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ABSTRACT

The Bering Sea is a productive ecosystem with some of the most important
fisheries in the United States. Constant commercial fishing for groundfish has occurred
since the 1960s. The implementation of areas closed to bottom trawling to protect critical
habitat for fish or crabs resulted in successful management of these fisheries. The
efficacy of these closures on non-target species is unknown.

This study determined if differences in abundance, biomass, diversity and
evenness of dominant fish and invertebrate species occur among areas open and closed to
bottom trawling in the eastern Bering Sea between 1996 and 2000. This study
represented four areas: two within Bristol Bay closed areas and two within comparable
fished areas.

Total abundance and biomass were not significantly different among fished and
closed areas or between pre-closure (1990-1994) and post-closure (1996-2000) years.
Diversity and evenness were greater in fished areas than closed areas. The biomass of
some functional feeding groups (i.e. piscivores, detritivores) of species decreased when
compared among areas and in pre-closure versus post-closure years while others
increased. These results support the need for continued research and monitoring of
eastern Bering Sea closed areas to determine recovery time and the efficacy of closures as

a management tool.
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INTRODUCTION

Fisheries management is based on management of individual species (Beamish
and Mahnken 1999). This single-species management approach is based on population
dynamics and life-history characteristics of individual target species (Davis 1989). In the
past decade fisheries management, as well as other conservation efforts, has moved from
single-species conservation to an ecosystem-based approach (Beamish and Mahnken
1999; Trites et al. 1999; Witherell 1999). Ecosystem-based management is an approach
for managing fisheries that includes all major components of the ecosystem (NRC 1999).
This type of management combines habitat values, a multispecies perspective, and
commitment to the understanding of ecosystem processes (NRC 1999).

Marine protected areas (MPAs), one technique for managing fisheries, are widely
suggested to protect multiple species and complex ecosystems while providing resilience
to overexploitation and reducing the risk of collapse of stocks (Guenette et al. 1998) (see
Appendix 1 for MPA definitions). Evidence indicates that any area closed to fishing can
potentially exhibit many management benefits when clear objectives are formulated.
Adjacent unprotected areas enhance commercial catches via emigration, increase in
abundance, and increase in fish size (Roberts and Polunin 1992; Bohnsack 1993; Dugan
and Davis 1993; Piet and Rijnsdorp 1998). Maintenance of essential fish habitat and
habitat quality, protection of spawning stocks, and increase of recruits may occur by
preservation of fishing stocks (DeMartini 1993). Restoration and increase of fishery
yields may also result (Dugan and Davis 1993). Protected areas may demonstrate an

increase in reproductive output and species diversity when compared to adjacent



unprotected areas (Schmidt 1997; Roberts 1998) as well as an increase in abundance and
biomass of species (Polunin and Roberts 1993). Areas closed to fishing may presumably
enhance a return to a more natural species composition, age structure, spawning potential
and genetic variability of stock (Bohnsack and Ault 1996).

The Bering Sea is known as one of the most important and productive ecosystems
in the world (Pennoyer et al. 1999). It is a shallow continental shelf divided into three
domains, commonly referred to as inner, middle, and outer shelves, by depth, and
corresponding temperature and salinity (Favorite 1974). These three domains (Table 1)
have distinctive hydrographic, circulation, and planktonic community characteristics
(Cooney and Coyle 1982; Schumacher and Stabeno 1998).

The United States portion of this productive system currently has eleven time and
area closures and regulations that function as protected areas (Figure 1). While most of
these closures were implemented to protect juvenile and spawning fishes or crabs, often
all life-history stages were targeted for protection. The current regulations have been
adopted because of a long history of fisheries management in the eastern Bering Sea
(Table 2). These areas fall under the traditional definition of marine protected areas
developed by the World Conservation Union (Kelleher and Kenchington 1992).

Among the various closed areas, specific locations in the Bering Sea offer the
opportunity to test the paradigms of marine protected areas. The necessary criteria for
testing the effectiveness of closed versus open fishing areas are available and include
standardized trawl data, similar environment, e.g. bottom type, depth and shelf habitat

(Table 1), and similar closure time (Table 2).



Two areas were closed in the eastern Bering Sea, in 1995, to protect red king crab
stocks (Paralithodes camtschaticus), a target species, and surrounding critical habitat as a
precautionary approach to managing fisheries and to supplement ongoing traditional
(single-species) management practices and historical closures (NPFMC 1997). Together
the Nearshore Bristol Bay Closure Area (NBBCA) and the Bristol Bay Red King Crab
Savings Area (RKCSA) (Figure 1) comprise more than 23,000 nmi> of marine habitat
(Witherell and Pautzke 1997; Ackley and Witherell 1999). Bottom trawling and scallop
dredging are currently prohibited year-round in both areas, although pot fishing for
Pacific cod (Gadus macrocephalus) and crab and some long-lining for Pacific halibut
(Hippoglossus stenolepis) and Pacific cod do occur (Witherell 1999). These areas have
similar closure histories and protect similar species assemblages by outlawing bottom
trawling (Witherell and Pautzke 1997; Ackley and Witherell 1999).

Portions of the NBBCA and the RKCSA were closed from 1959-1983 to
minimize conflicts with tanglenet and crab pot fisheries (Ackley and Witherell 1999).
The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA),
established in 1976, prohibited fishing in Bristol Bay by vessels of foreign registration
except under special authorization (Witherell and Pautzke 1997). In 1983 all of Bristol
Bay was re-opened to revitalize the domestic trawl fisheries (Ackley and Witherell 1999).
In 1987 area 512 (Figure 1), which is now contained within the NBBCA, was closed to
trawling year-round to protect red king crab mating grounds (Witherell and Pautzke
1997, Ackley and Witherell 1999). Area 508 (Figure 1), comprising nearshore areas

within the NBBCA, was closed in 1995 to protect juvenile crab habitat (Ackley and



Witherell 1999). In 1995 Amendment 37 of the North Pacific Fisheries Management
Council (NPFMC) prohibited all trawling in nearshore Bristol Bay to protect juvenile red
king crab and critical habitat that was vulnerable to trawling (Witherell and Pautzke
1997). The NBBCA was established in 1997 to protect red king crab across all life stages
(Livingston and Witherell 1999).

From 1989 through 1994 area 516 (Figure 1), which consists of half of the
RKCSA along with other waters, was closed annually to trawling between April 14 and
June 16 (Witherell and Pautzke 1997; Ackley and Witherell 1999). In 1994, the red king
crab pot fishery was closed in Bristol Bay due to decreased abundance (Ackley and
Witherell 1999). Closure to fishing was implemented on January 20, 1995, in the RKCSA
as an emergency rule, because the area was recognized as having a high concentration of
adult females, yet also high bycatch (Ackley and Witherell 1999). Amendment 37 of the
NPFMC closed it permanently in June of 1996 (NPFMC 1997).

