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Abstract: Hotspots are priority marine or terrestrial areas with high biodiversity where delineation is
essential for conservation, but equally important is their linkage to the environmental policies of the
overall region. In this study, fish diversity presences were linked to abiotic conditions and different
habitat types to reveal multi-species and hotspots models predicted by ecological niche modelling
methods within the Bay of La Paz, Mexico (south of Gulf of California). The abiotically suitable
areas for 217 fish species were identified based on historical (1975–2020) presence data sets and a
set of environmental layers related to distances from mangroves and rocky shores habitats, marine
substrate, and bottom geomorphology conditions. Hotspot model distribution was delineated from a
multi-species model identifying areas with ≥60 species per hectare and was compared to the marine
conservation areas such Balandra Protected Natural Area (BPNA), illustrating how these models can
be applied to improve the local regulatory framework. The results indicate that (1) there is a need
for the BPNA to be enlarged to capture more of the delineated hotspot areas, and thus an update to
the management plan will be required, (2) new conservation areas either adjacent or outside of the
established BPNA should be established, or (3) Ramsar sites or other priority areas should be subject
to legal recognition and a management plan decreed so that these vital habitats and fish diversity can
be better protected.

Keywords: ecological niche modelling; fish hotspot; Gulf of California; management plan; marine
conservation areas; MaxEnt; protected natural area
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1. Introduction

International efforts dedicated to the conservation of biodiversity have been focused
on delimitation, valuation, and the protection of priority habitat types and areas [1–3] ac-
cording to the laws of each country. Although a comprehensive knowledge of biodiversity
is still largely unknown [4], it is recognized that anthropogenic perturbations are some of
the factors that contribute to the loss of species [5–7]. Therefore, it is urgent to not only
implement approaches that quantify the location of areas based on habitat type proximity
and diversity of high biological relevance (i.e., hotspots) but of equal importance, is to link
the state of knowledge of biodiversity with the governance instruments of each region, at a
level of detail sufficient to implement consistent policies.

Hotspots are priority areas with extraordinary biodiversity [8] covering globally ~16%
of the earth’s surface with these patterns, incorporating about 50% of the richness of
vascular plants and ~77% of vertebrates [9]. These terrestrial hotspots are well-represented
worldwide allowing mapping to levels of “micro and nano hotspots” [10]. In contrast,
information on marine species is limited, dispersed, and typically biased for the systematic
establishment of priority areas, but those that are available document richness of various
taxonomic groups [11], including fishes [12,13].

The implementation of ecological niche modelling (ENM) [14] has provided an al-
ternative way to predict the areas occupied by the species, linking occurrence data in the
geographical space and their relationship with abiotic conditions as a set of environmental
layers [15], including imbedded habitat types. Specifically, neritic fishes have been used
as indicators of areas of importance due to their richness, productivity, and functionality
within marine and coastal ecosystems, and because they are capable of occupying and
fulfilling all the available ecological niches [16]. One ENM approach, maximum entropy
(MaxEnt) models, has been shown to be informative for the conservation of a variety of
terrestrial, freshwater, and marine taxa. Models have been constructed under conditions of
small samples sizes, long-term data sets (seasonal or decadal scales), data based on open
access publications, and museum specimens [17–21] and all were found to be supported.
According to Robinson et al. [22], about a hundred investigations have been carried out
using fish distribution models. However, 89% are on a regional scale and only include one
or a few species, but exceptional performance based on a multi-model ensemble approach
has been achieved [22,23].

