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1. General Introduction

1.1 Coral Reefs under threat

It has been estimated that we have lost 19% of coral reefs worldwide,

with a further 15% at serious risk of being lost in the next 10-20 years

and further 20% could be lost in 20-40 years (Wilkinson 2008). Coral

reefs are of considerable scientific, economic and social importance, and

as such there has been a lot of focus on the variety of factors and threats

degrading coral reefs worldwide (Hodgson 1999, Wilkinson 1999,

Hodgson 2001, Hoegh-Guldberg 2004). In the Caribbean, increased

population and development have resulted in a myriad of anthropogenic

stresses on reefs (Wilkinson 2008). In conjunction with localised

problems such as eutrophication, sedimentation, over fishing, chemical

pollution and habitat destruction (Dubinsky and Stambler 1996, Lapointe

and Matzie 1996, McClanahan 1997, Heap et al. 1999, Larcombe and

Woolfe 1999, Croquer et al. 2002, McClanahan et al. 2002b, Munday

2004, Nowak 2004, Fabricius et al. 2005, Mumby et al. 2005a, Mumby

2006b, a, Mumby et al. 2007), there are larger scale issues such as global

sea temperature increase, acidification and increased hurricane / storm

damage as a result of global climate change (Burke et al. 2004, Hoegh-

Guldberg et al. 2007).
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All of these factors have contributed to an unprecedented phase shift in

the community of coral reefs in the Caribbean (Hughes 1994a).

Classically reefs consist of a wide diversity of benthic organisms,

especially Scleractinia (hard corals), such as the branching, fast growing

Acropora spp. These and other important frame (Raymundo et al. 2003)

building corals are being replaced at an alarming rate by dominant,

nutrient-loving macro algae and the sediment tolerant foliose coral

Agaricia spp. Such a shift has not been recorded in geological records for

the last 3000 years (Aronson et al. 2004, Wapnick et al. 2004), and some

are suggesting a change in classification maybe needed from coral reefs

to algal reefs, as macro algal cover increases to over 50% on most

modern Caribbean reefs, and coral cover decreases bellow 30% (Dustan

and Halas 1987, Aronson et al. 1998, Aronson et al. 2004, McManus and

Polsenberg 2004, Wapnick et al. 2004)

Part of the problem is removal of top down regulation. Over-fishing of

principal grazers and the mass die-off of Diadema spp. urchins are

examples of a loss of ‘top-down regulation’ (Hodgson, G., 1999).

However the role of ‘bottom-up regulation’, is of equal importance in

understanding reef degradation (Gorgula, S.K.et al, 2004; Mumby P.J.

et.al, 2005; Szmant, A., 2002). Local river output can have an important
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affect on ‘bottom-up regulation’ of macroalgae. Rivers can not only

directly provide increased nutrients for algae, but also stress corals with

increased sediment loads or spikes of low salinity (Andrefouet et al.

2002). Increased deforestation and coastal development can increase

sediment and nutrient loads within rivers, especially after tropical storms

and increased rainfall, thus furthering the reach of sediment plumes

(Burke et al. 2004, Burke and Sugg 2006).

A study by the World Resources Institute, estimated that Honduran rivers

provide 80% of all the sediment and over half of all the nutrients in the

Mesoamerican Barrier Reef region (Burke and Sugg 2006). The

Honduran Marine Protected Area, Marine National Monument Cayos

Cochinos (MNMCC), is an archipelago situated approximately 10 miles

(16 km) off the coast of mainland Honduras and has been shown to be

within reach of local river sediment plumes following the severe impacts

of Hurricane Mitch in 1998 (Andrefouet et al. 2002). As such this area

provides a unique opportunity to study reefs influenced by nearby rivers.
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1.2 Study Location

