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EXECUTIVE SUMMARY 

McCormacks Bay is a modified embayment that was once part of the main Avon-Heathcote Estuary/

Ihutai. The creation of a causeway in 1907 has changed this part of the estuary to a sheltered 

embayment that combined with poor tidal flushing is in a nutrient-enriched state. However, the need 

to repair the central culvert draining the Bay has provided an opportunity to modify the culvert to 

allow for better tidal flushing. 

EOS Ecology was commissioned by the CCC to undertake a baseline study of the Bay prior to 

modifications to the central culvert, so that the ecological changes that occur in response to the 

changes could be monitored. A benthic invertebrate and macroalgae survey was undertaken in May 

2010, where 24 sites were surveyed across three areas within McCormacks Bay and from an area 

within the adjacent main estuary (resulting in six sites within each of these areas). A total of 51 

different invertebrate taxa were recorded from epifauna quadrats and infauna cores, with polychaete 

worms representing the largest group (22 taxa) followed by snails (gastropds: 13 taxa). The snail 

Zeacumantus dominated the three areas of McCormacks Bay, in contrast to the adjacent estuary area 

(EMT) that was dominated by the top shell Micrelenchus tenebrosus. 

The greatest similarity in the invertebrate community was between McCormacks Bay mid tide area 

(MMT) and McCormacks Bay inundated area (MIA), which was associated with higher macroalgae 

cover, and greatly elevated organic matter and ammonium levels. It is also likely that the community 

is affected by the retention of some water in these areas, even at low tide. 

It is clear that the sheltered nature and poor tidal flushing of McCormacks Bay are the main causes 

for the high macroalgae growths and different invertebrate community compared to the adjacent 

estuary area. Short of removing the causeway it is unlikely that the Bay will ever be able to revert 

to its original state. However, the plans to alter the central culvert provides an opportunity to effect 

some positive change in the Bay.

This study was established to provide ‘before’ ecological data on the state of the Bay prior to the 

modifications to the central culvert, with subsequent surveys monitoring how the ecology of the Bay 

changes as a result of the improved tidal flushing. Unfortunately the 2011 earthquakes have resulted 

in some dramatic changes to the Bay that in itself could cause a shift in the benthic invertebrate and 

macroalgae community. It would therefore be necessary to repeat the ecological surveys prior to the 

culvert modifications so that these changes are taken into account and separated from those elicited 

by the culvert alterations.
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1 INTRODUCTION

McCormacks Bay is a highly modified, shallow, sheltered impounded embayment located on the 

southern shore of the Avon-Heathcote Estuary (Figure 1). Once part of the wider estuary, the creation 

of the causeway to better connect residents with the south-eastern Christchurch suburbs, lead to 

the eventual separation of the Bay from the estuary. While tidal flows are still possible via a large 

central and two smaller culverts at each end of the Bay, the flushing has not allowed for the complete 

connectivity of the Bay with the estuary, with sediment accumulation, nuisance algal growth, and 

smells from decomposing algae the resulting problems. 

As a consequence of the need to upgrade the central culvert due to increased traffic pressures (and 

later damage caused by the 2011 earthquakes) it was decided by the Christchurch City Council, in 

conjunction with the Avon-Heathcote Estuary Ihutai Trust (AHEIT), to attempt to improve the flushing 

of the Bay by potentially also widening and deepening this culvert. Given the community-wide interest 

regarding the ecological changes as a consequence of this work, it was recommended by (O’Connor, 

2009) that a detailed monitoring programme be undertaken to document this change. The CCC therefore 

commissioned EOS Ecology to undertake a detailed baseline ecological survey of the Bay and nearby 

estuary environs in May 2010, prior to the commencement of the central culvert upgrade. This study was 

a continuation of a survey undertaken by EOS Ecology in March-April 2008 (Alvarez-Murphy, 2009), but 

follows the recommendations of O’Connor (2009) for a greater replication of sites and the collection of 

less detailed sediment data. The current study was also undertaken following modifications to the small 

eastern culvert that drains the eastern inundated area of the Bay, which has led to hydrological changes 

to this part of the Bay compared to the 2008 survey.

1.1 McCormacks Bay Description

McCormacks Bay is approximately 20 ha including surrounding plant reserves, sports grounds, and 

community buildings (Christchurch City Council, 1990). The Bay was modified by the Tramway 

Board in 1907 when the causeway was built across the tidal mudflats, which was widened for 

motor traffic in 1933 (Findlay & Kirk, 1988). While the causeway is an essential link carrying water, 

telecommunication and minor power utilities to the south-eastern suburbs (such as Redcliffs, Sumner 

and Scarborough) it has greatly reduced the flushing potential and altered the hydrodynamics of the 

Bay. A description of McCormacks Bay and its history can be found in O’Connor (2009).

The Bay is currently connected to the main body of the estuary by one central and two small culverts 

at either end of the Bay’s causeway (Figure 1). The central culvert is a six meter wide box culvert with 

a rip-rap/rock base and an invert level 0.1m below mean sea level. In 1975 the western culvert was 

replaced by two 450 mm pipes, and in 1995 the eastern culvert was replaced by one 1200 mm pipe. 

During the 1990’s the central culvert was repaired, lengthened and modified from timber to concrete 

walls (Jennings, 2004). The causeway and surrounding banks of the Bay act as artificial rocky shores. 

Prolific beds of the dominant species of macroalgae (Ulva spp.) thrive in the optimal conditions of the 

Bay which is sheltered, shallow and locked in an enriched nutrient state intensified by decaying algae. 

An artificial reef/gravel bar projecting from the east side of the central culvert, in conjunction with 

a raised eastern culvert, prevents the eastern area from draining at low tide (Figure 2), making this 

inundated area more characteristic of a lagoon than an estuarine intertidal sand/mudflat. However, in 

2009 the eastern culvert was cleared out of sediment and mussels, resulting in better draining of water 

from this inundated area at low tide, although standing water still remains at low tide. 
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The portion of the main estuary adjacent to the central culvert is comprised of intertidal sand and 

mudflats extending for approximately 20 m before dropping down into a low tide channel, which 

permanently retains water. The high tide mark extends up the sides of the causeway, which is 

constructed of rocks and cement to prevent erosion. The mudflats immediately north of the adjacent 

low tide channel are well drained and dominated by cockle beds.

