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Summary
Since the opening of the 160km long Suez canal on November 17, 1869, it was possible for large ships to navigate between the Mediterranean and the Red Sea. Halophila stipulacea has very short roots that can be pulled loose from the soil very easily and it is capable of reproduction by fragmentation. A fragment suspended in the water column can survive for approximately two weeks. When the habitat conditions for H. stipulacea are ideal it can resettle and regrow a large seagrass field within months. This way H. stipulacea managed to find his way to Flamingo bay, Grenada in 2002. Since then it rapidly spread across the whole Caribbean sea. 

This non-native species pose a threat to the native seagrasses found in the Caribbean around the island, as it is fast-growing and tolerant to a greater range of conditions. This change in seagrass composition could lead to significant habitat change and affect the ecosystem around the island. The aim of this report is to identify the species found resident in the H. stipulacea beds at key dive sites around the island of St. Eustatius.

To determine the habitat usage 20 samples were collected between 18 and 20m depth at two popular dive sites. With a sample corer, the samples were lifted from the soil and placed in a double zipper bag. In total 390 individual animals were found in the samples. The biomass was measured giving the results that most of the plant structure is on or below the ground surface.

Based on this research, further monitoring of the seagrass beds is needed to find out what new habitat H. Stipulacea creates. To give a significant correct answer between the dry biomass and the number of species found / individuals, a statistical analysis is recommended. 
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[bookmark: _Toc23763663][bookmark: _Toc23764520][bookmark: _Toc23764696][bookmark: _Toc31104637][bookmark: _Toc31115252]Background
Halophila stipulacea is a tropical, euryhaline marine angiosperm in the family Hydrocharitaceae, containing many aquatic plant species. A euryhaline marine angiosperm is a field of grass or flowering plants that live in saline marine environments, which are commonly called seagrass (Den Hartog, 1970). Just like terrestrial grasses, seagrasses also have chloroplasts. However, a significant difference between terrestrial grasses is the absence of stomata, small pores allowing for photosynthetic respiration. One thing that seagrasses have that terrestrial grasses lack, however, is air pockets called lacunae that are located in the veins of leaves which help to keep the leaves upright underwater (Alcocer, 2019). 

Since the opening of the 160km long Suez canal on November 17, 1869 (Canal History , 2019), it was possible for large ships to navigate between the Mediterranean and the Red Sea. H. stipulacea has very short roots that can be pulled loose from the soil very easily and it is capable of reproduction by fragmentation. A fragment suspended in the water column can survive for approximately two weeks. When the habitat conditions for H. stipulacea are ideal it can resettle and regrow a large seagrass field within months. This way, fragments taken up in ballast water of ships can transport Halophila across the globe. The advancement in container and cruise ship technologies and industries over recent decades has brought with it bigger and faster vessels able to circumnavigate the globe in just a couple of weeks – spreading fragments as they go. The success of H. stipulacea as an invasive in the Caribbean Sea can be attributed to its rapid vegetative expansion (Marbá & Duarte, 1998), habitat flexibility (Coppejans, Beeckman, & Wit, 1992) (Pereg, Lipkin, & Sar, 1994), tolerance of a wide salinity range (Por, 1971) adaptation to high irradiance (Schwarz & Hellblom, 2002), and the ability to grow at depths from the intertidal zone to greater than 50 meter (Beer & Waisel, 1981). Because of this the chance that H. stipulacea fragments settle and establish new beds has increased and so the invasive spread across the world has begun. In the Caribbean, H. stipulacea was first reported in Flamingo Bay, Grenada in 2002 (Rulz & Ballentine, 2004). In 2007, it was reported in Dominica (Willette & Ambrose, 2009) and has since been widely reported throughout the Caribbean (Willette & Ambrose, 2009) (Debrot, et al., 2012) (Keninon, 2012). Most recently it was reported along the coast of Venezuela (Vera, Collado-Vides, Moreno, & Tussenbroek, 2014). 

The ecological consequences of invasive species in marine environments can be severe (Carlton, Thompson, Schemel, & Nichols, 1990) (Boudouresque, Meinesz, Ribera Siguan, & Ballesteros, 1995) (Shiganova, 1998) (Casas, Scrosati, & Piriz, 2004). The loss of biological diversity and the impact on human activities are central concerns with the proliferation of an invasive species. To eradicate invasive H. stipulacea from the entire Caribbean is simply not feasible because a seagrass bed has so many individual plants. Removing them will cause that some individuals will end up in the water column and regrow somewhere else making the problem only worse. This process is also time-consuming and expensive. So the spread of invasive H. stipulacea is considered as an event that is happening but how are ecosystems reacting to the invasion? Does H. stipulacea create a new habitat with different species living in and around it? The aim of this research will be to get an answer if benthic life differs between native and invasive seagrass resulting in the following main question: Is there a difference in present benthic infauna and epifauna species between the native and invasive seagrass species?




[bookmark: _Toc19711015][bookmark: _Toc23763664][bookmark: _Toc23764521][bookmark: _Toc23764697][bookmark: _Toc31104638][bookmark: _Toc31115253]Head- and sub-questions
[bookmark: _Toc23763665][bookmark: _Toc23764522][bookmark: _Toc23764698][bookmark: _Toc31104639][bookmark: _Toc31115254]Main questions
The invasive seagrass Halophila stipulacea is found spread throughout the Caribbean with beds found around St Eustatius. This non-native species poses a threat to the native seagrasses found around the island, as it is fast-growing and tolerant to a greater range of conditions. Already well established in the area, H. stipulacea is becoming a permanent resident of Caribbean waters. However, little research has been done into the habitat that the seagrass beds provide, and what species diversity is seen in the infauna found in the seagrass beds. 

