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Abstract

:

This paper describes the unique natural communities and biodiversity of the upwelling coastal system along the Guajira peninsula in the southern Caribbean Sea. The Guajira peninsula has a small human population with limited infrastructure and limited opportunities for coastal research, yet its coastal upwelling system is unique in the Tropical Western Atlantic region. This report includes both field observations along with a review of literature on the biodiversity of coastal eastern Guajira. In addition, it identifies missing information on the coastal system that is key to its management and conservation. Mangrove wetlands along with submerged aquatic vegetation (SAV) communities in a combination of consolidated and unconsolidated shorelines (e.g., rocky shores, cliffs, and beaches) form unique habitats in eastern Guajira. The diversity of these habitats is illustrated with the Bahia Hondita marine lagoon, where critical nursery habitat for several commercial valuable and endangered fisheries species, including sharks and sea turtles, is observed. Less information is available on more cryptic fauna, invertebrates, and coastal plankton species. Several anthropogenic factors are threatening species diversity in coastal Guajira, including overgrazing, mining, and target-species overfishing. Additional threats, such as extreme weather events (e.g., storms and droughts) as well as changes in coastal water quality, are also impacting species. The protection of the Guajira’s biodiversity would depend on local communities’ governance and empowerment as well as law enforcement for mining and agriculture operations. Management plans can include reducing land-based sources of pollution and building coastal resilience for climate change.






Keywords:


coastal biodiversity; Caribbean Sea; upwelling; mangroves; Guajira; Bahia Hondita; sea turtles












1. Introduction


The tropical Western Atlantic (TWA) province includes both an insular component (eastern Caribbean) and a continental component including portions of both Central and South America (central Caribbean). Ranging from the Gulf of Mexico to the Amazonian, there are six marine ecoregions within the TWA province, including the Central Caribbean ecoregion [1]. The Central Caribbean ecoregion is biologically diverse, including large coastal ecosystems, such as river deltas and estuaries, mangrove forests, coral reefs, seagrass beds, and upwelling areas [2,3,4]. Within this ecoregion, coastal species richness tends to concentrate both along the Antillean arc (Cuba to the southernmost Antilles) and the northern coast of South America (Venezuela–Colombia) [3]. Connected to the large biodiversity in the coasts of Venezuela and Colombia is the occurrence of a yearly coastal upwelling system, the Southern Caribbean Upwelling System (SCUS), which provides nutrients that power primary productivity [5]. The SCUS is probably the main source of the nutrients that support biological productivity in the oligotrophic Caribbean Sea and constitutes a priority coastal system for research and conservation of biodiversity in the TWA [2,5]. This ecoregion, however, has high human coastal population densities, a long history of anthropogenic pressure upon its marine resources, and significant levels of land and water pollution [3,6,7,8]. Pollution and marine resource exploitation have caused ecosystems’ degradation, the endangerment of species, and the loss of habitat. These anthropogenic activities are associated with the primary economic activities of the ecoregion, particularly in the southern portion by the coastlines of Colombia and Venezuela, such as oil extraction, port development and tourism, and agriculture, among others [6,9].



The Guajira peninsula in northeast Colombia protrudes into the southern Caribbean Sea and is part of the SCUS (Figure 1). Therefore, Guajira’s waters have elevated levels of nutrients that support the growth of diverse primary producers and the flow of biomass in marine food webs [10]. The Guajira’s upwelling ecosystem consists of more than 960 species interrelated in complex flows of energy and matter [10]. The biodiversity of Guajira supports active commercial and artisanal fisheries upon which human coastal communities depend [11,12,13]. Despite the biological, social, and economic importance to Colombia and the local communities of Guajira’s biodiversity, several factors have hindered the performance of adequate scientific studies from knowing, understanding, and protecting this biodiversity [13]. The northeastern or upper region is a dry and hot desert-like land, with impressively high sand dunes and scarce xerophytic vegetation, high winds, and low precipitation [11]. As a result of the harsh weather conditions, upper Guajira has a low population and is rural, with traditional economic activities related to natural resources exploitation, particularly fishing [11]. Other economic activities are cattle raising and agriculture. However, they have generally failed in recent years due to prolonged drought [14]. Transportation or communication infrastructures are scarce, as well as basic services, such as electricity and clean water [15]. The lack of services in and connectivity to upper Guajira, along with other socioeconomic factors, cause its coastal ecosystems to remain “hidden” from the rest of the peninsula and from the world. Therefore, the unique and high diversity of coastal Guajira and its habitats remains to be assessed. This review explores the current knowledge on the coastal and marine biodiversity of the upper Guajira region at all levels (ecosystems, species, and genetics) to identify the gaps in their ecological knowledge and point out ways to obtain this knowledge. Additionally, this review intends to highlight what are the threats that coastal biodiversity in Guajira is or may be facing in the near future, and what are the measures to protect or conserve this biodiversity.



