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INTRODUCTION

GULF TIDEWAYS: AUCKLAND TO CAPE RODNEY

The 60 km between Auckland and Cape Rodney is a special stretch of New Zealand 
Coast in which there are a dozen tideways, most of which still enrich the landscape 
with their variety and perform vital biological roles. They are of a size such that the 
eye can readily encompass their width, and of a depth sufficiently shallow to reveal 
the tidal rhythms. They are remarkable because, although set in a shallow coast, their 
incised embayments have, as yet, resisted the straightening which is the usual 
response of coastlines to natural forces. There is nothing quite like them in New 
Zealand.

These Gulf Tideways have much in common. They share a geophysical background 
and similarities of flora and fauna, sufficient, perhaps, for them to be viewed as 
species of the same family. They are variously named Harbours, Rivers, Estuaries and 
Creeks. Unlike the common perception of an estuary their river components are 
relatively small. For convenience the term "tideway" has been used for all of them.

Research work on the tideways has been active but uneven. Thus Whangateau 
Harbour has, since the 1960s, been the subject of continuing investigation by 
postgraduate biology students of the University of Auckland, whose work on it has 
been facilitated by its manageable size. The Upper Waitemata Harbour received 
intensive attention by a special interdisciplinary study in the early 1980's. Certain 
aspects of the Mahurangi have been studied by students, engineering consultants and 
the Auckland Regional Water Board. Preliminary surveys have been carried out on 
the Matakana by the Auckland Regional Water Board and Bioresearches Ltd, and on 
the Waiwera by the Parks Board and the University. The University of Auckland's 
Leigh Marine Laboratory, a coastal observatory, has on record long time series of the 
coastal meteorology and oceanography of Gulf waters, which are common to all the 
tideways

The research has been the work of specialists. The rapid development of their fields 
of study has meant that their attention has had to be concentrated on a relatively 
narrow front in a particular tideway. Furthermore, the results of their investigations 
have been published in a wide variety of scientific journals and reports, usually 
catering for a limited group and ordinarily not easily accessible. The consequence of 
this is that their work has not been as widely appreciated as it might have been, nor 
has it been viewed as part of a whole.

It seemed worthwhile to try to redress these shortcomings. Treating the tideways as 
units within one book has meant concentrating on the important features and inter
relationships, especially the conditioning of the biological by the geophysical. This 
has necessitated selection which has inevitably meant a sacrifice of depth of treatment 
of any one discipline, a shortcoming which, it is hoped, will be compensated for by 
the attempt to unify. The treatment is at the level of a primer. This approach could 
be of interest to specialist students and research workers who might value an 
introduction to disciplines other than their own, or to students of natural systems.
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Most of the twelve tideways and their catchments are very great assets to the region. 
If, in keeping with the times, a new perception, based on respect for them as entities, 
were to take hold, they might have a future, though it is difficult to be optimistic.

University of Auckland 
Marine Laboratory 
Leigh 1992.
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COMMON GEOPHYSICAL BACKGROUND

The Gulf Tideways are, of course, a product of their past. Their present 
network of processes is the natural response to their very characteristic settings 
which harks back to their mode of formation and the basic rocks and soils, 
especially clays. If we are to understand their processes and life we need first to 
establish the main features of this geophysical background.

Essentially, the tideways are shallow estuaries with low-tide channels and tidal flats, 
fed by rivers rising in small catchments, and exchanging water with the Hauraki Gulf, 
from which they receive tidal energy. Parts of each of them are almost empty at low 
tide.

Though it is usual to talk of an estuary as having one catchment, that of fresh water, 
there is another, that of the sea water just outside the entrance. Each catchment 
supplies water and sediments of varying composition. The tideways are a 
compromise.

BEGINNINGS

Local geology

The present surface rocks, from which the soils are derived, are predominantly the 
sandstones, mudstones and siltstones of the Waitemata group. In addition there are 
rare occurrences of limestones, older sandstones and recent alluvial deposits. It is to 
the soft clay characteristics of the Waitemata group that the well rounded topography 
of the basins, the turbidity of the water in the rivers and estuaries, and the consequent 
type of life in the tideway must be ascribed.
In what follows the influential role of the clays will be a recurring theme. 

Development

A brief account of the origin of the groups of rocks is as follows.

The site of origin

There was a time, about 20 million years ago, when the whole region was under the 
waters of an inland sea- the Waitemata Basin, extending from near Whangarei in the 
north to Hamilton in the south. This sea was lined by a hardish basement rock, 
greywacke, which also constituted the rim of the basin on the east side (where for 
example Great Barrier is today) and the north side (in the region of Whangarei). The 
western rim (somewhere near the present west coast), was lined with active 
volcanoes. The greywacke lining and borders belonged to a group known as the 
Waipapa Group which possibly derived from the erosion products of the parent rocks 
of old Gondwanaland of which Australia was a component. Its hardness was the 
result of compression and heating.
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Assembling the components

The debris from the volcanic activity in the west and the erosion products of the 
greywacke land mass to the east and north slumped or were washed into the basin, 
and settled on its floor in strata or layers . In time, these sediments formed various 
rocks: sand-stones from fragments the size of sand (mainly of volcanic origin), and 
siltstones and mudstones from the finer debris. These are the types of material found 
near the surface of the present day catchments. They are known as the Waitemata 
Group of rocks, after the name of the basin in which they were formed. There are 
numerous exposed cliff sites where these layered sedimentary rocks can be seen; a 
good example is the seaward side of Casnell Island near Scotts Landing in Mahurangi 
Harbour.

Whangarei Area

The sketch illustrates the ancient basin (the Waitemata Basin) between 
Whangarei and Hamilton, lined and bordered on the east by greywacke and 
then filled with erosion and volcanic debris, from which material were 
formed the sandstones, etc.of today's tideway catchments.

Emergence

Later, the Waitemata Basin was lifted up and the sandstones, siltstones and mudstones 
emerged to be the materials which have in their turn weathered to produce the soil of 
the present catchments. These Waitemata rocks were not subjected to the high 
pressures and temperatures needed to change them into recalcitrant material. They are 
mostly soft and easily eroded.

Distortion

Two major tectonic events, or deformations, subsequently determined the overall 
form of the region, as we see it today. A large, long block of the basin's basement 
greywacke downfaulted (slumped or sank) to form the Firth of Thames and the 
central Hauraki Gulf, into which the ancient ancestral Waikato River flowed and 
transported the volcanic debris of the central volcanoes of the Taupo Region. The 
other event was that Northland gently uplifted and tilted downwards towards the west.
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Rough sketch to illustrate 
the slumping of a block to 
form the ancestral Hauraki 
Gulf.

The depth below present sea-level of the slumped basement greywacke and the 
thickness of the sediments which were later deposited on top of it have been 
established by seismic investigations. Thus the reflections of seismic waves from 
well organised sandstone (coarse) or mudstone (fine) layers can be distinguished both 
from each other and from the reflections from deeper greywacke rock, which has 
been disoriented by upheavals. The underlying basement greywacke, which surfaces 
at several points between Cape Rodney and Kawau Island in the north, and south of 
Auckland, has been measured by the University of Auckland scientists as lying 
several thousand metres beneath the waters of the Gulf and the Firth of Thames.

Contours of the depth (km) of the 
greywacke basement below the 
Hauraki Gulf and the Firth of Thames, 
as determined by seismic 
measurements. The basement is 500- 
1500m below the present sea floor of 
the Jellicoe Channel between Cape 
Rodney and Little Barrier Island, and 
3000m near the Coromandel, about 
three times as deep as the land is high. 
(After Hochstein et al. 1986).
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A rough impression of the configuration of the slumped basement rock. Clearly, there 
must have been a massive inflow of debris to fill this steep sided valley up to its present 
level.

Shipboard record of acoustic reflections made while steaming along a line 
approximately northwest from Waiheke Island (off Auckland), showing clearly the 
well defined upper layers of most recent sediments (alternate strata of coarse 
sandstones and fine mudstones etc.) dipping down to the right, and contrasting with 
the deeper disorganised basement greywacke rocks.(Based on Hochstein et al. 1986).
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The sandstones etc. of the catchments were then, in their turn, eroded and their debris 
washed into the Hauraki Gulf, and, after the rise in sea-level, into the tideways. There 
have been many rises and falls of sea level. The processes of sediment erosion and 
accumulation are still active. Sediments with depths of 10-20m have been measured 
in the Waitemata and Mahurangi Harbours. Rates of sediment accumulation, 
averaged over the time since the tideways were first flooded, have been estimated to 
be about 1-2 millimetres per year.

Useful references are. Ballance (1976 and 1979), Hayward (1986) and Schofield 
(1979).

How the tideways were formed

The circumstances under which the tideways were formed are important 
because they were responsible for their form and shallowness (they seem never 
to have been very deep), which have influenced the kind of habitats they offer.

The tideways are drowned river valleys, and one supposes that the old rivers were 
once tributaries of the ancestral Waikato River, which, as mentioned above, is said to 
have discharged into the Firth of Thames and flowed across the Hauraki Gulf at a 
time when the sea-level was much lower than it is today; as much as 100m lower 
(Hayward 1986). The sketch below, which although speculative, perhaps illustrates 
the scene.

An impression of how a Gulf Coast river might have appeared as it flowed through 
the gorge and descended on to and across the plain of the Hauraki Gulf to join the 
ancestral Waikato River, when sea-level was much lower, about 20,000 years ago.
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The tideway valleys were, of course, deeper before the sea rose to drown them and 
before they began to be filled with sediments. With rising sea-level the sea would 
have flooded in, bringing sand from the Gulf and changing the ancient rivers to 
tideways with high-salinity water. The inundation by sea water would have been 
accompanied by tidal effects, and the tidal streams, which reversed direction with 
each ebb and flow, would have dominated the old unidirectional river flow. There 
would have been acceleration of the deposition of material eroded from the 
catchment, a process assisted by the flocculation of clays when encountering saline 
water.

The history of the tideways is not that of a single inundation but a series, of rises falls 
of sea-level, perhaps as many as 30. During the last 250,000 years the average 
elevation of the sea has been about 45m below the present level, which has only 
occurred for 5% of the time (P. Williams, personal communication).

Contrast of the Gulf and West Coasts

The tendency of all coastlines is to become straight through the erosion of headlands 
and the filling in of embayments. How is it then that the Gulf Coast remains sharply 
embayed (see accompanying aerial photograph), while across North Auckland on the 
West Coast the coastline is virtually straight? This question was addressed by Cotton 
(1974). The explanation probably lies in the absence of three essential features on the 
Gulf Coast: a plentiful supply of sediments introduced into the nearshore region, a 
vigorous wave climate and a strong longshore wave current to transport the 
sediments. The river catchments of the Gulf Coast are small and so are the sediment 
inputs to the coast. In places on the Gulf Coast the sediment budget is actually in 
deficit, necessitating remedial measures, e.g. at Orewa and Omaha Beaches.

In contrast, the comparable piece of coast on the western side of the North Island 
receives an abundant supply of sand from the Waikato River, transported northwards 
by the action of the obliquely incident waves generated by the prevailing westerlies 
blowing over long stretches of the Tasman Sea (fetches). The incident wave energy 
on the Gulf Coast is not nearly as great; the wave climate is milder and the offshore 
islands cast a considerable wave shadow. Nor is there a dominant longshore transport 
of sand because wave obliquity, needed to generate the necessary longshore current, 
is reduced by the process of refraction in the shallow Hauraki Gulf.

In the New Zealand context, one of the unique features of the Gulf Tideways is that 
they open onto a semi-enclosed body of water, a quasi-inland sea.
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ROCKS SOILS AND SEDIMENTS

A knowledge of the soils and rocks of the tideway systems is useful in 
understanding many aspects such as siltation or erosion, the nature of the tidal 
flats and anaerobic muds, the growth of mangroves, the determination of the 
biological communities by the nature of the habitats, the turbidity of the water, 
the restriction of light penetration and photosynthesis, and phosphate retention 
by clays.

Perhaps it is not too big a simplification to say that, for the purpose in hand, the near 
surface geology can generally be simplified to three main types of material.

* the top layer of sands, gravels, muds, and shell, the products of weathering, recent 
river erosion, and sea wave transport.

* a second and usually deeper layer of sandstone, mudstone, siltstone and 
conglomerates forming the Waitemata Group. The mudstone and siltstone strata, 
which interleave, are seldom more than a few centimetres thick. This group is to be 
found nearly everywhere in the area. In fact a glance at the geological map shows 
quite clearly that, whereas the geology of Northland is very complex, the area 
encompassing the Gulf catchments is, for the present purpose, comparatively 
homogeneous.

* a third and deepest layer of the parent rocks of the Waipapa Group, mainly 
greywacke (as has been mentioned above), buried deep under the Hauraki Gulf but 
breaking the surface at several places on the coast, is not otherwise much in evidence 
in'the catchments.

Soils

Knowledge of the nature of the soils of the catchments helps to explain such 
phenomena as the water and nutrient run-off response to rainfall, erosion, 
tideway sedimentation; and the disposition of benthic habitats.

On the whole the sandstones etc. are soft, and, in the warm moist climate, weather 
quickly to form clays.
Soils formed by the weathering of the sedimentary rocks are largely the yellow-brown 
earths, mainly clays and clay loams, and they dominate the catchments. The clays are 
rather impermeable (During 1984), and their widespread occurrence made early roads 
impassable in wet weather, and had an important influence on the lives of the the 
early settlers and made tideway transport vitally important.

A further modification of the clays takes place, depending on the degree of leaching 
and the type of forest cover . Under the kauri-type forest, more in evidence on the 
ridges and steeper slopes, the litter of leaves etc. (called mor) decomposes slowly. 
The surface humus is acid, and the drainage tends to impoverish the soil minerals 
below. Oxides of iron and aluminium are mobilized in the top soil and redeposited in
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the subsoil, forming hard pans. On the other hand, under the broad-leafed trees such 
as the puriri growing mainly on the lower slopes and gullies, the litter (called mull) 
decomposes rapidly and the soil is more fertile. In the early days the farmers judged 
the puriri land to be the best and kauri land the worst (Taylor and Sutherland 1953).

Farming practices, too, have had an important influence on the soils. The widespread 
addition of lime, the sowing of nitrogen fixing clover, and the regular addition of 
phosphate and other fertilisers to the paddocks have altered the soil condition and its 
nutrient content.

For soil distribution data see Pohlen (1979) and the Deppartment of Lands and 
Survey Land Inventory Maps e.g. Markham and Crippen (1982).

Tideway sediments

In general the sediments washed into the tideways by the rivers consist of mixtures of 
fine sand (mainly quartz of volcanic origin, Ballance 1976), clays (kaolinite, illite and 
smectite, Johnston 1984), and silt with organic material.

Depending on the hydrodynamic regime and the flocculating capacity (e.g. salinity), 
one supposes that the sediment mixture separates, and under the influence of tidal 
regime is redistributed in such a way as to establish new and quite characteristic 
aggregations and animal habitats in different pans of the tideways.

A simple laboratory experiment demonstrates the influence of the sea water ions in 
causing flocculation and accelerating settlement. Two sediment samples, one from an 
earthworks dam ("inorganic”) and the other from a farm pond with 15% organic 
material ("organic") were released into fresh water and salt water. The percentage of 
each which remained in suspension was determined over a two hour period. The 
results are shown in the graphs.

The graphs from the Upper Waitemata 
study (Williams and Brickell 1983) 
show the contrasting percentages of 
two sediment samples remaining in 
suspension over two hours, tier being 
mixed with fresh and salt water. 
Settlement rate was much faster in salt 
water with the inorganic sediment rate 
exceeding that of the organic.
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It seems possible that the differential settling of the tideway sediment components 
may be a factor in their spatial differentiation.

Mangrove mud banks

In the upper, fresher part of the estuaries the sand component of the suspended 
sediments sinks more quickly than the clay and silt, so that, as the tide rises, the 
overflow out of the low tide channels contains a higher proportion of the clay and 
silt. This separation, coupled with the stilling action of mangroves and the fact that, 
being more elevated (40cm above mean tide on the Mahurangi), the mud banks 
experience only the weaker tidal current speeds associated with the top of the tide, 
may account for the mangrove muds where we find them. Mangrove muds from the 
Mahurangi consist of only a few percent of sand but up to 16% of organic material 
(Johnston 1984).

Tidal flats

The residue of the suspended load, now richer in sand, would, presumably, settle out 
further down the system to be the dominant component of the tidal banks (80-90% 
sand according to Johnston, 1984). The surfaces of these banks tend to be near to low 
tide levels and would, therefore, be subject to the high mid-tide current speeds, 
greater than the threshold speeds for winnowing out any remaining lighter particles of 
clay and silt.

At the seaward end of tideways, sediments (the old Waikato River sands) are 
transported in from the Gulf under the combined action of waves and tidal streams. 
Dead shell material also forms an important component of tideways sediments in the 
higher-energy regions.

Sediment nutrients

The capacity of the clay constituent to adsorb nutrients, together with the sorting of 
sediment types, has an important influence on the distribution of nutrient-rich 
sediments, resulting in an inverse relationship between the particle size and the total 
nitrogen and phosphorus. In general, the sediments decrease in nutrient content as 
one goes from the head to the mouth of a tideway. The following diagram with Upper 
Waitemata Harbour data shows this (Knox 1983a).
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Total Kjeldahl nitrogen (TKN) and 
total organic carbon (TOC) together 
with the organic sediment index OSI 
(product of the percentages of TKN 
and total phosphorus) for sampling 
sites on the Upper Waitemata Harbour, 
progressing down the tideway from the 
Rangitopuni at the head to Hellyers 
Creek at the mouth.

Johnston's data (1984) for the Mahurangi shows the inverse relationship between 
organic content and percentage of sand, as perhaps one might expect.

Briggs (1972) working on the lower Whangateau Harbour noted that the amount of 
organic carbon increased to levels of 1.5-2% towards its outer edges. Reporting on his 
study of the deposit-feeding snail, Amphibola crenata, he held the view that the 
organic material must first be converted by decomposing bacteria before becoming 
available for food.

Rate of sedimentation

Estuaries tend to fill up with sediments. Following inundations by the rising sea, 
of the order of 10,000 years ago, the erosion products of the catchments have 
accumulated in the tideways. We need to know the impact of our present day 
land use practices. However, within any one estuary, rates of sedimentation 
vary and generalisations are difficult.

Sediment depths in tideways can be substantial; in places they may be of the order of 
10m. The evidence from seismic sounding shows depths of 18m in the Waitemata 
Harbour (Hicks and Kibblewhite 1976) and 7.5m in the tidal flats of the Mahurangi 
(Trotter 1990). Probing with rods has indicated depths of up to 10m in Lucas Creek in 
the Upper Waitemata Harbour (Hume 1983). These depths suggest an average rate 
of sedimentation of l-2mm per year. Calculations based on radiocarbon dating give 
rates of 1.5mm per year in the Mahurangi (Johnston 1984) and the 0.7 - 1mm per year 
in the Upper Waitemata Harbour (Hume 1983).

Using the additional technique of pollen analysis, a very elegant method based on the
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identification of the types of plant pollen in a column of sediment to deduce the 
forestry and agriculture practised at the time the sediment was washed into the 
tideway, Hume reported the following yearly rates for Lucas Creek.

In the pre-Polynesian settlement for the 1.5mm/y 
period 6500-700 years ago
Pollen from this period, found at depths greater than lm, was from kauri, rimu, rata, 
beech and toatoa forest, as is to be expected from an undisturbed New Zealand.

In the period 700-110 years ago during lmm/y 
Polynesian settlement
Pollen type changes (at 0.8m depth), and as a result of forest clearance, bracken now 
dominated the pollen.

Following the European forest clearance 3mm/y 
the rate rose
The top half metre now shows the introduction of such new European species as 
pines, willow and grass.

Since 1854 the main channels have shown no detectable sedimentation or erosion and 
present-day deposition on the tidal flats has averaged less than 2mm/y.

There is broad agreement about the average rate since the old rivers were inundated, 
and it seems possible that the upper few metres represent the sedimentation for the 
last 6000 years.

There is, however, less unanimity about the detailed history of recent depositions, for 
which the rates might well be much higher (see Trotter 1990). Comparison of naval 
chart soundings made in 1905 and 1975 in the Mahurangi (Harris unpublished) 
provides support for the higher rate. Indeed near the mouth of the Estuary (not 
Harbour), a rate nearer 20-30mm/y seems to have applied, while in the lower Harbour 
there has been substantial channel relocation but no net change. However, it must be 
noted that the cessation of the steamer traffic on the Mahurangi would have removed 
the possible "dredging action" of ships' screws. This may have influenced apparent 
sedimentation rates.