The proposed aim of this investigation is to identify the species found resident in the H. stipulacea beds at key dive sites around the island. What insights do the species found represent – are locally native species using the seagrass for habitat or grazing? How does this compare to historical data on native seagrass beds? 

What is the state of benthic infauna species of the native and invasive seagrass species on St. Eustatius?  

[bookmark: _Toc23763666][bookmark: _Toc23764523][bookmark: _Toc23764699][bookmark: _Toc31104640][bookmark: _Toc31115255]Sub questions
· What species are found in the H. stipulacea beds at key dives sites on St Eustatius?
· Are these species locally native, or invasive, and how are they using the beds - habitat or grazing?
· How does this compare with historic data on native Thalassia seagrass beds?
· 

[bookmark: _Toc23763667][bookmark: _Toc23764524][bookmark: _Toc23764700][bookmark: _Toc31104641][bookmark: _Toc31115256]Research methodology
To collect our data, dives to the seagrass beds were necessary. In the next three paragraphs, there is an explanation of the equipment that will be used, how the samples will be collected and processed. Data collection and processing was made possible by the Caribbean Netherlands Science Institute (CNSI)

[bookmark: _Toc23763668][bookmark: _Toc23764525][bookmark: _Toc23764703][bookmark: _Toc31104642][bookmark: _Toc31115257]Plan of work and time schedule on Statia
[image: ]In a time span of 20 days we visiting St. Eustatius and Saba. To get a clear overview of who is going to do what and when planning has been made (Table 4.1: Planning). The grey boxes refer to the subject that will be conducted on that day. The data collection had to be done as soon as possible so there was enough time to process the samples in the laboratory. The point of the planning is that the time that is reserved for our research will be achieved. The last few days of the excursion will be spent on the island of Saba, as a result, lab time is restricted to time on St Eustatius. Table 4.1: Planning


[bookmark: _Toc23764702][bookmark: _Toc31104643][bookmark: _Toc31115258][image: ]Equipment:
· Boat and safety equipment;
· Two skilled divers and equipment;
· Sample bags with a minimum of two zip rows;
· Refrigerator for sample storage;
· Storage bags/jars;
· Field data pages and water-resistant pens;
· Sampling corer;
· Sieves of 0.5-1 mm mesh.

[bookmark: _Toc31104644][bookmark: _Toc31115259]Sample collection
The literature recommends a hand-held corer for infauna sampling. This is a basic device, constructed from a simple tube with stopper. The corer used (Figure 4.1) was constructed from PVC with an internal diameter of 10cm and cores were taken to a depth of roughly 5 cm deep, resulting in a sample volume of ca. 392.7 cm3. To enable easy penetration of the substrate the opening of the corer was bevelled to a sharp edge. Operation of the corer is simple; the tube is lowered slowly to the seabed until contact is made, before slowly pushing into the seabed, with a twisting motion. Slow, deliberate movements reduce silting out and minimize seabed disturbance, but are also essential to avoid compacting the sample. Once fully inserted, a screw end was used to seal the top of the tube and form a seal. Once stoppered, the corer is slowly removed from the sediment and emptied into large 1-gallon, double zipper bags. The bags were then transported back to the boat in a mesh dive bag. Figure 4.1 Sample corer

Following successful collection of samples were returned to the laboratory and the bags filled with freshwater, before storing and processing according to the literature recommendation  (Andrea Raz-Guzman, 2001).
 
[bookmark: _Toc31104645][bookmark: _Toc31115260]Processing
Once samples were collected, they were processed in the laboratory. Each sample was sieved on a 0.75mm mesh to remove fine silt and sediment. Recommended mesh sizes for marine benthos are between 0.5 and 1.5 mm. (Holme, 1964). Once enough sediment had been removed via the sieve, the sample was entered into a lab tray with some clean freshwater, which helped with sorting as organic specimens often floated. All animals found were sorted into a petri dish and recorded. From the sorted samples, abundance data will be derived from counts of species using a simple count sheet and recorded as the number of individuals per sample (Appendix 6.1). Data on the seagrass biomass was also recorded, counts of shoots and roots along with weight measurements. From this data, it is possible to estimate the impacts of seagrass density. 
[bookmark: _Toc31104646][bookmark: _Toc31115261]Advantages and shortcomings
The selected sampling method has the advantage of being simple, easily replicable and robust which has established core sampling as the recommended method for quantitative sampling of infauna.  One key advantage to core sampling is that every sample has a consistent volume, allowing for measurement in the form of count per unit volume and allowing for easier statistical analysis. 
The core sampling method used can result in the capture of epifauna alongside the infauna samples. While these species are of interest when looking at the benthic habitat of H. stipulacea, the sampling method selected does not account for motile epibenthic species that are not captured by the core. As such, this does not result in a fully accurate representation of the species diversity found in the epibenthos as many of them can move out of the way of the corer. Without a standard technique for dealing with epibenthic bycatch in the cores, Raz-Guzman recommends simply removing all protruding seagrass pieces from the corer and retain the remainder for further processing (Andrea Raz-Guzman, 2001).



