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Abstract

The primary goal of the paper is to review techniques for measuring ecosystem response and
determining if a no-take reserve can meet natural resource conservation or fisheries
management goals. Recently, the increasing role of MPAs in the management of coastal
resources, has prompted increased consideration of MPAs in the northeast US. The paper also
considers methods associated with reserve design, and monitoring. This paper recommends
that traditional sampling and monitoring methods be integrated with more recently developed
methodology, and reviews successful and unsuccessful marine reserve applications of
techniques such as Geographical Information Systems (GIS), Indexes of Biotic Integrity (I1BI),
and indicator species assessments, as well as commenting on the use of simple and spatially
explicit models in a reserve context.
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1. Introduction and Background

The concept of using reserves, areas set aside where usage and extraction of natural resources
IS restricted, as a management tool in terrestrial systems has been in place for over a century.
However, the application of this management strategy to marine habitats has only come into
widespread use over the last few decades, as a means to protect marine natural and cultural
resources, and as a fisheries management tool (Bohnsack, 2006; Roberts et al, 2001).
Marine reserves, also referred to as Marine Protected Areas (MPASs), have been shown to
increase size, total biomass, fecundity, and recruitment in fish (Palumbi, 2002; Halpern and
Warner, 2002; Fujita 2003). Reserves have also been linked to preservation and restoration of
depleted fisheries through spillover effects and larval dispersal (Roberts et al., 2001; Ami et
al., 2005; Palumbi, 2002). Some evidence suggests that reserves may help provide resistance
against invasive species, conserve critical habitats, increasediversity, and improve ecosystem
status (Stachowitz et al., 1999; Palumbi, 2002; Giangrande et al., 2005; Graham et al., 2011).

However, the ability of reserves to cope with external anthropogenic sources of impact has
been called into question (Jameson et al., 2002; Shipp, 2002), which could limit their ability
as a conservation tool. Furthermore, reserves do not always accomplish their conservation
goals (Halpern and Warner, 2002; Cote et al., 2001), and are often criticized as an ineffective
tool from a fisheries perspective (Hanneson, 1998; Roberts and Sargant, 2002; Shipp, 2002).
In addition, the effect of reserves on ecosystem based management efforts has been debated,
as trophic cascades in reserves have been linked to unexpected effects at lower trophic levels
(Jennings and Polunin, 1997; Pinnegar et al., 2000; Ashworth and Ormond, 2005).
Therefore, it is critically important to develop and implement experimental programs to
predict and monitor the effectiveness of a proposed reserve to determine if a reserve is the
most effective management strategy for a given situation.

The role of MPAs in protecting marine resources in the United States was enhanced in 2000,
with passage of Presidential Executive Order 13158. This document was designed to
“strengthen the management, protection, and conservation of existing marine protected areas
and develop a scientifically based, comprehensive national system of MPAs” (Federal
Register, 2000). Executive order 13158 presents a broad definition for marine reserves, and
frequently in the literature, terminology such as marine reserve, MPA, and Marine Park are
used interchangeably to refer to any marine area with restrictions on activity. However, there
are many different specific types of marine reserves or MPAs (Table 1). This paper deals
primarily with reserves where extraction of marine resources is prohibited year round. For
consistency purposes, when this level of protection is specified, the terminology “no-take
reserve” will be used. Year round permanent no-take reserves have been used extensively in
tropical settings around the world, not only as a primary natural resource conservation tool to
protect coral reef ecosystems, but also as a tool for sustainable fisheries yield(e.g. Graham et
al., 2011; Almany et al., 2007). Recently, there has been a dramatic increase in the number of
permanent year round closures in temperate environments, such as Europe and the west coast
of North America; however, there are no major reserves that meet these criteria in the
northeast coastal United States (although many small scale reserves and reserves with partial
protection; such as the National Estuarine Research Reserves do exist). Therefore, this
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document draws heavily on research conducted on reserves in similar temperate regions,
while also considering applicable techniques from tropical marine reserves.
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Table 1. National MPA center classification system for marine reservesa

{a) Primary Conservation Foeus (3) (b} Level of Protection Afforded (6)
I3 Mafural Heritage T No Access
& Cultoral Hetdtese & No Impact
L Bustainable Production £ Ne Talke

O Zoned With No Take Area(s)
i Zoned Muttiple Usza

£ Uniform dultiple Use
(¢) Permanence of Protection (3) (d) Constancy of Protection (2)
0 Permanent O Yearonod
I Ceonditional ‘O'Seasomnal
I Temporary O Rotating
() Ecological Scale of Protection (2) (f) Restrictions on Extraction (7)
O Ecosystem ‘0 NeResiriclions:
O Foeal Resonece 1 Managed Extraction

O Commercial Fishing Only

‘0 Recreational Fishing Only

0 Catch-and-Release Only

T Sulbsistence Fishing Only

O Scientific / Educational Extractjon Only

Table 1 adapted from www.mpa.org, MPA Center two-tiered classification system for Marine
Protected Areas. First tier categories are highlighted. Under the MPA Center system, this document
primarily concerns itself with the effects of permanent year-round no-take natural heritage reserves.

