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Veracruzana, Xalapa, Mexico, “Area de Zoologia, Instituto de Investigaciones Bioldgicas,
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Mycotic diseases are considered a worldwide growing concern related to
public health. Lobomycosis like disease (LLD) (Lacazia loboi) is a chronic and
progressive infection in skin of humans and small cetaceans present in both
sides of the Americas, including Mexico but information is still limited. Marine
predators are indicators of potential risks for human and wildlife health,
including fungal diseases like LLD in bottlenose dolphins. Here we report the
first findings of an initial assessment in LLD epidemiology, pathology, and
behavioral constraints of coastal bottlenose dolphins (Tursiops truncatus) from
the Southwestern Gulf of Mexico (SWGM). Overall, LLD prevalence in the
population was low, within ranges reported for the species, and only in
highly associated unisexual pairs near the Alvarado coastal waters. Photo-
identified individuals exhibited an annual increase in average progression for
LLD skin lesions. Gross lesions and skin biopsy evidenced mycotic structures
and subcutaneous alterations associated to LLD. Habitat quality, demographic,
and social characteristics of bottlenose dolphins are likely influencing LLD
geographical expansion and temporal prevalence, but global and local climate
variability may influence LLD epidemiology, implying a potential risk for human
and dolphin health from coastal communities at the SWGM.
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Introduction

Lacaziosis like disease (LLD), formerly known as
Lobomycosis, is a mycotic (Lacazia loboi) chronic skin disease
that affects several species of small cetaceans with potential
transmission to humans (Reif et al., 2013). Therefore, coastal
bottlenose dolphins (Tursiops truncatus) are useful indicators of
risk of emerging diseases in human populations (Bossart, 2007,
Bossart et al., 2019). Gross findings in the skin of T. truncatus
affected by LLD are consistent with white to gray nodules that
may ulcerate and form large plaques, particularly in fins, head,
fluke, and caudal peduncle (Reif et al., 2006; Van Bressem et al.,
2007; Murdoch et al,, 2008; Ueda et al., 2013). The impact of
LLD in marine mammals is unclear, nonetheless, there is a
growing concern about its persistence and progression as well as
high prevalence, especially in T. truncatus populations (Van
Bressem et al., 2007; Van Bressem et al., 2015; Siciliano et al.,
2008; Daura-Jorge and Simdes-Lopes, 2011; Bessesen et al., 2014;
Ramos et al, 2018). Immunodeficiency seems to facilitate its
occurrence acting as an opportunistic infection (Reif et al., 2009)
and as potential death cause due to an eventual immunologic
dysfunction in individuals (Bossart et al., 2019). Although, the
etiology and epidemiology of LLD in most cetaceans worldwide
are still largely unknown and recently associated with
Paracoccidioides brasiliensis var. ceti in T. truncatus (Vilela
et al, 2016), LLD transmission among individuals has been
linked to social behavior in coastal T. truncatus, suggesting
horizontal contagion and geographic dissemination related to
sex (Tenorio-Osorio, 2015; Felix et al., 2019).

Additionally, chemical (e.g., pollutants) and biological (e.g.,
pathogens) characteristics of marine habitats are thought to play
a role in LLD presence and prevalence, particularly in small
cetaceans inhabiting sites impacted by anthropogenic activities
like inshore or estuarine populations (Bessesen et al., 2014;
Rotstein et al., 2009; Van Bressem et al., 2009ab; Felix et al.,
2019). However, LLD has also been identified in offshore T.
truncatus, suggesting an increase in its geographical range
(Rotstein et al., 2009). This is relevant considering that
mycotic diseases are a worldwide growing public health
concern in the face of climate change (e.g., ocean warming)
(Seyedmousavi et al., 2015; Gnat et al., 2021). For instance, the
expansion of marine mammal foraging areas due to prey
shortage during marine warm conditions may increase
individual exposure to new and polluted environments
(chemical and biological), including pathogens like L. loboi
(Learmonth et al., 2006; Van Bressem et al., 2009b),

Currently, LLD has been recorded in T. truncatus from both
sides of the Americas; in the Pacific (Van Bressem et al., 2015,
Ramos et al.,, 2018) and Atlantic (Vilela et al.,, 2016), including
South Africa (Van Bressem et al., 2015), but apparently there are
no records of LLD from the Southwestern Gulf of Mexico
(SWGM). Therefore, this research aims to provide an
epidemiological baseline of LLD in T. truncatus from SWGM,
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including the progression of gross skin lesions in the dorsal fin
and their relation to the social behavior of infected individuals,
to fill in the geographic gap and improve our overall
understanding of LLD presence in small odontocetes.

