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Abstract: Reefs fishes are sensitive to environmental changes, particularly in areas such as the
Mexican Central Pacific (MCP), which has a high environmental variability favored by currents.
This study assesses the temporal variation in ecological indicators of fishes in Marietas (MI) and
Isabel islands (II) in the MCP during 2010–2017. Overall, 118 species were recorded at MI and 95 in
II. The highest abundance was recorded in 2013 at MI, and in 2015 at II, with an observed sample
coverage > 0.79 for all years. MI showed higher annual taxonomic distinctness and richness than II.
Annual biomass and assemblages were different between years and islands. The changes in both
islands’ community structure were influenced by ENSO events. A high proportion of the dissimilarity
among years is represented in 10 species, and the difference among years for each island is given by
rare species. Annually, community indicators (∆+, q = 1, and q = 2) and physicochemical factors were
not related except for q = 0 and the chlorophyll concentration; this is due to the inter-annual variation
within the area. The variation in fish communities on both islands results from mesoscale phenomena
that have a different effect on each island due to the characteristics of their shelf and oceanography.

Keywords: reef fish diversity; ENSO; iNext; Mexican Central Pacific

1. Introduction

Coral reefs are considered ecosystems with the highest primary productivity and
biological diversity in the oceans [1]. In these areas, hermatypic coral species generate
a complex topography that harbors associated species such as fish and invertebrates.
This ecosystem and its associated organisms provide environmental services to human
communities [2,3], contributing to their well-being and life quality [4]. Fish are considered
a key taxonomic group in this ecosystem, as they fulfill diverse roles [5]. Changes in
the richness and abundance of this group will affect relations within the ecosystem and
its residents [6]. Among the factors that can modify reef fish populations are drastic
changes in marine physicochemical factors [7–11] and the lack of regulation of fishing
activities [12–16]; hence, the combination of these factors can trigger a decline in the
number of species, abundance, and size of the individuals from resident fish populations.
Tropical reef communities are threatened by poorly regulated human activities such as
tourism and fishing, and natural mesoscale phenomena like El Niño Southern Oscillation
events (ENSO) [3,17,18]. The reefs along the Mexican Central Pacific (MCP) are considered
more sensitive to ENSO effects due to their isolation [19], making them more susceptible
to changes in their ecological dynamics and diversity [20]. In transitional areas like the
MCP and the entrance of the Gulf of California, natural populations have a tolerance to
cyclical changes within an annual period [21,22], which is reflected in the reef communities
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including coral, invertebrates, and the seasonal abundance of reef fishes. However, the
increase on both periodicity and intensity of mesoscale phenomena, combined with the
pressure of extractive activities in this area, may compromise the functionality of the
ecosystems and the well-being of coastal human populations. The implementation of
global actions to prevent long-term changes in climate patterns is a priority for biodiversity
conservation [23]; these actions do not aim to stop climate change, but to mitigate its effects
on natural populations. The protection of specific areas and the promotion of a change
in the legal status of natural protected areas, including their marine regions (e.g., Marine
Protected Areas, MPAs) are tools that allow the establishment of zones and concrete actions
that favor the conservation of ecosystems and the species that reside in them.

The benefits of an MPA can be quantified in both the short- and long-term after
implementation [24]. Among the indicators for assessing the efficiency of MPAs are
species richness, the abundance of individuals [25,26], and taxonomic complexity [6,27].
Nevertheless, comparing efficiency among MPAs can be complex because each one has
different management objectives and strategies as well as monitoring techniques relevant
for assessing the effectiveness of protection afforded by the MPA. These limitations have
resulted in new comparative techniques to evaluate changes in the community [28,29],
based on the magnitudes and proportion of richness and abundance expressed in the
number of species. The variability of these indicators in the fish community over time
reflects changes in the reef community; in addition, a comparison between natural areas
creates a baseline for future management actions. Therefore, the objective of this study is
to evaluate changes in the reef fish diversity in two MCP insular fish communities during
eight years (from 2010 to 2017) as well as the changes that occur in the reef fish community
structure and to relate these with local environmental conditions in each island.

2. Materials and Methods
2.1. Study Area

The MCP has several island complexes, among which the Isabel Island and Marietas
Islands stand out due to their location within an oceanographic transition zone, and their
use in non-extractive activities. Both islands are included in the list of the Comisión
Nacional de Areas Naturales Protegidas (CONANP) under the category of national park,
although they have different conservation objectives and contrasting geographic and
geologic characteristics.

