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1.0 DATA COLLECTION AND INTEGRITY IN SCIENCE  
 
Anyone who is honest and conscientious can collect valid field data.  There are 
some important guidelines in the collection and archiving of field data forms that 
need to be reviewed and understood by all participants.  

Scientific reports can inform and help the public make better environmental 
decisions, but the public will support science only if it can trust the scientists and 
the institutions that conduct research.  Universities have a responsibility in 
fostering an atmosphere that promotes integrity in the conduct of research.  We 
are all accountable to carry out our tasks with attention to methods and complete 
and honest reporting of observations and results.  

Many universities and research institutions have spent considerable effort on 
defining research misconduct and elaborating methods for investigating 
allegations of misconduct. There are eight KEY PRINCIPLES of scientific 
research that we follow and incorporate into our research program:  

• Open publication and discussion of methods and results 
• Careful observation of requirements for confidentiality in the peer review 

process 
• Proper supervision of personnel and data 
• An emphasis on the quality of research 
• Appropriate relations with stakeholders and “users” of the information 
• Avoidance of conflicts of interest 
• Compliance with standard data collection and recording practices, and   
• Maintenance of accurate and detailed records of research procedures and 

results 
 
Scientists are, for the most part, self-regulated. The system of peer-review 
publication and grant reviews enables the identification and control of errors.  
Recently, the scientific community has taken a much more rigorous look at 
defining and dealing with cases of misconduct in science.  Societies are willing to 
grant autonomy only so long as the members of the profession demonstrate 
themselves to be trustworthy in regulating themselves, rather than merely 
furthering the self-interests of group members.  Universities and research 
institutions provide the structure, collegiality and resources to carry out rigorous 
projects.  We may study islands, but no person “is an island” and scientists 
cannot function effectively in isolation.  
 
Scientists must be objective in data collection, but certainly everyone has 
opinions. If science is seen as cumulative and consensual, most typically moving  
forward in small increments that build progressively on earlier work, other 
scientists can influence what becomes accepted as valid knowledge and 
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incorporated into the foundation of subsequent work.  This process assumes that 
scientific peers will examine the evidence presented by other scientists, and, if 
they find it not credible, will say so and make the corrected information available 
to the scientific community as part of the normal course of scientific inquiry.  
Such protocol increases the difficulty in understanding the difference between 
innocent mistakes, dubious professional behavior, and misconduct.  As a result 
of this definitional effort, four categories of problematic behavior have emerged, 
and are summarized in the following table. 
 
Table 1.1.  A list of behaviors on the slippery slope to scientific misconduct.  
Honest Mistakes 
 

Scientists and their assistants, being only human, can make 
inadvertent mistakes of various kinds during design, 
calibration, logging, data entry, and so forth. Honest 
mistakes can result from the sloppy execution of research.  
We can discover mistakes by taking careful field notes, and 
reviewing data recording.  Working in teams helps 
everyone follow the protocols as written in the manual, and 
avoid these mistakes. 

Unethical 
Behavior or 
“Scientific 
Misdemeanors” 

Norms in the scientific community define acceptable and 
unacceptable practices. Examples of unethical behaviors 
might be: 
o Biasing one’s opinion of peer-reviewed work,  
o “Gift” or “honorary” authorship or omitting people 

who have contributed to the dataset, 
o Skewed selection or reporting of data to hide 

observations that do not fit expectations,  
o Duplicating of publications with very similar or the 

same data sets, or  
o Incomplete citation of previously published work. 

Noncompliance Noncompliance generally refers to failures in following 
practices dictated by law. Conducting research in a foreign 
country without a permit is unethical.  Noncompliance may 
expose a scientist or institution to legal sanctions. The 
regulatory requirements most commonly associated with 
scientific research include those governing the ethical 
treatment of human subjects and research animals.  

Scientific 
Misconduct 
 

In general, deliberate deceit is the central defining criterion 
for scientific misconduct, with erroneous information 
resulting from a deliberate attempt to be dishonest. 
Dishonesty can occur in the form of forged or fabricated 
data, falsified or invented results, and plagiarism.  Careful 
records can again help investigators distinguish an honest 
mistake from true deception.  
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A common denominator in most cases of alleged scientific misconduct has been 
the absence of a complete set of verifiable data. The retention of accurately 
recorded and retrievable results is of utmost importance for the progress of 
scientific inquiry.  A scientist must have access to his/her original results in 
order to respond to questions; the editor of a journal may request to see the 
original field notes prior to manuscript publication. For coastal ecological 
fieldwork, the following guidelines are critical to understand and follow: 
 

1.) READ THE METHODS and understand the objectives and protocols for 
each aspect of the work.   Each person will be assigned to a team with 
specific responsibilities.   

2.) GET TRAINING and review the use of equipment or survey methods 
with your team members. 

3.) KEEP FIELD NOTES.  All team leaders are responsible for keeping field 
notes – here you can write out the protocol, make notes on how you 
interpreted the instructions, and note any problems or confusion.  It is 
important to comment on the weather conditions or any other matter 
relating to your sampling work.  

4.) USE DATA SHEETS DESIGNED FOR EACH TASK – the data sheet can 
help prompt you to record the necessary information.  Much of the work 
is done on underwater paper. When under water, use pencil on the data 
sheets.  All other times, complete data sheets in pen.  Cross out and initial 
mistakes -- never erase.  All data sheets should be completed, dated and 
signed by all team members by the end of each day.  

5.) DATA SHEETS ARE ARCHIVED AND ORGANIZED IN NOTEBOOKS. 
All the team leaders need to be sure their datasheets are properly 
completed, and archived in the field notebook with any other information 
(maps, tide tables, list of photos) associated with the data collection effort.  

6.) ASK QUESTIONS!  There is no such thing as a silly or stupid question.  
Get as much information as possible about the sampling methods and 
protocols. Ask if something does not look right! 

The Principal Investigator must retain custody of all original primary field 
data. A graduate student may make copies of the primary data for his/her 
own use.  Original experimental results should be recorded, when possible, in 
bound books with numbered pages. In the field, pre-printed data sheets are 
used with bound field logbooks.  An index should be maintained to facilitate 
access to data.  

Primary data is archived and stored.  This information remains in the 
laboratory at all times, and never leaves the office. We have a commitment to 
make the information available on the “Coastal Ecology of The Bahamas” 
web site for other people to use.  This website is located at: 
http://henge.bio.miami.edu/coastalecology. 

http://henge.bio.miami.edu/coastalecology
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Scientific research often has to compete for public and private funding based on 
three criteria: 

 1.) Projects need to relate science priorities to societal benefits, 
 2.) Projects need to link research results and products to decision-makers' 

needs, and 
 3.) Projects are likely to have partnerships between private (non-

government) and public (government) institutions. 
 
There are contrasting cultures of science and policy. Science literacy of a population 
is critical to the understanding and evaluation of new scientific information. 
 
Table 1.2. Cultural characteristics of the scientific and policy-making community 
are different.  A list of the basic concerns and characteristics of each are listed.  

Culture of Science Culture of Policy and Decision-Makers 

Objective facts Subjective values 

"Proof" “Belief” 

Rational Emotional 

Measurements Perception 

Incremental progress Deadlines and crises 
 

 

 

Fig 1.1.  Earthwatch 
volunteers conduct a 
coastal characterization 
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2.0 INTRODUCTION TO ECOLOGICAL RESEARCH AND 
MONITORING 

2A. TYPES OF INFORMATION 

The overall mission of ecological research and monitoring is to understand how 
natural systems work.  What are the key processes that maintain coral reef or 
island communities?  Often, this understanding of natural systems requires 
biological, oceanographic, chemical, and even historical information.  There is no 
place on earth that has not been altered to some extent by human activity; we are 
already looking at systems in transition or change.  Ecology is like detective 
work, and involves piecing together information about the current state of 
natural systems and then attempting to interpret trends and changes.  
 
We refer to the “chain of events” leading to ecological change.  There is first a 
SOURCE ACTIVITY that leads to environmental STRESSORS that produce a 
SYMPTOM observed by people.   
 
Table 2.1. Chain of events leading from a source human activity to a detected 
symptom or change in the environment.  The source is not readily known in 
many cases, or there may be several sources working synergistically. 
SYMPTOMS STRESSORS SOURCES 
Visible or measurable 
changes observed by 
scientists or citizens 

Impacts resulting from 
human activities which in 
turn impact the ecology  - 
may be difficult to identify, 
can be chronic or acute 

Human activity or behavior 
at the root of stressors 
impacting environment 

Example:   
Observed throughout Florida 
Keys: 
Decreased coral growth, 
Partial mortality of coral, 
Increased incidence of disease 
in corals 

Increased sediment load in 
coastal water,  
Increased nutrient load in 
coastal waters 
 
Cause - Change in water quality 
leads to less light in the water, 
more pathogens from plankton 
production 

Deforestation of land, lack of 
sewage treatment (septic 
tanks and cess pits); 
No control of run-off from 
strong tropical rains 
 
Cause - Heavy rainfalls on 
exposed soils accelerate erosion 

 
 
Part of the detective work is utilizing all types of available information to 
understand change.  Statistically, we need structured information collected in a 
consistent way.  However, a substantial part of “critical thinking” skills lies in the 
ability to appreciate the type of information that you have to deal with – this is a 
big part of our culture and the decision-making process.  Look at this example of 
types of information from an environmental crisis in Biscayne Bay. 



TOOLS AND METHODS IN COASTAL ECOLOGY  
2006 

 

9

 

Table 2.2. Types of information that can identify and define an environmental 
pollution problem. 
TYPE of information Definition or description of 

parameters 
EXAMPLES 

Anecdotal  One observation, unconfirmed 
reports 

Report of fish kill in Biscayne Bay 
 

Observations A one-time record of information; 
not necessarily fully referenced 

Resident records fish kill with 
video, and brings in dead fish 
 

Surveys – 
Qualitative 

A set of observations over space 
and time, daily or routine 
observations 

Ranger at Matheson Hammock 
Park marks in calendar each day 
that dead fish are cleaned from 
beach 

Surveys – 
Quantitative 

A set of measurements over space 
and time, measurements have a 
definable accuracy and precision 
standards 

Students begin recording 
temperature and looking at 
species and number of fish killed 
over the summer school session 

Surveillance An extended program of surveys, 
usually over time to ascertain the 
variability or range of values  

A year-round program to look at 
the situation  

Monitoring Intermittent surveillance carried 
out to ascertain the compliance 
with a pre-determined standard 
* Takes background information, 
planning and training, but 
provides strongest conclusions for 
change detection and causal links 

Monitoring begins: temperature 
and dissolved oxygen are 
measured; when critical levels are 
reached, alert for fish kills 

Experimental  Measurements made on a specific 
manipulation based on a 
hypothesis.  Establishes evidence 
for new hypotheses and theories 
 

Source of fish kills investigated by 
testing the nutrient run-off and 
increase in biological oxygen 
demand - Experiments include 
sampling from developed and 
undeveloped coastlines 

 

2B. SURVEY AND SAMPLE DESIGN 

Most of the survey methods and experiments are designed to meet the criteria of 
a given statistical test.  Both univariate (Means, ranges, or simple indices of 
diversity) and multivariate analyses (such as Principal Component Analysis) are 
used.  Multivariate analysis has two basic roles in community ecology: 

1.) To aid in the discovery of data structure and identify PATTERNS – this is 
the first step to understand or elucidate PROCESSES.  Progress in 
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community ecology comes with successive refinement through a large 
number of small steps 

2.) To provide a relatively objective and simple summation of complex data 
and thus, provide a more effective means for data communication and 
results. 

 
The information must be sufficiently explained and transparent for the audience 
to understand the questions being asked, and the significance of the results.  
 
FORMULATING A HYPOTHESIS - What is the difference between observation 
and experimentation?  Science involves the testing of hypotheses by 
experimentation or sampling.  
• CAUSAL LINKS - this is the mechanism by which one parameter influences 

another, and is what we all would like to know: what is the exact mechanism 
that allows an increase in temperature to produce an increase in the 
respiration rate of fish? 

• CORRELATIONS - this is a statistical relationship between two parameters.  
This is often based on observations or a series of measurements.  Correlation 
does not need to have a causal link.  

• GRAPHING RELATIONSHIP - x = independent variable, y = dependent 
variable.  What is the relationship between these two parameters, and to what 
extent do changes in “x” predict/ influence changes in “y”? 

 
 
Natural Communities are defined as assemblages of interacting species. These 
species share a common tolerance of or function with abiotic conditions, and 
share interactions in food webs to support essential ecological processes.  There 
is an exchange of matter and energy between species, and the species have 
evolved complex relationships and interactions. 
 
 
Ecosystem is an abbreviation of “ecological system,” an invented term to 
describe a mosaic of natural communities, or a larger scale of species interactions.   
Energy and matter are exchanged through natural communities on an ecosystem 
scale.  For example, the Antarctic ecosystem includes the southern ocean, the ice 
shelves, the continent of Antarctica, and the atmosphere above it.  These parts 
are all interconnected. 
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Table 2.3. How do we recognize the boundaries between ecosystems?  Usually, 
there is a gradient of both ABIOTIC and BIOTIC factors.   
ABIOTIC PARAMETERS BIOTIC PARAMETERS 
Temperature Herbivore pressure 
Salinity (in aquatic systems) Predation 
Geomorphology Competition 
Pressure, Altitude Food resources 
Light Mutualism, Commensalism 
Wave or wind energy Symbiosis, Parasitism 
 
Three types of community data analysis are used to define ecosystems and detect 
changes in those systems: 

• DIRECT GRADIENT ANALYSIS (identifies “stages” or “lines” within 
communities); 

• ORDINATION (enables the definition of magnitude and scope of changes, 
as well as the spatial and temporal relationships between communities); 

• CLASSIFICATION (enables discrimination between community types). 
 

Any study method in community ecology should be:  
1.) Accurate in representing data (noise, redundancy, relationships, outliers 

clarified); 
2.) Effective in relating community gradients to environmental, historical, 

and other types of data. Such relation requires building an ancillary 
dataset to analyze with sample-species spreadsheets; 

3.) ROBUST – data set should produce consistent results – community 
analyses should produce consistent outcome despite variation in datasets; 

4.) Objective – and not introduce bias into the data analyses; 
5.) Lucid with clear definitions of patterns, processes, and relationships; 
6.) Integrated into research questions; and 
7.) Efficient in terms of time and effort.  

 

2C. OVERVIEW OF THE COASTAL ECOLOGY OF THE 
BAHAMAS PROJECT 

This methods manual describes the field component of a long-term project to 
characterize and map the coastal ecology of tropical islands of The Bahamas. The 
goal is to understand physical and biological processes that move energy and 
matter across the land-sea interface, particularly those pathways that transport 
pollutants from land to sea.  This research will help set real ecological limits to 
development on islands, and correlate coastal development to changes in the 
ecology of near shore marine communities.  Within the project scope, developed 
and undeveloped areas will be investigated.  
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The first objective of the study is to develop a model that can predict the 
biological diversity and fisheries production potential of coastal marine 
communities by mapping the existing coastal vegetation zones and coastal 
wetlands of tropical island systems. The Bahamian archipelago is ideal for the 
development of baseline data on coastal ecology, but changes are occurring 
rapidly with economic pressures to continue the scale and scope of tourism 
development. On small tropical islands, the fluxes of nutrients from land to sea, 
and vice versa, are in critical balance. The nutrient-poor waters appear a 
beautiful clear turquoise color that people associate with tropical islands.  
Carbonate islands of the Bahamian archipelago are very sensitive to chronic 
eutrophication, or the addition of excess nutrients. The consequence of this 
“nitrification” is a loss of marine diversity, and degradation of critical near shore 
marine fisheries habitats.  The methods used in model development include 
mapping coastal geology, land-use and vegetation cover to incorporate rainfall, 
groundwater movement and pollution sources. The methods for fish assemblage 
assessment will include seines, traps and visual surveys. 

The second objective is to collect the empirical information on water quality and 
marine plants needed to test the pollution and nutrient-flux models.  Tropical 
islands are particularly sensitive to changes in nutrient input; excess nutrients 
can enter the environment from a wide variety of human activities, as well as 
from natural perturbations such as hurricanes. This degradation of near shore 
marine habitats is manifested in a loss of macro-algae diversity and production 
that are particularly important to fishes and marine life dependent on near shore 
marine habitats as part of their life cycle.  The methodologies involved in 
monitoring water quality and marine plants are tedious and time consuming, 
often involving early morning and late evening sampling.  

The third objective is to evaluate the ecological impacts of chronic (long-term) 
and acute (catastrophic) changes in water quality and marine plant communities.  
This ecological evaluation involves the assessment of sensitive benthic (bottom 
dwelling) animals such as corals, sponges, soft corals, snails, crabs and worms.  
These “benthos” live their lives in a fixed position on the seafloor, and thus must 
respond to both acute and chronic stress.  In contrast, the mobile fish fauna 
respond quickly to stressors on daily, tidal, and seasonal cycles.  It is critical to 
examine the diversity and abundance of fishes in response to alterations in the 
coastal environment.  Researchers have documented the loss of biological 
diversity of tropical coastal systems from four general categories of human 
activity (Burke et al 2001, Burke and Maidens 2004):  
 

1.) Over-fishing of fishes and invertebrates,  
2.) Coastal development,  
3.) Land-based sources of pollution and erosion, and  
4.) Introduction of exotic invasive species. 
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The last objective is to test hypotheses in remediation with coastal restoration 
projects.  These coastal restoration projects are planned in cooperation with local 
communities for coastal stewardship programs. The restoration of wetlands and 
coastal areas is a necessary reality throughout the United States.  Coastal areas 
that have been altered by development, dredging or loss of wetlands are 
increasingly targeted for costly and long-term restoration projects.  The cost of 
restoration is justified by the value of coastal resources as well as the protection 
of human life and property. Unfortunately, many of the lessons learned in the 
southeastern United States and Florida are not transferred to the islands of the 
wider Caribbean. Many existing developments on carbonate island systems such 
as The Bahamas now require immediate restoration to stabilize the shoreline, 
protect beaches as well as conserve critical fisheries habitats. Methods include 
removal of invasive plants, restructuring of dunes, and replanting of native 
coastal plants. These restoration projects will repair damage done to the coastal 
zone by past development projects to prevent future erosion and property 
damage with storms and hurricanes, and improve the health of the environment, 
specifically improving water quality and coastal biological diversity above and 
below the water. The most important aspect of restoration projects will be to 
educate local communities on alternatives to dredge-and-fill development, and 
build a sense of environmental stewardship. 

This project describes an integrated ecological approach to both mapping altered 
coastal zones on an archipelago-wide scale, and setting priorities for the 
restoration of highly altered shorelines. Restored coastal communities should 
then improve the near shore marine environment, increasing diversity of the 
benthos and fishes. Changes to water quality and the consequential impacts on 
marine environment from coastal development are poorly documented, and 
have been only recently recognized as a significant chronic threat to fisheries.  
This project began in 2002 on Eleuthera, and over the past three years has 
brought researchers to Andros, South Andros, Exuma and now the Abacos.  

