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Abstract
Before the increase in anthropogenic activities, the global coastal ocean was a net autotrophic system. From human activity 
and the evolution of the earth, changes have been generated in its continents, oceans, atmosphere and life. Transport of 
sediments and bioelements to the coastal zone has been drastically altered, and there is debate about whether this zone is 
autotrophic or heterotrophic. This work carried out an exploratory study of five sandy beaches in the central coastal area of the 
state of Veracruz, three urban beaches on a gradient of anthropogenic activities in the Metropolitan Zone of Veracruz (ZMV) 
and two natural, non-urbanized beaches far from the ZMV to determine the concentrations and biochemical characteristics 
of the heterotrophic bacterial groups found in samples of surface marine sediments during two contrasting seasons in the 
region: dry season and rainy season. The presence of heterotrophic bacteria reflected the degree of anthropogenic disturbance 
that each beach presents, with a tendency to concentrate mainly on those close to urban centers. On the other hand, the 
anthropogenic disturbance gradient did not influence the diversity of biochemical characteristics of heterotrophic bacteria.
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Introduction

Coastal regions are spaces with variable physical, 
geomorphological, biotic and climatic characteristics that 
provide multiple ecosystem services, which is why they 
are preferred as recreational and housing sites (Martínez 
et al. 2007; Ruiz-Fernández 2014). Population growth and 

current urban and industrial developments are precursors 
of impacts that lead to environmental deterioration and 
alter spatial and structural patterns, affecting the value of 
the coastal ecosystem (Murray et al. 2019; Yan et al. 2020; 
Bushra et al. 2021).

Coastal areas have become a reservoir of pollutants 
that can be dangerous for biota and human health (Herrera 
and Suárez 2005) and can change environmental and 
hydrological conditions such as temperature, pH and salinity 
(Aguilar 2010). Wastewater is constantly discharged from 
urban areas and from agricultural and industrial activities, 
causing pollution in coastal systems (Yu et al. 2021) and 
generating conflicts due to the use of available resources 
(Ruiz-Fernández 2014).

Within the coastal zone, sandy beaches provide 
ecosystem services that generate economic development 
produced by tourist activities for leisure and recreation. 
However, these activities are also related to environmental 
pollution (Herrera and Suárez 2005) and the deterioration of 
the habitat of the different species of birds and invertebrates 
that develop there (Ruiz-Fernández 2014; Yan et al. 2020), 
including microorganisms. The latter are particularly 
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important because certain groups can survive despite these 
drastic changes (Martínez-Alonso and Gaju 2005) and 
acquire ecological relevance by being capable of degrading 
polluting compounds, forming a front against deterioration 
(Kieft et al. 1997; Boschker et al. 2001; Pucci et al. 2009).

Bacteria, as regulators of the flow of contaminating 
material within an environmental system, can detect external 
changes and respond accordingly, adapt their behavior to 
specific signals such as alterations in temperature and 
nutrient limitation, or modify their local environment to 
facilitate growth, metabolic versatility and adaptability 
to varying conditions (Semenov 2023). Heterotrophic 
bacteria are relevant because they present resistance to 
toxic compounds and environmental changes as well as a 
significant degrading capacity (Abalos et al. 2004). They 
obtain energy from the oxidation of carbohydrates, lipids 
and proteins; they require organic compounds containing 
carbon and nitrogen as growth substrates, which are used 
aerobically and anaerobically (Jurtshuk 1996).

In the sea, heterotrophic bacteria are distributed 
throughout the water column (Cifuentes et  al. 2003) in 
greater concentration in coastal areas because of the 
contribution of runoff and rivers (Seoánez 2000). They are 
an important group due to their degrading and mineralizing 
activity, they promote the self-purification capacity of the 
marine ecosystem, and they make nutritional elements 
available to primary producers to transform the substrate 
used into microbial biomass (Azam et al. 1983; Montes 
Cardona et al. 2021).

In several countries, heterotrophic bacteria have been 
used to understand changes in the state of an environment 
with anthropogenic pressure. The variations in the 
concentration of these bacteria and the increase in the 
rate of mineralization are indicators of a gradual change 
in environmental conditions and are reflected in the 
environmental impact (Seoánez 2000). It is important to 
know the diversity of microorganisms that inhabit pressured 
coastal environments and to evaluate their resistance to 
anthropogenic disturbances and their ability to degrade 
polluting materials using them as a source of energy 
(Martínez-Alonso and Gaju 2005; Gómez et al. 2006).

On the coast in front of the Metropolitan Zone of 
Veracruz (ZMV), there is growing anthropic development 
where port, fishing, urban and tourist activities come 
together that puts pressure on the natural coastal systems, 
especially the sandy beaches adjoining the urban structures 
(Bernal-Ramírez and Granados-Barba 2008; Valadéz-
Rocha 2013; Cataneo-Nieto et  al. 2019); they are the 
most visited beaches on the Gulf of Mexico because of the 
tourist and recreational attractions they offer (Gallegos-
Jiménez 2008). Likewise, they provide the opportunity 
to investigate the role played by heterotrophic bacteria 
on these beaches with specific problems of organic and 

inorganic pollution; however, there are no studies to our 
knowledge that consider the biochemical characteristics 
of these bacteria contained in the sediments. Based on 
the above, this research studied the spatial and temporal 
variation of heterotrophic bacteria in the ZMV, a region 
pressured by urban growth whose activities and waste 
influence the concentrations and capacities of the bacteria. 
It seeks to generate a baseline of previous information for 
future research that contemplates the deterioration of the 
coastal zone from a microbiological approach and for the 
implementation of a subsequent environmental monitoring 
program.

