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a b s t r a c t
The dynamic nature of biological hotspots, while well recognized, is not well understood. We hypothesize that
the persistence of hotspots in the northern California Current System (CCS), despite seasonal and annual changes
in the nekton community species composition, is related to associations among species and their functional redundancy. To address this hypothesis, sampling was conducted during June and August of 2000 and 2002 within
two hotspots occurring between Newport, Oregon and Crescent City, California in the coastal CCS. Associations
were examined to identify potentially complementary and redundant species. The strongest negative associations were between jellyﬁsh and ﬁsh species, with strong positive associations evident among several ﬁsh
species. Dominant species varied seasonally and annually, although evidence indicated replacement of dominant
species by other similar species with respect to functional group and preferred habitat. This ﬁnding suggests
that the persistence of these biological hotspots is related to species redundancy and is an important attribute
contributing to stability within this highly variable system.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Biological hotspots, known to be ecologically and economically
important, are often the focus of conservation efforts (Worm et al.,
2003). They are important because of their persistently high species
diversity and abundance (Hazen et al., 2013). As a corollary, within
these localized areas many species occur in relatively close proximity,
foraging for similar prey, seeking to avoid being prey, or are predators.
Identifying the ecological basis for associations is important for making
predictions about how large-scale changes, such as climate change, will
alter distributions and abundances (Millazzo et al., 2013; Nagelkerken
and Simpson, 2013; Urban et al., 2013).
Interactions among organisms are known to affect respective local
distributions and abundances. Changes in relative abundances of certain
species, especially those which are highly mobile, can lead to novel interspeciﬁc interactions as species relocate to more tolerable conditions
(e.g., Harley et al., 2006; Wilson et al., 2008). Lacking understanding of
these community dynamics can lead to less-predictive models used
for management (Harley et al., 2006). Temporal changes in community
composition can occur over relatively short time spans sometimes,
without repeated sampling, making it difﬁcult to identify what is “normal” for a given area. For example, Reese and Brodeur (2006) identiﬁed
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nekton hotspots within the northern California Current System (CCS),
noting that species composition varied seasonally and annually. Despite
such dynamics, these regions remained as biological hotspots both seasonally and interannually. Such a ﬁnding leads to the expectation that
different species within functional groups are playing similar roles
(i.e., are functionally redundant) since some could be replaced by others
without a substantial change at higher levels of biological organization.
The CCS is a dynamic and highly productive eastern boundary
current characterized by extensive upwelling (Checkley and Barth,
2009; McGowan et al., 1998). Within the northern portion, changes in
species composition and production of all trophic levels are known to
occur due to varying environmental conditions (Brodeur et al., 2005;
Peterson et al., 2002; Reese et al., 2005). On a seasonal scale, variability
is the result of a reversal in wind pattern north of 37° N, blowing equatorward during summer and poleward during winter (Huyer, 2003).
The equatorward winds facilitate the coastal upwelling (Barth et al.,
2005). Interannual variability is linked strongly to El Niño-Southern Oscillation (Checkley and Barth, 2009; Chelton et al., 1982) and decadal
variability coincides with large-scale, decadal regime shifts that alter
much of the North Paciﬁc (Chavez et al., 2003; Mantua et al., 1997).
Within the dynamic CCS, Reese and Brodeur (2006), on the basis of
species richness, abundance, and/or biomass, identiﬁed two persistent
biological hotspots in its northern portion. One hotspot, located offshore
near the shelf-break, was associated with a retention area near Heceta
Bank (about 44° N). The other hotspot was located close to shore near
Crescent City, CA (about 42° N) and was upwelling-based.
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One mechanism proposed by Reese and Brodeur (2006) for the persistence of these hotspots was the functional redundancy present
among species (Naeem, 1996; Walker, 1992). Such a characteristic has
deep implications for management with respect to stability, resilience,
and resistance to change whether natural or anthropogenic. Frost et al.
(1995) examined species compensation and functional complementarity in ecosystem function in a lake system and found that biomass of
zooplankton remained at high levels despite the loss of component
species from each group. Compensatory increases by other taxa were
determined to be responsible for the complementarity of function. A
key factor increasing the degree of compensation among associated
species in response to environmental change was their functional similarity (Frost et al., 1995). Species redundancy, as reﬂected in more
biologically diverse areas, may therefore preserve ecosystem functioning despite changes in the environment (Naeem, 1996). Likewise, the
persistence of the hotspots in the northern CCS despite changing environmental conditions may therefore be related to species complementarity and functional redundancy.
In coastal marine ﬁsh assemblages, Micheli and Halpern (2005)
found strong positive relationships between ﬁsh species and functional
diversity, however, some functional groups examined had low species
redundancy. For instance, in marine reserves, the authors noted that
species recovery resulted in the addition of whole functional groups
due to the fact that some functional groups were comprised of only
one species. In fact, within no-take marine reserves they identiﬁed
several functional groups that were not present in ﬁshed areas over
multiple studies indicating that ﬁshing tends to remove whole functional groups from some systems (Micheli and Halpern, 2005). Although the
dataset used in this analysis did not necessarily include species that
were found at low abundances thereby precluding potentially important, yet rare species, their work suggests that small changes in species
diversity can ultimately result in signiﬁcant impacts on functional diversity and possibly ecosystem function.
The local distribution and abundance of some species are known
to affect the presence of other species due to biological interactions,
such as competition and predation (for upper trophic levels: Ainley
et al., 2009). Identifying which species are indicators of speciﬁc habitats and which species associate with them helps to understand ecosystem structure. Positive associations between species whose
dominance ﬂuctuates may facilitate the complementary functioning
of species such that if one becomes limited in abundance, another
functionally similar species may replace it, thus preserving ecosystem
function.
On the other hand, negative associations are also possible. Given the
large abundances of large jellyﬁsh encountered in the northern CCS
(Suchman and Brodeur, 2005; Suchman et al., 2008) and their high degree of spatial overlap with pelagic ﬁshes (Brodeur et al., 2008, 2014),
jellyﬁsh may be signiﬁcant competitors with some nekton species
(Brodeur et al., 2008). For instance, jellyﬁsh and sardines both feed
heavily on euphausiid eggs (Miller and Brodeur, 2007; Suchman et al.,
2008). Therefore, if there is signiﬁcant competition between these organisms, and the system becomes dominated by one or the other, this
could lead to altered food web dynamics and diversity (Richardson
et al., 2009; Ruzicka et al., 2012).
We propose to investigate the hypothesis that the persistence of
hotspots in the northern CCS, despite seasonal and annual changes in
nekton community structure, is related to species associations and
functional redundancy. A primary goal was to identify the strength of
species associations. In particular, we were interested in the associations of hotspot indicator species with pelagic jellyﬁsh. Associated, redundant species with similar diets may be competitors and have the
potential to alter community structure at highest trophic levels. We
took a conservative approach to deﬁning redundancy by adding to the
classical deﬁnition of the number of species within a functional group,
the requirement that redundant species be complementary and overlapping in geographic distributions. Therefore, a compensatory increase

