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The Ocean

There is a pleasure in the pathless woods,
There is a rapture on the lonely shore,
There is a society, where none intrudes,

By the deep Sea, and music in its roar:
| love not Man the less, but nature more,
From these our interviews, in which | steal
From all | may be, or have been before,

To mingle with the Universe, and feel
What | can ne’er express, yet cannot all conceal.

...And | have loved thee, Ocean! and my joy
Of youthful sports was on thy breast to be
Borne, like thy bubbles, onward: from a boy
| wanton’d with thy breakers - they to me
Were a delight; and if the freshening sea
Made them a terror - ‘twas a pleasing fear,
For | was as it were a child of thee,

And trusted to thy billows far and near,
And laid my hand upon thy mane - as | do here.

Lord Byron



Abstract:

An investigation of the sediments and ecology of the dump ground was
conducted in March 1995. The primary purpose of the investigation was to
analyse factors which may be affecting the benthic biota on the dump
ground. These include heavy metal content of the sediments, grain size
characteristics of the sediments, and population distribution of the benthic
biota on and surrounding the dump ground. It was intended that information
obtained could be utilised in future investigations on the ecology of the dump
ground, noting changes that have occurred over time.

Heavy metal analysis of Cadmium, Chromium, Copper, Mercury, Lead, and
Zinc from the dump ground, turning basin, and inner harbour area indicate
that concentrations of all heavy metals were all very low and well within
resource consent limits.

Sediment and ecological samples from 25 sites on and surrounding the dump
ground were taken. Two other sites were also surveyed, one from the
turning basin, another from the inner harbour area (dredged material).
Examination of the sediments has shown that although the dredged material
consists solely of mud sized particles the sediments of the dump ground are
mainly sand sized sediments. This suggests that during the dumping
process dispersion of mud occurs. Mud is transported off the dump ground
ina southeasterly direction.

Ecological evaluation indicates benthic species diversity and abundance of
macrofauna is high, with no species in particular dominating the species
assemblage. Comparison between this study and a 1993 survey shows
increased diversity over the dump ground. Increased population abundance
was evident and larger sized bivalves are indicative of an ageing population.

Field experiments examining the kelp beds indicate a decline in the
population of Ecklonia radiata from 1993 to 1996. It is thought that this
decline may be due to suspended sediment load from the Turanganui River,
as the kelp beds are situated in the direction of discharge from the River.
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Chapter One: Introduction

Chapter One:

Introduction
1.1 Study Area

Poverty Bay is a semi-circular oceanic embayment which is situated on the
east coast of the North Island of New Zealand (Figure 1.1). The bay has a
perimeter of 37 km, and is approximately 9 km wide, with a maximum length of
11 km. Material dredged from the harbour entrance and channel is deposited
on the dump ground which is centred at 38°41'92S, 178°00'78E (Healy &
Tahata, 1993) and has a radius of 500 m. It is located 2 km offshore from Kaiti
Beach in a water depth between 14.0-19.5 m (Kensington, 1990; Figure 1.2).

1.2 The Problem

Maintenance dredging is required for the continued operation of the Port
Gisborne Ltd, with the shipping channel entrance needing to be maintained at
-8.7 m water depth. Dredging has occurred since early port developments in
the 1880’s (Whyte, 1984). The formation of a bar in the lee of the present
breakwater has meant that maintenance dredging is required as sediment
accumulates in the channel and at the entrance inducing a shallowing effect.
The accumulating sediment originates from rivers draining into Poverty Bay,
particularly the Turanganui River which enters adjacent to the channel
entrance. The most rapid rates of sedimentation occur between the harbour
end of the channel and 180 m beyond the end of the breakwater (Kensington,
1990).
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1.2.1 Resource Consent

The dump ground in Poverty Bay would be classified as a partly dispersive
open water disposal site (McAnally & Adamec, 1987). A coastal permit was
granted in 1993 permitting the dredging and dumping of the spoil in a new
dump ground of circular shape some 250 m to the south of the previous
ground. The new ground avoids the Foul Grounds, an area of rocky reefs
including Hawea Rock, Tokomaru Rock and Temoana Rock (Figure 1.2).

Under the New Zealand Coastal Policy Statement (1994) a resource consent is

required to dump more than 50,000 m® annually, classifying the activity as a

'restricted coastal activity’. For this purpose two permits need to be obtained:

(i) Resource Consent for dredging and dumping (Coastal Permit) under
the Resource Management Act 1991.

(i) Dumping Permit issued by Maritime Transport under the Marine
Pollution Act 1974.

The Department of Conservation has expressed concern over the impact of
dumping on the benthic ecology of the rocky substratum comprising the Foul
Grounds, resulting in the need for an impact assessment on the benthic
ecology as a condition of the resource consent.