The purpose of this paper is to review scientific methods of determining whether a no-take
reserve is the most effective tool to accomplish management goals in the northeastern US. To
do this effectively, techniques must quantify the ecological response to the establishment of
no-take reserves, and should help coastal managers design a program of study for
conservation, fisheries, and natural heritage goals. To that end, the paper considers scientific
methods in key areas where science plays a role in reserve management. The primary focus
of this paper is on methods of detecting ecosystem response to reserve implementation. The
secondary objectives of this report include discussion of the scientific methods associated
with reserve design, monitoring, and quantifying fisheries (finfish and shellfish) response.
The findings presented in this paper can be applied broadly, but are focused on the Northeast
US. Within the coastal Northeast, research is warranted to demonstrate if a reserve or network
of reserves would be an effective tool to accomplish an area’s conservation, restoration,
and/or fisheries goals.

2. Site Selection

Location can play a critical role in reserve effectiveness. However, while science plays a role
in determining the best location for the establishment of reserves, it is important to recognize
the role of socioeconomic processes in determining a reserve site. Stakeholder involvement
processes associated with reserve generation are extensive and often contentious. As an early
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reviewer of this manuscript noted; “managing an MPA is not about managing the
environment, it is about managing human behavior towards and within the environment”.
This paper acknowledges the fundamental importance of stakeholder involvement in the
overall process, but focuses on scientific processes for identifying ideal reserve size and
location.

2.1 Habitat Conservation

MPA literature refers frequently to the protection of “critical habitat.” A functional working
definition of critical habitat is “any habitat essential to the conservation of target species (e.g.
spawning or nursery grounds), or habitat requiring preservation or restoration for natural
heritage purposes (e.g. seagrass meadows).” Thus, the definition of critical habitat depends
heavily on the goals of the reserve. Identifying areas where critical habitat is present can
often be done using pre-existing data, both scientific and anecdotal (interviews, logbooks,
etc.), but may require shipboard or aerial surveys. Once habitat data are collected, reserve
design task forces are relying increasingly on GIS based tools to combine many layers of data
from scientific, fisheries, and anecdotal sources. OceanMap is one such tool which integrates
ecological and socioeconomic data obtained by interviewing knowledgeable locals (e.g.
fishermen) with scientific and fisheries data to generate a GIS database that can be used to
identify priority areas for conservation (Scholtz et al., 2004; Fujita, 2003). GIS based tools
can also be used to aid in the evaluation of MPA efficacy (Friedlander et al., 2007;Chape et
al., 2005; see sections 3&4 below).

In some cases (e.g. eelgrass meadows), it is relatively straightforward to identify present
coverage, but somewhat more complex to identify areas that would be suitable sites for
restoration. Modern techniques such as sediment profile imaging (SPI) (Bradley & Stolt,
2006) and high resolution sidescan sonar (Degraer et al., 2008) can be coupled with
traditional methods like light and nutrient measurements to accurately categorize temperature
regimes, bottom types, sediment parameters and locations most suitable for restoration efforts
and identify biological hotspots (Dennison et al. 1993; Bradley & Stolt, 2006).

2.2 Sizing and Placement

Data from around the world show that positive benefits can be seen from no-take reserves as
small as 1km? (Halpern, 2003; Halpern, 2002), but most estimations of the minimum
necessary reserve size range from about 10% of the overall habitat area to 40-50% of the total
area, as either a single reserve, or a network of smaller reserves (Sala et al., 2002; Hastings &
Botford, 1999; Halpern, 2003; NRC, 2001). Single large reserves are easier to enforce, and
are better for large or mobile species, but networks of smaller reserves may have better
results for habitat conservation, larval dispersal, and protection of sessile species
(Polackcheck, 1990; Halpern and Warner, 2003; Planes et al., 2008). The high amount of
variation in these estimates is due in part to the wide range of models used, but in addition to
the range of locations and goals. Many of the higher estimates come from temperate areas,
such as California’s Channel Islands, and from reserves that are designed to protect large or
highly mobile species (Sala et al. 2002; Halpern & Warner, 2003; Cowie-Haskell & Delaney,
2003). Literature also suggests that a network of smaller reserves of approximately 50-75km?
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(20-30% of overall area) might be appropriate (Halpern and Warner, 2003; Sala et al., 2002).