in the abundance of one species should be related to a decrease in
abundance of another species.
2. Materials and methods
2.1. Study region and sampling design
Sampling was conducted at multiple trawling stations as part of a
mesoscale and ﬁne-scale sampling study within the U.S. GLOBEC Northeast Paciﬁc Program (Batchelder et al., 2002). Samples were collected
during four cruises to examine seasonal and interannual patterns of
community dynamics: during late spring (29 May to 11 June, 2000
and 1 June to 18 June, 2002 (hereafter called June 2000 and June 2002
cruises, respectively) and during late summer (29 July to 12 August,
2000 and 1 August to 17 August, 2002 (hereafter called August 2000
and August 2002 cruises, respectively). All sampling was conducted
from chartered ﬁshing vessels and the sampling area extended from
Newport, Oregon (latitude 44° 40′ N) to Crescent City, California (41°
54′ N). Sample stations were located along ﬁve designated transects 1,
5, 10, 15, 20, 25, and 30 nautical miles from shore although stations
were added in areas of particular physical and/or biological interest.
All spatial and community analyses were limited to samples collected
during daylight to avoid any changes in the day/night community structure within the water column.
Details on sampling methodology are provided in Brodeur et al.
(2004). Nekton tows of the surface layer were made with pelagic trawls
at each station. Nekton and jellyﬁsh abundances were standardized for
differences in effort between tows and based on the volume of water ﬁltered per trawl. For standardization, we only used species richness
values acquired from samples in which the volume of water sampled
was within two standard deviations of the mean volume of all samples.
Additional details on the physical and biological parameters sampled at
each station (e.g., temperature, salinity, chlorophyll and surface zooplankton) are provided in Reese et al. (2005).
Differences in total jellyﬁsh densities were evaluated between
cruises using a Kruskal-Wallis test (Zar, 1996). A non-parametric test
was chosen because our data did not meet assumptions of normality
and homoscedasticity. When signiﬁcant differences were found,
Mann-Whitney U tests were performed to compare between the four
cruises. The signiﬁcance levels were adjusted to account for multiple
tests being conducted (Shott, 1991). In order to obtain an overall significance level of 0.05, we employed a Bonferroni-adjusted signiﬁcance
level of 0.05/4 = 0.0125 for each Mann-Whitney U test.
2.2. Spatial analysis
To identify spatial patterns of jellyﬁsh distributions and their spatial
relationships to nekton hotspots, geostatistical modeling techniques
were employed using ArcGIS v8.3 with the Geostatistical Analyst extension (ESRI, Redlands, CA); see Johnston et al. (2001) and Reese and
Brodeur (2006) for further details. Density distributions on each cruise
were examined for spatial overlap among the four most common species of large medusae off the coast of Oregon (Suchman and Brodeur,
2005), consisting of three scyphomedusan (Aurelia labiata, Chrysaora
fuscescens, and Phacellophora camtschatica) and one hydromedusan
(Aequorea sp.) species. Data were normalized with a log (x + 1) transformation to prevent violations of normality and homoscedasticity.
Both exponential and spherical theoretical models were ﬁt to the empirical semivariograms. These models were then used to estimate the
semivariogram values for each distance within the range of observations (Cressie, 1993). We then used kriging to interpolate the expected
values of the variables for each cruise. We evaluated model parameters
and kriging results using cross-validation. For each variable, numerous
exponential and spherical models were evaluated and compared and
the best model was selected.
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Table 1
Mean (±SE) surface water characteristics, zooplankton concentration and species richness, total jelly and nekton density, nekton biomass, and nekton species richness in each region during the four cruises. Temperature at 3 m (°C); salinity at 3 m (psu); density at 3 m (kgm−3); chlorophyll concentration at 3 m (μg l−1); surface zooplankton concentration (ml 100 m-3);
surface zooplankton species richness (number of species N5 mmstation−1); jelly and nekton density (numberkm−3); nekton biomass (kg km−3); nekton species richness (number of
speciesstation−1). No HS represents stations not within a hotspot, whereas HBHS and CCHS represent the Heceta Bank and Crescent City hotspots, respectively.
Variable

June 2000

August 2000

No HS (n = 51)

HBHS (n = 14)

CCHS (n = 8)

No HS (n = 39)

HBHS (n = 19)

CCHS (n = 9)

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

12.3 (0.2)
32.0 (0.1)
24.2 (0.1)
1.0 (0.1)
110.5 (24.9)
3.8 (0.4)
294,268 (105,009)
9,839 (2,388)
1,007 (957)
2.4 (0.3)

13.1 (0.3)
31.5 (0.2)
23.7 (0.2)
0.8 (0.4)
104.1 (38.9)
4.7 (1.0)
604,484 (589,556)
156,520 (55,665)
5,102 (4,237)
6.4 (1.2)

11.4 (0.3)
32.2 (0.3)
24.5 (0.3)
5.0 (1.2)
44.3 (9.0)
4.5 (1.1)
140,713 (64,733)
154,756 (71,254)
2,605 (1,003)
4.6 (0.9)

12.4 (0.5)
33.1 (0.1)
25.0 (0.1)
1.7 (0.3)
66.7 (11.7)
4.0 (0.7)
3,352,739 (2,023,149)
4,585 (1,621)
3,904 (2,121)
1.7 (0.2)

12.1 (0.4)
32.7 (0.1)
24.8 (0.1)
5.0 (1.1)
35.7 (6.9)
1.6 (0.4)
670,280 (656,149)
347,738 (313,841)
66,628 (35,597)
3.7 (0.3)

11.5 (0.4)
33.5 (0.1)
25.5 (0.1)
9.6 (2.3)
67.8 (26.2)
4.1 (1.4)
1,033,720 (387,214)
49,637 (16,812)
899 (465)
4.1 (0.4)

No HS (n = 45)

HBHS (n = 22)

CCHS (n = 3)

No HS (n = 49)

HBHS (n = 28)

CCHS (n = 3)

Variable

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

Mean (SE)

Temperature
Salinity
Density
Chlorophyll concentration
Zooplankton concentration
Zooplankton species richness
Jellyﬁsh density
Nekton density
Nekton biomass
Nekton species richness

