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Executive Summary 

For more than 100 years, the upper part of Te Ihutai/Avon-Heathcote estuary has been 

subjected to wastewater discharge. This has significantly deteriorated the environmental health of 

the area and made it hugely unappealing for leisure and recreation. The intense proliferation of 

microphytobenthos (MPB) was one of the signs of it. In 2010, the wastewater was diverted from the 

estuary into the newly-built oceanic outfall. However, the 2010-2011 earthquakes struck soon after 

the outfall construction was completed. These earthquakes altered the estuary’s hydrological regime 

and caused its temporarily enrichment with raw sewage.  After all these perturbations, Ihutai came 

back on the track of recovery; however, there are still some concerns about the continuing 

eutrophication of the estuary. Thus, the main aim of this study was to assess the present state of 

MPB communities in the upper reaches of Ihutai, and to report on a set of benthic environmental 

health indicators – sediment total nitrogen (TN) and phosphorus (TP) concentrations, and redox 

potential discontinuity (RPD) in sediment. The report also provides basic information on MPB and 

their ecology and sums up previous studies of the estuary MPB.  

The main findings of the study are: 

 Present-day MPB communities of the upper Ihutai reverted back to normal and look 

typical for this kind of habitat (brackish mudflats). Diatoms comprise 90-100% of the 

communities and the rest is made up of filamentous and unicellular cyanobacteria. 

 MPB populations appear diverse and do not indicate any localised point-source nutrient 

enrichment, i.e. wastewater seepage. The average MPB biomass is low but seems to be 

enough to sustain dense populations of grazing snails. 

 The measured environmental parameters show signs of moderate eutrophication of the 

studied area. Natural features of this part of the estuary (muddy sediment, reduced 

flushing) increase the risks of worsening the situation. 

Regular estuarine health monitoring is recommended to continue tracking the recovery of the 

estuary. A more detailed study of nutrient budgets of the estuary may be needed to identify the 

current sources of eutrophication.  
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Background 

1. The ecological role of microphytobenthos. 

Microphytobenthos (MPB), also known as benthic microalgae, are an important autotrophic 

component of coastal soft-sediment ecosystems (MacIntyre et al. 1996). In estuaries, MPB 

dominate bare, unvegetated sediments of intertidal flats, extend into the subtidal channels, form 

thick mats in fringe salt marshes, and intersperse seagrass beds (Paterson et al. 2003). Sometimes 

inconspicuous, these biofilms contain a rich and varying mixture of different photosynthetic 

microorganisms, among which diatoms are usually the most common and abundant group 

(Admiraal 1984). However, other microorganisms, such as cyanobacteria, euglenoids and 

dinoflagellates, can be equally important in the formation of MPB communities under some 

conditions (Paterson and Hagerthey 2001, Scholz and Liebezeit 2012, Semcheski et al. 2016). 

MPB can account for more than 50% of total primary production in shallow estuaries 

(Underwood and Kromkamp 1999). They are subjected to direct grazing by benthic micro-, meio- 

and macrofauna (Montagna et al. 1995, Miller et al. 1996). MPB biofilms also facilitate the 

microbial loop, providing detrital organic matter for the secondary bacterial production (van 

Oevelen et al. 2006). In some situations, wave and tidal action can re-suspend a significant part of 

MPB into the water column, making it available for the filter-feeders and zooplankton consumption 

(de Jonge and van Beusekom). Microalgal biofilms are highly nutritious and it was shown that they 

significantly add even to the diet of some shorebird species (Kuwae et al. 2012). 

MPB contribute to a variety of other crucial ecosystem services, such as nutrient cycling 

(Sundbäck et al. 2000, Cook et al. 2004), carbon sequestration (Oakes and Eyre 2014), and 

sediment stabilisation (Passarelli et al. 2014, Hubas et al. 2018). MPB also strengthen ecosystem 

resilience (Thrush et al. 2012). For example, MPB facilitate ecosystem recovery after nuisance 

seaweed blooms and associated macrofauna die-offs by ensuring a food source for newly colonising 

grazers (Larson and Sundbäck 2008). 

