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Summary  

In this report we examined the proximate response of fish assemblages , queen conch, and sea turtle s on 

H. stipulacea meadows in Lac Bay , Bonaire, Caribbean Netherlands . Here we primarily focus ed on the 

differences between  the invasive species  H. stipulacea and the principal species of native sea grass in Lac 

Bay, namely turtle grass Thalassia tes tudinum . 

 

We addressed the following questions:  

¶ Has H. stipulacea  expanded in area since 2011 and what effect is observed on T. testudinum 

cover?  

¶ How does the structural complexity, in terms of average height and density of vegetation , differ 

between meadows dominated by T. testudinum and those by H. stipulacea ? 

¶ Do monospecific fields of H. stipulacea differ from monospecific fields of native T. testudinum in 

terms of fish assemblages and abundances?  

¶ Does the queen conch  avoid H. stipu lacea meadows?  

¶ Will green sea turtles in Lac Bay graze on H. stipulacea ? 

 

In 2011 H. stipulacea was  present in 7 of the 45 stations across the bay where the seagrass cover was 

recorded , while this increased to presence in 12 quadrats in the year 2013. From  2011 compared to 

2013 t he cover of H. stipulacea had generally increased, while t he cover of the native T. testudinum had 

generally decreased in these quadrats. These results indicate that the invasive species is expanding in 

area in Lac Bay. It is unclear whether H. stipulacea is actively pushing out the native seagrass species , or 

whether the native seagrass cover is declining due to other causes and H. stipulacea  is rapidly  taking 

over areas that are left open . 

 

The two species of seagrass differed significantly in habitat complexity, reflected by a difference in the 

number of shoots and the length of shoots.  H. stipulacea had significantly shorter shoo ts compared to  T. 

testudinum . Higher  habitat compl exity due to the seagrass canopy (i.e. higher seagrass density, leaf 

surface or aboveground biomass) is assumed to result in higher faunal abundance due to reduced 

predation risk and enhanced food su pply. Invasive macrophytes can impose changes on native 

communities via mechanisms that modify the habitat  and cause variation in  indigenous faunal 

composition.  

 

There was a large and significant difference in fish abundance between meadows dominated by  T. 

testudiunum and those dominated by H. s tipulacea; the abundance of fish was almost half in the H. 

stipulacea meadows. This result may be due to the reduced complexity of the invasive seagrass 

meadows , but also be due to underlying factors that were not measured.  There was also a significant 

difference in the composition of fish species assemblage between T. testudiunum and H. stipulacea  

meadows. No Pomacentridae, Mullidae, and Sphyraenidae were recorded in the transects placed in H. 

stipulacea meadows, while these were present in T. testudinum meadows.  If  this is a long - term trend, 

the expansion in H. stipulacea may possibly result in a diminished nursery function of certain fish  species  

in Lac Bay.  

 

Queen c onch was equally present on H. s tipulacea ,  native seagrass meadows, and sandy patches. Hence, 

in the area of observation of the present study, it did not appear to avoid the invasive seagrass.  These 

results only refer to part of Lac Bay, therefore we are cautious with making general conclusions.  

 

We establish that Caribbean green turtles can feed o n the invasive H. stipulacea . This was documented  

using a cafeteria  experimental set -up. All three seagrass species were s elected at least once.  
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Thus the present  study indicates that the green sea turtle does not necessarily avoid H. stipulacea as a 

foo d source . While H. stipulacea is new  to the Caribbean , H. stipulacea forms an important food species 

in its native distributional range for the green turtle  in the Red Sea . H. stipulacea is increasing in cover in 

Lac Bay and may become the main food source for green  sea turtles.  What is more, when sea turtles 

consume seagrass the associated invertebrates are an important component of the diet. I nvertebrates 

that are associated with seagra ss differ per seagrass species (e.g. Willete & Ambrose 2012)  and this 

could result in a different nutritional uptake for the turtles. It is important to understand the nutritional 

difference this shift in diet may cause , before it can be concluded what  the  effect of long term 

consumption of H.  stipulacea on green turtle health may be.   
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1.  Introduction  

Lac Bay is a clear -water shallow tropical lagoon on the east coast of the island Bonaire , Caribbean 

Netherlands . The bay  has been declared a RAMSAR site  and  it is a nursery site for fish, habitat for conch 

and forage area for sea turtles.  This ecological importance of Lac Bay is carried predominantly by the 

mangrove and seagrass ecosystem in the lagoon , which contains the largest seagrass beds of the island 

and of the Caribbean Netherlands . At present the native seagrass species are threatened by a rapid 

expans ion  of the invasive seagrass Halophila stipulacea (Forsskål 1775)  (Engel 2008, Debrot et  al . 

