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Abstract 

Many Marine Protected Areas are mismanaged, failing to provide any real value, thus it is important 

to assess the efficacy of reserves already established, and to collect baseline data before establishing 

new reserves. This study was carried out on Utila, Honduras, focusing on Turtle Harbour Marine 

Reserve (THMR), and the neighbouring artisanal fishery. This study predicted that if THMR were 

effectively protecting fish populations there would be greater abundance, individual size and biomass 

of fish at sites within the reserve than at sites outside. Interview data were collected from fishermen 

indicating that the quality of fishing around Utila has declined rapidly, and frequently fishers are 

having to fish further off shore to make catches. All admitted to fishing within the MPA, and many 

recognised the need for stricter regulations. Using Underwater Visual Census, abundance of 

Lutjanidae, Serranidae, and the less commercially valuable Labridae was recorded at sites within 

Turtle Harbour, and at sites along the north and south shores of Utila. Biomass was calculated for the 

different sites. No significant differences in total biomass, or biomass of Lutjanidae and Labridae 

were found.  However Serranidae had a significantly lower biomass inside THMR (87.4g100m-2) than 

at sites outside the park (122.2g100m-2), despite having a significantly higher biomass overall at sites 

along the north shore (182.2g100m-2), than the south shore (60.8g100m-2).This study concludes that 

THMR is not effectively protecting fish populations, likely due to the low level of both enforcement of, 

and compliance, with the local laws. 
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1. Introduction 

1.1 Background Information 

Marine Protected Areas (MPAs), have numerous definitions and delineations, but are broadly 

classified  by the IUCN as ‘any area of inter-tidal or sub-tidal terrain, together with its overlying 

water and associated flora, fauna, historical or cultural features, which has been reserved by law or 

other effective means to protect part or all of the enclosed environment’ (Kelleher and Kenchington, 

1992). The first MPAs were created in the early 20th Century (Tundi et al., 2003), and are increasingly 

being recognised for their importance as tools to aid both the conservation of marine diversity (Ray, 

1999, Denny and Babcock, 2004), and to increase the productivity of adjacent fisheries (Roberts et 

al., 2001, Gomez, 1997, Russ, 1999). There are many different types of MPA currently in use, ranging 

from small refuges which limit gear use (such as restricting trawling, or dynamite fishing), to 

enormous protected areas with multiple-use zones, such as the Great Barrier Reef Marine Park, 

which covers 344,000km2, and contains several different zones with varying restrictions 

(McClanahan, 1999). The differing levels of protection afforded to MPAs often vary according to the 

objectives for which that particular MPA was established, (i.e. for conservation of a particular 

species, habitat, group of species, or to enhance fishery yield)  (Denny and Babcock, 2004). The most 

effective MPA is generally recognized as a fully protected or no-take zone in which all forms of 

extraction (of fish, coral or invertebrates) are prohibited and often recreational activities are limited 

(Himes, 2003). Typically MPAs designed to benefit fisheries focus on the protection of commercial 

species; however, the importance of a whole ecosystem approach to fisheries is increasingly being 

realized (Crowder et al. 2008).  

In terms of benefits to fisheries there are many recognized advantages of protected areas that come 

as a result of the reduced fishing mortality, including, higher density, abundance and individual size 

of target species. For instance in a recent review of 112 independent measures from 80 reserves 
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Halpern & Warner (2002) concluded that, independent of reserve size, population densities were 

91% higher, biomass was 192% higher, and average organism size and density were 20-30% higher in 

reserves than in control sites exposed to fishing. This increase in abundance and size of fish due to 

protection has been shown in many studies, including in Tsitsikamma National Park, South Africa, 

where densities of the commercially important Roman Seabream (Chrysoblephus laticeps, 

Valenciennes 1830) , were 42 times higher than in nearby fished areas (Gell and Roberts, 2003), and 

in a Marine Reserve (after four years of protection )in Belize 45% of species commonly recorded 

showed significantly greater abundance, size or biomass than in unprotected sites. (Roberts, 1993) 

As reserves contain more, and larger individuals it is thought that protected populations can produce 

many more offspring  than fished populations - some studies have predicted order-of-magnitude 

increases in egg production (Gomez, 1997, Roberts et al., 2001, Gell and Roberts, 2003), and thus 

reserves are predicted to supply adjacent fisheries through the density-dependent export of 

juveniles and adults (known as ‘spillover’), and movement of eggs and larvae along ocean currents 

into fished areas (recruitment effect) (Roberts et al., 2001).  

The first sign that spillover of adults is occurring is usually a change in the behaviour of fishers – to 

fish nearer the reserve boundary – known as ‘fishing-the-line’ (Gell and Roberts, 2003). For instance, 

Bohnsack and Ault (2002) found that fishers preferentially placed lobster pots at the boundaries of 

Sambos Ecological Reserve, Florida Keys, and McClanahan & Kaunda-Arara (1996) and McClanahan 

& Mangi (2000) showed that trap fishers closer to the Mombasa Marine National park, Kenya, have 

three times greater catch per trap than fishers further away.  Several studies have empirically shown 

the increase in abundance of target species across reserve boundaries, for instance Moura et al. 

