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INTRODUCTION

Disturbance by fishing activities in marine ecosys-
tems has resulted in significant shifts in the distribu-
tion, abundance, and diversity of fish communities
(e.g. Fogarty & Murawski 1998, Auster 2002, Myers &
Worm 2003, Frank et al. 2005, Auster et al. 2006, Link
2007). Both ecological theory and empirical data
demonstrate that such changes can result in long-term
shifts in the dominance of species within guilds, the
dominance of guilds within communities, and the roles
that such guilds play in wider ecosystem functions

(Naeem 1998). From a practical perspective, changes
in guild and community structure can be difficult to
reverse and can alter the ecological benefits that
human societies want to achieve through active man-
agement (Jackson et al. 2001, Pandolfi et al. 2003,
Jackson 2008). Therefore, defining the relationships
between species and their functional roles within com-
munities is critical for understanding the dynamics of
community structure as well as developing manage-
ment approaches for the conservation and sustainable
use of biological diversity (Micheli & Halpern 2005,
Greenstreet & Rogers 2006).
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composition of fish communities. Such changes can result in shifts in dominance of functional
(trophic) guilds within communities and the role that guilds play in ecosystem functioning. In partic-
ular, studies in coral reef and kelp forest fish communities have demonstrated a low level of func-
tional redundancy, yet few studies have examined fish communities from temperate large marine
ecosystems. We compared the abundance and composition of feeding guilds (i.e. planktivores, ben-
thivores, amphipod–shrimp feeders, crabivores, echinoderm feeders, shrimp–fish feeders, and pisci-
vores) on the continental shelf of the northeast US across 4 decades (i.e. 1970s to the present), exam-
ining changes in guild structure to determine if: (1) there have been significant changes in the
abundance of functional guilds within the fish community, (2) there have been significant changes
within guilds, and (3) there are commonalities in responses with studies from other habitats. We
found that 5 of the 7 guilds exhibited remarkable stability in abundance over time despite extreme
levels of exploitation and shifts in the abundance of individual species. We suggest there are compen-
satory mechanisms within those guilds that resulted in, or are an outcome of, their functional role
within the shelf fish community. Comparing our results with studies in more spatially discrete habi-
tats such as coral reefs or kelp forests suggests that erosion of functionally redundancies may be
related to the resolution involved, be it spatial extent of observations, movement patterns of fishes,
taxonomic precision of functional role, or variations in the diversity of species interactions within
these ecosystems. Regardless, to prevent any potential for erosion of functional roles, we recommend
that guild structure be considered as a unit for monitoring and resource management.
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Functional diversity, or the diversity and relative
abundance of feeding guilds within a community, is a
useful measure of community state and dynamics
when considering management of ecosystem proper-
ties. Micheli & Halpern (2005) found limited redun-
dancy of functional traits within geographically diverse
marine fish communities and demonstrated reduced
functional diversity within communities subject to sig-
nificant levels of fishing disturbance or where habitats
had been altered. However, it is of interest to note that
severe changes in the functional diversity of marine
communities have generally been found in habitats
that have relatively discrete boundaries (e.g. coral
reefs, kelp forests, semi-enclosed estuaries), where
community members have limited movement rates,
trophic interactions are few and strong among species
or species groups, and there is little demonstrable
redundancy within functional groups (Estes et al. 1989,
Jackson et al. 2001, Steneck et al. 2004, Micheli &
Halpern 2005, Mumby et al. 2006). The ability to gen-
eralize the results of such studies to other fish commu-
nities (e.g. those distributed across broad areas of con-
tinental shelves, pelagic ecosystems on the high seas,
and other large marine ecosystems where species
exhibit significant movements between discrete habi-
tat patches) may depend on understanding the extent
to which such patterns are prevalent.

