceans, mammals, and other mollusks, as well as humans. In the planning
area, the shellfish of most importance to the commercial fishery are surf clams (Spisula
solidissima), ocean quahogs (Arctica islandica), and sea scallops (Plactopecten magellanicus).
Inshore of the planning area, the shellfish of most importance to the fishery are quahogs
(Mercenaria mercenaria), soft shell clams (Mya arenaria), blue mussels (Mytilus edulis), razor
clams (Ensts directus), oysters (Crassostrea virginica), and bay scallops (Argopecten irradians).
There currently is no statewide resource assessment for shellfish.

Crustaceans include shrimp, crabs, lobsters, and horseshoe crabs, as well as smaller
organisms such as barnacles, copepods, isopods, and amphipods. Crustaceans form an
important trophic link between energy resources on the seafloor (e.g., infauna, epifauna,
macroalgae, detritus, and dead organisms) and the free-moving predators above (e.g.,
tish, cephalopods, mammals, and birds). The spring and summer movement of large,
sexually mature lobsters from offshore toward the shore is an important annual
phenomenon that affects how and where lobstermen fish.

Free-floating cnidarians and ctenophores are predators that consume zooplankton and
small fish. There have been suggestions across the globe that zooplankton abundances
may be lower due to an increase in filter feeders, especially ctenophores and jellyfish.
Evidence from power plant intake monitoring along coastal Massachusetts suggests that
ctenophore and jellyfish are becoming impinged at higher rates than in the past. While
cnidarians are not often monitored, their interaction with zooplankton, especially
ichthyoplankton, may prove to be useful for understanding long-term trends in fish
populations. In addition to their role of helping to crop the vast quantities of
zooplankton in the ocean, cnidarians serve as an important food source for many types

of sea turtles.
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3.5 Mammals (whales, porpoises, dolphins, seals)

Massachusetts waters provide excellent feeding and nursery habitat for a variety of
marine mammals. All of these species are either protected under the Marine Mammal
Protection Act or listed as threatened or endangered under the Endangered Species Act.
Many are also listed under the Massachusetts Endangered Species Act (MESA). The
marine mammals most frequently found in the ocean planning area are: minke, right, and
humpback whales; gray and harbor seals; harbor porpoises; and white-sided dolphins. In
addition to their importance to humans as protected species, marine mammal viewing is
an important component of the Massachusetts tourism industry. Within the ecosystem,
marine mammals are top predators that impart top-down pressures on the abundance of
forage species and their predators.

3.6 Birds

Shorebirds - The beaches, marshes, estuaries, rocky outcrops, and islands along the
Massachusetts coastline, as well as the ocean waters themselves, provide valuable habitat
for the reproduction and foraging of resident and migratory bird species. Shorebirds
utilizing the planning area in late spring and early summer feast on a variety of
invertebrates, such as amphipods, small mollusks, marine worms, and possibly horseshoe
crab eggs. Many of these species fly thousands of miles in each direction during their
annual migration—some going as far south as the southern tip of South America and as
far north as the Canadian arctic or western Greenland. In order to support their epic
migrations, most shorebirds typically make several stops at key locations to replenish
their fat reserves. In the Commonwealth, there are several key shorebird stopover sites,
most notably the Parker River National Wildlife Refuge and the Great Marsh Important
Bird Area (IBA) on the north shore, Duxbury and Plymouth Bay IBA on the south
shore, Monomoy National Wildlife Refuge/South Beach IBA in Chatham, and several
key sites on the Cape Cod National Seashore (e.g., Nauset Marsh and First Encounter
Beach in Eastham).

Colonial waterbirds - Small, off-shore islands provide important nesting areas for
colonial nesting waterbirds. Because some of these species are ground nesters (e.g., gulls,
terns, and skimmers) they are at a great risk from trampling by foot traffic or predation
by mammals that may occur on their nesting islands. There are several islands within the
planning area that support large nesting waterbird colonies (e.g., Ram and Bird Islands in
Buzzards Bay). In addition to the importance of Massachusetts coastal areas and
surrounding waters for breeding, several sites are essential post-breeding staging habitat
for terns. The majority of the entire North American population of endangered Roseate
Terns uses Cape Cod, south shore, and Buzzards Bay sites for nesting and for
resting/foraging before migrating to South America. Thousands of Common Terns,
hundreds of Forster’s Terns, and Black Terns also use these staging sites.
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Waterfowl - The many coves, coastal ponds, and estuaries in and outside of the planning
area regularly harbor waterfowl during the spring and fall migration, as well as during the
winter, and a few also support foraging and nesting habitat for resident species. From
late summer through fall, Gadwall, American Wigeon, American Black Duck, Mallard,
Northern Shoveler, Northern Pintail, and Green-winged Teal migrate through the
planning area, while mid to late fall brings huge numbers of coastally migrating eiders,
scoters, and Long-tailed Ducks. Recent data collected by Mass Audubon suggest that the
waters around Nantucket probably hold the densest winter aggregations of Long-tailed
Ducks in the world (Perkins, Mass Audubon, personal communication). Long-tailed
Ducks apparently forage on amphipods and mollusks from the south side of Nantucket
out to Nantucket Shoals during the day, only to return to more protected waters north
of Nantucket Sound for the night.

