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INTRODUCTION 
Assessing environmental impacts and monitoring ecosystem recovery requires an understanding 
of the underlying spatial and temporal changes that have occurred. There are three main 
questions to be answered with specific reference to the Indian Ocean and the current status and 
future of coral reef ecosystems: i) what are the effects of widespread coral mortality going to be 
in the Indian Ocean, ii) how long will it take for reef ecosystems to recover, and iii) will 
‘recovered’ systems have the same structure and functional integrity? Research into these 
questions must bear in mind that most measurements to be made are points on a long-term trend. 
Although there may be another disturbance event similar to that of 1998, its occurrence (if it 
occurs) should not negate the work, but provide further data points which contribute to the 
understanding and establishment of long-term trends.  
  
While direct changes in structure can be measured relatively simply, more advanced study will 
be required to assess changes in functional relationships. For instance, does the ‘recovered’ reef 
with its different coral community support a different fish community, and will the productivity 
of this reef be different? One-off measurements must be put into context. Several examples exist 
of measures which are difficult to interpret, for example, measures of total fish catches, coral 
cover or population recovery: As a fish species is depleted, even commercially extinguished, it 
may be replaced by other species, the total catch remaining the same. A ‘pristine’ coral cover 
value of many systems is about 50%, which rises with increasing long-term stress, then decreases 
through the 50% value again before reaching very low values (Figure 1). Thus, only very low 
percentages might be indicative of degradation, by which stage the quantification of coral cover 
may be of little use. The problem of recovery is to ask at what level a population is considered to 
be ‘recovered’? Figure 2 shows a hypothetical decline of a population that has progressed over 
25 years. The sag following the 1998 event is recovered from, but to which long-term trend, (a) 
or (b)? This is a complication from the ‘shifting baseline syndrome’. 
  
Sample size is one of the main difficulties in measuring change and recovery. It should be noted 
that if significant differences occur between two samples (e.g. by t-test) then the sample size to 
determine this is more or less irrelevant. However, if the objective is to prove no difference, then 
samples may need to be quite large – typically 80 – 100 replicates. Large samples can be 
achieved (and possibly can only be achieved) by pooling data from several sites, i.e. by working 
at a regional level. Thus, this regional perspective and approach is critical.  
  



The following proposed general projects may be largely immune from the first three 
complications, and all are contingent on adequate sample sizes. It is important to note that the 
majority of these objectives can be achieved at low cost, and that the expertise to carry them out 
can be attained through straightforward basic training exercises. The multi-scale approach, both 
spatial and temporal, to construct long-term trends will provide a background against which 
future disturbances, changes to the environment, and indeed recovery, can be assessed and 
monitored.  
  
  
A. TIME SERIES DATA 
The objective is to establish long-term trends over as large as possible spatial scales. These 
projects access data and methods common to other sciences, and in many cases may only need 
informal contacts and collaborations with appropriate researchers and/or institutions.  
  
1. Remotely sensed images 
Images need to be processed for the extraction of biological information (quantified habitat cover 
data) to make synoptic cover measurements which not only include the reef, but the adjacent 
systems as well (macro-reef system, i.e. integral seagrasses, mangroves and sand). Archived 
remotely sensed imagery provides measurements from years past to establish longer time series. 
  
2. Meteorological data 
Acquisition of long time series of in situ data from a variety of national and international 
sources, and analysis of meteorological data to establish trends.  
  
3. Fisheries 
Assessing broad scale ocean productivity through the use of remote sensing. 
  
4. Land use changes 
Establish trends in development, tourism and reclamation to assess long-term effects on coastal 
ecosystems. 
  
  
B. SPECIFIC REEF MEASUREMENTS 
The objective is to record and monitor changes in reef composition through a range of 
techniques. These methods are consistent with many existing monitoring schemes, and can be 
added or revised to be incorporated with minimal additional work while maximizing capture of 
long-term trend data and regionalization of research and monitoring. 
  
1. Cover and damage 
Recording cover by major biotic and abiotic groups (i.e. total coral, soft coral, unconsolidated 
rubble, sand etc.) to document ecological and substratum characteristics. Identification to 
genus/species level of reef constituents, measurements of size class frequencies of coral colonies 
and recording the proportion of damaged colonies. 
  
2. Erosion of reefs and reef-protected shores 



Measurement of beach widths to LWST from fixed datum points with a monthly sampling 
interval as well as measurement of algal ridge widths, percent cover of red coloured algae and 
the down-slope extent.  
  
3. Coral recruitment and monitoring 
Quantification of new coral recruits (colonies between 1 cm and 10 cm diameter/long) using 
standardised counting methods and photography of recruits at 3 m depth. Monitoring of tagged 
coral colonies for growth, damage and disappearance. 
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