Materials and methods

Selection of sampling sites

The sampling sites on the beaches of the Veracruz coast 
were selected according to the historical urban-coastal 
growth from the port of Veracruz proposed by Siemens 
et al. (2006); the loss of coastal dunes was considered. 
Three beaches in the central urban area of the state were 
chosen, Antepuerto, Villa del Mar and Mocambo, in 
addition to two contrasting rural beaches located outside 
the urban center: Playa Farallón, approximately 71 km 
northwest of the port of Veracruz, and Arroyo Giote, 
27 km to the southeast (Table 1, Fig. 1).

Description of the study sites

With the arrival of human settlements and disorderly 
urban-port growth, important changes were generated in 
the coastal zone, giving rise to environmental conflicts that 
put the beaches at risk and increased their deterioration 
(Cataneo-Nieto et  al. 2019). This was considered, in 
addition to the human intensity (and incidence), location 
and border with the urban core. Table  2 summarizes 
the differences between each of the beaches studied. In 
Fig. 2, the morphological and structural differences that 
accompany each of the beaches studied are observed.

Table 1   Coordinates of the study sites

Beaches Coordinates

Farallón 19° 38′ 29.87″ N 96° 23′ 39.73″ O
Antepuerto 19° 11′ 53.57″ N 96° 07′ 47.74″ O
Villa del mar 19° 11′ 04.11″ N 96° 07′ 26.00″ O
Mocambo 19° 07′ 58.14″ N 96° 06′ 08.01″ O
Arroyo Giote 19° 04′ 57.77″ N 96° 05′ 03.30″ O
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Sampling

The samples were collected during the two contrasting 
seasons in the region, dry (May) and rainy (September), 
during low tide, on the days with the least tidal variation. 
According to Schlacher et  al. (2008), during low tide 
there is a greater retention of organisms in the sediment, 
they are buried and are less mobile, and the structural 
characteristics of the beach are more evident.

The collection of samples on the selected beaches was 
carried out at nine stations located on three transects 
perpendicular to the coastline with a separation of 5 m 
between each one. Three tidal levels were considered 
within the intertidal zone (high, medium and low) and 
the morphology of the beach (Fig. 3). At each station, 
three samples of 60 cm3 surface sand were collected with 
a 60-ml plastic syringe with the tip cut off and used as a 
nucleator, which was inserted vertically over the sediment. 
The samples collected were placed in sterile Nasco 
Whirl-Pak plastic bags, which were protected within a 
temperature-controlled container (approximately 4 °C), 
during transport to the laboratory for analysis (APHA 
1989). 

Fig. 1   Location of beaches oandsampling sites
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Sample processing

Prior to the analysis, the samples were processed for 
controlled use throughout the experimental phase using 
the microcosm technique, a prolonged incubation test that 
consists of subjecting the samples to the conditions they 
would have naturally through an artificial simulation of 
their habitat on a laboratory scale (Sánchez et al. 1987). 
Each sample was prepared and sterilized (121 °C × 15 min, 
AESA autoclave) with a solution of 90 ml distilled water 
with 3% NaCl, the salt concentration of sea water (Ramírez 

et al. 2004); 10 g of the sampled sediment was added. The 
jars were sealed and stored in coolers at ambient conditions.

Sample pre‑enrichment

Diluted phosphate buffer solution (9 ml) was placed in 
medium-sized test tubes, which were sterilized at 121 °C 
in the autoclave for 15 min. After this, they were cooled, 
and 1 ml of sample was added to each one. The flasks 
in microcosms were labeled and incubated (Memmerk 
incubator) for 24 h at 35 °C. Isotonic diluents such as saline 

Fig. 2   Beaches studied. A Farallón, B Antepuerto, C Villa del Mar, D Mocambo, E Arroyo Giote

Fig. 3   Location of transects and 
collection stations
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or phosphate-buffered saline solutions are systematically 
used in the preparation of microbial cell suspensions, where 
the salts contained in these liquids provide an isotonic 
medium capable of maintaining the integrity and viability 
of the cells (SOPs 2008).

Bacterial quantification

The number of viable aerobic microorganisms in the samples 
was estimated by plate counting, according to the NOM-
092-SSA1-1994. For samples with very high bacterial loads 
it was necessary to carry out a series of dilutions, so the first 
step in this analysis was to determine the optimal dilution 
to use for each beach; it was selected with a growth range 
between 25 and 250 colonies. The plates were incubated for 
48 h at 35 °C–37 °C (Fig. 4).

Biochemical characterization

Bacterial seeding was carried out in TSA (casein-soy agar), 
a non-selective culture medium, with incubation for 24 h 

at 35 °C. According to Winn et al. (2008), colonies that 
shared similar morphological traits were separated from 
those different from the rest. The following characteristics 
were considered: size (small: < 1 mm, medium: 1–3 mm 
and large: > 3 mm), shape (point-shaped, circular, oval or 
indefinite shape), color (cream, whitish and yellowish), 
surface (flat, filled and/or transparent or opaque) and 
texture (dry or viscous). With this classification, pure 
cultures were isolated in TSA; the plates were incubated 
under the same conditions as for the seeding (Fig. 5).

Biochemical tests

With the isolated pure cultures, a battery of tests was 
carried out to determine the biochemical and enzymatic 
characteristics, temperature and resistance to different 
concentrations of salt of the bacteria in the different 
sampling sites. This could be examined biotechnologically 
and studied with greater emphasis in future research. The 
investigated characteristics are shown in Table 3.