What is clear from the available evidence from the Upper Waitemata and the 
Mahurangi is that the rate of deposition varies from site to site and that at some sites 
the process can be one of erosion. The cross-section from Hume (1983) illustrates 
this and the difficulty of generalising.
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Distance from mouth - km.

A longitudinal section along the axis o f Lucas Creek, Upper Waitemata Harbour, 
showing bed rock level and the greatly varying depths o f the overlying sediments 
(shaded). A and B are erosional sites.(Adapted from Hume 1983).
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PHYSICAL SETTING

CLIMATE
An appreciation of very significant inter-year climatic variability is essential for 
the understanding of such phenomena as the failure of oyster spawning (water 
too cold), increased eutrophication (low rainfall and low stream flows), and 
greatly increased sediment transport (floods).

We first examine the nature, of the climate impinging on the catchments of the Gulf 
Tideways, and then, discuss its influence on tideway processes.

The succession of high and low pressure systems, moving from west to east with 
periodicity of some 5 days, forms the basis of the weather system.

As Hessell (1988) reports, the prevailing winds from the southwest and northeast 
have long fetches over the sea. The southwest winds are accompanied by showers, 
especially in winter when the warm sea destabilises the air flow. With squally 
westerly winds there may be thunderstorms, most frequently in winter and spring.

Northeast winds associated with cyclones or depressions to the north of the country, 
with fronts embedded in the air flow, bring the heavy rain. Often their passage is 
blocked by high pressures to the southeast.

During the summer months sea breezes blowing in from over the sea from both the 
west and the east converge and carry air aloft. This is a local cause of rainfall.

Recent research has shown that the weather system is modulated, with a periodicity of 
3 to 5 years, by the atmospheric pressure variations in the trade wind region of the 
Pacific Ocean. These variations are denoted by an index, the Southern Oscillation 
Index. Sustained observations over some 25 years, at the University of Auckland's 
Leigh Marine Laboratory, of rain, wind, waves, temperatures, etc. have suggested that 
although there are other inter-year influences, those represented by the index can be 
dominant and essential to the understanding of inter-year variations of conditions on 
the local coast north of Auckland.

Influence of the Southern Oscillation

Because of very significant year-to-year variations in climate associated with the 
Southern Oscillation (El Nino-Southern Oscillation ENSO), observations made 
at any one time, even in any one year, may be not be typical and could be 
misleading.

The Southern Oscillation Index describes the atmospheric pressure gradient between 
places, such as Hawaii and Darwin, along the Pacific Equatorial belt, and is therefore 
a measure of the strength of the South East Trade Winds.

The Trade Winds, blowing from east to west, are part of a vertical circulation called 
the Walker Cell, in which the winds aloft are flowing west to east. Another 
circulation, the Hadley Cell, is a vertical circulation having the winds directed
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poleward aloft and equatorward at the surface. These are shown in the diagrams 
which illustrate the two modes when the circulation in one cell or the other 
dominates.

warmer sea 
heavier rain (floods) 
higher waves
more beach sediment movement 
more tideway sedimentation

more SW winds 
colder sea 
less intense rainfall 
lower waves 
algal blooms? 
less sedimentation

Modes of the Southern Oscillation: left, positive; right, negative . The Walker Cell circulates 
air in the east-west vertical plane, the Hadley Cell in the north-south plane. A solid line 
indicates a stronger circulation than a broken line. P or p is pressure, C or c is sea surface 
temperature, the upper case for higher values. H is the mean position of the anticyclone. 
Some possible tendencies are shown.

When the Trades Winds are strong it means that the circulation of air parallel to the 
equator (Walker Cell) is also strong. On the other hand when the Trades are weak the 
poleward circulation (Hadley Cell) is strong and leads to a strengthening of the mid
latitude westerlies. Under these conditions - a negative index - westerly winds 
dominate over New Zealand (Gordon 1985), tropical cyclone tracks may move 
further towards the east, rain is more frequent but less intense, and on the Gulf Coast, 
river flows are less prone to floods, air and water temperatures and waves are lower. 
Average water temperatures were 2°C colder in 1982/3 and 1992 (J.Evans, personal 
communication) under which circumstances, algal blooms occurred in coastal waters.

When the east to west trade winds are strong the index is positive, and one must 
expect more northeast winds, more storms (whether of local, subtropical or tropical 
origin), higher rainfall intensity (sometimes nearly double), more floods and variable 
river flows, pulses of high river sediment and nutrient transport, warmer seas, higher 
air temperatures, and higher wave energy (sometimes double) leading to greater 
sediment movement alongshore and into tideways.

The index swings from one mode to another with very variable periodicities and
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amplitudes. A time of extreme negative index was 1982-1983. In the light of this 
variability one has to be cautious about using averages and in interpreting 
measurements. Commonly investigations, being of limited duration, do not sample 
the conditions under all modes of the index and are consequently biased.

Temperatures, Air, and Water

Water temperatures influence such aspects as the spawning of invertebrates, the 
saturation value of dissolved oxygen, and sea-level. Warm temperatures 
promote the formation of clay-rich subsoils.

Monthly mean temperatures

Monthly mean air and sea surface temperatures (°C) at the open coast site at the 
University of Auckland's Marine Laboratory (Evans 1992), and at Auckland (Hessell 
1988 and Greig et al. 1988) are shown in the diagram below.

There are small differences along the coast. The highest and lowest sea temperatures 
lag those for the air by about a month.

The air and sea mean monthly surface 
temperatures are plotted on the graphs 
and show that the sea temperatures 
(full line) are always warmer than 
those of the air (dashed line), the 
difference reaching a maximum of 
about 2°

Month

It is noteworthy that, in shallow water, tideways have temperature microclimates. 
Hume (1977) reports that over hot sand banks in Manukau Harbour the temperature 
of the water of the incoming tide can be raised as much as 8°C.
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Inter-year variations in sea water temperatures

The large variations in the mean monthly temperatures in different years are 
illustrated by the time series of records from the University of Auckland's 
Leigh Marine Laboratory.

Monthly mean sea temperature anomalies from a 25 year average, smoothed with a 5 year 
running mean. Inter-year anomalies of nearly 2 C have been experienced. (J. Evan, personal 
communication).

Wind

Wind-generated waves stir the sediments over the shallows, increasing turbidity 
and assisting sediment transport, inside and outside the tideways.

The prevailing winds are the predominant westerly or southwesterly winds and the 
easterlies. Wind directions over New Zealand are, as noted above, influenced by the 
conditions in the Pacific Equatorial region as indicated by the Southern Oscillation 
Index. With increased dominance of northeasterlies there would be a more vigorous 
wave climate and more active sediment movement along the Gulf Coast. Within the 
tideway basins there will be some, possibly considerable, orographic control.

Winds indirectly have an influence on the conditions in the tideways in so far as they 
generate wind waves whose orbital motions stir the sediments into suspension. This is 
further discussed under the section on waves.
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Rainfall

The rainfall determines salinity gradients and therefore the osmotic (cell) 
pressure climate for flora and fauna. Rain intensity has a direct bearing on 
sediment and nutrient runoff. The very large flood from one storm on the Upper 
Waitemata Harbour Catchment transported two-thirds of the year's sediments 
and one third of the total phosphorus and ammonia (Van Roon 1983).

According to Hessell, rain in the Auckland area occurs mainly with northerly winds 
associated with depressions or fronts. Heaviest falls occur with a depression to the 
north or northwest, or a north to northeast airflow with a front embedded in it. The 
rain is relatively warm. Squally westerlies, however, can be accompanied by thunder 
storms. Showers are generally associated with southwest air flows, especially when 
they are destabilised in winter by a warm sea.

Contoured data from measuring 
stations show the distribution o f mean 
annual rainfall in the area. Contours are 
in hundreds of millimetres per year.
The higher ground at the northern end 
seems to attract the most rain. (Adapted 
from Hessell 1988).

Though the mean rainfall is interesting in a general way, it obscures two aspects 
crucial to the understanding of tideways; the overwhelming influence of the inputs 
of sediments and nutrients during intense rainfall events, and the high degree of 
inter-year variability with which these flood events occur. Consider, for example, 
the rainfall in 1983 and 1985. That in 1985 was almost double that in 1983, and 
included about four times as many events (see below). Any observations of such 
quantities as the annual sediment or nutrient loads, made in either of these years, 
would not have been representative.
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1985 was the year of one of the biggest events: 
over 200mm of rain and the Mahurangi river 
running at 30 times its average flow. The 
atmospheric pressure system that produced it is 
shown in the diagram.

Month

Daily rainfall for the "dry" year 1983 (859mm) and a "wet" year 1985 (1534mm), measured at the 
Leigh Marine Laboratory and analysed by Mr J Evans. Note the higher intensities and the higher 
summer rainfall in 1985 when intensities were greater than 30mm in 24 hours on 12 occasions, 
compared with only 3 occasions in 1983. In general rain intensities of up to about 35mm per 24 
hours are more prevalent in the winter. Greater intensities may occur at any season.
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SEA-LEVEL

The dominant feature of a tideway is the twice daily change of water level. In 
this section we shall be dealing with the astronomical tides which are caused by 
the pull of the moon and the sun, and are responsible for the greatest rise and 
fall of water level: 2-3m in the tideways. But sea-level is also a function of a 
number of other factors, each with its own time scale. Amongst these factors are 
long term changes in sea-level, and the response to changes of both atmospheric 
pressure and temperature.

Evidence about the magnitude of water level response to atmospheric changes comes 
from Hannah (1990), who studied the tide gauge records of Auckland and other east 
coast ports for the period 1899 to 1988. His conclusions are:

* Mean sea-level at Auckland has risen at the rate of 1.3mm per year. He adduces 
evidence to counter the possibility that this reflects a land subsidence, but allows the 
possibility of east-west tilting.

i  i - | | ]

1900 1925 1950 1975 2000

Year

Diagram based on tide gauge measurements at Auckland, showing 
the long term rise of sea-level between 1899 and 1988, and 
presumably applicable to all Gulf tideways. (From Hannah 1990).

* Atmospheric pressure. At Auckland the water level response to atmospheric 
pressure changes is 9.5mm/hPa (approximately the theoretical value). This implies 
that during the passage of a high pressure system when atmospheric pressure may rise 
from, say, 990 to 1030 hPa, the sea-level would fall about 40cm.

* Temperature. Sea-level changes 46.3mm per degree Celsius. One must expect 
summer sea-levels to be on average 20-30cm higher than those for winter.

These changes in water levels are quite substantial and have to be taken into account
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in some circumstances. Suppose, for example, that in order to investigate sediment 
accretion or erosion it was required to compare a sounding made today with an 
historical one made a hundred years ago. Suppose, further, that the former sounding 
was made on a summer's day (hot) when a front was passing (low pressure) and the 
latter on a winter's day (cold) with a high pressure. Other things being equal, the 
modem sounding could possibly be as much as 60-70cm shallower, reflecting the 
amount by which the sea-level was lower. This could be interpreted, incorrectly, as 
accretion of sediments.

TIDAL REGIME

Perhaps the most important physical factor is the tidal regime. The tidal range, 
together with the near-emptying of parts of tideways at low tide and the 
exposure of tidal flats to sun and air, biases the food production system towards 
that of benthic algae, and influences the whole character of the fauna. High and 
low tide volumes and hence tidal excursions determine residence time, pollution 
levels and, possibly, local recruitment. Twice a day the tide refreshes the 
tideways' oxygen supply.

Considering the complexity of its make-up, it is rather remarkable (and convenient) 
that the tidal wave should take exactly a day to 'circumnavigate New Zealand 
(anticlockwise). As a consequence, the tide on the New Zealand coast is a simple 
semidiurnal one. That is to say it approximates closely to a sine curve and there are 
two high tides of nearly equal heights per day, though there is a small diurnal 
inequality resulting in, for example, height increases of alternate high tides. A sample 
of the tidal curve for the waters off the Leigh Marine Laboratory is given below.

Figure showing a sample of the open coast spring tide near Leigh and probably 
representative of the tides impinging on the coast off the Gulf Tideways. Dots are 
calculated values.

These data, communicated by J.H. Evans, are unusual in that they were gathered on 
the open coast. Permanent tidal gauges in New Zealand waters are situated in 
harbours and measure a tidal signal more modified by land constraints.
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We take this tidal simplicity for granted, but for those concerned with tides it is 
greatly to be welcomed.
In other parts of the world the tides can be very complicated.

Consider, for example, a sample of a tide 
record from Manila in the Philippines where 
the diurnal component is strong.

Tidal ranges

Tide tables for Queen’s Wharf, Auckland, show the mean neap tide range as about 2m 
and the spring tide range about 3m. Ranges and times of tides along the Gulf Coast 
are for practical purposes not greatly different from those at Auckland. See e.g. Harris 
(1985).

However, within the tideways, the shape of the tidal height curve, and the range and 
time characteristics are modified. Some values of the tidal ranges (m) are:

Mean tide range
Queens Wharf, Auckland. 
Lucas Creek
Mahurangi near Warkworth 
Whangateau Harbour

2.40 (Nautical Almanac) 
2.68 (Johnston 1980) 
2.16 (Johnston 1984) 
2.00 (Durbin 1969)

Neap range
Queens Wharf, Auckland 1.90 (Nautical Almanac)
Matakana River near Matakana 2.00 (Harris, unpublished)

For practical purposes the mean tidal ranges can be taken as roughly 2-2.5m, with tide 
times within about 10 minutes of those at Auckland.

Tidal volumes

An important characteristic of the tideways is the great difference in the high and low 
tide volumes; nearly an order of magnitude (see diagrams in section on tidal 
excursions). In parts of the tideways little water remains at low tide. Some, such as 
Whangateau Harbour and Orewa Tideway, practically dry out. Flows are then mainly 
confined to quite narrow channels with small water depths (except towards the 
mouths of the larger ones). Three examples are shown in the diagram below. At high 
water only about 2m covers the tidal flats
One fundamental consequence of these features is that, with a falling tide, large areas 
of mud and sand banks become exposed. This allows the benthic microflora on
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Omaha Bay

Waitemata Harbour

Differences in high and low (black) tide areas in three 
harbours; (right) Whangateau, (left) Mahurangi, (lower) Upper 
Waitemata.
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their surfaces access to the air and light for photosynthesis. A second consequence of 
shallowness is an increase in wave-induced turbidity which diminishes the 
phytoplankton productivity. These two consequences favour benthic production. This 
is discussed later in the section dealing with productivity.
Another consequence of exposure is that the tidal flats can be warmed to temperatures 
well above the ambient.

Tidal prisms

The difference in the volume of water in the tideway at high water and low water is 
known as the tidal prism. It fulfils several important functions. Twice a day it 
refreshes the salinity and the oxygen in the tideway.
It also is the agent both for the transfer of planktonic life in and out of the tideway 
and the removal of fresh water and any pollutants. The volume of the prism depends, 
of course, on the tidal range which is similar for all the Gulf tideways, and also on the 
dimensions of the tideway, which can vary very greatly. Some examples of prism 
volumes (approximate) are as follows:

Tideway Volume of tidal prism 10 m

Mahurangi Tideway 41
Upper Waitemata Harbour 15
Mahurangi Estuary 2.4
Lucas Creek 2.0
Waiwera Tideway 0.4

The volume of water flowing into and out of the Waiwera Tideway as the tide rises 
and falls was measured by the former Ministry of Works and Development in 1970 
(personal report). These data are shown below.

Graphs showing the volume of water flowing into (left) and out of 
(right) the Waiwera Tideway at different stages of a tidal cycle.
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Modification of tides

Asymmetry in tides influences the direction of sediment transport and hence the 
zones of erosion and accretion.

Within the tideways the comparatively simple and regular shape of the deep sea tide 
undergoes modification in several ways. Depending on the shape of the tideway basin 
and the friction of the bed there may be changes in tide height and symmetry. These 
can include loss of height as the potential energy of the wave overcomes friction, or 
increase in height because of channel convergence. Asymmetries, that is, departures 
from a simple sine curve shape, arise from a number of causes. We shall deal with 
two of them. The simplest involves the effect of shallow water on the speeds of the 
wave crest and trough.

We note the following:
* the deeper the water, the greater is the speed of progress of the tidal wave 
form.

* some parts of the wave travel in deeper water than others. For example, the 
crest of the portion above mean water level travels in deeper water, and 
therefore faster than the trough, i.e. water below mean water level.

* moving along a shallow estuary, the tidal wave crest will move faster than 
the trough and there will be asymmetry in the wave form. The tide will rise 
faster than it falls.

The full line is an undistorted wave at the entrance to a tideway. The vertical lines show the 
differences in water depth. As the wave travels up the tideway the crest outstrips the trough 
and the wave form is distorted into the shape outlined by the broken line.
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The new distorted wave shape can be described by adding small tides (sine curves) to 
the original. These additional tides are the so-called overtides. The strongest 
component causing this type of modification is the M4 tide, an harmonic of the 
moon's very strong contribution, the M2 tide. The M4 tide peaks twice as frequently 
as the M2 tide, about 4 times per day, that is, it has a period of about 6 hours as 
opposed to 12 hours for the M2 tide.[Note: Abbreviations used are M2 for the 
principal lunar semidiurnal (M for moon, 2 for twice per day), S2 (S for sun) which is 
the principal solar semidiurnal tide, and M4 (M for moon's harmonic, 4 times per 
day) which is the first harmonic overtide].

A good example of the influence of the M4 component is the tide at Sandspit at the 
entrance to the Matakana Tideway. A comparison of the main tidal components 
between it and the tide off the University's Marine Laboratory at Goat Island tide is 
given below (Hydrographic Office pers.comm.).

Component Goat Island 
amplitude(m) phase

Sandspit
amplitude(m) phase

M2 0.8900 203.21 0.9366 207.00

S2 0.1411 272.76 0.1795 268.62

M4 0.0035 209.37 0.1469 152.57

Total amplitude of the six largest components.

1.31m 1.5475m

Notable is the difference in the M4 amplitudes (underlined): 40 times greater at 
Sandspit than in the open ocean at Goat Island.

The addition of the M4 tide to the M2 and the phase relationship between the two of 
them determine how the tide is distorted. There is, of course, a wide range of possible 
combinations, leading to a variety of distortions. The nature of the distortion is 
illustrated in the diagram below, where two examples are considered, one where 
every odd crest of the M4 coincides with M2 crests, and the other where the M4 
crests have been shifted a half wavelength to the right, relative to the M2.

In each example the M2 and the M4 tides are shown separately, with the result of 
adding the two tides together, M2+M4, shown above them.
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The upper figure shows the two 
components, the M2 and M4, in phase 
and the distorted but symmetrical curve 
with flattened low water shape resulting 
from their sum above them.

The lower figure shows the same two 
components now out of phase by 90° (a 
quarter of a tidal cycle). Their sum, 
above them, is an asymmetrical curve 
with the duration of the flood tide greatly 
exceeding the ebb, resulting in faster ebb 
tide currents. Other phasing could 
produce faster flood tide currents. (After 
Boon and Byrne 1981).

Time - hours

The above curves show tidal height distortion. The consequences for tidal stream 
speeds are illustrated in the curves below showing the speeds associated with a tide 
where the M4 and M2 heights are out of phase by 90°. The associated tidal speeds 
reach their maxima at mid-tide and are zero at the turn of the tide.

Tidal cycle degrees (•)

(left) Height curves of tides of M2 (dots) and M4 (full line) and their sum (dashes); 
and (right) the associated tidal stream speeds. (After Friedrichs and Aubrey 1988).
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It is of interest, particularly for the understanding of sediment movement, to know 
what controls the phasing of the M4 in relation to the main tide, M2. If flood tides 
dominate, sediments will move inland, while with ebb domination they will move 
seaward.

Analysis of case histories and mathematical modelling (Friedrichs and Aubrey 1988) 
suggest that two important controlling factors are:

* the ratio of the tidal amplitude 'a' (about half the tide range) to average depth 
'h', (a/h) which reflects the frictional forces. A large ratio indicates flood-dominated 
velocities.

* the ratio of the intertidal storage in the tidal flats (V ) to the estuary channel 
volume (Vc) at mean sea-level, (V /V ). A large ratio indicates ebb-dominated 
velocities.

Shallow estuaries with little freshwater input and an a/h ratio greater than about 0.3, 
such as is common in the Gulf Tideways, are likely to be flood-dominant. Only for 
a/h between 0.2 and 0.3 can a tideway be dominated by either, depending on

Application to the Gulf Tideways

In the Gulf tideways the value of the tidal amplitude can be taken as lm, so that for 
mean depths less than about 3m bottom sediments will perhaps be moved inland. 
Where average depths are greater than 5m which, if they exist, are found towards the 
tideway mouths, the sediments would be expected to move seaward. At intermediate 
depths the presence or absence of tidal flats would decide the direction of sediment 
transport.