 

2. Previous studies of Ihutai/Avon-Heathcote MPB.  
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Te Ihutai or Avon-Heathcote estuary is located near Christchurch city (ca. 400,000 people). It 

is fed by two rivers: Ōtākaro/Avon and Ōpāwaho/Heathcote. The estuary is a relatively large (ca. 8 

km2), predominantly intertidal, shallow (average depth 1.4 m) and permanently open tidal lagoon 

(Hollever and Bolton-Ritchie 2016, Hume et al. 2016). The tidal cycle is semidiurnal, and the water 

temperature annually fluctuates between 10 oC (winter) to 20 oC (summer). High tide water salinity 

typically ranges between 3 psu (near river mouths) and almost 34 psu (closer to the ocean).  

The estuary was long subjected to sewage discharge, until it was diverted to an ocean outfall 

in 2010. Today, most of the pollution originates from diffuse sources in the heavily modified urban 

catchment of Ihutai and enters the estuary via riverine inflow, groundwater seepage, and stormwater 

runoff. Ihutai bathymetry and morphology was heavily impacted by the powerful earthquakes of 

2010-2011, which resulted in the increase of the intertidal flats area in the estuary (Measures et al. 

2011). The earthquakes induced sediment liquefaction and brought huge amounts of sand on the 

surface of estuarine bed. Surprisingly, the new sediments facilitated the recovery of the AH from 

many years of wastewater pollution and buried the old eutrophied sediments in many parts of the 

estuary (Zeldis et al. 2011, Skilton 2013).  

In its present state, Ihutai is a moderately eutrophic estuary with a variety of intertidal 

sediment habitats. The sediment composition of intertidal flats ranges from firm sand and mud/sand 

to soft and very soft mud. There is a reasonably large and healthy seagrass bed in the southern 

lower part of the estuary, and many smaller seaweed and shellfish beds that are scattered throughout 

the middle part of Ihutai (Hollever and Bolton-Ritchie 2016). 

The Ihutai ecology has been extensively studied in the past 100 years. However, the prevalent 

majority of such studies was focused on macroinvertebrates, fish and birds. Microalgae received 

much less attention from the researches and were just briefly considered in the number of post-

graduate student theses and local environmental reports (Thompson 1929, Bruce 1953, Williams 

1960, Webb 1965, Bennington 1971). These early studies recorded presence of common diatom and 

non-diatom genera in the estuary and provided some information on their distribution.  



5 
 

Linzey (1944) was one of the first to mention the formation of a yellow-green slime on the 

mud surface in the estuary as a result of great Euglena Ehrenberg abundances in the sediment. 

Steffensen (1974) later identified these microalgae as E. obtusa F. Schmitz and E. salina Liebetanz 

and carried out a more detailed study of their distribution in the estuary and lower banks of the 

Heathcote river.  

The first detailed study of Ihutai benthic diatoms was done by McClatchie et al. (1982). After 

studying a single site in the estuary, they found 53 diatom species in its sediments, of which 25 taxa 

were recorded as new for New Zealand’s algae flora. In a series of manipulative experiments, they 

also found that grazing by the deposit-feeding snail Amphibola crenata Gmelin, 1791 increases 

MPB species richness, while significantly decreasing cell density. These observations were 

interpreted as a possible qualitative community adaptation to grazing-induced stress. 

The most systematic and recent attempt of investigating Ihutai MPB biodiversity was 

undertaken by Cane (1997). She identified 66 MPB taxa from five microalgae phyla, including 19 

genera not previously recorded from the estuary. However, two-thirds of these identifications did 

not extend below the genus level. The sampling was done along the 200 m transect, which ran 

across the three tidal zones (upper, mid, and lower shore) and was laid out between the outlets of 

Bromley oxidation ponds. Cane’s thesis thoroughly documented the spatial and seasonal changes in 

MPB distribution along the transect, and to date, this is the most comprehensive study of Ihutai 

MPB before the wastewater diversion and the earthquakes of 2010-2011. 