The coast of the Guajira peninsula is a species-rich, ecologically complex area in Colombia, southern Caribbean Sea, with a remarkable diversity of marine natural communities [10,16,17,18]. However, this biodiversity is still far from fully known and classified. Current descriptions of these marine communities do not generally follow ecologically meaningful classification standards that allow to identify, describe, map, and quantify these communities and their habitats better [19]. Here we followed the Coastal and Marine Ecological Classification Standard (CMECS) (2012) to name and begin describing the unique diversity of marine natural communities that constitute habitat for many species of ecological, cultural, economic value in northeastern Guajira. The standard provides a common vocabulary to name and describe biotopes, that are unique to given areas, by allowing the inclusion of the geographic and geologic settings and the substrate and biotic components present in those areas to the descriptions [19]. Furthermore, we used the concept of biotope to describe the diversity of natural communities of Guajira ecologically due to the many combinations of species assemblages and specific environmental conditions occurring in the study area. We used the marine lagoon of Bahia Hondita as a study case of coastal biotope diversity in Guajira.




2. The Biodiversity of Coastal Guajira


2.1. Biotope Diversity


Multiple biotopes in the Nearshore Marine Regime of the northeastern Guajira peninsula are described here (Table 1, Figure 2). Aside from the open ocean side typical of a peninsula, this regime includes other coastline formations, such as marine lagoons (or embayments) [11]. Within each coastline formation, assemblages of biodiversity concentrate in different zones. The zones included in this review are the bottom (or seafloor), the shoreline, and the water column (Table 1). In the water column zone, only a few biotopes were identified on both embayments and the open ocean side because little information is available on the biotic communities living and conforming to these habitats. Therefore, they were described based only on physical characteristics, such as depth, salinity, and turbidity. For instance, in the water column zone of the marine lagoon of Bahia Hondita, the water column has low depth (1–5 m deep), high or extremely high salinity (>38 ppt), and high turbidity, which defined two biotopes, (1) Ephemeral hypersaline marine lagoon with a dry season due to evaporation and (2) Saline lagoon with a narrow opening to the coastal ocean. Most of Guajira’s biotopes described here are found in the benthic zone, which includes soft and hard bottoms [11,20]. Soft bottoms are mineral muds and sands or biogenic (mollusks shells) sands [18,20]. Hard bottoms are mineral cobbles and pebbles. Attached to these bottoms, partially or totally covered by water, are different taxonomic groups of benthic submerged aquatic vegetation (SAV), forming a wide diversity of biotic communities and defining the biotopes described in Table 1 [18,21]. SAV communities of Guajira’s platform include seagrass or macroalgae or mixed seagrass–macroalgae meadows [17,18,21,22]. Common SAV communities observed in eastern upper Guajira are Thalassia testudinum beds and Gracilaria sp. (Rhodophyta) beds [21,22]. These meadows are observed close to shore, in shallow, murky open ocean side waters, or in association with mangrove forests in marine lagoons. Other biotopes are observed in the shoreline zone of lagoon and open ocean side formations (Table 1). In the marine lagoon of Bahia Hondita, northern upper Guajira, mangrove vegetated shorelines are common and diverse (Figure 3). Three species of mangrove form woodlands, scrublands, and shrub thickets, the most common of which is the red (R. mangle), followed by black (Avicennia germinans), and white (Laguncularia racemosa) mangroves (Table 1, Figure 3). These mangrove communities differ in configuration. Common mangrove communities’ configurations in Bahia Hondita are fringing, overwash, inverted, and or basin mangroves. Mangroves are found in mudflats, sandy barns, channels, and basins and in close association with SAV beds. In addition to mangrove shorelines, vegetated and unvegetated rocky shores are observed on both marine lagoons and the open ocean side (Table 1) [11]. Some of these rocky shores occur in close proximity to sandy beaches and mangrove communities. In addition, several sandy shoreline biotopes are common on the open ocean side of eastern Guajira (Table 1) [11,23]. There are vegetated or unvegetated sandy beaches, dunes, and back beach swales. The grain of these sandy shorelines is biogenic, from mollusk shells, coarse (sand), or fine (sandy muds) [11,20]. Some of the sandy beaches are long and narrow (by Santa Cruz fishing port) or short and narrow embedded in pockets within rocky shores, often called pocket beaches (Bahia Hondita lagoon). These sandy shores are quite unique in their geomorphology, in Guajira, Colombia [11,20].