Fig. 4   Plate account. A 
Procedure for choosing the 
optimal dilution, B execution 
of the technique for counting 
colonies
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Statistical analysis

The statistical analyses and correlation of the response 
variables, climatic seasons and sampled sites, in addition 
to the construction of the graphs, were carried out in the 
Statistica program of StatSoft; the variance test was carried 
out using Kruskal-Wallis.

Results

Concentration of heterotrophic bacteria

Table 4 shows the average concentrations of heterotrophs 
found on each beach during both climatic seasons.

High loads of heterotrophic bacteria were found on 
the beaches Antepuerto (2.0E + 06  CFU/10  g), Villa 
del Mar and Arroyo Giote (1.8E + 06  CFU/10  g each) 
during the dry season and on Villa del Mar and Mocambo 
(2.6E + 06 CFU/10 g and 2.9E + 06 CFU/10 g, respectively) 
during rainy season. The lowest concentrations were 
presented by Farallón during the two study seasons 
(9.3E + 05 CFU/10 g in dry season and 2.4E + 05 CFU/10 g 
in rainy season) (Fig. 6).

Identification of factors influencing 
the concentrations of heterotrophic bacteria

Two factors were considered that may influence the 
concentration of heterotrophic bacteria in the sampled 
sites: the climatic temporality and the site according to 

Fig. 5   Growth and isolation of pure cultures in petri dishes. A Cream-colored colony with viscous texture, B yellowish-colored colony with a 
viscous texture, C cream-colored colony with dry texture (color figure online)

Table 3   Battery of tests for the 
biochemical characterization of 
the study sites

Analysis Name of products and reagents used Method used

Oxidase Oxidase test strips MacFaddin (2003)
Catalase H

2
O

2
-(hydrogen peroxide)

Citrate as the only carbon source Simmons citrate agar
Carbohydrate fermentation Difco™ triple sugar iron agar (TSI)
Ornithine decarboxylation and 

bacterial mobility
Difco™ MIO medium

Lysine decarboxylation Iron and lysine agar (LIA) Fernández-Olmos et al. (2010)
Temperature tests Trypticasein soy agar (TSA) APHA (1989)
Salinity tests Trypticasein soy agar (TSA)

Sodium chloride (NaCl)

Table 4   Average of the 
CFU/10 g response variable per 
beach during the dry and rainy 
seasons

Season Sites

Antepuerto Villa del Mar Mocambo Arroyo Giote Farallón

Dry season 2.0E + 06 1.8E + 06 8.9E + 05 1.8E + 06 9.3E + 05
Rainy season 3.8E + 05 2.6E + 06 2.9E + 06 1.3E + 06 2.4E + 05



Influence of an anthropogenic disturbance gradient on the abundance and biochemical… Page 7 of 12    101 

its proximity to the urban center. A statistical analysis of 
the concentrations was carried out using CFU/10 g as the 
response variable and the sites and climatic seasons as 
independent variables.

When analyzing the climatic seasons as the only variable, 
and when comparing the variances between dryness and 
rainfall, no significant statistical differences were found 
(Table 5), so the data were grouped into a single group (a), 
with their means being very similar. Hence, this factor did 
not exert any pressure on the concentrations of heterotrophic 
bacteria on the beaches.

Regarding the sites, three groupings were found, 
denoted as a, b and ab. The loads of heterotrophic bacteria 
presented on the beaches of Antepuerto (1.2E + 06 ± 9.6E 

+ 05 CFU/10 g), Villa del Mar (2.2E + 06 ± 3.3E + 06 CFU
/10 g) and Mocambo (1.9E + 06 ± 2.3E + 06 CFU/10 g) did 
not show significant statistical differences. Farallón beach 
presented the lowest load in both climatic seasons, having 
significant statistical differences compared with the other 
three beaches. Arroyo Giote did not present significant 
statistical differences compared with any of the beaches 
(Table 6). Therefore, it was concluded that the site factor 
has a greater effect on the concentrations of heterotrophic 
bacteria than the season factor.

The box plots in Figs. 7 and 8 show the variations of 
each factor.

Determination of the biochemical characteristics 
of heterotrophic bacterial groups

The sites with the most isolated heterotrophic groups were 
Antepuerto and Mocambo: during the dry season 27 and 
26 groups and in the rainy season 26 and 27, respectively, 
with a lower presence on Farallón beach with 16 isolated 
during dry season and Arroyo Giote beach with 19 during 
rainy season (Table 7).

Antepuerto Villa del Mar Mocambo Arroyo Giote Farallón

SITES

0

5E5

1E6

1.5E6

2E6

2.5E6

3E6

3.5E6
C
FU

/1
0
g

Dry season
Rainy season

Fig. 6   Concentration of heterotrophic aerobic bacteria during the dry 
and rainy seasons

Table 5   Descriptive statistics of the concentration of heterotrophic 
bacteria (CFU/10 g) during two climatic seasons

a Mean no significant difference
There are no significant statistical differences between the two groups 
p > 0.05

Dry season Rainy season

1.5E + 06 ± 1.3E + 06a 1.5E + 06 ± 3.0E + 06a

Table 6   Descriptive statistics of the concentration of heterotrophic bacteria (CFU/10 g) of the sampled sites

a, b Mean no significant difference
ab Means significant differences
Mean values with different subscripts show significant statistical differences

Antepuerto Villa del Mar Mocambo Arroyo Giote Farallón

1.2E + 06 ± 9.6E + 05b 2.2E + 06 ± 3.3E + 06b 1.9E + 06 ± 2.3E + 06b 1.6E + 06 ± 2.8E + 06ab 5.9E + 05 ± 7.4E + 05a

