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Executive Summary  

The Black River (BR) basin situated primarily in the parish of St. Elizabeth, supports many ecological 

functions and accommodates Jamaicaôs largest wetland.  The River actually rises in Manchester as the 

Hectorôs River, sinks into Cockpit Country from where it emerges as the One Eye River, travels for a 

distance before sinking again to emerge as the Black River at Siloah in St Elizabeth. The BR and its 

tributaries (the study area) provides a diverse range of economic, recreational and agricultural benefits 

to the local population as well as for overseas visitors/tourists primarily through the Upper and Lower 

Morass, names given to the major divisions of the expansive wetland . This study area continues to be 

an important wetland and habitat for flora and fauna and for the members of the BR community and 

the Greater Treasure Beach Development Area (GTBDA).  

Public interest in nature and landscapes has increased the number of visitors, both local and 

international, to Black River. The increased visitation may have already caused a negative impact on 

ecosystems and various resources within the BR Basin. Conservation, management and protection of 

these areas are extremely important. A carrying capacity assessment of these areas is therefore 

required to define a balance between maintaining ecological function and the use of these areas. 

The consultants have been asked to assess the status of the environment through various ecological, 

recreational and socio-economic indicators in order to determine the carrying capacity of the area and 

the level of stress imposed upon the environment. A series of presentations, written reports, focus 

groups and review of literature were undertaken to further guide the consultant.  

The Black River basin currently supports numerous activities including shrimping, boating, farming 

and fishing. These activities are all able to co-exist adequately without much negative impact. 

However, patrolling of the area is needed to enforce and restrict non permitted activities.  

Findings reveal that even though healthy flora and faunal populations still exist within the study area, 

agricultural and tourism activities such as burning of the morass and bout tours respectively, have led 

to a decline in the species numbers observed as well as variances in chemical and ecological 

parameters. Despite these changes, the overall environment does not seem to have undergone any 

significant irreversible impacts and remains in a stable condition. 
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After critical analysis of the study area and application of the indicators through a holistic lens, it has 

been determined that the carrying capacity of the study area has not been surpassed based on the 

ecological, hydrological and socio-economic assessments. However a Zoning and Land Use 

Management Plan is needed to monitor activities and prevent any further human-induced degradation 

overtime. 
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1 In troduction  

1.1 Purpose and Objectives  

The Tourism Enhancement Fund (TEF) has provided funding to the National Environment and 

Planning Agency (NEPA) to conduct a carrying capacity study of the Black River (BR) and its 

tributaries, St. Elizabeth, Jamaica, an area of ecological importance. Environmental Solutions Limited 

(ESL) has been contracted to undertake this recreational and ecological carrying capacity study to: 

1. Ascertain the current levels of recreational and associated activities in the study area; 

2. Identify existing and potential impacts of recreational and associated activities and limits of 

acceptable change for the study area; and 

3. Provide recommendations for: 

Á Optimal carrying capacity for recreational and associated activities and limits of 

acceptable change for the study area; and 

Á Guidelines, strategies and actions for the effective management of recreational 

and associated activities in the study area. 

This assessment is important because the BR area is a major eco-tourism asset, which is highly used 

and biologically rich. The study will be carried out to define a balance between maintaining ecological 

function and human use. 

1.2 Consultancy Outcome 

On completion of the consultancy, it is expected that the information garnered from the carrying 

capacity studies will: 

1. Guide the NEPA in its review of applications received regarding ecotourism projects and tours 

along the Black River and its tributaries; 

2. Guide the River Rafting Authority in its determination of licenses for river rafting and boating 

activities on the Black River and its tributaries; and 

3. Inform the preparation of zoning and management plans for the proposed protected area.  

 

 



Revised Draft Carrying Capacity Report 

 

  4 

 

This report constitutes the seventh deliverable: Draft Report on Carrying Capacity for Black River 

and its Tributaries as outlined in the Terms of Reference (TOR). The report details and outlines the 

research processes, field work and all findings retrieved to date by the consultant, as well as, 

challenges encountered in accessing the carrying capacity of the study area. Recommendations and 

conclusions regarding the use of the study area have also been presented.  

Deliverables that have been submitted to date to NEPA are presented in Table 1:1 

Table 1-1: Deliverables for NEPA and status update 

TITLE  
STATUS 

Work Plan Submitted 

Review of Technical Information Report (Draft  and 

Final) 

Submitted 

Preliminary Stakeholder Consultation Report (Draft and 

Final) 

Submitted 

Carrying Capacity Report for Black River and its 

Tributaries (Draft and Final) 

Due January 25, 2016 

Report on Consultancy (Draft and Final) Due January 25, 2016 

Stakeholder Consultation Report (Draft and Final) Due February 8, 2016 

Monthly Progress Reports (10 reports) 8 Submitted 

 

1.3 Defining Carrying  Capacity 

In order to successfully execute the objectives of this study, it is important that the term Carrying 

Capacity (CC) be defined in the context of the study. 
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According to Sustainable Measures, 2010, ñthe carrying capacity of an ecosystem is the size of the 

population that can be supported indefinitely upon the available resources and services of that 

ecosystem.ò 

Limits of acceptable change have been defined as the variation that is considered acceptable in a 

particular component or process of the ecological character of a wetland, without indicating change in 

ecological character, that may lead to a reduction or loss of the criteria for which the site was Ramsar 

listed (Phillips 2006). 

Living within the limits of an ecosystem depends on three factors: 

Å The amount of resources available in the ecosystem, 

Å The size of the population, and 

Å The amount of resources each individual is consuming. 

It must be noted that both terms: Carrying Capacity and Limits of acceptable change are similar in 

meaning with little variation. It has and will therefore be used interchangeably within this report. 

1.4  Contextual Background  

The BR is described as the largest river system in Jamaica. It is situated in the southwestern section in 

the parish of St. Elizabeth. The drainage basin covers 67,341 hectares (166,403.23 acres) and consists 

of two distinct sub-basins: the Upper Morass (UM) (Maggoty to Lacovia) and Lower Morassô (LM) 

(Lacovia to the sea); both of which have surface and ground water (Webber, 2010). The river 

originates in Colleyville, Trelawny (in the Cockpit Country as Hectorôs River) and discharges in BR 

Bay, St. Elizabeth covering a distance of 70.4km (43.74 miles) (Webber, 2010). From its origins, it 

travels in a westerly direction before disappearing and re-surfacing from numerous sinkholes. From 

these sinkholes, the river flows through a narrow gorge before entering the UM. The river meanders 

into another narrow gorge at Lacovia before entering the LM. Its tributaries include One Eye, 

Maggotty, Elim, Grass, Y.S., Middle and Broad Rivers.  

The project area is dominated by an expansive morass, which occupies an alluvial plain with riverine 

strands dissected by the BR. Ponds, marshlands and swamps are general features of the landscape. The 
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BR LM extends southwards of BR to the Parottee Point. The upper and lower Morasses are 

ecologically significant freshwater wetlands at local, national and international levels. 

The BR LM was designated a Ramsar Site in 1997 and was the first wetland in Jamaica to be 

designated under the Ramsar Convention on Wetlands of International Importance especially as 

Waterfowl Habitat. It has been so designated due to the numerous habitats it provides for both plants 

and animals, and for their critical ecological functions with respect to drainage and coastal 

stabilization and others.  The BR LM also helps to protect the marine environment from sediment and 

nutrient runoff from the land into the sea. This greatly reduces the negative impact of sediments on the 

coral reefs, which play a significant role in fostering habitats for commercially important fish, on 

which many fishermen depend. 

In addition, the BR LM and UM have been designated as a Game Sanctuary/Reserve under the Wild 

Life Protection Act. Other Reserves within the parish of St. Elizabeth include: Stanmore Hill Game 

Reserve and Great Morass Parottee Game Reserve, Parottee.  

