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ABSTRACT

The Laguna Ojo de Liebre (Scammon’s lagoon) is the iconic sanctuary of the Pacific gray whale
and belongs to the El Vizcaino Biosphere Reserve in Baja California, México. From June 2015 to
August 2016, six seasonal visits were conducted on the ichthyofauna in seven sites of the lagoon.
By diving, trapping, hook & line, and gillnet commercial fishing, a total number of 39 fish species
was identified belonging to 25 families. In this study a total number of eight fish species is added
to the first two existing 20-year-old lists: the Gymnothorax mordax (Ayres, 1859), Apogon sp.
Pomacanthus zonipectus (Gill, 1862), Balistes polylepis (Steindachner, 1876), Pareques viola
(Gilbert 1898), Caranx sp., Sphoeroides lobatus (Steindachner, 1870), and the Icelinus sp. During
2015-2016, two anomalous events warmed the lagoon, and possibly, it contributed to the fish spe-
cies movement from the adjacent tropical or subtropical zones. Ichthyofauna from Laguna Ojo de
Liebre is reported here before the installation of reef modules as a refuge for red lobster and fish
aggregation.
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Introduction

Laguna Ojo de Liebre (Scammon’s lagoon) with 57,100 hec-
tares is a coastal lagoon on the Pacific of Baja California Sur
(Mexico) and considered of great importance for conserva-
tion since it serves as refuge, feeding and breeding area for
fish species (Acevedo-Cervantes, 1997). As a sanctuary for
the gray whale, the lagoon has been declared a World Herit-
age Site by UNESCO as part of the Man and Biosphere pro-
gram (De la Cruz-Agiiero, Gémez, and Arellano-Martinez,
1996). Such protected areas are scarce in the Pacific of Baja
California and, therefore, essential as a nursery for commer-
cial fish species or of ecological interest due to sparsely pop-
ulated areas with low development pressure (Rosales-Casian,
1997). This lagoon is of particular interest as a local cooper-
ative of Guerrero Negro, B.C.S. (Mexico) will install artifi-
cial reefs made with concrete (1.5m long, 1.15m wide, and
0.25 m high) as a refuge for lobster and fish for commercial
capture.

Several studies have been carried out in Laguna Ojo de Liebre
to characterize longshore sediments transport (Marinone,
1982; Zamora-Salvador, 2015), environmental conditions
(Alvarado et al., 1986; Alvarez-Borrego and Granados-Guz-
man, 1992; Gutiérrez de Velasco, 2000; Rodriguez-Padilla,
2013), commercial bivalves (Arellano-Martinez et al., 2004;
Hernandez-Olalde et al., 2007; Quifiones-Arreola, 2003), and
the green turtle population Chelonia mydas status (Hernan-
dez-Cruz, 2013). Despite it is importance as a refuge and
feeding area for different organisms, there are few studies on
the fish species that live there. De la Cruz-Agiiero, Gémez,
and Arellano-Martinez (1996) published a first systematic list
of fish species from Ojo de Liebre and Guerrero Negro la-
goons, and Acevedo-Cervantes (1997) characterized the
community of Laguna Ojo de Liebre, concluding that it is a
low diversity site compared to other lagoon systems in Mex-
ico, with small size specimens, and seasonally influenced by
the entry of species from the adjacent Sebastian Vizcaino Bay
to complete their life cycle.

Motivated by the planned artificial reef deployment by a local
cooperative of Laguna Ojo de Liebre, the present study aimed
to identify the fish species inhabitants at sites considered suit-
able for artificial reef enhancement, for future comparisons
of the fish community after installation.

Material and Methods

Study Area

Laguna Ojo de Liebre is located at the Pacific half of Baja
California peninsula, close to the town of Guerrero Negro,
Baja California Sur, Mexico (Figure 1), between 27° 36 'and
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27°55' North latitude and 113° 55 'and 114° 19' West latitude.
It is part of the Ojo de Liebre lagoon complex comprised of
Laguna Manuela (north), Laguna Guerrero Negro (middle),
and to the south the Laguna Ojo de Liebre (Eberhardt, 1966).
The lagoon area is 480 km?, 40 km length, and a mean of 6
km width. It is connected to the Sebastian Vizcaino Bay
through a 3.7 km wide of mouth and has four main islands in
its interior: Conchas, Brosas, Piedras, and Choya. The lagoon
topography is shallow (average 5-6 meters depth) and in-
cludes a relatively deep channel (up to 30 m maximum depth)
surrounded by intertidal flats (Rodriguez-Padilla, 2013).

