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Seagrass meadows provide one of the most productive stores of carbon in our oceans. They
also support marine biodiversity and global food security through their role as fish nurseries
and fish foraging grounds. Globally their rate of loss is at least as high as that experienced by
tropical rainforests. In SE Asia, due to a paucity of long-term data it is difficult to assign such
rates of change but significant loss has occurred, possibly up to 40% (Nadiarti et al., 2012,
Tomascik et al., 1997). Risks to these meadows continue, with urban development
(including coastal development and run-off) being one of the major risks in the region
(Grech et al., 2012, Unsworth & Cullen, 2010). Seagrass meadows in Indonesia have also
lost their trophic balance due to overexploitation, placing their resilience to poor water

quality at risk (Unsworth et al., 2015, Unsworth et al., 2014).
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The article by Abrams et al 2016 utilises a biogeochemical box model to evaluate the
downstream effects of the release of Indonesian peat carbon on coastal ecosystems, one of
which is seagrass. Their model estimates that the accumulation of detritus in the benthic
layer of the coastal environment will lead to an increase in pore water DIN and, therefore to
a 31.8% increase in seagrass biomass over the next 60 years (Abrams et al., 2016). This is
based on the broad assumption that seagrass in Indonesia is all nutrient limited. In order to
reach this conclusion the authors utilise information from just two research papers that
examine the mass-balance of nutrients in two Indonesian seagrass meadows conducted in

the early 1990’s (Erftemeijer & Middelburg, 1995, Erftemeijer et al., 1993).

We applaud the authors for trying to understand the impacts of such a huge problem but
feel their conclusions do not reflect the current status and threats to seagrass in Indonesia.
We believe that the assumptions in their model and their conclusions could be improved by

considering the following:

1) Due to rapid population expansion since the early 1990’s and increasing loss of
rainforest cover coastal water quality in Indonesia is already in decline, peatland loss
will add to this. Some seagrass meadows in the country are likely nutrient limited
(van Katwijk et al., 2011) but the evidence suggests that these are the minority with
threats to seagrass growing (Nadiarti et al., 2012). The seagrass nutrient data used
by Abrams et al to develop their model are insufficient to be used as an indication of
the current nutrient status of seagrass throughout Indonesia (Erftemeijer &
Middelburg, 1995, Erftemeijer et al., 1993). Data on seagrass nutrient condition in

Indonesia is limited, but our understanding of nutrient impacts upon seagrasses
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stems from a much bigger broader global literature (Burkholder et al., 2007). We
also know that throughout the wider Indo-Pacific region seagrass nutrient levels
(from similar species) are commonly elevated (Ambo-Rappe, 2014, McKenzie et al.,
2012). An improved model needs to consider this wider body of literature and data.

2) Seagrass diversity in Indonesia is high, as a result these seagrasses live across varied
environments (estuarine, reef and coastal environments of either an intertidal or
subtidal depth) where species have different adaptations. Some reef seagrass
meadows in Indonesia far from land will be nutrient poor and therefore increased
DIN from peatland degradation will be of benefit resulting in increased growth, but
most seagrass meadows (especially coastal and estuarine meadows) in Indonesia are
probably already in states of elevated DIN and are at risk. We also know that many
short-term experimental enrichment studies on nutrient limited seagrass result in
short term increases in biomass but long-term studies find elevated nutrients to
result in declining seagrass biomass and density (Cabaco et al., 2013). The model
created by Abrams et al could be enhanced by classifying seagrass meadows
according to habitat type and modelling impacts accordingly utilising recent seagrass
nutrient data from throughout the region across varied environments and species
(e.g. from the Great Barrier Reef seagrass monitoring program).

3) The addition of a detrital layer to seagrass benthos will not just result in increased
DIN to the sediments and potentially have a negative impact on light attenuation.
The addition of detritus will have a whole stimulatory impact upon the microbial,
fungal and detrital feeding community. To expect that the detritus would simply end
up as DIN in sediment pore water is at best naive. Furthermore, a likely additional

effect of increased organic detritus is to increase the levels of anoxic sulphide stress
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within the sediments with follow on effects upon the seagrass growth and
productivity (Marba et al., 2006). In addition the deposition of organic detritus will
also likely bring with it increased sediments, known to alter and seagrass community

composition (Terrados et al., 1998).