(2008) recorded significantly higher biomass for several commercially important fish inside a reserve 

on the Itacolomis Reef, Brazil, and at unprotected sites at its boundary, than at unprotected sites 

further away from the reserve. Roa and Bahamonde (1993) found that in Chile, a three-year closure 

of the squat lobster (Pleuroncodes monodon, H. Milne Edwards, 1837) fishery resulted in increases in 
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biomass exceeding all previous estimates since the population was first monitored in 1979. It also 

led to the re-colonisation of the species into areas where it had previously been fished out, up to 

50km away from the fishery itself. Roberts et al. (2001) showed that fish biomass doubled in fished 

areas adjacent to the Soufriere Marine Management Area, St. Lucia, after three years of protection, 

despite the reduction in size of fishing grounds.  

However, studies showing the movement of propagules across reserve boundaries are much rarer, 

although recently there have been some good examples of increases in egg production with 

protection of sites. For instance Kelly et al. (2000) found that in a New Zealand marine reserve, egg 

production of the spiny lobster (Jasus edwardsii, Hutton, 1875) increased by 9.1% per year of 

protection, Willis et al. (2003) showed that egg production for snappers within the reserve was 18 

times higher than in fished areas. Gell and Roberts (2003) showed an estimated 70% of the biomass 

of fish in Kenya’s Mombasa Marine National Park was reproductively active compared with only 20% 

in the nearby fished grounds. 

While evidence for the importance of spillover, and its role in sustaining fisheries is growing, it does 

not always occur in all areas, and for all species. Davidson (2001) showed that catch rates of blue cod 

rose by 300% inside the Long-Island Kokomohua Reserve (New Zealand) in the seven years he 

carried out the study, however they remained constant at nearby control sites ranging from 1.5-6km 

away from the park boundary. Studies in Malindi and Watamu Marine Parks, Kenya suggest that 

greater spillover occurs from fringing, rather than patch, reefs (Kaunda-Arara and Rose, 2004). These 

various studies suggest that while spillover may be important for some fisheries, its effects vary with 

species movement and dispersal distances, and with habitat type, and thus not all fisheries may 

benefit from spillover.  

Bearing in mind the benefits MPAs can provide both in terms of conservation, and with regards to 

sustaining adjacent fisheries, it is important to survey established reserves to assess whether they 

are being properly managed, and thus realizing their potential.   
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This study was designed to assess whether there is a significant difference in fish biomass, 

abundance and species richness between sites along the north and south sides of Utila, with the aim 

of establishing  whether the MPA, Turtle Harbour Marine Reserve (THMR), on Utila, the smallest of 

the Bay Islands, Honduras, is successfully protecting commercially valuable species. This study also 

set out to determine whether THMR contained a different species assemblage than other 

unprotected sites, as is often found within reserves (Gell and Roberts, 2002). This will be achieved by 

monitoring the abundance and individual size of the target species within the reserve, and at control 

sites outside of the reserve.  

There are currently two MPAs in the vicinity of Utila and the fisheries, Turtle Harbour Marine 

Reserve (THMR), and Ragged Cay Wildlife Refuge (which provides a refuge for pelicans). This study 

focuses on THMR which was established in 1991 by the Bay Islands Conservation Association (BICA). 

It is predicted that if the reserve were benefiting fish populations there would be significantly 

greater biomass inside the reserve than outside it, and that this would relate to increased spillover 

across the reserve boundaries. It would also be expected that a different population structure or 

species assemblage would exist within the reserve. 

 
2. Materials and Methods 

 

2.1 Study Site 

Honduras covers about 112,000km2 of land and is situated on the widest part of the isthmus of 

Central America (Harborne et al., 2001), with more than 91% (735km) of its coastline lying on the 

Caribbean side (Cadbury et al 2001). Utila is the smallest of three main islands (11km long and 5km 

wide) which make up the Isla de Bahia (The Bay Islands), and is located 29km off the Caribbean coast 

of mainland Honduras( Harborne et al., 2001), (Figure 1.). The Bay Islands of Honduras represent the 
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southern-most point of the Mesoamerican Barrier Reef System (MBRS); the second largest barrier 

reef system beginning at the Yucatan Peninsula of Mexico, and containing more than 60 MPAs 

(www.tbpa.net). 24,659km2 of Honduras is nationally recognised as protected, and of this 1,126km2 

of the marine habitat is encompassed in 22 ‘protected areas’ (www.eoearth.org) 

The Bay Islands sit upon the Bonacca Ridge, and as a result shallow water only extends from the 

north side of Utila for a short distance before the shelf-break to deeper waters.  Live hard coral 

cover is low, typically not reaching levels greater than 30%, due to bleaching and recent damage 

from Hurricane Mitch (Arrivillaga and Angel Garcia, 2004). The reefs around Utila are mainly fringing. 

