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Assessment of the trophic state of Te Aka Aka (Ashley River/Rakahuri
i Saltwater Creek Estuary)

Executive summary

Background:

Te Aka Aka is a shallow intertidal dominated estuary at the mouth of the Ashley River/Rakahuri,
Saltwater Creek, Taranaki Creek and a number of small lowland creeks and mad-made drains.
Eutrophication, as expressed by the excessive growth of macroalgae, is a potential ecological issue for
Te Aka Aka. The macroalgae that occur in this estuary are Ulva spp. and Gracilaria chilensis.

What we did:

The current trophic state of Te Aka Aka was determined by using the extent of macroalgae through the
estuary as the primary indicator. As well as measuring macroalgae extent, the sediment was analysed,
and the secondary indicators of total organic carbon, total nitrogen and total recoverable phosphorus
concentrations, sediment redox potential and sediment grain size distribution measured.

What we found:

The results indicate that Te Aka Aka is in a state of moderate eutrophication (Eutrophication band B).
However, an assessment of the nutrient loads to, and the physical susceptibility of, this estuary (Dudley
and Plew, 2018) determined that Te Aka Aka has the potential to be in a state of high or very high
eutrophication (Eutrophication bands C and D). The possible reasons for the discrepancy are:

1 A considerable amount of the annual nitrogen load to the estuary from the Ashley
River/Rakahuri likely occurs during high flows and the volume and speed of water flow could
result in the fast flow of nitrogen through the estuary and out to the open coast.

1 There are two areas of intertidal flat where environmental conditions are such that there is little
or no macroalgae.

1 There is reduction of nitrogen in estuary water through denitrification processes within estuary
sediments and the saltmarsh vegetation.

1 Itis possible that there is a discrepancy between what the modelling suggests and the actual
hydrodynamics within Te Aka Aka.

What it means:

Te Aka Aka is in a state of moderate eutrophication. However, the discrepancy between the current
state and the potential state based on nutrient loads and physical susceptibility means there is:

1 uncertainty on whether the trophic state of the estuary will decline if there is no increase in
nitrogen loads.

1 uncertainty on whether the trophic state of the estuary will decline if there is an increase in
nitrogen loads.
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1 | ntroducti on

This report assesses the current trophic state of Te Aka Aka. Te Aka Aka is a shallow intertidal
dominated estuary at the mouth of the Ashley River/Rakahuri, Saltwater Creek, Taranaki Creek and a
number of small lowland creeks and mad-made drains. It is a semi-enclosed embayment, with a free
connection to the sea such that fresh and salty waters mix within the estuary.

A current state report (Bolton-Ritchie, 2019) identified eutrophication as a potential ecological issue for
Te Aka Aka. This prompted investigations and reporting on the trophic state of this estuary. This report
sits alongside the 2019 report and has provided information to the Waimakariri Water Zone Committee
for the Waimakariri Land and Water Solutions Programme and in limit setting for the Waimakariri zone.

Eutrophication is the enrichment of nutrients in a water body, often resulting in excessive growth of
aquatic plants. Within this estuary elevated nitrogen concentrations in water cause the growth of fast-
growing macroalgae but there is limited potential for excessive phytoplankton growth (Dudley and Plew,
2018).

There is the fast-growing macroalgae Ulva spp. (Figure 1-1) and Gracilaria chilensis (Figure 1-2) within
Te Aka Aka. The macroalgae Ulva spp. and Gracilaria provide habitat for a diversity and abundance of
estuarine species such as topshells, hoppers and worms (Bressington, 2003). In turn this is food for the
birds and fish that feed on these species. | have seen many birds including godwits, oyster catchers
and spoonbills feeding in and around the edges of a dense bed of Ulva sp. within Te Aka Aka. However,
the excessive growth and hence occurrence of extensive areas of macroalgae within an estuary can
have the following detrimental ecological effects:

1. The macroalgae cover intertidal sediments. This cover can result in the sediments becoming
anoxic. As a consequence, there is no oxygen to support the worms and other animals that live
within the sediment and keep the sediment healthy. Anoxic sediment is black and smells of
sulphur.

2. Where there is seagrass, the macroalgae smothers the seagrass. The seagrass does not
survive. There is no seagrass in Te Aka Aka.

3. The macroalgae traps fine sediment particles so over time the estuary could become muddier.

4. The respiration of an abundance of macroalgae can lower/deplete the water of oxygen at night
when there is no oxygen production through photosynthesis. Depleted oxygen levels can result
in the death of the animals that live in the water including fish.

