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Abstract


Urban coastal wetlands constitute important ecological interfaces where human activities, wildlife, and arthropod vectors interact, potentially increasing the risk of pathogen transmission. In the city of Veracruz, Mexico, several interdunal lagoons have been incorporated into urban areas and are intensively used for recreational activities; however, information on their mosquito fauna remains limited. This study aimed to characterize mosquito species composition, abundance, and diversity in three urban recreational interdunal lagoons in Veracruz. Adult mosquitoes were collected weekly during the rainy season (June–September) 2023 using CDC light traps. Specimens were identified based on morphological characters using standard taxonomic keys, including genitalia dissections for male specimens when necessary. Species richness, sampling completeness, and community structure were evaluated using non-parametric richness estimators, diversity indices, species accumulation curves, and similarity analyses. A total of 1465 adult mosquitoes belonging to 11 species and five genera were collected. Mosquito assemblages were characterized by low species richness and a marked dominance of Culex panocossa and Culex quinquefasciatus across all lagoons. Diversity indices were low, and species composition showed a high degree of similarity among sites. Notably, Uranotaenia apicalis was recorded for the first time in the state of Veracruz, expanding its known geographical distribution. These findings indicate that urban interdunal lagoons support simplified mosquito communities dominated by disturbance-tolerant species, highlighting their potential epidemiological relevance and the need for targeted vector surveillance in urban coastal environments.
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1. Introduction


Urban coastal ecosystems are dynamic socioecological interfaces where natural processes and human activities converge [1]. Among them, interdunal lagoons are transitional habitats formed within coastal dune systems and characterized by shallow waters, fluctuating hydrological regimes, emergent vegetation, and variable salinity [2,3,4]. In the city of Veracruz, Mexico, several of these lagoons have been incorporated into urban areas and adapted for recreational and sports activities, resulting in frequent human exposure, particularly during the rainy season when environmental conditions favor mosquito proliferation [5]. Interdunal lagoons provide suitable breeding habitats for diverse mosquito species due to the presence of stagnant water, organic matter, and aquatic vegetation [6,7]. At the same time, these environments support resident and migratory birds, small mammals, reptiles, and domestic animals, contributing to complex ecological communities [8]. This spatial overlap between wildlife hosts, mosquito populations, and humans creates ecological interfaces that may facilitate pathogen transmission within a One Health perspective [9].



Mosquitoes (Diptera: Culicidae) are among the most important arthropod vectors of zoonotic pathogens worldwide. Species of the genera Aedes, Culex, and Anopheles can transmit viruses and parasites of medical and veterinary importance, including dengue viruses, West Nile virus, Venezuelan equine encephalitis virus, and Dirofilaria spp. [10,11]. Mosquito-borne diseases represent a persistent public health concern in Mexico, particularly in tropical coastal regions such as Veracruz State, where dengue transmission occurs annually with recurrent seasonal outbreaks. Epidemiological surveillance indicates that dengue incidence increases markedly during the rainy season (June–November), coinciding with environmental conditions that favor mosquito population growth [12]. Veracruz has consistently ranked among the Mexican states reporting the highest dengue burden, with incidence rates frequently exceeding 100 cases per 100,000 inhabitants during epidemic years [13].



In addition to the dengue virus, mosquito-borne pathogens such as West Nile virus have been detected in the Gulf coastal region of Mexico through serological evidence in zoological animals, indicating enzootic transmission cycles involving Culex mosquitoes [14]. Venezuelan equine encephalitis virus has also been historically reported in eastern Mexico and is associated with coastal and wetland ecosystems where mosquito–vertebrate interactions occur [15]. These epidemiological patterns highlight the importance of understanding mosquito assemblages inhabiting urban wetlands that may contribute to vector persistence and seasonal transmission dynamics. Urbanization and environmental modification can alter mosquito community composition, often favoring species adapted to anthropogenic habitats, some of which may act as bridge vectors between wildlife and human populations [16].



Despite the ecological importance of mosquitoes, information about their diversity in urban recreational systems of Veracruz remains scarce. This lack of baseline entomological data limits the development of locally adapted evidence-based vector surveillance and control strategies [17]. To generate baseline data, this study aimed to identify mosquito species present in urban recreational interdunal lagoons in Veracruz, Mexico.