The NBBCA accounts for 19,000-nmi’ of protected habitat and is located in the
center of red king crab stock distribution (Otto 1981). The protected area ranges from 50
m to 100 m in depth (Favorite 1974) with an average depth of 63 m and contains mud and
sand bottom sediments (Smith and McConnaughey 1999; Table 3). Only a small portion
in the northern part of the bay (159° to 160°W and 58° to 58°43°N) is open annually to
bottom trawling for yellowfin sole (Limanda aspera) from April 1 to June 15 when very
few red king crab are taken as bycatch (Livingston and Witherell 1999).

The RKCSA accounts for approximately 4,000-nmi” of critical habitat that is

important to molting and mating king crabs (NPFMC 1996). This habitat includes depths



of approximately 50 m to 100 m (Favorite 1974) with an average depth of 75 m and
contains sand and mud bottom sediments (Smith and McConnaughey 1999; Table 3).

The RKCSA and the NBBCA have similar physical characteristics, including
depth, surface and bottom temperature, bottom sediments, and location on the Bering Sea
continental shelf (Table 3). A 4,000-nmi” area located in southern Bristol Bay south of
yellowfin sole trawling activities was chosen as an experimental closed area (C1; Figure
2). The entire RKCSA was chosen as an experimental closed area (C2; Figure 2).

Two areas of similar size, depth, bottom sediments, and shelf habitat (Table 3)
that have been open consistently to bottom trawling throughout history were used as
controls. These areas were designated Fished Area 1 (F1) and Fished Area 2 (F2), (Figure
2; see Appendix 2 for area coordinates).

The purpose of this study was to determine if total abundance, total biomass,
diversity, species evenness, abundance and biomass of dominant species, and abundance
and biomass of functional feeding groups (FFGs) were greater in post-closure years in
experimental closed areas when compared to controls. Prior to closure, all four areas
were expected to have had similar characteristics and therefore were comparable controls.
In years following the closures, 1996-2000, the experimental closed areas were expected
to have greater total abundance, total biomass, diversity, and evenness, abundance and
biomass of dominant species, and abundance and biomass of functional feeding groups
when compared to years prior to closure in order to be deemed effective marine protected

areas in the eastern Bering Sea. This also tested possible indirect effects of closed areas



on community composition of species and determination of a probable recovery time for

these species within closed areas in the eastern Bering Sea.



METHODS

The National Marine Fisheries Service (NMFS) conducts a bottom trawl survey in
the eastern Bering Sea (EBS) May through August each year to determine the abundance
and distribution of crab and groundfish resources (Stevens et al. 2000a ). The survey
area, which was standardized in 1990, consists of approximately 380 tows (duration ~ 30
min; length ~ 1.5 nmi) and covers an area of approximately 139,200 nmi’ (Stevens et al.
2000a). The trawl survey is based on a 20 by 20 nmi grid (Figure 2). The survey
employs two vessels, each with an Eastern otter trawl with a 25.3 m headrope and a 34.1
m footrope. The Eastern otter trawl is equipped with a small mesh liner of 3.2 cm
(stretched) (Witherell and Ianelli 1997). The same vessels (F/V Aldebaran and F/V
Arcturus) have been used since 1993. The survey method and use of an Eastern otter
trawl was standardized in 1982 (Stevens et al. 1998). These consistent methods provide a
basis for comparison among areas contained within the bottom trawl survey area.

The NMFS (Eric Brown RACE/NMFS Seattle, WA, pers.comm.) provided copies
of the Bering Sea bottom trawl survey database. It included species characteristics
(species presence, abundance, and weight) and haul characteristics (location, sampling
date, depth, surface temperature, bottom temperature, distance traveled, and effective
width of trawl). All available stations sampled by NMFS (7-15 stations/area/year) within
each of the four areas were selected for each year from 1990 through 2000 (total number
of stations = 427). The number of stations sampled per area per year was increased
within NBBCA and RKCSA in 1999 and 2000 to determine abundance and condition of

female red king crabs (Stevens et al. 2000a & b). This time frame was chosen to allow



examination of catches prior to (1990-1994) and after (1996-2000) bottom trawling was
prohibited by Amendment 37 in the NBBCA and the RKCSA. Data from 1995 were not
analyzed because the closures occurred during the calendar year. Eliminating the data
from 1995 also allowed for the same number of years, pre-closure versus post-closure, to
be analyzed with contrast statistics.

For each haul, dominance was defined as any species that represented 5% or
greater abundance of more than one haul over the entire data set. If abundance was not
recorded, dominance was defined as any species that represented >5% weight of more
than one haul. This allowed rejection of certain taxa that were present, but not dominant,
or those that occurred in only one haul. Using the same methods as were used to estimate
crab population size from the Bering Sea summer bottom trawl survey (Stevens et al.
2000a), a standardized catch per unit effort (CPUE) was calculated based on area swept
of each haul. Area swept was determined by distance traveled (determined from vessel
positions recorded by GPS at the beginning and end of each haul) multiplied by the
effective width of the trawl (wingspread) given by the NMFS. Total abundance and total
biomass were calculated for each haul and for all species, and were standardized by
CPUE. This was done by multiplying each value for abundance and biomass, given by
the NMFS, by the calculated CPUE, yielding values for abundance and biomass that were
comparable among all areas and across all years. Abundance and biomass of all species
in all hauls for all areas were standardized by CPUE.

Functional feeding groups (FFGs) of dominant species were determined from

published literature. Each dominant species was assigned to a group of taxa that “obtain



food in similar ways, regardless of taxonomic affinities” (Gevrey et al. in press). FFGs
include piscivores, benthic invertebrate feeders, carnivores, detritivores, planktivores,
filter-feeding invertebrates, and miscellaneous species. These FFGs can provide insight
as to what food resources are available (Gevrey et al. in press) and the effect of closed
areas on each functional feeding group (Murawski et al. 2000).

Within communities there are rare species and abundant species. Most species
usually make up a small portion of the entire community, while many individuals of a
few species make up the rest of the community (Smith 1996). Indices of diversity and
evenness provide information about different characteristics of the distribution of species
within a population.