FIGURE 1 Aerial image of the Avon-Heathcote Estuary taken in 2010 showing the location of McCormacks Bay. Aerial 
photo courtesy of Christchurch City Council. Location of photo points in Figure 2 are denoted by letters.
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FIGURE 2 Various views of McCormacks Bay. Letters refer to the location of photographs as indicated in Figure 1.

A: Inundated area, looking south-east from start of gravel bar (May 2007).

B: Deep scour pool by central culvert, looking south-west (May 2007).

C: Western end of the Bay, looking south to the small islands (April 2010).

D: View of bay from Glenstrae Road, looking north-west (May 2009).
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FIGURE 3 Bathymetric map of McCormacks Bay and adjacent estuary showing sampling sites in each area (MHT, 
MMT, MIA and EMT), location of all culverts, and surface heights as relative levels (grey values).  
Modified from a map supplied by John Walter (CCC), based on a bathymetric survey undertaken in March 2006. 

2 METHODS

2.1 Site Selection
A total of twenty four sites were surveyed across three zones within McCormacks Bay and from one 

zone within the adjacent main estuary (Figure 3), resulting in six sites being surveyed within each 

of these zones:

 » McCormacks High Tide (MHT): Sites 4-8, 22

 » McCormacks Mid Tide (MMT): Sites 1- 3,19-21

 » McCormacks Inundated Area (MIA): Sites 9-12, 23-24

 » Estuary Mid Tide (EMT): Sites 13-18

The site numbering for sites 1-16 are the same as those sites surveyed in 2008 by Alvarez-Murphy 

(2009), while the additional sites (Site 17-24) were sampled for the first time in this current survey. 

Retaining the original site numbering from Alvarez-Murphy (2009) will ensure the ability to compare 

site data over time for the duration of the monitoring programme.

The tidal level assigned to each of these zones was based on previous bathymetric data, where the 

relative level (RL) of the sediment surface at low tide was recorded at points throughout the Bay. 

Within McCormacks Bay the high tide level was defined at a ground level greater than RL 9.4, mid 

tide between RL 9.4 and 9.3, and the inundated area less than RL 9.3. The tidal level within the 

eastern inundated area is partly controlled by a higher culvert level at the eastern end of the Bay that 

keeps this area partially inundated even at low tide. As the RL was therefore not necessarily reflective 

of a low tide area, this zone was instead defined as an inundated area (IA). As McCormacks Bay sits 

higher than the estuary proper, while the zone surveyed within the main estuary had an RL of 8.9 

(e.g., a lower bed level than the lowest point within McCormacks Bay) it was classified as a mid-tide 

area based on the time during the tidal cycle when it first became exposed and covered.
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2.2 Field and Laboratory Methods

All 24 sites were sampled at low tide for invertebrates living on the sediment surface (epifauna) 

and within the sediment (infauna), macroalgae, and sediment (surficial and sediment cores) during 

May 2010. All sites were sampled following the same methodology, including for the inundated area 

(MIA: Sites 9-12, 23-24). Prior to the current survey the eastern culvert was cleared of mussels and 

sediment, and the resultant lowering of the invert level has allowed more water to drain from the area 

during low tide. Thus while some water still remained in this area during low tide it was sufficiently 

low (<100 mm deep) to allow walking access into the area and the collection of samples following 

the same methodology as for the other intertidal areas. 

2.3 Fauna

Three 0.5 by 0.5 m, 36-grid epifauna quadrats were collected at each site, giving a total of 18 epifauna 

quadrats per area, and 72 in total. Each quadrat was randomly placed within a 3 m radius of each 

other. The following sampling was undertaken at each quadrat.

 » Percentage cover of macroalgae species within each epifauna quadrat were estimated by counting 

numbers of grid intersections overlapping the algae. Data were converted to percentage cover 

calculated as:

 (N/49) × 100 

 where N = number of grid intersection points

     49 = maximum number of grid intersections 

 » Epifauna invertebrate samples were collected by removing all animals dwelling on the sediment 

surface (to a depth of 5 mm) in the quadrat for counting and identification. In areas where 

there was no substantial macroalgae or ponded water then the invertebrates were identified and 

counted in the field (Figure 4). However, for quadrats containing a high abundance of macroalgae 

or with an appreciable layer of ponded water, then any macroalgae and the top 5 mm of sediment, 

along with any associated fauna, were placed in sealed mesh bags (500 µm diameter mesh) 

(Figure 4). These bags were washed on site in estuarine water and taken to the laboratory for 

later processing.

 » The sediment beneath the epifauna quadrat to a depth of 150 mm was also excavated and the 

number and length of cockles (Austrovenus stutchburyi) recorded.

Three infauna cores were collected at each site, giving a total of 18 infauna cores per area, and 72 

in total. Infauna cores were 130 mm in diameter and were pushed into the sediment to a depth of 

150mm. Each infauna core was placed in 500 micron mesh bags and washed on site in estuarine 

water and taken to the laboratory for later processing.

In the laboratory each invertebrate sample (epifauna sample or infauna core) was washed through 

a 500 µm sieve and preserved in 70% isopropanol alcohol (IPA) prior to processing. Processing 

involved the identification and counting of all invertebrates to the lowest practical level using a 

full count procedure and stereo microscopes, with the exception of Zeacumantus spp. These very 

abundant snails were processed as above from defined sub-samples and numbers multiplied up to 

the total sample size.
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2.4 Sediment

Soft sediment depth was recorded at each site by pushing a standardised measuring pole through 

the soft sediment until resistance was met. Surface sediment samples were collected from the top 

20 mm from each site and placed in sterile plastic air-tight containers. These underwent analysis by 

Hill Laboratories for organic matter and ammonium-N content. Detection limits were 0.04 g/100g dry 

weight for organic matter and 5 mg/kg dry weight for ammonium-N.

FIGURE 4 Sampling in McCormacks Bay during the May 2010 surveys.

Collecting an epifauna quadrat from Site 24 in the inundated area (MIA). Due to the thick layers of macroalgae, all 
algae and associated invertebrates are removed and bagged for processing in the laboratory.

