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Abstract

Meiofauna composition was investigated for six field sites, including polluted and non-polluted sites, within two regions (Auckland
and Bay of Plenty) during winter (July–August 2004) in the North Island of New Zealand. Physico-chemical parameters were measured
during the sampling period and meiofauna distribution and abundance were compared with these measured parameters. Analysis of mei-
ofauna abundance indicated that foraminiferans, nematodes and ostracods were the taxa that contributed to the variability between field
sites within the Auckland region. However, no clear taxa dominance was seen in the Bay of Plenty region. Comparison of meiofauna
abundance and physico-chemical parameters was done using multivariate analysis (PRIMER). However, no clear relationships between
the parameters were observed in any field site in either region. The Shannon-Weiner index of diversity did not show any clear differen-
tiation between polluted and non-polluted field sites. Therefore, from the present study, the taxa or physico-chemical parameters used
could not effectively characterise pollution at the investigated field sites.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: Meiofauna; Taxa; Physico-chemical; Pollution; Shannon-Weiner index of diversity; PRIMER statistical analysis

1. Introduction

Estuarine areas are among the most productive ecosys-
tems, and are under increasing pressure from a variety of
stressors including urban and industrial waste effluents.
Contaminants introduced into the marine environment by
human activities, such as heavy metals, polyaromatic
hydrocarbons (PAHs) and organochlorines, tend to adsorb
to the surface of fine particles and because contaminants
typically bind to the finer silty material of estuarine sedi-
ments, this then creates a reservoir of contaminants becom-
ing a source of pollution to the water column and

associated organisms (Oberholster et al., 2005). The pri-
mary contaminants of concern in New Zealand estuaries
are zinc (e.g., galvanised steel, tyres), copper (vehicle wir-
ing), lead (vehicle emissions) and polycyclic aromatic
hydrocarbons (PAHs) (also originating from vehicle emis-
sions) and have accumulated in estuarine sediments
(ANZECC, 2000; ARC, 2003; Williamson and Wilcock,
1994). Studies are beginning to indicate that these contam-
inants are having an effect on the fauna, particularly sedi-
ment dwelling organisms by reducing species abundance,
increasing contaminant accumulation in shellfish and crus-
taceans and causing changes in growth and reproductive
rates (Ministry for the Environment, 1997 and references
therein).

Intertidal areas are also heavily influenced by environ-
mental factors, including the erosion and deposition of sed-
iments from the currents and the diffusion of nutrients and
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air into the sediment matrix, which contribute to the changes
in distribution and abundance of benthic organisms. Studies
have investigated the effects of these parameters on benthic
dwelling organisms (Dyer et al., 1983; Rees et al., 1999;
Schratzberger et al., 2006) but have predominantly investi-
gated the larger macrofauna as they are easily sampled
and identified compared with the smaller meiofauna (crusta-
cea, worms etc. between 63 and 500 lm in length).

Meiofauna are an important component of marine ben-
thic communities providing ecosystem services including
sediment bioturbation and recycling of organic matter
(Higgins and Thiel, 1988; Nozais et al., 2005). In intertidal
systems meiofauna provide an important link between pri-
mary producers as they are consumers of microphytoben-
thos (Pace and Carman, 1996; Pinckney et al., 2003) and
provide an important food source to juvenile fish that use
intertidal habitats as a nursery ground (Nakagami et al.,
2000; Reichert, 2003; Uye et al., 2004). Because of their
small size and intimate association with the sediments, mei-
ofauna are rapidly affected by changes in abiotic and biotic
environmental parameters, therefore resulting changes in
community structure can directly affect higher trophic
organisms which depend on the meiofauna as a source of
food.

The purpose of the present study was to, (1) examine the
distribution and abundance of benthic meiofaunal commu-
nities at different field locations exposed to known levels of
sediment associated contaminants, (2) to investigate rela-
tionships between physico-chemical sediment characteris-
tics (redox potential, grain size composition and sediment
organic content) and meiofauna distribution and abun-
dance and (3) identify whether abundance of key taxa
can be used to characterise polluted and non-polluted sites.

2. Materials and methods

2.1. Field site locations

2.1.1. Auckland region (see Fig. 1)
The Manukau harbour is the second largest coastal har-

bour on the west coast of the North island of New Zealand,
adjacent to the city of Auckland and is the sixth largest har-
bour in the world. Tidal influences range from a mean high
water spring (MHWS) value of 4.17 m to a mean low water
spring (MLWS) value of 0.45 m (LINZ, 2006). The harbour
covers an area of approximately 350 km2 and is surrounded
with extensive urban, industrial and rural land uses. The
catchment area supports a population of around 1.3 million
(Statistics New Zealand, 2006). Previous studies have
shown that parts of the harbour close to urban and indus-
trial areas are moderately to heavily polluted by metals
(Williamson et al., 1992) and organic pollutants (Fox
et al., 1988; Holland et al., 1993; Williamson and Wilcock,
1994; Hickey et al., 1995). Okura estuary is located within
the Long Bay-Okura Marine reserve near the northern edge
of the North Shore area of Auckland, New Zealand and is
under increasing pressure from urbanisation (Ford et al.,

2003). Tidal influences in this area range from MHWS
3.26 m to MLWS 0.45 m (LINZ, 2006).