5. When the macroalgae die they can dislodge and be carried either out of the estuary or to
elsewhere within the estuary such as washed up on the shore or carried into backwaters. The
breakdown of the algae by micro-organisms can deplete the water of oxygen which in turn can
result in the death of the animals that live in the water, such as fish. The decaying macroalgae
is very smelly and unsightly.

With potential for intensification of land use in the estuary catchments in the future, there is potential for
an increase in the nitrogen loads to Te Aka Aka. Given that this estuary has high ecological and cultural
value there is a need to understand its current trophic state. By assessing the current nitrogen loads
and the resulting trophic state of the estuary, it may be possible to predict how the trophic state could
change with an increase in nitrogen loads to the estuary in the future.

This report provides an assessment of the current trophic state of Te Aka Aka.

Environment Canterbury Technical Report 1
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Figure 1-1:  Ulva sp. within Te Aka Aka. 100% cover and a thick layer

Figure 1-2:  Gracilaria chilensis within Te Aka Aka
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2 Assessment of tdhtcatbd oPbi Ak a

In 2016 tools that can be used to assess the trophic state of a NZ estuary (ETI 1 Estuary Trophic Index)
were released for use (Robertson et al, 2016a, 2016b). There are four possible eutrophication states
(bands) of an estuary (Table 2-1).

Table 2-1: Description of the four eutrophication bands
From Robertson et al., (2016b)
A C
Minimal Eutrophicati High Eutrophicati
Ecological communities are *Ecological communities are highly impacted by
healthy and resilient. macroalgal o phytoplankton biomass elevated well
*Primary Producers: above natural conditions. Reduced water clarity likely
dominated by seagrasses to affect habitat available for native macrophytes.
and microalgae. **Ecological communities are highly impacted by
**Primary Producers: phytoplankton biomass elevated well above natural
dominated by phytoplank- conditions. Reduced water dlarity may affect deep
ton (diverse, low biomass). seagrass beds.
Water Column: high *Primary Producers: opportunistic macroalgal
well-oxygenated. biomass high, seagrass cover low. Increasing phyto-
Sediment: well axygen- plankton where residence time long e.g. IC0LLs.
ated, low organic matter, **Primary Producers: dominated by phytoplankton
low sulphides and ammo- (low diversity and high biomass).
nia, diverse macrofaunal Water Column: low-maderate clarity, low DO, esp
community with low atdepth.
abundance of enrichment Sediment: poor oxygenation, high organic matter,
tolerant species. and sulphides, macrofauna dominated by high
abundance of enrichment tolerant species.

The tools include:

1 determining the eutrophication susceptibility using estuary physical characteristics and
nitrogen load data (ETI i Tool 1), and
1 using monitoring indicators to assess the actual trophic state (ETI T Tool 2).

2.1 Eutrophication susceptibility

Environment Canterbury contracted NIWA staff to determine the eutrophication susceptibility of Te Aka
Aka using estuary physical characteristics and nitrogen load data (ETI-Tool 1), and the CLUES
(Catchment Land Use Environmental Sustainability) model. The nitrogen load data were provided by
Environment Canterbury and included nitrogen loads for current management practice (CMP). The
calculated potential eutrophication bands for current management practice (Dudley and Plew, 2018)
are provided in Table 2-2.

Table 2-2: The potential eutrophication bands (susceptibility) of Te Aka Aka based on
physical and nitrogen loads (ETI - Tool 1) and CLUES modelling of current
management practice

ETI Tooll - Eutrophication susceptibility CLUES - Eutrophication susceptibility
Scenario 5% likelihood 95% likelihood 5% likelihood 95% likelihood
percentile N load percentile N load percentile N load percentile N load

CMP D D C D

Environment Canterbury Technical Report
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2.2 Determining the actual trophic state

The primary indicator! is the extent of the estuary covered by macroalgae. This indicator can be used
as a standalone measure of estuary trophic state.

The supporting (secondary) indicators? include the sediment indicators of total organic carbon
concentration, total nitrogen concentration, total recoverable phosphorus concentration, sediment redox
potential and percent mud. Details on these indicators are provided in Appendix 1. The guideline values
for these indicators, against which the measured values are compared, are provided in Appendix 2. The
secondary indicator values for total organic carbon concentration, total nitrogen concentration, sediment
redox potential and percent mud can be used to provide a eutrophication band for a site for each
parameter (Appendix 2).

The overall eutrophication band for the estuary was calculated using the tools available at
https://shiny.niwa.co.nz/Estuaries-Screening-Tool-2/. This tool uses the primary indicator result along
with the average redox potential, total organic carbon and total nitrogen values. This tool does not
include the percent mud values.