For conservation purposes, the inclusion of multiple species is essential to reveal
the high biodiversity areas, and above all, on a geographic scale sufficiently detailed to
clarify appropriate management policies (i.e., permits and restrictions on local develop-
ment projects). In this context, ENM with fishes represents an appropriate strategy for
identifying priority marine areas for conservation. In La Paz Bay, Mexico, 533 species
have been documented which highlights the great diversity of fish species that inhabit this
ecosystem [24], and whose richness represents ~19.3% of the total Mexican ichthyofauna,
~58.3% of the ichthyological diversity of the Gulf of California, and ~24% of those of
the estuarine/marine environments. This richness pattern is driven, in part, by tropical
environmental conditions and multiple imbedded habitat types (mangrove biotopes, coral
reef areas, and bottoms with diverse substrates), see [24,25] and citation within. However,
minimal coastal marine areas like the Balandra Protected Natural Area (BPNA) have been
protected [26,27]. In this study, the areas that support the greatest richness of teleost fishes
(hotspots) were determined, as well as their distribution using abiotically suitable models
within the Bay of La Paz, Mexico (southern Gulf of California). These models can be
applied to evaluate and to improve current marine areas for conservation within a widely
diverse coastal environmental framework.

2. Materials and Methods
2.1. Study Area

La Paz Bay (Figure 1) consists of a mosaic of coastal habitat types; to the south of the
study area is a coastal lagoon that is protected from currents by a sandbar and has areas
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of dunes and sandy beaches. In the interior of the lagoon, there are vast areas of tidal
flats and silt-sandy beaches coupled with areas of mangroves used as nursery habitat for a
diverse ichthyofauna [28]. The geomorphology of La Paz lagoon represents a depression
with fine-textured sediments (silts and very fine sands) mainly of terrigenous origin and
siliciclastic composition, made up of fragments of volcanic rock, quartz-feldspars, and
heavy minerals of granitic rocks that come from the discharges from adjacent basins [29].
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Figure 1. Study area location within La Paz Bay (southern Gulf of California).

Conversely, the coastline of the northern portion presents irregular geomorphology
due to volcanic rocks that rise under the tectonic conditions of the Gulf of California
extension [30]. This topography fosters areas with relatively high slopes forming cliffs
and some rocky shore and rocky reef areas on the seabed where coral colonies live; all
these habitat types have cryptic fishes. There are also several additional inlets with sandy
beaches of calcareous biogenic sedimentation, a rare condition for the eastern Pacific [31]
coupled with mangrove habitats.

The seabed is dominated by unconsolidated sediments of carbonate and siliclasts-
carbonates of terrigenous and biogenic origin [29,31,32]. The sediments are composed of a
wide variety of textures ranging from fine silts to very coarse sands on average, with 2%
to 95% percentage variation of carbonates [33]. The high carbonate sediments (>90%) are
derived from the settlement of patches of benthic rhodoliths and coral colonies and these
are associated with a significant concentration of biodiversity [34]. To a lesser extent, but of
great relevance, is the seasonal recruitment of seaweed across the coastal zone.

Nearly 300 species of fish have been documented within the study area [25,35], in-
cluding the distribution of at least 18 endemic species of fish [36]. There are 11 areas for
conservation with the BPNA recognized by UNESCO as a world heritage site, two Ramsar
sites (Humedal Balandra and Humedal El Mogote-Ensenada de La Paz), and two priority
areas for conservation (Bird Conservation Importance Area Ensenada de La Paz and Prior-
ity Marine Region Insular Complex of Baja California Sur [33,37] (Figure S1 supplementary
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information). Despite these designations, the BPNA is the only one that has a marine
management plan within the study area [27]. In Mexico, the decrees of protected areas
represent the first step for conservation and do not guarantee full protection; however,
these areas require an assessment and can be contrasted with highly important marine
spaces such as hotspots.

2.2. Methods

For the marine environment, several methodologies have been developed [22] that
attempt to approximate the distribution areas of species and the selection of one depends
primarily on the nature of the input data: occurrences and environmental layers. Regarding
the occurrences (presence and/or absence) at a given sampling point and considering the
nature of fishes, it would be extremely complex to designate a true absence [15]. In this
context, some algorithms work with occurrences of “presence-only” type. Within this group
of methodologies, the MaxEnt algorithm introduced by Phillips et al. [38,39] is less sensitive
compared to other approaches when it has small sample sizes [40,41], demonstrating an
acceptable performance [42]. Regarding environmental layers, MaxEnt allows any spatial
resolution, coordinate system, and type of variable (qualitative or quantitative). The
software is freely accessible, and its management and interpretation of the output maps
are relatively simple, and it also presents a significant advance in recent years [43] in
the improvement of complementary routines that allow the analysis of a high amount of
information during model calibration and evaluation [44,45].