11.4 (0.2)
32.2 (0.1)
24.5 (0.1)
4.3 (0.6)
102.9 (10.3)
5.1 (0.5)
274,164 (133,247)
90,237 (53,678)
6,690 (3,306)
4.7 (0.4)

11.6 (0.3)
31.9 (0.2)
24.3 (0.2)
6.2 (2.1)
120.4 (14.9)
5.5 (0.8)
411,682 (246,821)
3,585,880 (2,291,060)
165,662 (95,232)
6.2 (0.4)

9.6 (1.0)
33.7 (0.1)
26.0 (0.2)
15.5 (4.2)
84.0 (21.5)
4.0 (1.5)
220,728 (101,162)
170,474 (147,663)
8,734 (8,632)
6.7 (1.5)

9.9 (0.2)
33.4 (0.1)
25.7 (0.1)
2.7 (0.4)
85.0 (11.3)
4.7 (0.5)
1,145,216 (538,495)
35,818 (15,620)
4,270 (2,010)
2.4 (0.3)

10.9 (0.2)
33.0 (0.1)
25.2 (0.1)
9.7 (1.9)
46.3 (7.4)
2.9 (0.3)
496,609 (345,304)
161,204 (65,218)
22,666 (8,567)
5.4 (0.3)

11.4 (0.7)
33.4 (0.1)
25.5 (0.1)
5.3 (2.3)
132.7 (33.6)
7.3 (0.9)
3,490,770 (3,400,163)
1,487,235 (1,060,948)
29,380 (17,217)
5.3 (0.7)

Temperature
Salinity
Density
Chlorophyll concentration
Zooplankton concentration
Zooplankton species richness
Jellyﬁsh density
Nekton density
Nekton biomass
Nekton species richness

June 2002

August 2002

The maps produced via this method are not intended here to represent small-scale processes but rather elucidate broad-scale patterns in
the surface nekton and jellyﬁsh communities and the accompanying
ocean conditions. To support our assumption that the interpolated
maps are representative of ocean conditions during the four cruises,
we examined geostatistically produced maps of temperature and chlorophyll and compared them to both satellite-derived maps and in situ
sampling (SeaSoar) (Barth et al., 2005; Wu et al., 2014). Interpolated
maps closely resembled maps based on satellite and SeaSoar data
(Reese et al., 2005) supporting our assumption.
2.3. Community structural analysis
All community statistical analyses were performed using PC-ORD
v4.25 software (McCune and Mefford, 1999). Data collected from each
of the four cruises were used to form complementary species and environmental matrices. Environmental matrices included temperature, salinity, density, chlorophyll concentrations each collected at a depth of
3 m, surface zooplankton biovolume and species richness, nekton species richness, sample site depth and distance from shore, and a categorical code to represent the station's geographical position within or
outside a biological hotspot. We analyzed all cruises independently in
order to determine the community responses to the different seasonal
and interannual conditions. Stations with no nekton species present
were eliminated from the matrices to allow for analysis of sample
units in species space. In addition, to avoid spurious effects caused by
the presence of rare species, we excluded species that had a frequency
of occurrence of b5% of the possible occurrences for each cruise
(McCune and Grace, 2002). Prior to community analyses, all data transformations and their outcome on the summary statistics were examined (McCune and Grace, 2002). Log (x + 1) transformation and the
deletion of rare species, were found to markedly reduce the row and
column skewness and coefﬁcient of variation (CV) within the data.
Nekton and jellyﬁsh species groupings were examined with agglomerative hierarchical cluster analyses (AHCA) using the Sorensen

distance measure and ﬂexible beta linkage function to determine
which species grouped together. This linkage function was chosen because the user can control its space-distorting properties, it is a spaceconserving method, and it has less propensity to chain (McCune and
Grace, 2002). A value of β = − 0.25 gives results similar to Ward's
method (Lance and Williams, 1967), and therefore values of β in the
present analyses ranged from − 0.25 to − 0.30. Analyses were performed on individual cruises to identify similar or changing patterns
of species associations among time periods. Correlations between
species were examined with Spearman's rho. Only strongly signiﬁcant
correlations (p b 0.01) between dominant species are presented given
the large number of signiﬁcant correlations identiﬁed.
To determine dominant species associations and signiﬁcant environmental correlates for each cruise we used non-metric multidimensional
scaling (NMS; Kruskal, 1964) to ordinate sample units in species space.
NMS was the ordination method chosen for this analysis because it is robust to data that are non-normal and contain many zeros (species not
present at a particular sample station). The Sorensen distance measure
was used because it is not as sensitive to the presence of outliers compared to other distance measures. A randomized Monte Carlo test was
then used to assess whether NMS extracted stronger axes than would
be expected by chance. The p values for the test were calculated as the
proportion of randomized runs with stress less than or equal to the observed stress. The number of dimensions of the ordination was assessed
by comparing the results of the NMS runs using real data to the results
obtained using the Monte Carlo simulations with randomized data. Individual species distributions were examined using overlays on the ordinations. A joint plot was then used to indicate the relationships
between the environmental variables and ordination scores. To assess
the proportion of variation represented by each axis in the ordination
we used the coefﬁcient of determination (r2) between distances in the
ordination space and distances in the original space. To measure the direction and strength of individual species and environmental parameters, we used Pearson and Kendall correlations with each ordination
axis.
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June 2000
Class, Family, and Species
Hydrozoa
Aequoreidae
Aequorea sp.
Scyphozoa
Pelagiidae
Chrysaora fuscescens
Ulmaridae
Aurelia labiata
Phacellophora camtschatica
Cephalopoda
Loliginidae
Doryteuthis opalescens
Onychoteuthidae
Onychoteuthis borealijaponicus
Chondrichthyes
Carcharhinidae
Prionace glauca
Squalidae
Squalus suckleyi
Osteichthyes
Ammodytidae
Ammodytes hexapterus
Anarhichadidae
Anarrhichthys ocellatus
Anoplopomatidae
Anoplopoma ﬁmbria
Bothidae
Citharichthys sordidus
Citharichthys sordidus
Citharichthys stigmaeus
Citharichthys spp.
Carangidae
Trachurus symmetricus

August 2000

June 2002

August 2002

Common Name

No HS
(n = 51)

HBHS
(n = 14)

CCHS
(n = 8)

No HS
(n = 39)

HBHS
(n = 19)

CCHS
(n = 9)

No HS
(n = 45)

HBHS
(n = 22)

CCHS (n = 3)

No HS
(n = 49)