Seiching

A considerable complicating factor can be the presence of oscillations called 
"seiches". These are common in harbours where the depth and dimensions are right 
for a "sloshing to and fro" motion which can build up to such levels that mooring 
ropes snap. This seiching can readily be demonstrated in a dish or bath or any 
enclosed water body. They can also be generated in open-ended water bodies. They 
have been shown to occur in the upper reaches of both the Mahurangi and Matakana 
Estuaries with periods of the order of an hour or so, superimposed on the tide. The 
tides are thereby slightly modified, in a way similar to the tidal modification 
discussed above except that in this case the superimposed oscillation is of much 
shorter period than the M4 tide and its amplitude is only of the order of 10-20cm. The 
"noise" that seiches add to tidal records can make the normal tidal analysis most 
difficult, if not impossible.
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Evidence of seiching, left, a neap tide record in the Mahurangi near Warkworth (after Johnston 
1984), right, in the Matakana near Matakana (after Harris unpublished).

The period (T) of the fundamental oscillation in an enclosed basin is given in terms of 
the basin length (L) and the shallow water wave phase speed (gh)0-5, where g is 
gravity and h is the water depth.

T=2L(gh)‘0'5

This equation simply states that time is distance divided by speed in water of a stated 
depth.

If the oscillations are largely in an estuary (opening into a harbour) then they may 
arise from an open-ended oscillation which has a period given by

T=4L(gh)-0-5

The oscillations found in the Mahurangi Estuary had periods of about 1.5-2hrs and 
those in the Matakana periods of about lhr.

Tidal Streams

The tidal currents or tidal streams (as they are usually called) that accompany 
the tide wave which changes the water level are very influential in determining 
the conditions in an estuary. They are responsible for the sorting and 
distribution of the sediments and therefore of animal habitats. Their speed and 
duration set the limits on tidal excursions, so influencing the rate at which 
tideways are flushed.

In the open ocean the highest tidal stream speed is associated with the crest (in the 
direction of wave travel) or the trough of the wave (in the reverse direction) that is the
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maxima occur at the time of high or low tide. The wave here is progressive. At the 
head of an estuary this is not, of course, possible because the speed there must always 
be zero; there cannot be any horizontal current at a boundary. In this case the greatest 
tidal stream speeds are experienced at about mid-tide. What occurs at the head of an 
estuary is that the progressive tide wave, moving upstream as the tide makes, 
undergoes reflection. With one wave coming up and an equal one going down a 
standing wave is set up. In this theoretical case tide times are similar at all points in 
the tideway. This standing wave can either oscillate independently depending on the 
dimensions of the tideway, or be made to oscillate in the same way as the tide outside, 
a so called co-oscillating tide. However, because of frictional losses, the reflected 
wave is not quite as large as the incident one, and there will always be some element 
of the progressive wave remaining. Tide height times upstream will tend to lag those 
lower down the tideway, as for example in the Mahurangi. The further complication, 
which arises in tideways because of asymmetry, has already been treated above. The 
implications of the asymmetry are that if e.g. the ebb is shorter it must have 
associated with it an ebb tide current of higher speed (to remove the quantity of water 
brought in on the flood in a shorter time).

The implications of the superimposed seiching oscillation, referred to above, are to 
alternately reinforce or reverse the tidal stream. Observers on estuaries have been 
surprised to find the current flowing downstream for short periods during a flood tide.

With the gravity wave, into which class the tide waves fall, the water particle motion 
associated with the wave increases with increasing wave height so that the tidal 
streams speeds of the spring tides exceed those of the neaps. These differences can be 
very substantial. For example, in the Mahurangi Estuary Johnston (1984) found that 
the spring tide current speeds were 30-50% higher than the neaps. The highest speeds 
reached there were about 70 cm/s. Grace (1972) reported 1.6 m/s, that is, about 3.2 
knots in the entrance to Whangateau Harbour.

Cross-tideway currents

Apart from the ordinary current streams along the tideways there are cross-stream 
vertical circulations at comers. These arise because centrifugal forces cause surface 
water to flow towards the outer bank, resulting in a piling up of water which sets up a 
vertical circulation. One consequence of this is a deepening on the outside and a 
shallowing towards the inside of comers: a useful rule for navigators.

Sketch showing the effect of 
cross-stream currents.
At comers the low tide 
channels are displaced towards 
the outside by the vertical 
circulation.
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Tidal stream current shear

Variation of current speed across a tideway is the main mechanism for mixing

A characteristic of channel flow is the drag imposed by the boundaries. As a 
consequence there arise large differences in the velocity distribution in a cross- 
section. This makes it difficult to arrive at a single representative velocity.

Velocity differences in a cross-section 
change with the state of the tide. This is 
illustrated in the diagrams, which show 
velocity contours (cm /sec) in Lucas 
Creek in the Upper Waitemata Harbour, 
at stages of the tide 1 to 4 hours after 
high water. (Williams and Rutherford 
1983). The velocities in this example 
may be typical of the upper reaches of 
Gulf tideways.

Current shear greatly contributes to the mixing of tideway waters and their capacity to 
disperse effluents. The mixing effect is evident in the distribution of salinity (see 
section on salinity). The capacity to disperse is reflected in the "eddy diffusion 
coefficient," which is a measure of the mixing potential, and is useful in mathematical 
modelling. Two experiments in Lucas Creek in the Upper Waitemata assessed the 
coefficient as 10 m /s (Harris unpublished) and 17.0 m /s (Johnston 1980).
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Tidal Excursions

The distance a water parcel travels between low and high (or high and low) tides 
is its excursion. This property has considerable influence on the rate at which 
water is exchanged and pollutants flushed out. It therefore determines the 
prospect for retention within a tideway of those biota, which during 
reproduction have a limited settlement period, such as the larval stages of some 
tideway animals.
It is a difficult distance to determine for a number of reasons. It increases towards a 
maximum with distance down-tideway. It increases as tides tend to spring tides. It is 
greatest for parcels of water in the faster currents away from the banks. Since the 
excursion is probably different for different parcels, the best we can do is to accept 
that the excursion is the distance travelled by floats, tracers and dye patches, or to 
make deductions from tidal prism data. From experiments in the Matakana River 
(Bioresearches 1985), the Mahurangi Estuary (e.g. Harrison and Grierson 1974) and 
the Upper Waitemata Harbour, together with the evidence of tidal volumes in the 
Upper Waitemata Harbour (see below), it seems that the average excursion for mean 
to neap tides does not exceed about 3km. Excursions estimated from salinity 
measurements at low and high tide in Whangateau Harbour (Durbin 1969) are in line 
with this finding.

The diagram below shows some excursions.

The method of excursion estimation from the cumulative low and high tide volumes 
is illustrated below, using volume data from the Mahurangi (Harris unpublished) and 
Lucas Creek in the Upper Waitemata Harbour (Johnston 1980).
The method assumes that in response to the tide, the water moves coherently, i.e. all 
water panicles move at the same speed. In that case, the length (from the head) of an 
estuary holding a certain low tide volume minus the length of estuary holding the 
same volume at high tide is the excursion.

Ebb tide excursions in the Upper 
Waitemata Harbour. (Simplified 
after Parnell in Williams and 
Brickell 1983).
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Curves of the high and low tide volumes, cumulative from head to mouth, for (above) the Mahurangi 
Estuary at mean tides (Harris unpublished); and (below) Lucas Creek, Auckland (data from Johnston 
1980). The horizontal distance between the curves in each case is the distance the low tide water has 

to travel to fill the high tide compartment and is a rough indication of the average tidal excursion.
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FLUSHING TIME and the EXCHANGE OF HARBOUR WATERS

The time spent in a tideway by a parcel of polluted water or of larvae affects not 
only the level of pollution or the possibilities of local recruitment of biota to the 
population but also the chances of eutrophication.

Material, such as fresh water, nutrients, pollutants, bacteria, larvae, or mangrove 
seeds, is moved seawards by river flow or mixing processes during tidal excursions, 
until the processes of exchange of tideway waters with coastal waters take over. In 
the Gulf Tideways the average freshwater inflows are small compared with the tidal 
prisms, so the influence of the tide dominates the flushing process.

Consider some material introduced at the head of a tideway. Some will mix with the 
water brought up by each flood tide, and will be carried away by the ebb, to mix, in 
turn with water lower down. The tide therefore comes in, picks up some of the 
polluted water inside by mixing, and carries it seawards. The tide acts as a sort of 
intermittent conveyor belt or pump. The efficiency of the system depends on the tidal 
prism, the tidal excursions and the degree of mixing (eddy diffusion) which takes 
place both inside and outside the tideway. The flushing time is a measure of the 
efficiency of these processes. The efficiency is low if the outgoing tide carries with it 
only a small amount of pollutant, or if the incoming tide reintroduces a high 
proportion of the pollutant removed on the previous ebb.

Flushing time

The flushing time (also referred to as residence time) is the average time that a parcel 
of water remains within the tideway. It is the reciprocal of the flushing ratio which is 
the mass of a substance in the tideway which is lost per tidal cycle. A diagram to 
illustrate these concepts has been constructed by Williams and Rutherford (1983), for 
a single segment estuary, based on their experience in the Upper Waitemata Harbour.

Curves showing how the 
concentration of 1000 units of a 
'slug' o f some solute would 
decrease with time (measured in 
tidal cycles) for different 
flushing times (T). (From 
Williams and Rutherford 1983).

The flushing characteristics of a tideway are of considerable importance.
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They determine the concentration of any material after it has been released into the 
tideway. They also determine the suitability of a habitat for self-recruitment of flora 
and fauna. For example, consider the local recruitment of sessile marine invertebrates 
such as oysters or barnacles. If the larvae are not to be flushed from the tideway and 
lost to the system, the residence time should be greater than the time interval between 
hatching and settlement of larvae. That this is apparently so in an estuary such as the 
Mahurangi may be the primary reason why that tideway is so highly regarded by 
oyster farmers. The same considerations apply to the likelihood of algal blooms. 
Likewise with mangroves whose seedlings are negatively buoyant when dropped, - a 
condition which assists rooting but which can change to positive buoyancy, in which 
case the chances of settlement in the tideway are diminished.

Estimation of Flushing time.

We have two main methods of estimating the flushing time.

a. One approach is to introduce a tracer material such as a dye stuff, and monitor it. 
This is not very practical if the time involved is of the order of a week. A variant is to 
treat the freshwater river inflow as the tracer. Then, obviously, with a given fresh 
water inflow, the fresher the water in an estuary, the slower the flushing rate must 
have been, and the longer the residence time. If one compares the diluted salinity of 
the water in an estuary with that of the large mass of undiluted sea water outside, it is 
possible to estimate the amount of fresh water which remained in the estuary and 
effected the sea water dilution. This quantity represents the equivalent of so many 
days of fresh water inflow and the number of days of residence time of a parcel of 
fresh water. The relevant equation is as follows.

Let S  be the mean salinity in the estuary or a segment of it of volume V ,  and S o  the 
salinity outside the tideway. Then the quantity of fresh water within the tideway is

V ( S o - S ) / S o = F

and if Q is the rate of freshwater inflow into the estuary, the residence time is F/Q.

This method has been used to estimate residence times in the Mahurangi Estuary and 
in Lucas Creek, a comparably sized estuary in the Upper Waitemata Harbour. 
Evidently the residence times in these tideways are of the order of 4-10 days.

b. The other approach is to construct a mathematical or numerical model. The main 
problem here is to simulate the mixing process, a difficult task because mixing is 
mainly the consequence of current shear and turbulence.
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Harbour Exchange

Ultimately the health of the Tideway depends on the rate at which the Harbour 
water is exchanged with the open ocean water outside.

As was explained above, this exchange is effected by the tidal action. The exchange 
of water is assisted by the difference in pattern of the ebb tide flow, which has a jet
like character, and the flood flow which draws water in radially.

Schematic diagram of the very different flow 
patterns off the mouth of an estuary during the 
ebb tide jet flow (above) and the potential radial 
flow during the flood (below). Some conception 
of these flows can be gained from studies made 
on other estuaries.

o b
 o

o
o
o

y

An observation made on the ebb flow at the Orewa estuary, during a period of light 
winds, suggests that the inlet discharge there penetrated only about 1.5-2km into the 
Bay before the turn of the tide (see diagram of float tracks). There is also information 
about the tidal jet and flood flow at the entrance to Whangateau Harbour (Grace 
1972). The accompanying figure is an aerial photograph of the ebb tide jet marked 
with silt.

Float tracks in the ebb tide jet issuing 
from Orewa River mouth during light 
wind conditions. (After Harris and Grace, 
unpublished).
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Ebb tide jet issuing from Whangateau Harbour. Note the entrainment vortices formed at the jet 
boundary. (Aerial photograph by Aerial Surveys, enhanced by D.Abbott).

Ebb tide jets therefore penetrate into the coastal waters of the Gulf. The actual 
distance will vary from estuary to estuary, and while observational data are scarce, 
some estimate can be made from mathematical models and experience elsewhere. An 
analytical approach by Unluata and Ozsoy (1977) leads to the general conclusion that 
the jets from tidal inlets which are shallow, broad and issuing into shallow ambient 
water expand very quickly and consequently soon lose speed. In contrast the narrow 
deep jets issuing into deepening water retain their speed longer and penetrate further.

Based on a small physical model, Wilkinson (1978) was able to arrive at some non- 
dimensional flow patterns for the ebb tide jets defined by four variables, the 
maximum momentum flux (i.e. momentum times speed) per unit depth (m ), the tidal 
period (T), the width of the entrance channel (w ) and the density (p). If q is the 
maximum flow rate (about mid-tide) per unit depth

m = pq 2/w
o o o

From the variables we establish a characteristic length T, which can be used for
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normalisation. It is defined as 

, r rp2 -1 ,1/31 = [ rnT  p ]

The following normalised flow patterns revealed by the model experiments illustrate 
the influence of the entrance width of the tideway on the rate of expansion of the jet - 
whether it is narrow and concentrated or broad and diffuse.

yfl yfl

Normalised flow patterns in the vicinity of a narrow-mouthed tideway, such as 
Whangateau Harbour (left) and a wide-mouthed one, such as the Mahurangi (right). The 
areas enclosed by the unbroken line are for ebb tide jets at the time of fastest flow and 
then at the end of the ebb (the larger area). The dotted line is the boundary of a detached 
mass at mid-flood tide which is the remnant o f the ebb flow still drifting under its 
momentum away from the entrance, though some, in the right-hand diagram, is being 
recycled into the tideway. The dashes mark the limit o f the flood tide withdrawal zone.

Note:

a. the rapid widening of the jet on the right.

b. the fraction of the water which is recycled into the tideway on the flood tide 
will increase as the entrance width ratio w^l increases. The percentage of the 
recycled water ranges from about 13 to 30 % as the entrance width ratio 
increases from about 0.02 to 0.15 (Wilkinson 1978).
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COASTAL CURRENTS

The fate of water discharged into the Hauraki Gulf on the ebb tides depends on the 
coastal currents prevailing in the coastal waters outside the tideway. These may be 
tidal, wind-driven or density currents. They are variable, depending on which kind is 
dominating at any particular time. Some conception of this is illustrated by the record 
of current meter measurements made by Garner (1979).

Progressive vector diagrams constructed by placing successive vectors (measurements of speed and 
direction) tail to head for (left) the Tiri Channel, where the reversing tidal stream of average speed 
about 25 cm/s and tidal excursion of 5-6 km, was superimposed on southgoing residual drift of 6 cm/s 
; and (right) off Goat Island (Leigh), with a neap tidal stream of about 10 cm/s and smaller tidal 
excursion of about 2.5km. In this case the background current was only about 1 cm/s.

It should be noted that the trajectory resulting from the above application of the 
technique of progressive vector addition may not necessarily be the path followed 
by a parcel of water. The measurements are made at a single position.
Therefore, though the current meter data show up the variability at that point, they tell 
little about the pattern of flow, the best understanding of which comes from 
numerical models. There have been two numerical experiments about the Hauraki 
Gulf, one for the tidal streams and one for the wind drift currents. Results from each 
experiment are given below. For the former, only vectors for the mid-flood tide are 
presented. Those for the ebb tide are, according to the authors, largely
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similar in pattern but reciprocal in direction (Greig and Proctor 1988). Current speeds 
are not very great, commonly 10-20cm/s, and tidal excursions would be of the order 
of 2-4km.

Computed flood tidal stream current 
vectors, 3 hours after low tide. 
(Adapted from Greig and Proctor 
1988). The direction of the ebb currents 
is apparently nearly reciprocal.

The tidal stream patterns are important in so far as the tidal excursions can provide a 
mechanism for biota interchange between tideways. However, tidal currents, because 
of their reciprocating nature, are not a potent influence on water interchange at 
tideway mouths. Residual tidal currents are quite small (Greig and Proctor 1988). 
Probably of greater importance in this regard are the wind drift currents.

Wind drift currents

Tidal currents would generally not be expected to dominate in the presence of wind, 
which can produce drift currents with speeds of 2-3% of the wind speed. Examples of 
surface wind drift currents computed by Proctor and Greig (1989) are given below.
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Computed currents generated by a wind of 15 m/s (about 30 knots), (left) 
from the southwest, (right) from the northeast. (Adapted from Proctor and 
Greig 1989).
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WIND WAVES

By virtue of their capacity both to re-suspend sediments and to generate 
longshore currents, wind waves are responsible for the transport of Gulf beach 
sediments to form spits across tideway entrances and move the sediments into 
the tideways, thus creating special habitats. Within the tideways they re
suspend the fine clay particles, and are an important agency for maintaining 
turbidity. They also mix and aerate the water.

Waves in the Gulf

If wave orbital speeds are greater than a certain threshold value, they stir the 
sediments which can then become entrained in current flow. By this means Gulf 
sands from the coast are transported into the lower reaches of the tideways. The 
coastal sand transported is different from that entering from the catchments; it is 
coarser and has little clay and silt and therefore forms a characteristic habitat.

If waves approach the coast obliquely, sediments are transported alongshore and 
tend to form barriers outside entrances. Because of the differing orientations of 
the coast and wave shadows, the wave climate of the Hauraki Gulf coast is site- 
specific and therefore not one about which generalisations are possible (see Harris 
1985 for some discussion on waves in the Gulf). However, one may say with 
certainty that waves in the Gulf, whether generated within or entering from outside 
through one of the three channels, must be the product of winds with a strong 
easterly component. The wave climate, particularly the frequency of storm waves, 
is very dependent on the state of the Southern Oscillation Index. Average wave 
heights may double in years when the index is positive. The accompanying figure, 
on which the surge height anomalies measured at the Leigh Laboratory are plotted 
against the index, illustrates the point.

Running means (5 months) of average monthly wave surge height anomalies at the 
Leigh Marine Laboratory (unbroken line) and of the Southern Oscillation Index (dots). 
Seasonal trends have been removed (from Harris 1985). Data from University of 
Auckland (J. Evans) and the New Zealand Meteorological Service (pers. comm.).
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Waves within the Tideways

Because of limited fetches wind waves within the tideways are not normally very 
high. However, even the lower waves of 10-20cm are significant because of the 
sediments which they stir, thus contributing to the turbidity and influencing food 
production. The influence of wind waves is enhanced by the nature of the sediments, 
which are commonly fine sand, clay and silt. The threshold values of current speeds 
needed to raise these into suspension are not great. Johnston (1984) found from flume 
tests on Mahurangi tidal flat sediments (81% fine sand and 17% mud) that threshold 
speeds were 20cm/s for sand and 44cm/s for mud.

For shallow water waves, the classical theory states that the maximum horizontal 
orbital velocity (i.e. the speed of the water particle within in the waves) U, at depth h 
for a wave of height H, is given by the equation:

U = 0.5H{g/h}°'5

where g is the acceleration of gravity.

Calculated values of U, the maxium orbital velocity in centimetres per second, are 
given below for a range of wave heights and water depths in metres.

Wave height Depth h(m)
H(m) 0.5 1.0 1.5 2.0

0.1 21 15 13 11
0.2 43 31 25 22
0.3 66 46 38 33
0.5 108 77 64 55

Observing that 0.1m waves can be generated by a wind of 5 m/s (about 10 knots) 
flowing over half a kilometre, it is evident that the threshold values determined by 
flume experiments on Mahurangi sediments by Johnston for fine sand and mud will 
frequently be reached.
The figure shows a sample of a wind wave record.