Modeling provides a low cost synthetic approach to solving problems in ecology, and a wide
range of models are used in the reserve siting process. One example by Sala et al. (2002) uses
optimization algorithms and a canonical correspondence analysis (CCA) to identify the best
sites. The model was built for the Gulf of California, and uses three conservation goals: the
protection of a certain amount of every habitat type; protection of a higher percentage of rare
or critical habitats; and sufficient continuity of reserve parcels to permit larval dispersal. The
overall goal of protecting diversity is enhanced by the CCA, which identifies environmental
parameters associated with species richness, and weights the optimization algorithms toward
protection of areas with highest diversity. This model could be adapted for use in estuaries
and coastal areas of the northeast (Table 2). Sala et al. (2002) stress the use of socioeconomic
as well as ecological factors, and their model also considers factors such as spatial fishing
effort, and avoids heavily fished areas whenever possible. The authors also emphasize that
the model can generate a number of “solutions” based on varied weighting of socioeconomic
and environmental parameters.

Table 2. List of goals and data requirements to parameterize a marine reserve design model

Goals (identify target levels) Parameters
Target % of Each Habitat Overall Species Diversity and Abundance Patterns
Target % of Critical Habitats Target Species Diversity and Abundance Patterns
Target % of Rare Habitats Bathymetry
Target % of Larval and Spawning Areas Habitat Characterization

Connectivity Requirements for Larval | Location of Larval/Nursery Grounds (target species
Dispersal only?)

Fishing Pressure by Area

Other Socioeconomic Conflict Areas

(manufacturing, etc)
Table 2 adapted from: Sala et al. 2002.

In contrast to multifaceted models like Sala et al. (2002), relatively simple traditional
numerical models can predict single species response to the establishment of no-take reserves.
Hastings and Botford (1999) use an equilibrium yield approach to analyzing no-take reserves
against conventional fisheries restrictions; measuring the sustainable yield produced by a
no-take reserve scenario against yield produced with a simple restriction on fishing effort.
The authors conclude that for relatively sedentary species (e.g. invertebrates and reef fish),
reserves can produce equivalent yield to traditional fisheries restrictions with significantly
improved sustainability within the range of biological conditions used for the model. Indeed,
after the closure of the scallop fishery on Georges Bank (off the coast of Massachusetts)
became permanent in 1994, populations of scallops in the closed areas increased by more
than an order of magnitude in the ensuing 5 years (Murawski et al., 2000). In northeaster
coastal estuaries this model could be fit to Mercenaria mercenaria or other
commercially-important shellfish species to determine the effectiveness of a proposed reserve.
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For reserves aiming to protect finfish, many models are available, however one of the
simplest (and therefore broadly applicable) by Polacheck (1990) could be used in lieu of
Hastings & Botford (which assumes that all adults are sedentary) to provide an estimate of
reserve size necessary to attain conservation and fisheries goals. Polacheck’s model has been
used in recent MPA related fisheries studies (e.g. Hilborn et al. 2004).

2.3 Physical Oceanography

It is also important to discuss the collection of physical oceanographic parameters in the
context of reserve establishment. Circulation patterns are critical to larval dispersion, but
complexity concerns often remove tide, current, and flow patterns from models. While all
three authors cited above mention the importance of circulation, neither Polacheck (1990),
Hastings & Botford (1999), or Sala et al. (2002) incorporate flow into their models.
Adequate techniques for the estimation of larval dispersal are becoming more widespread and
available, and their application to MPA connectivity (e.g. Planes et al., 2008) should become
standard practice in the citing process.

Failure to consider circulation and bathymetry, especially in a reserve designed to protect
invertebrates (such as M. mercenaria) can cause failure of the reserve. Bene & Tewfik (2003)
examined the failure of a Turks & Caicos no-take reserve to export biomass of Queen conch
(Strombus gigas), and found that reserve placement was such that current patterns either
retained larvae within the reserve or transported them to unsuitable settling grounds.
Further, bathymetric features prevented migration of post-settlement S. gigas out of the
reserve, resulting in severe density dependence within the reserve, and little to no increase in
biomass outside the reserve.