The Shannon-Wiener diversity index was calculated for each of the areas and for
all of the years. This index takes into account both species richness (the number of
species within an area) and evenness (the relative abundance of individuals among the

species) (Smith 1996). The Shannon-Wiener diversity index was calculated as:

S
H = -2 (p;) (Inpy)
1=1

Where: H = Shannon-Wiener diversity index
s = number of species
In = natural log
pi = the proportion of individuals of the total sample belonging to the

ith species.
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The Shannon-Wiener diversity index measures uncertainty. This states that the
greater the value of the index (H), the greater the uncertainty. This means, that ina
random sampling design, the probability is low that the next individual chosen from a
group will not belong to the same species as the previously drawn individual. In contrast,
when the value of diversity (H) is low, the possibility s high of choosing an individual
belonging to the same species as the previously chosen individual. This index increases
when the number of individuals is more equitably distributed among species within the
total population (Smith 1996). Diversity indices were compared among areas and across
years,

Species evenness also was determined for all areas and across years using the
Shannon Index of Evenness (Smith 1996). This Evenness Index ranges from 0 to 1.0,
where 1.0 is the maximum possibility of evenness. If the index is at a maximum, all
species within an area occur in the same relative abundance. The Shannon Index of

Evenness was calculated as:

S
J= I‘I/I‘Imax =-2 (pllnpl)/ Ins
=1

Where:
J = Shannon index of evenness
s = number of species
In = natural log
pi = the proportion of individuals of the total sample belonging to the

ith species.
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The Shannon Index of Evenness compares the “proportion of individuals in the
community to the maximum probability of evenness” (Smith 1996). In communities with
a large range of differently sized organisms, evenness indices may underestimate the
importance of large, rare organisms, while overestimating abundant species (Smith
1996).

Several different indices for diversity and evenness have been used in marine
science (Bell 1983; Jewett et al. 1999; Mueter and Norcross 1999). The Shannon-Wiener
diversity index and the Shannon Index of Evenness were chosen based on their wide
usage and their ability to provide available comparisons within communities, between
communities, and between communities over a large geographical area (Whittaker 1972).

These measures are biased towards larger species within the scope of this study
because both of these indices were used to take into account the abundance of particular
species within a community. Not all species in this study were represented by abundance
values. All data were analyzed and those species that did not have abundance values
associated with them were not included in the analyses of diversity and evenness. Other
types of measures of heterogeneity are recommended for evaluation of this study in order
to represent all species.

The semivariograms, a standard statistical measure of spatial variability as a
function of the distance between observations (Littell et al. 2002), was used to estimate
the following geostatistical parameters: nugget, sill, and range for use in the SAS
procedure (version 8.2) Proc Mixed model. The nugget of a semivariogram is the

intercept, the sill is the value at which the semivariogram reaches a plateau, and the range
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is the distance value where the semivariogram reaches the sill (Littell et al. 2002). These
parameters were essential in estimating the spatial correlation between latitude and
longitude, and distances, of data points (Littell et al. 2002).

Total abundance, total biomass, diversity, and evenness of each haul, abundance
and biomass of Paralithodes camtschaticus, abundance and biomass of dominant species,
and abundance and biomass of functional feeding groups were compared among areas,
among years, and for the interaction between area and year (area*year). The tool for these
comparisons was a univariate ANOVA using spatial correlations to create a linear model
that uses repeated measures to make pair-wise comparisons (SAS version 8.2, 2003) (see
Appendix 3). Means were compared for significance (F values are in Appendix 4,
n=427, p<0.0001). A univariate ANOVA was run to compare different combinations of
pairs of areas across all years. This resulted in six combinations of pairs: C1{C2, C1|F1,
C1|F2, C2[F1, C2JF2, and F1|F2. A Tukey-Kramer adjustment option was used to
eliminate spatial correlation and to pinpoint where differences in these comparisons were
located (see Appendix 3) (t-values are located in Appendix 4).

If the interaction term for area*year was not significantly different (p<0.0001), for
abundance or biomass of a dominant non-target species, that species was not included in
further analysis. This was done because any species that did not exhibit an interaction
between area and year would be unlikely to exhibit a difference between pre-closure and
post-closure years within an area. If the dominant non-target species was not found in a

particular haul or year, the CPUE was set to zero.
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Comparisons were made between closed and fished areas for all years to
determine if overall differences occurred between areas. Comparisons of aggregates of
pre-closure (1990-1994) and post-closure (1996-2000) years were made to determine if
overall trends over time occurred in all four areas. Comparisons of aggregates of pre-
closure and post-closure years within each area were made to determine if closure of
Closed Area 1 and Closed Area 2 (C1 and C2) were significantly different in post-closure
years when compared to pre-closure years and to determine if differences in time
occurred within each of the fished areas. This was statistically examined with a Proc
Mixed model that contained contrast statements (see Appendix 5). The contrast
statements used a séries of comparison values: 1, -1, and/or 0 to compare data values
calculated as Differences of Least Squares Means by the Proc Mixed program. The
series of Differences of Least Squares Means are copied into each contrast statement.
Data values, represented by a 1, are compared to data values, represented by a -1. All
other data values present in the series that were not used for that particular comparison
were represented by a O (Littell et al.2002). These six contrasting statements combine
data to determine if significant differences occurred (F values are in Appendix 6, n=427,
p<0.01, p<0.001, p<0.0001). The comparisons were:1) among closed areas and fished
areas, 2) comparison of the years 1990-1994 to 1996-2000, 3) comparison of 1990-1994
to 1996-2000 in C1; 4) comparison of 1990-1994 to 1996-2000 in C2; 5) comparison of
1990-1994 to 1996-2000 in F1; and 6) comparison of 1990-1994 to 1996-2000 in F2. For
statistically significant differences (p<<0.01), distribution plots of total abundance, total

biomass, diversity, and evenness, abundance and biomass of Paralithodes camischaticus,



dominant species, and functional feeding groups were examined to determine the
direction of change (increase, decrease, or no change) for closed versus fished areas in

pre-closure and post-closure years.

14
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RESULTS
Species Characteristics

The total number of species sampled in all four areas from the years 1990 to 2000
was 228. Of these 228 species, there were 68 chordates, nine hemichordates, 23
echinoderms, 39 arthropods, five annelids, 64 mollusks, four bryozoans, one sipunculid,
nine cnidarians, three sponges and three miscellaneous groups (unidentified invertebrates,
empty bivalve shells, and empty gastropod shells) (see Appendix 7 for a complete list of
species).

Total number of species and taxa varied among closed and fished areas for the
years 1990 to 2000 (Table 3, Appendix 7). Closed Area 1 had 108 species: 36 chordates,
six hemichordates, 11 echinoderms, 22 arthropods, 21 mollusks, two bryozoans, five
cnidarians, two sponges, and three miscellaneous. Closed Area 2 had 101 species: 28
chordates, three hemichordates, nine echinoderms, 23 arthropods, three annelids, 24
mollusks, one bryozoan, one sipunculid, five cnidarians, three sponges, and three
miscellaneous. Fished Area 1 had 144 species: 44 chordates, four hemichordates, 15
echinoderms, 26 arthropods, three annelids, 40 mollusks, one bryozoan, seven cnidarians,
one sponge, and three miscellaneous. Fished Area 2 had 107 species: 37 chordates, nine
hemichordates, nine echinoderms, 18 arthropods, two annelids, 21 mollusks, two
bryozoans, six cnidarians, one sponge, and two miscellaneous. Although numbers of
species were different among areas, each area was made up of similar species

encompassed in other areas.