Isla Isabel National Park (II; 25◦52′ N, 105◦54′ W) is located 28 km off the coast of the
state of Nayarit, within the MCP (Figure 1). This area only protects terrestrial territory, as it
is mainly focused on the protection of sea bird species [30]. The island is surrounded by a
shallow continental platform and extends to the Marietas islands archipelago, and harbors
important coral reef patches. Temporary fishing camps are the only human population on
this island.

Marietas islands (MI; 20◦42′47′′ N, 105◦33′18′′ W) is an archipelago consisting of two
main islands (Isla Larga and Isla Redonda) with a series of small islets located 6 km from
the coast of Nayarit and 130 km south of Isabel Island. This area has a special protection
status as a national park [31] (Figure 1), which includes the marine zone that surrounds
them. The continental shelf on these islands is short and near to the Bahia de Banderas
deep zone [32].

Both sites are influenced by the Costa Rica Coastal Current, the California Current, and
the Gulf of California water mass [33]. One of the main differences between these islands
is the absence of protection in the marine portion of II. The differences in management
activities between the islands provide an appropriate scenario for a comparison between
these zones.
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Figure 1. Left panel: GEBCO’S gridded bathymetric and location of the studied insular systems in 
the central Mexican Pacific, depth in meters. Top right panel: Location of the Mexican Central Pa-
cific (MCP). (A) Marietas Islands; (B) Isabel Island. 
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and II; these were focused mainly on fish species found in the water column and the most 
conspicuous cryptic species. Reef fish species’ abundance and size were recorded using 
25 × 4 m (100 m2) belt-transects. During the surveys performed in 2010 and 2011 in both 
islands, the observation area was only 40 m2 (20 × 2 m). The sampling effort was different 
for each island; therefore, community indicators were analyzed independently for each 
insular system. 

2.3. Species-Abundance Analysis 
The representativeness of the reef fish assemblage and its diversity were evaluated 

through sample completeness (SC) and asymptotic profile using the number of individu-
als as an observation, calculating the Hill numbers with 1000 permutations [34]. Based on 
this methodology, for each island and each year, the sample coverage (SC), number of 
species (q = 0: S, number of species), the effective number of common species (q = 1: expo-
nential of Shannon entropy), the effective number of dominant species (q = 2: Gini–Simp-
son index), and the rare species indicator, given by the difference between q = 0 and q = 1, 
were measured. The results were contrasted using the Four-Step methodology [29]. The 
extrapolations of these indicators were calculated to double the abundance of each year 
(number of individuals) for each island [34] and a cut-off SC value was considered for 
comparisons between islands by a permutational univariate analysis of variance to estab-
lish differences among q = 0, 1, and 2 indicators between islands. The interpolation and 
extrapolation analyses were performed on the R-project platform with the “iNext” pack-
age [35]. 

2.4. Taxonomic Distinctness 
Taxonomic distinctness (Δ+) and its variation (Λ+) [27] were calculated with the an-
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Figure 1. Left panel: GEBCO’S gridded bathymetric and location of the studied insular systems in
the central Mexican Pacific, depth in meters. Top right panel: Location of the Mexican Central Pacific
(MCP). (A) Marietas Islands; (B) Isabel Island.

2.2. Fieldwork

From 2010 to 2017, underwater surveys were performed using scuba diving in MI
and II; these were focused mainly on fish species found in the water column and the most
conspicuous cryptic species. Reef fish species’ abundance and size were recorded using
25 m × 4 m (100 m2) belt-transects. During the surveys performed in 2010 and 2011 in
both islands, the observation area was only 40 m2 (20 m × 2 m). The sampling effort was
different for each island; therefore, community indicators were analyzed independently for
each insular system.

2.3. Species-Abundance Analysis

The representativeness of the reef fish assemblage and its diversity were evaluated
through sample completeness (SC) and asymptotic profile using the number of individuals
as an observation, calculating the Hill numbers with 1000 permutations [34]. Based on
this methodology, for each island and each year, the sample coverage (SC), number of
species (q = 0: S, number of species), the effective number of common species (q = 1:
exponential of Shannon entropy), the effective number of dominant species (q = 2: Gini–
Simpson index), and the rare species indicator, given by the difference between q = 0 and
q = 1, were measured. The results were contrasted using the Four-Step methodology [29].
The extrapolations of these indicators were calculated to double the abundance of each
year (number of individuals) for each island [34] and a cut-off SC value was considered
for comparisons between islands by a permutational univariate analysis of variance to
establish differences among q = 0, 1, and 2 indicators between islands. The interpolation
and extrapolation analyses were performed on the R-project platform with the “iNext”
package [35].