Beyond 2006, the project will focus on Cat Island, Crooked and Acklins 
Islands, and Inagua Island. 
 
Coastal Ecology Case Study: The Environmental Monitoring 
Program for Baker’s Bay Club, Great Guana Cay, Abacos 
 
The comparison of similar natural communities adjacent to developed and 
undeveloped islands is one way to understand the potential impacts and 
ecological community changes related to development.  Baker’s Bay Club (BBC), 
to be located on Great Guana Cay, Abacos, The Bahamas, is a unique 
development case study in the transparency of its site management and 
environmental reporting. BBC, will be an experiment in sustainability for small 
island developments, and recognizes the inherently sensitive issues associated 
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with “experimental” approaches to the development of any natural resource. 
The aim of the experiment is to provide a truthful documentation of the real 
ecological costs of resort development. 
 
In an effort to establish stewardship of the property’s natural resources; a 7-point 
mitigation plan and an Environmental Management (EMP) are being 
implemented.  The mitigation plan and EMP include several monitoring, 
outreach and education and restoration components, including: 

1. The cleanup of contaminants at the Treasure Island complex.  
2. The restoration of natural dune systems and native vegetation in coastal 

buffer zone of Treasure Island complex. 
3. The removal and management of invasive alien plants along the coastal 

zone of the entire project site (especially Australian pine and Hawaiian 
inkberry). 

4. The restoration and management of wetlands adjacent to the marina area. 
5. The monitoring and management of wildlife habitat areas, including turtle 

nesting beaches, white crown pigeon foraging areas, and neo-tropical 
migratory bird habitats.  

6. The monitoring of terrestrial vegetation communities, ground water and 
near shore water quality, and fish, epifauna and coral communities.  

7. Dissemination of the status of BBC and documentation of impacts through 
a project web site.  

8. Monthly environmental monitoring reports disseminated to the proper 
Bahamian authorities and developers. 

9. Timely data analysis and interpretation of the status of the properties 
terrestrial and near shore marine environments. 

10. The creation of an independent foundation for the management of 
preserved areas, environmental outreach and education, as well as on-
going monitoring of the site. 

 
This coastal ecology case study is both innovative and ambitious, addressing the 
future challenges of maintaining the ecological integrity of small island 
developments.  
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Fig 2.1. Map of the Bahama Archipelago 
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Fig 2.2. Map of the Baker’s Bay Club with Monitoring Sites 
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Fig 2.3. Environmental Monitoring Plan Outline and Schedule for Baker’s Bay Club 
 

Category Factors Indicators Source of Impact Impact Scale of impact 
and monitoring Monitoring Frequency 

1. Physical 
and  

chemical 

1.1. Water - Ground 
and Near shore 

Ph, DO, Phosphates, 
Nitrates, coliform, 
stable isotopes 

Fertilizer (landscaping), 
improper underground septic 
and disposal pits, house 
chemicals, oil and gas 

These levels will 
increase with 
disturbance, altering 
ecology if too high  

Island, regional, 
country Quarterly 

 1.2.Sediments 
Sedimentation rates 
near shore and 
offshore 

Dredging, plant removal and 
landscape alteration 

These levels will 
increase with 
disturbance, altering 
ecology if too high  

Island to regional 

Intensively for month to 
get natural rate, then 
ongoing during dredging 
and major construct 

  1.3. Pollutants 

Metals in soils: 
Methal Mercury, 
Organo phosphates, 
PAH's 

Oil, gas 

These levels will 
increase with 
disturbance, altering 
ecology if too high  

Island to regional Quarterly 

 1.4 Meteorology 
Rainfall patterns, 
temperature, wind, 
humidity 

Weather conditions can 
exacerbate environmental 
condition 

Fluxes in these indicators 
will influence ecological 
communities 

Island to regional Continous- on-site 
weather station 

2. Biotic - 
Land 2.1. Plant Diversity 

Species abundance, 
diversity, rarity, 
quality, invasives, 
new exotic species, 
increase in exotic 
abundance 

Construction and habitat 
alteration, importation of 
exotics with machinery, soil, 
construction materials, 
nursery and nursery stock 

Loss of plants 
(extirpation), species 
habitats, coastal erosion,  

Island 
Ongoing during 
construction, then 
biannually 

 2.2. Habitats 

Species turnover, 
structural changes, 
lack of regeneration, 
mortality, soil 
erosion 

Groundwater changes, 
airflow changes, extirpation 
of pollinators, changes in 
island's microclimate (soil, 
water, nutrients, humidity, 
wind) 

Loss of natural 
vegetation cover, 
erosion, species loss, 
wildlife loss,  

Island 
Ongoing during 
construction, then 
biannually 

 2.3. Land Conversion 

Vegetation coverage, 
disturbance, loss of 
vegetation buffers, 
species loss 

Construction alteration, 
post-construction habitat 
alteration on home lots 

Loss of plants, species 
habitats, coastal erosion Island 

Ongoing during 
construction, then 
biannually 
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 2.4. Preserve Areas Encroachment, plant 
mortality 

Construction alteration, tree 
and other plant cutting, 
herbicide use, sprinkler 
system intrusion 

Loss of species diversity, 
loss ecosystem 
sustainability, increased 
storm vulnerability  

Island 
Ongoing during 
construction, then 
biannually 

  2.5. Landscaping 

Species use, 
maintenance needs, 
invasiveness, 
undercutting natural 
vegetation buffers 

Improper use of palette,  
excessive watering, 
excessive fertilizing,  use 
and escape of prohibited 
species 

Increase in exotic plant 
abundance, hybridization 
with native plants, loss 
of habitats, coastal 
erosion, decreased 
hurricane resistance 

Island 
Ongoing during 
construction, then 
biannually 

  2.6. Restoration 
Species use, 
maintenance needs, 
invasiveness 

Improper species selection, 
lack of diversity in planting 
materials, lack of 
succession, invasion of 
exotic species, invasion of 
weedy species 

Creation on non-
sustainable habitats, 
increase of abundance of 
exotic plant species 

Island 
Ongoing during 
construction, then 
biannually 

3. Biotic- 
Sea 3.1. Fish 

Diversity,  Trophic 
structure, Size 
frequency of selected 
fish and abundance 
of juveniles   

sedimentation (construction) 
and runoff from pollution 
(fertilizers, oil, gas) 

Increased levels of 
pollution, sedimentation 
and runoff may decrease 
diversity and juveniles, 
alter trophic structure 
(case study species- 
Hamlets) 

island, regional Biannually- seasonally 

 3.2. Corals (Near 
shore) 

growth rates, 
recruitment, changes 
in diversity and 
abundance, physical 
signs of 
stress/disease, 
symbiotic algae 

sedimentation (construction) 
and runoff from pollution 
(fertilizers, oil, gas) 

Increase levels of 
pollutants may decrease 
growth, reduce 
abundance and diversity 
of species, contribute to 
poor health (increased 
disease, change in 'good' 
algae, swollen polyps 
and increased mucus) 

island, regional Biannually- seasonally 
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 3.3.Benthos (near 
shore)  

Macroinvertebrate 
diversity and 
abundance 

sedimentation (construction) 
and runoff from pollution 
(fertilizers, oil, gas) 

Increase levels of 
pollutants may change 
community to more 
pollutant tolerant 
"weedy" species 

island, regional Biannually- seasonally 

 3.4. Corals and 
Benthos (Offshore) 

Coral diversity, 
benthic composition, 
disease, recruitment 

sedimentation (construction) 
and runoff from pollution 
(fertilizers, oil, gas) 

Increase levels of 
pollutants may decrease 
diversity and alter 
benthic composition 
(more algae, less corals), 
reduced recruitment 

island, regional Biannually- seasonally 

 3.5. Algae abundance, diversity 
sedimentation (construction) 
and runoff from pollution 
(fertilizers, oil, gas) 

Increased levels of 
pollution, sedimentation 
and runoff may lead to 
decrease in diversity 

island, regional Biannually- seasonally 

4. Socio-
economic 4.1. Surveys Income from tourism 

and fishing 
During construction and 
after 

Change in income from 
tourism and/or fishing 
catch 

island, regional Annually 

 4.2. Business review Income During construction and 
after 

Change in income and/or 
tourism island, regional Annually 

  

4.3. New house 
construction, 
Housing now, 
Housing per year 

Housing density, 
construction impacts 

During construction and 
after 

Change in income and/or 
tourism island, regional Annually 
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Fig 2.3. Massive land cover changes planned for Bakers Bay Golf and Ocean Club over three phases of construction 
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3.0 PHYSICAL AND CHEMICAL PARAMETERS 
 
The physical environment of the land and sea are intertwined on small island 
developments.  Clearly, the biggest threats are changes in the island hydrology 
and nutrient loading to near shore marine environments.  There are three 
hypotheses to be tested in terms of mitigating or minimizing land-based sources 
of pollutants that alter the ABIOTIC characteristics of the environment. 
 
Hypotheses: 
 
1)  Incorporating “best practices” into coastal development strategies will 
ensure high terrestrial and near shore water quality.      
Preservation of intact coastal buffer zones, mitigation to restore native vegetation 
and topography to coastal buffer zones, employment of sediment curtains, 
application of properly-placed, advanced sewage treatment systems, and 
landscaping plans adapting native, drought-tolerant, low-fertilizer requiring 
plants will allow for adequate filtration of nutrients, and prevent heavy sediment 
loads from entering and causing stress to near shore marine systems.   
 
2) Observed deviations in physical and chemical water quality parameters near 
developing coastlines employing “best practices” techniques may be related to 
acute, natural events such as hurricanes, heavy periods of rainfall, or strong 
winds.  
Shifts in physical and chemical parameters (such as sea surface temperature, 
turbidity, nutrient levels, sedimentation, or salinity) away from a “normal” range 
of values established via box plots may be correlated with symptoms of near 
shore community stress (such as coral bleaching and disease incidence, fish 
species presence or absence, and presence or absence of algal or macro-
invertebrate indicator species). 
 
Coastal water quality is directly and indirectly influenced by land-based 
activities, such as vegetation removal, shoreline erosion, fertilizer loss, 
improperly managed urbanization and associated run-off of insufficiently-
treated sewage and industrial pollutants (ISRS 2004).  Deteriorated water quality 
places stress on near shore marine community assemblages, and reduces the 
resilience of marine communities by altering biodiversity, decreasing resistance 
to disease, inhibiting crucial symbioses, and facilitating the proliferation of single 
species.  Our goal is to identify critical thresholds of chemical and physical water 
quality parameters for coastal and near shore biota community intactness for the 
islands of The Bahamas. 
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3.1 WATER - GROUND AND NEAR SHORE MONITORING 
METHODS 
 
Objectives 

Ground and near shore waters will be monitored over diurnal, tidal and 
seasonal cycles to assess basic quality parameters for a site.  
 

Long-term changes in environments stem from climate change (which can be 
natural, though humans can alter global climate patterns) and gradual changes in 
coastal water due to increases in coastal nutrient loading, loss of coastal 
vegetation and increased sedimentation with development.  Stability in sea 
surface temperature and turbidity levels are particularly important to stony 
corals and photosynthetic organisms requiring clear, warm, nutrient-poor waters 
for physiological processes.  The goals of this monitoring program are to look for 
and prevent long-term chronic changes to coastal systems. Thus, water quality 
analysis will be coupled with baseline data on coral, benthos, macro-algae and 
fish diversity and abundance (Section II) and the system will be evaluated 
holistically. 
 
Materials and Methods 
Specific, pre-determined sites will be monitored monthly using the following 
methods:   
 
Near Shore 
1. Water samples will be collected in bottles from each site to be tested later for 

turbidity using a Nephlometer;  
2. Salinity readings will be taken at each site using a hand-held refractometer; 
3. Visibility will be determined with the use of a Secchi disk; 
4. Water temperature, salinity, and dissolved oxygen content will be 

determined using a YSI probe at the site.  The probe will take readings at 
surface and at depth (>1m deep). 

Near shore water quality data will be collected at each site before and after the 
boat trips when surveys are conducted in the water. In addition, sunrise and 
sunset sampling will be performed frequently at these sites. 
The same methods will also be used to collect water quality data from the boat at 
each survey site. 
 
Groundwater 
Groundwater wells will also be monitored with a YSI -85 environmental probe.  
On a tidal cycle sampling plan, all wells are sampled intensively for a two-week 
period every quarter.  Additional sampling occurs after rainfall events and 
storms.  Temperature, salinity, conductivity, dissolved oxygen and pH are 
recorded.  Water samples are retrieved for Particulate organic carbon (POC), 
Dissolved inorganic nitrogen (DIN) and Total nitrogen. (TN). After rainfall 
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events, biomarkers will be used to study flux rates of material away from the 
well.  Groundwater sampling programs can help establish the effectiveness of 
landscape management practices, and detect early threats of eutrophication to 
near shore marine environments.  
 
Stable Isotope techniques to determine rates of nutrient flux 
Stable Isotopes are used to trace the RATE of flux and SOURCE of nitrogen to 
coastal marine environments.  Chronic eutrophication of tropical coastal 
environments from land cover alteration and development can best be 
documented by stable isotope studies.  For the purpose of this research, Nitrogen 
(N) stable isotope analysis in conjunction with a nitrogen load model will be 
applied to identify and quantify the source, spatial extent and fate of biologically 
available sewage–derived (wastewater) nitrogen in near shore waters at 
comparative sites with varying levels of coastal development on the offshore 
cays of Abacos. Cross-site comparisons of dissolved inorganic nitrogen (DIN) 
concentrations and natural abundance of stable N isotope ratios will be 
undertaken to: 

a) Examine how the degree of development/human alteration in island 
groundwater affects the level of DIN (nitrate + ammonium) and ∂15N in 
underlying groundwater, and 

b) Examine the coupling between ∂15N signatures of groundwater discharge 
and ∂15N of primary producers in near shore waters. 

The natural cycling of nitrogen in the environment has been extensively altered 
by the activities of humans (Macko and Ostrum, 1994). This project considers 
that there is likely a Michaelis-Menton type kinetic relationship between a 
system’s ability to process nitrogen so that low levels of development or human 
alteration will be difficult to detect, but at some critical load level, this dynamic is 
expected to change. Organic nitrogen will no longer be recycled in the biosphere, 
and excess DIN may be discharged into the system, creating the indicators for 
eutrophication as illustrated in Figure 3.1.   
 

 
  
Fig. 3.1. 
Proposed 
Michaelis-
Menton type 
kinetic of 
DIN  
 
 
 
 
 

Nitrogen 
Loading 
Indicators 

Percent coastal land cover 
alteration in shed-view or lens area

Maximum 
sustainable 

Maximum loading 
rate based on 
groundwater 
movement and 
rainfall
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of the origins of excess N in groundwater can be understood, corrective 
measures can be taken to prevent or minimize further loss. The isotopic 
concentration of DIN (ammonium and nitrate) is a function of any isotopic 
segregation that may have occurred during its generation or transport to 
groundwater (Macko and Ostrum, 1994). Physical and biological processes can 
fractionate N within aquifers (Mariotti et al., 1988) and estuaries (Mariotti et al., 
1984; Horrigan et al., 1990) and during uptake by producers (Fogel and 
Cifuentes, 1993; Pennock et al., 1996) making it difficult to use stable N isotope 
ratios to trace N through an ecosystem (McClelland and Valiela, 1998).  
 
In order to better interpret the relationship between N stable isotope signatures, 
N loading rates and the degree of coastal development (or human alteration), N 
stable isotope data will be integrated with information relating to the variables in 
Table 3.1. Ultimately, the aim would be to set development limits in terms of the 
maximum N load a coastal system can process. 
 

 
Fig 3.2. Installation 
of groundwater 
wells 
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Fig 3.3. Location of groundwater borings at Baker’s Bay Club. 
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Table 3.1. Factors influencing eutrophication (excess DIN) 
 
ISLAND 
VARIABLES 

DEVELOPMENT  
Variables (within 
500 m of shore or 
percent of lens 
area) 

NITOGEN 
ISOTOPE 
RATIOS 

OTHER 
INDICATORS OF 
EUTROPHICATION 

HIGH RAIN 
FALL, small 
coastal water 
lens  
 

LOW – less than 
30% land cover 
change 

1. LOW  Algae species 
presence absence 

LOW RAIN 
FALL, large 
coastal lens -  

MEDIUM -  30 to 
70 % land cover 
change 

2. MED Algal species 
abundance 

HIGH RAIN 
FALL, small 
coastal water 
lens, high inputs 
from RO water 

HIGH - over 70% 
land cover change 

3. HIGH “Nutrient 
enrichment” 
indicator species 
(e.g. blue-green 
algae  

 
 
The goal of this research is to explicitly link anthropogenically-derived nitrogen 
from groundwater of varying degrees of development to nitrogen in near-shore 
marine plants (seagrass and macroalgae) and to determine whether 
wastewater/sewage-derived N may be detectable in near shore biota at relatively 
low loading rates before eutrophication leads to major changes in species 
composition and abundance within near shore habitats. 
 
In particular, this project will seek to: 
 Identify the land use characteristics and determine the degree of coastal 

landcover change/level of human alteration at each site, 
 Estimate anthropogenically-derived nitrogen loads, 
 Determine the extent and spatial variability of groundwater DIN 

concentrations and other chemical parameters,  
 Determine the extent and spatial variability in the 15N isotope signatures (∂15 

N) of groundwater and seawater DIN, macroalgae and seagrass samples, and  
 Determine the nature and significance of the relationships between land use 

characteristics, the degree of landcover change/human alteration, 
concentrations of DIN and other water quality variables and the nitrogen 
isotope signatures observed in groundwater discharge and near shore 
primary producers.  
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Increased coastal development on the islands of The Bahamas will cause near 
shore eutrophication. The removal of native vegetation in concert with increased 
anthropogenic wastewater input to coastal watersheds from residential 
developments and small settlements will increase the DIN in groundwater 
delivered to near-shore waters. This increase in groundwater DIN will appear as 
anthropogenically-derived N in near shore marine plants (seagrass and 
macroalgae). 
 
Specific Questions to be addressed include: 

1) What is the spatial variability in DIN concentrations in underlying 
groundwater for each study site? 

2) How do DIN concentrations relate to the degree of development/human 
alteration across the study area, in particular, DIN concentrations 
consistent with the level of development/human alteration? 

3) What is the nature of the relationship between 15N signatures of 
groundwater discharge and ∂15 N of primary producers in near shore 
marine waters? 

4) Are ∂15 N signatures of primary producers in near shore waters consistent 
with the pattern of anthropogenic inputs? Can ∂15 N values identify 
fertilizer or sewage-derived nitrogen sources? 

 
This study will offer insights into the cycling, delivery and biological uptake of 
anthropogenically-derived nitrogen in near-shore marine habitats. It is 
anticipated that the analysis outputs will provide a valuable tool to determine 
carrying capacity for small island developments, and placement of major resort 
and tourism developments.   
Samples taken for stable isotope analysis include 
 

1.) Plants from the coastal buffer zone (rinsed and washed whole plants, 
particularly annuals and grasses with rapid growth and fast nutrient 
uptake), 

2.) Algae and seagrasses from near shore marine habitats, and 
3.) Sediment trap collection of particulate organic matter. 