Songbirds - During fall migration, northwesterly winds following cold fronts periodically
drift migrating songbirds over the planning area, most notably in the Cape Cod region.
Under normal conditions the presence of these birds in the ocean planning area is
minimal; however, under adverse migration conditions during fog or light rain, many
birds could be affected by a combination of winds, lighted towers, or other obstructing
objects in their course of migration (e.g., lighthouses, wind turbines, etc.).

Pelagic seabirds - The near-ocean waters of the Stellwagen Bank National Marine
Sanctuary and the waters to the east of Cape Cod routinely host an abundance of
seabirds in many of the same locations that are important for marine mammals. Seabirds
such as shearwaters, storm petrels, Northern Gannet, and jaegers spend the majority of
their lives at sea; however, during extreme weather events such as hurricanes and
not’easters, very large numbers regularly enter the study area, especially the waters
bounded by Cape Cod Bay. The unusual coastal configuration of Cape Cod makes the
waters of Cape Cod Bay of considerable significance, even if only under episodic
conditions.

3.7 Reptiles

There are five main sea turtles that utilize the Massachusetts ocean planning area:
loggerhead, green, Kemp’s Ridley, leatherback, and hawksbill. As mentioned above, sea
turtles are predators of jellyfish and may have an important role in regulating their
abundances and their affects on their prey. Spatial information on the distribution and
abundance of these animals is lacking.

4 - Land-Based Influences
The Massachusetts coastline and its smaller embayments are not in the planning area itself,

but they do influence the planning area as sources of contaminants (metals, nutrients,
petroleum products, pharmaceuticals, pesticides, and bacteria), freshwater (from river

DRAFT SF-19



discharges and surface runoff), sediments (from coastal erosion and river discharges), and
solid organic and inorganic materials. While the fate and transport of some constituents
from the nearshore to deeper waters can be modeled with a certain degree of confidence
(e.g., metals and sediments in Warner et al. 2008) others are less well understood. In
particular, nearshore erosion, resuspension, and transport of sediments are not well
understood. As another example, the relative importance of the transportation of
constituents from embayments to the ocean planning area is not well known, except for the
heavily studied Boston Harbor system (e.g., Bothner 1997, 1998). Land-based sources of
contaminants, freshwater, and sediments, while outside of the ocean planning area, will be
important to document in order to facilitate sound management of existing and future uses
(e.g., aquaculture or sand-mining siting).

4.1 Precipitation and freshwater runoff

Data collected at the USGS Merrimack River gauge # 01100000 in Lowell from 1923-
2008 show that fresh water runoff to Massachusetts Bay increases from October to

April, on average, and then decreases in volume substantially in May and then again in
June, remaining substantially below the annual average in July, August, and September
(USGS 2009a). This pattern is consistent on an annual basis south of Cape Cod as well

(as seen at the Taunton River gauge), although the river inputs are an order of magnitude
or two less than those of the Merrimack (USGS 2009b).

Drought is defined as when monthly soil moisture is more than 10% below the long-
term mean (NECIA 2006). Drought conditions are typically thought of as affecting
agriculture and water supply, but they also affect freshwater runoff entering the ocean
through watershed basins. To the extent that the large rivers in the Gulf of Maine affect
circulation, the transport of particles, and other dynamics in Massachusetts and Cape
Cod Bays, periodic droughts also affect these properties. Historically, short-term
droughts (over one to three months) occur once every two years across the northeast
United States (NECIA 2006). Droughts lasting more than six months occur once every
30 years (NECIA 2000).

