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Macrofaunal assemblages associated with two common seagrass‐dwelling demosponges (Amorphinopsis atlantica and Haliclona implexiformis) in a tropical estuarine system of the southern Gulf of Mexico
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Abstract
Among the ecological roles that sponges play in marine ecosystems, one of the highlights is their ability to host a wide diversity and abundance of epibenthic organisms. However, of the different marine environments, this role has been less investigated in seagrass-dwelling sponges. In this study, the main objective was to determine whether the structure of the associated faunal assemblages in two common sympatric species of seagrass-dwelling sponges (Amorphinopsis atlantica and Haliclona implexiformis) vary depending on the volume and morphology of the host sponge as well as the environment to which both sponges are exposed. Even though the collection sites had the same habitat type (seagrass meadows composed by Thalassia testudinum and Halodule wrightii) and depth, there were substantial differences in faunal composition (ANOSIM test, R = 0.86) between both sponge species. The value of the data on species richness, diversity, and abundance of associated organisms was significantly higher in the individuals of A. atlantica than in those of H. implexiformis. These differences in the community structure of associated fauna could be influenced by the differential growth form of the hosts (e.g. growth form and oscula diameter) as well as their distinct environmental preferences (sites with different degrees of exposure to wind-generated waves and levels of human disturbance). This study contributes to the knowledge on the functional role that sponges play in seagrass meadows, one of the world’s most endangered ecosystems. Furthermore, it underlines the importance of examining both, the sponge morphology and the local environmental conditions, to explain spatial variations in the macrofaunal assemblages associated with sponges.
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Background
Sponges are considered the oldest living animal phylum [1] and are well known to play important ecological functions in marine benthic ecosystems [2]. One of these, is its capability to establish interspecific relationships with a wide diversity of organisms (including species of flora and fauna and micro- and macro-organisms) [3]. Given its complex three-dimensional morphology, presence of internal channels and oscular openings that interconnect with the external environment, sponges can host a great diversity and abundance of epi and endobionts [4–9], trait for which they have been regarded as “living hotels” [4] and one of the richest marine benthic biotopes [7].
Furthermore, it has also been determined that composition of sponge-associated fauna can vary among sponge species or, even, between individuals of the same species. This variability may depend on many factors, including the sponge size [4, 10], morphology and anatomy [6–8], geographic location [5, 9], depth [11], seasonality [12], and the habitat where they live [13, 14]. Regarding the latter, recent research has found that the composition and abundance of sponge-associated fauna can vary (even on a small spatial scale) between individuals of the same sponge species (e.g. in Halichondria melanadocia) depending on the habitat [13]. This inter-habitat variability has been attributed to different factors such as the substrate type and orientation and the different degree of exposure to factors such as light, sedimentation, predation and the surrounding fauna, as well as to the different morphology that the sponge develop in each habitat [14]. However, despite the efforts made in this field, there are relatively few studies addressing the environmental condition effects on the structure of the sponge-associated faunal assemblages.
In the Mexican coasts of the Gulf of Mexico (Tropical Western Atlantic) there are extensive seagrass meadows [15], in which the biodiversity of associated invertebrates has still been poorly investigated [16, 17]. Particularly, within the estuarine system of Laguna de Terminos, located west of the Yucatan peninsula, there are shallow seagrass meadows (Thalassia testudinum, Syringodium filiforme and Halodule wrigtii) whose permanence has been threatened by both, natural (e.g. tropical storms and coastal erosion) and human-induced stress (e.g. oil industry spills, urban development and overfishing) [18–20]. Associated to these habitats, the sponge species Haliclona (Reniera) implexiformis (Hechtel 1965) (Haplosclerida: Chalinidae) and Amorphinopsis atlantica Carvalho, Hajdu, Mothes & van Soest, 2004 (Halichondrida: Halichondriidae) are commonly found living in coexistence. However, according to preliminary observations they seem to have distinct environmental preferences. Whereas A. atlantica is more frequent in areas relatively exposed to wind-generated waves and closer to the urban area (with a high degree of human disturbance), H. implexiformis is more frequent in more protected areas and further away from the urban zone. Therefore, since these species appear to have different morphological characteristics and environmental preferences, it is expected to find differences in their associated faunal assemblages.
Therefore, the aims of this study were (i) to determine and compare the species richness, species diversity and abundance of macrofauna (including epi- and endo-bionts) associated with these sponge species in a tropical estuarine system of the southern Gulf of Mexico and (ii) to determine whether these ecological parameters vary as a function of the sponge size. Furthermore, given that these sponges seem to show different environmental preferences in the study area, the possible influence of environmental conditions on the structure of the associated faunal assemblages was discussed.
Materials and methods
Study area and specimen’s collection
This study was conducted in the estuarine system of the Laguna de Terminos Flora and Fauna Protection Area, Campeche, Mexico (at the southern Gulf of Mexico) (Fig. 1). Within this system, two collection sites were chosen where the sponges A. atlantica and H. implexiformis are commonly found (Fig. 2). These sites correspond to shallow (0.5–1.0 m depth) seagrass meadows (composed by a mix of Thalassia testudinum Banks ex König, 1805 and Halodule wrightii Ascherson, 1868) located in the inner part of Isla del Carmen. The collection site for A. atlantica (18°38’24.07"N, 91°47’49.86"W) was relatively close (at about 100 m of distance) to the urban area of Ciudad del Carmen, and given its location on the coastline, this site was regarded as the exposed site (ES). The collection site for H. implexiformis (18°44’31.62"N, 91°32’13.66"W) was located 27 km from the urban area and due it was located in an area relatively less exposed to waves it was named as protected site (PS). [image: ../images/10152_2021_546_Fig1_HTML.png]
Fig. 1Study area within the Laguna de Terminos in the southern Gulf of Mexico. SE = exposed site, SP = protected site