2.1.2. Bay of Plenty region (see Fig. 1)
The Tauranga harbour is located on New Zealand’s

northeast coast in the Bay of Plenty and experiences a
MHWS level of 1.86 m and a MLWS level of 0.16 m
(LINZ, 2006). The harbour catchment covers an area of
approximately 200 km2 and is well developed with exten-
sive horticultural, agricultural, urban and commercial uses.
Tauranga city supports a population of around 110 000
(Statistics New Zealand, 2006). Ohiwa harbour
(2872800E, 6346725N; MHWS 1.9 m, MLWS 0.3 m) is
located in the Whakatane region, south of Tauranga city
with a population around 33 000 (LINZ, 2006; Statistics
New Zealand, 2006). The harbour catchment covers an
area of approximately 27 km2 and is surrounded by rural
pastures and low density housing, mainly in the northern
Whakatane town area.

2.2. Field site classification (see Fig. 1)

Contaminant information for each field site detailed in
Table 5 was taken from available Regional Council publi-

Fig. 1. Map of New Zealand indicating location of field sites within the
Auckland and Bay of Plenty regions.
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cations and does not represent contaminant analysis under-
taken as part of this study. Sites within the large metropol-
itan Auckland region included two polluted sites, Hastie
Ave (2670560E, 6471585N, Manukau harbour) and the
Railway Yards (2673345E, 6472140N, Manukau harbour)
and one reference site within the Okura estuary (2663765E,
6501480N). Both sites within the Manukau harbour have
been classified as having ‘unhealthy’ benthic communities
and the area surrounding the Okura estuary as having
‘healthy’ benthic communities (ARC, 2003). Okura estuary
is surrounded by a small urban area and rural pastures and
levels of contaminants have been recorded at or below the
ANZECC (2000) water quality guideline values. The pri-
mary contaminants of concern for the urbanised Auckland
region are zinc, lead, copper and polyaromatic hydrocar-
bons (PAHs) (ARC, 2003). The selected sites within the
harbour have recorded contaminants above the ARC
(2003) high contaminant guideline values for zinc, lead
and copper (i.e., >150 mg/kg, >50 mg/kg and >34 mg/kg
respectively), but below the PAH guideline value (i.e.,
<0.66 mg/kg). Lead concentrations in the Railway Yard
field site have recorded levels below the guideline value.
Conversely, contaminant levels recorded within the Okura
estuary have been recorded at levels at or below the low
contaminant guideline values; <125 mg/kg, <30 mg/kg,
<19 mg/kg and <0.66 mg/kg, for zinc, lead, copper and
PAHs, respectively (ARC, 2003).

Sites within the smaller metropolitan Tauranga region
included two polluted sites, Waikareao Foreshore Reserve
(2788350E, 6384875N, Tauranga harbour) and Te Puna
estuary (2779155E, 6388855N, Tauranga harbour) and
one reference site within the Ohiwa harbour (2866425E,
6347630N, Whakatane). Both polluted sites have lower lev-
els of sediment associated contaminants compared with
those recorded in the Auckland field sites, namely, zinc,
lead and copper (25–40 mg/kg, 4–6 mg/kg, 1–3 mg/kg,
respectively), but these values are nevertheless a cause of
concern for the region. PAH compounds exceeded the ana-
lytical detection limits (2 lg/kg) within the Waikareao
Foreshore reserve field site (32 lg/kg; Environment Bay
of Plenty, 2003) indicating a low to moderate environmen-
tal impact, however this recorded value was lower than the
ARC (2003) low contaminant guideline value (i.e.,
<0.66 mg/kg). No data for PAH levels was available for
Te Puna. Contaminants in the Ohiwa harbour (Whaka-
tane) have been recorded well below the low contaminant
guideline values: <125 mg/kg, <30 mg/kg, <19 mg/kg and
<0.66 mg/kg, for zinc, lead, copper and PAHs, respectively
(ARC, 2003).

2.3. Experimental procedure

Sediment samples for physico-chemical and meiofauna
community analyses were collected at each of the six field
sites (Okura estuary (reference), Hastie Ave, Railway
Yards, Ohiwa harbour (reference), Waikareao Foreshore
Reserve and Te Puna) during winter (July–August) 2004.

Three 30 m transects were laid perpendicular to the shore-
line and located below mean high water spring level at all
field sites. Samples for biological and physico-chemical
analyses were collected at 0, 10, 20, 30 m intervals and sam-
pled from within two 1 m2 quadrats. The sampling proce-
dure included the collection of three haphazard 30 ml
sediment samples for meiofauna composition analysis
and two 30 ml sediment samples for organic analysis.
Organic samples were collected by scraping the upper oxic
sediment layer. The samples were analysed for total
organic carbon and calcium carbonate composition by
Landcare Research Ltd., New Zealand using the methods
outlined by Leco (Laboratory Equipment Corporation),
(1996) and Blakemore et al. (1987). Redox potential dis-
continuity (RPD) depth was recorded from within each
replicate quadrat and consisted of three measurements of
the organic (oxic) layer. Samples for mean sediment grain
size analysis were collected at 15 m from each transect
and analysed by Auckland University, New Zealand using
a Malvern Mastersizer 2000 laser diffraction particle ana-
lyser (Allen, 1992).