Waves generated by a 12 m/s (about 24 knots) wind blowing over a 1km fetch 
in the South Manukau Harbour. Note the wide range of heights and the short 
periods. Highest waves are about lm. (After Hume 1980).
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SALINITY AND TURBIDITY

Salinity in the Gulf
(values given in parts per thousand)

The salinity maxima of the tideways are determined by the salinities of the western 
margin of the Gulf. These tend to decrease slightly from the Cape Rodney end, which 
is influenced by indraughts of saline oceanic water, to the Waitemata Harbour end, 
where surface salinities are lower because of the precipitation and run-off in the 
shallow Firth of Thames.
Off Cape Rodney winter surface salinities are about 35.2 increasing to maximum 
values which can be 35.6-7 in April. Winter values in the Firth fall to 34.3, and are 
about 35.4 in summer (Paul 1968, Mercer 1979, Evans 1986). There are also year-to- 
year differences in the salinity of Gulf water. The cause of these is not well 
understood, but indraughts of offshore water appear to be involved (see e.g. Harris 
1985).

Salinity in tideways

The average freshwater inflow at the head of the Gulf Tideways, over a half tidal 
cycle, is never very great compared to the volume of the tidal prism, so saline water 
flooding in from the Gulf will dominate at high tide. The low tide salinities, however, 
depend on the volume which remains at low tide. This varies greatly from one 
tideway to another. However, there are two factors which act to prolong the fresh 
water influence in the upper estuaries. The first is the stratification which tends to 
retain the freshwater in the upper lm or so. The second is a consequence of the 
presence of the low tide channels. The speed of the flood tide bringing up the saline 
water is greater where the water is deepest i.e. over the channels. The slower delivery 
of the saline water to the sides keeps them fresher initially. This effect, in both plan 
and section, is illustrated below.

Steep gradients of salinity along (left), and across (right), Whangateau 
Harbour as the tide is flooding in. (Adapted from Durbin 1969).
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The graph below shows how the flooding tide increases the salinity in a small 
tideway, the Orewa.

Increase of salinity with time, in the 
main channel under the SHI road 
bridge, for a neap tide flooding into 
the Orewa tideway. (Harris 
unpublished data).

Interesting features of the above curve are:

*on the flood tide the salinity maximum is reached by about half tide.

*the salinity of the water covering the sand/mud banks is comparable with the high 
salinities found in the coastal waters.

One important difference between tideways is the high tide-to low tide salinity 
range at any one place in a tideway. For tideways which nearly empty at low tide, 
such as the Whangateau Harbour, the salinity range might be as much as 30 parts 
per thousand, whereas for tideways with a substantial residual low tide volume 
(e.g. the Mahurangi) the range is of the order of only a few parts per thousand. 
Animals inhabiting the former type of tideway have to make adjustments to very 
great changes in osmotic pressure. The graphs below illustrate the high and low 
tide salinities in both kinds of tideway.
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Comparison of surface salinities near to low and high tide (above) in the Upper Waitemata Harbour 
at average river flow (data from Williams and Rutherford 1983), and (below) in Whangateau 
Harbour at high river flow (data from Durbin 1969), showing the great differences in salinity 
changes (hence osmotic pressure) in a half-tidal cycle.



-54-

Turbidity

Turbidity in the Gulf

There is, on average, a gradient of turbidity on the western littoral of the Hauraki 
Gulf, with Secchi disc values decreasing southwards. Note: a Secchi disc value is the 
distance at which a standard size white disc just becomes invisible.

The diagram shows average turbidity values 
found by Paul (1968). The numbers are the 
depths (m), to which a white disc can be seen. 
During times of algal blooms, as in 1982-1983, 
and temporarily after rain, these values would be 
reduced, sometimes very substantially.

Turbidity in the tideways

The waters of the tideways, except towards the mouths of the larger ones, are much 
more turbid. However, the high variability of the turbidity makes generalising 
difficult and of doubtful value, though one can say that some discolouration is always 
present. The upper reaches are usually the most turbid. Feeney (1984) reported that 
in the Mahurangi Estuary Secchi disc depths were usually less than lm, but that 
clarity improved towards the Harbour entrance. This topic is treated again in the 
section below on Causes and Consequences of Change.



Upper Waitemata Harbour
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NATURAL HISTORY

[Note: In keeping with the broad treatment adopted in this study, attention will be 
given only to the dominant species of fauna and flora. Simple illustrations of selected 
species will be provided for the benefit of those less familiar with the biology. 
Exhaustive checklists and identification details will be not be given. These are the 
domain of the specialist. Neither will micro-organisms be treated].

The setting for life in the Tideways

The kinds of life which reside in tideways are obviously the product of a great many 
factors which together establish the setting or habitat. Habitats may be on hard or soft 
substrates situated intertidally with periodic inundation or subtidally with constant 
submersion. Alternatively habitats may be planktonic. Amongst the more important 
factors determining habitat selection are a secure 'foothold' or shelter within 
constantly moving water, security from predators, sufficient food, and conditions 
favourable for species propagation by recruitment, perhaps local. We make the 
assumption that conditions for life in each of the Gulf Tideways are sufficiently 
similar to warrant our making broad generalisations. In doing so there are risks on 
account of our lack of information about the consequences of such aspects as 
differences in scale (e.g. flushing time affecting local recruitment) or chemistry (e.g. 
nutrient input conditioning productivity).

We deal first with the geological background and physical conditions. Although most 
of these have already been outlined, it is worthwhile bringing them together here.

Low tide exposure
Though the original valleys were drowned by the rise in sea-level, they were not very 
deeply submerged. After sedimentation had occurred (7-10m are the deepest 
sediments which have been measured) the water depths were not usually great. Very 
large areas of tidal flats are exposed at the low water of tides whose range is not much 
more than 2-3m. For flora and fauna this means some long exposure times, 
disadvantageous for some, but of vital importance to the benthic algae in 
photosynthesis. Furthermore, during exposure there is likely to be solar warming.

Sediments and turbidity
Soils washed into the tideways by the erosion of catchments produce sediments of 
clay (with adsorbed nutrients), sand (fine) and silt (with organics). Tideway floors are 
generally soft-bottomed and can be nutritious. The sediments, after partitioning by 
hydraulic processes, offer a range of mechanical properties providing shelter for a 
variety of benthic infauna. The finer, richer deposits are most suitable for mangroves. 
The clays are easily stirred by wave action and contribute to turbidity which is 
inimical to plankton photosynthesis. Near the tideway mouths, conditions obtain for 
those fauna and flora associated with cleaner water and less muddy sediments.

Studies in the Upper Waitemata Harbour catchments (van Roon 1983) suggest that 
apart from earthworks, the level of suspended solids depends on the land
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configuration rather than the land use. We may therefore reasonably expect that the 
Gulf Tideways will have similarities as to siltation and turbidity.

Salinity
Freshwater inflows are small compared with tidal prisms and therefore salinities will 
tend to be high (especially at high water), with fresher water confined to 
comparatively small volumes at the heads of tideways. The exceptions are salinities at 
low water in small tideways with little buffering by low tide volumes. A good 
example of this was salinity of less than 24 parts per thousand after heavy rains, at the 
mouth of Whangateau Harbour (Grace 1972).

Food production

The mode of production of food is an important determinant of the fauna. As possible 
example for the Gulf Tideways, we have an account of the food (carbon) production 
system based on the research carried out largely in the Upper Waitemata Harbour, 
and reported in Knox (1983a).

The primary producers of food in the estuary are the sediment microflora (algae and 
bacteria which coat submerged surfaces), phytoplankton, algal macrophytes, and 
vascular plants such as mangroves. Because of the nature of the tideways, the main 
producers are the vascular plants, especially mangroves, and the sediment microflora. 
Some of the products are immediately available, to such detritus eaters as worms, 
snails, and even some Fish, while other products have first to be made available to the 
consumers by bacterial decomposition.

All the tideways drain clay-abundant river catchments and therefore have turbid 
water, and because of adsorption have nutrient-rich sediments. These factors, together 
with shallow depths, bias the food production towards the interface of water and 
tideway floor, and encourage a quite typical fauna. Mangroves are an important 
source of food because of their leaf fall. It may, therefore, be reasonable to expect 
that the principles underlying food production will be similar in all the tideways.

For convenience production is expressed uniformly in terms of the equivalent amount 
of carbon, rather than as the organic compounds that are in fact produced. Unless 
otherwise stated the units are grams of carbon produced in a square metre per year. 
Numbers have been rounded off to the nearest gram.

Exposure to carbon dioxide and sunlight gives rise to primary production by 
mangroves, macrophytes, and single-celled algae, including diatoms and blue-green 
algae (cyanobacteria) on the tideway floor and phytoplankton afloat in the water. This 
production also requires nutrients notably, nitrogen and phosphorus. Clays in the 
rivers adsorb nutrients and trace metals. Compared with production in the open sea, 
levels are high, perhaps twenty times higher. Net production in tideways is only 
exceeded by that in tropical rain forests.
Rivers bring in dissolved organic material and detritus.

As reported by Knox (1983a) and Woodward (1982) the contributors to the organic 
carbon pool in the Upper Waitemata Harbour together with their net primary
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productivity in grams of carbon per square metre of an estuary per year (rounded off) 
are:

Production Source Productivity %

Algae on the tideway floor 171 43
(benthic microflora)

Phytoplankton in the water body 140 36

Mangrove litter (averaged over whole) 41 10

Rivers'organic material 42 10

2Total productivity in the Upper Waitemata Harbour is estimated to be 394g C /m /y.

Thus the best available estimate is that, over the whole Harbour each square metre 
produces nearly 400 grams of carbon in a year. This would be the equivalent of 
nearly a kilogram of sugar.

It should be borne in mind that:

* there are obviously very great difficulties in making estimates of the net 
productivity of each source.

* where data for making the above estimates were not available from local 
measurements, data from studies based elsewhere were used.

In view of these reservations, the estimates must be regarded as indicative rather than 
definitive. Nevertheless, they are probably useful in drawing attention to the relative 
importance of the different sources.

Based on the Upper Waitemata Harbour experience, the productivity of the benthic 
microflora, mainly microflora on open intertidal banks, is the greatest.

The next most important contributors to the life of the tideway are the plankton. 
Phytoplankton can be very efficient producers, the population of a rapidly growing 
species of estuarine phytoplankton being capable of doubling every day. They form 
the diet of filter feeders, some of which have a remarkable throughput capacity, such 
as for example the cockles in the Manukau Harbour that are estimated to be able to 
filter the northern harbour water in 4-5 days (Vant and Williams, 1991).

The contribution of the mangroves merits some comment. The mangrove bushes 
themselves have a high net productivity of 310 g C /y per unit area of mangroves, 
of which the litter fall of 176 g C /m2/y is available to the water phase. But the 
mangroves occupy only a small part of a tideway (a quarter in the Upper Waitemata 
Harbour), so that when their productivity is calculated per unit area of the whole 
tideway it reduces to 41 units. Therefore, of their net primary production only about 
an eighth is actually available to the tideway's water phase.
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It is worth noting that although (as we shall see below) the biomass of the mangroves 
is several orders of magnitude greater than that of the other two primary producers, 
phytoplankton and the benthic microflora, their productivity is about the same. This 
testifies to the efficiency of organisms which do not have to contribute to their own 
physical support.

Primary product sinks

The fate of the production (referred to above) by the phytoplankton in suspension, the 
algae on the bottom, the mangroves, and the river, in a soft bottom mangrove 
tideway, is to fall into six sinks:

* particulate organic matter (POM) or detritus, released into the water or incorporated 
into the sediments from river discharges, mangrove litter, macrophytes, etc.;

* dissolved organic matter (DOM) from river discharges, exudates from algae, 
phytoplankton, and benthic microflora, as well as from the process of cell breakdown 
during decomposition of dead flora and fauna, litter, and other detritus;

* benthic infauna, (animals living within the bottom sediments);

* benthic epifauna (animals living on the tideway floor) including such invertebrates 
as burrowing worms, tube worms, bivalves, mud snails, mud whelks, mud crabs, and 
shrimps;

* zooplankton living within the water column, consume phytoplankton amongst other 
food;

* and export during the ebb tide and the exchange of tideway water with the coastal 
waters.

The connections between all the sources and sinks are complex. A simplified version 
including only the main channels of energy flow, which is shown on the diagram 
below, does, however, give some understanding of the energy network. The units of 
the quantities are grams of carbon per square metre per year (g.C /m2/y). Only those 
processes involving more than 10 g.C /m2/y have been included. The four sources are 
shaded.

The diagram is based on the findings from the Upper Waitemata Harbour Survey. 
Circumstances in other tideways will, no doubt, be different. For example the ratio of 
the mangrove area to the total area may be different, or export might vary depending 
on the nature of the ebb tide jet. However, it is likely that the underlying principles 
would apply.
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Diagram of food sources (shaded) and sinks based on data for the Upper Waitemata 
Harbour (Knox 1983a). Areas of squares and widths of connecting channels are roughly 
proportional to quantities (g C /m /year).

The striking feature of this diagram is that more than half the production finally 
comes to rest in the sediment. On this account, detritus-eating benthic invertebrates 
play one of the central roles in the Gulf Tideways.
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ESTUARINE INHABITANTS

The population

As a rough guide and on the information so far available, the faunal population of the 
tidal waters (apart from the innumerable bacteria, plankton, spat, ova and other 
microscopic organisms) is estimated to consist of the following species numbers for 
the harbours of Mahurangi, Whangateau (Wh), and Upper Waitemata (UWH).
It is likely the numbers of species will be added to by additional surveys. A total of 
160 species might be an order of magnitude figure for each tideway; about 40 might 
be regarded as keystone species.

Mahurangi Wh UWH
Macro-invertebrates1
bivalves 36 26 11
gastropods 19 34 12
Crustacea 11 34 15
polychaetes 26 38 24

Fishes2 34 27 21

Birds3
water fowl 10 aquatic zone 10
wading birds 15 bivalve & mud flats zone 19
marsh birds 2 mangrove zone 4
paddocks and bush 20 grass & bush 22

. . . .1 „ . . _____
173 138

Mahurangi1 from Augustin (1986), Johnston (1984), Bioresearches Ltd (1975),
Handley (1992), Forrest (1991), and Green (1991). 
based on a checklist by Nicholson (Keys, undated), 
from Auckland Ornithological Society check list.

Upper Waitemata Harbour1,2,3 Knox (1983d).

Whangateau Harbour1 Larcombe (1968), Grace (1972). 
2 Grace (1971).

Population masses

Some conception of the relative masses of life in the tideways (the standing stock) is 
given by the estimates of biomass. To make these estimates we need to know the 
mass of each component in units of grams of carbon per unit area. These specific 
weights have been reported by Knox (1983a) for the Upper Waitemata Harbour and 
are the only estimates we have for the Gulf Tideways. The data (rounded off) are set 
out in the table below.
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Biomass gC /m2 %

mangroves above ground 361.0 81.6
mangrove litter 40.8 9.0
detrital microbial community 22.0 5.0
sediment infauna (bivalves,worms etc.) 7.1 1.6
benthic epifauna (snails crabs etc.) 5.5 1.2
benthic microalgae (algae on bed) 3.9 0.9
zooplankton (in suspension) 0.42 0.1
fish 0.05 0.01
birds 0.04 0.01

The data suggest that the standing stock averaged over the whole of the Upper 
Waitemata Harbour is about half a kilogram of carbon per square metre. The area of 
the Harbour is about 741 hectares.

Again, it must be noted that because of the difficulties in making this kind of 
assessment, the above estimates must be treated with suitable reserve. Nevertheless, it 
is of interest that apart from the mangroves above ground, 98% of the biomass is 
associated with the tideway floor, in contrast to the small contribution made by the 
biomass of those highly visible inhabitants, the birds and the fishes. The floating life 
is not a significant part of the biomass.

Arguably, the most vital element of the tideway biota is the bacterial population 
which converts the particulate organic material (POM) into food. When a mud snail, 
mud crab, worm, or yellow-eyed mullet, feeds off the mud it is ingesting much food 
in the form of bacteria, which are present in really very great numbers. The organic 
material may form 20% of the mud; 15% is in the upper 10cm. Life in this region 
constitutes the detrital microbial complex comprising algae, bacteria, fungi, etc.

Biomass in Whangateau Harbour

An interesting sidelight on biomass is emerges from the survey by Shawcross (1967), 
who as a prehistorian set out to determine what size of population might be supported 
by the cockles and pipis in Whangateau Harbour. His samples, extrapolated to the 
whole harbour, suggested there were 2.8 x 106 kilos of shellfish meat (without shell), 
which he estimated to be a day's food for roughly half a million people.

The tideway engine room

It is here, on the tideway floor, that the essential elements converge to form the 
engine room of the tideway in which the most active exchange of energy takes place. 
Though most of these elements have been mentioned before we recapitulate them 
below.

Fine sand and clay from sedimentary rocks, with adhering nutrients, together with silt 
with organic material, form the nutritious mud, that fosters mangroves whose litter 
provides a substrate for algae.
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Sand banks of low height (compared to the tidal range), allow long exposure time for 
benthic algal photosynthesis, the tideway's most productive process, which enriches 
the mud. The resulting detrital microbial complex gives rise to a tideway biomass 
component whose mass is second only to that of the mangroves.

Dominant species

When one further examines the composition of biomass, it emerges that quite a small 
number of species are by far the most abundant and account for most of the biomass 
in each category. The examples below illustrate the point.

Flora: Throughout the tideways a single species of mangrove, A vicennia m arina, 
dominates the biomass.

In the Upper Waitemata Harbour

Fishes: Four species account for 80% of the fishes recorded in the Upper Waitemata 
Harbour (Knox 1983d). Yellow-eyed mullet account for 40%, and are prominent in 
Whangateau Harbour, where they are said to constitute 95% of fishes in the mangrove 
regions (Davenport 1979).

In all transects in the Upper Waitemata Harbour study six or seven species make up 
75% of the individuals of the benthic macroinvetebrate community and contribute 
much more significantly to the biomass. Amongst these are H elice  crassa , 
M acroph thalm us h irtipes, N icon aestuariensis, B o ccard ia  po lybran ch ia , O rbin ia  
p a p illo sa , and T heora lubrica  (Knox 1983d).

Plankton: Though it is expected that the species of plankton which dominate will 
vary depending on conditions outside the tideways, the following are worth noting:

Zooplankton - In the Upper Waitemata O ithona sim ilis is reported by Knox (1983d) 
to be dominant with populations up to 105/m3. The next most abundant was A cartia  
clausi (jille tti),a  species common in estuaries. Davenport (1979) reports an occasion 
when these two species were present in extremely high numbers in Whangateau 
Harbour.

Phytoplankton - Limited sampling of the Mahurangi (Feeney 1984) indicated, that of 
the 20 species found, one (L eptocylindrus c.f. danicus), contributed 75% of the cells 
counted (480-130 cells per ml).

Birds: A census in the Upper Waitemata Harbour found that of the average total per 
day of 527, the most numerous were the black-backed gull (16-117 birds per census) 
and the pied stilt (28-110 birds per census). Together they accounted for 29% of the 
birds recorded in surveys (Knox 1983d).
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Habitat associations

In this section we aim to give a broad outline of the general life of a Gulf 
Tideway.

While recognising that there is almost an infinity of habitats, depending on 
combinations of salinity, shelter, sediment and food supply, etc. we will concentrate 
on three or four which seem to be determinate habitats. Recognising also that the 
macrofauna in a tideway, encompassing macroinvertebrates, fishes, and birds, is 
represented by of the order of 160 species, we will adopt the point of view that a quite 
small number dominate, and focus attention on them.

The correlation between habitat and associated life is a complex matter, and its 
treatment here will be limited to summarising the results of studies made on the 
Upper Waitemata Harbour (Knox 1983d), and Whangateau Harbour by research 
students. This general approach to Gulf-type soft floor estuaries has been very well 
handled by others and reliance has been placed on excellent accounts by Ritchie 
(1982) and Bradstock (1985). We draw on these (especially Ritchie) for what follows.

1. Salt marshes

At the top of the creeks, but within reach of the spring tides, are scattered clumps or 
swards of Salicorn ia  austra lis (Glasswort).
Further down, where the water is still quite fresh are the rushes Juncus m aritim us and 
L ep tocarpu s sim plex, and C arex  sp. (sedge), with H elice crassa  (mud crab), 
A m ph ibo la  cren ata  (mud snail), and Zeacum antus lutulentus (horn snail). This 
association attracts many kinds of birds amongst which are H alcyon  san cta  vagans  
(kingfisher), A rd ea  n ovaeh ollan d iae  (white-faced heron), smaller waders and gulls.

2. Mangroves

The part which mangroves play in the life of the Gulf Estuaries is so important that it 
deserves special recognition. All the tideways have the water temperature range and 
sediment type (as outlined above) which are suitable for mangroves. There is one 
species only: A vicen n ia  m arina. It thrives at the edges and towards the heads of the 
creeks, growing to 3-4m with taller specimens along the water boundary, and forming 
an intertidal thicket, occupying as much as a quarter of the surface area of the larger 
tideways.