3. Ecosystem Response

Once reserve goals are established, determining a list of parameters to monitor, and assessing
change in these parameters, either compared to pre-establishment conditions, or compared to
unprotected reference sites, is relatively straightforward. However, sufficient background and
control data must be available to show that changes are the direct result of the reserve. Often
the lack of replication necessitates the Before-After/Control-Impact or BACI experimental
design in which a control and an experimental site are monitored both before and after a
manipulation (such as removal of fishing pressure) to isolate the reserve effect (Osenberg et
al, 2002).

3.1 Single Metric Analyses

The simplest way to examine the ecosystem-level effectiveness of no-take reserves is to
identify a series of environmental parameters which are of concern in a given system and
monitor for change Good baseline data permit both spatial and temporal changes to be
detected. Many environmental monitoring variables have been suggested by the literature,
including dissolved oxygen, chlorophyll, nutrients, turbidity, sediment chemistry, sediment
contaminants, species richness and species diversity, among others (NRC, 2001; Jordan and
Vaas, 2000; Meng et al., 2002). In addition, other variables may be selected based on the
specific goals of the reserve. For instance, in the northeast the density of Zostera and/or
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Mercenaria or a target fish species could be suitable indicators of reserve success. The
assertion that changes such as reduced hypoxia, higher diversity, and increased population
levels of target species represent an “improvement” presumes one set of habitats, species, or
conditions to be more “valuable” than another, and this assumption has been criticized as
anthropocentric and as a value judgment (Noss, 2000; Link, 2002). However, the concept of
restoring ecosystems must be centered on a set of human determined baseline conditions
(Rudd, 2000). Preventing damage to ecosystems is preferable to relying on rehabilitation, but
sometimes there is not a choice, so managers must use available tools to preserve ecosystems
for future generations.

In addition to traditional sampling variables, quantitative analysis of benthic polychaete
assemblages has been used extensively as a proxy for environmental change. Polychaetes are
small size and sessile, and thus relatively easy to sample quantitatively (Elmgren, 1973).
Polychaetes have been used as indicators of environmental conditions (Ellis, 2002; Calabretta
and Oviatt, 2008), marine biodiversity (Olsgard et al., 2003), and anthropogenic impact
(Giangrande et al., 2005; Pocklington and Wells, 1992), both outside and inside MPAs
(Pinnegar et al., 2000; Giangrande et al., 2005). This group of annelid worms is used as an
indicator of anthropogenic impact because it’s members range from very sensitive to
extremely tolerant, and can be found across a range of habitats from pristine to heavily
disturbed (Pocklington and Wells, 1992; Calabretta and Oviatt, 2008) In addition to
monitoring entire polychaete communities, it is also possible to use presence and abundance
of one or a few polychaete indicator species as a proxy for ecosystem condition. In some
northeastern US estuaries a sample indicator species could be Capitella capitata, a common
threadworm found throughout soft bottom environments. C. capitata is an opportunistic
species, and its abundance has been frequently correlated to high levels of anthropogenic
impact such as bottom disturbance, eutrophication, etc. (Zajac and Whitlatch, 1982;
Giangrande, 2005). In hard bottom environments, a number of species of syllid polychaetes
have been shown to demonstrate similar properties (Giangrande et al., 2005).