16

Of the total of 228 species collected, 29 were designated as dominant species for
abundance (Table 4). Of these dominant species there were nine chordates, one
echinoderm, five arthropods, 13 mollusks, and one cnidarian. Forty-seven species were
designated as dominant species for biomass (Table 5). Of these dominant species there
were nine chordates, four hemichordates, eight echinoderms, eight arthropods, 14
mollusks, two cnidarians, one sponge, and one miscellaneous. All species that were
significantly different for biomass among areas, among years, and for the interaction of
area*year were also statistical significant for abundance, if abundance was collected.

The dominant species were divided into six functional feeding groups (FFGs) and
one miscellaneous category (Table 6). These groups were piscivores, benthic
invertebrate feeders, carnivores, detritivores, planktivores, and filter-feeding invertebrates
(Gevrey et al. in press). The piscivores include fish species that eat other fish (Hart 1973;
Cohen et al. 1990). The benthic invertebrate feeders are fish species that eat benthic
invertebrates (i.e. crustaceans, worms, brittlestars) (Clemens and Wilby 1961; Hart 1973;
Zhang 1988). The carnivores are large crab and starfish species that scavenge for small
mollusks and worms (Hyman 1955; Feder and Jewett 1981; O’Clair and O’Clair 1998).
The detritivores are small crabs and whelks that eat detritus and bacteria (O’Clair and
O’Clair 1998). The planktivores are jellyfish that feed on plankton in the water column
(Kozloff 1996; Suchman and Sullivan 1998). The filter-feeding invertebrate group
contains tunicates and sponges that feed by filtering organisms from nutrient-rich sea
water (Bingham and Walters 1989; O’Clair and O’Clair 1998; Ribes et al. 1998). The

miscellaneous category is empty gastropod shells.
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Total Characteristics

Total abundance, total biomass, diversity and evenness were compared among
areas and years (Figure 3, Table 7, see Appendix 8 for original values). Total abundance
and biomass were not significantly different among the four areas combined. The
diversity indices were significantly different among areas (p<<0.0001), but evenness was
not. Total biomass of all areas combined was significantly different among years
(p<0.0001) but total abundance, diversity and evenness were not. Total abundance,
diversity, and evenness were significantly different for the interaction of area*year (Table
7). When areas were compared in combinations of pairs, no significant differences were
found for total biomass or total abundance. Diversity and evenness were significantly
different in Fished Area 1 when compared to both closed areas (Table 7).

Total abundance, biomass, diversity, and evenness yielded few significant
differences when compared between closed areas and fished areas or between pre-closure
and post-closure years, although some differences within specific areas occurred (Table
8). Total abundance and biomass exhibited no significant change between closed areas
and fished areas, between years prior to and after closure, or between years prior to and
after closure within each area. Diversity was significantly greater in fished areas than in
closed areas and significantly greater in post-closure years than in pre-closure years.
Diversity was significantly greater in post-closure years in Fished Area 1. Evenness was
greater in fished areas than in closed areas but no significant differences were found

between pre-closure and post-closure years or between years within areas.
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Paralithodes camtschaticus —Red King Crab

The abundance and biomass of Paralithodes camtschaticus was compared among
areas and among years (Figure 4). The total abundance of P. camischaticus was
significantly different among areas but not among years and the interaction between area
and year (Table 9). Comparisons of combinations of areas yielded significant differences
between closed areas and fished areas but no difference within closed and fished areas
(Table 9). The total biomass of P. camtschaticus was significantly different for area but
exhibited no significance for year or the interaction between area and year (Table 9).
Comparisons of combinations of areas yielded similar results to those of abundance.
Closed areas and fished areas were significantly different but there was no difference
within closed and fished areas (Table 9).

Paralithodes camtschaticus was significantly greater in closed areas for
abundance and biomass (Table 10). Abundance was greater in post-closure years within
Closed Area 1 and Closed Area 2. Biomass was significantly greater in closed areas

when compared to fished areas and in post-closure years within Closed Area 2.
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Dominant Species Abundance

The total abundance of several dominant species was significantly different
among areas (Table 11, see Appendix 9 for graphs). Of the 29 species considered
dominant (abundance), two arthropods and five mollusks were significantly different
among areas. Fifteen species were significantly different in abundance for year (Table
11): four chordates, four arthropods, six mollusks, and one cnidarian. Fourteen species
were significantly different in abundance for the interaction between area and year (Table
11): three chordates, three arthropods, and eight mollusks.

There were few significant differences in abundance between pairs of areas
between 1990 and 2000 (Table 11). Of a possible 174 (six comparisons for 29 species),
only 14 pairs yielded significant differences. Comparisons between the two closed areas,
C1|C2, yielded no significant differences. Comparisons between the two fished areas,
F1{F2, resulted in significantly different abundance of one arthropod. Examination of
individual closed and fished areas showed some similarities and some differences for
combinations. Comparisons for C1|F1 yielded significantly different abundances in one
arthropod and two mollusks. Comparisons for C1|F2 yielded significantly different
abundance of two arthropods and one mollusk. Comparisons for C2[F1 yielded
significantly different abundances of one arthropod and three mollusks. Comparisons for
C2[F2 yielded significantly different abundances of two arthropods and one mollusk.

Several species were significantly different in abundance for many combinations
of areas (Table 11). Chionoecetes bairdi was significantly different for Fished Area 2

when compared to all other areas. Chionoecetes opilio was significantly different
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between closed and fished areas. Unidentified Buccinum was significantly different for
Fished Area 2 when compared to both closed areas. Buccinum angulosum and Buccinum
scalariforme were significantly different for Fished Area 1 when compared to both closed
areas.

Several dominant species showed differences in abundance between closed areas
and fished areas, between pre-closure and post-closure years, and between years within
each area (Table 12). Only one species exhibited greater abundance in closed areas,
while eight species were greater in fished areas. Five species were greater in abundance
in years 1990-1994 while four were greater in years 1996-2000. Ten species were greater
in pre-closure years within areas while 12 species were greater in post-closure years
within areas.