Understanding responses of exploited marine com-
munities to human-caused disturbances is a key
requirement for implementing ecosystem approaches
to management (Link 2002a, Garcia et al. 2003, Gar-
cia 2005). Marine fish communities in the northeast
US continental shelf ecosystem (including Gulf of
Maine and Georges Bank; hereafter the NEUS Large
Marine Ecosystem [LME]) have been subjected to
high levels of exploitation that escalated in the late
1950s and early 1960s and continued until the early
1990s when populations of economically important
species reached historic lows (Fogarty & Murawski
1998, Link et al. 2002). During this same time period
the level and distribution of fishing effort was exten-
sive (Auster et al. 1996, Murawski et al. 2005), with
resultant and variable alterations to seafloor habitats
(e.g. Auster et al. 1996, Auster & Langton 1999, Lind-
holm et al. 2004, Collie et al. 2005). There also have
been notable changes in broader systemic metrics,
such as changes in the size classes and dominance of
zooplankton and fishes, in part due to a warming
trend over the past half century (Link et al. 2002, Per-
shing et al. 2005, Greene & Pershing 2007, Kane 2007,
Collie et al. 2008). Despite such changes over time,
there has yet to be a comprehensive assessment of the
potential shifts or dynamics in functional diversity of
the NEUS continental shelf fish community (c.f. Link
2007, Steele et al. 2007).

A feeding guild-based approach is one way in which
we can evaluate how much the combined effects of
exploitation, habitat, climate, and ecosystem change
have affected functional diversity of the fish commu-
nity. Previous studies have demonstrated that the shelf
fish community in the NEUS LME can be partitioned
into 7 distinct feeding guilds (sensu Garrison &
Link 2000a,b): planktivores, benthivores, amphipod–
shrimp feeders, crabivores, echinoderm feeders,
shrimp–fish feeders, and piscivores. In the present
study we quantified patterns in the abundance and
composition of feeding guilds of fishes across 4 de-
cades (i.e. 1970s to the present). We looked at changes
within and among guild structure to ascertain if there
have been significant changes in the functional role of
guilds within the fish community over time as well as
commonalities in responses to changes observed in
studies from other ecosystems.

MATERIALS AND METHODS

Data collection. The standard Northeast Fisheries
Science Center (NEFSC) bottom trawl survey program
has been executed annually since 1963 (Grosslein
1969, Azarovitz 1981, NEFC 1988). These multi-spe-
cies surveys were designed to monitor trends in abun-
dance and distribution and to provide samples to study
the ecology of the large number of fish and inverte-
brate species inhabiting the region. During these sur-
veys, food habits data are also collected from a variety
of species. Although these broad-scale trawl surveys
cover continental shelf waters from Cape Hatteras to
Nova Scotia (approximately 290 000 km2), we focused
our analysis on the Gulf of Maine and Georges Bank
regions of the NEUS LME (Fig. 1). Each station was
sampled using a No. 36 Yankee (or similar) bottom
trawl deployed for 30 min, towed at a speed of 6.5 km
h–1. Tows were executed at 350 to 400 sampling
stations using a stratified-random sampling design
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Fig. 1. Gulf of Maine and Georges Bank region (200 m isobath
defines shelf margin and deep basins within the Gulf)
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(NEFC 1988). Within each stratum, 2’ latitude by 2.5’
longitude rectangular sampling units were randomly
selected in proportion to the strata area (approximately
1 station per 200 square nautical miles or per 690 km2).
The surveys were conducted in depths of 27 to 366 m;
however, greater depths were occasionally sampled in
the deep canyons along the continental shelf break.