 
Samples will be collected and prepared for analysis at the Florida International 
University’s South Florida Environment Research Center. 
 
Water quality and Isotope samples will be monitored quarterly. 
 
Equipment list  

- “Water Quality” datasheet 
- Clipboard with clips 
- Pencils 
- Hand-held refractometer 
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- Secchi disk 
- Y.S.I. probe or HydroLab DataSonde 
- Water bottles 
- ZipLock bags and labels for plant samples  
- Cooler with ice for holding collected samples 

 
 
Data Analysis 
Water quality parameters including temperature, salinity, dissolved oxygen, 
turbidity, and inorganic nutrients (such as nitrogen) are naturally variable 
through time, and sufficient collection of baseline information is crucial to 
describe this variability over time of day, tidal cycles, and annual cycles.  Once 
this natural variability is characterized, it may be possible to detect deviations 
from normal values.  However, changes in water quality parameters are likely to 
be slight and occur over a long time frame.  

The rate and extent of variability in these parameters is characteristic of a 
particular marine environment, and any change in this variability could indicate 
a larger problem. We describe this variability using the median and range of 
values through the use of box-plots, such as the example shown at right.  Box 
plots are a graphic “picture” to help understand variability of a measured 
parameter. 

  

 

Fig. 3.4. Example of a box plot 
illustrating water quality 
conditions over daily and tidal 
cycles in the summer.  Different 
stations along the near shore 
environment experience 
different ranges and rates of 
change in abiotic parameters  

 

 

 

“Box-plots” are summary plots based on the median, quartiles, and range of water quality 
values.  For discharge and pollution events, we are looking for a significant shift of water 
quality parameters to “outside the box” of the box plot. 
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Table 3.2. Water Quality Sampling Event Datasheet  

 
 
 
 
Fig 3.5.  Earthwatch 
volunteers test 
water quality using 
the Y.S.I. meter 
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3.2 SEDIMENTATION RATE ASSESSMENT 
 
Objectives 

Sediments and sedimentation rates from land-based sources will be 
monitored on, near, and offshore for baseline “natural” rates and ongoing 
during construction events. Sediment composition on land will be 
determined from several sites through sediment core analysis for baseline 
characterization of the terrestrial substrate.   

 
Sedimentation resulting from landscape alteration can be detrimental to near and 
offshore marine communities, and can cause smothering of filter-feeding 
organisms, abrasion or shading of sedentary organisms, alter organic loads or 
introduce pathogens, and place additional physiological constraints on 
organisms capable of physically removing sediment from themselves.  
Knowledge of baseline “natural” sedimentation rates affecting marine 
communities is essential in order to identify potential increased sedimentation 
events to marine systems.   
 
Materials and Methods 
Sediment cores 
Sediment composition will be determined through sediment core collection and 
analysis.  Clear plastic tubes, approximately 3” diameter and 12” long, will be 
deployed directly into soil or into marine substrate.  The tubes will then be 
capped at the open end, withdrawn, and capped at the opposite end.  Cores will 
be transported back to Miami for sediment composition analysis to determine 
sediment sizes, categories (sand, silt, clay, etc.), and percentage of organic 
materials.  
 
Sediment traps 
Two types of sediment traps will be deployed to determine sedimentation rates: 

1) Small PVC sediment traps will be tie-wrapped to coral cinder block 
transplant treatments.  The PVC traps will be left for 2-5 days, upon which 
the traps will be recovered and the contents processed on land. 

2) A large sediment trap, consisting of four 5-gallon collection bottles, will be 
deployed on the offshore reef.  Containers of sediment will be recovered 
and processed on land. 

Sedimentation rates were monitored intensively for one month to obtain baseline 
rates, and will be monitored during monthly visits during dredging and major 
construction events. 

 
Equipment List  

- PVC sediment traps (1 per block, 3 per treatment at a site) 
- PVC sediment trap caps 
- Tie-wraps 
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- Knife to cut tie-wraps 
 

Construction of Sediment Trap: 
Materials:  PVC pipe (opening surface area of 45.3cm2; r = 3.8cm 

[rounded]) 
   PVC bottom cover 
   PVC top cover with opening and riveting for cap 
   PVC riveted cap  
   PVC mini-pipe (r = 1cm) 
  
 Fabrication: PVC piping is cut to roughly 20cm.  
 PVC bottom covers are permanently affixed to one end of 

the piping. PVC top covers are permanently affixed to the 
opposite end of the piping.  

 PVC mini-piping is cut to roughly 10cm and affixed to the 
side of the PVC pipe.  

 PVC riveted caps are screwed into the PVC top covers. 
 
 

 
 
Fig. 3.6. PVC sediment 
traps set in the field in 
building blocks – the 
caps are on these traps, 
and would be removed 
as the divers leave the 
area.  These blocks also 
have coral transplants. 

 
 
 
 
 
 

 
 
Protocol 
Sediment traps are placed underwater and temporarily affixed to cinder blocks 
by the use of zip ties. The caps are removed once traps are placed correctly and 
secured underwater. After a recorded amount of time (2-5 days), the caps are 
replaced and the traps are removed. Once removed, the trap contents are filtered. 
The filtered materials are then dried overnight at 65°C. When dry, the materials 
are weighed. Dried sediment is then muffled for organic composition analysis, 
sent for 15N analysis, and acid cleared and sent for Nitrogen isotope analysis.   



TOOLS AND METHODS IN COASTAL ECOLOGY  
2006 

 

32

 

After the sediment trap is constructed, the sediment traps are labeled with 
permanent marker. Contact information and sediment trap number are marked 
on the PVC pipe.  Securing field tape or anything bright just below the PVC Top 
Cover to increase the visibility of the traps underwater is recommended.  
 
The contents of the sediment traps are caught with filter paper for further 
analysis. Use of a vacuum filtration setup expedites the filtration process 
(diagram below).  Sediment is dried on the filter paper overnight at 65°C.  Dried 
sediments are then massed and stored in the freezer to be taken back to the lab 
for processing according to procedure.  
 
 
Assembling the vacuum filtration setup 
Vacuum hosing from the motor is connected to the absorbent flask. The 
absorbent flask is filled with absorbent, and sealed with a cork to ensure the 
apparatus is airtight.  Hosing from the absorbent flask is then connected to the 
filtration flask. All connections should be airtight. The funnel should have a 
cored cork on the bottom from which a rubber hose is attached.  This set up 
prevents water from dropping into the absorbent flask. *Rubber hosing collapses 
and discontinues the vacuum effect on the filtration flask. PVC hosing more 
effectively sustains the vacuum effect.  
 
Filter Paper 
Medium grade cellulose Filter paper should be massed prior to the sediment 
filtration process (papers should weigh approximately 0.5g).  Sediment trap 
number and date retrieved should be written on both sides of the filter paper.  
The filter paper is then placed in the filter funnel, and moistened to create a seal 
onto the funnel. Turn on the motor to make sure the filter sits correctly and the 
vacuum is working properly; the filter should be pulled closer to the funnel.  
 
Filtration 
The sediment trap should sit completely vertical for at least 30 minutes. Excess 
water should be carefully decanted so that all sediment remains within the trap 
prior to filtration to expedite the process.  The remaining contents are then 
transferred to a beaker, and then into the filtration funnel so that water may be 
drawn from the sediments once the motor is turned on.  This process should be 
repeated as necessary until all contents are removed from the trap. There will be 
a buildup of sediment at the bottom of the trap. Add water to the trap, swirl 
vigorously, and quickly pour into a beaker to ensure all sediment is filtered.   The 
resulting filtrate and filter paper should then be removed from the funnel and 
placed into an open tin container.  
*CAUTION* Watch the water level of the filtration flask; empty the flask 
BEFORE the water level reaches the piping so that no water may be allowed 
into the motor.  
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Fig 3.7.  The sediment filtration 
process 

 
 
 
 
 
 
 

 
 

Drying 
Place the open tin containers into a drying oven at 65°C. Let contents sit 
overnight or until dry.  
 
Massing & Storing 
Mass the sediment with the filter. ALWAYS LEAVE THE SEDIMENT ON THE 
FILTER PAPER.  If more than one filter paper was used for a sediment trap 
filtration, mass all filters together.   The sediment and filters are then wrapped in 
tin foil, and labeled with sediment trap number and the date it was collected. 
Place the tin foil in a zip-lock bag and store in the freezer.  
 
Fig 3.8. Vacuum Filtration Diagram 
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Data Analysis 
Sedimentation rates are measured in mg/cm2 per day.  Bar graphs comparing 
sedimentation rates between sites and box plots are created to illustrate the trend 
of data points to fall within or outside of a range of values considered “normal” 
based on baseline characterization.  We can then use descriptive statistics to 
identify significant sedimentation events, and attempt to pinpoint natural 
sources (such as an acute rainfall event) or anthropogenic source (such as an 
inefficient sediment curtain adjacent to an on-going development). 
 
 
Fig 3.9. Sedimentation rates recorded at Guana Cay, summer 2005 
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3.3 Pollutant and Ecotoxicology Monitoring Methods 
 
Objectives 
The assessment of baseline pollutants from development and land cover changes 
will be conducted through both direct and indirect methodologies.  The 
pollutants and toxins to be monitored fall into four categories of chemical 
sustances: 

- Inorganic Nutrients 
- Organophosphates and other pesticides 
- Polycyclic Aromatic Hydrocarbons (PAH’s or petroleum by-products), 

and 
- Heavy metals 

 
Environmental testing for ecotoxins will focus on SOIL SAMPLES and on 
BIOLOGICAL TISSUE SAMPLES primarily from land crabs.  Land Crabs make 
excellent bioindicator organisms for ecotoxins and endocrine disruptors because 
of their close association with the groundwater table in their burrows.  
Crustaceans are good organisms for testing the exposure and accumulation of 
PAH’s in their fatty tissues.  Most of the toxin screening will be accomplished 
through immunoassays that are commercially available for screening purposes.  
Immunoassay test kits are ideally suited for testing environmental samples in 
soil, water or plants when speed, simplicity and sensitivity are important criteria. 
Immunoassays are appropriate when specific chemicals, or families of chemicals, 
are known or suspected and the objective is to determine their presence, absence, 
or quantity contained within the sample.  
 By using immunoassay kits for environmental testing, large numbers of 
samples can be screened quickly and cost-effectively.  The distribution of land 
crabs can be mapped and monitored throughout the construction phase of the 
project to document the impact of development on the abundance and pollution 
loading of land crabs.  
 
LAND CRABS AS A BIO-INDICATOR SYSTEM FOR COASTAL POLLUTION 
LOADING  

The Guana Cay BBC project site supports several species of land crabs, the 
most impressive being the large Blue Land Crab or Great land Crab Cardisoma 
guanhumi. The blue land crab begins its life as a planktonic larva. As adults, Blue 
Land Crabs make their homes in burrows as deep as six feet in the mangroves, in 
low-lying broadleaf coppice, or in fields of tall grass (Atrill, 2002).  These 
burrows are limited to areas where the water table can be reached because the 
crabs need to maintain a one to two liter pool of water in the bottom of the 
burrow (Hill, 2001).  Adult males are territorial about their burrows, but often an 
adult female will allow a juvenile crab to share her burrow since juveniles 
themselves do not burrow (Hill 2001).  Adults are usually found within five 
kilometers of the sea (Herreid and Gifford, 1963). Juveniles usually stay close to 
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the shore (Feliciano, 1962). They are mostly herbivorous, eating leaves, fruits, 
berries, flowers and some vegetables, eating the occasional beetle or large insect 
(Atrill, 2002).  Their preferred foods are the leaves of red and white mangroves, 
and the buttonwood tree (Hill, 2001).  In areas where the habitat is suitable, there 
may be as many as 7,500 burrows per acre (Hill, 2001).  Blue Land Crabs also 
make several migrations to the sea each summer and fall, and most of these 
migrations are associated with spawning. 

Adult male Blue Land Crabs can attain a mass of 500g and a carapace 
width of 10-11 cm (Romero, 1982).  The Blue Land Crab is one of the slowest 
growing crab species, and it takes about 4 years to reach sexual maturity and 
passing through about 60 molts (Hill, 2001).  The Blue Land Crab is most active 
on moonlit nights during warmer, wetter months (Hostetler et al, 1991).  
Sometime in June, one to two days before a full moon or a new moon, the males 
fertilize the eggs through internal fertilization (Henning, 1975).  Unlike marine 
crabs, copulation occurs when the crab has a hard shell, and there is some debate 
as to whether the copulation occurs inside or outside of the burrow, but it does 
occur close by.  Blue Land Crabs then make a five to six kilometer journey to the 
sea in less than two nights to lay their eggs. Optimal larval development in the 
laboratory was documented when the water temperature was 25 to 30º C and 
salinities between 20 and 40 ppt (Hill, 2001).   

 
 

 
 
Fig 3.10. Cardisoma guanhumi, the 
Blue Land Crab.  Traditionally, only 
males were harvested by Bahamians 
to protect egg-bearing females. 
 
 
 
 
 
 
 
 
 
 

 
Associated Species  

Cardisoma guanhumi is preyed on in The Bahamas by raccoons (Procyon 
cancrivorus), and various herons (Henning, 1975).  The burrows of Blue Land 
Crabs have pools of salt or brackish water in the bottom, and there are eight 
species of mosquitoes, the most common being the Florida Crabhole Mosquito 
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(Deinocerites cancer), which use these pools to reproduce by laying their eggs  in 
them.  Also living inside of the crabs’ burrows is the unusual 2-inch-long 
hermaphroditic fish, Mangrove Rivulus (Rivulus marmoratus) (Atrill, 2002).   
 
Threats:  

Two major threats to the blue land crabs are hunting and habitat 
destruction.  Gecarcinus ruricola and Cardisoma guanhumi are both harvested 
throughout The Bahamas during breeding migrations (Burggren and McMahon, 
1988). Catching the Blue Land Crab on its way to reproduce in the ocean is a sure 
way to make sure that fewer eggs are laid each season.  The Blue Land Crab is 
often also hunted just because its burrows are damaging to gardens and lawns, 
and also to sugarcanes and vegetable crops (Burggren and McMahon, 1988).  
Using chemicals to control these crabs is not recommended due to the possible 
negative effects on groundwater quality (Hostetler et al, 1991).  
 
 

 
 
 
 
Fig 3.11.  
Bahamian locals 
display the 
diversity of 
land crabs 
found in South 
Andros  
 
 
 
 
 
 
 
 

 
 
 
 
Table 3.3. (follows) Summary of Toxin impacts on land crabs and shore crabs.  
These organisms are good bio-indicators for ecotoxins and pollutants both as 
adult and as juveniles.  
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Impacts 
  
  

Species 
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Adult Juvenile/Larvae Source 

Ucides 
cordatus 

Mangrove 
Land Crab 

Cu, Cd, Zn x    decreased ability to osmoregulate  Harris, R R., and 
M C. Santos, 

2000 
    benzene       x affects osmoregulatory ability, slows 

haemolymph dilution when transferred 
from 34ppt SW to 9ppt SW with no 
recovery 

  Fernandes 
Santos, M. do 
Carmo, 2002 

Callinectes 
danae 

Blue 
Swimming 

Crab 

Cu, Cd, Zn x       6 fold decrease in oxygen levels in 
submerged adults 

  Harris, R R., and 
M C. Santos, 

2000 

Cancer 
irroratus 

Atlantic 
Rock Crab 

Cd2+ x       inhibits gill cell-transport function   Harris, R R., and 
M C. Santos, 

2000 

Ocypode 
quadrata 

Atlantic 
Ghost Crab 

Cu x       

    Petroleum 
Hydrocarbons 

      x Reproductively active ghost crabs 
appear to be more susceptible to oil 
pollution than non-active individuals, 
probably as a consequence of lowered 
energy reserves. Uptake of 
hydrocarbons over the 96-h exposure 
periods was more or less limited to the 
gill tissue. A relative measure—the 
‘aromatic ratio’ — is suggested as a 
possible means of assessing 
bioaccumulation 

  Jackson, L., T. 
Bidleman, W. 

Vernberg, 1981 
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Cancer 
irroratus 

Rock Crab Cu, Cd, Zn x    affect survival, molting rate, growth morphogenetic 
changes during 

crab larval 
development 

Chou, C L., J D. 
Moffatt, and L 
A. Paon, 2002 

    sewage   x     extensive gill blackening near dredge-
and sewage-sludge disposal sites 

  Galasso, M E., et 
al, 1984 

Cardisoma 
guanhumi 

Great Land 
Crab 

Organochlorine 
pesticides 

    x   death occurs from suffocation due to 
interference with the oxygen uptake of 
the gills and if death does not occur, 
the chlorinated hydrocarbons are stored 
and concentrated in the organism's 
fatty tissues 

  Rojas, H., 1986 

Ocypode 
cordimana 

Ghost Crab population 
density 

        The number of burrows is likely to be a 
useful indicator for anthropogenic 
impacts on exposed sandy beaches. 

  Barros, F., 2001 

Carcinus 
Maenas 

shore crab PAH       x May use direct flourimetry to detect 
PAH equivalents in exposed crustacean 
urine 

  Watson, G M., 
O. Andersen, T 
S. Galloway, M 

H. Depledge, 
2003 

Uca rapax tropical 
fiddler crab 

Cd x       the uptake and accumulation of Cd in 
tissued of Uca rapax become enhanced 
under conditions of low external 
salinity.  Cd may be more harmful to 
crab populations experiencing frequent 
changes in ambient salinity, such as are 
usual to mangrove swamps.  Cd 
directly effects cellular metabolism. 

When observed 
longterm, may 

disturb 
reproduction or 
molting cycles 

Zanders, I P., 
and W E. Rojas, 

1996 
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The first step of this project is to map the distribution and abundance of land crabs 
throughout the project site.  This will be accomplished by vegetation mapping, placement 
of seasonal groundwater levels through the groundwater wells and counting of crab 
burrows in 10 by 10 meter plots. 
 
 
 
 

Nutrient Testing 
Water samples will be collected, frozen and transported to Miami for nutrient 
assays at Florida International University.  
 
 
PESTICIDE and PCB Testing 
 A prevalent form of soil contamination is the family of compounds known 
as PCBs or polychlorinated biphenyls. PCBs were used for years in many 
industrial applications, especially as cooling oils in transformers, in uranium 
enrichment processes and in nuclear weapons production. They are now 
classified by the United States Environmental Protection Agency (EPA) as 
probable human carcinogens.  
 
 Although their production and use has been banned for many years now in 
the United States, PCBs are persistent, taking years to degrade. They are 
frequently found in areas where past development has occurred, and leech into 
the surrounding soils along with other hazardous materials from dump sites.  
 
