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Ecosystem metabolism in the Manawatu River

The concentrations of dissolved oxygen (DO) in the water are a critical component affecting the life
supporting capacity of a river system. Ecosystem metabolism — the combination of algal productivity or
photosynthesis (GPP) and ecosystem respiration (ER) — is a measure of the main factors controlling
dissolved oxygen dynamics in rivers, and indicates how much organic carbon is produced and consumed
in river systems. Recent research has shown that ecosystem metabolism is a useful indicator of river
ecosystem health and complements traditional monitoring tools such as water quality analysis, periphyton
assessments, and invertebrate community composition. Ecosystem metabolism is influenced by a wide
variety of factors such as nutrient inputs, organic waste discharges, shading, river flow and water

temperature.
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Sites with high rates of GPP are likely to experience algal and cyanobacterial blooms that can degrade
aesthetic and recreational values, and have potential health implications for humans and animals. High
algal densities associated with high rates of GPP can also cause large pH fluctuations, smother habitat for
invertebrates, cause taste and odour problems for water supplies, and cause problems with low DO (such
as fish kills) when the periphyton mats mature and decompose. The highest rates of production will occur
in situations where there is plenty of light and nutrients available to support plant growth.

Sites with high rates of ER are normally characterised by large inputs of organic matter from point source
discharges of sewage/waste water, or large diffuse inputs from sources such as deciduous trees. High
biomasses of algae and other aquatic plants are also often associated with high rates of ecosystem
respiration. Sites with high rates of ER will be prone to low minimum dissolved oxygen concentrations
and have the potential to kill fish and other aquatic life.

As part of a study on the ecosystem integrity of New Zealand’s large rivers, ecosystem metabolism was
measured at 16 sites throughout the country. The results showed that rates of GPP and ER in the lower
Manawatu River at Opiki were among the highest ever reported internationally and well above the
thresholds considered to represent the transition from satisfactory to poor ecosystem health -- GPP values
above 7 gO,/m*/day and ER values above 10 gO,/m?/day are considered to indicate poor ecosystem
health.

RESEARCH BASED SOLUTIONS



On November 26™ 2009, the Dominion Post ran a front page story focusing on the health of the
Manawatu River and included a headline pronouncing the river as the ‘worst in the west’. Measurements
of GPP (and ER) from the lower Manawatu are higher than has been seen in any other sites around the
world where this measurement has been conducted (Table 1 —below). However, only a tiny fraction of
the world’s rivers have been tested using this approach and it is likely that other rivers would have higher
measurements if they were tested. Our research DOES NOT indicate that the Manawatu River is the
worst in the western world. Nevertheless, our results do indicate that the Manawatu River is very
unhealthy. Other indicators of river health such as nutrient concentrations, water clarity, faecal bacteria,
and stream invertebrates also indicate the poor status of the Manawatu River
(http://www.mfe.govt.nz/environmental-reporting/freshwater/river/league-table/river-water-quality-
league-tables.html ).

Recognition of the poor health of some of New Zealand’s waterways is the first step in trying to
rehabilitate them. Improvements to waste discharges, nutrient budgeting, fencing stock out of waterways,
and better management of the banks of rivers and streams is vital before water quality will improve. At a
regional level, focused plans with clear guidelines and standards are required. Collaborative efforts
involving the full range of stakeholders involved with water management is the best way forward.
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Table 1 Ecosystem metabolism data from a variety of sites around the world. The data have been sorted
from highest to lowest based on measures of GPP. The data are distributed among the following areas —
New Zealand 293 measurements, USA 115, Canada 5, EU 81, Switzerland 2, Brazil 6, Puerto Rico 27,

Australia 20, Japan 23.

GPP ER
Site (g02/m?*/day) (g02/m?/day) Country Data source
Manawatu @ Opiki 107.1 65.2 NZ Collier et al 2009
Demnitzer Mill Brook DS 59.0 52.0 EU Gucker et al 2006
Erpe DS 47.0 59.0 EU Gucker et al 2006
Vermilion21 44.2 18.9 us Wiley et al 1990
Shinmei 43.9 65.8 Japan Iwata et al 2007
Irongate 36.0 55.8 NZ Young et al 2006
Vermilion13 35.8 249 us Wiley et al 1990
Erpe US 32.0 32.0 EU Gucker et al 2006
WaitoaW 29.2 21.2 Nz Wilcock et al 1998
Awaroa 244 13.8 NZ Wilcock et al 1998
Raupare 233 33.3 NZ Young et al 2006
Topehaehae?2 21.8 20.2 NZ Wilcock et al 1998
Nishi 21.0 32.3 Japan Iwata et al 2007
Motupipi 20.5 34.2 NZ Young 2006b
Thur 20.2 14.6 EU Uehlinger 2000
Oreti trib 20.2 371 NZ Clapcott et al 2010
Takisawa 19.1 36.7 Japan Iwata et al 2007
Kurosawa 19.0 23.8 Japan Iwata et al 2007
Mangaotama 18.9 37.5 NZ Wilcock et al 1998
Waitoa1 18.2 254 NZ Wilcock et al 1998
Demnitzer Mill Brook US 18.0 24.0 EU Gucker et al 2006
Heathcote Curtletts 17.4 32.7 NZ Clapcott et al 2010
Makarewa Lora 171 194 NZ Clapcott et al 2010
Vermilion57 17.0 18.5 us Wiley et al 1990
Otouto 17.0 37.7 Japan Iwata et al 2007
Mokoreta 16.0 31.5 NZ Clapcott et al 2010
Vermilion53 15.9 141 us Wiley et al 1990
Vermilion96 15.5 15.4 us Wiley et al 1990
Topehaehae1 15.3 30.6 NZ Wilcock et al 1998
SCAZ 15.0 8.3 us Mulholland et al 2001
Vermilion24 14.6 41.6 us Wiley et al 1990
Kamata2 14.5 19.3 Japan Iwata et al 2007
Higasihanawa 14.4 24.6 Japan Iwata et al 2007
Winton Lady 14.3 24.2 NZ Clapcott et al 2010
Tussock 14.0 26.7 NZ Clapcott et al 2010
Otapiri 14.0 13.7 NZ Clapcott et al 2010
SCAZ 13.8 9.6 us Webster & Meyer 1997
Motupipi @ Reilly's 13.8 227 NZ Young 2006b
Vermilion50 13.4 21.8 us Wiley et al 1990
Ani 13.0 29.2 Japan Iwata et al 2007
Taieri14 12.7 4.0 NZ Young & Huryn 1996
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