Chionoecetes bairdi were greater in abundance in closed areas when compared to
fished areas but decreased over time in all areas (Table 12). One species of arthropod and
seven species of mollusk were greater in fished areas when compared to closed areas.
These species differ taxonomically and by functional feeding group but most are either
small in size or large and robust. A similar number of species were greater in pre-closure
years as were greater in post-closure years (Table 12). The five species that were greater
in pre-closure years were Atheresthes stomias, Theragra chalcogramma, Hyas spp,
Chionoecetes bairdi, and Chionoecetes opilio. The four species that were greater in post-
closure years were Pagurus aleuticus, Buccinum spp, Neptunea heros, and Volutopsius

Jragilis.
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Two chordates, two arthropods, and two mollusks yielded greater abundance in
pre-closure years within specific areas (Table 12). Two chordates, two arthropods and
four mollusks were greater in post-closure years within specific areas. Fourteen of the
possible 16 species that were significantly different in pre-closure or post-closure years
within specific areas either increased or decreased in some or all areas. Of these 14, only
four species (three chordates and one arthropod) were significantly different solely in
closed areas. Eight species (one chordate, one arthropod, and six mollusks) were
different in fished areas. The remaining two arthropod species were significantly
different in some closed and some fished areas.

Two species that were significantly different in abundance in pre-closure or post-
closure years within specific areas yielded a combination of results (Table 12).
Chionoecetes bairdi decreased in both closed areas and Fished Area 2. Pagurus aleuticus
increased in both closed areas and Fished Area 1. These species differ taxonomically and
by functional feeding group; C. bairdi is large in size and P. aleuticus is fragile and

small.
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Dominant Species Biomass

The total biomass of several dominant species was significantly different among
areas (Table 13, see Appendix 9 for graphs). Of the 47 species considered dominant
(biomass) one chordate, one hemichordate, four echinoderms, two arthropods, and one
mollusk were significantly different among areas. Twenty-eight species were
significantly different in biomass among different years (Table 13): six chordates, three
hemichordates, three echinoderms, six arthropods, seven mollusks, two cnidarians, and
empty gastropod shells. Twenty-five species were significantly different for biomass for
the interaction of area*year (Table 13): four chordates, one hemichordate, three
echinoderms, six arthropods, nine mollusks, one cnidarian, and empty gastropod shells.
There were few significant differences in biomass between pairs of areas (Table 13). Of
a possible 282 pairs (six comparisons for 47 species), only 22 pairs yielded significant
differences. Comparisons between the two closed areas, C1|C2, yielded no significant
differences. Comparisons between the two fished areas, F1|F2, resulted in significantly
different biomass of one chordate, three echinoderms, and one arthropod. Examination
of individual closed and fished areas showed some similarities and some differences for
combinations. Comparisons for C1]F1 yielded significantly different biomass of three
echinoderms, one arthropod, and one mollusk. Comparisons for C1|F2 yielded
significantly different biomass of one chordate and two arthropods. Comparisons for
C2[F1 yielded significantly different biomass of four echinoderms, one arthropod and one
mollusk. Comparisons for C2|F2 yielded significantly different biomass of one chordate

and two arthropods.
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Several species were significantly different in biomass for many combinations of
areas (Table 13). Hippoglossoides elassodon and Chionoecetes bairdi were significantly
different for biomass in Fished Area 2 when compared to all other areas. Leptasterias
polaris, unidentified ophiuroids, and Ophiura sarsi were significantly different for
biomass in Fished Area 1 when compared to all other areas. Chionoecetes opilio were
significantly different for biomass in closed areas when compared to fished areas.
Unidentified Buccinum spp. were significantly different in biomass for Fished Area 2
when compared to both closed areas and Buccinum scalariforme was significantly
different for biomass for Fished Area 1 when compared to both closed areas.

Several dominant species showed differences in biomass between closed areas
and fished areas, between pre-closure and post-closure years, and between years within
each area (Table 14). One species of chordate, one arthropod, and one cnidarian were
greater in closed areas when compared to fished areas. One species of hemichordate,
three species of echinoderm, two species of arthropod, and seven species of mollusk were
greater in fished areas than closed areas. A similar number of species were greater in
pre-closure years as were greater in post-closure years (Table 14). The eight species that
were greater in pre-closure years were Atheresthes stomias, ascidian spp, unidentified sea
stars, Leptasterias polaris, Hyas spp, Chionoecetes bairdi, C. opilio, and unidentified
gastropods. The 10 species that were greater in post-closure years were Halocynthia spp,
Styela rustica, Leptasterias arctica, Ophiura sarsi, Pagurus spp, Pagurus aleuticus,

Buccinum spp, Neptunea heros, Volutopsius fragilis, and empty gastropod shells.
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Two chordates, two hemichordates, three echinoderms, two arthropods, and two
mollusks yielded significantly greater biomass in pre-closure years within specific areas
(Table 14). One chordate, two hemichordates, two echinoderms, two arthropods, four
mollusks, one cnidarian and empty gastropod shells were greater in biomass in post-
closure years within specific areas. Twenty-five of the possible 30 species that were
significantly different in pre-closure or post-closure years within specific areas either
increased or decreased in some or all areas. Of these 25, only three species (two
chordates and one hemichordate) were significantly different solely in closed areas.
Fifteen species (one chordate, three hemichordates, four echinoderms, one arthropod, five
mollusks, and one cnidarian) were significantly different in fished areas. The remaining
seven species (one chordate, one echinoderm, four arthropods, and empty gastropod
shells) were significantly different in some closed and some fished areas.

Seven species that were significantly different for biomass in pre-closure or post-
closure years within specific areas did not all increase in abundance and biomass (Table
14). Mallotus villosus increased in C1 but decreased in F2. Asterias amurensis
decreased in C1 and both fished areas. Pagurus spp increased in C2 and F2.
Chionoecetes bairdi biomass decreased in all four areas while Chionoecetes opilio
increased in both closed areas but decreased in F2. Pagurus aleuticus increased in both

closed areas and F1. Empty gastropod shells increased in C1 and in both fished areas.
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Functional Feeding Groups

The abundance and biomass of functional feeding groups (FFGs) were compared
among areas and among years (Figure 5). Piscivores were the only functional feeding
group to exhibit significantly different abundance among years and the interaction of
area*year (Table 15). No combinations of areas were significant for abundance.

Abundance data were available for only 2 functional groups (Table 16). The
abundance of piscivores was not significantly different between closed and fished areas
but was significantly greater in post-closure years when compared to pre-closure years.
These differences were coupled with a decrease in abundance in post-closure years within
both fished areas. Benthic invertebrate feeders were not signiﬁcantly different among
areas, among years, or among years within specific areas.

Several functional feeding groups exhibited significantly different biomass among
areas, among years, and for the interaction of area*year (Table 17). The filter-feeding
invertebrate group was significantly different for biomass among areas. The piscivores,
carnivores, and planktivores were significantly different for biomass among years. The
piscivores, benthic invertebrate feeders, planktivores, and filter-feeding invertebrates
were significantly different in biomass for the interaction of area*year.

One comparison of functional groups between pairs of areas yielded significantly
different biomass (Table 17) out of a possible 36. Filter-feeding invertebrates were
significantly different in biomass in C1:C2.