Due to the significant and unique characteristics of the BR Morass, the BR is able to support many 

activities in which the demand for resource use and space on the river steadily increases. It is therefore 

imperative that the area is properly managed and regulated, so that the existing and potential benefits 

derived, remain sustainable and within the riverôs carrying capacity (CC) with any further human 

degradation.  

This project will therefore seek to determine a suitable carrying capacity by assessing its current 

features and proposing mitigation measures and a management plan to ensure that the environment 

remains in a good and resilient condition. 

1.5 Legislative, Policy and Institutional Responsibilities  

In Jamaica, there are fifty-two (52) statutes that have direct or indirect jurisdiction over matters of the 

environment. These range from the public health to physical planning and land use, with many 

instances of overlapping responsibilities among Ministries. The enactment of the Natural Resources 

Conservation Authority Act of 1991 (NRCA Act), began the process of rationalization and 

prioritization of these statutes. This Act binds the Crown as well as the people; therefore enforcement 

can be applied to Public Sector entities as well as private citizens.  
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In addition to the several statutes, there are system and area plans that are relevant to management of 

the BR basin and have been drafted to assist the process of conservation and protection of valuable 

ecosystems and services. These plans include the Draft Protected Areas System Master Plan: Jamaica 

2013-2017 and The Greater Treasure Beach Sustainable Development Plan 2013. 

Draft Protected Areas System Master Plan: Jamaica 2013-2017 

The aim of the Protected Areas System Master Plan (PASMP) is to develop a comprehensive and 

representative system of protected areas including landscape, seascape and natural and cultural 

heritage. The Master Plan is in keeping with the Vision 2030 Jamaica- National Development Plan and 

will be the primary national policy document for strengthening management and extending protected 

area coverage.  

Jamaicaôs protected areas include a wide range of categories that are subject to different protective 

regimes, based on management objectives. They are governed by a complex amalgam of legislation, 

policies, management authorities, and management actors. The effective management and planning of 

the protected areas therefore requires a coordinated approach with respect to the various units within 

the system and with other land uses and management activities. 

The PASMP which covers the five year  period 2013 ï 2017,  sets out guidelines for establishing and 

managing a comprehensive system of protected areas that is intended to support national development 

by contributing to long-term ecological viability; maintaining ecological processes and systems; and 

protecting the countryôs natural and cultural heritage. The PASMP also sets out strategies and 

activities that will lead to the establishment of a system of protected areas that is effectively managed 

and sustainably financed.  

The Greater Treasure Beach Sustainable Development Plan  

The Greater Treasure Beach Sustainable Development Plan (GTBSDP) prepared by the St. Elizabeth 

Parish Development Committee and the St. Elizabeth Parish Council, was developed to align with 

Vision 2030 Jamaica: National Development Plan, as well as with other local, national and regional 

policies, regulations and conventions (GTBSDP, 2013). It is intended as a policy document to  provide 

strategic guidance for sustainable development and economic growth in the Greater Treasure Beach 

Development Area (GTBDA).   
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The GTBDA stretches from the Great Pedro Bluff to the town of BR and the surrounding LM. This 

region comprises of eight communities: BR, Treasure Beach, Pedro Plains, Watchwell, Newell, 

Barbary Hall, Pondside and Parottee (Figure 1:1). Of these, BR is recognized as the primary 

commercial center, and according to the GTBSDP, there is very little scope for expansion of the town 

due to the ecologically sensitive areas to the north and west of the town and the coastline to the south.  

(GTBSDP, 2013).  

Ecotourism is at the center of the sustainable development plan for the BR and Parottee communities 

as the areas seek to achieve social, economic and community development while protecting the 

resources of the natural environment. The developments proposed for these areas take advantage of the 

natural environmental assets, such as, the large ponds, wetlands and the long navigable BR. 

Table 1-2 below summarizes all the Acts, Policies, Treaties and key Institutions relevant to the study 

area. A more detailed explanation of each is provided in Appendix 1 of this report 
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Figure 1:1: Greater Treasure Beach Development Area within St. Elizabeth 

 Source: Social and Environmental Assessment Report: ESL: August 2013
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Table 1-2: Relevant Acts, Policies, Treaties and Institutions to the study area 

CATEGORIES ACTS POLICIES/ 

REGULATIONS  

TREATIES  INSTITUTIONS  

Natural 

Resources 

The Wild Life Protection 

Act (1945) Amended 

1991 

 

The Endangered Species 

(Protection, Conservation 

and Regulation of Trade) 

Act (2000) 

 

The Tree Preservation 

Order 

 

Conservations of Natural 

Resources 

The National Land Policy 

(1996)  

 

Policy for Jamaicaôs System 

of Protected Areas (1997) 

 

Mangrove and Coastal 

Wetland Protection Draft 

Policy and Regulations 

(1996) 

Convention on Biological 

Diversity, Rio de Janeiro (1992)  

 

Convention on Wetlands of 

International Importance 

especially as Waterfowl 

Habitats (Ramsar Convention) 

 

Protocol on Specially Protected 

Areas and Wild Life (SPAW) to 

the Cartagena Convention on 

the Protection of the Marine 

Environment of the Wider 

Caribbean Region 

Forestry Department 

The National 

Environment and 

Planning Agency 

(NEPA) 

Agriculture and 

Fisheries 

The Fishing Industry Act 

(1975) 

 

Fishing Industry (Special 

Fishery Conservation 

Area) Regulations (2012) 

  The Fisheries Division 

 

 

Heritage and 

Tourism  

River Rafting Act 

Historic Sites and 

Building 

  River Rafting Authority  

 

Jamaica National 
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CATEGORIES ACTS POLICIES/ 

REGULATIONS  

TREATIES  INSTITUTIONS  

Heritage Trust (JNHT) 

Health Public Health Act (1976) 

 

The Natural Resources 

Conservation (Permits and 

Licenses) Regulations (1996) 

 Tourism Product 

Development Company 

(TPDCo) 

Land 

Management 

and Planning  

The Town and Country 

Planning (St. Elizabeth 

Parish) Provisional 

Development Order 

(1976) 

  Parish Councils 

 

National Environment 

and Planning Agency 

(NEPA) 

 

National Land Agency 

(NLA)  

Water 

Resources 

 Ambient Water Quality 

Standard (Marine) 

 

The Natural Resources 

Conservation (Wastewater 

and Sludge) Regulations 

(2013) 

 Water Resources 

Authority (WRA) 
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2 Approach/ Methodology  

2.1 Desk Research and Document Review 

The consultants conducted a desk review of past approaches and data, including referenced 

literature, agency reports, maps and photographs. The following were the main source 

categories:    

¶ Ecological assessments within the area 

¶ Past carrying capacity assessments of the area 

¶ Historical water quality data 

¶ Socio-economic studies conducted 

¶ Documents related to key industries within the area. 

Table 2-1 below highlights information/literature that has been reviewed to date. 

Table 2-1: Documents and literature reviewed to date 

Document Prepared by 

Towards the Management of the Black Rover Morass 

(RAMSAR Site): Gathering Biological, Social and 

Economic Data (2010) 

Webber et al 

Recreational Carrying Capacity Assessment for BR (2005) Smith Warner International 

BR Managed Resource Protected Area; Management Plan 

(1999) 

Technical Support Services 

Limited, Inc. 

The BR; Waterway, Wetlands and a Way of Life Barry Wade 

Study of the Carrying Capacity of the BR Morass for 

Water Sport Activities (Phase 1 Report) (1985) 

Environmental Solutions 

Limited 

Study of the Carrying Capacity of the BR Morass for 

Water Sport Activities (Phase 2 Report) (1997) 

Environmental Solutions 

Limited 
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Document Prepared by 

The BR Morass: Valuing Ecosystem Services in a Ramsar 

Protected Area (2013) 

Maurice Mason 

Local Sustainable Development Plan 2030 and Beyond 

(Greater Treasure Beach, St. Elizabeth) 

Environmental Solutions 

Limited  

The Negril and BR Wetlands, Jamaica Sven Bjork and Gunner 

Digerfeldt 

Protected Areas System Management Plan, Legal 

Framework Final Report (2004) 

Winston McCalla 

BR Morasses Reclamation Project; Report of Consultants 

to the GOJ. (1964)  

Grontmij 

Convention on Wetlands of International Importance 

especially as Waterfowl Habitat (2007). 