2. Materials and Methods


2.1. Study Area


The study was conducted in three interdunal lagoons located within the municipality of Veracruz, Mexico: Lagartos Lagoon (19°12′24.40″ N, 96°10′40.31″ W), Real Lagoon (19°08′52.61″ N, 96°09′06.12″ W), and El Encanto Lagoon (19°10′04.47″ N, 96°09′20.29″ W) (Figure 1). These sites were selected based on their relatively large surface area, high surrounding human population density, and recreational land-use characteristics, following the ecological description criteria included in the Ramsar Wetlands Information Sheet (RIS) used for the characterization of wetlands of international importance [18]. The studied lagoons correspond to coastal freshwater interdunal systems formed within Gulf of Mexico dune fields and are classified as inland wetlands under the Ramsar wetland typology. Lagartos Lagoon covers approximately 18 ha, Real Lagoon 22 ha, and El Encanto Lagoon nearly 15 ha. All lagoons are shallow water bodies surrounded by urban infrastructure and public recreational areas.



The region exhibits a tropical sub-humid climate characterized by a mean annual temperature of 24.5 ± 1.8 °C, average annual precipitation of 1710 ± 210 mm, and relative humidity of 79 ± 5% [19]. The climatic regime includes a dry season extending from February to May and a rainy season occurring between June and October, followed by a transitional northerly wind season, locally known as “nortes”, from November to January. Emergent and semi-aquatic macrophytes, including Typha domingensis, Cyperus spp., and floating vegetation patches typical of coastal freshwater wetlands, dominate the vegetation surrounding the lagoons. Anthropogenic activities vary among sites and include walking trails, sport fishing, small recreational boating, and shoreline modification associated with urban expansion. Consequently, the lagoons are influenced by varying degrees of human activity linked primarily to recreation and surrounding urban development.




2.2. Mosquito Collection and Identification


Adult mosquitoes were collected weekly during the rainy season (June–September) 2023. Three CDC ultraviolet light traps (John W. Hock Company, Gainesville, FL, USA) were available for the study, one assigned to each lagoon. However, sampling was not conducted simultaneously across lagoons. Instead, a rotational sampling design was implemented, whereby only one lagoon was sampled per week. In the study area, residential houses were located approximately 5–7 m from the lagoon margins. Each lagoon was therefore sampled on separate weeks throughout the study period, maintaining consistent trap placement and operating conditions to ensure comparability among sites. Although sampling was not simultaneous, environmental conditions during the rainy season were relatively stable, allowing for meaningful comparisons of mosquito assemblages among lagoons. The traps were placed approximately 5 m from the lagoon margin and about 1 m above ground level. The trap locations were maintained at the same positions throughout the study period to standardize sampling effort. The traps operated from 19:00 to 07:00 h and was positioned in shaded areas near vegetation to maximize capture efficiency of host-seeking mosquitoes.



Collected specimens were transported to the Parasitology Laboratory of the Diagnostic Unit at “Torreón del Molino” Ranch, Faculty of Veterinary Medicine, Universidad Veracruzana. Mosquitoes were euthanized by freezing and subsequently mounted on entomological pins following standard entomological procedures. Species identification was performed under a stereomicroscope (Nikon Corporation, Tokyo, Japan; model SMZ800N) using standard morphological taxonomic keys for Neotropical Culicidae [20,21,22,23]. For male specimens, genitalia dissections were conducted following established protocols [24], with minor modifications. The abdomens were detached and cleared in a warm 10% potassium hydroxide (KOH) solution (Sigma-Aldrich, St. Louis, MO, USA) to remove soft tissues and facilitate visualization of sclerotized structures. Specimens were subsequently rinsed in distilled water and dissected under a stereomicroscope to isolate terminalia. Genital structures were examined based on diagnostic morphological characters, including gonocoxites, gonostyli, parameres, and the aedeagus, using available taxonomic keys and original species descriptions. Dissected genitalia were temporarily mounted in glycerin (Merck, Darmstadt, Germany) for examination and later preserved in microvials associated with the corresponding voucher specimens [24].