Several functional groups exhibited significant differences in biomass between

closed areas and fished areas, between pre-closure and post-closure years, and between
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years within each area (Table 18). Biomass of detritivores was greater in fished areas and
biomass of planktivores was greater in closed areas. Other groups were not significantly
different between closed and fished areas at all. Carnivores were greater in biomass in
pre-closure years when compared to post-closure years. Estimates of biomass of two
functional feeding groups were greater prior to closure within some areas and two others
were greater in post-closure years within areas. Benthic invertebrate feeders were greater
in biomass in post-closure years in Closed Area 1. Filter-feeding invertebrates exhibited
a combination of results with greater biomass in pre-closure years within C1 but a greater
biomass in post-closure years in F2. There were no significant changes over time within

Closed Area 2.



27

DISCUSSION

Bottom trawling can have adverse effects on fish communities. The direct effects
of bottom trawling include modification of substrate (Brylinsky et al. 1994; Auster et al.
1996; McConnaughey et al. 2000; Smith et al. 2000; NRC 2002), disturbance of benthic
communities (Collie et al. 2000a, 2000b; Jennings et al. 2001a; NRC 2002), and removal
of target and non-target species (Garrison 2001; NRC 2002). These effects reduce habitat
complexity (Auster et al. 1996; Engel and Kvitek 1998; Collie et al. 2000b; NRC 2002)
decrease species richness, diversity and evenness (Engel and Kvitek 1998; NRC 2002),
and create a shift in community composition from large species to small opportunistic
species (Engel and Kvitek 1998; Simboura et al. 1998; Freese et al. 1999; Collie et al.
2000a; McConnaughey et al. 2000; Smith et al. 2000; Jennings et al. 2001a, 2001b; NRC

2002).
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Total Characteristics

This study of areas closed to bottom trawling in the eastern Bering Sea and areas
that allow bottom trawling to occur provides support that direct and indirect effects of
bottom trawling occur in the eastern Bering Sea. Although total biomass and abundance
did not change, Fished Area 1 had a greater number of species, a greater number of
dominant species and a greater diversity of species in post-closure years when compared
to pre-closure years (Tables 3 & 8). The increase in diversity in a fished area contradicts
other findings that diversity increases in areas closed to fishing (Schmidt 1997; Roberts
1998; NPFMC 2003). The increase in diversity in fished areas in the eastern Bering Sea
supports a possible change in community composition of species.

Evenness was greater in fished areas when compared to closed areas, although
significance was low (p<0.01) (Table 8). However, evenness was not significantly
different between pre-closure and post-closure years. The failure to detect differences in
evenness over time may be due to similar habitat characteristics such as depth and
sediment type. Evenness may also be affected by patchiness in habitats. Ecological
experiments in the wild may evaluate habitats that are not identical (Roberts and Polunin
1992), thus creating constraints in evaluating the effects of closed areas by making it hard
to distinguish effects resulting from the protection afforded by marine protected areas
from variation in habitat (Garcia-Charton and Perez-Ruzafa 1999; Paddack and Estes

2000).
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Dominant Species Characteristics

Many studies have provided information supporting the conclusion that areas
closed to fishing can effectively increase abundance, biomass, diversity and evenness of
target and non-target species. Data represented here (Table 10) coupled with annual
surveys of the eastern Bering Sea have shown that abundance and biomass of the target
species, Paralithodes camtschaticus, increased in closed areas (Stevens et al. 1998;
Stevens et al. 2000a, 2000b). This study also provided data that some non-target species
increased in closed areas (Tables 12 & 14).

In Georges Banks, fishing closures have led to effective conservation of target
(e.g. Atlantic cod; Gadus morhua) and non-target (e.g. sea scallops; Placopecten
magellanicus) species (Murawski et al. 2000). Several studies have shown an increase in
target species abundance (Roberts and Polunin 1992; Polunin and Roberts 1993; Roberts
1995), density of fish species (Paddack and Estes 2000), and target species biomass
(Roberts and Polunin 1992; Polunin and Roberts 1993; Roberts 1995) within closed
areas. One study tested the reverse effect by opening a closed area to fishing and
abundance subsequently decreased in reef fish (Alcala and Russ 1990).
Trawling can affect communities directly by removal of large predators that facilitate
decreased predation on smaller species (Jennings et al. 2001a). Several predatory fish
species and crab species have decreased in the late 1990’s in the eastern Bering Sea
(NPFMC 2001). These include Mallotus villosus (capelin), sculpins, sablefish, poachers,
Chionoecetes bairdi (Tanner crab), and C. opilio (narrow snow crab) (NPFMC 1999;

NPFMC 2001). This study presented data that Theragra chalcogramma, Mallotus
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villosus, Chionoecetes bairdi and C. opilio, all large predators, decreased in fished areas
over time. This could have an overall effect on community characteristics.

Several studies on bottom trawling have provided data for a possible shift in
community characteristics from those dominated by high biomass species to high
abundance of low biomass species (Messieh et al. 1991; Prena et al. 1999; Collie et al.
2000a; NRC 2002). Although not definitive, changes in community composition support
the idea that some large-bodied fish decrease in areas where bottom trawling occurs and
are replaced by numerous, small, opportunistic scavenger species. Scavenging sea stars
increased throughout the eastern Bering Sea in the 1990’s (NPFMC 1999). Data
presented here demonstrate that small mollusks are greater in abundance and biomass in
fished areas and increase in fished areas over time (Tables 12 & 14). Several sea stars are

also greater in biomass in fished areas (Table 14).
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Functional Feeding Group Characteristics

Piscivores were greater in abundance in pre-closure years in fished areas when
compared to post-closure years (Table 16). A decrease in piscivore abundance and
biomass in 1999 in all areas, followed by an increase in 2000, may be a result of record-
cold temperatures in 1999 followed by conditions closer to normal in 2000, particularly
in the middle shelf region (NPFMC 2003). The middle shelf, where these study areas are
found, contains a cool pool of water, in its subsurface layers, which is related to sea ice,
bathymetry, air temperatures, and currents (Wyllie-Echeverria and Wooster 1998). This
cool pool, variations in sea ice, and cold temperatures may affect behavior and
distribution of some fish species sensitive to cooler temperatures (Wyllie-Echeverria and
Wooster 1998; Hollowed et al. 2001; NPFMC 2003). This change in distribution can
provide information about climate effects on ecosystems.