2.4. Statistical analysis

Meiofaunal abundance data for each site and field
region were analysed using multidimensional scaling
(MDS) analyses using the PRIMER (Plymouth Routines
in Multivariate Ecological Research) statistical package.
The MDS plots were carried out on totals over the quad-
rats and cores, giving 12 samples (3 transects and 4 dis-
tances) for each of the six field sites. Similarity matrices
for each region were calculated using the Bray Curtis sim-
ilarity measure and to reduce the influence of taxa with
very large abundances, data was square root transformed
prior to calculating the similarities.

Principal component analysis (PCA) was also under-
taken to explain the variation in the data and identify
which taxa contribute to the variation. However, as results
were consistent with the SIMPER and ANOSIM analyses,
results have not been included. Analysis of similarity
(ANOSIM) was used to test for differences between the
sites (data were averaged over transects and distances)
and also between each transect distance combination. Bray
Curtis was used as a similarity (SIMPER) measure to iden-
tify those taxa primarily responsible for the differences
between the sites (Clarke and Warwick, 1994). The Shan-
non-Weiner Index of Diversity was also used to investigate
the biodiversity of the meiofauna community at each dis-
tance and site combination in addition to average field site
calculations.

3. Results

3.1. Multivariate analysis of meiofaunal composition

The stress values (degree of correspondence between the
distances among points reflects the similarity to other

L.A. Hack et al. / Marine Pollution Bulletin 54 (2007) 1801–1812 1803
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points/samples) of 0.05 and 0.09 for both the Auckland
and Bay of Plenty regions respectively, corresponds to
the data having ‘‘excellent’’ or ‘‘good’’ ordination in
2-dimensional space, respectively, with ‘‘no real prospect
of a misleading interpretation’’ as stated in Clarke and
Warwick (1994). Based on the rank similarities between
the samples, the closeness of the points on the Auckland
and Bay of Plenty MDS plots reflects how similar the field
sites are. The current results indicate that predominantly
all field sites both reference and polluted, within both
regions are different because of the clustering of data
points, however, there was some overlap with the two pol-
luted Auckland region field sites, Hastie Ave and the Rail-
way Yards (Fig. 2a and b).

Analysis using ANOSIM indicated that there were dif-
ferences between all Auckland field sites when averaged
over transects and distances (Table 1A). Further investiga-
tion showed that in the Okura (reference) and Hastie Ave
(polluted) field sites, samples from 0 and 10 m were more
similar to each other in meiofaunal composition than to
the 20 and 30 m samples. For the remaining Railway Yard
(polluted) site, distances were indistinguishable from each
other (Table 2A). The field site differences were investi-

gated using similarity percentages (SIMPER) which
showed that the taxa foraminifera, nematodes and ostrac-
ods accounted for between 33% and 85% of the dissimilar-
ity between the three field sites (Table 3A). Furthermore,

Fig. 2. Multidimensional scaling of taxa abundances from each field site within the (a) Auckland field region and (b) Bay of Plenty field regions.

Table 1
Analysis of similarity (ANOSIM) values for differences between each field
site within the (a) Auckland and (b) Bay of Plenty field regions

Pairwise tests

Groups R statistic P-value

(A)

Global test
Sample statistic (global R): 0.507
Significance level of sample statistic: 0.1%
Okura, Hastie Ave 0.84 0.001
Okura, Railway Yards 0.29 0.001
Hastie Ave, Railway Yards 0.37 0.001

(B)

Global test
Sample statistic (global R): 0.75
Significance level of sample statistic: 0.1%
Ohiwa, Waikareao Foreshore Reserve 0.85 0.001
Ohiwa, Te Puna 0.55 0.001
Waikareao Foreshore Reserve, Te Puna 0.84 0.001

1804 L.A. Hack et al. / Marine Pollution Bulletin 54 (2007) 1801–1812
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Table 2
Analysis of similarity (ANOSIM) values for each field site within the (A) Auckland and (B) Bay of Plenty field regions

Pairwise tests Pairwise tests Pairwise tests

Groups R statistic P-value Groups R statistic P-value Groups R statistic P-value

(A)

Okura (reference) Hastie Ave Railway Yards
Global test Global test Global test
Sample statistic (global R): 0.043 Sample statistic (global R): 0.089 Sample statistic (global R): �0.003
Significance level of sample statistic: 0.1% Significance level of sample statistic: 4.7% Significance level of sample statistic: 45.0%

0, 10 �0.01 0.503 0, 10 0.01 0.363 0, 10 �0.02 0.568
0, 20 0.08 0.041 0, 20 0.06 0.069 0, 20 0.02 0.215
0, 30 0.08 0.042 0, 30 0.21 0.001 0, 30 0.05 0.102

10, 20 0.03 0.13 10, 20 0.05 0.123 10, 20 �0.04 0.934
10, 30 0.05 0.077 10, 30 0.14 0.003 10, 30 �0.003 0.396
20, 30 �0.002 0.385 20, 30 0.07 0.045 20, 30 �0.02 0.635

(B)