HBHS
(n = 28)

CCHS
(n = 3)

Water jellyﬁsh

27

7

4

16

3

2

34

14

3

27

19

0

Sea nettle

15

4

4

11

3

6

23

18

2

29

17

0

Moon jelly
Egg-yolk jelly

16
-

1
-

7
-

16
7

1
0

9
3

19
10

5
3

3
2

34
25

5
8

3
2

Market squid

4

4

5

-

-

-

17

18

2

15

21

3

Paciﬁc clubhook squid

1

5

0

-

-

-

6

0

0

-

-

-

Blue shark (a)

-

-

-

6

2

0

-

-

-

5

8

0

Spiny dogﬁsh (a)

-

-

-

-

-

-

2

5

1

-

-

-

Paciﬁc sandlance (j)

4

0

0

-

-

-

7

5

0

-

-

-

Wolf-eel (j)

4

3

2

1

0

4

7

0

3

6

7

1

Sableﬁsh (j)

10

3

0

-

-

-

-

-

-

1

4

0

Paciﬁc sanddab (j)
Paciﬁc sanddab (a)
Speckled sanddab (j)
Sanddabs (j)

3
4
7

1
6
2

0
0
0

-

-

-

1
-

6
-

0
-

-

-

-

Jack mackerel (a)

-

-

-

6

12

0

7

1

0

4

12

0
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Table 2
Phylogenetic listing of the dominant jellyﬁsh and nekton species caught within the hotspot and non-hotspot regions during each cruise. Numbers represent frequency of occurrence, dashed lines (-) represent the absence of that species during a
particular cruise. Notation as in Table 1. (a) and (j) indicate adults and juveniles, respectively. The sample size associated with each region is given as n.

Medusaﬁsh (a)

-

-

-

2

0

3

-

-

-

10

2

0

Paciﬁc herring (a)
Paciﬁc sardine (a)

2
-

1
-

6
-

3

8

1

1
16

7
3

1
0

5
3

6
9

3
0

Cabezon (j)

3

4

0

-

-

-

-

-

-

-

-

-

Northern anchovy (j)
Northern anchovy (a)

-

-

-

3
-

2
-

0
-

2

4

0

0

8

0

Paciﬁc tomcod (j)

-

-

-

-

-

-

-

-

-

8

6

1

Lingcod (j)

5

0

1

-

-

-

-

-

-

-

-

-

Ragﬁsh (j)

-

-

-

-

-

-

-

-

-

4

1

1

Surf smelt (a)
Smelt (j)

0
2

1
1

6
1

1
3

0
1

5
0

4

1

0

0
-

1
-

3
-

Rex sole (j)

4

8

0

6

3

0

13

1

2

11

8

0

Chinook salmon (a)
Chinook salmon (j)
Chum salmon (j)
Coho salmon (a)
Coho salmon (j)
Cutthroat trout (j)
Steelhead trout (j)

7
6
11
4

1
0
0
0

4
1
1
2

1
6
4
3
5

8
3
11
9
1

7
9
3
3
5

15
5
1
5
6
2

15
14
6
8
13
2

2
0
0
0
0
1

10
4
2
3
1
4

15
3
11
12
5
1

1
0
0
0
0
0

Paciﬁc saury (a)

-

-

-

3

0

2

-

-

-

2

4

1

Chub mackerel (a)

-

-

-

1

4

0

-

-

-

-

-

-

Paciﬁc ocean perch (j)
Darkblotched rockﬁsh (j)
Yellowtail rockﬁsh (j)
Black rockﬁsh (j)
Bocaccio (j)
Canary rockﬁsh (j)
Widow rockﬁsh (j)
Unidentiﬁed rockﬁsh (j)

5
13
1
2
5

9
9
4
3
4

0
1
0
0
1

-

-

-

6
6
6
5
4
4
25

2
3
1
3
2
2
3

0
0
0
0
0
0
3

-

-

-
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Centrolophidae
Icichthys lockingtoni
Clupeidae
Clupea pallasii
Sardinops sagax
Cottidae
Scorpeanichthys marmoratus
Engraulididae
Engraulis mordax
Engraulis mordax
Gadidae
Microgadus proximus
Hexagrammidae
Ophiodon elongatus
Icosteidae
Icosteus aenigmaticus
Osmeridae
Hypomesus pretiosus
Osmeridae
Pleuronectidae
Errex zachirus
Salmonidae
Oncorhynchus tshawytscha
Oncorhynchus tshawytscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus kisutch
Oncorhynchus clarkii
Oncorhynchus mykiss
Scomberesocidae
Cololabis saira
Scombridae
Scomber japonicus
Scorpaenidae
Sebastes alutus
Sebastes crameri
Sebastes ﬂavidus
Sebastes melanops
Sebastes paucispinis
Sebastes pinniger
Sebastes entomelas
Sebastes spp.
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3. Results
3.1. Environmental analysis
Surface water characteristics varied considerably between the four
cruises and between the hotspot and non-hotspot regions (Table 1).
Mean surface temperatures at 3 m were higher during the 2000 than
during 2002. The lowest surface temperatures were typically found
within the Crescent City (CC) hotspot and warmest in the Heceta Bank
(HB) hotspot (Table 1). Mean salinity and density at 3 m tended to be
highest during August and in the CC hotspot and lowest in the HB
hotspot. Mean values in the non-hotspot region during all cruises for
these parameters were intermediate of the hotspot values (Table 1).
Mean surface chlorophyll concentrations tended to be highest
in the hotspots, particularly within the CC hotspot (Table 1). Highest
mean near-surface zooplankton concentrations varied between nonhotspots and the CC hotspot except during June 2002 when concentrations were highest in the HB hotspot. Similarly, mean near-surface
zooplankton species richness varied among regions but tended to be
highest in the non-hotspot and CC hotspot regions. By deﬁnition,
mean nekton species richness, density, and/or biomass were highest
within the hotspots (Reese and Brodeur, 2006) (Table 1).
3.2. Spatial analysis
Total jellyﬁsh densities differed signiﬁcantly among cruises
(Kruskal-Wallis test, H3,290 = 17.42, p b0.001) with higher densities
during August 2002 and lowest densities during both June and August
2000 (U-test, p b0.01) (Table 2). Total jellyﬁsh densities varied between
the hotspots and non-hotspot; during both June 2000 and 2002 jellyﬁsh
densities were highest in the HB) hotspot. During August 2000 jellyﬁsh
density was highest in the non-hotspot region and during August 2002
highest in the CC hotspot.
Nekton hotspots identiﬁed in Reese and Brodeur (2006) were used
to examine overlap with above average jellyﬁsh densities for each of
the four cruises (Fig. 1). Overlap is deﬁned as the region of the above average densities within the hotspots (given as a percentage of overlap).
The amount of overlap was similar between seasons and years with
the exception of August 2002. During June and August 2000 and June
2002 the amount of overlap was 30%, 33%, and 36%, respectively; however, during August 2002 the amount of overlap increased to 46%. Jellyﬁsh densities were consistently higher near the coast and consequently
this is where the overlap with the nekton hotspots occurred (Fig. 1). The
greatest spatial overlap was in 2002 within the CC hotspot during both
the June and August cruises. Overlap with the more offshore HB hotspot
tended to be along its nearshore side. During August 2002, however,
elevated jellyﬁsh densities were encountered offshore near the shelfbreak (200 m isobath) in the HB hotspot (Fig. 1).
3.3. Distribution of nekton and jellyﬁsh
A total of 41 dominant taxa were present in the 290 surface trawls
conducted over the four cruises. Dominant taxa are those that were encountered in at least 5% of the samples for a given cruise (Table 2, which
also contains scientiﬁc names of all nekton species mentioned in this
paper). The four large medusae were among the most frequently occurring organisms throughout the study region (Table 2). The hydromedusa Aequorea sp. was frequently encountered in both hotspot and nonhotspot regions. One of the scyphomedusae, Chrysaora fuscescens, was
numerically the most abundant species. During June and August 2000,
C. fuscescens was present in greater numbers close to shore and north
of Cape Blanco. During the 2002, C. fuscescens was frequently encountered in the HB hotspot. During all cruises Aurelia labiata was consistently rare in the HB hotspot yet frequently encountered in the more
southern CC hotspot. The relatively small size of the CC hotspot as determined from our cruise coverage results in a particularly low number of