Collecting epifauna quadrats in areas of the estuary without thick layers of macroalgae entailed the identification 
of all surface-dwelling invertebrates in the field.
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2.5 Data Analysis 

The overall benthic invertebrate community was summarised using the Berger-Parker dominance 

index (which expresses the proportional abundance of the most dominant taxa) and taxa richness. A 

general linear model (GLM; essentially the same procedure as ANOVA) with ‘area’ as a fixed factor 

and ‘site’ nested within ‘area’ as a random factor was used to compare taxa richness among the four 

sampling areas. 

Epifauna and infauna community data were analysed separately. Taxa richness among the sampling 

areas was examined using a GLM with ‘area’ as a fixed factor and ‘site’ nested within ‘area’ as a 

random factor. The communities were each visualised with a Principal Coordinates Ordination (PCO) 

using the PRIMER 6 and PERMANOVA+ 1.0.1 statistical programmes. PCO is similar to Principal 

Components Analysis (PCA) except that the user is able to select the distance measure, and in this 

case since biotic data was being used the community data was plotted using the Bray-Curtis similarity 

index. Data were fourth root transformed (analogous to the 2009 report) to downscale the importance 

of any species that were extremely abundant and to increase the importance of any rarer species. The 

physical variables were overlaid on the community composition data to examine any correlations or 

patterns between the abundance and the environmental data across areas. The differences between 

the epifaunal communities across areas were statistically tested using Permutational Analysis of 

Variance (PERMANOVA) with two factors, ‘area’ and ‘site’ nested within ‘area’. PERMANOVA tests 

multivariate assemblage data using a technique analogous to ANOVA, in which the variation between 

and within communities are compared and a F-statistic is produced using 9999 permutations. Similarity 

of Percentage of Species between groups (SIMPER) showed which species were contributing most to 

the difference between area communities (using the Bray-Curtis, fourth-root transformed data). For 

epifauna only, the Spearman rank correlation was used to investigate the relationship of total algal 

cover (%) with taxa richness and number of individuals. 

The percent cover of the two dominant macroalgae genera (Ulva and Enteromorpha) were separately 

compared among areas using a GLM with ‘area’ as a fixed factor and ‘site’ nested within ‘area’ as a 

random factor.

Cockle abundance and length were compared between areas and within areas (sites) using a GLM 

with ‘area’ as a fixed factor and ‘site’ nested within ‘area’ as a random factor. The Spearman rank 

correlation was used to assess the relationship between ammonium concentrations and cockle 

abundance in the surface sediment. 

Of the physicochemical variables, soft sediment depth was compared using one-way ANOVA with 

‘area’ as a fixed factor. Organic matter and ammonium concentrations were compared by a GLM with 

‘area’, ‘depth’, and ‘area x depth’ as the factors. 

Data was transformed (usually log) to conform to the assumptions of ANOVA and GLM’s where 

necessary. The post hoc Tukey means test was used to group means where significant differences 

were found. 
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3 RESULTS

3.1 Benthic Invertebrates 

In total, 51 invertebrate taxa were recorded from 

the 72 epifauna quadrats and 72 infauna cores 

collected from 18 sites in McCormacks Bay and 

six sites in the adjacent estuary (Appendix 7.1). 

Taxa richness of the four areas ranged from 28 

taxa in the mid tide area of McCormacks Bay 

(MMT) to 40 in the adjacent estuary (EMT). 

Taxa were distributed across nine taxonomic 

groups; four main groups that contributed most 

to community diversity (Polychaeta, Gastropoda, 

Decapoda, Bivalva) and five other groups with 

fewer taxa (Anthozoa, Amphipoda, Ostracoda, 

Sessilia, Nemertea). Of these 51 taxa, only eight 

taxa were found in >25% of samples (Appendix 

7.1). Zeacumantus was the most widespread taxa 

being found in 74% of samples, followed by the 

cockle Austrovenus stutchburyi at 48% and the 

polychaete Capitella capitata at 47%. A total of 

15 taxa were regarded as rare, being only found 

in 1-2 samples (e.g., an incidence rate of 1% or 

less) (Appendix 7.1).

The Berger-Parker Dominance Index showed that 

the snail Zeacumantus dominated the three areas 

of McCormacks Bay, in contrast to the adjacent 

estuary area (EMT) that was dominated by the 

top shell Micrelenchus tenebrosus (Table 1). Taxa 

evenness at the mid tide (MMT) and inundated 

areas (MIA) of McCormacks Bay was particularly 

skewed, with the snail Zeacumantus accounting 

for >95% of taxa abundance and only 1-2 other 

taxa (Amphipoda and the polychaete Capitella 

capitata) accounting for >1% abundance (Table 

1). There was a greater level of taxa evenness 

at the adjacent estuary site (EMT) and high tide 

site of McCormacks Bay (MHT), with the most 

dominant taxa accounting for 45-50% of total 

abundance (Table 1) and nine other taxa with 

>10% abundance. These two areas also had a 

significantly greater level of taxonomic richness 

than the two lower tide McCormacks Bay areas 

(GLM: F3,118=4.09, P<0.05) (Figure 5).

TABLE 1 Berger-Parker Dominance Index of the three 
main species from three tidal levels within 
McCormacks Bay (MMT, MHT, MIA) and the 
adjacent estuary (EMT).

Area Taxa d

MHT Zeacumantus sp. 0.498

Aonides sp. 0.108

Amphipoda 0.104

MMT Zeacumantus sp. 0.954

Amphipoda 0.028

Capitella capitata 0.011

MIA Zeacumantus sp. 0.969

Capitella capitata 0.024

Amphipoda 0.003

EMT Micrelenchus tenebrosus 0.449

Aonides sp. 0.185

Notoacmea helmsi 0.091

FIGURE 5 Average taxa richness (+ 1 standard error) 
in combined epifuana quadrats and infauna 
cores across the three survey areas within 
McCormacks Bay (MHT, MMT, MIA) and 
adjacent estuary (EMT).
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3.1.1 Epifauna Invertebrates

A total of 148,027 individuals and 38 different invertebrate taxa were recorded from the 72 epifauna 

qaudrats, with most taxa within the Polychaeta (15 taxa), Gastropoda (12 taxa), Decapoda (five taxa), 

and Bivalva (three taxa) groups (Appendix 7.1). Zeacumantus spp. was the most widespread taxa, 

being found in 75% of epifauna samples (i.e., found in 54 of the 72 samples), followed by the snail 

Diloma subrostrata in 53% (38 samples), and the cockle Austrovenus stutchburyi and sea anemone 

Anthopleura aureoradiata in 51% of samples (37 samples) (Figure 6, Appendix 7.1). As well as being 

the most widespread, Zeacumantus was also the most abundant taxa, with over 130 000 individuals 

accounting for 93% of total abundance. Because of the large numbers of this snail only two other taxa 

represented more than 1% of total abundance, namely amphipods (Amphipoda: 3,637 individuals 

counted) and the snail Micrelenchus tenebrosus (2,355 individuals counted) (Figure 6). A total of 11 taxa 

were regarded as rare, being only found in one sample (e.g., an incidence rate of 1%) (Appendix 7.1).