2012 ). H. stipulacea was first recorded in Lac Bay in 2010.  In this study we examined the expansion of 

H. stipulacea since 2011 and the proximate response  of conch, fish assemblages and sea turtle grazing 

on H. s tipulacea meadows in Lac Bay.  

 

1.1  Invasion of H.  stipulacea in the Caribbean  

Native to the Red Sea and western Indian Ocean, H. stipulacea spread to the Mediterranean Sea in the 

late 1800s and became established in the eastern Caribbean in 2002 ( Ruiz and Ballantine 2004 ) . The 

species  has dispersed north and south of its first sighting in Grenada (Willette et al. 2014 ) , most likely 

facilitated by a combination of commercial and recreational boat traffic. The continuing range expansion 

of H. stipulacea  (Fig. 1) indicates the species has  successfully acclimated to the Caribbean environment, 

which warrants further investigation into its ecological interactions with the indigenous seagrasses 

(Wil lette et al. 2014 ).  The indigenous seagrass species of Bonaire are Thalassia testudinum and 

Syringodium ýliforme, Halodule beaudettei and  Ruppia maritima  (Wagenaar Hummelinck & Roos 1969, 

Engel 2008 , 2013 ) . 

 

H. stipulacea  forms monocultures as well as multispecies assemblages throughout its native and 

extended range (Ruiz and Ba llantine 2004, Short et al. 20 07 ). The combination of aggressive growth of 

H. s tipulacea (Willette and Ambrose, 2009) along with its potential capacity to disperse both short - range 

via fragments created by e.g. fish traps , grazing, waves, currents,  via ship traffic ( e.g. Ruiz and 

Ballantine, 2004 ; Willette et al. 2014 ) put this invasive species in a position to alter the seagrass 

communities throughout the region . H. stipulacea  competes with the native Caribbean seagrass S. 

filiforme ,  T. testudinum  and Halodule beaude ttei  for space and has been shown to alter the abundance 

and composition of seagrass -associated organisms in addition to the local seagrass community (Willette 

and Ambrose 2012 , Engel 2013 ); however, further investigation of this interaction is needed.  Here we 

primarily focus on the differences between H. stipulacea and the native turtle grass Thalassia 

testudinum , which is dominant seagrass species  in Lac Bay, Bonaire.  
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Figure 1 . Geographic distribution of invasive  Halophila stipulacea in the Caribbean with annotation of estimated 

benthic cover (ha) (taken from Willette et al. 2014 ).  

 

1.2  Questions  

¶ Has H. stipulacea  expanded in area since 2011 and what effect is observed on T. testudinum 

cover?  

¶ How does the structural complexity, in te rms of average height and density of vegetation, differ 

between meadows dominated by T. testudinum and those by H. stipulacea ? 

¶ Do monocultures of H. stipulacea differ from monocultures of native T. testudinum in terms of 

fish species assemblages  and abunda nces ?  

¶ Does the queen conch avoid H. stipulacea meadows?  

¶ Will green sea turtles in Lac Bay graze on H. stipulacea ? 

  

1.3  Collaboration  with institutes outside of IMARES  

Tineke van Bussel from the  Vrije Universiteit  Amsterdam  and the Sea Turtle Conservation Bonaire  

conducted the fieldwork and aided in the experimental design, and writing of the report.  Sabine Engel did 

the thought out the experimental design, conducted the fieldwork and obtained the data on H. stipulace a 

expansion in Lac Bay. Mar jolijn Christianen from  the  Rijksu niversiteit Groningen  aided in the 

experimental design, analyses, and writing of the report.  
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2.  Materials and Methods  

All data related to expa nsion of H.stipulacea between the years of 2011 and 201 3 was collected by 

Sabine Engel; f ieldwork conducted in March -May 2011 and in March -April 2013. All data  on fish 

composition, conch preference and sea turtle cafeteria experiment was collected  by Tineke van Bussel in 

Lac Bay, Bonaire, between November 20 ï December 18,  2013 . Fluctuations in environmental conditions 

were minimal within this experimental period: ( http://www.weather -and -climate.com/average -monthly -

Rainf all -Temperature -Sunshine,Bonaire,Bonaire ).  

 

2.1   H . stipulacea  expansion since 2011  

Previous studie s (Wagenaar Hummelinck and Roos 1969; Lott 2001 and Engel 2008 ) have shown that 

only the area near the mangroves and the shallow part at the inside of the fringing reef showed some 

level of uniformity regarding the benthic assemblages. The main, central part of Lac Bay is a mosaic of 

sand, and different algal and seagrass compositions. For this reason we have opted for a large number of 

stations equi -distanc ed throughout Lac.  The shortest distance between two  stations is 290 m. Using 

Google Earth, Garmin Basecamp and a handheld GPS (using Garmin eTrex -H or Garmin eTrex 10. 