Los Cayos Cochinos archipelago is situated approximately 16 Km off the

north coast of Honduras, Central America (Fig. 1.1.). These islands are

about 39 Km to the south of the larger Bay Islands of Roatán, Utila and

Guanaja. Los Cayos Cochinos consist of two main islands, Cayo Menor

(a.k.a. Cochino Pequeño) and Cayo Mayor (a.k.a. Cochino Grande) in

conjunction with 13 smaller sand keys. Cayo Menor is approximately 1.3

Km in length and 1 Km in width with no permanent residents other than a

small research base, rangers and support staff. Cayo Mayor is larger,

approximately 1.7 Km in length and 1.8 Km in width (Fig. 1.2.). There

are several private homes, a small hotel and a village of local Garifuna

artisanal fishers. The only other area of significant population is a small

and very densely populated sand key called Cayo Chachahuate, also

home to Garifuna.
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Figure 1.1. Map showing the location of Los Cayos Cochinos and the Bay Islands off
the coast of Honduras, Central America.



6

Figure 1.2. Map of Los Cayos Cochinos, showing the two main islands and
surrounding keys and reefs.

Los Cayos Cochinos are situated on a shallower section of continental

shelf than the more northerly Bay Islands, and as such the local fringing

reefs are younger, and less influenced by oceanic currents. Between Los

Cayos Cochinos and the Bay Islands, are a group of sea mounts in deep

water, known as the Roatán Banks, where reef quality is noticeably

higher. The Cayos Cochinos consist mainly of sedimentary shale uplifted

by the separation of the Caribbean plate away from Central America (Abt

and WHG 2003).
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1.3 Threats to Los Cayos Cochinos archipelago.

1.3.1 Watershed

Honduras is one of the most mountainous countries in Central America.

Out of the entire 53,700 km2 water shed for the Gulf of Honduras (Belize,

Honduras and Guatemala), Honduras constitutes 29,600 km2. This large

drainage basin drains into several rivers, stretching all along the coast

line. Three of the biggest are the Rios Ulua, Chamelecon and Aguán. The

Chamelecon has a mean discharge of 400 m3/sec and the Ulua 1,400

m3/sec, over three times more than the next largest river in Guatemala,

the Motagua, which in turn is the same size as all the other rivers in the

Gulf of Honduras added together. In total the rivers of Honduras

discharge 75 km3 a year into the Caribbean. Land use, erosion,

precipitation (Fig. 1.3.) and the mountainous nature (Fig. 1.4.) constitute

a serious sediment problem for near shore reefs such as those in Cayos

Cochinos. Of these three largest rivers in Honduras, the Rio Aguán has

the closest proximity to Los Cayos Cochinos.
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Figure 1.3. Monthly precipitation and maximum air temperature in La Ceiba,
Honduras. This is the closest weather station to Los Cayos Cochinos.
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Figure 1.4. Percentage slope on agricultural land, illustrating the mountainous
topography of Honduras taken from Burke et al. 2004.

1.3.2 Agriculture

Agriculture plays a principal role in the Honduran economy. The main

crops are coffee and bananas. As with other regions in Central America,

Honduras excessively uses biocides and fertilizers, mainly due to lack of

awareness of environmental impact in the farming community. Officially

the Honduran Government estimate that Honduras has 340,000 Hectares

of land in agricultural use, with 3,000 tons of agro-chemicals used per

annum. However UNEP estimated in 1999, that a total of 1,726,350 kg of
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insecticides and nematocides and 1,186,630 kg of herbicides were

imported into Honduras in one year. The resultant need for agricultural

land led to deforestation, with much of Honduras’ agricultural land now

occurring on steep slopes and mountainous terrain (Fig 1.4). This steep

land, coupled with precipitation and soil erosion, has led to substantial

amounts of sediment and nutrients ending up in rivers and eventually

being deposited at sea. Burke and Sugg’s 2006 World Resources Institute

report stated; ‘Most of the sediment and nutrients delivered by watersheds

along the MAR originate in Honduras. It is estimated that over 80% of

sediment and over half of all nutrients (both nitrogen and phosphorous)

originate in Honduras.’ (Burke and Sugg, 2006).