FIGURE 6 Photos of the most widespread (found in >50% of samples) and/or abundant taxa found in epifuana 
quadrats collected from McCormacks Bay (MHT, MMT, MIA) and the adjacent estuary (EMT) during May 
2010. Photos by Shelley McMurtrie.

Zeacumantus spp. (snail)
WIDESPREAD (FOUND IN 75% OF SAMPLES)
ABUNDANT (93% ABUNDANCE)

Austrovenus stutchburyi (cockle)
WIDESPREAD (FOUND IN 50% OF SAMPLES)

Amphipoda
2.5% ABUNDANCE

Diloma subrostrata (snail)
WIDESPREAD (FOUND IN 53% OF SAMPLES)

Anthopleura aureoradiata (sea anemone)
 WIDESPREAD (FOUND IN 50% OF SAMPLES) 

Micrelenchus tenebrosus (snail)
1.6% ABUNDANCE
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Epifauna taxa richness was variable between sites within each of the four survey areas, resulting in no 

significant difference between these areas (GLM: F3,47=3.0, P >0.011) (Figure 7a). However, there was 

a significant difference in the number of individuals found within each area (GLM: F20,47=4.3, P<0.01), 

with MMT and MIA supporting a far greater number of individuals than to other two areas (Figure 7b). 

This was mainly driven by the high numbers of Zeacumantus within these two areas (an average of 4,886 

and 2,731 Zeacumantus spp. per quadrat in MMT and MIA areas, respectively).

Principle coordinates analysis (PCO) visually indicated the level of similarity or dissimilarity between 

samples and areas (Figure 8). Axis 1 explained 40% of the total community variation while Axis 2 

explained 19% of variation. Pairwise post-hoc tests of PERMANOVA results showed that the epifaunal 

communities across the four areas were significantly different except those between MIA and MMT, 

which was visually displayed in the PCO by a clustering of samples from these two areas along Axis 

1. Within MMT, Sites 2 and 19 were more variable than the other sites, and within MIA, Sites 9 and 

10 were more variable than other sites. MIA communities were associated with Zeacumantus spp. 

(snail), Capitella capitata (polychaete worm), Amphipoda, and Cominella glandiformis (snail) and 

MMT communities were associated with Zeacumantus spp., Amphipoda, Cominella glandiformis, 

Macrophthlamus hirtipes (crab), and Anthopleura aureoradiata (anenome).

There was the greatest variation between sites in the MHT area with sites scattered across both Axis 1 

and 2, whereas EMT sites had the most similar communities of any of the areas, as shown by a tight 

clustering of samples from this area. MHT communities were dominated by Amphibola crenata (mud 

snail), Zeacumantus spp., Austrovenus stutchburyi (cockle), Anthropleura aureoradiata, and Diloma 

subrostrata (snail). In contrast to all of the McCormacks Bay areas, the EMT area was dominated 

by Micrelenchus tenebrosus (crab), Diloma subrostrata, Notoacmea helmsi (snail), Austrovenus 

stutchburyi, and Hemigrapsus crenulatus (crab).

Similarity of Percentage of Species (SIMPER) between groups showed that the average similarity 

for communities from samples within areas matched that observed on the PCO. The EMT area had 

55.48% similarity of communities between sites, MIA 50.15%, MMT 44.92%, while MHT had the 

lowest similarity score of 41.32% similarity between sites. 

FIGURE 7 Average (+/- 1 standard error) taxa richness (A) and total number of individuals (B) (+ 1 standard error) in 
epifuana quadrats collected from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas 
during May 2010.
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1 The level of significance was decreased to P = 0.01 to allow for the failure to meet one of the assumptions of ANOVA (homogeneous 
variance) even after data transformation.

A. Taxa Richness in Epifauna Samples B. Total Individuals in Epifauna Samples
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Environmental factors (soft sediment depth, organic matter, ammonium, macroalgal cover) were 

positively correlated with the communities at sites MIA and MMT, and negatively correlated with the 

communities at EMT, and to a lesser extent MHT. 

There was some correlation between surface macroalgae cover and epifauna taxa richness per site, 

although the relationship was not strong, with only a 22% fit of the polynomial curve (Figure 9a). While 

the best fit line did indicate a tendency towards greater epifauna taxa richness at intermediate algae cover 

there was still a high scatter of sites. The relationship between taxa abundance and algae cover was only 

slightly stronger, with the regression line explaining 36% of variation and implying that a marginally 

higher number of epifauna invertebrates were correlated with a higher algae cover (Figure 9b).

FIGURE 8 Principle coordinates analysis ordination showing similarities in community composition from epifauna 
samples collected within each tidal level in McCormacks Bay (MHT, MMT, MIA) and from the adjacent 
estuary (EMT) during May 2010. The arrows indicate the direction of the association with habitat variables. 

FIGURE 9 Correlation between epifauna taxa richness (A) or abundance (B) and macroalgae cover in epifuana quadrats 
collected from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) sites during May 2010. 
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3.1.2 Infauna Invertebrates

A total of 7,458 individuals and 43 different invertebrate taxa were recorded from the 72 infauna 

cores, with most taxa within the Polychaeta (20 taxa), Gastropoda (10 taxa), and Decapoda (five taxa) 

groups. Zeacumantus spp. was the most widespread taxa, being found in 74% of infauna samples, 

followed by the polychaete Capitella capitata at 58% of samples (Figure 10). As well as being the 

most widespread, Zeacumantus spp. was also the most abundant taxa, with 2,432 individuals making 

up for 33% of total abundance. In contrast to the epifuana samples there was somewhat more species 

evenness in the infauna cores, with two other species each representing over 10% of the total infauna 

community. The polychaete Aonides sp. made up 27% (2,012 individuals counted) of total abundance, 

followed by Capitella capitata at 19% (1,401 individuals counted). A total of 10 taxa were regarded as 

rare, being only found in one sample (e.g., an incidence rate of 1%) (Appendix 7.1).

