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Abstract

Pomacanthids and Pomacentrids are mainly distributed in tropical and subtropical regions, and inhabit shallow
rocky and coral reefs. Due to their colorful patterns and unusual body shapes, they have been widely targeted by
aquarium fish trade; these species are of great commercial interest. Here we document the occurrence of one
Pomacanthid (Holacanthus clarionensis), and two Pomacentrids (Stegastes acapulcoensis, and S. leucorus) north of
their reported distribution range during the 2014 warm water period in the eastern Tropical Eastern Pacific.
Sightings took place at Magdalena-Almejas Bay complex, located in the western margin of the Baja California
Peninsula. Using a series of abiotic data for the Tropical Eastern Pacific, we created a maximum entropy model for
each species and identified that high probability of occurrence at Magdalena-Almejas Bay complex was only
denoted for S. leucorus. Here we report the occurrence of H. clarionensis, S. acapulcoensis and S. leucorus 70 km,
300 km, and 300 km north of the northernmost reported limits.
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Introduction

Pomacanthids (angelfishes) and Pomacentrids (damsel-
fishes) are mainly distributed in tropical and subtropical
regions, and inhabit rocky and coral reefs between 1 and
30 m deep; a few species range to depths of 80 m or
more (Thomson et al., 2000; Robertson & Allen 2008).
Eschmeyer & Fong (2015) and Nelson (2006) report a
total of 89 angelfish, and 387 damselfish species distrib-
uted around the world’s oceans. Along the Mexican
coast, in the Eastern Tropical Pacific, registered species
of this family include four angelfishes: Pomacanthus
zonipectus (Gill, 1862), Holacanthus passer (Valenciennes,
1846), H. limbaughi (Baldwin, 1963), and H. clarionensis
(Gilbert, 1891), and 13 damselfishes: Abudefduf troschelii
(Gill, 1862), A. declivifrons (Gill, 1862), Azurina hirundo
(Jordan & McGregor in Jordan & Evermann, 1898),
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Chromis alta (Greenfield & Woods, 1980), C. atrilobata
(Gill, 1862), C. limbaughi (Greenfield & Woods, 1980),
Hypsypops rubicundus (Girard, 1854), Microspathodon
bairdii (Gill, 1862), M. dorsalis (Gill, 1862), Stegastes
acapulcoensis (Fowler, 1944), S. flavilatus (Gill, 1862) S.
leucorus (Gilbert, 1892) S. rectifraenum (Gill, 1862), and S.
redemptus (Heller & Snodgrass, 1903).

Due to their colorful patterns and unusual body
shapes, angelfish and damselfish have been widely tar-
geted by aquarium fish trade, thus many species are of
great commercial interest. In fact, damselfishes hold the
world’s first place in such trade, while angelfishes are
rated as fifth (Wabnitz et al. 2003). Pifia-Espallargas
et al. (2001) have pointed that H. clarionensis, S. leucorus
and S. acapulcoensis are considered as commercially im-
portant fish in Mexico’s ornamental fishery.

Internationally, H. clarionensis and S. leucorus are
listed as “Vulnerable” species in the International Union
for Conservation of Nature (IUCN) red list, as their
already limited distribution is likely to be affected by the
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ongoing climate change, resulting in reduction of actual
population sizes (Pyle et al, 2010; Allen et al. 2010a,
2010b). In addition, these three species are not listed in
any appendix of the Convention of International Trade
of Endangered Species of Wild Fauna and Flora (CITES).
Nevertheless, at a national level the only species with a
degree of vulnerability is H. clarionensis, listed as need-
ing “Special protection” due to their great demand by
aquarium trade industry and their limited range of dis-
tribution to the Mexican Pacific (Diario Oficial de la
Federacién, 2010).

In this paper we document the occurrence of H
clarionensis, S. acapulcoensis, and S. leucorus north of
their reported range of distribution. Given the ecological
and economic importance of such species, this informa-
tion should be taken into account for future decisions
making in conservation and management subjects.

Materials and methods

Magdalena and Almejas bays are located in the southwestern
coast of the Baja California Peninsula (Fig. 1). The
Magdalena-Almejas Bay complex is one of Mexico’s
largest lagoon systems, recognized as a Region for
Conservation Priority due to its large fishing production,
the representation of multiple habitats, significant fish and
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bird diversity, and for being an important breeding zone
for gray whales and sea turtles (Galvin-Magaia et al.
2000; Gardner & Chévez-Rosales 2000; Zarate-Ovando et
al., 2006). This particular region has been widely reported
to be an important transition zone (an ecotone) between
temperate and tropical environments, and represents one
of the southernmost regions still under the influence of
the California Current, where the outermost part of the
bay is constantly influenced by upwelling events (Alvarez-
Borrego et al,, 1975; Zaitsev et al.,, 2010).