3.2 Multi-metric Analyses

The concept of using a statistically weighted multi-metric index to reduce a large complex
dataset into a single variable which represents ecosystem condition is clearly attractive. These
multivariate indices are frequently referred to as Indices of Biotic Integrity (IBIs) although
other similar acronyms are also used. If effective, an IBI allows for rapid quantitative analysis
of ecosystem condition or restoration. An IBI is constructed by starting with a large list of
measured parameters including many of the same variables discussed in section 3a.
Parameter values are compared across a known gradient of anthropogenic impact using
multiple regression to identify which parameters are positively (or negatively) correlated to
habitats identified as pristine. The index is composed from the subset of the initial parameters
which vary with impact, and weighted according to impact strength. The IBI can then detect
spatial or temporal changes resulting from the no-take reserve. In an ideal situation, the IBI
would increase not only inside the reserve, but also in adjacent areas, due to spillover and
larval dispersal.
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IBIs have been used with considerable success in the tropics (e.g. Rodgers et al. 2010; Abessa
et al., 2008), but have met with mixed results in temperate applications (Jordan and Vaas,
2002; Meng et al. 2002; Hughes et al, 2002). An IBI constructed for Narragansett Bay
achieved moderate success, but was prone to occasionally diagnosing highly impacted sites
as pristine (Meng et al., 2002). A comparison of the IBI approach to a more traditional
multivariate ordination procedure in Chesapeake Bay found the traditional scheme to be more
effective (Jordan and Vaas, 2002). In contrast, the Index of Estuarine Biotic Integrity (EBI)
designed at the Ecosystems Center in Woods Hole MA., shows some level of effectiveness
within New England and the Mid-Atlantic ecosystems (Hughes et al, 2002). Benthic
multivariate indicators have also been used extensively in European waters, though a recent
review (Van Hoey et al., 2010) still sites a gap in data availability and knowledge in terms of
the use of multivariate indicators (a model is only as good as the data which parameterize it).
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One major shortfall of an IBI is that it either assigns a positive or negative correlation to a
variable, or excludes the variable entirely from the analysis. In this way, the use of an IBI has
been compared to a measure of “ecosystem health” which has been criticized as both an
oversimplification and anthropomorphism. Critics argue that insufficient research has been
conducted to determine what parameters indicate a “healthy” ecosystem, and that unlike
humans, who all have similar biological and chemical needs, a single metric cannot be
applied across the wide range of habitats and species in an ecosystem (Link, 2002;
Hearnshaw et al., 2002, Calicott, 1995). Thus, while IBIs show some promise as a useful tool,
they must be used with caution.

3.3 Interspecific Interactions and Habitat Change

The study of ecosystem level interactions associated with no-take reserves is very
complicated. In some cases, manipulations can help stabilize or restore an ecosystem to a
desirable state. In other cases, human induced changes may not achieve desired goals and can
have unexpected or undesirable side effects. The peer reviewed literature is ripe with
examples of the latter, but a particularly written review paper by Carlos Duarte and
colleagues (Duarte et al. 2009) provides a good starting point using the example of estuarine
eutrophication and reversal to discuss the impact of “shifting baselines’. Three key examples
of ‘shifting baselines’ which are particularly applicable to the discussion of no-take marine
reserves are trophic cascades, keystone interactions, and habitat change, all of which can
potentially have both positive and negative impacts.

Interspecific interactions such as prey abundance, predation, and competition can often limit
the ability of single species metrics to predict the response of a population to a change.
Specific types of interactions often seen in no-take reserves are trophic cascades and keystone
interactions. Trophic cascades can be defined as; “top-down controls resulting in conspicuous
indirect effects two or three links distant from the primary response” (Frank et al., 2005). Top
down controls are frequently observed in marine reserves since many reserves are established
to protect large commercially viable fish species (e.g. Worm et al., 2009; Graham et al. 2011).
These large fish are generally piscivorous, so a dramatic increase in their abundance can
reduce abundance of their prey species, and this effect can “cascade” down the food chain

8 www.macrothink.org/jee



ISSN 2157-6092

\ Macrothi“k Journal of Environment and Ecology
A Institute ™ 2011, Vol. 2, No. 1: E2

(Ashworth & Ormond, 2005; Pinnegar et al., 2000; Okey et al. 2004). While an increase of
commercially viable fish is generally viewed as a positive response, it is important to
carefully monitor at multiple trophic levels for unpredicted indirect effects which may affect
the ability of the no-take reserve to accomplish its goals. The importance of these top down
effects has been highlighted in several recent high profile papers suggesting the importance of
no-take reserves as one part of a multifaceted approach to fisheries management (e.g. Worm
et al., 2009; Beddington et al., 2007)

Similarly, keystone interactions occur when a change in the population of a particularly
important “keystone” species causes disproportionate changes in all levels of the food web,
either by direct or indirect effects. This change can sometimes cause a feedback loop which
can cause reserves to function outside the range of expected results. McClanahan (2000)
documented such an effect in no-take reserves in Kenya. Overfishing on these reefs had
decimated populations of a large keystone predator, the triggerfish Balistapus undulatus
which facilitated an explosion in the sea urchin population due to a release from predation.
Full recovery of these reefs in the absence of fishing took much longer than expected because
species diversity could not begin to recover until a sufficient B. undulatus population had
built up to reduce urchin abundance.

Although comprehensive monitoring efforts, particularly monitoring of non-target fish and
invertebrate species is perhaps the only way to detect the formation of an unexpected
interspecific interactions, in many cases sufficient background data exists to predict the
possibility of such an event. In such a case, it would be helpful to be able to generate a
multispecies model to predict results of reserve establishment across trophic levels.