Infauna taxa richness was significantly different between the four survey areas (GLM: F3,47=7.18, 

P <0.01) (Figure 11a), with areas MIA and MMT supporting fewer taxa per sample than MMT and 

EMT areas. The number of individuals per sample was very variable between sites within each of 

the four survey areas, resulting in no significant difference between these areas (GLM: F3,47=0.7, P 

>0.05) (Figure 11b).

FIGURE 10 Photos of the most widespread (found in >50% of samples) and/or abundant taxa found in infauna samples 
collected from McCormacks Bay (MHT, MMT, MIA) and the adjacent estuary (EMT) during May 2010. 

Zeacumantus (snail)
WIDESPREAD (FOUND IN 74% OF SAMPLES)
ABUNDANT (33% ABUNDANCE)

Capitella capitata (polychaete)
WIDESPREAD (FOUND IN 58% OF SAMPLES)
ABUNDANT (19% ABUNDANCE)
Aonides sp. 
ABUNDANT (27% ABUNDANCE)

FIGURE 11 Average (+ 1 standard error) taxa richness (A) and total number of individuals (B) in infauna samples 
collected from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas during May 2010. 
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Principle Coordinates Analysis (PCO) visually indicated the level of similarity or dissimilarity between 

samples and areas (Figure 12). Axis 1 explained 46% of the total community variation while Axis 2 

explained 17% of variation. As with the epifaunal samples, pairwise post-hoc tests of PERMANOVA 

results showed that the infaunal communities across the four areas were significantly different except 

those between MIA and MMT, which was visually displayed in the PCO by an overlapping of samples 

from these two areas along both Axis 1 and 2. For sites within the MIA area, Site 9 was more variable 

than the other sites, with two samples being clustered more with the MHT samples. MIA and MMT 

communities were both dominated by the snail Zeacumantus spp. and polychaete Capitella capitata.

As with the epifauna samples the greatest variation between sites was in the MHT area with sites scattered 

across both Axis 1. While EMT samples were not as tightly clustered as for the epifaunal samples they 

were still grouped together at the right of the plot, indicating a similarity within this area and dissimilarity 

with other areas. MHT infauna communities were dominated by polychaetes (Haploscoloplos cylindrifer, 

Scolecolepides benhami, Capitella capitata, Zeacumantus spp.), the whelk Cominella glandiformis and the 

cockle Austrovenus stutchburyi. EMT infauna communities were dominated by the polychaete Aonides 

spp., the bivalves Austrovenus stutchburyi and Macomona liliana, and other polychaetes (Haploscoloplos 

cylindrifer, Heteromastus filiformis and Aglaophamus macroura). 

Similarity of Percentage of Species between groups (SIMPER) showed that the average similarity for 

communities from samples within areas matched those patterns observed on the PCO. The MMT and 

MIA areas had the highest degree of similarity (57.53% and 52.57% respectively). The EMT area was 

intermediate at 46.46% similarity, while MHT had the lowest score of 43.42% similarity between sites. 

Environmental factors (soft sediment depth, organic matter, ammonium, macroalgal cover) were positively 

correlated with the communities at sites MIA and MMT, and negatively correlated with the communities 

at EMT and MHT. Those samples clustered to the middle left of the plot (MIA and MMT samples) were 

FIGURE 12 Principle coordinates analysis ordination showing similarities in community composition from infauna 
samples collected from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas during May 
2010. The arrows indicate the direction of the association with habitat variables. 
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3.2 Macroalgae 

Three macroalgae species were recorded from the study area (Gracilaria, Ulva, and Enteromorpha2), 

although only two dominated the community; namely Ulva spp and Enteromorpha spp. (Figure 

13). Ulva was the only macroalgae to be found in all four areas, but was more prevalent within 

McCormacks Bay compared to the adjacent estuary (EMT); and in particular within areas MMT and 

MIA where it was present at all six surveyed sites. As the abundance of Ulva varied considerably 

between sites (MHT 0-100%, MMT 0.7-51%, MIA 0.7-100%, EMT 0-40% cover), there was no 

significant difference in percentage cover between the four survey areas (GLM: F3,48=0.83, P>0.05) 

(Figure 14). Enteromorpha was limited to the McCormacks Bay area, with two sites within the MIA 

area (Site 12 and 23) supporting significantly greater cover (>90%) than all other sites (GLM: 

F20,48=20.05, P<0.01) (Figure 14).

2 Based on recent genetics analysis, Enteromorpha is no longer regarded a valid genus and is instead regarded as a species of Ulva (Hayden 
et al., 2003). However, for the purposes of retaining consistency with previous reports we have retained the original Enteromorpha 
classification.

FIGURE 14 Average percent cover of macroalgae species (+ 1 standard error) in epifanua quadrats collected from 
McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas during May 2010. 

FIGURE 13 The two types of macroalgae that dominated the algal community within McCormacks Bay.
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3.3 Cockles 
Cockles (Austrovenus stutchburyi) (Figure 15) were primarily found in the adjacent estuary area 

(EMT) and one area within McCormacks Bay (MHT), with abundance greatest within the EMT 

area followed by MHT (GLM: F3,47=20.9, P<0.01) (Figure 16a). The adjacent estuary area not only 

supported the greatest number of cockles (2112 cockles in total, and averaging 117 per quadrat), but 

also showed the least variation in abundance between sites. For this area Site 13 and 16 supported the 

greatest numbers (112-206 and 131-244 cockles per quadrat, respectively), while Site 18 supported the 

fewest (range of 28-45 cockles per quadrat). In contrast the MHT area had a large variation in cockle 

abundance between sites, with Site 5 and Site 22 supporting the greatest numbers (40-75 and 77-337 

cockles per quadrat, respectively) for this area and few found at the other four sites (ranging from 0-3 

per quadrat). The abundance of cockles ranged from 0-4 per quadrat in the inundated area (MIA) and 

0-6 per quadrat in the mid tide area (MMT) (Figure 16a).

The size of cockles were significantly smaller within the MHT area of McCormacks Bay (average 

length of 22.8 mm) while the remaining three sites were of a similar, larger size (GLM: F3,3158=10.04, 

P<0.01) (Figure 16b). The average length of cockles within the adjacent estuary (EMT) was 36.1 

mm, compared to 36.6 mm within the inundated area (MIA) and 32 mm within the MMT area.