Carnivores were greater in pre-closure years when compared to post-closure years
and decreased significantly in Closed Area 1 but exhibited no significant difference in
any other area (Table 18). The absence of bottom trawling could have decreased prey in
Closed Area 1. Some direct effects of bottom trawling on organisms include reduction of
fish by catch and mortality due to contact with trawl gear (Kaiser and Spencer 1996).
Although some organisms that contact trawl gear die, others are merely injured, thus
attracting carnivorous scavengers and indirectly affecting community composition
(Kaiser and Spencer 1996; Ramsay et al. 1998; Prena et al. 1999; Smith et al. 2000;
Jennings et al. 2001a). The recovery rate of opportunistic species (r-selected species) in

less stable environments can be rapid (Collie et al. 2000a). The magnitude of response
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can also vary among habitats and among different species, allowing for inconsistent
responses at different locations (Ramsay et al. 1998).

Detritivores were greater in biomass in fished areas when compared to closed
areas while planktivores were greater in biomass in closed areas (Table 18). An increase
in detritivores in areas where bottom trawling occurs provides evidence that bottom
trawling affects communities indirectly (Jennings et. al 2001a). Bottom trawling
provides an increased contact with prey, reduced competition, or predation on more
productive species (Jennings et. al 2001a). Detritivores tend to have small body size and
therefore exhibit high natural mortality rates, fast growth, and an increased annual
reproductive output (Smith 1996). They also have greater production to biomass (P:B)
ratios and may be more productive, therefore contributing to the retention of stable levels
of production in a habitat despite the loss of production from larger species taken by
trawling (Jennings et al. 2001a).

Bottom trawling affects habitat complexity (Collie et al. 2000a; McConnaughey
et al. 2000; NRC 2002,). According to NRC (2002), soft-bodied, stalked, sessile species
are more vulnerable to bottom trawling than hard-bodied, prone, species. In this study,
large, robust tunicates were greater in biomass in post-closure years within some fished
areas. Styela rustica, a robust sea potato, was also greater in fished areas when compared
to closed areas. These data support the idea that large tunicates may be less vulnerable to

trawling.
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Marine Protected Area Implementation

Marine protected areas have been shown to be effective management tools by
reducing exploitation rates and increasing spawning stock biomass in Georges Bank
(Murawski et al. 2000) protecting spawning stock biomass and supplying recruits to
fished areas in the Red Sea (Roberts and Polunin 1992), enhancing species diversity in
California (Paddack and Estes 2000), and increasing abundance and biomass of
commercially important species in the Caribbean (Polunin and Roberts 1993; Roberts
1995). This tool is most effective when considered as one approach, in combination with
traditional management practices, such as quotas and seasons (NRC 2001).

Potential recovery time for a species assemblage or habitat may also play a large
part in the response of areas closed to fishing perturbations. Any long-term
recolonization depends on many things: the stability of an area (Jennings et al. 2001b),
interannual and interdecadal climatic changes (Conners et al. 2002), tolerance of specific
organisms to perturbations (Collie et al. 2000a), and availability of recruitment in all
areas (Carr and Reed 1993). A few studies have suggested ample recovery times in order
to assess the efficacy and design of closures. Dugan and Davis (1993) suggested 10-15
years of closure and Lauck et al. (1998) suggested 40 years.

Many studies have shown that short time periods are not sufficient in determining
if closures are working. In southern California, Schroeter et al. (1993) determined that a
2-3 year period before and after a closure was not long enough to create significant
changes. In Denmark, Hoffmann and Dolmer (2000) concluded that an area previously

dredged for mussels exhibited no change after nine years. Three years was not sufficient
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enough to increase fishing levels to those prior to closure in Kenya, although CPUE
increased (McClanahan and Kaunda-Arara 1996). In the North Sea, closures resulted in
decreased yields and spawning stock biomass after nine years (Pastoors et al. 2000). In
Norton Sound, northeastern Bering Sea, Jewett et al. (1999) found that a once-mined area
had not recovered physically after five years. This study in the eastern Bering Sea
analyzed the effects of bottom trawling in areas that had been closed for only five years.
Based on data provided here, I conclude that this short time period was not long enough
to determine the efficacy of these closures.

Size of closure has been debated in the optimal design of marine protected areas.
Several models and field experiments have determined the optimal design of marine
protected areas. Hastings and Botsford (1999) developed a model that determined that
the size of protected coast needed to be smaller than the fished area of optimal yield, as
long as traditional management practices were also established. Nowlis and Roberts
(1999) created a model that determined no-take marine reserves needed to encompass
40% or more of protected areas in order to influence populations. Although small
closures were concluded to have a larger edge compared to closure areas and therefore
could increase spillover effects into adjacent fisheries, McClanahan and Kaunda-Arara
(1996) determined that closures should make up 60% of fishing grounds. Current
closed areas in the eastern Bering Sea make up 25% of the continental shelf used for
fishing (Witherell et al. 2000). I conclude that a network of year-round closures
incorporating 20% of fishing grounds that encompass essential fish habitat needs to be

implemented in the eastern Bering Sea.
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When bottom trawling is prohibited, closed areas can act as refuges from bottom
perturbation for many species of fish and invertebrates (NRC 2002) and therefore are
appropriate to test the effectiveness of marine protected areas or fishery exclusion zones
existing in the eastern Bering Sea. This study assessed biological changes in areas
historically closed to fishing to determine if areas closed to trawling have a greater
quantity, diversity, and evenness of species than areas that allow trawling to occur.
Although not many species in this study increased in abundance and biomass, these
results indicate that closed areas within the NBBCA (C1) and the RKCSA (C2) exhibit
some qualities of a working marine protected area by increasing abundance and biomass

of target and some non-target species.
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Recommendations

The lack of clear conclusions in this study is attributed to several factors. The
diversity and evenness indices were biased in determination of haul characteristics of
species. Many species in this study were characterized by biomass, not abundance. In
this study, these indices were calculated based on abundance. Therefore, calculation of
diversity and evenness favored larger, numerically abundant species. Other factors
contributing to mixed conclusions are attributed to the extensive closure of the eastern
Bering Sea throughout recent history. Although Amendment 37 of the NPFMC
designated permanent, year-round closure to the Nearshore Bristol Bay Closure Area and
the Bristol Bay Red King Crab Savings Area in 1995, these locations were intermittently
closed due to fishing pressures and to protect various life-stages of crab and fish
throughout recent history. The limited time series of data in this study also contributed to
lack of concise conclusions. The 11 year time period presented in this study contained
only five years of post-closure data and should be extended to include a greater number
of years. Another possible design problem relates to use of bottom trawling as a source
of information to determine the effects of bottom trawling. The NMFS summer bottom
trawl survey database was the most extensive and standard method of data available for
this study. Future studies need to incorporate less destructive forms of fishery assessment
in order to determine changes in species characteristics in closed areas and the efficacy of
these closures in the eastern Bering Sea.