Pressure on the local fisheries has increased dramatically in recent years, due in part to rising levels 

of tourism (mainly due to the dive industry), and the associated movement of Hondurans from the 

mainland hoping to earn more money. Fishing replaced coconut farming as the economic foundation 

of Utila (rapidly being replaced by tourism) in the 1960s (Korda et al., 2008), and fish stocks around 

Utila have since been seriously depleted. The Cays are a group of small islands off the south-west 

coast of Utila (Figure 2.), two of which (Suc-Suc and Pigeon Cay) are home to most of the artisanal 

fishing community. There are three main ethnic groups that inhabit the Cays; those known as the 

White Cayans (descendants of the first settlers from the Cayman Islands and who are generally the 

wealthiest), the Mestizo Latinos (migrants from mainland Honduras), and the Garifuna (recent 

emigrants from the Corisal on mainland Honduras, who are generally the poorest) (Korda et al., 

2008). 

Turtle Harbour Marine Reserve, (THMR), which covers 1.1km2 of both terrestrial and marine habitats 

(Wood, 2007), was established by the Bay Islands Conservation Association (BICA), designated as an 

MPA in 1991, and is located on the north side of the island (Figure 2.). Legally traditional hook-and-

line fishing is the only method of extraction allowed within THMR, and the enforcement of these 

protection laws has been entrusted to BICA by the municipal government. The reasons listed for the 

establishment of THMR include protection of important breeding and feeding grounds for turtles, 
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and lobsters, and to protect several species of reef fish from over-exploitation. Fishing with spear 

guns, dynamite, or Scuba gear is prohibited, and the reserve is patrolled by members of BICA (Pers. 

Comm., BICA). Finfish, particularly groupers, snappers, grunts and jacks constitute an important 

fishery resource throughout the Caribbean, and several species including some grouper and snapper 

are thought to be in danger of local extinction due to over-fishing (Korda et al., 2008).  
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Figure 1. Honduras (in white) in relation to the rest of Central America, Utila is circled in red. Picture 

edited from www.yourchildlearns.com/online-atlas/central-america/honduras-map-print.htm. 

 

 

 

 

 

http://www.yourchildlearns.com/online-atlas/central-america/honduras-map-print.htm
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2.2 Survey Methods 

2.2.1 Interviews: 

Informal conversations were carried out with fishers from all ethnic groups on the Cays. (The 

interview format was approved by the Inter-Divisional Research Ethics Committee after submitting a 

CUREC/1 form prior to beginning the research). Those who spoke only Spanish were interviewed 

with the help of a translator, Ivo Orellana. They were questioned on the location of their fishing 

grounds in relation to Utila (in both good and bad weather), what species (or families) make up most 

of their catch, what their most commercially valuable catch is, how they view fish stocks around 

Utila, and what they feel about Turtle Harbour/marine protected areas in general.  Interviewees 

were selected at random, but it was attempted to interview all of the main fishers on the Cays. 

These interviews were carried out in order to establish the most commercially important species to 

the local fishery, and the local attitudes to the protected area. 

 

2.2.2 Transect Surveys 

 

Underwater Visual Census (UVC) has become the most widely accepted method of estimating reef-

fish abundance non-destructively, and while it has been shown to underestimate numbers of 

inconspicuous species it allows sampling to be carried out in protected areas (unlike some methods 

that involve trapping or killing fish). The two most common methods of UVC are belt transects and 

point-count surveys. In this survey belt transects were used, in which a 25m transect tape was laid 

out along the substrate (using scuba gear) at approximately the same depth all the way along the 

tape. The observers then waited 3 minutes (to allow fish disturbed by the laying of the tape to return 

to the area). Two observers swam parallel to one-another 1m either side of the tape recording fish 

within 2m either side of the transect tape, recording them to species level, and grouping them into 

5cm size classes. Additionally for all species of parrotfish life-stage was recorded (juvenile, initial or 

terminal). Originally it was planned to focus only on the species of fish locally most commercially 
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important, as identified by discussions with the fishermen. However as the numbers of grouper and 

snapper around Utila are so low, in order to avoid getting too many zeros, parrotfish were included 

in the surveys. (All fish transects were carried out using scuba gear). 

Humman and de Loach Reef Fish ID was used for the identification of fish species. The surveys were 

carried out with the help of volunteers working with the Utila Centre for Marine Ecology (UCME). All 

volunteers had completed several fish identification tests, and had to complete (to within 10% 

accuracy) size estimation tests in which 30 differently sized ‘fish’ cut out of wetsuit were attached 

along a rope and weighted to about 5m depth. Using a mask and snorkel all observers had to swim 

along at the surface and estimate the size of the fish. This test was repeated until all answers were 

within 10% of the correct sizes before surveys were carried out.  

 

Sites surveyed: 

See Figure 2. for a map of Utila showing the sites which were surveyed.  

2.2.2 Benthic Surveys 

 

Benthic surveys were carried out along the same transect tape laid for the fish surveys. After the fish 

survey has been conducted a surveyor swam along the tape (using scuba gear) and at 0.5m intervals 

recorded the substrate directly below the tape.  

Categories recorded were Coralline Alga, Turf Alga, Macroalga, Live Hard Coral, Dead Hard Coral, 

Rock, Sand, Sponge, Rubble, Fire Coral, Gorgonian and Other. 
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Figure 2. Map of the island of Utila showing the dive sites surveyed during the study, the position of 

the marine reserve Turtle Harbour (inside the rectangle), and the Utila Cays. (Figure edited from 

GoogleEarth.) 