MaxEnt quantifies a probability distribution of maximum entropy [46], constrained
to the values of the scenopoetic environmental variables where the species occur [15].
Considering the abiotic conditions of the seabed in the study area and the approach
proposed at the relative localized level, high-spatial resolution environmental layers were
incorporated. These layers are related to the bottom geomorphology, the sediments (or
substrate), and the proximity of fish occurrences from particular habitat types (mangrove
and rocky shore, see Table S1 supplementary information).

The methodology consists of four stages: (A) the compilation of the fish occurrence
data; (B) environmental layers and calibration area, (C) model calibrations and evaluation;
and (D) the development of multi-species and hotspot models.

2.2.1. Occurrence Data

A database with the species and the location of individuals within the study area
was integrated into a geographic information system (ArcGIS 10.3) from specialized liter-
ature. The main sources of fish data used were Galván-Piña et al. [25], González-Acosta
et al. [28], Abitia-Cárdenas et al. [35], Zayas-Álvarez [47], Balart et al. [48], and López-
Rasgado et al. [49]. Likewise, the database maintained at the Instituto Politécnico Nacional
(http://coleccion.cicimar.ipn.mx/, accessed on 28 December 2019) and additional records
from the Global Biodiversity Information Facility [50] were incorporated.

The following criteria were used for the selection of species: historical records be-
tween 1975 and 2020 with vouchers of adult specimens (mature) in collections, names
recognized in the Integrated Taxonomic Information System (https://www.itis.gov/,
accessed on 25 February 2021), and at least 25 presence-only occurrence points for each
species. Under these criteria, a set of 217 species was selected from a total of 287, resulting
in 8812 total occurrences. MaxEnt software [38,39] uses occurrence data and contrasts them
with random points taken from the “background” defined by the total pixels within the
selected study area [51]. A brief explanation of the presence–background methods has been
reviewed by Sillero and Barbosa [51]. The total occurrences of each species were randomly
divided into calibration data (60%) and test data (25%) for the calibration stage. Addition-
ally, a subset of independent data (15%) was reserved (excluded from the calibration) as a
complement to the validation of the models, according to Cobos et al. [45].

http://coleccion.cicimar.ipn.mx/
https://www.itis.gov/
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2.2.2. Environmental Layers and Calibration Area

Eight environmental variables (Table S1, Supplementary Materials) with a high res-
olution of 0.01 km2 (one-hectare pixels) modified from Urcádiz-Cázares et al. [33] were
used in the modelling approach. These layers were selected because they characterize
the bay’s abiotic environment with high resolution, and the type of variables have shown
acceptable performance in ENM studies [22,41,52–57]. These are depth (m), slope incli-
nation (degrees), and aspect (azimuthal degrees of bottom downslope direction), mean
grain size (phi), the sediment sorting, and the percentage of calcium carbonate content
(seafloor geomorphology layers), and the Euclidean distance (m) from the rocky shore
and mangroves habitats. The environmental layers were grouped into three different sets
(Table S2, Supplementary Materials) and all were modeled for each species. To define the
calibration areas, all of the environmental layers were cut based on reference depth values
of −30, −50, −75, and −250 m, according to the maximum depth recorded by the fish [58].
It is important to note that the extent of the calibration areas is geographically limited to the
information available. According to Barve et al. [59] the calibration areas should ideally be
associated with an accessible area for the species [52], and delimited, for example, by a bio-
geographic area that allows the geographic range of the species to be predicted. However,
it does not intend to predict geographic ranges, but rather focuses on predicting the abiotic
suitable areas restricted to the study area, where the species have access. Before calibration
modelling, we evaluated environmental layers to avoid correlation and multicollinearity.
The Pearson correlation coefficient and the variance inflation factor [59] between variables
combinations were calculated in the four areas of calibration and three sets proposed using
ENMTools [60] and Rstudio software (https://rstudio.com/, accessed on 5 March 2019).
This examination resulted in environmental layers with a low correlation between them
(−0.54 < r < 0.72) and an inflation factor of variance < 3.1; therefore, these were considered
appropriate for modelling in accordance with Cobos et al. [45].