stations sampled in that region, especially during 2002. Consequently,
the low number of occurrences within the CC hotspot may reﬂect a
large proportion of encounters within this region. During June 2000,
Phacellophora camtschatica was only encountered at one station and
was therefore not a dominant species. During August 2000 and the
2002 cruises, P. camtschatica was most frequently encountered in the
CC hotspot and non-hotspot regions.
Of the two species of cephalopods, market squid (Doryteuthis
opalescens) was more common and was frequently encountered in
both the HB and CC hotspots (Table 2). Proportionally, D. opalescens
were relatively rare in the non-hotspot region. Paciﬁc clubhook squid
(Onychoteuthis borealijaponicus) was more abundant in the northern
part of the study region and was encountered most frequently in the
non-hotspot and HB hotspot regions.
Among the elasmobranchs encountered, the frequency of occurrence of blue sharks (Prionace glauca) was relatively low. They were encountered most frequently in the HB hotspot and non-hotspot regions,
and were absent from the CC hotspot. Spiny dogﬁsh (Squalus suckleyi),
although only considered a dominant species during June 2002, were
associated with both hotspots.
Of the teleosts, Chinook (Oncorhynchus tshawytscha) and coho
(O. kisutch) salmon were among the most frequently occurring species
(Table 2). Both adult and juvenile Chinook salmon were encountered
most frequently at stations within the HB hotspot and were more prevalent within hotspots than in the non-hotspot region. Adult coho salmon were most frequently encountered in the HB hotspot. With the
exception of June 2000, juvenile coho salmon were most frequently encountered in the HB hotspot as well. Juvenile steelhead trout (O. mykiss)
proportionally were most frequently encountered in CC hotspot, with
the exception of August 2002.
Jack mackerel (Trachurus symmetricus) were more frequently encountered in the HB hotspot in August of 2000 and 2002 than in any
other region. Paciﬁc herring (Clupea pallasii) were encountered in greater proportions in both the HB and CC hotspots (Table 2). Paciﬁc sardines
(Sardinops sagax) were more frequently encountered in the HB hotspot,
particularly during the August cruises, and rare in the CC hotspot.
Northern anchovies (Engraulis mordax) were more frequently associated with the HB hotspot. Anchovies were rarely encountered in the nonhotspot region and never in the CC hotspot. Surf smelt (Hypomesus
pretiosus) were more frequently associated with the CC hotspot than
any other region. Similarly, Paciﬁc saury (Cololabis saira) were, proportionally, more frequently encountered in the CC hotspot than in any
other region.
Juvenile rockﬁsh species were also among the most dominant
species encountered, but they were only dominant during June
when they are present in the surface waters (Table 2). During
June 2000, darkblotched rockﬁsh (Sebastes crameri), yellowtail
rockﬁsh (S. ﬂavidus), bocaccio (S. paucispinis), canary rockﬁsh
(S. pinniger), and unidentiﬁed rockﬁsh (Sebastes spp.) were frequently associated with the HB hotspot. However, during June 2002,
these same species, along with widow rockﬁsh (S. entomelas), were encountered equally within the HB hotspot and non-hotspot regions. This
is likely due to the shape of the HB hotspot during June 2002 given the
relatively low number of sample stations within the region compared to
the other cruises (Fig. 1). The few stations sampled in this region were
consequently weighted more heavily and therefore resulted in much
of the region being classiﬁed as a non-hotspot region.

3.4. Species associations
Cluster analyses of species based on sample station assemblages
identiﬁed species groups for each cruise (Fig. 2). To classify groups,
the cutoff levels were determined by balancing a low percentage of information remaining (approximately 30%) in the model while retaining
biologically meaningful groups. For June 2000 and 2002 and August
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a) June 2000

b) August 2000

c) June 2002

d) August 2002
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Fig. 1. Spatial overlap of nekton hotspots and above average jellyﬁsh densities (# km−3) for the four cruises: (a) June 2000; (b) August 2000; (c) June 2002; and (d) August 2002. Shaded
areas indicate 5 km grid cells. Dots represent station locations. The solid contour represents the 200 m isobath and the hatched contour represents the 100 m isobath.