Accuracy of handhelds in field is ad equat e for horizontal position with accuracy often of less than 5 m)  a 

grid system with 48 stations has been set up in the main basin of Lac Bay  (Fig.2)  

 

At each station six  1 m 2 quadrats divided in 100 subsections were laid out to determine relative 

cover/occupancy by the different seagrass species.  
 
 

Figure 2.  45 stations equi -distanced throughout Lac  Bay where seagrass cover was observed. At each 
station the percentage cover of seagrass species in six 1m 2. quadrats.  

  

http://www.weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine,Bonaire,Bonaire
http://www.weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine,Bonaire,Bonaire
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2.2  Fish composition and  density in different seagrass beds  

 

 

Figure 3.  Study site s in Lac Bay, Bonaire :  Area 1 (green) and Area 2  (red) . The size of each area was 

approximately  1.2 ha. 

 

For proper experimental design in community comparison , given the  short time frame  of study , areas 

were required with both high seagrass cover as well as  presence of monocultures of both species to 

facilitate clear comparisons between meadows dominated by either T.  testudinum  or H. stipulacea  while 

control ling for environmental variables. Most areas in the bay have  high sand c over or mixed beds, yet  

two particular areas were found where both monospecific meadows were present , indicated as Area 1 

and Area 2 in Figure 3. The areas were approximately 1 .2 ha . Based on observations, within one 

particular area environmental conditio ns (e.g. depth, temperature, salinity, currents) of monoculture T. 

testudinum and monoculture H. stipulacea  beds seemed equal , but between areas environmental 

differences were present (e.g. distance to mangrove, algae species, currents ). Therefore, for sta tistical 

analysis differences among areas were tested.  The general waterquality was good in both sites.  

 

40 transects were recorded in the locations provided in Figure 3 , according to the following scheme:  

¶ Ten transects in Thalassia  testudinum  dominated meadows in the central  area of the bay (Area 

1)  

¶ Ten transects in Halophila  stipulacea  dominated meadows in the central area of the bay ( Area 1 )   

¶ Ten transects in T. testudinum  dominated meadows near the mangroves (Area 2)  

¶ Ten transects in H. stipulacea  dom inated meadows near the mangroves (Area 2)  

Transects were laid out with a minimum distance of 3 meters from each  other.  Fish assemblage 

composition was investigated along the transects by means of underwater visual census  using SCUBA 

and stationary point -count method  between 8:00AM and 11:00AM  (Polunin & Roberts 1993, Watson & 

Quinn 1997) . The fish abundance, size -category  and species composition was quantitatively  sampled. A 

transect line of 5  meters  was  used as a visual reference for the transect size and  laid down in a 

homogenous patch of seagrass patch  at least 5 meters from t he edge , to prevent edge -effects .  
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While laying out the transect larger more skittish fish were  immediately  recorded . Subsequent ly the 

observer waited on the edge of the transect  for at least 5 minutes to allow most fish to return to the 

area. Care was taken to avoid double -counting by not count ing  individuals or groups of fish that moved 

in and out of the quadrat more than once.  The sp ecies, their abundance , and size  was recorded along the 

transect line within 1m on either side of the transect. The fish were identified according to the following 

families :  

Labridae (wrasse)  

Lutjanidae (s napper)  

Haemulidae (g runt)  

Pomacentridae (Damselfish)  

Scaridae (p arrotfish)  

Chaetodonti dae (butterflyfish)  

Carangidae (jacks)  

Acanthuridae (surgeonfish)  

Gerreidae (mojarras)  

Mullidae (goatfish)  

Sphyraenidae (barracuda)  

 

 

 

 

 

 

 

 

 

 

Since fish densities are often correlated with the degree of habitat complexity ( Luckhurst & Luckhurst 

1978 )  the total seagrass cover and maximum height of the seagrass (in centimeters) were visually 

quantified for each quadrat (following methods described in Short 2001)  once fishes had been counted .  

Seagrass cover was recorded in three 75cm x 75cm quadrats  along the transect, following figure 4 . 

Within the qua drat , the percentage cover  was recorded  of the different seagrass species, sand and other 

substrate . The average height and density of vegetation was recorded by laying down a smaller 10cm x 

10cm quadrat within the larger quadrat and count ing  the number of shoots and measuring  the length  of 

the longest leaf  of the first 25 shoots . 

 

 

 

Figure 4.  Experimental set up  of underwater  visual census of fish and quadrats to assess seagrass cover and 

vegetation complexity . 