Fig. 7   Box plot of the concentration relationship of heterotrophic 
bacteria as a function of the season where “a” represents 
similarity between the data. Graph given by the equation: KW-H 
(1–180) = 7.0112, with p > 0.05, with a confidence percentage of 95%
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During the dry season, the bacteria isolated in Villa del 
Mar were positive in the seven analyses carried out with 
a minimum response of 45% (Fig. 9). When considering 
this same percentage for the rainy season (Fig.  10), 

three beaches presented a similar response; Antepuerto 
and Mocambo are two urban beaches, and Farallón is a 
rural beach where there are no records of possible direct 
anthropogenic pressure. The bacteria isolated in Arroyo 
Giote were able to use citrate as the only carbon source, 
degrade carbohydrates, develop at 42  °C and grow in 
a medium without salts; however, the percentage of 
carbohydrate degradation they showed was low during 
both seasons.

The biochemical characteristics with the greatest presence 
in heterotrophic bacteria were their ability to oxidase and 
catalase enzymes, metabolize citrate and grow in media with 
0 and 10% salt concentrations in addition to growth at 42 °C. 
Temperature testing at 7 °C was considered at the beginning 
of the study; however, it did not show a growth response 
from the bacteria, so it was discarded from the biochemical 
battery; the fermentation capacity of the bacteria was 
variable between seasons (Table 8).

Discussion

Influence of the anthropogenic gradient of ZMV 
beaches on the concentrations of heterotrophic 
bacteria

High loads of heterotrophic bacteria were found on the 
Antepuerto and Villa del Mar beaches (2.0E + 06 CFU/10 g 
and 1.8E + 06 CFU/10 g, respectively) during the dry season 
and from Villa del Mar and Mocambo (2.6E + 06 CFU/10 g 
and 2.9E + 06 CFU/10 g, respectively) during rainy season. 
The lowest concentrations were presented by Farallón 
during the two study seasons (9.3E + 05 CFU/10 g in dry 
season and 2.4E + 05 CFU/10 g in rainy season). From a 
general perspective, these values allowed us to visualize 
how a space with growing urban development presents 

Fig. 8   Concentration relationship of heterotrophic bacteria depending 
on the site, where “a” groups the boxes with similar data and “b” 
groups the boxes with similar data that differ from “a”. Graph given 
by the equation: KW-H (4,180) = 20.3153, with p < 0.05, with a 
confidence percentage of 95%

Table 7   Number of isolates in the different study sites during the dry 
and rainy season

Sites Dry season Rainy season

Antepuerto 27 26
Villa del Mar 20 20
Mocambo 26 27
Arroyo Giote 20 19
Farallón 16 24

Fig. 9   Percentage variation of 
biochemicals during the dry 
climatic season. Ox oxidase, 
Cat catalase, Cit citrate, 
HC carbohydrates, Temp 
temperature
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greater pressure on those that still conserve their natural 
characteristics. According to Montes Cardona et al. (2021), 
the concentration of heterotrophic bacteria could be affected 
by the availability of organic matter at the site; in addition, 
these values are usually higher in coastal areas due to the 
contributions of runoff and rivers.

Farallón was selected as a contrast beach because it is an 
exposed beach, considered natural, with little anthropogenic 
contribution of organic matter and far from an urban center. 
In fact, Pérez-Ruiz (2012) proposes it as a reference beach 
to evaluate natural and induced disturbances. Therefore, it is 
not surprising that the lowest concentration of heterotrophic 
bacteria was recorded there (Bertasi et al. 2007). Likewise, 
Rodil et al., (2007) found that the concentrations of organic 
matter were significantly different when comparing 
protected and exposed beaches, since the low hydrodynamic 
conditions of protected beaches favor the settlement of fine 
sediments rich in organic matter.

Antepuerto is a narrow beach that has the greatest 
anthropogenic influence. In addition to having a rainy 
discharge, close movement of small boats and the presence 
of tourists, it is adjacent to the tourist area of the boardwalk 
and the urban/hotel development. The highest rate of 
heterotrophs was recorded during the dry season. The Navy 
statistics (de Marina 2022) were consulted on the monthly 
movement of cargo on ships for the months in which the 
sampling was carried out. This showed that in September, 
during the rainy season, the port activity was lower than 
that in May in the dry season. Also, the waste generated by 
vessels is mainly contaminants in the form of organic matter 
(Cifuentes et al. 2003; Cataneo-Nieto et al. 2019).

Villa del Mar and Mocambo are very similar beaches, 
exposed to various anthropogenic activities, close to the 
urban center, with a high presence of tourists and high 
concentrations of organic matter and coliforms (Pérez-Ruiz 
2012; Sánchez-Domínguez et al. 2015; Hidalgo-Rodríguez 
2017) as well as the presence of breakwaters that dissipate 
wave energy but promote the deposit of fine materials and 
organic matter (Bernal-Ramírez and Granados-Barba 2008). 

High rates of organic material are not direct indications of the 
degree of site deterioration (Brown and McLachlan 1990). 
Particularly in Villa del Mar the coastal current reflects a 
strong sedimentation of fine materials and organic matter 
(Lizárraga-Arciniega et  al. 2007; Pérez-Ruiz 2012). On 
the other hand, Trojanowski and Bigus (2013) explain that 
precipitation favors the increase in vegetation and this, in 
turn, increases organic matter in coastal areas that arrives 
through river discharge. Therefore, another factor explaining 
why higher concentrations of heterotrophs were obtained in 
the rainy season could be that these beaches had been affected 
by the contribution of terrigenous sediments from the 
Papaloapan, La Antigua and Jamapa Rivers (Ortiz-Lozano 
and Bello-Pineda 2012; García-Fuentes et al. 2014; Pérez-
Jiménez et al. 2023). Pérez-España and Vargas-Hernández 
(2008) indicate that the average annual sedimentation rate 
is 250 g m−2 day−1, which is indicative of a greater presence 
of organic matter on beaches located near the urban center.