4.2 Land-based sources of pollutants and contaminants

For the most part, conventional pollutants (e.g., metals, bacteria, chemicals, and
petroleum products) emanating from land-based point sources and entering the ocean
have been greatly reduced or eliminated due to environmental regulations and
monitoring of wastewater treatment, power plant, and industrial discharges. Non-
conventional pollutants such as nutrients continue to be major causal agents of cultural
eutrophication that result in habitat loss and serious impairment of designated water
quality and use standards. Nutrients mainly enter estuaries, rivers, and bays from point
sources, such as wastewater treatment facilities, and from nonpoint sources, such as
subsurface sewage discharges (septic systems) and lawn fertilizer applications that travel
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through groundwater. Nonpoint sources of nutrients also enter marine waters via
stormwater conveyed from impervious surfaces or flowing directly over farmland. These
nonpoint sources of pollution can also be major contributors of bacteria to beaches,
shellfish beds, and waterways.

Emerging science suggests that, in addition to surface runoff, freshwater can leave
coastal watersheds as submarine groundwater discharge (SGD) (Kroeger et al. 2000).
Advances in quantification techniques, including the development of radon and radium
as SGD tracers (Burnett et al. 2001; Burnett and Dulaiova 2003), automated seepage
meters (Taniguchi et al. 2003), and improved modeling efforts (Michael et al. 2003), have
increased the number and accuracy of SGD estimates. Although there are still large gaps
in the temporal and spatial distribution of observations, the data suggest that SGD on a

regional scale may exceed riverine input of freshwater and nutrients (Taniguchi et al.
2003; Slomp and Van Cappellin 2004).

5 - Human Uses of the Ocean Planning Area

The Baseline Assessment in Volume 2 of the draft Massachusetts Ocean Management Plan
identified several categories of existing and potential human uses in the ocean planning area
(i.e., commercial and recreational fishing, aquaculture, recreational boating, marine mammal
and bird viewing, diving, hunting, gambling boats, shipping, cruises, shipping lanes and ship-
based commerce, traditional and renewable energy generation, municipal and industrial
wastewater disposal, sediment disposal, military training, resource protection, education and
research, industrial extraction (mining), beach nourishment, communication and power cable
placement, and pipeline placement). The ocean planning work groups on fisheries, habitat,
recreational and cultural uses, renewable energy, sediment management, and transportation
and infrastructure made significant strides toward mapping many of the myriad human uses
in the ocean planning area. Many of these uses, because of their limited spatial and temporal
extent in the ocean planning, cannot be considered drivers of the abundance, distribution,
and condition of the physical and natural resources subject to the ocean management plan.
However, some of these uses can be strong drivers. For example, it is well documented that
commercial fishing practices can affect large areas of bottom habitat (Messich et al. 1991 and
citations therein) and the abundance of individual fish populations; shipping activities can
affect entire ecosystems by introducing foreign species and disrupting existing food webs
(Cohen and Carlton 1998; Ruiz et al. 2000); and marine protected areas and no take zones
can affect the density, diversity, and biomass of species within and outside of their
boundaries (Halpern 2003). In addition, studies of underwater noise suggest that vessel noise
may affect vocal activity and distribution of some species of whales (Erbe and Farmer 1998;
Erbe and Farmer 2000; Erbe 2002; Nowacek et al. 2007; Cholewiak 2009) and marine fish
(Codarin et al. 2007; Vasconcelos et al. 2007).

One aspect of the ocean management plan is to assess the vulnerability of biotic and abiotic
resources in the planning area and to determine compatibilities and conflicts among
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potential uses. While this effort will use the best data, the best model predictions, and the
best professional judgments to avoid conflicts, in some cases we will not know how multiple
uses will interact. With this in mind, an important component of the plan is the development
of an assessment/evaluation system that will contain a suite of indicators to track specific
ecological and oceanographic components and processes and to assess the selected
management options and provide feedback so that an ongoing process of adaptive
management can respond to changing ecological and physical conditions as well as human
uses and needs.
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CHAPTER 3 - SCIENCE FRAMEWORK ACTIONS

As stated above, EBM is directly supported by applicable information, both from the natural
sciences—in terms of understanding ecosystem structure, functions, processes, and
services—but also from social, economic, and cultural arenas as well. By filling information
needs and answering critical questions, uncertainty is reduced and the outcomes of
management decisions are better comprehended. Adaptive management necessarily requires
that as new information becomes available, it is incorporated into the management
framework. The key actions to support the Science Framework are organized by six general

themes:
1. Ecosystem monitoring, characterization, mapping, and classification
2. Human-use characterization and mapping
3. Ecosystem models and decision-support tools
4. Applied scientific research
5. Ecosystem and management performance indicators
6. Integrated data management and communication network

These actions individually will result in science-based products that will be used to inform
management decisions and collectively they will further the Framework’s operational
objectives and achieve the plan goals. To realize these objectives, the Commonwealth will
need to work with academia, industry, other government agencies, and non-profits to gather
the various data required.