1.2.2 Heavy Metal Consideration

As a condition of the Resource Consent, monitoring of the heavy metal
concentration of the sediments at the dump site and in the harbour area need
to be assessed. A previous study by Sander (1992) indicated that organic
carbon, cadmium, chromium, copper and lead showed slightly elevated levels
at the dump ground compared to the control site levels, but these levels were
insignificant compared to the United States Environmental Protection Agency
and Canadian Ocean Dumping Criteria. Concern was expressed at the high
lead concentrations in Kaiti Basin sediments, which exceeded the Canadian
Ocean Dumping Criteria, but mixing during the dredging and dumping process
diluted this level resulting in levels of lead on the dump ground not being
excessively elevated (Sander, 1992).
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Figure 1.1 Location of Poverty Bay on the East Cape of the North Island.
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1.3 Study Obijectives

The present study objectives are to carry out an environmental assessment of
the biota of the dump ground, and the adjacent rocky reef and port turning
basin to satisfy the conditions of the Resource Consent. This includes:

(i) a description of the fauna and flora of the dump ground and the
surrounding rocky reefs, and present the distribution and abundances of
the major taxa;

(i)  analysis of the sediment chemistry, heavy metals from the dump
ground and the turning basin as specified in the resource consent, and
assessment of any impact on the biota;

(ili)  identification of likely influences of those organisms on sediment
stability, and their sensitivity to changes in sediment regimes as well
as a review of the movement of material on the dump ground in
relation to biota;

(iv)  investigation of the sensitivity of the biota to environmental
perturbations; and

(v)  assessment of identifiable variation in biota from previous studies.

1.4 Outline of Study

In order to achieve the objectives listed Chapter 2 provides background
information which is relevant to the study, including previous studies in the
area. Chapter 3 consists of recent analyses of heavy metal concentrations.
Chapter 4 details sediment characteristics including both RSA, and pipette
analysis to evaluate changes in sediment regimes. Ecological monitoring and
analysis is included in Chapter 5 as well as an evaluation of variation in biota
over time. Chapter 6 contains ecological field experiments, as well as data
concerning the persistence of kelp on the Foul Grounds. Chapter 7
summarises results, and makes suggestions for future studies.
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Chapter Two:

Background Information

2.1 Introduction

The sediment cycle of Poverty Bay is dependent on climate, geology and
sediment supply. Maintenance dredging is necessary to maintain the port
channel at Poverty Bay as sediment eroded from sandstones and mudstones
are readily transported by river systems into the harbour, resulting in an
accumulation of sediment within the port channel. This in turn leads by
necessity to dredging operations. Dredging has periodically occurred since
1929. The impacts of dredging on the fauna in the harbour needs to be
considered. These impacts can range from the discoloration of water over the

disposal site, to the smothering of benthic fauna.

2.2 Climate

The weather of the Gisborne region is greatly influenced by the orography.
The Raukumara Range rising to 1500 m is located to the west of Poverty Bay
and provides shelter from westerly winds. The foehn wind effect leads to high
temperatures and low rainfall. During easterly air mass conditions the uplift
caused by the Raukumara Range orographically induces heavy rainfall

(Hessell, 1980). Heavy rainfall can induce mass erosion of sandstones and
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mudstones, which can dramatically increase the suspended sediment load of

local river systems.

The prevailing north-westerly wind is usually warm and dry. Southerly winds
tend to be cold and wet but typically of short duration (Smith, 1975). Variations
in wind speed throughout the day are also noticeable and are largely due to
afternoon sea breezes (Miller, 1981). Rainfall is highest from May to August
(Figure 2.1). The mean annual air temperature ranges from 9 to 20 °C at

Gisborne aerodrome (Kensington, 1990).
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Figure 2.1 Mean monthly rainfall (1941-1970) measured at Gisborne Harbour
(from Miller, 1981).

Seasonal variation in water temperature and salinity have also been
measured, indicating that during winter, slight stratification of the water column

occurs. Bottom waters are more saline and of a higher temperature than
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surface water. The greatest fluctuations are recorded close to the mouths of
the Turanganui River and Waipaoa River. There are three major influences of
turbidity in Poverty Bay, the Gisborne City Outfall, Waipaoa River and the
Turanganui River which introduce a continuous supply of highly turbid water
(Miller, 1981).

Episodic events also impact upon the environment of Poverty Bay. These
| events include periodic storms which may result in flooding of river systems
which produce fluxes of highly turbid water and increased suspended
sediment load. As a consequence of increased sediment load, greater rates of
infilling in the channel occur after storm events. Estimates of channel infilling
during Cyclone Bola from the 6" March to 11" March in 1988 was 2426 m?® per
day.

2.3 Geology

Geologically the Poverty Bay region is young. The region consists of low-lying
plains surrounded by hills and steep ranges. The Raukumara Ranges form the
main divide and are the headwaters of the Waipaoa Basin. The region is
largely made up of greywacke sandstone of Triassic to Jurassic age (Moore,
1988). Other areas of the Poverty Bay Region are mainly made up of Miocene
sandstones and mudstones, with small areas of Cretaceous marine
sandstones and mudstones. The Miocene sandstones and mudstones have
experienced local folding and faulting, with deformation seen in slump folding.
The sandstones and mudstones are extraordinarily prone to erosion,
particularly when saturated (Claridge, 1960). This leads to a regular supply of
sand and mud sized particles to the river systems, resulting in high turbidity

and high suspended sediment loads.
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The late quaternary uplift of the central axial ranges in the Poverty Bay region
is estimated at between 1 and 3 mm per year, while the Gisborne plains remain
stable (Pillans, 1986). The Gisborne region is tectonically active, averaging 13
earthquakes of magnitude 4.0 or greater within a 100 km radius of Gisborne
per year (Kensington, 1990). This activity likely enhances erosion of the

catchment area leading to high suspended sediment loads in the rivers.