Individuals in the catch were sorted to species,
weighed in aggregate (to the nearest 0.1 kg) and mea-
sured (to the nearest cm), and sex and maturity were
determined. Subsamples of key species were eviscer-
ated for feeding ecology studies with weight and size
measurements collected for each fish. These data on
the distribution, abundance, and ecology of northwest
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Common name Scientific name Guild(s) and size class (cm)

Sandlance Ammodytes sp. Pl All
Atlantic herring Clupea harengus Pl All
Butterfish Peprilus tricanthus Pl All
Atlantic mackerel Scomber scombrus Pl All
Alewife Alosa pseudoharengus Pl All
Spiny dogfish Squalus acanthias Pl 10–60 Pi >60
Shortfin squid Illex illecebrosus Pl All
Longfin squid Loligo pealeii Pl All
American shad Alosa sapidissima Pl All
Hickory shad Also mediocris Pl All
Fawn cusk-eel Lepophidium profundorum A-S All
Longhorn sculpin Myoxocephalus octodecemspinosus A-S All
Windowpane Scophthalmus aquosus A-S All
Atlantic cod Gadus morhua A-S 10–50 Pi >50
Winter skate Leucoraja ocellata A-S 10–60 Pi >60
Little skate Leucoraja erinacea A-S 10–60 S-F >60
Red hake Urophycis chuss A-S 10–40 S-F >40
Spotted hake Urophycis regia A-S 10–20 Pi >20
White hake Urophycis tenuis A-S 10–20 S-F 21–40 Pi >40
Fourspot flounder Paralichthys oblongus A-S 10–20 Pi >20
Yellowtail flounder Limanda ferruginea A-S 10–20 Be >20
Northern sea robin Prionotus carolinus A-S All
American plaice Hippoglossoides platessoides A-S 10–20 Ec >20
Clearnose skate Raja eglanteria A-S 10–30 Cr 31–60 S-F >60
Smooth dogfish Mustelus canis Cr All
Black sea bass Centropristis striata Cr All
Pollock Pollachius virens S-F All
Silver hake Merluccius bilinearis S-F 10–40 Pi >40
Acadian redfish Sebastes fasciatus S-F All
Smooth skate Malacoraja senta S-F All
Blackbelly rosefish Helicolenus dactylopterus S-F All
Cusk Brosme brosme S-F All
Haddock Melanogrammus aeglefinus Be 10–20 Ec >20
Thorny skate Amblyraja radiata Be 10–60 Pi >60
Winter flounder Pseudopleuronectes americanus Be All
Gulf Stream flounder Citharichthys arctifrons Be All
Witch flounder Glyptocephalus cynoglossus Be All
Scup Stenotomus chrysops Be All
Atlantic croaker Micropogonias undulatus Be All
Cunner Tautogolabrus adspersus Be All
Tautog Tautoga onitis Be All
Ocean pout Macrozoarces americanus Ec All
Sea raven Hemitripterus americanus Pi All
Goosefish Lophius americanus Pi All
Bluefish Pomatomus saltatrix Pi All
Weakfish Cynoscion regalis Pi All
Summer flounder Paralichthys dentatus Pi All
Atlantic halibut Hippoglossus hippoglossus Pi All

Table 1. List of species and trophic guild membership based on size class (cm). Ontogentic shifts in guild membership and associ-
ated size classes are based on Garrison & Link (2000a). Pl: planktivore; A-S: amphipod–shrimp feeder; Cr: crabivore

S-F: shrimp–fish feeder; Be: benthivore; Ec: echinoderm feeder; Pi: piscivore
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Atlantic fish and invertebrates have been routinely col-
lected in all 4 seasons, but the major focus has been in
spring (March to May) and fall (September to Novem-
ber), with winter and summer surveyed more sporadi-
cally (Grosslein 1969, Azarovitz 1981, NEFC 1988).
Azarovitz (1981) and NEFC (1988) provide a more
detailed description of the survey program. Further
details of the food habits sampling and data are given
in Link & Almeida (2000), data from which were used
to determination guild membership.

