
Studies Of Bioerosion On Coral Reefs Of Tanzania

Item Type Report

Authors Strömberg, H.

Download date 22/05/2023 06:22:10

Link to Item http://hdl.handle.net/1834/484

http://hdl.handle.net/1834/484


STUDIES OF BIOEROSION ON CORAL REEFS OF 

TANZANIA 

  
Helena Strömberg 

Zoology Department, Stockholm University, Stockholm, Sweden 
  
INTRODUCTION 
Responses of coral reef ecosystems to disturbance 
Historically, coral reefs have been subjected to a range of disturbances including major 
sedimentary events from flooded rivers (Robertson & Lee Long, 1990), storm events and 
changes related to long-term patterns such as El Niño (Glynn, 1985). Reef ecologists have 
accumulated a great deal of evidence implicating disturbance as a major influence on reef 
ecology (Connell, 1978). Increasing global temperatures, eutrophication in coastal areas and the 
physical damage that is becoming so widespread is potentially reducing the reefs intrinsic ability 
to cope with such perturbations. Primary production on a reef is largely dependent on a variety of 
algae including the symbiotic algae living in hard corals (zooxanthellae). The level of production 
that any of these components might attain is determined by a variety of physico-chemical (e.g. 
hydrodynamics and nutrients) and biological factors (e.g. grazer-communities).  
  
Furthermore, the addition of nutrients such as nitrogen and phosphorous has the potential to 
increase the growth rates of some algae and heterotrophic invertebrates relative to corals (Littler 
et al., 1991; Sammarco & Risk, 1990). As a consequence, many reef ecologists warn that 
eutrophication of waters surrounding coral reefs may alter patterns of dominance on these reefs 
from corals to various forms of fleshy and filamentous algae and bioeroding sponges (Rose & 
Risk, 1985; Sammarco & Risk, 1990). In practice, however, there are a number of factors that 
prevent this from occurring. Perhaps the most important is herbivory (Hatcher & Larkum, 1983). 
Vertebrates and invertebrates comprising the grazing community consume the plant production 
(Hatcher & Larkum, 1983) and often inadvertently ingest limestone from the skeletons of corals 
and epiphytic micro-invertebrates while grazing. Some investigators have argued that the 
abundance of grazers is the main limitation to primary production on coral reefs (Larkum & 
Steven, 1994). Indeed, the abundance of fleshy algae is generally very low on healthy reefs that 
support reasonable populations of herbivores. However, declines in grazing pressure through 
overexploitation of herbivorous fauna can shift the balance in favour of the algae allowing them 
to out-compete and eventually exclude corals from the reef community. 
  
The products of photosynthesis by zooxanthellae are the primary source of energy used by corals 
for accretion of calcium carbonate (CaCO3) and skeletal growth (Muscatine, 1990). Mass 
bleaching on the scale reported in 1998 can alter the balance between net accretion and net decay 
of CaCO3 from the reef framework. Subsequently, the loss of zooxanthellae through bleaching 
can reduce the rate of accretion of CaCO3 into the skeleton of the coral. This imbalance may also 
be mediated by grazers, bioeroders and organisms whose actions directly affect benthic 
community structure (Done et al., 1996). The persistence of a coral reef, in the long-term, 
requires that its overall rate of calcium accretion equals or exceeds losses from biological and 
physical erosion and transport of sediment away from the reefs (Done et al., 1996).  



  
Bioerosive processes 
An important aspect for the maintenance of coral reefs is that the skeletal structure is broken 
down by bioeroding organisms into sediment, which form sandy bottoms and beaches and is an 
important factor of the inorganic pathway. Bioerosion is divided into two types; external 
bioerosion, which is usually performed by different types of fish and sea urchins (McClanahan, 
1994) and internal bioerosion by polychaetes, sipunculans, molluscs, barnacles and sponges 
(Sammarco & Risk, 1990).  
  
Risk and Sammarco (1982) demonstrated a significant positive correlation between the degree of 
internal bioerosion in dead coral and reduced grazing pressure. This correlation can be explained 
in three ways. First, a decrease in the level of biological disturbance imposed by grazers on 
newly settled larvae of endolithic borers might reduce post-settlement mortality among these 
bioeroders allowing greater numbers to survive to dulthood (Sammarco, 1980). Second, reduced 
grazing pressure enables algae to flourish which, in turn, provides a refuge for bioeroders. Third, 
food and nutrient levels might be more abundant in the associated algal turf and sediment 
(Klumpp et al., 1988). Risk and Sammarco (1982) also demonstrated that predation may 
influence the rate of internal bioerosion by affecting population dynamics within the endolithic 
bioeroder community. Sammarco et al. (1987) reported that boring by sponges with large 
exposed papillae (Cliothosa hancocki) increased significantly when grazing is reduced within 
damsel fish territories, while the abundance of more cryptic boring sponges decreased.  
  
Further, on reefs across the central region of the Great Barrier Reef, Australia, Sammarco and 
Risk (1990) reported that total internal bioerosion decreased significantly with distance offshore. 
The greatest decreases in abundance occurred in bivalves and sponges. It was suggested that 
because bivalves and sponges are filter feeders they may gain more food in the more nutritious 
inshore waters.  
  