 EnviroLogix produces a PCB in Soil Tube Assay for semi-quantitative field 

TAXONOMY OF LAND CRABS OCCURRING IN THE BAHAMAS 
Order Decapoda 
 Infraorder Anomura 
  Family Coenobitidae 
    Coenobita clypeatus 
 Infraorder Brachyura 
  Family Gecarcinidae 
    Cardisoma guanhumi 
    Gecarcinus lateralis 
    Gecarcinus ruricola 
    Gecarcinus lagostoma 
  Family Ocypodidae 
    Ocypode quadrata 
    Ucides cordatus 
    Ocypode cordimanus 
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screening of PCBs in soil. The kit is supplied with calibrators equivalent to 1 part 
per million (ppm) and 10 ppm PCB (Arochlor 1254) in soil.  
 
As noted in the ETV, The EnviroLogix PCB test kit can be used in a number of 
applications, including initial site characterization and mapping, real-time 
testing during remediation, and screening of negatives prior to gas 
chromatography confirmation. The test kit has a number of advantages:  

- Real time monitoring while crews and equipment are on-site, 
- Clear, accurate pass/fail determinations at meaningful threshold values, 

and 
- Meets site-specific calibration needs without a special kit. 

 
PCBs are rarely retained in tropical soils, but are most likely to accumulate in 
microbial layers between freshwater and saltwater lens. The PCBs would 
accumulate in the tissues of animals, particularly land crabs feeding on plants 
and organic detritus. 
 
Although some problematic pesticides have been banned in many countries, 
their application in The Bahamas is not well regulated.  There are some 
pesticides approved for use in the Integrated Pest Management Plan, and this 
plan calls for careful documentation of applications and doses of pesticides used 
in an area.  Pesticide logs need to be monitored.  Residual testing for pesticides in 
soils is of limited scientific value.  The most valuable information in long-term 
monitoring of “control areas” (e.g. undeveloped) and developed areas to 
evaluate impacts on sensitive species.  The on-going assessment of any nesting 
bird populations, along with land crab abundances would provide some insight 
as to pesticide (particularly organochloride) impacts.  
 
Polycyclic Aromatic Hydrocarbons (or PAHs) are found throughout the world 
both naturally occurring and in association with petroleum contamination. 
Individual PAHs can be toxic to insects and marine life, but are usually 
associated with illnesses in humans. Large discharges of petroleum products can 
damage organisms by smothering, and thus, immediate confinement and clean-
up plans need to be in place in the transport and storage of any volume of 
petroleum products.  Smaller amounts of PAHs and petroleum contamination 
elevate mixed-function oxygenase enzymes in the livers of mammals and fish, 
and in the green gland of crustaceans. Sub-lethal effects of PAHs in the 
environment result in reduced growth, tumors and impaired immune systems in 
many marine and estuarine organisms.  
 
Annual screening of animal tissue for PAH accumulation and mix-function 
oxygenase activity are two ways to monitor the low levels of PAH contamination 
to aquatic systems.  Land crabs and invertebrate-feeding fish such as bonefish 
make excellent bio-indicator species for this work.  
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Heavy metal testing 
Coastal fish are the primary focus of any heavy metal contamination from coastal 
development, landfills or land-based sources of pollution. Of key concern in 
tropical islands with integrated freshwater and coastal wetlands would be 
mercury contamination.  Mercury can bioaccumulate through the food web, and 
become sequestered in large, long-lived fish.  Much is known about the cycling 
of mercury in aquatic environments from the study of mercury contamination of 
the Everglades ecosystem.   
 
A one-time screening of large, shallow living fish such as grouper and snapper 
can be accomplished by extracting samples from fisherman-landed specimens.  
Small tissue samples can be frozen and sent to an U.S. EPA-certified lab to carry 
out heavy metal assessment.  A large-scale study of the northern Abacos carried 
out over a few months could help identify potentially polluted areas, as well as 
establish a background level of bioaccumulation in the region.  
 

 
Fig 3.12. 
Abandoned 
transformer left 
by the Disney 
Corporation at 
Great Guana 
Cay.    
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Table 3.3. A list of the impacts of four types of Ecotoxins on coral reefs. 
Adapted from ISRS Briefing Paper on Water Quality and Coral Reefs (2004).  
  

Pollutant    Known Effects  Reference 
Dissolved inorganic 
nutrients 

Decreased coral 
fertilization rates, 
decreased coral 
calcification rates, 
reduced coral growth, 
macro-algae proliferation 

Harrison and Ward 
(2001), Kinsey and 
Davies (1979), Tomascik 
and Sander (1985), 
LaPointe (1997) 

Photosynthesis-inhibiting 
herbicides organics such 
as PCB’ 

Suppressed 
photosynthesis in corals, 
seagrass and algae 

Jones et al. (2003) 

Crude oil, s and PAH’s Stimulate mucus 
production in corals, and 
facilitate bacterial 
proliferation, suppress 
macro-invertebrate 
fertilization rates 

Mitchell and Chet (1975) 

Heavy metals 
 

  

 
 
 
BOX 3.1 GLOSSARY OF ECOTOXICOLOGY TERMS  
 
acaricide - a chemical used to kill mites and ticks. 
 
acute - having a rapid onset and following a short but severe course: acute disease. 
 
analogue - - a chemical compound that is structurally similar to another but differs slightly in 
composition; often used in immunochemical work to substitute a non-hazardous test component 
for its hazardous (target) counterpart, providing safety without compromising the assay 
objectives. 
 
assay - qualitative, quantitative or semi-quantitative analysis of a substance to determine its 
components. 
 
BEM - biological exposure monitoring or human exposure monitoring. A testing program to 
detect changes in the levels of pesticides, toxins or other contaminants to which individuals have 
been exposed. Often measured indirectly by testing the level of metabolites remaining in a 
personÌs system, since the initial substance may break down fairly rapidly. 
 
chromatography - any of various techniques for the separation and measurement of complex 
mixtures that rely on the differential affinities of substances for certain gases or liquid mobile 
media and for a stationary adsorbing medium through which they pass, such as paper, gelatin, 
magnesia or a form of silica. 
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chronic - lasting for a long period of time or marked by frequent recurrence, as certain diseases or 
illnesses. 
 
Cyanobacteria - A division of bacteria formerly known as blue-green algae; they create their own 
energy through photosynthesis. 
 
dipstick - in connection with lateral flow immunoassays, a format that employs a multi-layer, 
coated membrane, without an outer shell, which is dipped directly in a vial of sample extract to 
initiate operation of the test. The extract is drawn upward through the test zones by capillary 
action. Results are "read" through absence or presence of certain colored bands toward the top of 
the membrane. 
 
ELISA (enzyme-linked immunosorbent assay) - a form of EIA using a solid phase for separating 
bound from free enzyme conjugate. 
 
endocrine - the secretion of an endocrine gland; a hormone. 
 
endocrine disruptor - a substance which interferes with the secretion of one or more specific 
hormones. 
 
endotoxin - a poisonous substance found within a cell, usually in the outer membrane. Originally 
contained in bacteria, gene research has discovered how to implant certain endotoxins in the 
genetic makeup of other organisms such as plants. For example, the endotoxin secreted by the 
bacteria Bacillus thuringiensis is now included in the genome of certain varieties of corn and cotton 
plants to provide a natural defense against the European corn borer and the cotton bollworm. 
 
herbicide - A chemical used to kill or control the growth of plants. Some herbicides (such as 
synthetic triazines) selectively kill broad-leaved plants while leaving grass-leafed plants (i.e., 
cereal crops) unharmed. Other herbicides, such as paraquat, kill all plants.  
 
hormone - a substance produced by one tissue and conveyed by the bloodstream to effect 
physiological activity, such as growth or metabolism. Any of various similar substances found in 
plants and insects that regulate development. 
 
hormone mimic - a foreign substance that binds with a hormone receptor or otherwise disrupts 
the production of natural levels of hormones within the endocrine system. 
 
hormone receptor - a molecular site within the bloodstream or body organ which binds with a 
specific hormone. 
 
immunoassay - an analytical test to measure or detect a substance using antibody-antigen 
reactions. A technique that makes use of the specific binding between an antigen and its related 
antibody to identify or quantify a substance in a sample. 
 
insecticide - a chemical used to kill insects. Insecticides are a form of pesticide. 
 
metabolism - the functioning of a specific substance within the living body. In metabolism some 
substances are broken down to yield energy for vital processes while other substances, necessary 
for life, are synthesized. 
 
mg - milligram. One one-thousandth of a gram. A measure of weight. 
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ml - milliliter. One one-thousandth of a liter. A measure of volume, usually of fluids. 
 
nematicide - A chemical used to kill nematodes, which are a phylum of elongated cylindrical 
worms parasitic in animals or plants, or free-living in soil or water. 
 
organophosphates - any of several organic compounds containing phosphorous, some of which 
are used as pesticides and fertilizers, primarily relating to the organophosphorous class of 
insecticides. 
 
pathogen - an agent that causes disease, especially a living microorganism such as a bacterium, 
virus or fungus. 
 
pesticide - a chemical or other agent used to destroy pests. Commonly includes insecticides, 
herbicides, fungicides, and nematicides. 
 
PPB or ppb - parts per billion. A term of measurement of the relative concentration of one 
substance within a carrier medium such as water, blood, serum, urine or an extract buffer. e.g., 
one part DDT per billion parts of water or 10-9 grams of DDT per gram of water. 
 
PPM or ppm - parts per million. For example, 10-6 grams per gram. 
reagent - a substance used in a chemical reaction to detect, measure, examine or produce other 
substances. 
 
remediate - fix. 
 
sandwich assay - a form of ELISA in which analyte in a sample becomes "sandwiched" between a 
specific antibody bound to a solid phase and a second antibody labeled with an enzyme. The 
enzyme causes production of a colored product after addition of a substrate. In contrast to a 
competitive assay, sample concentration is directly proportional to color development: darker 
color = higher concentration of the target analyte in the sample; lighter color = lower 
concentration of the target analyte in the sample. 
 
target (analyte) -  in immunoassays, the substance which is intended to be discovered and 
measured. 
 
toxin - a poisonous substance that is produced by living cells or organisms and is capable of 
causing disease or other measurable pathological effect. 
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3.4    METEOROLOGY MONITORING METHODS 
 
Objectives 

Fluxes in weather conditions will influence ecological communities’ 
responses to development impacts.  Rainfall patterns, temperature, wind 
speed and direction, barometric pressure, and humidity will be monitored 
and factored into all other observed biotic and abiotic parameters. 

 
Observations are logged on site but have to be downloaded for permanent 
storage and to prevent the logger overloading. With proper battery and solar 
back-up, and a suitable logging interval, records could be preserved for up to 
four months, but ideally downloading and equipment inspection should take 
place every two weeks, perhaps every month once the routine is established. 
Immediate inspection and downloading is required after every extreme event 
such as a tropical storm.  Onsite weather stations will continually monitor 
weather parameters. 
 
Materials and Methods 
Two Davis Weather Stations (Vantage Pro II) will  be installed on the Baker’s Bay 
Club property for data collection mutual back-up near the native plant nursery 
and at Guana Seaside Village.  The monitoring stations consist of the basic 
station console, the Weatherlink software for PC, and solar power kit. An 
anemometer transmitter kit is also required to overcome the bundling of the 
Vantage Pro II sensors.  A possible addition is the Weather Envoy, an onsite 
download option instead of using a computer, but doesn't seem necessary as 
long as you have a PC with the software tied in at a fixed site, or a similar laptop 
for field use. 
 

 
 

Fig 3.13. Davis Weather Station “Vantage Pro 2” console, from 
http://www.davisnet.com/weather/products/stations.asp 
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Other optional equipment:  
Cabled Weather Envoy, Leaf Wetness Sensor, Soil Moisture Sensor, Solar 
Radiation Sensor, Stainless Steel Temperature Probe, UV Sensor, and 
aspirated housing. These are not necessary but could be considered to 
support other projects besides collecting meteorological data, e.g. soil 
temp for nursery. The aspirated housing is designed to circulate air 
through the temperature sensor housing so there isn't a build-up in 
heat, but should not be necessary in these coastal locations as long 
as the sensors aren't sheltered too much. The aspiration uses a solar 
powered fan so takes additional power. 
 
Location of Weather Stations 
Installation of the wind recorder will require a secure open space and 
a clearance of about ten feet above structures or trees within 30 
feet. A strong, steel galvanized or aluminum pole stepped in 
concrete and stabilized with supporting arms low down and with 
stainless steel stays from the top in at least three directions at 
about 120 degrees separation is recommended for reinforced stability. 
The rain recorder should be located in a more sheltered and lower area with 
nothing higher than one third of its distance from the instrument (for example, a 
20 foot building should be at least sixty feet away).  The recorder should be 
secured to a solid base, and must not be subject to vegetation blowing into it, as 
small objects will inactivate it. A flat roof with no trees around is suitable.  All 
sitings should be clear of animals and human interference.  Cabling must be 
secured every 6 inches with ties or staples. 
 
Operation 
The biggest problem likely to be experienced will be with power loss. 
Where available, the system should be maintained from a main power source, 
with battery back up and solar recharging available. Ideally, an electrician 
should supervise the power supply installation, and if possible, replace the 
supplied battery system with bigger supply at the same voltage. 
 
Data Analysis 
Continuous data collected on rainfall, air temperature, wind speed and direction, 
barometric pressure, and humidity will be downloaded from the console 
monthly, and analyzed and archived at the University of Miami.  Monthly 
summary statistics will be generated for the region, and box plots will be created 
to display temperature and wind speed ranges.  Rainfall of the region will be 
compared to other islands to determine local and regional patterns of intra-
annual variability and climate patterns.  Extended periods of rainfall are 
particularly important to environmental monitoring studies conducted in The 
Bahamas, as intermittent heavy precipitation events are generally responsible for 
large influx of run-off nutrients and sediment entering near shore systems. 
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4.0 BIOTIC PARAMETERS ON THE LAND 
 
Objectives 

Goals of the vegetation-monitoring plan are to assess and characterize all 
upland plant communities present on site and track changes both in extent 
and species composition over time as construction proceeds.  The unique 
biogeography of island systems such as the northern Abacos has been little 
studied and the data will provide answers to the following key questions: 

 
• How do the vegetation communities change or adapt to adjacent coastal 

development? 
• What species are common or rare? Do growth rates of different species 

differ with altered landscape characteristics? 
• How does fragmentation and ‘edge effect’ affect species composition and 

habitat integrity? 
• How does upland community composition relate to near shore marine 

health? 
 
For the BBC case study, the goals of the project include conserving 80% of the 
baseline plant diversity in viable population and protecting representations of all 
plant communities originally located on the site.  To this end, transplanting and 
propagation of rare and valuable species is being carried out.  Monitoring will 
document the success of these efforts in accordance with project objectives 
outlined in the Environmental Impact Assessment for BBC, and provide valuable 
nursery information on techniques and best practices for certain of those species.  
Documenting usage of water for landscaping use, fertilizers and other chemicals 
and installations of landscaping species from off-site locations is also and 
important component of the upland monitoring to provide detailed information 
on all environmental changes that can be attributed to the planned work. 

 

Fig 3.14. A coastal rocky shore
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4.1. COASTAL SURVEYS AND VEGETATION MONITORING  

Objectives 

To characterize vegetative communities adjacent to the shoreline, assess 
changes to community composition as development proceeds, and 
document the removal of exotic species and restoration efforts. 

 
Shoreline characterization of several islands in The Bahamas and baseline work 
at BBC has already been completed  Future monitoring surveys will abide by the 
same methodology used to collect data on community changes over time and the 
fate of coastal areas following the removal of dense stands of exotic vegetation, 
such as the Australian Pine, Casuarina equisetifolia.  Information on coastal upland 
habitats will be compared to observations of changes to near shore marine 
communities so that we can better understand the connections between land and 
sea.   

Materials and Methods 
Field Equipment List 

-  Clipboard with survey sheets (plastic sleeves or waterproof paper) and   
writing instrument (pencils and permanent markers - sharpies)  

-  GPS 
-  Digital camera 
-  Handheld compass 
-  Small (for dbh measurements) and large (for plot establishment) tape 

measures  
- Flagging tape 
- Stakes or rebar for plot or transect marking 
- Marked height gauge for photo-documentation 
- ID books (if required) 
- Ziplock bags for specimens 
- Hat, sunscreen, insect repellent, water, sturdy shoes 

 
Tasks to be completed in the field 
Coastal Transects 
Checklists of common plant species are completed alongside characterization of 
shore profiles.  Every 10 meters along the shoreline transect, one member of the 
team completes a visual survey of the surrounding vegetation to record 
dominant species.  These surveys are conducted by standing at the given points 
on the transect line, and looking at the vegetation within 5 meters in all 
directions. One checklist is used per shoreline profile.  Because the composition 
of the vegetation community changes with distance from the shoreline, the 
distance value is used in place of a check in the categories of occasional (O), 
common (C) or abundant (A).  An example of a completed checklist follows: 
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Table 4.1. Plant Checklist 

 
This data sheet can be read that Red mangroves were abundant in the first 10 
meters from the shoreline, common between 10-20 meters and occasional 
between 20-30 meters from the shoreline.  
 
The Zone category in the left hand column of the sheet is completed with the 
following symbols according to the type of coastline we are sampling: 
 
W – Coastal wetland 
R – Rocky shore 
H – Human altered – including  dredged, filled, roads or  altered landscapes 
P – Pioneer zone (the first 10 meters of transect in a beach strand habitat) 
F – foredune (the face of the dune sloping toward the ocean in a beach strand 
habitat) 
B – backdune (the opposite face of the dune in a beach strand habitat) 
S – Swale 
C – Coppice or coastal shrub thicket 
R = restored area (planted with native, zone-appropriate plants) 
 
Plot Assessments 
Permanent monitoring plots have been established on Great Guana Cay in 
locations that are not designed for clearing during development of Baker’s Bay 
Club.  The plots include: 
 

- coastal buffer zones 
- ecotomes or transitional areas from wetland to upland communities 
- wetlands, and  
- fragmented coppice 
 

Plots are laid out with the SOUTHWEST corner always representing the origin of a 
10 m by 10 meter Cartesian coordinate system. A compass is used to ensure the 

ZONE SPECIES COMMON 
NAME 

Species 
identification notes 

O C A 

W Rhizophora 
mangle 

Red mangrove Prop roots, salt 
glands at leaf base 

30 20 10 

W Avecinnia 
germinans 

Black mangrove Rounded leaves, light 
underneath 

50   

W Salicornia sp. Glasswort like stacked beads, 
sometimes red 

 40 50 

W Tillandsia sp. Airplant Epiphyte, grey-green 
bromeliad 

50   
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plot has a 90 degree angle at the corner. Each corner of the plot is marked with 
survey tape and PVC stakes. 
 
Once the plot is established, the survey team assesses the coverage values of the 
different vegetation types and vegetation structure (strata). Coverage is an 
estimate of how much of the area within the plot would be covered by a 
particular vegetation type, if its canopy or leaf area were projected vertically 
down onto the ground.  Within each plot, researchers record coverage values for 
three different aspects of the plant community: 1) vegetation type and/or strata, 
2) native vs. non-native and 3) dominant species.  