J. Heinen 

 

2.2 Land Use Mapping and Site Description  

Satellite imagery was assessed for the project area and land use was mapped based on recent 

imagery and ground truthing data. Land use was described and mapped for the recreational and 

associated activities inclusive of buildings and infrastructure/facilities in the study area and 

surrounding land uses.  

A profile of recreational and other uses of the study area was completed.  

2.3 Physical and Ecological Assessment  

Field visits were undertaken to investigate the health and use of the ecosystems within the area. 

Field visits included the Black River, Middle Quarters, Lacovia and Broad Rivers, which make 

up the greater portion of the Lower Morass and YS and Maggoty of the Upper Morass.  
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2.3.1 Ecology  

2.3.1.1 Avifaunal Census 

Fixed Radius Point Count Census Method 

The Fixed Radius Point Count method was utilized. This method is based on the principle of 

counting birds at a defined point or spot and determining the distance of each bird identified. A 

point was selected along the BR and then all bird contacts (seen and heard) were recorded with a 

determination of distance given (< 25m or >25m) for each contact. This was done for a 

predetermined time (10 minutes), before moving to another point at a specified distance away 

Points for this survey were at most 50m apart. Each spot coincided with the water sampling sites 

shown in Table 2-2. 

2.3.1.2 Other Faunal Surveys 

Other faunal surveys were conducted through direct observation of species within a randomly 

selected area. The use of burrows, nests and tracks were also included to ensure a complete 

assessment of all the fauna. 

2.3.1.3 Vegetation Assessment 

For tree and plant assessment, a vegetation description was done for the major vegetation patches 

surrounding the survey site (heavy use impact areas in the UM and LM).  A list of tree and plant 

species inclusive of trees, endemics and native plants, was generated. 

2.3.2 Water Quality Assessment and Profiles  

Water quality samples were collected both in the dry (June) and wet (November) seasons and 

were taken to the ESL lab for analyses and interpretation. The methodology used to analyze the 

water samples is provided in Appendix II 

Water samples were taken from seven (7) previously identified sites/stations along the BR (Table 

2-2). One water sample was taken at each station during both the dry season and wet season. A 

total of fourteen (14) water samples were collected (one sample, per station, per season). 

These points are illustrated in Figure 2:1. 
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The samples were analyzed for the following parameters:  

1. Nitrates 

2. pH 

3. Conductivity  

4. Salinity 

5. Total Dissolved Solids (TDS) 

6.  Phosphates  

7. Sulphate  

8. Chloride  

9. Total Coliform 

10. Faecal Coliform 

11. Biochemical Oxygen Demand (BOD)  

12. Chemical Oxygen Demand (COD) 

13. Total Suspended Solids (TSS) 

14. Oil and Grease 

15. Copper 

16. Cadmium 

17. Iron 

18. Arsenic 

 

Table 2-2: Sampling points along the Black River 

STATION  NAME  

GPS Coordinates 

N W 

1 ½ way point from mouth of BR 18.02626 077.84251 

2 Intersection of Broad River and BR 18.03363 077.83967 

3 Salt Spring River (underneath Bridge) 18.02573 077..80929 

4 Cheese Rock 18.02425 077.80388 

5 Middle Quarters River 18.04988 077.83368 

6 YS River (at stream gauge station) 18.11333 077.81036 

7 Black River at Lacovia 18.07582 077.75675 
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Figure 2:1: Sample points on the Black River 

(Environmental Solutions Limited: June 3, 2014) 

2.3.3 Hydrogeology  

The hydrological assessment of the Black River and its tributaries was carried out using the 

following methodology: 

a) A Geological Map of the Black River and its tributaries was generated to record and 

illustrate the major rock types, structural features and the drainage network as seen from 

field observations.  A topographic map was used as the base and placement of key 

features was helped by use of a clinometer and GPS.  Rock samples were collected to 

facilitate analysis of the mineralogy as well as the fossil assemblage to ascertain the age 

of the different formations. Field data were then plotted on CANVAS software to create 

the Geology Map for the study area.  
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b) Review of existing reports on Black River, Jamaicaôs Water Sector Policy, Water 

Resources Master Plan 1990 and the Draft Water Resource Master Plan, 2008, available 

literature on flooding and water resources in Jamaica.  

c) The drainage basin was delineated using the USGS freely available ASTER DEM. The 

DEM utilized a horizontal resolution of 30m and vertical resolution of 1m, as the base 

layer for determining the topography that would be used for the delineation of the flow 

direction, drainage lines, points of flow accumulation or confluence of tributaries and 

sub-catchments for the watershed. The Aster DEM was smoothed using 9x9 grid filter, 

and sinks were filled to eliminate areas of artificial depression in the DEM.  This was 

based on the recommended procedure commonly used before performing any 

hydrological analysis with DEM (Zhu et al, 2013). 

d) Field visits to observe the different areas of abstraction of water from the Black River. 

Email and personal communications with WRA on the abstraction of water for different 

industrial and tourism uses, amount abstracted and the present status was also done.  

e) Discharge data was made available from WRA including Webmaps for all the stream 

gauge stations for the Black River and its tributaries. The data was plotted to show the 

average yearly and mean monthly variation to detect any seasonal changes if any 

observed. Flow duration curves and flows for different percentiles (5, 10, 25, 50, 75, 90 

and 95) as well as the 7day low flow values were constructed to determine the nature of 

the drainage basin, changes in flow due to any abstraction if any.  

f) Abstraction data obtained from two users were analyzed to see their yearly and seasonal 

variation. Streamflow for corresponding years was also noted to see if there is any abrupt 

or drastic change in flow level due to abstractions.  

2.4 Socioeconomic Assessment  

A socioeconomic assessment was conducted with the use of surveys, interviews, focus group 

sessions and public meetings. Questionnaires were administered to major investors in the tourism 

product, staff members in businesses, tourists, farmers, fishermen, shrimpers, other casual users 

of the river and management agencies.  
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Stakeholders were identified and the relevant consultations were used for data gathering and for 

presenting the project.  

The following data that related to recreational and associated activities on the Black River were 

collected: 

1. Occurrence 

2. Numbers  

3. Patterns  

4. Concentration  

Data was captured from the consultations to determine perceptions of crowding, risk and safety, 

natural resource and economic impacts, quality and degree of satisfaction with recreational and 

associated activities, implementation of mitigation measures and or management strategies in the 

area. Customer surveys were also conducted to ascertain opinions on the activities within the 

area. Detailed questionnaires were developed and issued under the project. The questionnaires 

that were utilized are presented in Appendix III.  

The indicators to reflect existing socioeconomic conditions and changes in recreational use for 

the study area were determined. An inventory of the existing socioeconomic conditions, using 

indicators, was prepared to determine existing status.  

A small consultation with relevant representatives (government and non-government) was held 

on January 13, 2013 at the offices of the Ministry of Water Land Environment and Climate 

Change in Kingston.  The consultants presented the preliminary findings and recommendations 

to date, fielded questions and solicited feedback to further inform the CC analysis. Another 

public consultation with a larger group of stakeholders is scheduled to take place in Black River 

on February 2, 2016.  Information gathered from these meetings will help to guide the 

consultants into determining the appropriate CC for the study area. 

2.4.1 Boat Counting  

A boat survey was conducted to determine the level of boating activity (traffic) on the river. Both 

canoes and pontoon vessels travelling up and down the river were counted over a three day 
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period for 8 hours each day. Boat counts were taken on Tuesday, Thursday and Saturday. The 

number of occupants in each vessel was also counted.  

2.5 Institutional Authorities and Capacity  

Key overarching institutions governing the Black River area were identified and interviewed. 

Their mandate and ability to fulfill their mandate was determined through consultations and 

document review.  