Grazing by fish, particularly scarids and acanthurids, and sea urchins cause high levels of 
external bioerosion of dead foliose coral substratum. The microtopography of coral substratum is 
altered greatly by grazing, suggesting that these activities might hinder settlement of internal 
bioeroders. Although small fish and galatheid crabs contributed only negligibly to bioerosive 
activities, some of them appear to prey directly on cryptofauna such as boring sponges. 
Therefore, predation may have an important influence on the population dynamics of endolithic 
communities (Sammarco et al., 1986). 
  
Infestation by boring organisms also weakens the corals which may make them more susceptible 
to damage from catastrophic high-energy events such as storms and cyclones (Highsmith, 1982) 
causing them to become easily detached from the substratum (Highsmith et al., 1980). The 
degree to which the skeleton has been eroded will also be an important factor determining the 
resistance of corals to wave shock (Highsmith, 1982; Tunicliffe, 1983). Further, bioerosion may 
contribute to control of nutrient and gas fluxes on coral reefs (Tudhope & Risk, 1985) and others 
have stated that it can affect the morphology of carbonate coastlines (Acker & Risk, 1985). On 
severely bleached reefs, bioerosion could contribute to the total erosion of corals such that entire 
reefs could be eliminated if rates of coral recruitment do not increase (Reaka-Kudla et al., 1996).  
  



A review of the response of reefs to eutrophication suggests that the maintenance of fish 
populations and their feeding responses as well as the physical structure of the reef may be 
important factors inhibiting overgrowth of coral reefs by algae and degradation by internal 
bioeroders (Sammarco & Risk, 1990). These studies suggest that it is often the combined effect 
of the loss of reef consumers, reef structure and eutrophication that cause drastic changes in reef 
ecology.  
  
Aims 
If environmental factors and the observed trends in bioerosion are functionally related, then 
eutrophication or increased productivity in the waters surrounding coral reefs may promote 
increased levels of internal bioerosion which, when combined with decreases in grazing pressure 
by fish, can further accelerate bioerosion and the degradation of reefs that are already seriously 
affected by bleaching. The aim of this study is to investigate how some of the main regulators of 
coral reef ecosystems affect rates of bioerosion of the reef structure and key coral species. Also, 
it is important to determine whether different parts of the reef such as reef flat, reef crest and 
slope have different erosion rates to be able to predict how disturbance affects the different parts.  
  
  
EXPERIMENTS AND PRELIMINARY RESULTS 
Bioerosion across a nutrient concentration gradient 
Between February and April 1999, a study of the distribution and abundance of bioeroders was 
conducted across a nutrient gradient from the runoff of Zanzibar town situated on the west coast 
of Unguja Island. Four sites at progressively increasing distances from the sewage outflow of 
town were chosen: Chapwani Island nearest the runoff, Bawe Island 2 NM from town, Chumbe 
Marine Park 7 NM from town and Mnemba Reef off the east coast of Unguja Island. Coral-
rubble from the bottom and dead standing corals of the genera, Acropora, Porites and the 
subgenus Synaraea were collected from each site. The percentage erosion from different eroding 
groups (i.e. sponges, polychaetes, sipunculans, bivalves and balanoides) was measured and the 
abundance of each taxon in the dead coral was determined to identify higher-level interactions 
between water quality and the composition of the bioeroding community. Preliminary results 
show that the variation of bioeroding organisms within and among sites was very high. This 
indicates that the common method of using corals for bioerosion studies where the time of 
mortality is unknown is questionable. 
  
Succession of the bioeroder community 
Although it is known that bioeroding organisms are more active in dead corals than in living 
corals, the relationship between the time since mortality and the rate of erosion and colonisation 
of the skeleton by various bioeroders is poorly documented. In order to determine temporal 
changes in the rate of bioerosion and also patterns of succession within the bioeroding 
community, skeletons of corals at Mafia Island killed by El Niño induced coral bleaching of 
1998 were sampled after one year (March 99) and 1.5 years (October 1999). Additional samples 
will also be taken 2.5 years and 3 years after the bleaching event.  
  
Pieces of dead Acropora formosa were collected from 2.5 m x 2.5 m quadrats. All corals in the 
quadrats were killed in March 1998. The corals were sectioned longitudinally and the percentage 
area eroded by different taxon (i.e. polychaetes, sponges, sipunculans, barnacles, bivalves) were 



calculated. All bioeroding organisms found in the pieces of corals were collected and identified. 
To date, only preliminary results are available but a small increase in bioerosion was recorded 
between March 1999 and October 1999. 
  
Experimental gradient in grazing pressure 
A gradient in fish grazing pressure was established experimentally by placing the dead coral 
substratum under three experimental conditions: 1) fully exposed to natural levels of fish 
grazing; 2) protected from grazing fish within cages; and 3) beneath cage sides without top and 
two sides to control for decreased light and current while allowing access to grazing fish and 
invertebrates. The coral samples will be exposed for 12 months before analysis.  
  
Temporal patterns of bioerosion within habitats characterised by different fish communities 
Two sites were selected outside Zanzibar, Bawe Island and Chumbe Island. Bawe is an island 
situated near Zanzibar town where fishing is permitted. Chumbe Island is a marine park situated 
7 NM from Zanzibar town and is protected from fishing. Three different fish communities were 
identified at both sites. At both sites, living colonies of Acropora formosa were collected and 
killed before being placed within the habitats in which each of the three different fish 
communities resided. The coral samples will be exposed for 24 months before analysis.  
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