[image: ../images/10152_2021_546_Fig2_HTML.jpg]
Fig. 2a Haliclona implexiformis, b Amorphinopsis atlantica. The scale bar corresponds to 5 cm



 A total of 10 specimens of each sponge species were collected by snorkeling in April 2019. Before collection, sponges were covered with a plastic bag to prevent escape of the mobile fauna. In the laboratory, the osculum diameter (mm) was measured (10 oscula per individual of each sponge species) with a ruler and the volume (mL) of each sponge was measured by the volumetric displacement method [21]. The individuals were dissected into small pieces under a stereomicroscope (Stemi 305, Carl Zeiss Microscopy GmbH) to extract all the associated macroinvertebrates that were present. In the same way, the seawater in the bags was filtered in a sieve (mesh size of 0.5 mm) to recover any macroinvertebrates that might have detached from the sponge during transport [9]. The organisms were fixed with 4 % formaldehyde 24 h before being transferred to 70% alcohol for preservation. The macroinvertebrates were identified to the lowest taxonomic level possible using specialized faunal guides for the region [22–28]. Then, individuals of each species were counted, and the abundance was expressed as the total number of individuals per sponge, and the density as the average (± SD) number of individuals per liter of sponge tissue. The species richness was expressed as the total number of species (or taxa) per sponge individual [14].
Environmental parameters
In order to characterize the environmental conditions at the two collection sites, temperature (ºC), salinity, dissolved oxygen (mg/L), total chlorophyll concentration (µg/L), total suspended solids in the water column (mg/L), transparency (m) and sedimentation rate (g of dry weight/m2/day) were measured.
Temperature, salinity, dissolved oxygen, and total chlorophyll concentration were directly measured with a YSI-model eXO2 (Multiparameter Sonde). Total suspended solids (TSS) was determined by filtering (using 1.5 µm pore opening fiberglass filters) of a known volume of water and drying at 60 °C in a stove for 72 h (see detailed method in [29]). Transparency of the water column was measured using a Secchi disc. Sedimentation rate was measured at each site with a trap system consisting of four sets of plastic bottles (height 23 cm, internal diameter 2.2 cm, and ratio height/diameter 10.4/1), whose opening was vertically positioned at 30 cm from the bottom. Sediment traps remained for 30 days before being taken to the laboratory. The trapped material was repeatedly rinsed with distilled water to remove salts and was dried at 70 °C for 48 h before being weighed (dry weight, g) (see the detailed method in [30]).
Water motion was estimated using the plaster dissolution method, which measures loss in weight of plaster spheres during a determined period (see details in [31]). At each site, four plaster spheres 5 cm in diameter were placed at about 20 cm above the bottom over 20 days [32]. It has been suggested that loss of mass of spheres is independent of flow direction and speed fluctuations [33] but is linearly related with flow speed [34–36] and water temperature. The water motion was expressed as the average (± SE) dissolution rate (%d− 1) at each site.
Data analyses
The normality and homoscedasticity of the data (abundance, density and species richness of associated fauna and environmental parameters) were examined using the Shapiro-Wilk and Levene’s tests, respectively. To compare the sponge volume, oscula diameter, abundance, density, and species richness of associated fauna between both sponge species the Mann–Whitney U test was applied. To determine whether data of abundance and species richness of associated macroinvertebrates vary as a function of the sponge volume (for each sponge species), Spearman rank correlations were performed. These analyses were performed using Statistica 6.0 software. The Shannon–Wiener diversity index (H’) was calculated to determine the specific diversity in each of the individuals of A. atlantica and H. implexiformis that were collected. This index is expressed as a positive number, and in most natural ecosystems it varies between 0.5 and 5.0, although its normal value is between 2 and 3. Values below 2 are considered low in diversity and above 3 are high in species diversity. Taxonomic homogenization was analyzed by partitioning β-diversity into spatial turnover of species composition and nestedness. Total beta diversity, turnover and nestedness were calculated from the abundance data with the beta.pair function using the Sorensen index [37]. The function beta.pair computes 3 distance matrices accounting for the (i) turnover (replacement), (ii) nestedness-resultant component, and (iii) total dissimilarity (i.e. the sum of both components). The spatial turnover was measured as Simpson pair-wise dissimilarity, while the nestedness-resultant dissimilarity, was measured as the nestedness-fraction of Sorensen pair-wise dissimilarity. This method estimates the total dissimilarity as Sorensen pair-wise dissimilarity (a monotonic transformation of beta diversity). These calculations were performed in R 4-0.3 [38].
A non-metric multi-dimensional scaling (nMDS) analysis, coupled with an analysis of similarities (ANOSIM) test, was conducted to examine differences in the sponge-associated macrofaunal assemblages between both sponge hosts. For these analyses, a Bray-Curtis similarity matrix was created based on the abundance data (number of individuals per sponge) of species/taxa recorded [39]. These multivariate analyses were made using the Primer 6.0 program (Plymouth Marine Laboratory, UK).
Results
Environmental parameters
The data of the environmental parameters measured in both sites are shown in the Table 1. The following parameters were significantly higher in ES: sedimentation rate (Mann-Whitney U test, p < 0.05), water motion (Mann–Whitney U test, p < 0.05) and SST (Student t-test, p < 0.01). Whereas in PS: the DO and water transparency (Student t-test, p < 0.01, in both cases). Chlorophylls did not vary significantly between sites (Mann-Whitney U test, p > 0.05) as did temperature and salinity.