Mangroves are commonly found growing in poorly consolidated clay-mud which is 
subject to periodic inundations by the tide. The clays of the weathered Waitemata 
series on the northeast coast, stretching from Auckland to Whangarei, together with 
silt, therefore form a sediment suitable for mangroves.

The sediment is fine-grained, poorly drained, and without oxygen except in a thin 
surface layer. It is possible that microbial preparation of the soil is first before 
successful colonisation can take place. The want of oxygen leads to the production of 
unpleasant hydrogen sulphide gas. The black colour of the sediment is due the 
reduction of iron salts to black iron sulphides.
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Measurements in the mangroves of Whangateau Harbour and the Mahurangi have 
shown that at mean high water, the depth of water was generally about 40-50cm. 
Along the channel fringes of mangrove thickets, however, the depths at mean high 
tide may be up to 80cm.

These depths are important for several reasons. Being situated at a level near to that 
of high water the mud sediments experience only a short duration of submergence, 
perhaps an hour or so either side of mean high water, and so, are subjected to only 
low speed tidal currents. Mangroves, therefore, are not subject to the maximum 
speeds, which occur at half tide.

As we have seen, mangroves are the dominant biomass and a leading food producer. 
They are also the centre of a rich association or community, part of which is a vital 
fish nursery.

In and around mangroves, the nutrient mud, enriched by leaf shedding, supports a 
quite typical flora and fauna comprising, in ter a lia , notably, algal growths, H elice  
crassa  (mud crab), A lpheus sp.(snapping shrimp), A m phibola  crenata  (mud snail), 
C om inella  g landiform is (mud whelk), Nicon aestuariensis (worm), C orophium  
acutum  (tube-dwelling amphipod), B occard ia  po lybran ch ia  (tube-dwelling worm), 
and species of capitellids (worms).

The fine, nutrient-rich sediments, usually in low wave energy places, provide 
congenial habitats for deposit feeders.

The mangrove branches, and pneumatophores (upward-growing roots) are hosts to a 
characteristic community, including the macroinvertebrates Elm inius m odestus  
(barnacles), X enostrobus pu lex  (mussels), C rassostrea  g lom era ta  (oysters), 
H orm osira  banksii (Neptune's necklace), and birds such as shags and kingfishers in 
the branches.

Fish representing about 30 species visit mangroves for feeding, spawning, or as a 
nursery (Ritchie 1982). A ldrich etta  fo rs te r i (yellow-eyed mullet) is the most 
abundant, and in the channels there are Anguilla  dieffenbachii and A. au stra lis  (eels). 
In the summer months, when they flower, the mangroves are hosts to bees.

The mangrove association numbers among its macroinvertebrates more species which 
are common to the Gulf Tideways, than any other.

3. Eel grass

In similar sediments, fields of submerged eel grass (Z ostera  n ovazelandica) provide 
another specialised habitat. Beds, commonly found on exposed sandy banks down 
harbour, have a rich characteristic fauna including limpets (N otoacm ea  helm si 
scaph a), sea slugs, the bubble shell (H am inoea zeland iae), and species also found in 
mangroves. There are, in addition, attendant flocks of wading birds.
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4. Tidal flats

A number of invertebrates have been reported as being abundant and may occur in 
very high densities on the tidal flats. Amongst them, the commonest molluscs are 

' C hione stu tchburyi (cockles) and P aph ies au stra lis (pipis). Others include: T ellina  
liliana, M actra  ova ta , C om inella  g landiform is, N ucula hartvig iana,A trina  zelandica , 
and sometimes P ecten  n ovaezelan diae  on fine to medium sediments in mid- or lower- 
harbour. X en ostrobu s pu lex  is common and X enostrobus secu ris is found in the 
coarser sediments where the current is faster. Theora lubrica , which occurs in regions 
with organic debris, is an important source of food for flounders.

H elice  cra ssa  is still abundant and other crabs include M acroph thalm us h irtipes, 
H alicarcin u s cooki, H. w hitei, H. varius, H. crenulatus, an d  P ilum nus serra tifrons. 
Polychaetes (worms) include N icon  aestuariensis, B o ccard ia  po lybran ch ia ,
P erin ere is  nuntia var. va lla ta , L epidonotu s po lychrom a, S co leco lep ides species, 
S co lo p lo s  sp. O rbin ia  p a p illo sa , and cirratulid species.
Snapper, spotty, and yellow-belly flounder are amongst the fish feeding on the 
macrobenthic organisms.

5. Harbour channels

The gravel zone at the lower end of the estuary, where the water is deep and the 
bottom current-scoured (especially in the larger estuaries), has a fairly typical shell- 
gravel fauna. Much of this region is barren but sponges, hydroids, and B alanus 
am ph itrite  (barnacles) occur. The starfish C oscin asterias ca lm aria  may be present in 
large numbers, and the cushion starfish P atir ie lla  regu laris is also associated with this 
habitat.

Population numbers

From the results of observations so far reported, one would expect a tideway 
community to include of the order of 30 (plus or minus 10) species of each of the 
following: molluscs, Crustacea, polychaetes, fish and birds. In addition there would 
be one species of mangrove, and of the order of a dozen other plants as well as 
quantities of phyto-and zoo-plankton.
The number 30 has been taken as canonical for convenience. Obviously there will be 
variations from tideway to tideway, and numbers will increase as surveys become 
more intensive.

Commonality

Attention has been drawn, above, to the characteristics which the Gulf Tideways 
share: geology, soils, sediments, temperatures, and salinities, together with a common 
tidal regime with associated ranges of tide heights, tidal stream speeds, and 
hydrostatic pressures.
All tideways have mangroves, which provide a habitat with very characteristic shelter 
and substrate.
There will also be similar risks of floods.
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Since there are apparent similarities in the range of habitats in all the tideways, it is 
reasonable to assume that there will be some similarity of biological association. 
However, detailed studies of the biology have been carried out on only some of the 
tideways (Upper Waitemata Harbour, Whangateau Harbour and in part on the 
Waiwera and Mahurangi tideways), so further research will be necessary before it is 
possible to say with confidence just what degree of commonality of species there is. It 
is to be expected that there will be differences because of, for example, different 
water chemistry from different catchment usage (see below), and different residence 
times.

Other factors which could militate against the exchange of species between tideways 
and thus limit the degree of commonality might be found in the restricted nature of 
the coastal water movements. Amongst these (some of which have been touched on 
above in the section on currents and tides) are:

* The distances between some adjacent tideways are greater than the tidal excursions 
in the Gulf.

* The Whangaparaoa Peninsula interposes a quasi-barrier to longshore currents and 
exchange. Indeed, the coastal waters off the Orewa tideway region are rather sluggish 
under most conditions of wind and tide.

* Since the prevailing currents in the Gulf are tidal current streams which reverse 
direction twice daily or the wind drift currents which are seldom sustained, it is 
possible that transport over long distances is unusual.

An interim analysis of the rather limited published reports of macro-invertebrates in 
the four estuaries, mentioned above suggests that whereas there is a hard core of 
species that are widespread amongst seemingly similar tideways, it might not be 
justifiable to assume that that is true of the majority of species. The analysis shows 
that in all there are 179 species so far reported, divided roughly equally between the 
four phyla considered. Of these 61% occur in only one of the four estuaries, while 
only 14% occur in 3 or more estuaries. The latter are listed below, with 
illustrations are from Jones (1983), Larcombe (1968) and McLay (1988).

The numbers in brackets are, where available, the maximum species density per 
square metre in the Upper Waitemata Harbour (Knox 1983d). An intensive survey of 
the fauna just inside the entrance to Whangateau Harbour by Grace (1972) also 
revealed very high densities. There was one patch with more than 400 infaunal 
individuals per 0.05m2; nearly one per square centimetre. Creese (pers.comm.) has 
recorded in excess of 25,000 juvenile pipis per square metre, also at the mouth of 
Whangateau Harbour.

Note that 12 species, with asterisks (*), are associated with mangroves in Whangateau 
Harbour (Larcombe 1968).
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COMMON MACRO-INVERTEBRATES (in 3 or more tideways) 
bivalves: _
Paphies australis (  Tdlina liliana(50)

Chim e stutchburyi 
(2050)

Crassoslrea glomerata

Venerupis largillierti 

gastropods:
ATX ft

Cominella glandiformis* \ 5 m  &
(100) W  i |

Zeacumantus lutulentus* ItW

Diloma subroslrata* 

Ophicardelus costellaris* 

Crustacea:

Hemigrapsus crenulatus

f

Palaemon
affinis

Macrophthalmus Zj' Vs
hirtipes*

polychaetes:

Nicon
aestuariens is.(450)

Nucula hartvigiana
(2000+ )

Xenostrobus pulex*

Turbo smaragdus* 

Cominella adspersa

Amphibola crenata* (202)

(Ka

Alpheus sp*

Helice crassa*

(424) I

Elminius
modestus*

Lysiosquilla
spinosa

Halicarinus
varius

Boccardia polybranchia (650)
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A few specific features of the benthic macrofauna of individual tideways which have 
been noted are:

* F icopom atus enigm aticus (identification by D. Gordon, personal communication), 
an alien, which arrived in the 1960s, is well established in the Mahurangi Estuary but 
has not yet been reported from the other tideways.

* Augustin (1980) notes the abundance of N erita  a tram entosa  in the Mahurangi and 
its absence in the Waitemata Harbour. Also in contrast to the Waitemata, P ern a  
canalicu lus is scarce in the Mahurangi.

* C hione stu tchburyi, is abundant in other tideways, but scarce in the Mahurangi, 
though there are extensive beds of dead shells (Johnston 1984).

Reporting on changes in Auckland Harbour, Dromgoole and Foster (1983) noted the 
following adventive (alien) bivalve species which occurred there. The estimated date 
of introduction is given in brackets.

* C rasso strea  g ig a s  (1964), the oyster which is now cultivated in the Mahurangi and 
is displacing the indigenous C rassostrea  g lom erata . It was not reported in 
Whangateau Harbour in Larcombe's old survey of 1968.

* T heora lubrica  (1972) is a detrital feeding bivalve. It arrived from Japan, and is 
now well established in both the Upper Waitemata Harbour (Knox 1983) and the 
Mahurangi Harbour (Green 1991).

* L im aria  o rien ta lis  (1972).
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FISHES

Surveys of the species of fishes which frequent the Gulf Tideways have been reported 
for the Upper Waitemata Harbour, Whangateau Harbour, and the Mahurangi. 
Although these have limitations on account of techniques or sampling in time or 
space, they give a good preliminary understanding of the fish life.

A check list published by Nicholson (Keys undated) for the Mahurangi names 32 
species: 8 rare (R), 20 common (C) and 4 abundant (A).

Grace (1971) has listed the fish species he observed near the entrance to Whangateau 
Harbour. Presumably the mangrove waters were not sampled. Of the 32 species 
which occurred inside the Harbour, 9 were rare (R), 14 frequent (F), 7 common (C) 
and 2 abundant (A). [J=juvenile only].

A quantitative gill net survey was made on the Upper Waitemata Harbour, UWH 
(Knox 1983d). The results of that survey are included in the list below where each of 
the 21 species in a 1008 fish sample, collected by Bioresearches Ltd in summer, 
winter, and spring of 1980, is accompanied by its percentage frequency of 
occurrence. It is notable that only 10 species accounted for 97% of the total number 
caught.

The following are the species which have so far been reported from at least two of the 
tideways sampled.

Nomenclature follows Paulin et al. (1989).

Illustrations accompanying the 8 most frequently occurring species are modified from 
Heath and Moreland (1967).

Adapted from a photograph by Darryl Torckler.
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Species
Upper Waitemata

Harbour % Whangateau Mahurangi

A Idrichetta fo rs te r i  
Yellow-eyed mullet

40 a A

P agru s auratus  
Snapper

9.8 F C

R h om boso lea  leporina  
Yellow-belly flounder

8.0 - C

N oto labru s celidotus  
Spotty

4.1 c A,

G irella  tricu sp ida ta  
Parore

3.9 A A

Trachurus declivus  
Jack mackerel

2.9 - C

A rrip is  tru tta  
Kahawai

2.7 F C

R h om boso lea  p leb e ia  
Sand flounder dab

2.5 F c

M u gil cephalus 1.5 - c
Grey mullet 

G aleorh inus galeu s 0.7 R
School shark 

P eltorham phus  
n ovaezelan diae

0.4 - R

Sole
M ylioba tis  tenuicaudatus 0.3 R R
Eagle Ray

P seu docaran x  dentex 0.1 F R
Trevally 

Z e u sfa b er  
John Dory

0.1 F C
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Genyagnus m onopterygiu s  
Spotted stargazer

0.1 R C

T rip teryg ion  sp? 
Blennies

0.1 C C

T hyrsites atun  
Barracouta

R R

H yporham pus ihi 
Piper

F C

S erio la  la lan d i 
Kingfish

— F C

C archarhinus brachyurus  
Bronze whaler shark

” R R

U peneich thys lineatus - C C
Red mullet

Note ; M ustelus len ticu latus (Smoothhound) had a 21.5% frequency of occurrence in 
the Upper Waitemata Harbour but was not amongst those reported in the other 
tideways.

Possibly the following ought also to be included:
%

E ngraulis au stra lis 0.7
Anchovy

Sard in ops neopilchardus 0.1
Pilchard

R etropinn a retrop inna  0.1
Smelt

G obiom orph us cotid ianus 0.1
Bullies

Fish behaviour

The way the fishes use "a typical NZ northeast coast harbour" has been described by 
Ritchie (1982), and although the tideways on which the observations were based 
appear to be to the north of the Gulf, they apply specifically to mangrove channels 
and mudflats and may therefore be useful in the present study.

Ritchie distinguishes between "active" and "passive" users. The former live semi
permanently in the tideway, or travel (sometimes seasonally) 25-40 km or more from 
the open sea to feed or reproduce. About two-thirds of the species listed above fall 
into this category, though there may be inter-tideway differences; the larger tideways 
having "sufficient living space and available food to support small populations of the 
larger predators throughout the year". Passive users, on the other hand, are irregular 
or opportunistic users.

Davenport (1979) observed that in Whangateau Harbour, most of the fish were 
immature and moved in schools. They sheltered in the mangroves with every rising 
tide and returned to the lower harbour on the falling tide. Adults left the harbour to 
spawn in the open sea during August to December, and migrated back in the summer.
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Feeding habits

A tideway has a very wide range of food on offer and each kind has its consumers. 
These are some examples of the food and one of the species that feed on them:

Food

Yellow-eyed mullet 
Mud crabs and shrimps 
Worms and Crustacea 
Bivalves
Plankton and larvae
Algae
Mud

Predator

Jack mackerel
Snapper
Trevally
Yellow-belly flounder 
Juvenile fish 
Parore
Yellow-eyed mullet

Knox (1983d) reports that among the five fish species which account for 85% of the 
fish biomass in the Upper Waitemata Harbour, the most common food organisms 
found in their stomachs were crustaceans, principally the mud crab Macrophthalmus 
hirtipes, the snapping shrimp Alpheus sp. and the bivalve Theorafragilis (lubrica?).

The yellow-eyed mullet, by far the most abundant fish, is found in shallow water and 
seems to dominate the inlets. In view of this, it is of interest to know what it feeds 
on. Davenport (1979) analysed the stomach contents of 318 (of length 100-230mm) 
from Whangateau Harbour and found that fine sediment and plant detritus formed the 
major part of them (see accompanying figure).

Food item

Frequency o f occurrence o f the more common class of stomach content of a sample of 318 yellow
eyed mullet, caught in the mangroves in Whangateau Harbour. (Modified after Davenport 1979).
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BIRDS

Knox (1983d) notes 5 varieties of bird habitat in and around estuaries:

1. Aquatic - a region submerged at all times and occupied by
water birds.

2. Intertidal zone - comprising bivalve and mudflat zones
occupied by waders and shore birds.

3 Mangroves.
4 Grass - pasture and shoreline.
5. Bush - scrub, bush and exotic forest.

Birds of the Upper Waitemata Harbour have been reported by Gillespie in Knox 
(1983d). Of the 55 listed, 33 are associated closely with the tideway.

The list for the Mahurangi Harbour, by the Auckland Ornithological Society contains 
44, of which 24 live off the tideway.

It is proposed to refer here only to the commoner birds which find their food mainly 
in the tideways.

It should be noted that, amongst the species on bird checklists there are many which 
are not residents but migrate trans-equator, annually, between September and March. 
Though the main local feeding grounds for the gulls and waders are the great 
estuaries of the Firth of Thames, and Manukau, Kaipara, and Parengarenga Harbours, 
the Gulf Tideways offer temporary stopover areas during migrations, and a source of 
food in bad weather. Some of the smaller tideways of the Hauraki Gulf may not be 
visited by these migrants. They have accordingly been excluded from consideration 
here.

Gillespie (1982) comments on the dearth of resident wading birds in the Upper 
Waitemata Harbour and suggests one reason to be the "lack of suitable roosting areas, 
combined with the absence of exposed shell banks (tem nest sites)".

The list below shows the commoner birds,(and their percentage frquency of 
occurrence) recorded during an 8 week census on the Upper Waitemata Harbour by 
Gillespie (1982). Two migrants, and birds with sightings numbering less than 5%, 
were not included in the percentage calculations. Only dominant species have been 
illustrated (after Jones 1983).

Notable was the dominance of the gulls (32%), shags (20%), and the pied stilts 
(15%). These three kinds of birds, therefore, accounted for two thirds of the census 
total,and together with herons, kingfishers, oystercatchers, and terns, (making only 
seven kinds in all) constituted nearly the whole resident population.

A general impression is that this is a situation common in Gulf tideways.
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Wading birds

Pied stilt
H im antopus h. leu cocephalus

White-faced heron 
A rd ea  n ovaeh ollan d iae

South Is. pied oystercatcher 
H aem atopu s fin sch i

Caspian tern 
H ydroprogn e ca sp ia

Black oystercatcher 
H aem atopu s u n ico lor  
Eastern bar-tailed godwit 
L im osa  la p pon ica  
Blue reef heron 
E gretta  sa cra  sa cra

S ' '
i

L

Feeding habit

Crustacea 
molluscs 
worms 
14%

crustaceans at 
feeding channel edges 
or at highwater 
small fishes 
from trees 
7%

bivalves
6%

surface fish 
5%

bivalves
2%
Crustacea worms molluscs 
8%
small fishes crabs and 
snails

V

Water fowl
Southern black-backed gull range of land
L aru s dom in icanus /sea foods

15%

Pied shag fishes \
P h ala cro co ra x  varius 7% V J

Kingfisher mud crabs
H alcyon  san cta range of food

7% r / g S

Gannet fish
Sula s e n a to r
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Red-billed gull 
Larus scopulinus

range of land/sea foods
6%

Black-billed gull 
Larus bu lleri 6%

Black shag 
P h a la cro co ra x  carbo

fishes

Little black shag 
P h alacrocorax  su lcirostris

fishes
7%

White-fronted tern 
Sterna s tr ia ta

fishes
2%

Grey duck 
A n as su percilio sa  
and Mallard

weed

A nas p la tyrh yn ch os 3%

Shore birds
New Zealand dotterel 
C h aradrius obscurus

small crustaceans

Sandpipers, plovers and stilts small invertebrates

Marsh birds
Pukeko
P orp h yrio  m elonotus

marsh plants

Banded rail 
R allu s ph ilip p en sis

seeds, berries 
invertebrates
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FRESHWATER HABITATS AND THEIR INHABITANTS

Nature of the streams

The streams and rivers of the catchments of the Gulf Tideways form a rather 
characteristic group. They occupy a watershed whose dividing range has, in the 
main, an altitude of only about 100-300m, the lowest in New Zealand. See figure 
below. They tend to be deeply incised in the soft sandstone/mudstone-derived soils, 
and discharge into the tideways over low waterfalls.

Very approximate profile of the dividing range of North Auckland between Riverhead and Omaha, 
showing the positions of the main rivers and streams.

In general the streams have two 
gradients, the steeper being from the 
source to about 40m, usually within the 
first 1 -2km. Thereafter the gradient is 
shallow. As a consequence, especially 
in the lower reaches, water speeds are 
not great; the regime is one of 
sedimentation rather than erosion and 
soft stream beds are to be expected. 
Residence times are relatively large. The 
streams flow through the Waitemata 
sedimentary geology whose rocks are 
generally not very hard. Low sandstone 
sills do, however, occur. The clays 
impart discolouration.