The results of the assessment informed recommendations for the standards development, 

alternative and carrying capacity, as well as the implementation and monitoring plans developed 

under this project.  

2.6 Recommendations  and Standards of Development  

Following an assessment of the status of the ecological environment and existing socioeconomic 

setting, the potential range of recreation opportunity zones in the study area were identified. 

Standards for each zone were developed in accordance with international best practice and to suit 

the local environment.   

2.7 Assessment of the Alternatives  

Alternative opportunity zones based on needs, interests, values and concerns were identified and 

the costs and benefits for these alternatives were determined. These alternatives were informed 

by the physical, ecological and social assessments conducted. Management strategies/ 

interventions required for each alternative opportunity zone were developed. All the 

recommended alternatives were assessed and the preferred alternative(s) were decided.  

2.8 Determination of Carrying Capacity  

In order to determine the carrying capacity for the area, the following were identified based on 

the assessments: 

1. All resources: ecological, physical socioeconomic, heritage 

2. The most vulnerable indicator/ sensitive elements in the short and long term; 
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3. How these relate to one another and in the inter-linkages; 

4. Potential impact on the vulnerable elements including recreational activities, 

socioeconomic activities like settlement, commercial activities etc.  

The consultants formulated indicators to effectively and holistically determine the state of the 

environment in both the Upper and Lower Morass and to inform the CC of the study area. Based 

on the type of study undertaken; Physical, Ecological and Socio-economic, the respective 

indicators were applied.  

The indicators used are illustrated below in Tables 2-3: 2-5  

Table 2-3: Ecological Indicators 

Indicators 

Density and Distribution of Mangroves 

Flowering pattern of Red Mangroves 

Density of occurrence of water hyacinth (Black River) 

Water Hyacinth occurrence (Broad River) 

Occurrence of agricultural plants within the floral composition of the wetland 

Monitoring of swamp communities inclusive of 

Sabal jamaicensis and Roystonea princeps 

Crocodile observations noting age and location 

Bird species monitoring along all rivers and tributaries 

Monitoring of the occurrence of commercially important fish species 

Monitoring of shrimp and crab sizes captured 
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Table 2-4: Physical Indicators 

Indicator s 

Daily Mean Flow 

Average Yearly Flow 

Mean Monthly Flow 

Flow Duration Curves 

7day low flow 

 Q90 flow (flow that exceeds 90% of the time) 

Parameters are within ambient standards of NEPA 

 

Table 2-5: Socio-economic Indicators 

Indicator s 

Expanse of population 

Housing and other development 

Source of Water 

Changes in shrimp catch 

Changes in fish catch 

Burning 

Boat traffic ï numbers and wave action 

Chemicals 

Deforestation 

 

A summary of the approach and its components that would ultimately feed into determining the 

carrying capacity of the study area is shown below in Figure 2:2. 
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Figure 2:2: The Approach 
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2.9 Statistical approach  for Carrying Capacity Assessment 

Areas suitable for recreational boating activities as well as optimal boating activities have been 

determined based on international best practice. There is a growing interest for recreational 

activities in the BR LM and research has shown that increasing boat densities have the potential 

for negative ecological impacts (SWIL, 2005).  

Recreational carrying capacity considers several key issues including physical characteristics of 

the area, environmental impacts, boating density and potential buffer areas which determine 

usable and non-usable areas (Rajan et al, 2011). 

Recreational carrying capacity for this BR LM study was determined by applying limits of 

acceptable change for boating activities in a lake environment. This method has been utilized in 

several countries including the United States and Jamaica in not only lake environments but river 

systems which are of a similar nature.  

The general equation for determining recreational carrying capacity is as follows: 

 

 

 

 

To determine recreational carrying capacity, optimum boating density needs to be calculated. 

Optimum boating density is the recommended space for various boat categories, measured in 

square metres per boat (Lorenz and Pusch, 2012). There are some studies that have determined 

the optimum boating densities based on user groups, activities, safety and user perceptions. The 

table below (Table 2-6) outlines some of these that have been considered for the study. 

 

 

 

 

Recreational Carrying Capacity = Area suitable for recreation ÷ desired density  

(SWIL, 2005; Rajan et al, 2011;  Bosley, 2005) 
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Table 2-6: Optimum boating densities  

Source Recommended Density Watercrafts / Uses 

Prescribed 

Jackson et al, 1989 

20 acres/boat (81,000m
2
/ boat) Waterskiing & motor Cruising 

8 acres/boat (32,000m
2
/boat) Kayaking & Sailing 

10 acres/boat (40,500m
2
/boat) Fishing 

10 acres/boat (40,500m
2
/boat) All uses combined 

   

Warren and Rea, 1989 

9 acres/boat (36,000m
2
/boat) Motorboats 

1.3 acres/boat (5,260.91 m
2
/boat) Fishing from boat 

4.3 acres per boat 

(17,401.5m
2
/boat) 

Sailboats 

1.3 acres per boat(5,260.91 

m
2
/boat) 

Canoes/kayaks 

12 acres/boat (49,000m
2
/boat) Waterskiing boats 

   

Duke Power, 1999 

4 acres/boat (17,000m
2
/boat) Fishing, Sailing & Jet Skiing 

1 acre/boat (5,000m
2
/boat) Canoe/Kayak 

9 acre/boat (36,000m
2
/boat) Motor Boating 

12 acres/boat (49,000m
2
/boat) Water Skiing 
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Florida Department Of 

Environmental Protection 

Division Of Recreation 

And Parks, 2005 

5-10 acres /boat 
Limited Power  (10 HP or 

less) 

10-20 acres /boat Unlimited Power 

20-50 acres /boat Water-skiing 

5-10 acres /boat Sailing 

5-10 acres/boat No Power, Still Water 

 

For the BR Area, the optimum boating densities that have been adopted are listed below. These 

have been adopted based on the similarities shared in terms of the size watercraft and wave effect 

resulting from these watercraft.  

1. Fishing canoes (motorized and non-motorized) = 4 acres/boat (17,000m
2
/boat 

2. Kayaks and rafts (non-motorized) =  1 acre/boat (5,000m
2
/boat) 

3. Pontoons (motorized) = 9 acre/boat (36,000m
2
/boat) 

In order to determine desired boating density for activities in the BR LM, surface water area 

(usable and non-usable), types of watercraft used, the natural topography and setting, safety 

conditions, and on-water crowding perceptions were considered. 

The water surface area traversed along the river in the LM was calculated by multiplying the 

measured length of the river traversed by the measured width of the river. A non-usable area was 

also estimated so as to provide a needed 10m buffer on either side of the river.  This buffer is 

considered for ecological sensitivity of the wetland flora and fauna, which was estimated by 

SWIL, 2005, and was retained for this study.   

Areas suitable for boating recreation in the BR LM are presented below in Table 2-7. These 

areas have been determined based on site assessments, interviews as well as past studies 
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undertaken within the area. Chapter 7 of this report presents the results of the calculated boating 

density based on type of watercraft recommended for the LM using the formula outlined above 

for recreational carrying capacity.  

Table 2-7: Suitable recreational areas for boating within the LM 

Areas Total Water Area (m
2
) Non-usable area (m

2
) Usable Area (m

2
) 

From the main Docking 

Area, along Broad 

River to Salt Bridge 

(Pontoons) 

325,000 130,000 195,000 

From the main Docking 

Area, along Broad 

River up to 2km past the 

Salt Bridge (Canoes) 

318,750 170,000 148,750 

From the Docking 

Area, along Black River 

up to the Intersection 

with Middle Quarters 

River (Canoes) 

60,000 10,000 50,000 

From the Black River / 

Middle Quarters River 

intersection along 

Middle Quarters river 

up 2km (Rafting) 

60,000 40,000 20,000 
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3 Existing Environment  

3.1 The Project Area - Black River Catchment  

The BR rises as the Hectorôs River in the Cretaceous volcanic rocks in the northwest section of 

the Central Inlier. It sinks below the Tertiary limestones at Oxford and re-emerges as the One-

Eye River, which cascades through several travertine covered waterfalls and rapids, sinks again 

at Wallingford Cave and re-emerges for a second time at Mexico Cave (Nassau Valley) as the 

BR. It then enters the western side of the BR Upper Morass, flows through a narrow fault-

controlled ógapô at Lacovia where it enters the lower morass.  