1 - Ecosystem Monitoring, Characterization, Mapping, and Classification

As the previous section and Baseline Assessment demonstrate, there is a significant
knowledge base that supports a solid understanding of key biotic and abiotic ecosystem
components. Critical information gaps do exist, however, and filling these needs will have
direct bearing on important management aspects of the Massachusetts Ocean Management
Plan, such as identifying and protecting special, sensitive, or unique estuarine and marine life
and habitats, developing a robust Ecological Valuation Index (EVI), quantifying ecosystem
values and services, understanding the effects and pace of climate change, measuring and
tracking indicators, reporting on status and trends, and supporting cumulative impact, trade-
off, and scenario assessments.

Accurate resource maps are a prerequisite for any ocean management study, regardless of the
objectives. In terms of biotic components, understanding the distribution and habitat needs
of important species, guilds, or communities in and beyond the planning area (including
nearshore and adjacent federal waters) is very important. Key information needs for abiotic
components and processes include the continuation of: seafloor/benthic habitat mapping
and classification (including surficial sediments, bottom structure, and subsurface geology)
and monitoring of key water column parameters, atmospheric conditions, and sea-surface
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elevation and tide heights through surveys and observation systems. New efforts to quantify
light attenuation, wave base, and near-bed stress will support the development of large-scale
ecological maps as was done in the UKSeaMap program for the Irish Sea JNCC 2004). The
ability to combine biotic and abiotic data to determine characteristics of the seascape, water
column, and seasutface/air interface will help to better understand biodiversity and identify
rare habitat areas.

Action 1.1 Survey and assessment of key species

Understanding the spatial and temporal distribution and habitat needs of marine animals
and plants is very important. In addition to maintaining current levels of resource
assessments—such as Massachusetts Division of Marine Fisheries(IDMF) Resource
Assessment Bottom Trawl Survey, the Department of Environmental Protection’s
Wetland Conservancy eelgrass mapping, and avifauna surveys by the Natural Heritage
and Endangered Species Program, Mass Audubon, and others, and marine mammal
surveys by contributing members of the North Atlantic Right Whale Consortium and
other organizations—efforts are necessary to characterize other important biotic
components, especially endangered sea turtles, seabirds, major avifauna and bat
migratory pathways, benthic communities of flora and fauna, certain pelagic fish, and
areas of high trophic support (primary and secondary productivity and forage fish).

To groundtruth and complement the information from the acoustic and laser remote
sensing technologies, a directed survey of seafloor sediments, vegetation, and organisms
should be conducted. This data will provide the necessary validation for interpretations
from acoustic or lidar surveys and is required for identifying some seafloor
characteristics, such as beds of macroalgae (kelp). This groundtruthing will also drive the
habitat mapping and classification for use in future planning efforts and the
identification and protection of special, sensitive, or unique estuarine and marine life and
habitats. These data will augment and refine what we understand about associations
between species and seafloor types.

Among other applications, this information directly supports the development of an
Ecological Valuation Index methodology (to serve as basis for refining the identification
and protection of special, sensitive, and unique life and habitat) as well as the
development of conceptual ecological models that function as the foundation for linking
ecosystem interactions. Integrating these datasets, if they can be developed, is an
important step toward developing the most comprehensive view of existing resources in
the ocean planning area.

Action 1.2 Seafloor mapping with acoustic and laser technologies

Until now, assessment and management efforts that involve the ocean floor have been at
a disadvantage due to an almost complete lack of accurate marine base maps. Acoustic

DRAFT SF-24



mapping provides the base information necessary for determining bathymetry and
seafloor hardness and roughness. These foundational data support several other derived
products, such as geologic interpretations for physiographic zones, surficial
sediments/bottom texture, and subsurface geology/bottom structure. The surveys and
analysis used to map geological characteristics of the planning area will also produce data
that can be integrated to develop associations between species and seafloor types. To
date, existing efforts through the Seafloor Mapping Cooperative with the U.S. Geological
Survey (USGS) Woods Hole Science Center have completed much of state waters from
the New Hampshire border south to the Duxbuty/Plymouth area. These ongoing efforts
to characterize state waters are high priority, and new partnerships should be developed
to do the same in adjacent federal waters.