1. Raggedy Cay 14. Rock Harbour 27. Silver Gardens 

2. West End 15. Jack's Bight 28. Black Coral Wall 

3. Spotted Bay 16. Iron Bound 29. Laguna Beach 

4. Don Quickset 17. Blackbird Point 30. Lighthouse 

5. New Buoy 18. Diamond Cay 31. Eagle Ray Alley 

6. No. 57 19. Stingray Point 32. Moonhole 

7. Old House (Turtle Harbour) 20. Cabanas East 33. The Mound 

8. Willie's Hole (Turtle Harbour) 21. Madelines 34. Airport Caves 

9. The Maze (Turtle Harbour) 22. Jack Neil Point 35. Ted's Point 

10. The Pinnacle (Turtle Harbour) 23. Little Bight 36. Rocky Point 

11. Joshua's Swash (Turtle Harbour) 24. Pretty Bush 37. Ship's Stern 

12. Duppy Waters 25. Labyrinth 
 13. Blackish Point 26. Kenny's Reef 
  

 

2km 
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2.2.4 Data Handling 

The principal aim of this study was to determine whether the presence of the Marine Reserve was 

having an impact on the biomass of fish species. Sites were selected in order that the surveys carried 

out encompassed most of the reef surrounding Utila, roughly equal numbers of sites were surveyed 

on the north and south shore to allow comparison. Each site was surveyed at least three times, each 

transect was laid on a different area of the reef within each site, to provide suitable replication of 

results.  

Calculations were made of biomass at each site using the length-weight conversion: 

W = aLb 

Where W = weight, L = length, a and b are parameters that differ according to the species of fish. 

Measurements of a and b were taken for individual species from Fishbase (www.fishbase.org). 

Where they were not available figures were taken from the most similar species.  

The weight of fish along each transect (which represents a 100m2 area) was calculated and then 

summed for each site, giving a measure of biomass in g100m-2 for each survey at each site. These 

measures of biomass were averaged to give an average biomass for each site around Utila.  

In order to detect whether protection had an impact on biomass a General Linear Model (GLM) was 

set up in MINITAB with inside or outside reserve, and north or south side of Utila as explanatory 

variables, using the null hypothesis that there is no variation in biomass between sites. North or 

south of Utila was included as an explanatory variable as this study predicted there would be a 

difference in biomass according to whether the site was on the north or south shore, due to the 

differences in reef structure and the increased exposure of the north shore. Percentage live coral 

cover (calculated from the benthic surveys) was included as a covariate in the model (as in several 

previous studies it has been shown to affect fish abundance and biomass (Luckhurst and Luckhurst, 
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1978, Bell and Galzin, 1984)). To normalise the data the square root was taken and then the GLM 

was run first for total biomass of all species and families combined, and then run for individual 

families (i.e. parrotfish, grouper and snapper). Under traditional statistical conventions p ≤ 0.05 was 

regarded as significant.  

This study also set out to determine whether THMR contained a greater number of species (species 

richness), or had a higher species diversity, than sites outside of it. To calculate species diversity the 

Shannon Index was used; 

 

Where H = Shannon’s diversity index, S = the total number of species in the community (richness), pi 

= the proportion of species i in the total sample, and lnpi = the natural log of pi. A GLM was then set 

up in MINITAB and run for species richness, abundance (of individuals from all species combined), 

and species diversity, with the explanatory variables of north versus south of Utila, and inside versus 

outside THMR.  

In order to test the hypothesis that biomass would change along an environmental gradient away 

from Utila town, and away from the north-east end of the island (most exposed) to the west, 

regression analysis was carried out. Biomass was square-rooted to normalise the data and regressed 

against distance (km), which was also square-rooted. Distances from the end of the island, and from 

Utila town were estimated using the path tool in GoogleEarth.   

Similar regression analysis was carried out to determine whether spillover of adults across THMR 

boundary was occurring. Site 10 within THMR was selected as the midpoint of THMR, and distance 

away from this site was calculated for all other sites along the north coast of Utila.  
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These regressions were carried out again first for total biomass, and then for biomass of individual 

families.  

In order to assess whether THMR contained a different species assemblage than other unprotected 

sites Community Analysis Package IV (Pisces Conservation) was used to perform Principal 

Component Analysis (PCA) and non-metric Multidimensional Scaling (nMDS) ordinations. As 

quantitative data on species abundance (rather than just presence or absence) had been collected 

the Bray-Curtis index was used to calculate differences in species composition.  