The BR has several tributaries within the upper morass, the largest ones being the Smith River, 

Blake River and Island River, all of which rise from springs within the immediate vicinity. 

Figure 3:1 shows the topography of the basin as well as the different tributaries of the BR and the 

Y.S River. It shows the rise of the BR as Hectors river, location of the Nassau Mountains and the 

location of the UM and LM as well as the gap at Lacovia.  

The most important tributary is the Y.S. River, which originates ultimately in the Cretaceous 

rocks of the Marchmont Inlier, sinks and re-emerges in the Ginger Hill-Merrywood area and then 

flows south towards Redgate, forming several cascades and waterfalls through a fault controlled 

óvalleyô. It then continues to flow through a broader valley to the west of the Lacovia Mountains 

and drains into the LM near to Middle Quarters, forming a confluence with the BR near Holliday 

Pen. Within the BR LM, the Middle Quarters and Broad Rivers (Salt Spring River) arise from 

springs to form important tributaries, before it empties into the Black River Bay. 
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Figure 3:1- BR basin showing the topographic contours, drainage, network and the location of the Upper and 

Lower Morasses 

NASSAU VALLEY 
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3.1.1 Upper Morass  

In the past, The UM has functioned as a settling basin for the BR after it passed through the 

Newton Gorge. Attempts at drainage and flood control were first undertaken primarily to 

facilitate the growing of cane. Rice cultivation was also initiated and small scale practices are 

still evident today (Webber et al, 2010). With the completion of engineering works in the UM, 

2,023 hectares (5,000 acres) of usable agricultural land was reclaimed, including areas reserved 

for aquaculture. The agricultural activity in the UM and upper reaches (Maggotty, Newton, 

Appleton) has severely affected the LM. Since the river has been dyked, it has been unable to 

shed its heavy silt load over the UM before passing through the Lacovia gorge and entering the 

LM, therefore resulting in heavy siltation downstream. The downstream impacts of the physical 

works, particularly on the LM include siltation, and high levels of chemical fertilizers and other 

pollutants washed into the river (Wade, 1985).  

Observations of the activities conducted in the UM reveal characteristic changes in the water 

quality and flow of the BR as it travels down to the LM. As the BR passes through Bartons and 

Newtons, the water flow is heavy, highly silted and turbid and the area is covered in dense 

vegetation. Numerous cane and agricultural fields have been observed with cattle and goat 

farming evident in various sections of Bartons (Figure 3:2). Also evident are large areas of 

coconut farming and aquaculture in which rainwater harvesting initiatives are implemented 

(Figure 3:3). Other major land uses of the UM include tourist attractions, such as, Bubbling 

Springs, YS Falls and Apple Valley Park. 

Sluice gates are also observed along the BR UM as shown in Figure 3:4 in very close proximity 

to agricultural fields in which they (gates) are used for flood control and irrigation purposes. 

Further investigation and analysis has been conducted so as to determine the effect of this 

activity on water levels in the morass and its impacts downstream. In addition, the certainty as to 

whether or not these farmers have been licensed by the relevant institutions to extract water from 

the BR will be discussed. 
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Figure 3:2 Cattle farming in the UM 

Source: Environmental Solutions Limited, 2015 

 

 

 

 

 

 

 

 

 

 

Figure 3:3 Aquaculture in the UM and Rainwater harvesting drums for water collection in the 

fields 

Source: Environmental Solutions Limited, 2015 
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Figure 3:4 Sluice gates observed on the BR UM used to control flooding and irrigation purposes 

Source: Environmental Solutions Limited, 2015 

The burning of sugarcane and other forms of vegetation is still very active within the morass and 

large volumes of smoke have been observed, which could have a possible impact (directly and 

indirectly) on air quality, biodiversity and overall ecology of the area (see Figure 3:5). 

 

 

 

 

 

 

 

 

 

Figure 3:5- Smoke emitted from burning vegetation and cane fields in the UM 

Source: Environmental Solutions Limited, 2015 
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The water flow observed from the different tributaries in the UM, such as, Maggotty, flowing 

down to Lacovia passing Bartons and Newton is significantly different from the water flow 

arising from YS entering New Holland. Even though both tributaries (Maggotty and YS) enter 

the BR, the water stream from YS is characteristically cleaner and more transparent than that of 

Maggotty, which appears turbid and highly silted. This may be a result of the high agricultural 

activities occurring in the Appleton, Siloah and Maggotty region.  

3.2 Lower Morass  

As indicated above, the BR LM is the most diverse and largest wetland in Jamaica covering an 

area of approximately 6,075 hectares (15,000 acres) (Webber, 2010). It is bounded on the west 

and north by the major roads linking the towns of BR, Middle Quarters and Lacovia, on the east 

by the Santa Cruz Mountains and on the south by the coastline (Wade, 1985) (Figure 3:6). 

The sub-basin consists of shallow estuaries, marshland and mangrove swamps, providing a rich 

and diverse ecological environment. The BR LM is a complex area of shallow brackish lagoons, 

limestone islands, tidal marshes, mudflats and mangroves near the coast, and extensive 

freshwater marshes with peat formations. Historically, the area has been used for cane farming, 

rice cultivation, vegetable crops, fisheries, as well as, timber and charcoal derived from 

hardwood trees and for pasturelands during the dry season. In addition, the river and its 

tributaries provide water for the various uses in the area, such as the JPS Hydro Plant (Webber, 

2010). 

Influenced by the surrounding water and nature of the soil, the LM is made up of many different 

types of vegetation and habitats. Wade, 1985 reported that the LM is home to 92 species of 

flowering plants, 23 of which are considered rare, and eight of which are endemic to Jamaica. 

10% of the plants found in the morass are rare in Jamaica, which include the Night-Blooming 

Water Lilies, the Royal Palm and the Alligator Pear plant (Kenning and Hayes-Sutton, 1999 in 

The Greater Treasure Beach Sustainable Development Plan, 2013).  

However over the years there have been significant changes in both the ecology of the area such 

as vegetative cover and agricultural and industrial uses of the LM and UM. This can be attributed 

to the increase in activities within the morass as well as environmental changes, such as, 
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deforestation, burning of the morass and farming activities. Other major land uses of the LM 

include safari/boat tours on the river, swimming, picnicking (Cheese Rock), kayaking, fishing 

and shrimping. Figures 1, 2 and 3 in Appendix IV highlight changes in vegetation in the upper 

and lower morass between 2000-2010 as well as the current land use and agricultural activities in 

the study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:6: The Lower Morass (LM)  

Source:  Towards the Management of the Black River Morass Report, 2010 
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3.3 Ecology 

Fauna 

A large number of vertebrate and invertebrates depend on the BR LM. The area is ecologically 

diverse with species of global concern observed. Over 150 vertebrate species have been recorded 

including endangered species, and just below 50% of the islandôs avian species have been 

identified in the morass (Information Sheet on Ramsar Wetlands Black River Lower Morass, 

1997). Avian species include: Casmerodius albus (the Great Egret), Bubulcus ibis (Cattle Egret), 

Egretta thula (Snowy Egret) Egretta tricolor (the tri-coloured Heron), Patagioenas leucocephala 

(White Crowned Pigeons), Zenaida asiatica (White-Winged Doves) and Pandion haliaetus 

(Ospreys) (The Greater Treasure Beach Sustainable Development Plan, 2013). Other faunal 

species of interest observed in the LM include:  

¶ Crocodylus acutus (American crocodile)  

¶ Trichechus manatus (West Indian Manatee)  

¶ Marine turtles: Eretmochelys imbricate (Hawksbill Turtle), Chelonia mydas (the 

Green Turtle) and Caretta caretta (Loggerhead Turtle:- occur between BR and 

Savanna-la-Mar) (Webber, 2010) 

¶ Freshwater turtles:  Trachemys terrapen (The Jamaican Slider turtles) 

Flora  

The LM flora plays an ecologically important role in removing nutrients received from the BR 

exiting from the UM (Garrick, 1986), as well as, controlling floodwaters from the YS and BRs. 