Materials and methods

Coastal T. truncatus from Veracruz state (SWGM portion)
have been studied intermittently since the early 1990’s using
primarily photo-identification (Heckel, 1992; Martinez-Serrano
et al., 2011; Morteo et al., 2014, Morteo et al., 2017, Morteo et al.,
2019; Bolafios-Jimeénez et al., 2021; Bolafios-Jiménez et al., 2022).
The studied area comprises roughly three sites in the coastal
strip from shore to the 30 - 40 m isobath along 230 km off the
waters of 1) Nautla, 2) Veracruz Reef System (VRS), and 3)
Alvarado lagoon system (ALV) (Figure 1). Weather variability
follows a tropical pattern with three periods: rainy (July-
October), windy (November-February), and dry season
(March-June) (Bolanos-Jiménez et al., 2022) that provide a
variable influx of organic material discharged from the
continent to the sea that, in addition to tidal exchange,
produce important differences in salinity and temperature
(Moran-Silva et al,, 2005). Rivers and lagoons sustain local
patches of mangrove habitats, where marine sediments and
water contain traces of organochlorine pesticides that affect
water quality and are toxic to marine species (Vazquez-Botello
et al,, 2019). Also, artisanal riverine fishing is one of the most
important commercial activities carried out all year in the area
and antagonistic interactions with T. truncatus are frequently
recorded (Rechimont et al., 2018; Morales-Rincon et al., 2019).

T. truncatus from the SWGM were photo-identified using
their dorsal fins during different survey campaigns at the three
sites, during 2002 - 2003 (Nautla and ALV) (photographic
negatives), over 2005 - 2007 (digital pictures at the VRS), and
2006 - 2010 (digital pictures at ALV). Individuals were identified
by their natural marks according to standard photo-
identification procedures using SLR cameras equipped with 70
- 300 mm lenses (Morteo et al., 2014; Bolafios-Jimeénez et al.,
2022). Only long-lasting marks such as cuts, nicks, and
deformities were used for individual identification. All
photographs were graded for technical quality (e.g., focus,
sharpness, lighting, angle, and proportion of dorsal fin
exposure) and distinctiveness. We followed a previously tested
protocol for the selection of photographs (Urian et al., 2015),
and selected only good-quality images (Ql and Q2) of
individuals with conspicuous permanent markings (D1 and
D2) to minimize misidentification. Catalogs were kept and
analyzed at the Marine Mammal Laboratory (LabMMar, IIB-
ICIMAP) at Universidad Veracruzana (UV). Population
estimates for T. truncatus of the studied area have yielded
between 69 and 636 individuals, with daily abundances of 187
(132 SD) dolphins for Nautla, over 45 (+23 SD) for the VRS
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FIGURE 1

(Morteo et al., 2019), and monthly abundances between 70 (+14
SD) (Bolafios-Jiménez et al., 2022) and 125 (52 SD) (Morteo
et al,, 2017) for ALV, when considering the more resident
fraction of the population and the whole sample (residents
and transients), respectively.

The presence of LLD was visually analyzed when gross
lesions were observed (i.e., raised light grey whitish to pinkish
granulomas, nodules, and ulcers) (Van Bressem et al., 2007;
Daura-Jorge and Simoes-Lopes, 2011). Relative size and
progression of LLD were determined by measuring the lesion
areas and dividing them by the total surface of the dorsal fin
(Daura-Jorge and Simoes-Lopes, 2011). Thus, successive images
of each individual were projected onto millimeter sheets and the
areas were measured. The first and last images of each animal
were used to determine changes in the proportion of the affected
area. We computed the prevalence (P) of the LLD lesions as the
proportion of the animals in the population that have potentially
acquired this disease, by dividing the number of affected animals
(N7), by the total number of photo-identified individuals (F;) and
multiplied by 100.