(1)  Plant communities are organized into strata; each stratum makes up one level 
of the vertical structure of the plant community and can include one or many plant 
species.  Plants need to cover at least 10% of the area being surveyed in order to be 
considered a stratum.  In this section of the data collection process, we record 
strata in four height categories, and in two categories for which we define no 
specific height limitation (herbaceous and non-vegetated). Broad coverage value 
categories (0%, 1-5%, 6-24%, 25-75%, 76-100%) are used.  In assessing coverage 
values of the different strata, we use the following strata definitions: 
 

- Herbaceous – any non-woody plant including ferns, succulents, grasses, 
sedges, vines, etc. 

- Short Shrubs – any woody plant from 0.5 to 2 meters in height. 
- Tall Shrub - any woody plant from 2 to 5 meters in height. 
- Dwarf shrub – any mature woody plant under 0.5 m in height that is 

normally > 0.5 meters 
- Trees – any plant over 5 meters in height. 
- Not vegetated – areas of bare ground with no vegetation in the vertical 

space above. 
 
 
(2)  Next, coverage by non-native and native plants is examined.  Non-native plant 
species present within each plot are recorded, and one coverage value is assigned 
to non-native plants as a whole.  A slightly more refined coverage scale is 
employed to native and non-native plant coverage based on the importance of this 
parameter in coastal ecology. The coverage categories are: 0-1%, 1-5%, 6-24%, 25-
50%, 51-75% and 76-100%.  The same observations are recorded for native plants 
within the plot.  Not all coverage values add up to 100%, and generally register as 
greater than 100%. 
 
(3)  Finally, coverage by dominant plant species is assessed.  The most common 
plant species and their coverage values within each plot are recorded (these 
species are usually also the same species that are most abundant outside of the 
plot).  The same coverage scale as in the previous section is employed: 0-1%, 1-5%, 
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6-24%, 25-50%, 51-75% and 76-100%.  For example, if a plot is vegetated almost 
entirely by Australian pine, there will be only one species to record and its 
coverage would be 76 – 100%.   If a plot is dominated by two species of palms and 
one other shrub species, separate coverage values for all three species would be 
recorded. 
 
Photographs 
To visually track changes, we take photographs at the beginning and end points 
of each coastal transect.  Facing into the transect, a 180º shot including the 
marked height gauge in the foreground is taken for approximate documentation 
of growth. GPS points of each photo, along with transect number, are also 
recorded. 
 

Growth Measurements 
Within each plot, a sub-sample of individual trees is selected for growth rate 
monitoring.  Species selection is made in the field, and includes at least two 
representative tree species per strata (where available).  Efforts are employed to 
select the most characteristic or abundant species, as well as those considered to 
be particularly sensitive to disturbance.  Representatives of each species of 
mangrove present within mangrove plots are surveyed.  For each species, three 
individuals are labeled and numbered with wire and metal tags, and both height 
and diameter at breast height (dbh) are noted in mm. Tree height (m) is 
determined with a clinometer, and areal canopy coverage is estimated.  Heights 
of seedlings and groundcovers may also be measured to monitor recruitment 
and growth of other species.   
 

Other observations 
The datasheet allows for additional information to be recorded about each plot.  
A description of the topography and aspect of the plot can be made, and 
hydrologic observations are particularly pertinent for mangrove plots where 
evidence of inundation should be noted.  Such evidence includes watermarks on 
tree bases or the presence of standing water.  The percent surface area of the plot 
that is composed of sand/rock or leaf litter should be estimated, and a soil auger 
may be employed for further description of the soil condition.   Soil and/or leaf 
litter samples may be taken in zip-loc bags for subsequent grain size and/or 
nutrient analysis. 
 
Signs of stress, disease, pest infestation, or other degradation of the plot should 
be fully described and all wildlife observations noted.   
 
For most transects, we carry out precise topographical surveys with the aid of a 
zip level.  We can also note approximate grade (slope) and aspect (direction the 
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transect faces) where indicated.  This can be a qualitative description for 
example: gentle sandy shore or sandy escarpment or steep rock shoreline, facing 
south.  
 
Restoration observations document the removal of exotic species (primarily C. 
equisetifolia) and the re-growth of native shoreline plants.  The status of C. 
equisetifolia removal should be noted (whether the whole tree was removed, cut 
at the base, treated with pesticide), as well as presence of snags, stumps or logs 
remaining.  Evidence and approximate extent of recolonization by both native 
and non-native species are also recorded. 
 
We will monitor for evidence of disturbance, such as presence of trash or debris 
in the area, any signs of stressed or dying plants, or presence of scales or other 
pest infestations such as the lobate lac scale.  Finally, all wildlife observations are 
noted, along with the zone of occurrence. 
 

Fig 4.1. 
Earthwatch 
volunteers lay 
lines for a shore 
profile 
characterization 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig 4.2. (follows) Plant Species Checklist 
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4.2. DEVELOPMENT IMPACT SURVEYS 
 

Objectives 
To assess alterations in land-use and coverage or fragmentation of original 
plant communities.  

 
Impact surveys enable detailed and open assessments of coastal development on 
natural systems through a “living laboratory” approach.   Detailed baseline 
surveys of coastal areas slated for development must first be completed, and 
habitat maps prepared with descriptions and species lists.  A quarterly-produced 
GIS map of the actual land cover changes and alterations of the vegetation 
community provide additional insight into development impacts on natural 
systems.  A GIS database will allow the assessment of both: 

- loss or gain of area for a particular plant community type, and 
- fragmentation of continuous vegetation communities into fragmented 

patches.  
 
This work, combined with the permanent plot data, will provide information on 
how the existing species composition changes in response to land conversion. 

Materials and Methods 
 
The construction surveys are designed to be completed each month during any 
development phase of a project.  Observed changes on the ground should be 
matched with phase engineering maps provided by project managers.  This 
comparison process will include observations of areas cleared as per construction 
plans.  GPS points will verify the correct location of the features, and be entered 
into the spatial development model overlaying the vegetation community map.  
 

Photographs 
To visually track changes, we will take a diagonal view photograph each month 
of critical locations in the development such as 
• Roads adjacent to the preserve areas 
• Clearings with access to the coastal buffer zone,  
• Coppice areas fragmented with any large-scale construction, and 
• Impacts or edge effects on vegetation adjacent to cleared areas.  
 
 
 
 
 
Fig 4.3.  (follows) Construction Status Report   
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DATE:        

STAFF:  

WEATHER:   

CONSTRUCTION 
Y N GPS Photo/  

Figure # 

Inland 
    

1. Buffer zones observed and clearly marked?     
2. Road widths proper?     
3. Sediment curtains in place and secure?     
4. Avoidance/transplantation of flagged vegetation?     
5. Cleared roads are covered in mulch?     
6. Vegetation along roads in healthy status?     
7. Construction following outlined plan?     
8. Hazards clearly marked?     
9. Encroachment into the preserve?      
10. Are dredge materials being properly handled (e.g. high organic soils not 
drying out, materials stored in proper location)  

    

Coastal/Buffer zone/Near shore 
    

1. Machinery/construction on beaches during sea turtle nesting season? 
(approved) 

    

2. Dredging operations are being properly managed?     
3. Noticeable sedimentation around dredging operations?     
4. Barges stirring up sediment or grounding?     
2. Activities in the coastal buffer zone? 
Mostly restoration.  

    

3. Chemical usage?     

EXOTIC REMOVAL AND WASTE CLEAN UP 
Y N GPS Photo/  

Figure # 
1. Recommended protocols/procedures being followed?     
2. Proper equipment/techniques being used?     
3. Regrowth of exotics? Species? 
 

    

4. Healthy conditions observed?     
5. Proper waste disposal procedures being followed (e.g. composting, 
recycling, toxin removal, proper location)? 

    

6. Vegetated retention ponds functioning properly?     
7. Air burner procedures being followed? Log being kept? 
 

    

8. Proper disposal/action with landscaping waste (composting/recycling)? 
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9. Only required materials being burned (e.g. no compostable or recyclable 
materials)? 

    

NURSERY 
Y N GPS Photo/   

Figure # 
1.  Rare, conservation and landscaping vegetation properly flagged? 
 

    

2. Proper vegetation removal procedures being followed (e.g. large trees 
transplanted, rare species transplanted, Casuarina removal following 
outlined procedures)? 

    

3. Log book being kept (species transplanted, transplantation/ propagation 
specs, watering regime, chemical usage)?  Collect weekly. 

    

4. Proper chemical usage and storage?      
5. Sediment controls where necessary?      

PEST CONTROL 
Y N GPS Photo/  

Figure # 
1. Adherence to the Integrated Pest Management plan?     
2. Application schedule and quantities being followed?     
3. Proper chemical usage?     
4. Proper waste disposal- not exacerbating pests/rodents?     
5. Imported materials/vegetation checked for exotics?     
6. Lob lac scale found?     

A. CONSTRUCTION 
4. Complete adherence to EIA, EMP or EMT recommendations and specifications  
3. Slight discrepancies in adherence to EIA, EMP or EMT recommendations, no mitigations required. No 

environmental impacts, proper communication with EMT. (E.g. sediment curtains needed maintenance, 
minor sedimentation problems while dredging- but operations curtailed or halted, slight deviation from 
construction plan, unauthorized machinery on beach) 

2. Minor impacts and mitigations required. Incomplete adherence to EIA, EMP or EMT recommendations. 
Proper communications with EMT. (E.g. roadside vegetation damage, sediment curtains remaining 
untucked, minor buffer zone encroachment, sea turtle endangerment) 
1. Major impacts to construction grids, no adherence to EIA, EMP or EMT recommendations.  No 

communications with EMT or on-site environmental manager. Major mitigations required. (E.g. 
Rare/conservation plants, large trees not salvaged, improper road clearing, no mulch, encroachment into 
preserve or buffer zone, heavy sedimentation, ship/barge grounding, major sedimentation problems 
while dredging, weekly construction plan not followed. 

CURRENT SCORE:                              PREVIOUS SCORE:  

 

B. EXOTIC REMOVAL                                           
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4. Complete adherence to outlined restoration procedures. Proper communications with the EMT and on-site 
environmental manager. Proper chemical usage.     

3.  Exotic seedlings colonizing restored areas. Minor deviations from outlined restoration procedures. Proper 
communications   with the EMT and on-site environmental manager. No mitigations required.  

2. Many juvenile exotics observed in restored areas. Proper communications with the EMT and on-site 
environmental manager. Minor improper chemical and/or equipment usage (no environmental damage). 

1. Many adult exotics colonizing restored areas. Improper chemical usage, outlined restoration procedures not 
followed. Improper equipment usage. No communications with EMT or on-site environmental manager. 
Mitigations required.  

CURRENT SCORE:                             PREVIOUS SCORE:  

 

C.  CLEAN UP AND WASTE DISPOSAL                
4.  All materials disposed of and/or stored properly. Proper communication with the EMT and on-site 

environmental manager. 
3. Minor improper disposal/location of waste and chemicals. No environmental degradation or mitigations 

required. Proper communication with the EMT and on-site environmental manager. 
2. Improper disposal/location, minor mitigations required, but remedied in a timely manner. (E.g. excess air 

burning of compostable/recyclable materials, major lay-down area infractions) Proper communication with 
the EMT and on-site environmental manager. 

1.  Improper disposal/location of waste and chemicals (e.g. dredge materials in unauthorized location, dumping 
of oil/fuel and/or chemicals.). Environmental degradation, mitigations required. Hazardous materials 
improperly handled. No communications with EMT or on-site environmental manager. 

CURRENT SCORE:                PREVIOUS SCORE:  
 

 

D. PRESERVE AREAS 
4. No construction encroachments. No mitigations required. Ecological status preserved. Preserve area 

adequately delineated. Proper communication with the EMT and on-site environmental manager. 
3. Minor construction encroachments. No mitigations required. Ecological status not compromised. Preserve 

area adequately delineated. Proper communication with the EMT and on-site environmental manager. 
2. Minor construction encroachments. Minor mitigations required. Ecological status compromised. Preserve area 

not adequately delineated. Proper communication with the EMT and on-site environmental manager. 
1. Major construction encroachments. Mitigations required. Ecological status compromised. Preserve area not 

adequately delineated. No communications with EMT or on-site environmental manager. 
CURRENT SCORE:               PREVIOUS SCORE:  
             

 

E. NURSERY 
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4.  Between 75-100% of rare/conservation or large trees flagged or transplanted within construction grid/s. (< 
25% of rare/conservation vegetation or large trees lost during construction.). Proper communication with the 
EMT and on-site environmental manager. Log submitted. 

3.  Between 50-75% of rare/conservation or large trees flagged or transplanted within construction grid/s. (50-
25% of rare/conservation vegetation or large trees lost during construction.). Proper communication with the 
EMT and on-site environmental manager. Log submitted 

2.  Between 25-50% of rare/conservation or large trees flagged or transplanted within construction grid/s. (75%-
50% of rare/conservation vegetation or large trees lost during construction.). Proper chemical usage/storage. 
Proper communication with the EMT and on-site environmental manager. Log submitted.  

1.  Less than 25% of rare/conservation vegetation or large trees flagged or transplanted within construction 
grid/s. (100-75% of rare/conservation vegetation or large trees lost during construction.) No communications 
with EMT or on-site environmental manager. Improper chemical usage/storage. Log not submitted.    

 
CURRENT SCORE:  PREVIOUS SCORE:  

  

F. PEST CONTROL 
4. Full adherence to IPMP and monthly application schedule with localities. Proper communication with the 
EMT and on-site environmental manager. 

3. Minor deviations from IPMP and/or and monthly application schedule. Proper communication with the 
EMT and on-site environmental manager. 

2. Unauthorized deviations from the Integrated Pest Management Plan (IPMP) and/or the monthly 
application schedule with localities.  No adverse environmental impacts. Monthly application schedule and 
localities submitted to on-site manager or EMT. Proper communication with the EMT and on-site 
environmental manager. 

1. Insufficient adherence to Integrated Pest Management Plan (IPMP).  (E.g. unauthorized chemical 
applications, applications within the buffer zone, deviating from application schedule.) Adverse 
environmental impacts. Improper waste disposal/construction practices exacerbating rodents and pests. 
Monthly application schedule with localities not submitted to on-site manager or EMT. No communications 
with EMT or on-site environmental manager. Chemical log not submitted.  

CURRENT SCORE:  PREVIOUS SCORE:  
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4.3. NURSERY AND LANDSCAPING MONITORING 
 

Objectives 
To assess the effectiveness and document best practice, water and 
chemical requirements for the transplanting and propagation of 
rare/native plants in The Bahamas.   

 
A unique effort is underway at Bakers Bay to conserve viable populations of 80% 
of the existing plant diversity, including the 26 known rare species present on 
site (see Plant Conservation Plan).  This preservation will be achieved in 
coordination with landscaping staff, and requires locating and transplanting 
individuals to the nursery and documenting landscaping practices.  To date, little 
or no specific data exists, other than anecdotal evidence, on the cultivation of 
many native Bahamian plant species.  By collecting data on species-specific 
requirements for irrigation, fertilizers and any problems such as pests or disease, 
results may be replicable elsewhere reducing the need for importation of non-
native and often sterile nursery specimens.   

Materials and Methods 
Note: In-situ nursery surveys will be employed, although much of this 
component involves the collection and collation of logs compiled by nursery staff 
on water and chemical use 
 
Items to take into the field: 
 

 Clipboard with survey sheets (plastic sleeves or waterproof paper) and 
writing instrument (pencils and permanent markers - sharpies)  

 GPS 
 Digital camera 
 Hat, sunscreen, insect repellent, water, sturdy shoes 

 
 
 
Fig 4.4.  The Native Plant Nursery 
at Baker’s Bay Club. 
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Nursery site visits require the following tasks: 
 

 List species and approximate numbers of transplanted species, to date. 
 Photograph representative individuals. 
 Note any apparent disease or stress issues both visually and through 

talking with staff 
 For newly transplanted species, provide a paragraph description, from 

nursery staff, of methods and notes on techniques used for transplanting 
and maintenance 

 Check logs of water and chemical use 
 
Fig 4.5. Nursery Log Chemical Use Spreadsheet from January 2006 
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5.0. BIOTIC PARAMETERS IN THE SEA 
 
INTRODUCTION  
Near shore, “marginal” stony coral communities have been selected for stress 
indication monitoring adjacent to on-going development at Baker’s Bay.  
Communities existing in the Sea of Abaco seagrass, hardbottom, and patch reef 
habitats are important components of backreef ecosystems, and are excellent 
study systems for the assessment of coastal impacts on marine systems due to 
their close proximity to coastlines.  As described in Dahlgren and Marr (2004), 
the shallow natures of back reef systems enable their high productivity, but incur 
the cost of high sensitivity to intense variability in physical and chemical 
environmental parameters.  Corals existing in near shore habitats will be the first 
to experience any negative impacts stemming from onshore development.  
Communities positioned extremely close to coastlines naturally face: 
 
1) high sea surface temperatures of extremely shallow waters, 
2) periodic high turbidity periods caused by heavy rainfall or storm events, and 
3) high nutrient efflux from land-based detritus. 
 
Anthropogenic impacts confound the sequence of natural stresses placed on near 
shore communities, and may be divided into a sequence of recognizable 
symptoms, which are the result of stressors introduced through source activities 
(Chiappone et. al 1999).  Symptoms, or the visible and measurable indicators of 
change, are obvious to scientists and the public alike, but are not always 
indicative of human influence.  Symptoms of ecological change include 
community phase shifts, mortality, and reproductive failure.  Tracing the source 
of symptoms first requires extensive information on cause-and-effect 
mechanisms of stressors, or the applied stimulus.  Acute stressors occur over a 
relatively short time period and induce changes over smaller spatial scales, while 
chronic stressors pose gradual changes that influence broader spatial scales.  
Sources are the direct cause of environmental change, and may be anthropogenic 
(development, fishing pressure), or natural (hurricanes, El Nino events).  
Backreef systems should therefore act as more sensitive indicators of impacts 
attributable to land-based sources of pollution and coastal development as they 
are inherently less sensitive to both acute and chronic stressors. 
 
Hypotheses 
Incorporation of sustainable development “best practices” management 
guidelines established by the BEST commission, including preservation of a 
coastal buffer zone, employment of coastal set-backs for all human 
infrastructure, enforcement of strict building envelopes and utilization of native 
plants for landscaping, minimal use of fertilizers and grounds watering, and 
establishment of advanced wastewater treatment facilities, will minimize the 
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impacts of nutrient, sediment, and pollutant influx to near shore marine systems.  
Near shore marine communities adjacent to sustainable development of this 
nature should show minimal signs of stress (population structures similar to 
those of non-impacted populations, no community phase shifts, maintained 
growth rates, no excess mucus production, no discoloration, and no tissue 
swelling). 
 
Fig 5.1. Marine Habitat Map for the Bakers Bay Club environs. 
 