1.3.3 Water Quality

Of the 6.4 million people living in Honduras, the sewage of around 4.2

million drains directly into the watershed. Combined with the large

amount of animal waste, fertilizers and agrochemicals contaminating the

rivers, eutrophication is a serious threat. The close proximity of Los

Cayos Cochinos to the mainland and their location in shallow water has

been suggested to subject the reefs to a high level of nutrients and

sedimentation (Fig. 1.6.). This problem can be compounded by seasonal
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storms and Hurricanes as shown in Figure 1.5. The domination of the reef

by macro algal species such as Dictyota spp., Lobophora spp., and

Halimeda spp. can be used as bio-indicators of high nutrient loads

(Hodgson 1999, 2001). Industrial discharge has also been identified as a

potential threat. Zinc and Lead from mining have been detected in

Honduras’ rivers, along with chemicals from sugar processing, clothing

and textiles industry, chemical processing and the lumber industry (Abt

and WHG 2003).
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Figure 1.5. Satellite imagery of chlorophyll levels (OC2 Pigment) as a proxy for post-
Hurricane Mitch riverine output, deposition and impact on the bay islands of
Honduras (Andrefouet et al. 2002). Series A-D mark the date order of the frames from
3 November 1998 to 9 January 1999. T= Turneffe Islands; L = Lighthouse Reef; G=
Glover’s Reef
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Figure 1.6. Proxy sedimentary plume from the Aguán River Valley in false colour
(yellow) from Chlorophyll OC2 pigment imaging by Satellite. Image taken post
Hurricane Mitch, 1998 (Source: USGS)

Coastal development and increasing tourism have lead to an average

clearing of ~3,000 Hectares per annum of Mangroves. With only ~54,300

Hectares of Mangroves nationally, this constitutes a serious problem, not

only by removing a natural filter for water quality, but also removing a

nursery for various important vertebrate and invertebrate reef species.

Increased coastal development can also lead to an increase of associated

maritime pollution and permanently change the local hydrological cycle,

increasing run-off (Burke and Sugg 2006).
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There is also potential for a localised nutrient problem in Los Cayos

Cochinos. There is little in the way of human sewage treatment, in some

island communities, and increased development and construction on

some islands (Pers. Obs. and Cubas, 2009. Pers. Comms.)

1.3.4 Mass disturbance events

1998 saw a category 5 Hurricane, Hurricane Mitch (Fig 1.7.), devastate

much of Honduras. Winds reached 180 mph, waves reached 50ft high. In

Honduras 11,000 people were killed and 2 million left homeless. 6 feet of

rain fell in 48 hours. The result was massive wave damage to local reefs,

coupled with a huge increase in river sediment deposition from flooding.

This devastated much of the shallower reefs, removing the once dominant

thickets of Acropora cervicornis (A. Cubas, Pers. Comm.). 1995 and

1998 was also El Niño years, with 16% of the world’s coral reefs killed

off by unusually high water temperatures. It has been suggested that the

local lowering of water temperatures by Hurricane Mitch may have

staved off some of the thermal bleaching, however there is no doubt that

Mitch has left a lasting scar on the reefs of Cayos Cochinos, and that the

increase in anthropogenic pressures on the reef have severely hampered

recovery, lowering hard coral cover significantly (Guzman 1998a,

Guzman and Guevara 1998). 2005 noticeably saw an all time record for
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Hurricanes in the Caribbean, as Meteorologists ran out of names for

Hurricanes, and had to move into the Greek alphabet for the first time in

recorded history. Tropical storm Gamma hit the coast of Honduras on

November 21st, 2005 and caused massive flooding and landslides with

11,600 people having to be evacuated.

Figure 1.7. Hurricane Mitch, October 1998. The eye moved over the Bay Islands and
‘stalled’, causing mechanical damage to local reefs and increasing terrestrial run-off
(source NOAA).
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1.3.5 Fishing

Fishing is not currently considered a major threat in Los Cayos Cochinos.