 

Materials and Methods 

The twelve study sites were adjacent to the Bromley oxidation ponds and stretched between 

Windsurfer’s Reserve car park and the area opposite to the South Brighton jetty (Pleasant Point 

yacht club). All sites lied in the mid tide zone (within 35-180 m away from the shore) and their 

selection was based on visual assessment of sediment texture. The sampling was done on 30 

September 2019. Each site was sampled for benthic chlorophyll a (Chl a), MPB community 

structure, sediment nutrients concentration, and RPD. 
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Benthic Chl a (MPB biomass proxy) cores were taken to a depth of 2 cm with custom-made 

plastic corers of 3 cm inner diameter. Cores were individually wrapped in aluminium foil, labelled, 

and transported on ice to a freezer within 2 h, then stored at -20o C until analysis. These were then 

freeze-dried and extracted with 90% aqueous acetone solution, following the procedures outlined in 

Lorenzen (1967) and Colijn and Dijkema (1981). To ensure good mixing of the solvent with the 

sediment, the extraction tubes were shaken for 1-2 minutes on a vortex mixer. The resulting Chl a 

concentrations were expressed in μg/cm2. 

For the MPB community analysis, a second set of equivalent cores was taken immediately 

next to the Chl a ones. These were put into plastic containers, transported to the laboratory on ice 

and fixed with 4% formaldehyde solution in artificial Ca2+/Mg2+-free seawater (de Jonge 1979). 

Then, MPB were pre-concentrated using the gradient centrifugation in colloidal silica Ludox HS-40 

(Blanchard et al. 1988, Méléder et al. 2007, Xu et al. 2010). Ludox is slightly denser (1.3 g/ml) than 

MPB cells and because of that it effectively separates them from the much heavier sediment grains 

during the centrifugation. After the centrifugation, MPB suspensions were examined under 

Olympus BH-2 compound microscope, equipped with a differential interference contrast (DIC) 

system. The individual microalgae cells and colonies were photographed using a ZEISS Primo Star 

microscope, equipped with an imaging system. Relative abundances of MPB taxa were estimated 

using Sedgewick-Rafter counting chamber as described in Karlson et al. (2010). 

Sediment nutrients cores were taken to a depth of 5 cm with custom-made plastic corers of 6 

cm inner diameter. These cores were put into clean, nutrient-free containers and delivered to R.J. 

Hill Laboratories Ltd. for chemical analyses. TN was analysed by catalytic combustion at 900 oC 

using an Elementar CNHO analyser. TP was analysed by inductively coupled plasma mass 

spectrometry after nitric and hydrochloric acid digestion of the air-dried sediment. 

RPD measurements were done on site, following the guidelines of National Estuary 

Monitoring Protocol (Robertson et al. 2002). At each site, a sediment core (6 cm inner diameter) 

was taken to a depth of 10 cm, extruded onto a white tray, and carefully split lengthwise. The 

change in colour and texture was then studied with particular attention to the occurrence of any 
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black (anoxic) zones. The average distance (in mm) from the core surface to these zones was then 

recorded as the depth of RPD layer. 

 

Results 

The sediment texture of the sampled sites varied from muddy sand to sandy mud and soft mud 

(Fig. 1). The sandier sites were located at the southern end of the sampling area, in the vicinity of 

Sandy Point. These locations had quite high densities of mud snails and were littered with shell 

hash. Further north, the sediment patches started changing between sandy mud and soft mud. Mud 

snail density somewhat decreased at these sites but was still high. No readily apparent sediment 

biofilms were detected within the entire study area. Opportunistic seaweeds had fragmentary 

occurrence and did not cover the significant portions of the sediment. 