Ohiwa (reference) Waikareao Foreshore Reserve Te Puna
Global test Global test Global test
Sample statistic (global R): 0.09 Sample statistic (global R): 0.193 Sample statistic (global R): 0.051
Significance level of sample statistic: 0.3% Significance level of sample statistic: 0.1% Significance level of sample statistic: 1.3%

0, 10 �0.02 0.682 0, 10 0.001 0.458 0, 10 0.07 0.046
0, 20 0.11 0.022 0, 20 0.16 0.004 0, 20 0.07 0.031
0, 30 0.23 0.001 0, 30 0.31 0.001 0, 30 0.15 0.001

10, 20 0.04 0.127 10, 20 0.29 0.001 10, 20 �0.03 0.746
10, 30 0.15 0.003 10, 30 0.38 0.001 10, 30 0.04 0.142
20, 30 0.03 0.192 20, 30 0.04 0.164 20, 30 0.01 0.326

Note: 3-decimal places are given for the R statistic where numerical information would otherwise have been lost.
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these taxa groups showed the greatest abundances in the
Hastie Ave (polluted) field site in comparison with the

Railway Yard (polluted) and Okura (reference) field sites
(Fig. 3a–c).

Table 3
Similarity percentages (SIMPER) identifying those taxa that are primarily responsible for the differences between the sites from the ANOSIM analyses
within the (A) Auckland and (B) Bay of Plenty field regions

Groups Okura and Hastie Ave Average dissimilarity = 36.09

Taxa Okura average abundance Hastie Ave average abundance Average dissimilarity Dissimilarity SD Cummulative %

(A)
Foraminifera 63.94 452.74 18.47 4.12 51.16
Ostracods 22.11 90.88 6.58 3.52 69.38
Nematodes 79.5 121.88 4.85 1.37 82.83
Gastropods 0.42 3.14 1.94 2.55 88.21
Polychaetes 2.92 0.36 1.47 1.46 92.28

Groups Okura and Railway Yards Average dissimilarity = 30.03

Taxa Okura average abundance Railway Yards average abundance Average dissimilarity Dissimilarity SD Cummulative %

Foraminifera 63.94 181.1 10.04 1.26 33.43
Nematodes 79.5 65.94 6.55 1.37 55.24
Ostracods 22.11 49.75 3.45 1.26 66.75
Gastropods 0.42 4.07 3.05 1.74 76.91
Polychaetes 2.92 0.18 2.31 1.6 84.6
Copepods 5.44 7.01 2.2 1.72 91.93

Groups Hastie Ave and Railway Yards Average dissimilarity = 30.50

Taxa Hastie Ave average abundance Railway Yards average abundance Average dissimilarity Dissimilarity SD Cummulative %

Foraminifera 452.74 181.1 15.77 1.61 51.7
Nematodes 121.88 65.94 6.09 1.7 71.66
Ostracods 90.88 49.75 4.32 1.8 85.83
Copepods 4.4 7.01 1.62 1.72 91.15

(B)

Groups Ohiwa and Waikareao Foreshore Reserve Average dissimilarity = 28.38

Taxa Ohiwa average abundance Waikareao average abundance Average dissimilarity Dissimilarity SD Cummulative %

Amphipods 0.24 14.97 7.09 5.3 24.96
Nematodes 14.83 44.21 5.25 1.95 43.47
Polychaetes 0.69 10.54 4.71 3.11 60.06
Foraminifera 31.54 57.07 4.17 1.45 74.75
Ostracods 18.13 37.33 3.54 1.98 87.22
Copepods 8.22 10.78 1.77 1.25 93.47

Groups Ohiwa and Te Puna Average dissimilarity = 22.55

Taxa Ohiwa average abundance Te Puna average abundance Average dissimilarity Dissimilarity SD Cummulative %

Foraminifera 31.54 66.39 6.36 1.69 28.19
Copepods 8.22 0.29 5.87 2.54 54.22
Ostracods 18.13 36.67 4.18 1.36 72.74
Nematodes 14.83 23.03 2.48 1.33 83.75
Polychaetes 0.69 1.57 1.22 1.49 89.16
Bivalves 0.85 1.15 1.16 94.26

Groups Waikareao Foreshore Reserve and Te Puna Average dissimilarity = 27.39

Taxa Waikareao average abundance Te Puna average abundance Average dissimilarity Dissimilarity SD Cummulative %

Amphipods 14.97 0.01 7.36 6.58 26.88
Copepods 10.78 0.29 5.48 4.17 46.88
Polychaetes 10.54 1.57 3.66 2.41 60.26
Formainifera 57.07 66.39 3.57 1.43 73.29
Nematodes 44.21 23.03 3.43 1.38 85.81
Ostracods 37.33 36.67 2.53 1.38 95.03

Note: Average dissimilarity is a measure of dissimilarity between the field sites, dissimilarity standard deviation is a measure of the variability, cummulative
% is the number of observations that lie above a particular value in the data set.
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ANOSIM analysis indicated differences between all Bay
of Plenty field sites (reference and polluted) when averaged
over transects and distances (Table 1B). Furthermore,
Ohiwa (reference) and Waikareao Foreshore Reserve (pol-
luted) samples from 0 and 10 m were more similar to each
other than to the 20 and 30 m samples (Table 2B). Within
the Te Puna field site (polluted), 0 m was different to all
other distances (Table 2B). Using SIMPER to analyse
the differences between field sites it was found that no par-
ticular taxa groups consistently accounted for the dissimi-
larity between the reference and polluted sites in the Bay
of Plenty region (Table 3B).