 
3. Results 

3.1 Interview data 

Ethnic Group Fishing site Species 

  Weather Distance from Utila (miles) Grouper Parrot Fish Snapper Invertebrates 

White Cayan Good >20 Red Hind   Grey   

      Rock Hind   Yellowtail   

          Mutton   

  Bad 6-10     Yellowtail   

              

White Cayan Good >20 Red Hind   Grey    

      Rock Hind   Yellowtail   

          Mutton   

  Bad 6-10     Yellowtail   

              

White Cayan Good 0-5 Rock Hind   Yellowtail   

              

  Bad 0-5 Rock Hind   Yellowtail 
 White Cayan Good 6-10   

 
Yellowtail   

          Mutton   

  Bad 6-10   
 

Yellowtail   

          Mutton   

White Cayan Good 0-5 Red Hind   Yellowtail   

          Mutton   

  Bad 0-5 Red Hind   Yellowtail   

          Mutton   

White Cayan Good 16-20 Black   Yellowtail   

  Bad 6-10     Yellowtail   

              

White Cayan Good >20 Red Hind   Yellowtail   

      Rock Hind   Mutton   

          Grey   
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  Bad 0-5     Yellowtail   

              

Latino Good 16-20 Rock Hind   Yellowtail   

      Red Hind   Mutton   

      Black       

  Bad 0-5     Yellowtail   

              

Latino Good 16-20 Rock Hind Queen  Yellowtail   

      Red Hind   Mutton   

  Bad 6-10    Queen Yellowtail   

              

Latino Good 16-20 Rock Hind   Yellowtail   

      Red Hind   Mutton   

      Black       

  Bad 0-5     Yellowtail   

              

Latino Good 16-20 Rock Hind  Queen Yellowtail   

  Bad 0-5   
 

Yellowtail   

Latino Good 16-20       Queen Conch 

            Spiny Lobster 

  Bad 6-10       Queen Conch 

            Spiny Lobster 

Garifuna Good 6-10 Rock Hind   Yellowtail   

      Red Hind   Mutton   

  Bad 0-5     Yellowtail   

Garifuna Good >20     Yellowtail   

Table 1. Results from the interviews with the local fishers, showing their fishing distances from Utila 

Island in good and bad weather, and the species they fish for.  

From the informal interviews with fishers on the Cays it was found that fishing behaviour changed 

with weather.  In good weather 28.6% of the fourteen interviewed said they fished >20km away 

from Utila, 42.9% fished between 16-20km away, and only 28.6% fished either 0-5 or 6-10km away 

from the island. However in bad weather (when they couldn’t get out as far due to their small fishing 

boats), all fished within 10km of Utila, with 53.8% fishing 0-5km away from shore. The fishers 

attributed the need to fish further and further off shore to declining fish stocks around Utila. They all 

agreed that they would prefer to fish closer to Utila, and would if the fish stocks increased 

sufficiently.  When the fishermen fish close to Utila, they invariably fish along the north shore; and 

although all were aware of the presence of THMR they admitted to fishing within the reserve. The 

White Cayans as a group were much more concerned about the declining fish stocks than the 



P a g e  | 18 

 

migrant populations from the mainland, they were also the group that most strongly believed the 

laws regarding fishing practices within the reserves should be much more strictly enforced. 

Generally the White Cayans seemed to believe declining fish stocks were due entirely to the influx of 

Hondurans from the mainland, who, they claim, take everything regardless of size, and fish using 

spear guns. Many of the Hispanic immigrants from the mainland seemed to think that fish 

populations have mostly remained stable, however most of the fishers interviewed could see the 

value of a no-take zone, and believed stricter laws should be put in place to protect the dwindling 

stocks. 

The species most commonly targeted by the fishers were yellowtail snapper (Ocyurus chrysurus, 

Bloch 1791), rock hind (Epinephelus adscensionis, Osbeck 1765), red hind (Epinephelus guttatus, 

Linnaeus 1758), black grouper (Mycteroperca bonaci, Poey 1860), and mutton (Lutjanus analis, 

Cuvier 1828), and grey snapper (Lutjanus griseus, Linnaeus 1758). Yellowtail snapper was 

consistently the species they most preferred to catch (with the exception of one fisher who focused 

mainly on diving for Queen Conch – Strombus gigas, Linnaeus 1758, and spiny lobster – Jasus 

edwardsii, Hutton 1875). However two of the fishers, both originally from mainland Honduras were 

having to supplement their catches with some less commercially valuable parrotfish species. 

 

3.2 Transect Surveys 

37 sites around Utila were surveyed and abundance and size of 26 species were recorded over a 

period of 3 months. These data were added to previous data collected by other volunteers working 

with UCME. Percentage live coral cover was included as a covariate in the GLMs, however this study 

found that there was no significant correlation between percentage coral cover and biomass, and 

that live coral cover did not vary significantly with site.  
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Species recorded: 

Striped Parrotfish (Scarus iseri, Bloch 1789) Dog Snapper (Lutjanus jocu, Bloch & Schneider 1801) 

Redband Parrotfish (Sparisoma aurofrenatum, Valenciennes 1840) Grey Snapper (Lutjanus griseus, Linnaeus 1758) 

Stoplight Parrotfish (Sparisoma viride, Bonnaterre 1788) Mutton Snapper (Lutjanus analis, Cuvier 1828) 

Princess Parrotfish (Scarus taeniopterus, Desmarest 1831) Redhind (Epinephelus guttatus, Linnaeus 1758) 

Graysby (Cephalopholis cruentata, Lacapede 1802) Yellowmouth Grouper (Mycteroperca interstitialis, Poey 1860) 