2.2. Species Diversity of Eastern Guajira


Several species of cultural, economic, and ecological importance occupy or use the nearshore marine biotopes of eastern Guajira for habitat (Table 2, Figure 4 and Figure 5). It is estimated that more than 900 species are part of the Southern Caribbean upwelling system by La Guajira, 149 of which are marine macroalgae (Macrophyta) [10,24]. However, fifty more species of marine macroalgae have been reported for the eastern Guajira alone recently, and more species are expected to be found in this area if sampling power and range increase [21] (Figure 4). Macroalgae is the most diverse group of marine plants in Colombia [5]. Among Guajira’s macroalgae groups, the red algae (Rhodophyta) are the most abundant and diverse [21,22]. Within this group, species of Gracilaria sp. are particularly prominent, specious, and extensive throughout the coastline of eastern Guajira (Figure 4). As a result of macroalgae diversity, eastern Guajira has been pointed out as a hotspot of marine plant biodiversity in the Caribbean Sea [21]. Another group of high diversity and ecological importance for Guajira habitats are aquatic birds, with about 87 species, including the exotic and vulnerable species of American flamingo (Phoenicopterus ruber) [25]. Several of these birds inhabit the desertic upper Guajira (Figure 5). For instance, American flamingoes, egrets, herons, and pelicans, which are found in close association with the mangrove shorelines of the Bahia Hondita lagoon [25]. A third prominent group in terms of species diversity in northeastern Guajira is marine turtles (Reptilia: Testudines). Four of the seven extant species of this group either reside, forage, or nest in the area (Table 2, Figure 5) [13,23,26]. Guajira’s nearshore biotopes are a particularly suitable habitat for foraging and nursing of juvenile-staged green sea turtles (Chelonia mydas) [27]. These habitats may be suitable for nursing juvenile cartilaginous fish (sharks and rays) of several species in Guajira’s waters [28]. No studies or reports were found for other taxonomic groups representative of marine biodiversity in eastern Guajira (Table 2). These groups include phytoplankton and zooplankton species, which are expected to be abundant due to the unique upwelling characteristics of Guajira’s coastal system [29]. More than 77 species of phytoplankton occur throughout the continental platform of western and central Guajira, but the number of species for the eastern side is unknown [29]. Other groups with no information for eastern Guajira are sponges and echinoderms. These taxonomic groups have been observed in other areas of the peninsula, therefore, are expected to be found in eastern Guajira [18,25,30]. Future research on eastern Guajira’s species diversity should focus on baseline species identification, habitat mapping, and estimation of richness and diversity for the taxonomic groups for which no information is available. Furthermore, ecological studies on subspecies, growth rates, mortality and survival rates, and life-history traits of the species specific to Guajira’s environmental conditions are necessary to increase the knowledge of the area’s biodiversity.




2.3. Genetic Diversity


A few studies of Guajira’s biodiversity have assessed and quantified the genetic diversity among and/or within populations of a species or relate this diversity to the habitat conditions of the area. For example, one study measured the genetic diversity at the nucleotide level of the control region of the mitochondrial DNA (mtDNA) of green sea turtles [27]. The sea turtle’s genetic diversity was high [27]. Sea turtles coming from multiple, geographically separated, nesting rookeries groups contribute to the genetic diversity of the Guajira populations. These turtles may be arriving from both the central and southern eastern Atlantic as well as from the eastern Atlantic nesting rookeries using opposite direction, current systems [27]. Like sea turtles, another charismatic but vulnerable species for which genetic studies have been performed is the Caribbean sharpnose shark Rhizoprionodon porosus [33,34]. This shark is common in eastern Guajira, particularly in the juvenile stage, and it utilizes its coastal waters for nursery [35]. Although no genetic studies have been performed on R. porosus from eastern Guajira, the ones performed in western or lower Guajira sharks indicate that they are genetically distinct from sharks of the rest of the Colombian Caribbean [33]. Lastly, two cosatal middle-sized Haemulidae fish of local economic importance to artisanal fisheries have also been studied for their genetic diversity [36]. The Guajira populations of Haemulon aurolineatum and H. steindachneri fish showed elevated levels of heterozygosity measured with microsatellite DNA markers and were different from other populations in the southern Caribbean Sea.



Overall, the genetic studies with turtles, fish, and sharks show that Guajira’s coastal upwelling system harbors significant levels of genetic diversity and differentiation, which may be explained by its unique oceanographic and ecological conditions. These conditions may cause restrictions to gene flow between populations or subpopulations and local adaption to these conditions (reflected in the genome). Population genetic studies in other key taxonomic groups are needed to reveal trends in the distribution of genetic diversity of Guajira and its connectivity to other areas in the Greater Caribbean region. Examples of taxonomic or functional groups to survey for are macrophytes (e.g., macroalgae and seagrasses), which are at the base of food webs and are specious in Guajira. Migratory species using Guajira as a stopover or reproductive habitat, such as marine birds, are also important to survey. Comparison of genetic patterns between taxonomic groups can bring light to the importance of seascape variables in structuring the genetic diversity of populations and species in the SCUS and the entire Central Caribbean ecoregion [37].





3. Unique Environments That Support Guajira’s Biodiversity


Several ecological and seascape factors have been postulated to support marine biodiversity. From these factors, we chose three we considered key in supporting the unique genetic, species, and biotope diversity in the Guajira peninsula. (1) food abundance and diversity due to nutrient enrichment; (2) unique sea bottom configurations; and (3) low anthropogenic disturbance to coastal environments.