2.4. Taxonomic Distinctness

Taxonomic distinctness (∆+) and its variation (Λ+) [27] were calculated with the
annual species composition for each island (presence–absence) and their taxonomic classifi-
cation according to FishBase. The taxonomic distinctness between islands was compared
using a global model built with the taxonomic list of both insular systems. The taxo-
nomic distinctness models were visualized with a funnel and ellipsoid graphs showing
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the ∆+, Λ+, and species richness (S) relationships. These models were performed using
1000 permutations. Statistics were performed in the Primer-6 [36] and the R-project soft-
ware using the Vegan package for ecological analysis [37] and the rFishbase [38] package
for the taxonomic classification.

2.5. Biomass Data Analysis

Fish species biomass was calculated using the Von-Bertalanffy allometric weight
equation (W = aLb, where W: individual weight; L: observed length; a: scaling constant;
b: allometric growth parameter), using a and b parameters obtained from FishBase [39].
Overall biomass per individual and per species was taken as a measure of abundance
to perform the multivariate analyses that describe the inter-annual changes in the fish
assemblage composition in each site.

The annual variation in biomass per square meter was evaluated independently on
each of the islands using a univariate permutational analysis of variance generated from
an Euclidean distance matrix. Differences between years were highlighted using pairwise
comparisons. To establish significant differences in the reef fish assemblage structure over
the years in each island (Y = µ + Yi + Ei), a one-way permutational multivariate analysis of
variance (PERMANOVA) was performed using the Bray–Curtis resemblance matrix and
each transect as a sample for each year. Pairwise comparisons between group levels with
corrections for multiple testing [40] were performed to identify the years that were different.
Both analyses were performed using 1000 permutations. With a Bray–Curtis similarity
matrix obtained from each specie’s annual average biomass, a principal coordinate analysis
(PCoA) was carried out to visualize the interannual changes of the assemblage of reef
fishes as an ecological successional model. The species with the highest contribution to
dissimilarity among the annual assemblages were obtained from a percentage similarity
analysis (SIMPER). Based on the paired comparisons, the contribution per species was
averaged, and those species that overall accounted for more than 50% of the dissimilarity
in each year for each island were displayed in a box-plot graph. All the analyses were
performed using the R-project and the packages “Vegan” [37] and “RVAideMemoire” [40].

2.6. Influence of Environmental Variables

The influence of environmental variables was evaluated with a multiple linear model
in which the ecological indicators of a total number of species (q = 0), high abundance
species (q = 1), dominant species (q = 2), and the value of taxonomic distinctiveness (∆+)
were used as the dependent variables. The predictive variables were the annual average
sea surface temperature (SST), chlorophyll (Chl), and primary productivity (Pp) obtained
from the online NOAA ERDDAP database [41]. To avoid multicollinearity, a covariance
test between the dependent and predictive variables was used to reduce covariance, and
ecological indicators and environmental variables with correlation values greater than 90%
were discarded.

3. Results
3.1. Species-Abundance Data Analysis

The total abundance recorded for MI was 295,290 individuals, corresponding to
118 species, 87 genera, 46 families, and 14 orders. For II, the total number of reef fish
individuals was 51,341, belonging to 95 species, 90 genera, 38 families, and 10 orders.
The Four-Step evaluation showed the following:

(1) The pattern of the sample coverage with respect to the q = 0, 1, and two indicators
show an increasing tendency (Figure S1a) for the order of total species indicator
(q < 0.5); i.e., the sample coverage was lower for MI, meaning that in this island there
are more unrecorded species. At MI, the lowest SC value was recorded for the year
2010 (79%, Table 1, Figure S1a), which implies that the remaining 21% accounts for
a total of 17 species that were not detected according to the asymptotic model; in
contrast, 2015 presented the highest SC (95%), representing an absence of three species
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accounting for 5% of the SC. Meanwhile, II showed the highest annual SC value
corresponding to 2014 (97%), reflecting a difference from the asymptotic model of
fewer than one species. However, 2011 and 2017 presented the lowest SC values (86%)
for this island, representing a total of 10 and seven species not observed, respectively,
according to the asymptotic model (Table 1).