3.2. Redox potential discontinuity measurements

Mean redox potential discontinuity (RPD) measure-
ments recorded in Okura (reference) were significantly dif-
ferent from the two polluted sites, Hastie Ave and Railway
Yards (Table 4). This was further illustrated in Fig. 4a
where the mean RPD layer measurements were greater
and therefore deeper in Okura followed by the Railway
Yards and Hastie Ave field sites. This trend was not
observed in the Bay of Plenty region field sites where the
polluted Waikareao Foreshore Reserve site was signifi-
cantly different to both Ohiwa (reference) and Te Puna

Fig. 3. Multidimensional scaling of taxa abundances for (a) foraminifera, (b) nematodes and (c) ostracods. Bubbles have been grouped relative to the
Auckland field sites and the sizes represent the abundance of each taxa within each Auckland field site.

L.A. Hack et al. / Marine Pollution Bulletin 54 (2007) 1801–1812 1807



Author's personal copy

(polluted) field sites (Table 4). This was graphically repre-
sented in Fig. 4b whereby the mean RPD measurements
were deepest in the Waikareao Foreshore Reserve site.

3.3. Carbon–nitrogen ratios

Mean carbon–nitrogen (C–N) ratios recorded in the pol-
luted Railway Yard (14.6) field site were significantly differ-
ent compared with the Hastie Ave (polluted) (12.5) and
Okura (reference) (11.7) field sites (Table 4). This was fur-
ther represented in Fig. 5a whereby the larger mean C–N
ratios occurred in the Railway Yard field site within the
Auckland region. In comparison, the mean C–N ratios

recorded in the Ohiwa (reference) (14.4) field site were sig-
nificantly different from both the polluted Waikareao Fore-
shore Reserve (12.1) and Te Puna (9.8) sites. In addition,
Fig. 5b graphically represents in 2-dimensional space the
larger mean C–N ratios recorded in the Ohiwa field site
compared with the Waikareao Foreshore Reserve and Te
Puna field sites.

3.4. Sediment grain size

The average sediment grain size composition in the pol-
luted Hastie Ave and Railway Yards sites within the Auck-
land region was larger with an average particle size of

Table 4
Average volume weighted sediment grain size (lm) averaged over distances and transects for each field site, mean redox potential discontinuity (RPD)
measurements and mean carbon–nitrogen ratios for all distances and transects for each field site within the Auckland and Bay of Plenty regions

RPD Carbon–nitrogen Grain size

Mean 95% CI Mean 95% CI Mean Standard error

Auckland Okura (reference) 15.1 11.6–18.6 11.7 11.4–11.9 88.7 6.4
Hastie Ave 4.8 3.9–5.7 12.5 11.5–13.4 171.6 46.6
Railway Yards 8.8 7.0–10.6 14.6 13.0–16.2 223.5 31.9

Bay of Plenty Ohiwa (reference) 2.6 2.3–2.9 14.4 12.9–15.8 217.2 64.5
Waikareao Foreshore Reserve 3.8 3.7–4.0 12.1 11.3–12.9 252.2 42.8
Te Puna 2.7 2.5–2.9 9.8 9.5–10.2 218.7 32.4

Confidence intervals (CI) and standard errors for the means are shown.

Fig. 4. Multidimensional scaling of taxa abundances superimposed with the redox potential discontinuity (RPD) layer measurements in the (a) auckland
and (b) Bay of Plenty field regions. Bubbles have been grouped relative to the Auckland and Bay of Plenty field sites and the sizes represent the mean RPD
values for each field site.
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(171.6–223.5 lm ± standard error, 46.6–31.9 lm, respec-
tively) compared with Okura (88.7 lm ± 6.4 lm) (Table
4). In contrast, sediment grain size in the Ohiwa (reference)
and Te Puna (polluted) field sites (217.2–218.7 lm ± 2.1–
3.7 lm, respectively) were very similar and differed by only
1.5 lm and in addition, the Waikareao Foreshore Reserve
(polluted) field site recorded the greatest average grain size
of (252.2 lm ± 42.8 lm) (Table 4).

3.5. Shannon-Weiner index of diversity

Shannon-Weiner diversity measures (H 0) did not indi-
cate any significant trends with distance down the shoreline
in both the Auckland and Bay of Plenty field sites as all the
confidence intervals overlapped (Fig. 6a and b). Fig. 7a did
illustrate greater variability in species diversity when aver-
aged over all distances in the Okura and Railway Yard
sites than compared with the Hastie Ave site due to the
wider confidence intervals. Conversely, all diversity mea-
sures recorded within the Bay of Plenty field sites (Ohiwa
(reference), Waikareao Foreshore Reserve (polluted), Te
Puna (polluted)), were significantly different from each
other as the confidence intervals did not overlap, however
interpretation must be done with caution as the observed
differences were marginal (Fig. 7b).