Between 2010 and 2014 a total of 295 underwater eco-
logical surveys were conducted as part of a major moni-
toring program of no-take marine reserves and fishing
grounds in the area. Fish assemblages in five monitoring
sites were surveyed using belt transects (30x2 m),
where richness and abundances were estimated by Reef-
Check California certified scuba divers. Sampling effort
for each year and monitoring site is presented in Table 1.
The specimens of H. clarionensis, S. leucorus and S. aca-
pulcoensis were only present during 2014 monitorings
and were identified on the basis of the diagnostic traits
present by Allen & Robertson (1994) and Humann & de
Loach (2004).

To determine the currently accepted geographical
range of the species we used specialized literature (Allen
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Fig. 1 Map of Magdalena and Almejas Bays. Black dots indicate monitoring sites
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Table 1 Sampling effort for five monitoring sites at Isla Magdalena
from 2010 to 2014
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1998; Robertson & Allen 2008), and looked at informa-
tion about specimens housed in over 20 collections of

Monitoring ~ Coordinates Year Mexico and the United States, available in the Global
site Latitude Longitude 2010 2011 2012 2013 2014  Biodiversity Information Facility webpage (GBIF, 2015), the
El Aboyadero 2457 11210 6 7 6 2 Ocean Biogeographic Information System (OBIS, 2015),
Fl Progresista 2466 1217 12 97 14 4 20 FishBase (Froese & P.auly, 2014), and VerNet (2015).
e . . - - We used the maximum entropy software MaxEnt ver.
as Garropas X - . - - - 1 .
Ap 3.3.3 k (Phillips et al, 2006) to develop an ecological
Los Cabitos 2455 —121006 18 10 6 13 piche model of the species on the basis of occurrence
Punta Blanca 2465 -2 721 14 - 20 records and on yearly average, annual range, maximum
Total 31 87 57 26 9  and minimum surface values of a series of oceano-
graphic factors (9 x 9 km pixel resolution). Temperature
(°C), chlorophyll a concentration (mg/m?), photosyn-
thetic active radiation (Einstein/m?®/day), and water
120°W 110°W 100°W 90°W 80°W
1 1 1 1 1
z gl z
o B
@ ® ; < @
-3
%
k. &
@ ¢
)
W
Y, ! .
%
z ¢ ' z
o] X\ o
« &
e ”. v ~
" /
§ 0 )I
P
0 2 )‘- . I .
'S
f
Oyt .o
. .
z ° 0 {z z
o \V, )
o ORX) o
-~ a0 Dy ".‘. ~
¢ 4" A
0 OW
y ‘/
2
. 0 Y
O S. acapulquensis
. . ¢
® H. clarionensis 0
@ S. leucorus q
5 S -5
(] Q&
/ Of
2\ g
N
L L O
0 250 500 1,000 km
T T T T T
120°W 110°W 100°W 90°W 80°W
Fig. 2 Distribution of H. clarionensis, S. acapulcoensis and S. leucorus according to information of the GIF, OBIS, Fishbase, and VerNet databases
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Table 2 Previously reported northern endpoints for Holocanthus clarionensis, Stegastes acapulcoensis, and S. leucorus and records of

this study

Species Northernmost limit in Baja California’s Pacific Coast This record Distance
Latitude (°N) Longitude (*W) Latitude (°N) Longitude (*W) (Km)

Holacanthus clarionensis 24.25 111.50 24.55 112.10 70

Stegastes acapulcoensis 22.87 109.95 24.65 112.18 300

Stegastes leucorus 23.00 109.83 24.55 112.10 300

transparency (1/m) were obtained from the Ocean Color
Radiometry Online Visualization and Analysis Tool
(GIOVANNI) of the National Aeronautics and Space
Administration of the United States (NASA; http://
gdatal.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_i-
d=ocean_month). Salinity (PSU), dissolved oxygen
(ml/1), and concentration of nitrate, phosphate, and
silicate (pmol/l) were obtained from the World Ocean
Atlas 2009 of the National Oceanic and Atmospheric
Administration (NOAA; http://www.nodc.noaa.gov/
OC5/SELECT /woaselect/woaselect.html). Calcite con-
centration and pH were estimated using the program
CO,SyS (http://carboocean.iopan.gda.pl/co2sys.htm), from
data on temperature, salinity, silicate, nitrate and atmos-
pheric concentration of carbon dioxide (obtained from the
Scripps Institution of Oceanography CO? Program; http://
scrippsco2.ucsd.edu/). Bathymetry (m) and coastal type
(soft or hard bottom) were obtained from the Global
Bathymetric Chart of the Oceans (www.gebco.net), and
Google Earth, respectively. The modeling area was defined
considering the known geographic range of the species,
from 39.5°N to -10.5°S of latitude, and from -130.5°W
to =77°W of longitude for S. acapulcoensis and S. leucorus;
and from 27°N to 17°N of latitude, and from -116.5°

W to -105°W of longitude for H. clarionensis. For
modeling, in MaxEnt we used a maximum iteration
value of 1000 and the logistic output to evaluate
probability of occurrence of the species in each pixel
in a scale of 0 to 1 representing the suitability of
each pixel, being 0 unsuitable and 1 very suitable. By
consensus, values of 0.5 and higher represent presence of
the species at that pixel (Peterson et al., 2011). Model ac-
curacy was determined with the area under the curve
(AUC) of the threshold independent receiver operating
characteristic analysis (ROC). Occurrence data were
randomly partitioned into 75 % for training and 25 %
for testing (Franklin, 2009).