Distance from sources - km.
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Rainfall/stream discharge

Stream discharges are not great, the mean discharge from the two bigger streams, the 
Rangitopuni and the Mahurangi, being about 1.5m3/s, with the former averaging 
about 15 litres per second from each square metre of catchment (P. Williams, pers. 
comm.). Rain run-off coefficients are commonly taken to be 50%, but in heavy rain 
can increase to 75% or more. In old kauri/podocarp regions, where leaching has 
resulted in subsurface pans (see "soils" above), rain penetration may be limited, in 
which case wetlands are an important reservoir for base flows.

Water temperatures range between 10°C and 23°C.

The streams have not received much scientific attention, perhaps because effort has 
been diverted to streams with trout or electric power potential. Indeed, the only 
studies seem to be those done by the University of Auckland some 30 years ago, e.g. 
Armiger (1964), or those of the Upper Waitemata Harbour Catchment Study, e.g. 
McNeilage and Snowden (1982), Challis (1982) and Briggs (1983), for the biology; 
van Roon (1983) for the chemistry; and Williams (1976) for the impact of 
urbanisation on hydrology.
This treatment follows Briggs (1983) closely.

Population

The biological life, especially its diversity, is a very good indicator of the health 
of streams.

If, as in the case of the tideways, we wish to get some overall picture of the life in 
freshwater streams and are prepared to think in terms of orders of magnitude, then we 
can say that the species population, apart from the micro-organisms, consists of 
roughly 30 each of invertebrates (insects etc.) and macrophytes (plants), but 
although there are about 30 species of freshwater fish reported in New Zealand, only 
about 11 are likely to be found in the streams of the Gulf Tideways. The more 
common species are referred to below. Illustrations are based on McNeilage and 
Snowden (1982), Prendergast and Cowley (1966), Chapman and Lewis (1976), and 
Parkinson and Cox (1990).
As one might, expect, there are many adventive species of fishes and plants in 
freshwater streams. Notable has been the invasion by aquatic flora species.

Habitats

In general, it is convenient to divide the streams into four different kinds of habitats 
based on the current speed, which determines both the vigour of the flow and the 
nature of the stream bottom. Swift flows (about 50 cm/s) do not permit 
sedimentation, but with sluggish flows the stream bed is usually muddy. Other habitat 
factors are turbidity and pollution.

Broadly speaking, as the water speed decreases or turbidity and pollution increase, 
faunal diversity decreases towards a worm-dominated population, and periphytons 
give way to macrophytes.
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a. Swift flowing streams

Commonly, the habitats with faster flowing water are found in headwaters, with good 
quality water and riparian vegetation, e.g. forest subcatchments. Exposed rock and 
hard surfaces provide bases for periphytons (life attached to the stream substrate) such 
as mosses (Fontinalis sp.), and filamentous blue-green and green, algae, while the 
rocks give cover or anchor for the macro-invertebrates. This kind of habitat has a high 
diversity of fauna, an indicator of high quality water.

Species tolerant of only high water quality are as follows:

Coloburiscus sp. 
mayfly

nymph of the 
spiny gilled mayfly 
Coloburiscus sp.

caddisfly larva 
Hydropsyche colonica

and

Triplectides obsoleta 
Hydropsyche obsoleta 
Paroxyethira hendersoni

nymph of double 
gilled mayfly 
Zephlebia sp.

alderfly

Archichauliodes diversus

freshwater mussel 
Hydridela menziesi
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b. With less vigorous flow

Reasonable diversity continues in the lower pastoral subcatchments, though turbidity 
limits periphyton and macrophyte growth (rooted plants) and thus food for benthic 
fauna. Macrophytes include milfoil Myriophyllum sp. and water crowfoot 
Ranunculus sp., while on the partly silted bottom of gravel and sand, pond weeds 
Potamogeton sp and arrowhead Sagittoria sp. are found.
Species tolerant of a range of water qualities are:

snails
Potamopyrgus antipodum 

and Lymnaea tomentosa freshwater shrimp 
Paratya curvirostrus

nymph o f damselfly

Xanthocnemis zealandica 
Austrolestes colensonis freshwater crayfish 

Paranephrops sp,

sandfly larva 
Austrosimulium sp.

pond skater 
M icrovelia  sp.

dragon fly nymph 
Uropetala carovei

water boatman 
Sigara sp.

planarian 
Dugesia sp,
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c. Sluggish flow and muddy bottom

In regions of sluggish flows and heavy silt deposits, pond weeds, waterlilies and 
E lodea  prosper. In the littoral region, emergent vegetation such as reeds and 
bulrushes is common. Faunal diversity is further restricted.
Species of fauna tolerant of poor water conditions are:

mosquito larva 
Culex pervigilans

hoverfly 
Tubifera tenax

tubifex worm 
Tubifex tubifex

sewage fungus 
Sphaerotilus sp.

At polluted sites, especially for example, those with organic and nutrient enrichment 
from dairy sheds, bacterial slimes Sphaerotilu s sp. and B eg getoa  sp. dominate the 
periphyton and can create a considerable nuisance. Macrophytes rooted in the bed are 
less affected by organic pollution or high nutrients in the water.

From the studies in the Upper Waitemata Harbour Catchment, Briggs (1983) reports 
that the benthic macro-invertebrates consist of about 30 species , 19 insects, 5 
molluscs, 3 Crustacea, 1 each of platyhelminthes and leeches. These numbers are 
substantially smaller than those for the tidal waters, and one supposes that one reason 
for this would be the wider choice of habitats which the latter have to offer.

Freshwater fishes

Briggs reports that of the 11 species of fish which might be expected in the Auckland 
region, 7 were recorded in the catchment of the Upper Waitemata Harbour. They 
included G alax ias fa sc ia tu s  banded kokopu, G alax ias m acu latus inanga, 
G obiom orphus cotidianus common bully, G obiom orph us huttoni redfinned bully, 
G am busia  affinis mosquitofish and A nguilla  spp. eels.

midge (bloodworm) adult
Chironomus zealandicus



- 81 -

Preliminary surveys of fishes in some of the freshwater streams entering the 
Mahurangi Tideway, carried out by the Auckland Regional Water Board in 1989 
(Becker pers. comm.), showed the presence of freshwater shrimps, koura, short and 
long finned eels, inanga (G alaxias m acu latus), common bullies and redfinned bullies. 
F.els seem widespread.

long-finned eel short-finned eel
A nguilla  d ieffen bach ii A n gu illa  a u stra lis

Flora

The following are amongst the commoner flora:

Periphyton:

Green and blue-green filamentous algae.
Sphaerotilus sewage fungus in organic polluted waters.

Macrophytes:

The more common species found in the Upper Waitemata Harbour catchment 
included: willow weed P olygonum  decip ien s, watercress N asturtium  officinale, 
starwort C a llitrich e  stagn alis , pondweeds P otam ogeton  ochrea tus and P . crispus, 
duckweeds L em na m inor and S p irodela  o ligorrh iza , raupo T ypha o rien ta lis , Cape 
pondweed A pon ogeton  d istach yu s and alligator weed A ltern an th era  p h itoxero ides.

Other plants which have been reported from the Upper Waitemata Harbour 
catchment, but not commonly were:
reed sweet grass G lycera  m axim a, stonewort N itella  hookeri, oxygen weed 
L agarosiph on  m ajor, water milfoil M yriophyllum  sp., glasswort S alicorn ia  austra lis, 
water purslane L u dw ig ia  p a lu s tr is , waterlily N ym phaea a lb a , niggerhead C arex  secta , 
dock ? R um ex  sp., liverwort M arch an tia  sp., water fern A zo lla  ru bra  and water celery 
A pium  sp.

In the lower Mahurangi River, E geria  densa , an oxygen weed, is dominant.
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CAUSES AND CONSEQUENCES OF CHANGE

Challenge and response

Estuaries have always been in a state of flux. Viewed against a long time scale, there 
have been the great changes of climate affecting rainfall and sea-level, accompanied 
by accretion or erosion of mud and sand. Inevitably, on balance, tideways are being 
infilled by erosion in the catchments. During their existence there has been an 
intermittent freshening of the sea water, necessitating adaptations by the living 
organisms, adaptations which were made more easily because the rate of change was 
slow compared with the life spans of the biota. There may well be sea-level changes 
in progress now. The status quo has been constantly challenged and the tideways have 
responded. These long-term changes proceed inexorably and are beyond our control.

Here, however we are concerned with the sorts of change which take place on the 
time scale of a several human generations - a short time in the 10,000 year life of a 
tideway, but slow enough for changes to escape our notice.

Nutrients

The level of nutrients in tideways is of crucial importance to their good health. 
This is especially true of the Gulf Tideways, in whose catchments, nutrient- 
producing land use is common. Nutrient control is arguably the single most 
important consideration in tideway management.

The naturally occurring nutrients in rivers and estuaries derive from leaching of the 
air, soil and vegetable litter, by rain, and from the nutrients brought in from the open 
sea by the tide. They occur in very small concentrations of the order of milligrams per 
cubic metre or a fraction of a part per million.

The essential nutrients for the production of flora and fauna are phosphorus and 
nitrogen. During growth, plants tend to take them up in fixed ratios. If they are not 
present in these ratios, one or other may set limits to productivity, and is then said to 
be "limiting".

On the other hand certain minimum concentrations of nutrients are needed to sustain a 
particular community, but these, if increased beyond some threshold value, can 
produce serious and sometimes permanent dislocation of the natural system. An 
example is the invasion of the Mahurangi Estuary (near the sewage works effluent 
discharge) by the tube worm Ficopomatus enigmaticus (Mercierella enigmatica), an 
alien which has capitalized on an artificially created niche, and displaced the normal 
fauna.

Tideways have had to respond to some rapid increases in the level of nutrients 
(phosphorus and nitrogen), consequent on the input of sewage wastes and the
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increased sediment influx following the deforestation of the catchment, and other 
physical alterations.

As mentioned above, profound changes in nutrient levels have been brought about by 
farming practices, following the introduction of stock, and the release of effluent 
from dairy sheds. Furthermore, the widespread conditioning of an infertile soil by the 
sowing of clover and the broadcasting of phosphate and nitrogen fertilisers, have 
radically altered both the nutrient component of the soil, and its physical properties.
In addition, faster growing grasses have replaced the original subtropical types.

Nutrient levels

The nutrient levels given below illustrate both the level of natural sources of nutrients 
and the greatly increased levels associated with changes in land use. It should be 
noted that nutrients occur in a variety of forms, some more available than others. 
Apart from being in solution, nutrients may accumulate in the sediments, having been 
first adsorbed on to suspended particles and then precipitated, to form a rich substrate 
supporting, as mentioned above, a considerable macro-invertebrate population in the 
tideway, and also burgeoning macrophytes such as rooted pondweed in the rivers.

Nutrient levels are very variable. Experience in the Upper Waitemata Harbour has 
shown, for example, the importance of rain intensity on their concentrations; 30mm 
of rain in the previous 30 hours can increase the concentrations several times (van 
Roon 1983).

The table below shows the mean values of sources of total inorganic nitrogen TIN 
(sum of nitrate, nitrite and ammonia) and dissolved reactive phosphate (DRP), 
expressed as milligrams (N or P) per cubic metre, together with the N/P ratio 
(TIN/DRP), for:

* base flow in the streams draining selected catchments in the Upper Waitemata 
Harbour (UWH);

* the Mahurangi and Upper Waitemata Harbour Tideways;

* and for high water in Whangateau Harbour;

* also included are median values for a sewage works 
effluent and some values for coastal waters.
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Type TIN DRP N/P Comments

Catchments in the Upper Waitemata Harbour Catchment

Pine forest1 53 5 11 highest fresh 
water quality found

Pasture2 262 12 22 no dairy sheds 
phosphorus limited

Residential3 320 11 29 phosphorus limited

Pasture & 
dairy sheds4

Tideways

461 56 8 note high phosphorus

Mahurangi Estuary
to Dawsons Ck 233 18 13 phosphorus limited?

Mahurangi Harb.6 26 10 26 nitrogen limited?

UWH7 240 15 16 phosphorus limited?

Whangateau10 81 13 6 nitrogen limited 
3.7 km from entrance

Coastal waters
Mahurangi Heads5 25 5 5 nitrogen limited?
Whangateau Bay9 72 10 7 nitrogen limited 

off harbour entrance

Sewage eff. 4250 3880 1.1
Wark worth

1) Deacon Rd, (2) Taylors, (3) Wairau tributary at Marlborough, (4) Wilsons, Rangitopuni 
tributaries (7) Upper Waitemata Harbour. From van Roon (1983).

(5) Mahurangi Heads, (6) Mahurangi Estuary, (8) Effluent from treatment plant. From Feeney 
(1984).

(9) Whangateau Bay and (10) Harbour from Durbin (1962).

Ordinarily the total inorganic nitrogen is made up largely of nitrates. However, near 
dairy sheds and sewage outfalls, ammonia contributions are significant (and, for no 
apparent reason, amounts to as much as 40% in Whangateau Harbour).

If we can assume that the present-day levels of nutrients in pine forest catchment
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streams are indicative of the natural nutrient levels, then the result of changes due to 
our dairy-pasture practices has been to lift the level by an order of magnitude.

Knowledge of both the nutrient uptake ratio and the threshold concentrations is 
needed if a waterway is to be understood. For salt water, based on the ratios in algal 
cells, an average N/P ratio of 10:1 may be appropriate. For the threshold value we 
draw on the experience gained in the Upper Waitemata Harbour, as well as the Avon- 
Heathcote estuary, although some of the latter's conditions are different. Experience 
on the Avon-Heathcote Estuary, quoted by Knox (1983), suggests a critical or 
threshold concentration of 40mg/m3 for total phosphorus and 400 for inorganic 
nitrogen.

In fresh water, the ratio (N/P) of nutrients uptake of 14:1 and critical concentrations
3 3exceeding 300 mg/m of nitrogen and lOmg/m of phosphorus, are sometimes taken 

to be quantities promoting undesirably vigorous algal growth.

Eutrophication

The term "eutrophic" means literally "well supplied with nutrients" and is used to 
describe an excess of nutrients and associated adverse consequences. The potency of 
nutrients arises because, in the natural condition, the level of nutrients on which a 
healthy aquatic system can be in equilibrium, as indicated above, is really very low: 
of the order of half a gram of inorganic nitrogen in a million of water; and an order 
of magnitude less for soluble phosphorus. With such small quantities as the norm, it is 
clear that an excess can soon be reached by contributions from influents.

In the presence of excess nutrients, plankton and algae thrive and multiply. 
Phytoplankton can be very efficient producers, the population of a rapidly growing 
species of estuarine phytoplankton being capable of doubling every day. Such rapid 
growth gives rise to "blooms."
When blooms decay oxygen is required for their bacterial decomposition, dissolved 
oxygen which water holds in low concentrations. Organic wastes may establish 
conditions for bacterial numbers to multiply, so that:
* oxygen is consumed
* conditions for some fauna become intolerable
* animal diversity is reduced
* and if oxygen is wholly removed, bacteria, switching to 
sulphates, may liberate toxic hydrogen sulphide, in 
which event, the whole fragile structure is destroyed.

Organic wastes threaten the whole aquatic system at its two weakest points:

* the very low level of nutrients normally present and sufficient is easily 
exceeded by those in organic wastes;

* the very low level of dissolved oxygen naturally present in water, at most about 
10 parts of oxygen in a million of water, is easily consumed by abnormal 
bacterial demand.
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In both the rivers and the tideways the response to the pollution by organic wastes is 
similar. There is a reduction in species diversity and a multiplication of those that can 
tolerate the conditions. If conditions are right there can be algal blooms (with a 
subsequent loss of oxygen), and worm proliferation, and ultimately no flora or fauna.

The severity of the degree of eutrophication depends on a number of factors, perhaps 
many factors. Included amongst them (apart from the nutrient levels) are water 
clarity, temperature and depth, and the flushing rate. The last two variables are used, 
together with the phosphorus loading, to predict the onset of eutrophication by the 
modified Vollenweider method. Applying the method to the Upper Waitemata 
Harbour, and assuming a mean water depth of 2.5m, an annual phosphorus loading of 
0.43-0.53 g.P/m2 with a residence time is 16 days, Knox (1983d) deduced that the 
phosphorus loading was bordering on the excessive.

The physical conditions in the Mahurangi Harbour are not dissimilar, and the annual 
loading is given as 0.46 g/m2 (Feeney 1984).

Plankton blooms already occur in these tideways. A well-documented one in the 
Mahurangi Estuary lasted at least 5 days. Anecdotal evidence suggests such blooms 
occur annually. Possibly the fact that photosynthesis in the Mahurangi Tideway is 
inhibited by the turbidity of the water may tend to limit the frequency and severity of 
bloom formation.

No doubt there are differences amongst the other tideways on account of land use, 
etc. However, the evidence suggests that the levels now occurring in some tideways 
are near to unacceptable limits.
Although there has been no serious eutrophication in the Gulf Tideways, a classical 
example has been reported in the Avon Heathcote Estuary at Christchurch, when the 
nutrients from sewage waste gave rise to a bloom of sea lettuce. After the nutrient 
excess had been used up the bloom died. The process of decomposition of the dead 
plants used up oxygen faster than it could be replaced and hydrogen sulphide was 
produced, much to the discomfort of riparian owners and estuarine life.

Another danger from nutrients is the toxicity to fishes of ammonia. An upper limit of 
200mg/m3 has been suggested as a standard. In places with dairy shed or sewage 
discharges this concentration can easily be exceeded.

Turbidity and Sediments

With catchment soils containing clays of weathered Waitemata series rocks, streams, 
even during dry periods, always have some turbidity. Polished, bright water will 
never be a characteristic of Gulf Tideway catchments. Nor is it likely to be a property 
of the tideways, because of wave action stirring the clay sediments, a process which 
must intensify as tideways shallow.

Turbidity from suspended material may cause a depletion of organisms, mainly by the 
clogging of gills and feeding mechanisms. Referring to freshwater life, Briggs (1983) 
reports that "although suspended sediments around 100 mg/1 are not toxic, the 
abundance of organisms can be depleted (by) up to a factor of 10".
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Sedimentation does have cumulative effects, the most obvious of which are the 
blanketing of the benthic organisms and the reduction in the tideway volume. The 
latter reduces the capacity of the tideway to dilute pollutants. With sedimentation 
there will also be a change in those characteristics, such as frictional effects, tidal 
distortion, and seiching, which are depth-dependent.

Evidence from the Mahurangi, quoted above in the section dealing with the rate of 
sedimentation, suggests that the rate in the lower estuary could be as great as several 
metres in 70 years. One consequence has been to make navigation in that estuary, at 
low water, impossible for even the shallowest draught boats. The consequences to 
fauna inundation by sediment must have been considerable.

Physical changes

Some of the consequences of making changes to the physical conditions in a tideway 
are summarised below.

Urbanisation

See e.g. Williams (1976).
The urbanisation of rural catchments and the establishment of large areas of 
impervious cover can result in severe hydrological problems, including flooding, 
higher runoff speeds, increased erosion and sedimentation problems, reduction of 
percolation and ground water storage, and the reduction of natural base flows in 
streams, as well as the production of sediments from building and reading 
earthworks. All these can have obvious effects on tideways.

Increased abstraction of fresh water

The streams flowing into the Gulf Tideways arise in relatively small low-lying 
catchments and therefore have very limited discharges, the greatest on average being 
no more than about a cubic metre per second. No doubt increasing population will 
place a strain on this meagre supply, so it is of interest to examine the consequences 
of increased abstraction on a tideway. In general it would diminish the flushing 
capacity. Stratification would diminish, and salinities in the upper tideway would 
increase, requiring flora and fauna to adjust to changed osmotic pressures.

Land reclamation

Reclamation reduces the volume of the tidal prism and diminishes flushing capacity.
If sufficiently extensive, tidal asymmetries will be changed (see above section on tidal 
currents), and the regions of sediment erosion or accretion altered.

Mangrove reclamation

Removal of mangroves will diminish the size of the habitat which is vital as a fish 
nursery and site of food production, a matter of special importance to Gulf Tideways 
(see section on food production above).
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The construction of locks

The establishment of locks to facilitate the passage of boats at low tide will alter the 
flushing and sediment accretion/erosion characteristics. Re-aeration by the tidal 
prism will be interrupted. Food production in the otherwise exposed intertidal areas 
will be diminished.



- 89 -



-  06 -



- 91 -

REFERENCES

ARMIGER, L.C. 1964. A guide to the more common fresh water plants o f the Auckland Province. 
Tane 10. 49-57.

AUCKLAND REGIONAL WATER BOARD. 1978. A preliminary study of twelve localities
subject to environmental pressure. Auckland Regional Water Board Technical Publication 
No. 5. 92pp.

AUCKLAND REGIONAL WATER BOARD. 1987. Matakana River water quality survey 1987.
26pp.