Table 1Data of environmental parameters (mean ± standard deviation) measured in both collection sites


	Environmental parameter
	Exposed site
	Protected site

	Temperature (°C)
	29.27 ± 0.21
	31.33 ± 0.09

	Salinity
	36.71 ± 0.19
	38.31 ± 0.01

	Dissolved oxygen (mg/L)
	7.26 ± 0.36
	10.19 ± 0.37

	Total chlorophyll concentration (µg/L)
	1.69 ± 0.12
	3.41 ± 1.51

	Total suspended solids (mg/L)
	60.68 ± 4.66
	27.00 ± 2.75

	Sedimentation rate (g/m2/day)
	0.09 ± 0.01
	0.004 ± 0.0002

	Transparency (m)
	0.675 ± 0.08
	1.45 ± 0.05

	Water motion (dissolution rate %/day)
	4.74 ± 0.02
	4.09 ± 0.14


Parameters highlighted in italics differed significantly between sites



Volume and associated fauna in the two sponge hosts
The average osculum diameter in A. atlantica (3 ± 0.8 mm) was significantly lower (Mann–Whitney U test, p < 0.01) than in H. implexiformis (6 ± 1.5 mm). The average volume of A. atlantica individuals (344 ± 101 mL) was significantly higher (Mann–Whitney U test, p < 0.05) than that of H. implexiformis (128.5 ± 62.1 mL). In A. atlantica, a total of 1,410 macrofaunal organisms (equivalent to 914 individuals/L of sponge) were found, which were divided into 55 different taxa (Fig. 3). In this sponge, arthropods were the most abundant group (amphipods of family Gammaridae = 32.33 % and tanaidaceans of family Leptocheliidae = 15.46 %) followed by polychaetes (family Terebellidae = 5.60%) and echinoderms (represented by the species Ophiactis savignyi) (5.46%) (Fig. 4). Regarding H. implexiformis, a total of 202 macrofaunal organisms (or 441.70 individuals/L of sponge) were found, which were divided into 25 different taxa (Fig. 3). Polychaetes of family Syllidae were the most abundant (40.59 %) in this sponge species, followed by arthropods with family Gammaridae (19.31 %) and echinoderms with the species O. savignyi (9.90%). The complete list of species/taxa groups found in each sponge is shown in Table 2.[image: ../images/10152_2021_546_Fig3_HTML.png]
Fig. 3Abundance of associated fauna (total per sponge individual and average per litre of sponge tissue) in the species A. atlantica and H. implexiformis. The error bars indicate the standard error
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Fig. 4Relative abundance of the main taxonomic groups found in association with the species A. atlantica and H. implexiformis