Results

Based on the revised literature and consulted online col-
lections we identified known locations where these spe-
cies are distributed (Fig. 2). H. clarionensis summed 88
occurrence records, of which 68 % belong to the Revilla-
gigedo Islands (Mexican Pacific), 25 % to the Gulf of
California and less than 5 % to islands above the 25°N
(South-Californian Pacific). S. leucorus had 68 occur-
rence records, 75 % to Revillagigedo Islands, 19.11 % in
the Gulf of California and 5.8 in insular environments

-

Fig. 3 Picture of H. clarionensis taken at one of the monitoring sites (Los cabitos)
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north of 25°N. S. acapulcoensis had the highest number
of records (358), with 9 % in the Galapagos Islands, 66 %
in the Central American Pacific, 19 % in the Mexican
Pacific, and 5 % in the Gulf of California.

The northernmost record for H. clarionensis is off the
coasts of Baja California Sur, south of Almejas Bay
(24.25° N), while both Stegastes spp. have been recorded
as far north as Los Cabos (23° N; Fig. 2). However, in
our surveys we recorded these three species at georefer-
enced sites placed north of the putative limits (Table 2,
Fig. 2), with extreme coordinates at 24.55777° N,
112.10414° W at Magdalena Bay. No specimens of any
of these species were reported during the monitorings
from 2010 to 2013 (201 transects), and were only
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recorded in 2014 (Fig. 3). Visual censuses indicated that
from the three species here reported, S. acapulcoensis
was the most abundant, with mean densities of 0.125 +
0.125 ind/census, whilst H. clarionensis and S. leucorus
presented densities of 0.042 + 0.042 ind/census.

Niche models had a good performance according to
the AUC, whose values in all three models were > 0.9;
considering that a random prediction has an AUC =0.5.
The species potential distribution maps (Fig. 4) indicated
high occurrence probability for H. clarionensis at Re-
villagigedo Islands, where important populations are
known to exist, and also where the majority of speci-
mens with commercial purpose are extracted. S. aca-
pulcoensis registered high probabilities at Galapagos
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Fig. 4 Potential distribution at Baja California’s coast of H. clarionensis (a), S. acapulcoensis (b) and S. leucorus (c) according to the MaxEnt model. 1)
Probability of occurrence; 2) Presence-absence based on probability of occurrence values of 0.5 or higher. Asterisk indicates new records
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Island; additionally, S. leucorus also presented high
probabilities at Revillagigedo Islands. At Magdalena
Bay, the place of new records, the presence probability
values for the three species were below 0.5, denoting there
are not ideal conditions for species occurrence/ or
establishing.

Discussion

This is the first occurrence of H. clarionensis, S. leucorus
y S. acapulcoensis at Bahia Magdalena. Presence of these
species in the northern limit of the Tropical Eastern
Pacific Province and previous records in Pacific islands
might indicate a tendency in which tropical fish species
are extending their ranges towards temperate environ-
ments. This tendency, also reported for species in the Gulf
of California (Gonzélez-Cuéllar et al, 2013; Martinez-
Torres et al., 2014; Fernandez-Rivera Melo et al., 2015),
might be explained by the warm water intrusions into
northern regions reported for 2014 (Peterson et al. 2015).

The model outputs showed that bathymetry and
coastal type were the most important variables limiting
the distribution of the three species, in agreement with
the preferred habitat characteristics preferred by Poma-
canthids and Pomacentrids: rocky and coral reefs in shal-
low tropical and subtropical waters (Robertson & Allen
2008). Nevertheless, the potential niche is determined by a
series of biotic (e.g., food availability, predator abundance,
competition) and abiotic (e.g., temperature, depth, salinity)
factors, which allow a species to maintain a stable popula-
tion (Peterson et al., 2011). Even though coast bathymetry
and coast type requirements were met, other factors such
as temperature, food availability and competition with na-
tive species may not allow these species to increment their
abundances, and establish viable populations.

In conclusion, the results of this paper extend the
currently known distribution northern endpoints for
H. clarionensis, S. acapulcoensis, and S. leucorus. Low
densities along with the absence of juveniles suggest
that their reproductive populations have not established in
Magdalena-Almejas Bay Complex. Nevertheless, currently
rising temperatures and the confirmation of positive
temperature anomalies during the possible 2015 El Nifio
event might promote their establishment.
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