2002, this cutoff resulted in four groups. For August 2000, the cutoff was
made at approximately 37% and resulted in ﬁve groups.
During all cruises all large medusae clustered together, however the
species with which they were associated varied. During June 2000, medusae were grouped with adult Chinook salmon, Paciﬁc herring, surf
smelt, and market squid (Fig. 2a). The remaining cluster groups
consisted primarily of juvenile ﬁsh species. Cluster group two included
juvenile Chinook and coho salmon which clustered with the following
juvenile species: lingcod, unidentiﬁed sanddabs, sandlance, and smelt.
A third group consisted of juvenile steelhead, and juvenile wolf-eels,
juvenile cabezon, and juvenile Paciﬁc sanddabs. The fourth group

consisted of Paciﬁc clubhook squid and primarily juvenile rockﬁsh
species.
For the August 2000 cruise, ﬁve cluster groups were formed. In the
ﬁrst cluster group large medusae were grouped with juvenile Chinook
salmon (Fig. 2b). Steelhead grouped with adult medusaﬁsh, Paciﬁc
saury, surf smelt, and juvenile wolf-eels in the second cluster group.
The third grouping consisted of salmonids: adult Chinook and adult
and juvenile coho salmon. A fourth group consisted primarily of adult
pelagic species and the ﬁfth group of juveniles.
During June 2002, four cluster groups were formed with the ﬁrst
group comprised of large medusae, several juvenile nekton species,
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and Paciﬁc clubhook squid (Fig. 2c). The second group consisted primarily of predatory nekton including juvenile and adult Chinook and coho
salmon and market squid. The third group was composed of juvenile
chum salmon and several pelagic zooplanktivores including adults of
jack mackerel, northern anchovy and Paciﬁc sardine. The fourth group
consisted primarily of juvenile rockﬁsh species.
During August 2002, the four large medusae were grouped with
market squid, adult Chinook salmon, adult Paciﬁc herring, and juvenile
rex sole (Fig. 2d). The second species grouping was composed of
juvenile and adult coho salmon, cutthroat trout, and juvenile Paciﬁc
tomcod and wolf-eels. The third grouping consisted of juvenile Chinook
salmon, medusaﬁsh, and juvenile ragﬁsh. The fourth group was composed primarily of adult pelagic species including: blue sharks, jack
mackerel, Paciﬁc saury, Paciﬁc sardines, and northern anchovies, as
well as juvenile sableﬁsh.
For all cruises, several dominant species, separated into age classes,
were found to be strongly correlated (Spearman's rho, p b 0.01)
(Fig. 3). Nine positive and nine negative correlations were found between the large medusae and nekton species. Of the large medusae,
C. fuscescens, the most abundant species, was positively correlated
with Aequorea sp., and A. labiata was positively correlated with
P. camtschatica (Fig. 3a). C. fuscescens and Aequorea sp. were also positively correlated with market squid. Positive correlations with
C. fuscescens were also found for whitebait smelt and adult and juvenile
Chinook salmon. C. fuscescens was negatively correlated with ﬁve nekton species including: adult jack mackerel, juvenile yellowtail rockﬁsh,
juvenile darkblotched rockﬁsh, Paciﬁc clubhook squid, and Paciﬁc
saury. Aequorea sp. and A. labiata were also negatively correlated with
adult jack mackerel. A. labiata was positively correlated with adult surf
smelt, while negative correlations were found between A. labiata and
juvenile coho, as well as between P. camtschatica and juvenile yellowtail
rockﬁsh.
Among the most abundant nekton species, 38 positive correlations
and only 8 negative correlations were found (Spearman's rho,
p b 0.01) (Fig. 3). Paciﬁc herring, the most abundant nekton species,
were positively correlated with market squid, adult surf smelt and
Chinook salmon, and juvenile whitebait smelt. Market squid, juvenile
yellowtail rockﬁsh, and adult Chinook salmon were each correlated
with 10 species. All 10 of the correlations with market squid were positive and tended to be with piscivores (Fig. 3b). The zooplanktivorous
juvenile yellowtail rockﬁsh were positively correlated with 6 species
that tended to be zooplanktivorous and negatively correlated with 4
species that tended to be piscivorous. Adult Chinook salmon were positively correlated mostly with other piscivores (adult and juvenile coho,
juvenile Chinook, and spiny dogﬁsh) and negatively correlated with
three zooplanktivores (Paciﬁc clubhook squid, juvenile yellowtail and
darkblotched rockﬁsh) (Fig. 3c). The majority of strong negative correlations were found between species that tend to be zooplanktivorous
and those that are piscivorous or jellyﬁsh (Fig. 3).

hotspot (Fig. 4; Table 1). In contrast, an offshore group at mid-latitudes
within the range sampled, was composed primarily of rockﬁsh species,
and associated with warmer, offshore water that was less saline and had
lower chlorophyll, characteristics associated with the HB hotspot
(Table 1).
In August 2000, most of the variance was captured by two dimensions representing 16.5% and 42.9%, respectively, of the variance
in the data (cumulative for 3-dimensional solution = 75.5%;
stress = 16.84). During this time there was a strong north-south
component represented by axis 3 (r = 0.724) (Fig. 4). Two of the cluster groups consisting of (1) large medusae and juvenile Chinook salmon
and (2) juvenile steelhead and wolf-eels, and adult medusaﬁsh, Paciﬁc
saury, and surf smelt, were associated with cooler, higher salinity and
density water that was closer to shore and in the southern part of the
study area, characteristics of the CC hotspot (Fig. 4, Table 1). The salmonid cluster group was associated with mid-latitudes and at mid-depths.
Blue sharks, adult mackerel and Paciﬁc sardines were associated with
warmer, offshore water in the northern part of the study area. Similarly,
juvenile anchovies, rex sole, and smelt were associated with warmer,
offshore waters, however, at mid-latitudes.
During June 2002, most of the variance was captured by two
dimensions representing 39.6% and 23.2%, respectively, of the variance in the data (cumulative for 3-dimensional solution = 84.1%;
stress = 15.59). In June 2002, distance from shore and water depth
were the only environmental parameters that explained the species
distributions (Fig. 4). Large medusae were all associated with shallower
depths and were relatively closer to shore (Fig. 4). Similarly, most of the
predatory nekton were associated with shallower depths and closer to
shore. In contrast, the rockﬁsh cluster was associated with deeper
depths and further offshore.
In August 2002, most of the variance was captured by two dimensions representing 33.7% and 41.8%, respectively, of the variance in the data (cumulative for 3-dimensional solution = 84.1%;
stress = 14.91). As in August 2000, there was again a strong
north-south component represented by axis 3 (r = 0.80) (Fig. 4).
Aequorea sp., C. fuscescens, market squid, and adult Chinook salmon
were associated with cooler, less saline water, closer to shore and at latitudes that were in the middle to northern part of the study region.
A. labiata and P. camtschatica were associated with similar environmental characteristics, but in the southern part of the study region. Juvenile
and adult coho salmon were associated with similar environmental
conditions in the north. Adult, pelagic species including blue sharks,
sardines, jack mackerel, anchovies, and saury were associated with
warmer, offshore water with lower salinity and density, characteristic
of the HB hotspot (Fig. 4, Table 1). In addition, this group tended to be
associated with areas of higher nekton species richness.