2.2.3. Model Calibration and Evaluation

For the calibration of the models, we used the kuenm routine [45] in Rstudio that
allows the exploration of the parameters in MaxEnt and the building of several models. In
this case, the combination of all available features (linear, quadratic, product, threshold,
hinge) were assigned, also in combination with 14 values for the regularization multipliers
(0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.85, 1, 2, 3, 4, 6, 8, and 10) and three different sets of environmental
layers (Table S2, supplementary information). This procedure yielded 1302 candidate
models for each species.

To select the best species models with statistical significance and minimize possible
overfitting [43,61], the candidate models were subjected to five evaluation selection criteria.
First, they were subjected to a statistical significance test (p < 0.05) using the area under the
curve (AUC) of partial receiver operating characteristic (partial ROC, [58]) through the test
data and a bootstrapping of 35% of testing occurrences, 500 interactions, and probabilities
were assessed by direct count of the proportion of bootstrap replicates for which the mean
AUC ratio was ≤1.0. Partial ROC is appropriate for measuring the performance of ENM
that uses only presences occurrences instead of metrics such as full AUC-ROC or TSS (true
skill statistics) that are commonly used [62–64].

Second, candidate models must have a low omission rate according to a maximum
error threshold of 5% that indicates how well the candidate models (using calibration data
only) predict the data reserved for testing (as in Anderson et al. [65]) and is the default in
kuenm. Third, the candidate models have minimum values of Akaike Information Criterion
corrected for small samples (AICc, [44]), indicating how well the models fit the data while
penalizing complexity in favor of simple models. The models were constructed using the
loglog output, with a bootstrapping (40% of the test data), the jackknife analysis enabled,
and 20 replicates to obtain an average model. Fourth, the models that met the above
criteria were selected and again subjected to a hypothesis test with the mean AUC ratio,
and partial ROC considering the rate of omission error of 0.05, but using the independent

https://rstudio.com/
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data (excluded from calibration). Fifth, the final models of each species were those that met
the above criteria, in addition to a low AICc value. These models were finally evaluated
with a method insensitive to prevalence with the Continuous Boyce Index (CBI [66]) based
on the R routine of Di Cola et al. [67] using independent occurrence data. Only the models
that met the tests described above were selected to integrate the hotspot model.

2.2.4. Multi-Species and Hotspot Models

The MaxEnt output showed continuous values from 0 to 1 for each pixel distributed
in the geographic space. Final average models were transformed to binary maps [51]
assuming a threshold value above that which is suitable for the presence of the species
(pixel = 1). The criterion to determine the threshold was the first quartile (Q1) of the set
of predicted values at the sites of the presence of the calibration data for each species [15].
The higher the threshold value, the more suitable the values above the threshold in binary
maps are.

The transformation to binary maps using GIS allowed the addition of the historically
suitable areas of the species to obtain a multi-species map model that indicates the number
of endemic fish per pixel (species hectare−1) that can potentially occupy the same habitat
space. Considering the univariate distribution of the multi-species map pixels, the values
above the 90th percentile were considered here as a hotspot, which contains the geographic
area with the highest values of number of species per hectare (species hectare−1). Finally,
the hotspot model was contrasted with the geography of the marine conservation areas,
specifically with BNPA and its management plan in relation to the limits of its polygons.