 

Size category (cm)  Index  

0-10  1 

10 -20  2 

20 -30  3 

30 -40  4 

40 -50  5 
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Data analysis  

Data matrices of species abundance per transect were  square root  transformed and distance matrices 

were constructed using the Bray -Curtis coefficient  with  PRIMER-E version 6 . The Bray -Curtis index is one 

of the most frequently applied (dis)similarity indices used in ecology ( Purvis & Hector 2000, Legendre &  

Gallagher 2001). To test for similarities  in fish species composition among meadow type an Analysis of 

Similarities (ANOSIM) was performed in PRIMER -E. Finally a non -metric multidimensional scaling plot 

(MDS) was created based on the Bray -Curtis similarit y coefficient to visualize the resulting fish 

assemblages . Differences in vegetation characteristics  (seagrass cover, sand cover, number of shoots, 

length of shoots) and fish size among meadows of the two seagrass species ( T. testudinum and H. 

stipulacea ) and among the two are as (1 and 2) were assessed  with the Mann -Whitney  U test (fo r non -

normal distributed data) using SPSS 20.  

 

2. 3   Conch presence (habitat preference)  

Habitat preference of the queen conch was studied by actively seeking conches  within the study area 

indicated in Figure 6 . Subsequently the conch was overlaid with a 75 x 75 cm quadrat. Within the 

quadrat  the percentage cover of the dominant seagrass species  was recorded . The average height & 

density of vegetation was recorded by l aying down a smaller 10cm x  10cm quadrat within the larger 

quadrat . The n umber of shoots and the length of the longest leaf of the first 25 shoots  was recorded . In 

addition the distance from the conch to the nearest patch of other type of patch was measured in the 

four  compass -directions.  For example, if the conch was  in a Thalassia  bed, then  the distance was 

measure d to the nearest Halophila  bed  and sandy patch  in all four wind directions . 

 

2. 4   Cafeteria experiment:  Food preference of seagrass species by sea turtles  

To assess whether green turtles graze  on H. stipulacea ,  a cafeteria experiment was set up, a method 

that was adapted from  Iongh (1996) by M. Christianen  (Fig. 5) .  Cafetaria experiments were set up 

randomly within an area with high year - round green  turtle grazing pressure, predominantly near the 

channel in front of Cai (Fig. 6, Sea Turtle Cons ervation Bo naire pers. comm ).   

 

 
Figure 5 . Experimental set up of cafeteria experiment. From left to right: T. testudinum , H.s tipulacea, S. 

f iliforme  
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Three seagrass tethers, each with a thick bush of a single species, were places  on sticks in the sand 
(Figure 5 ). With each deployment, one stick per species was presented to the turtles and sticks were 
placed in random order containing:  

a.  T. testudinum  

b.  H. stipulacea  

c.  S. filiforme  

 

 

A GOPRO camera was placed at 2m distance from the sticks and was left to film unattended as long as 

the battery lasted (1 -2hrs).  

 

 
Figure 6 . Location of sea turtle cafeteria experiment in Lac Bay, Bonaire. Green area indicates important 

feeding grounds exploited year - round by immature green turtles  (pers. comm. Sea Turtle Conservation 

Bonaire) . In th is area the cafeteria experimen ts were haphaz ardly set up  and conch were observed .  
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3.  Expanse of H.stipulacea from 2011 to 2013  

In 2011 H. stipulacea was  present in 7 of the 45 stations where the seagrass cover was recorded (Fig. 
7A) ; in 2013 H. stipulacea was  present in 12 (Fig. 7B) and the cover of this species within the quadrats 
generally increased  ï the exception being in Stations Ba and Ha  (Fig 8A) . The cover of the native T. 

testudinum had generally decreased in 2013 compared to 2011 in the transects where H. stipulacea was 
present or had become present during that time period  (Fig. 8B) . These results indicate that the invasive 
species is expanding in lo cation and cover within Lac Bay and may be pushing out the native seagrass 
species.  
 
 

 
 
 

 
 

Figure 7. Halophila stipulacea  distribution in Lac Bay in A.  2011, p resent in seven  quadrats , B.  2013, present in 
12 quadrats. Red symbols indicate new areas that H.stipulacea expanded to since 2011 . At each station the 

cover of seagrass was recorded in six 1 m 2 quadrats , in this figure  the minimum -maximum is provided .  At 
one station in the middle of the bay H.stipulacea was not present any more in 2013. See Figure  2 for 
locality of all stations  in the bay that were recorded .  

A 

B 
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Figure  8. Percentage cover of seagrass recorded in 2011 and 2013 in stations where  H. stipulacea was 
present  in 2011 or had become present between 2011 -2013(for locations of the stations in Lac Bay s ee 
Figures 2 and 7)  A. represents cover of H.stipulacea, B.  represents cover of T. testudinum.  
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