Also, whenever individuals with LLD were identified,
photographic records of these animals were used to measure
the level of association between them and the other individuals
identified within each study area, using SocProg 2.4 (Whitehead,
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Study area along the coastal waters off Veracruz. (A) General location of bottlenose dolphin study sites in the Southwestern Gulf of Mexico (red
circles). (B) Location of the sites with photo-ID catalogues and studies on skin lesions in bottlenose dolphins. (C) Recorded sightings of individual
ENO5. (D) individual EN10. (E) individual TN15. The white cross shows the location of the stranding of the dead male EN10 in the Papaloapan river.
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2009). We used a half-weight index which calculates coefficients
of association (COA) between pairs of animals within each social
network, considering the total number of times each dolphin was
observed and the number of times each pair of dolphins were
observed together (Cairns and Schwager, 1987). Values range
from zero for a pair of animals that were never seen together to
one for animals that are always seen together. The mean
association rate for all identified individuals observed on more
than 5 opportunities/encounters (Morteo et al., 2014) was used
to determine the number of significant pairs by a randomization
test (Bejder et al., 1998) using 1 000 iterations. The mean values
of non-null associations (i.e., >0) for all animals were calculated
and compared against those exclusively from individuals with
LLD through a test for differences in means (Tenorio-Osorio,
2015; Felix et al, 2019). All significance levels were set at
o= 0.05.

Finally, in February 2022 a dead old (>20 y) (based on
photo-ID records and teeth attrition) male T. truncatus was
found at the Papaloapan River in Tlacotalpan, Veracruz
(Figure 1), which exhibited diffuse dermatological gross lesions
presumptively linked to LLD and matched one of the adult
dolphins in our photo-ID catalog since 2002. Thus, a skin biopsy
was collected and preserved in 10% neutral buffered formalin for
histology description with hematoxylin and eosin stain. Fungal
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identification with Methenamine Silver stain was carried out by
the Diagnostic Laboratory at Centro Veterinario de Xalapa, A.C.
in Xalapa, Veracruz, Mexico.

Results

Individual photo-identification and
LLD prevalence

We analyzed 20, 665 images (Nautla=2,779, VRS=8,664,
ALV=9, 212) from 524 individuals at SWGM, only 283 images
from three dolphins (EN10, ENO5, and TN10) exhibited gross
lesions in the dorsal fins presumably related to LLD (Table 1).
These individuals were initially classified as males based on their
behavioral cues (i.e., synchronized swimming and no affiliation
with calves) and later confirmed through visual inspection of
their genital area on the field. Thus, the prevalence for all
identified dolphins at SWGM was estimated between 0.47 and
0.57% considering the estimated total abundance for the area
(i.e., 636 dolphins) and the total of photo-identified individuals
(i.e., 524 individuals) (Table 1). However, considering that only
individuals within the ALV area were affected with LLD
(Figures 2A, B), thus according to photo identified individuals
the prevalence ranged from 4.6% (from photo-identified
dolphins in 2002 - 2003) to 1.4% (identified dolphins in 2006
- 2010) (Table 1), and between 2.4 and 4.3% when considering
the total abundances at Alvarado area (Min-Max: 70 - 125
individuals, see Materials And methods).

Temporal progression of LLD gross
skin lesions

Early gross lesions described in dorsal fins of the three male
T. truncatus (EN10, ENO5, and TN10) presumably affected by
LLD were whitish and small nodular areas in dorsal fins and
dorsum (100%; 2003 — 2007) that later raised in middle plaques
of verrucous lesions and to light grey whitish and pinkish
granulomas (66.6%; 2009 - 2010) in dorsal fins, including
edges, anterior dorsum and middle flanks (Figures 2B, C) that
finally progressed into whitish extensive plaques of serpiginous

10.3389/fmars.2022.1018118

aspect, ulcerated with deformation of dorsal fin and presence of
raised firm nodules at the beak, head, anterior dorsum, flanks
and fluke (33.3%; 2019 - 2022) (Figures 2B-E). Area
measurements of the same images from each of the three
individuals were repeated three times with an average
variation of only 0.25% (+ 0.037 SD); also, the measurement
error (average coefficient of variation) of different images of each
individual within the same sighting was 4% ( £ 4.1 SD). LLD skin
gross lesions in dorsal fins persisted and progressed during the
study in all three individuals with an increasing average annual
rate estimated at 0.61 ( + 0.61 SD) times the size of the original
lesion (Table 2). The highest progression rate occurred in
individual TN15, followed by EN10 and ENO5 photo-
identified during 2003-2010 (Figures 2A-E).