 
 



TOOLS AND METHODS IN COASTAL ECOLOGY  
2006 

 

64

 

Methodology 
By comparing stress responses of near shore coral communities located near 
undeveloped coastlines, poorly-developed coastlines (lacking a coastal buffer 
zone, impervious roads positioned close to the high tide mark, high density of 
invasive exotic plant species, poor wastewater management), and the developing 
coastlines of Baker’s Bay (conserving coastal buffer zones, instituting coastal set-
backs and strict building envelopes, incorporating advanced wastewater 
treatment facilities, and preservation and encouragement of native plant 
communities), we will be able to detect and rectify any infringements in the 
minimum-impact development process in a timely manner. 
 
I.  Permanent plots have been established in a variety of back reef habitats 
around Baker’s Bay for stony coral, macroalgae, and epifauna population 
monitoring, and encompass: 

 
1) Hardbottom area near Joe’s Creek (area = 60 m²) 
2) Seagrass beds located around the old Disney Dolphin pen posts, and 
the Baker’s Bay dock (area = 150 m²) 
3) Hardbottom area near the cut and present location of Baker’s Bay tents 
(area = 60 m²) 
4) Hardbottom area near the high-profile beach of Lots 69-71 (area = 60 
m²) 
5) Patch reefs on the Atlantic side of the property adjacent to ironshore 
(area = 20 m²) 
 

Data are being collected for comparisons incorporating standardized monitoring 
techniques on population structure patterns, recruitment, and visible signs of 
stress (disease incidence, excess mucus production, bleaching, tissue swelling, 
and discoloration) in the above areas.   
 
Colony growth rates are being followed through time by measuring colony areas 
(to the nearest cm² using vernier calipers), and deviations of populations from 
“healthy” conditions (and thus an evident stress response) are determined based 
on changes in size-frequency distributions and recruitment patterns.  In addition, 
visible signs of stress in stony corals are monitored, including signs of bleaching, 
disease incidence, tissue swelling or discoloration, and excess mucus production.  
These signs of stress are also being monitored in the Broward Beach Re-
nourishment Project overseen by NOVA Southeastern University.  
 
Resident coral populations are monitored quarterly, and data are collected with 
the help of Earthwatch volunteers who are constantly supervised by the 
Principal Investigator or graduate students.  
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II. Artificial Reef Modules were installed in Baker’s Bay near the Disney boat 
wreck amongst the old dolphin pens.  These reefs module designs are currently 
being employed in the Broward Beach Renourishment Project.  Coral colonies 
were observed growing on the boat wreck, dolphin pen pilings, fencing, and 
other structures left by Disney in the area.  Colonies that usually grow in mounds 
or hemispheres, such as Montastrea sp., Diploria strigosa, and Porites astreoides, as 
well as typically branching species, such as Porites porites, exhibited abnormal, 
planar growth morphologies based on thin skeletal secretions due to the poor 
substrate on which they had settled.  All colonies within the area that had settled 
on Disney refuse were removed and transplanted to the more suitable substrate 
provided by the artificial reef modules.  The Reef Modules also serve as 
enhanced fish habitat for the resident species tracked in the area by our team for 
two years. 
 
The transplanted coral colonies on each of the eight Artificial Reef Modules have 
been mapped, their initial colony area at time of transplantation recorded, and 
general condition noted.  Colony growth rates (in terms of area produced over 
time) are being tracked using the same methods employed to track resident coral 
populations as previously explained, and some colonies have been selected for 
alizarin dye marking to determine skeletal production in the future.  In addition, 
visible signs of stress in stony corals are monitored, including signs of bleaching, 
disease incidence, tissue swelling or discoloration, and excess mucus production.  
Visible signs of stress, as previously explained, are also being tracked for the 
transplanted colonies.  The eight Artificial Reefs are surveyed every two months 
for coral growth rates and general signs of health, as well as coral and epifauna 
recruitment.  Thus far, most of the transplanted coral colonies have responded 
positively to transplantation by positive growth rates and more 3-dimensional 
morphologies. 
 
We are very aware of the impacts poor coastal development and decreased water 
quality can have on near shore coral communities (these symptoms are outlined 
in the following figure), and have characterized and documented gradients of 
community health adjacent to many coastlines of The Bahamas.  Our confidence 
in recognizing individual, population, and community stress responses, and our 
ability to identify stress sources as natural or anthropogenic in nature, stems 
from many thousands of hours of detailed surveys on biological, chemical, and 
physical environmental parameters of back reef systems.  Back reef systems are, 
by nature and in their close proximity to terrestrial influences, incredibly 
sensitive to land-based environmental perturbations, and any stress symptoms 
expressed by near shore marine communities will serve as “early warning signs” 
of impending degraded environmental health to offshore systems, such as coral 
reefs.  By monitoring stress responses of near shore coral communities, we will 
be able to identify and alleviate possible sources of anthropogenic land-based 
stress, and protect wider marine ecosystems.        
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Fig 5.2. Adapted from ISRS (2004) The effects of terrestrial runoff of 
sediments, nutrients, and other pollutants on coral reefs.  Briefing Paper 3, 
International Society for Reef Studies, pp: 18 
 
 
 
 
 
 
 
 
 
 
 
 
 

Secondary Symptoms References 

increase in heterotrophic taxa Cockey et. al (1996) 

increase in coral mortality rate Pastorak and Bilyard (1985), Wittenberg and Hunte (1992) 

change in reproductive mode Tomascik and Sander (1987) 

decrease in larval production Tomascik and Sander (1987) 

decrease in coral recruitment Smith et. al (1981), Wittenberg and Hunte (1992) 

lower skeletal density  Kinsey and Davies 1979, Lough and Barnes 1992 

increased incidence of disease Carey (2000), Nowak (2004) 

endocrine disruption Atkinson et. al (2003) 

enhanced macroalgal growth and 

biomass 

Smith et al. 1981, Lapointe 1997, Costa Jr. et al. 2000, Lapointe et al. 

2004 

decrease in growth rate Kinzie and Davies (1979), Tomascik and Sander (1985) 

higher coral mortality Wittenberg and Hunte 1992, Wesseling et al. 2001, Cortes 1994 

enhanced bioerosion 
Rose and Risk 1985, Hallock and Schlager 1986, Hallock 1988, 

Holmes 2000 

decrease in coral diversity, community 

phase shift 

Pastorak and Bilyard (1985), Tomascik and Sander (1987), Smith et 

al. 1981, Fabricius and De’ath 2001, Fabricius and De’ath 2004, 

Cockey et al. 1996  

 
 
 

Sources: 
Land cover conversion, 
Land clearing, Fertilizer 

application, Sewage 
leakage, Effluent 

discharge, Pesticide 
application, industrial 

pollution, Seafloor 
dredging, Aquaculture 

discharge 

Stressors: 
Increased nutrients and 

sediment loads, pesticides, 
and other pollutants, 

altered water temperatures, 
physical damage 

Primary Symptoms: 
Reduced water clarity and light 

availability,  
Fecal contamination, 

Increased primary productivity, 
Bioaccumulation of toxicants 
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A Hierarchical Approach is used for to near shore marine assessment:  
Level 1: Basic Characterization of the shoreline with a shore profile and basic 
water quality measurements 

 Beach/ Dunes 
 Rocky Shore/Cliffs 
 Mangroves, Creeks, Wetlands 

 
Level 2: Qualitative Descriptions: Species presence or absence using checklists 
for: 

 Fish 
 Benthic macroalgae 
 Mollusks (rocky shores) 
 Corals, urchins, sponges, crabs (also known as epifauna) 

 
Level 3: Quantitative Description: Coverage of substrate and lifeform on 
transect from shore 

 At least 60 meters from shore 
 150 X 150 meter survey areas for macrohabitat descriptions, or 1m2 

quadrat for microhabitat descriptions 
 
Level 4: Ecological Studies and Monitoring 

 Water quality monitoring on tidal cycles 
 Fish sampling 
 Coral monitoring 

 
 
Level 1: Basic Coastal Habitat Characterization 
WHAT ARE THE DOMINANT SEAFLOOR COMMUNITIES ADJACENT TO 
THE SHORELINES? 
A simple way to classify a marine segment adjacent to the coast is to describe the 
dominant seafloor characteristics.  The possible classifications are as follows: 
 1. Sand-Mud 
  a. Bare Bottom:  No vegetation 
  b. Seagrasses: vegetation can be sparse, moderate, dense, or patchy 
 2. Sand 
  a. Bare Bottom: as found in sandy beaches, shoals, and sand bars 

b. Seagrass/Algal Canopy:  vegetation can be sparse seagrass, sandy 
algal canopy, or mixed canopy 

 3. Rubble/Loosely Consolidated Hard Bottom 
  a. Calcareous Rubble Beaches 
  b. Reef Rubble Communities 

4. Hard Bottom: contain a combination of sponges, octocorals, and/or algae 
as the dominant benthos 
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a. Algal Turf-Octocoral-Sponge Communities: can be sparse, dense, 
or tidal channels 

  b. Seagrasses: vegetations can patchy or dense on a hard bottom 
matrix 
  c. Coral Reef Communities 

5. Hard-bottom Near shore Platform/ Rocky Intertidal: characterized by 
sharp zones of algal and animal species with differing tolerances to heat and 
desiccation 

  a. Windward 
  b. Leeward 
 
 
LEVEL 2: SPECIES PRESENCE-ABSENCE INVENTORIES 
What is species presence-absence analysis? 
  Species presence-absence data is the collection of information on the 
occurrence of conspicuous flora and fauna in marine benthic communities.  Species 
lists for benthic flora and fauna occurring in shallow-water marine habitats of the 
tropical western Atlantic have been developed over the past 10 years. During 
reconnaissance surveys of seagrass and soft-sediment communities, checklists are 
completed for benthic algae and seagrasses.  Other invertebrate groups, such as 
polychaetes, mollusks, echinoderms, and crustaceans can be noted with reference 
to field guides used to identify species.  Additional taxa can be surveyed as needed. 
The collection of species presence-absence information on tropical marine benthic 
communities has two purposes: 

1) It allows for the analysis of multiple sample sites based on overall species 
composition.  This type of data can then be analyzed using a variety of 
similarity coefficients to quantify the overlap in species composition among 
multiple sites or within sites temporally. 

2) It allows for the determination the sample size requirements for 
quantitatively sampling benthic communities.  For example, in seagrass 
communities, it is unusual that all sessile benthic invertebrates will be 
sampled using a quantitative sampling procedure (e.g., plotless, transect, 
plot).  Species presence-absence information allows for the determination of 
how much area should be surveyed to sample the majority of species. 
 

 Although presence-absence data is only semi-quantitative, this information 
can be a powerful tool in characterizing and differentiating community types 
(Done, 1977). Species presence-absence information takes into account species that 
are found within a given survey area.  The collection of this type of information 
(binary) does not take into account relative or absolute measures of species (e.g., 
density, cover, size).  Even if only one colony or individual of a given species is 
found throughout the survey polygon, the species would be counted as present.  
The checklists are always completed in conjunction with a LEVEL 1 survey form. 
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 Species presence-absence information should be collected concurrently with 
visual estimates of benthic cover.  A survey team would normally consist of a 
buddy pair.  This facilitates the collection of data and allows members to really 
focus on one group of organisms (e.g., algae), thereby becoming specialists of that 
particular taxa.  In general, increased sampling will lead to an increase in the 
number of species found, although the number of species recorded versus time will 
be asymptotic. The number of species recorded will also depend on the size and 
class of community being surveyed. 
 
How to complete a species presence-absence inventory: 

1. Snorkelers should spend a minimum of 30 minutes roving 
systematically throughout the designated survey area to observe the 
organismal category of interest, such as macroalgae and seagrass 
present.  The area should be searched extensively, with care to search the 
borders of the area equally well. 

2. The presence and abundance of all species of the organismal category 
of interest, such as macroalgae/seagrass will be recorded on a 
designated species checklist, such as the ‘Algal Species Checklist’ data 
sheet.  Samples of any unknown species should either be 
photographed or physically taken back to shore for positive 
identification. 

3. The data sheet needs to be completed in full, which means that 
specifics such as the site name, the date, start and end times, duration 
of survey, tides, and survey team members all need to be noted on the 
form.  Data sheets need to be rinsed, reviewed, marked over in ink, 
and signed and dated by all survey members at the end of the day. 

 
 How can we use the presence-absence data?  
 One method for analyzing presence-absence data is to use similarity 
coefficients and clustering strategies to evaluate similarities in species composition 
among several survey locations.  Although numerous coefficients are available for 
evaluating similarity from binary data, the Jaccard coefficient is one of the easier 
coefficients to interpret (Pielou, 1977; Hubalek, 1982).  Once presence-absence 
surveys have been completed in multiple survey sites, a presence-absence list can 
be constructed.  
 
    J1,2 = a/(a + b + c), where 
 
"a" is the number of species common to sites 1 and 2,   “b" is the number of species 
in site 1, but not in site 2, and 
"c" is the number of species in site 2, but not site 1. 
The formula yields decimal values which can be converted to percentages by 
multiplying by 100. It is easy to see that this coefficient simply measures the percent 
overlap or percentage of common species between two sites. 
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 Pair-wise comparisons are made between survey sites to develop a 
similarity matrix of values among all sites. This matrix can then be used to 
construct a dendrogram based on cluster analysis of similarity values. The 
dendrogram illustrates which community types have a high degree of overlap in 
species composition. This information is useful in justifying community type 
designations and evaluating geographic differences in species composition (Jaap et 
al., 1989; Sullivan and Chiappone, 1992). 
 
 
 

 
 
 
Fig 5.3. Similarity in algae species composition based on Jaccard coefficients 
among sites in Nassau and the Exuma Cays Land and Sea Park, Bahamas 
 
We can also use abundance categories to determine similarity among sites based 
on community composition, and correlate these similarities and dissimilarities 
with data on environmental variables, such as water quality or coastal 
development parameters.  PRIMER (Clarke and Warwick, 2001) can perform a 
Multi-dimensional Scaling analysis (MDS), and create a 2 or 3-dimensional 
diagram of site similarity. 
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Fig 5.4.  Multi-dimensional scaling (MDS) plot of site similarity based on 
invertebrate species assemblages around Great Guana Cay. 
 
 
Hypotheses: 
 
1)  Near shore marine biotic community assemblages located near developing 
coastlines employing “best practices” techniques should show minimal stress 
responses that may be directly correlated with anthropogenic stress sources. 
Specifically, we should see stable communities that do not reflect phase shifts in 
biodiversity or dominant biota, population structures that are not lacking in 
smaller size classes, low incidence of coral disease and bleaching, and coral 
colony and fish growth rates that are similar to those found in other un-impacted 
or relatively undeveloped regions of The Bahamas.  
 
2)  Any near shore marine community shifts in biodiversity or population 
structures may be correlated with acute, natural events such as hurricanes, 
heavy periods of rainfall, high winds, and/or seasonal fluctuations. 
Acute heavy rainfall events are primary contributors to high nutrient and 
sediment influx into coastal waters in The Bahamas.  Hurricanes are also well-
known sources of community stress, which may have initial impacts (high wave 
energy may break apart reefs, and scour young recruits of sedentary marine 
organisms) and delayed impacts (high amounts of organic, terrestrial-based 
matter thrown into coastal waters will degrade and facilitate algal blooms and 
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community phase shifts through high nutrient inputs released by leaves and tree 
matter. 
 

 
Fig 5.5. An Artificial 
Reef Module at 
Baker’s Bay. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Fig 5.6. Corals 
transplanted to the 
Artificial Reef 
Modules at Baker’s 
Bay are measured 
every two months to 
track growth rates. 
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5.1   FISH SURVEY METHODS  
 
Objectives 

To determine how human associated activities within the coastal zone 
affect fish biomass and growth, and the structure of fish communities in 
different habitat types. 
 

Growth parameters in marine organisms, including fish, provide key measures 
of the relationships between these organisms and their environment. They reflect 
food ingestion, assimilation into biomass, and transformation within the 
organism, and are strongly associated with both biotic and abiotic environmental 
factors. In fishes, natural and human-induced changes in growth rates can alter 
mortality rates, the timing of sexual maturation, fecundity, longevity and the 
response of populations to fishing pressures (Claro et al., 2001).   In addition, fish 
species composition, reproduction and relative abundance are measures which 
can be used to detect structural deficits of waters and to assess environmental 
degradation (Wolter et al, 2000). Thus, it is assumed that fish growth and 
survivorship varies among areas that are affected, to different degrees, by human 
activities.  
 
Extensive baseline surveys are carried out in an area prior to development, then 
repeated after the bulk of construction is completed.   
 
Visual Surveys 
An estimate of fish species composition is one traditional method that has been 
used to assess environmental degradation (Wolter et al., 2000). Reef fish 
abundance and diversity may reflect overall reef conditions (Sale 1991).  For 
example, changes in benthic coverage of macroalgae and stony corals can result 
in concurrent changes in reef fish community composition and reef fish 
abundance (Hughes et al., 1994). 
 
The use of both visual censuses and parrotfish surveys to assess reef fish 
assemblages may provide an objective way of repeatedly censuring reefs for 
monitoring purposes, especially where differences among reefs and regions are 
important (Newman and Williams, 2001). Visual surveys are ideal for coral reef 
fishes, because the distinctive markings of fish enable easy identification (Schmitt 
and Sullivan, 1996). In addition, visual techniques are an inexpensive, rapid 
method that provides reliable data on fish species presence, abundance and size 
composition (Schmitt and Sullivan, 1996). Finally and possibly most importantly, 
it is a non destructive method of sampling reef fishes.  
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Materials and Methods 
Two visual survey methodologies will be employed to characterize the reef fish 
community on coral reefs and other near shore marine communities at selected 
sites in The Bahamas. These are 
  

• The Roving Diver Technique, and 
• Parrotfish Quadrats. 

 
 The Roving Diver Technique 
The methodology that should be used for this technique will follow that used by 
the Reef Environmental Education Foundation (REEF). In this methodology, as 
the name implies, snorkelers should be allowed to swim freely about the survey 
site for a predetermined period of time. During this time, they should search for 
as many species as can be positively identified and record this on the data 
collection sheets (printed on underwater paper) provided using a pencil. Every 
time an individual from a species is sighted, one tick mark should be written on 
the data sheet to represent that individual. Thus, at the end of the dive, a count of 
the tick marks should provide a count of the number of individuals from each 
species that were seen during the snorkel.  
 
These data should then be transferred to the REEF scan sheets (see 
www.reef.org). The relative abundance of each species sighted is recorded by 
marking one of the following categories: Single (1), Few (2-10), Many (11-100 or 
Abundant (>100) (Schmitt and Sullivan, 1996). In addition, specific data about 
the snorkel and the survey site should also be recorded on the standardized 
REEF data scan sheets.   