2.3. Data Analysis


Total and relative abundances were calculated for each species and each site. Sampling completeness and expected species richness were estimated using the non-parametric Chao1 estimator with EstimateS v9.1.0 (University of Connecticut, Storrs, CT, USA) [25]. Species accumulation curves (interpolation and extrapolation) with 95% confidence intervals were generated using the online iNEXT tool (National Tsing Hua University, Hsinchu, Taiwan) [26]. Alpha diversity was assessed using the Shannon–Wiener index (H′) and Simpson’s dominance index (Ds) [27,28]. Beta diversity among lagoons was evaluated using the Jaccard similarity coefficient (Ij) [29]. Rank–abundance curves were constructed to visualize community structure and species dominance patterns [30].





3. Results


A total of 1465 adult mosquitoes were collected from the three interdunal lagoons sampled. The specimens belonged to two subfamilies (Anophelinae and Culicinae), five genera, seven subgenera, and eleven species of Culicidae. Representative specimens of the collected species are provided in the Supplementary Materials (Figures S1–S6).



3.1. Species Composition and Sex Structure


The composition of mosquito species and the distribution of male and female specimens collected in the interdunal lagoons are presented in Table 1.



The genus Culex was the most diverse culicid group, accounting for the highest proportion of collected specimens, with Culex (Melanoconion) panocossa being the dominant species (n = 883), followed by Culex (Culex) quinquefasciatus (n = 220). Female mosquitoes predominated in all sampling sites, representing the majority of individuals collected. Real Lagoon exhibited the highest species richness, whereas Lagartos Lagoon had the highest total abundance of individuals. Medically important species such as Aedes aegypti, Anopheles albimanus, and Culex nigripalpus were also recorded, highlighting the potential epidemiological relevance of these interdunal ecosystems.




3.2. Sampling Effort and Species Richness Estimation


Species accumulation curves based on individual-based rarefaction and extrapolation approached an asymptote for all three lagoons, indicating that the sampling effort was sufficient to characterize the local mosquito fauna active between 19:00 and 07:00 h and attracted to CDC light traps (Figure 2). The non-parametric Chao1 estimator suggested low expected species richness at each site, with observed richness values closely matching the estimated values. These results confirm that mosquito diversity within the collection method described above in the studied lagoons is relatively low.




3.3. Community Structure and Diversity Patterns


Rank–abundance curves showed that Real Lagoon exhibited the highest species richness among the three studied lagoons. Across all sites, mosquito assemblages were strongly dominated by Cx. panocossa, followed by Cx. quinquefasciatus (Figure 3).



Overall mosquito diversity, as estimated by the Shannon–Wiener index (H′), was low in the three lagoons. El Encanto Lagoon presented the highest diversity value (H′ = 1.60), whereas Real Lagoon showed the lowest diversity (H′ = 1.18). Dominance patterns, estimated using Simpson’s index (Ds), indicated that El Encanto Lagoon had the lowest dominance (Ds = 0.28), while Real Lagoon exhibited the highest dominance (Ds = 0.52). Beta diversity analysis based on the Jaccard similarity coefficient revealed a high degree of similarity among lagoons. Lagartos Lagoon and El Encanto Lagoon shared 90% of the recorded species, as did Lagartos Lagoon and Real Lagoon, whereas El Encanto Lagoon and Real Lagoon shared 80% of the species. Among the species identified, Uranotaenia apicalis was recorded for the first time in the state of Veracruz.