A large biogeochemical model for how terrestrial degradation impacts the coastal
environment in the centre of the Worlds biodiversity has potentially far reaching policy
implications. We believe that with further refinement the model by Abrams et al could
achieve this and determine a more likely response of seagrass to land degradation. The
creation of such a model needs to be based on sound scientific knowledge of the response
of biota to environmental change. Such a model would therefore be of wide use for the

management of the terrestrial and coastal environment in Indonesia and beyond.

References

Abrams JF, Hohn S, Rixen T, Baum A, Merico A (2016) The impact of Indonesian peatland
degradation on downstream marine ecosystems and the global carbon cycle. Global Change
Biology, 22, 325-337.

Ambo-Rappe R (2014) Developing a methodology of bioindication of human-induced effects using
seagrass morphological variation in Spermonde Archipelago, South Sulawesi, Indonesia.
Marine Pollution Bulletin, 86, 298-303.

Burkholder JM, Tomasko DA, Touchette BW (2007) Seagrasses and eutrophication. Journal of
Experimental Marine Biology and Ecology, 350, 46-72.

Cabaco S, Apostolaki ET, Garcia-Marin P et al. (2013) Effects of nutrient enrichment on seagrass
population dynamics: evidence and synthesis from the biomass—density relationships.
Journal of Ecology, 101, 1552-1562.

Erftemeijer PLA, Middelburg JJ (1995) Mass balance constraints on nutrient cycling intropical
seagrass beds. Aquatic Botany, 50, 21-36.

Erftemeijer PLA, Osinga R, Mars AE (1993) Primary production of seagrass beds in South Sulawesi
(Indonesia) - A comparison of habitats, methods and species. Aquatic Botany, 46, 67-90.

Grech A, Chartrand-Miller K, Erftemeijer P et al. (2012) A comparison of threats, vulnerabilities and
management approaches in global seagrass bioregions. Environmental Research Letters, 7,
024006.

Marba N, Santiago R, Diaz-Almela E, Alvarez E, Duarte CM (2006) Seagrass (Posidonia oceanica)
vertical growth as an early indicator of fish farm-derived stress. Estuarine, Coastal and Shelf
Science, 67, 475-483.

This article is protected by copyright. All rights reserved.



Mckenzie L, Collier CJ, Waycott M, Unsworth RKF, Yoshida RL, Smith N (2012) Monitoring inshore
seagrasses of the GBR and responses to water quality. Proceedings of the 12th International
Coral Reef Symposium, 15B: 4.

Nadiarti A, Riani E, Djuwita I, Budiharsono S, Purbayanto A, Asmus H (2012) Challenging for seagrass
management in Indonesia. Journal of Coastal Development, 15, 234-242.

Terrados J, Duarte CM, Fortes MD et al. (1998) Changes in community structure and biomass of
seagrass communities along gradients of siltation in SE Asia. Estuarine, Coastal and Shelf
Science, 46, 757-768.

Tomascik T, Mah JA, Nontji A, Moosa KM (1997) The Ecology of the Indonesian Seas (Part ll),
University of Oxford Press, Periplus Editions (HK) Ltd,.

Unsworth RKF, Collier CJ, Waycott M, Mckenzie LJ, Cullen-Unsworth LC (2015) A framework for the
resilience of seagrass ecosystems. Maine Pollution Bulletin, 100, 34-46.

Unsworth RKF, Cullen LC (2010) Recognising the necessity for Indo-Pacific seagrass conservation.
Conservation Letters, 3, 63-73.

Unsworth RKF, Hinder SL, Bodger OG, Cullen-Unsworth LC (2014) Food supply depends on seagrass
meadows in the coral triangle. Environmental Research Letters, 9, 094005.

Van Katwijk MM, Van Der Welle MEW, Lucassen ECHET et al. (2011) Early warning indicators for
river nutrient and sediment loads in tropical seagrass beds: A benchmark from a near-
pristine archipelago in Indonesia. Marine Pollution Bulletin, 62, 1512-1520.

This article is protected by copyright. All rights reserved.