Mahogany Snapper (Lutjanus mahogani, Cuvier 1828) Yellowfin Grouper (Mycteroperca venenosa, Linnaeus 1758) 

Redtail Parrotfish (Sparisoma chrysopterum, Bloch & Schneider 1801) Tiger Grouper (Mycteroperca tigris, Valenciennes 1833) 

Schoolmaster Snapper (Lutjanus apodus, Walbaum 1792) Black Grouper (Mycteroperca bonaci, Poey 1860) 

Coney (Cephalopoholis fulva, Linnaeus 1758) Cubera Snapper (Lutjanus cyanopterus, Cuvier 1828) 

Yellowtail Snapper (Ocyurus chrysurus, Bloch 1791) Red Grouper (Epinephelus morio, Valenciennes 1828 

Yellowtail Parrotfish (Sparisoma rubripinne, Valenciennes 1840) Rockhind (Epinephelus adscensionis, Osbeck 1765) 

Lane Snapper (Lutjanus synagris, Linnaeus 1758) Midnight Parrotfish (Scarus coelestinus, Valenciennes 1840) 

Queen Parrotfish (Scarus vetula, Bloch & Scneider 1801) Nassau Grouper (Epinephelus striatus, Bloch 1792) 

Table 2. Species recorded listed in order from commonest to rarest on the transects. N.B. Midnight 

Parrotfish and Nassau grouper were never recorded on any of the transect surveys. 

3.2.1 Total Biomass 

 The results from the GLM show that there was no significant difference in biomass between sites 

within THMR (509.7g100m-2), and outside (456.6g100m-2); p = 0.557, nor was there a significant 

difference between sites along the north shore (457.4g100m-2) and the south (471.9g100m-2); 

p=0.335. This indicates that we have no reason to reject the null hypothesis that there is no 

difference in biomass among sites. Figure 3. shows bar graphs of the mean total biomass at sites 

along the north side and south side, and at sites inside and outside THMR, along with their 

associated standard error bars.  Figure 4. shows bar graphs of the species richness, diversity and 

abundance at different sites. When the GLM was run for species diversity and individual abundance 

all p-values were again non-significant. Species richness varied significantly according to whether the 

site was on the north or south of Utila (p=0.001), with there being on average 9.06 different species 

found at sites along the north side compared with an average of 7.90 species at sites on the south 

side. Species richness did not however, vary significantly with protection (p=0.137), with a mean of 

8.2 species inside the reserve and 8.5 outside.  These results would imply that THMR is not having a 
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positive effect on total fish biomass (of snapper, grouper and parrotfish combined), or on overall 

abundance of individuals, species richness, and diversity.   

3.2.2 Parrotfish 

The data were normalised by taking the square-root, and again all of the p-values for the GLM were 

non-significant suggesting that parrotfish biomass does not vary significantly around Utila, and is not 

affected by the presence of a protected area. Parrotfish were much more abundant at all sites than 

either grouper or snapper (which had the lowest abundance). Figure 5. A) and B) show the 

distribution of sizes of individual parrotfish inside and outside the reserve. We would expect there to 

be a greater frequency of larger individuals within the protected area, however the frequency 

distribution appears to be very similar for sites outside and inside THMR. If anything there is a 

slightly higher frequency of individuals in the 16-20cm size class outside the reserve than inside it. 

3.2.3 Grouper 

The data were normalised by taking log10. The GLM produced a highly significant p-value (p=0.001) 

for sites on the north and south side of Utila, suggesting that grouper biomass is significantly greater 

at sites along the north shore (mean biomass = 182.19g100m-2), than along the south shore (mean 

biomass = 60.78g100m-2). The p-value was also significant for inside/outside the reserve (p=0.029) 

with a significantly lower biomass of grouper inside THMR (mean biomass = 87.33g100m-2) than 

outside the reserve (mean biomass = 122.22g100m-2). Figure 5. C) and D) show the frequency 

distribution of sizes of grouper, these graphs show that no grouper over 25cm in length were 

recorded on any of the transects at all. There is very little difference in the overall distribution of 

individuals within size classes inside or outside THMR, however the frequencies of grouper in the 21-

25cm size class is very slightly higher at sites within THMR.  
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A) B)  

C)  D)  

Figure 3. Means (and standard error) of total biomass (A), parrotfish biomass (B), grouper biomass 

(C), and snapper biomass (D) at sites on the north and south sides of Utila and inside and outside 

THMR 
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A) B)  

C)  

Figure  4. (A) Total species richness, (B) total abundance (of all species combined), and (C) species 

diversity (calculated using the Shannon Index) at sites inside and outside THMR, and at sites on the 

north and south sides of Utila, with their associated standard errors. 
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A  B

C  D

E   F  

Figure 5. Bar charts to show the frequency distribution of the individual sizes of (A) parrotfish within 

THMR, (B) parrotfish outside THMR (C) grouper inside, (D) grouper outside, and (E) snapper inside, 

(F) and outside.  
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3.2.4 Snapper 

 

All p-values for snapper biomass were non-significant; biomass did not differ significantly regardless 

of whether sites were along the north or south coast, or inside or outside THMR. Figure 5. E) and F) 

show that we only recorded very small individuals - which are likely to be juveniles (as for all species 

of snapper we recorded, minimum reproductive size is above 14cm (www.fishbase.com)) - at sites 

within THMR. However once again, it did not contain a higher frequency of larger individuals than 

sites outside.  