4. Discussion


The present study provides a comprehensive faunistic characterization of mosquito assemblages collected at night time with CDC light traps and associated with interdune lagoons located in an urbanized coastal environment of Veracruz, Mexico. This study was limited to adult mosquito collections conducted during the rainy season, which may underestimate species active during other seasons or with weak phototactic responses. Larval sampling was not included in the present study due to logistical constraints and restricted access to some lagoon margins during peak recreational use. Within the above limitations, the results reveal a mosquito community structure characterized by low species richness and strong dominance by a small number of taxa, a pattern that has been consistently associated with anthropogenically disturbed wetlands in tropical and subtropical regions [31,32]. If confirmed by larval sampling, these results suggest that the pronounced dominance of Cx. panocossa observed across all sampled lagoons represents a key ecological pattern. This species has been previously reported as highly adaptable to disturbed wetland environments, particularly those characterized by increased organic matter, eutrophication, and dense aquatic vegetation [31,32]. Such conditions favor larval development by providing both refuge from predators and abundant nutritional resources [33]. The predominance of Cx. panocossa therefore suggests that the studied lagoons, especially those with higher human pressure, exhibit ecological characteristics associated with environmental degradation [34,35]. Similarly, the high abundance of Cx. quinquefasciatus supports the influence of anthropogenic disturbance on mosquito community composition. This species is widely recognized as a synanthropic mosquito species strongly associated with urban and peri-urban habitats, where it exploits polluted or organically enriched water bodies for breeding [34]. The probable co-dominance of Cx. panocossa and Cx. quinquefasciatus is consistent with patterns observed in other disturbed ecosystems, where generalist species with broad ecological tolerances outcompete more specialized taxa [36]. In addition to the dominant Culex species, mosquitoes of the genera Aedes, Anopheles, and Mansonia were recorded at low relative abundances. Although CDC light traps are widely used for sampling nocturnal mosquitoes, some genera such as Aedes and Mansonia are primarily active during crepuscular or diurnal periods, which may lead to their underrepresentation in night collections. Additionally, some Anopheles species may exhibit limited attraction to light traps. However, these patterns are species-specific and should be interpreted with caution, as individuals of all three genera were collected in this study, albeit in low numbers [21,22]. The detection of a few Ae. aegypti likely reflects occasional dispersal from surrounding urban areas rather than stable populations within interdunal lagoons, whereas Aedes taeniorhynchus and Aedes epacticus are more closely associated with coastal and semi-natural environments. Anopheles albimanus was recorded sporadically, consistent with its preference for freshwater habitats with emergent vegetation. The presence of Mansonia dyari, whose larvae depend on aquatic macrophytes, indicates the persistence of vegetated microhabitats despite ongoing urban disturbance. Although numerically limited, these taxa contribute to the ecological heterogeneity of interdunal lagoons and support the need for comprehensive mosquito surveillance in urban-adjacent wetlands [22].



Species richness across the three lagoons was relatively low, supporting the hypothesis that land-use change and anthropogenic pressure negatively affect mosquito diversity in interdune lagoon systems. Previous studies in Mexico have shown that less disturbed habitats tend to support higher mosquito diversity, whereas urbanized or modified landscapes exhibit reduced richness and increased dominance [17,32]. Real Lagoon exhibited the highest observed species richness; however, diversity indices were lower compared to El Encanto Lagoon due to the strong dominance of a few species, particularly Cx. panocossa. This pattern likely reflects its comparatively lower degree of human disturbance and greater habitat heterogeneity. Reduced anthropogenic impact may allow the persistence of species with narrower ecological requirements, leading to increased evenness and richness.



Rarefaction and extrapolation analyses indicated that sampling effort was sufficient to adequately characterize the mosquito fauna specifically attracted to CDC light traps at nighttime, as species accumulation curves approached asymptotic behavior and Chao1 estimates suggested only a limited number of undetected species. This supports the conclusion that the observed low richness is not an artifact of insufficient sampling but rather reflects genuine ecological conditions within these systems. The high similarity in species composition among lagoons suggests the presence of a largely shared regional species pool, likely facilitated by the geographic proximity of the sites and the dispersal capacity of adult mosquitoes [37,38]. Nonetheless, differences in relative abundance among lagoons may indicate that local environmental conditions and disturbance intensity play a crucial role in structuring mosquito populations [39].



From a medical and veterinary perspective, the dominance of Culex species is of particular concern. Species within this genus are known to function as bridge vectors, facilitating the transmission of pathogens between wildlife reservoirs and human or domestic animal populations [15,39]. In coastal Veracruz, where climatic conditions such as high temperature, humidity, and seasonal rainfall favor mosquito survival, interdune lagoons located at urban–natural interfaces may act as focal points for pathogen maintenance and spillover.



The detection of Ur. apicalis represents a new state record for Veracruz and highlights the importance of localized faunistic surveys, even in environments subject to human disturbance. Although species of the genus Uranotaenia are generally considered of limited medical relevance due to their feeding preferences, their presence contributes to a more complete understanding of regional mosquito biodiversity and ecological complexity [20]. Such records are essential for refining distribution maps and establishing baseline data for long-term monitoring programs.