The LM functions as a genetic reserve consisting of over 92 species of flowering plants, of 

which 25% are rare 9% endemic to Jamaica (Garrick, 1986). 

A unique relationship exists between the soils of the Morass and the vegetation (Grontmij, 1964). 

¶ In the presence of peat- Cladium jamaicense (sawgrass), Typha augustifolia, Sabal 

jamaicensis and Roystonea princeps were mainly identified. 

¶ In the presence of Clay- a swamp forest  
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¶ In the presence of alluvial clay - mangroves, especially Rhizophora mangle (Red 

mangrove), was dominant as well as Phragmites communis (reeds). Nymphaea ampla 

(Water Lily) and Eichhornia crassipes (Water Hyacinth) dominated the waterways. 

An ecological assessment of the major rivers within the BR Basin was done to determine the 

status and ecological features. The main rivers examined included: 

1. YS Falls River 

2. Maggotty River 

3. Black River 

4. Middle Quarters River 

5. Broad River 

3.3.1 YS Falls River 

YS Falls located in the UM of BR was noted to be fairly shaded with several mature trees 

(Figure 3:7).  Even though numerous agricultural and recreational activities were evident, such 

as, livestock rearing and nature tours, the area was in a generally good condition. In addition, the 

river has a fairly rich riparian area. Noted also was the fact that YS Falls attractions limited the 

amount of visitors daily, therefore controlling the usage and amount of traffic in and out of the 

area. 

 

Figure 3:7- Section of the YS Falls River: Large trees form part of the Riparian Zone 

Source: Marlon Beale, 2015 



Revised Draft Carrying Capacity Report 

 

  36 

 

3.3.2 Maggotty River  

The Maggotty River (Figure 3:8) was surveyed from the main road and along the road leading to 

the JPS Hydropower sub-station: the major industrial activity that occurs along the river. In 

general, the riparian area (Figure 3:9) is fairly degraded in most areas and the water tends have a 

high turbidity on most occasions. However it is recognized that several emergent trees (trees 

greater than 10m) occur along the banks of the river and provide stability for soil and reduce 

erosion effects during high rainfall periods. 

 

 

 

 

 

 

 

Figure 3:8- Section of the river by the Hydropower Substation  

Source: Marlon Beale, 2015 

 

 

 

 

 

 

 

 

Figure 3:9- Riparian Zone of the Maggotty River 

Source: Marlon Beale, 2015 
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3.3.3 Black River  

The lower reaches of BR are predominantly vegetated by Red Mangroves on the western banks, 

and wild cane on the eastern banks (Figures 3:10 to 3:12). Small clumps of Water Hyacinths 

were observed floating along the river as well as in amongst the Red Mangrove roots. The 

mangroves were noted to be fruiting as several young red mangroves were seen on attached to 

trees. Tree heights ranged from 3 ï 4m. The water was noted to be fairly silted or turbid in the 

lower reaches of the Back River. 

 

 

 

 

 

 

 

   

Figure 3:10- Lower reaches of the BR showing Red Mangroves and Wild Cane 

Source: Marlon Beale, 2015 
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Figure 3:11- Red Mangroves along BR 

Source: Marlon Beale, 2015 

 

 

 

 

 

 

 

 

Figure 3:12- Wild Cane on the eastern banks of the BR 

Source: Marlon Beale, 2015 

The upper section of the Black River was significantly different with respect to dominance of 

water hyacinths which affected the full width of the river (Figure 3:13). Similar mangroves 

species were observed as in the lower reaches of the study area. There were a number of 

avifaunal species observed along the banks of the river, predominantly in the Wild canes and 

reeds (see species list for details). Similar to the lower reaches, the upper areas of the Black 

River had a dirty brown turbid coloration to it.  

Red 

Mangroves 

Wild Cane 



Revised Draft Carrying Capacity Report 

 

  39 

 

 

 

 

 

 

 

 

 

 

Figure 3:13- Upper reaches of BR where Water Hyacinths dominate and ñchokeò the river 

Source: Marlon Beale, 2015 

3.3.4 Middle Quarters  

This area is similar to the upper reaches of the Black River with predominantly herbaceous 

species and no mangroves species observed. Additionally, there was an increase in presence in 

the number of Water Hyacinths floating along the river in several areas; most likely, eventually 

reaching the mouth of the Black River. Also noted in this area, was the presence of two types of 

submerged plant species (Figure 3:14). 
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Figure 3:14- Submerged plants species observed 

Source: Marlon Beale, 2015 

3.3.5 Broad River  

Broad River appears fairly pristine with clear waters observed throughout. Mangroves 

(predominantly Red Mangrove) as tall as 15m were observed along sections of the river 

(ñMangrove Avenueò).  The presence of Wild cane and Reeds were noted in areas where 

mangroves were absent. Also observed in some sections were water lilies. This was especially 

dominant where the water was shallow. This part of the river is the most trafficked by the tour 

operators, fishers and some shrimpers. The Broad River includes areas such as Salt Spring River 

and Cheese Rock. 

3.3.6 Other Key Areas: Confluence (merging of Broad and Black Rivers)  

This area is the point of merger of both the Black and Broad Rivers. The area is dominated by 

Reeds and Wild Cane. However, a few patches of White and Black Mangroves were observed. 

Also observed were small areas of Water Hyacinth.  It was noted, that it was fairly shallow in 

certain areas as large patch of reeds were seen growing detached from the main swamp area. 
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3.4 Tree Species Observed 

Numerous species of trees and vegetation were observed along the BR. These included 

mangroves, shrubs, grasses, mango and coconut trees among many others, partially and fully 

submerges plants, etc. The names of each species identified (common and scientific name), their 

location observed and their DAFOR ratings are presented in Appendix V. 

3.5 Faunal Observations  

3.5.1 Avifauna  

A total of 25 species of birds were observed during the assessment period and these comprised 

both wetland and terrestrial based species. It must be noted that the time of sampling would have 

limited the number of birds (especially terrestrial species) seen in the study area. 

A list of the wetland and terrestrial bird species that were found along the BR including their 

numbers and location observed are presented in Appendix VI. 

3.5.2 Crocodiles  

Historically, the American Crocodile (Crocodylus acutus) was found on the south coast, with 

Font Hill and Black River being the most important places in Jamaica for crocodiles until the 

early 1990ôs. The current status and population is unknown especially within the Black River 

Morass due to migration and nesting variation and patterns. However, the National Environment 

and Planning Agency (NEPA) has undertaken national surveys to determine distribution and 

status of crocodiles (personal comm. Y. Strong, 2016). It is important to note that the availability 

of undisturbed nesting habitat is the most important limiting factor. 

Site visits conducted on June 24, 2015 and November 18, 2015 had the following observations. 

These are presented in table 3-1 below: 
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Table 3-1: Number of crocodiles observed on Black, Middle Quarters and Broad River 

June 24, 2015 

 Black River Middle Quarters  Broad River 

Number of crocodiles 2 1 1 

November 18, 2015 

Number of crocodiles 2 (juveniles) 1 1 

3.5.3 Indicators  

The status of the existing environment (ecology) was determined using various floral and faunal 

indicators. The level of stress imposed on the environment as then evaluated to effectively 

determine the levels of acceptable change.  