Arroyo Giote beach, in both dry and rainy seasons, 
presented average concentrations, with very little difference 
between them; like Farallón, it is an unmodified rural 
beach. The difference between their concentrations could 
be because fishing predominates as an economic activity 
in Arroyo Giote and livestock activities are carried out in 
neighboring areas. It has little direct influence from the 
urban center; however, it is closer than Farallón and receives 
intermittent input from a stream with the same name. The 
interaction of the southern currents, near where this site is 
located, generates a cyclonic gyre, whose vertical movement 
produces resuspension of sediments, increasing the amount 
of material near the surface (Salas-Monreal et al. 2009).

Characteristics of the ZMV beaches influence 
the biochemical capacities of heterotrophic bacteria

Baisre (2008) and Castañeda-Chávez et al. (2018) explain 
that, due to the nature of the sources and transport routes, 
most pollutants that enter the marine environment from land-
based sources are released near the coast where they are 

Fig. 10   Percentage variation 
of biochemicals during the 
rainy climatic season. Ox 
oxidase, Cat catalase, Cit 
citrate, HC carbohydrates, Temp 
temperature
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recycled and trapped. Therefore, the coastal zone represents 
a genetic reserve with potential use in sectors such as 
medicine and biotechnology (Martínez et al. 2007).

In spaces influenced by external forces, bacteria 
become more selective because of their adaptation to the 
environmental conditions (Celis-Bustos et al. 2017). Thus, 
it is inferred that dominant bacterial populations have 
developed on urban beaches such as Villa del Mar, Mocambo 
and Antepuerto because of the site characteristics. Pérez-
Ruiz (2012) classifies Farallón as a site totally exposed to 
wind and waves that induce instability in the environment. 
The waves complicate the establishment of species not 
adapted to the environment. Therefore, a lower biochemical 
diversity of bacteria would be expected. However, this was 
not the case, and the responses shown by the heterotrophic 
groups allow us to see their ability to metabolize different 
substrates and adapt to different conditions.

Yannarell and Kent (2009) and García-Fuentes et al. 
(2014) state that seasonal patterns can govern and produce 
the flowering of great bacterial diversity, with changes in 
their communities causing species rotation. Based on the 
percentage differences in the biochemical capacities of 
the isolates during two seasons where the environmental 
conditions were different, as well as the human activities 
carried out in each site during the study period, the 
heterotrophic bacteria demonstrated their metabolic 
versatility and adaptability to different conditions.

Conclusions

Factors such as proximity to an urban center, activities 
related to various economic and recreational purposes that 
cause contaminating organic material and coastal protection 
structures, sediments are retained, and these factors 
influence the deterioration of the area. Other environmental 
factors include waves, currents, wind, weather events, beach 
hydrodynamics and runoff as carriers of external polluting 
material and/or as contributors to a spatial rearrangement of 
this substrate, which is essential for bacterial metabolism, 
having a greater influence on bacterial concentrations. The 
site factor demonstrated that the degree of anthropogenic 
disturbance presented by each beach was a reflection of the 
differences in their morphology, structure and use.

In terms of biochemical diversity, the isolates showed 
their ability to metabolize different substrates, present 
diverse enzymes and tolerate the ranges of temperature and 
concentration of salts to which they were exposed. This 
study provides valuable information for carrying out new 
research in the coastal area of Veracruz where heterotrophic 
bacteria will be studied. The importance of constant 
monitoring is highlighted, where climatic temporalities and 
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the particular characteristics of each beach are considered to 
establish patterns of intertidal bacterial diversity.

The presence of heterotrophic bacteria is a reflection 
of the degree of anthropogenic disturbance that each 
beach presents, with a tendency to concentrate mainly on 
those within the ZMV. On the other hand, the gradient of 
anthropogenic disturbance did not influence the diversity 
of the biochemical characteristics of heterotrophic bacteria 
since they are distributed in both urban and natural beaches.

Author contributions  Conceptualization, C.R.V. and M.R.C.CH.; 
Methodology, V.U.R. and C.R.V.; A.G.B Validation; formal analysis, 
C.R.V and M.R.C.CH.; research, A.G.B; and M.R.C.CH. All authors 
reviewed the manuscript.

Data availability  The data are available.

Declarations 

Conflict of interest  The authors declare that they have no competing 
interests.

References

Abalos A, Vinas M, Sabaté J, Manresa MA, Solanas AM (2004) 
Enhanced biodegradation of Casablanca crude oil by a 
microbial consortium inpresence of a rhamnolipid produced by 
Pseudomonas aeruginosa AT10. Biodegradation 15(4):249–260. 
https://​doi.​org/​10.​1023/b:​biod.​00000​42915.​28757.​fb

Aguilar A (2010) Calidad del agua. Un enfoque multidisciplinario. 
México: UNAM, Instituto de Investigaciones Económicas. p 308

APHA (1989) Standard methods for the examination of water and 
wastewater (17th ed.) American Public Health Association. http://​
hdl.​handle.​net/​1969.3/​24401.