An excellent example of such a model is Ecopath (Christensen and Pauly, 1992). Ecopath is a
mass continuity model that uses the constraints of mass balance to construct equations
modeling flows of energy through a food web. Ecopath can be used to explore the long term
ecological effects of fisheries, anthropogenic impacts, and even physical forces on various
aspects of the biota (Christensen and Pauly, 1992; Okey et al., 2004; Ecopath, 2001).
Recently, Ecopath has been expanded with the addition of two components. Ecosim and
Ecospace, which allow the Ecopath parameters to vary with time and space respectively, and
facilitate more detailed modeling (Ecopath, 2001). Ecospace is particularly powerful in an
MPA context because it allows parameters to vary across different “habitats” in a spatial grid.
This is ideal for modeling the boundaries of a synthetic no-take reserve (by changing fishing
rate to zero for a specific group of cells), as well as to model the effects of different habitats
(e.g., different proportions of critical habitat) on reserve effectiveness (Okey et al., 2004;
Pitcher et al. 2002).

Habitat loss is one of the most dangerous threats to the success of reserves. Without proper
habitat, species recovery can be difficult or impossible. While some research does suggest
that reserves posess some capacity to help prevent habitat loss and restore damaged habitat
(Graham et al. 2011; Sala et al., 2002; Palumbi, 2003), reserves cannot always protect against
large-scale disturbances such as anthropogenic eutrophication and climate change. Jameson et
al. (2002) argue that in many cases, trying to use a no-take reserve to meet management and
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conservation goals in the face of numerous atmospheric, terrestrial, and oceanic stressors is
akin to building a submarine with screen doors. Jameson et al. point out that even with full
protection, two thirds of reserves do not accomplish their habitat restoration and conservation
goals, and that this trend is particularly evident in areas subject to high levels of stress
through the three “screen doors” (i.e., atmospheric, terrestrial, and oceanic pollution).
Jameson et al. (2002) suggest that reserve siting and monitoring must consider sources of
external stressors to the system when determining reserve goals and deciding whether a
no-take reserve will be an effective tool to meet conservation goals in an area. For example,
in Narragansett Bay, Rhode Island, many areas of the upper bay which are subject to high
anthropogenic nutrient loading from sewage and intensive watershed land usage are closed to
fishing during all or part of the year (e.g. Hayes, 1992; RIDEM 2005). Whether a permanent
closure of these areas would enhance fisheries management (by means of spillover or larval
export) and/or meet other potential reserve goals such as improving recreational boating,
swimming and tourism, is largely dependent on external factors; most notably the ability of
management activity in the area (e.g. RIDEM, 2005; Deacutis, 2008) and the impact of
climate change on the estuary (e.g. Melrose et al., 2009; Smith et al., 2010).

4. Monitoring

Throughout this paper, monitoring has been repeatedly referenced as a critical aspect of MPA
study. Monitoring is essential to determining effectiveness, providing updates to stakeholders,
and improving design through adaptive management. A well designed monitoring program
should provide strong baseline data as well as regular data collection inside and outside the
reserve. Long term monitoring of no-take reserves will further our understanding of reserve
design, and the ecological and economic costs and benefits of reserves, provide better
knowledge of the complex systems at work in the reserve and how anthropogenic activity
affects them, and help to identify methods of developing effective tools to achieve specific
marine conservation and management goals. (Pomeroy et al., 2005; NRC, 2001). This section
addresses the science of monitoring reserves and provides guidelines for monitoring methods.

4.1 General Monitoring Goals

Just as reserves have specific goals, reserve monitoring programs must be goal oriented.
Monitoring goals should be specific to the area and tied to the major stresses to the ecosystem
and the reserve’s goals. Monitoring efforts should focus on spatial and temporal shifts in four
main categories: community composition; habitat maintenance and recovery; environmental
degradation; and socioeconomic impacts (NRC, 2001). Monitoring sites must be comparable,
representative, and well replicated (NRC, 2001; Polunin and Roberts, 1993). The monitoring
program should be designed to answer the following questions: Does the reserve meet its
goals? Are there any unanticipated consequences? Is reserve size and location optimal?

In order to eliminate as much variability as possible, it is important to use standardized
sampling techniques, and cross-train sampling crews on sampling protocol, taxonomy, etc.
(Pomeroy et al., 2005; Giangrande et al., 2005). This is particularly important when cross
comparing monitoring data collected by different agencies. Taxonomy should be
supplemented with molecular and genetic tools where available (Thorold et al., 2001; NRC,
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2001). As a ‘rule of thumb’, sampling resolution should be detailed enough to detect a change
of 10-25% as statistically significant in order to distinguish reserve effects from masking
factors such as long and short-term environmental changes and yearly recruitment variability
(NRC, 2001; McClanahan, 1995; Halpern, 2003).