(2) The comparison of each order of q = 1 and 2 showed that the numbers of both abundant
and dominant species were the same as those from the asymptotic model in both
islands (Table 1, Figure S1a,b). At MI, the year 2011 had the highest value of abundant
species (17.4) and the year 2010 showed the highest value of dominant species (10.2).
In contrast, the lowest values of both indicators of abundant and dominant species
were recorded in 2015 with 13.2 and 6.9 species, respectively; these values suggest
that for this year there was a total of 68 rare species (q = 0 − q = 1). At II, the same
indicators showed that the year 2011 had the highest number of abundant (19.6) and
dominant (14) species, while 2012 resulted in the lowest value of these indicators with
9.8 abundant and 4.4 dominant species, and a total of 50.2 rare species.

(3) The non-asymptotic coverage-based rarefaction and extrapolation analysis (Table 1,
Figure S1a,b) shows that although our data are insufficient to infer the true richness
of the whole set, inference and significance testing can be extended to an SC cut-off
value for both islands of SCmax ≥ 99%. At this confidence level, at MI the year 2011
reached the highest richness (86.27 species), followed by 2016 (77.05), and the lowest
was found in 2015 (69). In contrast, at II the highest richness value was obtained in
the year 2013 (69.54), followed by 2011 (66.95) and the lowest values were observed in
2014 (40.06).

(4) Under the coverage value of 99%, the evenness profile and Pielou’s measure (Table 1,
Figure S1a,b) were similar in the three q = 1, 2, 3 levels (p-value = 0.05); nevertheless,
at II, the confidence intervals of the evenness profile show a wider range among the
years, which implies more year-on-year variation at this island (Figure S1b).

Table 1. Four-Step sample completeness evaluation, numerical values of the indicators q = 0, 1, and
2 for abundance-based reef fish data from Marietas Island (MI) and Isabel Island (II) in 2010–2017.
(a) Annual sample completeness profile for MI and II; (b) Empirical (Emp) and asymptotical (Asy)
of q = 0, 1, 2; (c) non-asymptotic coverage-based rarefaction and extrapolation to the maximum
standardized SC of 0.99; and (d) Pielou’s evenness (J’) among species abundance to the maximum
standardized SC. Nobs: Number of observations.

(a) (b) (c) (d)

Is/yr Nobs q = 0 q = 1 q = 2 q = 0
Emp

q = 0
Asy

q = 1
Emp

q = 1
Asy

q = 2
Emp

q = 2
Asy q = 0 q = 1 q = 2 J’ q = 1 q = 2 Rare

sp.
MI/2010 6796 0.79 0.99 0.99 68 85 15.7 15.7 10.2 10.2 76.75 15.73 10.23 0.63 0.19 0.12 52.3
MI/2011 22,144 0.89 0.99 0.99 92 102 17.4 17.4 9.8 9.7 86.27 17.34 9.77 0.64 0.19 0.1 74.6
MI/2012 26,452 0.89 0.99 0.99 82 91 14 14 7.4 7.4 73.29 13.92 7.42 0.61 0.17 0.08 68.8
MI/2013 57,546 0.94 0.99 0.99 88 92 15.9 16 9.2 9.2 74.25 15.93 9.21 0.64 0.2 0.11 72.1
MI/2014 50,451 0.94 0.99 0.99 89 93 14.2 14.2 7.5 7.5 76.26 14.23 7.46 0.61 0.17 0.08 74.8
MI/2015 45,233 0.95 0.99 0.99 82 85 13.2 13.2 6.9 6.8 69.19 13.16 6.87 0.60 0.17 0.08 68.8
MI/2016 45,280 0.94 0.99 0.99 90 94 13.9 13.9 7.4 7.3 77.05 13.88 7.38 0.60 0.16 0.08 76.1
MI/2017 41,388 0.87 0.99 0.99 88 100 13.7 13.7 7.3 7.3 75.88 13.69 7.38 0.60 0.16 0.08 74.3
II/2010 10,770 0.87 0.99 0.99 61 61 14.3 14.4 8.3 8.2 56.56 14.29 8.25 0.65 0.23 0.13 46.7
II/2011 8653 0.86 0.99 0.99 68 78 19.6 19.7 14 14 66.95 19.64 14.01 0.70 0.28 0.19 48.4
II/2012 7718 0.89 0.99 0.99 60 66 9.8 9.9 4.4 4.4 56.49 9.84 4.37 0.56 0.15 0.06 50.2
II/2013 14,515 0.90 0.99 0.99 77 84 17.2 17.2 11.6 11.6 69.54 17.22 11.26 0.67 0.23 0.15 59.8
II/2014 1098 0.97 0.99 0.99 40 40 15.5 15.5 9.8 9.8 40.06 15.27 9.81 0.73 0.36 0.22 24.5
II/2015 6660 0.95 0.99 0.99 58 60 13.1 13.1 8.2 8.2 55.71 13.1 8.2 0.64 0.22 0.13 44.9
II/2017 1927 0.86 0.99 0.99 51 58 15.8 16 10.1 10.1 56.05 15.97 10.17 0.68 0.27 0.16 35.2