Azam F, Fenchel T, Field JG, Gray JS, Meyer-Reil LA, Thingstad F 
(1983) The ecological role of water-column microbes in the sea. 
Mar Ecol Prog Ser 10:257–263. https://​doi.​org/​10.​3354/​meps0​
10257

Baisre J (2008) Contaminación del océano y las zonas costeras. Mar 
y Pesca 371:6–8

Bernal-Ramírez RG, Granados-Barba A (2008) Caracterización 
del litoral veracruzano comprendido entre Punta Gorda y 
Barrancones, Ver. XV Congreso Nacional de Oceanografía, y 
II Reunión Internacional de Ciencias Marinas. Boca del Río, 
Veracruz, México. p 5

Bertasi F, Colangelo MA, Abbiati M, Ceccherelli VU (2007) Effects of 
an artificial protection structure on the sandy shore macrofaunal 
community: the special case of Lido di Dante (Northern Adriatic 
Sea). Hydrobiologia 586(1):277–290. https://​doi.​org/​10.​1007/​
s10750-​007-​0701-y

Boschker HTS, de Graaf W, Köster M, Meyer-Reil L-A, Cappenberg 
TE (2001) Bacterial populations and processes involved in acetate 
and propionate consumption in anoxic brackish sediment. FEMS 
Microbiol Ecol 35(1):97–103. https://​doi.​org/​10.​1111/j.​1574-​
6941.​2001.​tb007​92.x

Brown AC, McLachlan A (1990) Ecology of sandy shores. Elsevier, 
Amsterdam

Bushra N, Mostafiz RB, Rohli RV, Friedland CJ, Rahim MA (2021) 
Technical and social approaches to study shoreline change of 

Kuakata, Bangladesh. Front Mar Sci. https://​doi.​org/​10.​3389/​
fmars.​2021.​730984

Castañeda-Chávez MDR, Lango-Reynoso F, García-Fuentes JL, 
Reyes-Aguilar ÁR (2018) Bacteria that affects coral health with 
an emphasis on the Gulf of Mexico and the Caribbean Sea. Latin 
Am J Aquat Res 46(5):880–889. https://​doi.​org/​10.​3856/​vol46-​
issue5-​fullt​ext-2

Cataneo-Nieto AM, Arvizu-Coyotzi JK, Granados-Barba A, 
Castañeda-Chávez MA, Bernal-Ramírez RG (2019) Cambios 
en el litoral de la zona metropolitana de Veracruz. In: Lango-
Reynoso F, Botello AVY, Castañeda-Chávez MDR (eds) Temas 
selectos de vulnerabilidad costera en el estado de Veracruz. 
ITBoca, Veracruz

Celis-Bustos YA, Rubio VV, Camacho-Navarro MM (2017) 
Perspectiva histórica del origen evolutivo de la resistencia a 
antibióticos. Rev Colomb Biotecnol 19(2):105–117. https://​doi.​
org/​10.​15446/​rev.​colomb.​biote.​v19n2.​69501

Cifuentes JL, García MDPT, Mondragón MF (2003) El océano y 
sus recursos VII. Flujos de energía en el mar: Reproducción y 
migraciones. Fondo de Cultura Económica USA

de Marina S (2022) Informe estadístico mensual movimiento de 
carga, buques y pasajeros en los puertos de México. ASIPONA 
VERACRUZ - Administración del Sistema Portuario Nacional 
Veracruz. https://​www.​gob.​mx/​puert​osyma​rinam​ercan​te/​accio​nes-
y-​progr​amas/​infor​me-​estad​istico-​de-​los-​puert​os-​de-​mexico-​2022.

Fernández-Olmos A, García C, Sáez-Nieto JA, Valdezate S (2010) 
Procedimientos en Microbiología Clínica: Métodos de 
identificación bacteriana en el laboratorio de microbiología. 
Seimc

Gallegos-Jiménez O (2008) Organización espacial del corredor 
turístico Veracruz-Boca del Río. Teoría y Praxis 4(5):171–186. 
https://​doi.​org/​10.​22403/​UQROO​MX/​TYP05/​13

García-Fuentes LJ, Galaviz-Villa I, Lango-Reynoso F, Castañeda-
Chávez MDR (2014) Pathogenic bacteria in corals from veracruz 
reef system National Park. Int J Environ Res (IJMER) 4:29–36

Gómez ML, Vivas LJ, Ruiz RA, Reyes VR, Hurtado CA (2006) 
Bacterias marinas nativas degradadoras de compuestos orgánicos 
persistentes en Colombia. Instituto de Investigaciones Marinas y 
Costeras - INVEMAR - Santa Marta, p 19

Herrera A, Suárez P (2005) Indicadores bacterianos como herramientas 
para medir la calidad del agua costera. Interciencia 30(3):171–176

Hidalgo-Rodríguez G (2017) Comunidades intermareales de la 
macrofauna en playas arenosas del litoral central de Veracruz, 
Golfo de México: Un enfoque de integridad ecológica. Tesis 
Doctoral. Instituto de Ciencias Marinas y Pesquerías. Universidad 
Veracruzana. Veracruz, México. p 145

Jurtshuk P Jr (1996) Chapter 4-bacterial metabolism. In S. Baron (ed) 
Medical Microbiology (4th ed). University of Texas Medical 
Branch at Galveston. https://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK79​
19/.