Table 2List of taxonomic groups/species found in association with the sponges A. atlantica and H. implexiformis


	Taxa/species
	
 A. atlantica

	
 H. implexiformis


	Polychaeta

	 Terebellidae
	*
	 
	 Polychaete sp.
	*
	*

	 Ampharetidae
	*
	 
	 Nereididae
	*
	 
	 Eunicidae
	*
	*

	 Hesionidae
	*
	 
	 Phyllodocidae
	*
	 
	 Oenonidae
	*
	 
	 Acoetidae
	*
	 
	 Syllidae
	*
	*

	 Serpulidae
	 	*

	 Poecilochaetidae
	 	*

	Mollusca

	 
 Rissoina cancellata

	*
	 
	
  Neritina virginea

	*
	 
	
  Batillaria minima

	*
	 
	 Turritellidae
	*
	 
	
  Crepidula (Ianacus) plana
	*
	*

	
  Carditamera floridana

	*
	 
	
  Cerithium lutosum.

	*
	*

	
  Cerithium (Thericium) eburneum
	 	*

	
  Pleurolucina sombrerensis

	*
	 
	
  Cerithiopsis (Cerithiopsis) greeni
	*
	 
	
  Anachis (Costoanachis) albella
	*
	 
	
  Anachis (Costoanachis) semiplicata
	*
	 
	
  Geukensia demissa

	*
	 
	
  Geukensia granosissima

	*
	 
	
  Diodora listeri

	*
	 
	
  Brachidontes modiolus

	*
	 
	
  Cerithiopsis (Laskeya) emersoni
	*
	 
	
  Nassarius vibex

	*
	 
	
  Rhinoclavis kochi

	 	*

	
  Calliostoma (Calliostoma) yucatecanum
	 	*

	Crustacea

	 Porcellanidae
	*
	 
	 Alpheidae
	*
	 
	
  Alpheus heterochaelis

	*
	 
	
  Sphaeroma sp.
	*
	 
	 Cheirocratidae
	*
	 
	 Aoridae
	*
	*

	 Melitidae
	*
	 
	 Liljeborgiidae
	*
	 
	 Corophiidae
	*
	 
	 Gammaridae
	*
	*

	 Leptocheliidae
	*
	*

	 Panopeidae
	*
	*

	 Menippidae
	*
	 
	 Xanthidae
	*
	*

	 Mysidae
	*
	*

	 Paguroidea
	*
	 
	 Paguridae
	*
	 
	 Phoxocephalopsidae
	*
	 
	 Amphilochidae
	*
	*

	 Sebidae
	*
	 
	 Hyalidae
	*
	*

	 Melphidippidae
	*
	 
	 Anamixidae
	*
	 
	 Nuuanidae
	*
	 
	
  Balanus sp.
	*
	 
	 Colomastigidae
	*
	 
	 Crustacea sp.
	*
	*

	
  Cirolana parva

	 	*

	
  Excorallana tricornis

	 	*

	 Stenothoidae
	 	*

	 Ampithoidae
	 	*

	Echinodermata
	 	 
	 
 Ophiactis savignyi

	*
	*

	Tunicata

	 Ascidiacea sp.
	 	*


The asterisk indicates the presence in the sponge



The abundance and species richness of associated fauna were significantly higher in A. atlantica than in H. implexiformis (Mann–Whitney U test, p < 0.01, in both cases). However, when we compared the density of associated organisms (sponge ind/L) as a standard measure, independent on the sponge size, no significant differences were found (Mann-Whitney U test, p > 0.05) between both sponge species. This result indicates that, regardless of the sponge size, the concentration of the associated fauna (epi- and endo-bionts) was similar between the examined individuals of both sponge species.
Diversity and similarity between the sponge‐associated faunal assemblages
In the individuals of A. atlantica, the Shannon-Wiener diversity index (H’) ranged from 1.59 to 2.80 and was on average (± SD) (2.28 ± 0.36) higher than that of H. implexiformis (0.76–1.65, average = 1.32 ± 0.27). Regarding the overall beta diversity (βSOR) of associated macrofaunal assemblages (including that of both sponge species) it was of 0.88. This overall diversity was better explained by spatial species turnover (βSIM = 0.77) than by changes in richness related to nestedness (βSNE = 0.11).
According to the nMDS analysis, the twenty sponge samples examined were separated in two main groups (2D Stress = 0.13, Similarity = 20%), which were significantly different (ANOSIM, Global R = 0.862, p < 0.05) (Fig. 5). In group A were all the samples of A. atlantica and in group B all those of H. implexiformis. [image: ../images/10152_2021_546_Fig5_HTML.png]
Fig. 5nMDS plot ordination of associated macroinvertebrate taxa abundance data at each sponge host (A. atlantica and H. implexiformis). Samples of A. atlantica are indicated with letter A and those of H. implexiformis with letter H