The Chl a concentrations ranged between 1.29 and 32.5 μg/cm2. The median concentration 

was 3.29 μg/cm2 and only two sites near Sandy Point exceeded the concentrations of 3.9 μg/cm2 

(Fig. 2). RPD was recorded between 0 and 23 mm depth. The median RPD depth was 13 mm. Only 

two very muddy sites had RPD of 0 mm (Fig. 3).  

Most of the study sites (n = 7) had less than 500 mg/kg of TN in their sediment. These 

concentrations were below the chemical analyser minimum detection limit, and thus the exact 

concentrations of TN were hard to estimate. All samples with higher TN concentrations (500 - 1200 

mg/kg) were collected from the muddier, northern part of the sampling area (Fig. 4). Likewise, the 

sediment TP concentrations were higher in the muddy sites (Fig. 5). Overall, they ranged between 

260-810 mg/kg. 

Different diatom genera dominated the MPB communities at all sites (Fig. 6). They made up 

100% of the community composition in half of the samples. In the rest of the samples, these 

microalgae were accompanied by small numbers (1-10%) of filamentous and coccoid 

cyanobacteria. Overall, the MPB communities of all sites appeared diverse and no monospecific 

microphyte populations were detected. 
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Diatoms were represented with a variety of life forms, among which small motile pennate 

naviculoids were the most common (Fig. 7). One example of such algae is genus Diploneis 

Ehrenberg ex Cleve, whose small cells were observed quite often in Ihutai samples (Fig. 8). 

Tychoplanktic diatoms, which can be re-suspended into the water column, were another common 

finding (Fig. 9). However, their abundances were markedly lower compared to the naviculoids and 

they did not occur at every studied site either. Large (ca. 150-200 μm length) sigmoid diatoms, such 

as genera Pleurosigma W. Smith and Gyrosigma Hassal, were also quite frequent in the upper 

reaches of the estuary (Figs. 10-11). Cyanobacteria occurred at the sites where at least some amount 

of sand was present in the sediment composition. Filamentous forms were more common and 

coccoid cyanobacteria were found only at two sites (Fig. 12). 

 

Discussion 

Diatoms are one of the major groups of microalgae. They are unicellular and occur either 

solitary or in small colonies. All diatom cells are covered with intricate silicon frustules (shells). 

Each species has a unique frustule morphology; however, its fine details are often blurred with cell 

contents and extracellular slime. Precise diatom species identification is done by the examination of 

specially prepared diatom slides or with the scanning electron microscopy. This is a tedious and 

time-consuming process, which was beyond the scope of this study. Sediment-inhabiting diatoms 

have a great variety of life modes. Most of them are capable of gliding movement on sediment 

surface (e.g. naviculoids and sigmoids on Figs. 7-8 & 10-11) and express regular vertical migrations 

in the upper sediment layers (Consalvey et al. 2004). Some diatoms lack the ability to move and 

grow attached to the sand grains. The third group – tychoplankters – can occur both in the 

sediments and in the water column (Fig. 9). These diatoms may or may not move, they are 

lightweight and easily re-suspended into the overlying water by wind and/or tidal currents 

(Admiraal 1984). 

Cyanobacteria, sometimes called blue-green algae, are one of the most ancient lineages of 

photosynthetic organisms. Their cells are prokaryotic and have a much simpler level of organisation 
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than other microalgae. Some cyanobacterial species have immobile spherical (coccoid) cells, which 

grow either solitary or joined together in a colony (Fig. 12C). Other species grow as long 

filamentous colonies (Fig. 12A-B). The latter creep over the sediment, sometimes forming thick 

biofilms on its surface. Precise cyanobacterial species identification requires a combination of 

culturing and molecular approaches, which was beyond the scope of this study (Johansen and 

Casamatta 2005). Cyanobacteria are quite common in the marine littoral throughout the world, but 

their diversity and ecology are significantly understudied (Hoffmann 1999). Generally, 

cyanobacteria tend to occur more frequently in the sandy sediments of estuarine intertidal 

(Semcheski et al. 2016). This seems to be the case for this study as well. Cyanobacteria were often 

found at the muddy sand or sandy mud sites but were almost absent in the soft mud samples (cf. 