Kieft TL, Wilch E, O’Connor K, Ringelberg DB, White DC (1997) 
Survival and phospholipid fatty acid profiles of surface and 
subsurface bacteria in natural sediment microcosms. Appl Environ 
Microbiol 63(4):1531–1542. https://​doi.​org/​10.​1128/​aem.​63.4.​
1531-​1542.​1997

Lizárraga-Arciniega R, Martínez-Díaz de León A, Delgado-González 
O, Torres CR, Galindo-Bect LA (2007) Alternancia de los 
ciclos de erosión/acreción de playa relacionados con el oleaje en 
Rosarito, Baja California, México. Cienc Mar 33(3):259–269

MacFaddin JF (2003) Pruebas bioquímicas para la identificación de 
bacterias de importancia clínica. Ed. Médica Panamericana

Martínez M, Intralawan A, Vázquez G, Pérez-Maqueo O, Sutton 
P, Landgraue R (2007) The coasts of our world: ecological, 
economic and social importance. Ecol Econ 63(2–3):254–272. 
https://​doi.​org/​10.​1016/j.​ecole​con.​2006.​10.​022

https://doi.org/10.1023/b:biod.0000042915.28757.fb
http://hdl.handle.net/1969.3/24401
http://hdl.handle.net/1969.3/24401
https://doi.org/10.3354/meps010257
https://doi.org/10.3354/meps010257
https://doi.org/10.1007/s10750-007-0701-y
https://doi.org/10.1007/s10750-007-0701-y
https://doi.org/10.1111/j.1574-6941.2001.tb00792.x
https://doi.org/10.1111/j.1574-6941.2001.tb00792.x
https://doi.org/10.3389/fmars.2021.730984
https://doi.org/10.3389/fmars.2021.730984
https://doi.org/10.3856/vol46-issue5-fulltext-2
https://doi.org/10.3856/vol46-issue5-fulltext-2
https://doi.org/10.15446/rev.colomb.biote.v19n2.69501
https://doi.org/10.15446/rev.colomb.biote.v19n2.69501
https://www.gob.mx/puertosymarinamercante/acciones-y-programas/informe-estadistico-de-los-puertos-de-mexico-2022
https://www.gob.mx/puertosymarinamercante/acciones-y-programas/informe-estadistico-de-los-puertos-de-mexico-2022
https://doi.org/10.22403/UQROOMX/TYP05/13
https://www.ncbi.nlm.nih.gov/books/NBK7919/
https://www.ncbi.nlm.nih.gov/books/NBK7919/
https://doi.org/10.1128/aem.63.4.1531-1542.1997
https://doi.org/10.1128/aem.63.4.1531-1542.1997
https://doi.org/10.1016/j.ecolecon.2006.10.022


	 V. Ureña‑Rodríguez et al.  101   Page 12 of 12

Martínez-Alonso M, Gaju N (2005) El papel de los tapetes microbianos 
en la biorrecuperación de zonas litorales sometidas a la 
contaminación por vertidos de petróleo. Ecosistemas 14(2):77–88

Montes Cardona GS, Mátal Gómez VL, Segovia de González JV 
(2021) Bacterias heterótrofas de la zona arrecifal del Área Natural 
Protegida Complejo Los Cóbanos, Sonsonate, El Salvador. 
Realidad y Reflexión 54(54):17–35. https://​doi.​org/​10.​5377/​ryr.​
v54i54.​12054

Murray NJ, Phinn SR, DeWitt M, Ferrari R, Johnston R, Lyons MB, 
Clinton N, Thau D, Fuller RA (2019) The global distribution and 
trajectory of tidal flats. Nature 565(7738):22–225. https://​doi.​org/​
10.​1038/​s41586-​018-​0805-8

Ortiz-Lozano L, Bello-Pineda J (2012) Escenarios Propiciatorios de 
las Inundaciones en la Zona Costera de Veracruz; El Caso de la 
Cuenca de Rio Jamapa. pp 176–197

Pérez-Ruiz MA (2012) Estructura comunitaria de la macrofauna 
bentónica y su relación con la perturbación ambiental en la zona 
intermareal de Playa Villa del Mar, Veracruz, Golfo de México. 
Tesis de Maestría. Instituto de Ciencias Marinas y Pesquerías. 
Veracruz, México. p 75

Pérez-España H, Vargas-Hernández JM (2008) Caracterización 
ecológica y monitoreo del Parque Nacional Sistema Arrecifal 
Veracruzano: Primera Etapa. Informe final SNIB-CONABIO 
Proyecto No. DM002. (México D.F.: Universidad Veracruzana, 
Centro de Ecología y Pesquerías)

Pérez-Jiménez JCP, Morales-Jiménez CM, Reynoso FL, Castañeda 
Chávez MDR (2023) Fuentes de contaminación terrestres con 
impactos en arrecifes coralinos de la zona centro del golfo de 
México. BIOCYT Biología Ciencia y Tecnología 16:1146–1152. 
https://​doi.​org/​10.​22201/​FESI.​20072​082E.​2023.​16.​86071

Pucci G, Acuña A, Llanes ML, Tiedemann MC, Pucci OH (2009) 
Diversidad de bacterias cultivables de la costa de Caleta Olivia, 
Patagonia, Argentina. Acta Biológica Colombiana 14(3):121–134

Ramírez N, Sandoval AH, Serrano JA (2004) Las bacterias halófilas 
y sus aplicaciones biotecnológicas. Rev Soc Venez Microbiol 
24(1):12–23

Rodil IF, Lastra M, López J (2007) Macroinfauna community 
structure and biochemical composition of sedimentary organic 
matter along a gradient of wave exposure in sandy beaches (NW 
Spain). Hydrobiologia 579(1):301–316. https://​doi.​org/​10.​1007/​
s10750-​006-​0443-2

Ruiz-Fernández AC (2014) Antropicosta Iberoamérica 2014. Cienc 
Mar. https://​doi.​org/​10.​7773/​cm.​v40i4.​2520