2.4 Sediment Supply

Sediment is drained into the harbour by two river systems. The Waipaoa has a
drainage area of 1900 km?, and the Turanganui - Waimata - Taraheru drains
an area of 300 km?>. The Waipaoa River has one of the highest suspended
sediment discharges in New Zealand (Griffiths & Glasby, 1985). The average
annual runoff is 58 m®.s™, with the greatest monthly runoff during July of 813
m.s™, and the lowest average runoff in January of 8 m.s™ (Heath, 1985). The
major source of sedimentation in the shipping channel is evidently, as
Kensington (1990) noted, directly proportional to the sediment load discharge
from the Turanganui River. In periods of rapid infiling in the channel the

sediment load of the river was also correspondingly high (Kensington, 1990).

The bed material of the lower Waipaoa river consists mainly of very fine sand,
silt and clay sized particles. This indicates that the material is transported as
suspended sediment, and constitutes most of the sediment deposited in
Poverty Bay from the river system. The additional presence of coarse sand and
granule - sized sediment at the river mouth indicates that this material is also

transported during periods of high discharge.

2.5 Waves and Tides
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Poverty Bay is exposed to swell waves from the south and wind waves from a
northeast direction. The significant wave height range in Poverty Bay is from
0.2 -3.2ms" . The predominant approach for deep water waves recorded off
the east coast of the North Island is from the north through to the east
(Kensington, 1990). The tidal range is microtidal and has little effect on the
speed of water currents in the bay. Tidal currents have limited influence on the

direction of dredge spoil dispersion (Kensington, 1990).

The unidirectional current speeds at the dump site are between 0.08 and 0.26
m®.s™ (Kensington, 1990). The threshold velocity of very fine sand to very
coarse silts is approximately 0.30 m.s™ for unconsolidated sediment. Wave
refraction analysis of Poverty Bay indicated that wave focusing at the dump
ground occurs when wave approach is between 165 to 185° true. This
coincides with the typical storm wave approach along the east coast, south of
East Cape. The storm wave generated currents may therefore induce dredge
spoil into suspension, allowing unidirectional currents to transport spoil from

the dump site (Kensington, 1990).

2.6 Impacts of Dredging

Maintenance dredging of a channel physically alters the sea bed geometry,
which results in the continual infilling of the channel. There are several options
available for the disposal of dredged material, including beach nourishment,
land disposal, or open water disposal. The chemical properties of the spoil are
important in influencing the method of disposal, especially if the spoil has high

quantities of potentially toxic compounds (Roper and Hickey, 1994).
Open water disposal is the most common method for the deposition of dredge

spoil, also being the least expensive method of disposal. There are two kinds

of open water disposal, retentive and dispersive. Retentive disposal uses

10



Chapter Two: Background Information

inerodible caps to isolate contaminated spoil from the surrounding
environment in sheltered sites. Dispersive sites use ambient currents which
may remove and disperse the sediment from off the dump site; these sediments
are uncontaminated. For this purpose dumping on like sediments should
occur, as adverse effects are more likely to occur if spoil sediments are

incompatible with bottom sediments (Kennish, 1991).

Four main factors influence the disposal at open water sites, including
placement techniques, site designation, site capacity and dispersion and

mixing (Roper and Hickey, 1994).

Dredge spoil may impact on benthic infauna in two main ways: chemical
impacts and physical impacts. There are four categories of chemical
contamination associated with dredged sediments (Kennish, 1991):

() Transition and heavy metal contamination.

(ii) High concentrations of organic matter fostering anoxia.

(iii) the presence of hydrogen sulphide, petroleum hydrocarbons.

(iv) Synthetic organic chemicals.

The physical effects of spoil disposal include the burial of organisms and
smothering effects caused by high turbidity and the resulting high sediment
settling rates. If dredge spoil is not contaminated then it is the method by which

the spoil is disposed of that impacts upon the benthic fauna the most.

Typically sediment may be removed from shipping channels by hydraulic or
mechanical removal. Hydraulic dredges operate producing a slurry of
sediment and water which is then pumped to the disposal site. Material may
be dredged via a mechanical dredge which lifts the sediment from the seabed
and transports it to the dump ground via a barge or similar vessel (Kennish,
1991). This method is utilised in Poverty Bay for the disposal of dredge spoil
by Port Gisborne Limited.

11
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The short term impacts of dumping may affect the benthic fauna by increasing
turbidity, reducing light penetration, release of ammonia, phosphorus, and
manganese into the water column and decreasing the availability of food
(Ryan, 1989). Long term impacts of dredging may include changes in bottom
topography, as well as the composition and texture of the sediments. The
impacts on benthic fauna may result in the postponement of recolonisation,

reduced species diversity, and possible changes in species composition.