When marine protected areas are implemented, assessment is needed to determine

their effectiveness. The effectiveness of fisheries management tools needs to be assessed
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and discrepancies resolved in order to provide “...a stronger link between ecosystem
research and fisheries management” (Livingston et al. 1993). Effective marine reserves
require integration of monitoring programs with research programs to evaluate
performance (NRC 2001). Monitoring programs provide important information required
to effectively evaluate changes in different habitats that occur because of marine
protected area implementation (Carr and Reed 1993; NRC 2001). Evaluations derived
from monitoring programs can help determine effectiveness and improve design of
MPAs and provide progress reports about MPAs. Research programs instigated in MPAs
create opportunities for conducting experiments on spatial and temporal scales and
testing hypotheses in marine ecology that focus on life histories of species (NRC 2001).
These experiments can contribute valuable information needed in determining different
designs of MPAs.

A more extensive study, utilizing greater than 11 years of trawl survey data and
greater than five years of data following area closures is suggested for future research of
closed areas in the eastern Bering Sea. Although some short-lived species can recover
quickly after trawl disturbance (Collie et al. 2000b) many longer-lived species can be
adversely affected and require longer periods to rebound. It is difficult to know the time
required for significant changes to occur between closed and fished areas. Long-term
monitoring of closures may be required from 10-15 years (Dugan and Davis 1993) to 40
years (Lauck et al. 1998) for significant effects on species characteristics to occur on a
large scale. Permanent closures have been suggested to have advantages of protecting

species and habitat from direct and indirect effects of fishing (Guenette et al. 1998).
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Future marine protected area research in the eastern Bering Sea needs to
encompass many things. Designation of marine protected areas needs to take into
account extensive evaluation of existing closed areas, life-history information on multiple
species, habitat information on potential sites for selection, climatic variations in the
ecosystem, fishing pressure in the ecosystem, and public opinion. Designation needs to
involve clear objectives including time frame, area size, comparable fished areas,
vulnerable stocks or habitat, baseline information, economics, and enforcement. An
experimental approach to fisheries management is important in order to be successful.
Extensive research and monitoring programs need to be implemented to determine
efficacy of future closures.

My recommendations for future closed areas (marine protected areas) in the
eastern Bering Sea are clear. A network of closures incorporating 20% of fishing
grounds that encompass essential fish habitat needs to be closed at all times. A Before-
After-Control-Impact (BACI) study design (Schroeter et al. 1993) should be incorporated
into the design in order to provide reference sites similar to closed sites for assessment.
Coupled with traditional management practices in outer-lying, fished areas, this extensive
network of closures can provide a safeguard for species and habitat against the
perturbations of fishing activity and create a reserve of marine ecosystems for future
generations (Ault et al. 1998; Brailovskaya 1998; Vanderklift et al. 1998). These
closures should be permanent to protect sensitive habitats (Rieser 2000) and formulated
with clear, concise, objectives and extensive design. “Improperly designed refuges can

endanger a fishery by providing a false sense of protection (Carr and Reed 1993)”. I
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recommend that extensive research and continued monitoring programs are key parts of
the objectives of any future marine protected area established in the eastern Bering Sea.
Without research and monitoring as key objectives in marine protected area
implementation, it is difficult to assess adequately the effectiveness of areas closed to
bottom trawling in the eastern Bering Sea. Research and monitoring programs need to
incorporate all aspects of the ecosystem within closed areas. Habitat features, abundance,
biomass, richness, diversity, and evenness of species, life-history information of species,
climatic information, and water and sediment quality need to be assessed.

Depending on habitat features, many different techniques can be used to
determine efficacy of these closures. In shallow waters, divers can be used for sediment
capture (Jewett et al. 1999), invertebrate sampling via a diver-operated suction sampler
(Jewett et al. 1999), photographed quadrats (Foster et al. 1991; Meese and Tomich 1992),
and random point quadrats (Foster et al. 1991; Leonard and Clark 1993), and fish
sampling using visual census (Bell 1983; Parker et al. 1994; McClanahan and Kaunda-
Arara 1996; Ault et al. 1998; Hoffmann and Dolmer 2000). Fish assessments may utilize
mark-release-resighting (MRR) techniques for underwater visual census (Zeller and Russ
2000). In deeper water, side-scan sonar is a useful tool to determine surface topography
(Jewett et al. 1999; Prena et al. 1999) as well as fish numbers (Kaiser and Spencer 1994).
Remotely operated vehicles can be equipped with video cameras in order to assess
distribution of species (Auster et al. 1991). In fished areas acoustic surveys can be

coupled with biological information gathered by existing trawls (Godo et al. 1998).
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In conclusion, the NMFS annual bottom trawl survey is an effective, available
monitoring program for current closed area research in the eastern Bering Sea. It has
been determined that management measures adopted by the North Pacific Fisheries
Management Council to close the Nearshore Bristol Bay Closure Area and the Bristol
Bay Red King Crab Savings Area are effective in protecting and enhancing red king crab
stocks (Stevens et al. 2000a) as well as a few non-target species as demonstrated here.
These results support the need for extensive design, research, further monitoring, and a
longer closure period to determine if marine protected areas are an effective tool to

manage species that are not targeted by commercial fisheries in the eastern Bering Sea.
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Figure 1: Bering Sea Species Protection Areas and Applicable Reporting and
Regulatory Areas. Current existing closed areas in the Bering Sea and around the

Aleutian Islands are shown, with the central Bering Sea donut hole for reference
(Adapted from NPFMC 1997). Three reporting and regulatory areas of the Bering Sea
and Aleutian Islands (BSAI) (NPFMC 1997) are shown below: area 508 (depicted in

green), area 512 (depicted in red) and area 516 (depicted in blue). These areas are used

to describe specific areas in the history of closed areas in the eastern Bering Sea for

small-scale management of fisheries (see Table 2).
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Figure 1: Bering Sea Species Protection Areas and Applicable Reporting and
Regulatory Areas. Current existing closed areas in the Bering Sea and around the
Aleutian Islands are shown, with the central Bering Sea donut hole for reference
(Adapted from NPFMC 1997). Three reporting and regulatory areas of the Bering Sea
and Aleutian Islands (BSAI) (NPFMC 1997) are shown below: area 508 (depicted in
green), area 512 (depicted in red) and area 516 (depicted in blue). These areas are used
to describe specific areas in the history of closed areas in the eastern Bering Sea for
small-scale management of fisheries (see Table 2).
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Figure 2: Study Areas in the Eastern Bering Sea. Study areas Nearshore Bristol Bay
Closure Area - C1 (Closed Area 1), Bristol Bay Red King Crab Savings Area - C2
(Closed Area 2), F1 (Fished Area 1), and F2 (Fished Area 2) are superimposed on the

survey area standardized by the National Marine Fisheries Service for the eastern Bering
Sea trawl survey (Stevens et al. 2000a).
























































































































































































