Interestingly, the stranded dolphin found in the Papaloapan
River in 2022, was recorded 24.5 km upstream (in freshwater)
and identified as individual EN10 from the ALV population
since 2002, and re-sighted alive in the ALV area in 2019. Total
length was 276 cm and body weight was estimated between 280 -
300 kg. The cause of death was undetermined, but the aged male
exhibited poor body condition and severe LLD skin gross lesions
in the head, dorsal fin, flukes, and caudal peduncle (Figures 2D,
E), as well as old injuries likely related to fisheries interactions.
The temporal progression and severity of skin lesions in this
individual were evident until his death (in 2022) (Table 2 and
Figures 2B-D). Histological analyses of biopsied skin revealed
granulomatous, nodular, multifocal dermatitis with ulceration
and epithelial hyperplasia as well infiltration of neutrophils,
macrophages, and giant cells but scarce lymphocytes and
plasmatic cells infiltration. The Methenamine silver stain
evidenced multiple deep blue round-shaped structures of 6 -
15 um in diameter interconnected by short tubular structures,
which are typical of L. loboi (Figure 2F).

Coefficient of association in individuals
affected by LLD

Overall, COA values (ie., among all identified individuals
within each study area) were generally low (x = 0.15 + 0.14SD),
and in the ALV population (the only with LLD), from the 53 542
possible combinations, only 237 pairs (0.04%) were non-random.

TABLE 1 Surveys and sightings of coastal bottlenose dolphins with and without gross LLD skin lesions at Veracruz, Gulf of Mexico.

Site Period Surveys  Number of schools  Dorsal fin photographs  Identified individuals ~ LLD individuals
Nautla 2002 - 2003 26 25 1135 160 0
Alvarado 2002 - 2003 26 35 950 65 3
VRS* 2005 - 2007 33 45 3205 100 0
Alvarado 2006 - 2010 84 260 8227 210 3
Total 169 365 13517 524 3

*Veracruz Reef System.
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FIGURE 2

Wild-bottlenose dolphins from Alvarado affected by LLD. (A) Presence of individual ENO5 at Alvarado lagoon close to rural communities
exhibiting skin gross lesion possible related to LLD (2006), (B) pair of males, EN10 (right) and TN15 (left) with early LLD gross lesions in dorsal
fins and dorsum (2006), (C) re-sighting of individual EN10 (left) and TN15 (right) with progression of skin lesions in dorsal fins and lateral flanks
(2019), (D) dorsal fin of individual EN10 stranded at Papaloapan River with severe skin gross lesions, (E) multiple nodules ulcerated in head,
anterior dorsum near to blowhole and lateral flank (left), (F) Microscopic image of dermal tissue of individual EN10. Note presence of rounded
deep purple structures connected by a tube-shaped forms, typical of fungus Lacazia loboi. Methenamine Silver stain. Magnification, 100x

From the latter, 11% had low or very low association values (<0.4),
68% were moderate (0.4 — 0.6), and the rest were high (7%, 0.6 -
0.8) or very high (3%, 0.8 - 1.0). Specific COA among males affected
by LLD (ENO5, EN10, and TN10) yielded high values and thus
stable associations (X = 0.64 + 0.17SD), particularly between
EN10-TN15 (0.80 from 2003 to 2010) (Figures 2B, C).

Individuals ENO5 and TN15 were also paired with LLD-negative
individuals within the population with higher-than-average
association rates (e.g., a possible female named TN10, COA= 0.73
from 2006 to 2010, and other adult individual of undetermined sex
named UP22, COA= 0.35, from 2007 to 2010). Therefore, mean
COA values for non-null paired combinations of all individuals

TABLE 2 Temporal progression of gross skin lesions (%) linked to LLD in dorsal fins of photo-identified bottlenose dolphins from Alvarado area.