2.7 The Dredging Operation

The Port of Gisborne has required periodic dredging since 1929 (Whyte, 1984),
relocating 50,000 to 70,000 m® of sediment per year. Dredging has mainly
been located in the turning basin and entrance channel. Although dredging
occurs throughout the whole year, constraints (e.g. equipment failure and
unfavourable weather conditions) mean that dredging typically occurs only
about 30% of the time, with the majority of dredging being carried out in the
summer months when weather conditions are favourable (Sander, 1993). The

average daily rate of infilling has been calculated at 107 m® (Kensington 1990).

Dumping of the spoil from 1953 - 1986 at the previous dump ground to the
dump site being shallowed by 4 - 6 m (Kensington, 1990). At the present dump
site, shallowing does not occur as erosion of the mound results in dispersion of

the spoil in a south - east direction (de Lange et al., 1996).

Kensington (1990) noted that at the site of dredge spoil dumping, a noticeable
discoloration of the water is visible. The turbidity reduces rapidly within
minutes after dumping, and has returned to normal within an hour after
dumping has finished. The pH effect of the dredge spoil dumped on the dump

ground was measured as being minimal.

12
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2.8 Previous Studies

Previous studies in the Poverty Bay region have investigated a range of
characteristics. Roper et al. (1989) studied the impacts of sewage discharge
from the outfall pipe has on the biota surrounding the pipe. They identified a
polluted zone which extended 200 m from the diffusers, while a transitional
zone extended between 800 to 1600 m from the outfall pipe. Kensington
(1990) completed a study on sediment and dredge spoil characteristics of
Poverty Bay, and proposed a model of dredge spoil dispersion based upon
side-scan, sonar monitoring and sediment data. He then suggested that
dispersion from the dump ground is a combination of wave action
superimposed upon unidirectional currents. Wave action promotes the
resuspension of spoil which allows the unidirectional currents to transport the

spoil from the site.

Sander (1993) investigated the chemical effects of water and sediment quality
on the dump ground as well as Poverty Bay to determine any deleterious
effects of dumping of dredge spoil. Wood (1994) carried out a baseline survey
on the benthic fauna of the Poverty Bay region. This was expanded upon by
Cole and Foster (1994) who completed an ecological survey of the current and
previous dump ground. A survey of the Foul Grounds was also completed.
This present study expands upon Cole and Foster (1994). Purdue (1996)
assessed the impact of the sewerage outfall on the benthic ecology. His
results showed that the outfall produces no apparent impact on the diversity of
the surrounding benthos. A clear increase of abundance of animals was noted

closer to the outfall.

13
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Chapter Three:

Heavy Metals

3.1 Introduction

The resource consent applying to the dredging and dumping of sediment from
Gisborne Harbour is issued under Section 372 of the Resource Management
Act 1991, and requires heavy metal analysis of the seabed to be undertaken
once in the first, second year, and fifth year, and then at five yearly intervals.
Samples must be taken at three sites, at least 20m apart, within 100m of the
centre of the spoil ground (DG1, DG2 and DG3), and one sample within the
ports turning basin (TB). Heavy metal analysis was undertaken by R.J. Hill
Laboratories, a Telarc approved laboratory, in accordance with standard
methods for the examination of water and wastewater published jointly by the
American Public Health Association, American Water Works Association, and
the Water Pollution Control Federation. The heavy metals tested for were
chromium, cadmium, copper, lead, mercury and zinc.

3.2 Methodology

Samples were collected in March 1995. The co-ordinates for the sites were:

Site Headings

DG1 38°42.01S 178°00.80E
DG2 38°42.03S 178°00.71E
DG3 38°41.96S 178°00.74E
B 38°41.96S 178°00.74E
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Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb) and Zinc (Zn) were
analysed using acid digestion, flame atomic absorption (AA) spectroscopy.
Mercury (Hg) was analysed using persulphate/permanganate digest, cold
vapour AA. Atomic absorption spectrometry is used widely for the quantitive
determination of metals as minor or trace constituents of samples. If a solution
containing a metal is asperated in the form of an aerosol into a hot flame, the
solvent is evaporated from the droplets and the metal vaporised mainly as
atoms. AA spectroscopy is based on the recognition that the majority of free
atoms in the flames used are in ground state and do not have enough energy
to excite the atoms except for group 1 elements. A beam of electromagnetic
radiation characteristic of a particular element can be passed through the
atomic vapour and monitored. If the sample contains that particular element, its
atoms will selectively absorb some of the radiation thereby attenuating the
beam and causing the detector signal to fall. This absorbance is proportional
to the concentraion of that element in the vapour and hence in the original
sample (Angino & Billings, 1967; Anthanasopoulos, 1991 and Baker & Suhr
1982).

3.3 Results

All heavy metal concentrations were under the resource consent limits. The
results show that the dump ground sediments show consistently lower
concentrations than the turning basin except for cadmium, where
concentrations for both are < 0.1 (Table 4.1). The differences are not
significantly higher. When compared to the Canadian Ocean Dumping
Criteria, all of the limits were well under except for lead, which was 0.4 mg/kg
higher.
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Table 3.1 Heavy metal concentrations (mg/kg dry weight). Resource
Consent limits are also given.