3.2. Taxonomic Distinctness

The combined taxonomic model of both sites resulted in an average ∆+ = 76. Only in
2012 did both islands show values within those expected by the global model. Only the
year 2012 obtained expected proportions of ∆+ and S shown in the funnel plot for both
islands (Figure 2a,c). At MI, all the years evaluated were within the values expected by the
ellipsoid model, whereas at II, years 2010, 2014, 2016, and 2017 were outside the expected
values (Figure 2b,d). From species recorded at MI, the values of the indicators are within
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those expected by the model (ellipsoid). On the other hand, at II, the values of S and ∆+ are
lower than expected (both in the funnel and in the ellipsoid). The above shows that II has a
lower taxonomic diversity.
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Figure 2. Evaluation of taxonomic distinctness, funnel plot (a,c) of the average taxonomic distinctive-
ness (∆+) and the number of species, the dotted line represents the ∆+, and solid lines the degrees of
freedom at 95% of the global model. The ellipsoid plot of variation (b,d) in taxonomic distinctness
(Λ+), and the Λ+ for the fish assemblages on each of the years of MI and II.

At II, the average ∆+ was 71.66, with the years 2013 and 2011 showing the highest
values of observed species with 77 and 67, respectively, and 2012 with the highest value of
∆+ (Figure 2c). In addition, only these years were within the expected number of species
suggested by the global model (Figure 2d). The years 2014, 2017, 2015, and 2010 presented
the lowest values of these indicators (Figure 2c). Among the years with the lowest ∆+

values, 2010 stands out because it has a similar richness to 2012; however, in this year, the
relation between species is in the lower taxonomic levels.

3.3. Year-to-Year Biomass Variation
3.3.1. Marietas Islands

The MI average biomass was lower among both islands (345 ± 329 g m−2). The biomass
comparisons at MI showed annual differences (pseudo-F = 5.22, p-value < 0.001, Figure 3);
these were significantly different between 2011 and all other years except 2017 and between
2014 and 2017 and 2010 and 2014 (p-values < 0.05, Table S1a). The comparison of the
assemblage of the reef fish showed that there were significant differences in the annual
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composition (pseudo-F = 4.53, p-value < 0.001), while the a posteriori tests showed that
2017 was different in comparison with the years 2011, 2013, 2015, and 2016 (Table S1b).
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Figure 3. Comparison of annual biomass and results of one-way permutational variance analysis test.
MI: Marietas Islands, II: Isabel Island.

The ecological succession model built for this island, which explains 61% of the vari-
ation, shows that the year 2017 was farther away from the center of the ordination than
the rest of the years (Figure 4a), representing that the species composition in this year was
more different than the other years. The consecutive years that were farthest apart were
2014–2015, where the distance between these entities was the largest. Finally, 2016 and 2017
are relatively close to each other in the ordination (Figure 4a). The SIMPER analysis for
MI showed that the average between-group dissimilarity in the paired comparison was
68 ± 0.72%. The main species that contributed to dissimilarity were: Prionurus laticlavius,
Microspathodon dorsalis, Haemulon maculicauda, Haemulon flaviguttatum, Mulloidichthys den-
tatus, Pseudobalistes naufragium, Caranx caballus, Gymnothorax castaneus, Scarus perrico, and
Stegastes acapulcoensis. These species represent a total average dissimilarity of 39 ± 27%
(Figure 5). The most important changes in assemblages occurred between 2010 and 2015,
with a dissimilarity value of 80% (Table S2a).