[bookmark: _Toc31104647][bookmark: _Toc31115262]Results
[image: ]
The sediment core samples were taken from two different dive sites: Double Wreck (DW), and White Wall (WW), (Figure 5.1). A total of 20 sediment cores were obtained, 4 from White Wall and 16 from Double Wreck. The samples were collected from sites selected as they were both monospecific beds of H. stipulacea, and close to reefs which are popular with divers. Samples were taken from both closely reef-associated points, as well as further away from the reef, to ensure a diverse sampling of both the recently invaded sites closer to the reef and the more established beds further away. All samples were collected between 18 and 20m depth.

From the 20 sample cores from the two different dive sites, there were a total of 390 individual animals recorded. These come from a variety of phyla and classes. Most represented were the Echinoderms, Gastropods, and Crustaceans. Figure 5.1 Map showing the dive sites of White Wall and Double Wreck. White Wall is situated on the edge of the marine reserve and Double Wreck in the bay in front of the harbour.

Figure 5.2 Percentage break down of different taxon of identified animals


[bookmark: _Toc31104648][bookmark: _Toc31115263]What species are found in the H. stipulacea beds at key dives sites on St Eustatius? 
 
Species-level identification of the core samples posed a significant challenge. Due to this, specimens were identified as far as taxonomically possible. The specimens identified represented a variety of animals, with a broad range of habitat use for the H. stipulacea beds (Figure 5.2). Molluscs were highly represented, with both bivalves and gastropods being recorded. The most abundant molluscs were cerith snails, Cerithium sp., which were also observed in high abundance in-situ during sample collection. Arthropods were well represented with crustaceans in the form of both round crabs and shrimp. Due to their small size, taxonomic identification of the arthropods posed a significant challenge. b)
a)

Highly abundant, with the greatest count of individuals were the circular bodies of what have been identified as juvenile sand dollars, representing the echinoderms. Figure 5.3 Highly abundant were a) Cerithium sp and b) Sand dollar juveniles

[bookmark: _Toc31104649][bookmark: _Toc31115264]Biomass results:
Measurement of the dry biomass of the seagrass was divided into two categories. Dry biomass above was the mass of all living shoots containing chlorophyll and apical shoots of fresh growth, while biomass below included all roots and rhizome (Figure 5.4). The respective counts of these are shown in Figure 5.5.Figure 5.4 Biomass in g of H. stipulacea, the larger the bubble the greater the mass (g) of the sample.

Biomass below was greater than that of the biomass above, indicative of much of the plant being on or below the seabed. The root and rhizome structure, while shallow, provides a complex benthic habitat with some shallow sediment stabilisation. 
The data shows biomass above the sediment is less than below. This shows that the above-surface growth of H. stipulacea is less dense than that below. The vertical growth of the root structure can provide some habitat complexity; however, this is limited by the relatively short length of the leaves. When compared with biomass density of native beds the density of H. stipulacea is greater, which can limit access to the sediment of motile sediment feeders like the queen conch – an important fisheries species to the island (Maitz Boman, Bervoets, & De Graaf, 2019). It is noteworthy that samples 1-12 were reef-associated, while 13-20 were not. The reef-associated samples showed greater biomass weights, indicating more dense root systems. This is in line with research that found H. stipulacea capable of growing within the bare sand ‘halos’ formed around Caribbean reefs – sand that has been grazed bare of seagrass by herbivorous, reef-dwelling fish (Steiner & Willette, 2015), and indicates significant growth close to the reefs. Figure 5.5 Classified counts of seagrass growth. The bars show the counts of shoots and rhizome scars, while the red line indicates the count of apical shoots. The apical count represents new growth of the seagrass, while high numbers of scars indicates age of the sample, as H. stipulacea has high leaf turnover rates and does not regrow leaves from the point where they were lost. 


[bookmark: _Toc31104650][bookmark: _Toc31115265]Are these species locally native and how are they using the beds: habitat or grazing? 
Due to the challenge of taxonomic identification to species level, it was not possible to determine whether the fauna found within the seagrass benthos were native or not. The habitat use for the seagrass beds can be determined by looking at the rough life history of the identified phyla. 
As the most abundant, the sand dollar juveniles are noteworthy. Their diet consists largely of microscopic algae and particulate detritus found within the sediment. The abundance of juveniles contrasts with a singular fully formed individual indicates that the H. stipulacea could be a potential nursery site. The next most abundant group were the gastropod molluscs, predominantly consisting of cerith snails. The diet of these snails is similar to that of the sand dollars – they filter sediment for microalgae, fish waste and organic detritus.  The snails were observed both on and within the sediment as well as on the leaves of the seagrass, however, the leaves showed no signs of grazing. Despite the abundance of the queen conch, Lobatus gigas, around the island there were no signs of larvae or juvenile conch. Most crustaceans found were small (<2cm carapace width) round crabs. The habitat use of the seagrass by these crabs is difficult to determine, as they could be adults of small species which would indicate they were using the seagrass as feeding grounds or juveniles of larger species, utilising the beds and benthos as shelter. 