4. Discussion

Extensive sampling of the benthos in the Auckland and
Bay of Plenty regions in New Zealand has allowed us to
provide an evaluation of the relationships between meiofa-
una, their sedimentary habitat and sediment contaminants.
The results obtained provide a general picture of the spatial
distribution of the meiofauna communities and their vari-
ability during the winter of 2004. A major limitation in this
study was the collection of winter samples only and in the
absence of seasonal data, could lead to an underestimation
of meiofaunal distribution and abundance and associated
physico-chemical parameters at each field site. The sedi-
ment physico-chemical parameters selected for investiga-
tion in this study (redox potential discontinuity layer
(RPD), organic and grain size composition) represent some
of the major environmental parameters known to affect the
composition and diversity of meiofauna and were used to
characterise the ambient situation of the meiobenthos
(Higgins and Thiel, 1988). Among these parameters, sedi-
ment grain size is one of the most important factors as
many species of meiofauna exploit the coarser sediments.
Therefore, the greater proportion of fine sediments in a
sample determines the degree of accessibility into the coar-
ser substrate. Furthermore, it is known that meiofaunal

Fig. 5. Multidimensional scaling of taxa abundances superimposed with the carbon- nitrogen ratios in the (a) Auckland and (b) Bay of Plenty field
regions. Bubbles have been grouped relative to the Auckland and Bay of Plenty field sites and the sizes represent the mean carbon–nitrogen ratios for each
field site.
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communities decrease with increasing depth, therefore the
depth of the RPD layer directly affects the proportion of
oxic sediments available for meiofaunal occupation. Also,
in order to understand meiofaunal community distribution
and abundance, fluctuations of sediment organic content is
required especially as the productivity of meiofaunal com-
munities depends on the availability of organic matter as a
food source.

The two polluted sites within the Auckland region (Has-
tie Ave and Railway Yards) have historically high levels of
copper (Cu), lead (Pb), zinc (Zn) and polycyclic aromatic
hydrocarbons (PAHs) mainly due to industrial contamina-
tion from nearby railway yard operations, steel operations
and paint manufacturing (Glasby et al., 1988; Williamson
et al., 1995). Elevated levels of contaminants have also been
recorded within the Bay of Plenty polluted field sites (Table
5). The Auckland reference site (Okura) is a relatively clean
estuary but has recorded elevated levels of contaminants
compared to the Ohiwa reference site in the Bay of Plenty
(Table 5). Okura was selected for its relatively low
impacted catchment and the low levels of sediment associ-
ated contaminants in comparison with other estuaries in

the Auckland region. Furthermore, while the results of this
study do not prove contaminants are affecting meiofaunal
community composition, they may still be indicative of
effects.

The differences between the Auckland field sites were
reflected in the MDS plots of taxa abundances which indi-
cated Okura had more variable taxa abundance compared
with the two distinctly different polluted sites. However, the
Bay of Plenty MDS plots showed clear distinctions
between each field site. In addition, the abundances of
the taxa, foraminifera, nematodes and ostracods that con-
tributed to the variation between the Auckland field sites,
might suggest high sediment organic content (Higgins
and Thiel, 1988). Furthermore, the variable taxa abun-
dances within each field site may be an indication of spatial
and temporal environmental variability and does not nec-
essarily indicate variation resulting from sediment
contamination.

Mean sediment redox potential layer (RPD) was shal-
lower in the polluted Auckland sites (4.8–8.8 cm) compared
with a considerably deeper layer in Okura (15.1 cm) which
could be attributed to the lower number of mangroves in
the polluted sites able to aerate the sediment matrix via
pneumatophore/sediment interactions. This result is also
an indication that the dispersion of oxygen and nutrients
is limited to a shallower band of sediment. This trend
was not observed in the Bay of Plenty sites whereby the
Ohiwa (reference) and Te Puna (polluted) field sites
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recorded similar but shallower RPD depth measurements
(2.6–2.7 cm) compared with a deeper RPD layer in the
Waikareao Foreshore Reserve (polluted) site (3.8 cm).
The differences in redox potential depths between each field
site may therefore be a limiting factor in the distribution
and abundance of meiofauna communities in the selected
field sites.

In the present study sediment organic C–N composition
was greater in the Auckland region polluted field sites
(Hastie Ave and Railway Yards) compared with lower lev-
els in the reference site (Okura), however this trend was not
observed in the Bay of Plenty sites. This may be related to
the historical pollution loading recorded within the Auck-
land region and may provide further evidence to support
the relationship between organically rich sediments and
contaminant sequestration (Knight and Pasternack, 1999;
Windom, 1975). Furthermore, the high sediment scour
(i.e., low depositional site) resulting from wave action in
Te Puna (Bay of Plenty polluted site) may provide a possi-
ble explanation for the low levels of sediment associated
organics recorded in this site during the current study.

Hydrodymanic forces (e.g., sediment scouring) are a key
factor in determining the sediment grain size composition
(Liu et al., 2006) and is considered the most likely factor
in determining the greater average grain size in the more
exposed Auckland polluted field sites as compared with
the smaller average grain size recorded in the more shel-
tered Okura (reference) site. Despite the presence of man-
grove stands in the polluted areas, wave action may still
be scouring the sediments and reducing the proportion of
finer sediment particles settling out of the water column
in comparison with a higher depositional environment in
the Okura site. Particle size differences were variable in
the Bay of Plenty field sites and it appears from the current
study that wave action may also be the primary factor in
determining average grain size in the Te Puna field site
compared with the Waikareao Foreshore Reserve and
Ohiwa field sites due to the presence of coarser sediment.
However, this does not appear to be related to lower levels
of sediment associated contaminants as one would expect
(Table 5) (Bryan and Langston, 1992).