Right side (%)

Left side (%)

Individual Initial Final Period Initial Final Period (y)

ENO05 2.2 10.5 2003 - 2006 2.6 4.9 2003 - 2006

EN10 10.5 15.3 2003 - 2009 3.8 9.5 2003 - 2010
66.3 2019
70.9* 2022

TNI15 2.6 222 2003 - 2009 9.3 159 2006 - 2010

*at time of death.
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identified on multiple occasions within the same study area
(i.e., ALV) were similar to the overall mean for two of the
three individuals (EN10 and TN15) with LLD lesions
(Xenio = 0.15 % 0.11SD, Xpyys = 0.15 + 0.128D, p > 0.05), but it
was very low in individual ENO5 (Xgyos = 0.06 + 0.12SD).

Discussion

Our study confirmed the presence of LLD in T. truncatus at
the SWGM, supporting the value of photo-identification surveys
as a non-invasive research tool to monitor skin gross lesions
progression and histological analyses in stranded individuals as
an alternative for epidemiological surveillance studies
contributing to health assessment programs in Veracruz, Mexico.

The overall prevalence of LLD in T. truncatus from SWGM,
which only included individuals from ALV, was within of the
ranges observed in other coastal dolphins from the east and west
coasts of Florida (<1 to 16.9%) (Wagner et al., 2003; Murdoch
et al., 2008), as well Tursiops spp. from South America, such as
Ecuador (2.33 - 14.3%) (Van Bressem et al., 2015; Felix et al.,
2019), but considerably lower than populations from Brazil (9 -
16.7%; Daura-Jorge and Simdes-Lopes, 2011; Van Bressem et al.,
2015), Costa Rica (13.2 - 16.1%; Bessesen et al.,, 2014) and
cetaceans from Japan (15.8 — 23.1%; Van Bressem et al., 2013),
the Indian Ocean (8.4%; Kiszka et al,, 2009), and Guerrero,
Mexico (9.8%; Ramos et al.,, 2018). Such geographical and
temporal differences are expected for infectious diseases both
in human and wild animal populations due to their relation to
environmental, ecological, and socio-economic factors (Daszak
et al., 2001; Jones et al,, 2008), including mycotic diseases like
LLD (Seyedmousavi et al., 2015; Gnat et al., 2021).

Studies of LLD in T. truncatus are mostly from inshore
(coastal and lagoon) populations, and diagnosis is often limited
or inconclusive because samples are hard to collect (Van
Bressem et al., 2007; Van Bressem et al., 2009b; Kiszka et al.,
2009; Ramos et al., 2018). In fact, other photo-ID studies on the
species at the north of our study area (i.e., Lobos-Reef System to
Nautla, see Figure 1), found no evidence of LLD skin lesions in
the 85 photo-identified individuals during 27 surveys in 2016
(Alvizar-Cruz, 2018). However, the presence of LLD in T.
truncatus at the SWGM during the current research, even at a
low prevalence reflects population vulnerability and potentially
subjacent health problems (e.g., immunosuppression) in
individuals that should be explored.

In cetaceans, LLD susceptibility has been associated to
chemical pollution (agricultural, industrial contaminants) that
reduces immunological efficiency and facilitates opportunistic
infections (Van Bressem et al., 2009b; Reif et al., 2006; Reif et al.,
2009; Van Bressem et al., 2009a; Bossart et al., 2019). However, it
is not clear whether other chemical and physical characteristics
of the habitat (e.g., lower salinity and warmer marine
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conditions) may favor susceptibility among small cetaceans
populations (Reif et al., 2006; Bessesen et al., 2014; Van
Bressem et al., 2015; Ramos et al.,, 2018). All our study areas
are characterized by freshwater intrusion derived from the
influence of rivers that flow near the coastal habitat of T.
truncatus at SWGM, particularly, the ALV region, having the
second largest hydrographic basin (354 km) in Mexico (Morteo
etal,, 2019). Toxicological studies have identified organochlorine
pesticides, aromatic hydrocarbons, and heavy metals (Pb, Hg)
from petrogenic origin (Vazquez-Botello et al., 2018) in both fish
and hair from local human communities, especially at the
margins of the Papaloapan River in ALV (Guentzel et al,
2007). The ALV T. truncatus population is mostly composed
of small and single-sex groups, with very fluid and open
affiliations and generally low levels of association (Morteo
et al,, 2014; Garcla-Vital et al,, 2015), with a core community
of resident individuals compared to Nautla and the VRS
(Bolafios-Jimeénez et al., 2021; Bolafios-Jiménez et al., 2022).
However, coefficients of association among infected T. truncatus
from ALV were high in contrast to non-infected individuals. It is
possible that temporal and spatial exposure to chemical
pollutants enhanced by population residency and social
structure, may favor LLD, similar to what was suggested in
resident T. truncatus from Mexico and Belize (Ramos et al.,
2018). However, in both cases, ecotoxicological studies are
necessary to clarify the relation between habitat pollution and
disease epidemiology.