Spearman rank order correlations
In both sponge species, there was no significant correlation between the volume and the density of associated fauna (A. atlantica, ρ = –0.88, p > 0.05, n = 10; H. implexiformis, ρ = –0.69, p > 0.05, n = 10). Only in H. implexiformis, the volume of individuals correlated positively (ρ = 0.76, p < 0.01, n = 10) with the Shannon-Wiener diversity index and the abundance with the species richness (ρ = 0.81, p < 0.01, n = 10).
Discussion
The abundance and species richness reported here in A. atlantica and H. implexiformis were within the range of that found in other sponge species. For example, in seven sponge species from the Aegean Sea (such as Geodia cydonium, Agelas oroides, Petrosia ficiformis, Spongia officinalis, Ircinia fascculata, I. muscarum and Verongia aerophoba), the abundance of associated macrofauna ranged from 312 to 3838 individuals/sponge and the species richness from 61 to 151 species/sponge [6]. Also, in the sponge Halichondria (Halichondria) melanadocia (from the southern the Gulf of Mexico) a total of 3272 individuals of macroinvertebrates were found in 66 sponge individuals, belonging to 40 taxonomic groups [14]. The Shannon diversity index (H’) values recorded here in both sponge species were also within the range of that reported in other sponge species (e.g. Mycale microsigmatosa = 3.0, [9]; Ircinia strobilina = 4.5, I. felix = 3.5 and Aplysina fistularis = 0.3, [40]; Aplysina archeri = 1.14 and A. lacunosa = 1.47, [41].
On the other hand, although there were 15 shared species between both sponge species (from a total of 65 species), multivariate analyzes showed that these associated faunal assemblages were significantly different. In addition, the beta diversity analysis revealed that the differences recorded in the species richness between both host sponges species were a reflection of spatial turnover, i.e., the associated assemblage of a sponge species was not a subset of the other sponge species [42].
It is well known that morphological characteristics of sponges may partly explain the inter and intra-species variations in the structure of the associated assemblages [6, 13, 43]. In this regard, despite the morphological differences that exist between the examined individuals of H. implexiformis (massive-branched form with several tube-like oscular projections) and A. atlantica (massive-encrusting form with a wide basal area and small oscula), a complexity index or surface area was not determined to relate it with the differences found in the sponge-associated faunal assemblages [6]. Among the morphological characteristics of sponges, the osculum size has also been regarded as good predictor of abundance and richness of associated organisms, i.e., the larger oscula can provide them with greater shelter and protection from predation [3, 11, 44]. The size of these openings can also define the size of the endobionts that enter the sponge, and consequently, influence in the structure of the sponge-associated assemblages [45]. In this case, although A. atlantica had smaller oscula than H. implexiformis, it had the greatest species richness and abundance. This exception to the rule has also been reported previously in other sponge species [46], and in this study the oscula size can help explain the size of the dominant associated group. That is, the dominant group in H. implexiformis were the polychaetes, whose size range (0.1–2.3 mm diameter) was relatively larger than the dominant organisms found in A. atlantica (amphipods, 1–5 mm diameter). In this study we did not measure the sponge canal volume and diameter, two factors known to influence macrofaunal abundance and species diversity in sponges [47].
Moreover, the relationship between the sponge volume and the abundance of its associated fauna has been positive for many sponge species, and can be explained by the fact that that larger sponges usually have more space for associated organisms than smaller ones [41, 48]. However, in this study the volume of both sponge species was not correlated with the density of their associated fauna. This lack of correlation is consistent with that found in other species such as Verongia aerophoba from the North Aegean Sea [49]. Only for H. implexiformis, the volume of individuals correlated positively with the Shannon-Wiener diversity index. The positive relationship between the sponge volume and the diversity index (H’) of associated organisms has also been documented in other sponge species (e.g. Sarcotragas muscarum Schmidt, 1864 and its associated-polychaete assemblages) [50] and could be related with the Theory of Island Biogeography [51]. In H. implexiformis, the positive relationship recorded between abundance and species richness of the associated fauna may be indicative of a high degree of equality of the abundance distribution of species associated with this sponge species.