Figs. 1 & 6). 

It appears that the MPB community of the upper Ihutai part has undergone dramatic changes 

since the wastewater diversion in 2010. For example, Cane (1997) documents a year-round 

presence of thick brown, green, and blue-green biofilms in the area. These biofilms covered 

significant portions of her transect and had high abundances of euglenoids and filamentous 

cyanobacteria. She also reports frequent blooms of microscopic green algae on the sediment surface 

and in the mid-zone tide pools. No such phenomena can be seen now and no euglenoid or green 

algae were found during the 2019 sampling. On the other hand, the observations of diatom and 

cyanobacterial taxa generally match the 1997 records. However, it seems that filamentous 

cyanobacteria have become significantly reduced in their numbers and do not constitute a notable 

part of the current MPB assemblages.  

Overall, the 2019 MPB community of the upper Ihutai part appears fairly typical for the 

brackish mudflats, which experience low hydrodynamic stress (Paterson and Hagerthey 2001). It is 

reasonably diverse and demonstrates an ample variety of photosynthetic microorganisms. The 

diatom composition of the sandier sites generally resembled that of the other parts of the estuary. 

The muddier sites were marked by the higher frequency of Pleurosigma and Gyrosigma species. 

The largest difference between the studied area and the rest of the estuary is a complete absence of 
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euglenoid algae in the mid-tide zone (Malakhov, unpublished). The nature of the substrate, lower 

salinity, and higher grazing pressure are the main drivers of these differences. 

On average, the MPB biomass of the sampled sites (Chl a) was quite low (Fig. 2). 

Nevertheless, it was able to sustain abundant mud snail populations. The two muddy sand sites had 

somewhat unusually high Chl a concentrations of 32.5 and 9.2 μg/cm2. Such values were previously 

measured around the estuary; however, they are normally associated with dense bright-green 

biofilms on the sediment surface (Malakhov, unpublished). No readily apparent biofilms were 

present in case of these two outliers, and it is possible that such great Chl a values result from 

buried seaweed fragments or shell hash pieces covered in epiphytes. 

RPD depth indicates a transitioning from oxidising aerobic to reducing anaerobic condition in 

the sediment. Increased muddiness is correlated with shallower RPD depths and makes sediment 

more prone to the anoxia (Jørgensen and Revsbech 1985). The shrinking of oxygenated zone 

seriously affects sediment habitability and leads to the accumulation of toxic hydrogen sulphide and 

ammonia (Sutula et al. 2014). Reduced oxygenation is also linked to the accumulation of nutrients 

in the sediment (TN and TP), which can fuel opportunistic seaweed blooms and boost 

eutrophication (Coelho et al. 2004, Garcia-Robledo et al. 2016). 

The current guidelines for monitoring New Zealand estuaries consider RPD of <10 mm as an 

indicator of poor environmental health, within 10-30 mm – of fair conditions; TN concentrations 

between 500-2000 mg/kg are considered good and < 500 mg/kg – very good; TP concentration 

between 200-500 mg/kg – good, and between 500-1000 mg/kg – fair (Robertson et al. 2002). All 

upper Ihutai sites fell within these limits and thus demonstrated signs of moderate eutrophication. 

Seepage of nutrient-rich groundwaters from the adjacent oxidation ponds can contribute to this and 

influence the upper Ihutai nutrient regime. Groundwater seepage appears either as distinct liquified 

“wetter” sediment or as large pools of standing water. It is markedly different in salinity, nutrient 

composition and other physical and chemical properties. When present, it alters MPB patches and 

increases the surrounding MPB community biomass (Waska and Kim 2010, Welti et al. 2015). No 

obvious seepage phenomena were observed in the sampled mid-tide zone and no abnormalities in 
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MPB community composition (e.g. dense monospecific microalgae populations) were detected. 