Increased concentrations of ammonium were significantly correlated with reduced abundance 

of cockles in the surface sediment (Spearman rank correlation: r24=-0.47, p=0.022) (Figure 17). 

Ammonium concentrations were least in the adjacent estuary (EMT) which is where the greatest 

abundance of cockles was generally also found. Only two MHT sites (Sites 5 and 22) had elevated 

ammonium concentrations and numbers of cockles equitable to EMT sites (Figure 17).

FIGURE 15 The cockle (Austrovenus stutchburyi) was most abundant at the adjacent estuary sites. Empty shells within 
epifauna quadrats (right) were not counted in the survey.

FIGURE 16 Average (+ 1 standard error) abundance (A) and length (B) of cockles in epifauna quadrats (to a depth of 
150 mm) collected from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas during May 
2010. The total number of cockles collected per area are indicated above each bar.
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3.4 Physicochemical Variables
Soft sediment depths were significantly different among areas (ANOVA: F3,20=8.4, P<0.01) with the 

three McCormacks Bay areas (MHT, MMT, MIA) having greater sediment depths than the adjacent 

estuary area (Figure 18). The average sediment depth of the adjacent estuary area (EMT) was 3.5 cm 

compared to averages of >50 cm for all the McCormacks Bay areas (Figure 18). In terms of sediment 

size, the adjacent estuary area had coarser sediment (fine sand) than the McCormacks Bay areas, 

which were comprised of silt (with the exception of two MHT sites which had a sand/silt mixture).

There was a significant interaction of area and depth for organic matter (GLM: F6,60=4.7, P<0.01). 

Organic matter concentration at EMT and MHT were not significantly different among the three 

depths, while at MMT and MIA surface concentrations were significantly greater at the surface than 

at the middle or bottom depths (Figure 19). The highest organic matter concentrations were found 

at the MMT and MIA areas, the lowest in the EMT area, with the MHT area in between (Figure 

19). Ammonium concentrations were significantly higher at the surface than the middle or bottom 

layers (GLM: F6,60=31.5, P<0.01). Of the sampling areas, the highest ammonium concentrations were 

found at MMT and MIA, the lowest at EMT, with MHT in between (GLM: F6,60=26.9, P<0.01) (Figure 

19). Overall, organic matter and ammonium concentrations tend to be greater in surface sediment 

compared to subsurface samples and are greater in McCormacks Bay than in the adjacent estuary.

FIGURE 17 Correlation between average cockle 
abundance at the sediment surface and 
surficial ammonium levels from 24 sites within 
McCormacks Bay (MHT, MMT, MIA) and 
adjacent estuary (EMT). 

FIGURE 19 Average (+ 1 standard error) concentration of organic matter (A) and ammonium (B) in sediment collected 
from McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT) areas during May 2010, from three 
different depths in the estuary bed. 

FIGURE 18 Average (+ 1 standard error) depth of soft 
sediment from areas within McCormacks Bay 
(MHT, MMT, MIA) and adjacent estuary (EMT) 
during May 2010. 
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4 DISCUSSION

4.1 State of McCormacks Bay in May 2010

This study found a difference in the invertebrate and macroalgae community between the estuary mid 

tide area (EMT) and the McCormacks Bay area (MHT, MMT, MIA). In particular there was an overall 

lower diversity of invertebrate taxa, higher macroalgae cover, greater soft sediment depth, higher organic 

matter and higher ammonium levels in the Bay compared to the estuary. The sheltered nature of the 

Bay and poor tidal flushing have likely contributed to its nutrient-enriched state. Sea lettuce growth and 

distribution appears to be most closely associated with temperature, light, and nutrients (Hawes, 2001), 

as well as a restriction in tidal flushing (Martins et al., 2001). McCormacks Bay is therefore the perfect 

environment for macroalgae growth: it has a sunny north-facing aspect, has little tidal flushing with 

only three culverts linking the Bay to the main estuary, and while it is exposed to the prevailing winds 

the causeway essentially shelters the Bay from strong wave action. Macroalgal blooms cause further 

alteration to hydrodynamics and habitat by reducing water velocity, reducing flushing, increasing silt 

deposition, reducing oxygen levels in sediment pore water, and causing anoxia (Hull, 1987; Raffaelli et 

al., 1998). These changes can greatly alter the invertebrate communities of such areas (Soulsby et al., 

1982; Raffaelli et al., 1998; Bressington, 2003; Maclaren, 2005). The decomposition of thick layers of 

macroalgae can also produce hydrogen sulphide that is reminiscent of the pungent smell of rotten eggs, 

and is the greatest cause of complaint for visitors and residents around the Bay.

The epifauna and infauna communities from the MMT and MIA areas were correlated with deeper 

soft sediment, high macroalgal cover, high organic matter, and high ammonium levels. These physical 

parameters are reflective of poor draining areas where decomposing algae is retained and broken down 

into fine organic matter and converted to nutrients (nitrogen species including ammonium, which 

was elevated in these areas). This similarity in habitat was reflected in the invertebrate communities, 

which were also very similar. The invertebrate community in these two areas were dominated by 

one species, the gastropod Zeacumantus spp. (Figure 20), with only two other taxa accounting for 

>1% of overall abundance. The large numbers of this small snail (a maximum of 140,000/epifauna 

quadrat in the MMT area and 179,000/quadrat in the MIA area) was responsible for the higher 

epifauna densities in these two areas compared to the rest of McCormacks Bay (MHT, where they 

reached 1,523/quadrat) and the adjacent estuary (EMT, where 2-3/quadrat were only present in three 

samples). Infauna communities from the MMT and MIA areas were also more similar compared to 

the other two areas—being dominated by Zeacumantus spp. and the polychate Capitella capitata, but 

having much lower invertebrate densities than found in the other two areas. 

Although the MMT and MIA areas are separated at low tide by the artificial reef/gravel bar, their 

similar invertebrate communities can be explained by the abundant macroalgae in combination 

with the presence of standing water, even at low tide. Thick layers of macroalgae lowers dissolved 

oxygen levels in retained water and sediment pore-water, which is further exacerbated by warm water 

temperatures (Franz & Friedman, 2002). The resulting sediment hypoxia has been linked to reduced 

infaunal density and diversity (Franz & Friedman, 2002), and would explain the lower infauna 

richness and near absence of cockles in the MIA and MMT areas. 