Turning DG1 DG2 DG3 Consent
Basin Limits
Total <0.1 <0.1 <0.1 <0.1 1.0
Cadmium
Total 25 11 11 15 100
Chromium
Total 22.6 6.3 5.7 9.5 81
Copper
Total 0.068 0.040 0.033 0.041 0.21
Mercury
Total 20.4 7.2 6.7 9.6 66
Lead
Total 89.2 41.5 38.8 51.6 160
Zinc

A comparison with results obtained in July 1992 and February 1993 by Sander
(1993) is shown in Table 4.2. Mercury was unable to be compared. The
concentrations for the dump ground in 1992 and 1993 are means of the
samples taken for those years. Heavy metals from the turning basin were not
analysed in 1993.

Table 3.2 Comparison of Heavy Metal Concentration from 1992 - 1995
(mg/kg dry weight).

Swinging Basin Dump Ground
1992 1995 1992 1993 1995
Cadmium 0.026 <0.1 0.002 0.005 <0.1
Chromium 15 25 3.25 2.6 12.33
Copper 14 22.6 5.25 3.25 7.17
Lead 7 20.4 0.525 1.25 7.83
Zinc 112 89.2 11.5 20.25 43.97
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Zinc is the only heavy metal concentration which did not increase from 1992 to
1995, but dropped by 23 points in samples collected from the turning basin.
Chromium and copper in samples from the dump ground decreased between
1992 and 1993, and increased between 1993 and 1995. The other metals
only showed small rises but it is to be noted that different analysis methods
were used between the earlier results of Sander (1993) and those undertaken
by R.J.Hill Laboraties.

3.4 Discussion

The results show all heavy metals are well under the limits imposed by the
Resource Consent. This indicates that the biota of the dump ground and
surrounding area are unlikely to be affected by heavy metal contamination. A
comparison with Sander (1993) suggests that heavy metal concentrations may
have increased from 1992 to 1995. Concentrations in the turning basin record
higher than those taken from the dump ground, which is expected due to land
drainage into the relatively passive basin environment from an adjacent
industrial area.
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Chapter Four:

Sediment Analysis

4.1 Introduction

The characteristics and distribution of sediment inside and outside the dump
ground can be an indication of the biota present on the dump ground. The
movement of the dredge spoil once it has been deposited, as well as the grain
size distribution will be considered. The importance of evaluating the sediment
on the dump ground is to analyse whether different sediment assemblages can
influence the populations of the benthic biota. An objective for this study was to
determine whether the sites on and around the dump ground showed different
distributions in grain size characteristics. This will be examined further in
Chapter 5.

4.2 Methodology

Sediment Collection

Sediment was collected in March 1995, at the same time as the ecological
survey was conducted. Twenty five sites were taken in grid formation on and
surrounding the dump ground (Figure 4.1) . Two additional samples were also
taken, one from the turning basin and one from the inner harbour area.
Sediment was collected using a Smith-Mcintyre grab sampler. After the
sediment was collected it was treated with 5% formalin to prevent oxidation of
organic material.

Method for Laboratory Analysis

A sediment sample from each site was oven dried. This sediment was then .dry
sieved over a -1 phi sieve and a 4 phi sieve, with the gravel, sand, and mud
fraction separated. The weight of the fractions was then taken to determine the
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percentage of gravel to sand to mud. Size fractions of sediment were
determined by Udden - Wentworth grain size classification.

Table 4.1 Udden-Wentworth size classification for sediment grains (after
Pettijohn et al., 1972)

Particle Size Distribution | Maximum Size (phi) Maximum Size (mm)
Boulder

Cobble -8.0 256
Pebble -6.0 64
Granule -2.0 4

Very coarse sand -1.0 2
Coarse sand 0.0 ‘ 1
Medium sand 1.0 0.5
Fine sand 2.0 0.25
Very fine sand 3.0 0.125
Coarse silt 4.0 0.0625
Medium silt 5.0 0.031
Fine silt 6.0 0.0156
Very fine silt 7.0 0.0078
Clay 8.0 0.0039

Method for Analysis of Mud Fraction

An additional sub sample was taken from each site for mud fraction analysis.
This was wet sieved over a four phi sieve to separate the mud fraction. Pipette
analysis was carried out on this fraction. Pipette analysis applies the principle
for settling tube analysis on the ideal settling velocity using Stokes Law (Lewis
& McConchie 1994). Extracts are taken at specific time intervals to determine
the percentage of silt and clay at phi intervals greater than 4 phi, which is
determined by the settling velocity of the grains.
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Table 4.2 Removal times for pipette analysis

Diameter (finer than)
total suspension

20 seconds 4 phi

2 minutes 4.5 phi

4 minutes 5 phi

8 minutes 5.5 phi

15 minutes 6 phi

30 minutes 7 phi

2 hours 8 phi

8 hours 9 phi

The temperature of the water is taken to gauge the correct depth for withdrawal
of the mud extraction. A temperature measurement is recorded at each time
interval to determine withdrawal depth.