 
 
 
 
 
Fig 5.7. Fish trap 
deployment.  Traps are 
baited and left in survey 
areas for approximately 12 
hours 
 
 
 
 
 
 

 
 
Fig 5.8. (following)  Fish Species Checklist 
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Date:__1/6/2006_________  Start Time:___12:00_______ End Time:__1:00____________  Total Time:_1 hour_____________ 
Dive Site:______BBC AR___________  Habitat:____Artificial Reefs____________ Visibility:__15_____ (ft) Current:____N/NW_______ 
GPS Location: X___18R 0284965_________________ Y_____2954456______________  Survey Type:______Roving Diver______________ 
 
Disks/Ovals Jacks Grunts Basslets Seabasses Wrasses Gobies Odd-Swimmers 
Banded Amberjack Black Blackcap Bank Blackear Blue Bandtail Puffer 
Foureye Atlantic Bumper Black Margate Fairy Candy Bluehead Bridled Black Durgon 
Longsnout Bar Blue-striped Threeline Cave Clown Broadstriped Checkered Puffer 
Reef Bigeye Scad French Yellowcheek Chalk Creole Cleaning Cubbyu 
Spotfin Blue Runner Latin Hamlets Harlequin Greenband Colon Glassy Sweeper 
Blue Crevalle White Margate Barred Lantern Painted Frillfin Gray Trigger 
French Horse-eye Pigfish Blue Orangeback Puddingwife Goldspot Highhat 
Gray Lookdown Porkfish Butter Peppermint Slippery Dick Linesnout Honeycomb Cow. 
Queen Palometa Sailor’s Choice Golden Sand Perch Yellowhead Masked/glass Jackknife Fish 
Rock Beauty Round Scad Smallmouth Tan Tobaccofish Red/Bigeye Neon Ocean Trigger 
Townsend Porgies Spanish Groupers Wrasse Barred Nineline Porcupine 
Blue Tang Jolthead Striped Mullet Black Parrotfish Belted Peppermint Queen Trigger 
Doctorfish Littlehead Tomtate Coney Blue Bigeye Rusty Reef Croaker 
Ocean Surg. Pinfish White Graysby Bluelip Blackbar Spotlight Remora 
Mackerels Red Porgy Snappers Nassau Bucktooth Cardinal Yellowline Sand Tilefish 
Cero Saucereye Blackfin Red Greenblotch Glasseye Yellownose Scrawled Cow. 
Needlefish Scup Cubera Red Hind Midnight Flamefish Odd-Bottom Scrawled File. 
Flattail Sea Bream Dog Rock Hind Princess Dusky Sq. Barbfish Sharksucker 
Houndfish Sheepshead Gray Scamp Queen Longjaw Sq. Channel fl. Sharpnose Puff. 
Keeltail Sheepshead Porgy Lane Tiger Rainbow Longspine Sq. Flying Gunard Shortfin Sweep. 
Flying Fish Spottail Pinfish Mutton Yellowfin Redband Squirrel Gulf Flounder Smooth Trunk. 
Atlantic Other Silver Red Chromis Redtail Twospot Leop. Toad Spotted Drum 
Balao Atl. Spadefish Schoolmaster Blue Stoplight Blennies Peacock Flou. Spotted goat 
Ballyhoo Barbu Vermillion Brown Striped Barred Plume Scorp. Yellow goat 
Barracudas Boga Yellowtail Purple Reef Yellowtail Blackfin Red Lizard Trumpetfish 
Barracuda Bonefish Damselfish Sunshine Razor Darkhead Redspot Hawk Whitespot File 
Guaguanche Chub Beaugregory Yellowtail Green Goldline Reef Scorp. Eels 
Mojarra Cobia Biocolr Soapfish Pearly Hairy Sand Diver Brown garden 
Flagfin Common Snook Cocoa Greater Rosy Redlip Sargas. Pipe Chain Morray 
Mottled Dolphinfish Dusky Hogfish Jawfish Rosy Sargass. Fish Green Morray 
Silver Jenny Silversides Longfin Hogfish Banded Roughhead Snakefish Honeycomb Mor. 
Slender Striped Mullet Sgt. Major Spanish Yelowhead Saddled Spotfin Fl. Reticulate Mor. 
Yellowfin Tarpon Threespot Spotfin  Sailfin Spotted Scorp. Sharptail 
 White Mullet Yellowtail   Seaweed  Spotted Moray 
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Parrotfish Quadrats 
Quadrats will be employed to determine the presence/absence and biomass of 
all species of parrotfish present at all surveyed coral reefs and near shore areas in 
The Bahamas. However to do this the survey site must first be mapped. 
 
The reef should be mapped in order to determine the exact placement of the 
quadrats on the coral reef. Standing on the boat, the researcher should determine 
north using a compass, and map it on to the datasheet. Then determine the 
direction in which the reef runs. Researchers should then get into the water, and 
using measuring tapes, determine the length and width of the reef. The shape of 
the reef should be drawn on the datasheet printed on underwater paper and the 
length and the width of the reef should also be included. Interesting features (for 
example the position of large brain coral heads) should be noted onto the drawn 
map.  
 
At least eight quadrats should be completed and mapped for each reef. In order 
to do this, a square plastic quadrat measuring 2.5 m on each side will be placed 
gently on the bottom. The number of quadrats completed for each reef/site will 
be determined by the size of the reef. However, the location of each quadrat must 
be determined in a random manner. Once the quadrat has been laid, snorkelers 
must move away from it for approximately 10 minutes to allow the fish to return. 
After this time, the number, and lengths of each species of parrotfish seen within 
the quadrat for a period of 10 minutes must be recorded on to the data collection 
sheets using a pencil. Divers must ensure that all crevices and the areas under 
rocks are carefully searched so that the presence and measurements of all 
individuals are recorded. Data collectors must also review data sheets afterwards 
for errors and completeness. All data sheets should be rinsed in fresh water, 
allowed to dry, and the pencil writing must be traced over in pen before stowing 
within designated binders. 

 

Fig 5.9. Female Stoplight 
Parrotfish (www.reefbase.org)  

 

 

 



TOOLS AND METHODS IN COASTAL ECOLOGY  
2006 

 

77

 

Fig 5.10. Data sheet for mapping of reef for parrotfish surveys 
 

 
 
 
 
Fig 5.11 (follows) Parrotfish Survey Datasheet 
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       TEAM MEMBERS:  Sherry Constantine, Emily Wright 
SITE SURVEYED:        BBC7         ISLAND:      Abaco                      HABITAT:  hardbar 
TIDE: High/Outgoing/Low/Incoming                                VISIBILITY: 
GPS POINTS - X:                 Y:                                           UTM ZONE:                               

1   
10:18   
10:28   

Quadrat #: 
Time Start: 
Time Finish: 
Depth (ft.): 

3 ft   
SPECIES NAME PHASE    
ACANTHURIDAE     
Acanthurus bahianus  
(ocean surgeon) 

 5, 5, 2, 8, 3, 2, 1   

Acanthurus chirurgus 
(doctorfish) 

    

Acanthurus blue tang)  4   
PARROTFISH     

Term    
Adult    

Sparisoma viride 
(stoplight parrotfish) 

Juv.    
Term    
Adult    

Sparisoma aurofrenatum 
(redband parrotfish) 

Juv.    
Term    
Adult    

Sparisoma rubripinne 
(redfin parrotfish) 

Juv.    
Term    
Adult    

Sparisoma chrysopterum 
(redtail parrotfish) 

Juv.    
Term    
Adult    

Sparisoma atomarium  
(greenblotch parrotfish) 

Juv.    
Term    
Adult 8   

Sparisoma radians 
(bucktooth parrotfish) 

Juv. 6   
Term    
Adult    

Scarus iserti 
(striped parrotfish) 

Juv.    
Term    
Adult    

Sparisoma vetula 
(queen parrotfish) 

Juv.    
Term    
Adult    

Sparisoma taeniopterus 
(princess parrotfish) 

Juv.    
Term    
Adult    

Sparisoma guacamaia 
(rainbow parrotfish) 

Juv.    
Term    
Adult    

Sparisoma coeruleus 
(blue parrotfish) 

Juv.    
Term    Sparisoma coelestinus 

(midnight parrotfish) Adult    
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Fish Traps and Beach Seines 
Fish traps and beach seines can be used for both commercial fishing and for 
research and ecological studies of coral reef and near shore fish communities. 
The catches of these trapping methods can provide both qualitative and 
quantitative data. Qualitative data includes species presence/absence, and life 
history stage of the fish (juveniles, adults and spawning adults) and quantitative 
data includes length and weight frequency distribution of the fish.  
 
During visual surveys, snorkelers may sometimes miss the presence or 
underestimate the abundance of cryptic reef fish species because areas of high 
substratum relief provide greater shelter for cryptic fishes (Brock, 1982). In 
addition, mangrove areas may be too turbid to allow for visual censuses. For 
these reasons enumeration is sometimes difficult. Therefore, fish traps and beach 
seines will be used to assist with the determination of species presence/absence, 
and sizes at certain survey sites. Fish traps will be used in deeper areas, for 
example around coral reefs, and beach seines will be used in shallower areas, for 
example around mangroves and on sandy beaches. One advantage of these 
trapping gears is that they are non-selective, and most species of fishes large 
enough to be caught by the mesh of the gear can be taken (Randall, 1963). 
Another advantage of fish traps is that if they are hauled within an appropriate 
time frame, there is no mortality of the trapped fish. Therefore after handling 
(measuring) the catch of both gear types, individuals can be returned to the sea 
alive.  
 
The length and weight data collected from the fish caught in these gears will 
assist with calibration of the data collected from the visual census and can also be 
used to provide length weight conversion factors for the length data collected 
from the roving diver and parrotfish quadrat surveys. 
 
 
Materials and Methods 
Fish traps 
Baited fish traps of different mesh sizes should be laid out so that representatives 
of all the size classes present on the reef will be caught. They should be placed at 
pre-determined locations in close proximity to the selected reefs.  The exact 
location of each trap deployed should be recorded using a GPS so that on other 
occasions the traps can be placed in approximately that same position. The 
preferred location of each trap is in close proximity to ledges and outcroppings 
of the reef.  
 
The baited fish traps should be deployed at 8 am and pulled up at 4 pm, and 
then deployed again at 5 pm (or right after the catch has been sorted and 
measured) and pulled at 7 am.  
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The fish traps will be deployed as follows: 
1. A rope of about 25 feet long attached to a buoy and one end should be tied 

to the top of each fish trap. 
2. The entrance of each trap should be sealed using metal clips and the trap 

baited with an appropriate bait source (conch slop, crawfish heads etc.). 
3. One person should get into the water and determine the exact place where 

the trap should be deployed. This spot should be marked so that it can be 
returned to at later dates. In addition, a map of the coral reef should be 
produced and the exact location of the trap marked onto this map. 

4. Two persons should lift the trap by holding the wire mesh, and then 
throw it over the side of the boat so that in lands in the selected position 
on the SEDIMENT/SAND near the coral reef. 

5. One researcher should use snorkel gear to ensure the trap is placed in the 
correct position and is flat on the bottom. 

 
The fish traps will be hauled as follows:  

1. The boat should be stopped as close to the trap as possible without going 
over it. Then the trap should be hauled by pulling on the rope attached to 
the buoy until the trap clears the surface of the water (one should ensure 
that the trap is not dragged onto the reef). The mesh of the trap should 
then be held and used to pull the trap onboard the boat. 

2. Once out of the water, the contents of the trap should be quickly emptied 
into a large bin filled with seawater. 

 
The catch of each fish trap should then be sorted and measured. In order to 
measure the fish caught, the following procedure should be followed: 

1. For each individual caught in the trap, record onto the appropriate data 
sheet; species name, length, weight and maturity stage and sex (if 
possible).  

 
2. All fish should be photographed and then released onto the same reef 

where they were caught. 
 
Data Analysis 
The data collected will be analyzed by analysis of variance and multiple 
comparison tests among sites. In addition, the change in length data from one 
sampling period will be used to estimate the growth of the fish from time 1 to 
time 2 and how it varies between sites. Tagged fish that are lost from the 
population will give mortality estimates on the species.  
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Fig 5.12.  Procedure for handling fish to be tagged. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 5.13.  Fish weights and lengths are recorded. 
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Fig 5.14. Fish trap data sheet 
 
DATE:     7/24/2005                         TEAM MEMBERS:  Sherry Constantine, Kathleen Sealey 
SITE SURVEYED:     BBC2            ISLAND:     Guana                   HABITAT:  hardbar 
TIDE: High/Outgoing/Low/Incoming                                VISIBILITY: 
GPS POINTS - X:                 Y:                                UTM ZONE:                                                               

  1   
4:45 pm 7/23   
2:15 pm 7/24   

Trap #: 
Deployment Time: 
Hauling Time: 
Depth (ft.): 14 feet   

SPECIES NAME Total Length (cm) Standard Length (cm) Total weight (g) 
Blue Stripe Grunt 22.6 18 150 g 
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Beach Seining 
A 20m beach seine will be extended perpendicular to the shoreline (one person at 
each end of net).  The net will be quickly swept around in a semi-circle to capture 
fish while other researchers run in the water towards the mouth of the net. Thus, 
fish are chased into the net. The net should then be pulled up onto the sand and 
searched thoroughly for the trapped fish.  Captured fish should be transferred to 
holding buckets until they are processed.  Each fish should then be placed on a 
gridded tray, and photographed for later length determination.  The biomass of 
fish should be determined by placing them in a zip lock bag and then 
suspending the bag from a spring scale. After weighting, the fish should be 
released into the water where they were caught.   
 
This process should be repeated three additional times along adjacent stretches 
of coastline. A total of four of these net pulls equals one seining event.  At each 
site 8 seining events should be completed; 4 at high tide and 4 at low tide.  
 
 

 
 
Fig 5.15.  
Beach 
Seining  
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Fig 5.16. Beach seining data sheet. 
Site:____JC2_______________Date:__7/25/2005___________ Seine: __1A___ 
Time:____12:15___________ am  pm   Tide:   High Low 
 
 

Species Tally 
Barracuda  
Bonefish  
Checkered Puffer  
Eyed Flounder  
Flagfin Mojarra 5 
Mottled Mojarra  
Palometa  
Permit  
Redear Herring  
Redfin Needlefish 3 
Schoolmaster Snapper  
Scrawled Sole  
Silversides  
Smallscale Threadfin  
Trunkfish  
Yellowfin Mojarra  
Yellow Jack  
  
  
  
  
  
  
  
  
 
Total number of species:______2_______ 
Total number of individuals (not counting silversides):___8___________ 
Biomass of all fishes:___________ (g) 
Biomass of all non-silverside fishes:____160__________ (g) 
Any samples collected?  Yes   No        Length of shoreline surveyed:__15____ (m) 
Wind/Weather conditions/special considerations: sunny, clear, wind 5 knots 
S/SW_______________________ 
Water Temperature:___30_________ (0C)  
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5.2  Near Shore Coral Population Assessment 
 
Objectives 

To monitor any shifts in coral species presence, abundance, size-frequency 
distributions, reproduction, recruitment, and general physical appearance. 

 
Hard Coral Growth – Population (monitored quarterly) 
Equipment Needed: 

- “Coral Survey” datasheet on “Rite in the Rain” Paper 
- Vernier Calipers 
- Clipboards with clips 
- Pencils 
- Flagging tape 

 
Materials and Methods: 
Three permanent monitoring sites around the Baker’s Bay property have been 
selected for population structure characterization of typical near shore coral 
communities: one hardbar site near the site of the future marina entrance (which 
has been monitored for one year already), one patch reef site on the Atlantic side 
near the tent village, and one patch reef site on the Atlantic side.  Nails mark the 
edges of survey areas within these sites, and these nails are wrapped with 
flagging tape to demarcate survey plots.  All coral colonies within the designated 
survey areas are identified to species, counts of each species are recorded and 
area measurements taken to the nearest cm of four focal species (Favia fragum, 
Diploria clivosa, Porites porites, and Porites astreoides).  Area measurements are 
calculated by measuring the widest colony diameter with calipers to the nearest 
cm, and then the diameter immediately perpendicular to it (Crabbe et al. 2002). 
Heights are also measured for colonies with vertical relief.  Colony areas are 
transformed to log(x+1), and size-frequency distributions are created for 
populations of each of the focal species for each habitat type to represent a 
snapshot of a given population structure (Bak and Meesters 1998).  Population 
growth rates and transition rates of colonies between size classes may then be 
determined based on the data, and population growth dynamics characterized. 
 
 
 
 
 
 
 
 
 
Fig 5.17. (follows) Coral Population Survey Datasheet 
 

JC2 
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Data Analysis 
 Stony coral population structures will be examined through size-
frequency distributions, as illustrated below.  Size-frequency distributions 
characterize population structure and allow for comparisons among habitat 
types and degree of exposure to stressors.  Stressed coral populations may be 
identified based on the shape of a resulting size frequency distribution, and may 
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be characterized by curves demonstrating low levels of recruits and dominated 
by adults.   
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Fig 5.18.  Histogram of stony coral population structure 
 
Hard Coral Growth – Individual (monitored bimonthly) 
 
TRANSPLANT STUDIES: 
Two transplant events will be conducted: 
 - One will relocate colonies from dolphin pens/debris around docks to 
artificial “Reef Modules” installed in near shore areas 
 - One will detect any stress responses resultant from “Best Practices” 
coastal development guidelines through cinder block treatments of small Porites 
astreoides and Diploria clivosa colonies placed strategically around Baker’s Bay. 
 
REEF MODULE TRANSPLANTS: 
 I.  Colonies located on debris scheduled to be removed from the Baker’s 
Bay waters were be targeted for removal and attachment to the Reef Modules.  
This process was completed in May 2005.  These reef modules will create 
artificial habitats for fish, crustaceans, additional corals, and associated patch reef 
community members, as well as provide educational opportunities for a 
snorkeling trail.  
 II. The transplanted coral colonies will be continually monitored during 
the development process for stress responses (excess mucus production, swollen 
polyps, bleaching, discoloration, and disease incidence) and growth rates (planar 
area and/or linear extension, as well as alizarin dye marking). 
 
 

Number of colonies 
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CINDER BLOCK TRANSPLANTS: 
Four coral colonies of Porites astreoides and four coral colonies of Diploria clivosa 
(approximately 2“diameter) were attached with hydraulic cement to cinder block 
treatments in: 

a. Near shore areas adjacent to coastal zones that will be developed 
and the coastal buffer zone left intact (from same habitat type) 

b. Near shore areas adjacent to dune restoration projects (from same 
habitat type) 

c. Across near shore habitat types 
i. (seagrass <-> hardbar <-> patch reef <-> seagrass) 

d. “Control” areas adjacent to donor colonies 
 
-Growth rate will be calculated by: 

a. area accumulation/linear extension measurements taken with 
calipers, to the nearest mm 
b. carbonate production via measurement of new skeletal production 

from alizarin mark upon study completion  
 

II.  Colony Sacrifice 
i. Coral colonies will be sacrificed after one year for tissue 

extraction and genetic analyses. 
ii. Carbonate production and final polyp production (growth 

rate proxy) will be determined from skeletons. 
 
c. Data Analysis 
Subsequent data analysis will attempt to identify the utility of “best 
practices” land development in minimizing negative impacts to marine 
communities.   