4.2 Comprehensive Monitoring

Pomeroy et al. (2005) present an extensive and comprehensive methodology for evaluating
the effectiveness of MPAs, including steps for planning, monitoring, and evaluating a
reserve’s ability to meet ecosystem-level, fishery, and socioeconomic goals. Table 3 adapted
from Pomeroy et al. (2005), represents a good model to follow for the northeast coastal zone.

Table 3. Lists of common reserve goals and experimental indicatorsa

Reserve Goalsb Indicators
1. Marine resources sustained or protected Focal species abundance (1,3,6,7,8)
2. Biological diversity protected Focal species population structure (1,3,6,8)
3. Individual species protected Habitat distribution and complexity (1,2,4,5,7)
4. Habitat protected Composition and structure of the community (1,2,4,7)
5. Degraded areas restored Recruitment success within the community (1,3,6,8)
6. Monetary benefits to society enhanced or Food web integrity (1,2,4)
maintained Type, level, and return on fishing effort (1,6,8)

7. Non-monetary benefits to society enhanced or | Water quality (1,4,7)
maintained Area showing signs of recovery (1,2,4,5,6,7,)

8. Restore/protect recreational and commercial Area under no or reduced human impact (1,4,5,7)
fisheries

Local marine resource use patterns (4,5,6,7,8)

while minimizing impact on fisheries yield and

Changes in conditions of ancestral and historical sites,
CPUE.

features, and/or monuments (6,7)

Table 3 adapted from Pomeroy et al. 2005. Left column lists common biological, physical, and social
reserve goals applicable to NER. Right column lists useful experimental indicators in deciding if
reserve goals have been met. Parenthesized numbers indicate reserve goals which can be monitored
using the given indicator.

Many candidate areas for no-take reserves already have extensive monitoring plans in place,
and often, it is desirable to make use of this existing effort, rather than devoting additional
resources to collecting data that is already available. However, it is important to ensure
compatibility between monitoring efforts. Monitoring goals may vary widely between
agencies, so it is important to make sure that all of the monitoring goals of the specific
reserve in question are being met by the monitoring plan. This is particularly important when
combining data from multiple agencies, or adding supplemental stations to an existing dataset
to improve spatial coverage. Subtle differences in sampling method can easily confound
results, especially when trends are small. In order to assist with the standardization of
sampling efforts, the North American MPA Network (NAMPAN) (www.cec.org/nampan) is
currently working towards a co-operative monitoring program, which will standardize
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procedures across reserves.
5. Fisheries

The ability of no-take reserves to benefit fisheries is a widely discussed and debated aspect of
the literature on MPAs. Reserve establishment procedures contain a great deal of
socioeconomic consideration and stakeholder review processes. Removal of viable fishing
grounds is often a very contentious proposal (e.g. Kalikosi and Vasconcellos, 2008), but if it
could be demonstrated that a proposed MPA would accomplish its natural and cultural
conservation goals and possibly benefit, or at least minimally impact fisheries, resistance to
MPA establishment from fishers and fishing organizations, may be lessened (Ami et al, 2005;
Delaney, 2003).

Opponents of MPAs argue that traditional fisheries management methods (e.g. catch limits,
gear restrictions, etc.) are almost always more effective than closures (Roberts and Sargant,
2002; Shipp, 2002; Hanneson, 1998), and that spillover is negligible in most cases (Zeller and
Russ, 1998; Shipp, 2002). Proponents argue that reserves produce bigger and more frequent
trophy fish (Roberts et al., 2001), sacrifice little or no yield in exchange for increased
sustainability (Polacheck, 1990), and can even increase yield for relatively sessile species in
exploited fisheries (Hastings & Botford, 1999; Okey et al, 2004; Russ & Alcala, 1996). This
argument is exacerbated by the complexity of interspecific interactions associated with
marine fisheries and notorious difficulty associated in collecting large amounts of data on
mobile finfish stocks. Many recent high profile review papers on global fisheries strike a
middle ground, agreeing that no-take reserves are an important part of a holistic management
strategy which includes reserves, catch shares, and traditional management methods (Worm
et al., 2009; FAO, 2009).