Analysis. We assigned a suite of 48 species to 7 dis-
tinct functional trophic groups following the guild
delineation of Garrison & Link (2000a,b) (Table 1).
We then calculated a stratified mean average abun-
dance for each species (or species–size combination)
individually and collectively for each guild. These
were averaged across seasons and were executed for
a 4 yr range during the early part of each decadal
period, starting at 1970 (i.e. 1970 to 1973), 1980, 1990,
and 2000. We present the mean abundance (no.
tow–1) for each guild and relative proportion within
each guild. We made the a priori choice of 4 yr time
periods in each decade to emphasize any potential
contrasts and changes over the 40+ yr of the data
series in a discrete manner (i.e. rather than arbitrarily
extract segments in a post hoc manner for illustrative
purposes from an analysis of the entire time series).
Further, we made the a priori decision to address
changes in patterns of numerical abundance rather
than biomass. From a population and community per-
spective, showing change in numerical abundance
within a guild, although related closely to biomass, is
in keeping with both prior studies of functional diver-
sity and the emphasis on total number of functional
parts (regardless of how much an individual part
weighs).

A 1-way ANOVA was used to determine if there
were significant changes in the distribution of trophic
group abundances across eras with years as replicates
within each era. We conducted Tukey’s HSD tests to
ascertain differences among the means in each era for
each guild where there were significant differences.
Two-way ANOVAs were used to test for differences
between eras in the proportional composition of spe-
cies within each guild. Proportions were arcsin square
root-transformed (Zar 1999).

RESULTS

Between guilds

We found 2 guilds with large differences in abun-
dance over time (Fig. 2). Both planktivores and the
shrimp–fish guilds were significantly different across

eras (ANOVA, F3,12 = 37.05 and 68, respectively), with
the highest abundance for each guild of approximately
200 individuals per sample tow in the 2000s era. For
planktivores, results of Tukey’s pair-wise comparisons
demonstrated significant differences (p < 0.05) be-
tween each era (i.e. 1970s < 1980s < 1990s < 2000s).
Unlike the planktivore guild, the shrimp–fish guild did
not exhibit statistically distinct differences throughout
the time series (i.e. 1970s = 1980s = 1990s < 2000s)
except for the last era. These 2 guilds were consistently
the most abundant in this fish community.

The remaining guilds exhibited a relatively stable
abundance over time (Fig. 2). Two guilds (benthi-
vores and echinoderm feeders) did exhibit small
but significant changes in abundance across eras
(ANOVA, F3,12 = 5.76 and 3.76, p = 0.011 and 0.041,
respectively). Although statistically different, the rela-
tive magnitude of the differences was minor (i.e. less
than ~15 to 20 ind. tow–1). For the benthivores, results
of Tukey’s comparisons demonstrated that only the
2000–2003 era was statistically different (p < 0.05)
than all of the earlier eras. There were no significant
differences derived from Tukey’s comparisons of
echinoderm feeders across eras despite the signifi-
cant results of the ANOVA. This result can be attrib-
uted to the wide variation in the data from a limited
number of species. Both guilds exhibited their highest
level of abundance in the 2000s era followed closely
by the 1980s. The 3 remaining guilds showed no sig-
nificant differences across the 4 decades. The pisci-
vores were relatively consistent with 15 to 20 ind.
tow–1 (F3,12 = 1.20, p = 0.353), the amphipod–shrimp
feeders with 40 to 45 ind. tow–1 (F3,12 = 1.59, p =
0.243), and the crabivores with 0.003 to 0.2 ind. tow–1

(F3,12 = 0.90, p = 0.470).
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Within guilds

The representation of species abundances within
guilds shifted dramatically over time and not in syn-
chrony with guild abundance. Two-way ANOVAs com-
paring the proportion of species within each guild
across time produced significant results for 6 of 7 guilds
based on changes in the proportions of individual spe-
cies and the interaction between species proportions
and era (pcrit < 0.05; Table 2). Conversely, the era term
alone was not significant (Table 2). The only guild for
which no significant differences were found was crabi-
vores, which were represented by only 3 species.