In addition to the influence of host morphology, this study also provides evidence about the possible environmental influence on the differences found in the structure of the associated faunal assemblage between both sponge species. For example, the different degree of exposure to wind-generated waves that the sites had could also have played an important role in the differences found in the composition, richness, and abundance of sponge-associated fauna. In this regard, a previous study conducted in the same study area revealed significant variations in the abundance, richness, and composition of the seagrass-dwelling macroinvertebrates between sites with different exposure degree to wind-generated waves [17]. Despite being the same habitat and depth in both sites, the collection site of A. atlantica was the most exposed and physical parameters such as hydrodynamism, sedimentation rate and TSS were significantly higher than in the H. implexiformis collection site. Here, it is also important to mention that most of the A. atlantica individuals were found half-buried, which may be product of the greater sedimentation regime registered in that site. This closeness of A. atlantica to the sea-floor could provide a greater possibility for inhabitants of this microhabitat (soft sediments) to find and to live inside the sponge, as has been suggested in other sponge species (e.g. Mycale [Zygomycale] parishii [Bowerbank, 1875]) [44].
It is also important to mention that part of the fauna associated with these sponges (20 % of the recorded here in A. atlantica and 16 % of that recorded in H. implexiformis) had already been previously reported in the surrounding seagrasses of the study area [17]. Therefore, the differences in the associated fauna with these two sponge species could also be due, in part, to the spatial variability of epibenthic assemblages of the surrounding habitat [17].
Another difference between the sites, in addition to the degree of exposure to waves, was the relative proximity to the urban area. The A. atlantica collection site is an area with relatively high levels of human disturbance, as it is often affected by garbage accumulation, untreated urban wastewater discharges, as well as by wastewater from the adjacent local slaughterhouse (E. Ávila pers. com.). Although little is known about the effect of environmental pollution on the fauna associated with sponges [9], the possibility that inter-site differences in environmental quality may have influenced the variability recorded in the assemblages associated with these two species of sponges is not ruled out. In a study conducted on the sponge Mycale microsigmatosa Arndt, 1927 (from Rio de Janeiro State, SE Brazil), where collection sites with different environmental quality were included (one of them under strong influence of polluted waters by domestic wastes, oil, and heavy metals) and no differences were found in the community structure of their associated fauna [9]. Therefore, to verify this effect more studies are necessary where other environmental parameters such as chlorophyll concentration, biochemical oxygen demand and organic matter content on the water column and sediments.
Finally, due to individuals of both sponge species differ in morphology and that they were collected from different sites, there is potential interference between these factors to explain the variability found in the assemblages of associated fauna, i.e., the effect of site and the species morphology. As mentioned before, several studies have supported both factors as responsible for the variability of the associated biota [5, 7, 14, 46]. However, in this case we consider that the effect of the site may be more important, since according to previous studies, the organisms that live in association with a particular sponge species come mainly from the surrounding benthic assemblage [13, 14, 46]. The fact that both sponge species from this study shared a considerable proportion of associated macrofauna with the surrounding habitat support the importance of site and the local environmental conditions.
Conclusions
In this study the ecological role of two common seagrass-dwelling sponge species (Amorphinopsis atlantica and Haliclona implexiformis) as hosts for other marine organisms was examined in a tropical coastal lagoon of the southern Gulf of Mexico. In both sponge species the data of abundance, species richness and diversity of associated macroinvertebrates were within the range reported for other sponge species from other regions of the world. It was also found that these assemblage descriptors of the associated fauna varied between both species of sponges, being significantly higher in A. atlantica, a species that inhabits in a relatively more exposed site (to wind-generated winds and levels of human disturbance). However, due to the fact that each of the sponges inhabit a different environment and that they show morphological differences (e.g. growth form and oscula diameter) it was impossible to imply causality or even a correlation between the parameters. Differences in their assemblage structure should be addressed through a reciprocal transplant experiment, which will allow us to examine the changes in species composition due to an induced change in environmental conditions. The data generated in this study may also serve as a baseline for future studies focused on the conservation and ecological restoration of habitats of seagrass meadows in the study area.
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