 
Equipment Needed: 

- “Coral Map” datasheet (either for Artificial Reef Module, or Cinder 
Block), printed on “Rite in the Rain” paper 

- Calipers 
- Clipboard with clips 
- pencils 
- GPS 
- Digital underwater camera 
 

Procedure: 
Transplanted coral colonies located on the eight artificial reefs and 25 cinder 
block treatments presently in Baker’s Bay are focal colonies by which to 
document individual growth rates.  Colony area measurements are calculated by 
measuring the widest colony diameter with calipers to the nearest cm, and then 
the diameter immediately perpendicular to it. Heights are also measured for 
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colonies with vertical relief.  Area measurements are recorded on “Coral Map” 
template datasheets, next to the coral colony indicated on the map.  Growth rates 
are determined as the difference in new area produced.  Photographs of each 
transplant block, and any Artificial Reef coral exhibiting visible signs of stress 
will be taken as documentation.       
 
Fig 5.19. An Artificial Reef Module Coral Map 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recruitment Rates 
Standard bathroom terracotta tiles are employed in known coral habitats to 
determine coral larvae recruitment rates to the area.  The tiles are affixed to PVC 
pipe with nylon screws and bolts, and the entire apparatus is nailed to the 
seafloor.  These tiles are retrieved approximately every six months to identify 
any settled coral recruits to family level.  This is a standard method for 
determining recruitment of corals and has been used successfully across habitat 
types (Mundy 2000).     
 
Hard Coral Health (monitored monthly) 
 
Equipment Needed: 

- blank “Rite in the Rain” paper for note-taking 
- clipboard with clips 
- pencils 
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- GPS 
- Digital underwater camera 
 

Mucus production, polyp swelling, discoloration, bleaching, and disease are 
readily identifiable coral stress responses, and evidence of these parameters will 
be used to determine coral health.  Resident and Transplant colonies will be 
scored based on visible signs of stress responses during development phases, 
and photographs will be taken of any colonies exhibiting any stress response.  
Observations are recorded on a “Hard Coral Health” datasheet, as follows. 
 
Data Analysis 
 Descriptive statistics will be employed to test for significant differences in 
colony growth rates of corals located in different locales and degrees of 
proximity to potential sources of stress.  Visible signs of stress will also be used 
as indicators testing the applicability of “best practices” in land development 
techniques designed for minimal impact to near shore marine systems.   
 
 
 

 
Fig 5.20.  
Artificial Reef 
suvey of stony 
coral area. 
Colony areas 
are determined 
by measuring 
the largest 
diameter, and 
the diameter 
immediately 
perpendicular 
to it. 
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Fig 5.21. Coral presence and condition datasheet 
 
GUANA CORAL PRESENCE AND 
CONDITION    
SITE NAME:  JC2           
DATE:  8/1/2005           
GPS LOCATION / POINT 
NAME:         
      

CORAL P/A BLEACHED LESIONS 
LESION 
AREA COMMENTS 

Favia fragum  X         

Siderastrea radians  X         

Siderastrea siderea           

Manicina areolata           

Porites astreoides  X  X       

Porites porites  X         

Porites divaricata  X         

Porites furcata           

Isophyllia sinuosa  X         

Meandrina meandrites           

Agaricia agaricites           

Dichocoenia stokesii           

Diploria strigosa  X  X  X  0.5*2 cm 
 BBD incidence = 
0.02% 

Diploria clivosa  X         
Diploria 
labyrinthiformis           

Montastrea annularis           

Acropora cervicornis           

Millepora alcicornis           

Millepora complanata           
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5.3  NEAR SHORE BENTHOS MONITORING 
 
Objectives 

To monitor any shifts in macro-invertebrate species presence and abundance 
in near shore marine communities. 

 
Materials and Methods 
 
Epifauna (monitored quarterly) 
Multiple habitat types are monitored for benthic macro-invertebrates (known 
collectively as “epifauna”).  Survey areas are first demarcated by snorkelers, 
dependent on the habitat type:   
 

1) for seagrass areas, 150 X 150 m (along the shoreline, and out from the 
shoreline) are measured and boundary corners are marked with buoys 
tethered to SCUBA weights; 

2) for hardbar areas, 50 X 50 m are measured and boundary corners marked 
with buoys tethered to SCUBA weights; 

for patch reef areas, the entire reef area is measured (length X width) and 
surveyed.  
 
Equipment Needed: 

- “Epifauna” datasheet on “Rite in the Rain” paper 
- Clipboard with clips 
- pencils 
- GPS 
- Digital underwater camera 

 
Procedure: 
Near shore survey areas of 150 X 150 m are designated by buoys, and snorkelers 
spend approximately one hour searching for all macroinvertebrates residing on 
the substrate surface.  Sponges, hard corals, soft corals, crustaceans, 
echinoderms, annelids, polychaetes, mollusks, and tunicates are identified to 
species when possible, and their abundance recorded under general categories 
(single, few, many, abundant).  Particular attention will be paid to the presence 
of indicator species and biodiversity indices, and shifts in community 
composition and abundance will be monitored during development phases.  If 
necessary, digital photographs will be taken to document extreme changes to 
macroinvertebrate communities. 
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Intertidal Mollusks 
PRESENCE/ABSENCE AND ABUNDANCE SURVEY 
Each site will have four (one per zone), five meter transects already established.  
Teams will perform a presence-absence survey along these transects.  The teams 
will have a checklist of species that will potentially be present at the sites.  On 
these checklists teams must fill in site name, team members, date, and signatures.  
Team members will search within one meter along the transect lines (ten square 
meters per zone), and mark on the checklist the code for the zone(s) they are 
located within (mark Y, B, G, or W for the different zones; yellow, black, gray, or 
white respectively).   
 Once the survey is completed, the data from the checklists should be 
summarized onto the RIDS by writing in the species present and the code(s) for 
there location.  Use the Misc. table on the back if additional space is required 
(properly identify extra columns and rows used). 
The next survey involves assessing the density and coverage of the dominant 
species of flora and fauna along the four established transects.  The transect lines 
are marked every meter, allowing for five plots to be laid at one meter 
increments down the transect.  Within the plot, team members will count the 
quantity of the five most dominant faunal species and record their scientific 
name and quantity on the RIDS.  Team members will then estimate the percent 
coverage of the five most dominant flora species within the plot, using the 
following estimation groupings:  <5%, 5-25%, 25-50%, 50-75%, and >75%.  Table 
space has been provided for the data of five floral and five faunal species within 
each plot of the four transects.   

 
   
 
 
Fig 5.22.  Mollusk survey 
conducted on a rocky 
shore 
 
 
 
 
 
 
 
 
 

Data Analysis 
 Epifauna data will be analyzed via diversity indices and multivariate 
statistical tests conducted in PRIMER (Clarke and Warwick, 2001).  Significant 
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changes in community composition will be employed as evidence of community 
stress responses. 
Intertidal mollusk community species richness and abundance will be assessed 
from different rocky intertidal areas, and comparisons will be made between 
disturbed and undisturbed areas.  The data collected on the presence-absence 
survey will be compared using the Jaccard coefficient.  This comparison allows 
two study sites to be compared by calculating the percentage of species located at 
both sites.   
 
Fig 5.23.  Rocky Intertidal Datasheet  
   
Presence-absence Survey 
 
Check List should be attached (List species that were found) (Include; Y, B, G, 
and/or W) 
Algae  Mollusks  Crustaceans 
     
     
     
     
     
     
     
     
     
     
 
Key Species Abundance 
 
Yellow Zone    
Plot 1: Faunal species Quantity Floral Species Percent 

coverage 
    
    
    
    
    
Plot 2:    
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Fig 5.24. Epifauna Species Checklist 
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5.4  ALGAE, SEAGRASS, AND CYANOBACTERIA 
MONITORING 
 
Objectives 

To quarterly monitor species and abundance changes in near shore 
benthic plant communities (including algae, seagrass, and cyanobacteria). 

 
Materials and Methods  
 
PRESENCE/ABSENCE SURVEYS 
Near shore survey areas of 150 X 150 m are designated by buoys, and snorkelers 
spend approximately one hour searching for marine plants.  Algae, seagrass, and 
cyanobacteria are identified to species, and their abundance recorded under 
general categories (occasional, common, and abundant).  Samples of 
unidentifiable species are placed in ziplock bags and taken back to shore for 
verification.  Particular attention will be paid to the presence of indicator genera, 
and shifts in community composition and abundance will be monitored during 
development phases.  If necessary, digital photographs will be taken to 
document extreme changes to marine plant communities. 
 
Equipment Needed: 

- “Algae Species Checklist” datasheet on “Rite in the Rain” paper 
- Clipboard with clips 
- pencils 
- Plastic ziplock bags 
- Digital underwater camera 
- GPS 

   
 
Data Analysis 
Benthic plant survey data will be analyzed with univariate and multivariate 
statistical tests in PRIMER (Clarke and Warwick, 2001) to determine any 
significant effects of human-altered landscapes on algae, seagrass, and 
cyanobacteria community structure. 
 
 
 
 
 
 
 

 
Fig 5.25. (follows) Algae Species Checklist
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VI. SOCIO-ECONOMIC 
 
6.1 FISHERMEN AND TOURIST SURVEYS  
 
Objectives 

The effects of development on the human environment will also be assessed. 
A socio-economic analysis and education and outreach success analysis will 
evaluate the effects of development on local communities and economics of 
The Bahamas. The objectives of the socio-economic analysis and education 
and outreach success analysis are to: 
 

1. Estimate and track changes in the housing densities and infrastructure in 
the Abacos.  

2. Estimate the market and non-market economic values derived from 
BBC. 

3. Demonstrate how sustainable development practices can benefit the 
region economically and socially (e.g. jobs generated, scientific 
information acquired, partnerships fostered, etc.) 

4. Consensus build and foster cooperative management process  
5. Disseminate educational materials and facilitate education seminars, 

programs, etc. and document community perceptions.  
 
Materials and Methods 
 
Surveys will be administered to local residents, tourists, and fishermen annually. 
 
Data Analysis 

Socio-economic analysis will build upon existing data collected from previous 
Earthwatch Teams and will incorporate publicly-available data from 
government sources (e.g. housing density in Abacos, tourism revenues in 
Abacos, boating/yachting density, etc.) to track changes incurred from 
development.   
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Fig. 6.1 Socio-economic Survey Form 

Coastal Community Surveys and Impact
Surveyors: PHOTO Number
Island:
Date/Time: Interveiwee
Settlement Resident
GPS LOCATION Tourist
X: Y: year of birth

years on island
Attitudes towards QUALITY OF LIFE

Better Worse No diff. Not Sure How would compare now to 5 years ago? male
quality of life in general on out island female
opportunities for work
quality of the environment employed
quality of fishing unemployed
quality and availability of housing

Attitudes towards GROWTH AND ENVIRONMENTAL ISSUES
VS = very serious; S = Serious, NP = Not a problem, Not Sure

VS S NP Not sure HOW DO YOU RATE THE FOLLOWING ISSUES BEST SOURCES FOR INFORMATION
1 limitations or availability of fresh water? Radio Station
2 contamination of ground water (with sewage) ZNS - TV
3 salt water intrusion to ground water sources Newspaper
4 limitation on land for settlements - housing , schools Church
5 sprawl and unplanned development on island Community Meetings
6 loss of agriculture and agricultural areas Local Government
7 cost of housing Other
8 hurricane and flood insurance
9 transportation services - airport and mailboat

10 roads and transportation infrastructure on island
11 enforcement of environmental regulations
12 solid waste management, dumping and trash Name and address if wants summary report
13 old and abandoned vehicles
14 protection of wildlife, particularly birds, land crabs
15 invasion of exotic plants like Australian pine
16 sand mining and rock excavation
17 coastal erosion and loss of beach areas Add to mailing list
18 pollution and dumping in blue holes and caves Yes No
19 pollution of marine environment, coastal waters

Attitudes on COST AND RESPONSIBILITY for ENVIRONMENT
RANK

1st 2nd 3rd not sure WHO IS MOST RESPONSIBLE FOR ENVIRN. MANAGEMENT?
local government
island-wide planning council
central government
individual citizens

WHO SHOULD BEAR COSTS OF ENFORCEMENT
local government
island-wide planning council
central government
individual citizens

WHO SHOULD BEAR COSTS OF CLEAN UPS?
local government
island-wide planning council
central government
individual citizens

OPINIONS ON ENVIRONMENTAL REGULATORY MECHANISMS
S = Strengthed or Need this, R = Relax or don't need, NC = no change needed
elax or don't need, NC = no change needed

S R NC Not sure HOW WOULD YOU CHANGE THE FOLLOWING
1  Environmental Impact accessments of new projects
2  enforcement of current regulations
3  regulatory legislation in environmental protection
4  local government involvement
5  central government involvement
6  citizen involvement and education
7 non-government organization involvement
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6.2 INFRASTRUCTURE AND HOUSING 
 
Objectives 

The effects of development on the human environment will also be 
assessed. A socio-economic analysis and education and outreach success 
analysis will evaluate the effects of development on local communities 
and economics of The Bahamas. 

 
The objectives of the socio-economic analysis and education and outreach 
success analysis are to: 
 

6. Estimate and track changes in the housing densities and infrastructure in 
the Abacos.  

7. Estimate the market and non-market economic values derived from 
BBC. 

8. Demonstrate how sustainable development practices can benefit the 
region economically and socially (e.g. jobs generated, scientific 
information acquired, partnerships fostered, etc.) 

9. Consensus build and foster cooperative management process  
10. Disseminate educational materials and facilitate education seminars, 

programs, etc. and document community perceptions.  
 
Materials and Methods 
 
Surveys will be administered to local residents, tourists, and fishermen annually. 
Surveys determine the extent of public infrastructure and social capital to 
ascertain the structural capability of a community. These surveys seek to gauge 
what effect, if any, does social capital investments have on the attitudes and 
practises of individuals that are adjacent to a proposed protected areas.  Surveys 
are carried out using three methods: 
 

1. Physical Site Characterisation 
2. Infrastructure/ Physical scorecard 
3. Interview Process 

 
Data will then be analysed to determine the structural capability of the 
community.   
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Table 6.1.  Infrastructure Survey methods  

Methods Instrument Type of Data Collected 

Site Characterization Literature search 
• Census data,  
• GIS Databases. 

Infrastructure/Physical 
Scorecard 

Observation 
• Physical observation 
• Photographs 

Interviews Process Questionnaire: 
• Closed-ended 

questions 
• Open-ended questions 

• Opinions 
• Demographic 

information 

 

Physical Site Characterisation 
The Site Characterization method is used to collect factual information 

about each site.  The aim is to compile an overview that will act as a reference 
point during execution of the survey.  This overview consists of information on 
history, location, size, geography and socio-economic characteristics of each site 
using information garnered from census data and GIS Databases.   
 
Infrastructure/Physical Scorecard 

This method provides quick information in the shortest possible time 
frame.  In essence, the Infrastructure/Physical Scorecard is a basic rapid 
assessment tool (Burke and Maidens 2004) that was used to rank sites according 
to the presence of structural and social amenities.  In addition, the Scorecard also 
ranked each community based on its pollution mitigating ability.  Although this 
method gives a quick synopsis of each site, it however, can be controversial in 
regard to whether or not pollution indicators should be weighted more heavily 
than social and structural indicators.  This survey method requires that visual 
mappings of the respective sites are carried out to highlight priority socio-
economic issues within each community.  Therefore the scorecard, in the form of 
a checklist, is used to identify the presence or absence of community 
infrastructures, number of businesses, pollution indicators, and environmental 
quality.  
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Fig. 6.2. Infrastructure/Physical Scorecard  
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C. Data Analysis 
Socio-economic analysis will build upon existing data collected from previous 
Earthwatch Teams and will incorporate publicly-available data from 
government sources (e.g. housing density in Abacos, tourism revenues in 
Abacos, boating/yachting density, etc.) to track changes incurred from 
development.   

Scorecard Ranking Justification: 

Electricity 
2.  There is adequate lighting within the community. 
1.  There is inadequate lighting within the community. 
0.    There is no lighting in the community. 

Maximum score: 2 

Water 
3. The residents have sufficient access to water. 
2. The residents have adequate access to water. 
1. The residents have little access to water. 
0. The residents have very little access to water. 

Maximum score: 3 
 
Wastewater (Greywater and Stormwater) 

4. The community has a very good drainage system and wastewater 
management system. 

3. The community has a good drainage and wastewater management 
system. 

2. The community has a poor drainage and wastewater management 
system. 

1. The community has a poor drainage and no wastewater management 
system. 

0. The community has no drainage and wastewater management system. 
Maximum score: 4 
 

Sewage and Blackwater 
4. The management of sewage and industrial effluent disposal from the 

community into the adjacent preserve is very good. 
3. The management of sewage and industrial effluent disposal from the 

community into the adjacent preserve is good. 
2. The management of sewage disposal is good but the management of 

industrial effluent disposal is poor. 
1. Both the management of sewage and industrial effluent disposal is poor. 
0. There is no management of sewage and industrial effluent disposal. 
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Maximum score: 4 

Solid waste disposal 
2. The community has a good solid waste disposal system. 
1. The community has a poor solid waste disposal system. 
0. The community has no solid waste disposal system in place. 

Maximum score: 2 

Transportation 
      4.     The community has a good transport system. 

3.     The community has an adequate transport system.  
2.  The community has an inadequate transport system. 
1. The community has a poor transport system. 
0. The community has no transport system. 

Maximum score: 4 

Education 
      5.   The community has a very good education support system. 
      4.    The community has a good education support system. 
      3.    The community has a basic education support system. 
      2.    The community has a poor education support system. 

1. The community has a very poor education support system. 
0. The community has no education support system. 

Maximum score: 5 
 

Structural amenities 
15. The community has an exceptional community support service and a very 

strong economic base.  
14. The community has a good community support service and strong economic 

base. 
13. The community has a good community support service and very strong 

economic base. 
12. The community has a good community support service and a vulnerable 

economic base.  
11. The community has a good community support service and a weak economic 

base. 
10. The community has an adequate community support service and a very 

strong economic base. 
9. The community has an adequate community support service and a strong     

economic base. 
8. The community has an adequate community support service and a 

vulnerable economic base. 
7. The community has an adequate community support service and a weak 
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economic base. 
6.   The community has an inadequate community support service and a very 

strong economic base. 
5.   The community has an inadequate community support service and a strong      

economic base. 
4.   The community has an inadequate community support service and a 

vulnerable economic base. 
3.   The community has an inadequate community support service and a weak       

economic base. 
2.   The community has a weak community support service and a vulnerable 

economic base. 
1. The community has a weak community support service and a weak economic   

base. 
0.   The community has no community support service and a weak economic 

base. 
 
Maximum score: 15 

Other  
     1.    The community has an ethnic mix. 

0. The community is not ethnically mixed. 
Maximum score: 1  
 
 
      
     The maximum attainable score for each community is 40. 

o Communities with a score of 31- 40 have good community support service 
and structural infrastructure.  Able to participate in a resource 
management initiative. 

o Communities with a score of 21-30 have an adequate community support 
service and structural infrastructure but however needs some more social 
capital investment in order to be able to participate in a management 
initiative.   

o Communities with a score of 11-20 have a poor community support 
service and structural infrastructure need a lot of capacity building before 
consideration for participation in a management initiative. 

o Communities with a score ≤10 is not yet ready to take on a management 
initiative.  Need years of social investment. 
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