3.5. Species and habitat characteristics

The distributions of the omitted rare species were examined to identify regions with which they tended to more closely associate. During
each cruise, the mean number of rare species at each station was
lower in the non-hotspot regions than in either the HB or CC hotspots
(Fig. 5). Statistical tests were not performed given the large differences
in sample sizes between the different regions. Nonetheless, more rare
species were found within the HB hotspot in both June and August
2000, however, more rare species were found within the CC hotspot
in August 2002. During June 2002, about equal numbers of rare species
were found within the hotspots. In addition, during June 2002, more
rare species were found in the non-hotspot region than during any
other time period.

Non-metric multidimensional scaling ordinations depicted dominant species associations and signiﬁcant environmental correlates for
each cruise (Fig. 4). Species and age classes tended to group as determined by the cluster analyses (Fig. 2). In June 2000, most of the variance
was captured by two dimensions representing 42.7% and 25.7%, respectively, of the variance in the data (cumulative for 3-dimensional solution = 83.0%; stress = 14.96). Large medusae, market squid, adult
Chinook salmon, Paciﬁc herring, and surf smelt were all associated
with lower temperatures, higher chlorophyll, higher salinities and densities, as are characteristics of nearshore, upwelling areas such as the CC

3.6. Rare species distributions

Fig. 2. Cluster dendrograms of species associations for each cruise (a) June 2000, (b) August 2000, (c) June 2002, and (d) August 2002. Vertical lines represent cut-off levels
for classifying groups.
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Fig. 4. Non-metric multidimensional scaling (NMS) ordination plots of species with environmental parameters from (a) June 2000, (b) August 2000, (c) June 2002, and (d) August 2002.
The angles and lengths of the lines indicate the direction and strength of the relationships of the given parameters. Most signiﬁcant vectors shown denote: chlorophyll concentration
(Chla), density (Dens), depth (Depth), distance from shore (Dist), latitude (Lat), nekton species richness (NkSpR), salinity (Sal), and temperature (Temp).

4. Discussion
Understanding species associations over large spatial scales in complex environments requires extensive sampling effort and the combination of spatial and community analyses to determine the temporal and
spatial overlap among species. The occurrence of contrasting environmental conditions between 2000 and 2002 in the northern CCS provided an exceptional opportunity to examine community dynamics with
respect to biological hotspots. The distributions of several ﬁsh species
and jellyﬁsh overlapped spatially and temporally, leading to the possibility of interactions, such as competition and predation.
Temperature, salinity, and density were among the most consistent
parameters explaining the distribution of species, as well as characterizing the hotspot and non-hotspot regions as distinct. Temperatures were
coldest in 2002, resulting from the anomalous intrusion of Subarctic
Paciﬁc water into the CCS, and was consistent with increased nutrients
and an increase in phytoplankton biomass (Huyer, 2003; Wheeler et al.,

2003). With respect to the hotspots, temperatures were coolest in the
CC hotspot and warmest in the HB hotspot with intermediate values
in the non-hotspot region. Salinity and density were highest during
the late summer (August) cruises with highest values observed in the
CC hotspot to the south and lowest in the HB hotspot in the north.
These differences in environmental characteristics between the
hotspots are due to the differences in the geographic locations and
ﬂow through the two areas. Flow through the study region is generally
towards the south during spring and summer with meanders and jets
associated with topographical features, such as Heceta Bank and Cape
Blanco (Barth, 2003; Barth et al., 2005; Wu et al., 2014). Two signiﬁcant
features are associated with the ﬂow around Heceta Bank. The ﬁrst is an
onshore component to the ﬂow around the southern ﬂank of Heceta
Bank at about 44° N and the second is a relatively weak ﬂow inshore
of the Bank. The resulting pattern of ﬂow is the retention of water
over the Bank (Barth et al., 2005). The stability of the water in this
region leads to persistently high chlorophyll concentrations and

Fig. 3. Correlation structure of the most abundant species and age classes for all cruises. Solid colors and trellis ﬁll represent the most signiﬁcant positive and negative correlations (p = 0.01), respectively. Letters in parentheses denote either adults (a) or juveniles (j). Each matrix is organized by species within a particular functional group listed
across the top: a) jellyﬁsh, b) zooplanktivores, and c) piscivores.
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Fig. 5. Mean number of rare species (±SE) at each sample station within each region.
Numbers within the base represent the number of stations sampled within each region.

aggregations of higher trophic-levels organisms (Ainley et al., 2009;
Suryan et al., 2012). The CC hotspot is located close to shore and is therefore greatly inﬂuenced by upwelling which brings cooler, higher salinity, nutrient-rich water to the surface. In the Paciﬁc Northwest, the
strength and duration of upwelling increases southward along the
coast and therefore results in greater upwelling potential within this
hotspot which is in the southern part of the study area (Hickey and
Banas, 2003). In contrast, the HB hotspot is located further offshore,
near the shelf-break and is thus inﬂuenced by warmer, offshore water
(Wu et al., 2014).
The largest jellyﬁsh densities were coincident with the intrusion of
Subarctic Paciﬁc water during 2002 (Huyer, 2003; Wheeler et al.,
2003). In addition, nekton species richness, density, and biomass also
tended to be higher during 2002. Similarly, Brodeur et al. (2005)
noted high species diversity during the same time period off northern
Oregon and Washington, yet overall nekton abundance was low. In
particular, many common schooling pelagic forage ﬁshes such as herring, sardine, smelts, and anchovy were reported as absent or in low
abundance north of our study area. In contrast, total nekton density
was highest in the present study during June and August 2002. Moreover, herring was the dominant species caught during June 2002
representing approximately 92% of the total catch. During August
2002, abundances of herring, sardine, and surf smelt were also relatively
high. This inverse relationship between forage ﬁsh from the two regions
suggests the possibility that these ﬁsh were migrating from north to
south. Given the unusually high levels of primary production occurring
throughout the study region, these forage ﬁsh may have been shifting
their distributions to the high levels of primary production.
The four jellyﬁsh species were found to overlap with the nekton
hotspots during all cruises although the amount of overlap varied per
cruise. Persistently high jellyﬁsh densities were identiﬁed along the
coast, particularly north of Cape Blanco and immediately to the south.
Thus considerable spatial overlap occurred within the CC hotspot, and
less so within the more offshore HB hotspot except during August
2002. The greatest overlap occurred during both 2002 cruises, particularly during August when jellyﬁsh densities were particularly high and
widespread. The anomalous conditions that occurred during this cruise
likely led to increased prey availability thus supporting the larger populations of jellyﬁsh (Suchman et al., 2008). Whereas forage ﬁshes and
euphausiids provide important energy transfer pathways to upper trophic levels, Ruzicka et al. (2012) found that jellyﬁsh act as a production
loss pathway with little consumed production transferred to higher
trophic levels. Increased densities of jellyﬁsh thus could be predicted
to have detrimental effects on ecosystem function and community
dynamics.