3.1. Nutrient Enriched Waters


Guajira peninsula waters are one epicenter for nutrient enrichment from the coastal upwelling occurring every year between the months of January and May in the Southern Caribbean [5,38]. The enrichment is triggered by the action of the Trade Winds causing upwelling of subsurface waters. The colder waters of the subsurface have greater amounts of nutrients, such as nitrogen and phosphorus, than the warmer oligotrophic surface waters of other areas in the Caribbean Sea [39,40,41]. The excess and diverse nutrients stimulate the growth and the productivity of phytoplankton at the base of the marine food webs, and thus the flow of biomass and energy upwards the web [42]. Greater primary productivity also increases species richness in ecosystems [43]. Diverse marine ecosystems, such as the one at Guajira, support productive fisheries for human sustenance [38,39,40,41,42,43,44]. The most productive (high biomass or species diversity) fisheries of the world occur in upwelled coastal areas [45]. Algae is responsible for most of the primary production in oceans. The seasonal variation in upwelling conditions in the Colombian Caribbean Sea contributes to differences in the structure and species composition of macroalgal assemblages [24]. Macroalgae assemblages are prolific and diverse in eastern Guajira [18,21]. The abundance and diversity of these primary producers may attract a suite of primary consumers in multiple life stages (e.g., juvenile, adults), which, in turn, serve as food for consumers in upper levels of food webs. For instance, populations of juvenile green sea turtles in Guajira are found in close association to nearshore, macroalgae, and seagrass meadows, where they are feeding; juvenile sea turtles are food for sharks [21,26]. The greater biomass or nutrition of food resources in upwelled ecosystems may cause faster growth rates which may contribute to greater survival of resident juvenile sea turtles until they migrate for reproduction to other habitats outside of Guajira. Similarly, other large, threatened, or economically important species are associate with the vegetated benthic communities and shorelines of Guajira and may take advantage of its diverse nutrient-rich food resources offered [18].




3.2. Complex Structure Seafloors


Habitat is not only the place where food resources for a given species are present but where the requirements to complete part or the whole of its life cycle, that is, to survive, develop, migrate, and reproduce, are met. A species habitat is expected to contribute to the dynamics of populations by providing the conditions for high survival rates or low mortality rates and high fertility rates [46,47]. Quality habitats should provide enough resources (e.g., food) but also have structural complexity to allow individuals of a species to escape or take refuge from predation—thus reducing mortality rates, and to nest, nurse and/or mate, thus increasing fertility or reproductive rates. Guajira’s coastal habitats’ bottom configuration and characteristics are unique in the Caribbean Sea [21]. They seem particularly suitable for nursing juvenile stages of several species of marine fish and megafauna [21]. Several Guajira’s benthic communities are mixed, vegetated with mineral boulders and cobbles or pebbles (Table 1) [18]. These vegetated rocky biotopes offer places for refuge from predators, resting, as well as vegetation that serves as food. Having multiple requirements for survival in one place decreases the need to allocate energy on dispersal to escape from predators or foraging after hiding or resting from predation, and this energy can be allocated to growth and development instead. Here we propose eastern Guajira’s benthic structural complexity as one of the factors supporting the biodiversity observed in the area and illustrate this hypothesis with the case of the green sea turtle nurse habitats in eastern Guajira.



The green sea turtle’s life cycle starts as an egg in sandy beaches, the nesting habitat, and continues into the early juvenile stage at the surface of gyres and eddies in (the early juvenile habitat) until neritic habitats near coastal areas (the juvenile developmental habitats) are reached [48,49]. Developmental habitats are key to the dynamics of juvenile populations because survival at these habitats guarantees attainment of the reproductive stage [47]. Juvenile and subadult turtles are typically found at nearshore coastal waters with seagrasses and macroalgae meadows which they use for food, but also with structures such as coral reefs or rocky benthic communities [50,51]. Sea turtles utilize the outcrops and stony caverns of coral reefs and rocky benthic communities as sleeping areas and refuge areas from predators [50,51]. More juvenile turtles are observed in areas where aquatic vegetation meadows and rocky outcrops or reefs and caverns are in proximity or are intermixed than in areas where these two are far apart. The sea bottoms in Guajira are muddy sands and sands with cobbles and boulders [11,52]. These rocks may accomplish the role of refuge sites from predators that corals play in other areas of the distribution range of the species. In addition, the rocks and bottoms in this area are covered with aquatic vegetation that marine turtles feed upon. Therefore, the turtles do not have to spend energy dispersing between feeding and resting areas, optimizing their energy expenditure. The excess of energy may be devoted to growth, for instance, in body mass, as opposed to dispersal. Juvenile or larvae of other species, such as shark species, are abundant in coastal Guajira (e.g., Rhizoprionodon sp.). The diversity and seafloor complexity of Guajira biotopes may contribute to the population dynamics of these species.