The relative proportion of herring in the planktivore
guild increased greatly after the 1970s and 1980s as
did Atlantic mackerel (Fig. 3a). The most notable spe-
cies shift in this guild was the high level of abundance
of sand lance in the 1980s and its greatly reduced
abundance in relation to other species in all other eras.
Long-finned squid also changed in abundance over
time, with levels in the 2000–2003 era approaching the
highest levels of abundance observed in the 1970s.
The shrimp–fish guild (Fig. 3b) exhibited distinct shifts
in abundance between silver hake and Acadian red-
fish, particularly at higher levels of guild abundance in
the 1980s and 1990s. Other species in this guild exhib-
ited compensatory dynamics but constituted only
minor fractions of the total guild abundance.

Dynamics of species abundances in the benthivore
and echinoderm guilds (Fig. 3c,d, respectively) were

primarily due to changes in haddock abundance for
given size classes (i.e. small haddock as benthivores
and medium, large, and extra-large haddock as echin-
oderm feeders). Both guilds contained a higher amount
of haddock in the 2000–2003 era. Although the relative
proportion and absolute abundance of winter flounder
and yellowtail flounder changed in the benthivore
guild, most changes in proportions were reflective of
changes in haddock abundance. The same is true for
ocean pout and American plaice in the echinoderm
guild.

Despite the overall stability in abundance of the
remaining 3 guilds (Fig. 3e,f,g), their composition also
exhibited notable changes. The shifts in component
species in the piscivore guild included a decline in
Atlantic cod over time, an increase in fourspot floun-
der, and an increase then subsequent decline in spiny
dogfish. The relative abundances of the remaining
species in this guild responded proportionally to
changes primarily in Atlantic cod and spiny dogfish
abundance. The amphipod–shrimp-feeding guild
exhibited an increase in red hake over time. Little
skate was most abundant in the 1980s and then
declined. Longhorn sculpin were least abundant in the
1980s and have since increased in relative abundance,
almost to proportions observed in the 1970s. Finally,
the crabivore guild exhibited a trade-off between
smooth dogfish and black seabass: smooth dogfish
were most abundant in the 1970s and 1990s; con-
versely, black seabass had the highest proportional

abundance in the 1980s and 2000s.

DISCUSSION

Overall our results demonstrate that
5 of the 7 guilds exhibited remarkable
stability in abundance over time
despite extreme levels of exploitation,
major ecosystem changes, and highly
notable shifts in the abundance of
individual species. We suggest that
there are compensatory mechanisms
within those guilds that resulted in, or
are an outcome of, their functional role
within the shelf fish community. While
other studies have demonstrated
severe declines in the abundance of
functional groups in the face of
exploitation, with cascading effects
across trophic levels (e.g. Hughes
1994, Steneck et al. 2004), our results
suggest an alternative outcome. There
are several potential reasons for such a
pattern: (1) a high level of functional
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Trophic guild Source df F p

Amphipod–shrimp Species proportion 11 153.61 <0.0001*
Era 2 0.18 0.9070
Proportion × Era 32 2.70 <0.0001*

Benthivore Species proportion 9 29.26 <0.0001*
Era 3 0.74 0.5333
Proportion × Era 25 2.85 0.0001*

Crabivore Species proportion 2 0.61 0.5549
Era 3 0.14 0.9326
Proportion × Era 3 0.70 0.5642

Echinoderm Species proportion 2 68.30 <0.0001*
Era 3 0.06 0.9799
Proportion × Era 6 10.24 <0.0001*

Piscivore Species proportion 12 182.58 <0.0001*
Era 3 1.27 0.2857
Proportion × Era 36 11.58 <0.0001*

Planktivore Species proportion 9 39.69 <0.0001*
Era 3 0.15 0.9325
Proportion × Era 24 8.43 <0.0001*

Shrimp–fish Species proportion 8 288.23 <0.0001*
Era 3 2.19 0.0939
Proportion × Era 23 14.25 <0.0001*