Salas-Monreal D, Salas de León DA, Monreal-Gómez MA, Riverón-
Enzástiga ML (2009) Current rectification in a tropical coral reef 
system. Coral Reefs 28(4):871–879. https://​doi.​org/​10.​1007/​
s00338-​009-​0521-9

Sánchez B, Benigno G, Cabrero S, Varela González J (1987) 
Microcosmos terrestre: Una técnica para la evaluación de 
los efectos producidos por los contaminantes. Centro de 
Investigaciones Energéticas, Medioambientales y Tecnológicas

Sánchez-Domínguez BE, Granados-Barba A, Castañeda-Chávez MR, 
Bernal-Ramírez RG (2015) Enterococci presence in interstitial 
water in intertidal areas of sandy beaches from Veracruz-Boca del 
Río, Gulf of Mexico. Global J Biol Agric Health Sci 4(1):28–31

Schlacher T, Schoeman D, Dugan J, Lastra M, Jones A, Scapini F, 
McLachlan A (2008) Sandy beach ecosystems: key features, 
sampling issues, management challenges and climate change 
impacts. Mar Ecol 29(1):70–90. https://​doi.​org/​10.​1111/j.​1439-​
0485.​2007.​00204.x

Semenov MV (2023) Bacteria-soil biology. In: Goss MJ, Oliver M 
(eds) Encyclope dia of Soils in the Environment (Second Edition). 
Academic Press, pp 31–38

Seoánez M (2000) Manual de contaminación marina y restauración del 
litoral: Contaminación, accidentes y catástrofes, agresiones a las 
costas y soluciones. Ediciones Mundi-Prensa. Madrid, España. 
p 565

Siemens AH, Moreno-Casasola P, Bueno CS (2006) The 
Metabolization of Dunes and Wetlands by the City of Veracruz, 
Mexico. J Latin Am Geogr 5(1):7–29. https://​doi.​org/​10.​1353/​
lag.​2006.​0010

SOPs (2008) Preparación de Phosphate Buffered Saline (PBS). San 
Luis Potosí, México: Laboratorio de Genómica Viral y Humana. 
Facultad de Medicina UASLP

Trojanowski J, Bigus K (2013) The biochemical composition 
of sedimentary organic matter in sandy beaches of various 
anthropopressure. Baltic Coastal Zone. J Ecol Protect Coastline 
17:5–20

Valadéz-Rocha V (2013) Evaluación de la vulnerabilidad de las playas 
ante los efectos no deseados por la construcción de obras de 
protección costera en la Zona Metropolitana de Veracruz. Tesis 
Doctoral. Instituto de Ciencias Marinas y Pesquerías. Universidad 
Veracruzana. Veracruz, México. p 187

Winn WC, Koneman EW, Allen S, Procop G, Janda W, Schreckenberger 
P, Woods G (2008) Koneman diagnóstico microbiológico: texto y 
atlas en color (6a Edición). Editorial Médica Panamericana

Yan F, Wang X, Su F (2020) Ecosystem service changes in response 
to mainland coastline movements in China: process, pattern, and 
trade-off. Ecol Ind 116:106337. https://​doi.​org/​10.​1016/j.​ecoli​nd.​
2020.​106337

Yannarell AC, Kent AD (2009) Bacteria, distribution and community 
structure. In: Likens GE (ed) Encyclopedia of Inland waters. 
Elsevier, Amsterdam, pp 201–210

Yu J, Zhou D, Yu M, Yang J, Li Y, Guan B, Wang X, Zhan C, Wang 
Z, Qu F (2021) Environmental threats induced heavy ecological 
burdens on the coastal zone of the Bohai Sea. China Sci Total 
Environ 765:142694. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​
142694

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.5377/ryr.v54i54.12054
https://doi.org/10.5377/ryr.v54i54.12054
https://doi.org/10.1038/s41586-018-0805-8
https://doi.org/10.1038/s41586-018-0805-8
https://doi.org/10.22201/FESI.20072082E.2023.16.86071
https://doi.org/10.1007/s10750-006-0443-2
https://doi.org/10.1007/s10750-006-0443-2
https://doi.org/10.7773/cm.v40i4.2520
https://doi.org/10.1007/s00338-009-0521-9
https://doi.org/10.1007/s00338-009-0521-9
https://doi.org/10.1111/j.1439-0485.2007.00204.x
https://doi.org/10.1111/j.1439-0485.2007.00204.x
https://doi.org/10.1353/lag.2006.0010
https://doi.org/10.1353/lag.2006.0010
https://doi.org/10.1016/j.ecolind.2020.106337
https://doi.org/10.1016/j.ecolind.2020.106337
https://doi.org/10.1016/j.scitotenv.2020.142694
https://doi.org/10.1016/j.scitotenv.2020.142694

	Influence of an anthropogenic disturbance gradient on the abundance and biochemical characteristics of heterotrophic bacteria on beaches of the central coastal zone of Veracruz
	Abstract
	Introduction
	Materials and methods
	Selection of sampling sites
	Description of the study sites
	Sampling
	Sample processing
	Sample pre-enrichment
	Bacterial quantification
	Biochemical characterization
	Biochemical tests
	Statistical analysis

	Results
	Concentration of heterotrophic bacteria
	Identification of factors influencing the concentrations of heterotrophic bacteria
	Determination of the biochemical characteristics of heterotrophic bacterial groups

	Discussion
	Influence of the anthropogenic gradient of ZMV beaches on the concentrations of heterotrophic bacteria
	Characteristics of the ZMV beaches influence the biochemical capacities of heterotrophic bacteria

	Conclusions
	References