3.5.3.1 Floral Indicators  

¶ Density and Distribution of Mangroves along the two major Rivers (Black and Broad) 

¶ Flowering pattern of Red Mangroves, which are crucial to river bank establishment and 

habitat for several faunal species 

¶ Density of occurrence of water hyacinth especially along the upper sections of the Black 

River 

¶ Water Hyacinth occurrence along the Broad River (monitoring for increased occurrence) 

¶ Occurrence of agricultural plants within the floral composition of the wetland, noting 

replacement of wetland/swamp species with more hardwood trees 

¶ Monitoring of swamp communities which include tree species such as Sabal jamaicensis 

and Roystonea princeps 

¶ Distribution of other alien invasive species e.g. Wild Giber (Alpinia allughas) 
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3.5.3.2 Faunal Indic ators  

¶ Crocodile observations noting age and location of observation 

¶ Bird species monitoring along all rivers and tributaries with a focus on areas of high 

mangrove density and those with high water lily density ï key species are Herons and 

Jacanas 

¶ Monitoring of the occurrence of commercially important fish species  

¶ Monitoring of shrimp and crab sizes captured especially by fishers along the Black and 

Broad Rivers and those which venture close to the headwaters (example above Cheese 

Rock). 

¶ Monitoring distribution of known invasive alien species within the main rivers of the 

Upper and Lower Morass. Species of note:  

1. Red Claw Lobster (Cherax quadricarinatus) 

2. Suckermouth Catfish (Hypostomus plecostomus) 

3. Cascadura or New Type fish (Hoplosternum littorale) 

 

Table 3-2 below summarizes the various indicators and outlines the current status of the 

description provided.  

Table 3-2: Ecology Indicators 

Indicator  Description of Status 
Direction (Positive, Negative, 

Stable) 

Floral  

Density and Distribution of 

Mangroves 

Density seems stable 

especially along the two major 

tributaries 

Stable 

Flowering pattern of Red 

Mangroves 

Mangrove flower at a specific 

time of the year 
Stable 

Density of occurrence of 

water hyacinth (Black 

Density along the Black River 

seems high, with the 
Negative 
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Indicator  Description of Status 
Direction (Positive, Negative, 

Stable) 

River) possibility of increasing based 

on nutrient input from 

upstream 

Water Hyacinth occurrence 

(Broad River) 

Occurrence along Broad River 

is very low 
Positive 

Occurrence of agricultural 

plants within the floral 

composition of the wetland 

Based on burning activities 

within the wetland, there has 

been a steady increase in 

observed species 

Negative 

Monitoring of swamp 

communities inclusive of 

Sabal jamaicensis and 

Roystonea princeps 

 

Swamp communities occur 

throughout the wetlands, 

however burning activities for 

agriculture have decreased 

their presence 

Negative 

Faunal 

Crocodile observations 

noting age and location 

Numbers of crocodiles 

observed was lower than 

previous records, however this 

isnôt a clear indication that 

numbers have decreased 

Stable 

Bird species monitoring 

along all rivers and 

tributaries 

Numbers of bird species 

observed was lower than 

previous records, however this 

isnôt a clear indication that 

numbers have decreased 

Stable 

Monitoring of the 

occurrence of commercially 

Fish catch reports are that 

numbers are decreasing 
Negative 
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Indicator  Description of Status 
Direction (Positive, Negative, 

Stable) 

important fish species 

Monitoring of shrimp and 

crab sizes captured 

Catch reports are that numbers 

are decreasing, as well as the 

presence of invasive(shrimp)  

species 

Negative 

Monitoring distribution of 

known invasive alien 

species within the main 

rivers of the Upper and 

Lower Morass. Species of 

note:  

1. Red Claw Lobster 

(Cherax 

quadricarinatus) 

2. Suckermouth Catfish 

(Hypostomus 

plecostomus) 

3. Cascadura or New 

Type fish 

(Hoplosternum 

littorale) 

 

The distribution of these alien 

invasive species is noted 

across both upper and lower 

sections of the morass, with 

higher densities of each 

observed at particular locations 

within the Black River Morass 

Negative 
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3.6 Physical Setting  

3.6.1 Hydrology  

The BR hydrological basin is one of the ten hydrological basins in Jamaica. Hydrological basins 

in Jamaica as defined by the Water Resources Authority Master Plan (1990) are geographical 

areas drained by a surface and or groundwater. The basin boundaries are normally surface water 

divides but groundwater divides are also used specially in the karstic areas.  Figure 3:15 and 

Figure 3:16 shows the different hydrological basins and watershed management units in Jamaica. 

The BR basin, however, as noted previous sections, can be sub-divided into two sub-basins: The 

Upper Sub-basin comprising the Nassau Valley, Upper Morass and Essex Valley agricultural 

areas and the Lower Sub-basin comprising the Lower Morass and the Pedro Plains.  

 

 

Figure 3:15- Map of Jamaica showing the different hydrological basins and their corresponding 

areas 

Source: WRA, 2015 
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Figure 3:16- Map of Jamaica showing the 26 watershed management units with the BR 

Source: WRA, 2015 

The WRA Master Plan, 1990 reports that the main areas which were identified for suitable 

irrigated agriculture are the Upper Morass, Lower Morass and the Pedro Plains. Irrigation 

scheme plans were identified for the Upper Morass, which consisted of diverting water from the 

BR for irrigating a total net area of 3570 hectares (9266 acres), growing rice, sugarcane, bananas 

and vegetables. Diversion of water from the BR for agriculture has also been reported in the 

WRA Master Plan, 1990 for the Lower Morass for growing rice. However, at present no data is 

available on the amount of water abstracted for irrigation from the river systems. The latest 

information from communications with NIC and WRA on irrigation system in the BR basin 

showed presence of a few groundwater wells for irrigation in southern St. Elizabeth at Hounslow 

and the Pedro plains, which are operated by the National Irrigation Commission. These, 

however, are outside the areas of the Upper and Lower Morass and hence do not supply water for 

any agriculture in the Morass. Based on literature and information received from these 

institutions (WRA, NIC) it was noted that there is not much irrigable agriculture in the northern 

section of the basin or northern St Elizabeth where the rainfall is high.  
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The landuse map seen from Figure 3.17 created from the landuse data of 1998 as available from 

the Forestry Department of Jamaicaôs, identifies the different landuse types for the BR basin. The 

latest 2013 data was not available for this study hence the description of the landuse types and 

their spatial variation are based on the available 1998 data.  It is seen in Table 3:3 and Figure 

3.17 that the landuse type ñfieldsò which includes herbaceous crops, cultivated vegetables are 

seen to occupy ~ 52% of the total land area followed by ñdisturbed broadleaf forestò . There are 

very few industrial/urban areas and majority of the agriculture is in the areas covered by the 

Upper and Lower Morass and southern St Elizabeth.  

Table 3-3: Landuse types for the BR Basin 

(Source: http://www.forestry.gov.jm/?q=resources/maps-gis) 

LANDUSE TYPE AREA 
(HECTARES) 

% OF THE 
TOTAL AREA 

Bamboo and Fields and Secondary Forest 977.35 0.67% 

Bare Rock 164.86 0.11% 

Buildings and Other Infrastructures 1629.94 1.11% 

Closed broadleaved forest (Primary Forest) 6783.96 4.62% 

Disturbed broadleaved forest (Secondary Forest) 21961.12 14.97% 

Herbaceous Wetland 7832.45 5.34% 

Mangrove Forest 390.37 0.27% 

Open dry forest - Tall (Woodland/Savanna/Shrubland/Bushland) 5253.92 3.58% 

Plantation: Tree crops, shrub crops, sugar cane, banana 5581.01 3.80% 

Swamp Forest 150.46 0.10% 

Water Body 279.81 0.19% 

Fields and Secondary Forest 9507.87 6.48% 

Fields: Herbaceous crops, fallow, cultivated vegetables 76219.35 51.96% 

Secondary Forest and Fields 9954.33 6.79% 

http://www.forestry.gov.jm/?q=resources/maps-gis
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Figure 3:17- Landuse types for the BR basin 

 (Source: http://www.forestry.gov.jm/?q=resources/maps-gis) 

 

Much of the agriculture is seen to be concentrated in the UM with a few in the LM near Slipe, 

Holland, Middle Quarters and areas near the mouth of the river. Agriculture in the Morass is 

believed to be rain fed but there is no reliable data available on the consumption of water per 

farms, hence a detail analysis of consumption and demand per farm was limited in this present 

study. Data was not available on the amount of water abstracted from the river for 

agriculture both for the present and historical time series. Hence it was not possible to 

http://www.forestry.gov.jm/?q=resources/maps-gis
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quantify at this stage the amount of water abstracted if at all from the river and if it has 

affected the flow /discharge capacity of the river.   