3. Results

In total 2.8 × 105 candidate models were generated but only 0.4% were selected with
the performance criteria (statistically significant p < 0.05, low omission rate with 0.05 error
threshold, and minimum values of AIC). Of these models, 108 were selected for meeting all
of the above criteria and having a low CBI value (<0.6), and their performance metrics are
shown in Table S2 of the Supplementary Materials. In general, these results indicate that
the environmental layers used in this study have a significant capacity to predict abiotically
suitable habitats for fish. The environmental layers with the greatest contribution to the
prediction of distribution areas were the Euclidean distance from the mangroves habitats
with 48.7% and from the rocky shore habitats with 18.5% on average. Likewise, the average
grain size and the carbonate content contributed 9.5% and 7.4%, respectively (Figure 2).

By transforming the 108 final models into binary maps and integrating them into the
GIS, the multi-species model was constructed (Figure 3). This model indicates the spatial
distribution of suitable sites with values from 0 species per hectare to exceptional values of
103 species per hectare.

Using the 90th percentile criterion in the multi-species model (≥60 species per hectare),
the hotspot distributions model was established, with the overall area reduced to only
17.8 km2 (Figure 4). The percentage of the distribution of these areas that support the
abiotically suitable habitat conditions for high biodiversity within the marine conservation
areas is found in Table 1.

More than 68.5% of the hotspot area located within the Humedal El Mogote-Ensenada
de La Paz Ramsar Site, the Baja California Sur Insular Complex Priority Marine Area,
and the Area of Importance for Bird Conservation does not have an official decree or
management plan. Regarding the zoning of the BPNA, 17% of the hotspot is within the
“core area” and 23% within the “buffer zone”. The BPNA has had a management plan
since 2015 and an official federal decree since 2012. In this area, fish diversity is weakly
represented, but the zoning shows high protection of marine organisms exclusively for the
core area.
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Figure 4. Hotspot distribution model. Fish hotspot (≥60 species per hectare) is about 1778 Ha. Only
17% of the hotspot is within the core area of the Balandra Natural Protected Area (yellow polygon).
The green polygon corresponds to the buffer zone.

Table 1. Hotspot area within marine conservation areas and their conservation policy legal status.
* Only with international registration. BNPA(BZ): Balandra Natural Protected Area (buffer zone);
BNPA(CA): Balandra Natural Protected Area (core area); HBRS: Humedal Balandra Ramsar Site;
HEM-ELP-RS: Humedal El Mogote-Ensenada de La Paz Ramsar Site; BCIAELP: Bird Conservation
Importance Area Ensenada de La Paz; PMRICBCS: Priority Marine Region Insular Complex of Baja
California Sur.

Marine
Conservation Areas Official Decree Management Plan Hotspot (Hectares)

BNPA(BZ) Yes Yes 408
BNPA(CA) Yes Yes 309

HBRS No * No 402
HEM-ELP-RS No * No 1249

BCIAELP No No 1219
PMRICBCS No No 1778

4. Discussion
4.1. Hotspot vs. Marine Conservation Areas

The hotspot model reveals abiotically suitable areas for large numbers of fish (≥60 species
per hectare) that should be a priority for conservation policies. Although the Ramsar sites,
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areas of importance for bird conservation, and the priority marine area (Table 1) cover a
large part of the hotspots, these areas remain as “initiatives or proposals” and lack an offi-
cial decree or management plan that allows protection under a solid regulatory framework.
In contrast, the BPNA remains the only instrument with a legal protection framework for
marine species. According to BNPA polygons, 60% of the area established as a hotspot
(≥60 species per hectare) is outside this area, leaving it vulnerable to infrastructure de-
velopment and fishing activities in the locality. Within the BPNA, the hotspots occupy
408 hectares (23%) of the buffer zone where the management plan [27] allows activities
such as artisanal fishing and infrastructure development with prior authorization by the
federal government in legal terms of environmental impact. This implies that the area is
potentially vulnerable, even though it is within the protected area. In the same framework,
309 hectares (17%) of the fish hotspot’s area contains the highest level of protection, since it
is located in the core area of the BPNA. Protection includes the total conservation of the
abiotic environment and biological communities [27]. The management plan no species
extraction is allowed in core area, and the development of infrastructure is not allowed.