[bookmark: _Toc31104651][bookmark: _Toc31115266]How does this compare with historic data on native seagrass beds?
Literature research before the excursion indicated that the nearby islands within the Leeward islands archipelago were host to a number of native seagrass fields which were being invaded by H. stipulacea. It was expected that St Eustatius would be similar, due to its location. However, upon arrival on St Eustatius, it became evident that the native seagrasses of St Eustatius no longer grow in fields but rather as scarce isolated patches or singular individual plants, potentially due to climate change and anthropogenic pressures (Viana, Siriwardane-de Zoysa, Wilette, & Gillis, 2018). As a result, comparative analysis with species of seagrass native to the island was not possible. 





[bookmark: _Toc31104652][bookmark: _Toc31115267]Discussion
The wide variety of organisms found within our samples indicates that there is a diverse population of benthic invertebrates found in the H. stipulacea beds at popular dive sites on St Eustatius. The organisms found in the benthos have a broad range of habitat uses. From the sediment filtering sand dollars and microalgae grazing cerith snails to the burrowing predatory mantis shrimp, there is a diversity of species making use of the complex and dense seagrass structure of the H. stipulacea beds. Despite the challenges in taxonomic identification, it is hoped that this study can serve as basis research into what is clearly an important benthic habitat. There is proposed further study being conducted by thesis students from Van Hall Larenstein, for which this study could provide an initial exploration of the benthic species. Furthermore, there is ongoing research being conducted by CNSI into the primary productivity of the H. stipulacea beds (Maitz, pers. Comm., 2019). The biomass data collected during this study indicate that while the above and below-benthos structure of the H. stipulacea beds is shallow, it is dense and complex and can provide habitat for a large variety of species. The differences in reef-associated biomass are in line with the 2015 study that describes the encroaching of H. stipulacea on the bare sand halos around Caribbean reefs (Steiner & Willette, 2015). However, this is not entirely negative; the reefs of St Eustatius are faced with a significant amount of sediment loading as a result of terrestrial erosion and wave action – the sediment stabilising effect of H. stipulacea in immediate proximity to the reefs could be a focus of further study. 

[bookmark: _Toc31104653][bookmark: _Toc31115268]Conclusion
In this research is searched for an answer on the following question: What is the state of benthic infauna species of the native and invasive seagrass species on St. Eustatius. For this, a field research was carried out to discover the benthic infauna species.

A total of 390 animals were found in the 20 collected samples. The results show that most species fall under the class echinodermata (34%), gastropoda (31%) and crustacea (21%). Highly abundant, with the greatest count of individuals were the circular bodies of what have been identified as juvenile sand dollar. The small sizes of the different animals species (<2cm) can be an indicator that the habitat H. stipulacea creates is used as a nursery area and shelter ground. The dry biomass weight data shows that the mass above the sediment is less than below. This indicates that the above-surface growth of H. stipulacea is less dense than that below. The vertical growth of the seagrass structure can provide some habitat complexity. However, this is limited by the relatively short length of the leaves and roots.

From this field research can be concluded that a lot of animals are using the invasive seagrass beds as their potential feeding ground. To provide more information on what new habitat H. stipualcea creates, the beds should be monitored to get a more in-depth answer on how different key species are using the seagrass beds.



[bookmark: _Toc31104654][bookmark: _Toc31115269]Recommendation
The research showed that many species from different classes use the seagrass. Due to lack of knowledge, it’s not known if the different types of species foraging on the seagrass beds or that the individuals simply passed by when the sample was taken. A relationship between the dry biomass and the number of species found / individuals can’t be scientifically answered. To get a scientifically correct answer, statistics such as SPSS must be used. In this way, a significant right or incorrect answer may arise.
To find out what habitat Halophila stipulacea creates, it’s advisable to start monitoring seagrass beds. When processing the samples, it is necessary for the researcher to have more specific species knowledge.
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[bookmark: _Toc31104657][bookmark: _Toc31115273]Appendix 2: Data results
	Sample
	Reef associated
	# of Shoots
	# of Apicle
	# of Scars
	Biomass wet (above)
	Biomass dry (above)
	Biomass wet (below)
	Biomass dry (below)

	DW1
	Yes
	21
	6
	64
	17.48
	0.91
	9.75
	1.78

	DW2
	Yes
	46
	6
	79
	5.22
	0.58
	8.86
	1.24

	DW3
	Yes
	50
	7
	81
	7.39
	0.77
	10.08
	1.57

	DW4
	Yes
	45
	6
	54
	8.32
	1.25
	7.39
	1.14

	DW5
	Yes
	72
	6
	160
	9.82
	0.85
	15.49
	2.08

	DW6
	Yes
	41
	5
	85
	7.01
	0.67
	6.81
	0.97

	DW7
	Yes
	40
	6
	40
	6.52
	0.58
	10.02
	1.06

	DW8
	Yes
	?
	?
	?
	9.71
	0.83
	10.72
	1.65

	DW9
	Yes
	78
	13
	95
	?
	0.91
	?
	1.63

	DW10
	Yes
	39
	15
	124
	6.09
	0.56
	8.83
	1.1

	DW11
	Yes
	58
	10
	117
	8.09
	0.64
	12.16
	1.51

	DW12
	Yes
	75
	16
	101
	13.85
	1.01
	11.04
	1.14

	DW13
	No
	36
	1
	52
	4.31
	0.39
	6.38
	0.84

	DW14
	No
	43
	10
	83
	7.69
	0.6
	7.99
	0.72

	DW15
	No
	30
	5
	131
	8.34
	0.51
	8.88
	0.93

	DW16
	No
	?
	?
	?
	9.13
	0.77
	8.25
	1.03

	WW1
	No
	55
	13
	150
	8.78
	0.65
	10.29
	1.11

	WW2
	No
	51
	13
	94
	10.91
	0.87
	9.4
	1.1

	WW3
	No
	60
	7
	151
	9.93
	0.67
	12.19
	1.12

	WW4
	No
	46
	5
	123
	12.93
	0.75
	12.73
	1.3
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	Sample
	Class
	Common grouping
	Count
	Commentary
	Total animals
	Total species
	Reef associated