The archipelago was designated a marine protected area (MPA) in 1996

and is regulated by the Honduran Coral Reef Foundation (HCRF) and

rangers. Most fishing activity is limited solely to line fishing, and non-

local residents must have licenses and permits. The most exploited

fisheries are Lobster and Queen Conch, primarily to support the tourist

trade and restaurants on the mainland, and the more developed and tourist

popular bay islands to the north. There is a buoyed zone of protection

around the MPA, preventing large commercial trawlers and non-

permitted traffic / fishers. There is also a good system of buoys and zonal

protection within the park, to limit anchor damage, and in theory to

regulate the amount of impact reefs experience from diving and other

activities. Most Fin-Fish Fishing activity is either from a small amount of

tourism or subsistence, artisanal fishing primarily for Snapper (HCRF,

Pers. Comm.)
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1.4 History and Previous Research

Prior to 1996, little research had been conducted in the area. In this year

AVINA was formed from a conglomerate of Honduran and Swiss

businessmen. AVINA helped support the creation of the MPA and the

HCRF. Legislation was passed to protect the region, and facilities were

built on Cayo Menor in conjunction with the Smithsonian Institute and

NOAA. The Smithsonian then used these facilities as a research base to

document much of the marine and terrestrial flora and fauna in the region

(Bermingham et al. 1998, D'Croz et al. 1998, Guzman 1998b, a, Guzman

and Guevara 1998, Jacome 1998, Lessios 1998, Ogden and Ogden 1998,

Ogden 1998). Other than these reconnaissance surveys, and some small

surveys by the HCRF, no other substantial ecological or oceanographic

surveys have taken place in Los Cayos Cochinos.

The facilities where then used again by the USGS for assessment of

damage caused by Hurricane Mitch in 1998. Until 2002 the facilities were

used primarily as a base for rangers. In 2003 the HCRF signed an

agreement with the United Kingdom Non Government Organisation

(NGO) Operation Wallacea, for a 5-8 year period of long term

monitoring. The HCRF also employed the services of the World Wildlife
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Fund (WWF) for a consultancy on a management system. The region has

also received assessment as part of the CARICOMP (Caribbean Coastal

Marine Productivity Program), WHOI (Wood’s Hole Oceanographic

Institute), AGRRA (Atlantic and Gulf Rapid Reef Assessment) and

MBRS / SAM programs (Mesoamerican Barrier Reef System / Sistema

Arrecifal Mesoamericano programs) as part of a larger assessment of the

Mesoamerican Barrier Reef System.

As part of employment by Operation Wallacea in 2003 and 2004, the

author conducted baseline surveys of the reefs around Cayos Cochinos

using the Reef Check method, and volunteer assisted pilot studies of reef

community composition. In 2005 the MPA was designated Marine

National Monument Cayos Cochinos (MNMCC) by presidential decree.

Data from the 2005 pilot studies were used to categorize sites into

putative healthy, intermediate and impacted categories. Use of this data

and the contribution to other pilot studies is explained in further detail in

the relevant following chapters.
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1.5 Aims and Objectives of Study

The principal goal of this investigation was to elucidate upon the HCRF’s

concerns of limited recovery by the Scleractinian coral reefs in Los Cayos

Cochinos. The Rio Aguán is considered the principal cause of reef

decline in the region by the HCRF (Pers. Comms.). This study

investigated not just this large river, but three smaller and closer rivers,

on the coastline directly to the south of Los Cayos Cochinos. Remote

Sensing work by the USGS and Andrefout et al (2002), have already

shown the extent of Rio Aguán derived nutrients and sediments in the wet

season and post Hurricane type events (Figs 1.4 and 1.5). To better

elucidate upon the role of local run-off sources and the smaller rivers to

the south of Los Cayos Cochinos, This study was conducted during dry

season months (Fig. 1.3). Other possible causes of Scleractinian decline

and mortality, such as disease, bleaching and domination by macroalgae

will also be considered. A suite of oceanographic techniques will be used

to detect and quantify bodies of less saline water, terrestrial run-off,

sediments and nutrients. This data will then be used in conjunction with

ecological surveys of the reef benthic community, to further understand

the role of competition and benthic community dynamics across a

spectrum of environmental conditions and abiotic factors. A secondary

objective of this study will be compare the relative merits of these