For each site the mud sized fraction was disaggregated in distilled water. The
liquid mud is transferred to a 1000 ml measuring cylinder. Next 0.5 - 1 gram of
sodium hexametaphosphate (calgon) was added to prevent the flocculation of
clays. Each of the cylinders were made up to 1000 ml with distilled water. The
cylinders were covered and left overnight to confirm that flocculation does not
occur. Additional dispersant is added if flocculation occurs.

The procedure is initiated with the cylinders being stirred using a brass stirrer
for 1 minute. Short, quick strokes are used at the bottom of the cylinder to stir
up all of the settled mud. Stirring should be worked up the column with long
vigorous strokes, being careful not to mix air into the suspension. After 1
minute the stirrer is withdrawn. Lower the pipette to 20 cm. At 20 seconds a 20
ml sample was extracted. The sample was emptied into labelled beakers and
rinsed in distilled water.

For each time limit after this the pipette was lowered to the correct depth with
20 ml of the solution extracted, and emptied into a pre-weighed and labelled
beaker. Once all of the extraction’s had been completed the beakers were
oven dried to evaporate all the water. The beakers were removed from the
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oven and left to equilibrate with the atmosphere for at least 1 hr. The beakers
were then weighed.

The cumulative weight percentages were calculated by subtracting the beaker
weight from the combined sediment and beaker weight, giving the weight of the
sediment. The weight of the sediment from the 4 phi sample was then
multiplied for each site by 50, with the weight of dispersant in the column
subtracted. This gave the total weight of the mud. The weight of the dispersant
was calculated by adding the same amount of calgon as was added into the
liquid mud samples in a 1000 ml measuring cylinder filled with distilled water.
The samples were then removed and oven dried, which allowed the weight of
the calgon to be calculated.

Method for Sand Sized Analysis

Grain size distribution of the sand fraction was carried out using rapid sediment
analysis (RSA) via a water filled fall tube and balance. Samples were
prepared for the RSA by sieving out the fractions smaller than 4.0 phi and
larger than -1.5 phi. Sediment was placed in a release cartridge which was
then released into the fall tube initiating a timer. As the grains reached the
scales at the bottom of the fall tube a timer measured the change in weight over
time. Analysis of this data establishes the distribution of grain size. This theory
is based on the relationship between settling velocity and grain size as
proposed by Gibbs et al (1971). Sorting is the measure of the degree of
uniformity in the deposit produced by current action during grain transport and
deposition (Leeder 1982).

Method for Analysis of Gravel Size Fraction

The gravel sized fraction was dry sieved through a stack of sieves ranging in
whole phi sizes from -8 phi to -1 phi. Each size fraction was then weighted so
that a cumulative weight percentage could be calculated.
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4.3 Results

The samples from the inner harbour and turning basin were analysed by
pipette analysis, as the grain size of these samples was only mud sized.

Table 4.3 Percentages of gravel, sand and mud for each site

Site % % % Site % % %
Number | Gravel | Sand ‘| Mud Number | Gravel | Sand | Mud
Site 1 8 79 13 Site 2 0 77 23
Site 3 0 86 14 Site 4 <1% 95 5
Site 5 0 60 40 Site 6 0 68 32
Site 7 0 64 36 Site 8 0 80 20
Site 9 4 77 19 Site 10 0 64 36
Site 11 0 79 21 Site 12 0 69 31
Site 13 0 94 6 Site 14 0 76 24
Site 15 0 82 18 Site 16 63 37 <1%
Site 17 57 41 2 Site 18 20 72 8
Site 19 0 83 17 Site 20 0 90 10
Site 21 <1% 93 7 Site 22 7 81 12
Site 23 4 75 21 Site 24 3 80 17
Site 25 3 78 19 Site IH 0 0 100
Site TB 0 0 100

The dump ground is covered by 13 of the 25 sites surveyed in grid formation
(these sites are 3, 6,7, 8,9, 10, 11, 12, 14, 22, 23, 24, 25). Of these sites on the
dump ground only one has over 5 % gravel. In all of the sites on the dump
ground the sand fraction consisted of over 64 %. Of the five sites adjacent to
the dump site, only one contained a significant gravel percentage of 8; these
sites were similar in constitution to the sites on the dump ground, with the
lowest percentage of sand calculated at 60 %.

The three outer sites on the eastern side of the dump ground (sites 16, 17, 18)
showed greater variability, especially sites 16 and 17. Over half of the
sediment at these sites was gravel sized. This gravel sized fraction was mainly
made up of coarsely fragmented shell and bedrock. The three outer sites on
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the western side of the dump ground (19, 20, 21) show higher percentages of
sand, and correspondingly lower mud percentages than those sites on the
dump ground.

Mean Grain Size

The mean grain size (Figure 4.2) of the sites on the dump ground ranged from
0.38 phi to 3.07 phi, which corresponds to medium sand through to granule
sized particles. On the eastern side of the dump ground the sediments ranged
in size from 0.30 to 2.20 phi, described as medium sand to granule. On the
western side of the dump ground the sediments ranged from 0.58 to 3.0 phi
which corresponds to coarse sand to granule. These sites fitted mainly into
very coarse sand. A region existed on the western side of the dump ground
which consisted dominantly of sand.