In small cetaceans, chronic stress increases vulnerability to
LLD and other skin diseases (Reif et al., 2009; Van Bressem et al.,
2013). Different immune response suggests sex-biased
susceptibility (Van Bressem et al., 2018), as LLD severity and
the highest prevalence has been reported in males of the Indo-
Pacific bottlenose dolphins (Tursiops aduncus) (Reif et al., 2009;
Van Bressem et al., 2013), and T. truncatus from Mexico
(Tenorio-Osorio, 2015) and Ecuador (Felix et al, 2019). In
these last cases, 100% and 86% of individuals with LLD were
adult males, closely associated in small groups (pairs) with
higher association coefficients. These findings may imply social
vulnerability related to sex (males) and age class structure
(adults) in T. truncatus at the SWGM.

The close associations among LLD positive T. truncatus at
ALV suggest horizontal transmission during their physical
interactions, given the typical social affiliations of the
community (Tenorio-Osorio, 2015; Morteo et al., 2017), and
the likelihood to present superficial dermal wounds over their
development (Paniz-Mondolfi et al., 2007; Murdoch et al., 2008;
Kiszka et al., 2009; Murdoch et al, 2010; Daura-Jorge and
Simoes-Lopes, 2011). Furthermore, LLD in our study suggests
a geographical pattern (Daura-Jorge and Simoes-Lopes, 2011;
Felix et al., 2019); for instance, Ruiz-Hernandez (2014) and
Morteo et al. (2019) already showed limited individual exchange
(<1 individual y') among the SWGM. Therefore, behavioral
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patterns (e.g., social and feeding) and individual residency,
combined with local habitat characteristics (e.g., pollution)
could be limiting contact among infected individuals and
preventing LLD transmission to T. truncatus from Nautla and
VRS. However, extended epidemiological efforts in communities
(dead and alive) are warranted to explore this hypothesis, as well
as the potential differences in age classes and sex.

LLD skin gross lesions described in T. truncatus from ALV
are similar to macroscopic findings reported in small cetaceans
worldwide (Moreno et al., 2008; Murdoch et al., 2008; Daura-
Jorge and Simoes-Lopes, 2011; Van Bressem et al., 2013; Van
Bressem et al., 2015). Also, microscopic characteristics of
these lesions in the stranded dolphin at Papaloapan River
matched the histological description in the skin of small
cetaceans affected by LLD (Migaki et al,, 1971; Haubold et al,
2000; Moreno et al., 2008; Rotstein et al., 2009; Ueda et al., 2013).
Thus, according to macroscopic and microscopic findings in
skin of individual EN10 and due to the lack of molecular
evidence, it is plausible that the other two males in ALV were
affected by L. loboi. Admittedly, other nodular and
granulomatous progressive skin diseases reported in small
cetaceans, including Tursiops sp., that are associated to fungus
such as Fusarium spp., Paracoccidioides brasiliensis and
Trichophyton spp., and bacteria like Streptococcus iniae may be
causing these lesions (Van Bressem et al., 2008; Van Bressem
et al., 2013; Vilela et al., 2016).