Cluster analyses consistently grouped jellyﬁsh species together
and individual jellyﬁsh species were thus strongly correlated. In
contrast, jellyﬁsh species had several negative associations with nekton species. In general, the negative correlations were with nekton
species that were typically encountered in the HB hotspot and thus
further offshore than jellyﬁsh. The positive correlations with the
jellyﬁsh were with nekton species that were typically encountered
closer to shore, especially with species associated with the CC
hotspot such as market squid, whitebait smelt, surf smelt, and
Chinook salmon. Recent modeling and empirical studies suggest
that abundant jellyﬁsh such as Chrysaora can have negative effects
on juvenile salmon feeding and subsequent recruitment in the CCS
(Ruzicka et al., 2014). Ordinations of the species suggest that the
cluster groups and positive correlations among the species are related to similarity in habitat preferences (Fig. 4). The positive association of two rarer species with jellyﬁsh seen in August, ragﬁsh
(Icosteus aenigmaticus) and medusaﬁsh (Icichthys lockingtoni), were
probably due to the fact that these species are known to be commensal with jellyﬁsh as juveniles (Hart, 1973).
Several species were determined previously to be signiﬁcant indicators of either the HB or CC hotspots (Reese and Brodeur, 2006). Species
positively correlated with these indicator species identify other species
that likely prefer similar habitats or utilize them as prey, particularly in
the case of the forage ﬁshes which are consumed by a broad array of
predators (Ainley et al., 2014; Brodeur et al., in press; Gladics et al.,
2014). Functionally similar species positively correlated and preferring
similar habitats implies redundancy. Indeed, several species with positive correlations with these indicator species were identiﬁed within
the two hotspots. For instance, adult herring, the most dominant nektonic species encountered, was previously determined to be a signiﬁcant indicator species of the CC hotspot during June 2000 and August
2002. Herring was also found to be positively correlated with adult
surf smelt (Fig. 3b). Since both of these species are zooplanktivores
(Hill et al., 2014; Miller and Brodeur, 2007), they occupy the same functional group yet, with the exception of August 2002, were dominant
members within the same area during different times. NMS ordinations
indicate that these species prefer habitats characterized by cooler, more
saline water, closer to shore, indicative of the nearshore upwelling characteristic of the CC hotspot. In addition, the mean densities of these two
species varied, yet strong positive correlations (p b0.01) were found for
each cruise except August 2000 when herring were absent. Within the
CC hotspot, mean densities during June 2000 were comparable between
the two species; however, herring were more faithful to the CC hotspot
(as indicated by the ISA) whereas surf smelt were also abundant outside
the hotspot. During August 2002, both species were in high abundance
within the CC hotspot and were both determined to be indicator species.
Given the changes in abundance of these two zooplantivorous species
during different seasons and years and that they occupy similar habitats,
have overlapping distributions, and are functionally equivalent implies
that these two species are complementary and therefore represent
redundancy.
Similarly, adult Chinook and coho salmon typically clustered together, were positively correlated, and occupied similar habitats. Moreover,
both were determined to be signiﬁcant indicators of the HB hotspot yet
during different times (coho salmon during August 2000, Chinook salmon during June 2002). Diet analyses categorize both of these species
within the same functional group as secondary piscivores. Within the
HB hotspot, mean densities of these two species varied by time, yet
strong positive correlations were found for the two cruises when
these species were signiﬁcant indicators. Although the densities of
these species remained positively correlated, there was a shift in abundance within the hotspot. Chinook salmon were more abundant during
all cruises except August 2000 when coho salmon were more abundant
and faithful to the HB hotspot and thus a signiﬁcant indicator species
within this area. Therefore, just as for the zooplanktivores, these two
piscivores appear to represent redundant species.
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The loss of redundancy within systems is believed to have negative
consequences on biodiversity and ecosystem function (Reich et al.,
2012). The persistence of the HB and CC hotspots, despite seasonal
and annual changes in species composition and species dominance,
indicates a possible resistance to change at the ecosystem-level due to
a complementarity of system function -– there may be a replacement
of species by other functionally similar species as Frost et al. (1995)
identiﬁed in a lake system. In their study, zooplankton remained high
despite the loss of species due to compensation and functional complementarity resulting in redundancy within the system.
This paper identiﬁes potential complementary species within functional groups occurring within hotspots. The degree of redundancy
within a system will of course be dependent on the number of species
within a particular functional group such that lower trophic levels likely
have greater potential than top predators for functional redundancy due
to the increased number of species occupying those functional groups.
Although the amount of redundancy between functional groups varies
with some groups having relatively little redundancy, this is nevertheless an important component of the system (Micheli and Halpern,
2005). This has broad implications for the need to monitor systems particularly those most susceptible to change, such as the CCS, and for the
conservation of diversity. Moreover, conservation efforts should not be
limited to overall biodiversity, but rather to diversity within functional
groups. With the loss of top predators from marine systems (e.g., Estes
et al., 2011; Pauly et al., 1998) and the relatively low degree of functional redundancy within higher trophic groups, there is the possibility that
whole functional groups could be at risk. For instance, results from
Micheli and Halpern (2005) indicate that ﬁshing has the potential to remove entire functional groups from coastal marine ecosystems. Another
important consideration is that rare species were consistently encountered more frequently in the hotspots than in the non-hotspot region.
The function of rare species within an ecosystem is difﬁcult to understand simply because they are rare (Lovejoy, 1988). Nevertheless, rare
species may be important contributors to ecosystem function in their
potential to replace displaced members of a community that are lost
due to changing environmental conditions, anthropogenic processes,
or for whatever reason. As the CCS environment continues to change
(i.e., climate change or anthropogenic effects), understanding the complexity of community dynamics, ecosystem function, and stability will
be of paramount importance to the conservation of hotspots. Further
studies, particularly long-term studies, would allow for greater understanding and better predictions for community responses to largescale environmental changes. We believe these fundamental issues
need to be addressed to appreciate the dynamic nature of communities
in a changing environment in order to conserve and protect hotspots
displaying high diversity and productivity (Game et al., 2009).
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