In some situations, mapping with laser technology (e.g., light detection and ranging, or
“lidar”) is more efficient. This technology is typically used from airplanes to map
bathymetry in shallow waters since vessels with acoustic instruments are draft limited in
the shallows (~10 m or 30 ft depth contour). Some of the planning area does cover
shallow waters, and, naturally, the inshore boundary of the planning area is adjacent to
shallow waters. Because these waters are highly productive and heavily influenced by
human uses, it is important to construct seamless seafloor maps that include shallow
waters to be used for habitat mapping, navigation, and planning for sea level rise and
storm surges.

Action 1.3 Ocean observations of key water column and atmospheric parameters

Long-term surveys by organizations on fundamental physical and chemical parameters
are critical to our understanding of abiotic ecosystem components. Constituents (such as
temperature, winds, waves, pH, salinity, dissolved oxygen, and nitrogen) influence
physical, chemical, and biotic processes (such as primary and secondary productivity).
Long-term records are critical for determining trends and understanding and predicting
effects of natural and anthropogenic variables including climate change. These datasets
are necessary for building and validating models (i.e., ocean circulation), and long-term
records are critical for determining trends and understanding and predicting effects of
climate change. The few existing efforts that routinely collect such data should be
supported and augmented as needed, including the ocean observation system. These
buoys provide a range of information essential for navigation, safety, and oceanographic
modeling and forecasting. Other high priority baseline datasets that need to be continued
and augmented include seafloor and water column temperature and salinity
measurements, which can be used to track decadal, annual, and seasonal trends in
salinity, temperature, and water column stratification. Improved measurements of waves
and chlorophyll are also important to provide baseline information to working models.
Concerted effort should be made to increase the spatial resolution of pH information
through the addition of pH sensors to research buoys or other instrumentation
deployments.
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Action 1.4 Hydrodynamics, wave height, river discharge, sea-surface elevation, and
tidal observations

Long-term river discharge (as influenced by precipitation) has been predicted to increase
in the northeast and can potentially affect large transport mechanisms between the land
and the ocean, salinity structure, and currents. Sea elevation is increasing and climate
change models suggest that it will continue to increase. Sea elevation has profound
implications for storm surges, inundation, and coastal damage. Existing monitoring is
being conducted by USGS via stream gauges and NOAA via tide/sea-level gauges.
However, mean sea surface elevation is currently not monitored away from shore, and
this may be important to do. Additionally, near shore ground water discharges need to
be better understood for their role in transporting nutrients and contaminants and
changes to pH and salinity.

Using baseline physical data, the spatial extent of light attenuation wave base, and near-
bed stress measurements can be modeled. These are important variables in mapping
ecological function and predicting disturbance.

Action 1.5 Habitat classification

All of the above components have additional power when combined in a cohesive
habitat mapping and classification framework. Benthic habitat mapping and
classification, which includes identifying the spatial extent of the ocean planning area’s
existing habitats and—to the extent feasible, their usage by flora and fauna—is a
fundamental requirement for effective ocean planning. Work underway to apply,
evaluate, and verify different benthic habitat classification systems in the context of
ocean planning goals needs to continue and accelerate. Efforts should also be expanded
to incorporate water column parameters in the future. It is essential to develop as much
information as possible about habitat usage and interactions between biotic and abiotic
components. When integrated with resource assessment data, more comprehensive
habitat classifications and ecological use maps can be developed for the ocean planning
area.

2 - Human-Uses/Activities Characterization and Mapping

As with our understanding of ecosystem components, the understanding of human uses and
interactions is of critical importance to an integrated management framework. While we have
robust, long-term, spatially explicit information on certain uses, such as commercial fishing,
there are others, such as recreation uses (e.g., fishing, boating, and diving) that lack this level
of data statewide. Additionally, for some of the newer uses/activities (e.g., renewable energy
arrays), their effects on ecosystem components and functions are not well known. Actions in
this theme will support and advance such EBM components as the understanding of
interactions among/between uses/activities and ecosystem components, the quantification
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of ecosystem values and services, measuring and tracking indicators, reporting on status and
trends, and feeding cumulative impact, trade-off, and scenario assessments.