Progressive development of LLD skin gross lesions
progression in cetaceans is variable within similar and
different species, ranging from 5 to 15 y (Murdoch et al., 2008;
Ramos et al., 2018). This reflects the chronicity of long-lived
species exposed to LLD, linked to immune system activation and
the inability to eliminate prolonged inflammation that could
favor the persistency and progression of the disease (Bossart
etal., 2019). This seems to be the case for the photographed dead
male (EN10) found at the Papaloapan River over the course of 20
y. This reflects the chronicity of LLD in small cetaceans and an
increase of skin gross lesion progression during aging, possibly
linked to immune senescence, implying a limited disease control
and vulnerability to opportunistic disease infections (Venn-
Watson et al., 2011; Venn-Watson et al., 2020) like LLD. In
some cases, this may be aggravated by subjacent conditions, such
as immunosuppression by chronic exposure to heavy metals and
hydrocarbons (De Guise et al., 2002; Desforges et al., 2016)
present in ALV (Guentzel et al., 2007; Vazquez-Botello et al.,
2018) and could influence LLD skin gross lesion progression
in individuals.

Increasing LLD prevalence in dolphin populations could
represent a potential threat for long-term survival (Van Bressem
et al., 2015); however, this does not seem to be the case within
the SWGM, since within the timeframe of the photo-ID surveys
(i.e., 2002 - 2003, 2005 - 2007, and 2006 — 2010) there were no
new infected individuals. Thus, social structure, behavior, and
residency seem to conform to a positive mechanism for disease
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control through potential social isolation and the natural death
of affected T. truncatus. It is also possible that LLD negative (not
gross skin lesions) individuals such as UP22 have higher
contagion risk because of their regular and long-lasting
associations with infected individuals. In fact, individual EN10
was spotted in subsequent surveys (2019) with a new and
unidentified individual with LLD skin lesions. Therefore,
intrusion and contact with new individuals could represent
another source of LLD exposure.

Furthermore, attention must be drawn to the fact that
marine pollution remains a health risk for T. truncatus in the
Gulf of Mexico, due to the elevated level of oil-related activities
(Vazquez-Botello et al.,, 2004, Vazquez-Botello et al., 2018) and
the explosion of the Deepwater Horizon oil spill in 2010 with
short- and long-term consequences in the health and survival of
T. truncatus in the northern Gulf of Mexico (Schwacke et al.,
2014; De Guise et al., 2017). These and other human activities
(e.g., interaction with fisheries) have resulted in injuries in up to
11.5% of the individuals at SWGM (Morteo et al., 2017) and may
play an important role in the onset of skin diseases (Rowe et al.,
2010) like LLD, which is a typical cutaneous disease from rural,
humid and tropical environments with abundant vegetation and
soil; these last two factors are considered potential sources for
human infection in localities near to rivers and creeks, including
local marine wildlife such as T. truncatus. The latter suggests L.
loboi as a hydrophilic fungus (Lupi et al., 2005; Queiroz-Telles
etal, 2011) that could be already present within the tropical and
humid environment of the ALV lagoon (Garcia, 1973). Potential
LLD cases reported in T. truncatus from ALV add to the reports
of LLD diagnosed in humans from the Gulf of Mexico (Pech-
Ortiz et al., 2020). Therefore, T. truncatus could be considered as
local sentinel of LLD disease risk for the rural ALV community,
reinforcing the vulnerability and interconnectivity between
humans, wildlife, and environmental health in low-income
countries such as Mexico, where 40% of infectious diseases
(i.e., zoonoses) emerged from animals (Grace et al, 2012).
Since exploitation of coastal marine resources is crucial for
human livelihood in Veracruz (Sanchez-Gil et al.,, 2004), and
both species have overlapping diets (Chavez-Martinez et al,
2022), LLD presence in the ALV marine ecosystem is a potential
risk to public health.

Additionally, long-term multidisciplinary studies in T.
truncatus at the SWGM are necessary to define the
interindividual and environmental characteristics involved in
LLD susceptibility. Molecular diagnosis of the agent linked to
LLD and disease surveillance related to climate change and other
skin problems (e.g., trauma) at ALV are warranted, while
studying the epidemiology and diagnosis of LLD in rural
communities from the ALV lagoon.

Finally, we highlight the importance of a regional marine
mammal stranding database that helps identifying health and
survival threats, and their relation to environmental hazards at
the SWGM (Chan et al., 2017) using both traditional veterinary
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protocols (e.g., necropsy) and near future modern technology
(e.g., virtopsy) to improve individual diagnosis (Tsui et al., 2020)
and hence to implement appropriate conservation strategies
based in health programs for T. truncatus at Veracruz.
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