Seepage effects are highly localised, and it is possible that they may be more pronounced in the 

upper intertidal (~10-15 m away from the shore) rather than at the mid tide level. More detailed 

sampling (salinity, pH, detailed nutrient analysis) would be needed to detect and confirm the 

presence of oxidation ponds seepage. 

 

Conclusion / Recommendations 

This study offers a glimpse into the diversity and ecology of MPB of the upper Ihutai/Avon-

Heathcote estuary. Historically, these areas were heavily impacted by wastewater discharge and 

river pollution. This led to the formation of atypical MPB proliferations, which smothered the 

sediment and decreased the appeal of the area. The contemporary MPB communities correspond 

more with their habitat. Clearly, such dramatic transformation is an effect of the 2010 wastewater 

diversion. Nevertheless, the upper part of the estuary is still moderately eutrophic, and its natural 

features (i.e. increased muddiness, reduced tidal flushing) have the potential of worsening the 

eutrophication. Thus, the environmental health of this area must be monitored regularly, and 

appropriate measures must be taken to mitigate these risks (e.g. reducing the amount of inflowing 

nutrients in river water). A more detailed study of the nutrient balances of this area may be needed 

to identify and assess the current sources of eutrophication. 
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Figures 

 
Figure 1. Sediment types of the upper part of the estuary. Numbers indicate site locations. 

 

 
Figure 2. Chl a concentrations in the sediments of the upper part of the estuary. 
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Figure 3. RPD depth in the sediments of the upper part of the estuary. 

 

 
Figure 4. TN concentrations in the sediments of the upper part of the estuary. 
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Figure 5. TP concentrations in the sediments of the upper part of the estuary. 

 
Figure 6. MPB communities of the upper part of the estuary. MERISM – gen. Merismopedia Meyen 

(cyanobacteria), VFCB – very fine cyanobacteria, PSEUDAN – family Pseudanabaenaceae K. 

Anagnostidis & J. Komárek, PHORM – gen. Phormidium Kützing ex Gomont (cyanobacteria), 

GYMN – genus Gymnodinium F. Stein (dinoflagellates), DIATOM – diatoms. 
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Figure 7. Naviculoid diatoms. A & B – live cells under 400x magnification; C & D – fixed cells, 

1000x magnification. Scale bars – 10 μm. 

 

 
Figure 8. Diploneis sp. A – valve view of a fixed cell with two parietal chloroplasts; B – empty 

silicon frustule (valve view). 1000x magnification, scale bars – 10 μm. 
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Figure 9. Tychoplanktic diatoms. A – valve view of a centric diatom (fixed, 1000x magnification); 

B – girdle view of a centric diatom colony (fixed, 1000x magnification); C – Cylindrotheca 

closterium (Ehrenberg) Reimann & J.C. Lewin (live cell, 400x magnification). Scale bars – 10 μm. 
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Figure 10. Genus Pleurosigma W. Smith. A – valve view of a fixed cell (400x magnification); B – 

live cell (400x magnification). Scale bars – 10 μm. 

 

 
Figure 11. Gyrosigma sp. Valve view of a fixed cell (400x magnification, scale bar – 10 μm). 
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Figure 12. Cyanobacteria of the Ihutai sediments. A – apical fragment of the Phormidium sp. 

filament; B – very thin filamentous cyanobacterium; C – flat tabular colony of Merismopedia sp.  

Scale bars – 10 μm. 
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Appendix 

A copy of the nutrient analysis report from R. J. Hill Laboratories Ltd. Samples IHU1 – IHU10 

were collected from Sites 3 – 12 of the study, IHU11 – from Site 2, and IHU12 – from Site 1. 

 

 