	DW1
	Bivalvia
	Unknown
	3
	Smooth grey bivalve
	14
	7
	Yes

	
	Crustacea
	Shrimp
	2
	
	
	
	

	
	Crustacea
	Hermit crab
	3
	Living in cerith shells
	
	
	

	
	Crustacea
	Porcelain crab
	1
	
	
	
	

	
	Gastropoda
	Marginellidae
	1
	Glowing marginella
	
	
	

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center 
	
	
	

	
	Unknown
	Unknown
	1
	
	
	
	

	DW2
	Annelida
	Segmented worm
	1
	Soft, white colouration
	10
	5
	Yes

	
	Crustacea
	Round crab
	2
	
	
	
	

	
	Crustacea
	Porcelain crab
	1
	
	
	
	

	
	Gastropoda
	Ceriths
	5
	
	
	
	

	
	Gastropoda
	Marginella
	1
	
	
	
	

	DW3
	Crustacea
	Hermit crab
	2
	Living in cerith shells, one with eggs
	26
	8
	No

	
	Crustacea
	Shrimp
	1
	One claw longer than body
	
	
	

	
	Echinodermata
	Brittlestar
	1
	Light white
	
	
	

	
	Echinodermata
	Sand dollar
	1
	Bright green
	
	
	

	
	Echinodermata
	Sand dollar
	11
	Small white disc with green center 
	
	
	

	
	Gastropoda
	Ceriths
	7
	
	
	
	

	
	Gastropoda
	Marginella
	2
	Light grey with brown specks
	
	
	

	
	Unknown
	Worm
	1
	Pale white with small cilia
	
	
	

	DW4
	Crustacea
	Porcelain crab
	2
	
	21
	6
	Yes

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center 
	
	
	

	
	Echinodermata
	Sand dollar
	9
	Small white disc
	
	
	

	
	Gastropoda
	Ceriths
	5
	
	
	
	

	
	Unknown
	Worm
	1
	White worm length 1 cm
	
	
	

	
	Unknown
	Worm
	1
	Yellow thick worm with visible legs across whole body
	
	

	DW5
	Crustacea
	Manta Shrimp
	1
	
	20
	5
	Yes

	
	Crustacea
	Porcelain crab
	5
	One had a yellow parasite
	
	
	

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center 
	
	
	

	
	Echinodermata
	Sand dollar
	7
	Small white disc
	
	
	

	
	Gastropoda
	Ceriths
	5
	
	
	
	

	DW6
	Annelida
	Segmented worm
	3
	
	16
	5
	Yes

	
	Crustacea
	Porcelain crab
	1
	
	
	
	

	
	Echinodermata
	Sand dollar
	7
	Small white disc with green center 
	
	
	

	
	Gastropoda
	Ceriths
	4
	
	
	
	

	
	Gastropoda
	Marginella
	1
	
	
	
	

	DW7
	Annelida
	Segmented worm
	2
	
	22
	7
	No

	
	Crustacea
	Unknown
	1
	
	
	
	

	
	Echinodermata
	Brittlestar
	1
	
	
	
	

	
	Echinodermata
	Sand dollar
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	13
	
	
	
	

	
	Gastropoda
	Unknown
	2
	
	
	
	

	
	Osteichthyes
	Fish larval stage
	1
	
	
	
	

	DW8
	Annelida
	Segmented worm
	2
	
	8
	5
	No

	
	Crustacea
	Porcelain crab
	1
	
	
	
	

	
	Crustacea
	Small shrimp
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	2
	
	
	
	

	
	Unknown
	Smooth worm
	1
	
	
	
	

	DW9
	Crustacea
	Porcelain crab
	3
	
	52
	10
	No

	
	Crustacea
	Round crab with serrated carapace
	2
	
	
	
	

	
	Crustacea
	Hermit crab
	2
	
	
	
	

	
	Crustacea
	Shrimp
	1
	light pink with soft stripe banding
	
	
	

	
	Echinodermata
	Brittlestar
	2
	
	
	
	

	
	Echinodermata
	Sand dollar
	20
	
	
	
	

	
	Gastropoda
	Ceriths
	14
	
	
	
	

	
	Gastropoda
	Smooth spiral shells
	3
	
	
	
	

	
	Polychaeta
	Segmented worm
	4
	
	
	
	

	
	Unknown
	Smooth worm
	1
	
	
	
	

	DW10
	Bivalvia
	
	1
	White bivalve with rows of ridges
	20
	10
	?

	
	Crustacea
	Porcelain crab
	2
	
	
	
	

	
	Crustacea
	Round crab
	2
	
	
	
	

	
	Crustacea
	Small isopod
	3
	Length of 2 mm
	
	
	

	
	Crustacea
	Hermit crab
	1
	
	
	
	

	
	Crustacea
	Shrimp
	3
	
	
	
	

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center 
	
	
	

	
	Gastropoda
	Ceriths
	3
	
	
	
	