3.6.1.1 Soils and Geology  

The BR drainage basin is situated in south-central Jamaica on the southwestern part of the 

Clarendon Block and the extreme south-easterly part of the Montpelier-Newmarket Trough 

(Figure 3:18). The blocks and troughs are physical areas of Jamaica, largely separated by major 

faults with differing successions of White Limestone (late Eocene to early Miocene) age. A 

simplified geological map is shown in Figure 3:19. 

 

Figure 3:18- Blocks and troughs in Jamaica 

Source: Mitchell, 2013 
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Figure 3:19- Simplified Geology of the BR drainage basin 

Source: Mitchell, 2016 

The oldest rocks found within the BR drainage basin are of Cretaceous-Paleocene age. They 

occur within the Cretaceous inliers of the BRôs tributaries in Trelawny, Manchester and St. 

Elizabeth. The largest area occurs around Hectors River (part of the Central Inlier) and consists 

of tuffaceous sandstones and conglomerates of the Maastrichtian-Paleocene Mahoe River 

Formation of the Summerfield Group (Mitchell and Blissett, 2001; Mitchell, 2003). Small inlers 

of Cretaceous rocks are also found near Aberdeen (volcanic conglomerates) and to the northwest 

in the Marchmont Inlier (Maastrichtian sandstones, shales and limestones). 

The soil map for the BR basin is shown in Figures 3:20 (a-c). Figure 3:20 shows the different 

soil types as described by their names /terminologies based on the location and parent material. 

Figures 3:20 b) and c) shows the soil types classified based on texture and internal drainage or 
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maximum infiltration capacity. The soils developed over alluvium (Four Paths Loam, Brysons 

Clay loam, Cashew Clay Loam) are associated with old alluvial or colluvial deposits (Webber et 

al, 2010). The drainage in these areas as seen from Figure 3:20b seems to be very rapid (marked 

in yellow). Soils with very rapid drainage are seen to cover majority of the basin with exception 

of the areas of the Upper and Lower Morass. The soils developing on the limestone areas and the 

surrounding upland region are undifferentiated are in general Bonnygate Stony Loam and Clay 

Loam. As mentioned by Webber et al., 2010, the Bonnygate Stony Loam is a shallow, stony soil 

that develops on limestone slopes steeper than 20 degrees.  Drainage is generally rapid, resulting 

in a poor moisture supplying capacity.  The areas surrounding the Upper and Lower Morass are 

composed of both drained and soils with low internal drainage. Texturally these are composed of 

clay loam (Figure 3:20b), clay and peat soils. The presence of soils with low internal drainage 

near Lacovia, New River and the surrounding areas does indicate accumulation of surface 

water/ponding leading to flooding. 
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Figure 3:20 - Soil map of Black River basin showing the different 
soil types b) Soil map showing the different textures and c) Soil map 
classifying the soils based on internal drainage.   

** Note when compared to the map showing flood prone 

areas, most of the flooding takes place in the Upper and 

Lower Morass, along the banks of the main channel (Black 

River ) and its tributaries consisting of soils with low 

internal drainage and of clay and stony loam texture.  
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3.6.1.2 Coastal Geomorphology  

Much of the immediate coastline from Starve Gut Bay through Parottee Point and north into 

Black River Bay is characterised by a low-lying coastal plain, containing a óbarrier beachô 

system separating the sea from a coastal morass. The coastal geomorphology of the BR study 

area is characterised by an extensive area of morass wetland, which is low-lying and where the 

water table is close to or at sea level. Geomorphologically, the morass represents land that has 

been óreclaimedô from the sea by mangrove vegetation acting as sediment traps. Both the BR 

Lower and Upper Morasses probably initially developed as a structurally controlled karst polje 

that formed during and after the Pliocene and early Pleistocene block-faulting event.  

The Newport Formation under the morasses is poorly consolidated, sandy in parts and generally 

with a high argillaceous content (Wright 1971:56) and in the BR Lower Morass forms several 

outcrops in the central area of the depression, forming nine isolated ólimestone islandsô in the 

wetland between the districts of Cataboo and Slipe. The limestone islands, which are weakly 

cemented, sandy and marly in texture and composition, are subject to deep solution weathering 

and show no apparent relationship to the present drainage pattern (Bertrand 1983). The islands 

were probably formed as a result of local uplift, where the buried karst surface becomes exposed, 

while the surrounding areas were subject to down faulting and inundation by sea-level-rise in the 

early Holocene. 

The morass basins and particularly the BR LM consist of swamp deposits with thick alluvial 

clays and silt. The alluvial clays cover most of the floor of the BR LM resting directly on the 

underlying Newport Formation (Bertrand 1983). Peat covers almost all of the wetland areas and 

in the lower morass has a thickness varying between 5m to 12m. Grontmij (1964) suggests that 

during the early Pleistocene, the drainage in the morass may have been fully subterranean, but 

during the Holocene sea-level rise conditions favoured peat development and the formation of 

wetlands due to an increase in rainfall and water-table rise. The occurrence of subterranean 

drainage within the BR morasses in the Pleistocene is further supported by Wright (1971), who 

suggested that there may be as many as 18 sinkholes in the bed of the Broad River, most being 

no longer part of the modern hydrogeological system but perhaps older conduits for subterranean 

flow to the sea. 
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Along much of BR Bay, between the shoreline and the morass inland is a óbarrier-beachô system, 

which can become inundated during storm events and has been subject to coastal erosion for a 

number of years leading to the damage and destruction of many beach properties, particularly 

south of the town of BR and towards Parottee Point. In addition to this óbarrier-beachô, the 

mangroves and swamps within the BR LM contain quite distinct beach ridges, particularly in the 

Parottee area. These ridges may have formed by a range of processes, including, storm wave run-

up and longshore drift, while in the BR Bay some may have formed by wave winnowing of fine 

sediments. 

Jamaicaôs largest freshwater pond, the Wallywash Great Pond, although not a coastal feature is 

found close to the coast in the Pondside area, located at an elevation of about 7m above present 

sea level and 3km from the coast. The maximum depth of the pond is about 5 m (Street-Perrott et 

al. 1991), the average depth being about 2.8m (4.2m above present sea level) 

Palaeo-dunefields occur to the south of the BR Lower Morass and are particularly well-

developed immediately landwards of the modern beach system between Starve Gut Bay and 

Parottee Point where they are up to 7m to 8m high. Occasionally they are re-activated on their 

seawards margins by strong onshore winds, while they are currently being mined for their 

siliciclastic sands. 

Additional information on the Geomorphological features of the study area including Karst; 

Slope, and Fluvial geomorphology is presented in Appendix VII in great detail. 

3.6.1.3 Water Holding Capacity and Supply 

The BR Basin as mentioned earlier is one of the ten hydrological basins in Jamaica located in the 

southwestern section of the island. The hydrology of the basin is discussed with respect to the 

drainage basin analysis using the topography, soil and land use as well as with the analysis of the 

flow data for the BR and its tributaries. The hydrostratigraphy of the basin shows (Figure 3:21) 

the different rock types based on their water holding capacity i.e. as aquifers and aquicludes. The 

BR basin is dominantly composed of the Limestone aquifer which is predominantly found in the 

areas of the Upper and Lower Morasses hosting the shallow alluvium wells. Figure 3:21 also 

shows the presence of the basal aquiclude which are primarily the impermeable rocks of the 


































































































































































































































































































































































































