The Shannon-Weiner diversity index provides a measure
of diversity in a community and we would have expected
that the unpolluted field sites, Okura and Ohiwa would
have high taxa diversity due to reduced contaminant levels
reflected in larger H 0 values and conversely, the polluted
sites lower taxa diversity and lower H 0 values. This trend
was also reported in a study by Chen et al. (2006) where
the Shannon-Weiner values were lower in the lower reaches
of the vulnerable Tarim River environment. However the
current results showed no relationship between taxa diver-
sity and levels of field site sediment associated contami-
nants (Table 5). Interestingly, the diversity values
calculated for each distance down the shore in the Okura
(reference) and the Railway Yard (polluted) field sites
(Auckland region) were more variable than the Hastie
Ave site (polluted) (Fig. 6a) with the possible explanation
being that the meiofauna populations in these two field
sites were larger than recorded in Hastie Ave resulting in
greater variation.

5. Conclusions

Further investigation of the taxa and sediment charac-
teristics utilising a wider range of polluted field sites is nec-
essary to characterise pollution at the field sites. Additional
measurements including sediment chlorophyll and phaeo-
pigment compositions should also be recorded. Further-
more, it is recommended that long term monitoring of
species composition be done in order to highlight changes
in diversity at each field site due to sediment contaminant
levels and environmental variability.
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Table 5
Mean contaminant (lead (Pb), copper (Cu) and zinc (Zn)) concentrations (mg/kg�1) in the 500 lm sediment fraction and polyaromatic hydrocarbons
(PAH) concentrations (lg kg�1) in the 500 lm sediment fraction recorded in the sediments at each field site within the Auckland and Bay of Plenty field
region

Region Site Contaminants (mg kg�1) PAH (lg kg1)

Pb Cu Zn

Auckland Okura (Reference) 10 7 39 16
Hastie Avea >50 >34 >150 <66
Railway Yards 32 37 155 65

Bay of Plenty Ohiwa (reference) 3.9 4.2 22.9 3
Waikareao Foreshore Reserve 4.4 1.3 40.5 32
Te Puna 6 2.8 25.6 N/A

Contaminant data was taken from ARC (2003), Environment Bay of Plenty (2003) and Stephen Park, Environment Bay of Plenty (pers. comm.) and refer
to sites as close as possible to those listed in the table below.

a ARC (2003) contaminant guideline values are given for the Hastie Ave site as no data was available. ARC (2003) contaminant guideline values were
above the tabulated contaminant values.

L.A. Hack et al. / Marine Pollution Bulletin 54 (2007) 1801–1812 1811



Author's personal copy

References

Allen, T., 1992. Particle size Measurement, fourth ed. Chapman and Hall.
ANZECC, 2000. Australian and New Zealand Guidelines for Fresh and

Marine Water Quality. National Water Quality Management Strategy.
Australian and New Zealand Environment and Conservation Council.
Agriculture and Resource Management Councils of Australia and
New Zealand, Canberra, Australia.

Auckland Regional Council, 2003. Regional Discharges Project. Marine
Receiving Environment Status Report, Technical Publication 203.

Blakemore, L.C., Searle, P.L., Daly, B.K., 1987. Methods for chemical
analysis of soils. New Zealand Soil Bureau Scientific Report 80, 103.

Bryan, G.W., Langston, W.J., 1992. Bioavailability, accumulation and
effects of heavy metals in sediments with special reference to United
Kingdom estuaries: a review. Environmental Pollution 76, 89–131.

Chen, Y. -N., Zilliacus, H., Li, W.-H., Zhang, H.-F., Chen, Y.-P., 2006.
Ground-water level affects plant species diversity along the lower
reaches of the Tarim river, Western China. Journal of Arid Environ-
ments 66, 231–246.

Clarke, K.R., Warwick, R.M., 1994. Change in Marine Communities: An
Approach to Statistical Analysis and Interpretation. Natural Envi-
ronment Research Council, UK.

Dyer, M.F., Fry, W.G., Cranmer, P.D., 1983. Benthic regions within the
North Sea. Journal of the Marine Biological Association UK 63, 683–
693.

Environment Bay of Plenty. 2003. Marine Sediment and Contaminants
Survey (2001–03) of Tauranga Harbour, Technical Publication 2003/
20.

Ford, R.B., Anderson, M.J., Honeywill, C., Peacock, L., 2003. Ecological
monitoring of the Okura Estuary. Report 4: Final report for the year
2002-2003. ARC Technical Publication 216 (TP216), Auckland
Regional Council.

Fox, M.E., Roper, D.S., Thrush, S.F., 1988. Organochlorine contami-
nants in surficial sediments of Manukau Harbour, New Zealand.
Marine Pollution Bulletin 19, 333–336.

Glasby, G.P., Stoffers, P., Walter, P., Davis, K.R., Renner, R.M., 1988.
Heavy-metal pollution in Manukau and Waitemata Harbours, New
Zealand. New Zealand Journal of Marine and Freshwater Research
22, 595–611.