Species identification was based solely on morphological characters, limiting resolution within cryptic species complexes. Additionally, environmental variables and pathogen presence were not assessed, restricting direct evaluation of habitat–mosquito relationships and epidemiological risk.




5. Conclusions


Interdunal lagoons in Veracruz function as simplified mosquito ecosystems dominated by disturbance-tolerant Culex species, with low overall species richness but potential epidemiological relevance due to the presence of competent vectors. The consistent assemblage structure across lagoons suggests strong environmental filtering in urban coastal wetlands. The record of Ur. apicalis expands its known distribution in Mexico. These findings provide a baseline for vector surveillance and highlight the need for integrative studies to better assess disease transmission risk in these environments.
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Figure 1. Study area showing the location of the three interdunal lagoons sampled in the municipality of Veracruz, Mexico. 
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Figure 2. Sample-size–based rarefaction and extrapolation curves showing mosquito species richness in each interdunal lagoon as a function of sampling effort. 
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Figure 3. Rank–abundance curves of mosquito assemblages recorded in three urban interdunal lagoons in Veracruz, Mexico. Species are ordered from highest to lowest relative abundance along the x-axis. The y-axis represents log10-transformed relative abundance values. Curve length reflects species richness, whereas slope indicates community evenness and dominance structure. Species names corresponding to each code are provided as follows: Aee = Aedes (Ochlerotatus) epacticus; Aet = Aedes (Ochlerotatus) taeniorhynchus; Aea = Aedes (Stegomyia) aegypti; Ana = Anopheles (Nyssorhynchus) albimanus; Cxn = Culex (Culex) nigripalpus; Cxq = Culex (Culex) quinquefasciatus; Cxe = Culex (Melanoconion) erraticus; Cxp = Culex (Melanoconion) panocossa; Mnd = Mansonia (Mansonia) dyari; Ura = Uranotaenia (Uranotaenia) apicalis; Url = Uranotaenia (Uranotaenia) lowii. 
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Table 1. Total mosquito individuals, listed by species and sex, collected with CDC light traps at night time across the three interdunal lagoons studied.
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Code

	
Species

	
Lagartos Lagoon

	
Encanto Lagoon

	
Real Lagoon

	
Total




	

	

	
M

	
F

	
M

	
F

	
M

	
F

	




	

	
Genus Aedes

	

	

	

	

	

	

	




	
Aee

	
Aedes (Ochlerotatus) epacticus

	
2

	
5

	
4

	
2

	
4

	
2

	
19




	
Aet

	
Aedes (Ochlerotatus) taeniorhynchus

	
0

	
7

	
1

	
4

	
2

	
13

	
27




	
Aea

	
Aedes (Stegomyia) aegypti

	
2

	
7

	
2

	
4

	
1

	
5

	
21




	

	
Genus Anopheles

	

	

	

	

	

	

	




	
Ana

	
Anopheles (Nyssorhynchus) albimanus

	
0

	
0

	
0

	
0

	
1

	
2

	
3




	

	
Genus Culex

	

	

	

	

	

	

	




	
Cxn

	
Culex (Culex) nigripalpus

	
2

	
19

	
1

	
13

	
0

	
6

	
41




	
Cxq

	
Culex (Culex) quinquefasciatus

	
30

	
111

	
9

	
40

	
12

	
18

	
220




	
Cxe

	
Culex (Melanoconion) erraticus

	
2

	
52

	
3

	
15

	
0

	
20

	
92




	
Cxp

	
Culex (Melanoconion) panocossa

	
39

	
443

	
3

	
90

	
15

	
293

	
883




	

	
Genus Mansonia

	

	

	

	

	

	

	




	
Mnd

	
Mansonia (Mansonia) dyari

	
2

	
72

	
1

	
9

	
3

	
13

	
100




	

	
Genus Uranotaenia

	

	

	

	

	

	

	




	
Ura

	
Uranotaenia (Uranotaenia) apicalis

	
2

	
17

	
2

	
1

	
2

	
19

	
43




	
Url

	
Uranotaenia (Uranotaenia) lowii

	
0

	
15

	
0

	
0

	
0

	
1

	
16




	

	
Total

	
81

	
748

	
26

	
178

	
40

	
392

	
1465
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