Tide is an important component in the Laguna Ojo de Liebre
dynamics, with an interval from 1.20 to 2.70 m, and predom-
inant currents up to 1.18 m/s (Gutiérrez de Velasco, 2000).
Maximum tidal speeds are reached during rising and falling,
weaker in the ridges and valleys, and most intense and turbu-
lent currents appear at mouth and channels (Zamora-Salva-
dor, 2015).

The present study was carried out in a section with an influ-
ence of seawater from the adjacent Sebastian Vizcaino Bay
during high tide (Rodriguez-Padilla, 2013). Seven sites were
chosen after the fishermen experience as the best sites for
catching lobster and fish, and therefore feasible in depth for
the artificial reefs deployment (Table 1), and all the work car-
ried out was fully supported by the staff of the Cooperative
"Luis Gémez Z." of Guerrero Negro, B.C.S. (Mexico).

Ojo de Liebre lagoon Fish Collections and observations

The fish survey began in June 2015 (spring), followed by
September (summer) and November (autumn) 2015, and Feb-
ruary (winter), May (spring), and August (summer) 2016, for
a total of six seasonal visits. We consider winter from January
to March, spring (April-June), summer (July-September) and
autumn (October-December).

Trap collections: Because the lagoon is a marine reserve,
two fish monitoring methods were selected to avoid disturb-
ing the bottom; we used commercial traps and underwater
diving visual census during two days. The traps were built by
the fishermen with pieces of wire mesh covered with a plastic
layer, dimensions 88 cm wide, 122 cm long, and 43 c¢m high,
with an entrance 30 cm in diameter and a 7 cm mesh. The
traps were prepared with buoys, ropes, and sardines as bait.
A total of six sites within the lagoon were selected for fish
collections with traps because they are usually fishing spots
with the possibility of improvement with artificial reefs: El
Borbollén, El Conchalito, La Ventana, Isla Concha, El Es-
terito, and Carros Viejos (Figure 1).
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Table 1. Monitoring sites and coordinates in the Laguna Ojo de Liebre, BCS, Mexico, 2015-2016.

Sampling sites North latitude West longitude Survey Substrate
El Borbollon 27°51°28.14” 114°142.40”  Diving/ Traps Rocky /
Sandy
El Conchalito 27°47°1.14” 114°16°28.68”  Diving/ Traps  Limestone
La Ventana 27°47°18.04” 114°18°11.40”  Diving/ Traps  Limestone
La Ventanita 27°46°48.18” 114°17°7.62” Diving Sandy
Isla Concha 27°49°15.70” 114°13°54.40” Traps Shell / Sandy
Carros Viejos 27°50°26.80” 114°16°59.80” Traps Sandy
El Esterito 27°48°24.10” 114°17°49.50” Traps Sandy
—
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Figure 1. Localization of the Laguna Ojo de Liebre, BCS, Mexico, and sampling sites.
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For the seasonal catch of fish, four traps as repetitions were
launched separated by 50-100 m in each selected site, and re-
mained at the bottom during 45 minutes following the local
fishermen's technique (30 to 60 minutes); their total length
(TL, mm) of captured fish was measured, intervals for each
fish species are reported here.

Diving observations: Because diving is limited in time by
the tidal current, four sites were selected: El Borbollon, El
Conchalito, La Ventana, and a new site La Ventanita. We se-
lect the neap low tide from the monitoring day to avoid strong
tidal currents. In each visited site, three diving transects in
parallel of 30 m long, 2 m wide, 2 m high, and separated by
5 m between transects were made (Freiwald et al., 2015).
Each transect was performed in a maximum time of seven
minutes. One diver identified the fish species, determined the
fish counts of each species and logged the approximate size.
A second diver photographed the fish species. A third diver
photographed the lagoon bottom and invertebrates. Trap col-
lections and underwater diving census were carried out on
boats separately in order to not interfere.