Action 2.1 Survey important areas for recreational and tourism uses

Very little data is available on the locations and trends of recreational and popular tourist
activities like fishing, boating, diving, and whale watching in and beyond the planning
area. Identification of these areas will help in the effort to minimize incompatibility
between other ocean uses/activities.

Action 2.2 Analyzing commercial fishing by gear type and seasonal patterns

Information on commercial fishing activities in the planning area is available through
DMF and other sources. Currently, the data have been analyzed to convey information
on the relative importance of Statistical Reporting Areas by effort and landing value. The
method of fishing (in terms of gear type) and seasonal patterns are important factors in a
management framework which seeks to minimize incompatible uses and maximize the
sustainability of the ecosystem services. Further analysis of these datasets would provide
more information and detail. Additionally, running similar analysis on effort and value by
gear type in federal waters on data generated and managed by the National Marine
Fisheries Service will be important.

Action 2.3 Import shellfish aquaculture sites into MORIS

Shellfish aquaculture sites need to be made available within a GIS spatial database and
brought into MORIS (the Massachusetts Ocean Resource Information System, available
at www.mass.gov/czm/mapping/index.htm.). This will make these data more useful in
site compatibility analyses and use conflict analysis.

Action 2.4 Update the Bureau of Underwater Archeological Resources (BUAR)
database

The BUAR database contains information on important archeological sites, such as ship
wrecks and Native American sites. The database is currently missing data from NOAA’s
Automated Wreck and Obstruction Information System (AWOIS) and private-sector
shipwreck data. The data also need to be entered into the database in one consistent
format. These refinements are required in order to develop a geo-referenced
archeological resource map that will have more utility and applicability in compatibility
analyses and use/activity siting.
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Action 2.5 Develop a methodology for assessing the level of viewing services
provided by ocean waters to users of public recreational lands

There are concerns about the effects on the appearance of the ocean from adjacent
shorelines associated with the siting of certain uses/activities in the ocean planning area
and ocean sanctuaries. Developing and implementing a methodology of measuring visual
services from areas of greatest public shoreline access would be a useful tool. Because
the visual effects of certain uses are highly subjective, there are still challenges associated
in the quantification of this human use/ecosystem service.

3 - Ecosystem Models and Decision-Support Tools

The utility of data and information generated through the actions in the two previous themes
can be greatly enhanced through the development and application of models and other
decision-support tools. Because ecosystems and their structures, functions, processes, and
interactions with humans are complex, there is an assumption that to be useful, models must
capture these ecosystem complexities. The effectiveness of models depends on their
application; accuracy in predicting outcomes, conditions, and states; and resource demands.
Over the past decade, there have been notable advances in the development of regional
models for coastal oceanic and ocean/atmospheric processes (Signell et al. 2000, Chen et al.
2005, Jiang et al. 2008). There has also been significant progress in the development of
decision support tools like scenario analyses, cumulative impact evaluation, and ecological
risk assessments (Ball et al. 2000, Bricker et al. 2006, Halpern et al. 2008).

Action 3.1 Revisit, refine, and advance an Ecological Valuation Index

One of the principles of the Oceans Act is the identification and protection of special,
sensitive, or unique estuarine and marine life and habitats. A preliminary methodology
was developed for the application of an Ecological Valuation Index (EVI), which was
designed to examine ecological value as a biological concept (not an economic concept).
This methodology was influence by the framework proposed by Derous et al. (2007a, b),
who established biological valuation maps for the Belgian part of the North Sea. Within
the tight timelines prescribed by the Oceans Act, the EVI methodology development
was advanced—but there is still more work to do to improve this tool to a point where it
can be applied with confidence. The refinement of the method and its underlying data
are a principal priority. For more information on the draft methodology, see the EVI
section in Volume 2 of the draft Massachusetts Ocean Management Plan.

A first step in the continued development of the EVI is to revisit the framework
approach, measures, and criteria with the SAC and other peer experts. Another critical
step is to examine data that went into the EVI and augment or refine as necessary. New
data generated from the actions above—especially those in Theme 1—will improve the
scope and applicability of the EVI method. Additionally, current datasets supporting the
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EVI should be re-evaluated to improve spatial resolution (e.g., utilizing DMF’s resource
trawl data by specific tow [unit of effort] rather than by strata).

Action 3.2 Coupled hydrodynamic models

The development of water circulation models allow for the forecasting of certain key
variables at various locations, depths, and times. In ocean planning, hydrodynamic
models are helpful in predicting and examining the effects of cer