3.3. Regression Analysis 

All regression analyses conducted produced non-significant p-values (Figure 6.). The analysis for total 

biomass regressed against distance from Utila town produced a non-significant p-value of 0.188, 

suggesting that biomass (perhaps surprisingly) does not change in any linear way as sites get further 

away from the town. This is perhaps because Utila is so small any effects (such as increased 

pollution, or run-off from the town, or increased diver activity) will be spread along the south coast. 

The regression for biomass against distance from the north-eastern end of Utila is also non-

significant, but at p = 0.063 is much closer to being significant than the previous analysis.  Although 

the line in graph B) is not significantly different from zero, it does seem to show a trend, unlike 

either A) or C). This might suggest that there is perhaps a trend in decreasing biomass as distance 

from the north- east increases (and exposure decreases).   

The regression analysis we carried out to test for spillover of adults (C), was also non-significant (p = 

0.581). This suggests that biomass does not differ significantly as distance from the centre of THMR 

increases, and thus that spillover of adults is not occurring to any significant level. This is likely to be 

because, as previous analyses have shown, THMR does not in itself contain a higher biomass or 

abundance of fish.  
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3.4 Community Analysis 

 

3.4.1 Principal Component Analysis 

 

The species abundance data for each site were entered into the Community Analysis Package (CAP 

IV) and analysed using PCA and nMDS to produce plots for both (Figures 7, 8 and 9). The PCA plot 

(Figure 7.) shows correlations between species (directions of the vectors), and indicates which sites 

contain the most species. The plot shows that the majority of the species are roughly positively 

correlated with each other (i.e. they co-occur in similar sites), Redhind grouper seems to be 

negatively correlated with Graysby grouper, and with Schoolmaster snapper (the vectors are 

pointing in almost exactly opposite directions). The plot also shows that most sites contain relatively 

few different species, (those sites clustered to the right of the species vectors, i.e. the direction the 

vectors are pointing is opposite to most of the sites within the plot) and that only some contain a 

higher number of different species. Of the sites within Turtle Harbour (those in red), only site 10 

appears to be quite speciose, and seems to correlate well with the presence of Mahogany, and Grey 

Snapper, and Yellowfin Grouper. Most sites within THMR do not appear to be any more species rich 

than sites outside the protected area. 

3.4.2 Non-metric Multidimensional Scaling 

 

The nMDS analysis clusters sites according to their similarity in community structure. The plot 

(Figure 8.) shows that there are no distinct clusters; the differences in community structure between 

sites are not patterned in any significant way. The sites in red correspond to those in THMR, these 

are spread fairly evenly across the plot, suggesting that they do not (as a group) have a significantly 

different community structure to sites outside of THMR.  

Figure 9. is the same plot, but with sites 31-37 (those around the south east of Utila, and so, furthest 

away from THMR) marked in yellow. It would be expected that if there were any differences in 
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community structure, they would show up when THMR and sites 31-37 are compared due to the 

large distance between the areas. However the sites 31-37 show a similar distribution pattern across 

the plot as the sites within THMR. This suggests that there really is no great difference in species 

richness or community structure within THMR when compared to sites outside the protected area. 

The fact that community structure does not appear to change greatly with distance is possibly due to 

the fact that Utila is surrounded by fairly unbroken fringing reefs, facilitating dispersal between sites, 

thus preventing the development of any significantly different population structures. This suggests 

that there is potential to see a significant spillover effect were THMR working effectively  – 

particularly as some studies have suggested that spillover is much more likely to occur off fringing 

reefs (Kaunda-Arara and Rose, 2004). 
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Figure 7. PCA plot showing species as vectors (green lines) and sites as blocks, the blue blocks are all 
sites outside of THMR, the red blocks are all sites inside THMR. 

Figure 8. nMDS plot clustering sites according to similarity in species composition. The blue blocks 
are all sites outside THMR, the red blocks are all sites inside THMR  
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Figure 9. nMDS plot clustering sites according to similarity in species composition. Red blocks 
are sites inside THMR, yellow blocks are sites 31-37 on the south east end of Utila, blue blocks 
are all other sites. 
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4. Discussion 

The combination of the results from both of the GLMs, the regression and the community analysis 

would all suggest that THMR is not having any impact, beneficial or otherwise, on the populations of 

parrotfish, snapper or grouper. There is no evidence of a build up of biomass within the reserve, 

despite it having been protected since 1991. Many studies of similar MPAs have suggested that 

biological responses to protection are rapid usually taking between 1-3 years (Halpern and Warner, 

2002). Bohnsack and Ault (2002) showed that densities of yellowtail snapper (the most valuable 

species to the local fishers on Utila) increased by more than 15 times, over 4 years, in the fully-

protected Sanctuary Preservation Areas in the Florida Keys. Halpern and Warner (2002) found that 

while biomass, density, average individual size and abundance were all higher within reserves, there 

were no age-related differences between reserves, i.e. once biological responses had developed 

within a protected area the length of protection did not effect the increases. With this in mind we 

would have expected that after 18 years of protection there would be some signs of population 

recovery inside the boundaries of THMR.  