The interspecific interactions discussed in section 3 are especially pertinent in a fisheries
context. There is strong evidence that trophic cascades in reserves can affect fisheries
sustainability (Pinnegar et al., 2000; Ashworth and Ormond, 2005; Frank et al., 2005).
Further, evidence suggests that even after fishing pressure has been reduced, some heavily
fished stocks do not recover. There are many hypotheses which explain these depensatory
observations. The “cultivation” hypothesis, or trophic triangle predicts that adults of one
species prey upon a second smaller species, but that adults of the second species, either
consume or compete with juveniles of the first species. Thus, if the adult population of the
first species is fished too heavily, survival of juveniles of that species will actually decrease,
due to increased competition from the second species (Ursin, 1982; Walters and Kitchell,
2001). In addition, some evidence exists suggesting that the removal of top predators can
cause a trophic cascade leading to a community shift, which lessens or removes the niche
formerly occupied by the top predator, making recovery difficult (Frank et al., 2005).

5.1 Recent Advances in Mark-Recapture

Mark-recapture studies in fisheries management are far from new, and have been used
extensively to estimate abundance, migration, and even mortality. The recent ability to
supplement traditional mark-recapture protocols with advanced chemical and genetic
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techniques opens up a wide range of experimental options not previously explored. Soaking
larval fish in a dye bath of alizerine or tetracycline causes the otolith of the larval fish to be
permanently marked with a dye band. Recapture of these larvae post settlement can provide
insight into larval growth rates, and dispersal rates, and can be used to estimate spillover from
a reserve (Jones et al., 1999; Domeier, 2004; Forrester, 2002).

Recent advances in genetic and geochemical tracer signals hold a great deal of promise for
use in temperate environments. It is becoming more and more feasible to identify individual
genetic brood stocks of specific fish, either genetically, through mtDNA markers (Jones et al,
2005; Luzier & Wilson, 2004), or through unique trace chemical markers on the otolith
indicative of the natal region of the fish (Thorrold et al., 2001; Planes et al., 2009; Almany et
al., 2007). Both techniques have shown promise in temperate waters and with migratory fish
species, and have been applied in tropical reserves. As this technique continues to develop, it
is becoming increasingly plausible to identify a unique signal associated with fish born inside
a reserve, and in this way, estimate fish production resulting from spillover or larval dispersal
from a reserve.

6. Conclusions

While no-take marine reserves are not the all-purpose solution for ecological restoration and
conservation; they are a powerful tool, which, when placed properly, monitored effectively,
and enforced successfully, can demonstrate positive results and help regulatory agencies
accomplish both fisheries and natural resource related goals. To do so, however, the process
must be grounded in science and driven by specific conservation or restoration goals, while
also addressing socioeconomic impacts.

No-take reserves can be a single large area, or several smaller areas, representative of the
diversity and species composition of the habitat being conserved, with a particular focus on
the conservation of critical habitat- areas essential to the life cycle of species targeted for
restoration (e.g. eelgrass). Reserves should be sited in a way that maximizes the ecological
benefits, while minimizing socioeconomic liabilities. This can be done through a wide range
of GIS and modeling related applications (Sholtz et al., 2004; Sala et al., 2002).

Studies to determine the ecosystem level effects of a no-take reserve must include detailed
spatial and temporal monitoring efforts both inside and outside the reserve. Ecosystem
response can be evaluated through the use of one or more single metric analyses, where a
single variable (such as abundance of an indicator species) serves as a proxy for ecosystem
response, or through multi-metric analyses, where a suite of variables are combined into a
single index (IBI) which detects changes in ecosystem status. While the latter is a valuable
method of synthesizing a large amount of data, IBI’s should be used with caution as they
have met with mixed success in the northeast US (Meng et al., 2002; Jordan and Vaas, 2002).

The use of no-take reserves as a fisheries tool is heavily debated, and can be extremely
contentious. Models predict that no-take reserves function best at protecting heavily exploited
site associated or sedentary stocks, and that no-take reserves are capable, under the right
conditions, of producing equivalent or slightly higher yields than traditional effort restriction
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methods, which much higher levels of sustainability (Russ and Alcala, 1996; Hastings and
Botford, 1999). Mobile pelagic fish stocks are difficult to effectively protect using no-take
reserves, unless reserves are used to protect habitats critical to the stock, such as breeding or
nursery grounds. Predicting the fisheries impact of a no-take reserve is often complicated by
interspecific interactions, such as trophic cascades, trophic triangles, and keystone
interactions (Ashworth and Ormond, 2005; Pinnegar et al., 2000; Ursin, 1982). Recent
advances in mark-recapture methods including larval marking and otolith chemical tracer
analysis may help scientists shed additional light on the fisheries effects of no-take reserves.
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