3.3.2. Isabel Island

Isabel Island showed higher average fish biomass for all years (567.4 ± 729.6 g m−2).
The annual biomass comparison showed no significant differences (pseudo-F = 1.96,
p-value = 0.075). Despite this, one-way PERMANOVA analysis using transects as annual
samples found significant differences between years (pseudo-F = 4.11, p-value = 0.001), and
an a posteriori test shows that the differences were between 2011 and 2012; 2013 with 2010,
2011, and 2012; 2015 with 2010 and 2011, and 2017 with 2011, 2012, and 2015 (Table S1b).
The ecological succession model, which builds from the annual biomass average per species,
explains 95% of the variation within assemblages, where the years 2011, 2012, and 2015 are
closer to each other. In contrast, 2014, which showed no similarity with any of the years,
as well as 2010, which showed similarity with only two years, and 2017, which showed
similarity with only three years, were found to be far from the rest of the years (Table S1b,
Figure 4b). There is a disparity between the comparison tests and the ecological succession
model, because the permutational tests used the transects as samples, whereas the PCoA
only reflected the annual changes. On this island, more years were different from each
other. Neither the a posteriori tests nor the pattern between the years suggested by the
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model show an evident succession between the community changes at II. This suggests
that the assemblage on this island is not homogeneous and that there are important annual
changes. This is also corroborated in the SIMPER analysis, where the average dissimilarity
was 84 ± 5% between paired comparisons. The species that contributed most to the dissim-
ilarity between years were: P. laticlavius, H. maculicauda, Acanthurus xantopterus, S. perrico,
M. dorsalis, Lutjanus argentiventris, Scarus rubroviolaceus, Abudefduf troschelli, C. caballus, and
Sphyraena ensis. These species represent a combined dissimilarity percentage of 48 ± 27%
between the years (Figure 5). The paired comparisons of 2011–2014 and 2012–2014, showed
a dissimilarity value of 91%, suggesting that it is during these transition periods that the
greatest changes in the assemblage occur (Table S2b).
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3.4. Influence of Environmental Variables on the Community Indicators

The evaluation of the influence of environmental variables on the ecological indicators
showed that on an annual basis, only chlorophyll displayed a significant relationship
with the observed richness (q = 0, p-value = 0.049), while the rest of the comparisons
with the ecological indicators and the same oceanographic variables were not significant
(Tables S3 and S4).

4. Discussion

The evaluation of the diversity of the reef fish assemblage of both islands carried
out over the years represents > 79% of the total diversity in certain years, particularly in
2010 for MI, where the lowest SC was observed (Table 1). The Hill number permutation
methodology suggested by Chao, the conclusions and statistical assumptions are based on
the lowest value of the diversity captured, in this case the sample coverage was 79% of what
was expected for the poorest year of 2010, possibly due to the sample effort; however, the
rest of the indicators recorded and calculated were within the general trend for this island.

The asymptotical model for the year 2010 showed the difference between the observed
and the expected values (q = 0, Table 1), but not for the abundant and rare species (q = 1, 2);
hence, it is assumed that even though the diversity was poorly represented in one year,
the assumptions made for this year are over the 79% of the total species diversity [29].
Despite 2010, we can observe that in MI, most years have higher diversity than II in the
three “q” orders, and when the islands are compared to the same SC cut-off level the same
tendency occurs, showing that for 99% of the diversity (interpolated/extrapolated) MI has
a higher diversity of species than II.

Differences between the variation of the number of species was likely caused by MI having a
wider range of environmental variation (i.e., SST: 25.94–28.67 ◦C; PP: 1011–11982 mgC m−2 day−1;
Table S4) [42–44], due to the proximity to the submarine canyon of Bahia de Banderas.
This promotes a greater flow of water that, together with upwellings, generates higher
dynamics between the surface and deep nutrient-rich waters with lower temperatures [45],
increasing the diversity measured in the number of species at the three levels of q.