3 Met hods

3.1 Mapping the macroalgae

Broadscale mapping of the intertidal sediments of Te Aka Aka was undertaken in December 2014. At
the same time the extent of the estuary covered by macroalgae was also mapped. This mapping was
undertaken on foot using a hand-held GPS and all areas with >5 % macroalgae cover were mapped.
The macroalgae species present in the mapped areas was not recorded in 2014. In 2014 the percent
cover categories used were:

Medium: >5 - <30 % cover; High: >30 - <70 % cover; Very high: >70 - 100 % cover

The extent of the intertidal sediments covered by macroalgae was again mapped in January-March
2018 and January 2019. This mapping was undertaken on foot using a hand-held GPS. In 2018 a large
area north of Saltwater Creek along Ashworths Spit was not mapped; this area was mapped in 2014
(Figure 3-1). A larger area was surveyed in 2019 than 2018 including an area with a fence across the
intertidal area (marked by a blue oval in Figure 3-1) and a larger area on the northern side of Saltwater
Creek.

In 2018 and 2019 the macroalgae areas were more precisely mapped than in 2014. This was achieved
by mapping more points when walking around each area of macroalgae and recording the macroalgae
species present in each mapped area. The species present were Gracilaria chilensis and Ulva spp.
Both Ulva and Gracilaria were present together in some areas. In 2018 and 2019 all areas with >5%
cover of macroalgae were mapped. The percent cover categories used in 2018 were:

Medium: >5 - <25 % cover; High: >25 - <75 % cover; Very high: >75-100 % cover

The percent cover categories used in 2019 were:
>5-<15; >15-<25; >25-<50; >50-<75;

The increase in the number of percent cover categories in 2019 aligns the mapping with the percent
cover categories listed in Robertson et al. (2016) and provides more accurate data on the percent cover
of macroalgae. Having more accurate data will allow for a better assessment of changes in macroalgae
abundance in Te Aka Aka over time.

1 A primary indicator: a variable that exhibits an unambiguous response to eutrophication.
2 Secondary indicators: variables that have variable or ambiguous relationships with eutrophication but are useful
in its measurement.
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Figure 3-1: Te Aka Aka with details on the areas of macroalgae mapping

Solid yellow line - The intertidal area along the northern margin of Saltwater Creek was not mapped for macroalgae
Blue oval i mapped in 2019 but not 2018
Yellow dotted lines i northern extent of macroalgae mapping in the given years
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3.2 Measuring supporting indicators

The supporting indicators of total organic carbon (TOC), total nitrogen (TN) and total recoverable
phosphorus (TRP) concentrations, sediment redox potential (Redox) and sediment grain size
distribution were measured at selected sites. In November/December 2016, sixteen sites were sampled.
Most of these sites were sampled again in February/March 2018. In 2018, eighteen sites were sampled.
Supporting indicators were not measured in 2019. The locations of the sampling sites are shown in the
maps of the results.

3.2.1 Sampling at each site
At each site a 10 m long tape was set out on the sediment surface.

The redox potential at 1 cm depth in the sediment was measured using an ECoSense pH 100A m with
a probe (Figure 3-2). Five redox measurements were taken at a site. These were at 0, 2, 4, 6 and 8 m
along the tape.

One composite sediment sample was collected from each site. One 2 cm deep, 7 cm diameter sediment
core was collected at each of 0, 2, 4, 6, 8 and 10 m along the tape and placed in a labelled plastic bag.
This sediment was stored in a chilly bin and then frozen before being taken to Hill Laboratories for
analysis. This sediment was analysed for TOC, TN, TRP and sediment grain size distribution. The
analytical methods are described in Appendix 3.

Figure 3-2: Measuring redox potential
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Figure 3-3:  An example of one of the sites

4 Resul ts

4.1 Macroalgae
4.1.1 Areaextent of macroalgae

The extent of macroalgae within Te Aka Aka in 2014, 2018 and 2019 is summarised in Table 4-1 and
shown in Figure 4-1 to 4-3.

Table 4-1: Macroalgae extent within Te Aka Aka

vear Area suneyed Area of Macroalgae area
(ha) macroalgae (ha) | as % total area

2014 146.1 8.2 5.6

2018 91.8 5.8 6.3

2019 91.8 7.1 7.7

2019 117.3 8.6 7.4

NOTE: There are two 2019 results. The results for the total area surveyed in 2019 (117.8 ha) and the
results for the same area as surveyed in 2018 (91.8 ha).

The area of the estuary covered by macroalgae in 2014, 2018 and 2019, indicate that in each year Te
Aka Aka was in a state of moderate eutrophication (Band B).
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