During our lagoon visits and the periods between the trap
catches, fishing with hook-and-line was done, and also fish
from commercial catches with gillnets also were identified,
and added to the list without their lengths.

Fish species identification: All the species were identified
using the keys for the Pacific of Baja California, Mexico, and
California, USA (Miller and Lea, 1972), and for warm fish
species, the work of Humann and Deloach (2004) was
used. Arrangement of the classes, orders, and families fol-
lows the work of Nelson (2006) and Fricke et al., (2021). The
biogeographic affinities of the fish species are presented ac-
cording to Horn, Allen, and Lea (2006).

Results and Discussion

During the sampling period in Laguna Ojo de Liebre (June
2015 to August 2016), a total of 138 traps launches was made,
for a total capture time of 138 hours trap and 48 minutes. Re-
garding the underwater visual census, a total of 72 transects
was made for 360 minutes of diving.

The taxonomic list in Laguna Ojo de Liebre included a total
number of 39 fish species belonging to 25 families. Under-
water visual census showed 28 fish species, and traps showed
13 fish species, with nine common species in both methods
(Table 2). Hook-and-line captured seven of the fish species.
From a total of 21 species identified in the commercial catch,
six species were not found with traps and diving (Table 2). A
total of 31 species were teleost, and eight were elasmobranchs
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(Table 2). A total of 2,724 fish was counted, 893 individuals
in the trap collections, and 1,179 individuals observed during
diving. In the first ichthyofaunal list of Laguna Ojo de Liebre,
De la Cruz Agiiero et al., (1996) identified 59 species from
36 families, however they included the adjacent Guerrero Ne-
gro Lagoon without discriminating the fish species from each
lagoon, and used five collection gears with hook-and-line as
the only coincident with the present study. In the second
study by Acevedo-Cervantes (1997) he also identified 59 fish
species and none of the three collecting gears used coincided
with those of the present study; a species not included in the
first study and mentioned in the second was the kelp bass
Paralabrax clathratus, while in the present study this species
was collected frequently in traps and observed in diving.

In the present study, families that contributed with the largest
number of individuals were Sparidae with 1,227 individuals
(one species), Serranidae with 1,165 individuals (three spe-
cies), and Labridae with 153 individuals (two species). Most
abundant fish species were the Pacific porgy, Calamus bra-
chysomus (Lockington, 1880) with 1,227 individuals
(45.1%), the barred sand bass, Paralabrax nebulifer (Girard,
1854) with 768 individuals (28.2%), the spotted sand bass,
Paralabrax maculatofasciatus (Steindachner, 1868) with 302
individuals (11.1%,) the rock wrasse, Halichoeres semicinc-
tus (Ayres, 1859) with 142 individuals (5.2%), and the kelp
bass, Paralabrax clathratus (Girard, 1854) with 95 individu-
als (3.5%), which together contributed 93% of the total abun-
dance (Table 2).

Elasmobranchs Hypanus dipterurus (Jordan & Gilbert, 1880)
(130 cm TL) and Zapteryx exasperata (Jordan & Gilbert,
1880) (100cm TL) were the bigger fish, while larger teleost
was the California moray Gymnothorax mordax (Ayres,
1859) (98cm TL), the kelp bass P. clathratus (65cm TL), and
the broomtail grouper Mycteroperca xenarcha Jordan, 1888
with 60cm TL (Table 2). Small fish were the California killi-
fish Fundulus parvipinnis Girard, 1854, the spotted sand
bass P. maculatofasciatus, the barred sand bass P. nebu-
lifer (all 4cm TL), and the cardenalfish Apogon sp., the rock
wrasse H. semicinctus, and the bullseye puffer Sphoeroides
annulatus (Jenyns, 1842) with Scm TL (Table 2).