AUGUSTIN, J.E. 1980. The ecology o f the Mahurangi Harbour. Photocopied report prepared for 
the Town Planning Department, University of Auckland. 4pp.

BALLANCE, P.F. 1976. Stratigraphy of the Waitemata Group of Auckland, New Zealand. New 
Zealand Journal of Geology and Geophysics 19. 897-932.

BALLANCE, P.F. 1979. The geological history and physiography of the Auckland District. Pages 
7-16 In Natural History of Auckland: an Introduction. Ed. Brook PJ. An Auckland War 
Memorial Handbook. 79pp.

BARCLAY, M.H. 1964. Some of the common pond arthropoda of the Auckland District. Tane 10. 
40-48.

BIORESEARCHES Ltd. 1985. The environmental implications o f disposal of treated sewage
effluent into the Matakana River estuary. A report prepared for the Rodney County Council. 
31pp.

BIORESEARCHES Ltd. 1975. Assessment of the effects o f a proposed sewage scheme for the
Mahurangi Peninsula on ecology and water quality. Appendix G. In Murray-North Partners. 
Sewage treatment and disposal for coastal townships adjacent to the Whangateau and 
Mahurangi Harbours. Report prepared for Rodney County Council 25pp. plus appendices.

BOON, J.D. and BYRNE, R.J. 1981. On basin hypsometry and the morphodynamic response of 
inlet systems. Marine Geology 40. 27-48.

BRADSTOCK, M. 1985. Between the Tides. New Zealand Shore and Estuary Life. Reed Methuen. 
Auckland. 158pp.

BRADSTOCK, M. 1983. Fish utilisation of estuary habitats. In Water and Soil Miscellaneous
Publication No. 60. Nutrient Processes and Biomass Production in New Zealand Estuaries. 
NWASCO . Wellington.

BRIGGS, I.W. 1972. Feeding, ecology and energetics of a population of Amphibola crenata. 
Master's thesis, University of Auckland. 107pp.

BRIGGS, I. (I.W.?) 1983. Ecology of streams in the Upper Waitemata Harbour. Report prepared 
for the Upper Waitemata Catchment Study. Auckland Regional Authority. 39pp.

CHALLIS, D.A. 1980. A survey of streams o f the Upper Waitemata Harbour Catchment.
Unpublished Working Report No. 6, prepared for the Auckland Regional Authority.



- 92 -

CHAPMAN, M.A. and LEWIS, M.H. 1976. An Introduction to the Freshwater Crustacea of New 
Zealand. Collins Auckland. 261pp.

COFFEY, B.T. and CLAYTON, J.S. 1988. New Zealand Water Plants. Ruakura Agricultural 
Centre MAFTech North, Hamilton New Zealand. 63pp.

COTTON, Sir Charles. (Ed Collins, B.W.). 1974. Bold Coasts. A.H and A.W Reed. Wellington. 
354pp.

CRISP, P., DANIEL, L. and TORTELL, P. 1990. Mangroves in New Zealand. Trees in the Tide. 
GP Books. Wellington. 69pp.

DAVENPORT, M.W. 1979. Zooplankton and Fish of a mangrove area of the Whangateau Harbour. 
Master's Thesis. Department of Zoology, University of Auckland. 67pp.

DROMGOOLE, F.I. and FOSTER, B.A. 1983. Changes to the marine biota of the Auckland 
Harbour. Tane 29. 79- 96.

DURBIN, E.G. 1969. Plankton ecology and productivity in the Whangateau Harbour. Masters thesis, 
University of Auckland. 175pp.

DURING, C. 1984. Fertilisers and Soils in New Zealand Farming. Government Printer. Wellington. 
355pp.

EVANS, J.H. and BALLANTINE, W.J. 1986. The climate in 1985. Report XII University of 
Auckland Marine Laboratory, Leigh. 111pp.

EVANS, J.H. 1992. Leigh Climate Report 1991. Leigh Lab Bulletin No. 27. Leigh Marine 
Laboratory, University of Auckland. 56pp.

FEENEY, C.M. 1984. Mahurangi Catchment, Estuary and Harbour. Water and Soil Management
Issues. Auckland Regional Authority. Auckland Water Board. Technical Publication No. 29. 
115pp and Appendices.

FRIEDRICHS, C.T. and AUBREY, D.G. 1988. Nonlinear tidal distortion in shallow well-mixed 
estuaries: a synthesis. Estuarine, Coastal and Shelf Science 27. 521-545.

FORREST, B.M. 1991. Oyster farm impacts on the benthic environment: A study in Mahurangi 
Harbour. Master's thesis. University of Auckland. 157pp.

GARNER, D.M. 1979. Ocean current meter records. New Zealand coastal waters. 1972-1974. 
University of Auckland. Maui Development Study. Physics Report No. 79-1. 37pp.

GILLESPIE, G. 1982. A bird survey of the Upper Waitemata Harbour and surrounding catchment. 
Part A. Working Report No 34. Students Projects. Vol 1. Upper Waitemata Harbour 
Catchment Study. Auckland Regional Council. 22pp. plus maps.

GORDON, N.D. 1985. The Southern Oscillation: a New Zealand perspective. Journal of the Royal 
Society of New Zealand 15. 2. 137-155.

GRACE, R.V. 1966. Bottom communities at the entrance to the Whangateau Harbour. Tane 12. 63- 
70.

GRACE, R.V. 1971. A checklist of Fishes from the entrance to the Whangateau Harbour, Northland, 
New Zealand. Tane 17. 129-136.



- 93 -

GRACE, R.V. 1972. The benthic ecology of the entrance to the Whangateau Harbour. Doctoral 
thesis. University of Auckland. 204pp. plus appendices.

GREEN, B.S. 1991. Baseline marine survey: Mahurangi-Harbour-Wenderholm. Auckland Regional 
Parks. 20pp.

GREIG, M.J. and PROCTOR, R. 1988. A numerical model of the Hauraki Gulf, New Zealand.
New Zealand Journal of Marine and Freshwater Research 22. 379-390.

GREIG, M.J., RIDGWAY, N.M. and SHAKESPEARE, B.S. 1988. Sea surface temperature
variations at coastal sites around New Zealand. Journal of Marine and Freshwater Research 
22. 391-400.

HANDLEY, S.J. 1992. The dynamics of spionid polychaeta (mudworm) infestation of the Pacific 
Oyster Crassostrea gigas (Thrunberg) in northern New Zealand. Master's thesis, University 
of Auckland.

HANNAH, J. 1990. Analysis of mean sea-level data for New Zealand for the period 1899-1988. 
Journal of Geophysical Research. 95, B8, 12,399-12,405.

HARRIS, T.F.W. 1985. North Cape to East Cape: Aspects of its Physical Oceanography.
Department of Physics University of Auckland. 178pp.

HARRISON and GRIERSON and Partners. 1974. Mahurangi Harbour marine studies. Report 
prepared for the Auckland Regional Authority. 61pp. plus appendices.

HAYWARD, B.W. 1986. Origin of the offshore islands of Northern New Zealand and their
landform development. New Zealand Department of Lands and Survey Information Series 
No. 16: 129-138.

HEATH, E. and MORELAND, J.M. 1967. Marine Fishes of New Zealand. AH and AW Reed, 
Wellington. 56pp.

HESSELL, J.W.D. 1988. The climate and weather of the Auckland Region. New Zealand 
Meteorological Service Miscellaneous Publication 115 (20). 34pp.

HICKS, S.R. and KIBBLEWHITE, A.C. 1976. Seismic reflection profiling in very shallow water in 
the Upper Waitemata Harbour, New Zealand. New Zealand Journal of Geology and 
Geophysics 19. 213-231.

HOCHSTEIN, M.P. et al. 1986. Structure of the Hauraki Rift (New Zealand). Royal Society of New 
Zealand Bulletin 24.

HUME, T.M. 1977. Auckland thermal N o.l investigations. Report on water temperature 
investigations. Southern Manukau Harbour. Ministry of Works and Development.
(Auckland) Report. 25pp.

HUME, T.M. 1980. Wave measurements in the Southern Manukau Harbour. Water and Soil 
Division. Ministry of Works and Development. Auckland. 5pp.

HUME, T.M. and McGLONE, M.S. 1986. Sedimentation patterns and catchment use change
recorded in the sediments of a shallow tidal creek, Lucas Creek, Upper Waitemata Harbour, 
New Zealand. New Zealand Journal of Marine and Freshwater Research 20. 677- 687.

HUME, T.M. 1983. Upper Waitemata Harbour sediments and inferred impact of future catchment 
and estuary use change. Water Qualitry Centre Report No. 3. Water Quality Centre, Ministry 
of Works and Development. Hamilton. 95pp.



- 94 -

JOHNSTON, R.M.S. 1980. Interim physical data report on the Upper Waitemata Harbour Estuary. 
Ministry of Works and Development. Hamilton Science Centre. Internal Report 80/6. 
191pp.

JOHNSTON, R.M.S. 1984. Sediments and sedimentary processes in Mahurangi Harbour. Master's 
thesis, University of Waikato. 168pp.

JONES, M.B. 1983. Animals of the Estuary Shore. Illustrated guide and ecology. University of 
Canterbury Publication No 32. General editor Brooks, AN. 162pp.

KEYS, H.J. (Editor), undated. Mahurangi River, Its Story. Friends of the Mahurangi. 28pp.

KNOX, G.A. 1983a. Energy analysis: Upper Waitemata Harbour Catchment Study. Specialist 
Report, Auckland Regional Authority. 266pp.

KNOX, G.A. 1983b. Ecosystem energy patterns. Review. Upper Waitemata Catchment Study. 
Auckland Regional Authority. 28pp.

KNOX, G.A. 1983c. Ecology of the Upper Waitemata Harbour. Upper Waitemata Catchment 
Study. Review. Auckland Regional Authority. 30pp.

KNOX, G.A. 1983d. Estuarine ecology: Upper Waitemata Catchment Study. Specialist Report. 
Auckland Regional Authority. 151pp.

LARCOMBE, M.F. 1968. Distribution and recognition of intertidal organisms in the Whangateau 
Harbour and a classification of sheltered soft shores. B.Sc. Honours thesis University of 
Auckland. 141pp.

McLAY, C.L. 1988. Crabs of New Zealand. Brachyura and crab-like anomura of New Zealand. 
University of Auckland. Leigh Marine Laboratory. Bulletin 22. 463pp.

McNEILAGE, M. and SNOWDEN, S. 1982. Vegetation study of the Upper Waitemata Harbour 
Catchment. Part A. Working Report No. 34 Students Projects. Vol 1. Upper Waitemata 
Harbour Catchment Study. Auckland Regional Council. 53pp. plus maps.

MARKHAM, G.S. and CRIPPEN, T.F. 1981. "Mangawhai-Warkworth" Map NZMS 290 Sheet 
R08/09. 1:100,000. New Zealand Land Inventory. Rock Types. Department o f Lands and 
Survey. Wellington New Zealand.

MARTIN, A.T. and FOSTER, B.A. 1986. Distribution o f barnacle larvae in Mahurangi Harbour, 
North Auckland. New Zealand Journal of Marine and Freshwater Research 20. 67-76.

MERCER, S.F.M. 1979. Hydrology of the North-east coast of North Island 1973-1974. New 
Zealand Ministry of Agriculture and Fisheries. Fisheries Research Division Occasional 
Publication No 17. 28pp.

MITCHELL, C and MITCHELL, R. 1980. Freshwater flows to estuaries required for nature 
conservation.. Nature Conservancy London. NCC CST Notes number 22. 7pp.

MILLER, M. and BATT, G. 1973. Reef and Beach Life of New Zealand. Collins. Auckland. 
141pp.

MORTON, J. and MILLER, M. 1968. The New Zealand Sea Shore. Collins. London-Auckland. 
638 pp.



- 95 -

MURRAY-NORTH PARTNERS Ltd. 1975. Sewage treatment and disposal for coastal townships 
adjacent to Whangateau and Mahurangi Harbours. Report for the Rodney County Council. 
70pp. plus appendices.

NICHOLSON, J. Marine Life in The Mahurangi. In, Keys HJ. (Editor), undated. Mahurangi River, 
Its Story. Friends o f the Mahurangi. 28pp.

PARKINSON, B. and COX, G. 1990. A Field Guide to New Zealand's Lakes and Rivers. Random 
Century New Zealand Ltd. Auckland. 176pp.

PARNELL, K.E. 1982. Guidelines for contaminant release in the Upper Waitemata Harbour,
Auckland, New Zealand. Upper Waitemata Harbour Catchment Study Working Report No. 
37. Auckland Regional Authority

PAUL, L.J. 1968. Some seasonal water temperature patterns in the Hauraki Gulf, New Zealand.
New Zealand Journal of Marine and Freshwater Research 2. 3. 535-538.

PAUL, L.J. 1986. New Zealand Fishes. An identification guide. Reed Methuen. Auckland. 184pp.

PAULIN, C„ STEWART, A., ROBERTS, C.and McMILLAN, P. 1989. New Zealand Fishes. A 
complete guide. GP Books. Wellington. 279pp.

POHLEN, I.J. 1979. Soils o f the Auckland District. Pages 27-30 In Natural History of Auckland: 
an Introduction. Ed. Brook , P.J. An Auckland War Memorial Handbook. 79pp.

POWELL, A.W.B. 1979. New Zealand Mollusca. Collins. Auckland. 500pp.

PRENDERGAST, J.G. and COWLEY, D.R. 1966. An Introduction to the Freshwater Insects of 
New Zealand. Collins. Auckland. 100pp.

PONDER, W.F. 1964. The Freshwater Mollusca o f New Zealand. Tane 10. 35.

PROCTOR, R. and GREIG, M.J. 1989. A numerical model investigation of the residual circulation 
of the Hauraki Gulf, New Zealand. New Zealand Journal of Marine and Freshwater Research 
23.421-442.

READ, G.B. and GORDON, D P . 1991. Adventive occurrence of the fouling serpulid Ficopomatus 
enigmaticus (Polychaeta) in New Zealand. New Zealand Journal of Marine and Freshwater 
Research 25. 269-273.

RITCHIE, L.D. 1979. Fish and fisheries aspects of mangrove wetlands. Paper presented to the 
Coastal Zone Workshop. Environment Centre (Canterbury) Incorporated. 25-28.

RITCHIE, L.D. 1982. Setting the coastal scene. The soft floor o f a typical North East Coast
Harbour. Coastal Zone Management Seminar, Mount Maunganui. Collected Reprints. 8pp.

SCHOFIELD, J.C. 1979. Coastal erosion and coastal sand supplies from Auckland-Northland 
Region. 10th New Zealand Geography Conference. 39-42.

SHAWCROSS, W. 1967. An evaluation o f the theoretical capacity o f a New Zealand Harbour to 
carry a human population. Tane 13. 3-11.

SUTER, H. 1913. Manual o f the New Zealand Mollusca with (1915) atlas of plates. Government 
Printer, Wellington. 254pp.



- 96 -

TAYLOR, N.H. and SUTHERLAND, C.F. 1953. Soils of North Auckland. Proceedings of the 15th 
Conference of the New Zealand Grassland Association. 25-38.

TROTTER, S.A. 1990. Estuarine sedimentation and land cover history: The case of the Mahurangi. 
Unpublished Master's thesis in Environmental Science and Geography. University of 
Auckland. 151pp.

UNIVERSITY OF AUCKLAND. 1982. Wave surge. Waterfall "A". Report 3. Leigh Lab Bulletin 
No. 7. 79pp.

UNLUATA, U.A. and OZSOY, E. 1977. Tidal jet flows near inlets. Pages 90-98 In Hydraulics in 
the Coastal Zone. Speciality Conference of the 25th Conference of the American Society of 
Civil Engineers. 91-98.

van ROON, M.R. 1983. Water quality in the Upper Waitemata Harbour and catchment. Specialist 
Report. Upper Waitemata Catchment Study. Auckland Regional Council. 430pp.

VANT, W. and WILLIAMS, B. 1991. Flushing and Fdtering in the Manukau Harbour. Final 
programme and abstracts. New Zealand Marine Sciences Society Annual Conference. 
Wellington. 28-29.

VEITCH, C.R. 1978. Waders of the Manukau Harbour and Firth of Thames. Notomis 25. 1-24.

WHITLEY, S.J.W. 1966. Polychactes of the Leigh region. Masters thesis. University of Auckland. 
155 pp.

WILKINSON, D.L. 1978. Periodic flows from tidal inlets. Proceedings of 16th Conference on 
Coastal Engineering vol. 2. 1336-1346.

WILLIAMS, B.L. and RUTHERFORD, J.C. 1983. The flushing of pollutants and nutrients from the 
Upper Waitemata Harbour. ARA Specialists Report for NWASCO. Ministry of Works and 
Development Water Quality Centre Report No. 1. 88pp. and Appendices.

WILLIAMS, P.W. 1976. Impact of urbanisation on the hydrology of Wairau Creek, North Shore, 
Auckland, New Zealand. Journal of Hydrology. New Zealand 15. (21), 81-99.

WILLIAMS, P.W. and BRICKELL, D. 1983. Estuarine resource management. Upper Waitemata 
Harbour Catchment Study. Guideline. Auckland Regional Water Board. Auckland Regional 
Council. 26pp.

WINTERBOURN, M.J. 1964. A key to the larvae of the more commonly found stream insects.
Tane 10. 36-48.

WOODROFFE, C.D. 1982. Litter production and decomposition in the New Zealand mangrove
Avicennia marina var. resinifera. New Zealand Journal of Marine and Freshwater Research 
16.1.179-188.



- 97 -

GLOSSARY

Accretion - accumulation of material e.g. sediments 
Adsorb - to hold to a surface
Adventive - describes organisms which arrive from abroad
Algae - aquatic plants, single-celled, colonial, or filamentous, or larger, with no true stems or leaves
Algal bloom - abnormally vigorous reproduction o f algae
Anomaly - measure of departure from the average
Amphipods - a group of crustaceans including flea-like creatures
Anaerobic - in the absence of oxygen
Benthic - bottom living
Biomass - the mass of the standing stock of flora and fauna per unit area
Bivalves - molluscs with two hinged shells e.g mussels
Chart datum - an arbitrary level fixed about 20cm below low water spring tide
Crustacea - usually hard-shelled animals with jointed limbs e.g. crabs
Current shear - difference of velocities in adjacent parcels o f water
Cyprid - the sixth free-swimming stage of a barnacle
Detritus - fragments of decomposed plants or animals
Detrital - composed of detritus
Drift - a slow current as in wind drift current
Epifauna - animals living on a (sediment) surface
Eutrophic - literally, well supplied with nutrients
Eutrophication - a process of enrichment of nutrients which can lead to blooms and anaerobic 

conditions
Fauna - collective term for animals 
Flora - collective term for plants 
Flume - experimental channel
Filter-feeders - animals which acquire their food by straining it from the water
Flocculation - coagulation of finely divided, suspended, particles
Flood tide - incoming tide
Discharge - rate of water flow
Ebb tide - outgoing tide
Gastropods - molluscs usually with one shell e.g. snails
Geophysical - Physics of the earth
Head - inland end of tideway
Infauna - animals living in the sediments
Intertidal - between high and low tides
Invertebrates - animals without backbones
Kjeldahl nitrogen - nitrogen determined after digestion
Larva -self-sustaining immature form of an animal
Local recruitment - population augmented locally
Low tide channel - part o f the tideway always submerged
Macro - large (on a scale of centimetres), as opposed to micro-
Macrophytes - large aquatic plants
Micro - smaller than is comfortably visible by eye
Microbial - o f micro-organisms e.g. bacteria
Microflora - mainly micro algae
Molluscs - a group o f invertebrate animals with soft, unsegmented bodies partly or wholly encased in 

a shell. Includes e.g bivalves and gastropods 
Mouth - end of tideway nearest the sea 
Mysids - Crustacea, shrimps 
Momentum - product of mass and velocity
Nutrients - chemicals essential for plant growth e.g. phosphorus and nitrogen 
Osmotic pressure - pressure across a cell membrane
Periphyton - plants and animals attached to the stream substrate (algae, fungus and bacteria)
Phyla - major divisions of the plants or animals
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Plankton - minute animals (zoo-) and plants (phyto-) which drift (or swim feebly) in the water 
column

Pollen analysis - technique of identifying relic pollen from which information dating can be done 
Polychaetes - segmented marine worms
Primary production - amount of organic material produced by photosynthesis 
Productivity - amount of organic material fixed by organisms in unit time 
Radio carbon dating - deducing age from radioactivity 
Residual tidal current - net tidal current over a tidal cycle 
Residence time - the time a parcel of water spends in a reach of a waterway
Salinity - the concentration of dissolved salts expressed as grams per kilogram i.e. parts per thousand 
Sediment - material settled on the bed of the waterway 
Sedimentary rock - rock formed from sediments
Seiching - a 'to and fro' oscillation of water, usually in enclosed or semi-enclosed basins
Seismic - technique using the reflection of vibrations to explore the structure of underground rocks
Sessile - fixed in one position
Shoaling - shallowing
Sinks - consumers as opposed to producers
Southern Oscillation Index - indicator of the gradient of atmospheric pressure along the equatorial 