3.3. Low Anthropogenic Disturbance Seashores


Coastal areas are among the most populated and developed places around the globe. As such, they are subject to profound anthropogenic disturbances, such as shoreline erosion, pollution, tourism, boat traffic, building construction, etc. [8,53]. These disturbances profoundly change the landscape and physical characteristics of both land and water and negatively impact marine biodiversity through increasing mortality rates, decreasing fertility rates, etc. [54,55]. Some negative impacts associated with coastline conversion and disturbance are habitat loss and degradation, species reductions and loss, genetic diversity loss, and pollution [8,9,55,56]. The coasts of eastern Guajira have been spared from several of these impacts because of the small human populations living in these areas, low development, and lack of infrastructure construction, low to no tourism, and low boat traffic. Instead, these coasts remain somewhat “pristine” as they are isolated from disturbance, at least in the land portion of shorelines. Low disturbance of benthic marine habitats, such as seagrass meadows or mangrove forests, guarantees biodiversity feeding, nursing, and residency areas [57], increases survival rates, and increases biodiversity as more species are attracted to the resources available. However, the biodiversity of coastal eastern Guajira does experience some anthropogenic threats from current or past events to consider when studying its habitats (Table 3, Section 4). Most of these threats are contextual and refer to land-based activities occurring in the rest of the peninsula, such as mining, overgrazing, and fishing pressure, as well as global factors, such as climate change. Understanding these threats can contribute to better management and conservation of Guajira’s biodiversity.





4. Threats to Guajira’s Biodiversity


We identified and described several anthropogenic factors currently threatening Guajira’s coastal ecosystems, species, and fisheries in Table 3. These factors are classified according to the level of negative impact they may have on marine biodiversity from low to high. This ranking was subjective and given according to the amount or extent of the factor observed by the authors or referenced in the literature. Coastal development for infrastructure and tourism is a low threat in Guajira, particularly so in Upper Guajira. Only a few urban centers or cities are developed, including their coastal zones, with infrastructure, such as buildings, hotels, marinas, etc., for example, the coasts of the main city, Riohacha. Instead, the coasts in upper Guajira are poorly developed or not developed at all, for example, Puerto Estrella. Another category of low threat to coastal biodiversity in Guajira is invasive and other problematic species [58]. To our knowledge, only one invasive species of red algae (Kappaphycus alvarezzi) and one invasive species of fish, the lionfish (Pterois volitans), have been reported in Guajira waters [58]. No reports of the presence of these two species exist for eastern Guajira. The nature and extent of ecological impacts of these invasive species in Guajira remain unknown.



Another category of a threat of medium impact to local biodiversity is energy and coal mining [59,60]. A large open-pit coal mine operates in southeast Guajira, but no direct impacts to coastal biodiversity from this operation are known yet. However, mining operations are known to affect benthic ecosystems, their flora and fauna, through the disposal of chemical pollutants used [59,60]. Mining coal utilizes chemicals, such as heavy metals, that are retained in sediments and bioaccumulate and biomagnify in the food web [61]. Heavy metals in high concentrations have been found in the coastal ecosystems of Riohacha [62]. Furthermore, there is indirect evidence of the presence of heavy metals in Guajira’s coastal waters with the presence of fibropapilloma tumors throughout the soft parts of the body of sea turtles that feed on the benthos [63]. Fibropapilloma tumors have been observed in fished green sea turtles in Bahia Hondita, in northeastern Guajira. Copper, lead, and other chemicals clogged into seagrass meadows can be consumed by sea turtles, bioaccumulate in their fat and body tissues, generate oxidative stress, and trigger tumor formation [64,65]. Pollutants may reach Guajira’s coastal waters carried by the Rio Rancheria, which has poor water quality because of multiple anthropogenic uses along its flow trajectory [62]. Additionally, little pollution monitoring occurs, and there is a lack of knowledge of pollution loading except for sediment and erosion into coastal waters with heavy rains. Coastal desertification and loss of vegetation can result in higher sedimentation rates in the future [66,67]. Desertification is one of the main threats in Guajira. Although caused by extended droughts and the hot climate conditions, it is enhanced by agriculture and livestock overgrazing the already depleted vegetation [68]. Therefore, we consider agriculture and farming a threat of medium level to Guajira’s biodiversity. Desertic soils in coastal areas cannot sustain biodiversity nor stop pollutants from entering the ocean. Desertification and water scarcity in Guajira can be enhanced by current global climate change [69]. The warming of seawater due to climate change is a high threat to Guajira’s biodiversity; it can disrupt fish and other biota’s physiological and reproductive cycles, reduce primary productivity, cause bleaching of coral reefs, discourage mutualisms, among others [69,70].



Another category of medium-level threat to species in Guajira is overharvesting, mainly overfishing. Many fish stocks were locally overfished in the past until the 20th century by commercial fisheries [7]. Currently, fishing operations are more artisanal, yet species of sea turtles and sharks, highly valued for consumption and commerce, are being targeted during fishing operations [7,12]. Some of these species are vulnerable or threatened with extinction (e.g., green sea turtle and Caribbean sharpnose shark). Even low harvesting levels of these species can contribute to their extinction [71]. Fishing pressure upon these species and others may increase as the climate warms and other extreme environmental conditions hinder additional traditional economic activities (e.g., livestock farming) [13]. Fishing is poorly regulated or enforced in Guajira; therefore, it may become a greater threat for targeted marine species than it currently is.