One fish species showed a cold affinity to the Aleutian Prov-
ince, seven species with northern distribution to the Oregon
Province, 26 species show affinity to the Province of San Di-
ego (68.4%), and three to the Cortez Province. The major per-
centage (86.8%), comprising 32 species, that extends south to
the Provinces of Cortez, Mexican province, or to Panamian
Province. (Table 2).
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Table 2. Fish species from Laguna Ojo de Liebre, BCS, Mexico, 2015-2016; lengths (cm); H&L: hook and line; CF: com-
mercial fishing; BA: Biogeographic affinity. Distribution by provinces after Horn et al. (2006): AP: Aleutian prov-
ince; OR: Oregonian province; SD: San Diego province; Cortez province; MX: Mexican province; PP: Panamian

province.
Class/Order Family Fish species Number Dive Trap Size (cm) H&L. CF BA
Chondrichthyes
Heterondontiformes Heterodontidae Heterodontus francisci (Girard, 1855) 11 X X 30-80 X OR-CZ
Torpediniformes ~ Narcinidae Narcine entemedor Jordan and Starks, 1895 1 X 75 SD-PP
Rhinopristiformes ~ Rhinobatidae ~ Pseudobatos leucorhynchus (Giinther, 1867) 4 X 70-76 CZ-pPp
Rajiformes Pseudobatos productus (Ayres, 1854) 2 X 60-70 X SD-MX
Zapteryx exasperata (Jordan & Gilbert, 1880) 2 X 100 X SD-MX
Myliobatiformes Urotrygonidae  Urobatis halleri (Cooper, 1863) 13 X X 20-30 SD-PP
Urobatis maculatus Garman, 1913 2 X 40 SD-CZ
Dasyatidae Hypanus dipterurus (Jordan & Gilbert, 1880) 2 X 130 SD-PP
Osteichthyes
Anguilliformes Muraenidae Gymnothorax mordax (Ayres, 1859) 1 X 98 SD
Cyprinodontiformes Fundulidae Fundulus parvipinnis Girard, 1854 29 X 4-6 SD
Gasterosteiformes ~ Syngnathidae ~ Hippocampus ingens Girard, 1858 4 X 15-20 SD-PP
Scorpaeniformes  Scorpaenidaec  Scorpaena guttata Girard, 1854 X X SD-CZ
Cottidae Icelinus sp. 1 X 10
Perciformes Epinephelidae ~ Mycteroperca xenarcha Jordan, 1888 2 X 60 X X SD-PP
Serranidae Paralabrax clathratus (Girard, 1854) 95 X X 10-65 X X OR-SD
Paralabrax maculatofasciatus (Steindachner, 1868) 302 X X 4-42 X X OR-Cz
Paralabrax nebulifer (Girard, 1854) 768 X X 4-53 X X OR-MX
Apogonidae Apogon sp. 10 X 5-7 SD
Carangidae Caranx sp. 1 X 70 SD-PP
Caranx caninus Giinther, 1867 X SD-PP
Haemulidae Anisotremus davidsonii (Steindachner, 1875) 40 X X 20-33 X SD-CZ
Sparidae Calamus brachysomus (Lockington, 1880) 1227 X X 9-47 X X SD-pP
Sciaenidae Atractoscion nobilis (Ayres, 1860) 1 X 74 X AP-CZ
Cynoscion parvipinnis Ayres, 1861 X SD-CZ
Cynoscion xanthulus Jordan & Gibbert, 1882 X CZ-MX
Menticirrhus undulatus (Girard, 1854) X SD-PP
Pareques viola (Gilbert, 1898) 8 X 5-8 SD-PP
Roncador stearnsii (Steindachner, 1875) X SD
Umbrina roncador Jordan and Gilbert, 1882 X SD-CZ
Pomacanthidae  Pomacanthus zonipectus (Gill, 1862) 1 X 25 Cz
Pomacentridae  Hypsypops rubicundus (Girard, 1854) 2 X 25 SD-CZ
Labridae Halichoeres semicinctus (Ayres, 1859) 142 X 5-26 SD-CZ
Semicossyphus pulcher (Ayres, 1854) 11 X 33-48 X OR-CZ
Blenniidae Hypsoblennius gentilis (Girard, 1854) 1 X 7 SD-CZ
Pleuronectiformes ~ Paralichthyidae  Paralichthys californicus (Ayres, 1859) 1 X 11 X OR-SD
Pleuronectidae  Pleuronichthys guttulatus (Girard, 1856) 1 X 10 X OR-CZ
Tetraodontiformes  Balistidae Balistes polylepis Steindachner, 1876 4 X 2431 X SD-CZ
Tetraodontidae  Sphoeroides annulatus (Jenyns, 1842) 31 X X 5-38 SD-PP
Sphoeroides lobatus (Steindachner, 1870) 4 X X 6-34 SD-PP
Total 2724
Laguna Ojo de Liebre is influenced by tidal currents and oce- and subtropical taxa that contributed to the highest abundance
anic events such as El Nifio/La Nifia (Gutierrez de Velasco, of fish larvae (Jimenez-Rosenberg et al., 2007).