Pacific usually between Hawaii and Darwin
Standing wave - the result o f the superposition of two similar waves travelling in opposite directions 
Tidal amplitude - usually about half the tidal range
Tidal excursion - distance a parcel of water travels between high (low) and low (high) tide 
Tidal prism - difference of low- and high-tide volumes
Tide height - the height of the water level above chart datum at some phase of the tide 
Tide, diurnal - tide occurring approximately twice a day 
Tide, M2 - type of tide caused by the moon's motions
Tide, M4 - type o f tide caused by terrestrial modification of the astronomical tide 
Tide, neap - lower tides when the pull of the moon and sun are at right angles 
Tide range - distance between low and high tides
Tide, spring - higher tides when the influence of the moon and sun act in concert
Tideway - waterway with at least some sea-water
Total Kjeldahl nitrogen - concentration of nitrogen after digestion
Vascular - having ducts for sap transport
Waipapa group - rock group containing greywacke
Waitemata group - sedimentary rocks including sand-, mud -and silt-stones
Wave orbital velocity - speed of the water particles within the wave
Wave amplitude - about half the wave height
Westerlies - winds from the westerly quarter
Vector - velocity and direction of a current

ABBREVIATIONS

acceleration of gravity or grams - g
Auckland Regional Authority - ARA (now Auckland Regional Council)
Auckland Regional Water Board - ARWB
carbon - C
centimetre - cm
cubic feet per second - cusecs
cubic metres - m3
degree Celsius -°C
dissolved organic matter - DOM
dissolved reactive phosphorus - DRP
El Nino - Southern Oscillation - ENSO
high tide - HT or HW
litre -1
low tide - LT
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metre - m 
millimetre - mm
National Water and Soil Conservation Organisation - NAWASCO  
nitrogen - N
particulate organic matter - POM  
phosphorus - P 
salinity -  °/oo 

seconds - s
southern oscillation index - SOI
total inorganic nitrogen - TIN
total Kjeldahl nitrogen - TKN
Upper Waitemata Harbour - UWH
Upper Waitemata Harbour Catchment - UWHC
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INDEX

algal blooms 22,42,85,86 
algae 56,85 
ammonia 84 
ammonia toxicity 86 
anaerobic 63
atmospheric pressure 21,26,27 
Auckland 7,12,63
Auckland Regional Council (Water Board) 7 
Auckland West Coast 14 
Avon-Heathcote Estuary 86

basement or bed rocks 9,12,20 
beech trees 19 
benthic epifauna 58-61 
benthic infauna 58-61 
benthic microalgae 57-61 
benthic microfauna 57 
benthic habitats 15,55,63-65,77-80 
birds 60-62,73, see biological index 
biomass 61

in Whangateau 61 
Bioresearches Ltd 7,39 
bracken 19

changes, consequences of 
abstraction 87 
locks 88 
nutrients 82-85 
reclamation 87 
turbidity 86 
urbanisation 87 

Cape Rodney 7,11 
carbon, organic 

in sediments 17 
production, see biomass 
see under dissolved organic 

Casnell Island 10 
charts, naval 19 
clay 9,15,55,56,61-63,76 
climate 21 
clover 16
commonality of biota 65 
Coromandel 11 
current shear 38,42 
currents

coastal 46-48
longshore 14
tidal, see under tidal
vertical circulation in tideways 37
wind driven 47,48

dairy shed wastes, see nutrients 
dating 18

pollen analysis 18 
radio carbon 18

dissolved organic matter DOM 58-59 
dissolved reactive phosphorus DRP 83,84 

see, nutrients 
dredging 19

erosion, see sediments 
El Nino, see Southern Oscillation 
estuary, see tideway 
eutrophication 85,86 
exchange, harbour 41,43 

inter-tideway 66 
eddy diffusion 38

fertiliser 16
Firth of Thames 11,13,51,73 
fishes, see biological index 

freshwater 80 
in tideways 60-62,69-71, 

flocculation 16
flushing time 41-42, see residence lime
food production 56-59
freshwater

habitats 77-80 
life 76-81 
streams 76-80

geology 9,15
down faulting 10 

Glen Eden Stream 6,76 
gravel 15
Great Barrier Island 9,11,12 
greywacke 9,11,12,15, see also rocks 
Goat Is. (Leigh Laboratory) 

rainfall 26 
temperatures 23,24 
tides 28,33
wave surge 49, see wind waves 

Gulf Coast 13,14

habitats 15,55,63-65,77-80 
Hadley Cell 21,22 
Hamilton 9 
Hauraki Gulf 9-15

currents, see under currents 
formation 9,11,12 
salinity in, 51 
turbidity in, 54Darwin 21
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waves in, 49 
Hawaii 21 
Hellyers Creek 18 
hydrogen sulphide 63,86

illite 16

Jellicoe Channel 11

Kaipara Harbour birds 73 
Kawau Is. 11 
kaolinite 16
kauri 15,19

leaching 15,77 
lime 16
Little Barrier Is 11,12 
low tide channels 9,30,37 

exposure 55 
Lucas Creek 6 

currents 38 
sedimentation 18-20 
tide range 29 
tidal excursion 39,40 
tidal volumes 31,40

macrophytes 60,6, see biological index 
Mahurangi tideway 6,76 

birds 73 
biomass 61
depths in mangroves 64 
fauna 60 
fishes 69 
nutrients 83,84 
sediments 19 
tides 29
tidal volumes and excursions 39,40 

mangroves 17 
fishes, 71,72 
habitat 63-66 
productivity 56,57 

Manukau Harbour 
birds 73 
productivity 57 
waves in, 50 

Malakana river 76 
Malakana tideway 6 

tides 29
tidal excursion 39 

mixing 38 
modelling

numerical, of currents 44,47,48 
physical, of ebb tide jets 44

mor 15
mudstone, see sandstone 
mud 61 
mull 16

nitrogen, see nutrients 
Northland 10,15 
nutrients 16,17,82 

in the sea 84 
in dairy shed wastes 84 
in streams 84,85 
in sediments 17, see sediments 
levels in tideways 82 
limiting ratios and levels 82,83 
nitrogen 56,83 
nitrate 56,83 
Kjeldahl 18, 
total inorganic TIN 83 

phosphorus 15-17,56,83,86 
dissolved reactive DRP 83

Okura River 6,76 
Omaha 6,76

beach erosion 14 
Omaha/Tamahunga Stream 76 
Orewa Tideway 6,14,43,76 
organic sediment index (OSI) 18 
osmotic pressure 52 
oxides 15 
oxygen

in streams 85 
in the tideways 85

Parengarenga Harbour 73 
particulate organic matter POM 58,59,61 
photosynthesis 15,55,62 
phytoplankton 56, see biological index 
pine trees 19 
pollen analysis 18
productivity 56,57, see biological index 
Puhoi River 6,76 
puriri trees 16

quartz 16
Queens Wharf (Auckland) tides 29

rainfall 21,22
distribution 25 
intensity 26 
regime 25 
runoff 15,77 

Rangitopuni River 18 
rata trees 19
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reaeralion 49 
recruitment 41 
residence time 41,42 
rimu trees 19 
rivers

biological life 77 
gradients 76 
habitats 77-81 
rainfall/discharge 77 

rocks 15,
see also basement rocks
see also grey wacke
see also Waipapa and Waitemata

salinity 51
at Orewa 52 
in the sea 51,52,56 
in tideways 51-53,56 
in the Upper Waitemata Harbour 53 
in Whangateau Harbour 51,53 

salt marshes 63
sand from old Waikato River 10,14 
sandstone 9,10,12,13,15 
Sandspit, tidal components 33 
Scotts Landing 10 
sea-level 13-14,18,28 

rise at Auckland 27 
Secchi disc
sediments 13,14,16,17,55

accretion, siltation 13,17,18 
erosion 14,19,20 
nutrient content 18 
transport 5,14,22 
threshold speed to move 35,50 

organic content 17 
seiches 35-37
seismic measurements 11,12 
settlers 15
siltation, see sediments 
siltstone, see sandstone 
smectite 16 
soils 15
Southern Oscillation Index 21,49 
southeast trade winds 21 
stratification 51 

salinity 51 
suspended solids 55

Taupo Region 10 
Te Muri 6,76 
temperature, 

air 21,23
sea surface 21,23,27,28 
at Auckland 23 
at Leigh Lab 21,23 
inter-year variability 24

tidal
currents 34 
ebb tide jet 43 

at Orewa 43
at Whangateau Harbour 44 

Wilkinson's model 44-45 
excursion 39,40,68 
prisms 31 
ranges 28,29 
streams 34-38,46,47 
tidal regime 28-30 
at Manila 29 
volumes 30,31,35 
gauges 28 

tidal flats 9,17 
tides

distortion (modification) 32-35 
M4 over-tide 33,34 
open coast 28 
at Sandspit 33 

tideway formation 13 
turbidity 24,77,86

influence on productivity 15,31,55 
in the Hauraki Gulf 54

University of Auckland 
Marine Laboratory 7,8 

rainfall at 26 
temperature at 21,23 
wave surge at, 49 

Upper Waitemata Harbour 6,7,76 
(see also Lucas Creek) 
birds 60,62,73-75 
biomass 61 
exchange 41 
fauna 66 
fishes 69 
macrophytes 81 
nutrients 83,84 
productivity 57 
salinity 53 
sediments 18-20,55 
tidal 

areas 30 
prisms 31

Vollenweider method 86

Waikato River 10,13
ancient Waikato R. sediments 10 

Waipapa rocks 9 
Waitemata Basin 9,10 
Waitemata Group 9,15,63 
Waiwera Tideway 6,76 

tidal volume 31



Walker Cell 21,22 
wave, standing 37 
Weiti River 6,76 
West Coast 14 
Whangarei 9,10,63 
Whan gateau Bay 44,84 
Whan gateau Harbour 6,7,76 

biomass 61 
fauna 60 
fishes 69
low tide conditions 29,30 

macroinvertebrates 66 
nutrients 84 
salinity 51,53 
tides 29,31 
tidal currents 37,44 
tidal prism 31 

willow trees 19 
winds 22,24 
wind waves 22,49,55 

wave climate 14,49 
inter-year variability 49 

in Manukau Harbour 50 
refraction 14 
wave shadow 14 
orbital velocity 50
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BIOLOGICAL INDEX

A cartia  c lausi (jilletti) 62 
alderfly 78
A ldrichetta  fo rs te r i 64,70 
algae 56,72
algae, blue-green filamentous 

56,81,78 
alligator weed 81 
A lpheus sp. 64,67,72 
A lternan thera  ph iloxero ides  81 
A m phibo la  crenala  63,64,67 
A n a s p la tyrhynchos 75 
A n a s superciliosa  75 

anchovy 71
A nguilla  austra lis 64,81 
A nguilla  d iffenbach ii 64,81 
A nguilla  spp.80 
A p iu m  sp. 81
A ponogelon  d istachyus 81 
A rch ichau liodes d iversus 78 
A rdea  novaeholland iae  63,74 
arrowhead 79 
A rrip is trutta  70 
A trina  zelandica  65 
A ustro lesles co lensonis 79 
A ustrosim ulium  sp. 79 
A vicenn ia  m arina  62,63 
A zo lla  rubra  81

bacterial slimes 80 
B alanus am phitrite  65 
banded kokopu 80 
banded rail 75 
barracouta 71 
barnacles 64,65 
beech tree 19 
B eggetoa  sp. 80 
benthic

micro-algae 57,61 
-epifauna 58 
-infauna 58,61 
-flora 57,59 
-invertebrates 59,61 

birds 60-62,64,65,73-75 
wading 63,74 

bivalves 60
black-backed gull 62,74 
black-billed gull 75 
black oystercatcher 74 
black shag 75 
blennies 71 
blooms 85,86 
blue reef heron 74
B occard ia  po lybranch ia  62,64,65,67 
bracken 19

bronze whaler shark 71 
bubble shell 64 
bullies 71
bully, redfinned 80

caddisfly 78 
Callitriche stagnalis 81 
Cape pond weed 81 
capitellids 64
C archarh inus brachyurus 71 
C ar ex secta  81 
C arex  s p . 63 
C a s p ia n  t e r n  74 
C haradrius obscurus 75 
C hione stu tchburyi 65,67,68 
C hironom us zea land icus 80 
c i r r a tu l id  s p e c ie s  65 
c o c k le s  61,65 
C oloburiscus s p . 78 
C om inella  adspersa  67 
C om inella  g landiform is 64,65,67 
c o m m o n  b u l l i e s  80,81 
c o m m o n a l i ty  65,66 
C orophium  acu tum  64 
C oscinasterias calm aria  65 
c r a b s  58,61,63-65,72,74 
C rassoslrea  g igas 68 
C rassostrea  g lom e rata  64,67,68 
C ru s ta c e a  60,65,67,72 
C ulex p erv ig ilans  80 
c u s h io n  s ta r f i s h  65

D ilom a subrostra ta  67 
damselfly 79 
dragon fly 79 
dock 81
double gilled mayfly 78 
duckweed 81 
D ugesia  sp. 79

eagle ray 70
eastern bar-tailed godwit 74 
eel 80,81 
eelgrass 64 
E geria densa  81 
E grella  sacra sacra  74 
E lm inius m odestus 64,67 
E lodea  sp. 80 
E ngraulis austra lis 71

F icopom atus en igm aticus 68,82

fish 56,62,64,65,69,70 
behaviour 71 
feeding habits 72 

F ontinalis sp. 78 
freshwater crayfish 79 
freshwater fish 77,80 
freshwater mussel 78 
freshwater shrimps 79,81

G alaxias fa sc ia tu s  80 
G alaxias m acula!us 80 
G alcorh inus ga leus 70 
G am busia a ffin is 80,81 
gannets 74 
gastropods 60,67 
G irella tricuspidala  70 
glasswort 63,81 
G lycera  m axim a  81 
G obiom orphus co tid ianus 71,80 
G obiom orphus hu tlon i 80 
grey duck 75 
grey mullet 70 
gulls 63,73-75

H aem atopus un icolor 74 
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H alcyon  sancta  74 
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H elice crassa  62-67 
H em igrapsus crenu la tu s 6 3 -65 ,67 
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horn snail 63 
hoverfly 80 
H ydridela  m e n z ie s l i  

hydroid 65
H ydroprogne casp  'ia 74 
H ydropsyche co lonica  78 
H ydropsyche obso le ta  78 
H yporham pus ih i 71

inanga 80,81
invertebrates 60,62-67,78

jack mackerel 70 ,72 
John Dory 70



Juncus m arilim us 63

kahawai 70 
kauri 15,19,77 
kingfish 71 
kingfisher 63,64,74 
koura 81

Lagarosiphon  m a jo r  81 
Larus bulleri 75 
L arus dom in icanus 74 
L arus scopu linus 75 
leech  80 
L em na m inor 81 
L epidonotus p o lych ro m a  65 
Leptocarpus s im p lex  63 
L ep tocylindrus c.f. dan icus  62 
Lim aria  o rien ta lis 68 
L im osa lapponica  74 
limpets 64 
little black shag 75 
liverwort 81 
long-finned eel 81 
L udw ig ia  p a lu slr is  81 
L ym naea  tom entosa  79 
Lysiosqu illa  sp inosa  67

macrophytes 56,77,81
M acrophtha lm us h irtipes 62,65,67,72
mangroves 56,57,59,61-65,73,87
M actra  ovala  65
mallard 75
M archantia  sp. 81
marsh birds 75
mayfly 78
M icrovelia  sp.79
midge (bloodworm) 80
molluscs 60,65,74
mosquito 80
mosquito fish 80
mud crab 61,63,64,72
mud snail 61,63,64
mud whelk 64
M u g il cepha lus  70
mussels 64
M ustelus len ticu la tus  71 
M ylioba tis  lenu icaudatus 70 
M yriophyllum  sp. 81

N a stu rtiu m  o ffic ina le  81 
Neptune's necklace 64 
N erita  a tram en tosa  68 
New Zealand dotterel 75 
N icon  aestuariensis  62,64,65,67
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N itella  hookeri 81 
N otoacm ea  helm si scapha  64 
N oto labrus celidotus 70 
N ucula  harlv ig iana  65 
N ym phaea  a lba  81

O ithona sim ilis 62 
O phicardelus coste llaris 67 
O rbinia p ap illo sa  62,65 
oxygen weed81 
oysters 21,64,68

P agrus aura tus 70 
P alaem on a ffin is 67 
P aranephrops p lan ifrons 79 
P aroxyeth ira  henderson i 78 
P aphies austra lis 65,67 
P ara tya  curvirostrus 79 
parore 70,72 
P atiriella  regularis 65 
P ecten  novaezelandiae  65 
P elto rham phus novaezeeland iae  70 
periphyton 78,81 
P erinereis nuntia  var. vallala  65 
P erna  cana licu lu s 68 
P ha lacrocorax  carbo  75 
P ha lacrocorax su lc irostris 75 
P ha lacrocorax  varius 74 
phytoplankton 56,62 
pied shag 74 
pied stilt 62,74,75 
pilchard 71
P ilum nus serra tifrons 65 
pine trees 19,84 
piper 71 
pipis 61,65-67 
planarian 79 
platyhelminthes 80 
plankton 62,72,85, see blooms 
plovers 75 
pneumatophores 64 
polycheates 60,65,67 
P olygonum  d ec ip iens  81 
pond skater 79 
pondweed 81 
P orphyrio  m elono tus 75 
P otam ogeton  crispus 81 
P otam ogeton  ochrea tus 81 
P otam opyrgus a n tipodum  79 
P seudocaranx  d en tex  70 
pukeko 75

R allu s p h ilippensis 75 
R a n u n cu lu s  sp. 79

rata 19 
raupo 81
reed, sweet grass 81 
red-billed gull 75 
red mullet 71 
redfmned bullies 80,81 
R etrop inna  re trop inna  71 
R hom boso lea  leporina  70 
R hom boso lea  p ie  beta 70 
rimu 19 
R u m ex  sp. 81 
rushes 63

Sagittoria  sp. 79 
Salicorn ia  austra lis 63,81 
sandfly 79
sand flounder, dab 70 
sandpiper 75
Sard inops neop ilchardus 71 
school shark 70 
Sco leco lep ides species 65 
Sco lop los sp. 65 
sea lettuce 86 
sea slug 64 
sedges 63 
Serio la  la la n d i l]  

sewage fungus 80 
shrimps,72,79 
shore birds 75 
short-finned eel 81 
Sigara  sp. 79 
smelt 71
smoothhound 71 
snail

freshwater 79
salt water 56,65 

snapper 65,70,72 
snapping shrimp 64 
suits 73,75 
sole 70
species exchange 68 
Sphaero tilu s sp. 80,81 
spiny gilled mayfly 78 
Sp iio d e la  o ligorrh iza  81 
sponges 65 
spotty 65,70
southern black-backed gull 74 
South Is. pied oystercatcher 74 
spotted stargzer 71 
starfish 65 
starwort 81 
Sterna str ia ta  75 
stone wort 81 
Sula  s e n a to r  74

Tellina Uliana 65,67



Theora fra g ilis  (lu b rica ?) 68,72 
Theora lubrica  62,65,68,72 
T hyrsites a tun  71 
loatoa 19
Trachurus d eclivus 70 
trevally 70,72 
T rip terygion  sp  71 
T rip lectides obsoleta  78 
tub ifex  tub ifex  80 
Tubifex  worms 80 
Tubifera  ten a x  80 
Turbo  sm aragdus 67 
Typha orien ta l is 81

U peneichthys lineal us 71 
U ropetala ca ro ve i 79

vascular plants 56,81 
V enerupis larg illierti 67

waders 63,74 
water boatman 79 
water celery 81 
watercress 81 
water crowfoot 79 
water fem 81 
water fowl 74 
waterlily 81 
water milfoil 81 
water purslane 81 
white-faced heron 74,63 
white-fronted tem 75 
willow trees 19 
willow weed 81 
worms 56,61,65

X a n thocnem is zea land ica  79 
X enostrobus p u le x  64,65,67 
X enostrobus securis 65

yellow-belly flounder 62,65,70,72 
yellow-eyed mullet 64,70,72

Z eacum an tus lu tu len tus 63 ,61  

Z ephleb ia  sp. 78 
Z eu s fa b e r  70 
Z ostera  novazeland ica  64
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