5. Strategies for Conservation and Management of Guajira’s Coastal Environments


Guajira’s coasts’ incredible habitats and biodiversity can be protected in several ways. Establishing or enlarging already established marine protected areas is a traditional biological conservation measure with high success [72,73]. This measure guarantees that segments of ecosystems or populations representative of the biodiversity of an area are protected, usually from several threats, particularly overharvesting or overfishing [74]. Guajira peninsula has one national park (Bahia Portete-Kaurrele) designed to protect strategic marine ecosystems of a bay area located in the northeast, including seagrass meadows and mangrove forests [75]. However, protecting areas falls short of conserving Guajira’s biodiversity from other high threats, such as extreme weather, pollution, mining, and transportation (see Table 3). To address these threats, additional approaches that work with local, regional, and national human communities on different aspects, including socioeconomic, policy, health, education, are necessary.



One focus should be local peoples’ economic welfare, so pressure upon and misuse of natural resources (fish, other species, water, soil, etc.) can be reduced. One instance is through the location of alternative sources of income to agriculture, livestock farming, and fishing. Some feasible alternatives include wind energy plants, tourism, sustainable algae mariculture [11,76,77,78]. Local community governance and management of coastal areas and resources are necessary. This includes empowering local communities in the monitoring of species and ecosystems health, water quality, soil quality, and air quality, etc. [79]. Additionally, government institutions for the environment should aggressively address the water scarcity and pollution problem throughout Guajira [62]. This involves water use and clean-up law enforcement to mining and agriculture companies, the identification and closure of land-based sources of pollution [60], the restoration of the Rancheria River and its tributaries, along with estuaries and mangrove ecosystems that are natural water filters [60], and the implementation of water purification plans. Additionally, soil restoration with the reforestation of plant cover is required in many areas of mid and upper Guajira, although it may naturally occur as water scarcity problems are addressed in several areas.



Increasing knowledge and awareness of the unique and magnificent marine coastal ecosystems of Guajira is an important component for its protection because strategies’ planning is informed, and thus, has a greater likelihood to succeed. There are entire ecological communities, taxonomic groups, species, and habitats still to be explored and understood in the coastal upwelled system of the Guajira peninsula. The task of studying and knowing this diversity is difficult due to its geographic, weather, and marine conditions, which constrain the study and conservation infrastructure. However, it is a must-do before this biodiversity vanishes. With the lead and participation of the local communities, and adequate funding support, new, alternative techniques for the exploration, management, and use of Guajira can be used to accomplish this task.




6. Conclusions and Recommendations


The nutrient-enriched waters of Guajira’s upwelling are a complex environment driving coastal biodiversity. The unique coastal geomorphology and oceanography of the Guajira peninsula create a mosaic of shoreline, benthic, and water column communities that are only partially documented and described for species assemblages. Charismatic taxa groups, such as sharks and turtles, thrive in coastal Guajira, utilizing this area for juvenile recruitment and feeding. Yet this ecosystem is threatened by anthropogenic actions and, most immediately, by climate change. Several actions are recommended to manage the threats to Guajira’s coastal biodiversity, including economic empowerment and alternatives for local communities. Local communities can be more intimately involved in natural resource management and restoration. However, national attention is needed in the enforcement of environmental laws in mining and agriculture practices.



Future research should focus on several taxonomic groups which presence and habitat use in Guajira is unknown. These include benthic and planktonic invertebrate animals, pelagic fishes, and seabirds. Other knowledge gaps about the biodiversity of coastal Guajira are the estimates of populations of key species, use of the area by migratory species, and overall fishing pressure on vulnerable species. There is an important gap in genetic diversity studies of Guajira’s fauna; some information suggests the coastal geography and oceanography seem to favor genetic differentiation and connectivity in the Caribbean Sea, which place it as a focal point for these types of studies.
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Figure 1. Southern Caribbean Upwelling System by the Colombian peninsula of La Guajira (in orange) (10–12.5° N 63–65° W) in the Central Caribbean Ecoregion (14°31′19″ N, −75°49′3″ W) of the Tropical Western Atlantic. 
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Figure 2. Example biotopes (natural communities in two formations of the nearshore marine regime, in the northeastern Guajira peninsula. Open ocean side formation: (A). Unvegetated sandy beach shoreline in open ocean side formation. (B). Nearshore shallow macroalgae meadow.; (D). Macroalgae vegetated rocky shoreline. (E). Nearshore mixed seagrass meadow. (F). Rocky cliff shoreline. Marine lagoon formation: (C). Mangrove vegetated shoreline. 
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Figure 3. Map of the diverse mangrove shoreline biotopes of the Bahia Hondita marine lagoon (12.403° N, 71.695° W), northeastern Guajira. Map was created from Google Earth Images and ground-truthing of location points from 2016, using ArcGIS (Esri, 2012). 
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Figure 4. Examples of the diversity of marine plants of coastal eastern Guajira. (A): Mangrove trees Rhizophora mangle and Avicennia germinans; (B): Seagrasses Thalassia testudinum and Syringodium filiforme; (C): Macroalgae, including three species of red algae Gracilaria. 
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Figure 5. Marine animal species diversity of coastal eastern Guajira. (A). Commercial finfish (right: Cynoscion sp., and Rachycentron canadum). (B). Cartilaginous fish (left: Carcharhinus perezi; right: Dasyatis guttata). (C). Marine turtles (left: Chelonia mydas; middle: Dermochelys coriacea; right: Eretmochelys imbricata). 
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Table 1. Diversity of biotopes in the nearshore marine regime of coastal northeastern Guajira according to the CMECS classification standard (2012).
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Formation