	
	Gastropoda
	Marginella
	1
	
	
	
	

	
	Polychaeta
	Polychate worm
	1
	
	
	
	

	DW11
	Bivalvia
	White bivalve
	1
	
	21
	9
	Yes

	
	Crustacea
	Porcelain crab
	2
	
	
	
	

	
	Crustacea
	Round crab
	1
	
	
	
	

	
	Crustacea
	Shrimp
	2
	
	
	
	

	
	Echinodermata
	Sea cucumber
	1
	Encrusted with sediment, slightly rubbery texture
	
	
	

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center 
	
	
	

	
	Gastropoda
	Marginella
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	8
	
	
	
	

	
	Gastropoda
	
	1
	Smooth round spiral shell
	
	
	

	DW12
	Annelida
	Bristly worm
	1
	Segmented body with cilia
	25
	8
	Yes

	
	Crustacea
	Shrimp
	2
	
	
	
	

	
	Crustacea
	Small isopod
	3
	
	
	
	

	
	Crustacea
	Porcelain crab
	2
	
	
	
	

	
	Crustacea
	Smooth round crab
	2
	
	
	
	

	
	Crustacea
	Hairy round crab
	1
	
	
	
	

	
	Echinodermata
	Sand dollar
	8
	Small white disc with green center
	
	
	

	
	Gastropoda
	Ceriths
	7
	
	
	
	

	DW13
	Crustacea
	Shrimp
	1
	
	6
	3
	Yes

	
	Echinodermata
	Sand dollar
	3
	Small white disc
	
	
	

	
	Gastropoda
	Ceriths
	2
	
	
	
	

	DW14
	Annelida
	Polychate worm
	1
	
	22
	8
	No

	
	Annelida
	Lugworm
	1
	About 30cm long, with 'seapearl' attatched to tube
	
	
	

	
	Bivalvia
	Pinna camea
	1
	Translucent fan shaped valves, spiky
	
	
	

	
	Crustacea
	Hermit crab
	2
	
	
	
	

	
	Crustacea
	Shrimp
	2
	
	
	
	

	
	Crustacea
	Hairy round crab
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	12
	
	
	
	

	
	Unknown
	Parasitic worm
	1
	Long white worm living inside cerith shell
	
	
	

	DW15
	Bivalvia
	Smooth brown elongated bivalve
	1
	
	9
	6
	?

	
	Bivalvia
	Smooth round bivalve
	1
	
	
	
	

	
	Crustacea
	White isopod
	1
	
	
	
	

	
	Crustacea
	Shrimp
	1
	
	
	
	

	
	Echinodermata
	Sand dollar
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	3
	
	
	
	

	DW16
	Annelida
	Bristled segmented worm
	2
	
	13
	6
	No

	
	Annelida
	Smooth segmented worm
	2
	Smooth body with cilia
	
	
	

	
	Crustacea
	Porcelain crab
	1
	
	
	
	

	
	Echinodermata
	Brittlestar
	2
	
	
	
	

	
	Gastropoda
	Ceriths
	4
	
	
	
	

	
	Gastropoda
	Marginella
	2
	
	
	
	

	WW1
	Annelida
	Segmented worm
	4
	With cilia
	19
	9
	No

	
	Bivalvia
	
	1
	Small round white bivalve
	
	
	

	
	Crustacea
	Hermit crab
	2
	
	
	
	

	
	Crustacea
	Hairy porcelain crab
	1
	
	
	
	

	
	Crustacea
	Smooth round crab
	1
	
	
	
	

	
	Crustacea
	Shrimp
	1
	Small white shrimp
	
	
	

	
	Echinodermata
	Sand dollar
	4
	Small white disc with green center
	
	
	

	
	Echinodermata
	Brittlestar
	1
	
	
	
	

	
	Gastropoda
	Marginella
	1
	
	
	
	

	WW2
	Annelida
	White segmented worm
	1
	
	10
	7
	No

	
	Annelida
	Tubeworm
	1
	2 cm long, light brown, opening on one end
	
	
	

	
	Crustacea
	Hairy round crab
	1
	
	
	
	

	
	Crustacea
	Smooth round crab
	2
	
	
	
	

	
	Echinodermata
	Brittlestars
	1
	
	
	
	

	
	Echinodermata
	Sand dollar
	3
	Small white disc with green center
	
	
	

	
	Gastropoda
	Ceriths
	1
	
	
	
	

	WW3
	Bivalvia
	Smooth round bivalve
	1
	White shell
	28
	10
	?

	
	Crustacea
	Smooth round crab
	2
	
	
	
	

	
	Echinodermata
	Brittlestar
	4
	
	
	
	

	
	Echinodermata
	Sand dollar
	2
	Small white disc with green center
	
	
	

	
	Echinodermata
	Sand dollar
	6
	Small white disc
	
	
	

	
	Gastropoda
	Ceriths
	4
	
	
	
	

	
	Gastropoda
	Marginella
	1
	
	
	
	

	
	Gastropoda
	Smooth round shell
	1
	
	
	
	

	
	Unknown
	Parasitic worm
	2
	Long white worm living inside cerith and marginella shell
	
	

	
	Unknown
	Parasitic worm
	5
	
	
	
	

	WW4
	Bivalvia
	Round white bivalve
	2
	
	29
	6
	No

	
	Crustacea
	Hairy porcelain crab
	4
	
	
	
	