Table 2. Results of 2-way ANOVA comparing guild structure between eras. 
*: significant at p < 0.05
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Fig. 3 (this and facing page). Proportional composition of species in the 7 guilds across the 4 eras addressed in the present study
(1970s to 2000s). Diet characteristics are described in Garrison & Link (2000a)
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redundancy and spatial overlap in the distribution of
guild members where the role of a species in decline is
replaced by others with concomitant increases in
abundance; (2) the disparities in spatial scale of studies
contrasting systems like reefs and kelp forests with
shelf-wide systems masks large-scale patterns in the
former or small-scale patterns in the latter such that
there may be similarities if spatial scales of observation
are matched; (3) differences in the taxonomic resolu-
tion of guild membership across studies; or (4) differ-
ences in species interactions between discrete habitats
(or other diversity-related processes that vary with the
spatial scale of observation) that contribute to the dis-
parate outcomes.

While some studies have found low levels of redun-
dancy of functional groups within communities, none
save the present study have found a high degree of
functional redundancy. Garrison & Link (2000) found
a high degree of dietary overlap within guilds (i.e.
~0.50) but a relatively low degree of overlap between
guilds (mean dietary overlap of 0.23) within the NEUS
LME region. They attributed this pattern to the large
spatial extent of the study area, where samples were
collected across multiple habitats and the number of
potential predator–prey species interactions was
higher, thereby reducing overlap within guilds (while
identifying distinctly different guilds based on broad
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taxonomic differences in prey). The low levels of
redundancy in other studies could, in part, be due to
the lack of high resolution food habits studies to eluci-
date ontogenetic changes in trophic role where a spe-
cies is assigned to a single guild regardless of size
(Link et al. 2005, Essington et al. 2006), despite the
commonality of size-based shifts in diet (Ross 1986,
Garrison & Link 2000a). For example, the trophic role
of coral reef fishes in the Caribbean Sea is often
assigned from limited historic studies of food habits in
specific locations (e.g. Randall 1967, Auster et al.
2005, Mumby et al. 2006, Newman et al. 2006). As the
taxonomic resolution of the functional role of each
species is increased, we may find there is more func-
tional redundancy than has been previously sus-
pected. Expanding these types of studies across spa-
tial and temporal scales may also alter our perception
of functional diversity and thus systemic resiliency.

The spatial boundary of the present study was the
200 m isobath of the NEUS continental shelf, defining
essentially a large fraction of the entire northeast con-
tinental shelf, not a particular habitat or landscape.
However, we do not assume that interactions within
and between guilds (that is, their functional roles) are
evenly distributed in space and time. Previous studies
have demonstrated non-random distributions of fishes
within the region (e.g. Auster et al. 2006, Methratta &
Link 2006) and community boundaries have been
delimited at smaller spatial scales in this LME (Over-
holtz & Tyler 1985, Gabriel 1992, Langton et al. 1995,
Auster 2002). Such community boundaries do not nec-
essarily imply that individual fish, and hence species
interactions, are bounded to those locations, but only
that patterns of species composition are consistent over
time in spatially limited areas. An analysis of the spa-
tial and temporal patterns of functional groups across
the region remains to be conducted.

However, at the spatial scale of landscapes (i.e.
banks, basins) and the habitats nested within (e.g.
gravel pavement, boulder reef, sand wave field) we
can assume a level of residency for some species
within guilds (e.g. Auster & Lindholm 2005, Lindholm
et al. 2007). If immigration is not the major mode of
recovery at ecologically relevant time scales, fishing-
induced mortality could have significant effects on the
strength of ecological interactions at local spatial
scales. In contrast, studies focused on coral reefs and
kelp forests have the inherent assumption of non-leak-
iness (i.e. higher residency) in terms of the consistency
of the presence and abundance of species (or some mix
of species within guilds) and their ability to carry out
their functional role within these discrete habitats (e.g.
Steneck et al. 2004, Micheli & Halpern 2005). Such pat-
terns have not been tested explicitly in any of these
cases and there has been no evaluation of the role of

transient guild members entering and leaving particu-
lar habitats. We note that the degree of leakiness
implies the presence of the mix of species that perform
guild roles within habitats (e.g. presence that controls
abundance of seasonally recurring recruits). However,
the spatial and temporal extent of species interactions
necessary to maintain functional roles within habitats
remains unknown.