Conversely, those species that are able to cope with such challenging conditions would conceivably 

do very well in this environment. The snail Zeacumantus spp. is known to predominantly feed on 

macroalgae and can also cope with low dissolved oxygen levels in the water by hanging upside down 
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from the surface water film to take advantage of the oxygen-rich surface-water interface (Jones & 

Marsden, 2005). These traits would explain their success at dominating both the MIA and MMT areas. 

This snail is absent from other interidal areas of the main estuary (EOS Ecology, unpublished data, 

2008, 2009, 2010), which further reinforces the altered nature of the Bay compared to the rest of the 

estuary.

The polychaete Capitella capitata (Figure 21) was also characteristic of the MIA and MMT areas, 

being the third-most dominant taxa in these two areas. This polychaete worm was known to occur in 

the Avon-Heathcote Estuary/Ihutai within the soft black mud around the outlet from the wastewater 

treatment plant (prior to the discharge being diverted offshore in March 2010), and is an indicator of 

polluted and degraded environments (Jones & Marsden, 2005). The MIA and MHT areas both had 

deeper soft sediment, higher organic matter, and higher ammonium levels than the rest of the Bay or 

adjacent estuary, and are reflective of the nutrient-enriched and degraded conditions that were once 

found at the wastewater treatment plant discharge site.

FIGURE 21  Polychate worms, such as Capitella capitata, which was characteristic of the mid tide (MMT) and inundated 
area (MIA) of McCormacks Bay, is an indicator of polluted conditions and degraded environments.  
Photo by S. McMurtrie.

FIGURE 20  The snail Zeacumantus spp. dominated the invertebrate community of McCormacks Bay, and reached the 
highest densities in the mid tide (MMT) and inundated area (MIA) of the Bay. These snails are well suited to 
the conditions in these areas, as they feed on macroalgae and can cope with low dissolved oxygen levels. 
Photos by S. McMurtrie.
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FIGURE 22 Clearing out the eastern culvert of sediment and associated shellfish has resulted in better low tide flushing 
of the eastern embayment area, although some standing water is still retained amongst the macroalgae at 
low tide. Photo by John Walter, CCC.

4.2 The Future of McCormacks Bay

It is clear that the sheltered nature and poor tidal flushing of McCormacks Bay are the main causes 

for the high macroalgae growths and different invertebrate community compared to the adjacent 

estuary area. Short of removing the causeway it is unlikely that the Bay will ever be able to revert 

to its original state. However, the plans to alter the central culvert provides and opportunity to effect 

some positive change in the Bay.

Alvarez-Murphy (2009) postulated that the widening and deepening of the central culvert could 

allow the mid-tide area around the central culvert to drain completely at low tide, thereby increasing 

colonisation of the mid tide level by benthic invertebrates such as cockles and other bivalves and 

mudflat snails. As these are an important food supply for resident and migratory birds (Knox & Kilner, 

1973; Stephenson, 1981), this could have beneficial flow-on effects for avian wildlife. 

It is of course, uncertain as to the actual magnitude of change (and ecological improvement) that 

the alteration of a single culvert will have on the Bay. However, the relatively simple remediation 

of clearing the eastern culvert of sediment and mussels has improved the tidal cycle of the eastern 

embayment area, with this zone now wadeable at low tide (e.g., only 100 mm of surface water is now 

retained at low tide compared to 250-650 mm prior to the culvert cleaning) (Figure 22).
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4.3 Effects of the Christchurch 2011 Earthquakes

The damaging earthquakes that rocked Christchurch in February and June 2011 have not left 

McCormacks Bay unscathed. According to (Measures et al., 2011) the western end has risen by 

0.2–0.3 m, while the eastern embayment area has risen by 0.3–0.4 m as a result of the earthquakes. 

As a result of this uplifting there appears to be more of the western area (originally a mid-high tide 

zone) of the Bay still exposed at high tide compared to before the earthquakes. In addition to the 

uplifting there is a high incidence of ‘sand volcanoes’ caused by widespread liquefaction in the Bay 

(Figure 23). While the current survey was carried out in May 2010 it is likely that the invertebrate 

community in the Bay will be altered as a result of the 2011 earthquakes, both from short term and 

long term changes.

Short term changes as a result of the earthquake include those caused by liquefaction mounds and 

the input of raw sewage. The uplifting of sediment previously buried in the estuary bed (called sand 

volcanoes) would have resulted in the immediate burying of a large number of invertebrates within 

the areas of the mounds, as has been found in a wider study of the estuary mounds (Zeldis et al., 

2011). According to Zeldis et al., (2011) these mounds represent new habitat which in time will be 

colonized by the remaining fauna in the area, resulting in an eventual redistribution of fauna between 

the flats and sand volcanoes.     

The discharge of raw sewage into the Bay will also have affected the nutrient dynamics of the Bay. 

Given the sheltered and sunny condition of the Bay the additional nutrients could result in increased 

algal growth. With the lack of tidal flushing the decomposition of additional algal material could further 

elevate organic matter and ammonium levels as nutrients are released back into the environment. 

While the surface heavy metal contamination of sediment within the Bay prior to the earthquake 

did not exceed the ANZECC (2000) ISQG-low trigger levels (Alvarez-Murphy, 2009), the input of raw 

FIGURE 23 Aerial view of McCormacks Bay following the February 2011 earthquake. Parts of the Bay were uplifted and 
much of the area was affected by liquefaction as seen as ‘sand volcanoes’ peppering the Bay.  
Aerial photo courtesy of Christchurch City Council.
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sewage may cause an increase in heavy metal contaminant levels in surface sediment, although this 

would be limited due to the lack of industrial activity in the area. Heavy metal contaminants that 

could be expected from sewage in the McCormacks Bay catchment would include chromium (used 

in paints and cement), cadmium (detergents, fertilizers), and copper (copper piping, algal control 

products). Probably of more immediate effect however would have been the increase in fresh water 

to the Bay (which forms a large part of sewage discharges), which may impact on those species that 

have a low tolerance to lower salinity levels. While parts of the Bay (MIA, MHT) include species that 

are tolerant of enriched/degraded conditions and variable salinity, such as the polychaete Capitella 

capitata, there may be shifts in the abundance of some species as they respond to the altered nutrient 

dynamics, increased input of fresh water, and increased pollution from the sewage. 