	
Zone

	
Macrohabitat

	
Biotope (or Natural Community)






	
A.01. Marine lagoon

	
Water Column

	
Hypersaline (> 38 ppt) shallow water

	
Ephemeral hypersaline lagoon, dry season due to evaporation




	
Saline (34–38 ppt) coastal embayment connected to coastal ocean

	
Saline lagoon with a narrow opening to coastal ocean




	
Bottom

	
Unvegetated hardbottom > rocky

	
Large boulders and angular rocky dominate the bottom. No notable SAV and high turbidity




	
Vegetated hardbottom > rocky

	
Small rocks bottom with some macroalgae on the rocks, and some macroalgae between rocks




	
Unvegetated softbottom > mud

	
Shallow muddy softbottom with high turbidity, no SAV, dominated by bivalves




	
Unvegetated softbottom > sand

	
Intertidal to a very shallow sandy bottom, exposed at low tides




	
Unvegetated softbottom > sand

	
Intertidal to a very shallow biogenic (shell) sandy bottom, near mangroves, exposed at low tides




	
Vegetated softbottom > mud, sand

	
Nearshore shallow sparse Thalassia testudinum biogenic (shells) sandy bottom




	
Vegetated softbottom > mud, sand

	
Nearshore shallow sparse mixed seagrass-macroalgae vegetated bottom




	
Vegetated softbottom > mud, sand

	
Nearshore shallow, moderate to dense mixed T. testudinum–Syringodium filiforme–Halodule wrightii vegetated bottom




	
Vegetated softbottom > mud, sand

	
Nearshore shallow, moderate to dense T. testudinum vegetated bottom




	
Vegetated softbottom > mud, sand, shells

	
Nearshore moderate to dense mixed seagrass–macroalgae vegetated bottom and high turbidity




	
Vegetated softbottom > mud, sand, shells

	
Nearshore moderate to dense mixed T. testudinum–S. filiforme–H. wrightii vegetated bottom and high-water turbidity




	
Shoreline

	
Unvegetated rocky shore

	
Low relief rocky shore filled with human-altered jetties, seawalls




	
Unvegetated rocky shore

	
High relief (>4 m) cliffs and ledges




	
Vegetated rocky shore/vegetated karst shore

	
Low relief (<4 m) rocky shore/karst shore




	
Unvegetated sediment shore

	
Fine sandy mud lagoon mudflat, and high turbidity




	
Vegetated sediment shore/Mangrove

	
Rhizophora mangle mangrove shrub thicket fringing in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
Mixed R. mangle (red) and Avicennia germinans (black) mangrove shrub thickets fringing, often with red along the water and black inshore in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
R. mangle mangrove shrub thicket-overwash, in small, isolated islands in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
R. mangle mangrove shrub thicket inverted, with sandy or shelly berm in front of mangroves and high turbidity




	
Vegetated sediment shore/Mangrove

	
Mixed R. mangle–A. germinans mangrove shrub thickets with sandy or shelly berm in front of mangroves and high turbidity




	
Vegetated sediment shore/Mangrove

	
A. germinans mangrove woodland in basin or basin behind coast in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
R. mangle mangrove scrubland in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
Mixed R. mangle–A. germinans–Laguncularia racemosa (white) mangrove scrubland in muddy bottom and high turbidity




	
Vegetated sediment shore/Mangrove

	
A. germinans mangrove scrublands-fringing in coastal mudflats and high turbidity




	
Vegetated sediment shore/Mangrove

	
A. germinans mangrove scrublands in basins in muddy bottom and high turbidity




	
Unvegetated sandy shore

	
Low energy shoreline, small pocket beach within high relief rocky shore




	
Vegetated sandy shore

	
Low to medium energy Coccoloba uvifera seagrapes vegetated sandy mud beach strand on back beach swale