However, all indicators did not show differences among islands. Pielou’s evenness
reflected the dominance of one or several species in the assemblage; in the case of MI and
II, the low values of evenness are because for all species, dominance is held by no more
than 12 species (<15% of the total richness) [36]. Similar values have been observed in
other works where geographic characteristics are used as a source of variation for reef
fish assemblages [46,47]; those find evenness values similar to this work despite variation
among the other ecological indicators. The lack of variation in evenness indicators can
be interpreted as a replacement in the proportion of rare species and compensation for
species substitution between years. These changes may have maintained the stability of the
assemblage in the face of certain perturbations so that such substitutions (if they exist) may
have taken place between taxonomic groups that are close to each other and, obviously,
these substitutions will affect the rest of the ecological indicators differently on each island.

The annual assemblage analyses of the ∆+ differ from the global models in both island
systems despite their protection status, particularly at II, which implies that there is a level
of degradation on both islands [48]. MI is in a dynamic coastal zone [49]; thus, the annual
stability of the fish community reflects that resident species are acclimated to inter-annual
environmental variation. Therefore, in the presence of mesoscale events (e.g., ENSO), it is
more likely that their population numbers and, hence, the proportion of fish on these reefs
will not be severely affected.

On the contrary, II, a place with lower ∆+ values, is prone to a loss of taxonomic
distinctiveness, which has been observed in other Mexican reefs and is attributed to in-
creasing predators caused by disturbances [6]. In 2011, the MCP was affected by an intense
ENSO cold phase, which increased the availability of food for fish larvae. The effects can
be observed the next year (2012) in the higher richness and biomass of fish (Table 1) and
prey availability for organisms with higher trophic levels. However, in subsequent years,
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the lack of food supply and increase in the number of predators generated a reduction in
biomass and taxonomic distinctness, which is evident in 2014 when the lowest values of
taxonomic distinctness for both sites were observed. By generating a taxonomic model
that considers the species presence or absence in both sites (Figure 2a,c), it is possible to
make an adequate comparison between the two study areas. However, it is important to
include abundance.

The successive annual trajectories shown in the PCoA (Figure 4a,b) highlight a change
in the species composition of both reef fish assemblages. At both islands, differences
observed in 2011, 2012, and 2015 can be attributed to ENSO events. II exhibits an erratic
pattern in the assemblage, whereas MI’s changing pattern is consecutive. The trajectories
generated in this study show that the most evident changes that occurred in the assemblages
coincide in both islands, one during 2011–2012 and another during 2014–2015 (Figure 4),
and are related to mesoscale events (2011–2012 La Niña and 2014–2015 a strong El Niño;
Figure S2), which are particular to tropical and sub-tropical zones [50]. Notably, other
studies have also demonstrated that environmental variation resulting from mesoscale
phenomena impacts the years after such phenomena have occurred in a particular area [51].

In both islands over the years, abundance (q = 0, 1, and 2) and biomass (SIMPER)
representations showed that ~12 species (<15% of the total recorded species) dominated
the reef fish assemblage. These dominant species coincide with the characteristic fishes
of the MCP [39,52], while the rest are considered rare species due to their proportion
of representativeness (SIMPER values < 3%). Given the high number of rare species
observed, changes in the fish assemblage on both islands depend on the ratio of the
abundance and biomass of rare species, which are more than 60 in all years (Table S1a,b).
Therefore, areas with a low number of dominant species (q = 2) are more vulnerable to
environmental changes [53]. Between islands, chlorophyll and temperature influenced
most of the ecological indicators (Table S3). These variables are not correlated to each other
and differ in the islands due to the seabed and microscale events such as upwellings and
algae blooms. First, MI is located in the edge of the continental platform at the entrance of
Bahia de Banderas, which is characterized by a deep canyon (>1000 m) that brings cold
and nutrient-rich waters to the surface, and is also influenced by internal waves [42] that
generate a dynamic environment with upwellings in the area [54].

Despite the lack of correlation between the annual environmental measurements
and the ecological indicators, events like El Niño influence both the richness (q = 0) and
taxonomic distinctiveness (∆+) of reef fishes on a yearly basis in both islands. The annual
number of species per island is related to Chl, an environmental variable related to the
availability of food for fish populations [55,56]. On an annual basis, the oceanographic
variation in the MCP is cyclical, with a warm nutrient-poor phase with a deep thermocline
and a cold nutrient-rich phase with intense upwelling processes along the coast [43,57], the
combination of both seasons in one single annual value causes that between year-to-year
comparisons have less variance and, therefore, statistically presents no differences for those
oceanographic measurements.