	
	Echinodermata
	Sand dollar
	18
	
	
	
	

	
	Gastropoda
	Ceriths
	1
	
	
	
	

	
	Nematoda
	Thin white worm
	3
	
	
	
	

	
	Unknown
	Pink worm
	1
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Taxonomic breakdown
Annelida	Bivalvia	Crustacea	Echinodermata	Gastropoda	Other	Unidentified	21	12	83	131	119	9	15	
Growth

# of Shoots	DW1	DW2	DW3	DW4	DW5	DW6	DW7	DW9	DW10	DW11	DW12	DW13	DW14	DW15	WW1	WW2	WW3	WW4	21	46	50	45	72	41	40	78	39	58	75	36	43	30	55	51	60	46	# of Scars	DW1	DW2	DW3	DW4	DW5	DW6	DW7	DW9	DW10	DW11	DW12	DW13	DW14	DW15	WW1	WW2	WW3	WW4	64	79	81	54	160	85	40	95	124	117	101	52	83	131	150	94	151	123	# of Apicle	1	2	3	4	5	6	7	9	10	11	12	13	14	15	17	18	19	20	6	6	7	6	6	5	6	13	15	10	16	1	10	5	13	13	7	5	Biomass dry (below)	1.78	1.24	1.57	1.1399999999999999	2.08	0.97	1.06	1.63	1.0999999999999996	1.5099999999999998	1.1399999999999988	0.83999999999999986	0.72000000000000064	0.92999999999999972	1.1099999999999994	1.0999999999999996	1.1199999999999992	1.2999999999999989	Biomass dry (above)	0.91	0.57999999999999996	0.77	1.25	0.85	0.67	0.57999999999999996	0.91	0.55999999999999872	0.64000000000000057	1.0099999999999998	0.39000000000000057	0.60000000000000142	0.50999999999999979	0.64999999999999858	0.87000000000000099	0.66999999999999993	0.75	
Shoots and Scars count


Apicle count




Dry biomass weights

Biomass above	
DW1	DW2	DW3	DW4	DW5	DW6	DW7	DW8	DW9	DW10	DW11	DW12	DW13	DW14	DW15	DW16	WW1	WW2	WW3	WW4	0.91	0.57999999999999996	0.77	1.25	0.85	0.67	0.57999999999999996	0.83	0.91	0.55999999999999872	0.64000000000000057	1.0099999999999998	0.39000000000000057	0.60000000000000142	0.50999999999999979	0.76999999999999957	0.64999999999999858	0.87000000000000099	0.66999999999999993	0.75	0.91	0.57999999999999996	0.77	1.25	0.85	0.67	0.57999999999999996	0.83	0.91	0.55999999999999872	0.64000000000000057	1.0099999999999998	0.39000000000000057	0.60000000000000142	0.50999999999999979	0.76999999999999957	0.64999999999999858	0.87000000000000099	0.66999999999999993	0.75	Biomass below	
DW1	DW2	DW3	DW4	DW5	DW6	DW7	DW8	DW9	DW10	DW11	DW12	DW13	DW14	DW15	DW16	WW1	WW2	WW3	WW4	1.78	1.24	1.57	1.1399999999999999	2.08	0.97	1.06	1.65	1.63	1.0999999999999996	1.5099999999999998	1.1399999999999988	0.83999999999999986	0.72000000000000064	0.92999999999999972	1.0299999999999994	1.1099999999999994	1.0999999999999996	1.1199999999999992	1.2999999999999989	1.78	1.24	1.57	1.1399999999999999	2.08	0.97	1.06	1.65	1.63	1.0999999999999996	1.5099999999999998	1.1399999999999988	0.83999999999999986	0.72000000000000064	0.92999999999999972	1.0299999999999994	1.1099999999999994	1.0999999999999996	1.1199999999999992	1.2999999999999989	Sample


Biomass weight (g)
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The infauna habitat of invasive seagrass Halophila stipulacea: How an alien
invader could provide habitat for diverse marine species

Caribbean coasts have traditionally been comprised of coral
reets, bare sand, and seagrass meadows. Sesgras s the
midpcint betueen these two and provides important habitat
for juvenilereat fish and 3 varisty ofinvertsbratas.

In 2002 Caribbean waters were invadad by 3 species of
sesgrass natve o the Indian Ocesn: Halophil stpulaces.
Suspected to have been transported vi the balzst waters of
international trads ships pasing through the Suez Canal, it
s the sbiity to reproduce vis fragmentaton, and grous
extremely rapidly in 3 very broad range of condiions  taits
which have estabilshed it 35 3 prevalent invasive species
across the Caribbean Ocean. Natwve sesgrass cover in the
Caribiean s indecline 3 3 resut o snthrogogenic streszors,
leauing areas exposed to the aggresive colonzation strategy
of H.stiulaces, and the species was fist recordad in the BES
(Barire, Ssba and St Eustatus) sands n 2032,

The ecological consequences of invasiv species in marine
environments can be sevare (Carlon, Thompson, Schemsl, &
Nichols, 1990). The loss of biclogical diversity and the impact
on numan actvtes sre cenral concerns with the
proffaration of an invasive secies.

To eradicate invasive H.stpulocea from the entire Carbbean
is simply ot feasible — attempts 2t removal are challenging,
costy and resul in fragmentation: instesd contributing

further 1o the spread o thespecies.