Delimitation of hotspots or areas featuring exceptional biodiversity is a promising
approach to designated areas of priority conservation [8,68]. It has been shown that among
large carnivorous species, which constantly move, the conservation requires a combined
strategy incorporating the conservation of hotspots or core habitat areas, the linkages
between them, and mitigation of human–wildlife conflict [69]. While species conservation
requires a holistic approach, it is important to note that the loss of species and habitats
is occurring faster than the more modest conservation strategies are being implemented.
In this way, the delimitation of the hotspots can be considered as a basic and achievable
starting point for species conservation. This delimitation should be followed or if possible
accompanied by ecological analyses of the species in order to determine, understand and
protect the links between hotspots, the areas that function as nurseries for the hotspot
biodiversity, as well as determine and mitigate the areas of human–wildlife conflict.

Our results contribute to the recognition of high fish biodiversity within the BPNA
but the current management plan only lists 56 fish species. This work establishes the
spatial distribution for 108 species of the 217 documented in the larger study region, with
18 endemic species of the Mexican marine territory [36]. Since the existing legal framework
of conservation rigorously protects only 17% of the hotspot area, we suggest a few options
to protect these valuable resources. First, expansion of the BPNA to incorporate the
documented hotspots and increase the core area that contributes to overall conservation
potential; second, create new areas (by municipal, state, or federal orders) for the protection
of these hotspots where a high richness of marine species converges; and third, decree a
management plan for Ramsar sites, for the area of importance for bird conservation, or for
the priority marine area where the proposed hotspot is explicitly included.

This information can be used to guide local economic development patterns spa-
tially based on enhanced environmental impact policies that includes economically-viable
ecotourism activities (i.e., scuba diving, snorkeling, photography, the viewing of marine
fauna, monitoring, etc.). We suggest incorporation of these important areas into the current
management plan or into future conservation plans and policies, as incorporation and
protection of these species-rich areas will attract sustainable economic income for the
region.

4.2. What Do the Models Indicate?

The interpretation of ecological niche models is rooted in the biological and ecological
context of both spatio–temporal scales. It is recognized that fish are dynamic and that
the different stages in their biological cycles exhibit different behavioral responses and
distribution patterns relative to habitat type and abiotic conditions. For example, in the
adult stage many fish species move to different areas to feed, reproduce, and find spawning
or refuge areas [28]. The proposed models were constructed using only adult specimens
without considering the ontogenetic–ecological roles or functions; therefore, the modeled
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areas are not specific for a particular role/function but a general occurrence that includes
all the possibilities of the mature stage.

In our study, interpreting our models requires an understanding that their construction
comes only from historically acquired data (1975–2020) collected in different seasons and by
different authors. MaxEnt has been used to develop such distribution models for a number
of taxa [13,18–20] with input data from a variety of sources (e.g., museum records, open
access publications, and long-term data sets). However, in some cases, these distribution
maps may not represent approximations of the current distribution. This historical data
implies that the models do not document seasonal or decadal changes in the distribution,
richness, or abundance of the species across the period studied or potential distribution
changes due to over-exploitation or environmental impacts, but rather incorporates all the
available information into a single distribution map and calculations of areas outside the
currently protected area. In this way, the historical occurrences of the fish will show those
habitats associated with abiotically suitable areas that are with greater probability occupied
compared to other areas, leaving aside these important dynamics.