Sorting

The degree of sorting depends on four main factors. These include the size
range of the material supplied to the environment, the types of deposition
processes active, the current characteristics and the time available e.g., the
sediment supply rate vs. time available to sort the sediment (Folk, 1968). The
sorting values for sites on the dump ground ranged from moderately well
sorted to very poorly sorted. The majority of sites were poorly sorted. For the
sites outside the dump ground the sorting ranged from moderately sorted to
very poorly sorted. The majority of sites were poorly sorted (Figure 4.3). No
distinctions between the sorting for sites on the dump ground and outside of
the dump ground could be made.

Skewness

The level of skewness (Figure 4.4) provides information on the symmetry of the
sediment size frequency curve (Friedman and Sanders, 1978). Positive values
indicate an excess of fine particles, while a negative value indicates an excess
of coarse particles. Skewness for sites on the dump ground range from
strongly fine skewed to strongly coarse skewed. The majority of sites were
from coarse skewed to strongly coarse skewed. The skewness for the sites
outside the dump ground ranged from strongly fine skewed to strongly coarse
skewed. For sites on the eastern side of the dump ground the majority were
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strongly fine skewed. Sites on the western side of the dump ground were
mainly strongly coarse skewed.

Grain Size Distribution

Grain size distribution can be mapped by gravel - sand - mud, and sand - silt -
clay diagrams as proposed by Folk et al. (1970). By this method textural
descriptions can be mapped (Figure 4.5). Textural facies for sites inside the
dump ground are described as silty sand, for the sites with no gravel content.
Those sites situated inside the dump ground with gravel content fit in the
textural description of slightly gravelly muddy sand.

Sites on the western side of the dump ground (sites 1,15, 16, 17, 18) fit in the
size range of sand to silty sand. Site 21 contained a gravel content, having the
description of slightly gravelly sand.

Four of the five sites on the eastern side of the dump ground (sites 5, 13, 19,
20, 21) had gravel sized particles. These sites fitted in the textural descriptions
of sandy gravel and gravelly muddy sand. Site 1 is described as silty sand.

The turning basin and inner harbour area both have the textural description of
silt.

Mud Content

The mud content can be broken into silt and clay. The clay content of the mud
sized fraction (Figure 4.6) ranged for sites on the dump ground from 2 % to
19 %, with a mean of 7.6 %. On the eastern side of the dump ground, the
range was from 2 % to 14%, with a mean of 10.4 %. The western side of the
dump ground showed a range from 1 % to 12 %, with a mean of 7 %. The low
amount of clay in the sediments may be a result of dumping where the clay
fraction becomes suspended in the water column, dispersing over significant
distances, lowering the clay content of the dump ground by up to 5 % (Truitt,
1988).

The silt content of all sites was high, with the majority of the mud sized fraction

for each site within the silt size class. Sites 26 and 27 consisted of 100 % mud
sized particles. The sites situated on the dump ground show higher mud
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contents than those sites which are situated outside the dump ground. The
clay content on the eastern side of the dump ground was higher than the clay
content on the western side.
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Figure 4.1 Location of survey sites on and surrounding the dump ground.
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Figure 4.2 Mean grain size of surficial sediments on and around the dump
ground using textural descriptions based on the Udden-Wentworth grain

size scale.
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Sorting Description
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Figure 4.3 Sorting values of the surficial sediments on and around the dump
ground.

28



Chapter Four: Sediment Analysis

)
(') 1ﬁ00 2(')0 Skewness
N E Scale (m) 5 Strongly fine skewed
\\ . o]  Coarse skewed
w Near symmetrical

Figure 4.4 Skewness values of the surficial sediments on and around the
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Figure 4.5 Textural facies descriptions of sites on and around the dump
ground.
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Figure 4.6 Clay (<8.0 phi) percentage of the surficial sediments on and

around the dump ground.
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Results from pipette analysis, RSA and sieving of gravels, combined to give
distribution over all phi sizes for each site (Appendix One), indicate that all sites
over the survey have a clay percentages of less than 2 % except for the turning
basin which had a clay percentage of less than 10 %. The majority of
sediments range from sand to silt size, except for 16, 17 and 18 (to a lesser
extent) which have high percentages of gravel. Most other sites either have
bell shaped sediment distribution e.g. site 8, or a double peak e.g. site 14 with
a peak within the sand fraction and another in the silt fraction.

4.4 Discussion

Sediments within the dump ground are poorly sorted and can be described as
silty sand. The mud content of sediments on the dump ground are higher than
those in the area surrounding the dump ground. Sediments from sites
surrounding the dump ground on the western side can be separated from
sediments on the eastern side of the dump ground. Sediments on the western
side of the dump ground are poorly sorted and can be described as gravelly
muddy sand. Sediments on the eastern side of the dump ground can be
described as sandy gravel, and are also poorly sorted. Sediments with a
gravel sized component are more common for sites on the eastern side of the
dump ground, indicating a localised area of coarse sediment.