A well estbished s the spacies i, it is imporant to
undarstand the ecosystem of which i now 3 part. Invasive
<pacies can often tmes result in & monospeciic ares, with
low blodiversity. Tnese sress are then prone to exteral
stressors, sueh 35 hurricanes or £ Nifo events, and can
drasicll change the ecosystem as 3 result.(Casas, Scrosa,
& piriz, 2004

‘The Research:

1 Novermber 2015, 3 prafiminary study was conducted by two,
tudents from Van Hal Larenstsin, o determine estimats of
blodivrsity and provide nsight nto the seagras habitt. The
research i done by taking sediment samples from within
established sesgrass bed and identifying e spacies presen.
The sim of the study was to sample the derse beds of
Halophi stoulaced which are now present st 3 numbsr of
ivestes around St Eusatius, 3nd 1o then clasify th species
found in the berthic samples. T study also measurad the
plant biomass of the seagrass s, from which t s possiole
<0 gain an understanding of the density of growth and the

T study i the first of s kind in th sres and il hogefuly
provide  basis for future research into the sesgrass
ecosystem _developing within the BES. iiands and the
Caribbzan se.

(e sampic

(g T s
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Data collection:
To determine the habitat usaze 20
Samples were collacted barween 18 and
20m depth at o popular dive ste. With
= sampl corer, the sampies were ited
from the soil and placed in 3 double
sipper bg. Once samples were colectd,
they were processed in the Isboratory
Each sample was sieved on 3 0.75mm
mehto remove fine it and saciment

Results:
From the 20 sample cores there were 2 toal of 350
incividual smimsls recorded. These come from 3
varity of phyia and classs. Mot reprasentad were
the Echinaderms, Gastrapods,and Crustaceans.

Taxanomic breskdown

Highly abundant with the grestest count of indiduals
were the crculr bodies of what have been identiied
a5 juvenile sand dolr. Their et consists argely of
microscopic algae and partiulate detrtus found wthin
the seciment. The sbundance of jureriles contrssts
with 3 singular ully formed indvidual indicates that
the H.stipulaceo coul be s poential nursery it

The infauna habitat of invasive seagrass H. stipulacea

slomass weight ()

The next most sbundant group were the gastopod molluscs,
predominanly consisting of certh snais. The dietof these sl i similar
0 that of the sand dolas — they fiter sediment for microalgae, ish
waste and organic detrtus.

Messurament of the dry biomass of the sesgrass wss dvided into two
Catagoriss. Dry biomass sbove s the mass of sl Iving shoots containing
Chlorophyl and spicl shoots of fresh growth, whie biomass below
included il roots snd rhizome. The cata showis biomass above the
Sadiment e than below. This 2hows tha the sbove-urface growth of
H. stpulaces is lecs dense than that below. The vertical growth of the
oot structure can provide some habitat complexty; however, this i
limited by the relatively short lengih of the leaves. Samples 112 were
reetassocitad, while 1320 were not. The resf-ssiociated samples
showed grester biomass weights, indicatng mre dense oot systems
This i n i with resesrch that found H. tpulaces capable o growing
within the bare ssnd alo’formed around Carbbaan reefs - sand that
nas been graced bare of sesgrass by herbivorous, rest-dwaling fih
(Steiner & Willte, 2015), and indicates significan grauit cloze to the

et
Dry biomass weights

sample
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Conclusion
The vide varesy of organisms found within the
samples indicates that there s 3 diverse
populston of benthic invertabrstes found in
the K. stipulaceo beds at popular dive sites on
St Eustativs. The orgarisms found in the
benthos have 3 brosd range of abitat uses
From the sediment fitering sand dollars and
microsgas  grating corith snals 1o the
burrowing and pradatory mans shrimp, there
is 3 dersity of species maling use of the
complex and dense seagrass structure of he H.
Stpuloces beds.

It is hoped that this study can serve as basis
resestcn imto what iz cleary an mpartant
benthic_ habitat. There is proposed further
resesrch being conducted by thesis students
from Van Hall Larenstai, fo which this sty
coult provide. an nitl explorstion. of the
benthic specis. Futhermre, there s ongaing.
resesrch baing conducted by the Cribbesn
Netheriands Scisnce nstrute (CNSI) ino the
primary productiiy of the H. stpuloceo beds
(Wi, pers. Comm., 2015). The biomass data
collctet during ths sty indicate that while
the sbove and below-benthos structure of the
H_ stpuloces beds is shallow, ¢ is dense and
complex and can provide habitat for 3 large

varity of spacies. The diferences i reet-
sssocisted biomass sre in e vith 3 2015
study that describes the encrosching of K.
Stpulocea on the bara sand halos around
Caribbean reefs (Steiner & Willt, 2015]
However, his i not ancirely negativ; he resfs
of St Evetativs are faced with 3 Sgnfcant
amount of sediment losding 35 & result of
Cerresral srosion. and wave action — the
sediment stabilsing effect of H. stpulocea in
immediate prosimity o the reefs coud be 3
focus of further stucy

The infauna habitat of invasive seagrass H. stipulacea

Recommendation
From this field research, it can be
concluded that 3 ot of smimsls rs using
the invasive sesgrass beds 35 their
potential fesding ground. To provide
mare information an what new habitat
K. stpoices creates, the beds should be
monitored o get 3 more in depth
Snuter on how diferent ey spacies sre
usingthe seagrass beds.

Common aghetee
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