	
C.02 Nearshore Marine Ocean Side

	
Water Column

	
Open coastal water

	
Surface of nearshore coastal water




	
Channels and cuts

	
Surface of channels and cuts waters




	
Shoreline

	
Unvegetated rocky shore

	
low relief rocky shore with human-altered jetties, seawalls, filled areas




	
Unvegetated rocky shore

	
High relief (>4 m) cliffs and ledges




	
Vegetated rocky shore/vegetated karst shore

	
Low relief rocky shore (<4 m) with sparse xerophytic vegetation




	
Unvegetated sandy shore

	
Low energy small pocket sandy beach within rocky shore




	
Vegetated sandy shore

	
Low to medium energy Coccoloba uvifera seagrapes sparsely vegetated sandy mud beach strand on back beach swale




	
Unvegetated sandy shore

	
Medium to high energy sandy/rubble beach strand with high sand dunes




	
Unvegetated rubble shore

	
High energy rubble/cobble beach with high dunes








SAV: Submerged aquatic vegetation. Typically, seagrass and/or macroalgae.
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Table 2. Species diversity estimates in eastern Guajira by taxonomic group.
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	Group
	Number of Species
	Species Expected
	Reference





	Phytoplankton
	Unknown
	yes
	NA



	Zooplankton
	Unknown
	yes
	NA



	Seagrasses
	3
	yes
	[21]



	Macroalgae
	113
	yes
	[21]



	Sponges
	Unknown
	yes
	[31]



	Bony fish
	25
	yes
	[13,32]



	Cartilaginous fish
	15
	yes
	[13]



	Mollusks and Crustaceans
	1
	yes
	[13]



	Marine reptiles
	4
	no
	[13]



	Seabirds and flamingoes
	Unknown
	yes
	NA



	Corals and jellyfish
	0
	no
	NA



	Echinoderms
	Unknown
	yes
	NA



	Other invertebrates
	Unknown
	yes
	NA







NA: Not available.
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Table 3. Threats to the coastal biological diversity of the Guajira peninsula from El Cabo to the Venezuela border. This represents about 370 km of shoreline, including embayments. The coastal marine ecosystems include coastal mangrove wetlands, seagrass meadows, soft bottom communities, and algal beds.
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	Category
	Specifics of Threat
	Low
	Med
	High





	1. Development
	Small population centers, no large cities, but some areas are vulnerable to migration of people from Venezuela into Colombia. The largest city in the region, Riohacha, is considered a key point of entry and supply to La Guajira, but limited tourism outside this city.
	X
	
	



	2. Agriculture and Farming
	The area is arid, and with climate change, conditions will be warmer and drier. Water is imported for cattle, and some reservoirs have been built. Over-grazing by goats and cattle is a serious threat to coastal natural communities.
	
	X
	



	3. Energy and Mining
	Mining of coal via an open pit mine is a large operation in the area but impacts in coastal environments are unknown. Sea turtles display fibropapilloma (FP), which indicates heavy metals pollution in benthic environments. Heavy metals are used in coal mining operations, but the link to sea turtles FP has not been proved.
	
	X
	



	4. Transportation and Service corridors
	Rail tracks and port for the export of coal create a threat to marine communities in the westernmost Bahia. A large port was built for the export of coal from the region
	X
	
	



	5. Biological resource use and harm including within protected areas
	Fishing regulations are poorly enforced. Sea turtles and sharks are targeted as high-value target species. Most species are for subsistence and consumed locally. Trawl fisheries in the area have resulted in the collapse of some fish populations.
	
	X
	



	6. Human intrusion and disturbance within protected area
	There is one national park that includes culturally important dunes and landforms. The park is managed by the park service and protected.
	X
	
	



	7. Natural systems modification
	In the marine environment, the abundance of species has been altered by an extant commercial fishery that closed at the end of the 20th century. Many fish stocks were locally overfished. It is unknown what damage the trawling might have done to benthic communities. Fishing now is largely for subsistence. Much of the coastal area has been altered by over-grazing. The entire region has experienced desertification with drought and loss of vegetation cover. Many small communities have lost their goats, and cattle are maintained with imported water.
	
	
	X



	8. Invasive and other problematic species and genes
	Little is known about invasive species in the coastal and marine environments. Few projects have surveyed the entire extent of the coastal ecosystems.
	X?
	
	



	9. Pollution entering and generated within the areas
	Little pollution monitoring; pollution loading unknown except for sediment and erosion into coastal waters with heavy rains. Coastal desertification and loss of vegetation can result in higher sedimentation rates in the future. Rancheria river waters charged with pollutants from mining and human populations waste may discharge pollution into the ocean nearby Riohacha and other urban areas along the river.
	
	X
	



	10. Geological events
	No known threats; earthquakes are a remote threat
	X
	
	



	11. Climate change and severe weather
	Area is suffering from long-term drought, and water is extremely limited in the region.
	
	
	X



	12. Culture and social threats
	This is an indigenous area under the management of the Wayuu communities. The environmental management of the area is jeopardized by the high poverty and lack of infrastructure in the indigenous communities.
	
	
	X
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