The dominant factor of dredge spoil movement is wave generated currents, as
well as the grain size of the dredged material that is deposited on the dump
ground (Kensington, 1990). The material that is dredged from the turning basin
and inner harbour area consists of 100 % mud. This material is dredged and
released over the centre of the dump ground, where dispersion occurs.
Contouring of the dump ground has shown the spoil mound to be double
humped (de Lange et al.,, 1996). Erosion of the dump ground occurs with
movement to a south eastward direction from the southern mound, with erosion
concentrated on the crests of the mounds (de Lange et al., 1996).

In a physical sense the sediment on the sea bed is generally a reflection of the
near-bed flow regime in the area. Therefore relatively coarse beds occur in
regions that regularly experience high boundary shear velocity (a measure of
the magnitude of turbulent mixing in the flow). Under these circumstances fine
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grained material is prevented from settling onto the bed. The processes
operating over the dump ground may be an example of this.

A comparison with Kensington (1990), of sediments for the present dump
ground site indicate that the mean grain size has changed from a mixture of
fine sand to very fine sand, to mainly granule sized sediment. Sorting of the
sediments has changed slightly from moderately sorted to poorly sorted
(Kensington 1990), to mainly poorly sorted - with a zone of very poorly sorted
sediment in the 1995 survey. The skewness of sediments from the 1995
survey are mainly strongly coarse skewed. A zone of strongly fine skewed
sediment also occurs in an easterly direction. The survey conducted in
1988/1989 by Kensington showed skewness ranging from fine to strongly fine
skewed. Analysis of the textural facies between the two surveys shows that
sediments were described as sandy mud for 1989, and silty sand for 1995.

The differences between the two surveys may be an effect of Cyclone Bola in
March 1988, which caused extensive erosion within the Waipaoa and
Turanganui River catchments and resulted in large amounts of eroded material
to be transported into Poverty Bay by the river systems (Kensington 1990).
This deposition of fine material may still have been present over the dump
ground when the survey was conducted between December 1988 and January
1989 by Kensington. The increased suspended sediment load from the
Turanganui River due to Cyclone Bola also resulted in a period of intensive
dredging from the shipping channel. Increased deposition of the dredge spoil
on the dump ground may have also influenced the predominantly fine
sediments which were present on the dump ground in 1988/1989 in
comparison to 1995.
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Chapter 5:

Ecological Survey

5.1 Introduction

Ecological surveys have become an important means of identifying impacts
induced on the environment by the actions of people. Identifying spatial and
temporal patterns are important in evaluating the effects of dredging and
dumping of dredge - spoil, as they provide the basis for models by which we
generate hypotheses, both about the patterns and the processes that may
govern them (Andrew and Mapstone, 1987). The analysis of spatial patterns in
soft-bottom communities is difficult, as many species are not apparent from the
surface, necessitating the need to disrupt the habitat (Thrush, 1991). Temporal
patterns are also difficult to measure, as changes in the assemblage could be
due to natural variability rather than human influences. For this reason, long-
term temporal and spatial patterns are desired for the habitat being

investigated.

5.2 Pilot Experiments

5.2.1 Introduction

Initially pilot experiments were conducted to investigate whether sampling
methods were responsible for the highly variable results both Wood (1994) and
Cole and Foster (1994) recorded. Two pilot experiments were carried out to
investigate whether sampling and sieving methods affected results.

Experiment one analyses whether different sampling methods cause statistical
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differences in the diversity of biota sampled. Experiment two attempts to
differentiate whether different sieving methods influence the number of biota

collected.

5.2.2 Experiment One

Aim

The aim of this study was to analyse the previously identified differences in
benthic species diversity when hand sampling with SCUBA compared to the

Smith-Mclintyre grab sampler.

Method

All samples were collected over the centre of the dump ground within
approximately 10 m radius at 38°41.92S, 178°00.78E in November 1994. Five
samples were collected using a Smith-Mcintyre grab sampler collecting a
volume of 0.01 m® per grab, and deployed from the tug vessel Turihaua. Three
samples were collected by SCUBA using a metal hand held sampler collecting
to a depth of 9 cm, on the same day at the same site, collecting a total volume
of 0.01 m*®. Further SCUBA samples were unable to be collected due to

constraints of bottom time.

Collected samples were sieved over 1 mm mesh to extract benthic organisms.
A 1 mm mesh size was employed as only the macrobenthic biota were
required to be identified (Ferraro et al., 1989). Other considerations in
determining mesh size included factors like sorting time, which is significantly
longer over a 0.5 mm mesh than for 1 mm mesh (James et al., 1995). Al
sieving throughout this study was carried out over 1 mm mesh sieves. The
organisms were then stored in 5 % formalin until they were sorted. After

sorting, the remaining whole organisms were stored in 95 % ethanol.
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Results

The grab samples show higher means for all types of organisms as well as
greater diversity except for mysids (Table 5.1). Grab sampling resulted in more
than double the number of polychaetes per grab compared to hand sampling.
Polychaete numbers were higher for grab samples compared to SCUBA hand
collected samples, especially for grab 2 and 3 which had over 100 polychaetes
each. None of the SCUBA samples collected contained any cumaceans.
Three of the five grab samples contained no mysids. The grab samples
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