Hickey, C.W., Roper, D.S., Holland, P.T., Trower, T.M., 1995. Accu-
mulation of organic contaminants in two sediment dwelling shellfish
with contrasting feeding modes: deposit- (Macomona liliana) and filter-
feeding (Austovenus stutchburyi). Archive of Environmental Contam-
inant Toxicology 29, 221–231.

Higgins, R.P., Thiel, H.T., 1988. Introduction to the Study of Meiofauna.
Smithsonian Institution Press, Washington, DC, London.

Holland, P.T., Hickey, C.W., Roper, D.S., Trower, T.M., 1993. Variabil-
ity of organic contaminants in inter-tidal sandflat sediments from
Manukau Harbour, New Zealand. Archive of Environmental Con-
taminant Toxicology 25, 456–463.

Knight, M.A., Pasternack, G.B., 1999. Sources, input pathways, and
distributions of Fe, Cu, and Zn in a Chesapeake bay tidal freshwater
marsh. Environmental Geology 39 (12), 1359–1371.

Leco (Laboratory Equipment Corporation)., 1996. St Joseph, Michigan,
USA.

Land Information New Zealand, 2006. <http://www.hydro.linz.govt.nz/
tides>.

Liu, L., Li, F., Xiong, D., Song, C., 2006. Heavy metal contamination and
their distribution in different size fractions of the surficial sediment of
Haihe River, China. Environmental Geology 50, 431–438.

Ministry for the Environment, 1997. The State of New Zealand’s
Environment. Ministry for the Environment, Wellington, New
Zealand.

Nakagami, M., Takatsu, T., Matsuda, T., Takahashi, T., 2000. Feeding
on harpacticoid copepods by marbled sole Pleuronectes yokohamae

juveniles in the coastal areas of Tsugaru Strait, Hokkaido. Nippon
Siusan Gakkaishi 66 (5), 818–824.

Nozais, C., Perissinotto, R., Tita, G., 2005. Seasonal dynamics of
meiofauna in a South African temporarily open/closed estuary (Mdloti
Estuary, Indian Ocean). Estuarine and Coastal and Shelf Science 62,
325–338.

Oberholster, P.J., Botha, A.-M., Cloete, T.E., 2005. Using a battery of
bioassays, benthic phytoplankton and the AUSRIVAS method to
monitor long-term coal tar contaminated sediment in the Cache la
Poudre River, Colorado. Water Research 39, 4913–4924.

Pace, M.C., Carman, K.R., 1996. Interspecific differences among meio-
benthic copepods in the use of microalgal food resources. Marine
Ecology Progress Series 143, 77–86.

Pinckney, J.L., Carman, K.R., Lumsden, S.E., Hymel, S.N., 2003.
Microalgal–meiofaunal trophic relationships in muddy intertidal
estuarine sediments. Aquatic Microbial Ecology 31, 99–108.

Rees, H.L., Pendle, M.A., Waldock, R., Limpenny, D.S., Boyd, S.E.,
1999. A comparison of benthic biodiversity in the North Sea, English
Channel, and Celtic Seas. ICES. Journal of Marine Science 56, 228–
246.

Reichert, M.J.M., 2003. Diet, consumption, and growth of juvenile
fringed flounder (Etropus crossotus): a test of the ‘maximum growth/
optimum food hypothesis’ in a subtropical nursery area. Journal of Sea
Research 50 (2–3), 97–116.

Schratzberger, M., Warr, K., Rogers, S.I., 2006. Patterns of nematode
populations in the southwestern North Sea and their link to other
components of the benthic fauna. Journal of Sea Research 55, 113–
127.

Statistics New Zealand, 2006. <http://www.stats.govt.nz>.
Uye, S., Nakai, S., Aizaki, M., 2004. Potential use of extremely high

biomass and production of copepods in an enclosed brackish water
body in Lake Nakaumi, Japan, for the mass seed production of fishes.
Zoological Studies 43 (2), 165–172.

Williamson, R.B., Wilcock, R.J., 1994. The distribution and fate of
contaminants in estuarine sediments – Recommendations for environ-
mental monitoring and assessment. Technical Publication 47, Auck-
land Regional Council, New Zealand.

Williamson, R.B., Hume, T.M., Smith, D.G., Wilcock, R.J., Mol, J., Van
Dam, L., 1992. Studies on the fate of contaminants in the Manukau
Harbour 1991–1992. Unpublished report for Auckland Regional
Council, Water Quality Centre.

Williamson, R.B., Mol-Krijnen, J., Van Dam, L., 1995. Trace metal
partitioning in bioturbated, contaminated, surficial sediments from
Mangere Inlet, New Zealand. New Zealand Journal of Marine and
Freshwater Research 29, 117–130.

Windom, H.L., 1975. Heavy metal fluxes through salt-marsh estuaries. In:
Cronin, L.E. (Ed.), Estuarine Research, vol. 1. Academic Press,
New York, pp. 137–152.

1812 L.A. Hack et al. / Marine Pollution Bulletin 54 (2007) 1801–1812

View publication statsView publication stats

https://www.researchgate.net/publication/5971465