The results of this study also indicate that unsurprisingly there is no evidence of spillover occurring, 

and thus the local fishery will be receiving no benefit from the presence of the protected area. This is 

an important issue, as fishing pressure on Utila is continuing to increase – due mostly to the rise in 

tourism – and has done since fishing replaced coconut farming as the foundation of the economy in 

the mid 1960s (Korda et al., 2008). With fishers having to fish further and further off shore to make 

catches, and many supplementing their catches with rarer species such as reef sharks, and with 

juvenile conch and lobster, it is essential for the long-term sustainability of the fishery on Utila that 

THMR be managed to its full potential. Many previous studies have demonstrated the potential use 

a no-take zone can have for not only increasing the catch at nearby fisheries(Roberts et al., 2001, 

Roberts, 2005, Gell and Roberts, 2003, Gell and Roberts, 2002, Kaunda-Arara and Rose, 2004, 

McClanahan and Mangi, 2000, Russ et al., 2004), but also for stabilising the year-to-year variation in 
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catch levels (Gell and Roberts, 2002) independent of reserve size (Halpern, 2003, Halpern and 

Warner, 2002). However when Kelleher et al. (1995) sent out a postal survey to assess the state of 

tropical MPAs he found that of the 30% who responded 65% believed their MPA was not successful.  

Having compiled an impressive list of 1300 MPAs he found that 71% have ‘unknown management’, 

and that only 9% had a ‘high management level’ and were seen to achieve their objectives. Gell and 

Roberts (2002) found that the commonest reason for reserves failing to work is that they are often 

protecting the wrong type of habitat for the target species (Gell and Roberts, 2002). For instance an 

area of the Eastern Bering Sea was closed in 1987 due to concerns about the impacts of bottom 

trawling on fisheries for the red king crab. However after closure no significant changes in 

abundance were detected and it was concluded that the refuge failed to protect important juvenile 

habitat (Gell and Roberts, 2002). The higher biomass of grouper on the north shore may be due to 

the fact that grouper spawning aggregations take place in the deeper water off the north coast of 

Utila, however the fact that THMR seems to contain a significantly lower biomass of grouper than 

sites outside it, would suggest that the reserve is failing to protect the right habitat or important 

breeding grounds for grouper populations. The presence of juvenile snapper within the boundaries 

of THMR suggests perhaps that with regards to the snapper populations the reserve does include 

vital juvenile habitat such as seagrass beds and mangroves, and thus with better management could 

provide an important refuge for several species of snapper. More research should be conducted into 

locating the grouper spawning aggregation sites, and perhaps seeking to protect these sites, in order 

to allow the build up of grouper biomass within the reserve.  

The factor that is most important in the failure of THMR is likely to be the low levels of compliance 

with and enforcement of the laws. Several studies have highlighted the importance of community 

involvement for the successful establishment and maintenance of MPAs. For instance Fiske (1992) 

sites lack of community involvement as the main reason why the proposal to establish the La 

Parguera National Marine Sanctuary in Puerto Rico failed. While there was quite a high level of 

community and stakeholder participation in the set-up of THMR there are only two guards patrolling 
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the park, and they do so only occasionally. When they do catch fishers inside the park little is done 

to punish them, and many of the fishers interviewed believed this to be the major problem with 

THMR (pers. obs.)  

5. Conclusions 

The results of this study show that, in its current state, THMR is not effectively providing any 

protection to fish populations around Utila. There is no evidence of increased biomass, abundance 

or size of individual target fish species within the reserve despite it being declared as protected in 

1991. The lower grouper biomass within the reserve suggests that it is not protecting the right 

habitats or breeding grounds to effectively protect all ontogenic stages of the population. However 

the higher numbers of juvenile snapper within the reserve, and the greater biomass of grouper at 

sites along the north coast suggest that with adequate enforcement of the laws, and protection of 

additional grouper breeding grounds THMR could effectively protect important juvenile habitat for 

both grouper and snapper – the two most commercially valuable families to the local fishery. The 

presence of fairly unbroken fringing reef around Utila means that with sufficient build up of biomass 

THMR could provide an important resource via spillover of adults to the local fishery, enhancing 

catch rates, and reducing year-to-year variability in catches. At its current level fishing rates appear 

to be un-sustainable, but with effective enforcement of the laws in place, and greater efforts at 

patrolling the reserve THMR could provide a very important mechanism of managing the fishery. 

Further work should be carried out to locate the important breeding grounds of the grouper 

populations, and perhaps future funds should go into hiring more staff to patrol the boundaries, in 

order to effectively turn THMR into a no-take zone. If this happens, within only a few years catch-

rates of both grouper and snapper should increase in the local fishery, despite the reduction in 

fishing grounds. This would help the recovery of fish stocks which are severely declining, allowing 

the maintenance of a sustainable fishing industry on Utila, and promoting the conservation of 

species at risk from local extinction.    
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