2000). During our monitoring in 2015-2016, the tidal currents
limited the time of the diving census, and the selected neap
lowest tides allowed only one hour for the transects. This la-
goon is adjacent to Vizcaino Bay which has been considered
a center of fish larvae production (Moser ef al., 1993), and
during EI Nifio events there was a high proportion of tropical

The lagoon was influenced by the warm water "The Blob"
formed in the Gulf of Alaska in 2013 that extended south to
2016, and El Nifio 2015-2016 (Dorantes-Gilardi and Rivas,
2019). The El Niflo was intense with anomalies of more than
2°C for the Eastern Pacific at Northern Hemisphere, began in
January 2015 up to winter 2016 to weaken at Spring and to
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finish in June (NOAA’s El Niflo, available at http://www.eln-
ino.noaa.gov/, last accessed 10 August, 2019).

The fish monitoring was focused on potential sites for the de-
ployment of artificial reefs, and this may explain the lesser
number of registered fish species compared to other studies
which monitored a larger area of the lagoon identifying a total
number of 59 fish species (De la Cruz-Agiiero, Gémez, and
Arellano-Martinez, 1996). Notably, in the present study, a to-
tal of eight new species are added to the two systematic lists
of fish species in the Laguna Ojo de Liebre: The California
moray (G. mordax), the sculpin (Icelinus sp.), the cardenal-
fish (4pogon sp.), the jack (Caranx sp.), the gungo highhat
(Pareques viola), the Cortez angelfish (Pomacanthus
zonipectus), the finescale triggerfish (Balistes polylepis), and
the longnose puffer (Sphoeroides lobatus). In the present
study, of the eight added fish species, six were identified by
diving, and two collected with traps: the California moray,
and the finescale triggerfish.

The species-specific zoogeographic affinities in the present
study were grouped into five zoogeographic provinces: Aleu-
tian, Oregonian, San Diego, Cortez, Mexican and Panamian
(Horn, Allen, and Lea, 2006); species considered from tem-
perate zones are represented by those distributed in the prov-
ince of San Diego and in this study made up 68.4%; those
from cold environments (Oregonian and Aleutian provinces)
accumulated 23.7%, while three species (7.9%) presented
subtropical and tropical affinity, only. However, of the total
species, 86.8% have a southern distribution corresponding to
the subtropical and tropical environment, from the provinces
of Cortez, Mexican to Panamian. Those species affinities can
be attributed to the southern boundary of the Southern Cali-
fornia Current and the transition to the subtropical province
at the latitude (27°5°43” N, 115°08°15” W) of Punta Eugenia
(Hubbs, 1960, Jiménez-Rosenberg et al., 2007). The presence
of a warming events that began at end of 2013 and finished
in 2016 (Dorantes and Rivas, 2019; Robinson, 2016) may
have caused movements of fish from the tropical or subtrop-
ical zone to the Laguna Ojo de Liebre, like the Cortez Angel-
fish, the gungo highhat, and the jack which contributed to the
increased list of fish species.

Although the artificial reef modules will be built and depos-
ited in the bottoms of the Ojo de Liebre lagoon as a refuge for
red lobster, they present an excellent opportunity to study for
the fish aggregation that take refuge in the structures.

Conclusion

This new study on the ichthyofauna of Laguna Ojo de Liebre
identified 39 fish species, with eight new species that are
added to the first lists of fish in the lagoon. Combining of
traps and mainly diving was essential to identify the new spe-
cies, also as non-destructive methods it avoided the alteration
of the lagoon bottom. The presence of two warming events
(The Blob and El Nifio) during the 2015-2016 study possibly
promoted the movement of subtropical or tropical species to
the North. This work will be compared with the next survey
on the possible changes when a local cooperative installs the
artificial reef modules in the lagoon.
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