The uplifting of the estuary bed and consequent changes to tidal levels in McCormacks Bay will be 

responsible for long term changes to the invertebrate community. The most dramatic changes will be 

to the fauna and flora that live in the high tide areas of the Bay. It is estimated that given the rise in the 

western part of the Bay that wetland plants will start to colonise the area (Trevor Partridge, CCC, pers. 

comm.) due to reduced tidal inundation. With a shift towards a wetland environment the intertidal 

estuary community that was found in the current survey would change dramatically. An increase 

in the bed level mid-tide zone (MHT) may alter the diversity of species due to changes in intertidal 

exposure time. If the change in tidal exposure is dramatic enough this could result in a decrease in 

species richness for this area, with fewer species being able to survive in the harsher conditions that 

come with increasing tidal level (Thrush, 1991; Gray, 2002). An increase in bed level in the inundated 

area will alter the hydrology of that area, although at this point it is unsure as to the resulting effect 

on the invertebrate community—if the area continues to retain water at low tide then it is unlikely 

that the change would be dramatic.
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5 RECOMMENDATIONS

The main objective of this study was to establish comparable baseline data enabling assessment of 

future changes to benthic invertebrate and macroalgae communities following the proposed repair 

and modification to the central culvert. Unfortunately the 2011 earthquakes have resulted in some 

dramatic changes to the Bay that in itself could cause a shift in the ecological community. Thus 

given the potentially dramatic change to the bathymetry, macroalgal community, and invertebrate 

community of the Bay it will be necessary to resurvey the Bay in April-May 2012 to establish the new 

state of the community. The following considerations will have to be taken into account:

 » Undertake a bathymetric survey of the Bay to establish the new bed levels and from this derive the 

new tidal levels in the Bay (differentiating the high, mid, and low tide zones).

 » Based on the bathymetric data, resurvey as many of the sites undertaken in the current study 

as is practicable, so as to maintain a similar replication of sites within the different tidal areas. 

However, given the long-term changes that are likely to occur in parts of the high tide zone (e.g., 

eventual colonization by wetland plants), some of these sites may not be appropriate to resurvey 

and so it will be necessary to decide whether new sites are needed.

Ideally these surveys would be carried out prior to the modifications to the central culvert and gravel 

bar area, so that changes that occur as a result of these modifications can be determined and separated 

from the changes caused by the Christchurch earthquakes. 

In relation to physical changes to the Bay relating to the repair of the central culvert, the majority 

of recommendations made by Alpharez-Murphy (2009) should be followed, as summarized below.

 » Lower and widen the central culvert (ideally following the 2012 ecological surveys recommended 

above) to increase low tide flushing and thereby fully expose the mid tide area during low tide. 

Full drainage of the mid tide area will promote dessication of the excessive macroalgae and help 

to kill it. 

 » Lower or cut through the artificial reef/gravel bar that separates the eastern embayment from the 

rest of McCormacks Bay in several locations (or remove altogether) to improve low tide flushing 

and help remove some of the trapped soft sediment and macroalgae from this area.

 » If needed, physically remove the macroalgae following culvert modification to avoid the inevitable 

odour problems as the algae dies and rots.

 » Lower the currently perched western culvert/pipes and increase culvert size to locally improve 

tidal flushing at the western end of the Bay.

 » Regularly (e.g., every year) clean out the eastern culvert to maintain a lower invert level and thus 

maintain the improved low tide flushing that has occurred since this culvert was first cleaned out 

in 2010.
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7 APPENDICES

7.1 Invertebrate Taxa Presence/Absence

TABLE 7.1 Presence (indicated by an ‘X’) of invertebrate taxa collected from epifuana quadrats and infauna cores 
across the three survey areas within McCormacks Bay (MHT, MMT, MIA) and adjacent estuary (EMT)
during May 2010. Six sites per tidal level were surveyed, with three replicates per site, giving a total of 72 
epifauna quadrats and 72 infauna cores. The incidence rate is also indicated (% of samples found), with 
those taxa found in 1% or less of samples indicated as 1%.

Order/Class Taxa MHT MMT MIA EMT % samples 
found

Actiniaria Anthropleura aureoradiata X X X X 34%
Edwardsia leucomelos X 1%

Amphipoda Amphipoda X X X X 32%

Sessilia Elminius modestus X 8%

Decapoda

 

Halicarcinus sp. X X X X 10%
Helice crassa X X X X 18%
Hemigrapsus crenulatus X X 10%
Macrophthalmus hirtipes X X X X 30%
UNID Megalopa X X X 15%
Palaemon affinis X 1%

Ostracoda Ostracoda X 1%

Gastropoda Amphibola crenata X X X X 22%
Cominella glandiformis X X X X 35%
Cominella maculosa X X X 10%
Diloma subrostrata X X X X 27%
Melagraphia aethiops X 1%
Micrelenchus tenebrosus X X X X 29%
Notoacmea helmsi X X X X 22%
Potamopyrgus sp. X 1%
Zeacumantus spp. X X X X 74%

Bivalvia Austrovenus stutchburyi X X X X 48%
Arthritica sp. X X X X 21%
Mytilus galloprovincialis X 1%
Paphies australis X X 3%
Cyclomactra ovata X 1%
Macomona liliana X X X 19%
Xenostrobus pulex X 5%

Nemertea Nemertea X X X X 6%

Polychaeta Aglaophamus macroura X 6%
Aonides sp. X X X X 24%
Boccardia polybranchia X X X X 14%
Capitella capitata X X X X 47%
Capitellidea X 1%
Glycera americana X 1%
Haploscoloplos cylindrifer X X X X 24%
Heteromastus filiformis X X 10%
Nereidae X X X 1%
Orbinia papillosa X 3%
Scolecolepides benhami X X X X 20%
Scolelepis sp. X 2%
Syllidae sp. X 1%
Nicona estuariensis X X X X 10%
Armandia maculata X X 3%
Pectinaria australis X X X X 7%
Prionospio aucklandica X X 7%
Perinereis vallata X X 3%
Owenia petersenae X 3%
Goniada sp. X 2%
Magelona dakini X 1%
Platynereis australis X 1%

TOTAL 30 28 29 40
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