The present study was not designed to develop a
mechanistic understanding of changes in functional
diversity over time but to identify dynamics within and
between guilds of this cold, temperate fish community.
The complexity of trophic interactions (Link 2002b),
non-random patterns of exploitation (Murawski et al.
2005), population responses to changes in habitat (e.g.
Lindholm et al. 2001, Auster et al. 2003), and interac-
tions with large-scale climate effects (e.g. Drinkwater
2005, Hare & Able 2007) yield many multiple, and not
necessarily mutually exclusive, hypotheses to explain
patterns in the abundance of functional groups and
their component parts. The interactions between these
factors, as well as the spatial and temporal scales at
which manipulations must be made in order to under-
stand the mechanisms driving community dynamics,
require design and implementation of experiments in
collaboration with fisheries management (i.e. adaptive
management; Walters 1986).

The results of the present study have important
implications for conservation and management of
marine biological diversity. First, that there is high
functional redundancy within guilds and a form of
compensatory response to exploitation implies a
degree of resiliency able to accommodate (potential or
realized) resource management mistakes, at least from
the standpoint of maintaining ecosystem function. It
appears that, at least in this fish community, the func-
tional redundancies of most guilds have been main-
tained despite a history of notable exploitation. The
second main implication is that setting allowable catch
levels for functional guilds rather than single species
can focus management on ecological roles and ulti-
mately may yield greater stability of catches (Mangel &
Levin 2005, Mueter & Megrey 2006). Of the 7 guilds
we examined, only 2 showed notable changes (both
increases), and that was after a significant reduction of
fishing pressure on both guilds, prior to the time series
used in our analysis, due to both economic priorities
and management actions (Fogarty & Murawski 1998).
Considering management from a functional role per-
spective not only will help to avoid potential erosion of
ecological roles (sensu Micheli & Halpern 2005), but
may be more economically stable for fishers (Edwards
et al. 2004). We do note the need to continue to eluci-
date details and dynamics of responses of species
within guilds in this and related ecosystems; in partic-
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ular, understanding the effects of sequential depletion
of species within guilds merits further exploration.

Here we have demonstrated that there is a level of
functional redundancy in the NEUS LME fish commu-
nity which has responded to most levels of fishing
effort resulting in the maintenance of relative propor-
tions of species’ respective ecological roles. This differs
from other studies likely due to the various factors as
noted above (i.e. taxonomic resolution of functional
roles, spatial extent, movement rates of fishes). How-
ever, even in this system with high functional redun-
dancy, we have seen significant changes in guild
abundance of 2 groups (e.g. planktivores, shrimp–fish
feeders). It is clear that a portion of the fish community
had to have been impacted significantly for such
changes in species abundances; it is also clear that this
impact must have been even more significant to have
changed the status of entire guilds, particularly given
the stability of others. Yet even with the large impacts
suggested by the changes to some of the guilds in this
ecosystem, there hasn’t been an overall deterioration
of functional roles of fish in this ecosystem as com-
pared to other systems (e.g. Estes et al. 1989, Pandolfi
et al. 2003, Mumby et al. 2006). To mitigate against
future deleterious changes, a guild-level perspective in
a resource management context would be advisable
(e.g. Mangel & Levin 2005, Link 2007). Doing so would
be a practical implementation of ecosystem-based
management (Link 2002a, Garcia et al. 2003, Garcia
2005) and may help to avoid the potential for any
future erosion of functional roles and the ecological
benefits we derive from this important ecosystem.
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