Moreover, it must be clear that no ENM faithfully represents the occupied area (current
or real) of a species. MaxEnt’s output represents suitable sites based on abiotic information
alone. However, the resolution of the study area is small enough to consider it as an
accessible area for all species; that is, the abiotically ideal area is within the accessible
area [15]. In this way, we interpret the modeled area as an abiotically suitable area nested
within adjacent and larger occupied areas.

Geographically demonstrating multi-species biological interactions is a widespread
problem in ENM [15]. Therefore, the models are limited to predicting the abiotically
suitable areas (as an underestimated part of the occupied area) for the general and historical
occurrence of adult fishes. The information generated in our multi-species and hotspot
models is extremely useful; locating and prioritizing these hotspot areas where the ideal
sites for the species exist is vital for conservation purposes.

One of the most important limitations in this study is that the calibration areas are
limited to a geographic extension available in this important area of ichthyofaunal diversity.
Barve et al. [59] suggest that the calibration areas should consider a hypothetical accessible
area for the species that ideally considers an extension similar to the possible geographic
range of the species, but this is valid when looking to predict the geographic range. In this
study, we seek to evaluate conservation areas with sufficient detail in spatial resolution that
allows reaching conclusions exclusive to the extension and not beyond them. Despite this
limitation, our rigorously evaluated models indicate about 48% of the initially documented
species presented acceptable performance.

4.3. Variables and Scales

We recognize that variables such as sea surface temperature and chlorophyll con-
centration are relevant for the distribution of fish species [70] in neritic and pelagic envi-
ronments [71]. These variables are a direct type since they have a relationship with the
physiological tolerance of organisms to abiotic factors [15,67], and particularly chlorophyll,
with areas of productivity. These types of variables are useful for studies with a wide geo-
graphic range, with regional or global extensions [22] since the pixel resolution of remote
sensors has dimensions, e.g., of 1.0 km2 with global availability. For approximations of local
extensions such as this study, a higher spatial resolution is required, and these variables
are often not available at this scale. This study has implemented indirect high-resolution
abiotic variables [22,52] to associate the presence of fish with abiotic conditions related
to the geomorphology of the bottom and the substrate, as well as the distance from the
mangrove and rocky shore habitats, conditions that characterize this particular coastal
zone and models support acceptable performances.
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4.4. Impact and Applications

The identification of the areas with the highest ichthyofaunal biodiversity is essential
for the establishment and evaluation of marine areas for conservation. In a recent review,
Robinson et al. [22] noted that only 63 studies of marine fishes have used ENM approaches
between 1950 and 2016, of which 89% are on a regional scale and only 22% involve
conservation issues. Obviously, studies based on regional or global scales tend to be
oriented to a clearer understanding of the geographic range of the species or their possible
changes in distribution derived from global warming scenarios.

In contrast, high-resolution layers in a local framework allow the association of areas
of importance with conservation priorities, which generally do not occur on a regional scale.
In this sense, there are three studies that highlight high resolution conservation maps. First,
Schmiing et al. [52] determined the richness of 20 fish species in the Azores Archipelago
and delineated the most important areas in the coastal zone. Second, Leathwick et al. [72]
predicted fish distribution in New Zealand and reported maximum richness at 24 fish/pixel.
Finally, Moore et al. [73] proposed a solid approach for the management of their fishery
based on a detailed distribution of three commercial fish species.

This study establishes the unprecedented distribution of hotspots for the southern
Gulf of California. The abiotically suitable areas of fish species were linked to the abi-
otic conditions, and finally to the current legal framework established for the protection
and conservation of the marine environment. Additionally, it is highlighted that the
methodological scheme was low cost and is transferable to other groups of marine species;
therefore, it could be very useful for coastal zone management professionals, especially for
conservation purposes.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/d13050212/s1, Figure S1: Marine conservation areas within study area, Table S1: Linking
habitat and abiotic conditions to fish presence in ecological niche modelling and examples [74–80],
Table S2: Environmental layers (variables) used for calibration. ED = Euclidean distances from specific
habitat types, Table S3: Species and their final model evaluation performed with test occurrences and
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