Geographically in the northern area of the MCP, Isabel Island was characterized by a
lower Chl concentration and higher SST (Table S4). These environmental characteristics
are the result of the morphologies of the seabed in each of the islands; II is centered on a
wide continental shelf, which decreases the dynamics and exchange with deeper waters
(>100 km wide, Figure 1); these shallow waters suppress upwelling events, resulting in a
deeper thermocline, nutricline [57], and longer-duration thermal anomalies. Particularly,
the increase in the ENSO warm phase (2015, Figure S2) had a noticeable effect on the
decrease of Chl and was also related to the total richness (q = 0) and the increase in species
dominance for the island (q = 2). Over the years, tropical areas have shown relative thermal
stability, benefiting fishes in these areas. However, changes in the frequency and intensity
of mesoscale events compromise the environmental stability of these ecosystems [58,59].
The decrease in temperature in 2011 and the increased temperature in 2015 influenced other
environmental conditions (Chl, PP, Table S4) and, consequently, the fish assemblages that
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are not acclimatized to such short-term variations. Indeed, II exhibited a lower number
of species (q = 0), a higher proportion of dominant species (q = 2), and low taxonomic
distinctness (∆+). Therefore, mesoscale events affect II more than MI, contributing to the
degradation of the fish assemblage that is already sensitive to environmental changes.

Both islands are located within a transition zone where three ecoregions [60], and two
major ocean currents influence the area [21,22,44]. This environmental dynamism makes
this area an important zone for reef fish. Constant monitoring of this taxonomic group
could provide a baseline to establish the magnitude of change in the face of mesoscale
phenomena such as ENSO, which is already increasing in magnitude and periodicity [61].
This work has shown that during a cyclical period of ENSO (cold and warm phases), the
ecological indicators of the fish community are indirectly influenced in the years when this
phenomenon occurs.

On one hand, during the La Niña phase (2010–2011), the lowest annual temperatures
were recorded and, consequently, a primary productivity increase in this year was observed
together with the effects of upwelling in the coastal area, which generated waters with
a high concentration of available nutrients. In turn, the increase in biomass availability
for the lower trophic levels, implies a bottom-up effect to the higher trophic levels and,
consequently, in fish biomass. This can be clearly seen in the average annual biomass at MI,
wherein 2010, there was an increase in this indicator (Figure 3). Due to the high dynamics
of the waters surrounding MI, the effect described above is only observable for one year. In
contrast, at II, the lack of dynamics over the continental shelf allows fish populations to
increase their biomass in the years following the intense La Niña event.

During El Niño events, the increase in temperature suppresses upwelling events and
generates a decrease in primary productivity. As a consequence, in both islands during
2014, a decrease in biomass was observed; however, species richness trended the same as
in previous years. The changes evaluated in this island throughout these years and with
the influence of both phases of ENSO will be a benchmark for comparing the changes that
occur in the fish assemblage for the region on a year-on-year basis.

Lastly, the information provided in this paper demonstrates that the environmental
features around MI exhibit a wide variation within this area in comparison to II; therefore,
the resident fish populations will generate a capacity to cope with the extreme changes
that occur during mesoscale events. In contrast, the relative environmental stability at
II promotes a lower tolerance range for reef fish populations. During both phases of the
ENSO events, II presented abrupt changes in comparison with MI and the indicators of
number of species and taxonomic distinctness were influenced by this phenomenon on
a monthly basis. The annual variation in the area is proportional to the phases of ENSO
events, which indirectly influences the populations that comprise the reef fish assemblage
of the MCP.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/oceans3020015/s1, Figure S1a: Four-Step sample completeness evaluation in Marietas Islands,
Figure S1b: Four-Step sample completeness evaluation in Isabel Island, Figure S2: Multivariate ENSO
Index for the years 2010–2017, Table S1a. Pairwise comparisons using permutational ANOVAs on a
Bray–Curtis matrix. Significative p-values highlighted in red, Table S1b. Pairwise comparisons using
permutational MANOVAs on a Bray–Curtis matrix. p-values for Isabel Island (upper-right half), and
Marietas Islands (lower-left half); significative p-values highlighted in red, Table S2a: Individual
contribution of each species to the paired comparisons of dissimilarity between the composition
of the Marietas Island assemblage, Table S2b: Individual contribution of each species to the paired
comparisons of dissimilarity between the composition of the Isabel Island assemblage, Table S3.
Results of the multiple linear regression of community indicators and the environmental variables,
Table S4: Average annual values of the environmental variables.
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